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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), Jacksonville, both in Florida. The
Mayport tIRI Is a field-erected, refractory-lined incinerator of a simple
design which permits incineration of unprocessed Navy base waste. The
Jacksonville NAS HRI, however, is a packaged incinerator with a front-end
processing line to remove glass and metal- and to reduce the waste size. The
Civil Engineering Laboratory (CEL) is now evaluating the two concepts in an
effort 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 characterization 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
December 8, 9, and 10, 1980. During this 78-hr test, the refuse composition
was determined by Sanders and Thomas Inc. The moisture content 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
SYSTECI. The results form the basis of this report. The boiler performance

experienced during the burning of waste oil in November is also reported
herein.
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Figure 1-1. Hydraulically operated ram feeder.
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SECTION 2

PLANT DESCRIPTION

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 is 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 c! shell crane, an incinerator-boiler unit, and a flue gas handling
system (including a cyclone dust collector). The facility layout is 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 cail 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 b two
hydraulic cylinders. The feeder hopper has a holding capacity of 20 ydi 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

waste out of pit.
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CONTROL ROOM

LOADING HOPPERI

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 is 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
(if required). The burner is equipped with a continuous gas pilot so
that waste oil may be burned.

The primary combustion chamber is designed to liberate 20 x 106 Btu/hr.
This liberation is equivalent to 2 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 60.

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 is 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 chamber 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 ft2 and can accommodate gas temperatures of 16000 to 5000F at
4000 standard cubic feet per minute (SCFM). Its capacity is 14,184 lb/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.

9
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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
Figure 2-11, provides the draft needed 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 modulating the damper in the discharge
of the ID fan.

STACK SYSTEM

The discharge from the ID fan is connected to the main stack through a
short breeching. The main stack is free standing, 75 ft high, and is

12
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Figure 2-11. View of incineration system induced draft fan.

completely refractory lined (see Figure 2-12). A second refractory-lined
stack, a flue gas dump stack, is located between the secondary combustion
chamber and the boiler inlet (see Figures 2-7 and 2-13). This dump stack' is
utilized when there is no need to generate steam or if there is a maintenance
problem in the boiler, air pollution control, or fan systems. The dump stack
has a cap that is held closed during normal operation and opens when ong of
the aforementioned situations occur.

INSTRUHENTATION AND CONTKOL

The system is operated from a control room located above the incinerator
as shown in Figure 2-5. A view of the entire tipping floor, incinerator, and
boiler is possible from the control room. The instrumentation panel shown in
Figure 2-14 provides the operator with data concerning chamber temperatures,
pressures, and airflow; steam output and pressures; and the amount of solid
waste in the clamshell.

13



Figure 2-12. Location of mnain

stack.

Figure' 2-13. View from roof level of
(dUrnp stark and main stack.
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SECTION 3

TEST METHODS

INTRODUCTION

Testing at the Naval Station, Mayport, heat recovery incinerator was
conducted to provide a detailed technical and environmental evaluation.
Six process streams were characterized for this evaluation: solid waste,
waste oil, 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 WASTE MEASUREMENTS

The solid waste received at the NS :1ayport liRI was characterized in
terms of its feed rate to the incinerator, composition, moisture content,
heating value, and ultimate analysis. The methods and 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

0 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 .01 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

16
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TABLE 3-1. FIELD MEASUREMNTS FOR MAYPORT fRE EVALUATION

Ienaare,:ent st ream Sample 'easurement Sample easureamnt
iaober I ample, bocat tn required size Frequency method

iiou t
. Rase wast. A Au-r.ceived dally weilhit N.A. Lach truckload Truck scale

total test weight/rate

-. H icurly led rate N.A. A. c larged unlitor load cell

Daigi tal i aac ll i.e t ,f r

I, A Chr, Cterizat 1i -111D kg/day Two d., IIy land notI

A [halttrin iv t:it I kg/categiory Daliy [ryl n oven

,. A ll~ati.; valu I kg/categury I/wk ASTM - [27i-4h

h. A l'It I.atae auiyslo I kg/catvgiory 1/wk A:,]'il - 3116

1. ReJects A I'otal daily walght N.A. Each load Trick 4cle

H. Front-eil A tall y Niansuafi ioi tl.A. i).i ly Average usage rate
loader fuel Iiting value N.A. N.A. Published valoes

Fuel oil 9 uaily c,viaomption N.A. Hourly Flow meter
lHeating vale Nl.A. N.A. Published valves

it). LP gas H Daily Ni.;o.tlia [l.A. IburIy Pressure/calculatton
ll';it lug valN .A. N.A. Published values

I. W..st, I I1i D .lily itImlt il N.A. 1lli riY Flow meter
'attr lS.liia A0 ,i-/t,.i k I /t .ilu ;oh i:alria.tcr

,-kilo lt. u',u'I 2511 ec/t.oln I/t l AbT1l - dulu-uhl

12. l t lri. IAl 1. ia v iuuai l.. Iii N.A. I) ,iiiC reauli ia
. yiiirgy

I. i.akeu i , w:Ir IL i lay %.. ll r [uiw iit- riI
iLuIt 1 py I.A. tli- ly Tolar.i tiii-tr )i r.lur

14. Ste,-i (tl. a I L y Na.A. i l Iy lahkuli w.ater meter

L:uthaiapv N.A. h/day Steam calorimeter
Pr osare N.A. 1Sfurly Bourdon Gauge

aid t t y ch,k N.A. dourly steam flow meter

IS. As1 C Da Ily gee r., Iion N.A. Ec load Truck scales

>uilstuure I-kg, )al iI cimposite lIrylog do
lleatlIg valve Sa '! !)a I Iv aub Calorimeter
iomhut Ihle.. 51) Dal I" ;tuffile furnace

|h. PIta. y;F.s. o , Teopa,rtirlr o 1er oat let X.A. H irlv Temperature re'order
hto r, N.A. DIly easured 1120 input
i-i [.A. Cont i:u..u( t Aeutrv chemical cell

C,, N. A. Coont mu, uD I R
N A. :00t i .ous 51K

18 tluaue )

18
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TABLE 3-1. (Continued)

aair 'taa e lrtbar-.tiaret St. Frequentcy method

b1h. Fitl- a.. F lfa.s. fl-a~ rat.' N.A. lab b y Calculation frotm
( ntt 1. .... Ii sto ah I ~ us ry

(II bu lotN.A. tDaiv From cia~rt AS11 VIC 4.1

I ~. ~ it~a~~... lit intoal ainI by N.A. IIurly Mtanal mea aatremleni

Nl.A. If-.. I y Tempratt -coaIrde~r

1(4. -:,I ..... I I ... Iffy N.A. r, a--4 (tatk -I

; iI.hi lip SIM( g. 1/.,.,.k I lonbi-Ity tesit
.a 11.ntrbtt 1011 bol 0. (lly ;craen. h.Ialtce

!i.1t "allt e-, t VdA . I tiji B~omb itrtiseti,r

i. Strat-v I,,-lIla.r,t- Na ~a~t ~(I.~tIl- .A. I /wcetk Surfwce pyronetaer
ra.alooti~ hi i.r alan- lintit .. .A. I /week Plant plans

conVI' I I.l

Stck gat-'I I Ni~ .A. 3/ti-5 t'-ts (Irsat
coI N.A. 3/M-5 teast, orsat

0; .A. 311-a te-st. Orrnal

' '4.A. CorIt I0It.1 ortha NVII/ra'corder
Fluet, g.t...' F :1M, P.%A. (2ora in,,la-., ::cc

t.tk ct.. I 11 4.A. I/Ida y Iijainglr water LI it InL6,1

V,,I uI~v V-I ItLy N. A. 2/Ida y I'to t t ,he t ra- r.'
re'tl4 ,rt t urt 14.A . -1/,Say 'i1t0o4 A
(:tnd-i'tR hl 'e *30D ml I/day !Impinger water allail.si
P..r t 11Id I(, oi . n>60t :;CF 2/day EPA Methnd
P(tl Icut-la, ai~lug N.A. I/day lvirtial rn..iade imapuirsa
(s.rt 1-i-bta'Il ist.4i1. L. I/day lClP analysis, 1i-A filters.

OperCa LIal

]at. I par.t- l:r N.A. Cotti oIIasl y Tasycruture relvlrdar
21. Ambiett IitrtoeL rI. pr-sarv N.A. .'fly lrottatt'r

tilibtii...aa 'tllaat'- 1 o 1 1iity N.A. 2/da.y Sling psycitranater
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overhead crane followed by hand sorting of the sample into 13 categories:

cardboard, paper, garden trimmilngs, food, wood, ferrous metals, aluminum,
other nonferrous metals, glass, plastics, textiles, inerts, and tines.
Samples of each waste category were then dried daily to determine the moisture
contents.

The following procedures were used for solid waste composition
characterization:

1. 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 lb (see

Figure 3-2).

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

3. 'Die large and noncombustible rejects were weighed and

subtracted from the gross waste to determine the net weight
supplied to the pit.

1U

Figure 3-2. Fairbanks digital readout scale.
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4. The clamshell device was used to Mix the waste and thenl 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 t iiws each day, forming two large
samples on the Iloor by the ead ot the day.

6. After all the waste for a glveii day had boken samp I d, the clamshell
was used to thoroughly mix the samples prior to reducing the volume
by the coning and quart ing techniques.

7. Large items and boxes were broken up manually to ensure that the
selected samples were representative oli the waste.

8. This process was continued until the sample si/es we re reduced to
approximately 1000 to 2500 lb each.

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

1vigure 3-3. Solid waste hand sorting techniqjue.
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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.

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

Heating Value

Ihe higher heating value (HHV) and lower heating value (LIly) 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 laborator
analysis. The results of the laboratory analyses are compared with the
textbook values. Differences and their resulting impact on the analyses are
discussed.

A 1-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 category 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.

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 ASTH Method 3176. The overall
precision for this analytical procedures is within 1 percent.

WASTE OIL

The waste oil combusted at the NS, 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 taaks was measured by two
Trident flow meters (see Figure 3-4). Phese meters were calibrated by
weighing timed samples of waste oil fIiowitig through the maeters 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 wieters.

Sampling

Waste oil samples were tjken by ~n a "sampling thief" designed to
ObtaIn a rep~resenltative s-amrplt' as per ASTlM "Ierhod D)270-557- Samples were
otht~i ed from both storage I ankke anid stored in clean glass jars.
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Analyses

Waste oil samples were analyzed for moisture content by the ASTM D96-68,
API Standard 2542 centrifugation method. Duplicate analyses by this procedure
have been found to agree within 0.2 mg.

Waste oil samples were submitted to Gilbert Laboratories 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/ib.

ASH MEASUREMENTS

Bottom ash generated at the NS, Mayport, HIRI 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 D3174
for which the precision of results is stated to be within I 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/lb) to the combustible materials in the ash as per ASME PTC 4.1.
Heating values determined 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 Ib) 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 I 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 l-g sample of cyclone ash was subjected to Parr bomb digestion in
UltrexG 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-mt volume each) were collected three times daily with a stainless steel
scoop and put into tared 500-ml 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 I 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
daily test period. This compositing was accomplished by transferring a
weighed 500-g 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 grams
from each into a 2-. 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 EP toxicity
analysis as per Test Methods for Evaluating Solid Waste: Physical/Chemical
Methods, Office of Solid Waste, U.S. EPA, May 1980. Detection limits and
precision data for the analyses conducted are included in the Appendix.

