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SECTION 1
INTRODUCTION

This pilot study was conducted as a prelude to a nationwide survey of
organic emissions from major stationary combustion sources. The primary ob-
jectives of the pilot study were to obtain data on the variability of orgaamic
emissions from two such sources and to evaluate the sampling and analysis
methods. These data are used to construct the survey design for the nation-
wide survey. The compounds of interest are polynuclear aromatic hydrocarboas
(PAHs) and chlorinated aromatic compounds, including polychlorinated biphenyls
(PCBs), polychlorinated dibenzo-p-dioxins (PCDDs), and polychlorinated di-
benzofurans (PCDFs). Of particular interest is 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD). In additiom, total cadmium was also determined in special

samples from both plants to meet special Environmental Protection Ageacy
(EPA) needs.

Midwest Research Institute (MRI) was respomsible for overall task man-
agement,specifying the sampling and analysis methods, assisting in the col-
lection of samples, receiving samples at the plant sites, shipping the sam-
ples to the analysis laboratories, and conducting all sample analyses. MRI
was assisted in this effort by two subcontractors. Southwest Research In-
stitute (SwRI) assisted in sampling, exercised sample control, and conducted
most of the analyses for samples from the first plant. Gas chromatographic/
mass spectrometric confirmation of PCBs, PCDDs, and PCDFs was conducted by
MRI. Gulf South Research Institute (GSRI) provided similar assistance for
the second plant.

The statistical design of the pilot study was constructed by Research
Triangle Institute (RTI). RTI also conducted statistical analysis of the re-
sulting emissions data and comstructed the design for the nationwide survey.
The results of the statistical analysis are summarized in Section 9 of this

report. The survey design is summarized in a report to the EPA Qffice of
Toxic Substances.?

TRW, Inc. was responsible for conducting the field sampling and data
collection. The results of TRW's efforts are described in two reports to
EPA's Industrial Environmental Research Laboratory in Research Triangle
Park.2’3 The body of these reports are contained in Appendices A and B.

A summary of the results of this study is contained in Section 2 of this
report. Section 3 presents recommendations for future work. Brief descrip-
tions of the two combustion sources are contained in Section 4. The sampling
and analysis methods are described in Sections 5 and 6. Sections 7 and 8
present the field test data and analytical results. The analytical quality



assurance results are summarized in Section 9. Section 10 presents the emis-
sions results and Section 11 is a statistical summary of the emissions re-
sults.



SECTION 2
SUMMARY

Two major stationmary combustion sources, a mumicipal incinerator and a
co-fired (refuse-derived fuel plus coal) power plant, were studied to deter-
mine the variability of orgamic emissions between sources and over a desig-
nated time period for each plant. The pilot study results served as a basis
for structuring the survey design for a natiomnwide survey! for organic emis-
sions from stationary combustiom sources.

All inputs and outputs (including fuel, air, water, ash, and flue gas)
that were influenced by the combustion process at each facility were sampled
for a minimum of 11 days. Daily flue gas samples (20 m3) were collected con-
currently at the inlet and outlet of the control devices using a modified
Method 5 sampling train. The solid and aqueous inputs and outputs from each
plant were collected six times per day (at roughly 4~hr intervals).

The samples were extracted and amalyzed for total organic chlorine
(TOCl), PAHs, PCBs, PCDDs, and PCDFs. A limited number of samples were
analyzed for cadmium. The TOCl procedure (more correctly, total extractable
organic halide) was developed for this study to provide a sensitive measure
of the variability of chlorinated organic emissioms.

The TOCl emissions from the municipal incinerator and the co-fired power
plant differed and were variable within the test duration for each plant.
The flue gas accounted for more than 80% of each plant's TOCl emissions. The
TOC1 emissions averaged 322 mg/hr from the mumicipal incinerator and 246 mg/hr
from the co-fired power plant. The variability of the TOCl results was the
key element in the construction of the nationwide survey design.!

A number of specific compounds including chlorinated benzenes and chlori-
nated phenols were detected in the flue gas from the municipal incinerator.
The sum of the orgamic chlorine concentrations attributable to these specific
compounds is comparable to the TOCl results. Fewer chlorinated compounds were
identified in the flue gas extracts of the co-fired plant and were generally
present at lower concentrations tham in extracts from the municipal incinerator.

Polycyclic organic compounds including PAHs, PCDDs and PCDFs were iden-
tified in the flue gas extracts from the municipal incinerator. Some PAHs
and PCBs were also identified and quantitated in the flue gas from the co-
fired power plant, but PCDDs and PCDFs were not detected.



The mean concentration observed for total PCBs from the municipal incin-
erator was 42 ng/dscm (dsem = dry standard cubic meter), compared to an aver-
age of 19 ng/dscm from the co-fired power plant. However, the order of the
average emission rate is reversed because of the lower flue gas flow rate of
the refuse incinerator. The average PCB emission rates for the RDF/coal-fired
power plant and the refuse incinerator were 6 mg/hr and 3.6 mg/hr, respectively.
Because of the variability observed in the data, no significant differences
between concentrations or emission rates between the two plants can be deter-
mined. The PCB isomer distribution ranged from dichlorinated to pentachlori-
nated compounds for the municipal incinerator and trichlorinated to deca-
chlorinated compounds for the co-fired power plant. PCDDs and PCDFs were not
identified in sample extracts from the co-fired power plant. However, several
PCDDs and PCDFs were identified in composited sample extracts from the munici-
pal incinerator. Trichloro- and tetrachlorodibenzofurans were the most abundant
of the PCDDs and PCDFs in these extracts, averaging 300 ng/dscm and 90 ng/dscm,
respectively. The specific PCDD isomer 2,3,7,8-tetrachlorodibenzo-p-dioxin
(2,3,7,8-TCDD) was also identified in these extracts from the municipal incin-
erator and averaged 0.4 ng/dscm (average mass emission 34 pg/hr). This isomer
was identified in these extracts using high resolution gas chromatography/high
resolution mass spectrometry. This identification was confirmed by an inde-
pendent laboratory using similar instrumentation.

The level of cadmium was also measured in the inputs and outputs for a
limited number of sample days for each plant. The mass balance observed for
the inputs and emissions of the co-fired power plant was fairly good. How-
ever, the agreement for cadmium inputs and emissions for the municipal incin-
erator was poor. This was likely due to the difficulties encountered in ob-
taining representative samples of the refuse burned at this facility.



SECTION 3
RECOMMENDATIONS

The nationwide combustion study should be conducted. The results in
this report provide the basis for a sound statistical design for sampling and
analysis procedures in future programs (i.e., municipal incinerators, coal-
fired power plants, etc.).

Extraction studies should be undertaken with fly ash samples that have
been shown to contain PCDDs and PCDFs. Analysis of such a material could pro-
vide a better measure of recovery efficiency of these compounds than from
other similar solid materials.

The modified Method 5 sampling procedure used in this study is based on
sound developments for particulate sampling coupled with adsorption of organic
vapors on a resin of known properties. However, this sampling procedure should
be rigorously evaluated for the collection efficiencies of PCDDs and PCDFs as
an additional quality assurance measure.

The preliminary data presented in this report suggest that the TOCl mea-
surement should be further evaluated for use as an indicator of chlorinated
organic emissions. The development of a good TOCl measurement could signifi-
cantly reduce the costs of obtaining large amounts of combustion source data.

Additional work should be conducted to improve the selective separation
and detection of PCDDs and PCDFs. Current methods require labor-intensive
extractions and cleanup procedures.



SECTION 4

PLANT DESCRIPTIONS

AMES MUNICIPAL POWER PLANT, UNIT NO. 7

The Ames Municipal Power Plant is owned and operated by the city of Ames,
Iowa, and is located within the city limits. The coal-fired utility boile;
tested at this plant was Unit No. 7, onme of three units that have been modi-
fied to burn processed refuse as a supplemental fuel with coal. Unit No. 7,

a pulverized coal suspension fired boiler, is used under normal operating
condition. The other two units are operated under peak demand or when Unit
No. 7 is down. This unit was originally designed to burm either coal or
natural gas as the primary fuel. It was first brought into operation in 1968
and was modified to burn refuse-derived fuel (RDF) ian 1975.

Unit No. 7 generally burns a mixture of Colorado coal, Iowa coal, and
RDF. Generally, the ratio of the two types of coal varies, although during
this particular testing period a 45 to 55% ratio of Colorado to Jowa coal was
maintained in the pulverized coal mixture. Approximately 20% (by weight) of
the total fuel prepared and fired at this facility was RDF and 80% was pul-
verized coal.

The RDF is produced at a separate Ames city facility located near the
power plant. Raw refuse is sorted to remove glass and metals for recycling.
The remaining material (largely papers and plastics) are milled and pneumati-
cally conveyed to a storage bin. The RDF is fed from this bin to the boiler
at the required rate. The maximum RDF feed rate is 8.5 toms/hr (7.7 metric
tons/hr).

Pulverized coal is supplied to the furnace by tangentially orientated
nozzles so that combustion is accomplished in a suspension. Approximately
20% of the total ash produced during coal-only firing is bottom ash. RDF is
supplied to the furmace at a point just above the primary coal combustion zone.
Moveable grates hold the residual RDF at the bottom of the coal combustion
zone to enhance RDF combustion. The grates are lowered during bottom ash wast-
ing and when RDF is not being fired.

The ash and slag deposited in the hopper are removed at least three times
per day. An average of 758,000 liters/day (200,000 gal./day) of well water
(sluice water) is used to remove the solid waste from the furnace bottom.

This waste is drained to a holding pond where the ash is dredged out and stock
piled. The water from the holding pond is allowed to percolate through the
soil and eventually into a nearby river.



Electrostatic precipitators (ESPs) are used to remove particulates from
the stack gases. The ESPs require at least 61 kw of the maximum 35,000 kw
gross output of Unit No. 7. Fly ash collected in the ESP hoppers is pneu-
matically conveyed (3 times/day) to the bottom ash hopper drain system.

Additional information including schematics of the plant site, the flow
system, Unit No. 7 design, and the solid waste recovery system is presented
in the pilot test program engineering report provided by TRW (see Appendix A).
Other tables in the TRW report list the boiler design data, the pulverizer
specifications, the fan design performance parameters, performance character-
istics of the ESP, and the predicted performance characteristics of Unit No. 7.

CHICAGO NORTHWEST INCINERATOR, UNIT NO. 2

The Chicago Northwest Incinerator is one of four municipal incinerators
owned and operated by the city of Chicago (Illinois) and located within the
city limits. This plant has four incinerators, each having a nominal burning
capacity of 400 ton/24 hr day (363 metric toms/24 hr day). Each incinerator
has a charging hopper, feed chute, hydraulic powered feeders and stoker,
boiler, economizer and fly ash hoppers. Draft through the furnace is pro-
vided by forced draft fans, overfire air fams, and induced draft fanms.

Mixed refuse from domestic sources is brought to the incinerator in
trucks having a capacity of 5 tons (4,500 kg) or 25 cubic yards (19 m3). The
refuse varies considerably in consistency and moisture content seasonally and
from load to load. All refuse is collected in a storage pit of 9,700 cubic
yard (7,400 cubic yard) capacity. The refuse is not sorted prior to storage
in the pit except for large items (e.g., furniture and large appliances) which
are milled prior to storage in the pit. The refuse typically contains con-
siderable quantities of automobile tires, small appliances, and similar dis-
carded durable goods. The refuse is removed from the pit by one of three
transfer cranes and is dumped directly into the four furnace feed hoppers.
Refuse in the charging hopper of each incinerator flows by gravity from the
hopper to three stoker feeders through a feed chute. The stoker feeders at
the bottom of the feed chute push the refuse into the stoker by a reciprocat-
ing action.

Alternate lateral rows of grate steps have controlled continuous recipro-
cating action with the moving grate steps pushing in reverse direction to the
flow of refuse. This action moves a portion of the burning refuse under the
unignited material and thereby effects an agitation and blending of the whole
burning mass. Combustion air entering from below the grates cools the grates,
helps to agitate the burning refuse and supplies the oxygen which produces a
maximum burn-out in the shortest length of grate travel.

The combustion air combines with the burning refuse to generate heat and
raise the temperature of the flue gas to as high as 2000°F (1100°C). At rated
burning capacity and based on 50% excess air (dry) the flue gas flow rate at
550°F (290°C) is estimated to be 142,300 actual cubic feet per minute (acfm)
or 4,030 m3/min. The flue gas passes upward through the furnace, through the
boiler passes and finally through the economizer to the electrostatic pre-
cipitator. As it passes through the boiler it transfers heat to the water.



At the inlet to the electrostatic precipitator the temperature is reduced to
approximately 500Q°F (260°C) because of the above heat exchange. During the
passage of the flue gas through the boiler passes and economizer the heavier
fly ash particles drop out. Hoppers are provided below the boiler and econo-
mizer for the collection of the particulates.

In order to obtain maximum combustion efficiency, the depth of the refuse
bed is controlled by automatic discharge or climker rollers located at the
end of the grate. As the residue reaches this point it is dumped into an ash
discharger and is quenched in water. The residue is pushed up an inclined
slope that permits draining and produces a residue of less than 15% moisture.
In addition to quenching, the ash discharger also serves as a water seal for
the furnace and prevents infiltration of air into the furnace. The furnace
operates under slight negative pressure.

The residue leaving each incinerator ash discharger passes through a
hydraulically operated chute to one of two residue conveyors. The residue is
screened to separate material larger than 2 in. (5 cm) in diameter. Hydraulic
powered chutes are used to direct the flow of the residue away from the rotary
screens and into a by-pass hopper.

The residue conveyors also receive and transport stoker grate siftings
and fly ash accumulations from the boiler hoppers, economizer hoppers, and
the electrostatic precipitators. Stoker grate siftings collect in six hoppers
under each of the three stoker grate sections. Residue from the hoppers is
removed from the plant by trucks. The weight of the residue leaving the plant
is measured and recorded at the weighing station.

The boiler fly ash is collected in four hoppers, two of which discharge
to the stoker grates. The other two hoppers are discharged directly through
a common pipe to the residue conveyor. The fly ash from the economizer hop-
pers passes through a common pipe connected to the discharge end of a conveyor
handling fly ash from the two electrostatic precipitator hoppers. The fly
ash is deposited directly into the residue discharge chute.

The flue gas exiting the ESPs is vented to a 250-ft (76 m) high stack
via an induced draft fan. Flue gases from two identical units are discharged
from a single stack via a breaching.

A more detailed description of the plant operation and schematics of the
plant site, the flow system, and the flue gas and grab sampling locations is
presented in the TRW pilot test program engineering report (see Appendix B).

[



SECTION 5

SAMPLING METHODS

FLUE GAS

Flue gas sampling for organic compounds was accomplished concurrently at
points both inlet and outlet to the electrostatic precipitators using two mod-
ified Method 5 sampling trains (shown in Figure 1) at each location. Figure 2
shows the locations of sampling ports on a typical unit. The sampling crew
collected 10 m?® (10 # 1 m3®) samples with each sampling train by extracting
the flue gas at rates approximating the flue gas velocity for each plant.
Cadmium was sampled at the ESP outlet using a single Method 5 sampling train.
The standard train was operated the same as depicted in Figure 1, but without
condensor and the XAD-2 sorbent trap. EPA Method 5 Procedures® for particu-
late sampling were followed for both organic and inorganic sampling procedures,
except that 10 m3 was sampled with each organic train.

Detailed descriptions of the Method 5 calibration and actual sampling
procedures for specific ducts and stacks at the Ames Municipal Power Plant
and Chicago Northwest Incinerator have been presented in the respective field
data reports (Appendices A and B). Additional details on the pretest prepara-
tion and sample recovery procedures are described in a methods manual for the
nationwide combustion source survey.® The flue gas sampling at the Ames facil-
ity was conducted both on the duct just before the electrostatic precipitator
and on the stack. Sampling for organics was to be performed for 14 consecutive
days with an additional 3 days sampling for particulate cadmium. However,
due to extreme weather conditions only 11 days of concurrent inlet and outlet
samples were collected. Eight additional inlet samples were also collected.

The flue gas sampling at the Chicago plant was conducted at the duct in-
let to the electrostatic precipitator and at the duct leading from the pre-
cipitator to the stack. Despite boiler down time and equipment malfunction,

11 days of organic samples (including concurrent inlet and outlet flue gas)
were taken.

A complete sampling train, including resin trap filter and impinger so-
lutions was set up as a train background (blank) at each plant. The train
was taken to normal operating temperature and allowed to remain at this tem-
perature for 1 hr.

Upon completion of testing, the sampling equipment was brought to a clean
laboratory area for recovery. Each sampling train was kept in a separate area
to prevent sample mixup and cross contamination. The individual sample train
components were recovered as follows:
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« Dry particulate in cyclone - cyclone flasks were transferred to cy-
clone catch bottle.

- Probe was wiped to remove all external particulate matter near probe
ends.

+ Filters were removed from their housings and placed in proper con-
tainers.

+ After recovering dry particulate from the nozzle, probe, cyclone, and
flask, these parts were rinsed with distilled water to remove remain-
ing particulate. They were subsequently rinsed with glass distilled
acetone and cyclohexane and put into a separate container. All rinses
were retained in an amber glass container.

- Sorbent traps were removed from the train, capped with glass plugs,
and given to an on-site MRI representative.

Condensor coil, if separate from the sorbent trap, and the connecting
glassware to the first impinger was rinsed into the condemsate catch
(first impinger).

First and second impingers were measured, volume recorded and retained
in an amber glass storage bottle. The impingers were then rinsed with
small amounts of distilled water, acetone and cyclohexane. These rins-
ings were combined with the condensate catch. Rinse volumes were also
recorded.

The volumes of the third and fourth impingers were measured and re-
corded. Solutions were discarded.

+ Silica gel was weighed, weight gain recorded and regenerated for fur-
ther use.

To maintain sample integrity, all containers were amber glass, with TFE-
lined lids.

PLANT BACKGROUND AIR

A high volume air sampler was used to collect organic compounds and cad-
mium associated with particulates in the air used for combustion. The sam-
ples were collected on 8 in. x 10 in. (20 em x 25 cm) glass fiber filters. A
high volume sampler was placed on the roof of each facility to obtain a repre-
sentative background of outside ambient air, rather than sampling air inside
the building that could have been contaminated or influenced by the combustion
process.

SOLID AND AQUEOUS MEDIA

Solid and aqueous samples that directly contact the combustion process
were collected several times during each 24~hr period according to schedules
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provided by RTI. Four solid sample types were collected from the Ames plant,
coal, ESP hopper ash, bottom ash, and RDF. ESP ash, refuse, and combined ash
were sampled at the Chicago plant. Combined ash includes mixed ESP ash and
bottom ash since the design of the Chicago ash handling system did not allow
separate access to bottom ash. All solid samples were collected six times
per day at roughly 4-hr intervals.

Some solid samples were accessible from more than one nominally equiva-
lent point in the plant. In these cases, samples were taken from specific
points according to a randomized scheme provided by RTI. Hence, coal was
sampled from two feed streams, RDF was sampled from four feed streams, and
ESP ash was sampled from two collection hoppers at the Ames plant based on
this scheme. Similarly, bottom ash from the Ames plant and bottom ash and
refuse from the Chicago plant were sampled from specific sectors of the ex-
posed material according to the randomized scheme. Figure 3 shows the sector
systems used in sampling bottom ash from the Ames and Chicago plants. Raw
refuse was sampled at the Chicago incinerator from the two sides of the feed
hopper.

The aqueous streams sampled at Ames included cooling tower blowdown water,
well water, and bottom ash quench overflow. Only city tap water (plant intake
water) was sampled at the Chicago facility. Liquid streams that did not flow
continuously were allowed to purge for 3 min prior to obtaining samples. Sam-
ple containers were rinsed three times with sample liquid prior to being filled

with that liquid. The streams sampled and frequency of sampling were as fol-
lows:

* Bottom ash quench overflow water was sampled twice per shift, for a
total of six samples per 24~hr period.

Cooling tower blowdown feed for the bottom ash quench system was sam-
pled once per day.

* Three well water samples were collected over the testing period.

- City tap water was sampled once per day.

CONTINUOUS MONITORING

The continuous monitoring data collected for the two different plants
included: (1) oxygen [02] concentrations, (2) carbon dioxide [COy] concen-
trations, (3) carbon monoxide [CO] concentratioms, (4) hydrocarbon concentra-
tions [THC] [C; through Cg] and (5) ambient temperatures. On-line monitoring
was performed at the inlet of the electrostatic precipitators (ESP) at both
plants and in the duct leading from the exit side of the ESP to the induced
draft fan at the Chicago Northwest Incinerator and at the 100 ft (30 m) level
on the stack at the Ames Municipal Power Plant.

A stainless steel filter connected to a 3-ft (91-cm) probe was inserted
into the sample port for each sample location. Heat traced line was run from
the sample port to a gas conditiomer. Vacuum pumps were used to draw the in-
let and outlet sample gas from the sample ports through the gas conditionmer
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and to the analytical instruments. An automatic timer switched the coantinuous
monitoring equipment from inlet to outlet every 15 min.

The average values for Oy, COp, CO and THC recorded during each test
period are presented in Section 8 of this report with a summary of the flue
gas testing parameters. A more detailed description of the continuous moni-
toring data is presented in Appendices A and B.

PROCESS DATA COLLECTION

In order to fully characterize the operation of the two different com-
bustion facilities and to designate periods of dramatic changes in the per-
formance of a particular unit, numerous operating parameters were recorded
throughout the flue gas sampling periods, as well as on a 24-hr basis. This
information included mass flow data for fuels (coal, fuel oil, and RDF), per-
iods of soot blowing, unit downtime, steam flow rate, steam pressure, steam
temperature, feedwater flow rate, feedwater temperature, combustion air flow
rate, combustion air temperature, percent excess oxygen, induced and forced
fan pressures, furnace draft, furnace temperature, flue gas temperature, and
ambient temperature and ambient pressure.

The process data averages based on 24-hr periods and the flue gas test

durations are presented in Section 7 of this report. Data for these param-
eters taken on an hourly basis are presented in detail in the Appendices.
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SECTION 6
ANALYSIS METHODS

ORGANICS

The analysis methods for organics were designed to provide qualitative
and quantitative determinations of several specific analytes and to provide
semiquantitative information on any additional polychlorinated aromatic com-
pounds identified. The specific analytes included eight PAH compounds (listed
in Table 1), PCBs, PCDDs, and PCDFs. Special emphasis was placed on highly
selective and sensitive procedures for determining 2,3,7,8-TCDD.

TABLE 1. PAH COMPOUNDS SELECTED

Benzo[a]pyrene

Pyrene

Fluoranthene
Phenanthrene

Chrysene
Indeno[1,2,3~cd]pyrene
Benzo[g,h,i]perylene

Anthracene

Samples were also assayed for total organic chlorine (TOCl) to provide a
general measure of the variability of chlorinated emissions. Since it was
apticipated that concentrations for many specific compounds would be near mini-
mum detectable levels, the variabilities observed for specific compounds may
be more representative of measurement error than emission variabilities. The
sensitivity of the TOCl procedure should allow more reliable detection of the
variability of emissions for chlorinated orgamics.
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A tiered scheme was used to economize on the total number of analyses
required. The tier 1 operations, schematically shown in Figure 4, included
sample extraction, TOCl assays, capillary gas chromatographic (HRGC) screen-
ing for halogenated compounds and hydrocarbons, and PAH analysis by capillary
gas chromatography/mass spectrometry (HRGC/MS). Extract amalysis by capil-
lary gas chromatography with Hall electrolytic conductivity and flame ioniza-
tion detectors (HRGC/Hall-FID) provided a semnsitive screen for halogenated
compounds that was used to aid the identification of specific halogenated
compounds in the HRGC/MS data. Some of the individual grab samples were com-
posited to form daily and shift composite samples prior to extractiom for
tier 1 analysis. The sample compositing scheme was provided by RTI.

The tier 2 analyses, also shown in Figure 4, focused on very sensitive
and selective determinations of PCBs, PCDDs, and PCDFs. Extracts were ana-
lyzed by HRGC/MS operated in selected ion monitoring mode (HRGC/MS-SIM).
Suspected responses for PCDDs and PCDFs were confirmed by using high resolu-
tion mass spectrometry (HRGC/HRMS-SIM). In addition, three extracts were sub-
mitted to the EPA laboratory at Research Triangle Park for collaborative con-
firmation of PCDDs and PCDFs.

The analytical quality assurance program included analyses of method
spikes, method blanks, and field blanks in addition to the use of stable
isotope-labelled surrogate compounds spiked into all samples to provide some
analytical recovery data for all samples. Scanning HRGC/MS analyses were con-
ducted using a stable isotope-labelled intermal standard, djg-anthracene.
HRGC/HRMS-SIM analyses for TCDD employed 37C14-2,3,7,8-tetrachlorodibenzo-p-
dioxin. In addition, two sets of check samples, one set for TOCl and one set
for specific chlorinated aromatic compounds, were sent to the two laboratories
conducting the tier 1 analyses.

The analytical methods used are described in detail in the subsections
that follow. Additional details of the analytical procedures are described
in methods manual for the nationwide combustion source survey.®

Tier 1 Methods

Sample Preparation and Compositing--

Flue gas samples--The contents of the two modified Method 5 sampling
trains used at each sampling point on each day were analyzed as a single sam-
ple. That is, the four trains used each sampling day (except for several days
at the Ames site on which outlet flue gas was not sampled) comprised daily
samples for outlet and inlet flue gas. Hence, the corresponding sample com-
ponents from both trains were extracted together, i.e., filters, cyclone catch,
train rinsings, and resin cartridges. All extracts resulting from the two
trains were then combinped.

All filters and cyclone catches were weighed prior to extractiom to al-
low estimation of particulate emissions. However, the filters were not des-
iccated to constant weight according to the Method 5 procedures in order to
maintain sample integrity for subsequent organic analyses. Hence, the par-
ticulate emissions estimates may not be valid.
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Grab samples--Portions of the ash, fuel, and aqueous samples were com-
posited according to a schedule provided by RTI to form daily and shift com-
posites for each sample type for selected sampling days. Fly ash, bottom ash,
and coal from the Ames site were prepared prior to compositing by pulverizing
in a ceramic ball mill with stainless steel balls.

Plant background air samples--The single combustion air sample collected
each day was extracted and analyzed individually. Prior to extraction, the
filters were weighed to allow estimation of the total particulate catch.

Sample Extraction--

Solid samples--In order to determine the most appropriate extraction
procedure, a number of solvent and extraction systems were evaluated using
samples of Ames fly ash spiked with selected PAH's and 1,2,3,4-TCDD. Chlor-
inated solvents were avoided in order to minimize the possibility of produc-
ing chlorinated species during the extraction. Preliminary evaluations of
simple sample-solvent contact techniques added by mechanical or ultrasonic
agitation produced low recoveries. Subsequent evaluations were focused on
Soxhlet and reflux procedures. Table 2 summarizes the results of evaluations
of seven sample pretreatment and solvent system combinations using Ames fly
ash spiked with selected PAHs and 1,2,3,4-TCDD. Pretreatment with water and
Soxhlet extraction with benzene provided the highest recovery for all spiked
compounds. The average recovery for the nine compounds was 81%. The range
of recoveries obtained with this procedure was 56 to 107%.

The influence of pretreatment with water on the extractability of the
target compounds is not clear. However, a general improvement in recoveries
was observed for extractions with acetone/cyclohexane azeotrope when water
was added to the ash prior to extraction. Similar effects have been reported
for soil and sediment extraction by many researchers. Possibly, the water
hydrates cations in the ash that tend to associate with the mobile mt-cloud of
polynuclear species so that they are more easily extractable.

Some researchers have reported good recoveries with procedures involving
pretreatment with aqueous acid and extraction with aromatic solvents, e.g.,
pretreatment with 1 N HCl and extraction with toluene.® However, this pro-
cedure was determined to be umsatisfactory for several reasons. Acid pretreat-
ment may encourage degradation of some compounds. Reflux or Soxhlet extraction
with toluene must be conducted at a higher temperature than for benzene (the
boiling points of toluene and benzene are 111 and 80°C, respectively) so that
thermally unstable and relatively volatile compounds may be lost. In addition,
toluene extracts cannot be conveniently concentrated using Kuderna-Danish
evaporation over a steam or hot water bath.

All solid samples were Soxhlet extracted with benzene for 8 to 16 hr.
The entire sample was extracted for the flue gas train components. Twenty-
gram aliquots of coal, refuse, refuse-derived fuel (RDF), bottom ash, and fly
ash were extracted. The fly ash was mixed with 10 ml of prepurified water
just prior to amalysis. All samples were spiked with the two surrogate spik-
ing compounds, dg-naphthalene and d,5-chrysene, just prior to extraction.
However, since the extracts for various flue gas components were later com-
bined, only one component for each flue gas sample was selected for surrogate
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TABLE 2. RECOVERY OF SELECTED PAHs AND 1,2,3,4-TCDD FROM AMES FLY ASH

% Recovery
D E

Compound A B [ F G
Phenanthrene 62 76 60 63 62 46 102
Anthracene 49 67 48 63 49 42 107
Fluoranthene 60 61 65 68 60 25 94
Pyrene 64 60 65 68 64 24 86
1,2,3,4-TCDD 72 54 74 75 72 67 81
Chrysene 38 40 Ns? NS 38 15 73
Benzo[a]pyrene 26 28 35 52 26 8 69
Indeno(1,2,3-c,d]pyrene 15 20 27 40 15 0 58
Benzo{g,h,i]perylene 17 24 25 41 17 0 56
Average 45 48 50 59 G4 25 81
Note: Soxhlet 16 hr, cyclohexane, dry fly ash (20 g).

Same as A except 5 ml Hp0 + 5 ml acetooe added to fly ash.

Soxhlet 16 hr, acetone/cyclohexane azeotrope (67% acetone).

Same as C except 5 ml Hp0 added to fly ash (80% cyclohexane).

Soxhlet 16 hr, cyclohexane/ethanol azeotrope + 10 ml water
on fly ash (20 g).

Reflux 4 hr with 250 ml Hy0 + 50 ml toluene.

Soxhlet 16 hr with benzene + 10 ml H,0 added to 20 g fly ash.

@ M Moo wP

a NS = No chrysene in spike.
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spiking. The component selected was varied so as to provide some recovery
data for all components. *

The extracts from coal, refuse, and RDF were washed with three 100-ml
portions of prepurified water to remove polar interferences. The extracts
from all solid samples were dried by passage through short colummns of pre-
extracted anhydrous sodium sulfate before concentration to 2 to 10 ml in
Kuderna-Danish evaporators. The extracts were further concentrated under a
gentle stream of dry nitrogen. The final extract volume was typically 1.0
ml. However, some extracts were analyzed at volumes ranging from 0.20 to
10.0 ml. All extracts were spiked with the internmal standard for scanning
HRGC/MS, d,o-anthracene, prior to analysis.

Aqueous samples--~All aqueous samples, i.e., flue gas rinses, first im-
pinger waters, overflow waters, raw waters, etc., were batch extracted in
separatory funnels with three 60-ml portions of cyclohexane. As in the case
of the solid samples, the aqueous samples were spiked with the surrogate spik-
ing compounds just prior to analysis. The resulting extracts were dried and
concentrated to 0.20 to 1.0 ml according to the procedures described for solid
samples.

TOC1l Assay--~

The TOCl contents of all extracts were determined using a simplified GC/
Hall procedure. A short packed column and a rapid temperature program were
used to elute all chromatographable compounds with volatilities equal to or
greater than dichlorobenzene as a single peak. The TOCl contents of sample
extracts were determined by comparing the area response of the peak with that
obtained for chlorinated standards. TOCl results were expressed as chloride.
The specific parameters used by SwRI and GSRI for TOCl assays of the Ames and
Chicago samples, respectively, are shown in Table 3. A sample TOCl chromato-
gram for an Aroclor 1254 PCB standard (GSRI procedure) is shown in Figure 5.

HRGC/Hall-FID Screening--

Sample extracts were screened by HRGC/Hall-FID prior to HRGC/MS analysis
to provide a preliminary indication of their halogenated and hydrocarbon con-
tents. In addition, the Hall responses were used to help identify elution
times on which to focus examination of the subsequent mass spectral data for
halogenated compounds. The specific parameters used by SwRI and GSRI are
shown in Table 4. Fused silica capillary columns were used with Grob-type
capillary injection systems operated in the splitless mode. GSRI did not have
a fused silica column effluent splitter available; hence, extracts from the
Chicago plant were screened using FID detection only.

Scanning HRGC/MS--

Sample extracts were analyzed by HRGC/MS to determine the target PAH com-
pounds and to allow identification and quantitation of specific chlorinated
compounds. The primary determinations of surrogate spiking compound recover-
ies were made from the HRGC/MS data. The chromatographic parameters utilized
were essentially identical to those used for the HRGC/Hall-FID screening.
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TABLE 3. TOC1 ANALYSIS PARAMETERS o

' SwRI GSRI
Parameter (Ames samples) (Chicago NW samples)
Column 0.9 m x 4 mm ID, glass 1.0 m x 2 mm ID, glass
Packing 2.5 cm of 10% SP-2100 3.8 cm of 2.5% SE-30 on
UltraBond 80/100 mesh Chromosorb G,

rest of column filled
with 80/100 mesh glass

beads
Carrier gas He at 60 ml/min He at 30 ml/min
Column temperature 60°C for 3 min, then 60°C for 3 min, then to
to 230°C at 40°C/min 250°C at 40°C/min
External standard chlorobiphenyl Aroclor 1254

compound
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TABLE 4. HRGC SCREENING PARAMETERS

SwRI GSRI
Parameter (Ames samples) (Chicago NW samples)
Column 30 m fused silica, 30 m fused silica,
wall coated with SE-30 wall coated with SE-30
Column temperature 100°C for 5 min, then 60°C for 2 min, then
to 300°C at 10°C/min to 300°C at 10°C/min
Detectors Hall-FID, 1:1 split FID

During the runs, the spectrometer was repetitively scanned over the range m/e
35 to 550 at 1.0 sec/scan. The PAH compounds, including the surrogates, were
identified using three extracted ion curremt plots (EICPs). The criteria for
compound identification are coincident peaks in all EICPs at the appropriate
retention time with the characteristic response ratios. Compounds identified
were quantitated by comparing the EICP response for the most abundant ion with
that for the same compound in a mixed standard solution.

Tier 2 Methods

Following completion of the tier 1 chemical analyses, RTI conducted a
statistical analysis of the TOCl results and constructed a preliminary design
for the nationwide survey based on the observed TOCl variabilities. The pre-
liminary survey design specified sampling programs of 5 and 3 days duration
for coal-fired and refuse-fired plants, respectively. Hence, in order to al-
low inclusion of the pilot study data in the survey data set, the extracts
were composited prior to further analysis to simulate a 5~day test at the Ames
plant and a 3-day test at the Chicago plant. The compositing scheme, provided
by RTI, is shown in Table 5. The composite extracts for each composite day
were prepared by combining equal volumes of daily composites from the desig-
nated sample days. This necessitated the preparation of daily composites from
shift composite extracts or individual sample extracts for many samples and
sample days.
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TABLE 5. EXTRACT COMPOSITING SCHEME FOR TIER 2 ANALYSES

Sample days combined

Composite day Ames samples Chicago samples
I 3/2, 3/15 5/6, 5/9, 5/16
II 3/13, 3/22 5/7, 5/10, 5/12
111 3/14, 3/19 5/11, 5/13, 5/15
Iv 3/17, 3/20
v 3/3, 3/23

The composite extracts were screened by HRGC/Hall-FID or HRGC/FID prior
to analysis for PAH compounds by scanning HRGC/MS, and for PCBs, PCDDs, and
PCDFs by HRGC/MS-SIM. Only extracts for which positive responses were ob-
tained for PCDDs and PCDFs were amalyzed by HRGC/HRMS-SIM.

HRGC/Hall-FID and HRGC/FID Screening--

The composited extracts were screened by HRGC/Hall-FID (Ames samples) or
HRGC/FID (Chicago samples) by the procedures described for Tier 1 screening
except that fused silica capillary columns wall-coated with SE-54 were used.

Scanning HRGC/MS Analysis--

The HRGC/MS procedures employed for the composite extracts were essen-
tially the same as was used for tier 1 analyses. The target PAH compounds
were determined and any other compounds observed were identified by manual
and computer-assisted spectral interpretation. Quantitative estimates for
all compounds identified were based on responses versus responses for the
same or similar compounds in standard solutionms.

HRGC/MS-SIM Analysis--

All composite extracts were screened for the presence of PCDDs and PCDFs
by HRGC/MS-SIM. The chromatographic parameters used by SwRI and GSRI for the
Ames and Chicago extracts, respectively, were the same as were used for scan-
ning HRGC/MS analyses. The ions selected for detection were the two most abun-
dant ions in the molecular cluster for each compound. No positive respomses
were detected in any of the Ames extracts. Positive responses were detected
in composite flue gas extracts from the Chicago plants. However, interfering
materials in the extracts hindered reliable identificatioms.

Three composite flue gas extracts from the Chicago plant were cleaned by
a vigorous base treatment, an acid treatment, and an alumina chromatographic
procedure specifically developed for PCDD and PCDF assays. The composited
extracts were split into two fractions each. One fraction was spiked with
1,2,3,4~tetrachlorodibenzo-p-dioxin and octachlorodibenzo-p-dioxin, and the
other fraction was not spiked. The extracts were stirred with 45% aqueous
KOH solution at ambient temperature for 3 hr. The mixture was extracted with
hexane and the extract was washed with concentrated sulfuric acid until the
washes remained colorless. The extract was concentrated and chromatographed
on an alumina column using dichloromethane as the eluting solvent.
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The cleaned extracts were analyzed at MRI by HRGC/MS~SIM. The instrut
mental parameters are listed in Table 6. These analyses were conducted using
a high resolution mass spectrometer operated at 1,000 resolution (}0% valley).
Positive PCDD and PCDF responses were detected in all extracts. .Sznce low
resolution mass spectrometric analysis of PCDDs and PCDFs inm envzronmeetal
extracts may be obscured by the presence of similar chlorinated aromatic com-
pounds (e.g., PCB's), these extracts were held for analysis by capilla;y gas
chromatograpy/high resolution mass spectrometry using selected ion monitoring
(HRGC/HRMS-SIM).

TABLE 6. HRGC/MS PARAMETERS USED FOR ANALYSES OF PCDDs AND PCDFs IN
COMPOSITE CHICAGO NW FLUE GAS OUTLET EXTRACTS

Column 18 m fused silica wall-coated with SE-54

Column temperature 110°C for 2 min, them to 325°C at 10°C/
min

Injector J&W on=-column

Spectrometer resolution 1,000 (10% valley)

Scan rate 1-2 sec/scan (3-5 ions/scan)

Ions selected (m/e)

Trichlorodibenzo~-p-dioxin 285.9, 287.9
Tetrachlorodibenzo-p-dioxin 319.9, 321.9
Pentachlorodibenzo~-p-dioxin 353.9, 355.9
Hexachlorodibenzo-p~dioxin 389.8, 391.8
Heptachlorodibenzo-p~dioxin 423.8, 425.8
Octachlorodibenzo-p-dioxin 457.7, 459.7
Trichlorodibenzofuran 269.9, 271.9
Tetrachlorodibenzofuran 303.9, 305.9
Pentachlorodibenzofuran 337.9, 339.9
Hexachlorodibenzofuran 373.8, 375.8
Heptachlorodibenzofuran 407.8, 409.8
Octachlorodibenzofuran 441.7, 443.7

The Ames and Chicago composite flue gas outlet extracts were also amalyzed
at MRI for PCBs by HRGC/MS-SIM. The instrumental parameters and ions selected
are shown in Table 7. The focused ions were switched several times during a
single HRGC/MS run so that all PCB compounds could be apalyzed in two runs,
one for odd chlorine substitutioms and a second for even chlorine substitu-~
tions. PCBs were quantitated by comparing the total area respomnse for all
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TABLE 7.

HRGC/MS-SIM PARAMETERS USED FOR ANALYSIS OF PCBs
IN COMPOSITE FLUE GAS OUTLET EXTRACTS

Column

Column temperature

15 m fused silica, wall-coated with DB-5

(a specially bonded SE-54 coating)

60°C for 2 min, then to 265°C at 8°C/min

Injector Grob-type, splitless
Spectrometer resolution 1,000 (10% valley)
Scan rate 1-2 sec/scan (2-4 ions/scan)

Ions selected (m/e)

Dichlorobiphenyl 221.9, 223.9
Trichlorobiphenyl 255.9, 257.9
Tetrachlorobiphenyl 291.9, 293.9
Pentachlorobiphenyl 323.9, 325.9
Hexachlorobiphenyl 357.8, 359.8
Heptachlorobiphenyl 393.8, 395.8
Octachlorobiphenyl 427.7, 429.7
Nonochlorobiphenyl 461.7, 463.7

compounds identified for a specific chlorine substitution with the area re-
sponse for a specific isomer of the same chlorine substitution number. For
example, total trichlorobiphenyls were quantitated against 2,5,2'-trichloro-

biphenyl. The PCB

TABLE 8.

isomers used for quantitation are listed in Table 8.

