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SECTION 1

INTRODUCTION

There is little data available on small scale solid waste processing and
heat recovery installations to permit determination of optimum cost effective
design in the 20 to 60 tons per day (TPD) range.

The Navy has recently installed two 2 tons per hour (TPH) nominal
capacity heat recovery incinerators (HRI), one at Naval Station (NS), Maypnrt,
and the other at Naval Air Station (NAS), Jacksouville, both in Florida. The
Mayport HRI is a field-erected, refractory-lined incinerator of a simple
design which permits incineration of unprocessed Navy base waste. The
Jacksonville NAS HRI, however, 1s a packaged incinerator with a front-end
processing line to remove glass aund metals and to reduce the waste size. The
Civil Engineering Laboratory (CLL) is now evaluating the two concepts in an
cffort to develop guidelines for future Navy procurement of HRIs. The Civil
Engineering Laboratory contracted SYSTECH Corporation to evaluate the
technical and environmental performance of the Naval Station, Mayport heat
recovery incinerator. The Environmental Protection Agency, Office of Solid
Waste (EPA/OSW) also provided funding so that SYSTECH could perform an
expanded environmental evaluation of the heat recovery incinerator.

A detailed test protocol was assembled for a continuous 120-hr test of
the facility. On November 17, 1980, the test commenced according to this
plan. During the twelfth hour of the test, the hydraulically operated ram
feeder of the incinerator failed (see Figure 1-1) making it impossible to feed
refuse into the incinerator. The test continued for another 48 hours while
burning only waste oil to generate steam. Daily chavacterization of the
refuse received was continued by SYSTECH during this period. At the end of
this period it was concluded that the ram feeder cquld not be fixed without
extensive repairs and, therefore, the test was aborted.

With the funds remaining, an abbreviated test of 78 hours was carried out
after the ram feeder was repaired. This test successfully occurred on
Deceuwber 8, 9, and 10, 1980. During this 78-hr test, the refuse composition
was determined by Sanders and Thomas Inc. The moisture coantent and chemical
properties of the refuse determined by SYSTECH in November were applied to the
December composition because these analyses were not repeated in December.

All data collected during the 78-hr December 1980 test were analyzed by
SYSTECH. The results form the basis of this report. The boiler performance
experienced during the burning of waste oil in November is also reported
herein.




Figure 1~1. Hydraulically operated ram feeder.




SECTLON 2

PLANT DESCRIPTILON

The Naval Station, Mayport, Florida, heat recovery incinerator
system is located next to the station's fossil fuel power plant.
The 40- to 50-TPD incinerator system 1s housed in a 140-ft x 180-ft
building on a 240-ft x 300-ft site.

The facility consists of a tipping floor, an open storage pit, an
overhead cl - shell crane, an incinerator-boiler unit, and a flue gas handling
system (inciuding a cyclone dust collector). The facility layout 1is shown
in Figure 2-1. A cross section of the equipment is shown in Figure 2-2.

RECEIVING AND STORAGE

The receiving and storage area shown in Figure 2-3 consists of a tipping
floor and a reinforced concrete storage pit. Storage for 24 hours of
operation is provided in the storage pit. A large, open—-top container is
provided to dispose of large metallic waste items. ‘

CRANE SYSTEM

The crane system consists of a Cleveland Tram clamshell. It operates by
radio control and transfers refuse from the storage pit as shown in
Figure 2-4 to the incinerator feeder as shown in Figure 2-5. Load cells
built into the tram rail provide a weight measurement of the refuse to be
dropped into the incinerator. Measurement is taken when the crane is
directly over the loading hopper.

INCINERATOR FEED SYSTEM

The incinerator feed system consists of a ram feeder-hopper assembly
(see Figures 2-5 and 2-6) which includes a feed chute with hydraulically
operated hinged cover doors and a structurally reinforced ram powered by two
hydraulic cylinders. The feeder hopper has a holding capacity of 20 yd” with
the cover doors closed. The feeder ram automatically pushes the refuse from
the hopper into the furnace at a rate that is compatible with the furnace
capacity.

PRIMARY COMBUSTION AND BURNER SYSTEM

Refuse, compacted by the ram feeder, enters the primary furnace chamber
(see Figure 2-6) through the charging opening. The neck of the charging
opening is water cooled to protect it from the furnace heat. Combustion of

3
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Figure 2-3. View of tipping floor storage pit
and reject metals container.

Figure 2-4. Overhead clamshell
crane lifting solid

CLAMSHEL: waste out of pit.




Figure 2-5. Clamshell crane in position over incinerator hopper.

refuse as it passes through the charging opening is inhibited by the
compacting action of the ram. This same compacting action also helps avoid
overheating of the charging opening. The refuse is dried and ignited on an
inclined refractory hearth located just inside the water—cooled throat. The
dried refuse 1s forced off this hearth by the successive loading action of
the feed ram. This refractory hearth section was designed with underfire air
Jets that are no longer in service. Use of the jets was found to cause
extensive slagging in this portion of the hearth.

A Hauck oil-fired burner, Model No. PRW 112.45, Spec. T5982, is
provided in one of the primary furnace sidewalls about 3 feet from the
charging opening as shown in Figure 2-6. The function of this burner is to
ignite the refuse as it enters the furnace and to aid in drying wet refuse
(1f required). The burner is equipped with a continuous gas pilot so
that waste oil may be burned.

The primary combustion chamber {s designed to liberate 20 x 109 Btu/hr.

This liberation 1is equivalent to Z TPH of the anticipated mixture of Type 1
and Type 2 wastes having a combined heat content of 5000 Btu/lb.

STOKER SYSTEM

By the time the refuse has advanced the length of the hearth, it is
dried, ignited, and partially burned. It is then pushed off the hearth,

¢
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and it tumbles several feet down to the stoker grate. The stoker,
manufactured by the Detroit Stoker Company, consists of alternate rows of
fixed and reciprocating cast iron plates in a series of shallow steps arranged
to provide an overall downward slope of approximately 6°.

ASH REMOVAL SYSTEM

The burned-out ash and noncombustible materials drop off the end of the
grate into a large tank of water (see Figure 2-6) which serves to quench
and cool the ash residue. A continuous drag flight conveyor powered by a
7.5~-hp motor runs below the water level of the quench tank, collecting the
ash residue at the bottom of the tank and moving it up an elevating incline
to the unloading point. The ash then drops into an open-top container as
shown in Figure 2-6. .

SECONDARY COMBUSTION CHAMBER AND BURNER SYSTEM

The gaseous products resulting from the combustion of the refuse pass
over the bridge wall at the far end of the primary combustion chamber (away
from the charging opening). The gas 1s immediately forced downward by an
air-cooled refractory baffle into the secondary combustion chamber which is
shown in Figure 2-7. Another oil burner, also manufactured by Hauck, is
located in the sidewall of the bridge wall-baffle passage, spaced relatively
close to the bridge wall. While this afterburner is primarily intended as a
means of recovering energy from waste oil, it also serves to achieve complete
combustion of the gases from the primary chamber. The mixed products of
combustion from the primary chamber and the afterburner are detained in the
large refractory-lined secondary combustion chamber for an average of
3 seconds to ensure completion of the combustion process and to allow
settling out of the large particulate.

BOILER

From the secondary cihiamber the combustion products enter an Eclipse
waste heat recovery fire tube boiler as shown in Figure 2-8. It has a surface
area of 4426 ft? and can accoumodate gas temperatures of 1600° to SO00°F at
4000 standard cubic feet per minute (SCFM). 1Its capacity is 14,184 1b/hr of
150 psi saturated steam.

AIR POLLUTION CONTROL SYSTEM

The furnace gases, having been cooled to approximately 500°F in passing
through the waste heat boiler, flow through a multiple cyclone dust collector
as shown in Figure 2-9 for the removal of fine dust particles or particulate.
The dust collector comprises a battery of 40 individual collector elements
arranged for parallel flow so that one-fortieth of the total gas flow passes
through each collector. The dust is discharged periodically through a damper
into an ash container as shown in Figure 2-10.

NP S
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Figure 2-3.
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Figure 2-9. Air

pollution control system multiple cvelone system.
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D1SCHARGE

CONTAINER

Figure 2-10. Discharge of air pollution control
device into fly ash container.

BREECHING AND INDUCED DRAFT SYbTEM

Flue gases exiting the dust collector next pass through an insulated
steel breeching to the induced draft (ID) fan. This fan, shown in
Flgure 2-11, provides the draft necded to overcome the flow resistance
of the dust collector, waste heat boiler, and the various interconnecting
breechings and maintains a negative pressure in the primary furnace. The
pressure in the system is controlled by wodulating the damper in the discharge
of the [ fan.

STACK SYSTLEM

The discharge from the ID fan {s connected to the main stack through a
short breeching. The main stack is free standing, 75 ft high, and is
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Figure 2-~-11.

stack, a flue gas dump
chamber and the boiler
utilized when there is
problem in the boiler,
has a cap that 1is held

L ]
I FAN ENTRANCE ‘

broer

CONTROL DAMPER

View of incineration system induced draft fan.

completely refractory lined (see Figure 2-12). A secoad refractory-lined

stack, is located between the secondary combustion
inlet (see Figures 2-7 and 2-13). This dump stack' is
no need to generate steam or if there is a maintenance
alr pollution control, or fan systems. The dump stack
closed during normal operation and opens when ong of

the aforementioned situations occur.
INSTRUMENTATION AND CONTKOL
The system is operated from a control roow located above the incinerator

as shown in Figure 2-5.
boiler is possible from the control room. The instrumentation panel shown in

A view of the entire tipping floor, incinerator, and

Figure 2-14 provides the operator with data conceruing chamber temperatures,
pressures, and airflow; steam output and pressures; and the amount of solid
waste in the clamshell.
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SECTION 3

TEST METHODS

INTRODUCTION

Testing at the Naval Station, Mayport, heat recovery incinerator was
conducted to provide a detalled technical and environmental evaluation.
Six process streams were characterized for this evaluation: solid waste,
waste oll, bottom ash, fly ash, flue gas, and steam generated. This section
describes in detail the various test methods employed for this
characterization and their associated accuracies.

A process flow diagram of the NS, Mayport, HRI is shown in Figure 3-1.
Samples and meter readings were taken for subsequent analysis from the sites
labeled A through I. In order to generate a heat balance and to determine
the thermal efficiency of the HRI, mass flow rates were monitored at
sites A through I.

Table 3-1 summarizes all of the elements to be measured or sampled and
indicates the sa'pling schedules, locations, and methodologies. Each of
these elements is described in detail in this section.

SOLID WASTL MEASUREMENTS

The solid waste received at the S !layport HR1 was characterized in
terms of its feed rate to the incinerator, composition, moisture content,
heating value, and ultimate analysis. The methods aund equipment employed for
this characterization are described as follows.

Feed Rate

The feed rate of solid waste into the combustion unit was measured by
recording the load cell weights of waste delivered into the feed hopper by
the overhead crane. Civil Engineering Laboratory personnel accomplished
calibration of the load cells by repeated weighings of a known mass of
material. The results of these calibrations indicated that the recorded load
cell weights are the true weight. The readout of this load cell has a
resolution of .0l ton.

Solid Waste Characterization

To analyze the performance of the incinerator, the input waste
was characterized in terms of its composition and moisture content. This task
consisted of periodic sampling of the solid waste using the clamshell and
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Cont tnuons
Cant i tuous
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TABLE 3-1. FIELD MEASUREMENTS FOR MAYPORT HRI EVALUATION
Heasureaent SEream Sanmple Heasurement Sample Measurement
numbe sampled locatton required size Frequency method
Inputs
1. Rase waste A As~recelved datlly weight N.A. Each truckload Truck scale
totdl test weight/rate
2. L] ltourly teed rate N.A. As charged onitor load cel)
Bigital accumalatar
1. A Characterization ~I00 kg/day Two dafly Hand sort
composites
A A Hoiature content L kp/category Datly Drying oven
5. A Nealiny value 1 kg/ecategory 1/wk ASTM - L271-48
h. A teimate analysis 1 kg/category  1/wk ALTN - 3176
7. Re jucts A Total daily welph! N.A, Fach load Truck scale
H. Front-end A vafly consumption NeA. haily Average usage rate
loader fuel lleating value oA NoA. Publlshed values
2, Fuel oil B Daily consumption N.A. Hourly Flow meter
Heating value N.A. N.A. Published values
. LP gas 4 Vaily consuaption HoAL Hourly Pressure/calculation
Ieatlng value N.A. N.A. Publlshed values
ti. Haste ofl R Dafly consumpt ien N.A. Hourly Flow meter
heatlonp value 250 ¢e/tank 1/tank Loah calorimeter
Holstars content 250 ce/tank 1/ tank ASTH — 049%-9k1
12, Flectrical R Oarly conummpt ion N.A. Dally Hedor readiog
energy
14, Hakeup water {} Quant ity LA Hour v Flow metey
Intlialpy lieA. ftour by Temperature-cecaor.er
mtpat
[ Steus t uant ity HeA. ilourly Hakeup water acter
Lnthalpy NoA. 3/ day Steam calorimeter
Pressure Hourly Bourdon Gauge
Quant ity check N.A. dourly steam flow meter
Losses
15. Ash [% Dafly generation N.A. Each load Truck scales
Mofsture l-kp Daily composite Deying oven
Heatinp value S50y Daily Komb calorimeter
Combust Thles Sy Daily Huffle furnace
Flue fases Temperatare-Hotler outlet tiourly Temperature recorder
Moisture Dafly Heasured 10 input

Zlectro chemical cell
HDIR
NUIKR

(continued)
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TABLE 3-1. (Continued)
1 Heasurement Hrrean Saupl Heasurement Sanple Measurement
nuaber sanmpled Locat {on required size Frequency method
Losses
{cont fnned)
ih. Flue gases F Tass Flow rate N.A. Daily Calculattion from
(continaed) stofchiometry
Specifie heat H.A. Daily From chart ASME P7C 4.1
. Blowidown o Cont bnuous quant ity AL ltourly Manual measarement
Intevmfttent quant ity A, As hedul ed
Temperature HeAo Hourly Tewperature recorder
14, vyc Lone 1 tprant ity WA, As roaoved truck seale
tly ash etals contenl 29 n 2/ weok CP analysls
chability SYOU 4 1/ wevk EI' Tox{clty test
Slae distribation 100 datly Screens balance
Heat content 25 g Daily Bomb calorimeter
L. surface nvtaerator/  surface temperatures N.A. 1/week Surface pyrometer
caduat fon boiler sirface dimcas{ons H.A. 1/week Plant plans
3 anl
convect fon
Lmissiony
2, StAck pgasces i ey, N.A. 3/M=5 tests  Orsat
co L.A. 3/M-5 tests Orsat
ny WA 3/M-5 rtestr Orsat
iy K Cont i nuous iloriba NDIKR/recorder
Flue gases ¥ iy, [ Cont {nuous e
ity WA Lont inuous vl
HLack pases 1 cl N.A. t/day Tapinger water titcation
Votune/velocity HeAL 2/dayv Plitot tube Lraverse
Temperature NUA. 2/ day Method S
Condensibles 300 mp 1/day Impinger water analyslis
Partivualate cuission 260 BCF 2/day LPA Method S
Particulate sising ficA. 1/day Inertial cascade impactor
Partlculate netals K | /day ICP analysis, M-5 filters
dpecdliongl
data l'enpersture LA Contfnuously Tempersture recorder
21. Amblent i) Harometric prossure HaA. 2ldav Barometer
comtitions Relative hamidity HaAL 2/day 5ling psychrometer
Proaary chamber teaperdature Wad, Continuously Temperature recorder
22. [neineritor B Secondary chanber temperature HeAL Continuously Temperature recorder




overhead crane followed by hand sorting of the sample into 13 categories:
cardboard, paper, garden trimmings, food, wood, ferrous metals, aluminum,
other nonferrous metals, glass, plastics, textiles, inerts, and fines.

Samples of each waste category were then dried daily to determine the moisture
contents.

The following procedures were used for solid waste composition
characterization:

l. Each truck was weighed both full and empty to determine the
waste delivered to the tipping floor. Weights were recorded on a
digital readout Fairbanks truck scale, accurate to 50 1lb (see
Figure 3-2).

2. All of the truck weights for 1 day were added to determine the
daily total of gross waste.

3. The large and noncombustible rejects were welghed and
subtracted from the gross waste to determine the net weight
supplied to the pit.

Figure 3-2. Fairbanks digital readout scale.
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4. The clamshell device was used to mix the waste and then to pick
up a bucket load of the mixed waste and deposit it on the
floor of the test area.

5. Step 4 was repeated several tines each day, formiug two large
samples on the (loor by the ead ot the day.

6. After all the waste for a given day had been sampled, the clamshell
was used to thoroughly wmix the samples prior to reducing the volunme
by the coning and quarting techalques.

7. Large items and boxes were broken up manually to ensure that the
sclected samples were represcntative of the waste.

8. This process was continued until the sample sizes were reduced to
approximately 1000 to 2500 lb each.

K=

bach of the samples, representative of the waste {for that day,
was then hand sorted into the 13 categories previously identified
(see Figure 3-3).

Figure 3-3. Solid waste haud sorting technique.
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10. The total weight of each category in each of the samples was
determined. The overall accuracy of the composition determination
is within +5 percent.

11. Representative samples (1 kg) of each category (obtained by
coning and quartering) were then weighed, dried overnight at 103°C,
and weighed again to determine the moisture level. The accuracy of
this procedure has heen determined to be within 1l percent of the mean
moisture level.

Heating Value

The higher heating value (HHV) and lower heating value (LHV) of the
as-fired solid waste were determined by applying published values* of chemical
energy contents of each category to the total weight of each category fired.
As a cross—check for this procedure, samples were submitted for laboratory
analysis. The results of the laboratory analyses are compared with the
textbook values. Differences and their resulting impact on the analyses are
discussed.

A l-kg portion of each dried combustible component (cardboard, paper,
organics, food, wood, plastics, textiles, and fines) was obtained from each
of the hand sorted samples and returned to the SYSTECH (Xenia) laboratory.
These samples were then milled with a Thomas Wiley No. 4 mill until the
particles passed through a 5-mesh screen. The milled samples were combined by
categories and a 0.5-kg representative sample of each cavegory was subjected
to heating value analysis by bomb calorimetry as per ASTM D2015. This method
has a stated precision limit of +100 Btu/lb, dry basis.