Total Ash Output

The total amount of cyclone 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 lb.

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 C02 , CO, SOX, NOx, and 02. 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.

CO2 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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02, SOx, and Nx--
The remaining gaseous emissions of interest were monitored on a Theta

Sensor Source Monitor, Series 7213, Model 1940. This instrument will monitor

02, SOX, and NOx 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 response Is linear over the entire analytical range. The accuracy stated

by the manufacturer is +2 percent of full scale. The stated zero drift for
NOx and SOx is 2 percent for 14 hours with a span drift of I percent for
24 hours. The oxygen cell is stated to have a 0.5 percent zero drift for
24 hours with a span drift of 1 percent. The NOx and SO, 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 (N2 ), 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-MAXQ 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 vxhau;t gas temperature was measured continuously at the boiler
outltt location using a calibrated Type-K thermocouple and continuously
rect'orded on the multivotit recorder. The accuracy of this thermocouple has
lwPeo', meastired at +1 percent. Readings were taken on an hourly basis as part
of th hourly plant tour.

Mass Flow Determination

The mass flow of gases at the boiler outlet was calculated from the flue
gas composition and fjel tiltimate 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, iIRI. The thermal efficiency 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 [LPJ 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: unburnt combustibles in the residue,
enthalpy of the blowdown water, sensible heat in the stack gases, and
radiative and convective losses from the surface of the unit.

The energy inputs were determined 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 calculauions were not made.

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

3. rhe total electrical energy supplied to the facility on a daily
basis and for the total test period was determined by recording the
voltage and amperage of the supply line and calculating the
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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 LIt primary chamber over the test
period were determined by weighing the respective fly ash and
residue collection containers daily. The energy values were
determined 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 between 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
toading, particulate sizing, particulate metals concentration, and gas
composition.
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Particle Sampling

The particle loading, gas velocity, and moisture content were determined

using a standard EPA Method 5 train and "S"-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 (02, C02 , 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.

HEATED

AREA FILTER HOLDER THERMOMETER CHECK

PROBE - V

REVERSETYPE
PITOT'

TUBE PIT_ _ _

MANOMETER

IMPINGERS ICE BATH

THERMOMETERS BY-PASS
VALVE ) VACUUM

MAIN VACUUM LINE
VALVE

1- b AIR TIGHT PUMP
MANOMETER DRY TEST METER

Figure 3-6. Method 5 secondary chamber exiting

particulate sampling assembly.
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An MR inertial Cascade Impactor (see Figure 3-7) was used to determine
stack particle size. Seven collection stages yielded 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 conditions.

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 CO2 . The gases were drawn from the stack and
conditioned prior to entering the analytical instrument by removing the
particulate matter and water vapor via a sintered metal filter and an ice bath
condensing chamber. In addition, the composition of stack gases was measured
three times during each Method 5 run by Orsat.

C02--
Carbon dioxide levels in the flue gas were monitored 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 (N2 ), 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 calibraLion 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-tAX® 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:6 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.

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 0.01 in lig. 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 - totalizing flow meter

7. Primary chamber and afterburner characteristics

Temperatures - Type-K thermocouple with data continuously

recorded on a raultipoint recorder
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8. Fluid flows-

a. continuous blowdown
b. LP gas flow meters

c. fuel oil
d. wasLe oil
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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/ib. 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 in the computations. These laboratory results
verify the standard values used.

AUXILIARY FUEL CHARACTEALSTICS

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 - WEKLY AVERAGE
(Average of daily results, As-received basis)

November December

Weight H20 Weight

Category (%) (%) (%)

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

Wood 5.0 18.9 3.1

Ferrous 4.9 8.5 5.3

Alumiahum 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.

Cyclone Ash

Although only 20 lb 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 lb of ash were removed from the boiler
tubes and 560 lb 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

HHV LHV Moisture
Basis (Btu/lb) (Btu/lb) ()

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 iHV* Measured HlIV
Category (Btu/lb) (Btu/lb)

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 8,793 8,452

Fines 3,457 4,568

* Kaiser, Elmer R., P.E., "Physical-Chemical Character of

Municipal Refuse," Combustion Magazine, February 1977,
pp. 26-28.
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TABLE 4-6. WASTE' OIL PROPERTIES

November December

Tank I Tank 2 Tank I Tank 2

IIHV (Btu/lb) 19,704 19,782 19,425 19,753

L1V (Btu/Ib) 18,559 18,637 18,28() 18,608

Density (lb/gal) 6.890 6.890 6.826 6.841

Moisture (%) ---- <0.2 <0.2

Ultimate analysis (estimated)

(M)

Carbon 86
Hydrogen 12
Oxygen --

Nitrogen --

Chlorine --

Sulfur 0.5
Inerts --

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 pm in size. This size cutoff occurred
because multiclones are not efficient particle-collecting devices when
particle sizes are below 20 to 30 pm. The typically small particle size of

incinerator particulates makes a cyclone dust collector an inefficient
emissions control device.

The minLals content of cyclone particulates was determined, and the
rsults are, shown in Table 4-10. The results of EP toxicity testing performed
oil Ilach.iLe of the cyclone fly ash are shown in Table 4-11. The levels of
cadmium and lead foiund in the cyclone fly ash leachate are above the maximuri
allowable levels; therefore, cyclone fly ash alone could he considered a
hazardous waste. If 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.

However, 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. Ell TOXICITY RESULTS

Bottom Ash Leachate

BoLtom aLnh Maximum a; L wahti,*
Co 1ut ,uuLnait,, , (iug'/Q ) (mg/.; , )

Arsenic 0. [22 5.0

Barium 1.60 1O0.0

Cadmium 0.135 1.0

Lead 4.170 5.0

Mercury 0.0025 0.2

Selenium 0.02(2 1.0

Silver 0.085 5.0

Endrin <0.005 0.02

Lindane <0.001 0.4

Methoxychlor <0.010 10.0

Toxaphene <0.010 0.5

2, 4-1) <0.002 10.0

2, 4, 5-TP <0.002 1.0

* As specified in 40 CFR 261.24.

TABLE 4-9. CYCLONE FLY ASH REPORT

Date December 1980 Location NS, Mayport, FL

Fly ash gross weight N/A lb

Ash container tare weight N/A lb

Net fly ash weight 20 ib

Average combustible content 0.93 percent

ilvating value 135 Btu/lb

Heat lost in fly ash 2706 Btu*

H feat lost = fly ash gross weight x heating value.
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TABLIE 4-10. CYCLONiE PART[CULA'ri. MITALS

t ieta t Ing/g

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
14o 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
V 0.447
Zn 6.51
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TABLE 4-11. EP TOXICITY RESULTS

Cyclone Ash Leachate

Fly ash (cyclone) Maximum allowable*

Contaminant (mg/0) (mg/0)

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 AN) ENLRGY BALANCES

Lnputs

During the 78-hr test in Oeceinber, O tons of solid waste were

processed. This processing rate calculates to 1.03 TPII. Daily and total

mass and energy inputs from solid waste are shown on Table 4-12. All. WasLe
burned during the test was collected on base; ,io municipal waste was re eived

during the test. Waste oil was burned at a rate of .17 lb/lb 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 fable 4-13. Field data and calculations used to compute the

mass and energy inputs for solid waste and waste oil are presented in the

Appendix.

TABLE 4-12. SOLID UAST'E MASS AND 6RERGY INPUT

Base Heat
waste weight input*

Day Date (Ib) (106 Btu)

H 12/08/80 51,520 264.5

T 12/09/80 47,980 246.3

Wt 12/10/80 60,460 30.4

Totals 159,960 821.2

• Weekly refuse higher heating value

(as-received) was 5134 Btu/lb.

t Through 6 a.m. Thursday.
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TABLE 4-13. WASTE OIL MASS AND ENERGY INPUT

Volume Mass Heat
input input input

Day Date (gal) (Ib) (106 Btu) Tank No.

H 12/08/80 1,395 9,611 190.14 2

T 12/09/80 1,093 7,531 148.97 2

W* 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 inputs from these two sources are shown in Table 4-14. Data and
calculations for these estimates are included in the Appendix.

Air 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. Daily 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 Lo fuel ratio is in the Appendix.
The result of this determination is 13.21 lb 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 ENERGY USAGE

Diesel Jlectrical
frut energy

Day Date Hours ( ,O6 litt) ( lo0 ltu)

M 12/08/80 24 1.62 47.16

T 12/09/80 24 1.62 47.16

W* 12/10/80 30 2.03 53.95

Total 5.27 153.27

* Through 6 a.m. Thursday.

TABLE 4-15. AVERAGE FUEL AND FLUE GAS ANALYSIS

Composite Ultimate Analysis*

Element %

C 37.3
11 5.0

O 17.4
N 0.7

Ci 0.5
S 0.2

1 17.5

1120 21.4

Average Boiler Outlet Flue Gas Composition (Dry Basis)

Co) (Z) 7.5
02 (Z) 12.7
CO (ppm) 58
Excess air (%) 150

* Composite of average solid waste and waste oil

anralyses.
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TABLE 4-16. AIR AND FUEL INPUTS

Total fuel input* Total air input
Day Date (Ib) (Ib)

H 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.

Outputs

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 Tabie 4-18. The ash output increased each
day of the test because of retenLion 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 lb/hr. For mass
and energy balance purposes, the fly ash losses were divided among the
3 days 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 Dec. 10 Dec. Total

Steam output (103 Ib) 199 191 260 650

Steam enthalpy (Btu/ib) 1185 1187 1188 ---

Makeup water enthalpy
(Btu/Ib) 48 48 48 ---

Energy output (106 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.

TABLC 4-18. BOTTOM ASH LObSLS

Monday Tuesday Wednesday*
Date 12/08/80 12/09/80 12/10/80 Total

Wet output (Ib) 5,660 15,540 35,320 56,520

Heating value (Btu/lb) 333 624 391

heat loss (106 Btu) 1.885 9.697 13.810 25.392

* Through 0 a.m. Thursday.
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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 (ib) 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 lb - Cyclone catch
47 lb - Boiler cleanout
560 lb - Furnace slag

1332 lb - Particulate (17.1 lb/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 ib) 865 778 976 2,619

Sensible heat (106 Btu) 126 116 144 386

* Through 6 a.m. Thursday.
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TABLE, 4-21. BOILER LOSSES

Monday Tuesday Wednesday*
Date 12/08/80 12/09/80 12/10/80 Total

Cont iuous blowdown
(103 lb) 19.173 17.756 17.256 55.601

(Btu/lb) 75.98 77.98 77.98 77.31

Intermittent blowdown
(103 lb) 23.966 25.008 31.260 80.234

(Btu/lb) 75.98 77.98 77.98 77.31

Makeup water (Btu/Ib) 48 48 48 48

Heat loss (106 Btu) 1.207 1.282 1.455 3.980

* Through 6 a.m. Thursday.

Surface radiation and convection losses were 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 mass input was
3443.79 x 103 lb. The mass outputs included steam, flue gas, residue, blowdown,
and fly ash. The total mass output measured was 3463.28 x 103 lb. 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
1350.4 x ()6 Btu. The measured output energy plus energy losses was
1245.4 x 106 Btu, leaving i11 x L06 Btu unaccounted for as
misceltaiteous losses.