PCB COMPOUNDS USED FOR DETERMINATIONS IN COMPOSITE
FLUE GAS OUTLET EXTRACTS

y2'-Dichlorobiphenyl
,4'-Dichlorobiphenyl
»3,2'=Trichlorobiphenyl

»4,2' ,4'-Tetrachlorobiphenyl
»4,2' ,5'-Tetrachlorobiphenyl
y4,5,6-Pentachlorobiphenyl
y6,2',4',6'-Hexachlorobiphenyl
4,2',3',4'-Hexachlorobiphenyl
4,5,6,2',5'-Heptachlorobiphenyl
4,5,2',3',4",5'-0ctachlorobiphenyl

2
4
2
2
2
2
2
2,3,
2,3,

2,3,

Decachlorobiphenyl

4
4
3
4
3
3
3
o

’
’
’
’
’

e
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HRGC/HRMS-SIM Confirmatory Analysis of PCDDs and PCDFs-- ] _

PCDDs and PCDFs were identified and quantitated in the composite Chicago
flue gas outlet extracts by HRGC/HRMS-SIM. The instrumental parameters em=
ployed were the same as for low resolution screening at MRI except that the
spectrometer was operated at 10,000 resolution (10% valley). The selected
ions monitored are listed in Table 9.

In order to achieve maximum semsitivity while minimizing the number of
HRGC/HRMS-SIM runs, ions for a specific chlorine substitution for b?th dioxins
and furans were monitored in a single run. For example, trichlorodibenzo-p-
dioxins and trichlorodibenzofurans were analyzed in the same run. However,
the tetra-substituted compounds were analyzed in separate runs to provide even
better sensitivity for the most toxic PCDDs and PCDFs.

The PCDD and PCDF compounds identified were quantitated by coypar@ng tge
total area response for all compounds of a specific chlorine substitution with
the area response for a specific isomer of the same chlorine sgbst1tut1?n
number. The specific PCDD and PCDF isomers used for quantitation are listed
in Table 10. Compounds for which no corresponding authentic compound was
available were quantitated against the most similar compound. Hence,.hexa~
chlorodibenzofurans were quantitated against hexachlorodibenzo-p-dioxin. The
response factor used for pentachlorodibenzodioxins was the average of responses
for tetra- and hexa-isomers. Tetrachlorodibenzo-p~dioxins were quantitated.
using 37C14-2,3,7,8-tetrachlorodibenzo-p~dioxin as an internmal standard. Since
discrete isomers were not identified, only totals were determined for each
chlorine substitution.

A separate HRGC/HRMS-SIM analysis with a 60-m Carbowax column was used
to determine 2,3,7,8-tetrachlorodibenzo-p~dioxin. The instrumental parameters
are shown in Table 11. The Carbowax column, although providing good separa-
tion of specific tetra-isomers, required longer analysis times and caused
signficant peak broadening. Hence, it was not used for general PCDD and PCDF
analyses. The internal standard method employing 37Cl-labeled compound was
used for quantitation.

Quality Assurance Procedures

The analytical quality assurance program consisted of the use of surrogate
spiking compounds in all samples; the use of internal standards for most GC/MS
analyses; analyses of field blanks and method blanks; and interlaboratory com-
parison studies for selected determinations. Surrogate spiking compounds were
used as the primary analytical quality indicators. The two stable isotope
labeled surrogates, dg-naphthalene and d;p~chrysene, were spiked immediately
prior to extraction into all samples at 5 to 10 times the limits of detection.
The surrogate concentrations were determined using scanning HRGC/MS data.

The surrogate compound recoveries provide indications of overall quality of
the extraction and extract concentration procedures.

All scanning HRGC/MS analyses were conducted using djg-anthracene as the

internal standard. Tetrachlorodibenzo-p-dioxin analyses by HRGC/HRMS-SIM were
conducted using 37C14-2,3,7,8-tetrachlorodibenzo~p~dioxin.
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TABLE 9. IONS MONITORED DURING HRGC/HRMS CONFIRMATORY ANALYSIS
OF PCDDs AND PCDFs IN COMPOSITE CHICAGO NW FLUE
GAS OUTLET EXTRACTS

Compound m/e
Trichlorodibenzo-p~dioxin 285.9355, 287.9325
Tetrachlorodibenzo-p~dioxin 319.8965, 321.936
37€14-2,3,7,8-Tetrachlorodibenzo-p-dioxin 327.8847

(internal standard)
Pentachlorodibenzo~p-dioxin 353.8887, 355.8858
Hexachlorodibenzo-p-dioxin 389.8157, 391.8127
Heptachlorodibenzo-p~dioxin 423.7688, 425.7659
Octachlorodibenzo-p-dioxin 457.7377, 459.7347
Trichlorodibenzofuran 269.9406, 271.9376
Tetrachloridibenzofuran 303.9017, 305.8987
Pentachlorodibenzofuran 337.8938, 339,8909
Hexachlorodibenzofuran 373.8208, 375.8178
Heptachlorodibenzofuran 407.7739, 409.7710
Octachlorodibenzofuran 441.7428, 443.7398

TABLE 10. PCDD AND PCDF COMPOUNDS USED FOR DETERMINATIONS IN
COMPOSITE CHICAGO NW FLUE GAS OUTLET EXTRACTS

1,2,4-Trichlorodibenzo-p-dioxin
1,2,3,4-Tetrachlorodibenzo~-p-dioxin
2,3,7,8-Tetrachlorodibenzo-p-dioxin
Hexachlorodibenzo-p-dioxin

(isomer unknown)
Octachlorodibenzo-p-dioxin
2,3,7,8-Tetrachlorodibenzofuran
Octachlorodibenzofuran
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TABLE 11. HRGC/HRMS PARAMETERS USED FOR ANALYSIS OF 2,3,7,8-TETRACHLORO-
DIBENZO-p-DIOXIN IN COMPOSITE CHICAGO NW FLUE GAS OUTLET EXTRACTS

Column 60 m fused silica, wall-coated with
Carbowax 20M

Column temperature 110°C for 2 min, then to 220°C at
10°C/min

Injector J&W on-column (1 pl injection)

Spectrometer resolution 10,000 (10% valley)

Scan rate 1 sec/scan (3 ions)

Ions selected

Tetrachlorodibenzo-p-dioxin 319.8965, 321.8936
37C142,3,7,8-Tetrachloro-p-
dioxin (internal standard) 327.8847

Analyses of field blanks and method blanks (i.e., laboratory blanks) pro-
vided indications of possible sample contamination due to contact with the
sampling and analysis equipment as well as general sample and extract handling.
Field blanks comprised 10 to 15% of the total samples and included unused com-
ponents of the flue gas sampling train, a complete sampling train for each
plant (as described in Section 5), unused sample containers, and aliquots of
solvents used for sample recovery at the plant. Method blanks were extracts
prepared in the same manner as sample extracts although no samples were ex-
tracted.

Since the tier 1 analyses were conducted by two laboratories (SwRI and
GSRI), interlaboratory comparison studies were conducted to check the compar-
ability of the resulting data. Three such studies were conducted. Compara-
bility of TOCl results was investigated by a set of TOCl check extracts pre-
pared by MRI and by an exchange of selected sample extracts between SwRI and
GSRI. Check samples of fly ash spiked with selected chlorinated compounds
were also prepared by MRI and analyzed by SwRI and GSRI using HRGC/Hall and
scanning HRGC/MS. In additiom, extracts in which positive responses were ob-
served for PCDDs and PCDFs by HRGC/HRMS-SIM were submitted to Robert Harless
at EPA's Environmental Monitoring and Support Laboratory in Research Triangle
Park for collaborative analysis. The results of these analyses are described
in Section 9.
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CADMIUM

Samples of fly ash weighing 0.1 g or samples of bottom ash weighing 0.1
to 1 g were placed in 150-ml beakers that had been precleamed with nitric
acid. Ten milliliters of aqua regia were initially added to each ash sample.
The samples were gently heated and allowed to reflux until the evolution of
yellow fumes subsided. An additional 5 ml of aqua regia was then added, and
the ash was allowed to continue digesting. Another 5 ml of aqua regia was
added to all samples, and the samples were allowed to digest for at least 20
more min.

The samples were permitted to cool, and all of the material was trams-
ferred to 50-ml plastic centrifuge tubes. Centrifugation was accomplished at
2,500 rpm for approximately 5 min. The supernatant liquid was transferred by
Pasteur pipets to the original beakers. Deionized water was added to the
residue in the centrifuge tubes, the mixtures were agitated, the tubes were
once again centrifuged, and the supernatant was added to that in the original
beakers. This washing procedure was repeated again. The residue remaining
in the centrifuge tube was then washed three times with a 5% (v/v) aitric acid
solution. For each washing, 5 ml of the acid solution was added to each sam-~
ple, and the samples were centrifuged and processed as described above.

The final solutions in the beakers (approximately 85 ml) were returned
to the hot plate and heated gently until the volume of the solution was re-
duced to 20 ml. The solutions were allowed to cool, filtered through Whatman
No. 4 filter paper, and diluted to 50 ml with deionized water.

A modification of this procedure was used for the digestion of refuse
and filter samples. Fifteen milliliters of aqua regia and 10 ml of deionized
water were added to 1-g portions of refuse or to the entire air filter. Tap
water and probe-rinse water were digested by adding 3 ml of concentrated aitric
acid and 1 ml of concentrated hydrochloric acid to 200 ml of sample and heating
gently until the volume was reduced to less than 50 ml. The digested sample
was diluted to 50 ml with deionized water. Solutions prepared by digestion
of solid samples were analyzed by flame atomic absorption spectrophotometry
(AAS) using an air-acetylene flame. Water samples were analyzed by heated-
graphite atomization AAS.

A comprehensive QA/QC control program was conducted for cadmium analy-
ses. The program included analysis of the National Bureau of Standards coal
fly ash standard reference material, aqueous solutions of cadmium prepared
in-house, fortified and duplicate samples, and reagent blanks. Samples were
usually digested and analyzed in groups of eight: four distinct samples, a
duplicate of one of the original four which had been fortified with 10 pg of
cadmium, a duplicate of another of the original four which was unaltered, a
quality-control sample, and a reagent blank. The fresh dilutions of a stan-
dard solution of cadmium were prepared on each day of analysis and were used
to calibrate the AAS.

The precision and accuracy of the analytical method used by GSRI were

determined by analysis of a coal fly ash standard reference material from the
National Bureau of Standards (NBS) and fortified fly ash from the Chicago
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Northwest Incinerator. The average and standard deviation of the percentage
of cadmium recovered by analysis of four replicate samples of the NBS coal
fly ash was 98 * 11. Analysis of seven replicate samples of incinerator fly
ash showed the cadmium concentration to be 260 pg/g. The recovery of cadmium
from the incinerator fly ash was determined by analysis of samples fortified
with cadmium. The results of the recovery study are presented in Table 12.
An average of 95 * 15% of the cadmium was recovered from the fortified sam-
ples. SwRI provided QA measures in terms of analysis of all sample types
spiked at the levels shown in Table 13.
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TABLE 12.

RECOVERY OF CADMIUM FROM FORTIFIED SAMPLES OF
FLY ASH FROM THE CHICAGO NW INCINERATOR

Cadmium in Cadmium Cadmium
original added to determined Percent
sample sample in fortified cadmium
Sample (vg/g)? (Hg/8) sample (yug/s) recovered
1 260 100 330 70
2 260 99 370 111
3 260 100 360 100
4 260 97 350 93
5 260 100 360 100
6 260 100 370 110
7 260 100 340 80
Mean recovery 95
Standard deviation 15

a Average of seven replicate amalyses.

TABLE 13. RECOVERY OF CADMIUM FROM FORTIFIED SAMPLES
FROM THE AMES MUNICIPAL POWER PLANT
Sample type Spike level Recovery
Fly ash 0.5 pg/g 97
Bottom ash 0.5 pg/g 93
Refuse 0.1 ug/g 98
Coal 0.5 ug/g 1A
Aqueous 4 pg/100 ml 110
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SECTION 7
FIELD TEST DATA

AMES MUNICIPAL POWER PLANT, UNIT NO. 7

The field test activity at the Ames Mumicipal Power Plant took place
from February 25, 1980 to March 28, 1980. All required tests were completed
and all recovered samples were sent to SwRI for analysis.

A summary of the reduced data for flue gas sampling on a daily basis as
calculated from the field data sheets is presented in Table 14. The followf
ing abbreviations are used throughout this report: DSCF = dry standarq cubic
feet, DSCM = dry standard cubic meters, ACFM = actual cubic feet per minute,
DSCFM = dry standard cubic feet per minute, and DSCMM = dry standard cubic
meters per minute. The data listed are corrected to standard conditionms, i.e.,
20°C (68°F) and a barometric pressure of 29.92 in. of mercury (1.0 atm). Per-
cent isokinetic is the sampling velocity expressed as percent of the gas ve-
locity in the stack or duct at the sampling points. Events that may have
created uncertainties as to the quality of the flue gas sampling procedures
are noted. Due to severe weather conditions, flue gas outlet samples were
not collected on test days 3 to 11.

Process data was monitored on an hourly basis during the entire testing
period. Table 15 presents a summary of the pertinent process data as averages
for daily 24-hr plant operation and operation during the flue gas sampling
durations. The process data gathered indicated that the operating conditions
fluctuated in patterns related to the amount of electricity generation demand
placed on the boiler, and on the type of fuel being burned to meet that de-
mand. Overall fluctuation consisted of two components. The first component
was the daily variation. The load peaked in the afternoon and fell to a min-
imum before dawn. The second type of variation was caused by sudden opera-
tional changes, which was due to reduced power gemeration for various reasons
such as the buying of cheaper power from a private utility, or the reduction
in flow of RDF to the boiler.

Unit No. 7 was generally operated between a range of 16 to 35 MW. Pro-
duction over 35 MW placed considerable wear on the unit, and was avoided when~
ever possible. Production under 16 MW introduced instability and the possi-
bility of large transient swings in operating conditions. Usually the boiler
was operating close to ome of these limits. It operated at 35 MW during peak-
loads because the load of the serviced community was over 35 MW. Production
was reduced to 16 MW when off-peak power could be bought more cheaply from
neighboring utilities.
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TABLE 14. DAILY DATA SUHHARIES FOR FLUE GAS SAMPLING, ANES HUNICIPAL POWER PPLANT, UNIT NO. ?

__ Gas_compouftion® Stack L 1sokiaetic
Date  Test Sampling Sample volume 0, €0, co THC  tempecature Holecular Hoisture Velocity Gas flow rate
(1980) no. location DSCF DScH % 3 phm ppm °F weight 3 ft/sec ACFit DSCFH  DSCHH 1
[ 4
Horth 204.62  5.80 4.48 12.79 18.00 <2  334.31 29.01 9.95  33.55 61.83
Inler Sough  262.52  1.43 4.48 12.79 18.00 <2  311.78 29.35 1.5 29.09 247,700 147,000 4,162 5.,
3-2 : 1647 20410 6.06 6.34 11.31 15.00 <2  320.93 29.30 6.312  22.69 86.20
Outlev o630 243.02  6.88 6.3& 11.31 15.00 <2  309.92 29.31 6.26  26.79 296,000 182,000 5,133 o4,y
North® 173.54  4.92 4.38 12.80 - <2 351.55 29.34 8.39  37.78 -
North® 126.93  3.60 4.33 13.80 12.00 <2  373.36 29.32 8.59  42.94 95.73
-3 2 1ol South{ 212.05  6.01 4.33 11.80 12.00 <2  234.83 29.41 7.81  46.6) 630,300 376,000 10,650 g4’y
South! 101.52  2.88 4.33 13.80 11.00 <2  369.90 29.39 7.9 315 107.14
166  324.36  9.19 5.87 12.46 $1.00 <2 342.38 29.31 7.45  26.00 96.33
Outlet 563 307.31  8.70 5.87 12.4k 11.00 <2  336.9&-  29.31 7.48 2610 124,600 190,600 5,397 o555
North 184.20  5.22 4.43 14.41 17.00 <2  370.46 29.56 7.43  45.10 95.59
Inlet oo th 252.78  7.16 4.43 14.41 17.00 <2  352.55 29.10 9.48  43.72 346,200 193,100 5,467 ),
3-4 3 outlet 1648
et 2538
North 256.86 7.28 4.41 14.56 18.00 <2  361.09 29.49 8.16  43.20 91.43
Iolet  Susgh 206.73 699 4.41 14.56 18.00 <2 349.2) 29.38 9.03  41.09 333,300 183,800 5,315 5.5,
3-5 4 154
Outlet 253"
3-6 s Novth 367.65 10.41 4.35 13.79 18.00 <2  363.83 29.28 8.93  42.92 97.28
lnlet ot 323.17  9.15 4.35 13.19 18.00 <2  347.46 29.18 9.72  43.48 341,600 200,300 5,671 g5,
3-7 6 North 368.68 10.44 4.59 13.92 16.00 <2  351.00 28.14  18.32  43.61 o o 105.93
lolet o b 365.42 10.35 4.59 13.92 16.00 <2  335.86 29.27 9.18  4b.0) 346,400 187,400 5,307 To.° o0
3-8 7 North 351.42  9.95 4.79 13.60 28.00 <2  377.55 29.19 9.56  139.62 00 o 455 103.56
lalet o uth  333.61  9.45 4.79 13.60 28.00 <2  359.83 29.16 9.75 39,28 312,000 171,460 4,855 .5,
North) 74.03 2,10 7.1 1.6 25.00 <2 316.83 29.19 .19 0.2 95.60
North! 204.81 835 2.1 1.6 25.00 <2  364.73 29.16 8.05  30.38 00 266.000 6.0oa 8-S
3-9 s olet o) 121092 3,45 7.1 11,6 25.00 <2 344.08 29.20 7.18  36.43 492,300 286, 1098 106.23
south) 140.22 392 7.1 11.6 25.00 <2  315.88 29.17 8.02  21.38 50.55
k
3-10 9 North® 130.81  3.70 3.7 13.9 25.00 <2  152.09 29.31 8.5  45.2) 00 196.200 .55 8886
lalev  coend 19361 S5.48 3.7 13.9 25.00 <2  130.65 28.25 17.13 4377 51,900 19, 3,555 gg 59
311 10 Noclh  394.09 §1.16 4.7 13.5 22.0 <2  374.75 29.49 6.98  45.68 w0 201000 5652 7
Inlet o .tk 183.01 10.85 4.7 11.5 22.00 <2 356.59 29.30 8.48 4420 339 ’ 5, 105.29
L}
3-12 i . North
Inlet South

(cont fnued)
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TARLE 14 (continucd)

_ Gas 5un‘:p§!I_lt_mn . Sitack o Isokinet ic
Date  Test Sampliog Sample volume 0, Co, (X0} THC tempesature Holecular Hoistuee Velocsty  Gas flow L rale
(1980) no location DSCF nsey 1 % P - ° welght 1 i /sre ACEN DSCHH pseny
North 350.46  9.92 3.34 15.56 21.00 <2  161.18 29.5) B 61  42.45 102.35
0o 5,298
Inter South  369.82 10.47 1.34 5.56 21.00 <2 140,61 29 54 8.5¢ 4141 132000 Al 102.2)
3-13 12 184 158.98 4.50 S5.17 13.97 18.00 <2 31944 29 56 7.10 25.85 0 S 1n.12
Outlet o3 305.29  10.35 S.17 13.97 18.00 < 2 115.08 29.28 9.3 26.58 126,700 191,6 A o
North 374.34 10.60 3.70 14.8) 28.00 <2  I84.68 29 9.6 41 48 , l101.27
Inlel  south  352.11  9.97 1.70 14.81 28.00 <2  315.70 29.30 9.70  41.49 136,000 185,400 5,25 107.20
314 1 166 367.70  10.42 5.31 13.08 30.00 < 2 365.94 29.14 9.60  24.34 99.80
0o 4,8
Outdel 283 350,36 9.95 5.31 13.1A 30.00 <2  ISA.I5 29.15 9.50  24.84 06,306 170,300 4,822 4. 5,
North  276.77 1.8 6.3) 12.59 22.00 <2  1368.2) 29.2 8.16  30.85 a3 1021
Inlet  south  268.37  7.60 6.31 12.59 22.00 <2  351.65 28.32 7.68  29.96 240,400 135,400 3,83 102.6;
3-15 1“ 186 219.13 .06 8.37 10.67 19.00 <2  319.42 29.09 1.88  20.00 ‘ 104.0
Outlel 253 307.00 .69 8.37 10.6] 19.00 <2  156.65 29.10 1.8 21, 257,500 152,100 4,301 ¢ gy
Nosth  359.80 10.19 3.7) 14.40 22.00 < 2 31.2) 29.0% 8.8) 4).89 106.85
Ialet  South  390.47  11.06 3.13 14.40 22.00 < 2 48,41 29.44 811 42.84 5000 189,000 5,351 g4 g
LWT) 15 186 406.86 11.52 5.43 12.90 22.00 <2  354.56 29.21 T 26.01 107.18
Outlet 283  39).8¢  11.10 5.43 12.90 22.00 < 2 5.1 29.25 8.43 27,27 12100 191,500 5,623 g0,
North 369.16 10.45 3.82 14.39 23.00 < 2 181.96 29.29 9.36  43.06 100.17
Iolet  South  371.50  10.52 3.82 14.39 23.00 <2  354.96 29.37 073 4i.gy 135,900 186,300 . 5,204 0474,
3-18 16 166 392.69 11.12 5.42 13.00 24.00 < 2 16006 29.24 8.62  21.12 99.82
Outlet ac3 353.25  10.00 5.42 13.00 24.00 < 2 357.50 29.18 9.09 25.60 128,600 187,800 5,319 .4,
North 349.7%  9.90 3.60 14.40 24.00 < 2 180.28 29.29 9.68  41.8] 107.21
lnlet  South  368.7S  10.46 .60 14.40 24.00 <2  161.59 29.37 868 43.42 V37,300 184,300 5,218 4,0,
3-19 " 186 374.30  10.60 5.30 13.00 26.00 <2  311.12 29.03 10.28  26.75 101.03
Outlet 563  360.58 10.21 5.30 13.00 26.00 <2  165.9% 29.24 8.59  26.92  114.300 185,300 5,246 ,,7c,
North_ 141.89  9.85 3.80 13.80 22.00 <2  150.96 29.73 8.0 42.13 92.21
Inlet  South® 368.08 10.42 3.80 13.80 22.00 < 2 342.65 29.39 7.86 42.01 33000 191000 5408 .0,
1-20 I &  156.20 10.09 6.00 12.50 )7.U0 < 2 11812 29.29 .19 24.63 95.09
Qutlet  oga 388.52  11.00 6.00 12.50 17.00 < 2 342.84 29.21 8.4 26.91 121,200 188,400 5,30 457,
North  363.46  10.29 13.60 14.20 18.00 < 2 34B.Gh 29.36 8.5  41.65 105,17
lodet  couth  348.60  9.87 3.00 14.20 18.00 < 2 342.09 29.41 8.07 39.63  J21,400 185,000 5,239 .00,
3-22 19 186 402.04  11.39 5.30 12.70 3B.00 < 2 340.00 29.19 8.61  26.26 0410 *
Outhet 5g3  400.16  11.36 5.10 12.70 18.00 < 2 310,60 29.24 8.23 26,81 0700 195,500 5,507 T4y 4y
North  316.53  9.53 6.00 12.60 <2 36641 29.26 8.16  28.65 103.54
Inlet  South  330.73  9.37 6.00 12.60 <2 355.40 28.69 12,74 21,26 221,100 120,500 3,440 \qTg9
123 20 186 301.61  B.56 9.]0 10.0p <2 354, 1) 28 82 9.1 16.63 . 110.45
Qutlet ,cy 358.98  10.17 9.70 10.00 <2 IR 1) 29.28 .87 jo gn 226,400 12,880 3,760 . o0

(cont inued)
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TABLE 14 (concladed)

P
Date  Test Sampling Sample volume_ 63—9!5C53=P25é5!2” Tic (rm:t:::ulr Holedular Hoistare Velocity Gas I‘la.nvl‘1 llo::t:llt
(1980) no. location DSCF ~ hscH 4 1 PP ppa °F weight % ft/sec  ACKH ~ DSCFH ~ DSCHH 1
3-24 21 Outlet ;52, 130.42 3.69 5.4 1.2 <2 103,47 29.15 9.53 25.76 160.500 90,170 2,553 103.72
325 22 Molet ::;:::p
Outlet ;az, 122.19 3.8 5.4 13.2 <2 356.40 29.10 9.92 24.58 153,200 87,030 2,464 101.06
a26 23 et SR s 9077 600 12.60 <3 mlas  aele sles  anap 20 Ke2500 4o (L7
Outlet ;éz 138.67 3.93 4.80 13.70 <2 364.38 29.24 9.26 26.42 164,700 93,240 2,640 106.64
a Average values for duration of test.
b  Sum of flow through total inlet sud tolal outlet, )
¢ Low volume collected due Lo high leak rate at end. Volume was corrected for leak cate. Test qualily (air.
d Low volume collected due Lo [reezing of impingers. Test quality was good.
e At 250 min, noted nozzle pointed in wrong direction. Switchied nozzle from 0.312 to 0.250 in. diameter tip to maintain isokinetic flow.
Test quality was good tor gas and fair for particulare.
f Switched nozzle from 0.3)12 (o 0.237 in. diameter tip Lo maintain isokinetic flaw.
8 Due to anow and icy conditions, no sample was obtained.
h  Cancelled per fostructions of EPA until 3/13/80.
i Switched nozzle from 0.250 to 0.310 in. diameler Lip Lo maintain isokinetic flow.
J Switched nozzle from 0.3)0 1o 0.240 wilh diameter tip Lo maintain isokinetic {low.
¥ Probe faund broken at 140 min, no samples retalned. Tost restarted with a new probe bul only one half the duct was traversed due Lo freezing
conditions. Test quality was fair.
1 No solutions retajned due Lo backup of Hy0, into all implugecs. The vesin, cyclone and filters were retained. Test quality was fair.
@ QA test cancelled atter 240 min due Lo leak al one of Lhe probe Lips.
n Test stopped at 296 min due Lo continual freezing ol the train components. Test guality was tair to poor.
v FProhlema wilh the Batelle tsap freczing and leaks in the Teflon line were entonntered.  The Tilter and Leaps were replaced to solve leak prohlens.

Test quality was fuir to good.

QA test unly.  No samples were saved because nozzle was in the weung direition aul the test wounld not be duplicate.



TABLE 15. AVERAGE PROCESS DATA FOR THE AMES MUNICIPAL
POWER PLANT, UNIT NO. 7
Flue gas
24=hr test duration
Process data process data
Standard Standard
Mean deviation Mean deviation
Steam flow rate 255 35 289 50
(1,000 1b/hr)
Steam pressure (psig) 852 3 853 3
Steam temperature (°F) 862 3 896 5
Feedwater flow rate 263 37 298 51
(1,000 1b/hr)
Fe?2;§ter temperature 366 16 377 19
Fuel feed rate 1 30.4 3.2
(1,000's lbs/hr) 2 30.6 3.4 3.1 4.2
Fuel oil (gal./hr) 10.7 11.2 - -
I.D. fans amps 45 1 46 2
I.D. fans pressure (psig) 5.5 0.7 5.9 1
F.D. fans amps 29 1 30 1.
F.D. fans pressure (psig) 4.0 0.6 4.5 0.9
Furnace draft (psig) 0.6 - 0.6 g.
Flue gas temperature (°F)
Boilgr ex%t 667 24 674 31
ESP inlet 323 15 326 18
Ambient temperature (°F) 31 13 392 20
Ambient pressure in. Hg 29.01 0.13 29.01 0.13

a Not total time means.
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The daily mean of gross electrical output (24-hr basis) was typically
between 29 and 32 MW due to boiler operation at full output for a large por-
tion of the day. In fact, the hourly readings indicated that output was
rarely below 35 MW between the hours of 8 AM and 10 PM or longer. During
non-peak hours the boiler operated between 16 and 25 MW, depending on load
and the amount of power being purchased from neighboring utilities.

Fuel consumption varied directly with the amount of electricity produced.
Of the three types of fuels used in Unit No. 7 (coal, RDF, and fuel oil), coal
was used in the largest quantity. The amount of RDF burned was limited to
approximately 17% in terms of the total heat produced. This was because RDF,
due to its lower heating value, cannot sustain sufficient temperatures to
maintain required boiler efficiency and steam quality. Also, RDF requires a
longer residence time in the boiler for complete combustion, and this places
another physical restriction on the amount of RDF in the fuel mixture. Fuel
0oil is used sparingly, and only as an igniter to insure flame continuity dur-
ing soot blowing. The large variations in fuel oil consumption noted in Table
15 were more related to operating practices than to the boiler requirements.

The means and standard deviations for coal consumption follow those of
the gross electrical output. This indicates that coal consumption is closely
related to electrical output, as expected. However, these daily averages mask
out one important effect. The amount of coal burned depends on whether there
is RDF in the mixture or not. All other things being equal, the flow of coal
will always go up or down, depending on whether RDF is being removed or intro-
duced into the mixture, respectively.

Data for the steam cycle in the boiler are also listed in Table 15 on an
average basis. Examination of the data on a daily basis indicated that the
steam and feedwater flow rates fluctuate in a daily cycle, with means and
standard deviations following the gross electrical output. However, the
values for steam temperature and pressure remain fairly comstant. The feed-
water temperature also varied. It was higher on days of high electricity pro-
duction, and lower on days of low production.

The induced and forced draft fan measurements listed in Table 15 are of
limited significance, since they did not respond to increases in production
with greater airflows and correspondingly greater current consumption. The
furnace draft data indicated little or no correspondence to any of the other
measured data. Most of the flue gas and ESP inlet temperature readings were
incomplete as they did not cover the entire 24-hr day. Most of this informa-
tion was recorded during peak operation, and may therefore be considered rep-
resentative for peak operation conditions. Both the flue gas and ESP inlet
temperatures decreased during off-peak periods.

The continuous supply of RDF to the boiler during the test was found to
be unreliable. The RDF conveyors which feed Unit No. 7 were prone to jamming
and required frequent maintenance. Often the RDF supply ran out because the
solid waste recovery plant was experiencing mechanical problems, or had run
out of refuse to process. The durations of RDF-firing during the flue gas
sampling periods are shown in Table 16 along with the mean coal feed rates.
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TABLE 16. FUEL COMBUSTION DURING FLUE GAS SAMPLING

Mean coal Mean.RDF

feed rate den51t§
Date Test period (1,000 1b/hr)  RDF feed period (1b/£t*)
3/2/80 1120-2000 34.9 None -
3/3/80 0920-1855 36.2 1100-1530 5
3/4/80 0900-1800 34.3 Entire run 6.7
3/5/80 0900-1820 35.5 1020-finish 5
3/6/80 0840-2140 35.4 0900-finish 4.3
3/7/80 0850-2220 35.7 1230-finish 4
3/8/80 0840-2215 32.1 0900-finish 3.7
3/9/80 0830-2211 25.2 None -
3/10/80 0810-1733 36.3 1512-finish 4
3/11/80 0825-2235 33.8 Entire run 4
3/12/80 0910-1315 35.1 Entire run 4.3
3/13/80 0835-2147 38.6 1608-finish 4.3
3/14/80 0840-2255 34.4 Entire 4.5
3/15/80 0905-2206 23.0 None .
3/17/80 0849-2225 35.1 1010-1105 NA

1340-finish
3/18/80 0900-2325 33.5 Entire run 3.7
3/19/80 0843-2407 32.6 Start-1310 4
1610-finish

3/20/80 0905-1625 33.3 1100-1135 3.5
3/22/80 0947-16412 33.2 Start-1212
3/23/80 0927-1410 21.4 None -
3/24/80 1110-1547 33.1 Entire run 4
3/25/80 1120~1546 33.8 Entire run 3.8
3/26/80 0922-1406 35.1 Start-1330 3.3

a NA = not available.

Out of 23 days of sampling, RDF was burned during the entire test run for
only 7 days. On 12 days RDF was burned part of the time, and on 4 days it
was not burned during the flue gas sampling.

Routine activities such as ash removal and soot blowing were performed
at times designated in the test plan. RDF was observed to have a substan-
tially higher ash content than coal, and this characteristic was reflected by
longer ash removal periods, and more periodic soot blowing. Both activities
decreased substantially when RDF was not being burned.

Table 17 contains information on daily production and consumption at the
Ames Municipal Power Plant, Unit No. 7 recorded by the power plant operators
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TABLE 17. DAILY PRODUCTION AND CONSUHPTION AT AMES HUNICIPAL POWER PLANT, UNIT NO. 7

Sluice water

for bottom
Power production Thermal energy' Steam Fuel consumption ' and fly ash Water input
(kwh) (Bru/kwh) production Iowa coal Colorado coal RDF 0il Removal to evaporator
Date gross net gross net (1b/kwh) (lbs) (1bs) (1bs) (gal. (gal.) (gal.)
a/2/80 681,000 623,902 11,186 12,210 9.57 339,988 432,712 0 60 250,000 8,300
3/3/80 109,000 648,682 11,296 12,346 9.59 418,330 342,210 113,000 160 340,000 9,000
3/4/80 761,000 700,072 11,396 12,388 9.53 412,290 151,210 226,800 70 320,000 2,200
3/5/80 759,000 698,461 11,697 12,711 9.73 434.538 370.162 192,375 60 380,000 6,800
3/6/80 740,000 679,858 11,693 12,728 9.50 432,096 339,504 213,200 90 450,000 9,200
3/1/80 735,000 674,470 11,652 12,697 9.64 427,127 378,173 130,800 100 320,000 2,500
3/8/80 648,000 590,057 11,602 12,742 9.54 358,286 317,720 168,460 130 360,000 1,120
3/9/80 494,000 443,496 11,524 12,836 9.47 301,888 267,712 26,000 150 314,908 8,500
3/10/80 693,000 635,037 10,955 11,985 9.54 486,980 262,220 81,200 100 386,716 6,300
3/11/80 139,000 678,629 11,440 12,458 9.57 334,328 392,472 229,600 270 403,172 5,800
3/12/80 750,000 688,456 11,348 12,362 9.62 408,980 334,620 229,075 290 413,644 3,500
3/13/80 742,000 681,889 11,544 12,562 9.68 432,270 368,230 144,075 S0 422,620 9,100
3/14/80 729,000 668,119 11,537 12,588 9.51 412,440 324,060 230,400 90 418,132 0
3/15/80 508,000 457,939 11,436 12,684 9.50 322,448 253,352 22,050 910 335,104 S,700
3/17/80 699,000 639,942 11,170 12,201 9.59 412,335 337,365 97,650 10 396,000 11,100
3/18/80 759,000 696,494 10,855 11,829 9.52 417,010 341,190 154,874 60 473,000 15,200
3/19/80 748,000 682,596 10,794 11,829 9.51 414,315 338,985 134,816 100 477,000 6,000
3/20/80 153,500 689,205 11,368 12,388 9.56 445.392 379,408 63,700 490 320,000 1,300
3/22/80 706,000 647,644 11,077 12,075 9.55 410,520 335,880 92,000 640 250,000 5,400
3/23/80 426,000 382,263 11,311 12,605 9.49 269,610 220,590 0 800 180,000 16,600
3/24/80 710,000 650,039 10,841 11,8641 9.61 629,920 157,480 51,600 490 300,000 4,500
3/25/80 700,000 642,011 11,080 12,081 9.52 610,880 152,720 93,000 680 430,000 4,000
3/26/80 726,000 664,973 10,949 11,954 9.60 612,960 153,240 134,970 40 540,000 18,500

a This value is derived from the average Btu content of each fuel.

b This is only a rough measure of RDF weight.



on a daily basis. The total gross and net power production was §e§orded di-
rectly from meters inside the plant. The total steam produced divided by the
gross power production gave a good indication of boiler efficiency. Separate
meters were used for measuring the water used for ash removal and the total
input to the evaporators. The days of highest sluice water use corresponded
with days of prolonged use of RDF in the fuel mixture. The evaporators even-
tually feed into the working fluid cycle of the boiler, and gave a fair }ndl-
cation of make-up water required, except that there was a water re;lamatxon
system attached to the boiler. Hence, these values indicated new imput to
the system, but did not account for total make-up water requirements.

Most of the fuel types were very accurately measured. Coal was measured
through a weight integrating system, and fuel oil was similarly measured
through a volume integrating system. However, no accurate measurement.of the
RDF was possible. The values listed were derived from volumetric readings
and a very rough measurement of the RDF demsity, takenm once every shift. Al-
though rough estimates of the RDF content were made, there was ao effective.
means for obtaining a representative sample of the refuse mixture. The vari-
ability of the RDF in the total pulverized mixture is reflected in the results
for TOCl and inputs and emissions of cadmium from this plant.

The BTU contribution of each fuel was then calculated by doing calori-
metric analyses. This was done periodically, and the values used for the
duration of this test program are given in Table 18. By summing the Btu con-
tribution of each fuel, a value for total heat production was found. This
value was then divided by either the gross or net electricity production to
express thermal energy as it related to the power production of the day.

CHICAGO NORTHWEST INCINERATOR, UNIT NO. 2

The field test activity took place from April 30, 1980 to May 23, 1980.
All required tests were completed and all recovered samples were sent to GSRI
for analysis. A summary of the reduced flue gas data (inlet and outlet) on a
daily basis as calculated from the field data sheets is presented in Table 19.
Events that may influence the quality of the tests are also noted on this table.