Ultimate Analysis ’

The ultimate analysis of the as—fired fuel was determined by applying
published values* of ultimate analyses of each category to the total weight |
of each category fired. As a cross-check for this procedure, samples were
also submitted for laboratory analysis. The results of the laboratory
analyses are compared with the textbook values. Differences and their
resulting impact on the analyses are discussed. l

Each of the samples prepared and submitted for heating value analysis was
also subjected to ultimate analysis for carbon, hydrogen, oxygen, nitrogen,
sulfur, chlorine, and ash by application of AST!M Method 3176. The overall
precision for this analytical procedures is within 1 percent.

WASTE OIL

The waste oll combusted at the N5, Mayport, HRI was characterized in
terms of its feed rate, heating value, and moisture content. This section
describes the test methods employed and their associated accuracies.

* The values used are those given in Combustion, "Physical-Chemical Character
of Municipal Refuse," by Elmer P. Kaiser, P.E., February 1977.
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Feed Rate

The feed rate of waste oil from the storage tanks was neasured by two
Trident flow meters (see Figure 3-4). These meters were calibrated by
weighing timed samples of waste oil flowing through the meters and comparing
these weights to the recorded meter readings. The accuracy of both meters
was within 1 percent.

Figure 3-4. Waste oil Trident flow ueters.

Samgling

Waste oil samples were taken by using a "sampling thief” designed to
obtain a representative sample as per ASTM Method ND270-557. Samples were
obtained from both storage tanks and stored in clean glass jars.
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Analxses ’

Waste oil samples were analyzed for moisture content by the ASTM D96-68,
APl standard 2542 centrifugation wethod. Duplicate analyses by this procedure
have been found to agree within 0.2 mf.

Waste oil samples were submitted to Gilbert Laborztories for
determination of the heat of combustion by bomb calorimetry as per ASTM D240.
Duplicate analyses by this procedure have been found to agree within
55 Btu/lb.

ASH MEASUREMENTS

Bottom ash generated at the NS, Mayport, HRI during the test period was
examined for the following parameters: moisture, combustibles content,
heating value, total output rate, and extraction procedure (EP) toxicity.
Cyclone catch ash was examined for size distribution, heating value, metals
content, and EP toxicity. The methods used for these analyses and their
associated accuracies are outlined as follows.

Bottom Ash Sampling

Every 2 hours during the 3 test days, 2-kg ash samples were taken
from the ash container. The daily samples were combined and then coned and
quartered to make representative daily samples of 2 kg. These daily samples
were then used to determine the daily ash moisture content, the energy
contents of unburned combustibles, and the dry ash weight.

Bottom Ash Moisture and Combustibles

The daily samples were sealed in plastic bags and weighed. The samples
were then transported to SYSTECH's (Xenia) laboratory. There the samples
were reweighed, dried overnight in a laboratory oven at 103°C, and reweighed
to determine moisture content. The accuracy of this measurement has been
determined to be within 1 percent. The dried samples were then hand
separated into the recognizable fractions of glass, ferrous and inerts, and
combustibles. The remaining portion consisting of small pieces of char, ash,
and unrecognizable material was classified as fines and combined with the
combustibles. Each component of each sample was then weighed. To determine
the amount of unburned combustibles in the fines and combustible fractions,
samples were milled and then placed in a tared, desiccated crucible and set
in the muffle furnace. The furnace was taken up to 700°C, held at that
temperature for 1 hour, and then turned off. Once cooled, the samples were
removed, desiccated, and reweighed. The material remaining was considered to
be ash, and the lost mass (corrected for the mass removed during sorting)
was taken to be combustibles. This method is a variation of ASTM 3174
} for which the precision of results is stated to be within 1 percent.

Bottom Ash Heating Value

The heating value of the bottom ash was determined from the measured
combustibles content by application of the heating value of carbon
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(14,500 Btu/1lb) to the combustible materials in the ash as per ASML PTC 4.1.
Heating values deterwmined by this method have been found to agree within less
than one standard deviation of the mean heating value as determined by bomb
calorimetry.

Cyclone Ash Sampling

It was anticipated that samples of cyclone ash would be taken from the
collection dumpster at the end of each test day. Because of the small amount
of material trapped by the cyclones (approximately 20 1b) only one sample
was taken at the end of the test period. This sample was obtained by
coning and quartering the entire contents of the dumpster into a laboratory
sample of approximately 1 kg.

Cyclone Ash Sizing

Cyclone ash particle size distribution was accomplished by placing
the ash in a set of standard sieves having a particle capture range from
500 to 45 microns and shaking on a sieve shaker for 2 minutes. The
sieves were then rotated 180°, shaken for another 2 minutes, rotated a

final 180°, and shaken for an additional 2 minutes. The weight of particulate

matter trapped by each sieve was then determined gravimetrically.

Cyclone Ash Heating Value

The heating value of the cyclone ash was determined using identical
procedures to that described for the bottom ash.

Cyclone Ash Metals

A 1-g sample of cyclone ash was subjected to Parr bomb digestion in
Ultrex® nitric acid. This sample was then analyzed by Inductively Coupled
Plasma (ICP) emission techniques for the presence of 25 metals. Detection
limits and precision data for this technique are included in the Appendix.

Extraction Procedure Toxicity

Samples of bottom ash were taken for EP toxicity analysis by coning

and quartering a sample from the ash storage container. Two samples

(500-mf volume each) were collected three times daily with a stainless steel
scoop and put into tared 500-mf amber glass jars. One set of samples was
weighed and stored in the dark until the end of the test day at which time
they were composited into a smaller sample. The other set of samples was
weighed on tared drying pans to the nearest 1 gram and dried overnight in a
low temperature (30°C) drying oven to obtain the air dried moisture content.

Bottom ash samples were then composited by weight at the end of each
dally test period. This compositing was accomplished by transferring a
weighed 500-y aliquot from each of the three daily samples into a
2-t amber glass bottle. These daily composite samples were then composited
into single composite samples for the test period by transferring 500 granms
from each into a 2-f amber glass bottle.
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One 1500-g sample of cyclone particulate was taken for EP toxicity
analysis by coning and quartering a sample from the cyclone ash dumpster.
The sample was weighed and stored in the dark until analyzed.

The bottom ash and cyclone ash samples were then subjected to CP toxicity
analysis as per Test Methods for Evaluating Solid Waste: Physical/Chemical
Methods, Office of Solid Waste, U.5. EPA, May 1980. Detection limits and
precision data for the analyses conducted are iancluded in the Appendix.

Total Ash Output

The total amount of cy~lone ash removed at the end of the test was
weighed. Each filled container of bottom ash was weighed prior to landfill
disposal. These weights were recorded to determine the total daily amount
of wet ash generated. The daily generation rates were totaled at the
conclusion of the 3-day test period to determine the total weight of wet
ash generated. The daily amount of dry ash generated was calculated by
subtracting the determined daily moisture content from the daily total of wet
ash generated. All weights were obtained by weighing the containers on a
Fairbanks Scale, Model No. 50-3508, with a stated accuracy of +50 1b.

FLUE GAS MEASUREMENTS

The flue gas was sampled at the boiler outlet before entering the
cyclones to determine its composition and temperature. These measurements
were taken both as a means to characterize the combustion gases and as
necessary data to calculate the mass and energy flow in the flue gas.

Composition Sampling

The composition of the flue gases at the boiler outlet was monitored
continuously for COy, €O, S0,, NO,, and 0. The gases were drawn from
the boiler outlet and conditioned prior to entering the analytical instruments
by removing the particulate matter and water vapor via a sintered metal filter
and an ice bath condensing chamber.

COZ and CO--

Carbon dioxide and carbon monoxide levels in the flue gas were monitored
during the daily test periods with Beckman Model 864 Infrared Analyzers.
Within each analyzer two equal energy infrared beams are directed through two
optical cells, i.e., a flow~through sample cell and a sealed reference cell.
Solid state electronic circuitry continuously measures the difference between
the amount of infrared energy absorbed in the two cells. This difference is a
measure of the concentration of the component of interest in the sample
stream. Manufacturer's specifications on these instruments indicate an
accuracy of 1 percent of full scale with zero and span drifts of +1 percent of
full scale for 24 hours. The electronic response time for deflection of
90 percent of scale is 0.5 seconds. The response time due to sample
transportation from the stack to the instrument was approximately 1 to
3 minutes.
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Oy, S04, and NO,—-

The remaining gaseous emissions of interest were monitored on a Theta
Sensor Source Monitor, Series 7213, Model 1940. This instrument will monitor
02, SOy, and NO, simultaneously through the use of three separate electro-
chemical transducers connected in series. The principle of operation of this
instrument is based on the combined use of a semipermeable membrane and
selective oxidation-reduction reactions within completely sealed electro-
chemical transducers. The electrical signals generated by these transducers
are directly proportional to the concentrations of the gases being monitored.
The respouse is linear over the entire analytical range. The accuracy stated
by the manufacturer is +2 percent of full scale. The stated zero drift for
NO, and 50, is 2 percent for l4 hours with a span drift of 1 percent for
24 hours. The oxygen cell 1s stated to have a 0.5 percent zero drift for
24 hours with a span drift of 1 percent. The NOy and $0, cells give a
90 percent deflection within 60 seconds while the oxygen cell responds in
less than 20 seconds. In all cases instrument response is considerably better
than the delay due to the sample transfer from the stack to the instrument.

Calibration--

After the instruments were set up at the field test site, and every
12 hours during the 78-hr test period, each instrument was subjected to a
multipoint calibration consisting of a zero grade nitrogen (Np), a
calibration gas which is roughly equivalent to a 90 percent of scale reading,
and no less than one calibration gas in the mid scale range. This multipoint
calibration established the validity of the instrument response curves and
also served as an operational check of the instrument. A morning and evening
zero span calibration procedure was employed to verify that no significant
changes in instrument response occurred during the test period. The
instrument response obtained on these morning and evening calibrations was
averaged to obtain a daily calibration correction factor which was applied to
the data recorded during that day for each instrument.

Data Recording and Reporting

The electrical outputs from the continuous monitoring instruments were
channeled to a Leeds & Northrup SPEEDO-MAX® W multipoint strip chart recorder
with a six channel capability. The trace for each instrument was analyzed
for maximum reading, minimum reading, and the mean of all 15-min points
during the test period for that day.

Temperature Measurements

The exhaust pgas temperature was measured continuously at the boiler
out let location using a calibrated Type-K thermocouple and continuously
recorded on the multivoint recorder. The accuracy of this thermocouple has
becn measured at +1 percent. Readings were taken on an hourly basis as part
of the hourly plant tour.

Mass Flow Determination

The mags flow of gases at the boller outlet was calculated from the flue
zas composition and fuel ultimate analysis.
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MASS AND ENERGY FLOW MEASUREMENTS

Mass and energy flow measurements were made to permit the calculation of
the daily and weekly mass balance and thermal efficiency and the weekly heat
balance of the NS, Mayport, HRI. The thermal efficlency is a measurement of
the ratio of useful energy outputs to total energy inputs.

Energy input consists of the chemical energy in the solid waste; the
auxiliary fuels (liquified petroleum [LP] gas, waste oil, and fuel oil); and
front-end loader fuel. Also included in the energy input is the sensible heat
in the makeup water and combustion air and the electrical energy used by the
system. Energy output of the system is the energy content of the steam
generated.

A heat balance requires measurement of the energy losses. Energy loss is
that portion of the energy input which does not become useful energy output.
Such loss includes the following: wunburnt combustibles in the residue,
enthalpy of the hlowdown water, sensible heat in the stack gases, and
radiative and convective losses from the surface of the unit.

The energy inputs were deteruined as follows:

1. Solid waste: The daily total mass and energy content of
waste delivered was determined as described in the Solid
Waste Measurement section.

2. Auxiliary Fuel:

a. Waste oil: The daily and weekly consumption and energy
content were determined from waste oil flow meters and
laboratory analyses of waste oil samples.

b. Fuel oil: The daily and weekly consumptions were to be
determined by recording hourly readings of the fuel oil
totalizing flow meter. The type of fuel oil was to be
identified and its corresponding energy value provided
from published data. However, since no fuel oil was
used, these calculations were not made.

c. Liquified petroleum gas: The daily and weekly consumptions
were to be determined by recording the LP gas gauge reading
at 24-hr intervals. The LP gas energy value was to be
provided from published data. However, since a negligible
amount of LP gas was used, these calculations were not made.

d. Front-end loader fuel: Consumption was determined from the
average usage rate per hour provided by plant personnel.

3. The total electrical energy supplied to the facility onh a daily
basis and for the total test period was determined by recording the
voltage aud amperage of the supply line and calculating the
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equivalent heat f{nput to a penerating statto requited Lo produce
that amount of electrvical energy.

The useful crergy output in the torm o stean was Jeteraiaed as follows:

1. For balance purposes, the daily and weelllv test period quantity
of steam produced was calculated from thie quaatity or fcedwater
faput minus the water lost iu blowdowns. Fecedwater was measured
by a Irident flow meter (see Figure 3-9). The moter was calibrated
by weipghing a timed flow of water from the cweter aod comparing this
value to the neter reading. The acecuracy or the meter was found to
be +1 percent.

2. The energy value ot the generated stean was Jdeteryiacd three times
daily hy using a Cal Research steam calorimerer coanceted directly
to a steam supply line and by noting the steam pressure on the
Bourdon jauge.

Figure -5, Trident feedwater -actera,
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The energy losses used to calculate the heat balance were determined as
follows:

1. Ash: The total quantity of fly ash removed from the exhaust gases
and the residue removed from the primary chamber over the test
period were determined by weighing the respective fly ash and
residue collection containers daily. The energy values were
deternined as described earlier.

2. Blowdown water: Energy lost in the blowdown water was computed as
the sum of the water lost in the continuous and intermittent
blowdowns, with the energy equivalent as a function of blowdown
water temperatures, as recorded by continuous thermocouple
readings (accuracy +1 percent). .
The amount of water lost in continuous and intermittent blowdowns
was determined as follows:

a. The daily continuous blowdown was determined from the
totalizing flow meter reading recorded on an hourly basis.
The accuracy of this flow meter was determined by a timed
weight comparison to be within 1 percent.

b. The intermittent blowdown was determined by multiplying
the number of blowdowns during the test period by an average
value for the quantity of water per blowdown. The average
value of the quantity of water per blowdown was determined
experimentally.

3. Stack gases: The energy lost in the stack gases was determined
from the total mass of gas emitted and its corresponding specific
heat and temperature differential above ambient.

Since moisture in the flue gas is exhausted as superheated steam,
the latent heat of vaporization of the moisture in the fuel and the
moisture formed in hydrogen combustion was accounted as losses.

4 & 5. Energy lost by convection and radiation was calculated according
to ASME PTC 33. Energy losses unaccounted for were calculated by the
difference bctween total energy input and useful energy output plus
accounted losses.

STACK EMISSION MEASUREMENTS

Stack emissions were sampled from the stack access ports at roof level.
This flue gas was analyzed for velocity, temperature, moisture, particulate
loading, particulate sizing, particulate metals concentration, and gas
composition.




Particle Sampling

The particle loading, gas velocity, and moisture content were determined
using a standard EPA Method 5 train and "$"-type pitot (see Figure 3-6). The
procedures used were as prescribed in CFR 40, Methods 1, 2, 3, 4, and 5. The
stack gas composition (07, COy, CO) was determined by Orsat analysis during
the Method 5 testing. After the particulate filter weights were recorded, the
filters were returned to the SYSTECH (Xenia) laboratory for analysis of the
metals in the particles collected.

%
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PROBE 2 ————— - [] VALVE
NF= — :
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IMPINGERS ICE BATH {
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IIU'I-———fEZ‘ p________J
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E AIR TIGHT PUMP
MANOMETER DRY TEST METER 1

Figure 3-6. Method 5 secondary chamber exiting
particulate sampling assembly.
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An MRI Inertial Cascade lmpactor (see Figure 3-7) was used Lo determine
stack particle size. Seven collection stages ylelded seven size fractions
spanning "greater than 30" to “less than 0.4 microns.” The mass of material
collected was weighed on an analytical balance accurate to within 0.1 mg.
The particle sample was collected and sized aerodynamically in the stack at
isokinetic conditioms.

Chlorides

With each Method 5 run the chloride concentration in the stack gas was
determined. This was accomplished by analyzing the hydrogen peroxide
solution from the first impinger of the Method 5 train according to EPA
Method 325.3 Storet No. 00940. The precision of this method as relative
standard deviation is approximately 3 percent.

Composition Sampling

The composition of the stack flue gases emitted to the atmosphere was
monitored continuously for COy. The gases were drawn from the stack and
conditioned prior to entering the analytical instrumeut by removing the
particulate matter and water vapor via a sintered metal filter and an ice bath
condensing chamber. 1In addition, the composition of stack gases was measured
three times during each Method 5 run by Orsat.

COp—-

Carbon dioxide levels in the flue gas were wonitored during the daily
test periods with a Horiba portable NDIR analyzer. The stated precision of
this instrument is +2 percent of full scale.

Calibration—-

After the instrument was set up at the field test site, and every
12 hours during the test period, the instrument was subjected to a multipoint
calibration consisting of a zero gas nitrogen (Np), a calibration gas which
is roughly equivalent to a 90 percent of scale reading, and no less than one
calibration gas in the mid scale range. This multipoint calibration
established the validity of the instrument response curve and also served as
an operational check of the instrument. A morning and evening zero span
calibration procedure was employed to verify that no significant changes in
instrument response occurred during the test period. The instrument response
obtained on these morning and evening calibrations was averaged to obtain a
daily calibration correction factor which was applied to the data recorded
during that day for the instrument.

Data Recording and Reporting

The electrical output from the continuous monitoring instrument was
channeled to a Leeds & Northrup SPEEDO-MAX® W multipoint strip chart recorder
with a six channel capability. The trace for this instrument was analyzed
for maximum reading, minimum reading, and the mean of all 15-min points
during the test period for that day.
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Particulate Metals

One Method 5 filter from each test day was digested in a Parr bomb with
Ultrex® nitric acid and composited into a single analysis sample. A blank
filter was also digested by the same procedure. The acid digests were then
analyzed by Inductively Coupled Plasma emission techniques for 25 metals.
Detection limits and precision data for this technique are included in the
Appendix.

f Mass Flow Determination

The mass flow of material from the stack was calculated as per CFR 40
methods. The calculations used are indicated on the appropriate data sheets.
' The accuracy of the measurements determined by this method are within
19 percent of the true mean at a 95 percent confidence level.