Energy Recovery Efficiency

Energy recovery efficiency it defined the same as boiler efficiency
.occordinj; to ASME PTC 4.1. This efficiency is the ratio of energy recovered
as iteam to the total energy input. Boler efficiency was calculated for
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TABLE 4-22. RADIATION/CONVECTION LOSSES

Surface Average Ambient
area temperature temperature Heat loss

System unit (ft2 ) (OF) (OF) (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 efficiency 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 lb. Mass outputs and losses during this
period were steam and flue gas with a total output of 2869.66 x 103 lb.
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TABLE 4-23. IASS AND INiRGY BALANCE SIEI'T

Date Mas :; I.iwrgyIDece ,ab--' 1981) ( 1()3  I b ) ( !(t ~ .

Inputs

Base wa.,te [ENbw ]  159.96 821.2

Municlpal waste [ENiSW] ---

Waste oils [ENwo] 27.09 535.2

Air input 2470.90 ---

Makeup water 715.84

Electricity [ENel --- (153)t

Loader fuel fEN[f] --- (5.3)t

Total 3443.79 Total 1356.4 [EN1in]

Outputs

Steam [ENo.u,t] 650.00

Total 740.0 [ENou t ]

Losses

Flue gas [ENstack] 2619.00 386.0

Residue [E1'ashl 56.52 25.4

Blowdown [ENbd] 135.8 4.0

Fly ash [I Nfal 1.96 0.3

Radiative/convective [ENRtC] --- 89.7

Mliscellaneous losses --- 111.0

Total 2813.28 Total 616.4 [ENlost ]

* Removed from outputs.

t Not included in balance calculation.
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TABLE 4-24. BOILER EFFICIENCY

Monday Tuesday Wednesday Overall
12/08/80 12/09/80 12/10/80 (I/P-O/? method)

Inputs (106 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 (106 Btu) 226 218 296 740

Efficiency (percent) 45 49 52 49

NOTE: Overall efficiency by heat balance method f 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 106 Btu. The total measured output energy and energy
losses were 903.17 x 106 Btu, leaving 67.00 x 106 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 CO2 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 is suspected that the minimum reading

represents a momentary leak in the sample line, a more accurate estimate of
the variability of CO2 concentration can be obtained from the calculated

standard deviation of the mean which was 1.0 percent. Corresponding Orsat
measurements showed an average CO2 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
miunimim 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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'AHL. 4-25. MASS ANI R;Y BALANCE SKEET

Date Mass Energy
November 1980 (IO3 In) (106 Bltu)

Inpkits

Base waste [ENbwl ---

M u n ic ip a l w a s t e [ kN isw 1 . . ... .

Waste oils (ENWoI 49.06 970.17

Mir input 2177.07 ---

Makeup water 642.28

illectricity [ENel- (131.65)t

Loader fuel [EN1 f] ---

Total 2868.41 Total 970.17 [ENin ]

Outputs

Steam [CNou t ]  541.00

Total 614.04 [ENout]

Losses

Flue gas [ENstack] 2226.38 209.04

Residue [ENash) -.. .

BIlowdown [ENhd ]  102.28 3.07

Fly ash f'Jta].

Radiative/convective IENpc]- 77.02

Miscellaneous losses --- 67.00

Total 2328.66 Total 356.13 [ENot]

* iemoved from oittputs.

t Not included in halance calculation.
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TABLE 4-26. STACK EMISSIONS CONCENTRATIONS

Parameter Maximum Average Minimum

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

Particulate (gr/SCF) .349 .263 .205

Particulate size (pm) --- 1.4 ---

Chloride mg/m 3 (ppm) 255 (176) 197 (136) Ill (77)

02 (percent) 15.7 13.8 11.8

C02 percent (Orsat) 6.6 5.3 4.0

C02 percent (NDIR) 11.6 5.1 0.4

CO mg/m3 (ppm) ND ND ND

1120 (percent) 9.3 7.1 4.5

* Corrected to 12 percent CO2.

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 C02 , 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 lb/hr. The particulate size distribution analyses (see Figure
4-2) indicated that 95% by weight of the particles were smaller than 24 ur,
and 50% by weight were smaller than 1.4 Am.
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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 (pg/m 3) 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
3 , with a maximum of 255 mg/m

3

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 boiler outlet. No data on NOx emissions could be obtained because of a
malfunction in the continuous monitoring instrument. The average

concentrations of species measured were as follows: 66 mg/m3 SOx$
12.8 percent 02, 7.1 percent C02 , and 36 mg/m

3 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 results. Table 4-29 shows test period average
ambient temperature, relative humidity, barometric pressure, and

precipitation.
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''ABLE 4-27. INDUCTIVELY COUPLED PLASMA t~iMENfAL
ANALYSLS OF STACK EIiISSEON FILTERS

Emission rate

ConcentraLion Lmission factor

Element in gas (pg/m 3 ) (g/Mg of refuse)

Al 3715 54.98
Ba . ..

h- ---

Ca 662 9.80
Cd 443 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
:fo 36.3 .54
"a 18140 268.47

i 30.5 .45
Pb 4187 61.97
P 1762 26.08
;b 228 3.31

2. 30 .03
r; L75 2.59

Sr 20.7 .31
Ti 232 3.43
V 55.3 .82
Zn 10959 162.19

Ag 6.91 .10
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TABLE 4-28. EMISSIONS CONCENTRATIONS AT BOILER OUTLET

Emission concentrations

Parameter Maximum Average Minimum

sox mg/m3 (ppm) 105 (40) 66.2 (25.3) 26.2 (10)

NOx mg/m3 (ppm) * * *

02 percent 16.3 12.8 5.3

CO2 percent 13.0 7.7 3.5

CO mg/m3 (ppm) 81 (71) 36 (31) ND

• No data available.

ND None detected.

TABLE 4-29. AABIENT 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
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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 equtipment 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 weighing 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, impacts 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 49%. 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 lb/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 SO2 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 adequate 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 3% was
removed by the boiler.

The SO2 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 S02 emission rates. The chlorine
concentration also was typical of municipal incinerator systems.

64



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

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

13. Evaluate the possibility of reducing the cooling water flow or

redirecting it for other uses.
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APPENDIK

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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WEELKLY ,IIUSIK IL'A' ING VAIUI,. CALCjLU[AT)N S'ilIT

Basie wasLe X or MijiLcLlal waSLe

Category Dry
weight Moisture weight 8RV Ieat input

Category (Ib) (%) (b) (Btu/Ib) (Btu)

Cardboard 24,314 22.0 18,965 7,791 147.8 x 106

Other paper 4 28.9 33.551_7,429 6

Food waste 9,278 69.0 2,876 8,162 23.5 x 106

Yard waste 9,438 34.2 6,210 7,282 45.2 x 106

Wood 4,959 18.9 4,022 8,253 33.2 x 106

Plastics 16,636 6.9 15,488 13,630 211.1 x 106

Textiles 10,557 14.2 9,058 8,793 79.6 x 106

Fines 15,836 40.9 9,359 3,457 32.4 x 106

Ferrous 8,478 8.5 71757 --- ---

Aluminum 1,600 14.6 1,366 ___.-

Other metals 2,239 0.6 2,.226 ---

Glass 7,038 1.4 6,939

liwrt; 2,399 16.8 1,996 . ....----.- ,

Totals 159,960 --- 119,813 821.2 x 106

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

Total heat input 0 Total
CV4 = or

Total wCk Weight Q Total

CV -- 5134 Base X Municipal
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A

DAILY DRY ASH OUTPUT

Weekly average residue moisture 31.95 percent (wet weight basis)

Weekly average residue IIHV 1417 Btu/lb (dry weight basis)

Wet ash Dry ash Ash Ieat
output output lost

Day Date (Ib) (Ib) (Btu)

M 12/08/80 5,660 3,852 5.46 x 106

T 12/09/80 15,540 10,575 14.99 x 106

W 12/10/80 17,180 11,691 16.57 x 106

TH 12/11/80. 18,140 12,344 17.49 x 106

F

Total 56,520 38,462 54.51 x 106

Dry ash Uxtp~mL wet ash otpuit x I w( L( y ave r~IOe moisturo!

10

Ash heat lost = dry ash output x average weekly IIHV (dry weight basis)
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Process Data
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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 tNl2nJ

MUNICIPAL WASTE
DAILY REJECTS

Daily total gross waste delivered ________

Weight of rejects________

Net weight refuse supplied to pit = ________ M12n I
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Day Monday
Date 8 Dec Analyst____ ________

BASE WASTE
DAILY REJECTS

Daily total gross waste delivered 51,680

Weight of rejects 3,318

Net weight refuse supplied to pit = 48,362 I1n

MUNICIPAL WASTE
DAILY REJECTS

Daily total gross waste delivered ________

Weight of rejects________

Net weight refuse supplied to pit =_ ______ IM12nJ
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Day Tuesday
Date 9 Dec Analyst ___________

BASE WASTE
DAILY REJECTS

Daily total gross waste delivered 21,540

Weight of rejects - 1,383

Net weight refuse supplied to pit 20,157 IM12n]

MUNICIPAL WASTE
DAILY REJECTS

Daily total gross waste delivered ________

Weight of rejects________

Net weight refuse supplied to pit ________ M12n]
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Day Wednesday

Date 1U Dec Analyst

BASE WASTE

DAILY REJECTS

Daily total gross waste delivered 15,420

Weight of rejects 990

Net weight refuse supplied to pit 14,430 [Ml2n]

MUNICIPAL WASTE

DAILY REJECTS

Daily total gross waste delivered

Weight of rejects

Net weight refuse supplied to pit _[M2n]

A-32



NS Mayport IIRI Aii-i lyit_ __ ______

SOLID) WAs'rl.FEM RATE )ATrA

(charged loads only)Dembr81,90

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

.35 11:50 p.m. .50 10:55_a.m.

.17 11:55 a.m. .59 11:14"

.47 12:20 ".43 11:35

.37 12:35 ".38 12:08 p.m.

.33 12:45 .26 12:35"

.28 1: - j " .35 12:55 "

.47 1:45 .21 2:15 "

.38 2:05 ".37 2:30

.42 2:35 ".19 2:58"

.25 2:55 ".24 3:05"

.35 3:16 ".37 4 33

.40 4:07 ".44 I 3:46 "

.41 4: 11 ".514:1

.53 4:50 .~ .. .61i 4:20"

.32 4:55 ".61 4:55

.4Q 5:50 ".51 5:12

'.41 ~ 5:55 ".50 5:27

.46 6:55 ".49 6:07 "

.36 7:10 .54 i 6:23

.52 7:15 ".49 7:15

.30 - 72"-537:45

.54 8: 00".........61 4.8:05 ~

.62 4:34 .53 8:40

.52 9:0 .6 9:00

.40 : 5 ".53 1 9:17 "

.29 9:50 ".55 9:50

.33 10:05 ".58 10: 16

.45 ft10: 50 ".54 10: 37"
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NS Mayport URI AnaiLy!A________

SOL10I WASTiE RATJ) T!-:' ) OUA

(charged loads only)
December 8-11, 1980

Weight of Weight of
load coll. (ton) T ime 1Wlad ccl I -(ton)--1 Time

.54 11:15 p.m. .46 9:50 a.m.