The process parameters considered to be important to the operation of
Boiler No. 2 included the steam flow rate, steam pressure, feedwater flow rate,
feedwater temperature, combustion air flow rate, combustion air temperature,

% oxygen, I.D. fan pressure, F.D. fan pressure, furnace draft and furnace
temperature. Most of this data was available from instrumentation in the con-
trol room. Table 20 summarizes this plant process data in terms of the average
values of the typical sampling date operations. This data is presented in
terms of 24-hr plant operation and the flue gas test period durations. Al-
though there are some slight variations, the values are readily comparable

for the two time intervals. A comparison of the daily process data with the
average of the data collected indicates that the Chicago Northwest Incinera-
tion facility operated in essentially the same mode 24 hr a day, 7 days a week.
Although major changes in steam production were noted to occur over short time
intervals (less than 1 hr) no significant variatiom in steam production oc-
curred day to day indicating a rather comsistent fuel feed rates during the
duration of the tests.
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TABLE 18. HEAT CONTENT OF FUELS USED AT THE AMES MUNICIPAL
POWER PLANT DURING SAMPLING PERIOD

Heat content for each fuel type

Colorado
Iowa coal coal RDF Fuel oil
Duration of test (Btu/1b) (Btu/1b) (Btu/1b) (Btu/gal.)
3/2/80 thru 3/16/80 8,946 10,556 5,587 138,603
3/17/80 thru 3/26/80 9,035 10,298 6,128 138,603
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TABLE 19, DALY DATA SIRRIARIES FOR FLUE GAS HEASURENENES, CRICAGO BORITHWLST INCINERATOR, BOILER Moo 2

__Gn__gggpqsﬁ!gqt'__ Stack h Isokinetic

Date  Test Sampliug Sample volume 0O, €0, €O THC tesperature Halecular Hoistore Velacily L Gas_{low . rale

(1980) HNo. lotabion DSCF DSCH 1 )3 rpm ppe oy weight b3 11/sec ACHH PSCHH [ ] 3
\

Horth® 256.84  7.27 11.2 1.4 172" <2 459.4) 28.26 .56 20 1 90.82

et Somth® 135.20 2,83 1.2 1.4 172 <2 64k.88 28.52 9.51 2121 1, koo 46,500 1,600 72-:‘

5-4 | North 317.86 9.00 11.3 7.7 156 <2 432.16 8 ) 1 56 36.40 94.61

Milel cooth 124004 9.20 1.3 2.7 156 <2 451.2 28.41 0.8 9.0 102,200 51,810 1,468 97.96

North, 408.46 11.57 9.6 10.1 159 <2  459.04 8.5 92.26 20.62 96.25
fnlet  couth! 372918 1076 9.6 101 159 <2 44578 8.5  §12.00  18.42 s, 00 S, 00 1,453 g:-:g

5-6 2  North  418.43  11.85 10.6 9.5 171 <2  442.00 845 1247 I8.21 . .
Gehet coat® 5789 1297 104 9.5 11 <2 4SE.0h 2SR 2.95  4nGo 06400 S5SN8 LEE6 g 5y
loter NorIb 26006 919 9.4 9.8 18 <2 4559 WU Ve 19w - 54,910 1555 98.17
South  400.66 10.32 9.4 9.8 185 <2 431.46 28 16 11 26 2023 ':3~;;

5-7 ) Horth  403.32 11.42 9.4 9.7 189 <2  459.04 2839 12.86 16 10 .
Ontfel somb 407.07 11,53 9.4 9.7 189 <2  457.18 W4 1215 W87 102,000 49,180 L 96.29
North  331.52  9.39 9.9 9.5 142 <2 44530 28.51 1n.21 19 34 . 494 100.22
It gomth, 370.83 1050 9.9 9.5 142 <2 4ud.60 2850 118  19.96 103,600 2,110 1,49 ;z-gg

5-8 4 North™ 427.50  12.10 10,4 B9 169 <2 454 20 28.82 B60 IR0 , .
Outlel gouth  452.50 12.96 10.4 8.9 169 <2  4b4.32 28,47 1160 4).69 108, 100 5,40 LS n0.04

i

North, 342.70 9.711 1.9 w5 61 <2 L2y N 2830 1614 Wn 99.85
Ilet  somtd 36781 1042 7.9 105 61 ¢ 2 460.80 .20 1694 .M 1,400 45,800 1279 |o|.§g

5-9 5 Horth  370.55 10.52 8.1 10.) 59 <2 449.64 28 17 15 46 32.99 105.
Qutlet ol 38335 1087 81 107 50 <2 43116 .26 1489 12 4R AR, 4no 42,10 TR UR 44
North  1320.56 9.08 8.8 0.3 |} <2 452 59 28.17 13.62 18.42 108.82
; lulet South, 347.61 9.86 88 103 | <2 4516} 28.34 13.83 17.86 9%.510 46,250 1.0 IOS-:I
5-10 North™ 362.97 10.42 9.4 9.7 I <2 448.92 28.50 11.94 35.43 98.61
Gutlel Seuth 412,06 10067 9.4 9.0 1 <2 45228 203 1340 19 s 101,200 .20 1.9 96.51
North 344.80 9.76 9.8 90 1 <2  463.29 819 13.86 19 W2 100.85
W1l Sowth, 31850 1072 9.8 9.0 1 <2 462.48 28.15 14.26 18.51 104 400 4R, 280 1,167 10085
s-h ) North® 29962 8.49 98 9.5 1 <2  462.5) 283 12.91 18.99 99.20
Outlel couth® 459.63 11.02 9.8 9.5 | <2  441.47 28. 10 11.52 TRE 101,900 30,470 1,429 102.22
. Horth 316.55 8.96 8.7 917 1 <2  456.24 8.40  12.57  11.58 98.9%
lulet gomth 373.03 1056 8.7 9.7 1 <2 468.3) 898 1219 19.11 98,830 41,910 1,358 %.9)
5-12 8 North 376.48 10.66 10.4 9.0 1 <2  442.84 28.44 12.21 36.13 102.67
Outlet conth 391,07 11,08 10,4 9.0 | <2  452.88 28.42 12.08 9.0 102,500 S0, 800 1,638 10042
Horth 308.73 8.74 9.1 9.6 | <2  465.61 M0 16.5) 16 42 105.23
Intet  South  364.16 10.31 9.7 9.6 | <2  46B.65 8.9 1452 11.82 92,260 a3 1221 102. 11
s-11 9 Nocth 366.28 1031 9.0 9.8 1 <2 45116 2825 1610 16 85 104.01
Gutlet Sowth  WA8.73 19.00 9.1 9.8 1 <2  453.82 2820 1456 19.19 102,900 49,060 LIRS 02 m2
Horth 318.45 9.59 10.2 9.4 1" <2  465.43 28.29  11.60 18 05 . . oem
Inlel Sowth  316.86 10.67 10.2 9.4 1K <2  458.88 2821 1305 11.67 95.410 6,760 1n |0§.2z

s-15 10 L Nerth™ 3746 1069 96 91 98 <2 459.56 28 88 5.89 15 41 102.
Mutbel couth 39628 11,22 9.6 9.0 98 <2 46).68 8 2 1422 18 40 99,50 a0 140 106.30

(cont inued)
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TABLE 19 (continued)

_Gas composition® Stack v Isokinetic .
Date  Test Sampling Sample volume 0, Co, €O THC teaperature Holerular Huisture Velocity ._ .. Gas flow _ rate
(1980) Nao. location NSCF- ~ DSCH™ % Y pem ppm °f veight % ft/sec ~ ACFH “pSCFH T T DSChH 1
 North 353.83 10.02 11.1 8.5 88" <2  465.32 28.49 1.5 18.79 101.23
folet  gomh 357.30 10.12 11.8 8.5 8B <2  461.61 28 42 11.69  18.22 99,300 49,200 1,395 93.06
5-16 11  North 404.60 11.46 11.8 1.9 98 <2  455.12 28.15 11,79 38.8) 104.09
Outlet conth  416.58 11.80 11.8 7.9 98 <2  460.24 28.38 1159 40.83 17,500 38,310 1,651 101.62
p Horth 324.92 9.20 10.3 10.0 80 <2  414.80 28.21 13.47 17.25 97.56
5-17 12 1W1E south 331.1S 9.40 10.3 10.0 80 <2  475.00 8.3 13.10  16.85 91,430 43,540 L2333 62.20
outiemP 218.81  6.20 10.7 9.0 84 <2  451.00 816 1438 39.27 106,000 51,350 1,456 103.01
North
5-18 13 Inlet Sauth 9
Outlet 219.36  6.20 10.7 9.2 102 ¢ 463.00 28.25 1391 4.3 119,800 57,360 1,624 92.45
North
5-19 14 lnjet South 9
Outlet 260.61  6.81 12.7 1.2 04 465.60 28.36  11.65  44.53 120,200 59,140 1,675 98.36

a Average during tesl period.
Sum of the North and South Lrain measurements.

Test was run for 350 min. Test was discuntinued because of nnsuccessful leak checks after filter replacement.

=

~

fligh due to excessive fnstrument drift.
Test ran for only 193 min due Lo plant shut down because of a boiler leak.

Only 21 of the required 24 points were traversed.

® m N o

Test qualitly was poor due to crack in Lhe probe.
h  Low moisture obltained because of cracked probe.
Sampling time increased from 20 Lo 25 min per point after 180 min. Test quality was good.
Sampling time iuncreased from 20 to 25 min per point after 267 min. Test quality was goud.

Test was halted one poinl from completion due to slormy water. Test quality was goad.

_ O e W

Analyzer taken off line (sce d).

bue Lo excessive leak rate in Lhe north tracer, 60% of the sample was collected with the south tracer, 40% with the north,

Probe was found with a cracked tip. Based on B.9% meistuse versas 12% moisture for the olher tests, it was determined that only the last 10 points
were traversed with the broken probhe.  Test quality was fairv.

v Resgults £ 10% due to drift.

p Iulet QA test, outlel st day cadminm Lest.

s B

q  lulet sample not required for cadmium test.

r THC dats not sequired lor cadmiom lesl.



TABLE 20. MEANS OF THE MEANS FOR PROCESS DATA, éLL TEST DAYS,
CHICAGO NW INCINERATOR, BOILER NO. 2

Flue gas test duration

24=-hr process data process data
Standard Standard
Parameter Mean deviation Mean deviation
Steam flow rate (lbs/hr)
Disc recorder 99,000 4,500 100,000 8,100
Chart recorder 103,000 4,500 104,000 8,300
Digital integrator 99,000 3,600 100,000 10,300
Steam pressure (psig) 282 4 287 2
Feedwater flow rate (lbs/hr)
Chart recorder 99,000 4,800 101,000 8,400
Digital integrator 97,000 5,400 100,000 11,000
Feedwater temperature (°F) 221 1 221 1
Combustion air flow rate (ft3/hr)
Chart recorder 79,000 2,000 78,000 2,700
Digital integrator 72,000 2,600 70,000 2,200
Combustion air temperature (°F) 663 21 673 23
I.D. fans pressure (inches Hz0) 2.6 0.2 2.5 0.3
¢.D. fans pressure (inches H50) 14.1 0.4 14.1 0.6
Furnace draft (inches Hgp0) 0.23 0.06 0.22 0.8
Furnace temperature (°F) 1,160 42 1,198 67

a2 From Appendix B.
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Additional information collected for daily process tables included the
times of soot blowing, fuel input to Boiler No. 2, down time on Boiler No. 2,
daily barometyic pressure and miscellaneous comments concerning the boiler
operation. Soot blowing was to follow a set schedule of three times per day,
although deviations from this schedule were observed. Barometric pressure
was obtained once per day from nearby Midway airport and deviations from
typical plant operation were noted from the operator's log book.

The measurement of fuel input posed a somewhat more difficult problem.
All refuse and residue hauling trucks entering and leaving the incinerator
plant were carefully weighed. This facilitated the accurate characterization
of overall inputs and outputs. However, there was no accurate way of propor-
tioning these materials between specific boilers for a given period of time.
Attempts to determine the fuel burned or ash discharged from Boiler No. 2 were
approximations.

Chicago Northwest Incinerator maintains inventory sheets listing inputs
and outputs from the facility on a weekly basis. Relevant data from these
sheets are reproduced in Table 21. The weight of refuse received was measured
on scales before and after the refuse trucks released their loads. The volume
of refuse received was determined by multiplying the number of truck loads by
the volume of each truck (19.5 cubic yards). Density of the refuse was esti-
mated using these two measurements, and is therefore the density of refuse
inside the trucks. In order to quantify the amount of refuse burned, the
oumber of loads, or charges, handled by the grab bucket cranes were noted for
each boiler. The total number of charges to Boiler No. 2 for daily operationms
are given in Table 22.

To approximate the amount of refuse burned in Boiler No. 2, it was neces-
sary to determine an average weight per charge. When refuse trucks enter the
plant, they discharge their contents into a large storage pit. Although the
weight of refuse added to the pit is well characterized for each weekly period,
the carry-over of material from week to week cannot be accurately measured.
Furthermore, this carry-over is quite variable over the length of time being
considered. It is necessary to quantify the carry-over in terms of weight,
so that the total weight of refuse burned, and hence, the average weight per
charge, can be approximated.

The calculation of the average weight per charge involves using visual
measurements of the pit volume taken at the end of each week. This "pit esti-
mate" can then be used in association with the density of the incoming garbage
to approximate the weight of refuse in the pit. The average weight per charge
can be determined by the following equation:

Average wt _ (pit estimate for previous week - pit estimate + refuse delivered)
per charge total number of charges

All terms in parenthesis must be expressed as weights. This method, however,
has a drawback in that the density in the pit is probably not the same as the
density inside the refuse trucks, since the refuse inside the trucks is com-

pacted and is liable to expand somewhat as the trucks are unloaded.
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TABLE 21. WEEKLY INVENTORIES OF REFUSE AND RESIDUE AT THE CHICAGO

NW INCINERATOR (ALL BOILERS)

4/28/80 5/5/80 5/12/80 5/19/80
to to to to
5/4/80 5/11/80 5/18/80 5/25/80
Refuse received
By weight (tons) 6,747 9,152 7,902 8,720
By volume (cu yd) 24,490 29,618 26,561 28,778
Density (1bs/yd3) 551 618 595 606
Storage pit condition
At beginning of week 84 65 61 42
(% £full)
At end of week (% full) 65 61 42 42
Refuse consumed
No. charges burned 5,205 5,710 5,952 4,714
Average weight per 2,771 3,240 2,812 3,700
charge (1lbs)
Total weight (toms) 7,212 9,250 8,367 8,720
Total volume (cu yd) 28,562 36,634 33,138 34,535
Residue
Fine ash fraction (toms) 2,511 2,500 1,815 2,904
Fine ash fraction (cu yd) 3,100 3,086 2,240 3,585
Metal fraction (tonms) 949 750 1,514 629
Metal fractiom (cu yd) 5,423 4,286 18,651 3,594
Total ash (toms) 3,460 3,250 3,329 3,533
Total ash (cu yd) 8,523 7,372 10,891 7,179
Volume reduction thru 70% 80% 67% 79%
incineration
Weight reduction thru 52% 65% 60% 60%

incineration
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TABLE 22.

CHARGES FED TO BOILER NO. 2 ON A SHIFT BASIS
CHICAGO NORTHWEST INCINERATION FACILITY

No. of No. of No. of No. of
Date, shift charges Date, shift charges Date, shift charges Date, shift charges.
4-28, 2nd 98 55, 2nd 5-12, 2nd 99 5-19, 2nd 110
3rd 99 3rd 3rd 99 3rd 105
4=29, 1st 100 5-6, 1st - 5-13, 1st 100 5=20, 1st 104
2nd 9 2nd 68 2nd 100 2nd 118
3rd 101 3rd 112 3rd 60 3rd 110
4-30, 1st 90 5-7, 1st 99 5=-14, 1st - 5-21, 1st 100
2nd 94 2nd 84 2nd - 2nd 106
3rd 101 3rd 100 3rd 96 3rd 90
5-1, 1st 94 5-8, 1st 81 5-15, 1st 104 5-22, 1st 80
2nd 49 2nd 101 2nd 106 2nd 105
3rd 98 3rd 100 3rd 108 3rd 100
5-2, 1st 100 5=9, 1st 100 5-16, 1st 106 5-23, 1st 107
2nd 98 2nd 98 2nd 97 2nd 107
3rd 101 3rd 100 3rd 110 3rd 102
5-3, 1st 100 5-10, 1st 99 5-17, 1st 112 5-24, 1st 98
2nd 102 2nd 101 2nd 97 2nd 105
3rd 99 3rd 100 3rd 114 3rd 94
5-4, 1st 97 5-11, 1st 102 5-18, 1st 108 §5-25, 1st 101
2nd 96 2nd 101 2nd 104 2nd 105
3xd 12 3rd 105 3rd 118 3rd 107
5-5, 1st - 5-12, 1st 103 5-19, 1st 105 5-26, 1st 105
Total 1,823 1,754 1,943 2,159
for week
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It seems likely that the level of compression would have a more pronounced
effect upon the refuse density than the actual characteristics of the refuse.
Since the compaction inside the pit is always similar, one would also e;pe?t
the density in the pit to be reasonably coanstant. The plant personne1.1nd1-
cated that the typical refuse density was 505 1b/cu yd. Therefore, Fhls
value can be used as an assumed density, and the pit estimates used in the
equation:

i i total pit volume
Volume of refuse in pit = pit estimate (% of totallgglume) X . p

total pit volume = 9,700 cu yd

volume of refuse in pit x refuse demsity im pit

Weight of refuse in pit

assumed refuse demsity = 505 lb/cu yd

Weight of refuse incinerated per week = (weight of refuse in pit at beginning
of week - weight of refuse in pit at

end of week + weight of refuse
delivered)

total weight of refuse incinerated
total number of charges

Average weight per charge =

weight of refuse incinerated
assumed refuse density

Volume of refuse incinerated =

The amounts of fine ash and metal fractions produced by the incinerator
during the test period are listed in Table 21. It should be noted that these
are the amounts leaving the plant during this time period, and are not neces-
sarily the same as the ash being produced during this period. Since no ac-
count has been taken of any carry-over from week to week, it can only be as-
sumed the carry-over is similar each week. In order to obtain total ash, the
metal and fine ash fractions were summed together. The ash volumes were cal-
culated using the following demsities:

Density of fine ash fraction = 1,620 lb/cu yd (960 kg/m3)
Density of metal fractiom = 350 lb/cu yd (210 kg/m3)

These values were based on previous analyses done by the plant, and have been
assumed to be typical. Since all of the combined ash was subjected to a water
quench, these weights incorporate a rather large moisture content. However,
no better characterization was available. The volume and weight reductions
achieved through incineratiom have been calculated as an indication of how
efficiently the boilers were operating.

Due to the heterogeneous nature of the refuse used to fuel this plant,
it was very difficult to obtain representative samples for laboratory analy-
ses for organic compounds and cadmium. The previous discussion of the ap-
proximation of refuse burmed in Unit No. 2 reflects an additional problem in
previding accurate information for the levels of the amalytes introduced as
inputs to this combustion source. Both the variabilities of TOCl and cadmium
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and the agreement of cadmium between the inputs and emissions from the plant
were highly affected by the difficulty of obtaining representative refuse sam-
ples.
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SECTION 8
ANALYTICAL RESULTS

AMES MUNICIPAL POWER PLANT, UNIT NO. 7

Organics

The results of TOCl determinatioms in flue gas inlet and outlet samples
from the Ames plant are shown in Tables 23 and 24, respectively, along with
the recoveries observed for the surrogate spiking compounds. The results for
plant background air particulates, ESP ash, bottom ash, coal, RDF, bottom ash
quench influent water (cooling tower blowdown), bottom ash quench overflow
water, and untreated well water (plant intake water) are shown in Tables 25
to 32. These results, as well as all other results in this report, are shown
uncorrected for surrogate recoveries. The coal extracts apparently contained
very high levels of hydrocarbons. Hence, the Hall detector used for TOCl as-
says required cleaning after only one to two amalyses. Hence, TOCl assays
were completed on only six coal extracts. Organic chlorine was not detected
by the TOCl procedure in any of the field blanks, method blanks, or flue gas
first impinger extracts.

In general, the surrogate recoveries were good in all samples. The re-
coveries for dg-maphthalenme (typically 50-80%) were generally lower than for
djs-chrysene (typically 70-100%). This is likely due to the much higher vol-
atility of naphthalene compared to chrysene. Hence, naphthalene losses may
be partially attributed to volatility losses during extract concentration.

The results of determinations of PAH compounds and additional compounds
identified in the composite extracts are shown in Table 33. In additiom to
PAH compounds, chlorinated benzenes and phenols were identified in some sam-
ples. Notably, phenol was detected at parts-per-million concentrations in
the coal extracts. Phthalate esters were also identified in RDF and ash sam-
Ples. As anticipated, phthalate levels were high in the RDF extracts. Low
levels of phthalate esters were also identified in the composite flue gas ex-
tracts, although the levels were similar to those observed in the flue gas
train blanks. The levels of phthalate esters in the train blank ranged from
0.3 to 4 ug/dscm.

The results of HRGC/MS-SIM analysis of the composite Ames flue gas out-
let extracts for PCBs are shown in Table 34. These results are similar to
those obtained by Richard and Junk? for the Ames Unit No. 7. The primary
chlorobiphenyl compounds identified were tetra- through hexachloro-substituted.
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TABLE 23. TOC1 AND SURROGATE RECOVERY RESULTS FOR THE AMES FLUE GAS INLET SAMPLES

Surrogate recovery.

Sample volume Mass Conc. dg-Naphthalene d;2-Chrysene
Test day Date (dscm) (ng) (ng/dscm) (%) (%)
1 3-2 13.23 3,210 243 0 85
2 3-3 17.41 20,000 1,150 63, 85 100, 100
3 3-4 12.38 9,480 766 61, 82 98, 79
4 3-5 14.27 6,480 454 31 33
5 3-6 19.56 18,600 951 57 58
6 3-7 20.79 8,560 412 51 82
17 3-8 19.40 7,110 367 43 60
8 3-9 17.87 7,350 411 44, 48 76, 74
9 3-10 9.18 7,650 833 55 81
10 3-11 22.01 12,400 562 42 63
11 3-12 Test scrubbed
12 3-13 20.39 11,600 568 59 76
13 3-14 20.57 11,500 559 54 81
14 3-15 15.43 6,320 410 49 87

(continued)
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TABLE 23 (concluded)

TOC1 Surrogate recovery
Sample volume Mass Conc. dg-Naphthalene d;2-Chrysene
Test day Date (dscm) (ng) (ng/dscm) (%) (¢3)
15 3-17 21.25 8,170 394 120 86
16 3-18 20.97 22,600 1,080 45 39
17 3-19 20.34 6,390 314 63 60
18 3-20 20.27 13,100 647 54 52
19 3-22 20.16 6,330 314 103 87
20 3-23 18.90 4,780 253 50 35
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TABLE 24. TOC1 RESULTS AND SURROGATE RECOVERIES FOR THE AMES FLUE GAS OUTLET SAMPLES

ToCl Surrogate recovery -
Sample volume Mass Conc. dg-Naphthalene d,2-Chrysene
Test day Date (dscm) (ng) (ng/dscm) &)

1 3-2 12.94 2,020 156 53 92
2 3-3 17.89 21,600 1,210 60 18
3-11°
12 3-13 14.85 4,920 332 59 98
13 3-14 20.37 34,200 1,680 64 76
14 3-15 17.73 4,230 238 24 64
15 3-17 22.62 21,500 948 43 85
16 3-18 21.12 18,100 855 43 84
17 3-19 20.81 21,800 1,050 49 105
18 3-20 21.09 4,330 205 46 89
19 3-22 22.75 2,830 124 35 17
20 3-23 18.71 2,930 157 41 98

a No flue gas outlet samples collected due to severe weather.



TABLE 25.

PLANT BACKGROUND AIR PARTICULATE SAMPLES

TOC1 RESULTS AND SURROGATE RECOVERIES FOR AMES

Surrogate Recovery

Volume? TOC1 TOC1 dg-Naphthalene di2-Chrysene
Test Day Date (m3) (ng) (ng/m3) ¢3)] (%)
1 3-2 500 2,930 5.9 23 85
2 3-3 540 3,920 7.3 3 110
3 3-4 510 3,150 6.2 24 100
4 3-5 550 3,190 5.8 26 96
5 3-6 800 4,940 6.2 41 100
6 3-7 700 3,240 4.6 56 110
7 3-8 600 3,160 5.3 24 73
8 3-9 870 3,460 4.0 45 88
9 3-10 750 3,750 5.0 39 93
10 3-11 830 5,110 6.2 36 93
11 3-12 600 4,180 7.0 48 140
12 3-13 960 3,260 3.4 59 130
13 3-14 930 2,980 3.2 59 140
14 3-15 910 4,530 5.0 32 92
15 3-17 910 3,820 4.2 80 79
16 3-18 950 5,090 5.4 68 110
17 3-19 960 6,580 6.9 65 77
18 3-20 1,110 4,620 4.2 73 89
19 3-22 840 2,690 3.2 51 120
20 3-23 1,040 1,880 1.8 73 83
Filter Blank 4,260 95 120
Filter Blank 2,110 45 57

a Calculated from the sampling time and the flowmeter reading
on the Hi-Vol sampler.
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4 TABLE 26. TOCl1 RESULTS AND SURROGATE RECOVERIES
FOR AMES ESP ASH SAMPLES

) Surrogate recovery
Hoppst TOC1 dg-Naphthalene - d;2-Chrysene

Test day  Date Time code (ng/g) (%) (%)
0 3-1 0300 B
0430 A
0830 B
1230 " 1.8 36 100
1630 A
2030 B
1 3-2 0030 B 5.9 78 140
0430 B 6.3 38 140
0830 A 5.8 60 87
1230 B 0.3 91 69
1630 B 4.5 61 73
2030 B 5.3 73 95
2 3-3 0030 A }
0430 3 4.1 57 84
0830 A
1230 N } 2.2 59 58
1630 B
2030 B } 1.1 46 88
3 3-4 0030 B 5.1 40 110
0430 B 8.7 46 65
0830 A 1.1 71 110
1230 B 10.6 61 78
1630 B 5.4 70 69
2030 B 8.0 71 90
4 3-5 0030 A
o A } 2.7 52 98
0830 B
1230 3 } 8.5 54 90
1630 B
2030 3 } 4.4 54 71
5 3-6 0030 A
0430 3 } 3.4 1 100
0830 B
1230 3 } 2.5 5 83

(continued)
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TABLE 26 (continued)

Surrogate recovery

Hopper TOC1 dg-Naphthalene d;;-Chrysene
Test day Date Time code® (ng/g) (%) (%)
S 3-6 1630 B 3 100
2030 A } 2.2 2
6 3-7 0030 A 90
0430 A } 2.4 0
0830 A
1230 " } 3.0 60 98
1630 B
2030 ; } 4.0 65 89
7 2330 B
3-8 0330 B } 210 3 30
0730 A
1130 A } 3.7 41 100
1530 B
1930 A } 5.2 39 99
8 2330 A 8.1 47 53
3-9 0330 A 2.5 S3 83
0730 B 1.9 33 69
1130 B 3.2 20 69
1530 A 3.6 34 66
1930 B 6.4 56 90
9 2330 B
3-10 0330 B } 9.8 52 110
0730 A
1130 B } 5.7 57 110
1530 A
10 2330 A 3.0 54 120
3-11 0330 A 3.8 1 140
0730 B 1.9 45 110
1130 A 0.9 1 110
1530 A 2.9 59 110
1930 B 3.7 8 73
(continued)
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TABLE 26 (concluded)

Surrogate recovery

Hopper TOC1 dg-Naphthalene d;;-Chrysene
Test day Date Time code (ng/g) (%) (%)
11 2330 A
3-12 0330 B
0730 A
1130 B 3.2 90 130
1530 B
1915 B
12 2330 B }
3-13 0330 B 2.6 0 60
0730 A
1130 A } 2.1 7 103
1530 B
1930 B } 2.1 0 100
13 2330 A
3-14 0330 A } 2.1 ? 130
0730 B
1130 B } 4.4 38 120
1530 B
1930 A } 2.6 69 120
22 3-25 0001 A
0400 B
0800 A
1200 A 1.7 71 130
1600 B
2000 A
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TABLE 27. TOC1 RESULTS AND SURROGATE RECOVERIES
FOR AMES BOTTOM ASH SAMPLES
Surrogate recovery
Sectgt TOC1 dg-Naphthalene d;z~Chrysene
Test day  Date  Time  code (ng/g) (%) (%)
0 3-1 0105 D
0530 B
0930 D
1330 D 30.3 65 130
1730 D
2130 B
1 3=-2 0130 D 9.0 31 31
0530 E 13.0 42 77
0930 C 0.6 57 67
1300 c 3.3 85 8%
1730 D 1.6 39 52
2130 c 99.5 43 110
2 3-3 0130 E }
0530 c 0.2 75 68
0930 A
1330 F } 362 92 110
1730 D
2130 B } 11.1 30 130
3 3-4 0130 D 79.0 81 69
0535 E 251 52 21
0930 F 114 53 79
1300 E 26.3 41 47
1730 A 60.0 57 84
2130 E 52.5 47 95
4 3-5 0130 D
0530 C } 72.0 67 50
0930 D
T3a0 > } 22.7 72 92
1730 F
2130 F } 13.8 50 96
5 3-6 0130 E }
0530 A 66.5 58 89
0930 c
1330 B } 55.0 68 110
(continued)



TABLE 27 (continued)

Surrogate recovery

. Sector TOC1 dg-Naphthalene d;2-Chrysene
Test day  Date  Time  code (ng/g) (%) (%)
S 3=-6 1730 C
0
2130 E } 11.6 55 9
6 3-7 0130 o }
0530 A 51.0 39 81
0930 E
1300 F } 34.0 19 83
1730 c }
2130 F 81.0 38 103
7 3-8 0030 E }
0430 c 35.9 65 79
0830 B }
1230 c 4.9 63 20
1630 A }
2030 A 57.5 54 46
8 3-9 0030 B 127 77 70
0430 B 5.8 56 76
0830 D 1.3 12 46
1230 D 8.0 29 48
1630 F 0.8 51 31
2030 A 6.2 6 49
9 3-10 0030 E }
0430 E 3.6 77 63
1445 c }
1630 F 92.5 87 120
2030 B 16.4 11 120
10 3-11 0030 D 5.7 86 97
0430 A 38.6 53 87
0830 A 136 77 160
1230 D 85.5 44 130
1630 D 97.0 79 130
2030 A 316 66 120
(continued)
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TABLE 27 (concluded)

Test day

Date

Time

Sector

code®

TOC1
(ng/g)

Surrogate recovery

dg-Naphthalene
(%)

dj2-Chrysenc

(%)

11

12

13

22

3-12

3-13

3-14

3-25

0030
0430
0830
1230
1630
2030

0030
0430

0830

1630
2030

0030
0430

0830
1230

1630
2030

0100
0500
0900
1300
1700
2100

oM m>» O P> SHEH>OO

w

w >

MmO >

57.0

14.8

61

62

54

59

59

51

62

68

120

100

110

100

80

96

110

70

a

The accessible portion of the hopper was divided into six sectors which
were sampled according to a randomized selection scheme.
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TABLE 28. TOCl1 RESULTS AND SURROGATE RECOVERIES FOR AMES COAL SAMPLES

Surrogate recovery

Feed stream TOC1 dg-Naphthalene dy2-Chrysene

Test day Date Time code (ng/g) (%) (%)
0 3-1 0300 A
0700 A
1100 A

1500 B 4 92 97
1900 B
2300 B

1 3-2 0300 B 4 97 110

0700 B 7 110 . 96

1100 A 4 87 83

1500 B 5 92 97

2300 A 4 61 59

a Two coal feed lines were sampled according to a randomized selection scheme.



TABLE 29.

TOC1 RESULTS AND SURROGATE RECOVERIES FOR

AMES REFUSE - DERIVED FUEL SAMPLES

~ Food Surrogate recovery
stream TOC1 dg-Naphthalene d;2-Chrysene
Test day _ Date  Time  code® (ng/g) (%) (%)
0 3-1 0225 B
gggg 2 5,550 42 61
1430 A
2 3-3 1430 c 10,800 58 80
;ggg s } 29,500 54 160
3 3-4 0230 A 5,500 45 82
0630 A 370 75 120
1030 c 19,000 50 98
1430 c 23,600 41 56
1830 A 4,400 66 120
2230 c 2,800 64 110
4 3-5 0230 B 480 61 140
1o > } 5,100 76 150
;ggg 2 } 5,000 71 120
3 3-6 gggg g } 9,500 80 140
Ly ¢} 13,30 62 110
1830 c
o3 st 190 55 110
6 3-7 0230 A 4,250 77 100
1430 B 18.500 50 110
;ggg 2 } 7,050 63 170
(continued)
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TABLE 29 (continued)

" Food Surrogate recovery
stream TOC1 dg-Naphthalene djo-Chrysene
 Test day Date Time code (ng/g) (%) (%)
7 3-8 0130 B 22,000 88 98
0930 D
9930 D } 4,300 . 68 110
1730 D '
2130 0 } 9,900 55 120
8 3-9 0130 B 5,000 71 110
9 3-10 1730 c 7,350 64 120
2130 A 3,150 42 68
10 3-11 0130 A 4,950 73 150
0530 C 21,100 86 130
0930 A 23,200 68 93
1330 A 8,600 35 120
1730 D 9,550 64 130
2130 A 10,300 55 69
11 3=-12 0130 D
0530 B
0900 D
1330 D 19,900 88 130
1730 c
2130 C
12 3-13 0130 D
0530 D } 10,900 66 84
1730 D
2130 c } 8,200 91 98
13 3-14 0130 B }
0530 c 16,500 77 150
0930 B
1330 C } 4,300 57 84
1730 A
N : } 46,300 84 98
(continued)
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TABLE 29 (concluded)

Food Surrogate recovery
stream TOC1 dg-Naphthalene dj;z-Chrysene
Test day Date Time code® (ng/g) (%) (%)
22 3-25 1000 A
1400 B
1800 C 13,100 83 130
2200 D

a Four RDF feed lines were sampled according to a randomized selection scheme.
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TABLE 30. TOC1 RESULTS AND SURROGATE RECOVERIES FOR AMES
. BOTTOM ASH HOPPER QUENCH WATER INFLUENT SAMPLES

Surrogate recovery

TOC1 dg-Naphthalene di2-Chrysene

Test day Date Time (ng/2) (%) (%)
1 3-2 2400 239 47 87

3 3-4 0400 271 51 120

5 3-6 1400 441 80 100

8 3-9 2100 339 82 100

10 3-11 0800 369 89 130

13 3-14 0300 576 64 130
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TABLE 31. TOCl RESULTS AND SURROGATE RECOVERIES FOR AMES BOTTOM ASH HOPPER
QUENCH OVERFLOW WATER SAMPLES

Surrogate recovery

ToCl dg-Naphthalene dy2-Chrysene
Test day Date Time (ng/1) (%) (%)

0 3-1 0100

0500 ) )

0900 a,

1300 90 ND 2

1700

2100
1 3-2 0100 698 47 80

0500 656 25 82

0900 680 44b 120

1300 494 ND 56

1700 626 35 97

2100 528 28 92
2 3-3 0100 b

0100 } 518 19 79

0900

o909 } 524 50 89

1700

2100 } 706 64 76
3 3-4 0100 1,180 30 54

0500 488 57 66

0900 558 51 50

1255 274 37b 22

1700 294 ND 78

2100 678 28 96
4 . 3=5 0100

0500 } 825 37 98

0900

o } 889 49 110

1700 }

2100 691 38 94
5 3=6 0100

0500 } 301 ND 24

0900

1300 } 427 ND 55

(continued)
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TABLE 31 (continued)

.
»

Surrogate recovery

TOC1 dg-Naphthalene dy2-Chrysene
Test day Date Time (ng/1) (%) (%)
5 3-6 1700
. 2100 } 947 87 100
6 3-7 0100
3500 } 819 2 80
0900 }
1300 866 80 55
1700
2100 } 852 81 98
7 3-8 2400
0400 } 863 94 120
0800
1200 } 1,100 74 94
1600
2000 1,040 71 94
2400
8 3-9 0400 776 42 120
0800 1,050 63 110
1200 984 53 87
1600 516 24, 140
2000 496 ND, 130
2400 376 ND 120
3-10 0400 776° 0 85
0800
1200 } 605 80 120
1600
200 } 795 46 100
2400 776 0 85
3-11 0400 870 c
0800 806 130 120
1200 778 110 120 -
1600 864 90 86
2000 880 17 88
2400 728 57 83
(continued)
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TABLE 31 (concluded)

Test day Date

Time

TOC1
(ng/1)

Surrogate recovery

dg-Naphthalene

(k)

dj2-Chrysene
(%)

8 3-12

3-13

3-14

3-25

0400
0800
1200
1600
2000
2400

0400
0800

1200
1600

2000
2400

0400
0800

1200
1600

2000

0030
0430
0830
1230
1630
2030

~——— e S S S Ny’

I
|

603

892

916

613

458

770

1,060

638

44

34

42

42

36

81

84

37

78

97

80

110

a

ND = not detected.

Extract was inadvertently evaporated to drymess.

Samples collected at 0400 and 2400 on 3-10 were inadvertently composited.

This sample was not spiked with the surrogate compounds.

This extract was lost prior to amalysis for surrogate recoveries.
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TABLE 32.

TOC1 RESULTS AND SURROGATE RECOVERIES )

FOR AMES UNTREATED WELL WATER

Surrogate recovery

ToC1 dg-Naphthalene d,2-Chrysene
Test day Date Time (ng/2) (%) (%)
0 3-1 0200 33 Np? 68
5 3-6 2200 65 65 99
23 3-26 1615 62 66 97

a Extract was inadvertently evaporated to
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TABLE 33. COHPOUNDS QUANTITATED IN SAHPLES FROM TWE AMES HUNICIPAL FOWER PLANT, UNIT KO. 7

T Concentration
- TTTTTTT T T o - Bottom Bottom
Plant ash hopper ash hopper
Refuse-derived background Flue gas Flue gas Bottom queach water quench uster Well
Composite Coal fuel (114 {alet aut let ESP ash ash overllow overflow vater
Compound day (ng/g) (ngl/g) (ng/dscm) (ng/dscm)  (ng/dscm)  (ng/g) (ng/g) (ng/1) (pg/2) (ng/2)
Target PAN compound
Phenanthrene 1 1,550 0.29 210 390 0.3 32
2 9,090 1,400 0.6 420 320 250
3 13,400 940 0.8 660 320 0.2 140
4 8,500 948 0.8 640 k) 0.2 [} ]
5 18,600 828 0.32 200 480 0.2 500
Authracene 1 1,570 (1] 49
2 1,840 296 0.17 57 n
3 1,260 0.16 n 78 24
4 2,120 0.19 89 46
5 4,110 100 n 130
Fluorantheane 1 1,190 0.36 10 46 10
2 1,640 984 0.7 2460 40 52
3 3,320 271 0.7 140 9 3
4 900 306 1.0 8] 28
3 3,210 198 0.5 9% 130 450
Pyrene ] 1,340 0.36 220 110 ’.0
2 1,960 552 0.7 850 96 64
3 3,810 436 0.7 480 250 29
) 1,070 282 1.1 230 66 6.0
S 4,040 2 0.5 3% 330 420
Chrysene | 0 0.29 3.5 0.3
2 425 434 0.40 28
3 1,060 0.37
4 238 0.60 9.6
5 1,300 0.38 2.8 2.7 170
Benzoa)pyrene ] 0.07 21 1
2 o.n 64
3 0.1 120
4 0.09 ‘19 28
5 0.07 63
Indeno{),2,3-c,dlpyrene ]
2
3
4 0.02
5

(cont inued)
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TABLE 33 (continued)

H

T . _Concentratlion _
Botllom Bottom
Plant ash hopper ash hopper
Refuse-derived background Flue gas Flue gas Bottom quench water quench water Well
Composite Coal fuel air inlet out let ESP ash ash overflow overflow wvater
Compound day (ng/g) (ng/g) (ng/dscm) (ng/dscm) (ng/dscm)  (ng/g) (ng/g) (pg/t) (pg/2) (pg/2)
Benzolg,h,ilperylene 1 3.3
2
k] 22
4 0.09 4.6
5
Additional compounds identified
Dichlorobenzene® | 3.3 0.07
2 1,300 25 24
k] 1,200 9 0.07
& 520 5
5 430 25
1,2,4~Trichlorobenzene 1
2 0.02 99
3 0.01 180 110
4
S 69 85
Hexachlorobutadiene [
2
3 0.02 103
4
S
Tetrachlorohenzene 1
2
k]
4
5
Pentachlorophenol i 0.07
2 1,300
3 24
4
5 690

(continued)
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TABLE 11 (continucd)

T T L I T T LT L Tl T T Ceneentation T T T T T T

T T T  Batiom T Bottom
Plant ash hopper ash hopper
Refuse-devived background Flue gas Flue gas foltom quench water quench water Well
Composite Coal fuel air falet outlet ESP ash ash averflow over(low water
Compound day (ng/8) (ng/p) (ng/dscm) (ng/dsem)  (ng/dscm)  (ng/g)  (ng/p) G(g/) (re/2) (ug/t)
Phenol 1 10,000 3.3 4,700 6,400 220 980 0.06
2 12,000 1.) 4,000 1,700 1,600
3 2,800 0.8 13,000 3,000 1,800 0.06
4 23,000 1.5 5,100 6,000 190 360
S 29,000 1.8 9,500 6,200 180 130
2,4-Dimethylphenol i 1,000
2 1,200 27
3 1,300
) 8
s 2,100
Maphthalene 1 1,400 0.28 no 650 0.17 15 0.02
2 1,100 36,000 0.22 1,000 550 360
) 1,800 2,200 0.32 620 8t 110
& 1,800 1,500 0.28 1,800 300 29
5 2,700 1,500 0.13 740 850 0.18 /
Fluorene 1 3,500 0.5
2 3,100 600 0.22
k] 5,600 450 0.32 120 14
4 3,300 380 0.28
5 1,000 320 0.1}
Benz{a)anthracene 1 0.3
2 0.46
k) 0.53 1.2
4 0.55
- 0.38
Renzofluoranthrene ] 261 0.42 6.5 0.03 8.02
2 470 0.67 9.9 2.7
k) 960 0.63 12
[ 260 0.65 6.9
5 1,200 0.51 "
Benzofe]pyrene 1
2
3 29
4
S

{cont inued)
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TABLE 33 (continued)

I . ___ Concentration e o
Bottom Bottom
Plant ash hopper ash hopper
Refuse-derived background Flue gas Flue gas Bottom quench water queach water Well
Composite Coal fuel air inlet outlet ESP ash ash overflow overflow water
Compound day (ng/g) (ng/g) (ng/dscm) (ng/dscm) (ng/dscw) (ng/g) (ng/s) (pg/2) (ug/R) (ng/2)
Acenaphthene ] 650 0.07 0.7
2 970 1,200
3 1,600 1.0
4 1,400
5 1,500
Acenaphthylene ] 220 120
2 240 20 5
k] 560 24 10
4 400 100
S 450 130
Ttlchlorobenzeneb 1 36
2 n
3 24
4
5
2,4-Dichlorophencl 1 0.04
2
k]
4
)
p-Chloro-m-cresol 1
2
k]
4
5
Dimethylphthalate ] 0.30 3.0
2
k
4
5 130 0.20
Diethylphthalate |
2 9,100 1t
k] 250 0.5 n
4 1,400 2.0 16
5 11,000

{cont inued)
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TABLE )Y (concluded)

e - _Lomcenltation T T
T T T - Bottom ot Lom
Plant ash hopper ash hopper
Refuse-derived background Flue gas Flue gas Boltom quench water queach water Vell
Composite Coal fuel alr inlet outlet ESP ash ash over{low overflov valer
Compound day (ng/g) (ng/g) (ug/ducm) (ng/dscm)  (ng/dscm)  (ug/g)  (ng/g) (ne/t) (pa/2) (re/0)
Di-n-butylphthalate 1 15 4.0
2 18,000 3.0 42
k| 146,000 12
4 6,400 4.0 b}
S 14,000 170
Butylbeazylphthalate 1 6.0 12
2
k] s
L} 49,000 6.0
3 21,000
Bis(2-ethylhexyl)phthalate ] 3.0 980
2 350,000 2.0 1,200
3 44,000 480
[} 35,000 8.0 810
S 22,000

a All extracts [rom these samples were combined for a single composite extract.

b Specific lsomer not determined.



TABLE 34. CONCENTRATIONS OF POLYCHLORINATED BIPHENYL ISOMERS
IN FLUE GAS OUTLET SAMPLES FROM THE AMES MUNICIPAL
POWER PLANT, UNIT NO. 7

Composite day
(Concentration, ng/dscm)

Compound identified 1 2 3 & 5
Trichlorobiphenyl 6.4 1.1
Tetrachlorobiphenyl 2.2 4.5 4.1 3.8
Pentachlorobiphenyl 3.0 6.4 22.0 9.8 3.6
Hexachlorobiphenyl 4.3 11.0 10.1
Heptachlorobiphenyl 2.9

Decachlorobiphenyl 2.9

Total chlorobiphenyl 5.2 27.0 23.0 25.0 17.0

PCDDs and PCDFs were not detected in the Ames samples. The detection
limit for PCDD and PCDF compounds in the composite flue gas extracts was 0.1
to 0.25 ng/dscm.