TEST CONDITION MEASUREMENTS

Ambient temperature, barometric pressure, and relative humidity were
measured twice daily for use in the mass and energy balances. Ambient
temperature was measured continuously by a Type-K thermocouple accurate to
within 1 percent. Barometric pressure was measured with a standard test
barometer accurate to within 0.0l in Hg. Humidity measurements were made
with a Bacharach sling psychrometer.

In addition, the following operating conditions were recorded by the
following methods during the hourly plant tour for heat balance and
informational purposes:

1. Steam pressure — direct gauge reading

2. Steam temperature — direct gauge reading

3. Temperatures -

a. feedwater Thermocouples connected directly
b. blowdown water to multipoint recorder. Hourly
c. makeup water data points were recorded on a
d. ambient air master hourly data sheet.

e. boiler exit gas
4. Atmospheric pressure ~ barometer
5. Boiler feedwater - totalizing flow meter
6. Steam production - totallizing flow meter
7. Primary chamber and afterburner characteristics

Temperatures - Type-K thermocouple with data continuously
recorded on a multipoint recorder
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8. Fluid flows -

a. continuous blowdown

b. LP gas flow meters
c. fuel oil

d. wasLe ofil
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SECTION 4

RESULTS

SOLID WASTE CHARACTERISTICS

The composition of the solid waste received during the November and
December test periods is shown in Table 4~1. Since no moisture analysis was
performed in December and because the weather was similar for the November and
December test periods, the November moisture data was applied to the December
composition. The results of this moisture determination are shown on
Table 4-1. The field data and calculations of the solid waste
characterization are included in the Appendix.

Ultimate analysis of the refuse was determined by applying a textbook
ultimate analysis for each category to the waste composition results from the
month of December. This resulting ultimate analysis is shown on Table 4-2
and is the one that will be used in the analysis. Calculations and standard
values used in computing the ultimate analysis are shown in the Appendix.
Laboratory ultimate analyses were also performed on samples of the refuse from
the manual sorts. The results of these laboratory analyses are shown in
comparison to the textbook values on Table 4-3. The carbon, hydrogen, and
oxygen contents of the prevalent categories are similar for laboratory and
textbook values. The differences in other elements and categories have a
negligible effect on the mass and energy balances.

In a procedure similar to that used to determine ultimate analyses, the
solid waste heating value was computed by applying standard category heating
values to waste composition. This calculation is presented in the Appendix.
On an as-received basis, the refuse had a higher heating value of 5134 Btu/lb
and a lower heating value of 4502 Btu/lb. Heating values and moisture content
of the refuse are shown on Table 4-4.

To verify the standard heating values used in the heating value
computation, bomb calorimeter tests were performed on samples of the refuse.
Results of the calorimeter tests are shown on Table 4-5 along with the
standard heating values used 1in the computations. These laboratory results
verify the standard values used.

AUXILIARY PUEL CHARACTERISTICS

Since no fresh fuel oil was burned and a negligible amount of LP gas was
used to maintain burner pilot lights, the fuel oil and LP gas were not
analyzed. A large amount of waste oil was burned as auxiliary fuel for the
incineration process. Therefore, the waste oil was sampled and analyzed. The
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TABLE 4-1. WASTE COMPOSITION RESULTS - WEEKLY AVERAGE
(Average of daily results, As-received basis)

November December
Weight Hy0 Weight
Category (%) (%) €3]
Cardboard 15.6 22.0 15.2
Other paper 24.7 28.9 29.5
Food waste 4.2 69.0 5.8
Yard waste 4.3 34.2 5.9
Yood 5.0 18.9 3.1
Ferrous 4.9 8.5 5.3
Aluminum 1.8 14.6 1.0
Other aetals 0.6 0.6 1.4
Glass 4.0 1.4 4.4
Plastics 8.3 6.9 10.4
Textiles 6.4 14.2 6.6
Inerts 2.3 16.8 1.5
Fines 18.1 40.9 9.9

heating value, moisture, and density of the waste oil were determined by
laboratory analysis. Results of these analyses are reported in Table 4-6.
An estimated ultimate analysis of the waste oil was used in the mass balance
calculation. This estimated ultimate analysis shown in Table 4-6 is for a
typical fuel oil regardless of grade.
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TABLE 4-2. REFUSE ULTIMATE ANALYSIS WEEKLY
AVERAGE (Dry weight basis)

Carbon 38.69
Hydrogen 5.12
Oxygen 27.17
Nitrogen 0.81
Chlorine 0.75
Sulfur 0.22
Inerts 27.18

ASH CHARACTERISTICS
Bottom Ash

Laboratory analysis of bottom ash samples collected during the December
test indicate a good ash quality. Results of these analyses are shown in
Table 4-7. The quenched ash was about one-third moisture by weight. The
average combustible content of the ash was 3.1 percent (4.6 percent dry
weight basis), indicating that the tested incinerator produced acceptable
burnout of the ash. The data and calculations of the ash analysis are
included in the Appendix.

EP toxicity testing was performed on the bottom ash samples. Results of
the test are shown in Table 4-8. It should be noted that the leachate from
the bottom ash samples contained no contaminants in excess of the maximum
allowable in 40 CRF 261.24. Therefore, this bottom ash is not considered a
hazardous waste.

Czclone Ash

Although only 20 1b of fly ash was collected by the cyclone collection,
this fly ash was sampled and analyzed. Table 4-9 shows the results of this
fly ash analysis.

After the December test 47 1b of ash were removed from the boiler
tubes and 560 1b of slag were removed from the secondary combustion chamber.
For mass and energy balance purposes this ash and slag were assumed to have
the same characteristics as the cyclone fly ash.
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TABLE 4-4. HEATING VALUES AND MOISTURE CONTENT OF DECEMBER REFUSE

st

——

HHV LUV Moisture
Basis (Btu/1b) (Btu/1b) ¢3)
As-received 5,134 4,502 25.1
Dry weight 6,854 6,011 —-—

TABLE 4-5. REFUSE HIGHER HEATING VALUES
(Dry weight basis)

Standard HHV*

Measured HHV

Category (Btu/1b) (Btu/1b)
Cardboard 7,791 7,862
Other paper 7,429 7,420
Food waste 8,162 9,042
Yard waste 7,282 8,006
Wood 8,253 8,423
Plastics 13,630 15,827
Textiles 8,792 8,452
Fines 3,457 4,568

* FKaigser, Elmer R., P.E.,
Municipal Refuse,

—

———

“Physical-Chemical Character of

pp . 26-28 .

Combustion Magazine, February 1977,




TABLE 4-6. VWASTE OLL. PROPERTIES

November December
Tank 1 Tank 2 Tank 1 Tank 2
HHV (Btu/lb) 19,704 19,782 19,425 19,753
LHV (Btu/lb) 18,559 18,637 18,280 18,608
Density (lb/gal) 6.890 6.890 6.826 6.841
HMoisture (%) — -—— <0.2 0.2

Ultimate analysis (estimated)

(%)
Carbon 86
liydrogen 12
Oxygen -
Nitrogen -
Chlorine -—
Sulfur 0.5
lnerts -

Results of the sizing analysis performed on the cyclone fly ash are shown
in Figure 4-1. As the figure indicates, 95 percent of the fly ash collected
by the cyclone is greater than 46 um in size. This size cutoff occurred
because multiclones are not efficient particle-collecting devices when
particle sizes are below 20 to 30 pa. The typically swall particle size of
incinerator particulates makes a cyclone dust collector an inefficient
emissions control device.

The metals content of cyclone particulates was determined, and the
results are shown in Table 4-10. The results of EP toxicity testing performed
on leachate of the cyclone fly ash arve shown in Table 4-11. The levels of
cadmium and lead found in the cyclone fly ash leachate are above the maximun
allowable levels; therefore, cyclone fly ash alone could he considered a
hazardous waste. 1f the small amount of cyclone fly ash generated by this
plant was mixed with the large amount of bottom ash generated, the resulting
mixture would probably give acceptable results in an EP toxicity test.
Yowever, if a more efficient dust collector was installed on this system, the
resulting fly ash stream could cause a disposal problem.
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TABLE 4-8. EP TOXICITY RESULTS

Bottom Ash Leachate

BoLtom ash Maximum allowablek ]
Contaminant (mgn/8) (mp /L)
Arsenic 0.122 5.0
Barium 1.60 100.0
Cadmium 0.135 1.0
Lead 4.170 5.0
Mercury 0.0025 0.2
Selenium 0.020 1.0
Silver 0.085 5.0
Endrin <0.005 V.02
Lindane <0.001 0.4
Methoxychlorx <0.010 10.0
Toxaphene <0.010 0.5
2, 4=D <0.002 10.0
2, 4, 5-TP <0.092 1.0
* As specified in 40 CFR 261.24.

TABLE 4-9. CYCLONE FLY ASH REPORT
Date  December 1980 Location N3, Mayport, FL

Fly ash gross weight N/A 1b

Ash container tare weipght N/A 1b

Net fly ash weight 20 1b
Averape combustible content 0.93 percent
ileating value 135 Btu/lb
Heat lost in fly ash 2706 Btu¥*

* Heat lost = fly ash gross weight x heating value.
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TABLE 4-10. CYCLONY PARTLCULATE MI.TALS

tetal mg/y

Ag <0.015

Al 29.0

Ba 1.22

Be 0.001

B 0.260 }
Ca 62.9

Cd 0.111

Co 0.080

Cr 0.255

Cu 1.18

Fe 25.7

Mg 8.01

Mn 3.19

Mo 0.083

Na 12.8

Ni 0.376

Pb 2.31

P 4.74

Sb 0.183

Si 0.062

Sn 0.125

Sr 0.213

Ti 1.54

\Y 0.447

Zn 6.51 ?
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TABLE 4-11.

Cyclone Ash Leachate

EP TOXICITY RESULTS

Fly ash (cyclone)

Maximum allowable*

Contaminant (mg/2) (mg/L)
Arsenic 0.058 5.0
Barium 0.775 100.0
Cadmium 2.35 1.0
Chromium 0.590 5.0
Lead 8.195 5.0
Mercury 0.0016 0.2
Selenium 0.018 1.0
Silver 0.105 5.0
Endrin <0.005 0.02
Lindane <0.001 0.4
Methoxychlor <0.010 10.0
Toxaphene <0.010 0.5
2, 4-D <0.002 10.0
2, 4, 5-TP <0.002 1.0

As specified in 40 CFR 261.24,
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MASS AND EHLRGY BALANCLES
Lnputs

bDuring the 78-hr test in vecember, 80 tons of solid waste were
processed. This processing rate calculates to 1.03 TPH. Daily and total
mass and energy inputs from solid waste are shown on Table 4-12. All waste
burned during the test was collected on base; no municipal waste was received
during the test. Waste oil was burned at a rate of .17 1b/1b of solid
waste (49 gal/ton). Thirty-nine percent of the fuel energy input was
contributed by waste oil. Daily and total mass and energy inputs from waste
oil are shown in Table 4-13. Field data and calculations used to compute the
mass and energy inputs for solid waste and waste o0il are presented in the
Appeundix.

TABLE 4-12. SOLID UASTE MASS AND cWERGY INPUT

Base lieat
waste weight input®
Day Date (1b) (108 Btu)
i 12/08/80 51,520 264.5
T 12/09/80 47,980 246.3
Wt 12/10/80 60,460 310.4
Totals 159,960 _ 821.2

* Weekly refuse higher heating value
(as-received) was 5134 Btu/1lb.

t Through 6 a.m. Thursday.




TABLE 4-13. WASTE OIL MASS AND ENERGY INPUT

} Volume Mass Heat

1 input input input
bay Date (gal) (lb) (106 Btu) Tank No.
M 12/08/80 1,395 9,611 190.14 2
T 12/09/80 1,093 7,531 148.97 2
Wk 12/10/80 1,444 9,949 196.04 1
Totals 3,932 27,091 535.15

* Through 6 a.m. Thursday.

No fuel oil was used during the test, and the small amount of LP
gas used was neglected in this analysis. To account for all significant
energy input into the plant, electrical energy supplied to the facility was
measured and diesel fuel used by the front-end loader was estimated. The
energy 1inputs from these two sources are shown in Table 4-14. Data and
calculations for these estimates are included in the Appendix.

Ailr input was determined stoichiometrically using fuel ultimate analysis
and flue gas composition data. The ultimate analysis of the solid waste and
the waste oil had to be combined in proportion to the mass input of each to
form a composite ultimate analysis for each day. Since the composite ultimate
analysis showed little change from day to day, the 3 days were combined to
form one average ultimate analysis which was applied in all subsequent
calculations. Table 4-15 contains the composite ultimate analysis used in
the calculations. Dailly composite analyses are presented in the Appendix.

Flue gas composition was measured at the boiler outlet. On Monday,
December 8, and part of December 9, 1980, a leak in the flue gas sampling
system diluted the sample and caused erroneous readings on the continuous flue
gas monitoring system. This leak was corrected by noon on Tuesday,

December 9, 1980. Continuous monitor readings taken after correction of the
leak deviated less than 2.5 percent of scale for the duration of the test.
Therefore, the flue gas composition determinations for the last 42 hours of
testing (i.e., after the leak was fixed) were averaged and applied to the
entire 78-hr test. The flue gas composition used in air and flue gas flow
calculations is also shown in Table 4-15. Results of the continuous monitor
readings are in the Appendix.

The procedure for determining the air to fuel ratio is in the Appendix.

The result of this determination is 13.21 1lb of air per pound of combined
fuel. Table 4-16 shows the fuel and air inputs for each day.
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TABLE 4-14. ANCILLARY ENULRGY USAGE

Diesel Llectrical
fuel energy
Date llours (108 Beu) (109 Btu)
3
12/08/80 24 1.62 47.16
12/09/80 24 1.62 47.16
12/10/80 30 2.03 58.95
Total 5.27 153.27

* Through 6 a.m. Thursday.

TABLE 4-15. AVERAGE FUEL AND FLUE GAS ANALYSTS

Average Boiler OQutlet Flue Gas Composition (bLry Basis)

Element _x :
C 37.3
t 5.0
0 17.4
N 0.7
Cl 0.5
s 0.2 ;
I 17.5
fis0 21.4

Composite Ultimate Analysis*

Coy (4) 7.5
03 (%) 12.7
CO (ppm) 58
Excess air (%) 150

*

Composite
analyses.

of average solid waste and waste oil
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TABLE 4-16. AIR AND FUEL INPUTS

Total fuel input* Total air input

Day Date (1b) (1b)
M 12/08/80 61,131 807,540
T 12/09/80 55,511 733,300
Wt 12/10/80 70,409 930,103
Total 187,051 2,470,900

* Fuel oil and base waste.

t Through 6 a.m. Thursday.

Outguts

Energy output from the incinerator system was in the form of saturated
steam. Average production and conditions of the steam are shown in
Table 4-17. Steam production calculations are presented in the Appendix.
The steam had an average quality of 98.7 percent; therefore, the steam
separator appeared to be functioning well.

Losses

Bottom ash output is showr in Table 4-18. The ash output increased each
day of the test because of retenticn of ash and start-up effects. Heat
losses in the bottom ash were minimal as would be expected for the good
quality of ash.

Fly ash was removed only once at the end of the test. The heating value
of the fly ash collected in the cyclone was applied to the ash removed from
the boiler, the slag removed from the secondary combustion chamber, and the
fly ash emitted from the stack. Fly ash emitted as particulate was
quantified by the EPA Method 5 test at an average of 17.1 1lb/hr. For mass
and energy balance purposes, the fly ash losses were divided among the
3 davs proportional to the operating hours for each day. Table 4-19 shows the
fly ash losses. As the table indicates, the chemical energy remaining in the
fly ash was low.

Sensible heat losses in the flue gas are shown in Table 4-20,
Calculations of these sensible heat losses are shown in the Appendix.

Blowdown and leakage losses are shown in Table 4-21. These losses were
calculated from the recorded meter readings of continuous blowdown water
usage as shown in the Appendix and from an estimate of the amount of water
used in each intermittent blowdown multiplied by the number of intermittent
blowdown periods. The enthalpies were determined from the measured
temperatures of the blowdown and makeup waters.
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TABLE 4-17. STEAM PRODUCTION

Monday Tuesday Wednesday*

Day 8 Dec. 9 vec. 10 Dbec. Total
Steam output (103 1b) 199 191 260 650
Steam enthalpy (Btu/lb) 1185 1187 1188 -—
Makeup water eathalpy

(Btu/1b) 48 48 48 _—
Energy output (108 Btu) 226 218 296 740
Steam pressure (psig) 149 158 160 -—
Steam quality (percent dry) 98.7 98.6 98.7 -—

!

* Through 6 a.m. Thursday.

TABLE 4-18. BOTTOM ASH LOSSES

Monday Tuesday Wednesday¥*
Date 12/08/80 12/09/80 12/10/80 Total
Wet output (1b) 5,660 15,540 35,320 56,520
Heating value (Btu/lb) 333 624 391 -—
ileat loss (106 Btu) 1.885 9.697 13.810 25.392

*  Through 6 a.m. Thursday.




TABLE 4-19. FLY ASH LOSSES

Monday Tuesday Wednesday* Total
Date 12/08/80 12/09/80 12/10/80
Operating time (hrs) 24 24 30
Fly ash weight (1b) 603 603 753 1,959t
Net loss§ (103 Btu) 81.4 81.4 101.6 264.4
* Through 6 a.m. Thursday.
t Based on 20 1b - Cyclone catch
47 1b - Boiler cleanout
560 1b - Furnace slag *
1332 1b - Particulate (l7.1 1b/hr)
§ Cyclone fly ash heating value 135 Btu/lb.
TABLE 4-20. FLUE GAS SENSIBLE HEAT LOSSES
Monday Tuesday Wednesday*
Date 12/08/80 12/09/80 12/10/80 Total
Flue gas weight (103 1b) 865 778 976 2,619
Sensible heat (10% Btu) 126 116 144 386
* Through 6 a.m. Thursday.
{
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TABLL 4-21. BOILER LUSSES ]
Honday Tucesday Wednesday*
bate 12/08/80 12/09/80 12/10/80 Total
Cont tnuous blowdown
(103 1b) 19.173 17.756 17.256 55.601
(Btu/1h) 75.98 77.98 77.98 77.31
Intermittent blowdown
(103 1b) 23.966 25.008 31.260 80.234
{(Btu/1b) 75.98 77.98 77.98 77.31
Makeup water (Btu/lb) 48 48 48 48
Heat loss (10® Btu) 1.207 1.282 1.455 3.980

* Through 6 a.m. Thursday.