.30 11:45 ".42 10:06

.21 12:20 a.m. .56 10:48

.38 12:25 ".46--. 11:37 ~

.37 12:55 ".49 11:45 "

.50 1:0 ".211:55 "

.39 1:45 ".012:20_p.m.

.32 1:55 " 31 1:12

.34 2:20 " 31 _____1:20 "

.41 2:25 ".38 __ 1:30 "

.25 2:55 ".40 1:50

.43 3:35 "532:00

.42 3:40" .34 -2:40

*.62 4:40 . . . ..26 PO------.-.-
.44 4:45 ~'.10 3:20 "

.59 5:35 ".48 3:50 "

.44. 5:40 ".40 4:20 "

.49 6:35 ".39 4:40

.39 6:40".........33 5:05"

.38 7:00 ".56 5:40 "

.43 7:30 " 38 6:10 "

.36 -- 805 ".31 6:40 " .*

.51 8:15 ".38 6: 50 "

.1 18:20 " I.34 ~7:20

.34 8: 53 .52 7:48 "

.35 9:00 " .38 8:11 "

.379:22 .58:29
.22 9 9:-30 ".3-6 9:00 "

.40 9:45 .4 9:35 "
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NS Mayport IIRI Anailysi ___

SOL ID WASTh E' )~i* I)ATrA
(charged loads oinly)

December 8-11, 1980

Weight of weighit of- _ __

load cell (ton) Time load cell (ton) Time

.33 9:59 p~m. .34 8:00 a.m.

.44 10: 30 - .24 8:10 "

.44 10:57 ".66 8:30 "

.44 11:12 ".88 8:55 "

.39 12:30 a.m. 29 _ 9:09

.38 12:35 ".45 9:58 "

.28 - 1:15 ".010: 10- "

.45 1:45 '.3 10:25 "

.35 2:10 ".75 11:05 "

.29 2:40 "31_ _ 11:40 "

.39 2:45 ".44 12:05 p.m.

.32 3:15 ".34 12:20 "

.27 3: 30 ".34 12:50

.36 3:35 " 13 -12:5572

.25 4:25 ".31 1 2: 00

.27 4:30"----- .27 2:151I~i

.30 .4:45 ".33 I 2:30 "

* 33 4:50 ".62 I 3:02 "

.37 5:25 t9.42---------3:15

.27 5:30 ".35 3: 50 "

.29 5:50 ".35 ' 4: 10 "

.26 5:55 ".36 4:22 "

.30 % _ 6: 12 " 45 4:45 "

.40 6: 15 .38 I 5:07

.21 6:55 ".39 1 5:40

.07:05 ".41 6:15 ,

.21 - 7:30" ..39 -6:40 "

.47 7:40 .54_6:54

.27 - 7:50 .-. 42 -7:23 "___
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NS MKlyport HRI\u,.ys

SOL ID WASTE, L FEE)) RATE: I).\ VA
(charged loads only)Dembr81,90

Weight ofWegto
load cell (tonl) Time load cell (ton) Ti me

.28 7:55 p.m. .08 4.47 a.m.

.37 8: 05"

.44 8:32"

S .32 9:00

.33 9:15
.40 9:y4 5-~ - ----.-. .

.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"t

.50 1: 30"

.27 -2:05 -- - - - -

* 41 2:20

.45 2:40"

.47 3:25 iI I7 I

.24 3:30

.15 3:35"

.4o 3:51

.:034.03

.16 4:23"-- - - -

.46 4:27

.32 4:39"

.09 4:43"

.11 *4:45"
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IIOURLY PROCESS DATA

Date 12/08/80

Time 0000 0100 0200 0300 0400 0500 0600 0700

Gas pressure boiler entrance - .30 - .5 - .5 - : 35 - .5 - .5 - .5 - .5

Gas pressure leaving boiler -1.0 -2.0 -2.0 -1.5 -1.9 -2.0 -2.0 -1..

Pres. exit dust collector 2.0 4.0 4.0 3.0 -4.0 -4.0 -4.0 -4.0

Overfire air pressure 32 32 32 32 32 32 32 32

Hearth air pressure 32 32 32 32 32 32 32 32

Grate air pressure 0 0 0 0 0 0.2 0.1 0.1

Charge counts 0 28 48 68 95 119 144 173

ID fan current (amp) 55 57 57 58 58 57 57 58

Steam integrator X X X X X X X X

Load cell weight (toils) 0 1.69 2.76 3.81 4.10 5.77 6.58 7.04

Primary temperature (OF) 150 67( 1,000 650 1,100 1,170 980 750

Secondary temperature (OF) 1100 125( 1400 1300 1500 1600 1510 1400

Fuel oil I (gal) Primary 220 22( 220 220 220 220 220 220

Waste oil I (gal) Primary 15,615 15,61! 15,615 15,615 15,615 15,615 15,615 15,615

Fuel oil 2 (gal) Secondary 326 326 326 326 326 326 326 326

Waste oil 2 (gal) Secondary 202,956 203,025203,090 303,161 203,238 203,304 203,370 203,445

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 17,256 17,256

Feed water (gal) x 100 48,122 48,132 48,146 48,159 48,173 48,187 48,201 48,215

Continuous blowdown (gal) x 10 22,930 22,941 22,950 22,960 22,970 22,980 22,990 23,001

Continuous blowdown (gal) X X X X X X X X

Steam pressure (psig) 150 150 105 95 128 160 150 138

Steam calorimeter, temp. (OF) - 282 - -

Feed water temperature (*F) ? ? 180 180+ 185- 180 18

Makeup water temperature (°F) 75 75 75 75 75 75 75

Blowdown temperature (°F) 100 120 110 120 120 130 130

Ambient temperature (OF) 70 70 70 70 70 70 70

Boiler outlet temperature (°F) 440 440 420 450 475 465 460

Flue gas 02 (percent) 19 19 19 19.75 19.5 19.75 19.75

CO2 (percent) 2.4 1.8 2.05 1.7 1.6 1.4 1.8

CO (ppm) 10 10 10 10 10 10 10
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HiOURLY PROCESS DATA

Datel2/8/80

Time 0800 0100 1000 1100 1200 1300 1400 1500

Gas pressure boiler entrance -.5 -.5 -.5 -.5- -.5 -.5 -.55 -.5

Gas pressure leaving boiler -2 -2.1 -1.9 -2 -2 -2 -2 -2

I Pres. exit dust collector -4 -4 -3.6 -3.6 -3.6 -3.6 -4 -3.5

Overfire air pressure 32 32 32 32 32 32 31 32

Hearth air pressure 32 32 32 32 32 32 31 32

Grate air pressure 0 0 0 0 0 0

Charge counts _ _185 209 225 244 262 281 308 3

ID fan current (amp) 57 57 56 56 57 56 57 56

Steam integrator X X X X X X K

Load cell weight (tons) 8.25 9.19 L0.33 11.40 12.57 13.64 13.99 14.94

Primary temperature (*F) 825 1150 )70 900 900 1250 1060 1350

Secondary temperature (OF)#TS- 1460 1600 560 1550 1460 1660 1660 1600

Fuel oil I (gal) Primary 220 220 20 220 220 220 220 220

Waste oil I (gal) Primary 15615 15615 15615 15615 15615 15615 15615 15615

Fuel oil 2 (gal) Secondary 326 326 326 326 326 326 326 326

Waste oil 2 (gal) Secondary 203509 203579 203643 203710 203782 203851 203906 203951

Makeup water No. 1 (gal) x 100 16693 16706 6720 16732 16746 16759 16773 16784

Makeup water No. 2 (gal) x 100 17257 17257 7257 17257 17257 17257 17257 7257

Feed water (gal) x 100 48230 48244 48259 48273 48290 48303 48319 8331

Continuous blowdow6 (gal) x 10 23012 23022 23033 23043 23054 23065 23077 3085

Continuous blowdown (gal) X X K X X X X (

Steam pressure (psig) 150 180 152 160 160 190 170 140

Steam calorimeter, temp. (°F) - - 279 .. ..

Feed water temperature (OF) 180 180 180 180 180 180 180 .80

Makeup water temperature (OF) 75 75 78 80 80 80 80 t0

Blowdown temperature (OF) 120 100 L35 115 96 130 120 .00

Amn'ut tenperature (OF) 70 75 30 80 80 80 80 0

I3'iler outlet temperature (*F) 460 490 70 460 470 500 465 465

Flue gas 02 (percent) 20 18.5 18.3 20 20.5 18.5 20.5 L9

CO2 (percent) 1.2 2.4 2.2 1.6 1.6 3.1 1.6 Z.6

CO (ppm) 10 10 10 10 10 5 10
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HOURLY PROCESS DATA

Date 12/8/80

Time 1600 1700 1815 1900 2000 2100+- 2200 2300

Gas pressure boiler entrance -.5 -.5 -.65 -.6' -.5 -.65 -.65 -.60

Gas pressure leaving boiler -1.7 -1.8 -2.2 -1.9 -1.9 -2.2 -2.1 -2.o

Pres. exit dust collector -3.5 -3.5 -4.5 -4.1 -3.6 -4.5 -4.4 -4.0

Overfire air pressure 31 31 31 31 31 31 31 31

Hearth air pressure 30 31 31 31 31 31 31 31

Grate air pressure (draft) 0 0 0 0.1 0 01(-.3) 01(-.3)

Charge counts 358 377 396 405 427 440 455 472

ID fan current (amp) 55 5 58 56 56 58 57 56

Steam integrator X X X X X X

Load cell weight (tons) 16.18 17.30 18.72 19.95 20.97 22.72 23.81 24.93

Primary temperature (*F) 900 900 1420 1170 980 1250 1320 1100

Secondary temperature (*F)#TS-2 1440 1440 1640 1580 1460 1580 1590 1540

Fuel oil I (gal) Primary 220 20 220 220 220 220 220 220

Waste oil I (gal) Primary 15615 15615 15615 15615 15615 15615 15615 15615

Fuel oil 2 (gal) Secondary 326 326 326 326 326 326 326 326

[aste oil 2 (gal) Secondary 204009 204054 204120 04164 204209 204254 204302 204351

Makeup water No. I (gal) x 100 16798 16800 16825 16837 16848 16860 16873 16886

Makeup water No. 2 (gal) x 100 17256 17256 17256 17256 17256 17256 17256 17256

Feed water (gal) _ x 100 48347 48359 48377 8390 48403 48417 48431 48446

Continuous blowdown (gal) x 10 23096 23105 23116 23123 23132 23141 23151 23160

Continuous blowdown (gal) X x X X X x

Steam pressure (psig) 150 150

Steam calorimeter, temp. (')F) 280 - - " - 284

Feed water temperature (OF) 180 180 185 180 180 180 180 185

Makeup water temperature (OF) 80 0 80 80 80 80 80

Blowdown temperature (F) 100 00 98 18 110 100 110 120

Ambient temperature (OF) 80 0 80 0 80 80 89 80

Boiler outlet temperature (OF) 460 45 470 70 460 470 470 470

Flue gas 02 (percent) 18 18.4 9 18 18.75 18.3 18.4

CO2 (percent) .8 2.2 .2 2.8 2.2 2.2 2.1

CO (ppm) 0 0 F0 10 10 10 15
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HOUR L.Y XU{.:.<S IIA'A