Cadmium

The results for cadmium analysis of samples of fly ash, bottom ash, coal
and refuse-derived fuel for test days 11 to 14 and 21 to 23 are presented in
Tables 35 to 39. The fly ash samples contained the highest concentrations of
cadmium ranging from approximately 1.5 to 11 pg/g, while the cadmium concen-
tration in bottom ash samples varied from approximately 0.5 to 4 pg/g. The
concentration of cadmium in the coal samples was generally less than 1 pg/g
while values of 1 to 5 pug/g were recorded for refuse-derived fuel. In general,
the cadmium concentration for all water samples was below the detection limit
(0.6 pg/liter) of the analysis method. Table 35 presents the cadmium concen-
trations for the flue gas outlet particulate samples for test days 21 to 23.

The concentrations of cadmium in flue gas particulates for the three test

days did not vary markedly. The mean concentration was 25.3 pg/dscm with a
standard deviation of 2.7 ug/dscm.
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TABLE 35. CADMIUM RESULTS FOR AMES - ESP ASH SAMPLES
Hopper Cadmium
Test day Date Time code’ (pg/g)
11 3/12 2330 B 9.01
12 3/13 0330 B 10.3
3/13 0730 A 10.8
3/13 1130 A 8.14
3/13 1530 B 9.89
3/13 1930 A 3.67
3/13 2330 A 7.36
13 3/14 0330 A 8.42
3/14 0730 B 8.16
3/14 1130 B 9.11
3/14 1530 B 9.96
3/14 1930 A 6.78
3/14 2330 B 6.84
14 3/15 0330 A 8.47
3/15 0730 B 4.39
3/15 1130 B 3.43
3/15 1530 A 8.00
3/15 1930 B 2.88
3/16 2330 A 5.55
3/16 0330 B 2.35
3/16 0730 A 1.94
3/16 1130 B 1.65
3/16 1530 B 2.97
3/16 1930 B 2.93
21 3/24 0001 B 3.29
3/24 0400 A 2.16
3/24 0800 A 2.16
3/24 1200 B 3.53
3/24 1600 B 7.89
3/24 2000 A 5.69
22 3/25 0001 A 4.53
3/25 0400 B 5.11
3/25 0800 A 3.36
3/25 1200 A 8.93
3/25 1600 B g.70
3/25 2000 A 6.41
23 3/26 0001 A 5.76
3/26 0400 A 5.73
3/26 0800 B 6.86
3/26 1200 A 8.03
3/26 1600 A 9.19
3/26 2000 B 9.70

a

Two hoppers were sampled according to a randomized selection scheme.
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TABLE 36. CADMIUM RESULTS FOR AMES - BOTTOM ASH SAMPLES

Sector Cadmium

Test day Date Time code? (pg/g)
12 3/13 0030 A 3.92
3/13 0430 A 1.86

3/13 0830 D 2.24

3/13 1630 A 0.25

3/13 2030 F 1.28

13 3/14 0030 F 1.66
3/14 0430 C 3.28

3/14 0830 B 2.96

3/14 1230 B 1.90

3/14 1630 A 1.90

3/14 2030 B 1.46

14 3/15 0130 D 4.36
3/15 0430 A 7.15

3/15 0830 A 0.74

3/15 1230 D 0.78

3/15 1630 D 0.96

3/15 2030 A 0.46

3/16 0030 Cc 0.62

3/16 0430 D 0.78

3/16 0830 A 0.48

3/16 1230 G 1.08

3/16 1630 E 0.90

3/16 2030 A 1.00

21 3/24 0100 E 1.02
3/24 0500 C 2.82

3/24 0900 C 0.60

3/24 1300 c 1.64

3/24 1700 A 0.76

3/24 2100 A 1.34

22 3/25 0100 D 0.78
3/25 0500 D 3.68

3/25 0900 B 3.24

3/25 1300 F 3.76

3/25 1700 B 1.94

3/25 2100 E 2.78

23 3/26 0100 B 2.00
3/26 0500 A 2.20

3/26 0900 C 2.28

3/26 1300 C 2.84

3/26 1700 B 2.02

3/26 1200 C 2.48

a The accessible portion of the hopper was divided into six sectors which
were sampled according to a randomized selection scheme.
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TABLE 37. CADMIUM RESULTS FOR AMES - COAL SAMPLES

Feed stream Cadmium

Test day Date Time code® (pg/g)
12 3/13 0600 A 0.124
3/13 1000 B 0.024

3/13 1400 A 0.068

3/13 1800 B 0.116

3/13 1800 B 4.04

13 3/14 0200 B 0.043
3/14 0600 B 0.087

3/14 1000 B 0.219

3/14 1400 B 0.159

3/14 1800 A 0.128

3/14 2200 B 0.176

14 3/15 0200 A 0.210
3/15 0600 A 0.293

3/15 1000 A 0.040

3/15 1400 A 0.153

3/15 1800 A 0.055

3/15 2200 B 0.075

3/16 0200 B 0.138

3/16 0600 B 0.027

3/16 1000 A 0.094

3/16 1400 B 0.099

3/16 1800 A 0.367

3/16 2200 B 0.141

21 3/24 0230 A 0.157
3/24 0630 B 0.104

3/24 1030 A 0.129

3/24 1430 B 0.241

3/24 1830 B 0.090

3/24 2230 B 0.173

22 3/25 0230 B 0.122
3/25 0630 A 0.045

3/25 1030 B 0.079

3/25 1430 A 0.055

3/25 1830 A 0.084

3/25 2230 A 0.286

23 3/26 0230 B 0.193
3/26 0630 A 0.109

3/26 1030 B 0.055

3/26 1430 B 0.222

3/26 1830 A 0.166

3/26 2230 B 0.641

a Two coal feed lines were sampled according to a randomized selection scheme.
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TABLE 38. CADMIUM RESULTS FOR AMES - REFUSE-DERIVED FUEL SAMPLES

el

. . Feed stream Cadmium

Test day Date Time code’ _(pg/g)
12 3/13 0130 D 2.84
3/13 0530 D 1.99

3/13 1730 D 2.41

3/13 2130 c 1.14

13 3/14 0130 B 2.31
3/14 0530 C 2.96

3/14 0930 B 4.85

3/14 1330 C 2.79

3/14 1730 A 2.37

3/14 2130 c 3.68

14 3/15 0130 A 5.30
21 3/24 1400 C 2.63
3/25 1000 A 3.71

3/25 1400 B 3.72

3/25 1800 C 2.37

3/25 2200 D 1.73

22 3/26 0200 B 1.59
3/26 0600 B 1.69

3/26 1000 B 6.26

3/26 1800 A 3.60

3/26 2200 A 0.94

a Four RDF feed lines sampled according to a randomized selection scheme.
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TABLE 39. CADMIUM RESULTS FOR AMES - FLUE GAS
OUTLET PARTICULATES

Cadmium
Volume Mass Concentration
Test day Date (dscm) (ug) (ug/dscm)
21 3/24 3.69 83.2 22.6
22 ) 3/25 3.48 97.3 28.0
23 3/26 3.93 100.0 25.5
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CHICAGO NORTHWEST INCINERATOR

Organics

The results of TOCl analyses of flue gas inlet and outlet samples from
the Chicago incinerator are shown in Table 40 along with the corresponding
surrogate recovery data. TOCl and surrogate results for plant background,
air particulates, ESP ash, combined bottom ash (i.e., bottom ash plus ESP ash),
refuse, and tap water (plant intake water) are shown in Tables 41 to 45.
Organic chlorine was not detected by the TOCl procedure in any of the field
blanks, method blanks, or flue gas first impinger extracts. These results,
as well as all other results in this report, are shown uncorrected for sur-
rogate recoveries.

In general, the surrogate recoveries were poor. As with the Ames results,
dg-naphthalene recoveries (typically 10-50%) were lower than d,,-chrysene re-
coveries (typically 30-60%). Although a portion of the apparent losses may
be attributed to difficult sample matrices, the cause of comsistently lower
recoveries is not known.

The results of determinations of PAH compounds and additional compounds
identified in the composite Chicago extracts are shown in Table 46. Composite
refuse extracts were not analyzed due to extremely high levels of interfering
materials and the likely nonrepresentatative nature of the refuse sample col-
lection. A large number of chlorinated benzene and phenolic compounds were
identified. Dibenzofuran was identified in the flue extracts. As noted for
the Ames samples, only very low levels of phthalate esters were identified in
the flue gas blank extracts.

Interestingly, the compound specific determinations compare very favor-
ably with the TOCl results for the same extracts. Table 47 shows a comparison
of the TOCl results for selected composite extracts (i.e., those in which sig-
nificant levels of chlorinated compounds were identified) calculated from the
TOC1l concentrations in the component extracts with those calculated from the
sums of chlorinted compounds identified. The percent deviation from the mean
for these pairs is 14%.

The results of analysis of the composite Chicago flue gas outlet extracts
for PCBs are shown in Table 48. 1In contrast to the results from the Ames ex-
tracts, the PCB contents of the Chicago flue gases were largely di- through
pentachloro-substituted.

The results of HRGC/HRMS analyses of the composite Chicago incinerator
extracts for PCDDs and PCDFs are shown in Table 49. The mean recoveries for
1,2,3,4~tetrachlorodibenzo-p~dioxin and octachlorodibenzo-p-dioxin through
the extract cleanup were 60 and 25%, respectively. Although a aumber of PCDD
and PCDF compounds were identified, trichlorodibenzofurans were found at the
highest concentrations. Table 50 shows the results of specific analyses for
2,3,7,8-tetrachlorodibenzo-p-dioxin. This compound was detected in all three
extracts, although the concentrations measured were substantially less than
1 ng/dscm. No PCDD or PCDF isomers were detected in any blank extracts.
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TABLE 40.

ToCl RESULTS AND SURROGATE RECOVFRIES FOR CHICAGD NW FLUE GAS SANPLES

Test day =

- OO BwWwOAW NN

Y- X L K YR LN N J

Volume _ “Hass {ng)_
Date _(dscm) Rezin Farl’cuiales
S-4 11.10 17,500 14,400
$5-6 22.31 33,900 $2,200
3-7 20.53 12,300 26,700
5-8 19.89 13,900 21,330
5-9 20.19 22,600 19,700
s-to 18.92 10,700 23,900
5-1 20.48 11,900 10,900
S-12 19.52 11,700 36,300
5-13 19.05 11,000 Jo, 400
$-15 20.26 12,100 17,400
5-16 20.22 33,200 22,500
5-4 18.20 16,800 3,460
5-6 24.82 69,100 8,780
5-7 22.95 32,700 1,720
5-8 25.07 309,000 28,600
5-9 21.3 32,200 12,000
5-10 22.09 63,200 9,940
$-1 21.51 47,900 6,150
s-12 21.74 39,400 24,000
5-13 21.38 19,100 1,020
5-15 21.91 44,500 5,940
5-16 23.26 30,600 4,060

" Totai conc.

__(og/dscm)  Wesla

Flue Gas Inlet

2,800
3,860
1,900
1,170
2,000
1,030
1,110
2,470
2,170
1,460
2,75)

Flue Gas Outlet

1,100
3,140
1,760

13,500
2,070
3,310
2,540
2,920
1,230
2,300
1,490

»
80
49
56
3

”
30
22
25
92

Surrogate ucovely -
].-Naphlr]ene

3
20
[])
62
54

16
1)
&6
27
(]

67
140
90
110
100
96
58
89
10

140

58
58

L
n
99
54
120
80
82

.,:Eg.‘.—..:‘

articulates

1)
40
130

120
50
40
70
(1]}
66
36




TABLE 41. TOC1 RESULTS AND SURROGATE RECOVERIES FOR
CHICAGO NW PLANT BACKGROUND AIR SAMPLES

a

Surrogate recovery

Volume TOCl TOC1 dg~Naphthalene djz-Chrysene

Test day Date (m3) (ng) (ng/m3) (%) (%)
2 5-6 660 1,510 2.3 58 45
3 5-7 490 1,400 2.9 67 74
4 5-8 570 1,840 3.2 46 71
5 5-9 590 1,730 3.0 23 55
6 5-10 510 <30 <0.1 7 1
7 5-11 590 430 0.7 35 170
8 5-12 390 <3 <0.1 0 0
9 5-13 580 540 0.9 34 33
10 5-15 490 890 1.8 26 28
11 5-16 710 1,240 1.7 37 44
5-17 520 760 1.5 11 24

5-19 320 590 1.8 2 66

a

Calculated from the sampling time and the flowmeter reading on the Hi-

Vol sampler.
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TABLE 42. TOCL RESULTS AND SURROGATE RECOVERIES FOR
CHICAGO NW ESP ASH SAMPLES

Surrogate Recovery

TOCl dg-Naphthalene d;2-Chrysene
Test Day Date Time (ng/g) (%) (%)
0 5-3 0200 226 41 68
0600 203 36 63
1000 68 0 46
1400 89 44 80
1800 143 -45 72
2200 54 18 35
1 S=4 0200
2oy } 59 8 35
1000
1400 } 62 28 52
2 5-6 1400 62 8 24
1800
2200 } 76 7 39
3 5=7 0200
2y} 2 58 97
1000 }
1400 49 20 15
1800 }
4 5-8 0200 370 60 83
0600 150 28 24
1000 15 0 12
1400 14 18 7
1800 23 5 18
2200 49 b 31
5 5-9 0200 130 40 28
0600 340 56 14
1000 41 A 32
1400 210 37 21
1800 160 28 20
2200 38 26 30
6 5-10 0400 111 37 32
0800 84 19 35
1200 57 9 32
(continued)
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TABLE 42 (continued)

Surrogate Recovery

TOC1 dg-Naphthalene dy2~Chrysene

Test Day Date Time (ng/g) (%) (%)
6 5-10 1600 59 39 40
2000 65 8 76
5-11 0000 76 23 57

7 0400
0800 } 108 66 21

1200 }

1600 34 30 38

2000
5-12 0000 31 13 0

8 0400
0800 } 132 40 36

1200
1600 } 43 36 21

2000
5-13 0000 } 38 30 32

9 0400
0800 } 65 40 35

1200
leoo | 150 30 30
5-14 1600 76 26 26

2000
0000 } 20 12 16
10 5-15 0400 220 0 48
0800 203 52 49
1200 70 28 25
1600 159 23 -
2000 <1 0 0

(continued)
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TABLE 42 (concluded)

Surrogate Recovery

TOCl dg-Naphthalene di2-Chrysene
Test Day Date Time (ng/g) (%) (%)
5-16 0000 137 22 14
11 0400 211 24 49
0800 78 39 59
1200 173 50 57
1600 15 9 17
2000 154 0 39
12 5-17 0100
0900
1300 12 0 26
1700
2100
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TABLE 43. TOCl RESULTS AND SURROGATE RECOVERIES FOR
‘. CHICAGO NW COMBINED BOTTOM ASH SAMPLES

Surrogate Recovery
Sector TOC1 dg-Naphthalene d;2-Chrysene

Test day Date Time code? (ng/g) (%) (%)
5-2 2300 A <1 18 23
0 5-3 0300 E <1 39 35
0700 E <1 33 26
1100 E <1 18 23
1500 A <1 31 20
1900 <1 56 21
2300 B <1 52 25
1 5-4 0300 A
0700 A } <1 12 0
1100 D
1500 } <1 34 7
2 5-6 1500 A <1 29 52
1900 C }
2300 A 6 34 32
3 5=-7 0300 A
0700 . } <1 0 26
1100 B
1500 E } 6 38 >8
1900 D
2300 B } 3 46 32
4 5-8 0700 B <1 8 24
1100 B <1 22 26
1500 D <1 19 20
1900 E 124 37 64
1900 c <1 13 8
2300 B <1 0 0
S 5=-9 0300 B 7 11 5
0700 C 76 75 9
1100 D 5 48 11
1500 C 3 72 78
1900 B <1 47 13
2300 A 38 85 10
(continued)
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TABLE 43 (continued)

Surrogate Recovery

Sector TOC1 dg-Naphthalene d;,-Chrysene
Test day _ Date  Time  code (ng/g) (%) (%)
6 5=-10 0100 A 7 13 11
0500 E 16 42 7
0900 B <1 34 8
1300 Cc <1 41 8
1700 E <1 34 11
2100 E 49 33 12
7 5-11 0100 E } 4
0500 E 6 43 3
0900 E
1300 D } <1 31 25
1700 B }
2100 c <1 36 36
8 5-12 0100 E }
0500 B <1 8 13
0s00 A
1300 B } 28 17 25
1700 B
2100 E } 18 37 26
9 5-13 0100 D
0500 D } 3.8 57 100
0900 C
1300 A } 27 60 12
1700 E <1 28 7
5-14 1700 A }
2100 A 2 19 0
10 5-15 0100 A
0500 E } 18 34 8
0900 (of
1300 o } 2 3 7
(continued)
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TABLE 43 (concluded)

Surrogate Recovery

Sectgr TOC1 dg-Naphthalene d;2-Chrysene
Test day _ Dae Time _ code (ng/g) (%) (%)
5-15 1700 E

2100 c } <1 21 3

11 5-16 0100 E <1 26 6
0500 c 7 26 8

0900 c <1 50 7

1300 E <1 4 6

1700 B <1 6 6

2100 D <1 24 6

a The accessible portion of the bottom ash discharge hopper was divided
into five sectors which were sampled according to a randomized
selection scheme.
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TABLE 44.

TOC1 RESULTS AND SURROGATE RECOVERIES FOR CHICAGO NW REFUSE SAMPLES

Surrogate recovery
Sectgr TOC1 dg-Naphthalene d;2-Chrysene
Test day Date Time code (ng/g) (%) (%)
0 5-3 0100 A 1,780 15 15
0515 B 9,940 12 12
0900 B 961 12 0
1300 B 62 5 5
1700 A 118 28 18
2100 B 12,300 15 15
1 5-4 0100 A
0500 B 221 0 0
0900 A <1 0 0
3 5-7 0900 A
1300 B 1 0 0
1700 A
2100 B 1,350 0 0
2110 A <1 25 0
4 5-8 0100 A 84 8 4
0500 B 165 12 15
0900 A 38 19 32
1300 B 583 9 26
1700 A 27 0 0
2100 B 5617 9 9
5 5-9 0100 B 1,550 36 120
0500 A 246 5 5
0900 A 41 0 0
1300 B 607 14 10
1700 B 1,670 2 0
2100 A 273 0 0

(continued)
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TABLE 44 (continued)

Surrogate recovery

Sectgr TOC1 dg-Naphthalene d;2-Chrysene
Test day Date Time code (ng/g) (%) (%)

6 5-10 0300 B 108 0 0

0700 A 467 9 1

1100 B <1 0 0

1500 A 167 6 6

1900 B 11 46 38

2300 A 54 0 (i}
7 5-11 0300 B

0700 A } <1 0 0

1100 B

1500 A } 599 2 0

1900 B

2300 B } 95 0 0
8 5-12 0300 B }

0700 A <1 0 0

1100 B } '

1500 A 389 8 3

1900 B }

2300 B <1 0 0
9 5-13 0300 A } <

0700 A ! 0 0

1100 B

<
1500 A } 1 0 0

(continued)
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TABLE 44 (concluded)

Surrogate recovery

Sector TOC1 dg-Naphthalene d;2-Chrysene
Test day Date Time code (ng/g) (1) (%)
10 5-14 1500 B <1 0 50
1900 A 2,700 5 10
5-15 0300 A 22 68 68
0700 A 8,070 30 32
1100 B <1 0 0
1500 B <1 0 0
1900 A <1 0 0
2300 B <1 4 5
11 5-16 0300 A 26 16 15
0700 B <1 0 0
1100 A 45 0 0
1500 A < 1 17 1
1900 B <1 6 6
5-17 0000 B <1 6 0

The accessible portion of refuse was divided into two sectors which were sampled
according to a randomized selection scheme.



TABLE 45. TOC1l RESULTS AND SURROGATE RECOVERIES
p FOR CHICAGO NW TAP WATER SAMPLES

Surrogate recovery

TOC1 dg-Naphthalene dy2-Chrysene
Test day Date (ng/2) (%) (%)
5. 5-9 < 30 14 16
6 5-10 < 30 0 0
7 5-11 < 30 68 24
5-14 < 30 12 10
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c e ee . —— .. TABLE 46. COHPOUNDS QUANTITATED IN SAHPLES FROM THE CIHICAGO NW INCINERATOR, UNIT NO. 2

Plant bachbround

air particulates Flue gas inlet Flue gas outlet Combined ash ESP Ash
Composite concentration concentrat ion concentralion concentsation concentration
Compound _ . _day ___ (eg/dscw) . (eg/dscm)  __ (eg/dscw) (ngfg) _ . __.__(ng/B) _
Tagget PAH Compounds
Phenaathrene ] 120 200
2 32 1o
3 28 340
Fluoranthene 1 1.0 110 39 "
2 27 27
3 0.28 18 51 9.4
Pyrene 1 . 0.82 300 92 12
2 140 N
3 0.18 57 n 1.8
Additiona]l Compounds [dendified
1,3-Dichlorobenzene 1 130
2 130
K} 18
1,4-Bichlorodbenzene ] 96
2 98
3 1%
1,2-Dichlorobenzene 1 140
2 120
3 20
1,2,3-Trichlorobenzene 1 140 48
2 81 57
k J 27 150
1,2,4-Trichlogrobenzene 1 550 200
2 380 220
3 160 560
1,3,5-Trichlorobenzene ] 490 190
2 280 180
3 120 460
Tetrachlorobenzeae® ] 1,400 190
2 1,000 630
3 1,400

(continued)
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TABLE 46 (concluded)

Plant backbround

air particulates Flue gas inlet Flue gas outlet Combined ash ESP Ash
Composite concentration concentration concentration concentration concentration
Compound _ day (ng/dscm) {ng/dscm) (ng/dscm) (ng/x) {ng/g)
Hexachlorohenzene ] 100 110
2 39 48
3 12 260
Dichloropheno)® 1 560 240
2 240 280
3 190 630
Trichloropheuol. ! 2,100 1,400
2 970 1,200
3 600 1,900
Tetrathlorophenol. ] 2,200 1,500
2 1,100 1,100
3 600 1,700
Pentachlorophenol 1 130 190
2 160
3 64 430 3]
Dibenzofursn 1 86 100
2 28 67
3 23 140
Dimethylphibalate 1
2 4.8
3 50
Diethylphthalate [
2
3
Di-n-butylphthalate ] 15
2 6.1
k] 32
Butylbenzylphthalate 1
2
k]
Bis(2-ethylhexyl)phthalate 1 130 170
y vie 2 47 230
3 370 a9

3 Specific isomer not determined.




TABLE 47. COMPARISON OF TOC1 RESULTS FROM DIRECT TOCl ASSAYS
VERSUS CALCULATED TOC1 FROM SPECIFIC COMPOUNDS
IDENTIFIED IN COMPOSITE CHICAGO NW EXTRACTS

Composite Sum of compounds
Sample type day TOC1l assay identified
Flue gas inlet 1 130 mg/hr 200 mg/hr
2 88 mg/hr 110 mg/hr
3 67 mg/hr 56 mg/hr
Flue gas outlet 1 97 mg/hr 120 mg/hr
2 110 mg/hr 96 mg/hr
3 86 mg/hr 190 mg/hr
ESP Ash 3 98 ng/g 93 ng/g
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TABLE 48. CONCENTRATIONS OF POLYCHLORINATED BIPHENYL ISOMERS
IN FLUE GAS OUTLET SAMPLES FROM THE CHICAGO
NORTHWEST INCINERATOR UNIT NO. 2

Composite day
(Concentration, ng/dscm)

Compound identified 1 2 3
Dichlorobiphenyl 5.8 6.0 40
Trichlorobiphenyl 7.6 4.3 36
Tetrachlorobiphenyl 4.2 1.5 13
Pentachlorobiphenyl 2.3 _1.0 4.5
Total chlorobiphenyl 19.9 12.8 93.5
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TABLE 49. CONCENTRATIONS OF POLYCHLORODIBENZO~P-DIOXINS AND FURANS
IN FLUE GAS FROM THE CHICAGO NORTHWEST INCINERATOR

Concentrations
(ng/dscm)
Total trichlorodibenzo-p~dioxins
Day 1 15
2 12
3 11
Mean 13
S.D. 2.1
Total trichlorodibenzofurans
Day 1 350
2 280
3 270
Mean 300
S.D. 44
Total tetrachlorodibenzo-p-dioxins
Day 1 7.2
2 5.4
3 6.2
Mean 6.3
S.D. 0.90
Total tetrachlorodibenzofurans
Day 1 89
2 84
3 96
Mean 90
S.D. 6.0
Total hexachlorodibenzo-p~dioxins
Day 1 14
2 21
3 14
Mean 16
S.D. 4.0

(continued)
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TABLE 49 (concluded)

Concentrations
(ng/dscm)
Total hexachlorodibenzofurans
Day 1 43
2 84
3 59
Mean 62
S.D. 21
Total heptachlorodibenzo-p~dioxins
Day 1 7.2
2 7.8
3 7.7
Mean 7.6
S.D. 0.32
Total heptachlorodibenzofurans
Day 1 7.2
2 7.2
3 8.0
Mean 7.5
S.D. 0.46
Octachlorodibenzo-p~dioxin
Day 1 2.6
2. 2.2
3 2.8
Mean 2.5
S.D. 0.39
Octachlorodibenzofuran
Day 1 0.72
2 0.63
3 0.46
Mean 0.60
S.D. 0.13
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TABLE 50. CONCENTRATIONS OF 2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN
IN FLUE GAS FROM THE CHICAGO NW INCINERATOR

Concentration
(ng/dscm)
Day 1 0.35
2 0.36
3 0.52
Mean 0.41
S.D. 0.10

Cadmium

The results for cadmium analysis of samples of fly ash, bottom ash, and
refuse for test days 8 to 14 are presented in Tables 51 to 53. The fly ash
samples contained the highest concentrations of cadmium, ranging from 86 to
560 pyg/g. The concentration of cadmium in bottom ash was approximately one
order of magnitude lower than that of the fly ash samples. The cadmium con-
tent of refuse samples ranged from less than 0.12 to 1.4 pg/g. Cadmium was
not detected in the tap water from this plant. The concentrations of cadmium
in the flue gas outlet samples are listed in Table 54. Also included in these
tables are results for the recoveries of spiked samples, which was part of
the QA program discussed in the analysis methods. The recovery of cadmium
averaged 91% from both the combined ash and the refuse and 114% from the fly
ash.
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TABLE 51. CADMIUM CONCENTRATIONS IN FLY ASH FROM CHICAGO
NORTHWEST INCINERATOR, UNIT NO. 2

Spike
Cadmium recovery
Test day Date Time (ug/g) (%)
9 5/13 0000 283 139
0400 201, 212
209, 217,
222
0800 376
1200 458
1600 391
5/14 1700 86.1, 82.3
2000 250
10 5/15 0400 225
0800 209, 218 109
1200 380, 392 124, 118,
419, 425, 114
440
1600 361
200 560
11 5/16 0000 306 135
0400 325, 325
0800 237
1200 250
1600 216
12 5/17 0100 230 94
0500 279, 348
0900 289
1300 290
1700 313 100
2100 328, 323
13 5/18 0100 309
0500 326
Spiked distilled water’ 97 + 9

a Spiked with 10 pg total cadmium.

b Spiked with 10 pg total cadmium and analyzed with the sample digests.

¢ Mean and standard deviation for eight determinations.
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TABLE 52. CADMIUM CONCENTRATIONS IN COMBINED BOTTOM ASH FROM
CHICAGO NORTHWEST INCINERATOR, UNIT NO. 2

Spike
Cadmium recovery
Test day Date Time (ug/g) (R
9 5/13 0100 8.20 95
0500 23.4 61
0900 8.30, 7.34
1300 36.1, 31.2
1700 15.1
5/14 1700 5.40 88
2100 30.8, 27.8
10 5/15 0100 15.9, 9.20 81, 106
0500 31.7
0900 48.8
1300 7.3 98
1700 17.1
2100 18.5, 49.4 67
31.7, 60.5
11 5/16 0100 7.88, 28.7,
6.80
0500 27.8 120
0900 13.3 105
1300 10.7, 8.64
2000 12.1
2100 7.5
12 5/17 0200 14.5
0600 10.4
1000 6.00
1400 14.3
1800 13.1, 14.8
2200 17.6
13 5/18 0200 6.35
0600 8.00
1000 21.7
1400 4.60
1800 71
2200 3.60
14 5/19 0200 13.1
0600 46.9
1000 7.85
1400 14.3
Spiked distilled water® 93 + 6°

a Spiked with 10 pg total cadmium.
b Spiked with 10 pug total cadmium and analyzed with the sample d1gests
¢ Mean and standard deviation for six determinationms.
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TABLE 53. CADMIUM CONCENTRATIONS IN REFUSE FROM CHICAGO
, NORTHWEST INCINERATOR

Spike
Cadmium recovery
Test day Date Time (ug/g) (%)
8 5/12 2300 1.45
5/13 0300 0.50, 1.25
5/13 0700 0.85
5/13 1100 0.28 91
5/13 1500 0.45
5/14 1500 0.63 72
5/14 1900 1.07
5/14 2300 0.95, 1.02
10 5/15 0300 0.67
5/15 0700 0.14 95
5/15 1100 0.85 106
5/15 1500 <0.12
5/15 1700 0.20
5/15 2300 1.10, 1.04
11 5/16 0300 1.07
5/16 0700 0.83, 0.80
5/16 1100 <0.12
5/16 1500 <0.12, < 0.12
5/16 1900 0.63
12 5/17 0000 1.10
5/17 0400 0.68
5/17 0800 < 0.12
5/17 1200 0.18
5/17 1600 0.16 105
5/17 2000 0.60
13 5/18 0000 0.57
5/18 1200 0.25 9%
5/18 1600 1.04, 0.94
5/18 2000 0.55
14 5/19 0000 1.25
5/19 0400 9.85, 8.44
5/19 0800 0.79
5/19 1200 8.13
Spiked distilled water’ 78 + 22°

a Spiked with 10 pg total cadmium.

b Spiked with 10 pg total cadmium and analyzed with the sample digests.

¢ Mean and standard deviation for seven determinations.
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TABLE 54. CADMIUM CONCENTRATIONS IN THE FLUE GAS OUTLET
PARTICULATES FROM CHICAGO NORTHWEST INCINERATOR,

UNIT NO. 2
Cadmium
Volume Mass Concentration
Test day Date (dscm) (pg) (ug/dscm)
12 5/17 6.20 520 84
13 5/18 6.20 1,490 240
14 5/19 6.81 1,850 272
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SECTION 9
ANALYTICAL QUALITY ASSURANCE RESULTS

The principal quality assurance indicators used for this study were the
recoveries for surrogate compounds spiked into all samples prior to extrac-
tion and the results of three interlaboratory comparison studies.

SURROGATE COMPOUND RECOVERIES

The surrogate recoveries determined for all samples from both plants are
summarized in Table 55. As indicated in the previous section, the recoveries
observed for naphthalene are generally lower than those for chrysenme. Since
the compounds of primary interest in this study are less volatile than naphtha-
lene, the naphthalene recoveries likely indicate the maximum losses attributa-
ble to volatilization. The chrysene recoveries likely provide a more accurate
indication of the recoveries of the principal analytes related to extractiom
efficiency and general extraction handling.

The apparent analytical accuracy and precision as indicated by the re-
coveries and standard deviations of surrogates observed for each media was
likely influenced by the dilution of extracts prior to analysis. Many of the
more complex extracts required dilution such that the concentrations of the

surrogate compounds in the diluted extracts were near the amalytical detec-
tion limits.

In general, the surrogate recoveries observed for the Ames samples were
higher than those observed for the Chicago samples. This is likely attribut-
able, at least in part, to the complexity of the Chicago samples.

INTERLABORATORY COMPARISON STUDIES
TOC1

Two interlaboratory comparison studies were conducted to check the com-
parability of TOCl assay as conducted by SwRI and GSRI. In the first study,
selected extracts from the two plants were submitted for TOCl assay by the
other laboratory. A second set of TOCl extracts was prepared at MRI by mix-
ing several extracts of organic chemicals manufacturing wastewaters. The re-
sults of these two studies are shown in Table 56. Although some significant
discrepancies are apparent, the data from the two laboratories are gemerally
comparable.
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TABLE 55. SUMMARY OF SURROGATE RECOVERY DATA

Surrogate recovery
dg Naphthalene d;s-Chrysene

Plant Sample type Determinations (%) (%)
Ames Flue gas outlet 11 47 £ 12 86 = 12
Flue gas inlet 22 57 t 24 73 £ 19
Plant background air 21 48 t 23 98 £ 22
particulates
ESP ash 51 44 * 25 96 * 22
Bottom ash 51 55 £ 20 85 £ 31
Coal 6 90 % 16 90 * 18
RDF 36 65 * 15 110 £ 28
Bottom ash hopper 6 69 t 17 110 £ 18
quench water influent
Bottom ash hopper 50 42 £ 32 88 £ 25
quench water overflow
Well water 3 44 + 38 88 t 17
Chicago Flue gas outlet? 11 (resin) 26 £ 23 61 * 37
11 (filter) 29 £ 13 62 £ 34
Flue gas inlet? 11 (resin) 41 * 26 93 * 28
11 (filter) 32 £ 17 55 £ 22
Plant background air 12 31 £ 23 51 £ 45
particulates
ESP ash 53 26 £ 18 35 £ 22
Bottom ash 51 33 % 18 21 * 20
Refuse 51 9 ¢ 13 10 £ 21
Tap water 4 246 £ 30 13 £ 10

a The resin and filter catch portions of the Chicago flue gas samples were
spiked, extracted, and analyzed separately for the surrogate compounds.
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TABLE 56. RESULTS OF INTERLABORATORY TOC1 ANALYSES

TOCl (ng/extract)

Sample GSRI results SWwRI results
Chicago flue gas outlet (5/15) resin? 44,500 23,000
Chicago flue gas inlet (5/7) particulate 26,700 19,200
Chicago flue gas outlet (5/12) resin 39,400 39,300
Chicago flue gas outlet (5/9) particulate 12,000 42,800
Chicago flue gas outlet (5/6) particulate 8,780 10,020
Chicago flue gas outlet (5/11) resin 47,900 31,400
Ames bottom ash (3/7, 0130 + 0530)° 227 1,020
Ames bottom ash (3/9, 2030) 91.8 124
Ames flue gas outlet (3/15)€ 702 4,230
Ames flue gas outlet (3/18)c 443 18,100
Ames RDF (3/4, 0230) 78,800 109,000
Ames RDF (3/3, 1430) 181,000 215,000
Synthetic Extract I9 7,300 11,300
II 10,700 10,900
III 7,600 13,800

IV 10,400 12,400, 16,200

a Prepared by GSRI.
b Prepared by SwRI.
¢ Resin and particulate combined.

d Prepared by MRI.

Specific Compound Analysis

An interlaboratory study was also conducted using spiked fly ash ali-
quots spiked with specific compounds. Mixed fly ash from the Ames and Chicago
plants was divided into 20-g aliquots. The aliquots were spiked by MRI with
six chlorinated compounds and submitted to GSRI and SwRI for analysis by the
same extraction, HRGC and scanning HRGC/MS procedures used for the plant sam-
ples. Four pairs of duplicate fly ash aliquots were submitted to each labor-
atory. The results of these analyses-are shown in Table 57 along with the
surrogate recoveries. Most compounds were identified in the spiked samples
by both laboratories. Exceptions were pentachlorophenol in most samples and
decachlorobiphenyl in one sample by SwRI.
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TABLE 57.

INTERLABORATORY COHPARESON OF ANALYTICAL RESULTS FOR TIFE EXTRACTION AND ANALYSIS

OF SPECIFIC COHPOUNDS IN FOUR SETS OF QUALITY ASSURANCE SAHPLES

Compound __
1,2-Dichlorobenzene
1,2,4-Trichlorobenzene
Henachlorobenzene
2,4,6-Trichlorophenol
Pentachlorophenol

Decachlorobipheny)

Naphthatene-dy

Chrysene-dgg

Spike
tevel

R (771 I

[
m®
ND
ND
ND
[ 11}

s, 2

6,300
10,200
1,680
"2

tr

566

84

11 i
Concentration® Spike  Concentration® Spike  Concentration
)___ level . Anglg) . level e __(ng/g) N
SWRl _ (og/g) _GSRI___ _ SWRi__ _  (og(s) __ _GSRL _ SRl
ND 585 90, 125 952, 4,110 2,930 940, 430 7,420,
ND s60 100, §70 1,170, 1,220 4,200 1,660, B6S 11,700,
KD 550 45, 65 295, 150 2,150 190, 365 1,630,
ND 2,850 HD, 45 1,040, 748 s10 15, ND 1,
ND 2,680 ND, D tr,€ ur 538 KD, ND tr,
N 490 425, 970 tr, tr 1,230 6,050, 2,890 403,
Surrogale Cospound Recovery (X)
a8, a8 25, &0 89, 88 59,30 98,
73, 84 41, 40 8s, 16 50, 18 15,

4, 2

S;t_l-k; o Concenln—t‘lor )
level o Kna/g)______
o fnglg) __ GSRL AT
4,390 700, 1,010 20,200, 4,410
2,800 120, 855 7,660, 8,520
2715 85, 15 170, 103
4,280 355, 840 3,690, 2,040
4,020 ND, HD tr, tr
2,450 8,650, 6,800 2,460, 1,280
34, 42 101, 89
45, &5 m, tod

011

b ND = not detected.

¢ Ltr = trace.

s Concentrstion values reported for two ldentical samples prepared by HRI.



PCDD and PCDF Analysis

The results of the interlaboratory comparison of PCDD and PCDF analyses
conducted on Chicago flue gas outlet extracts by MRI and R. Harless at EPA's
Research Triangle Park laboratory are shown in Table 58. Both the qualita-
tive and quantitative results from the two laboratories were quite comparable.
There were no qualitative discrepancies. The agreement in quantitation is
reasonable, particularily in view of the facts that: (1) the two laboratories
utilized different gas chromatographic systems and different selected ion
monitoring procedures (computer controlled ion selection by MRI and hardware

controlled ion selection by EPA) and (2) that the levels were near the limits
of detection.

TABLE 58. INTERLABORATORY COMPARISON OF THE LEVELS OF PCDDs AND PCDFs
IN COMPOSITE EXTRACTS FROM THE CHICAGO NW INCINERATOR

Total mass_in sample (ng)

Composite Parameter MRI results EPA? results
1 2,3,7,8-Tetrachlorodibenzo-p-dioxin 24 14
2 2,3,7,8-Tetrachlorodibenzo-p-dioxin 24 7.0
3 2,3,7,8-Tetrachlorodibenzo-p-dioxin 34 9.4
4 Total tetrachlorodibenzo-p-dioxin 500 1,200
5 Total tetrachlorodibenzo~p-dioxin 360 740
6 Total tetrachlorodibenzo-p-dioxin 400 660
7 Total tetrachlorodibenzofuran 5,600 1,640
8 Total hexachlorodibenzo-p~dioxin 1,400 280

a Calculated from data in Reference 8.
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SECTION 10
EMISSIONS RESULTS

AMES MUNICIPAL POWER PLANT, UNIT NO. 7

The TOCl input and emission rates determined for the Ames plant during
the test period are shown in Table 59. These results were calculated from
the daily mean levels of TOCl in coal, RDF, and ash from Section 8 and the
mass and volume flow rates from the engineering and process data in Section
7.

Since TOCl is not a comservative parameter, it is not surprising that
the mean TOCl destruction rate is greater than 99%. Interestingly, these
data indicate that flue gas was responsible for the largest fraction of TOCl
emissions, 83%. Bottom ash and fly ash contributed only 11 and 5%, respec-
tively, of the total emissionms.

Table 60 shows the input and emission rates for the target PAHs and other
compounds identified in the composited Ames extracts. The mass and volume
flow data used for the input and emission calculations are averages for the
sampling days comprising the composite days.

The emission rates for PCBs in the Ames flue gas samples are shown in
Table 61. Only the composited flue gas outlet extracts were analyzed for
PCBs by HRGC/MS-SIM. PCBs may have been preseant in other inputs and emis-
sions media at concentrations below the limit of detection of scanning HRGC/MS.

A summary of the cadmium inputs and emissions for the test days investi-
gated at the Ames Municipal Power Plant is presented in Table 62. The total
inputs and emissions represent a good mass balance.