Surface radiation and convection losses werc determined from the
temperatures and surface areas of the various units of the systems and their
corresponding heat transfer coefficients as defined in ASME PTC 33 for large
incinerators. Table 4-22 shows the losses incurred per hour at each system
unit. The overall loss by radiation and convection for the 78-hr test
period was 89.7 x 106 Btu.

‘lass and Energy Balance Sheet

Table 4-23 shows the overall mass and energy balance sheet for the
December 1980 test. The mass inputs included were base waste, waste oil,
output air, and makeup water. Over the 78-hr test, the wmass input was
3443.79 x 103 1b. The mass outputs included steam, flue gas, residue, blowdown,
and fly ash. The total mass output measured was 3463.28 x 103 1b. The
output mass exceeded the input by less than 1 percent which is well within
the measurement error.

The total energy input corresponding to the mass inputs was
135 .4 x 105 Btu. The measured output energy plus energy losses was
1245.4 x 109 Btu, leaving 111 x 10% Btu unaccounted for as
miscellaneous losses.

Energy Recovery Efficiency

Energy recovery efficiency i3 defined the same as boiler efficiency
according to ASME PTC 4.1. This efficiency is the ratio of energy recovered
as steam to the total energy input. Boller efficiency was calculated for
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TABLE 4-22. RADIATION/CONVECTION LOSSES

Surface Average Ambient

area temperature temperature Heat loss
System unit (£t2) (°F) (°F) (103 Btu/hr)
Primary chamber 1182.5 175 80 244.9
Secondary chamber 1629.2 221 80 578.9
Stack below duct 212.6 190 80 53.6
Duct 103.1 260 80 52.0
Breeching from stack 148.9 241 80 63.8

to boiler

Stack to roof 1223.5 145 80 156.7
Total system - - - 1149.9

each of the 3 test days by the input-output method. The heat balance method
and the input-output method were both used to calculate boiler efficiency for
the entire 78-hr test period. Results of these efficiency calculations are
shown in Table 4-24. These boiler efficiency calculations include the
chemical energy heat inputs of the solid waste, waste oil, and front-end
loader fuel. Also the chemical energy required to generate the electrical
energy used by the plant is included as an input. If the front-end loader
fuel and electrical energy inputs are neglected, the input-output efficiency
becomes 54.5 percent.

Overall incinerator efficiency was also calculated. Incinerator
efficiency is defined in ASME PTC 33. This efficiency is an expression of
the incinerator effectiveness at converting chemical energy into sensible
heat. The calculations were carried out by the heat balance method where all
chemical energy in the bottom ash, fly ash, and flue gas are considered
losses. Incinerator efficlency was calculated to be 98.1 percent.

NOVEMBER MASS AND ENERGY BALANCE

Table 4-25 shows the mass and energy balance sheet for the 67-hr test
period in November 1980, during which waste oil only was burned. The mass
inputs for this period were waste oil, input air, and makeup water. The total
input mass was 2868.41 x 103 1b. Mass outputs and losses during this
period were steam and flue gas with a total output of 2869.66 x 103 1b.
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TABLE 4-23.

MASS AND LHNiERGCY BALANCE SUHEET

Date Mas:s nergy
December 1980 QUENTY) (10° Bra)
Inputs

Base wante [ENpy,] 159.96 821.2
Hunicipal waste [ENpMgyl -—= —=
Waste oils [ENy,] 27.09 535.2
Air input 2470.90 -
Makeup water 785.84 ———
ilectricity [ENgpl -—= (153)%
Loader fuel [ENjy] -—= {(5.3)t
Total 3443.79 Total  1356.4 [LENjp)
Outputs
Steam [ENgy¢l 650.00
Total  740.0 [ENgy¢]
Losses
Flue gas [ENgyack] 2619.00 386 .0
Residue [ENygh] 56.52 25.4
Blowdown [ENpq] 135.8 4.0
Fly ash [kNgg) 1.96 0.3
Radlative/convective [ENgc] - 89.7
Hiscellaneous losses —-— 111.0
Total 2813.28 Total 616.4 (ENy st !

* Removed from outputs.

t+ ot included in balance calculation.

55




TABLE 4-24. BOILER EFFICIENCY

Monday Tuesday Wednesday Overall
12/08/80 12/09/80 12/10/80 (1I/P-0/P amethod)

Inputs (10% Btu)

Solid waste 264.5 246.3 310.4 821.2
Waste oil 190.1 149.0 196.0 535.1
Electricity 47.2 47.2 58.9 153.3
Loader fuel 1.6 1.6 2.0 5.3
Steam outputs (10® Btu) 226 218 296 740
Efficiency (percent) 45 49 52 49

NOTE: Overall efficiency by heat balance method = 56 percent.

The output mass during this period exceeded input mass by less than
.01 percent, well within measurement error.

The total energy input corresponding to the mass input during this
period was 970.17 x 10 Btu. The total measured output energy and energy
losses were 903.17 x 106 Btu, leaving 67.00 x 105 Btu unaccounted for.
It is suspected that a large part of this unmeasured energy loss can be traced
to the leakage of hot gases through the dump stack. Boiler efficiency for the
November period when waste oil only was burned was 63 percent by the
input-output method.

STACK EMISSIONS

Table 4-26 and the particulate summary data sheets (see the Appendix)
illustrate the maximum, average, and minimum concentrations of emissions
measured at the stack. The CQOy concentration of the stack gases as measured
by the continuous NDIR monitor averaged 5.1 percent, with a maximum of
11.6 and a minimum of 0.4. Since it 1s suspected that the minimum reading
represents a momentary leak in the sample line, a more accurate estimate of
the variability of CO; concentration can be obtained from the calculated
standard deviation of the mean which was 1.0 percent. Corresponding Orsat
measurements showed an average COy concentration of 5.3 percent, with a
maximum of 6.6 and a minimum of 4.0. Orsat analysis also indicated an average
02 concentration at the stack of 13.8 percent, with a maximum of 15.7 and a
minimum of 11.8. The Orsat measurement did not indicate the presence of
measurable CO concentrations. The flue gas velocities and temperatures
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TABLE 4-25. MASS ANU LHEKRGY BALANCE SHEET

Date Mass Energy
November 1980 (103 1n) (100 Beu)
Inputs

Base waste [ENp,] _— —_

Municipal waste [ENpgyl - ——

Haste oils [ENye] 49,06 970.17

alr input 2177.07 —_——— J
Makeup water 642.28 —

Llectricity [ENgil -— (131.65)t

Loader fuel [£N)¢] —_—

Total 2868.41  Total  970.17 [ENjp]

Qutputs

Steam [ENgy¢] 541.00 !
‘Total 614.04 [ENy,¢]

Losses ;
Flue gas [ENgrack! 2226.38 209.04 1
Residue [ENggh] -—= ' -—-

Blowdown [ENpg] 102.28 3.07
Fly ash [ENg,] -— - }
Radiative/convective [ENp(] -— 77.02
Miscellaneous losses --- 67.00

Total 2328.65 Total 356.13 [EN ]
lost

* Kemoved from outputs.

t Not included in balance calculation.
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TABLE 4-26.

STACK EMISSIONS CONCENTRATIONS

] Parameter Maxinmum Average Minimum

. Particulate* (gr/SCF) <974 .669 464

i Particulate (gr/SCF) .349 .263 .205
Particulate size (um) —-— 1.4 ———
Chloride mg/m3 (ppm) 255 (176) 197 (136) 111 (77)

E 02 (percent) 15.7 13.8 11.8
€0y percent (Orsat) 6.6 5.3 4.0
C0) percent (NDIR) 11.6 5.1 0.4
CO mg/m3 (ppm) ND ND ND
1190 (percent) 9.3 7.1 4.5

* Corrected to 12 percent COp.

ND None detected.

averaged 8131 SCFM and 227°C. On the average, the moisture in the flue gas
was 7.1 percent of the total gas volume. Corrected to 12 percent COz, the
particulate concentration (gr/SCF) averaged .669 over nine tests with a
maximum of .974 and a minimum of .464. Since this facility is subject to
local regulation as a carbonaceous fuel burner, the applicable emission
standards permit a Ringleman 1. The observed emission rate during the test
averaged 17 1lb/hr. The particulate size distribution analyses (see Figure
4-2) indicated that 95% by weight of the particles were smaller than 24 um,
and 50% by weight were smaller than 1.4 mm.
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The metals concentration of stack particulates was determined by ICP
emission techniques on a composite Method 5 filter sample. This sample was
taken from one Method 5 filter of each day tested. The contribution of the
filter to the instrument signal was subtracted from these data. Table 4-27
shows the results of this analysis. Results have been expressed in terms of
the average concentration in the gas stream (ug/m ) and in terms of the
mass throughput of refuse (g/Mg of refuse). Major components of the
particulate associated metals are aluminum, calcium, copper, iron, sodium,
lead, phosphorus, and zinc.

The chloride concentration of the stack gases was determined
titrametrically from the first impinger of the Method 5 train runs.
The mean chloride concentration was 197 mg/m » with a maximum of 255 mg/m
and a minimum of 111 mg/m3. Results of the chloride analysis are included
in the Appendix.

EMISSIONS MEASURED AT BOILER OUTLET

Table 4-28 summarizes the results of the flue gas measurements taken at
the hoiler outlet. No data on NO, emissions could be obtained because of a
malfunction in the continuous monitoring instrument. The average
concentrations of species measured were as follows. 66 mg/m 80,
12.8 percent 0y, 7.1 percent COp, and 36 mg/m3 CO. The maximum and
minimum readings observed are also shown.

AMBIENT TEST CONDITIONS

Ambient test conditions were recorded during the test period to provide
supporting data for emission calculations and general information relevant to
the interpretation of test resylts. Table 4-29 shows test period average
ambient temperature, relative humidity, barometric pressure, and
precipitation. ‘
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TABLE 4-27. [NDUCTLVELY COUPLED PLASMA ELLMENTAL
ANALYSLS OF STACK EMISSLON FILTERS

Emission rate

ConcenLraLinp Emission factor
Element in gas (ug/mj) (g/Mg of refuse)
Al 3715 54.98
Ba — _——
Be - ==
B - -
Ca 662 9.80
Cd 4473 6.56
Co 6.33 .09
Cr 77.7 1.15
Cu 1042 15.42
Fe 1451 21.47
Mg 173 2.56 :
Mn 321 4.75
o 36.3 .54
Na 13140 268.47
11 30.5 45 -
rb 4187 61.97 B
P 1762 26.08 g
sh 228 3.37
si 2.30 .03
sGn L75 2.59
Sr 20.7 .31
Ti 232 3.43
Y 55.3 .82
in 10959 162.19
Ag 6.91 .10
}
1
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TABLE 4-28. EMISSIONS CONCENTRATIONS AT BOILER OUTLET

s e, —
——

|

Emigssion concentrations

Parameter Maximum Average Minimum
$0,, mg/m3 (ppm) 105 (40) 66.2 (25.3) 26.2 (10)
NOx wg/m3 (ppm) * * *
02 percent 16.3 12.8 5.3
1 CO percent 13.0 7.7 3.5
Co mg/m3 (ppm) 81 (71) 36 (31) ND

* No data availlable.

ND None detected. 3

TABLE 4-29. AMBIENT TEST CONDITIONS

Recorded data

Test condition test period average

Ambient temperature (°C) 80

Relative humidity (%) 85

Barometric pressure (in. Hg) 30.2 %
Precipitation (in.) None é
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SECTION 5

OBSERVATIONS AND DISCUSSION

During the test period, SYSTECH staff observed the operations of the
facility for any effects which equipment layout and mode of operation have on
the system performance. The plant layout is very good. The entire facility
is located within a building, and adequate access to all equipment permits
maintenance to be carried out routinely and easily. The tipping floor is
sufficiently large for the current throughput rate which, however, is only
50 percent of designed capacity. If the plant is operated at full capacity,
room for floor storage prior to sorting could preempt floor space necessary
for the sorting procedure. The scale system for welighing the incoming refuse
lacks a good communication system between the truck on the scale and the plant
control room.

Even though the large metal and bulky items were a small percentage of
the total waste, they necessitated hand removal before pushing the waste into
the pit. It is assumed that these large items could jam the loading ram, thus
reason for their removal. The separation of large metals and bulky items
consumes time and auxiliary fuel. At full capacity, two laborers may be
required to process and maintain floor space. ' '

The results of the sorting and analyzing of the solid waste were
similar to those expected. The November composition was similar to December
sorting results. The heating value was 5134 Btu/lb. The precision in the
measurements of the combustible components, cardboard and paper, ilmpacts the
mass and energy balances presented in this report. The other components do
not impact these results to a significant degree. The refuse samples taken
for composition analyses were of sufficient size to predict the amount of
cardboard and paper with good precision.

Water is used to cool the feed hopper throat and to quench the residue
in the ash pit. Although access was not available to measure the water flow,
the discharge from the ash quench tank appeared to be substantial. This
discharge may have a measurable adverse impact on the sewer and water fees
paid by the incinerator plant.

The incineration function of the facility was very effective. Some
98 percent of the combustibles (on a dry weight basis) were completely burned.
A value of 97 percent is considered superior in a system with a grate.
However, the throughput rate was only 50 percent of the stated design capacity
of the system. The amount of fuel oil burned in the secondary chamber
accounted for 40 percent of the total heat input. This could be a major
reason for the low solid waste input level. The fuel oil could be consuming
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combustion volume in the secondary combustion chamber that was designed
for the burning of gases produced from the pyrolyzing of refuse in the
primary combustion chamber.

Primary combustion chamber temperature varied from 800 F to 1400 F,
too wide a range for well controlled energy recovery. The secondary
combustion chamber exit temperature was between 1500 F and 1600 F. More
efficient heat recovery would occur in the 1800 F range.

The radiative and convective (R/C) heat losses calculated were 18
percent of the total energy lost. This is to be expected for a system
with a large surface area such as this one but is nearly three times
that calculated for similar capacity starved-air systems. The overall
thermal efficiency of the system was only 497%. This is somewhat lower
than the 50 to 60 percent measured on starved-air systems. This lower
efficiency was due to higher radiative and convective losses, and the
high excess air levels.

As discussed in the following paragraphs, the results of the sampling
in the stack of the flue gases showed that (1) the particulate loading
was 17 1lb/hr, (2) the size distribution of the particulate was closer to
that emitted from a waterwall unit than that of a starved-air incinerator,
(3) the carbon content of the particulate was low, and (4) the SOZ content
was low.

The high level of particulate loading was due to the entrainment of
particulates in the primary combustion chamber by the high levels of
overfire and underfire air. The low carbon content indicates that the
retention time and airflows are adeguate to reduce the combustibles in the
particulates,

The average particle size was not as small as that from a starved-air
system. However, it was small enough to make the multicyclone system
ineffective. Only 2% of the total particulate emitted from the primary
combustion chamber was removed by the cyclone, while in comparison 37 was
removed by the boiler.

The S0, content of the flue gases was typical of municipal incinerator
systems. The low sulfur in the waste and the fact that some sulfur is
trapped in the bottom ash results in low SO, emission rates. The chlorine
concentration also was typical of municipal incinerator systems.




SECTION 6

RECOMMENDATIONS

Based on observations made during the test and analysis of the test
results, the following recommendations are made:

1. An intercom or horn alarm would allow for communication between the
scale and control rooms.

2. Provide a uniform load on the boiler, if possible, by automatically
dumping steam or by increasing the use of steam.

3. A separate boller for waste oil should be installed which would }
have better than the 63 percent efficiency as was measured in the
November test on the incinerator while burning oil alone.

4, This new waste oil boiler could be used to meet the fluctuating
steam demand.

5. A different burner should be installed in the secondary chamber to
allow greater turndown and thus burn less oil in the secondary
chamber.

6. Individual airflows should be measured and a combustion test
conducted to determine why a 2-TPH capacity cannot be reached and
why the excess air level is higher than required.

7. Routine maintenance and calibration of instrumentation should be
provided. Periodically, the thermocouples, pressure gauges, and
the meters and recorders should be calibrated or replaced.

8. A soot blower installed on the boiler would reduce maintenance and
improve overall efficiency.

9. Burnout should be sacrificed to increase throughput during periods
of high steam demand. A combustible content of 10 percent instead
of 5 percent in the bottom ash should still be achievable and yet
should not be objectionable.

10. An emissions control device such as a baghouse could be used to
reduce emissions 1f desired.




11.

12.

13.

T . - T

The multicyclones do not appear to be effective. Their removal
from the system would simplify operation and reduce power
consumption by the ID fan.

A dump stack cap that will close more completely should be designed
and installed.

Evaluate the possibility of reducing the cooling water flow or
redirecting it for other uses.