Date 12/9/80

Time 0000 0100 0200 0300 10400 0500 0600 0700

Gas pressure boiler entrance -.5 -.5 -.5 -.45 -.4 -.45 -.45 -.35

Gas pressure leaving boiler -1.9 -1.9 -1.8 -1.6 -1.6 -1.7 -1.6 -1.5

Pres. exit dust collector -3.6 -3.5 -3.6 -3.1 -3.1 -3.3 -3 -3.8

Overfireir pressure .. .31 .31 31 31 31 132 31 31

Hearth air pressure 31 31 31 31 31 32 31 31

Grate air pressure .l(-.l 0(-.2) 0(-.2) 0.1(-.2 .1 .2 .1 .1

Charge counts 490 503 523 540 t559 574 587 602

ID fan current (amp) 56 55 54 54 54 55 54 53

Steam integrator X X X X X X X

Load cell weight (tons) 25.77 26.73 27.94 28.93 29.78 30.84 31.87 32.75

Primary temperature (OF) 1100 1060 1340 1100 1100 1150 1280 1080

Secondary temperature (°F)#TS- 1520 1520 1640 1540 1560 1520 1640 1600
Fuel oil 1 (gal) Primary 220 220 220 220 220 220 220 220

* Waste oil I (gal) Primary 15615 15615 15615 15615 15615 15615 15615 15615

* Fuel oil 2 (gal) Second;Lry 326 326 326 326 326 326 326 326

Waste oil 2 (gal) Secondary 204394 204445 294494 204538 204591 204633 204679 204724

Makeup water No. I (gal) x 100 16897 16911 16924 16924 16924 16924 16924 16924

Makeup water No. 2 (gal) x 100 17256 17256 17257 17269 17283 17293 17304 17315

Feed water (gal) x 100 48459 48475 48491 49503 48519 48531 48543 48556

Continuous blowdown (gal) x 10 23169 23178 23188 23196 23206 23213 23222 23230

Continuous hlowdown (gal) X X X X X X X X

Steam pressure (psig) .... 150 150

Stam c1orimeiter, Lump. ( F) - - - - - - - 281

Feed water tei,,per.ittirc (C") 180 185 175 180 175 180 180 180

Nik(' I' ,./It. ,r teinper:itLur (°F') 80 80 80 80 80 80 80 80

uw,lwt rmtper.at nre (0F) 120 100 95 95 90 100 125 100

\,i,.w ,,.p'atrur (01:) 80 80 80 80 80 80 80 -80

hti kur out itt LemperaturL k "F) 465 465 465 450 460 460 460 1465

SIIu, i-as 02 (percent) 17.5 18 18.2 18.0 17.4 17.6 18 17.5

CO2 (percent) 3 3.2 2.8 2.6 4.0 3.8 2.2 3.4

CO (ppm) 10 10 115 10 15 10 15 5
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HOURLY PROCESS DATA

Date 12/09/80

Time 0800 0900 1010 1100 1200 1300 1400 1500

Gas pressure boiler entrance -.5 -.65 -.55 -.6 -.5 -.55 -.5 -.

Gas pressure leaving boiler -1.8 -2.1 -2.0 -2.1 -1.8 -1.8 -1.6 -1.1

Pres. exit dust collector -3.5 -4.0 -3.5 -4.0 -3.5 -3.5 -3 -3

Overfire air pressure 31 31 31 31 31 31 31 31

Hearth air pressure 31 31 31 31 31 31 31 31

Grate air pressure .i 0 0 0 0 0 0 0

Charge counts 617 634 655 670 684 694 708 722

ID fan current (amp) 54 56 55 55 54 54 53 54

Steam integrator X X X X X X X X

Load cell weight (tons) 33.56 .4.94_ 36.28 37.16 38.67 39.69 41.08 41.95

Primary temperature (OF) 1100 '230 1450 1550 1400 1150 1250 1310

Secondary temperature (OF) 1520 {I0" 1660 1660 1640 1600 1640 1640

Fuel oil 1 (gal) Primary 226 220 220 220 220 220 220 220

Waste oil I (gal) Primary 15,615 15,615 5,615 15,615 15,615 15,615 15,615 15,615

Fuel oil 2 (gal) Secondary 316 326 326 326 326 326 326 326

Waste oil 2 (gal) Secondary 204,776 204,820 204,875204,915 204,960 205,008205,055 205,102

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 100 17,329 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) - 287 .. .. . 285

Feed water temperature (*F) 180 180 180 180 180 180 180 180

Makeup water temperature (*F) 80 80 80 80 80 80 80 80

Blowdown temperature (°F) 100 100 90 95 100 95 150 150

Ambient temperature (OF) 80 80 80 80 86 85 85 85

Boiler outlet temperature ('F) 470 470 475 490 475 470 470 470

Flue gas 02 (percent) - 9.8 11.40 1.5 11.75

CO2 (percent)- 8.8 7.6 6.2 7.4

CO (ppm) - - 10 10 10 20
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Date 12/09/80

Tie1600 1700 1800 1900 2000 2100 2200 2300
I Time------- -

Gas pressure boiler entrance -.5 -.55 -.5 ' -05 -.5 -.55 -.45

Gas pressure leaving boiler -1.7 -2 -1.4 -1.6 -1.8 -1 .7 -1.8 -1.7

*Pres. exit dust c'ollectOr -3.1 -3.5 -3 -3 ~35- 1 - 3.5 -3.1-

Overfire air pressure 31 31 31 31 31 31 31 31

Hearth air pressure 31 31 31 31 31 31 31 31

Grate air pressure .2 .1 0 .1 0(-.25) 0(-.25)0.4(.l) 0(-.2)

Chrg cont 739 750 759 769 781 797 -~811 823

11) fan current (amp) 53 54 54 54 55 54 55 54

*Steam integrator X X X X X X X X

Load cell weight (tonls) 42.79 43.58 44.47 45.54 46.40 47.68 48.42 49.30

Primary temperature (*F) 1400 1200 1200 1150 1180 1030 930 890

Secondary temperature ("'F) 1600 1500 1620 1600 1600 1530 1460 1430

Fuel oil 1 (gal) Primary unch. unch. unch. tinch. unch. unch. unch. unch.

Waste oil I (gal) Primary unch. unch. unch. unch. unch. unch. unch. iinch.

Fuel oil 2 (gal) secomlidar-y unch. tinch. unch. unch. unch. unch. unch. unch.

Waste oil 2 (gal) Secoiidary 205,151 205.197205,246 205, 292 205,345 205, 390 205,4 36 205,487

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 100 17,426 17,437 17,450 17, 462 17, 476 17,487 17,498 17,510

Feed water (gal) x .100 48,680 48,693 48,708 48,722 48,739 48,751 8,763 48,777

Contituous blowdown (gal) x 10 23,316 23,325 23,336 23,346 23,356 23,365 3,373 23,382

Continluous hiowdown (gal) X X X X X X X X

Steam pressuire (psig) 175 150 185 155 155 140 150 140

SI -;fIci'IitcLcmpl. V ) - -- - -- 280

F, t - waiter I otipera ture (OF) 180 180 180 180 185 180 180 185

P Makeup water temper.ilurt. ('F) 80 80 80 80 80 80 80 75

P'1 (.WJow1n tcinperatumre ('F) 140 130 110 120 100 130 120 95

'.I I t I peraiti~re (0 )85 83 80 80 80 80 80 78

ilUi I r out Iv( t eiIpIeraItUre 0  480 470 500 480 475 460 470 460

Finev jgas 02 (percenft) 10 11.7 14.0 14.8 13.2 11.5 12.4

('.,, (percentL) 9.0 9.4 5.0 7.0 6.0 8.2 6 .6

*CO (p)20 1 1 20 1 15 15 [20 25 j28
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HOURLY PROCESS DATA

Date 12/10/80

Time 0000 0100+ 0200 0300 0400 0500 0600 0700

Gas pressure boiler entrance -.45 -.55 -.5 -.4 -.45 -.75 -.45 -.45

Gas pressure leaving boiler -1.7 -1.8 -1.8 -1.6 -1.6 - -1.8 -1.

Pres. exit dust collector -3.2 3.5 -3.3 -3.1 -3.0 -3.1 -3

Overfire air pressure 31 31 31 31 31 31 31

Hearth air pressure 31 31 31 31 31 31 31

Grate air pressure _.1(.15) (.15) 0(-.2) .2(.1) 0(-.2) .1 .1

Charge counts 848 861 876 893 915 965 982

ID fan current (amp) 56 55 56 54 54 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 (OF) 1450 1420 1050 1050 830 1200 1250

Secondary temperature (OF)#TS-2 1600 R630 1520 1520 1320 1580 1580

Fuel oil I (gal) Primary

Waste oil I (gal) Primary

Fuel oil 2 (gal) Secondary

Waste oil 2 (gal) Secondary 205536 205599 205625 205680 205723 205810 205860

Makeup water' No. 1 (gal) x 100 16924 16924 16924 16924 16924 16934 169

Makeup water No. 2 (gal) x 100 17522 17538 17544 17558 17580 17580

Feed water (gal) x 100 48789 48808 48817 48831 48843 48868 48802

Continuous blowdown (gal) x 10 23390 23400 23404 23412 23417 23428 23453

Continuous blowdown (gal) X K X X X X X X

Steam pressure (psig) 160 160 145 145 140 165 165

Steam calorimeter, temp. ("F) 286

Feed water temperature (*F) 180 185 180 185 180 180 180

Makeup water temperature (°F) 80 80 75 80 80 80 80

Blowdown temperature (°F) 120 120 90 100 90 110 110

Ambient temperature (OF) 75 75 75 80 80 75 75

Boiler outlet temperature (°F) 480 470 470 460 450 470 470

Flue gas 02 (percent) 11.7 12.5 10.3 12.5 14.7 11.9 11.9

CO2 (percent) 7 .4 8.5 6. 5.5 6.8 7.2

CO (ppm) 30 30 30 30 30 30 0
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HU~RLY PROCE~SS D)ATA

Date 12/10/80

Time 0800 0900 1000 1100 1200 1300 1350 11500
G. pressure boiler entrance - 50 -5 .4' -. 45 -.