CHICAGO NORTHWEST INCINERATOR, UNIT NO. 2

The calculated TOCl inputs and emissions are shown in Table 63. The ap-
parent mean TOCl destruction rate (97%) is slightly lower than was observed
for the Ames plant. However, the difficulty experienced in taking representa-
tive samples of raw refuse hinders accurate destruction efficiency determina-
tions. The contribution of flue gases to total TOCl emissions is remarkably
similar, 87% for the Chicago incinerator relative to 83% for Ames power plant.
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TABLE 39. TUTAL ORGANIC CHLORINE INPUTS AND FHISSIONS - AHES MUNICEIPAL PVAER PLANT, UNIT Nn 7

O |- 1 S e e e e = e——— oo . Entesicns
] Coal ..ls!.."zs-,sk!!vc‘.!ul“ Total Bottowash o ESPagh — Totsl Percant of
RDF TCl T ToeT Tocl™ Toci T0C1 'na:. T0Ci (] Haes ~ ToclT okl T THass ﬁcf" focl  voc1 T0C] enissions

load feed Feed conc.  input conc.  imput input conc. emissjons  (low conc. ealssfons emissions  coac. emissions emissions ue
Dae __(R). _(X) (hg/bc)_(oglg) . !-III.L !illhr!__(.lll) (opfhe) (agfhr} (ilau)__JJll' (ag/he) | (kafhr) . (un/g) . (mg/br)_ (dscw/hr) (ng/dsca) (mgfhr) _ (mg/br) BA FA gas.
2 [ ] 9 14,600 3 n 0 100 3.9 0.5% §,200 () 5.6 309,200 156 48.2 4.4 ] 10 8
33 % 13 14,400 5 n 2,130 20,100 42,900 43,000 350 124 43 1,200 2.5 3.0 323,800 1,210 2 48 10 [} (1]
74 90 b ] 14,400 5 12 4,290 9,100 39,9500 40,000 550 97 5) 1,200 6.5 1.8 m.oooc 166 58 N2 n 3 [
33 ) 19 15,200 5 16 3,640 3,500 12,700 12,800 450 36 16 1,200 5.2 6.2 m.sooc [21) 146 166 [[] 3 LU
36 (] 2 14,600 ) 2] 4,030 8,200 33,050 33,100 350 (1) 24 1,200 1.7 3.2 340,300 ”51 12 351 ? ] L2
31 a2 14 15,200 ) 16 2,410 9,900 24,500 24,600 400 35 7 1,200 3. 3.7 318,400 412 (b1 156 11} 2 [ 2]
/8 80 20 12,800 3 64 3,180 32,100 18,500 38,600 300 n " 1,200 56 (3 294,300¢ %] 107 191 9 3 56
3/ 60 & 10,800 S 54 490 5,000 2500 2,600 200 4.4 0.88 1,200 3 4.2 242,900, i 100 105 [} & 98
3/10 8 10 14,200 [ n 1,530 3,300 8,100 8,200 300 n 1.4 1,200 5.2 6.2 313,300 (11 e 296 4 2 9%
wn 88 2% 13,700 s 68.5 4,340 13,000 56,400 56,500 350 n 67 1,200 2.6 2.} 341,500 562 "2 237 2% TR
2 » i) 16,000 3 0.0 4,320 19,900 86,000 86,100 500 57 ] 1,200 3.2 3.8
m % 16 14,100 5 0.8 2,720 9,600 26,100 26,200 400 156 €2 1,200 2.3 )t 320,900 m 109 174 3% 2 6
b U4 L) (1) % 11,900 5 69.3 4,350 22,000 95,700 95,800 550 18 13} 1,200 3.0 3.6 289,300 1,680 486 sn & 1 ”
315 62 4 10,900 ) 54.8 417 200 1,200 258,400 28 61.3
¥y [ 2] 12 14,200 S n 1,850 350 3,200 223,400 50 369
3 9 n 14,300 5 .3 2,930 500 1,200 319,100 [ L1 b2
31 [} ] [} 14,200 3 n 2,550 400 1,200 314,800 1,050 m
3/20 Y} 7 15,600 5 18 1,200 250 1,200 320,000 208 65.6
y/22 % 1 14,000 s 10.5 1,740 350 1,200 332,200 124 4).2
323 2 0 20 3 43 o _ - 100 200 s 1 w4
Determin- 20 20 20 20 20 20 (1] 12 12 0 13 [k} 20 [} B 19 (1] " 12 12 ” 12

atioas
Hean [}) 1 13,800 3 69 3,312 11,500 30,900 19,000 o 62 ] 1,200 1.7 9.2 308,700 616 194 2% n 3 [ 3]
Staadard 1" 1.7 1,700 N0 [N ] 1,570 6,200 28,800 28,800 150 &7 n ND 4.6 17.4 32,%00 425 134 (k1) 10 10 13
deviation

a Estimsled from mass cmissions data collected during 1978. Douglas Fiscus, Hidwest Research Institute, personal communication.

b Flue gas sanpled at the outlet of the ESP except where indicated.

€ Flue gos outlet samples were wot collected on this day. The mass emissions and TOC) couventrativn dats are for flue gas inlet ssaples collected
on this day. Flue gas TOC) emissions are corrected for Lhe TOC! in the ESP ash.
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TABLE 60. COHPOUNDS QUAN'I'ITATEI) IN THE PRIMARY INI'U‘I‘ MID FHISSION HEDIA FOR TUFE ANES HUNICIPAL POWER PLANT, UNIT NO. 7

laputs _ I - e i‘-llulonl .
ReTuse-derived Flant Flue gas Flue gos
._Coal fuel - background air fnlet ~ _ outdet ___ESP ash Bottom ash
Taput input Toput Fmission Enission F.-lulon fasion
Compasite Conc. rate Conc. rate fonc. rate Conc. rate Conc. cate Conc. Conc. rate
Compound _  __dey  (ng/g) (mg/bs) (ng/g) (wg/he) (ng/dscm) (mg/hr)  (ng/dscm) (mg/be) (ng/dscm)  (mg/br) (ng/g) j-_nLh__ﬂ_Lnls)__(zslm
Tagget PAH compounds
Phenauthrene 1 7,550 110,000 0.29 0.0¢ 270 16 390 1o 0.3 0.4 32 3.2
2 9,090 130,000 1,400 3,100 0.6 0.09 420 140 320 100 250 99
3} 15,400 210,000 940 4,100 0.8 0.1) 660 200 320 9% 0.2 0.2 140 18
4 8,500 110,000 948 1,800 0.8 0.13 640 200 N 12 0.2 0.2 4 14
5 18,600 270,000 028 1,800 0.32 0.044 200 54 480 13 0.2 0.2 S00 180
Anthracene 1 1,570 23,000 59 16 49 14
2 1,840 26,000 296 810 0.17 0.028 57 18 11} 26
3 1,260 18,000 0.16 0.024 n 2 18 24 2 13
A 2,120 28,000 0.19 0.030 8 28 46 1% .
5 4,110 59,000 100 20 n 22 130 46
Fluoranthene 1 1,19 17,000 - 0.36 0.05 70 20 46 13 10 1.0
2 1,640 23,000 984 1,300 0.7 0.1 240 18 40 13 52 21
3 3,320 46,000 a1 1,200 0.7 0.11 140 42 97 10 30 1
4 900 12,000 306 580 1.0 0.16 87 28 28 8.8 i
s 3,210 46,000 198 420 0.5 0.07 9% 26 130 36 450 160
Pyrene 1 1,340 20,000 0.36 0.05 220 64 10 32 9.0 0.90
2 1,960 28,000 552 1,500 0.7 0.12 850 280 96 32 64 26
3 3,810 53,000 436 1,900 0.7 0.11 480 140 250 74 29 16
4 1,070 14,000 282 530 1.1 0.1? 230 " 66 22 6.0 1.9
s 4,000 58,000 mn 190 0.5 0.07 330 90 330 90 420 150
Cheysene 1 370 5,400 0.29 0.04 3. 1.0 0.3 0.4
2 425 6,000 436 1,200 0.40 0.07 28 8.0
3 1,060 15,000 0.1} 0.06
4 238 3,200 0.60 0.09 9. 3.2
5 1,300 19,000 0.38 0.0 2. 0.76 2.7 0.76 170 s8
Benzo|alpyrene 1 0.07 0.01 21 6.0 13 3.8
2 0.1} 0.28 64 22
3 0.1 0.016 120 s
& 0.09 0.015 19 6.2 28 6.0
5 0.07 0.008 63 17
Indeno|1,2,3-c,d)pyrene ]
2
, .
4 0.02 0.003
5
Benzofg,.h.ilperylene ] 3.3 0.96
2
3 22 6.6
4 0.09 0.01% 4.6 1.5
b

(cont Inued)
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Comp

Additional compounds
teatitied

Dichlorobenzene

1,2,4-Trichlorohenzene

Hexachlorobutadiene

Tetrachlorobenzene”

Pentachlorophenot

Phenol

2,4-Dimethylphenol

TABLE 6

0 (Continucd)

Composite
. - Say

N dn i N = DWW N - L R [ NN S B N e WM e

WV N e

inputs

Conc.

10,000
12,000

2,800
23,000
29,000

_ e e e o ._Emissions __
Reluse-derived Plant Flue gas Flue gas N
e, Muel _bachground air__ __dolet o outlet ..._ESP ash Boltom ash
Inpul Input Emission Emission Emission Emisston
Conc. rate Canc. rate Conc. rate Conc. rate Conc. rate Conc. rate

rate

150,000
170,000

39,000
310,000
420,000

1,300
1,200
520
430

1,300

690

3,500
5,200
980
920

3,500

1,500

0.02

0.07

P ™)
U DWW

25
19

25
0.0028 99
0.0016 180
69

0.0024 103

0.010

24
0.46 4,700
0.21 4,000
0.11 13,000
0.23 5,100
0.25 9,500

8.2

24

32
52

30

1,300
1,300
4,000
1,600
2,600

... Loglg) (mg/br) (ng/g) (mgfhe) (ng/dscm) (mg/hr)  (ng/dscm) (mg/hr) (ng/dscm) (mg/hr) (ag/g) (wg/br) (ng/g) (mg/hr)

3.3

110
85

6,400
7,100
3,000
6,000
6,200

1,000
1,200
1,300

2,100

1.0
2% ,9.6
0.07 0.08
1.5
34
2%
1,800 220 260 980 98
2,600 1,600 640
920 1,800 990
1,900 190 230 360 110
1,700 380 460 730 260
300
400 27 i
400
8 2.5
s80

(continued)
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TABLE 60 (Continued)

Inpuls e e __ Emissions _ _ .
Refuse-derived ~ — ~ Plant” Fiue gas Flue gas
—me.Coal fuel _background air _ Anlet __ outlet ESP ash __ _ Botlom ash
input foput input Ewizalon Emisalon Emission Ealssion
Composite Conc. rate Conc. rate Conc. rate Conc. rate Conc. rate Conc. rate Conc. rate
Compound _day _ (op/g) (ma/hr) (ng/g) (mg/br) (ng/dsca) (mg/bc) _ (ng/dscm) (mg/hr) (ng/dscm) (mg/hc) (og/g) (mg/hr) (ng/g) (mg/hr)
Naphthalene ] 1,400 20,000 0.28 0.040 710 200 650 190 o.1? 0.2 15 1.5
2 1,100 16,000 36,000 98,000 0.22 0.03? 1,000 340 550 180 360 140
3 1,800 25,000 2,200 9,600 0.32 0.048 620 190 [ }] 2% 110 61
4 1,800 24,000 1,500 2,800 0.28 0.045 1,800 560 300 98 29 9.2
S 2,700 3%,000 1,500 3,200 0.1 0.017 140 200 850 240 0.18 0.22
Fluorene ' 3,500 50,000
2 3,100 43,000 600 3,600 0.22 0.03)
3 5,600 78,000 450 1,900 0.32 0.048 120 34 14 1.3
L} 3,300 45,000 300 2 0.28 0.045
5 7,000 100,000 320 n 0.1 p0.o01?
Benz|s)anthracene 1 0.14 0.020
2 0.44 0.07)
3 0.53 0.019 1.2 2.2
4 0.53% 0.089
S 0.38 0.052
Benzofluorsnthrene 1 261 3,800 0.42 0.060 6.5 1.9
2 470 6,600 0.67 0.1l 9.9 3.2 2.7 0.88
k) 960 13,000 0.6) 0.095 12 3.6
& 260 3,400 0.6% 0.1 6.9 2.2
S 1,200 18,000 0.51 0.070 17 2.3
Benzolejpycene 1
2
3 29 8.8
&
5
Acenaphthene 1 650 9,500 .
2 970 14,000 1,200 3,200
3 1,600 22,000 1.0 0.55
4 1,400 18,000
S 1,500 22,000
Acensphithylene 1 220 3,200 120 12
2 260 3,400 20 6.6 5 0
k} 560 1,100 24 1.2 10 5.5
4 400 5,300 too 32
5 450 6,500 130 Y]
Trichlorobenzene® ) 6 10.2
2 n 26
3 24 1.2
4
5

{continued)
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TABLE 60 (concluded)

e e Npats e Emissions
Refuse-derived Plant Flue gas Flue gas -
Loal  _ _fuel ___ background aiy =~ dslet _ _ _outlet ____ ESP ash .. Botiam azh
Input Topot Tnput Emission Emission Emission Emission
Composzite Conc. rate Conc. rate Conc. rate Conc. rate Conc. rate Conc. rate Conc. rate
Compound o _.day___ (ng/g)_(ma/hr) (ng/g)_ (mg/br) (ng/dscm) (mg/hr) _ (ng/dscm) (mg/hr) (ng/dscm) _(mg/br) (ng/g) (mp/hr) (ng/g) (mg/hr)
Dimethylphthalate ] 3.0 0.30
2
3
4 0.20 0.48
5 730 1,600
Diethylphthalate 1 1l 26
2 9,100 25,000 0.5 1.20 k)] 15
3 290 1,300
& 1,400 2,700 2.0 48 16 5.1
5 11,000 23,000
Di-n-butylphthalate 1 15 36 4.0 0.40
2 18,000 49,000 3.0 1.2 42 16.8
k] 14,000 61,000 12 6.6
4 6,400 12,000 4.0 9.6 35 1
5 14,000 28,000 170 58
Butylbenzylphthasite ) 6.0 14 2 3.2
2
3 51 28
4 59,000 110,000 6.0 14
5 22,000 46,000
Bis(2-ethylhexyl)- 1 3.0 1.2 980 9.8
phthalate 2 350,000 970,000 2.0 4.8 1,200 470
k] 44,000 190,000 480 260
4 35,000 66,000 8.0 19 810 260
5 22,000 46,000

a Specific isomer not determined.




TABLE 61. FLUE GAS CONCENTRATIONS OF PCBs AND EMISSION RATES
FOR THE AMES MUNICIPAL POWER PLANT, UNIT NO. 7

Total PCBs
Concentrations Emission rate
(ng/dscm) (mg/hr)

Ames composite day 1 5.2 1.4
2 27 9.0

3 23 6.8

4 25 8.2

5 17 4.8

Mean 19 6.0

S.D. 8.8 3.0
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TABLE 62.

CADHILY INFUTS AND FHISSIONS - AMES NUNICIPAL POVER PLANT, INIT NO.

. e e Alerul_- e e e e e e . .. Emisalons
o Losl T - F T TTtatal _-_ﬁuﬂ_u_h_(!@i. T ESE sak {FA) Fluc pae Fercent of
1.... ”‘ﬂ ’1 [TTTRR - | & cé nuu cd Hase [7] (2] Voluse d Total  teta

Test Load ROF  (low conc. nput flow conc. input inpu conc. ul-non flow cORc. cmissions flow onc . caissions emissioas
day _ Date (%) (X)) (ba/be) (pgfa) . .(9:1!51__!!11!'1. lpals) . Llll.). (-ll_r)_ m&-)_ (esls).. -(-Jl_.)_um_(mn__x_um__(_a_)___muﬂz__(mm_x.m —BA_ FA___
¥z 89 23.5  13,%0 4,300 530 1,200 3.00 10,800
2 M1 s 13.3 15,010 0©.736 11,050 2,700 2.0 5,670 16,100 4«00 1.98 160 1,200 8.36 10,030 164,000
13 ¥w 2.8 1,800 0.1) 1,060 4,300 3.16 13,600 15,500 5350 2.19 1,200 1,200 8.0 9,050 143,000
W 315 6 3.69 10,800 0.138 1,490 410 $.30 2,110 3,660 150 2.81 360 1,200 5.4) 6,520 129,000

36 0.046 0.876 1,300 2.%0 3,400
)26 8 6.15 14,800 0.149 2,200 %0 2.6) 2,550 4,150 200 1.36 210 1,200  4.12 4,940 153,000 22.55% 3,450 8,660 3 LY 2 7]
22 3B M 10.9 14,300 0.)42 1,600 1,740 288 5,010 6,610 300 2.10 [11] 1,200 6.3 7,600 148,000 27.98 &, 040 12,600 6.5 60.5 33
23 326 81 130, MA400 0231 3,120 2,530 282 1,130 10,500 400 230 920 1,200 7.5& 9,050 148,000 .46 30 10 1 6
Delernia- ] ? ! 6 ) 6 6 6 ] ! 6 [ ] s 6 3 3 3 ) 3 3
atioas
MBean 83 1% 13,900 ©0.23% 3,590 2,420 3.05 6,00 9,620 360 1.96 120 1,200  6.48 7,180 140,000 3.3 3,190 11,600 3.5 &) »
Standasd 9% 1.8 420 0.224 .20 1,510 1.1} 4,100 5,540 160 0.6% no 2.2 2,630 11,400 2.70 B0 2,850 2.2 4.5 6.3

deviation
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TABLE 63. TOTAL ORGANIC CHLORINE INPUTS AND FHISSIONS - CHiCAGO NORTHWEST INCINERATOR, UNIT NO. 2

e e e . Emisslons
o _Reluse inpur _ Combined ash o e Flue .gg' _ Total
Feed Tocl Tocl “Hasa Jocl Tocl” “Hass o6l — ~  Tech TOC) Percenl of TOC| ewissions
rate conc. input flow conc. emissions cmissions conc. enissions emissions Combined ash Flue gas
bate __(kg/br) _ (ng/g)__ (mg/hr) _ (hg/be)  (og/g) . _(mg/by) _  (dscmfhe)  (ng/dscm) __ (mp/he)  _ _(mgthe) o X)_ . _(B)
5/3 15,800 4,300 61,900 5,500 < <5.5 - - - - - -
S/4 15,200 1o 1,670 5,290 L3 | <5 88,080 1,100 97 102 5 95
576 20,300 0 0 5,490 3 16 91,960 3,140 295 3 5 95
571 17,300 470 8,100 4,680 2.9 14 84,600 1,760 149 163 9 91
5/8 17,300 260 4,500 4,680 21 L} 92,460 13,500 1,250 1,331 6 94
5/9 18,200 130 13,300 4,920 21 10} 12,600 2,070 150 25) &) 39
5/10 18,400 130 2,390, 4,970 12 60 83,820 3,310 m kX ) 18 82
s/ 18,900 230 4,350 5,110 2.2 n 85,740 2,540 218 229 s 95
5/12 16,000 130 2,100 3,470 15 53 86,280 2,920 252 305 17 8)
$/13 15,800 <1 < 16 3,430 10 k1) 83,340 1,230 103 (kY 25 15
5/15 16,900 1,350 21,800 3,670 6.6 2% 84,600 2,300 195 219 1.1 89
$/16 16,600 12 200 3,600 <! < 3.6 99,060 1,490 148 152 k) 12
s/ 17,200 < 1 < 1} 3,130 - - - - - - - it
Determin- 1) 13 12 [} 12 12 n 11 1 i 11 1]
ations
Hean 17,200 590 9,800 4,500 8.1 k1 86,780 3,200 285 327 13 87
Standard 1,440 1,180 18,700 800 1.6 k) 6,830 3,500 327 346 12 12
deviation

a Flue gas collected st the outlet of the ESP.



The input and emission rates for target PAHs and other compounds identi-
fied in the composited Chicago extracts are shown in Table 64. Since the
refuse extracts contained very high levels of extracted organics and were very
difficult to analyze, composite refuse extracts were not prepared. Hence,
the data were not available for the target PAHs and other compounds in the
primary input medium for these composite days.

The emission rates for PCBs in the Chicago flue gas samples are shown in
Table 65. As in the case of the Ames data, only flue gas data was available
although PCBs may have been present in other media at low concentrations.

The emission rates for PCDDs and PCDFs in the Chicago flue gas sam-
ples are shown in Table 66. The mean emission rates for total PCDDs and PCDFs
are 3,900 and 38,600 ug/hr, respectively. Table 67 shows the flue gas emis-
sion rates for 2,3,7,8-tetrachlorodibenzo-p~dioxin. The mean emission rate
is 34 pg/hr.

A summary of the cadmium inputs and emissions for the test days investi-
gated is presented in Table 68. The agreement between the total cadmium in-
puts and emissions is poor and reflects the problems encountered in obtaining
representative samples of the refuse materials and resulting ashes.
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TABLE 64. COHI'OUNDS QUANTITATED IN INCUT AND FHISSION MEDIA CHICAGO NW IHCINERATOR, INIT NHO. 2

flant
_ _hackground alr____ .- Flue gas lolet __Flue gas outlet _ _ ____Combined ash ___
Composite Conr. Input rate Conr. Fmission raie Conc. Emission raie Conc. Famission rate
Coupound day (ng/dsem)  (mg/hr) (ng/dscm) (eg/lir) (ng/dsca) (wg/hr) (ng/e) (ug/hr)
Target PAH compounds
Phenanthrene 1 120 1] 200 17
2 32 2.8 o 9.2
3 28 2.4 340 28
Fluoranthene 1 1.0 0.044 1o 9.8 3 3.4 1 18
2 2] 2.4 3} 2.2
3 0.28 0.012 18 1.6 51 4.6 9.4 38
Pyrene 1 0.82 0.035 Joo 26 92 8.0 12 56
2 140 12 9 7.8
3 0.18 0.008 57 4.0 n 6.6 7.8 32
Additional compounds identified
},3-Dichlorobenzene [] 130 12
2 130 1
3 18 1.6
1,4-Dichlorobenzene ] 96 8.2
2 98 8.2
3 14 1.2
1,2-Dichlorobenzene 1 140 12
2 120 10
3 20 n
1,2,3-Trichlorobenzene 1 140 12 48 4.0
2 a1 1.0 57 4.8
k) 27 2.2 150 12
1,2,4-Trichlorobenzene 1 550 46 200 [}}
2 Ja0 32 220 19
k| 160 13 560 48
1,3,5-Trichlorobenzene ] 490 44 190 16
2 280 24 180 15
k) 120 10 460 40
Tetrachlorobenzene® ] ) 1,400 120 790 68
2 1,000 86 630 sS4
3 410 40 1,400 t20
Hexachlorabenzene ] 100 9.0 110 9.0
2 19 3.4 48 4.0
k) 12 1.0 260 22

(cont {nued)
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TABLE 64 (Concluded)

Compound

a
Dichlorophenol

Trichtoropheno}”

Tetrachlorophenot®

Pentachlorophenol

Dibenzofuran

Dimethylphthalate

Diethylphthalate

Di-a-butylphthalate

Butylbenzylphthalate

Bis(2-ethylhexyl)-

Plant
background air Flue gas inlet . Flue gas outlet Combined ash
Composite Conc. Tnput rate Conc. Emission rate Conc. Emission rate Conc. Emission rate
day (ng/dscm)  (mg/hr) (ng/dscm) (mg/hr) (ng/dscm) (mg/hr) (ng/s) (mg/hr)

] 560 40 240 22

2 240 20 280 24
k) 190 16 630 Sk

1 2,100 180 1,400 120

2 970 82 1,200 98

3 600 52 1,900 160

] 2,200 190 1,500 130

2 1,100 90 1,100 96
k] 600 52 1,700 140

] 130 1" 190 16

2 160 14
k} 64 5.4 430 36

] 86 1.4 100 8.8
2 28 2.4 61 s.8
3 23 2.0 140 n

]

2 4.8 42

3 50 400

]

2

3

] 15 144

2 6.1 sS4

3 32 260

1

2

3

] 130 1,200

2 & 420

3 310 3,000

a6

a3

a Specific isomer not determined.



TABLE 65. FLUE GAS CONCENTRATIONS OF PCBs AND EMISSION
RATES FOR THE CHICAGO NORTHWEST INCINERATOR

UNIT NO. 1
Concentrations Emission rate
(ng/dscm) (mg/hr)

Composite day 1 20 1.7
2 13 1.1

3 93 7.8

Mean 42 3.5

S.D. 45 3.7
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TABLE 66.

CONCENTRATIONS OF POLYCHLORODIBENZO-P-DIOXINS AND FURANS

IN FLUE GAS FROM THE CHICAGO NORTHWEST INCINERATOR
AND CORRESPONDING EMISSION RATES

Concentrations Emission rate
(ng/dscm) (pg/hr)
Total trichlorodibenzo-p-dioxins
Day 1 15 1,300
2 12 1,000
3 11 920
Mean 13 1,100
S.D. 2.1 200
Total trichlorodibenzofurans
Day 1 350 30,000
2 280 24,000
3 270 22,000
Mean 300 25,000
S.D. 44 4,000
Total tetrachlorodibenzo-p-dioxins
Day 1 7.2 620
2 5.4 460
3 6.2 520
Mean 6.3 530
S.D. 0.90 81
Total tetrachlorodibenzofurans
Day 1 89 7,600
2 84 7,200
3 96 8,000
Mean 90 7,600
S.D. 6.0 400
Total hexachlorodibenzo-p-dioxins
Day 1 14 1,200
2 21 1,800
3 14 1,200
Mean 16 1,400
S.D. 4.0 350
(continued)
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TABLE 66 (concluded)

Concentrations Emission rate
(ng/dscm) (pg/br)
Total hexachlorodibenzofurans

Day 1 43 3,800
2 84 7,200
3 59 5,000
Mean 62 5,300
S.D. 21 1,700

Total heptachlorodibenzo-p-dioxins
Day 1 7.2 620
2 7.8 660
3 7.7 660
Mean 7.6 650
S.D. 0.32 23

Total heptachlorodibenzofurans

Day 1 7.2 620

2 7.2 620

3 8.0 680

Mean 7.5 640

S.D. 0.46 35
Octachlorodibenzo-p-dioxin

Day 1 2.6 220

2 2.2 190

3 2.8 240

Mean 2.5 220

S.D. 0.39 25

Octachlorodibenzofuran

Day 1 0.72 62

2 0.63 54

3 0.46 40

Mean 0.60 52

S.D. 0.13 11
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TABLE 67. CONCENTRATIONS OF 2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN
‘ IN FLUE GAS FROM THE CHICAGO NW INCINERATOR
' AND CORRESPONDING EMISSION RATES

Concentration Emission rate
(ng/dscm) (pg/hr)
Day 1 0.35 30
2 0.36 30
3 0.52 44
Mean 0.41 34
S.D. 0.10 8.0
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TABLE 68. CADHIUM INPUT AND EMISSIONS FRON CHICAGO NORTHWEST INCINERATOR, UNIT HO. 2

__.._ Emissions

i . T T Percent of
T g o gt sk T T Volume '!"’"’e!” e 135" E:—iﬁ%;ﬁ!"'"'.%?&
Test feed conc. input emissions conc. emisslons emisnions conc. emissions emissjonn ash gas
day  Date  (kg/he)  (pg/g) _ (wg/be) (kg/he)  (pafp) (mg/hr) __ (dscmfhr)  (pg/dscm)  (eg/br) (wg/br) (%) (x)
8 S/12 16,000 1.45° 23,200 3,470
9 S/13 12,500 . 0.54 9,450 3,800 17.6 66,900
10 5/15 16,900 0.41 7,940 3,610 26.6 91,600
11 5/16 16,600 0.52 8,630 3,600 14.5 52,200
12 5/17 11,200 0.48 8,260 3,130 12.8 47,700 87,200 285 24,900 72,600 66 34
13 5/18 17,500 0.59 10,300 3,800 8.55 32,500 97,500 240 23,400 55,900 1] &2
Woos/me 22400 602 1s,000° 7,460 205 153,000 100,500 23 2,400 180,400 8 15
Determinations ] S 5 7 6 6 3 3 3 3 3 3
Hean 17,700 0.52 8,920 4,220 16.8 75,000 95,100 266 25,200 103,000 L] 0
Standard 2,100 0.08 960 1,430 6.3 44,100 7,000 23 2,020 61,600 14 1A

devistion

s Flue gas collected at the outlet of the ESP.

b Not {acluded in determinations of mean and standard devistion.



SECTION 11

STATISTICAL SUMMARY OF PILOT STUDY DATA

OVERVIEW

This section summarizes the data obtained from the chemical analysis of
specimens collected in the pilot study. The chemical analysis was performed
in two phases or tiers. In the first tier, the total organic chlorine (TOCl)
concentration was measured in nearly all of the specimens collected. Some
compositing of specimens was performed before chemical analysis to reduce cost.
In the second tier, many more specimens were composited because of the greater
expense at this level of analysis. Also, only specimens from selected media
were analyzed.

For the first tier chemical analysis data, the mean, coefficient of vari-
ation (CV) and nominal 95% confidence intervals for the TOCl concentration
are calculated for each sampling location at both combustion sites. The mean
and CV are calculated for the concentrations of compounds quantified in the
second tier analysis. In addition, the total mass flow rate and its CV are
calculated. The mass flow rate is calculated by weighting the measured concen-
tration of the compounds by the total mass flow rate associated with each mea-
surement.

The summary statistics are presented below with brief descriptions of
the calculation methods.

FIRST TIER SUMMARY

Total Organic Chlorinme

For the sampling locations where each specimen was chemically analyzed
independently (no compositing) the arithmetic mean (X) was calculated using
the equation

i=zx1n,
i=1

where Xi is the TOCl concentration of the ith specimen and n is the number of
specimefis. The CV is calculated by first calculating the sample variance (§%)
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n -l
s2= 3 (xi -X)%/(a-1) .
i=1

The CV = S/X. The nominal 95% confidence intervals are calculated by

(X - t.os(df) S/yo , X + t o5(df) s/{n) .

where t ..(df) is obtained from tables of Student's t distribution® and df
denotes'gge appropriate number of degrees of freedom, which is equal to the
number of independent chemical analyses minus one.

For several media many specimens were collected. To minimize the cost
of chemical analysis for these media while retaining sufficient statistical
information, a complex compositing protocol was developed for the sample loca-
tions where more than ome specimen per day was collected. The compositing
varied for the samples collected each day. On some days all were composited,
on others the two within a shift were composited, and oo others none were com-
posited. These locations were fly ash, bottom ash, coal, RDF and OW at Ames
and fly ash, combined ash and refuse at Chicago, NW. No compositing was done
for the specimens collected at the other sample locatioms.

To modify the calcﬁlations for X and 52 to compensate for the compositing,
each chemical determination was assigned a weight equal to the number of speci-
mens composited. Then the weighted mean Yw was calculated by

- m m
T,=e WY, /2 W,
i=1 i=1

where Y. is the ith emical determination, W, is the number of specimens
composited for the i~ chemical determination™and m is the number of chemical

m
determinations. Because 2 Wi = n and, on average,
i=1
m n - -
Z W. Y. =2 X., then Y equals X, on average.
i=1 * * o= 7t v
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To estimate S2 from the composited data, calculate

2m2 'Zm
Sp= 2 WO - T T

m -
where Wi, Yi’ Yw’ and m are the same as above. Because 2 Wg (Yi - Yw)2

i=1
n -
approximately equals 2 (Xi - X)2 on average, Sg approximately equals S%2 on
' i=1

average. Hence the CV (S/X) is estimated by Swlfw.

The technique above gives a method to estimate X and S2 as if no composit-
ing were done. A theoretical justification of these techniques is given in
Appendix C of Lucas et al.l

Tables 69 and 70 display the statistical summary of the TOCl concentra-
tions measured in the pilot study.

Chemical Analysis Measurement Errors

To assess the measurement errors in the chemical analysis, a method of
standard additions was employed. Known amounts of two surrogate compounds,
dg-naphthalene and djs~-chrysene, were added to the composited specimens
before the chemical analysis. The mean percent recoveries of the surrogate
compounds and their CVs are given in Tables 71 and 72.

If the percent recoveries in these tables are indicative of the recovery
rate for TOCl, then the concentrations of TOCl are underestimated. This under-
estimation would be greater for the specimens from Chicago than those from
Ames. However, the summary statistics reported in Table 66 and 67 above are
not adjusted for the percent recovery. Biases of this type can affect the
true confidence of a nominal 95% confidence interval. For example, in Table
68 the mean percent recovery of the surrogate compounds of the flue gas inlet
is 59%. If this indicates a negative bias in estimating the true mean con-
centration of TOCl of 41%, the true confidence of the nominal 95% confidence
interval can be estimated using Table 73. To calculate the ratio of the bias
(BIAS) and standard error (SE), use

BIAS/SE = 41/(49/J19) = 3.7 ,

where 41 is the absolute percent bias, 49 is the CV in Table 69, and 19 is the
number of specimens analyzed. Table 73 indicates the true confidence of the
nominal 95% confidence interval in Table 66 is less than 6%. Table 73 also
includes the impact of other levels of bias (relative to the SE) on the true
confidence of a nominal 95% confidence interval.
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TABLE 69. SUMMARY STATISTICS FOR TOTAL ORGANIC CHLORINE
CONCENTRATION DATA FROM AMES, IOWA

Coefficient Degreesa Nominal 95%b

Number of of of confidence
Media (units) specimens Mean variation (%) freedom interval
Gaseous (ng/dscm)
Flue gas inlet 19 562 49 18 (426, 698)
Flue gas outlet 11 632 85 10 (254, 1,010)
Ambient air 20 *
Solid (ng/g)
Fly ash 90 8.3 536 50 (-1.0, 17.6)
(c) (89) 3.6 81 (49) (2.9, 4.2)
Bottom ash 88 58.6 183 50 (35.1, 82.1)
Coal 11 4.4 23 5 (3.5, 5.3)
Refuse-~derived 62 11,900 116 36 (8,342, 15,470)
fuel
Liquid (ng/liter)
owd 91 664 70 51 (570, 760)
Quench water 6 373 33 5 (231, 514)
influent
Well water 3 54 32 2 (1.4, 107)

a Number of independent chemical analyses minus one.

b Nominal value based on normal probability distribution theory.

¢ Numbers in ( ) are estimates excluding the maximum value of 210 ng/g. This
value is 21 times larger than the next largest value. Both sets of sum-
mary statistics are included to illustrate the impact of the one extreme
value on the estimates.

d Bottom ash hopper quench water overflow.

*

Measured values in field specimens not significantly different from blanks.
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Table 70. SUMMARY STATISTICS FOR TOTAL ORGANIC CHLORINE .
’ CONCENTRATION DATA FROM CHICAGO NW

. b
Coefficient Degreesa Nominal 95%
Number of of of confidence
Media (units) specimens Mean variation (%) £freedom interval
Gaseous (ng/dscm)
Flue gas inlet 11 2,200 34 10 (1,698, 2,702)
Flue gas outlet 11 3,220 109 10 (862, 5,578)
(c) (10) (2,190) ( 36) (9) (1,330, 3,040)
Ambient air 12 1.67 64 11 (-.68, 4.02)
Solid (ng/g)
Fly ash 72 93.6 85 52 (71.7, 115.6)
Combined ash 67 9.9 162 50 (5.8, 13.9)
Refuse 61 902 251 50 (283.8, 1,520)
Liquids (ng/liter)
City tap water 4 30 0 * *

* Not calculated because there was no variability in the data.

a Number of independent chemical analyses minus one.

b Nominal value based on normal probability distribution theory.

¢ Numbers in ( ) are estimates excluding the maximum value of 13,500 ng/dscm.
This value is 4 times larger than the next largest value.
summary statistics are included to illustrate the impact of the one
extreme value on the summary statistics.
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TABLE 71. SUMMARY OF SURROGATE COMPOUNDS PERCENT RECOVERY FOR SPECIMENS FROM AMES, IOWA

dajNaphthaleneb . dq2-Chrysene
Coefficient Coefficient
No. of Mean % of No. of Mean % of
Media analyses recovery variation (%) analyses recovery variation (%)
Gaseous
Flue gas inlet 18 56 45 19 1 26
Flue gas outlet 11 47 25 11 86 14
Solid
Fly ash 51 44 56 51 96 24
Bottom ash 42 55 36 49 85 37
- Coal 6 90 18 6 90 19
< Refuse-derived fuel 37 65 22 37 111 25
Liquid
ow® 40 51 54 48 88 29
Quench water influent 6 69 25 6 111 16
Well water 2 66 1 3 88 20

a Bottom ash quench water overflow.

b Specimens that were inadvertently evaporated to dryness were excluded.



TABLE 72. SUMMARY OF SURROGATE COMPOUND PERCENT RECOVERY

. FOR SPECIMENS FROM CHICAGO, NW
dg-Naphthalene dy,-Chrysene
Number Mean Coefficient Number Mean Coefficient
of percent of of percent of

Media analyses recovery variation (%) analyses recovery variation (%)
Gaseous

Flue Gas Inlet 11 37 84 11 74 48

Flue Gas Outlet 11 27 98 11 62 82

Ambient Air 12 31 75 12 51 88
Solid

Fly Ash 53 26 68 52 36 61

Combined Ash 33 35 57 33 22 105

Refuse 44 9 51 (A 12 193
Liquid

City Tap Water 3 27 131 3 13 92
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TABLE 73. VALIDITY OF CONFIDENCE STATEMENTS
FOR SELECTED LEVELS OF BIAS

True confidence level®

BIAS/SE? for the x * 1.96 SE interval

0 0.95
0.5 0.92
1.0 0.83
1.5 0.68
2.0 0.48
2.5 0.29
3.0 0.15
3.5 0.06
4.0 0.02

* (Calculated according to the integral of the

1.96 + BIAS/SE

1 -%x2
e
S

-1.96 + BIAS/SE

a BIAS/SE is used because the true confidence depends on the relative mag-
nitude of the bias with respect to the SE, not the absolute magnitude.
Here, BIAS denotes the absolute average deviation of the estimate from
the true value and SE denotes the standard error of the estimate and is
equal to the standard deviation (s) divided by the square root of the
sample size (4n).
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Table 74 summarizes the estimates of the'CVs (S/X) for both the sampling
and measurement (as indicated by the surrogate recovery data) component. One
should note that the measurement CVs for Ames are uniformly less than those
for Chicago. In fact, for some sampling locations at Chicago NW, the measure-
ment component dominates the total variability giving negative estimates of
the sampling component. This is not unexpected for the ambient air and city
tap water because at these two locations one would expect the media to be
rather homogeneous. However, this is unexpected at the flue gas inlet.

SECOND TIER SUMMARY

In the second tier of chemical analysis the concentratioms of many com-
pounds were measured. Because of the expense at this level of chemical analy-
sis, much compositing of specimens was done before the analyses were performed.
At Ames, five pairs of days were randomly selected. For each sampling location,
all specimens collected during the pair of days were composited for one chemical
determination. This gave a total of five independent chemical determinations
in this tier for each sample location from Ames except RDF, where only four
chemical determinations were performed. At Chicago, three sets of three days
were randomly selected. For the selected sampling locatioms, all specimens
collected during the three days were composited for one chemical determinationm.
This gave a total of three indgpendent chemical determinations in this tier
for the selected sample locatioms at Chicago.

To statistically summarize the second tier data, the arithmetic mean X)
and CV (S/X) were calculated for the concentration measurements. Also, to
estimate the mass flow rates, the variable Yi was defined as

Y. =, X, ,
i i%i

where Xi is the concentration for the itghchemical determination and T, is
the mass flow rate associated with the i~ chemical determination. The
arithmetic mean Y and CV (S/Y) were calculated to summarize the flow rates.

In calculating the mean concentrations and flow rates, all trace values
were assumed to be zero. This will result in an underestimate of the true
values. The number of quantifiable values are also included in the summaries.
The magnitude of underestimation resulting from substituting zero for trace
values depends upon the number of traces and the levels of quantifiable values
compared to the minimum quantifiable level.

Because of the relatively few composites measured for each compound, the

presence of trace values, and the relative large variability in the data (large
CVs), no confidence intecvals are included in the data summaries.

137



*
SUMMARY OF COEFFICIENT OF VARIATION

Table 74.
FOR THE PILOT STUDY
Ames Chicago, NW

Media Sampling Measurement Sampling Measurement
Gaseous

Flue gas inlet 42 25 c 68

Flue gas outlet 84 13 85 68

Ambient air a a c 87
Solid

Fly ash 535 (78)° 24 56 64

Bottom ash 179 38

Combined ash 143 76

Coal 12 19

Refuse-derived 114 18

fuel

Refuse 194 159
Liquid

ow 58 38

Quench water 17 28

influent
City tap water c 132

a Not calculated because specimen amounts were not significantly different

from blanks.

b Number in ( ) are estimates excluding the maximum value of 210 ng/g.

This value is 21 times larger than the next largest value.

Both summary

statistics are included to illustrate the impact of the one extreme
value on the estimate.

¢ The estimates of these values were negative and were excluded because the

CV must be non-negative.