APPENDIX

Included in the Appendix are a number of data and calculation sheets
supporting the various measurements and calculations discussed in the text.
These pages are organized into six separate sections describing the following
elements: (1) refuse characterization, (2) residue characterization,

(3) process data, (4) mass and energy balances and performance calculations,

(5) quality assurance data for metals and EP toxicity analyses, and
(6) November mass and energy balance calculations.
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Refuse Characterization
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WEEKLY REFUSE UEATING VALUE CALCULATION SUEET

Base waste or Municipal waste
Category bry
welight Moisture weight HHV Heat input
Category (1b) (%) (1b) (Btu/1b) (Btu)
Cardboard 24,314 22.0 18,965 7,791 147.8 x 10°
P—Other paper 47-1i& 28.9 33 551 7)429 248 3 1n6
Food waste 9,278 69.0 2,876 8,162 23.5 x 10°
Yard waste 9,438 34.2 6,210 7,282 45.2 x 10°
Wood 4,959 18.9 4,022 8,253 33.2 x 10°
Plastics 16, 636 6.9 15,488 | 13,630 |211.1 x 10°
Textiles 10,557 14.2 9,058 8,793 79.6 x 10°
Fines 15,836 40.9 9,359 3,457 32.4 x 10°
Ferrous 8’478 8.5 _71757 ——— ——_—
Aluminum 1,600 14.6 1,366 — o
Other metals 2,239 0.6 2,226 === —
: s B B
Class 1. ..1,038 1.4 6,93 1 T otz ]
_ipcrlﬁ 2,399 16.8 m 1,996 - ——
Totals 159,960 - 119,813 - |821.2 x 10®

Category weight = Weight percent x Total week weight (as~-received basis)

Total heat input

Cvy =

Total week wveight

Ny =

5134

® -
e -
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Residue Characterization
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DALLY DRY ASH OUTPUT

Weekly average residue moisture 31.95 percent (wet weight basis)

Weekly average residue HHV 1417 Btu/1lb (dry weight basis)
Wet ash Dry ash Ash heat
output output lost J
Day Date (1b) (Lb) (Btu)
M 12/08/80] 5,660 3,852 5.46 x 10°
T 12/09/80| 15,540 10,575 14.99 x 10°
W 12/10/80| 17,180 11,691 16.57 x 10°
TH 12/11/80.) 18,140 12, 344 17.49 x 10°
.
Total 56, 520 38,462 54.51 x 10°

woekly average muisturc)
100

Dry ash ovutput = wet ash output x (‘ -

4
: 1
Ash heat lost = dry ash output x average weekly HHV (dry weight basis)
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Day Thursday-Friday
Date 4-5 Dec Analyst

BASE WASTE
DAILY REJECTS

Daily total gross waste delivered 82,337
Weight of rejects - 5,286
Net weight refuse supplied to pit = 77,051

-~

IR g —— e

Mj2,)

MUNICIPAL WASTE
DAILY REJECTS

Daily total gross waste delivered

Weight of rejects -

Net weight refuse supplied to pit =

A-29
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Day Monday
Date 8 Dec Analyst

BASE WASTE
DAILY REJECTS

Daily total gross waste delivered
Weight of rejects

Net weight refuse supplied to pit

51,680

3,318

48,362

[MIZn]

MUNICIPAL WASTE
DAILY REJECTS

Daily total gross waste delivered

Weight of rejects

Net weight refuse supplied to pit

[MIZn]




Day Tuesday
Date 9 Dec Analyst

BASE WASTE
DAILY REJECTS

Daily total gross waste delivered 21,540

Welght of rejects - 1,383

Net weight refuse supplied to pit = 20,157 M)24]
MUNICIPAL WASTE
DAILY REJECTS

Daily total gross waste delivered

Weight of rejects =

Net weight refuse supplied to pit = My24]

Y




Wednesday

Day
Date TODEC —  Analyst
BASE WASTE
DAILY REJECTS
Daily total gross waste delivered 15,420
Weight of rejects - 990
Net weight refuse supplied to pit = 14,430 (M) 24]

MUNICIPAL WASTE
DAILY REJECTS

Daily total gross waste delivered

Weight of rejects -

Net weight refuse supplied to pit = My 24]

A-32




NS Mayport HRI Analyst

SOLID WASTE FEED RATE DATA
(charged loads only)

December 8-11, 1980

Weight of Weight of
load cell (ton) Time load cell (ton) Time

.35 11:50 p.m, | .50 | 10:55 a.m,
.17 11:55 a.m. .59 11:14 "
r..__ e - A
47 12:20 " .63 11:35 "
.37 12:35 " .8 12:08 p.m.

.33 12:45 " .26 12:35 "

-28 1y " - 35 | 1255 0
.30 1:15 " Y 1:20 "
47 1:45 " T 2:15 "
.38 2:05 7 [T T Ty T T T
_ 42 2:35 " ““__w_w-;iéf "~m;jl—--;f-_}’§€:2Lw_*J
2 2:55 " .24 3705 "

| ¥ e b3 ke

.40 107 " .44 3:46 "
.41 :11 " N .31

w

&S

£

R . _ 2 . e
.53 4:50 " .61 b 4:20 "
! .32 4:55 " .61 4:55 "

40
Y5
.46

:50 " 1 Ts1 C5:12 "
:55 " .50 ; 5:27 "

:55 " .49 T 607 v
" .54 L 623 "

-

w ! wn
i
]
1
}
1
t
1
}

(=)}

i
1

4

1]

!

i

i

|

i

1]

i

i

W
o
N
>y
—
o

T 3 TR Y s o




NS Mayport HRI

Analyse

SOLID WASTE FEED RATH
(charged loads only)

DATA

December 8-11, 1980

Weight of Weight of 1
load cell (ton) Time load cell (ton) i Time
S S o I - - ___i,,,. e e
4 (M5 pem. 1 .46 ] 9:50 aum. ]
k30 a5 M .2 2 |.20s06 " |
21 12:20 a.m. .56 ~ 10:48 " -
.38 12:25 " L _{LG__ . _*_1—1._:_31.__"‘_- ]
i -37 L D e
.50 1:20 " . .32'“__ o 11:55 "
.39 1:45 " Y. 12:20 p.m.
.32 1:55 " L .31 ] 1:12 ¢
<34 2:20 " A .}} 1:20 "
41 2:25 " 1 .38 o 1:30 "
.25 2:55 " .40 - 1:50 "
43 3:35 v_-____ . _153_ o 2:00 "
_'_._42 3:40 "_ e ._3'{4_. b -27:40 __.'L ]
62 |awo " | 26 1m0t
44 | exs .10 3120 "
.59 si35 v | 48 | a0 v
T T w0 a0 v
T Tem T e T e
.39 6:40 o ' ;55“ ) '3:63_—;“”——_——
T R T C .56 o sw0 v T
- ‘m_:£5ﬁﬂ~—UMUMMW_3;§6- w o .38 'E. 6’io'<ﬁ T
T 805 " .31 640 "
T T st TUgiis v Y i 6:50 " ]
S U2 PP Y S T 1 oyi20 v
T -52 qoTes
-35 L0 o -38 s
e e 54 829 M
2 | e .3 o0 | |
40 | 0:45 v 41 e v ;
|




NS Mayport HRI Analys

SOLID WASTE FEED RATHE
(charged loads only)

DATA

December 8-11, 1980

Weight of Weight of
load cell (ton) Time load cell (ton) Time
.33 9:59 p.m, .34 8:00 a.m,
.44 10:30 " .24 g8:10 "
b 10:57 " 66 8:30 "
N .44 11:12 " .88 8:55 "
.39 12:30 a.m L 29 9:40 "
.38 12:35 " 45 1 _9:58 "
.28 1:15 " L .30 B B 1 L
.45 1:45 " 43 o253 "
.35 2:10 " w15 11:05 "
.29 2:40 " R 11:40 "
.39 2:45 " N 12:05 p.m.
.32 3:15 % .34 12:20 " ]
. "
. 12:30 T
12:55 "
2:00 "
2:15 "
. "
2:30 o i
3:02 "
3:15__” ]
3:50 "
Lm__.-——" R
y 410 7
o 4322
| has m
j.5s07 "
| 5:40 ™
e
6:15 "
. 640 "
L858 M
7:23 "




NS Mayport HRI

SOLID WASTE

Analyst

FERD RATE DATA

(charged loads only)

December 8-11, 1980

Weight of Weight of
load cell (ton) Time load cell (ton) Time
28 7:55 p.m. N _<L9§_ ) _4.47 am,
37 8:05 " I . |
A 8:32 "
. N
.32 9:00 "
a— ——.——4 — QR o — - ——— - . PR S e vie o v e g = e med
.33 _?1_15 o ~ I ]
. 1"
SR T R A
.40 10:05 " )
.39 10:33 "
.45 11:00 "
56 11:15 "
.31 11:55 "
.31 12:10 a.m.
.41 12:45 " | ]
.41 1:05 "
.51 1:15 "
.50 1530 7 ) T %
27 . 2:05 * | -
W41 2:20 "
.45 2:40 "
PRy e —— e s e - . - e e
.47 3:25 "
SR B R —
.24 3:30 " !
e e e . B
els 133 v i R
o tb0 L 351 " . 3 ]
vl 1 4:03 " A
16 w23 v | ]
.46 hw27 B
.32 4:39 " ‘
o e as e o o e — e : P . —
.09 4:43 " N S o L
.11 4:45 " L




HOURLY PROCESS DATA

Date 12/08/80

Time - | o000 | o100 | 0200 |0300 | 0400 {0500 |o0600 | 0700
Gas pressure boiler entrance- - .30 -5 —--.5‘-.4 _-—~:-§5-— -—-TS N ;.5— - .5—- .5
Gas pressure leaving boiler o -1.0 -~-2.70 _—-2-.'0—”1 -1.'5~“ -1.9 }-2.0 -2.0 [~-1l.. ]
Pres. exit dust collector | 200 ] 40| 4.0 | 3.0 |-4.0 [-4.0 [-4.0 J-4.0 |

! Overfire air pressure —-—~~'—»-—~32 ——_——32 T 3-2 1 _32— 1 —32——~~—- 32“.- ] —_-32 ] 3H2 T
Hearth air pressure 7 B VI B PR BTN 132 | 32 32 32 32
Grate air pressure 0 0 o o |0 Jo.2 0.1 |o0.1
Charge counts R 28 | 48 | 68 | 95 119 |144 173

i ID fan current (amp) 55 | s7 | s7 | s8 | s8 | s7 57 58

‘ Steam integrator X 1);_“‘_—‘)? X“_ | X X X X o

| Load cell weight (tous) 0 1.69] 2.76 | 3.81 | 4.10 | 5.77 | 6.58 | 7.04

: Primary temperature (°F) 150 67 1,000{ 650 | 1,100{ 1,170 980| 750

! Secondary temperature (°F) 1100 125( 1400, 1300 1500} 1600 1510} 1400
Fuel 01l 1 (gal) Primary 220 224 220 220|  220] 220 | 220] 220

| Wasce oil 1 (gal) Primary 15,615 '1§;E§§'i§)§}§ﬁi§;§i3: 15,615[15,615 | 15,615 [15,615

, Fuel oil 2 (gal) Secondary | 326 32¢f 326|326 326 | 326 326 { 326

—_——— :

Waste oil 2 (gal) Secondary 202,956 | 203,025203,090 803,161 |203,2381203, 304 |203, 370203, 445

Makeup water No. 1 (gal) x 100} 16,596| 16,605 16,617|16,629 | 16,641 | 16,654| 16,667 16,680

Makeup water No. 2 (gal) x 100| 17,256| 17,256 17,256|17,256 | 17,256 | 17,256 17,25§ 17,256

Feed water (gal) x 100| 48,122| 48,132 48,146|48,159 | 48,173 | 48,187 48,201 48,215
Continuous blowdows (gal) x 10 | 22,930| 22,941] 22,950|22,960 | 22,970 22,980| 22,994 23,001
Continuous blowdown (gal) X e X >x X .._--—-»--; X X X
7 | Stean pressure (psip) 150 ﬁ"—igdi_:figg__;f_'9§j_ 128 1607%_-_150 13 | .
| Steam calorimeter, temp. (°F) L R e D e 282 | - - ;
i Feed water temperature (°F) ? ? ] 180 180+ 185- 180 180 | |
, Makeup water temperature (°F) T 75” "75.__ . 7_5 . 75 B 75 75 75 |
'—B-l-owdown temperature (°F) N 100 120 | 110] 1207|120 T 130 130 | :
Ambient temperature (°F) R R 70 | 70 ﬂ 700 70| 70 70) 70 1
Boiler outlet temperature ~(~°—F;- o -'-1‘_2.4(-)- YA»AAO . 420 450 7 ;75 465 - 1;60q !
;_g‘lue gas 02 (percent) | | 19 19 | 19]19.75 | 19.5 [ 19.75]19.75 ]
a cop (percent) | | 2.4 |1.8 | 2.05| 1.7 7] 106 |7 1.4 [ 1.8 ]
. c Gem) | ] 10 |10 | 10| 10| 10| 10] 10]
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HOURLY

PROCESS DATA

Datel2/8/80

Time 0800 0100 p000 |1100 |1200 (1300 |1400 ysoo
Gas pressure boiler entra::ew -.5 —-_.AS ) :5 -5 - ".'4-:.‘5‘— -5 ks
Gas pressure leaving boiler -2 N —2.‘1“- -19 -2 -2 —J-Z.~~ ER T
Pres. exit dust collector -4 -4 }3.6 7 -3.6 |-3.6 |-3.6 |-4  F3.5 ]

Overfire air pressure 32 3 B2 sz 3z Tz Thz
Hearth air pressure o g:')__m_”_ 32 ~ ) 32. - 3>2 ) 73‘2 _Jiz__ ‘ ;: ‘3E o 32 o

i Grate air pressure 0 0 —0_ To ] 6 - 0 - T) —'—-ﬁan—.“

I Charge counts ~ Jiss le09 " b2s T l2a4 262 Josr 308 ’Hb“_—
ID fan current (amp) Ism sm e |6 |s1 ls6 |57 b6 ]
Steam integrator X X K X X X X
Load cell weight (tons) 8.25 [9.19 [0.33 [11.40 [12.57 [13.64 [13.99 f4.94 _
Primary temperature (°F) 825  [1150 b70  [900  |900 [1250 |1060 350 |
Secondary temperature (°F) #TS-31460 1600 0560 11550 1460 (1660 1660 f1600
Fuel oil 1 (gal) Primary 220  |220 p20  |220 [2200 |220 {220 P20
Waste oil 1 (gal) Primary 15615 |15615 [15615 Abl‘f;élg.ﬂ—.i-5615 15615 |15615 [5615 |

Fuel oil 2 (gal) Secondary  [326  |326 P26 (326 (326 326|326 P26
Waste oil 2 (gal) Secondary  |203509 203579 03643 |203710 | 203782 [203851 |203906 03951
Makeup water No. 1 (gal) x 100[16693 |16706 16720 |16732 | 16746 [16759 |16773 L6784
Makeup vater No. 2 (gal) x 100[17257 (17257 P72s7 |17257 |17257 [17257 [17257 7257
Feed water (gal) x 10048230 |48244 [8259 |48273 “‘482’90 48303 [48319 p8331 |
Continuous blowdown (gal) x 10 [23012 |23022 3033 H_2_3043 23054 [23065 |23077 3085
Continuous blowdown (gal) X X lX )‘(w“mﬂ,x‘ - X~ o X t -
Steam pressure (psig) B 150 _1-80 152. 160 160 i i9_0_~ 170 40
Steam calorimeter, temp. (°F) |- e 25; - - - E

-:ered water temperature (—I'_)—:u_ ];80 i-qlawo » ‘180 1180 186 N 80
Makeup water temperature ( l-)‘ 75— ~:775A . v78 ) 780 - 86"

" Blovdown temperatwre (°F)  [120 |i0 35 |15 |96

i A.mhioni—ssg\‘peratur( (F) - 70 7 75 0 80 80

Boiler outlet temperatute ( I') 460 —‘;.90 70 460 470

! nué ~g:n; 0y (percent) 20  [18.5 h8.3 |20 20.5

T Cop (percent) P2 T2 Rz e T |16

i co (em)  fio w0 o [0 |10




Date 12/8/80

HOURLY PROCESS DATA

Time 1600 1700 (1815 1900  |2000 | 2100+ | 2200
CGas pressure boller entrance -.5 .5 -.65 .6 -.5 -.65 -,65
Gas pressure leaving boiler ] -1.7 —18 -2‘2‘_—:1—9“%—_{‘; -2.2 -2;1
Pres. exit dust collector -3.5 3.5 ‘%—.:4_3 _1,,1‘ 4_33—"W_4_5 =4.4
Overfire air pressure a1 p1 ;B |n |; [; |
Hearth air pressure 30 31_—”_~ :11 ) M3'1_ i 3}“_";4—3_1”_ r_:El
Grate air pressure (draft) o 0 6 0o  jo.1 __1 VQ___—.]DI(-J) 01(-.3)
Charge counts 358 377 3_9§ .05 42_7__ _| 440 455 472 |
1D fan current (amp) 55 55 |58 56 |56 |58 57 56
Steam integrator X X X X X X X X
Load cell weight (tons) i6.18 730 [18.72 J19.95 |20.97 |22.72 | 23.81 |24.93
Primary temperature (°F) 900 P00 1420 1170 980 1250 | 1320 |1100
Secondary temperature (°F)#Ts-2f 1440 (1440 1640 [1580 1460 1580 1590 {1540
Fuel o0il 1 (gal) Primary L 220 220 220 220 25(-) 220 220 220 i
Waste oil 1 (gal) Primary | 15615 _1.56_15;_‘11“5_615:_156‘1_5mA33@5_ 15615 | 15615 |15615
Fuel oil 2 (gal) Secondary 3_26 326 326 326 326 326 326 326
;_Waste—;ll. 2 (gal) Secondary ;g)_zﬂqg__zoaosz; 204120 [204164 (204209 | 204254 | 204302 204351
Makeup water No. 1 (gal) x 100 16798_ 1_§_800 16825 4;!.633.7_4 lﬂ6_8f_8 _ ]LS_BE) 16873 |16886
Makeup water No. 2 (gal) x 10017256 117256 17256 “h7256 17256 |17256 | 17256 |17256
Feed water (gal)  x 100]48347 8359 |48377 48390 48403 48417 | 48431 48446
Continuous blOVdOWﬁ (gal) x 10 2:_39_96 2.3105_‘ 23116 3123 23132 23141 | 23151 23160
Continuous blowdown -(gal) B ] " X - _—1}( ; X )
Steam pressure (p;;g) » - |- -7 o
Steam calorimeter, temp., (‘)F) - - - 284
Feed water temperature (° F) ] 18_Q “_~1;6~;~ __lé_OmES
-Makeup water temperature ( F) | 80 —;6— ) 80 " 80 ]
- .[;l.ou;down temperature (°F) -iidﬂ--_—ia ] TlO —1—;0_ h
Ambﬁient temperature ‘(-;)_' o éO - /4}_8__0.-~ 80 80——“ |
Bo—iler outlet temperature ( l‘) '466 .14.7—0~ i 470-“ 476_ ]
. Flue gas Oy (percent) B T 18.75 IQ.—s—‘l—s.;:_d
| CO; (percent) 28 |22 |22 pa |
i Co  (ppm) 10 |10 10 15 N