Gas pres.;iire leaving boiler -2 -1.8 -1.8 -1.4 -1.4 -2.1 -1.4 -1.6

Pres. e:i tdust collector -~-3.8 -3.5 -3.3 -2.8 -2.6 -4 -3 -3

Overfire air pressure 31 31 31 Al1 31 31 31 31

Hearth air pressure 31 31 31 31 31 31 31 31

Grate air pressure.1 .. 11 .11 .1 1

Charge counts 1001 1018 1032 1046 1058 1069 1080 1107

ID fan current (ainp) 56 54 54 54 53 54 54 53

Steam integrator X X X X X X x X

*Load cell weight (tolls) 57.92 59.16 60.33 61.56 62.62 63.47 63.87164.78

Primary temperature ('F) 1400 1400 1400 1300 1300 1260 880 41150

Se(ondary temperature (*F)#TS-2 1660 1660 1650 1600 1640 1620 1440 1560-

*Fuel oil 1 (gal) Primary 220 220 220 220 220 220 220 220

-Waste oil I (gal) Primary 15615 15615 15615 15615 15615 15615 15615 15615

Fu -el -o -il- 2 -(gal)1 S-econ-dary 326 326 326 326 326 326 326 326

*Waste oil 2 (gal) Secondary 205907 205955 205998 206045 206093 2061372o6182 206236

*Makeup water No. I (gal) x 100 16959 16974 16981 17000 17013 17026 17037 17049

*Makeup water No. 2 (gal) x 100 17580 17580 17580 17580 17580 17580 17580 17580

Feed water (gal) x 100 48897 48913 48928 48942 48957 48971 48985 48998

Continuous blowdown (gal) x 10 23438 23454 23468 23479 23490 23499 23507 23515

Cont inuous hiowdown (gal) K X x x X x x x

ISteam pressure (psig) 175 175 150 165 170 175 130 -140

Steam calorimeter, temp. TI) - - - - - - - 284

I Fecud water tcmperature (0F) 180 180 180 180 180 180 180 180

MaIk.Up water tomperature ('F) 80 80 80 80 80 80 80 80
10o wnt emipe ra tu re 130 120 110 110 130 140 120 130

Ambient temperature (*F) 80 80 80 80 80 80 80 80

Builer outlet temperature ("'F) 480 490 470 460 490 480 440 460

Flue gas 02 (percent) 10. 15.75 9.25 10.0 15.7 15.2

COZ (percent) 8.2 4.4 10.3 9.0 4.7 5.2

GO (ppm) 0 0 5 10 5 5
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HOURLY PROCESS DATA

Date 12/10/80

Time 1600 1700 1800 1900 2000 2100 2200 2300

Gas pressure boiler entrance -.5 -.5 -.45 -.5 -.55 -.45 -.4 -.45

Gas pressure leaving boiler -1.7 -1.9 -1.8 -1.9 -2.0 -1.8 -1.6

Pres. exit dust collector -3.2 -3.5 -3.5 -3.6 -3.7 -3.3 -3.0 -3.4

Overfire air pressure 30 31 31 31 32 32 32 32

Hearth air pressure 31 31 31 31 32 32 32 32

Grate air pressure .1 .1 .2 .2 0 0.1 0.1 0.1

Charge counts __z7_ 1140 1155 1166 1180 1199 1213 1230

ID fan current (amp) 54 53 54 54 54 54 56 54

Steam integrator x x x x x x x x

Load cell weight (tons) 65.82 66.88 68.10 59.44 70.14 71.27 72.00 73.24

Primary temperature (*F) 1250 1450 1050 1320 950 1050 940 1020

Secondary temperature (*F) 1600 1650 1520 1660 1570 1520 1480 1500

Fuel oil I (gal) Primary 220 220 - - - 220 - -

Waste oil I (gal) Primary 15,615 15,615 - - - 15,615 - -

Fuel oil 2 (gal) Secondary 326 326 - -326

Waste oil 2 (gal) Secondary 206,283 206,325 206,379206,437 206,509206,556 206,598 206,650

Makeup water' No. I (gal) x 100 17,062 17,074 17,087 17,098 17,111 17,122 17,131 17,143

Makeup water No. 2 (gal) x 100 17,580 17,580 17,580 17,580 17,580 17,580 17,580 17,580

Feed water (gal) x 100 49,013 49,026 49,041 49,054 49,070 49,082 49,092 49,107

Continuous blowdown (gal) x 10 23,523 23,530 23,537 23,540 23,545 23,550 23,554 23,558

Continuous blowdown (gal) x x x x x x x x

Steam pressure (psig) 165 175 165 187 170 155 140 150

Steam calorimeter, temp. ('F) - - - - - - 285

Feed water temperature ('F) 180 180 180 180 180 180 180 185

Makeup water temperature ('F) 80 80 80 85 80 80 80 80

Blowdown temperature ('F) 115 120 120 95 110 100 100 90

Ambient temperature ('F) 85 85 85 85 80 80 80 80

Boiler outlet temperature ('F) 470 480 470 450 465 465 450 460

Flue gas 02 (percent) 11.7 9.3 11.5 12 14.5 14.4

-C0 2 (percent) 8 9.4 6.6 7.2 5.7 5.8

CO (ppm) 20 20 15 20 35 35
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Date 12/11/80

Time 0000 0100 0200 0300 0400 0500 0605

6as pressure boiler entrance .45 -. 5 -.6 -.55 -.6 -.5 -.5

Gas pressure leaving boilr -1.8 -1.7 -2 -1.6 -2.2 -1.6 -2

Pres. exit dust collectur -3.5 -3.5 -3.8 -3 -4.0 -3 -4

Overfire air prcssure 32 31 31 31 31 31 31

Hearth air pressure 32 31 31 31 31 31 31

Grate air pressure .i .1 .1 .1 .1 .1 .1

Charge counts 1247 1261 1277 1290 1307 1322 1332

ID fan current (amp) 55 54 55 56 55 54 57

Steam integrator X X X X X X X X

Load cell weight (tons) 74.11 74.83 76.25 77.38 78.64 80.02 80.02

Primary temperature (*F) 900 1300 1400 970 1270 1270 720

Secondary temperature (0 F) 1400 1600 1650 1480 1600 1630 1280

Fuel oil I (gal) Primary 220 220 220 220 220 220 220

Waste oil 1 (gal) Primary 15,615 15,615 15,615 15,615 15.615 15,615 15,615

Fuel oil 2 (gal) Secondary 326 326 326 326 326 326 326

Waste oil 2 (gal) Secondary 206,695 206,737 06,786 206,832 P06,878 206,927 206,980

Makeup water No. I (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 blowdown (gal) x 10 23,562 23,566 23,574 23,580 23,585 23,591 23,597

Continuous blowdown (gal) X X X X X X X X

Steam pressure (psig) 148 190 185 150 170 160 125-

Ste;am caJorimetter, temp. ("F) - - - - 285 -

Feed water temperature ('F) 175 180 180 180 180 180 180

Makeup water temperature 80 80 80 80 80 80_ 80

Plowdown temperature (F) 85 110 90 100] 110 110 100

Am.bienrtt eipet',m tre ( 0Fs) 80 80 80 801 80 80 80

btil i outlt inper a iittiic (°F) 440 475 485 450 480 475 440

gas 02 (percmmt) 7.5 12.0 15 10 12.7

() 2  (percent) 12.7 7.6 5.4 9.2 8.41

CO (ppm) 48 55 55 70 70
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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 afterburner 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
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INTERMITTENT BLOWDOWN

Each blowdown was carried out over 30 seconds

Date Time Date Time Date Time Date Time

8 Dec 1 a.m. 9 Dec 1 a.m. 10 Dec 1 a.m. 11 Dec 1 a.m.

2 a.m. 2 a.m. 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.

8 a.m. " 7 a.m. " 7 a.m.

9 a.m. 8 a.m. o 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.

I p.m. 12 noon " 12 noon

2 p.m. 1 p.m. 1 p.m.

3 p.m. " 2 p.m. " 2 p.m.

" 4 p.m. " 3 p.m. " 3 p.m.

" 5 p.m. " 4 p.m. " 4 p.m.

6 p.m. 5 p.m. 5 p.m.

" 7 p.m. " 6 p.m. 6 p.m.

" 8 p.m. " 7 p.m. " 7 p.m.

" 9 p.m. I 8 p.m. " 8 p.m.

10 p m. 9 p.m. " 9 p.m.

S 1 p.m. 10 p.m. " 10 p.m.

12 p.m. 11 p.m. " 1 p.m.

12 p.m. " 12 p.m.

-o-
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AVERAGE DAILY OPERATING CONDITIONS

Mon Tut, W d Tnhur Fr i Average Total

Temperatures (*F) 8 Dec 9 Dec 10 Dec

Makeup water 80 80 80 80

Feedwater 181 180 180 180

Blowdown 108 110 110 109

Ambient 81 76 80 80

Primary 996 1193 1173 1121

Secondary 1494 1578 1557 1543 A
Boiler outlet 463 470 467 467

Stack 427 434 439 433

281 283 285 283

Stea m pressure (psig) 149 158 160 156

Steam enthalpy (Btu/lb) 1185 1187 1188 1187

Makeup water' flow (10 3ib) 242 234 308 241 784

3 5.Continous blowdown (10 ib) 19.1 17.7 17.3 16.9 5.

Intermittent blowdown(l0 1 l)23.9 25.0 31.3 24.7 8.
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PARTICULATE SUMMARY DATA SHET

Locatiton NS Mayport. HRI

General

Date 12/08/80 12/09/80 12/09/80

Baroietric pressure (in. 11g) 30.2 30.2 30.2

Gas Flow Data

Stack area (fr2) 12.05 12.05 12.05

Average velocity at SLack cutiditinn:; (H'MI) 1,188 1,095 1,191

Flow rate at Stack Cotidi-Lions (CF)O 14,315 13,195 4,357

Stack temperature (0 )440 440 440

Flow rate at Standard Condition,- (SCF,') 8,509 7,843 8,534

Particulate Emission Data

Total particulate collected (mg) 544.7 807.3 919.7

Volume dry gas sampled at Std. Con'd. (SCF) 29.24 57.82 56.96

Total sampled volunic at Std. Cond. (~) 30.62 61.61 60.75

Part iCulate corictniL at jnn (jr/SCI'),(gr/SCFA t287(.5741215(.481.249(.56

Particulate eml:ission rate (lh/hr) 19.97 13.56 __17.04

Particulate Qmis;sion rave (lI/p0' 1ii) 1.14 .775 .974

Percent isokinet ic sample (pe(,rcenit )43.0 93.9 85.0

Gas Composition Data --

CO2 (percent)60 53 _

~2 (percenlt) 12.3 13.1 13.1........-
Co (percont)**.0

SOX~(p)* 27 __27

11C (pp1m) * **

Cl (ppm) 131 109 146

* Corrected to 12% Go
** Not measured
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PARTICULATE SUMMARY DATA SHEET

Location NS Mayport HRI

General

Date 12/09/80 12/10/8C 12/10/80

Barometric pressure (in. 11g) 30.2 30.2 30.2

Gas Flow Data

Stack area (ft2) 12.05 12.05 12.05

Average velocity at $Lack conditions (1FPM) 1,194 1, 109 1,211 ___

Flow rate at Stack Conditions (CFM) 14,387 13,362 14,590 ___ ___

Stack temperature (OF) 440 440 440

Flow rate at Standard Conditions (SCFM) 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._______ CF 6.13 64.2 64.54 _ _

Total sampled volume at Std. Cond,. (SCiF) 64.86 69.89 69.75

Part icul ate concon i r t(111 (g.r snl , SC (gr/Scl"A1205(.464 .311(.868).349(.97-___

Particulate etaissiun rate (lb/hr) 13.92 _ 19.44 24.00

Particulate emission rate (111/06 lli) 0.796 1.11 1.37

Percent IsokinetiC samiple (percent ) 94.6 105.2 96.4 ___

Gas Composition Data

C02 (percentL) 5.3 4.3

02 (perCent.) 13.1 15.4 15.4
CU (percent) <.01 <.01 <.01

NOX (ppm) *

sox~ (ppm) 27 24 24

HC (ppm)* *

Cl (ppm) 131 _134 153

Corrected to 12% Co 2
** Not measured.
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PARTICULATE SUMMARY DATA SHEET

Location NS Mayport HRI

General

Date 12/11/80 12/11/80 12/11/80

Barometric pressure (i. lig) 30.2 30.2 30.2

Gas Flow Data

Stack area (ft2) 12.05 12.05 12.05

Avera~ge velocity at stack Cunditi'Mn, (F", 1,019 1,127 1.083

Flow rate at Stack Cundition.. (0-1-) 12,277 13,580 13,655

Stack temperature (0F) 440 __440 _ 440

Flow rate au Standard Conditions (SCFM) 7,298 _8,072 7,760 ____

Particulate Emission Dat a

Total particulate collected (mg) 763.2. 1302.8 849.2

Volume dry gas sampled at Std. Coiid. (SCF) 55.55 63.11 60.08

Total sampled volume at Sid. Condt. (SCF 61.2 68.32 _48

Pariculate cuilCeflt1 raL11 io g/C)(rSF 212 .591 ~~L..
Particulate e;*Assion raic (lb/hr) 12.02 20.3 13.42 _-

Particulate emission raite (b O' ~ .8 .6-

Percent isokinetic sample_(percent.) 103 101.2 100.1

Cat; Cowpositiun Data

CO02 (percent) 4.3 .. 4.3 4.3 .-

02 (percent) 15.4 -15.4- -15.4

CO (percent) <.oi <.01 <.01

Noy pm * **

sox~~p" 24 -24 24

11C (ppm) * * . . ~ . ..