* The measurement CVs presented above are a weighted average of the CVs in

Tables 68 and 69. They were calculated by CV = (S§ + S§2)a/(ig + X40),
where the subscripts 8 and 12 denote dg-naphthalene and dyz~chrysene,

respectively.
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The second tier chemical analysis data is summarized in Tables 75 through
81. These tables include summaries of the primary input and emissions media
at Ames. These are coal, refuse-derived fuel, combustion air, flue gas inlet,
flue gas outlet, fly ash and bottom ash. The secondary input and emission
media, bottom ash hopper quench water influent, well water, and bottom ash
water quench water overflow, were excluded because of the sparsity of the data.
These tables also include the summaries for the flue gas inlet and outlet from
Chicago. The combustion air, combined ash, and fly ash are excluded because

of the sparsity of the data. No second tier chemical analysis was done on
the refuse from Chicago.
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TABLE 75. SIRMHARY STATISTICS FOR COHPOUNDS QUANTITATED IN CRINARY INPUT HEDIA AT AHES, [OWA

e Coal e e e _Refuse-derived fuel Combustion alr ——— —
Concentration input rate Concentration ™~ Tnput raie “Concentration ]n|(’ul ;ale
Number of (n _(mp/he) Numbher of ___ (ng/g)_ (mg/bx Number of _ ng/g) _mg/hr
Compound detections Hean llée'?lf ﬁ?in! s Ce [§3)] detections "ean‘ .[gé [43] ﬁE;E_°lL“E%_Ii§ deteclions ﬁZiES - V(1) [Hean v (1)
Phenaathrene ) 11,830 [} 166,000 4 4 1,030 25 2,700 L1} 5 0.56 44 0.08) 48
Anthracene 5 2,180 52 30,800 53 1 14 200 202 200 3 0.10 92 0.016 95
Fluoranthene S 2,050 56 . 28,800 56 [} 440 8 875 50 5 0.65 k) 0.10 42
Pyrene 5 2,440 57 34,600 57 4 4i) 28 1,180 53 5 0.6} 42 0.10 &5
Chryseae 5 619 69 9,720 11 ] 109 200 300 200 S 0.4) 28 0.06 k)]
Beazolalpyrene 0O 0 5y 0.10 41 0.066 182
Indeno]),2,3- 0 0 2 0.004 224 0.001 224
¢,d)-pyrene ¢ .
Beazolg,b,1]- 0 o ) 0.02 224 0.00) 224
perylene
Dichlorobenzene 0 & 263 52 2,650 19 0,
1,2,4-Tricbloro- 0 0 3 0.006 149 0.0009 1S
benzene b
Hexachloro- [} (] 2 0.004 224 0.0005 224
butadiene b
Pentachloro- 0 2 498 126 1,250 13) 2 0.01 224 0.002 226
phenol
Peatachlorobl- 0 2 ] o
phenyl
Phenol 5 13,360 68 217,800 68 0 5 1.7 sS4 0.25 51
Naphthalene ] 1,760 1} 24,800 35 [} 10,300 166 28,400 164 5 0.25 30 0.037 3
Flourene - 4,500 k1] 63,200 19 [] 438 28 1,220 51 & 0.19 61 0.029 69
Benzola]an- 0 0 5 0.41 40 0.063 44
thracene
Benzofluorsa- S 630 68 8,960 1 0 S 0.58 19 0.087 24
threae
Acenaphtheae H 1,220 n 17,100 32 & 300 200 800 200 0
Acenaphthylene § k11 38 5,220 W 0 0
*

CV denotes the coefficient of variation and s calculated by dividing the standard deviation by the mean.

a Only trace values were detected, hence no quanllllcn;lon was attempted.

b Oae specimen contained a quantifiable level and one a trace. The trace is always assumed to be zero to calculate the mean and CV.
¢ One specimen conlained a quantifisble level and three were traces.

d Two specimens contained a quantifiable level and one a trace.
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TABLE 76. SUMMARY STATISTICS FOR COMPOUNDS QUANTITATED IN GASFOUS EMISSIONS AT AMES, JOWA

_Flue gas inlet Flue gas outlet

Concentration  Emission rate “Concentration Emission rate
Number of ___ (n _ (mg/tre) Numher of _ _ (ng/g) (wg/hr)
Compound detections MHean sléé_(ij Hean—_g[ (N ¢Y) detections Hean-—s'%v_Iif ﬁEIE“SL'EV'IES
Phenanthrene 5 438 48 134 51 5 309 54 66 74
Anthracene 5 76.4 24 22 25 5 65.4 25 20 28
Fluoranthene 5 126 55 39 60 5 68.2 64 20 60
Pyrene 5a 422 62 130 68 5 170 67 50 60
Chrysene 5 8.8 129 2.6 125 5; 0.54 224 0.15 224
Benzo|alpyrene 5 57.4 72 18 14 3 8.2 151 2.0 143
Benzolg,h,i)- 0 ) 3 6.0 154 1.8 153
perylene
Dichlorobenzene 3 25.8 125 1.8 126 2 1.7 142 0.50 141
1,2,4-Trichloro- 3 69.6 108 20 108 3 39 139 12 140
benzene
Hexachloro- 1 20.6 224 6.0 224 0
butadiene b
Tetrachloro- 1 0
benzene
Pentachloro- 1 4.8 224 1.4 224 0
phenol
Phenol 5 7,260 53 2,160 S4 ) 5,860 30 1,780 KX
2,4-Dimethy- 0 4 1,120 67 336 63
phenol
Naphthalene k) 974 50 298 53 5 486 62 146 58
Fluoreae 1 24 224 6.8 224 0
Benz{a]anthra- 1 1.4 224 0.44 224 0
cene a
Benzofluoran- 2 5.4 145 1.1 140 5 5.6 81 1.7 80
threne
Benzo|e]lpyrene 0 | 5.8 224 1.8 224
Acensphthylene 2 8.8 138 2.8 135 0
Trichloro- 0 3 27 116 8.7 123
benzene

* €V denotes the coefficient of variation and calculated by dividing the sltandard deviation by the mean.

a Four specimens contained quantifiable levels and one a trace. All trace values are assumed to be zero when
calcnlating Lhe mean and CV.

b One specimen contained a trace.
¢ One specimen contained a quantifiable level and four contained Lraces.

d Two specimens contained quantifiablée levels and one a trace.



A

TABLE 77, SUHMARY STATISTICS FOR COMPOUNDS QUANTITATED IN SOLID EHISSIONS AT AMES, 10WA

e mie mar: it tmm e mmmmaiem o e o = mme e - —imbam semcs s em e aie e me o e . s em e PR e —— e = - e

R I RIS T R
Concentration Fmission rate Concentration Emission rate
Number of  _ (ng/g) - Amg/hr) Humber of _ (ng/g) ___(mg/hr)
Compound detections Hean cv (1) Hean &V (1) detections Hean vV () tean cv (1)
Phenanthrene 57 0.2 61 0.2 n b) 193 100 15 96
Anthracene 0 2 31 183 12 169
Fluoranthrene 0 4 108 " 40 170
Pyrene 0 5 ' 106 168 19 162
Chrysene | 0.1 224 0.1 224 W 34 224 12 224
Dichloro- 1 0.01 224 0.02 224 3 4.8 224 1.9 224
benzene
Phenol k) 158 102 190 102 5(_ 1,094 55 420 92
2,4-Dimethyl- 0 4 1.0 167 2.7 176
phenol .
Naphthalene 2 0.07 137 0.08 137 5 103 146 42 142
Fluorene 0 1 3 224 t.S 224
Acenaphthene 0 | 0.2 224 0.1} 224
Acenaphthylene 0 5 87 S5 25 66
*

CV denotes the coefficient of variation and is calculated by dividing the standard deviation by the mean.

a Four specimens contained quantifiable levels and one a trace. Trace values are always assumed to be zero when
calculating the mean and CV.

b One specimen contained a quantifiable level and two a trace.

¢ Two specimens contained quantifiable levels and Lwo a trace.



TABLE 78. SUMMARY OF TOTAL INPUT AND EMISSIONS
FROM AMES, IOWA

Total input rate Total emission rate
mg/hr (mg/hr)

Compound Mean cv (% Mean cv (%
Phenanthrene 169,000 42 141 62
Anthracene 31,000 53 32 66
Fluoranthene 29,700 54 60 115
Pyrene 35,800 55 89 79
Chrysene 10,020 69 12.2 219
Benzo[a]pyrene 0.066 182 2.0 143
Indeno[1,2,3-c,d]pyrene 0.001 224 nd
Benzo(g,h,ilperylene 0.003 224 1.8 153
Dichlorobenzene 2,650 79 2.4 178
1,2,4~-Trichlorobenzene 0.0009 145 12 140
Hexachlorobutadiene 0.0005 224 nd
Tetrachlorobenzene nd ad
Pentachlorophenol 1,250 133 nd
Pentachlorobiphenyl tr nd
Phenol 217,800 68 2,390 31
2,4-Dimethylphenol nd 339 63
Naphthalene 33,200 89 188 55
Fluorene 64,400 38 1.5 224
Benz[a]anthracene .063 44 nd
Benzofluoranthrene 8,960 71 1.7 80
Benzo[e]pyrene nd 1.8 224
Acenaphthene 17,900 32 0.11 224
Acenaphthylene 5,220 37 25 66
Trichlorobenzene nd 8.7 123

nd denotes not detected.
tr denotes trace.

* CV denotes coefficient of variation and is calculated by dividing
the standard deviation by the mean.
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TABLE 79. SUMMARY STATISTICS FOR COHPOUNDS QUANTITATED IN GASEOUS EHISSIONS FROH CHICAGO

. Flue gas intet T TT T e ... __ Flue gas outbet __ "
Concentration Fmission rale Concentration Emission rate
Nusber of __ (ug/g) __ (wg/hy) Numher of  ___ (ng/g) . (mg/he)
Campound detections Mean cvY (L) Hean v (%) detections Hean v 1) tiean v ()

Phenanthrene 3 60 87 5.4 90 k) 217 53 18 52

Fluoranthene k] 52 98 4.6 98 J 39 n 3.3 3]

Pyrene 3 166 15 4 16 k] 87 10 1.5 10

1,3-Dichloro- 3 93 10 8.4 71 0
benzene

1,4-Dichloro- 3 69 69 5.9 69 0
benzene

1,2-Dichloro- 3 93 69 8.0 69 0
benzene

1,2,3-Trichlo- ) 83 68 7.1 69 3 RS 66 6.9 64
robenzene

1,2,4-Trichlo- 3 363 54 30 55 3 327 62 28 62
robenzene

1,3,5-Trichlo- 3 297 63 26 . 66 3 21 57 24 60
robenzene

Tetrachloro- 3 957 49 82 49 3 940 43 81 43
benzene

Hexachloro- k| 50 90 4.5 92 3 139 78 12 80
benzene .

Dichlorophenot 3 330 61 25 51 k) 383 56 kX S4

Trichloro- 3 1,220 64 105 64 k] 1,500 24 126 25
phenol

Tetrachloro- 3 1,300 63 11 64 3 1,430 21 122 19
phenol

Pentachloro- 2 65 10} 5.5 101 k| 260 57 22 55
phenol

Dibenzofuran 3 46 n 3.9 16 3 102 36 8.5 n

* CV denotes the coefficient of variation and is calcnlated by dividing the standard deviation by the mecaun.



TABLE 80. SUMMARY OF FLUE GAS EMISSIONS OF POLYCHLORINATED
BIPHENYL ISOMERS FROM AMES, IOWA

Concentration Emissio; ;ate
Compound Mean(qgldscméV(% Mean(ggltgv ¢3)
Dichlorobiphenyl nd
Trichlorobiphenyl 1.5 185 0.48 189
Tetrachlorobiphenyl 2.9 63 0.94 64
Pentachlorobiphenyl 9.0 87 2.8 80
Hexachlorobiphenyl 5.1 104 1.7 104
Heptachlorobiphenyl 0.6 224 0.2 224
Decachlorobiphenyl 0.6 224 0.2 224
Total Chlorobiphenyl 19.4 46 6.1 47

* CV denotes the coefficient of variation and is calculated by dividing

the standard deviation by the mean.
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TABLE 81. SUMMARY OF FLUE GAS EMISSIONS OF POLYCHLORINATED
BIPHENYLS, DIBENZO-p-DIOXINS, AND DIBENZOFURANS
FROM CHICAGO NW

Concentration Emission rate
(ng/dscm) (mg/hr)
Compound Mean cv (% Mean cvV (%
Dichlorobiphenyl 17.3 114 4.4 113
Trichlorobiphenyl 16.0 109 4.1 108
Tetrachlorobiphenyl 6.2 96 1.6 95
Pentachlorobiphenyl 2.6 68 1.6 67
Total chlorobiphenyl 42.1 105 10.7 104
Total trichlorodibenzo-p-dioxins 13 16 1.1 19
Total trichlorodibenzofurans 300 15 27 11
Total tetrachlorodibenzo-p-dioxins 6.3 14 0.53 15
Total tetrachlorodibenzofurans 90 7 7.6 5
Total hexachlorodibenzo-p-dioxins 16 25 1.4 25
Total hexachlorodibenzofurans 62 33 5.3 32
Total heptachlorodibenzo-p-dioxins 7.6 4 0.65 4
Total heptachlorodibenzofurans 7.5 6 0.64 5
Octachlorodibenzo-p~dioxin 2.5 12 0.22 12
Octachlorodibenzofuran 0.60 22 0.05 21.

* (CV denotes the coefficient of variation and is calculated by dividing
the standard deviation by the mean.
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1. INTRODUCTION

This document describes the sampling and monitoring activities at the
Ames Municipal Power Plant, boiler unit No. 7. The sampling and field mea-
surement work performed was part of an overall pilot scale test program
sponsored by the QOffice of Pesticides and Toxic Substances in cooperation
with the Office of Research and Development, of the U.S. Environmental Pro-
tection Agency.

The ultimate objective of the pilot scale test program is to develop
an optimum sampling and analysis protocol to characterize polychlorinated
organic compounds which may be emitted in trace quantities through conven-
tional combustion of fossil fuels and refuse. The genesis of the program
is an industrial study by Dow Chemical Company and two groups of European
investigators reporting emissions of polychlorinated dibenzo-p-dioxins
(PCDD), dibenzofurans (PCDF) and biphenyls (PCB) from stationary convention-
al combustion sources.

The immediate objective of the sampling and field measurements program
(for a fossil-fuel 17% RDF-fired utility boiler) is the specification of
procedures and equipment to obtain sufficient multimedia samples for the
subsequent analytical protocol, and to satisfy the program statistical
design requirements. In this respect, the TRW Environmental Engineering
Division of TRW, Inc., was one of three contractors participating in the
overall EPA program. These contractors, their key individuals and respec-
tive roles are:

1. Research Triangle Institute

Research Triangle Park, North Carolina

Statistical design of the overall test program
Mr. R. M. Lucas, Task Manager

2. TRW Environmental Engineering Division, TRW, Inc.
Redondo Beach, California
Acquisition of samples and field measurements
Mr. B. J. Matthews, Project Manager

3. Midwest Research Institute
Kansas City, Missouri
"Laboratory analysis of all field samples
Dr. C. L. Haile, Task Manager

1-1
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The sampling was oriented toward acquiring multimedia samples for
organic compound analysis by Midwest Research Institute (MRI). Compounds
of particular interest included:

Benzo [a] pyrene Chrysene
Pyrene Indeno E],Z,B-cd] pyrene
Fluoranthene Benzo [g.h,i] perylene

Phenanthene Anthracene

In addition, MRI is to make a determination of total organic chlorine
emissions from the acquired samples. Potentially. selected samples are to
be analyzed for dibenzo-p-dioxins, dibenzofurans and biphenyls.

Instrumentation for on-line combustion gas stream monitoring was part
of the test program. In addition, utility boiler process information (in-
cluding RDF data) was also gathered. This information together with the

monitoring data were acquired to assist in evaluating and interpreting chem-
ical analysis results.

This report contains all the field data for the Ames Municipal Power
Dlant pilot test program conducted in March 1980. Data provided include
the following:

o Chlorinated hydrocarbon collection using a modified EPA Method

5 train and Method 5 sampling methodology.
e Gas velocities using EPA Method 2,
¢ Continuous monitoring for COZ, 02, and CO and THC,

e Particulate collection for inorganic analysis utilizing EPA Method
5.

e Process data.

The test program followed was described in the Pilot Test Program, Ames
Municipal Power Plant, Unit No. 7 site test plan. Deviations from this
program are documented and explained in their respective sections of this
report.



2. SUMMARY

2.1 Sampling and Analysis

The field test activity took place from February 25, 1980 to March 28,
1980. Al11 required tests were completed and all recovered samples were
sent to Southwest Résearch Institute (SRI) for analysis. MRI had subcon-
tracted this part of their assignment to SRI.

A summary of tests conducted including any significant commentary is
presented in Table 2-1. A summary of the reduced data on a daily basis as
calculated from the field data sheets is presented in Table 2-2. Data listed

are corrected to standard conditions, i.e., 20°C and a barometric pressure
of 29.92 inches mercury.

Sampling and calibration procedures are described in Sections 4, 5 and
6. Hourly data is provided in the appendices. Appendix A contains contin-
uous monitoring data; Appendix B contains field data; and Appendix C contains
the solid and liquid sampling schedule.

2.2 Process Data

Process data was monitored on an hourly basis. A summary of the aver-
aged daily process data is provided in Table 2-3. The process data was also
averaged for the time duration of actual testing performed. This data is
presented in Table 2-4.

The process data gathered indicated that the operating conditions fluct-
uated in patterns related to the amount of electricity generation demand
placed on the boiler, and on the type of fuel being burned to meet that
demand.  Overall fluctuation consisted of two components. The first com-
ponent was the Daily variation - the load peaked in the afternoon and fell
a minimum before dawn. The second type of variation was caused by sudden
operational changes, which was due to reduced power generation for various
reasons such as the buying of cheaper power from a private utility, or the
reduction in flow of RDF to the boiler.

2-1
155
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TABLE 2-1. DAILY ORGANIC SAMPLING SUMMARY
Date] Test ’
19801 No. Sampling locations Test conments
3/2 w'l Inlet North Test started at 1120 and ran for 520 minutes., Low volume collected
due to high leak rate at end. Volumes corrected for leak rate, If leak
occurred over the entire test period then, at worst case, the results are
50% low, Test quality fair. (Port 13 to be dropped due to absence of flow).
Inlet South Test started at 1125 and ran for 520 minutes. Low volume collected
trying to stay within 12 hour time Vimit. Test quality good. (Port 1 to
be dropped due to absence of flow.)
. Outlet Ports 2 Loss of 3 hours start due to freezing of pumps. Stopped test 360 minutes
and 3 into test due to freezing of impingers. All of Port 3 traversed and only
1/2 of Port 2 - low volume collected but test quality is good due tg the
evenness of flow in stack.
Outlet - Ports 1 Started at 1200, ran for 390 minutes - stopped due to freezing of
and 4 impingers and equipment - low volume due to ;stoppage - impingers backed
up due to freezing of impinging solutions. Resin in impingers 1 and 2
also due to freezing. Test quality fair.
Hi Volume Sampler Test started at 1115 and off 1939. Test quality good.
Continuous Started at 1300 hrs and off at 1930 - lost start time due to gas condi-
moni tors tioner being frozen. Unable to maintain heat line temperature due to cold
weather and wmoisture condensing in heat 1ine possibly scrubbing hydro-
carbons, hydrocarbon results low. Test quality good. Ilydrocarbon fair,
3/3 2 Inlet North Dropped port 13 from test. Test started at 0925 and ran for 550 minutes.

Inlet Souwn.

At 250 minutes nozzle was found to be facing in the wrong direction, re-
versed nozzle direction continued test., Particulate catch and size distribu-
tion will be approximately 25% low. HHo effect on Battelle trap. Switched to
smaller diameter nozzle to maintain “sokinetic flow rate. Test quality for
particulate fair, for gas good.

Test started at 0945 and ran for 550 minutes,. Switched to smaller diameter
nozzle to maintain isokinetic flow rate., Test quality good. Dropped port 1
from test.
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TABLE 2-1, (Continued)

Date| Test
1980} No. Sampling Locations Test comments
3/3 2 | Outlet Ports 2 Test started at 0945 and ran for 480 minutes. Test quality good.
and 3
Outlet Ports 1 Test started at 0945 and ran for 480 minutes. Test quality good.
and 4
Hi Volume Sampler Started at 1032 ended at 1915. Test quality good,
Continuous Monitors | Started at 0930 ended at 1900. Test quality good except hydro-
Carbon values being low and hydrocarbon quality fair.
3/4 3 Inlet North Test started at 0905 and ran 417 minutes. At 75 minutes Battelle trap
plugged and replaced with new one. At 250 minutes Battelle trap replaced
due to leak and points (total of 2) retested. Switched to 10 minutes a
point traverse rather than 25 minutes to complete test. All 3 Battelle
traps should be composited due to lower volume sampled during 10 minute/
point traverse. Test quality fair - total volume 50% of required.
Inlet South Test started 0900 ran for 550 minutes. Test quality good.
Outlet Test started 0938 ran for 15 minutes. \
Ports 2 and 3 Cancelled due to snow and icy conditions.
Ports 1 and 4 No samples retained.
Hi Volume Sampler | Started at 0930 ended at 1800. Filter covered with snow. Test quality
fair due to snow blanket.
Continuous Monitors | Gas conditioner frozen until 1230. Started at 1230 ended at 1800. Test
quality good. llydrocarbon results fair.
3/5 4 Inlet North Test started 0900 and ran for 560 minutes. Test quality good.

Inlet South

Test started at 0900 and ran for 550 minutes. Test quality good.



TABLE 2-1. (Continued)

Date
1980

Test
No.

Sampling Locations

Test Conments

3/5

3/6

8s1

-2

3/7

Outlet - All Points
i Volume Sampler

Continuous Monitors
Inlet North
Inlet South

i Volume Sampler

Continuous Monitors

Inlet North

Inlet South

Hi Volume Sampler

Continuous Monitors

Cancelled per instructions of EPA until 3/13/80.

Started at 1025 ended at 1940. Test quality good.

Started at 0945 ended at 1160 am. Stopped due to freeze up of lines:
Test quality good for data collected.

Test started at 0850 and ran for 770 minutes.
Battelle trap plugged and was replaced.
Test quality good.

At 11 minutes into test
Test restarted from beginning.

Test started at 0840 and ran for 770 minutes. Test quality good.

Test started at 0852 and ended at 2220 Hrs, Test quality good..

Only inlet tested due to outlet freeze up. Test started at 1230 and
ended 2045. Two hours late start and shut down 2 hours early to overlap
sampling time. Test quality good. Hydrocarbons still fair.

Test started at 0930 and ran for 770 minutes. Due to increased amount
of water collected, impingers needed changing and during changeout resin
flowed into first impinger. Trap replaced and test resumed. Test
quality good.

Test started at 0850 and ran for 770 minutes. Test quality good.

Test started at 1038 and ended at 2225,

Construction welding going on
nearby.

Test quality expected to be good.

Test started at 1315 hrs and shut down at 2100 hours.

Overlap of inlet
test. Test quality good. llydrocarbons fair.
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TABLE 2-1. (Continued)

Date] Test .
1980 | No. Sampling Locations Test Comments
3/8 7 Inlet North Test started at 0855 and ran for 770 minutes. 10 minute power failure -

no problems caused by this. Test quality good.

Inlet South Test started 0840 and ran for 770 minutes. 30 minute power failure on
this side - no problems. Probe broken at end of test during removal from
port. Approximately 2% of probe catch lost. Test quality good.

Hi Volume Sampler Test started at 1335 and ended at 2330. Test quality good.

Continuous Monitors | Test started at 1215 and ended 2030 hrs. Data not taken at inlet during
1300 hrs. to 1400 hours due to change out of probe filters. Test quality
good. Hydrocarbon data fair.

3/9 8 Inlet North Test started at 0900 and ran for 770 minutes. Point 8D was run for
70 minutes to correct sampling time lost on point 11A not being sampled
after nozzle change. Test quality good.

Inlet South Test started at 0830 and ran for 770 minutes. Changed to larger nozzle to
maintain isokinetic flow rate. Due to severe leak, that occurred during
last portion of test, this test {s questionable.

Hi Volume Sampler Test started at 0908 and ended at 2320 hrs. Test quality good.

Test started at 1245 and ended at 2320 hrs. Test quality good.
Hydrocarbon data fair.
3/10 9 | Inlet North Test started at 0825 and ran for 140 minutes. Probe found to be broken and

Inlet South

test restarted, no samples retained. Restarted at 1155 ran until 1745, Test
stopped, with only 1/2 the duct traversed, due to cold, freeze ups and power
failures. Resin, cyclone, filter, Ist impinger saved. Test quality fair.

Test started at 0810 ran for 515 minutes. Power failures and freeze ups
happening cancelled test with the North side. No solutions retained from
South due to H202 backup into all impingers - resin, cyclone and filters re-
tained. Test quality fair.
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TABLE 2-1, (Continued)
Date ] Test
19801 No. Sampl ing Locations Test Conments
3/10 9 Hi Volume Sampler Test started at 1050 and ended at 2235 hrs. Test quality good.
Continuous Monitors | Test started at 1130 am and ended at 1730 hours. Stopped with inlet.
Test quality good. Hydrocarbon fair. )
/Nt 1w Inlet North Test started at 0825 and ran 770 minutes. Battelle trap replaced at
220 minutes. 2nd Battelle trap resin broke through and was replaced.
J Battelle traps used. Test quality good.
Inlet South Test started at 0830 and ran for 770 minutes. Filter clogged and replaced.
Test quality good.
i Volume Sampler Test started at 0920 and ended at 2375 hrs. Test quality good.
Continuous Monitors | Test started at 1200 and ended at 2030 hrs. Test quality good.
Hydrocarbon fair.
3121 N1 | QA Test Test cancelled after 240 minutes - a leak was found at one of the probe
tips-unable to repair and no sample had been drawn through the train.
Hi Volume Sampler Test started at 0955 stopped at 1955. Test quality good.
Continuous Monitors | Test started at 0830 stopped at 1430 hrs. Test quality good. llydrocarbon
fair.
3/13 | 12 Inlet North Test started at 0915 and ran for 770 minutes. Power failures occurred-

Inlet South

Outlet Ports 2 &4 3

no effect on test. Filter changed due to clogging. Test quality good.
Test started at 0835 and ran for 770 minutes.

effect on test. Test quality good.

Power failure occurred no

Test started at 1210 and ran for 560 minutes. Lost startup due to freezing
of equipment and traps - thawing took 1-2 hours. Test quality good.



TABLE 2-1. (Continued)
Date] Test
1980{ No. Sampling Locations Test Comments
3/13) 12 Outlet Ports 1 & 4 | Test started at 1125 and ran for 296 minutes. Stopped due to continual
freezing of train components. One port completely traversed. Only 16
minutes of the second. Test quality - fair to poor.
Hi Volume Sampler Test started at 0950 and ended 0130. Test quality good.
Continuous Monitors | Test started at 1145 and ended at 1845 hours. Test quality good.
Hydrocarbons fair.
3/141 13 Inlet North Test started 0845 and ran for 770 minutes. Filter clogged and was replaced.
Test quality good.
Inlet South Test started at 0840 and ran for 770 minutes. Test quality good.
Outlet Ports 2 & 3 | Test started at 0945 and ran for 560 minutes. Test quality good.
Outlet Ports 1 & 4 | Test started at 1010 and ran for 560 minutes. Probe broken during port
change - replaced and test continued. Test quality good.
Hi Volume Sampler Test started at 0905 and ended at 2355 hrs. Test quality good.
Continuous Monitors | Test started at 0900 and ended at 2045 hrs. No data from 1330 to 1515 hrs
due to feeeze up. Test quality good. Hydrocarbon fair.
3/15] 14 Inlet-North Test started at 0909 and ran for 770 minutes. Test quality good.

Inlet South

Outlet Ports 2 & 3
Outlet Ports 1 & 4
Hi Volume Sampler

Continuous Monitors

Test started at 0905 and ran for 770 minutes. Test quality good.

Test started at 0958 and ran for 560 minutes. Test quality good.

Test started at 1025 and ran for 560 minutes. Test quality good.

Test started at 0850 and ended at 2341 hrs. Test quality good.

Test started at 0845 and ended at 2000 hrs. Test quality good.

Hydrocarbon data fair.
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TABLE 2-1.

(Continued)

Date
1980

Test
No.

Sampling Locations

/N7

Nns

IN9

15

16

V7

Inlet North
Inlet South
Outlet Ports 2 & 3
Outlet Ports 1 & 4
Hi Volume Sampler

Continuous Monitors

Inlet North
Inlet South
Outlet Ports 2 & 3
Outlet Ports 1 & 4

Hi Volume Sampler

Continuous Monitors

Inlet North
Inlet South
Outlet Ports 2 & 3

Test Comments

Test
Test
Test
Test
Test

Test
data

Test
Test
Tast

Test

started at 0849 and
started at 0900 and
started at 1000 and
started at 1010 and
started at 0926 and

started at 1030 and
fair.

started at 0939 and
started at 0900 and
started at 0930 and
started at 0940 and

ran for 770 minutes. Test quality good.

ran for 770 minutes. Test quality good.

ran for 560 minutes. Test quality good.

ran for 560 minutes. Test quality good.

ended at 0020 hrs. Test quality good.

ended 2015 hrs. Test quality good. Hydrocarbon

ran for 770 minutes. Test quality good.

ran for 770 minutes. Test quality good.
ran for 560 minutes. Test quality good.

ran for 560 minutes. Probe broke during port

change - switched to 5 ft glass probe to traverse first 6 points of

second part.

After 10 ft probe of ports 2 and 3 had been recovered and

cleaned, it was sent to the stack to finish remaining 2 points of

ports 1 and 4.
Test started at 1033 and ended 0200 hours.

Test started at 0845 and ended at 1945 hrs.

carbon data fair.

Test started at 0859 and ran for 770 minutes.
Test started at 0843 and ran for 770 minutes.

Test started at 0945 and ran for 560 minutes.

Test quality good.

Test quality good.

Test quality good. Hydro-

Test quality good.
Test quality good.
Test quality good.
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TABLE 2-1. (Continued)
Date | Test
1980 | No. Sampling Locations Test Comments
Test started at 0940 and ran for 560 minutes. Test started with 5 foot
N9y 1 Outlet Ports 1 & 4 probe until new 10 ft arrived. Finished Test with 10 ft probe. Test
quality good.

Hi Volume Sampler | Test started at 1006 and ended at 0120 hrs. Test quality good.

Continuous Monitors| Test started at 0845 and ended at 1915. Test quality good. Hydrocarbon
data fair.

3/20} 18 Inlet-North Test started at 0905 and ran for 770 minutes. Filter clogged and was
replaced. Test quality good.

Inlet South Test started at 0914 and ran for 770 minutes. At 1850 hrs. Battelle trap
froze and was thawed with warm water. Leak developed in Teflon heat line -
retarded leak rate with Teflon tape but leak was still 0.11 cfm. At
2250 Battelle trap froze up and was replaced. It was later found that
the filter had separated from the housing and particulate had gotten
down to the Battelle first. Both filter and trap were replaced and points
were retraversed. Test quality good.to fair.

Outlet Ports 2 & 3 | Test started at 1000 and ran for 560 minutes. Test quality good.

Outlet Ports 1 & 4 | Test started at 0930 and ran for 560 minutes. Test quality good.

Hi Volume Sampler Test started at 1117 and ended at 0540 hrs. Test quality good.

Continuous Monitors | Test started at 1130 and ended at 2030 hrs. Test quality good.
Hydrocarbon data fair.

37221 19 Inlet North Test started at 0947 and ran for 770 minutes. Test quality is good.

Inlet South

Qutlet Ports 2 & 3

Test started at 1001 and ran for 770 minutes.
replaced. Test quality is good.

Filter clogged and was

Test started at 1000 and ran for 560 minutes. Test quality is good.
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oo ... VADLE 2-1. (Continued)

‘Sampling Locations

Test Comments

Outlet Ports 1 & 4
i Volume Sampler

Cont inuous Monitors

Outlet Ports 2 & 3

Outlet Ports 1 & 4

i Volume Sampler

Continuous Monitor

Date | Test

1980 | No.

37221 19

37231 20 Inlet North
Inlet South

37241 21

Blank

Outlet

i Volume Sampler

Continuous Monitors

Test started at 1030 and ran for 560 minutes.

Test quality is good.

Test started at 1422 and ended at 0415 hrs. Test quality is good.

Test started at 1145 and ended 2115 hrs. CO drift problems. CO taken
off Vine until 1445 hrs. Test quality good. Nydrocarbon data fair.

Test started at 0927 and ran for 990 minutes. Increased time due to
lower plant out put. '

Test started at 0935
lower plant output.

and ran for 990 minutes. Increased time due to

Test quality good.

Test started at 1005
lower plant output.

and ran for 640 minutes. Increased time due to

Test quality good.

Test started at 1027
lower plant output.
Test quality good.

and ran for 640 minutes.
Impinger 3 backed up into

Increased time due to
impinger 2 - not saved.

Test started at 1034 and ended at 0350. Test quality good.

Test started at 1100 and ended at 0800 hrs. Electronic source balancing
problem on CO analyzer. Analyzer (CO) taken off Vine. No outlet data -
gas conditioner not in cycle mode.
data fair. -
Blank test started at 1200 and ran for 60 minutes at temperature. Test
quality good, ‘

Test started at 1110 and ran for 192 minutes.
Off line

Test quality good.

Test started at 1030 and ended at 1530 hrs. Outlet only for inorganic
sampling. Ho CO on line. Test quality good hydrocarbon data fair.
- QA Tesl

to outlet stream. Test quality good.

Test quality good for inlet, hydrocarbon
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TABLE 2-1. (Continued)
Date ] Test
1980 | No. Sampling Locations Test Comments
3/25] 22 Inlet North and Test started. No solids or liquids taken for QA. QA test only.
South - QA Test Test scrubbed, no samples saved because nozzle was in wrong direction
and test would not be duplicate.
Outlet Ports 1, 2, | Test started at 1120 and ran for 192 minutes. Test quality good.
3 and 4
Continuous Monitors | Test started at 1115 and ended at 2106 hrs. Test quality good.
Hydrocarbon data fair.
Hi Volume Sampler Test started at 1030 and ended at 2320 hrs. Filter covered with coal
dust. Test quality fair.
3/26 | 23 Inlet North QA test started at 1510 and ran for 770 minutes. Test quality good.

Inlet South

OQutlet Ports 1, 2,
3and 4

Contiruous Monitors

QA test started at 1515 and ran for 770 minutes. Test quality good.

Test started at 0922 and ran for 192 minutes. Test quality good.

Test started at 1100 and ended at 0830 hrs. No outlet data due to failure
of gas conditioner to switch to outlet stream. Test quality good.
Hydrocarbon data fair.
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Gas Compotition
Ssmple Vokime Gas Gas Stack
Date Test Sampling Molsture | Moteculas | Velochly Flow Flow Yemp (4] €O, co THC | isokinatics
11830} No 1 ccation SCF M 3 Weight s acim dschin of i % ppin | ppm %
32 ] intat Nuuth 204 017 6 80 085 2801 3165 132623.22 | 7654988 § 33421 | 448 1279 | 1800 <2 6183
Sai:th 2626017 1.43 116 2936 2009 116016.35 § 7042307 J 0078 | 448 | 1279 | 1000 § <2 89.01
Ouny 184 214096 608 6132 2330 2209 14142802 | 6620662132003 | 6.94 | 1131 ] 1600 | <2 44 20
2%) 243014 468 624 2831 2479 16452314 | 85704.38(309982 | 634 | 111 | 500 ] <2 93 99
13 2 “‘"“‘—BF 123544 492 839 26 34 3718 149781 62 | 85761.77 | 35165 | 4.38 { 13.80 <2
Inlst lehc 126 834 160 869 2032 42.04 16979293 | 85/8234 37336 | 433 | 1380 | 1200 | <2 85.73
SoulllD 212010 601 181 28 41 46 61 18428023 1108410.17 123483 | 433 | 1380 ] 1200 | <2 640 08
South 101.519 208 1.9? 2039 32.16 146087 30 | 8500460 | 36990 | 433 | 1380 ] 1MDO | <2 102.14
Ouiley W4 324 359 819 1.45 2931 26 0 16201217 | D156968 | 31238 | 687 | 1244 ) W00 | <2 06 33
203 0231) 870 748 29 31 26.10 16263208 | 0603783 | 31584 | 687 | 1244 | 1100 |} <2 90.73
3-4 3 Intas Nanh 164 208 622 143 2080 4£.10 17331205 ] BGGBY 71 | 37048 ] 4.4) 1440 | 1700 <2 95 59
Soudy 262.780 1.18 048 2330 4112 172066.862 | 6630009 | 262656 | 441 | 1441 | D00 | <2 62.28
Outlel "“E Test Suubbud
p{ X} : Test Sciublzd
36  lintey  Noah 256.9756 28 a4 2049 4320 17080285 | 8704964 |188.09 | 441 | 14568 | 1800 | <2 914]
South 26727 88 80 29138 41.09 §62455.26 § 02751.06 (34923 | 4401 | 1460 | 18 <2 104.10
Ouilas 184 H Test Scrubbed
23 Fest Scrulibed
36 8 Liney Nuouth 367648 § 1041 893 2928 4292 169692 43 19207006 | 16383 | 436 | 13.70 | 1800 | <2 9728
Sauth 322.124 915 912 2918 43.48 $1219372.31 | 08720607 |347.46 | 436 | 13.29 ] 1800 § <2 90.54
Outter 184 . 1130 Vested
283 ot Jested
37 6 liney  Norih 3686084 | 1044 1832 20.14 4361 12242669 | 874320535100 § 459 | 1302 | 1600 | <2 105 9]
South 266 424 10386 o.18 2927 44.01 12309436 | 99965801 [ 33683 | 459 | 1302 J 1600 | <2 99 65
Ouiles B4 Nt Vested
28) Not Test:d
38 7 linter  Noaih I61.410 906 066 2919 62 156073 08 | 86266.27 | 377.65 | 4.79 | 1360 | 2800 | <2 163
South 333813 048 976 20.16 3928 15632760 | 612964 136983 | 470 | 1360 § 2800 | <2 105.53
Outln 184 Hot Tested
283 Not Tested
3-9 8 NarF 7400 2.10 124 2919 3027 168Co800 | 2132578 31683 | 7.0 ne |20 | <2 9560
Intat NouhG 204.807 8135 805 2918 30.38 120104.29 | 62223.43 138473 | 1% 1.8 12500 ] <22 9851
South!! 121.024 345 778 20 20 364 144172.76 § 82027.48 1 344.28 § 2.0 116 12500 | <2 108.23
South! 140223 | 397 6.02 2917 2738 f (08274.04 [ 64436.72131588 § 7.0 | 116 {3800 | <2 60.66¢
Outter 184 Nut Testud
283 Nt Yosted
3-10 8 L Houh 1Joan 3.0 B.69 2931 45.23 1780453 20 110320595 | 352C9 | 3.7 139 J 2500 | <2 60 84
Souh 193613 548 ”u 20.25 43N 123046.12 | 9208029 133065 | 3.7 139 | 2500 | <2 £9 58
Qutlet 1.3} Nout Tested
283 Hor Tested
ind 1
3-1 Wl Noan 364 094 1.6 Goa 2949 4563 18061964 10186768 37425 | 4.2 1386 | 2200 | <2 92.17
Soaih b3 ond 1986 844 29.30 44.20 124783 47 | 09143.40 | 366.59 42 3.6 | 22.00 <2 105.29
Outlet 134 Not Jestad '
241 _ Not Vested
— T —
an LI PP NorehE Test Scmllnlu.-d
Santh Tust Scrubibedd
184 o Vestod
Outler 243 flod Tested
13 12 ket Hoah 350 458 5902 841 28 5] 4245 1630799 | 9347348 1365878 | 3,34 15668 | 2100 <2 10236
) Sowt]s kY Y2 ] 1047 864 2064 4144 164046 17 | 9362805 34061 § .04 16.54 { 21.00 <2 102.22
Outter 184 158960 | as0 ] 210 | 2956 2586 | 16110230 | 9514681 {33944 | 897 | 1392 J 100 | <2| 772
PAN] 2.6 200 10315 a2y 29 28 2 8 165622.22 | 9842004 |31508 | 5. 12 1392 11800 <2 [T ]