T et

HOURLY PROCESS DATA

| Time

————— ———— -

Gas pressure boiler encran(e

Gas pressule ledVLng boiler

Pxes PYlt dust LOll&CtOl

H
; Overflxe air pressure

Heath air _Ppressure

Grdte air preasure

ChargL Lounts

1D fan current (1mp)

Steam integrator

Load cell weight (tons)

f
- Ry

Primary temperature ( b)

t— —_——— [

Secondary temperature (° F)#TS 2

Fuel 011 l (gal) Primary

E Waste 0il 1 (gal) Primary

! Puel oil 2 (gﬂl) Sooondnly
waste oil 2 (gal) Scconda.\

b s e e

~Makeup water No. l (gal) ® ]00

Makeup water No. 2 (gal) x 100

Feed water (gal) x 100]

Contlnuous bluwdown (gal) X 10

Continuous hlowdown (gal)

Y Steam pressure (pszg)

b e cmmemen e e e e

i Steam calorimeter, temp. (CF)

: Fu;wl wut;!;.r(wép(ﬁulturc ()
Makeup wiater Lemperature (°F)
Blowdown temperature (°F)

Ambivnt femperature (°F)
Builer outlet Lemperatury LF)
Flue gas OZ (purcent)

(,02 (perc‘ent)

o (ppm)

0000 {0100
-5 s
-1.9  |-1.9
1-3.6 [3.5
31 a
31 31
P.1(-.1(-.2)
490 {503
56 |55
XV‘ X
25.77 [26.73
1100 [1060
1520 1520
220|220
15615 |15615
326|326
204394 [204445
16897 |16911
| 17256 [17256
48459 (48475
23169 [23178
K
180  [185
80 80
120|100
80 80
465  |465
17.5 |18

3 3.2

10 |0

0200

-1.8
-3.6
31

31
0(~.2)
523
54

X
27.94
1340

|1640

220
15615
326
294494
16924
17257
48491
23188
-

175
80
95
80

465
18.2
2.8
15

0300

17269

X

-.45
1.6
-3.1
31
31
0.1(-.2)
540

54

X
28.93
1100
1540
220
15615
326
204538
16924

49503
23196

180
80
95
80

450
18.0
2.6

559

54
X

29. 78

1100
1560
220
15615
326
204591
16924
17283
48519
23206

460
17.4
4.0
15

o

1 326

0500
-.45
1.7
-3.3
32

32

.2

574

55

X
30.84
J1s0
1520
220
15615

204633
16924
17293

48531
23213
S

180
80
100
80
460
17.6
3.8

10

0600 |0700
-.45 |-.35
1.6 |-1.5 |
-3 |-3.8
n ||
31 31

.1 1

587 4602‘
5. |53

X |x |
31.87 |32.75
1280 [1080
1640 |1600
220 |220
15615 [15615
326  |326

204679[ 204724
16924 |16924

17304 |17315

48543 48556
23222 23230

X X
150 150
- 281
180 |180
80 |80
125 {100
g0 |80
460|465
18 17.5
2.2 3.4
15 5




HOURLY PROCESS DATA

Date 12/09/80

Time ' {0800 | 0900 | 1010 | 1100 [1200 |1300 1400 |1500
Gas pressure boller entrance | -,5 | :.65_ -.55 —J.-:.‘Gj—__...._.s -.55 |-.5 =5
' Cas pressure leaving boiler -1.8 -2.1 -2,0 { -2.1 |-1.8 -1.8 |-1.6 -1l.u
Pres. exit dust collector -3.5 :4_.2 ) _‘—gé‘ -4.6"‘ —1_3.;5 _:u—-}-:_S:‘—*——B-___:S':-j
) Overfire air pressure o 31 31_7““__31_*"_—_3_1—. 31 | 31 31 31
Hearth air pressure 31 31 31 31 31 . 31 31 31
'E Grate air pressure .1 0 0 T 0 0 0 0 0 4
Charge counts 617 634 | 655 | 670 684 694 708 722
! ID fan current (amp) 54 56 | 55 Jr:*_'smq__ 54 56 | 53 54
Steam integrator X k_mx _7____}_(__ ) 2(_ ) _x___ ”_}_( 7x X
Load cell weight (tons) 33.56 | 34.94 [36.28 | 37.16 |38.67 | 39.69 | 41.08 {41.95
Primary temperature (°F) 1100 1230 | 1450 1550 | 1400 1150 1250 { 1310
Secondary temperature (°F) 1520 | 79" | 1660 | 1660 | 1640 | 1600 | 1640 | 1640 |
Fuel oil 1 (gal) Primary 2200 229__4 220 220 | 220 | 220 220 220 |
Waste oil 1 (gal) Primary _ 5,615 (15,615 05,615 115,615 [15,615 |15,615 |15,615 {15,615

Fuel oil 2 (gal) Secondary 396 | 326 326 | 326 326 | 326 | 326 326 | i

Waste oil 2 (gal) Secondary _ [204,776204,820|204,875204,915 |204,960| 205,008205,055{205,102
Makeup water No. 1 (gal) x 100{16,924 | 16,924| 16,924 16,924 | 16,924| 16,924 16,924} 16,924

Makeup water No. 2 (gal) x 100y17,329 |17,341| 17,356 17,366 17,377| 17,391 17,402| 17,413

Feed water (gal) x 100} 48,572 | 48,585| 48,601 48,613 | 48,626| 48,641 48,653 48,666

Continuous blowdown (gal) x 10 | 23,241 | 23,250{ 23,261 23,269 | 23,278 23,288 23,297 23,307
Continuous blowdown (gal) X X X "X ) X X X X
Steam pressure (psig) 160 | 160 | 160 | 160 | 175 150 | 165 155
Steam calorimeter, temp. (°F) - ‘—2_87— I R S T 285

* | Toat vater remperatare () | 180 | 180 | 180 | 180 | 160 | iso [is0 | 180
i Makeup water temperature (°Fl_ ;_,,_8_0 d:_ éO_ 80 ‘_. 80‘ _?E) ) 80 80 80

) r__.Blowdown temperature (°F)”“A ] 100 | 100 “ 90 *ﬂ:-"9—5*’-*““1-9;9—"-“- 95 150 150 -

Amblent cemperature () | 80 | 80 | 8o | so | s | 85 |85 | &5
Boiler outlet temperature (_:Fj) 9_70 970 475 _'_5907 475 jiﬂo_ 470 470
L..F.]‘ue gas 02 (percent) b -1 1 - ]9s8 |11.40 Bl1.5 11.75

I R I B B B O PO O I
co (ppm) - - 10 10 10 20
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HOURLY PROCESS DATA

bace 12/09/80
 rime ~J1600 | 1700 |1800 | 1900 | 2000 | 2100 | 2200 2300 |
;_ Cas pre;;ure boiler ‘;;\At-::nu e“ -.5 =.55 |-.5 -.5 J-OS 1-.5 | -.55 [-.45 ?
' Gas pressure leaving boiler | -1.7 | =2 -1.4 | -1.6 |-1.8 |-1.7 | -1.8 (=17 F ]
_—PL:; Texit d;;twc-(;ﬁ—e-u_o{ T -3.1 -3.5 |-3 -3 1-3.5 1-3.1 | -3.5 ]-3.1
“Overfire air pressure N S U I R S W VU W AN VAR (R S U T 1
Hearth air pressure 31 31 31 U AV T RV I P VY
" Grate air pressure 2 a0 1 {o(-.25)] 0(=.25%¥0.4 (. D) [0(-.2)
" Charge counts ] 739 750 | 759 769 | 781 79'7_' 811 | 823
1D fan current (amp) 53 56 | s4 56 | ss s | ss | sa
‘Steam integrator X X X X X | x x | x
Load cell weight (tons)  [62.79 | 43.58 |44.47 | 45.54 |ds. 40 | 47.68 | 48.42 [49.30
" Primary temperature (° F) |00 | 1200 1200 | 1150 |1180 | 1030 930 | 890
.qSecondarv tempera;re ( l') o 1600 1500 1620 1600 1600 -.4»15_3.0..- 1460 1430
——I'—uel 0:1_ l {g;13 MPNmary o unch'.A * '1'1-nch: unch. unch ) undh unch. unch. | unch.
Waste 011 1 (gal) Primary unch. unch. unch. | unch. unch. | unch. unch. |unch. :
,“1.35—5{“7 (g;al-) ﬁ:;m“‘ tary unch. | unch. | unch.| unch. | unch. |unch. | unch. |unch. I
f ;' wast_;_étl 2 (gal) Secondary 205,151205,197[205,246]205,292205,345 205,590 205,436[205,487
‘ " Makeup water No. 1 (gal) x 10016,924 | 16,924 16,9241 16,924| 16,924 16,924 [16,924 |16,924
‘ ' Makeup vater No. 2 (gal) x 100[17,626 | 17,437|17,450| 17,462 | 17,476 | 17,487 |17,498 [17,510
_F;;w:ur (galT— T 48 680 | 48,693 48,708 48,7'22]8',73:9 448_7_5'118 76?48 777
| Continuous blowdown (gal) x 10 23,316 | 23,325 |23,336 | 23,346 [23, 356 23,365 3, 373 23,382
c(;{_ml;o;;s' blowdown (gal) X X x | x x | x | x 1 x
Stean pressure (1>‘>lz) ] 1ss| 1so | 18s | 155 | 155 | 140 | 150 | 140
‘ Stenm ealor nn-.—L.LAx B Ls,nlp. ( i) o - - - - | - - 280
| Food water temperature (°F) 180 | 180 | 180 180 | 185 | 180 | 180 | 185 |
E Makeup water temperature (°F) 80 80 80 80 g0 | 80 | 80  7_5
. HJUWJOWU lumpvraturc (°F) 140 130 110 120 100 130 120 95
| ahieat fewperature ( F) 85 83 80 80 80 80 80 78
Builer outlet teaperature (°F) | 480 | 470 | 500 480 | 475 | 460 470 | 460
Flue gas Oy __gv_glft‘nt) 10 11.7 | 14.0 |14.8 [13.2 [11.5 [12.4
i €Oy (percent) 9.0 9.4 5.0 | 7.0 | 6.0 8.2 | 6.6
‘ CO (ppm) 20 20 15 15 20 25 28 ;
A-42




Date 12/10/80

¢ it e S b e+ e et ¢

HOURLY PROCESS DATA

§ Time 0000 [pl0o0+ {0200

rCas pressure boiler entra:c—;—- _—-.—4-5—' ---.;5~ -5-

‘; Gas pressure leaving boiler _{—_1‘; “;18 ~—1.8.

{ Pres. exit dust collector - ;5“2 _--—3‘:5 L-3.43

| Overfire air pressu_r;———u_ o 31 ‘3_..1~‘_ i 514

| Mearth air pressure |31 1 e

. Grate air pressure i o 3.1(.15)0(;—133 “ (5?-—‘_25~ 2—(1) o(-. 2) 1 .1

| Charge counts " Teas ser  |s76~ 893 [o15 | ’56“5"*’58'?;—__*_

i 1D fan current (amp) ) . fz?__?.?_ ‘ 56..“ | .§4~~~—;§~ 54 54

| Steam integrator X X X X X X X X

' Load cell weight (tons) | 49.74 [50.51 |51.24 |52.27 |53.22 |54.37 | 55.56 |56.26

| Primary temperature (°F) 1450 {1420 |1050 | 1050 830 1200 1250

i Secondary temperature (°F)#TS-2] 1600 [1630 1520 1520 [1320 1580 1580

i Fuel oil 1 (gal) Primary '-— ) ] :i 1 T

; Waste oil 1 (gal) Primary

! ' Fuel oil 2 (gal) Secondary N R ] —_ft_-_ B

! Waste oil 2 (gal) Secondary 205536 [205599 205625 205680 205723 205810 205860
Makeup water No. 1 (gal) x 100[16924 [16924 |16924 | 16924 16926 | | 16934 |169

{ Makeup water No. 2 (gal) x 100]17522 117538 [17544 | 17558 1 ]17580 |17580

. Feed water (gal) x 100| 48789 |i8808 (48817 | 48831 |48843 48868 |48802
Continuous blowdowh (gal) x 10 |23390 P3400 23404 |23412 [23617 | | 23428 23453
Continuous blowdown (gal) Tl .K _X~ | x |x X ) [ x X 7]
Steam pressure (psig) o 1_§o___»_A_‘ie_sp_kj___w14A5______Ly_;_5~ Juo Rt
Qteam calorimeter, temp ( T‘)

1 Feed -\_J—ater tempera.t:;:( F) {86 ) . 185 - 180 , ‘185- 180
__Makeup water temperit;uthe'i _l') 80  BO |7 |80 {80

i Blowdown temperature (f (° F) 120 | 207 90 7 100 96 R
Ambient temp;:'ature ( F) I A 5 75 { 80 -80
Boiler outlet temperature (°F) 480 ;707 2.70 B “450_ 2,50

" Flue gas 02 (percent) _j 1. 7 25 7 71‘6.37 ] 125 ‘ 14.7

cop (pereent) |7 Tk [s.s |6 5.5
T T T T e f30 ke fr0 (30 o
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Date 12/10/80

HOURLY PROCESS DATA

3

;
1
1
]
{

: bas pressure boxler entrance

T--

Tlme

Gas pressure lcav1ng boiler

PILb- en]t duet col]eotor

Ovcrflfe alr pressure

Hearth air pressure

Grate air presaure

Chargo counts

[EPURIERS SR

ID fan curreat (dmp)

Steam 1ntegrator

Load cell we15ht (tons)

Prlmary tempe rature (°})
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HOURLY PROCESS DATA
pate 12/10/80
| Time 1600 |1700 | 1800 |1900 | 2000 | 2100 |2200 | 2300
Gas pressure boiler entram;.e -.5 —.S_ - 1-4‘5 ——._"M _‘5—5-~ =45 ﬂ-:é -.4_5 h
‘ Gas pressure leaving boilef_w :1.7 -1.9 L-—l——S ) -A-Al~.9—- ::2.—0-“# -1.8 | -1.6 - :]
Pres. exit dust collector -3.2 -3.5~ ) —3‘-‘5”*1 -3.6 |-3.7 | -3.3 :5 .0 | -3.%
* Overfire air pressure ] -——:_"_6-‘— B _3Ai_v 51 1 31 ) 32” 32 | 32 T 33'“
Hearth air pressure -W”hﬂ‘_;l-—b— —3:].__#7 ) ._3.1._..4 B 3i7_j 32 | 32 | 32 32|
| Grate air pressure R U RS T B R I o | 01 {01 ] 01T
| Charge counts 1127 |10 | 1155 1166 | 1180 | 1199 | 1213 11230
' ID fan current (amp) 54 53“_ VMSI— s46 | sS4 54 56 | 54
Steam integrator X e X—b“— wa-“ “)E 4“*)7(. 1 X X x_dq
Load cell weight (tons) 65.82 | 66.88 |68.10 F9.44 |70.14 |71.27 | 72.00 |73.24
| Primary temperature (°F) 1250 | 1450 1050 | 1320 950 | 1050 | 940 | 1020
i Secondary temperature (°F) 1600__J _}650 1520_ }_§6qu 1570 1520 lfio —l:‘v)i)o_d
Fuel oil 1 (gal) Primary 220 | 220 | - - - 220 | - | -
| Waste ofl 1 (gal) Primary 15,615 | 15,615| - | - | = [15,615| - .
Fuel oil 2 (gal) Secondary 326 | 326 - |~ [ - ] 3| - [ =]
Waste oil 2 (gal) Secondary  [206,283 |206,325(206, 379;06 4371206,509[206,556 | 206, 598] 206 , 650
Makeup water No. 1 (gal) x 10017, 0621 17, ,074 | 17,087 _1_7_'_998 1711_?4&7,_122_}_7_131:_ ?7;1;“
Makeup water No. 2 (gal) x 100]17,580 17 s80| 17,580 17,580 17,580{17,580 | 17,580 17,586}
Feed water (gal) % 1_0_0_ 49,013 | 49,026 | 49,041] 49,054 | 49,070]49 082 | 49,002[ 49,107
Continuous blowdowd (gal) x 10 |23,523 | 23,530 23,537 23,540 | 23,545|23,550 | 23,554 | 23,558
Continuous blowdown (gal) X B X :“ X L—~~x--- ”—;(——1—» X \; X
Stean pressure (psig) 165 | 175 | tes| 17 | w0 1ss| 1] 1s0)
Steam calorimeter, temp. (°F) - - - - - - - 285
) __Feed water temperature (°F) ; —u{lgo-:_j:_u_]:éOi _771.80. 1'89_- V 189 1§0_1 ) 1_E_(£ _:_ 18_2
Makeup water temperature ( (°I') k__§9, 8Q i 8077 85 o .SOJ 8_0 80 80
’ BIOwdown temperature (°F) 115 120 120 95 110 100 100 90
| Ambient temperature (F) | 85 | 85 65 | 85 go| 80| _{;ﬁ" 80
Boiler outlet temperature (—l-) 470 | 480 | 470 | 450 465|465 | 450 460
E—i“ri:e gas 07 (percent) o ) ) 1 - g1A1'7 9.3 11.5 -12 ) 1—4;—54 14 4
E‘ CO2 (percent) I 8 9.4 | 6.6] 7.2 i 5.7 5 8
L co (ppm) 20| 20| 15| 20| 3| 3
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HOURLY PROCESS DATA
Date 12/11/80
Time 0000 | 0100 | 0200 | 0300 | 0400 | 0500 | 0605
Gas pldcs u-re bo—lwl‘el»;);{t'ranu ~ :45‘ -.5 -.6 -.55 -.6 -.5 -.5
Cas pressure leaving \)01lor -1.8 | -1.7 | -2 -1.6 | -2.2 | -1.6 | -2
Pres. exit dust collector -3)5 | -3.5 | -3.8 | -3 4.0 | -3 4 i}
Overfire air pressure T3 o3 31 31 c3 R S VI R VR
Hearth air pressure 322 | 31 31 31 1 | 31
Grate air pressure | .1 | .1 1 1 1 1 | a ]
_Charge counts 1247 {1261 | 1277 {1290 | 1307 | 1322 [1332 |
ID fan current (amp) 55 54 55 56 55 P T
'é_{:a:fn;g};?o?m - x | x X x | x | x| x | x 1
‘Load cell weight (tons) . | 74.11 [14.83 |76.25 [77.38 |78.64 (80,02 jg0.02 | |
k Primary temperaturc (°F) 900 | 1300 | 1400 | 970 | 1270 | 1270 | 720 | |
‘Sccondary temperature (°F) | 1400 | 1600 | 1650 | 1480 | 1600 | 1630 | 1280 | ]
Fuel ofl 1 (gal) Primary h ._-_2*2‘(—)_ 1 220 | 220 | 220 | 220 | 220 | 220 |
Waste 0il 1 (gal) Primary 15,615 [15,615 |15,615 115,615 |15.615 | 15,615 [15,615 | |
TFuel oil 2 (gal) Secomdary | 326 | 326 | 326 | 326 | 326 | 326 | 326 | a
Waste oil 2 (gal) Secondary  [206,695 [206,737206,786/206,832 06,878 [206,927 206,980|
' Makeup water No. 1 (gal) x 100| 17,153 | 17,165/17,178 | 17,190|17,202 | 17,215 | 17,228
Makeup water No. 2 (gal) x 100| 17,580 | 17,580|17,580 | 17,580|17,580 | 17,580 | 17,580
| Feed water (gal)  x 100| 49,118 49,131]49,146 | 49,160(49,173 | 49,186 49,203]
" Continuous blowdowd (gal) x io 23,562 | 23,566|23,574 | 23,580123,585 | 23,591 | 23,597| N
Continuous blowdown (gal) | x | % X X X X x 1 x|
| Steam pressure (psig) |  148| 190 185 1500 170 | 160 125
wsJ;n—_éaJézn]l_f;;,“{unﬁ CF) - - - - 285 - -
Feed .,,Z,’[er—tempémmr,f ‘( ¥) 175 180{ 180 180/ 180 180 180] A
‘Mkz up. wm.u: Lempcratul ( k) 80 80 80 80 80 80 - 80 _
Flowdown Lemperature (°F) 85 110 90 100 110| 110] 100]
.A\znlﬁon{ t:-n—lp.i;r:-avurxlze {°F) 80 80 80 80 80 80| 80| 4
I'mi>lvx' UuLh‘L lcl;\pucl'.llmc (°r) 440 475 485 450 480 475 440
Flue gas 0p (percent) 7.5 12.0 15 ! 12,70 7
0y (pu{elu) 12.7 7.6 5.4 9.2 8.4
co (ppm) 48 55 55 70 70