Cl (pp') ..... 176 . ... 6 7

* Corrected to 12% Co 2*

** 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/k = C ppm
Dilution factor = D
Total Volume of Sample Solutuion = M (mt)
Meter Temperature = t (°C)*
Barometric pressure in stack = I' (mm IJg)*

Volume of air sampled = V (k)
Aliquot volume analyzed = m (mk)

mg Cl/m @ 20*C = (C) (D) (M) (t+273) (760) (1000)

(1000) (P) (V) (293)

ppm Cl = (0.690) (mg Cl/m 3) @ 200C

SAMPLE m C D M t P V Ci mp/m 3  C1 DDm

M5 - 1 50 625 1 264 20 760 867 190 131

M5 - 2 50 1010 1 273 20 760 1744 158 109

M5 - 3 50 1290 1 282 20 760 1720 212 146

M5 - 4 50 1310 1 267 20 760 1837 190 137

M5 - 5 50 1300 1 295 20 760 1979 194 134

M5 - 6 50 1420 1 309 20 760 1975 222 153

M5 - 7 50 1330 1 332 20 760 1734 255 176

M5 - 8 50 794 1 271 20 760 1935 lll 77

M - 9 50 1490 1 298 20 760 1836 242 167

A
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Mass and Energy Balances

and Performance Calculations
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COMPOSITE ULTIMATE ANALYSIS*

Solid Waste Monday Tuesday Wednesday

waste oil 12/8/80 12/9/80 12/10/80

Solid waste (lb) ... 51,520 47,980 60,460

Waste oil (lb) --- 9,611 7,531 9,949

C (M) 29.02 86 37.98 36.84 37.07

H (M) 3.84 12 5.12 4.95 4.99

o (M) 20.38 0 17.18 17.62 17.50

N (M) 0.61 1 0.67 0.66 0.67

Cl (M) 0.56 0 0.47 0.48 0.48

S (M) 0.17 0.5 0.22 0.21 0.22

I (M) 20.39 0.5 17.26 17.69 17.58

H20 (M) 25.00 0 21.07 21.61 21.47

* As-received basis.
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Flue Gas Composition - Boiler Outlet

Average of periodic readings (every 15 minutes) from continuous
monitors.

Date 12/9/80 12/10/80 Average

Time period (hrs) 12 30

CO2 (%) 6.99 7.76 7.5

Standard deviation 1.73 2.45

02 (%) 13.20 12.54 12.7

Standard deviation 2.03 2.64

CO (ppm) 25 71 58

Standard deviation -- --

A-56



Flue Gas Analysis

To determine Stoichiometric Oxygen Requirement

02 - 2.67 Cf + 8 Hf + Sf - Of

Neglecting small amount of carbon in the bottom ash

Cf = 37.45, lf 5, Of = 17.4, Sf = 0

02 - 1.00 + .40 + .002 - .174 = 1.224 lb oxygen

Determination of Stoichiometric Air Requirement

4.32 lb air 1.244 lb 02 lb air
SA = x = 5.29

lb 02 lb fuel lb fuel

Excess Air Determination

02 -CO

EA = 00 x 2
.2682 N2 - (02 -

2

EA - 100 x 12.7 - 0
.2682 (79) - 12.7

EA = 150 percent

Actual Air/Fuel Ratio

A/F = SA x (1 + TA)
10

A/F = 5.29 x (1 + 150)

A/F = 13.21 lb air
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BOILER OPERATION CALCULATIONS (Page I of 3)

Date 12-8-80

Average temperatures - Daily

Numerical average of 24 hourly readings

Steam pressure - Daily

Numerical average of 24 hourly readings

Stoam cnthalpy - Daily

Numerical average of 3 daily calorimeter readings as

determined from Mollier diagram

Makeup water flow - Daily

Final meter No. I reading 16,886 (gal)

Initial meter No. I reading 16,596 (gal)

Net difference = 290 (gal)

Meter calibration factor x 100

Net volume flowed = 29,000 (gal)

Water density x 8.336 (lb/gal)

Input water = 241.74x10 3  (lb) IM17A]

Final meter No. 2 reading 17256 (gal)

Initial meter No. 2 reading - 17256 (gal)

Net difference = - (gal)

Moter calibration factor x 100

Net volume flowed = - (gal)

Watr density A 8.336 (lb/gal)

Input water - (lb) NM17 B I

(continued)
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BOILER OPERATION CALCULATIONS (Page 2 of 3)

Date 12-8-80

Total input water = H17A + M17B

M17 =241.74xi0
3 + - -241.74x103 lb

Continuous blowdown - Daily

Final blowdown meter reading 23,160 (gal)

Initial blowdown meter reading - 22,930 (gal)

Net difference = 230 (gal)

Meter calibration factor x 10

Net volume = 2,300 (gal)

Water density x 8.336 (lb/gal)

Continuous blowdown = 19.173xi03  (lb) [Mlgc]

Total Intermittent blowdown + 23.966xi03 (lb) JM191J

Total blowdown = 43.139x103  (lb) (M191

Steam Generation - Daily reported

Total input water 241.74xi03 (lb) [M17]

Total blowdown - 43.139xi03 (lb) [M19 ]

Intermittent blowdown

line leak - l.OOxl03 (lb)

Steam separator line leak - 1.000x10 3  (lb)

Steam generated 190.60x103 (lb) [M15 1

Heat output - Daily

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

EN out =1q6.bOx[O x ( 1185 - 48 ) =233.53xlO 6(Btu)

(continued)
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BOILER OPERATION CALCULATIONS (Page 3 of 3)

Date 12-8-80

Steam meter flow - cross check only

Final steam integrator reading

Initial steam integrator reading -

Net difference =

Integrator factor 
_

Integrator steam generated -

Blowdown heat loss calculation

Total blowdown = M19 (lb)

Blowdown energy loss = ENbd (Btu)

Enthalpy of blowdown water hbd

Enthalpy of makeup water = imu

ENbd = M19 x (hbd - hmu)

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

(concluded)
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BOILER OPERATION CALCULATIONS (Page I of 3)

Date 12-9-80

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. I reading 16924 (gal)

Initial meter No. I reading - 16897 (gal)

Net difference = 27 (gal)

Meter calibration factor 1 100

Net volume flowed = 2700 (gal)

Water density x 8.336 (lb/gal)

Input water - 22.507 x 103 (lb) [M17A]

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 voltime flowed 25,400 (gal)

Water density x 8.336 (lb/gal)

Inp,,t water - 211.73 x 103 (lb) [M17 B ]

(continued)
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BOILER OPERATION CALCULATIONS (Page 2 of 3)

Date 12/09/80

Total input water = M17A + M17B

M1 7 =22.50x10
3 + 211.73xli=A234.237xlOb

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 (lb/gal)

Continuous blowdown = 17.756xlOS (lb) [MlgcJ

Total intermittent blowdown + 25"008xi0 (ib) (Mlgil

Total blowdown = 42.764xiO (ib) [M1 9J

Steam Generation - Daily reported

Total input water 234.237xi0 3  (ib) [M1 7]

Total blowdown - 4 2 .764x103 (ib) [MI 9 ]

Intermittent blowdown

line leak - 1.00x1O3 (ib)

Steam separator line leak - 1.000x103 (lb)

Steam generated 189.473xi03 (ib) [M15]

Heat output - Daily

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

EN out -189.473xlO 3 x ( 1187 - 48 ) 215.81Oxl Btu)

(continued)
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BOILER OPERATION CALCULATIONS (Page 3 of 3)

Date 12/09/80

SI earn 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 =M 19 (Gb

Blowdown energy loss = ENbd (Btu)

Entlialpy of blowdown water 11bd

Enthaipy of makeup water = 1M

ENbd = M19 x (hbd - hmu)

ENbd =42V,764 x C77.98 -48 = 1.282x10 6Btu

(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. I reading 17228 (gal)

Initial meter No. I reading - 16924 (gal)

Net difference - 304 (gal)

Meter calibration factor x 100

Net volume flowed = 30400 (gal)

Water density x 8.336 (lb/gal)

Input water = 253.414xi0 (lb) IM17AJ

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 (lb/gal)

Input water = 48.349x103 (lb) IM17B]

(continued)
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BOILER OPERATION CALCULATIONS (Page 2 of 3)

Date 12-10-80

Total input water = M17A + MI7B

M 1 7 =253.414x10- 48.349x10. 301.763x1bb

Continuous blowdown - Daily

Final blowdown meter reading 23597 (gal)

Initial blowdown meter reading - 23390 (gal)

Net difference = 207 (gal)

Meter calibration factor x 10

Net volume = 2070 (gal)

Water density x 8.336 (lb/gal)

Continuous blowdown = 17.256xi03 (lb) [M19c ]

Total intermittent blowdown + 31.260x103  (lb) [Mlgil

Total blowdown = 48.516xi03  (Ib) IMI9]

Steam Generation - Daily reported
3

Total input water 307.763xi0 (lb) [M17]

Total blowdown - 48.516xlO (lb) [M19]

Steam generated = (lb) [M15]
Intem. hont blowdown line leak7 .25xTTlTb

Steam Separator line leak 1.250x10 lb
Steam Generated 256.747xi0 lb

l,',it o0,tput - aily

Ihat oiitpoit = Steam generated x (Steam enthalpy - makeup water enthalpy)

EN olt =256.747x03 x. 1188 _ 48 ) 2 9 2 . 6 9 2 x 1 O6Btu)

(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 = M19 (lb)

Blowdown energy loss = ENbd (Btu)

Enthalpy of blowdown water =hbd

Enthalpy of makeup water =hmu

ENbd = M9x (hbd - bin0)

ENbd =48.516 x _77.98- 48 )=1.455x10 Btu

(concluded)
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BOILER OPERATION CALCULATIONS (Page 1 of 3)