TABLE 2-2. (Continued)
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Gas Compasition
Sampla Volume Gas Gay Stack
Date Yout | Sampling taisture | Molecular | ‘Vatocity Flow Flow Temp 0? €0y co THC | tsokinctics
{1080) | No.| Location SCF ml % Welpht In aclm dwclin of % %° | opm | pom %
3-14 13 Intet North 37‘.'335 10.80 967 29131 ‘42.48 171004.76 | 84404 68 | 38468 | 2.70 | 1481 ] 2800 ) <2 100,27
South 352.110 0.97 9.70 29.30 4148 164048.73 | 9101147 1 37670 ) 370 | 1481 ] 2800} <2 107 20
Ouitat 184 382.772 | 1042 9.60 20.14 4.4 151720 16 | 8386082 | 36584 | 631 | 13.18 ] 000 ] <2 9980
283 360.384 9.95 9.69 20.16 24.84 154810.20 | 8642991 | 36876 | 631 | 1318 3000 | <2 4
3186 (1] Intet North 216.167 71.02 814 27 30 86 12197644 | 68088.12 | 368.23 | 6.1 1269 ] 2200 <2 102.14
South 268.37 1.60 1.68 28 32 2996 11844496 | 6730785 | 36265 ) 631 ] 1259)] 2200 ] <2 108 67
Ouitet 184 31.13 0.04 l.88 2909 2000 12466269 | 76384.82 | 31042 | 832 ] 1062 1900 | <2 104 05
283 307.00 8.69 183 20.10 21N 132801.77 | 76705.48 | 36065 | 837 | 1067 | 10.00] <2 96.83
3-17 16 Inket Norih 359 8§00 [[TR]:] 88) 20.35 41.89 16L6226G66 | 9177443 § 371,23 ] 373 | 440] 2200 <2 106 85
South 390474 1108 8.1 2044 4284 16938186 | 9721069 |} 34841 | 323 | 1440] 2200 <2 99 99
Outiey 184 408 855 § 11.62 an 2921 2601 162117.20 | 0333449 ] 356456 | 643 | 1290] 2200 <2 102.18
283 391.836 11.10 843 29 25 212) 169966.05 | 08183.62 | 34631 | 643 ) 12680] 2200 <2 9548
J-18 18 tntet Norih 309.159 1045 930 2929 4308 170259.70 { 02573.11 1 38106 | 382 ] 1429] 2300 <2 100 17
South 371497 1052 873 30 41.89 165619.94 | 0369177 1 35498 | 382 | 1439 2300 ] <2 108 07
Outter V&4 392686 | 11.12 A62 29 22.12 16902281 | 96719.62 | 36008 | 642 1 1300 2400} <2 99 82
. 283 363.262 10.00 8.09 2918 ¢! 25 60 159531.72 § 81103.26 J 367.50 | 642 ] 13LD0]| 400 <2 8381
a-19 17 liger  Nonth 349.709 9.90 068 20 28 41.87 166660.57 | BB914.41 | 38028 | 360 | 1140| 2400] <2 107 2%
' Louth 368 769 1044 068 2037 4).42 17160517 | 95341.29 | 36153 ] 360 | 1440§ 2400] <2 97.16
Outles 181 374.299 | 1060 1028 20.03 26.38 16609902 | 9108067 § 273.12] 630 ] 1300| 2600 <2 10100
283 360678 10.20 869 29.24 26.42 16276285 | 81419487 | 36594 ] 630 ] 1300] 2600 ) <2 8262
320 18 ints Nunih 347.892 986 8.3t 29.23 4213 16657031 | 9478610 | 35006 | 280 | 1380 | 2200 <2 92.24
. Sauth 368.070 | 1042 784 2039 421 166487.66 | 00189.05 | 34265 | 3680 | 1380 2200 ] <2 104.30
Outler 184 366.204 | 1009 .19 29 29 246) 162480.74 | 60622.70 § 33812 | 600 | 1250 7G0|f <2 95.09
283 388.5622 | 11.00 8.44 2. 26.01 18222565 | 778061 | 31281 | 600 | 1250 D00 | <2 8.t
3-22 19 Lia  North 363462 | 10.29 8.64 2016 4165 1646080.40 | 94207.94 | 348684 | 260 | 14.20] 00| <2 105.17
South 348 697 2.87 8.07 2941 fEY K] 166627.09 | ¥0821.39 | 34209 | 3GO | 420] 3800 ] <2 83.42
Outter 184 402,144 | 1139 861 20.19 2026 163656 04 | 05997.17 | 34000 | 630 | 1270 3800 | <2 104.10
283 401.160 | 1120 823 2924 26.81 167077.28 | 0954008 | 33060 | 630 | 1230 OO | <2 99 U3
32 20 [opey  Nuith 336.525 963 8.16 2926 28.G56 113282.28 | G3470.17 | 36441 | 600 | 1260 L <2 103 54
" Scuth 330.723 937 124 20.69 21.28 107773.42 | 5800538 | 36541 | 6.00 | 1260 <2 11599
Outlel 184 301.612 064 [' Rk 2882 16.63 10362907 | G87G3 10 | 354.12 | 6.70 | 10.00 <2 104s
. 283 368.878 10.17 6.07 29728 18.70 122766.89 | 74046.66 | 338.13 ] 0.720 | W00 <2 102 €6
J-4 21 tarth Blank Hun
inlet Soudy Blank Hun
Outler  1,2,384 130420 J.09 9,53 29.16 26.78 100547.70 | 60172.66 | 36547 | 6.4 13.2 <2 103.72
J3-25 22 Inlet New .:'2 Tost Scrubbed
Soul .
Ouiler 12384 122,708 .48 9.92 20 10 24.58 1631G6.31 | 8702L,.45 | Jt6.40 | 64 13.2 <2 101.06
3-26 23 inlet Nouh 326 820 0.2 9.17 20.13 .2 14720078 | 8180081 |} 38080 | 6.00 | 1260 <2 106.24
et Sonilh 34978 | 077 8.09 2914 37240 | 14782205 ) 8073148 § 38245 | G600 | 1260 <2] w843
Outler  1,2,384 138473 303 926 20.24 26.42 16467985 | 03244.30 ] 364281 480 | 13.70 <2 106.64

et alTMMOOe >

With . 312 nozzle

With .250 nozzie chanyeil 10 malntain Hlow
Viith 312 nozazts

AWith .237 nozsle changed w inaustain llow
No sampl3 1etained

With .200 rio22le

Viith . 340 nosple changed 10 maintam llow
With . 240 no:2le

With 309 nozzle chang:d to maintain flow
Resulis sypsestionohle iy 1o bad leak rate
Yeit o aunelled doc 10 cokl weather, Sample saved
Munitar not working




891
vl-¢

TABLE 2-3,

24 1IOUR PROCESS DATA FOR THE AMES MUNICIPAL POWER PLANT, UNIT NO, 7

Oate 31-2-80 3-3-80 3.4.80 3.5.80 3.6.80 3-7-80 3-8-80 3-9.80
Hesn M Hedn ¢ Hean ° Hean [ Mean ] Hean [ Mean ] Hean 3
W Gross 30.19* 2.6 10.1 1.3 .58 6,19 1.9 4,16 na 5,88 30.56 1.50 27.85 6,01 20,9 S5,
Net 26.25* 1.51* 22.04* 0,98 29.25 4.9 29.12 4.\ . 8,30 28.24 1,2 25.66 5.79 18.9 §,12
Steam flow rate 252.2 36,49 268.8 J1.48 2084.87 66.59 289.58 40.47 279,79 56,023 274.8 14,9 239,33 61.67 s 46.7
{1000's Vhs/hr)
Steam pressure (psiy) 857.7 4.1 852.71 4.66 850.63 5.95 848.54 S5.61 847.33 2.22. 850.2) 5.21 851.04 6.08 854 12,3
Steam temperature I°ﬂ 899.63 8.%) 890.0 24.00 B891.46 14.63 995.6 10.97 895.3) 9.89 891.8 15.19 89) 12.93 6888 15,8
Feedwater (low rate 261.87 37,94 276.38 71.65 290.)9 52.98 100.42 46.6 29).0) 54.23 206.33 6.2 251.4 62,9 1814 59.)
(1000's Ybs/hr)
l(':ﬁlwncr teaperature 366* 7.38* J80.61 2.\4 389.7 2.6 382.8 17,36 317.5 21,03 38,05 26,6 360,2 25.81) 338 4.0
Fuel feed rate ) n.? 1.07 NN 2.3 N.00 5% 32.4%5 6.09 35.38 1.9 3N.65 8.2) 32.03* 1.1)¢ 0.8 505
(1000*s Yus/hr) 2 32,2 31.69 31.81 1.8 32.15 3.6 28.17 21.)
fuel ot) (gallons/lwr) 4.6 4.6 2.9 2.5 3.5 4.2 5.4 6.25
Ixcess air % 22 2. 22.08 8.28 20.33 2,3 2007 392 22,21 6.3 25.25 13.2 25.48 10,9 k1] 12.6
10 fans asps 46.42 1.} 45.26 2.15 46.04 1.76 46.75 )M 46.2 1.6 46.46 2.4} 11 1.22 “ 1.6
:D fags pressure 5.15 0.89 5.62 1.40 6.1 IR L 6.09 1.04 6.08 0.89 6.06 1.4 5.21 1.0 4.2 0.76
psig
D fans anps 30.29 1.2 29.91 1.79 29.5¢ 1.4} 30.46 1.35 30.3 1.5 30.62 .79 29.44 0.97 28 1.8
FD fans pressure 4.26 0.27 3. N ) 1.1 4.32 0.78 4.32 1.06 4.5 1. 4.54 1.4 3,54 1.0 3.1 1.05
{psig)
Furnace draft (psig) 0.60 0.20 0.59 0.18 0.59 0.15 0.62 0.15 0.6 0.1 0.6) 0.12 0.5} 0.10 0.59 0,092
flue gas temp {°F)
Boller exit 647 9.78* 688 12.51*  68)* 9.19* 6954 6.67* oA 6.3 699* 3.9 662* 10,33* 629* 20.2*
ESP inlet 118.5 6.69* ue .16 345.5¢ 1.68¢ 0 0 u2 4,220 32 a2 3054 2).2%
Asbienatl lesperature 16.06 7.58 27.39* 10.39* 24.08 6.81 1.63 §.22 19.79 9.19 2458 4. 29 .42 4.9 n 1.8
{oF)
Aabieat pressure 29.34 0.18 28.89* 0.1\ 28.88* 0,06 29.17 0.08 29.04 0.} 28.97 0,048 29,01 0,08 28,89 0,09
inchés Mg . {Continuad)

Mot based on 24 hour readings
1 Based on tachometer type gauge
2  fased on weight type gauge
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TABLE 2-3. (Continued)
Date 3-10-80 3-11-80 3-)2-80 3-13-80 3-14-80 3-15-80 3-12-80 3-18-80
Hean @ Hean [} Nean ] Hean [ Hean ° Mean [ Hean ] Nean °
[ ] Gross 29.1 8.77 30.8 6.10 3.2 6.26 3,2 6.11 30,8 6,25 21.7 5.95 29.5 1.74 .6 .84
Net 26,7 8.43 28,0 6.20 21.1 7.99 28,3 6,06 2,0 6.00 19,6 6568 27.2 17,5 29.3 J.65
Steam flow rate 254 80.2 2n 62.8 255 94.0 268 02.2 210 62.8 186 55.06 259 76.1 283 40.0
(1000°s Ybs/hr)
Steam pressure (psig) 853 9.1 855 6.24 855 5.8 853 8.6 852 7.0 850 8.6 850 5.3 850 6.) .
Steam tempersture (oﬂ 892 11.5 894 1.2 893 11.0 893 12.2 894 12,5 888 11.1 892 9.4 890 16.2
feedwater flow rate 266 83.1 2n 18.5 279 80.2 286 1.0 281 61.3 19 54.0 268 74.5 295 38.1
(1000's Ybs/hr)
fFeedwater tesperalure 362 4.9 re 23.6 370 25.2 71 23.4 71 21.8 330 69.4 67 26.3 315 11.7
(oF)
fuel feed rate ) 28.8 9.0 29.1 7.08 30.5 7.13 3.9 9.0) 30.4 6.64 4.2 6.6 30.9 1.2 32,0 3.0
(1000's tbs/hr) 2 3.2 30.3 3.0 3.4 30.7 24.0 n.2 .6
fuel oi) (gallons/hr) 4.1 11.25 12.08 2.08 3,75 3.9 2.92 2.50
Excess air X 24 12.9 20 5.1 20 5.9 23 9.8 24 11.3 39 12.5 26 13.3 4] 3.6
1D fans amps [ 13 2.5 (13 3.1 46 1.8 46 1.8 45 1.5 42 4.0 46 1.6 46 0.98
ID fans pressure 5.4 1.32 6.0 1.18 6.2 1.20 6.0 0.9 5.9 1.01° 4.3 0.81 5.0 1.00 58 o.n
(psig)
D fans amps 30 1.3 30 i.1 28 6.2 30 1.5 29 1.5 28 1.4 0 1.6 30 1.0
FD fans pressure 4.0 1.18 4.6 1.12 4.4 1.46 4.2 1.20 32 1.12 3.0 1.00 4.1 1.09 4.1 0,9
(psig)
Furnace draft (psig) 0.60 0.036 0.58 0.024 0.6) 0.042 0.63 0.024 0262 0.044 0N 0.092 0.59 0.074 0.59 0.1
0
fi st F
ue gllezdt ) 6854 5.3 664* 37.3* 6754 3.1+ 686 37,5 669 30.2¢ 625* 27.3* 669 48,9+ 676 24,0
ESP inlet U0 04 323+ 22.1* 327+ 14.6* 324 20.1*  326* 16.0* 295+ 20,2 319* 21,3 326  9.5¢
Ambient temperature 11} 1.5 25 7.9 30 1.6 28 2.6 37 12.6 Sl 1.2 k{} 4.9 49 12.8
(°F)
Ambient pressure 28.91 0.195 29.14 0.061 20.68 0.08 28,89 0.13 29.11  0.02 26.98 0.10 29.09 0.04 29,06 0,07
inches Hg {Continued)
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TABLE 2-3. (Continued)
Date 3-19.80 3-20-80 3-22-80 3-23-80 3-24.80 3.25-80 3-26-80
Hean o Hean ] Mean [ Hean e Hean ) Mean ° Hean o
] Gross n.0 §.01 30.6 5.88 29.4 S.16 8. 1.98 29.} LN 29.% 7.5¢4 30.5* 6.4
Net 22.2 6.96 26.8 1.68 22.1 4.9 16.2 1,80 2.4 1.5 22.2 12 211 6.29
Steam flow rate n §2.) 2n 59.8 260 §1.3 153 16.2 264 1.8 262 n.e 258 79.1
(1000's Vbs/br)
Steam gressure (psig) 853 7.0 as51 5.0 853 7.4 852 5.} as58 4.9 852 4.8 854 4.4
Stean temperature (°F) 888 12.) 891 12.3 89} 1.8 a84 10.0 891 11.2 892 10.7 890 16.6
Feedwater flow rate 2817 §0.6 222 1Hns. 4 270 60.5 162 11.8 2n 2.8 212 n.4 283 61.6
{1000's Ybs/hr)
:::‘;uur temperature k1) 16.5 2 16.8 365 8.9 325 7.1 367 25.4 364 21.6 369 20.9
fuel feed rate | 3.l 5.4 33.6 1.06 na 8.32 20.8 .n 32.3 8.26 31.8 7.66 29.6 71.16
(1000's tbs/wr) 2 3.4 kLI | . 20.4 32.8 e 31.9
Fuel ol {gellons/ur) “n 20.4 26.67 3.9 20,4 20.33 1.67
Excess air % 20 5.9 2] 1.7 22 J.8 42 11.0 25 10.8 4} 14,3 22 4.8
ID fans amps 45 ).3 46 1.8 45 1.1 42 0.} 446 2.2 46 1.6 445 1.3
ID fans pressure 5.7 0.65 5.9 0.9 5$.) 0.9 3.0 0.22 6.1 0.27* 8.2 1.14 5.6 V.24
{psie)
D fans amps 29 1.8 29 6.4 29 1.6 2) 0.6 29 1.2 30 1.3 29 1.5
fD fans pressure 3.9 1.18 4.8 1.32 4.1 0.99 2.3 0.3 4.0 0.92 4.2 0.84 3.9 1.37
(pstg)
Furnace draft (psig) 0.6 0.10 0.6 0.09 0.59 0.1 0.59 0.057 0.8 0.00 0.57¢ o0.11* 0.9 0.09
Flue gas tesyp l°f|
Boller exlt 666 30.2* 68} 32.84 659+ 0.4 599 3.9 660 36.1* 670 3.6* 664 31.1
ESP inlet 328+ 15.9* 324+ 12,7+ 320+ 12.2¢ 280+ 0 322+ 2.1+ 123 2,0 )5 16.6
:lh;enl tesperature 56 9.3 4« 9.2 0 5.9 kY} 1.6 16 1.0 38 6.3 ‘a 4.1
Of
Asbient pressure 26.81 0.09 28.92 0.08% 29.04 0.1 28,97 O 29.04 0.08 29,17 0.028 29.17 0,05

inches ig
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TABLE 2-4.

TEST DURATION PROCESS DATA FOR THE AMES MUNICPAL POWER PLANT, UNIT NO, 7

Date 3-2-80 3-3-80 3-4-80 3-5-80 3-6-80 3-7-80 3-8-80
Hean o Hean o Rean v Hean a Hean o Hean L) Hean o
"Duration of Test 1100 to 2100 0900 to 2000 0900 to 1900 0900 to 1900 0800 to 2300 0800 to 2300 0800 to 2300
M Gross ] 2. e 0.3 35.2 0.3 5.0 0.2 .6 0.8 35.3 1.0 N3 2.2
Net NS NS 2.3 0.3 32.7 0.2 2.6 0,2 32,2 0.8 2.8 1.0 H{ ] 2.1
Stean flow rate 18,2 21.% 315.9 5.2 324 3.0 9.1 3.8 35,4 10.3 322.8 11.9 215.6 237
1000's lbs/hr
Steam pressure psig 859.5 3.5 852.1 4.0 850.5 1.5 850.5 3.5 846.8 6.2 852.2 4.5 851.9 1.3 -
Steam temperature °F 903.6 6.4 902.5 6.2 900.5 1.5 902,3 6.8 897.8 lo.é 895.1 121 895:3 12,2
Feedwater flow rate 287.5 246 1.8 5.8 325.% 9.1 8.1 6.0 5.4 117 3365 136 W88 .1
1000's 1bs/br
Feedwater temperature % ns NS 381.) 2 390.5 6.1 N 3.0 /2.8 3.4 390.1 6.9 s 1.3
fue) feed vate {(coal) 1.9 2.6 36.2 2.1 1 0.8 8.5 1.0 B4 1.5 3.7 5.5 2.1 1.1
fuel o) gallons/hr
Excess air % 22.1 1.6 18.3 4.7 20.1 1.8 18.7 1.3 18.9 1.4 19.3 1. 19.8 1.0
1D fans amps 47.3 0.5 46.9 0.8 4.2 0.4 9.2 0.4 aa 0.6 7.9 0.9 L1 0.8
10 fans pressure psig 5.6 0.8 6.6 0.4 1.0 0.2 6.7 0.2 6.5 0.6 6.9 0.3 5.04 0.5
FD fans amps 3o0.8 1.2 30.8 0.8 30.4 0.5 30.9 0.7 3).2 0.8 .8 0.6 0.0 0.3
fD fans pressure psig 4.6 0.8 4.5 0.7 4.7 0.3 4.4 0.6 5.2 0.8 5.3 0.7 [N | 0.7
furnace draft psig 0.7 0.1 0.6 0.1 0.6 0.07 0,62 o.1 0.57 0. . 0.65 0.0 0.5 0.07
Flue ?l::I::‘:uﬁ” NS NS NS NS NS NS NS NS NS NS NS NS ) NS
ESP inlet NS NS NS NS NS NS NS NS NS NS NS L1 NS NS
Asbient temperature % 23 3 NS NS 24.2 .6 10.9 4.1 25.3 5.4 26.9 3.2 30.) 4.9
Ambient pressure 29.22 0.09 NS NS 28.85 0.0 29,23 0.00 8.9 0.05 8.9¢ 004 29,05 0,02
fnches g (Continued)

NS - Not Sufficlent Dala
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TABLE 2-4. (Continued)

Sampling Day 3.9.80 3-10-80 3-11-80 3.12.680 1.13.60 3.14.60 3.15.80 3-17-80
Mean o Hean 3 _2_____!1-“_:5 e Rean "] Mean o Mean [} Hean ] Hean [}
- B UM 23 0o 34 009 38 o6 4 eao 38 4N der ese 24 o
Steam flow rate I 4.6 N0 S0 30 55 36 0 120 0 309 W5 182 668 312 28
Steam pressure 849 2,3 es8 5.6 85 4.7 85 0 8ss 3.2 8% 67 Bs1 3.0 853 3.8
Steam Lemperature 892 12.2 896 119 898 8.6 905 6.8 899 5.1 B9 - 12.3 889 12,6 895  @.4
Feedwater flow 188 478 322 35 30 32 12 50 30 0 N9 1.8 18 62 I 4B
Feedwater \omperature Mo 2.9 390 0O W 2.6 w0 | 1.4 3| 30 6 24,9 W 28
fuel feed rate (coal) 5.2 600 3.3 2.27 1.8 .18 381 025 8.6 2,62 M4 20 20 21W B2 LN
1000°s Vbs/hr
fued ofl gallons/hr 6.25' m ' om n.as' m 12,08 W 2,00 wm 108 wm 7.92' W 292! m
Excess air n 12a 16 08 18 1.0 18 29 18 R | s A w1 18 1.6
1D fans amps " ) 0.3 @ 0.7 48 0.6 A 0.5 46 o8 4 a8 46 0.6
10 (ans pressure &2 08 62 025 68 029 J.4 048 64 030 64 05 40 080 65 082
0 fan amps 2] 1.8 30 0 10 0.5 30 0 £ 051 30 01 2 1.5 30 0.51
§0 fan pressure 29 1.00 48 036 53 045 &0 O0J1 49 0N &2 0.8 27 100 47 060
furnace draft 0.59 0.08 0.61 0.033 0.58 0.024 060 00/} 0.6 0015 062 0.0 0J0 0015 058 0.00
Boller flue gas temp 6326 18.6* 686 5.3  608* 13.7% 690  N.6 709  M.1 685 150 618  30.4  695¢  35.6°
ESP tnlet tempevature 09¢ 16,9 M0 0 Mo o0 B0 VS 14 M 1B 289 23 Me 2.2
Asbient tesperature 42 f.t 22 1.6 k]| 4.0 30 0.5 30 1.8 46 5.8 10 4.2 K} 4.7
‘Ambient pressure 28.82 0.023 28.96 0.091 29.11 0.05) 208.85 0,022 28.92 0.023 29.]1 0,018 28.92 0.048 29,12 0.030

Sampl ing duration 8:30A-10: 040 8:10A-6:33P 8:25A-10:35¢ 9:10A-1:05P B:35A-9:47P 8:40A-10:55P Q:OSA-IO:nﬁPcuul:“tln:lSP
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TABLE 2-4. (Continued)
Sampling Day 3-18-80 3-19-80 3-20-80 3-22.80 3.23-80 3-24-80 3-25-80 3-26-80
Hean- [ Hean [} Kean o Hean 0 Hean [ Hean 0 Hean [ Nean L]

[ ] Gross u.0 1.90 33,0 4.30 31.8 5.45 29.4 6.93 18,5 1.51 .8 0.29 .6 0.48 35.0 0.6

Net k) | 1.91 30.4 4.15 28.8 5,42 26,9 6,66 16.6 1.36 2.7 0.76 32.2 0.57 32.5 0.6
Steam flow rate i 19.5 297 LI ] 28} 57.6 260 66,3 155 11,9 m 2.8 3 3.0 o 0.9
Steam pressure 851 6.0 852 6.8 853 3.8 851 7.5 856 4.8 855 5.8 11} 4.8 852 _2.?
Steam temperature [} 11.1 888 1.9 892 12.8 089 13,6 886 1.7 899 11.8 892 9.6 902 4.8
Feedwater flow 318 20.5 07 H“u. 292 55.8 210 66.2 156 38,2 k4| 4.6 324 2.4 27 3,9
Feedwater teaperature 383 4.2 ) 382 12.7 72 19.8 365 25.7 328 1.9 384 2.8 a4 2.8 380 0
Fuel feed rate 33.3 8.20 3.2 7.92 21.4 1.28 1.0 1.03 3.8 0.50 5.1 2.84
Coal (1000°'s Ybs/tr) 3.8 2.26 32.6 6.16
Fuel oi) gallons/hw
Excess alr 20 1.0 19 6.0 r{} 3.4 26 13.0 38 10.6 16 |9 18 1.0 18 0.6
10 fans amps 46 0.5 L1 0.9 46 2.4 45 1.3 ,2 0.6 46 1.0 448 0 4% 0
ID fans pressure 6.2 0.46 4.5 0.99 5.8 1.09 5.4 1.02 3. 0.24* 6.2 0.7 4.8 1.82 6.6 0.3
FD fan amps 30 0.4 30 1.5 30 1.9 30 1.6 2] 0.4 30 0 30 0 30 0
D fan pressure 4.4 0.61 4.4 1.0 6.5 6.60 4.1 1.14 2.3 0.36 4.5 0.10 4.8 0.5 4.7 0.80
Furnace draft 0.60 0.107 0.60 0.109 0.81 1.019 0.6} 0.056 0.58 0,057 0.52 0.093 0.5 0.0 0.53 0.065
Boiler flue gas Lemp 687 1.8+ 686* 8.6 6954 15.9* 679* 9.8 598+ 4.6¢ 674 11.1 676 1.1 689 16.0
ESP inlet tewperature 330 3.6 338¢ 2.5¢ 3o 4.8 320+ 2,6 2080 0 335 0 338 0 325 1.5
Asbient temperature 58 6.8 62 6.3 42 6.2 42 4.2 k1 1.5 ” 1.5 44 0.8 49 2.6
Ambient pressure -29.02 0.056 28.75 0.042 29.03 0.106 28.95 o0.008 28,98 0,024 29.05 0,012 29.16 0.018 29,37 O, 04
Sampl ing duration 9:00A-11:25p B:43A-12:07A 9:05A-4:25A 9:47A-2:12A 9:27A-2:10A 13:10A-2:47P 11:20A-3;:46P 9:22A-2:06P

e jot a total time mesn.



Unit No. 7 generally operated between a range of 16 to 35 MW gross,
(refer to daily process data tables provided in Appendix D). Production
over 35 MW placed considerable wear on the unit, and was avoided whanever
possible. Production under 16 MW introduced instability and the possibility
of large transient swings in operating conditions. Usually the boiler was
operating close to ane of these limits. It operated at 35 MW during peak-
loads because the load of the serviced ccmmunity was over 35 MW. Produc-
tion was reduced to 16 MW when off-peak power could be bought more cheaply
from neighboring utilities.

Examination of Table 2-3 indicates that the daily mean of gross elec-
trical output (24 hour basis) is typically between 29 and 32 MW due to boil-
er operation at full output for a large portion of the day. In fact, the
hourly readings provided in Appendix D indicate that output is rarely below
35 MW between the hours of 8 AM and 10 PM or longer. DOuring non-peak hours,
the boiler operated between 16 and 25 MW, depending on load and the amount
of power being purchased from neighboring utilities. Comparison of the
daily cycles of power production with the standard deviations (24 hour basis)
given in Table 2-3, indicates that the standard deviations range betwesen 5
and 7 for days representative of typical operation. Values not lying in
this range are indicative of abnormalities such as the buying of cheaper
power through the peak hours, or unusually high off-peak loads. The stand-
ard deviations in Table 2-3 show that these abnormalities happen most often
on weekends, especially Sundays. Weekday operation is fairly consistent,
due to uniformly high loads and the resultant high cost of power. Net power
output follows identical trends, since the power demand of the auxiliary
equipment associated with Unit No. 7 is fairly constant.

Fuel consumption varied directly with the amount of electricity produced.
Of the three types of fuels used in Unit No. 7 (coal, ROF, and fuel oil), ccal
was used in the largest quantities. The amount of RDF burned was limited to
approximately 17% in terms of the total heat produced. This was because ROF,
due to its lower heating value, cannot sustain sufficient temperatures to
maintain required boiler efficiency and steam quality. Also, RDF requires
a longer residence time in the boiler for complete combustion, and this places
another physical restriction on the amount of RDF in the fuel mixture. Fuel
0i1 is used sparingly, and only as an igniter to insure flame continuity dur-
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ing soot blowinb. Different ffremen have different procedures for its
use, and the large variations in fuel oil consumption shown in Table 2-3

are more related to operating practices thanm to what was happening in the
boiler.

The continuous supply of RDF to the boiler during the test was found
to be unreliable. Practical experience during the test indicated that RDF
supply was very unreliable. The RDF conveyors which feed Unit No. 7 were
prone to jamming and required frequent maintenance. Often the RDF supply
ran out because the solid waste recovery plant was experiencing mechanical
problems, or had run out of refuse to process. OQut of 23 days of sampling,
only on 6 was RDF burned continuously. On 15 days RDF was burned part of
the time, and on 2 days it was not burned at all (refer to Appendix D).

The means and standard deviations for coal consumption given in Table
2-3 follow those of the gross electrical output. This indicates that coal
consumption is closely related to electrical output, as expected. However,
these daily averages mask out one important effect. Referring to the tables
in Appendix D, one can see that the amount of coal burned depends on whether
there is RDF in the mixture or not. A1l other things being equal, the flow
of coal will always go up or down, depending on whether RDF is being removed
or introduced into the mixture, respectively.

2.2.1 Operating Parameters

Data for the steam cycle in the boiler are also listed in Table 2-3.
Examination of the data indicates that the steam and feedwater flow rates
fluctuate in a daily cycle, with means and standard deviations following
the gross electrical output. However, the values for steam temperature and
pressure remafn fairly constant. The feedwater temperature also varied.

It was higher on days of high electricity production, and lower on days of
low production.

Excess air is one of the most important parameters for describing con-
ditions inside the combustion chamber. Unit No. 7 is designed to operate
at about 20% excess air. Data in Table 2-3 indicates that on the average
this is true. However, the hourly data (refer to Appendix D) indicates wide
fluctuations. Excess air tended to increase as the boiler load decreased.
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This was possibly due to the operater not decrsasing the intake air with the
reduction in fuel supply. On nearly each night the excess air reading was
greater than 50% (the maximum readable value on the meter). The standard

deviations of the mean excess air values indicate no direct relationshop to
the deviations of gross power output. Consequently, excess air is not a

function of power output alone. Unlike most other parameters, the excess
air setting was subject to the whim of the operator, and changes from work
shift to work shift could have introduced important variations.

The induced and forced draft fan measurements listed in Table 2-3 are
of 1imited significance , since they did not respond to increases in pro-
duction with greater airflows and correspondingly greater current consump-
tion. The furnace draft data indicated Tittle or no correspondence to any
of the other measured data. Most of the flue gas and ESP inlet temperature
readings were incomplete as they did not cover the entire 24 hour day. Most
of this 1nformgtion was recorded during peak operation, and may therefore be
considered representative for peak operation conditions. Both the flue gas
and ESP inlet temperatures decreased during off-peak periods.

Routine activities such as ash removal and socot blowing was performed
at times designated in the test plan. RDF was cbserved to have a substan-
tially higher ash content than c¢oal, and this characteristic was reflected
by longer ash removal periods, and more perioedic soot blowing. Bath activi-
ties decreased substantially when ROF was not being burned.

2.2.2 Test Duration Data

Table 2-4 contains means and standard deviations for all of the para-
meters given in Table 2-2 on a test duration basis. They are derived from
the same hourly data given in Appendix D, but the averages are taken over
shorter periods of time than the 24 hour means discussed previously. These
values are included only to indicate what operating conditions existed dur-
ing the hours of each test. They are not, however, indicative of overall
boiler performance. For instance, some tests were performed only over peak
hours. These means would be indicative only of peak conditions, and the
corresponding standard deviations would be very small, since the parameters
remained fairly constant during this period.
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2.2.3 Daily Production and Consumption Data

Table 2-5 contains information recorded by the power plant on a daily
basis. The total gross and net power production was recorded directly from
meters inside the plant. The total steam produced divided by the gross power
production gave a good indication of boiler efficiency. Separate meters are
used for measuring the water used for ash removal and the total input to the
evaporators. The days of highest sluice water use corresponded with days
of prolonged use of RDF in the fuel mixture. The evaporators eventually feed
into the working fluid cycle of the boiler, and gave a fair indication of
make-up water required, except that there was a water reclamation system
attached to the boiler. Hence, these values indicated new input to the sys-
tem, but did not account for total make-up water requirements.

Most of the fuel types were very accurately measured. Coal was measured
through a weight integrating system, and fuel o0l was similarly measured
through a volume integrating system. However, no accurate measurement of
the RDF was -possible. The values 1isted were derived from volumetric read-

ings and a very rough measurement of the RDF density, taken once every shift.
The Btu contribution of each fuel was then calculated by doing calori-

metric analyses. This was done periodically, and the values used for
the duration this test program are given in Table 2-6. By summing the
Btu contribution of each fuel, a value for total heat production can

be found. This value was then divided by either the gross or net elec-
tricity production to express thermal energy as it related to the power
production of the day.

2.3 Continuous Monitoring Data

Table 2-7 presents the daily averages of 02, COZ’ C0, and total hydro-
carbon monitoring on approximate test duration basis. Occasionally the con-
tinuous monitors were allowed to run longer than the actual test, but the
data can still be considered to be representative of the test duration.
Hydrocarbon values were always found to be lower than 2 ppm, the sensitivity
1imit of the instrumentation used.
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TABLE 2-5.

DAILY PRODUCTION AND CONSUMPTION AT AMES MUNCIPAL POWER PLANT, UNIT NO. 7

Pawer Production

Thermal tuergy'

(Swh) (Blu/kwh)
Date Gross Net G(oss Net
3-2-80 681 000 623 902 1} 186 12 210
' 3-3-80 709 000 648 682 1 296 12 246
3-4-80 760 000 00 012 il 396 12 88
3-5-80 759 000 698 46) 1 697 12711
3-6-80 740 000 679 6S8 11 693 12 728
3}-7-80 735 000 674 420 11 652 12 692
3-8-80 648 000 590 0S) 11 602 12 142
3-9-80 494 000 442 496 1 s24 12 836
3-10-80 693 000 635 0I? 10 958 11 985
3-11-80 739 000 678 629 1 440 12 458
3-12-80 750 0D0 688 456 1l 48 12 162
3-43-80 242 000 681 889 1l 544 12 862
3-14-80 229 000 660 )19 1l 897 12 548
3-15-80 S08 000 457 919 1 ae 12 684
3-17-80 699 000 639 942 1 170 12 200
3-18-80 759 000 696 434 10 855 1l 829
3-19-80 740 000 682 596 10 294 1) 829
3-20-80 25) 500 689 205 1) 368 12 188
3-22-80 706 000 647 644 11 02} 12 0I5
3-23-80 426 000 182 263 M 12 605
3-24-80 20000 650 019 10 84) 11 84}
3-25-80 00 V00 642 O1) 11 080 12 oa
3-26-80 726 000 EN 9. 10 949 1 954

Steam
Production
_(bhn)

9.8
9.59
9.83
.
9.50
9.64
9.5¢4
9.47
9.5¢
9.8
9.62
9.68
9.51
9.50
9.4%9
9.52
9.51
9.56
9.55
9.49
9.61
9.82
9.60

lowa Coal

_Qws)

319 908
418 330
G2 29
434 538
432 0%
21121
350 286
301 888
486 980
34 228
108 980
432 210
412 40
322 48
412 335
417 o010
Qe 3s
as 392
410 520
269 610
629 920
610 880
612 960

Sluice Mater

fuel Consumplion for Bottom
and Fly Ash Water Input
Colorado Coal RDF & on Resoval to Evaporator
Aibs) _ (lus) (ga_l_lons) (gallons} (gadloas)
432 112 0 60 250 000 8 300
42 270 11 000 160 340 000 9 000
35) 210 226 800 10 320 000 2 200
30 162 192 315 60 380 000 6 600
319 504 213 200 % 450 000 9 200
s m 130 800 100 320 000 2 500
37 120 168 460 130 360 000 1120
267 712 26 000 150 314 908 8 500
262 220 81 200 100 6 716 6 300
392 412 229 600 270 403 172 S 800
34 620 229 015 290 413 614 3 800
368 230 144 015 50 422 620 9 100
324 060 230 400 90 418 132 ]
253 352 22 050 910 318 14 § 700
337 265 97 650 10 396 000 11 100
40 190 154 874 60 423 000 15 200
338 945 134 816 100 4717 oo 6 000
379 408 63 100 490 320 000 7 300
315 8ao 92 000 640 250 000 5 400
220 590 0 800 180 000 16 600
157 480 51 600 490 300 000 4 500
152 720 9) 000 680 430 000 4 000
153 240 134 910 40 840 000 18 500

*Yhis is only & rough measure of RN weight.

Vinls value is derived €rom the average Btu coalent of each fuel.



TABLE 2.6. HEAT CONTENT OF FUELS USED AT THE AMES MUNICIPAL POWER PLANT
DURING SAMPLING PERIOD

Heat Content for each Fuel Type

Iowa Colorado

buration Coal Coal RDF Fuel 011
Test (Btu/1b) (Btu/1b) (Btu/1b) (Btu/gallon)
3-2-80 8946 10,556 5587 138,603
thru

3-16-80

3-17-80 9035 10,298 6128 138,603
thru

3-26-80

2-25
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Fluctuations in the 02, COZ’ and CO levels are usually indicative of
process conditions in the boiler. The means for these components at Ames
were fairly uniform, as can be seen from Table 2-7. The only unusual days
were March 9, 15, and 23, as evidenced by high 02 levels and low levels of CO2
and CO0. From Table 2-4, it can be seen that these were days of low electrical
output and correspondingly high levels of excess air. Furthermore, these were
the only days that were typical in this regard.

Although excess afr was monitored in the plant's control room, it has
also Been calculatad on a theoretical basis for comparison using the foilow-
ing expression

¥ excaess air = X m__T_.—y
$4%8 Ny - (0p - 00/,

where the gaseous components are expressed as percantages.

The results of these calculations are given in Table 2-8, along with
the values of excess air measured in the control room. The calculatead val-
ues are consistently smaller, and the same anomalies appear (i.e., large
values on the 9th, 15th, and 23rd). In this case, the measured values are
larger because these were taken after the air preheater to the boiler. Evi-
dently, there is some air leakage in the preheater.

2.3.1 Air Preheater Leakage

Oxygen in the flue gas at the inlet and outlet to the preheater was
monitored on March 8, 1980 to determine air preheater leakage. Continuous
monitoring results are presented in Table 2-9. The oxygen readings were
also plotted and are shown in Figure 2-1.

Examination of the plots in Figure 2-1 indicates that the increases and
decreases in oxygen at the boiler exit are closely followed by similar in-
creases and decreases 1in oxygen at the ESP inlet which is located downstream
of the boiler. Since the variable oxygen readings at the inlet and outlet
were taken on an intermittent basis, at 15 minute intervals, it was difficult
to relate the data points at the bBoiler exit and the ESP inlet on a same time
basis. However, from the graph the similar trends of the two curves can be

easily observed,

2-26
180



181
[2-2

TABLE 2-7. CONVINUDUS MONITORING DATA

Sampling Date 0, (%) C
/] 0, (1) €0 (ppm) THC (ppm)
Locatfon (1980) Mean o Mean 2 ° Mean o Mean P o
ESP Inlet 3-2 4.6 0. 12.7  0.44 17.9 1.6 <2 -
€SP Outlet 6.3 0.5 1.4 0.5) 16.5 1.57 <2 -
Inlet 3-3 4.4 0.5 137 0.63 12.4 1.64 <2 -
Cutlet 5.8 0.65 125  0.67 0.7 1.16 <2 -
inlet 3-4 4.4 035 144 0.36 6.7 0.75 <2
Outlet 6.1 0.17 13.0 19 4.2 .89 <2
Inlet 3-5 4.4 0.66 4.6 0.5 18.3 1.22 <@ -
5.6 0.83 13.4 .36 21.8 10.14 <2 -
Inlet 3-6 4.3 0.29 13.9  0.37 16.7 2.30 < R
Outlet DATA TAFEN FOR INLET ONLY
Inlet 3.7 4.6 0.3 13.9 0.3 16.4 1.50 Y -
Outlet 5.9 0.27 12.8 0.28 4.7 1.63 <2 -
Inlet 3-8 4.3 0.3 4.0 0.3 21.6 0.85 <2
Outlet 4.8 0.40 13.6 0.19 28.4 2.29 <2
Inlet 3-9 7.0 w23 nNe V.22 4.1 1.82 <2 .
Outlet 8.8 1.8 ne 1.2 22.6 2.0 <2 -
Inlet 3-10 4.0 0.3 13.9 0.3 4.5 1.5 <« -
Outlet 56 0.19 124 0.4 24.9 1.04 <2 .
Inlet 3-11 4.7 o0.28 13.6 0.48 2.4 188 <2 -
Outlet 58 0.23 13.2 0.5 2.2 1.29 <2 -
Inlet 3-12 4.4 0.29 140 0.43 22.1 1.78 <2 -
Outlet 56 0.3 138 0.56 22.3 n <2 R
Inlet 3-13 3.3 0.3 156 0.33 20.7 0.90 <2 -
Outlet 5.2 0.57 14.0 0.96 18.4 1.03 <2
Inlet 3-14 3.7  0.40 4.8  0.47 21.1 4.2\ <2 .
Outlet 53 1.03 13,1 o0 29.9 16.56 <

(Coﬁt!nued)
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TABLE 2-7. (Cont{inued)

SanplIng Date 0, (x) co, (x) o (ppm) nc (ppm)
focation {1980) Hean a Hean 0 Mean a Hean 0
Talet 3-1§ 6.3 1.5 126 145 22.0 2.03 <2 -
Outlet 8.4 1.87 10.7 1.67 18.7 2,00 <« -
Inlet - 3.7 0.47 144  0.62 21.5 1.3 <« -
Outlet 54 0.32 129 0.3 20.0 1.4 <@ -
Inlet 3-18 38 0.3 144  0.46 21.3 1.18 <2 -
Outlet 54 0.30 13.0 0.4 21.7 9.62 <2 -
Inlet 3-19 3.8 0.5 4.7 0.7 21.6 1.84 <2 -
Outlet 5.3 0.4 13.2  0.47 26.2 17.55 <2 -
Inlet 3-20 a1 0.29 4.3 0.4 0.0 2.2) <2 -
Outlet 5.9 .0.25 128 1.0 17.4 1.70 <2 -
Inlet 3-22 3.6 k1) 14.2 .35 38.3 25.81 ) -
Outlet 5.4 .29 12.6 .46 1.7 22.61 <2 -
Inlet 3-23 5.9 1.09 12.7  1.08 NOT OPERATING <2
Outlet 8.6 .15 10. 74 - " <2
Inlet 3-24 DATA TAKEN FOR OUVLET ONLY
5.4 .24 13.2 24 " . <2 -
Inlet 3-25 4.4 .83 13.8 N . . <2 -
Outlet 5.4 .23 13 .26 . - <2

Inlet 3-26 4.9 .87 117 J3 » . <2 -
Outlet DATA TAKEN FOR THLET ONLY




TABLE 2-8.