SURFACE TEMPERATURES
Date 12/09/80

Location Temperature °F
Lower secondary side 180, 250, 200, 260, 250
Lower secondary end 180, 180

Lower secondary side 220, 270

Center afterhurner side 280, 300

Lower dump stack ) 200, 180

Boiler inlet duct ' 325, 300

Tower grate section side 175, 170, 160, 170
Lower grate end 180

Lower grate section side 175, 190

Hearth side 120, 120

Upper grate side 170, 160, 175, 200
Hearth top 150

Upper afterburner 260

Boiler inlet end 235, 250, 220, 260
Boiler side (both) 130, 130, 140, 130
Boiler outlet end 140, 145, 150

D.A. tank surface 115, 145

|

Average




INTERMITTENT BLOWDOWN

Each blowdown was carried out over 30 seconds

Date Time Date Time Date Time Alfﬁgate Time
8 Dec 1l a.m. 9 Dec 1 a.m. 10 Dec 1 a.m. 11 Dec 1 a.m,
" 2 a.m. " 2 a.m. o 2 a.m. " 2 a.m.
" 4 a.m. " 3 a.m. " 3 a.m " 3 a.m.
" 5 a.m. " 4 a.m. " 4 a.m. " 4 a.m.
" 6 a.m " 5 a.m. " 5 a.m. " 5 a.m
" 7 a.m " 6 a.m " 6 a.m " 6 a.m
4 " 8 a.m. " 7 a.m. " 7 a.m,
" 9 a.m. " 8 a.m. " 8 a.m.
" 10 a.m. " 9 a.m. " 9 a.m.
" 11 a.m. " 10 a.m " 10 a.m.
" 12 noon " 11 a.m, " 11 a.m.
" 1p.m. " 12 noon " 12 noon
" 2 p.m. " 1l p.m. " 1l p.m. !
" 3 p.m " 2 p.m, " 2 p.m. !
" 4 pom " 3 p.m. " 3 pm
" 5 p.m. " 4 p.m, " 4 pom | b
" 6 p.m. " 5 p.m. " 5 p.n; |
" 7 p.m. " 6 p.m. " 6 p.m.
" 8 p.m " 7 p.m. " 7 p.m. 1
‘ " 9 p.m " 8 p.m " 8 p.m.
| " 10 p.m " 9 p.m. " 9 p.m,
" 11 p.m " 10 p.m " 10 p.m.
" 12 p.m. K 11 p.m. " 11 p.m,
- 12 p.m. " 12 p.m.
" - - -
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AVERAGE DAILY OPERATING CONDITIONS

A=490

Mon Tue Wed ~'.F\hur Fri Average Total
Temperatures (°F) 8 Dec{ 9 Dec {10 Dec \
Makeup water 80 80 80 80 \
Feedwater 181 | 180 | 180 180 \ /
Blowdown 108 "1;6“'"“Iia““' 109 \7 /
Ambient 81 | 76 | 80 80 \Jf
Primary 996 | 1193 | 1173 1121 V
Secondary 1494 | 1578 | 1557 1543 /\
’ Boiler outlet 463 | 470 | 467 467 4/ K
Stack 427 | 43 | 439 433 / \
Steam 281 | 283 | 285 283 /' \
Stea‘m‘pressure (psig) 149 158 160 156 /
Steam enthalpy (Btu/lb) 1185 11;7 1188 1187
‘, Makeup watér flow(10°1b) | 242 | 234 | 308 261 | 784
“ Continous blowdown (10°1b)| 19.1 |17.7 |17.3 | 16.9 | 54.2
| Intermittent blowdown(10%1§)23.9 25.5'3 3.3 | | 2.7 | 802




PARTICULATE

Location NS Mayport HRI

e e Ao e e

SUMMARY DATA SUFET

General
Date 12/08/80 [12/09/80 {12/09/80
e e . - t Cot ot eoeas - . - . . e e ___1_._.-*__.4. b o e - ———
Barometric pressure (ian. Hg) 30.2 30.2 30.2
Eyria-AbiiiiPncigiinaplo AR N - T.. S ETT PR Py Nerihged ot craril
Gas Flow Data
Stack area (ft?) 12,05 |12.05 |12.05
Average velocity lt stack conditions (IPW) 1, 188 1,095 1,191
Flow rate at Stdci\ Conditions (tl 1) 14,315 ;13 195 14,357
Stack temperature (° l) o - zab ) 446 - 440 ) T
Flow rate at Standa1d Londitton (SCFM) 8,509 7 343 8,534
= R e R T e ety s
Particulate Emission Data
Total particulate collected (mg) 544. 7 807.3 919.7
Volume dry gas sampled at Std. Cond. (SCF)| 29,24 57.82 56.96 N
Total sampled volume at Std. Cond, (ser) ~56~62 761“61 » 60.75
Particulate concentvatlon (pr/scy )- (g—r/S(j 4‘287( 574].215( 487} 249(.5611)-". )
Particulate emission rate (lb/hx) 19.97 13.56 17.04
Particulate cmission ratc (1b/lu“ nxn) 1.14 .775 974
Percent isokinetic sample (paltcnt) 43.0 93.9 85.0
s T T T L T e S T e S S T U PO PR el e Sernrd v Rt b erendndlll
Gas Couwposition Bata
€0y (percent) 6.0 5.3 5.3
02 (percenty 12.3 | 13.1 | 134
CO  (percent) *k <.01 <.01
e = i ——— ————— - o- S—— . W s . 4 bR b o e = - - .- _‘_..‘ ,___r_,, —_ o ae - —~ea— -
NU, {ppm) *k *k Rk )
504 (ppw) 8 i *k 27 27
ne v(ppm)»__ L kK *% *k
Y e 131 | 109 | 146
* Corrected to 127% Coz . ¢
*ek Not measured .
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PARTICULATE SUMMARY DATA SHEET

Location NS Mayport HRI )
| General
Date 12/09/80 | 12/10/8Q 12/10/8(
Barometric pressure (in. Hg) 30.2 30.2 30.2
Gas Flow Data o 1 o
{ Stack area (ft2) 12.05 12.05 | 12.05
Average velocity at stack conditions (FPM)| 1,194 1,109 1,211
Flow rate at Stack Conditions (CKM) 14,387 13,362 | 14,590
Stack temperature (°r) ) 440 [ 440 440
Flow rate at Standard Conditions (SCKFM) 8,552 7,942 8,673
Particulate Emission Data
] Total particulate collected (mg) 800.1 1296.5 {1462.9
Volume dry gas sampled at Std. Cond. (SCF)| 60,13 64.20 64.54
Total sampled volume at Std. Cond. (SGr) r64,36 69.89 69.75
Particulate concentvat lon (Hr/SCF).(gr/SCP“$205(.46@.311(.86 .349(.97
Particulate emlssion rate (1b/hr) 4__“'743122 ].19.44 24.00
Particulate emission rate (1b/100 Bew) 1o 796 1.11 | 1.37
Percent ilsokinetic sample (percent) 94.6 105.2 96.4
_____ e f 2o @ L 10202 L 98, e
Gas Cowposition Data
COp (percent) L 5.3 4,3 | a3 | |
0 (percenty V3.1 | 1s.4 | 15.4 | 1
: Co (percent) <.01 <.01 <.01
? e e e e o Sl O et Y ISR SR
Rk *k *k
Nox (])pm) ea e s o e . .. PR, . - . e b e
S0y (ppm) _ e 2L 26 26 |
HC (ppm) SO (R N o\ A .
¢l (ppm) {1 | 134 | 153 .
* Corrected to 12% Co,.
k& Not measured.
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PARTICULATE SUMMARY DATA SHEET

Location NS Mayport HRI

General

Date , o p2/11/80]12/11/80/12/11/80 N
Barometric pressure (ia. Hg,) 30.2 30.2 30 2

Gas Flow Data T .

_Stack area (ft?) 12,05 | 12.05 | 12.05

————— -—-»-AT—--M o e el e ottt e

Average velocity at stack CundlllnnG (kPH) 1,019 1,127 1,083

Flow rate at Stuack Conditions aj?‘;:jjjj_m.IE,?ZZ_; ;;:%;§j:«i£j6;£j:-“-—~’t::mm__—h
Stack temperature (°F) 440 440 440 [
Flow rate at Standard Conditton;‘;ﬂ .(“1;(2)-“:\11)“” -7 298 , -5;07—2 N —‘7,760
‘Particulate Emission Data
Total particulate collected (mg) 763. 2 1302.8 849.2
Volume dry gas sampled at Std. Cond. (EF}S 55'53’ w63.11 .60.08 I
Total sampled volume at Std. Cond. (§5?5° 61.24 - W;8.32.. | 64.82 . i
Particulate concentrattion (pr/\i{)—ggr/SCF 2121m59ll§l§i4ﬁﬁlh S
Particulate ealssion rate (1b/hr) 12.02 20.31 13.42
Particulate uniqs—lon rate (1b/ll)(’-m.|‘|) V 6;7 ! 116? 761 .
Percent isokinetic sample (percent) 4_"._~,“wh193m 101.2 | 100.1
e =P W S
, Gay Composition Data
i T
| Cop (percent) | #e3 &3 ) 63 ||
07 (percent) e 15.4 | 15.4 | 1s.a | |
o " co (pcrcent)Aw“ﬂma"m~-m <.01 <. 01 <.01
) NO, (ppm) *k *k *x
- 50, (ppm) - e e e e e e iu o , ::24 — —:i:jj
R N L A VO R
' LS e e 176 77| 267 | ]
' * Corrected to 12% Co,.
** Not measured.
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CHLORIDES ANALYSIS

Plant NS Mayport HRI Date 12/09/80 through 12//2/80 ]
Boiler Analyst ’
Location Run No.

Chloride mg/f2 = C ppm

Dilution factor =D

Total Volume of Sample Solutuion = M (mg)
Meter Temperature = t (°C)*

Barometric pressure in stack =P (mm lp)*
Volume of air sampled = V (R)

Aliquot volume analyzed = m (mf)

mg Cl/m° @ 20°C = (C) (D) (M) (£+273) (760) (1000) ‘
(1000) (P) (V) (293) J

ppm CL = (0.690) (mg Cl/m3) @ 20°C

t P v Cl mo/m3 |Cl ppm

20 760 867 190 131

20 760 1744 158 109 3
20 760 1720 212 146

20 760 1837 190 137

20 760 1979 194 134

20 760 1975 | 222 153 B
20 760 1734 255 176

20 760 1935 111 77 E
20 760 1836 242 167
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Mass and Energy Balances

and Performance Calculations
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Solid waste (1b)
Waste oil (1b)

c (%)
E H (%)
1 0 %)
' N (%)
1 c1 (%)
g s (%)
I (%)
Ho0 (%)
* As-received basis.

e T = em

COMPOSLITE ULTIMATE ANALYSIS*

Solid
waste

29.02
3.84
20.38
0.61
0.56
0.17
20.39
25.00

Waste Monday
oil 12/8/80

- 51,520
- 9,611
86 37.98
12 5.12
0 17.18
1 0.67
0 0.47
0.5 0.22
0.5 17.26
0 21.07
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Tuesday
12/9/80

47,980
7,531

36.84
4.95
17.62
0.66
0.48
0.21
17.69
21.61

Wednesday
12/10/80

60,460
9,949

37.07
4.99
17.50
0.67
0.48
0.22
17.58
21.47

4




Flue Gas Composition - Boiler Outlet

Average of periodic readings (every 15 minutes) from continuous

monitors.

Date

Time period (hrs)
€0y (%)

Standard deviation
02 (%)

Standard deviation

Co (ppm)
Standard deviation

12/9/80

12
6.99
1.73

13.20
2.03
25

12/10/8Q Average
30
7.76 7.5
2.45
12.54 12.7
2.64
71 58




. .

Flue Gas Analysis

To determine Stoichiometric Oxygen Requirement
07 = 2.67 C¢ + 8 He + Sg - Of
Neglecting small amount of carbon in the bottom ash

Cg = 37.45, Ug =5, O = 17.4, Sg = 0O

0y = 1.00 + .40 + .002 - .174 = 1.224 1b Oxﬁgen

Determination of Stoichiometric Air Requirement

4.32 1b air 1.244 1b 0p

1b air
SA 50, — * 1o fuel 2 o fuel

Excess Air Determination

02 - CO

. 2
EA 100 x BTN Ny = (0; = CO)
2

EA = 100 x 12.7 - 0

EA = 150 percent

Actual Air/Fuel Ratio

A/F = SA x (1 + T%%)
A/F = 5.29 x (1 + %%8)
A/F = 13.21 1b air

uel
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BOILER OPERATION CAI.CULATIONS (Page | of 3)
Date 12-8-80

Average temperatures — Daily
Numerical average of 24 hourly readings
Steam pressure ~ Daily
Numerical average of 24 hourly readings
Steam enthalpy ~ Daily
3 Numerical average of 3 daily calorimeter readings as

determined from Mollier diagram

Makeup water flow - Daily

Final meter No. 1 reading 16,886 (gal)
Initial meter No. 1 reading - 16,596 (gal)
! Net difference = 290 (gal)
Meter calibration factor x 100
Net volume flowed = 29,000 (gal)
E Water density x 8.336 3 (1b/gal)
1 Input water = 241.74x%x10 {1b) IMp74)
Final meter No. 2 reading 17256 (gal)
Initial meter No. 2 reading - 17256 (gal)
Net difference = - (gal)
Meter calibration factor x 100
Net volume flowed = - (gal)
Watoer density % 8.336 (1b/gal)
Tnput water = - (1b) [My73]

{(continued)
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BOILER OPERATION CALCULATIONS

pate 12-8-80

Total input water = Myya + Mjyp

My7 =241.74x103+ - =241.74x10°1b

Continuous blowdown - Daily
Final blowdown meter reading
Initial blowdown meter reading
Net difference
Meter calibration factor
Net volume
Water density
Continuous blowdown
Total intermittent blowdown

Total blowdown

Steam Generation - Daily reported
Total input water
Total blowdown
Intermittent blowdown
line leak
Steam separator line leak

Steam generated

Heat output - Daily

23,160

22,930

230

10

2,300

8.336

19.173x10°

23.966x103

43.139x10°

241.74x103

43.139x10°

1.000x10°

1.000x10°

190.60x10°

(Page 2 of 3)

(gal)
(gal)
(gal)

(gal)
(1b/gal)
(1b) [Mygc]
(1b) [Mj94)
(1b) (Myq]

(1b) [M7]
(1b) [Mp9]

(1b)
(1b)
(1b) [Mys])

Heat output = Steam generated x (Steam enthalpy - makeup water enthalpy)

EN out =196.60x10° x ( 1185 - 48

) =233.53x10%Btu)

(continued)




BOLLER OPERATION CALCULATLONS
pate 12-8-80

Steam meter flow — cross check only

Final steam integrator reading

lnitial steam integrator reading

Net difference =

Integrator factor x

Integrator steam generated

Blowdown heat loss calculation

Total blowdown = Mjg (1b)
Blowdown energy loss = ENp4 (Btu)
Enthalpy of blowdown water = hpg

Enthalpy of makeup water = hnu

ENpg = M19 x (hpg = hpy)

ENpg =43 ,139 x (75.98 - 48 ) =1.207x106 Btu

A-60
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(concluded)
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BOILER OPERATLON CALCULATIONS (Page 1 of 3) )
Date 12-9-80

Average temperatures - Daily
Humerical average of 24 hourly readings
Steam pressure — Daily
Numerical average of 24 hourly readings
Steam enthalpy - Daily
Numerical average of 3 daily calorimeter readings as

determined from Mollier diagram

Makeup water flow — Daily

Final meter No. | reading 16924 (gal)
Initial meter No. 1 reading - 16897 (gal)
Net difference = 27 (gal)
Meter calibration factor x 100
Net volume flowed = 2700 (gal)
Water density x 8.336 (1b/gal) 1

22.507 x 107 (1b) (M174]

Input water

l Final meter No. 2 reading 17,510 (gal)
Initial meter No. 2 reading - 17,256 (gal)
Net difference = 245 (gal)
Meter calibration factor x 100
Net volume flowed = 25,400 (gal)
Water density x 8.336 (1b/gal)

3
211.73 x 10" (1b) ([M)7g]

A-61
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%
BOILER OPERATION CALCULATIONS (Page 2 of 3)
Date 12/09/80
Total input water = Mjy7p + Mj7p
Mp7 =22.50x10° +211.73x10°=234.237x101b
Continuous blowdown - Daily
Final blowdown meter reading 23382 (gal)
Initial blowdown meter reading - 23169 (gal)
Net difference = 213 (gal)
Meter calibration factor x 10
Net volume = 2130 (gal)
Water density x 8.336 (1b/gal)
Continuous blowdown - 17.756x10° (1b) [Mjg.]
Total intermittent blowdown + 25.008x10° (1b) [Mjg4]
Total blowdown - 42.764x10° (1b) [M39]
Steam Generation - Daily reported
Total input water 234.237x107 (1b) [M37]
Total blowdown - 42.764x10° (1b) [M;p9]
Intermittent blowdown
line leak - 1.000x10° (1b)
Steam separator line leak - 1.000x10° (1b)
Steam generated = 189'473X103 (1b) [M3s]

Heat output -~ Daily

Heat output = Steam generated x (Steam enthalpy - makeup water enthalpy)

EN out =189.473x10° x ( 1187 ~ 48 ) =215.810x1®XBtu)

(continued)
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BOILER OPERATION CALCULATLONS (Page 3 of 3)
Date _ 12/09/80 !