Date 8, 9, 10 Dec. 1980

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

Mokeup water flow - Daily

Final meter No. I reading 17228 (gal)

Initial meter No. 1 reading - 16596 (gal)

Net difference = 632 (gal)

Meter calibration factor x 100

Net volume flowed = 63200 (gal)

Water density x 8.336 (lb/gal)

Input water = 526,835 (ib) IMI7A]

Final meter No. 2 reading 17580 (gal)

Initial meter No. 2 reading - 17256 (gal)

Net difference = 324 (gal)

Meter calibration factor x 100

Net volume flowed = 32400 (gal)

Water density x 8.336 (lb/gal)

Input waiter - 270086 (lb) [MI7B]

(continued)
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BOILER OPERATION CALCULATIONS (Page 2 of 3)

Date 8 , 9, 10 Dec. 1980

Total input water M17A + M17B

M1 7 = + = 796,921 lb

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)

Water density x 8.336 (lb/gal)

Continuous blowdown = 55601 (ib) [Ml9cj

Total intermittent blowdown + 80234 (lb) [MI9 i

Total blowdown 135835 (lb) [M191

Steam Generation - Daily reported

Total input water 796921 (lb) 1M17]

Total blowdown - 135921 (lb) [M19]

Steam generated = (lb) [M15]

Steam Separator line leak 3250

Intermittent blowdown line leak 3250
Steam Generated 654500

Heat outpit - Daily

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

6
EN out b5450 x ( 1187 - 48 ) = 7 4 5 .4 76x1O(Btu)

(continued)
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BOILER OPERATION CALCULATIONS (Page 3 of 3)

Date 8 ' 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 = M19 (lb)

Blowdown energy loss = ENbd Ott))

Enthalpy of blowdown water = 1hbd

Vnthalpy of makeup water = h,

ENbd = M9x (hbd - hmu)

ENbd =]35,835x (77.31 - 48 ) 3.98xl10 Btu

(concluded)
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Steam Quality Calculations

Keenan and Keyes Steam Tables

Monday, December 8, 1980

at 14.7 psia T = 281F

h - 1184.0 Btu/lb

at 149 psig = 163.7 psia hf - 338.0
hg - 1195.5

x M.11955 - 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

1196.3 - 1184.7 1 .40O 98.6
1196.3 - 342.5

Wednesday, December 10, 1980

at 14.7 psia T - 285

h - 1185.7

at 160 psia - 174.7 psig hf - 343.5
hg - 1196.5

1196.5- 1185.7
x- 119.5: -3.57 - 1.3 or 98.7
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Monday, 12/8/80

BOILER OUTLET GAS CALCULATIONS

TOTAL MOISTURE OUTPUT

Fuel moisture input 61131 x .214 - 13082 (ib)

Total hydrogen formed moisture + 9 x .05 x 61131 - 27509 (ib)

Total moisture output = 40591 (lb) [M20m]

Moisture weight fraction of flue gas = WFm

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

Total flue gas wt. - (13.21 x 61131) + 61131 - 3852 864820 (lb)

40591 lb H20

864820 047 lb flue gas
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Tuesday, 12/9/80

BOILER OUTLET GAS CALCULATIONS

TOTAL MOISTURE OUTPUT

Fuel moisture input 65511 x .214 - 11879 (Ib)

Total hydrogen formed moisture + 9 x .05 x 55511 - 24980 (lb)

Total moisture output = 36859 (lb) [M2Om]

Moisture weight fraction of flue gas WFm

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

Total flue gas wt. - (13.21 x 55511) + 55511 - 10575 778236 (lb)

36859 lb -20
- .047

778236 lb flue gas
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Wednesday, 12/10/80

BOILER OUTLET GAS CALCULATIONS

TOTAL MOISTURE OUTPU'T

Fuel moisture input 70409 x .214 = 15067 (ib)

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

Total moisture output 46751 (ib) [M20 m ]

Moisture weight fraction of flue gas = WFm

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

Total flue gas wt. - (13.21 x 70409) + 70409 - 24035 = 976477 (lb)

46751 lb R20
____= .048
976477 lb flue gas
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TOTAL

BOILER OUTLET GAS CALCULATIONS

TOTAL MOISTURE OUTPUT

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

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

Total moisture output 124,202 (lb) [M2om]

Moisture weight fraction of flue gas - WFm

Total flue gas wt. - air wt. + fuel wt. - dry a~h wt.

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

124,202 lb H20
= .047

2,619,533 lb flue gas
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BOLLER OUTLET GAS CALCULATIONS

GAS MASS FRAC:TIONS

0D Q G
Volume Mole Mass Mass

percentage M weight fraction fraction
(percent portion (lb/lb, (ib/ib,

Gas dry weight) (lb/mole) (lb dry) dry weight) total weight)

Co2  7.4 44 3.30 .112 .107

02 12.7 32 4.06 .138 .132

N2  78.9 28 22.09 .750 .715

CO - 28 -

1120 -18 - WFm .047

Total 29.45 1.00

= ~T / ~total

G X WFD

(continued)
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Monday, 12/8/80
BOILER OUTLET GAS CALCULATIONS

FLUE GAS ENERGY LOSS

ENtk M 20 x h Total

Estack 84,820 x 145.86 -126.14 x 106' Btu

FLUE GAS SPECIFIC HEAT

C ENtk

P M2 x Toutlet -T ab

126 x 106 (Btua)

C P864 x 103(lb) x( 4 6 3  -F 81 -F)

CP .38 Btu/lb *F
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Tuesday, 12/9/80
BOILER OUTLET GAS CALCULATIONS

FLUE GAS ENERGY LOSS

ENstack - M20 x h Total

ENstac k ' 778,236 x 149.67 116.48 x 106 Btu

FLUE GAS SPECIFIC HEAT

ENstack

P M20 x T outlet - Tamb

116.48 (Btu)

Cp 77 8 x 103 (lb) x ( 4 7 0 F- 76 F)

C- .38 Btu/lb °F
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Wednesday, 12/10/80
BOLLER OUJTLE.T GAS CALCULATIONS

FLUE GAS EN4ERGY LOSS

EN sak M0X h Total

ENstack - 976,477 x 147.42 - 143.95 x 106 Btu

FLUE GAS SPECIFIC HEAT

C ENstack
P~ M420 x T otie ~ T b

143.9 x 106 (Btu)

CP ' 9 7 6~ x 0 (lb) x ( 467 OF 80 OF)

C .38 Btu/lb OF
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BOILER OUTLET GAS CALCULATIONS

FLUE GAS ENERGY LOSS

EN stc 2 x h Total

EN stack - 2,619,533 x 147.42 -386.17 x 106 Btu

FLUE GAS SPECIF'IC HEAT

C EN stack
P M20 x T ou l t - T m

386 x 106 (Btu)

Cp P 2.619 x 106 (lb) x ( 467 OF - 80 OF)

=p .38 Btu/lb OF
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Electrical Energy Usage

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

203 Amps average

481 volts x 203 amps

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 Properties**

Density - 7.30 lb/gal

HIIV - 19,500 Btu/lb

.475 gal X 7.30 lb 19 500 Btu . 67,590 Btu/hr
hr gal 'lb

* At 30 percent fuel to electrical energy conversion efficiency.

** Engineering experimentation, p 331.
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Metals and EP Toxicity

Quality Assurance Data
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QUALITY ASSURANCE DATA FOR

ICP SPECTOSCOPY ANALYSES

a
Detection Limit, LQD cone.

Element Vg/liter 1__/liter

Aluminum 36 180

Antimony 20 100

Barium 0.5 2.5

Beryllium 0.6 3

Boron 4 20

Cadmium 2 10

Calcium 0.8 4

Chromium 3 15

Cobalt 8 40

Copper 4 20

Iron 3 15

Lead 20 100

Magnesium 0.7 3.5

Manganese 0.8 4

Molybedenum 8 40

Nickel 47 235

Phosphorus 40 200

Silicon 18 90

Silver 15 75

Sodium 60 300

Strontium 0.6 3

Tin 13 65

Titanium 2 10

Vanadium 7 35

Zinc 3 15

aLQD = lowest quantitatively determinable

concentration (95% confidence limits).
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QUALITY ASSURANCE DATA FOR

UP TOXICITY ANALYSES

ACTUAL RECORLED
CONCENTRATI ON CONCIENTRATIoN

(ug/9) (ug/y)

Arseic 20 17

Selenium 20 18

Mercury 2.0 2.1

Silver 1000 960

Cadmium 1000 966

Ch rom.1 rm 1000 933

Barium 2000 1880

Lead 1000 963

SPIKE
(U.I. Water) RECOVERY

(ug/p.) (%)

10 97

Lindane
10 90

Endrin 10 85

etlhoxychlor
10 80

Toxap)hene

2,4-D 4 77

Si I vex 4 59
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NOVEMBER MASS AND) ENERGY

BALANCE CALCULATIONS
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NOVEMBER MASS AND ENERGY BALANCE CALCULATIONS

Waste Oil Tank 1 Tank 2

Mass (lb) 5,223 43,834

Density (lb/gal) 6.89 6.89
leating value 19,704 19,782
(Btu/lb)

Total Input Energy 103.04 867.13
(106 Btu)

Input Air

lb 02 /lb fuel = 2.67 Cf + 8 il + Sf - 02

lb 02 /lb fuel = 2.30 + .96 + .005 = 3.265

4.32 lb air 3.265 lb 02 14.09 lb air
Stoichiometric air = x =

lb 02 Lb fuel lb fuel

02 - CO/2 14.69
Excess air = 0.2682 N2  (02 - C0/2) 21.53 - 14.69 f 2.15

lb air/lb fuel 14.09 lb air (1 + 2.15) = 44.38 lb air
lb fuel lb fuel

44.38 lb air

lb air input= x 49,057 lb fuel 2.177 x 106 lb air
lb fuel
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Feed Water

Meter 1 469,317 lb

Meter 2 71,690 lb

ieat Output Ln Steam

541.000 lb (1,180 Rtu/1b - 45 Itu/1b) = 014.043 x 106 BtI

Flue Gas Loss

Flue gas mass = lb air input + lb fuel input

= 2.177 x 106 lb + 49,067 lb

= 2.226 x 106 lb

Flue gas energy = flue gas (lb) x flue gas enthalpy
lb
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GAS MAS 1'RACT IONS

©@(3) (5
Volume Mole 10 ,; Ia s.

perce1t -t g, v we igi L f ri-c ioln f rc t in
(percent port ion (1 1/ Ib, (r b/ I b,

Gas dry weighL) (tb/bnol,) (I b try) 1-dr"' eih-) tOtL. '.4eight)

C02 5.05 44 2.22 .075 .074

. 714.69 32 .70 - .159 .158

N2. 80.26 2L 22.47 - .764 .760

CO 2

H20 '.035

Total 29.39 1.027i

100

9 x  
-1= 9 x .18 x 49057 .035

mF Fott .035a' - -Total flue gas 2.226 x 106

WF = Total fIic gas - (.18 x 49057) = .996
I) otail flue gas
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Flue Gas Loss (continued)

ENstack 'M 20 x h total

ENstack= 2.226 x 106 x 93.91 = 209.04 x 106 Btu

Blowdown Loss

102,28L lb water

3.07 x i06 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 106 Btu.
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