Atk i b

Steam meter flow —~ cross check only

Final steam integrator reading

Initial steam integrator reading -

Net differcnce =

Integrator factor x

Integrator steam generated =

Blowdown heat loss calculation

Total blowdown = Mjg (1b)
Blowdown cnergy loss = ENpg4 (Btu)
Enthalpy of blowdown water = hpg

Enthalpy of makeup water = hp,

ENpq = Mg x (hbd - hmu)

6
ENpg =42,764 x (77.98 - 48 ) =1.282x10° gy

(concluded)
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BOILER OPERATION CALCULATIONS (Page 1 of 3)
Date 12-10-80 (includes Thursday to 0600 hrs)

Average temperatures — Daily
Numerical average of 24 hourly readings
Steam pressure = Daily
Numerical average of 24 hourly readings
Steam enthalpy - Daily
Numerical average of 3 daily calorimeter readings as

determined from Mollier diagram

Makeup water flow - Daily

Final meter No. 1 reading 17228 (gal)
Initial meter No. 1 reading - 16924 (gal)
Net difference = 304 (gal)
Meter calibration factor x 100
Net volume flowed = 30400 (gal)
Water density x 8.336 (1b/gal)

3
253.414x%10 (1b) (M17A]

Input water

Final meter No. 2 reading 17580 (gal)
Initial meter No. 2 reading - 17522 (gal)

Net difference = 58 (gal)
Meter calibration factor x 100

Net volume flowed = 5800 (gal)
Water density x 8.336 (1b/gal)

Input water = 48.349x103 (1b) [Mp7s]

(continued)
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BOILER OPERATION CALCULATIONS (Page 2 of 3)
Date 12-10-80

Total input water = My74 + Mj7p
My7 =253.414x10F 48.349x10% 301.763x10r

Continuous blowdown - Daily

Final blowdown meter reading 23597 (gal) 1
Initial blowdown meter reading - 23390 (gal) i
Net difference = 207 (gal) !
Meter calibration factor x 10 i
E Net volume = 2070 (gal) |
r Water density x 8.336 (1b/gal)
Continuous blowdown - 17.256x10° (1b) [Myg.]
Total intermittent blowdown + 31-26OX103 (1b) [M39i]
Total blowdown = h8.516x103 (1b) [Mjgl
Steam Generation - Daily reported
Total input water 307-763X103 (1b) [Mp7] :
Total blowdown - 48.516x10° (1) [M}g)
Steam generated = 3 (1b) [M;5]
Stean Soparator line leak - 1250103 1b
Steam Generated 256.747x107 1b

Heat output - Daily

Heat ontput = Steam generated x (Steam enthalpy - makeup water enthalpy)

6
EN out =256.747x10% x. (1188 _ 48 ) .292.692x10y.

(continued)
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BOILER OPERATION CALCULATIONS (Page 3 of 3)
Date 12-10-80

Steam meter flow — cross check only

Final steam integrator reading

Initial steam integrator reading -

Net difference =

Integrator factor x

Integrator steam generated =

Blowdown heat loss calculation

Total blowdown = Mjg (1b)
Blowdown energy loss = ENp4q (Btu)
Enthalpy of blowdown water = hpq 3

Enthalpy of makeup water = hy,

ENpg = M1g x (hpg — hpy)

ENpg 48,516 * (_77.98 - 48 ) =1.455x10° Btu

(concluded)
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BOILER OPERATION CALCULATIONS

Date 8, 9, 10 Dec. 1980

Average temperatures - Daily

(Page 1 of 3)

Numerical average of 24 hourly readings

Steam pressure = Daily

Steam enthalpy - Daily

Numerical average of 3 daily calorimeter readings as

determined from Mollier diagram

Makeup water flow - Daily
Final meter No. 1 reading
Initial meter No. 1 reading
Net difference
Meter calibration factor
Net volume flowed
Water density

Input water

Final meter No. 2 reading

Initial meter No. 2 reading
Net difference

Meter calibration factor
Net volume flowed

Water density

Numerical average of 24 hourly readings i
17228 (gal)
16596 (gal)
632 (gal)
100
63200 (gal)
8.336 (1b/gal) ’
526,835 (1b) [M)74)
17580 (gal)
17256 (gal)
324 (gal)
100
32400 (gal)
3.336 (1b/gal)
270086 (1b) {Mj7g)

[nput water

(continued)
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BOILER OPERATION CALCULATIONS (Page 2 of 3)
Date8, 9, 10 Dec. 1980

Total input water = Mj7p + M1y
M7 = + = 796,921

Continuous blowdown - Daily

Final blowdown meter reading 23597 (gal)
Initial blowdown meter reading - 22930 (gal)
Net difference = 667 (gal)
Meter calibration factor x 10
Net volume = 6670 (gal) i
Water density x 8.336 (1b/gal)
Continuous blowdown = 55601 (1b) [Mjpg.]
Total intermittent blowdown + 80234 (1b) [Mpe4]
Total blowdown = 135835 (1b) Mj9)

Steam Genecration - Daily reported

Total input water 796921 (1b) [Mp7]
Total blowdown - 135921 (1b) [Mj9]
Steam generated = (1b) [M)s]
Steam Separator line leak 3250
Intermittent blowdown line leak 3250
Steam Generated 654500

Heat output - Daily

Heat output = Steam generated x (Steam enthalpy - makeup water enthalpy)

KN out = 654500 x (1187 - 48 ) =745.476x10(g;y)

(continued)

A-68




BOLLER OPERATION CALCULATLONS
pate 8s 9 10 Dec. 1980

Steam meter flow - cross check only

Final steam integrator reading

Initial steam integrator reading -

Net difference =

Integrator factor x

Integrator steam generated =

Blowdown heat loss calculation

Total blowdown = Mjg (1b)
Blowdown energy loss = ENpgq {(Btu)
Enthalpy of blowdown water = hpg

Enthalpy of wakeup water = hy,

ENpg = M19 * (hpg = hpy)

ENpq =135,835x ( 77.31 - 48 ) = 3.98x106 Btu

A-69
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. Monday, December 8, 1980

{ at 14.7 psia T = 281°F

i h = 1184.0 Btu/1b

Steam Quality Calculations

Keenan and Keyes Steam Tables

at 149 psig = 163.7 psia hf = 338.0
hg = 1195.5
| X = 1195.5 = 1184.0 _ 1.3 or 98.7
, Tuesday, December 9, 1980
|
| at 14.7 psia T = 283
h = 1184.7
at 158 psig = 172.7 psia hf = 342.5
hg = 1196.3
f
Wednesday, December 10, 1980
at 14.7 psia T = 285
h = 1185.7
E at 160 psia = 174.7 psig hf = 343.5
: hg = 1196.5
A-70




Monday, 12/8/80

BOILER OQUTLET GAS CALCULATIONS

TOTAL MOLSTURE OUTPUT

Fuel moisture input 61131 x .214 = 13082 (1b)

Total hydrogen formed moisture + 9 x .05 x 61131 = 27509 (1b)

Total moisture output = 40591 (1b) [M20gm]

Moisture weight fraction of flue gas = WFy

Total flue gas wt. = air wt. + fuel wt. - dry ash wt.
Total flue gas wt. = (13.21 x 61131) + 61131 - 3852 = 864820 (1b)

40591 1b Hy0

564820 - ‘%%’ b flue gas
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Tuesday, 12/9/80

BOILER OUTLET GAS CALCULATIONS

TOTAL MOISTURE OUTPUT

65511 x .214 = 11879 (1b)

Fuel moisture input
Total hydrogen formed moisture + 9 x .05 x 55511 = 24980 (1b)
= 36859 (1b) [M20m)

Total moisture output

Moisture weight fraction of flue gas = WF,

Total flue gas wt. = air wt. + fuel wt. - dry ash wt.

Total flue gas wt. = (13.21 x 55511) + 55511 -~ 10575 = 778236 (1b)

36859 1b Hyp0
- 047 o
778236 1b flue gas
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Wednesday, 12/10/80

BOILER OUTLET GAS CALCULATIONS

TOTAL MOISTURE OUTPUT

Fuel moisture input 70409 x .214 = 15067 (1b)

Total hydrogen formed moisture + 9 x .05 x 70409 = 31684 (1b)

Total moisture output = 46751 (1b) [M20m]

Moisture weight fraction of flue gas = WFp

Total flue gas wt. = air wt. + fuel wt. - dry ash wt.
Total flue gas wt. = (13.21 x 70409) + 70409 ~ 24035 = 976477 (1b)

46751 1b Hy0

576477 - ‘°%® Tb fiue pas

A-73
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TOTAL

BOILER OUTLET GAS CALCULATIONS

TOTAL MOLSTURE OUTPUT

Fuel moisture input 187,051 x .214 = 40,029 (1b)

Total hydrogen formed moisture + 9 x .05 x 187,051 = 84,173 (1b)

Total moisture output = 124,202 (1b) [M20m]

Moisture welght fraction of flue gas = WF,

Total flue gas wt. = air wt. + fuel wt. - dry ash wt.

Total flue gas wt. = (13.21 x 187,051) + 187,051 - 38,462 = 2,619,533 (1b)

124,202 1b Hp0

2,619,533 *047 {5 FTue gas
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BOILER OUTLET GAS CALCULATIONS

GAS MASS FRACTIONS

Volume Mole Mass Mass
percentage M weight fraction fraction
(percent portion (1b/1b, (1b/1b,
Gas dry weight) | (1b/mole) | (1b dry) dry weight) | total weight)
Co; 7.4 44 3.30 .112 .107
02 12.7 32 4.06 .138 132
Ny 78.9 28 22.09 .750 .715
ﬁ; co - 28 - - -
Hp0 - 18 - WFy = 047
Total 29.45 1.00 a

®=@x WFp

(continued)
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BOILER OUTLET GAS CALCULATIONS

FLUE GAS ENERGY LOSS

ENgy o = M20 % h Total

= 864,820 x 145.86 = 126.14 x 10 Btu

ENstack

GAS SPECIFIC HEAT

ENstack

Cp W20 x T

outlet

126 x 10% (Btu)

Cp = 864 x 103 (1b) x ( 463 °F - 8L °F)

Cp = .38 Btu/1lb °F

Monday, 12/8/80
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BOILER OUTLET GAS CALCULATIONS

FLUE GAS ENERGY LOSS

EN

stack = M20 X h Total

EN ., = 778,236 x 149.67 = 116.48 x 106 Btu
stack
3
FLUE GAS SPECIFIC HEAT
C. = ENstack
P M20 x Toutlet - Tamb
116.48 (Btu)
Cp ™ 778 x 103 (1b) x ( 470 °F - 76 °F)
Cp= .38 Btu/lb °F

A-81
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BOILER OUTLET GAS CALCULATIONS

FLUE GAS ENERGY LOSS

ENstack = Mg X h Total
= - 6
EN ook = 976,477 x 147.42 = 143.95 x 106 Btu
FLUE GAS SPECIFIC HEAT
C. = ENstack
P M20 x Toutlet - Tamb
143.9 x 105 (Btu)
Cp ™ 976 x 103 (1b) x ( 467 °F - 80 °F)

Cp = .38 Btu/1b °F

Wednesday, 12/10/80




BOILER OUTLET GAS CALCULATIONS

FLUE GAS ENERGY LOSS

EN eack = M20 X h Total
- - 6
EN ook ™ 2,619,533 x 147.42 = 386.17 x 10% Btu
FLUE GAS SPECIFIC HEAT
C. = ENstack
P M20 x Toutlet - Tamb
386 x 106 (Btu)
Cp = 2.619 x 106 (1b) x ( 467 °F - 80 °F)
.38 Btu/lb °F




Electrical Energy Usage

481 Volts 3 phase
December 9, 1980 - 3:45 p.m.
203 Amps average

481 volts x 203 amps

\J 3 1000 = 169.4 kW

169.4 kW x 11,600 Btu/kWh* - 1.965 x 106 Btu/hr

Diesel Fuel Usage Front-end Loader

57 gal/120 hr = .475 gal/hr (from plant operating experience)

Assumed Propertieg**

Density = 7.30 1lb/gal

HHV = 19,500 Btu/lb

475 gal 7;22 Lb 19,500 Btu . 67,590 peu/ne

* At 30 percent fuel to electrical energy conversion efficiency.

** Engineering experimentatfon, p 331.
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__Element

Aluminum
Antimony
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Molybedenum
Nickel
Phosphorus
Silicon
Silver
Sodium
Strontium
Tin
Titanium
Vanadium
Zinc

aLQD = lowest quantitatively determinable
concentration (95% confidence limits).

' -
AR AR s

QUALITY ASSURANCE DATA FOR
ICP SPECTOSCOPY ANALYSES

Detection Limit, LQD conc.a
pg/liter _ug/liter
36 180
20 100
0.5 2.5
0.6 3
4 20
2 10
0.8 4
3 15
8 40
4 20
3 15
20 100
0.7 3.5 ]
0.8 4 3
8 40
47 235
40 200
18 90
15 75
60 300
0.6 3
13 65
2 10
7 35
3 15

A-86
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Arsenic
Selenium
Mercury
Silver
Cadminnm
Chromfum
Barium

Lead

Lindane
Endrin
Methoxychlor

Toxaphene

2,4-D

Silvex

QUALITY ASSURANCE DATA FOR
LP TOXICITY ANALYSHS

ACTUAL
CONCENTRAT I ON
(ug/L)

20
20
2.0
1000
1000
1000
2000

1000

SPIKE
(h.I. Water)
(ug/2)

10
10
10

10

A-87

RECORDED
CONCIENTRATILON
(ug/x)

17
18
2.1
960
966
933
1880

963

RECOVERY
(%)

97
90
85

80

77

59
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NOVEMBER MASS AND ENERGY

BALANCE CALCULATIONS




NOVEMBER MASS AND ENERGY BALANCE CALCULATIONS

Waste Oil Tank 1 Tank 2
Mass (1b) 5,223 43,834
Dengity (1b/gal) 6.89 6.89
lleating value 19,704 19,782

(Btu/1b)
Total Input Energy 103.04 867.13
(108 Btu)
Input Air

1b 03/1b fuel = 2.67 C¢ + 8 Hg + Sg - 09

1b 09/1b fuel = 2.30 + .96 + .005 = 3.265

4.32 1b air 3.265 1b 0y 14.09 1b air
1b 0, 1o fuel 1b fuel

Stoichionetric air =

.

0y - Co/2 14.69
0.2682 N; - (0; - CO/2)  21.53 - 14.69

2.15

Excess air =

14.09 1b air (1 + 2.15) = 44.38 1b air

1b air/1b fuel
ue b fue

44.38 1b air

1b air input x 49,057 1b fuel = 2.177 x 10% 1b air

1b fuel
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Feed Water
Meter 1 469,317 1b

Meter 2 71,690 1b

deat OQutput in Steam {

541,000 Lb (1,180 Btu/lb - 45 Beu/1h) = 614.043 x 10° Bea

Flue Gas Loss

Flue gas mass 1b air input + 1b fuel input

= 2.177 x 10® 1b + 49,067 1b

= 2.226 x 105 1p

flue gas enthalpy
1b

flue gas (1b) x

Flue gas energy

A-90




GAS HMASS FRACTUONS

Cas

®

Volume
percentayge
(percent
dry weight)

®

M

(Lb/mole)

7

©)

Mole
welight
portion
Ctiy drey)

b el - =}

e o SROUS

5.05

14.69

44

32

B T B

®

Hass
(1/1b,

2.22

4.70

h 80.26 28 22.47
U W e B
GO i
_‘.;..._. e e _— _l- - . - r‘w -
..20 l(;
Total 29.39

o

®

=)
~—’
1

Q-0

100

<§> / CE total

(:) X F

9 x “F

Total flue gas

9 x .18 x 49057

= .035

2.226 x 10°

Total flue gas - (.18 x 49057) = .996

Total {lue gas

A-91

traction

dry weight)

et

®

rass
fraction
(‘Lh/lb,
total weight)

| .158
SO S
.760
.035
1.027
S VS
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Flue GCas Loss (continued)

EN = MZO x h total

stack

EN = 2.226 x 10% x 93,91 = 209.04 x 10 Btu
stack

Blowdown Loss

102,281 1b water

3.07 x 10 Btu

Radiation/Convection Loss

The calculation for the December test indicated a loss of
1.15 x 106 Btu/hr operation. This figure was applied to the November test,
giving a calculated R/C loss of 77.02 x 109 Btu.