EXCESS AIR READINGS

Date Excess Air % ! Excess Air % 2
3-2-80 26.7 22.1
3-3-80 25.5 18.3
3-4-80 25.8 20.1
3-5-80 25.9 18.7
3-6-80 24.9 18.9
3-7-80 27.2 19.3
3-8-80 24.9 19.5
3-9-80 49.4 34
3-10-80 22.6 16
3-11-80 27.9 18
3-12-80 25.7 18
3-13-80 18.2 18
3-14-80 20.8 17
3-15-80 41.7 41
3-17-80 20.6 18
3-18-80 21.4 20
3-19-80 21.4 19
3-20-80 23.5 24
3-22-80 19.9 26
3-23-80 37.8 38
3-24-80 NA 16
3-25-80 25.6 18
3-26-80 29.5 18

Based on continuous monitoring data from the ESP inlet

2 Control room readings
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TABLE 2-9.

AIR PREHEATER CONTINUQUS MONITORING DATA

ESP Inlet/Preheater Qutlet

Bofiler Exit/Preheater Inlet

Time 20, zco, (O W TH 10, sco, 0

1430 4.237 13.926 28 0.42

1445 4.593  13.78 29 0.1

1500 4.0 14.222 27 0.49

1515 4.975 13.562 28 0.22

1530 3741 14.414 28 0.45

1545 4584 13.668 29 0.20

1600 4.637 13.678 28  0.37

1615 4.901 13.520 27 0.19

1630 4.083 14.304 28 0.4]

1645 5.207 1243 26  0.21

1700 4.089 13.972 26 0.22

1715 4.879 13,538 26  0.15

1730 4198 1415 27 0.18

1745 4153 14.246 28 0.18

1800 4192 13.740 26 0.23

1815 5141 13.574 26 0.18

1830 4.295 13.976 28 0.19

1845 4.35 13.902 28  0.04

1900 3.937 14154 29 0.22

1915 4.959  13.564 27 0.25

1930 4.742 13.432 28 0.26

1945 4.397 1396 28 0.11

2000 4.632 13.566 28 0.21

2015 4.401 13.558 36  0.18

Mean .26 13.97  27.580.304 || 4.71  13.61  28.1 0.168
0.30  0.30 0.9 0.114 || 0.3  0.43 2.7 0.059
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Oxygen in the gas before and after the air
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preheater
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Air preheater leakage is defined as the ratio of the difference between
the amount of flue gas out of the preheater and the amount of flue gas into
the preheater to the amount of flue gas into the preheater. In order to esti-
mate this leakage average values for oxygen for the inlet and outlet from the
monitored data were used. Based on an average axygen reading of 4.24 percent
at the preheater inlet and 4.71 percent at the outlet an air preheater leak-
age of 2.9 percent was calculated. It must however be noted that during this
period the boiler load averaged approximately 88% and the RDF heat input to
the boiler was approximately 20 percent. Air preheater leakage will vary
with the steam load and type of fuel fired.
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3.0 SYSTEM DESCRIPTION

The coal-fired utility boiler tested was the No. 7 unit at the Ames
Municipal power plant. The power plant is owned and operated by the city of
Ames. Three boiler units, 5, 6, and 7, at the power plant have been modi-
fied to burn solid waste as a supplemental fuel with coal. Boilers 5 and 6
are Stoker-fired boilers and boiler No. 7 is a pulverized coal suspension
fired boiler. Under normal operating conditions only unit No. 7 is used.

Units Nos. 5 and 6 are operated only under peak demand conditions or when
unit No. 7 is down.

The power plant is located within the city limits of Ames, lowa. Ames
is approximately 54 Km (34 miles) north of Des Moines. The Ames Municipal
power plant layout is shown in Figure 3-1.

3.1 Boiler Description

Boiler No. 7 was designed to burn coal or natural gas as the primary
fuel. It is a tangentially fired, pulverized coal, balanced draft, Combus-
tion Engineering unit, rated at 175000 kg/hr (385,000 1b/hr) of steam. The
generator is rated at 35,000 KW, gross. Unit No. 7 has been operating since
June 1968. However, modification to burn refuse derived fuel (RDF) was made
in 1975. Boiler No. 7 specification data is provided in Table 3-1 and a flow
diagram of unit No. 7 is given in Figure 3-2.

As shown in Figure 3-2, coal from the plant stockpile is fed to two
Raymond Bowl Mi1l1 pulverizers. Air preheated to about 340°C (650°F) by the
combustion gases is supplied to the pulverizers to dry the coal, and to con-
vey the pulverized coal to the burners. Pulverizer air preheat is necessary
to prevent pulverizer to burner blockage which can be caused by wet fuel.
Design specifications of the Raymond Bowl Mill pulverizer are provided in
Table 3-2.

Pulverized coal entrained in 15 to 20 percent of the total combustion
air is conveyed to the individual burner nozzles which direct the cocal and
primary ajr into the combustion chamber. Combustion air is supplied to the
boiler unit by a Westinghouse forced draft fan. The combustion air drawn

3-1
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TABLE 3-1. BOILER DESIGN DATA

Description S{ze

Design pressure, psi 108S psig
Total effective heating surface 3q ft

Soiler 16550 )

Furnace EPRs 6200

Superheater - Convection zone §200

Rad{ant zone 1800

Economizer None

Regenerative Air Heater §7200

Afr Prehsating Coil 5070
Furnace Volume, cubic fest 27300

Furnace width and depth

C to C of tubes, ft .
Furnace design pressure, in nzo positive
Total weignt ézap)cu, 18

Water required to 111 boiler and watsr
walls to operating level, gal

Inside diameter and thickness of steal drus
Overall length of steam drum

Drum hesd thickness, in 1ifting weight
of drum safety valves

Manufacturers, type, number and size-
of drum safety valves

Manufacturer, type, number and s{ze
of blowdown valves

Tubes in furnace
Sfze and thickness
Water well tube spring, in
CtC
Furnace exit first row
tube spring, in C t8 €

Are tubes staggersd?
Material

Number

Tube spring in C to C

Tubes in Boiler
Size and thiciness
Material
Tube spring C to C (in)
Numbder

Circylation ratio, minimum

19'-11" by 19°-11"

8" We
2,340,000

Approx, 17,300 U.S Gallons
65" oA -4 13- x233 "
Approx, 27' - Q°

2 1/4° 56" § Drum = 35000 LBS

Consoltidated
Two (2) 3* N7S7A

Two (2] sets 2" Yarway
6§368-81

2 1/2* 0.0, x .180
3* all walls

9° (Finishing superheater)

NO - IN LINE

SA - 192

26 Assembiies

9° (Finishing superheater)

2 1/2* 6.0, x ,12
SA -192

3 3/4® Transverse
1872

Water walls - 10 @0 1
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TABLE 3-2. DESIGN SPECIFICATION FOR RAYMOND BOWL PULVERIZERS

- DESCRIPTION

SIZE

Pulverizers
Manufacturer's Model No.
No. of pulverizers

Type and size

Weight including driver

Weight and dimensions of largest piece
requiring removal for maintenance

Minimum stable firing rate, 1b per hr
each of specified coal

Maximum firing rate, 1b per hr of
specified coal each

Maximum turndown ratio
Maximum horsepower input required
Primary air temperature, F.
For the specified coal
Max. allowable
Maximum boiler load with one pul-

verizer in operation with specified
coal, no gas firing, 1b per hr

C. E. Raymond No. 613
Two (2)
Bowl Mill

Approx. 98500 LBS each journal
assembly

3 x4 x4 ft 3900 LBS.

8000 LBS/HR

32000 LBS/HR @ 60 GR 17.12% M
Pul. - Burner Combination 4 to 1

265 each Shaft Incl. Exhauster

651
750

250,000
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by the forced draft fan is obtained from the 9th floor of the power plant
building (refer to Figure 3-3). Design specifications for the forced draft
fan are provided in Table 3-3. The burners are designed to admit controlled
quantities of additional air through separate air ports surrounding or built
into the fuel nozzle.

In the combustion chamber, the combustible matter reacts with oxygen
of the air to release thermal energy at temperatures exceeding 1100°C
(2000°F). The walls of the combustion chamber are lined with water-filled
tubes which absorb thermal energy and generate steam. The water tubes are
filled with 1iquid or vapor, depending on pressure and temperature ‘condi-
tions.

Heat transfer in the combustion chamber cocls the combustion gases.
The cooler combustion gases flow from the combustion chamber to the super-
heatar where further heat transfer and gas cooling occurs. The superheater
is a combination Radiant-Convection type with 13 tube rows and 26 steam
passes on the primary side and 26 tube rows and 52 steam passes on the
secondary side. The maximum design temperaturaes in the superneater are:
steam side - 350°C (primary), 485°C (secondary); gas side - 1150°C (primary),
1050°C (secondary); and outside metal surface - 470°C (primary), 545°C
(secondary). Steam superheat is necessary for thermodynamic efficiency and
also to prevent stzam condensation which would damage the blades of the
steam turbine.

Combustion gases from the superheater normally flow to the economizer
section where heat is transferred to the boiler feed water. However, the
No. 7 unit has no economizer and flue gases from the superheater flow to
the air preheater, then to a cold-side electrostatic precipitator via an in-
duced draft fan (refer to Table 3-3) out through the stack. The regenerative
air heater has an effective heat exchange surface area of 67200 sq ft. Com-
bustion gases enter the air heater at texperatures of 370° to 400°C (700 to
750°F) and exit at temperatures of 135° to 150°C (280 to 300°F). Air temper-
ature entering the air heater ranges from 35° to 50°C (100 to 120°F) and
exit temperatures range from 315° to 335°C (600 to 640°F). Performance
characteristics for unit No. 7 provided by the manufacturer are given in
Table 3-4.
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TABLE 3-3. FAN DESIGN PERFORMANCE

Forced Draft Fan

Manufacturers name

Model Mo.

Blade type

Operating speed, rpm

Air inlet temperature, °F
Air flow (100% load), 1b/hr
Air flow (100% load), ft3/min
Fan static pressure, psi

tatic efficiency (100% load), %

Power required, Kw

Induced Jraft Fan

Manufacturers name

Model No.

Blade type

Operating speed, rpm

Air inlet temperature, °F
Air flow (100% load), 1b/hr
Air flow (100% Toad), ft3/min
Fan static pressure, psi

Static efficiency (100% load), %

Power to fan shaft, Kw

Westinghouse
#4054
Air foil
1180
80°
422,696
99,934
0.28
54.6
167.1

Westinghouse
#4073
Air foil
885
279
482,653
183,900
0.28
82.3
249.9
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TABLE 3-4, PREDICTED PERFORMANCE CHARACTERISTICS OF UNIT #7
AT AMES MUNICIPAL POWER PLANT.

FUEL COAL COAL COAL

Evaporation 1b/hr 216,000 360,000 385,000
Feedwater Temperature F 375 428 433
Superheater Outlet Temperature ' F 905 905 905
Superheater Outlet Pressure psig 900 900 900
Superheater Pressure Drop psi 30 75 85
Gas Drop, Furnace to Econ. Outlet "wg 0.85 1.85 2.15
Gas Drop, Econ. Outlet to A.H. Outlet “wg 2.00 4.35 4.90

Gas Temp. Entering Air lleater 705 732 743

F
Gas Temp. Leaving Air Heater, Uncorr. F 281 296 297
Gas Temp. Leaving Air Heater, Corr. F 265 279 280
Air Temp. Entering Air Heater F 119 101 99
Air Temp. Leaving Air leater F 598 © 633 635
Air Press. at F.D. Fan “wg 5.10 1.75 8.70
Ambient Air Temperature F 80 80 80
Excess Air Leaving Economizer % 22 22 22
Fuel Fired - Coal @ 9506 BTU/# 1b/hr 28,600 45,600 48,500
Efficiency y | 87.99 87.28 87.21

Superheat steam temperature control range is from 216,000 to 385,000 1b/hr.
The fuel specifications on which the above are based are as follows:

F.C. 37.10 HHV (as fired) 9506 BTU/#
V.M. 32.27
Ash 13.51
Moist. 17.12

100.00%



Unit No. 7 generally burns a mixture of lowa coal, Colorado coal, and
refuse derived fuel (RDF). The ratio of the two types of coal in the mixture
varies. However, during the test program a 55 to 45 percent ratio of lowa
and Colorado coal was maintained in the pulverized coal mixture. Approxi-
mately 20 percent of the total fuel fired is RDF and 80 percent pulverized
coal.

Coal is stored in the coal yard in two separate piles. Front-end load-
ers are used to move the coal to the transport conveyor feeding the storage
bunker. Coal is alternately moved to the conveyor and is overlayed in the
bunker prior to the coal dropping into the pulverizer. This mixing of coal
is done on a weight basis and has proven satisfactory to the plant in main-
taining the proper blend.

ROF is produced at a separate Ames city facility located approximately
two blocks away. A1l of the RDF produced is pneumatically conveyed to a
storage bin (Atlas bin) 25 m (85 ft) in diameter with a holding capacity of
454 Mg (500 tons). The RDF is fed from the Atlas bin at the required rate
(8.5 tons/hr maximum) and pneumatically conveyed to the RDF burners. There
are two ROF burners located approximately 61 cm (24 inches) below the coal
burners at opposite corners of the firebox. The location of the RDF burners
is shown in Figure 3-4.

The by-products of combustion are stack gases and ash. With pulverized-
coal firing, all of the burning is accomplished in suspension with the re-
sult that about 80 percent of the ash remains in the flue gases. Due to the
utilization of REF to supplement coal as fuel, modifications were made to
the boiler. Grates were installed in-April 1978 to assist in the combustion
of ROF. Prior to the installation of the grates, RDF burning in suspension
was not very effective, and substantial portions of the RDF dropped unburnt
into the bottom ash hopper.

Deposited ash and slag in the boiler furnace bottom are removed at least
3 times per day. An average of 758,000 liters/day (200,000 gallons/day) of
sluice water (raw well water) is used to remove the solid waste from the fur-
nace bottom. This waste is then drained to a holding pond where the ash is
dredged out. The water from the holding pond percolates through the soil
eventually into the nearby Skunk river. Any overflow from the holding pond
3-10
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is also absorbed by the river. Also deposited in the holding pond is the
electrostatic precipitator (ESP) fly ash. The fly ash from the ESP hoppers
is pneumatically conveyed (3 times per day) to the bottom ash hopper drain
system which transports it to the holding pond. The dredged ash is stored
on site in piles.

Make up water for the boiler is obtained from the city water supply.
Boiler feedwater is processed by water softeners and deaerators and treated
with caustic soda, phosphates and hydr§zine to prevent scaling and corrosion.
Tannin is also added to maintain particles in suspension.

Normal operation of the boiler is 24 hours per day, 7 days per week.
The boiler is scheduled to be offline once per year for 10 to 14 days for
various types of maintenance.

3.2 Electrostatic Precipitator

Flue gases from the air neater are treated in an electrostatic preci-
pitator (ESP) for the removal of particulate matter. The ESP in unit No. 7
is an American Standard Model 371. It is a wire/plats type with rappers
and is designed to handle 4500 m3/min (175000 cfm) of gas at an average in-
let dust loading of approximately 9.27 gm/m3 (4 gr/scf). The ESP has 4
call units with 2 fields and 8 insulator compartments. Performance charac-
teristics for the ESP are given in Table 3-3.

The collection system of the ESP has an effective surface area of 2030
m’ (21840 sq ft) with 28 gas passages having a space of 23 c¢m (9 inches)
each. The collecting surface area rappers are of the electric vibrator type
and the maximum collecting surface area rapped at one instant is 113 m2
(1215 sq ft). Total hopper capacity is 48 m° (1700 cubic feet) with over-
all dimensions of 5.2 mx 6.8 m x 18.1 m (17* x 22.5' x 59.5').

The electrical system of the ESP requires a maximum operating voltage
of 45 KV. Power requirement at maximum demand is 33 KVA and the total con-
nected ioad is 61 KW. There are 8 electric vibrator type high voltage rap-
pers and two rectifiers. The two rectifiers are rated at 45 KV each.

The primary voltage is approximately 260 volts at the inlet field and
200 at the outlet field. The primary current is approximately 52.0 amps at
+he inlet field and 34 amps at the outlet field. The secondary voltage and
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currents average 34.0 KV, 35 ma and 29.0 KV, 80 ma at the inlet and outlet
fields respectively. The spark rate averages around 120 per minute at the
inlet field and 145 per minute at the outlet field.

TABLE 3-5. PERFORMANCE CHARACTERISTICS OF THE
AMERICAN STANDARD ESP

Performance at 385,000 1b/hr load, coal fuel

Gas to ESP cfm 167,000
Gas to ESP, 1b/hr 510,000
Gas Temp °F 300
Inlet dust loading, gr/cf 3.7
Qutlet dust loading, 0.074
gr/cf
Efficiency, % 98
Gas velocity, fpm 266

. Prassure drop, in. HZO 0.5
Time of gas contact, sec. 2.94

3-13
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4. SAMPLING LOCATIONS

A1l sampling locations are identified in Table 4-1 and Figure 4-1.
Figure 4-2 is a cross sectional schematic depicting the traverse point loca-
tions at the stack. Figure 4-3 is a horizontal view of the ESP inlet show-
ing port locations, and Figure 4-4 is a cross sectional view of the ESP in-
let depicting the traverse point locations.

The continuous monitoring probe was located on the North side of the
ESP inlet duct prior to the gas sampling ports and at a depth of approxi-
mately 4 feet. At the stack, the monitoring probe was alternated between
ports 2 and 3 and at a depth of 4 feet. These two ports were also used for
the gas sampling trains.

TABLE 4-1. SAMPLING LOCATIONS

Solid Sample Locations
1 - Blended Coal
2 - Refuse Derived Fuel
3 - Bottom Ash
4 - Fly Ash

Gaseous Sampling Locations
5 - ESP Inlet
6 - Stack
10 - Hi Volume Ambient Air Sampler

Liquid Sample Locations

7 - \Untreated Well Water
8 - Seal Water
9 - Cooling Tower Water

4-1
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CONTINUOUS MONITORING
PROBES

Traverse Point Location From
Traverse Point Number Outside of Nipole
Inghes Centimaters
1 22 53.9
2 34 83.3
3 46 112.7
4 58 142.1

Figure 4-4. Inlet Traverse Point Locations
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5,0 SAMPLING

This section includes information on the sampling program conductad

at the Ames facility. Any changes or pertinent comments are included in
this section.

5.1 Gas Sampling

The flue gas sampling at the Ames facility was performed at the elec-
trostatic precipitator inlet and at the stack.

Sampling for organics was to be performed for fourteen consecutive
days with an additional three days sampling for particulate cadmium. How-
ever, due to extreme weather conditions the program was modified to collect
nine inlet and outlet gas samples. Sampling for organics was accomplished
concurrently at the inlet and outlet utilizing two modified method 5 trains
(Figures 5-1 and 5-2) at both sampling locations. Inorganic cadmium was only
sampled at the stack and utilized one standard Method 5§ train, Figure 5-3.

The sampling crew collected a ten m3 (10 :_i m3) sample by extracting
the flue gas at a rate approximating the flue gas velocity. The particulate
matter was collected in a cyclone and an the filter media. The gas stream
was passed through an XAD-2 resin trap to absorb the organic constituents.
and through an impinger system to condense any moisture present in the gas.
Parameters such as temperatures, pressures, and gas volumes were monitored
throughout the sampling period. The sample fractions were recovered from
the sampling trains and turned over to an MRI representative. The outlet
(stack) sampling position was sampled with no change to the sampling pian
while the ESP inlet sampling was modified.

o ESP Inlet

During the initial tests, it was found that the outermost ports
exhibited Tittle or no flow. At one point of the traverse, the Ye]o-
city head (aP) was negative while the next point indicated positive
AP, thereby cancelling each other. It was therefore recommended that
these two outer ports be dropped from the test. The recommendation
was accepted and implemented as part of the test program.
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5.2 Solid Sampling

During each test day, four solid streams: coal, precipitator ash,
bottom ash, and refuse derived fuel (RDF) were sampled six times per day
following a schedule set up by Research Triangle Institute (RTI). The
sampling was coordinated between RTI, the sampling crew and powér plant
personnel. The schedule provided the basis for collection of unbiased
samples by obtaining a random selection from the multiple sources avail-
able for sampling. This approach was taken to avoid any cyclic biases
which might have been present in the daily operation of the power plant.
The samples and their sampling frequencies were:

¢ The coal samples were taken from the feed line leading from the
storage bunkers into the gravimetric feeders supplying the coal
pulverizers. A metal scoop was used to remove the sample from
the feed line and transfer it to the sample containers.

e The precipitator ash was removed and collected from the bottom
of the precipitator hoppers. A metal scoop was used to remove
the sample from the access pipe and transfer it to the sample
container. The hoppers were pneumatically evacuated after each
sample was taken. A visual inspection was made to insure complete
evacuation of ash from the hoppers.

e The bottom ash samplies were collected from the base of the fur-
nace. These samples were collected wet with a high solids con-
tent from the furnace floor prior to sluicing out the ash by
plant personnel. The ash doors were open during the washing
procedure and the ash sample was scooped up in a tefion line pan
and transferred to the sample container with teflon 1ined forceps
before the furnace floor was washed with water to remove the ash.
To provide representative samples of ash, as distributed over the
entire rectangular base of the furnace, the area of the furnace
floor was divided into an equal-area grid system. The samples
were scooped from a specific grid area as provided by Research
Triangle Institute each time a sample was taken.

e The RDF samples were taken from the feeders in the Atlas bin prior
to being pneumatically conveyed to the boiler furnace for firing.
The material was placed into sample containers from a specific
feeder and returned to the recovery area for labeling. Protective
clothing was worn within the feeder area and plant personnel were
notified when entering and leaving the area.

5.3 Liquid Sampling

Three 1iquid streams were sampled during the course of the test pro-
gram: cooling tower blowdown, well water, and bottom ash seal water (over-
flow water). Liquid streams which did not have continuous flows, were

-
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allowed to purge for three minutes prior to abtaining samples. Sample con-
tainers were rinsed three times with sample liquid prior to being filled
with that liquid. The streams sampied and frequency of sampling were as
follows:

e Seal water was sampled twice per shift, for a total of six samples

per 24 hour period.
¢ Cooling tower blowdown was sampled once per day.
¢ Three well water samples were collected over the testing period.

Appendix C contains the time frequency schedule utilized by members
of the solid and 1iquid sampling team.

5.4 Hi Volume Sampler

To monitor the ambient air background, a high volume ambient air sampl-
er (Figure 5-4) was used. It was p1aced‘on the roof of the Ames facility
to obtain a representative background utilizing outside ambient air rather
than sampling air inside the building that could have been contaminated or
influenced by the combustion process.

5.5 Quality Assurance

A quality assurance sample was also taken of the final test day. To
collect the quality assurance sample, two sampling trains were placed at
the same point in the same port at the iniet of the ESP. No traversing was
performed. Both trains were run at the same isokinetic rate for the same
duration as a normal test day. Also during the Q/A day, solids and liquids
were collected as in a normal test day.

5.6 Sampling Train Background

To obtain the train background (blank) an entire sampling train, in-
cluding resin trap filter and impinger solutions was set up at the ESP in-
let. The train was taken to normal operating temperatures and allowed to
remain at these temperatures for one (1) hour. All train components were
recovered as a normal run and all sample blanks were given to an MRI repre-
sentative.
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Figure 5-4. Ambient air sampler
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5.7 Sample Recovery

Upon completion of the ESP and stack sampling, the sampling equipment
was brought to the laboratory areaz for recovery. Each sample train was kept
'in a separate area to prevent sample mixup and cross contamination.

The dry powder in the cyclone, probe, and heated flexline was collected
in the cyclone catch bottle. After this collection procedure, the indivi-
dual sample train components were reéovered per the following:

Probe was wiped to remove all external particulate matter
near probe ends.

Filters were removed from their housings and placed in proper
container.

After recovering dry particulate from the nczzle, probe, heated
teflon line, cyclone, and flask, these parts were rinsed

with distilled water to remove remaining particulate. They
were subsequently rinsed with B & J acetone and cyclohexane

and put into a separate container. AIl rinses were retained

in an amber glass container.

Sorbent traps were removed from the train, capped with glass plugs, .
and given to an on-site Midwest Research Institute (MRI) represen-
tative.

Condensing coil, if separate from the sorbent trap, and the con-
necting glassware to the first impinger was rinsed into the con-
densate catch (first impinger).

First and second impingers were measured, volume recorded and
retained in an amber glass storage bottle. The impingers were
then rinsed with small amounts of distilled water, acetone and
cyclohexane. These rinsings were combined with the condensate
catch. Rinse volumes were also recorded .

Third and fourth impingers were measured, volume recorded and
solutions discarded.

Silica gel was weighed, weight gain recorded and regenerated for
further use.

To preserve sample integrity, all glass containers were amber glass, with
Teflon-1ined 1ids.

5.8 Problems Encountered During Recovery

If the temperature of the probe, flexline, or oven box was not
sufficient (2 250°F) to prevent moisture from condensing, the
particulate would cake on the inner walls and become very dif-
ficult to remove.
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o Due to the cyclohexane not readily evaporating and adhering to
the inner walls, the flex 1ines and probe liners gave the appear-
ance of being clean when in reality they were still wet and masked
any particulate that remained on the walls. Therefore, all com-
ponents must be thoroughly dry before a visual inspection can be
made. If the initial rinses do not remove all the particulate,
then brushing with additional water rinses is required to clean

the walls. This is then followed with acetone and cyclohexane
rinses.
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6.0 CALIBRATION

This section describes the calibration procedures used prior to conduc-
ting the field test at Ames Municipal Power. Figure 6-1 shows the calibra-
tion equipment and how it was set up.

6.1 Method Five Calibration Data

6.1.1 Orifice meter calibration. The orifice meter calibration is per-
formed using a pump and metering system as illustrated in Figure

6-1(a). The dry gas meter with attached critical orifice is run at various
orifice flows for a known time. After each run the volume of the dry gas
meter, meter inlet/outlet temperatures, time, and orifice setting is record-
ed. The orifice meter calibration factor is derived by solving the equation.

» 2
_ 0.317 8 H (Tw + 460) o
AH@ F6 (T, + 460) [ ]

where
AH = Anegage pressure drop across the orifice meter, inches
Pb = Bazometric pressure, inches Mercury
Td = Temperature of the dry gas meter, °F
Tw = Temperature of the wet test meter, °F
@ = Times, minutes
Vw = Volume of wet test meter, cubic feet

The AH@ yielded is utilized to adjust the sampiing train flow rate by regu-
lating the orifice flow.

6.1.2 Drv cas meter calibration. Meter box calibration consists of check-
ing the dry gas meter for accuracy. The dry gas meter with attached criti-
cal orifice is connected to a wet test meter (see Figure 6-1(b) below) and

run at various orifice flows for a known time. After each run wet and dry

gas meter volumes, temperatures, time, and orifice readings are recorded.

Utilizing the equation

y = Yw Pb (Td+460
Vd (PF&KFI.FB (T, + 460)

T3
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where

V = Volume correction factor

Vw = Volume of wet test meter, cubic feet

Pb = Barometric pressure, inches Mercury

Td = Temperature dry gas meter, °F

Vd = Volume of dry gas meter, cubic feet

AH = Average pressure drop across the orifice meter,
inches Hzo

Tw = Temperature of wet test meter, °F

a volume factor which compares the dry gas meter with the wet test meter
is obtained. ¢

6.1.3 Pitot tube calibration. Pitot tubes are calibrated on a routine

basis utilizing two methods.

The type S pitot tube specifications are illustrated and outlined in
the Federal Register, Standards of Performance for Mew Stationary Sources,
(40 CFR Part 60], Reference Method 2 (refer to Figure 6-1(c)). When mea-
surment of pitot openings and alignment verify proper configuration, a co-
efficient value of 0.84 is assigned to the pitot tube.

If the measurements do not meet the requirements as outlined in the
Federal Register, a calibration is then performed by comparing the S type
pitot tube with a standard pitot tube (known coefficient of 1.0). Under
jdentical conditions, values of AP, for both S type and standard pitot tube
are recorded using various velocity flows (14 fps to 60 fps). The pitot
tube calibration coefficient is determined utilizing the following equation,

Pitot Tube Calibration = (Standard Pitot Tube X[AP reading of std. pitot ]1/2
Factor (CP) Coefficient) AP reading of S type pitot

The coefficient assigned to the pitot tube is the average of calculated
values over the various velocity ranges.
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6.1.4 Nozzle diameters. The nozzle diameters were calibrated with the
use of a vernier caliper if the nozzle showed excessive wear or was con-
sidered not fit for use, it was discarded.

6.2 Instrument Calibration

Manufacturers recommended calibration procedures were used with the
following gases which had an analytical accuracy of * 1%:

SCOTT CO 812 ppm
CO2 11.94%
02 4.,98%
Propane 34.4 ppm
in Nitrogen Balance

Zero and Calibration adjustment were made prior to the start of the test
day. Zero drift checks were made at the end of each test period. Data was
recorded every fifteen minutes thus providing two data points per hour for
each sampling position.
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7.0 TECHNICAL PROBLEMS AND RECOMMENDATIONS

This section describes some of the problems encountered during the Ames
test program and recommends a solution to these problems,

7.1 Problems

o Construction of weather shelters was not completed on schedule
causing a one day delay.

o Because of extreme cold weather additional heaters had to be
supplied to both the stack and monitoring truck. This resulted
in additional power regquirements and caused approximately a half
day- down time for fnstallation of power switches.

o Cold weather also effected the following:
1] heat lines did not maintain temperature causing moisture to

condense and possibly act as a scrubber for hydrocarbons.
Therefore, hydrocarbon data are considered only fair.

2] The gas conditioner would freeze restricting sample gas flow
to the monitoring equipment. This created data gaps during
the test period. ,

Soluytions in the sampling trains would freeze causing the
test to be shortened or scrubbed.

4] Cyclohexane would freeze at the temperatures encountered at
the sampling locations because it has a freezing point higher
than water. ) .

¢ Three instruments malfunctioned due to electronics failure or change.
These instruments were:

11 Infrared Industries C0/C0, analyzer. The CO section would not
maintain calibration and was removed from the system. It was
replaced with the Beckman CO analyzer.

2) Beckman 0, analyzer. Detector malfunctioned and was replaced
with backap 02 analyzer.

3) Beckman CO Analyzer. Energy source went out of adjustment and
could not maintain calibration. No other replacement was avail-
able, as a result, 2 days of CO data wers not recorded.

7.2 Recommendations

The only significant problems that occurred at the Ames facility were
caused by severe weather conditfons. In the future, the testing should pre-
ferably take place in a warmer enviromment, during the warmer time of the
vear or heated constant temperature shelters should be provided.
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et 135 s 3.4 JEE 328 228 M4 M 328 28 J2s M8 326 226 S U6 RN AN
Steam flow rate M0 #5150 455 NS 1S 20 .S 20 N NS NS ME N0 33 320 M2 MO NS NE NS N5 30 2N e NG
1000°s thsshe

Stesa gresture pilg 840 650 850 @50 650 450 460 850  A50  ASS 455 860 BSS  8S0 A4S0 8% @46 950 @50 ASS S0 856 84S 850 85201 4.6
Stean tomparatuse % s 020 820 %00 495 8% M 00 900 910 0 SI0 SO0 900 00 HI0 S16 00 %00 900 8% AAZ 840 645 6%0.1 2400

:;::n:: flow rate 288 108 165 M6 160 360 20 A WS N0 A NS 10 20 NG N0 NS R0 N0 R6 N N6 N N4 LN T8
s ths/wr

Feeduiler temp % 380 380 380 380 W0 M0 NS b 1 s 30 M0 30 M0 0 M0 M MO 2.
fusl feed rate (coal) 30.§ 10.§ 21,6 2.y NS NS R N0 » u.s @ 36 .8 M0 220 5.8 5.0 .0 .9 M2 WS N6 N NN LM
3000's 1da/br 2.9 Cosl .69
fual geuge raading 16842.3 [11] 4.6
anf  §186.8 %o R —— System A staried 10.50A Sysiss B dowm ). 200
Sytten 6 slarted 10.10P System B o 3.UNP
fxcass atr ¢ F] 3 1) 3 » | 1] " 19 E{] ] " 17.6 2 i.s 2 2! " 11 (1] " 113 20 16 2.0 078
1.8, (ans amps “ 3 9 43 [} (1} (1} L1 Lt ) [} L1 (1] L1 Q 4) L L) @ 4% 4% [ “ 4% 4 $.25 2.18

I.:. fams pravswre 6.6 25 30 )6 26 D6 S0 SO0 M2 7.0 65 10 65 20 )0 )8 )8 60 6.0 62 60 6D 63 59 S0 1.4
”nig

6.8, fans amps 3 2% H} 1) () a » ] 1 b1 » »n 30 1] ] n tH 30 n » N 1] 30 » N LY
£.9. fans pressure L} 1.8 2.0 2.2 [ X} 2.4 40 45 5.8 $.8 $.0 4% 4.0 4.0 40 _$.0 6§ L0 47 48 46 &7 2 20 MM [} )
furnaca dralt paig 0.7 .6 0.61 0.88 0.6 0.6 [ 8 o5 o0 085 o.¢ 0.7 0.6 0.65 0.} 8.5 .68 0.6 0.5 0.65 0.7 055 0.5 0.7 890 .1
”u 9t tangarsiure 100 J00 710 540 660 640 680 690 100 J00 (% 17.81*
l.'dlul tesperature [ [ Y v 1 18 18 1] 1] 20 n n 1) » n 1] [1] (1 @ 2.3 0.8
:ﬂlul pressure .00 20.05 29.01 29.00 28.92 28.95 28.9) 20.81 8.3 20.86 20.805 20.8) 0.0 28.8 20.76 20.)5 .05 .06 18.89° 0.41°
nchas b9
Comments Sattom Agh Resoya) and fly Ash va) Soot Blowa

start ~ hnl t. 30k, lla HJ‘B. Fﬁ’ 9, J0p Suart - ui‘mi. lm. 9.450 ROF Peaslty - § 10s/eu N1

Flalss - 2.26A, 6.05k, 10.004, 2.458, 6.058, 10.40¢
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PROCESS DATA

MYS HuNICIPAL PR PLANT
ung] Mo, )

Date 3-4-80 “not based ea 24 I data

Time E.} A 2 A 4 SA 6 M 8 $A 10A 1A (1] 14 [{d r 4@ [ 4 [14 ” L4 » 100 ne Nean .
[ ] Gross a 3] 2 23 3] 1] 26 0 W6 WS B85 3.0 M6 )0 W6 I W6 .6 3.0 MO MO Be Mo 2 .68 6.1

Net £ A2 N AL A2 N2 N BN 1 N 2.8 N0 NG 2 N NS NE NS NE NG NE NS N A WL
Stesm flow rate 235 1% 190 190 1% 1% 5 Yz ns 320 s 320 328 20 s s 30 128 2 2% 00 326 320 280 264.87 §6.99
1000°s Vbs/h
Steam prassure piiy aso 840 840 850 845 @55 845 845 as0 [E] [ 1T 3 1 85% 050 B850 M5 8SS 250 050 850  8sS [ 14 [11] [[Y) 050.63 6.9
Stese Lemperaturs % es0 885 660 B85 865 &80 8BS 900 910 $00 905 $00 $00 900 905 $00 905 900 895 8% MHE 00 900 s M. 1.8
fecdwater (low rate 250 02 20 200 205 205 2 200 320 308 5 Mo 225 »s 30 30 325 ns M I 10 piH 0 s 290.7% §2.98
1000°'s Vbs/ar
Facdwater tomp .f 380 a0 8% 1%0 1% 80 1% a8 3%0 295 400 400 400 400 3% M0 us.? 1.8
Fual feed vate {coal) 26.6 22.6 23.0 22.0 2).0 20.2 27.% 2.5 WS W0 )0 M0 M.0 HN.O0 MNS M5 N0 MO .2 M6 MI M) Be S NO 2N
1000's Ths/hr Ws%0.7 taal 3100
Fuel pauge readi ma.l [11] 2.9

$

silloss/ar fued o1t 47008
AF Oa

10 1] 20 ) 19 1] 1) 0 19 20 20.2) 2.3%

Sucass air 3 19 B W % 2 W 8 18 2) 22 19 0

1.p. leas smps (L] 9 O a4 9 9 6 o ¥ 9 ® a9 “ Ll (1) L 4 a9 L) L L) L L) “ o L
1.0. faas pressura 4.9 .0 N 3.6 50 &8 S0 56 20 20 J0 20 0 20 )0 20 20 45 2.1 21 &) 6% &S5 68 6.0 [ U]
iy

0 tans omgs 29 2 a n } W u 0 0 0 30 0 30 10 ) 3 n b1} n L1} 1] 1] » n.4 L4

48 5.0 4% 5.0 48 49 48 53 4T DS AN o

0 (ans prassurs palg 4.0 .6 Mb 3.0 2.8 30 29 B0 S5 8.0 4.0 4.8 [N 4.5
06 08 06 06 92 06 022 0460 0.6 97 0.5 0.8

fursice drafl prig a.% 64 02 03 08 0.9 046 05 05 06 O 0.68 085 04

.
flue gas ™ otter % 690 680 JOO 470 480 680 690 490 695 695 Lo 3¢
MO 0 N0 MO MO MO MO MO MO LI N1

£5P Intet % 350
Ambieal Lespersturs » 3 kU] 30 30 29 ] o 0 2} 21 26 26 26 H ) F{Y 113 2 11} [} 19 1’ 10 ] 20.00 6.1
of

Asbieat presswra 20,84 2084 .85 20.86 2046 24.8) 28.8) 20.81 20.82 28.8) 20.8920.9) 20.94 8.9 20.98 29.9% 28.88° 0.04°
inches Hg .

Comments = %EA%%%}.A‘#. Har. 9.300 Suart - %ﬁ:‘lﬁtm 1.300 ADF density - & Mos/cw 4, § Ibs/cu (8, § Mbs/cu u‘

Seart - 1.30A, 5,
fialsh - 2.05A, 6.10A, 10.00A, 2.108, 6.008, 10.250
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v=a

FROCESS DATA

M5 Wi IP roge At

Wiy 0. )

Sate )-4-80 *Not based aa 20 br dole

Vine T . . N S O N N UL L S L. O O O 6 I B w lF P K .
" ::" N ;:: g.o H i%f gl a :':.r 5.5 3.! g.s ::c ::l wa we B ::.l ::.r l':.t 5.1 ’l:-i 5-6 3-' 1‘:-' wh “:
Stesa fiow vate %0 205 26 1% 1S 8 260 25 20 M6 20 NS NE N0 NS s WS N8 w0 R0 M2 N N N0 9.0 8.9
1000°s Whs/bwr
Steam prossure pslg 858 840 850 640 650 50 850 B45 850 850 @0 850 S @50 MO @55 856 @S0 @so 835 850 450 050 830 MM . C
Steam temperature "F 820 A% 690 885 870 %00 835 900 910 910 905 900 890 9S00 905 18 05- 910 @5 6% 8A5 M6 00 M5 M6 W.N
{wnr ;lu rate 288 245 250 200 205 200 2% 290 10 110 )M M0 MO NS S 20 30 2% 0 N6 Mo NS IN W 0.2 .6
fechuter teng °f % BE MO JE NS M M0 MO 400 400 % 1SS 150 X85 3% M5 I 388 dw 10 M0 WS I N5 Mre LK
fus) fexd vate (coad) 20.6 289 2256 9.0 204 193 .0 N4 4 w6 s N Ne N BN N N N NI N6 NI NI RO NG LM
Fuek pacne cusdions 115080 oo
(ullm:r) fusd o) 57808

aof $.20A~ - ————— s ADF - - — -~ 10,200 RDF Restaried

Gacess alr 3 0 @ 220 B n N I TR 1 TS I T T T R () [T 2 T S T DY T T T | R 1| B oa e
18 fons smps “ LT S T S S S 7 Y T Y ' R " T YT ' 2N T D T RN T NN 7 RN AN T A T AN } RN | R Y SRR S | R TN % | S P ]
10 ans press pilg 6.8 $5 49 40 )2 60 60 45 60 68 65 7 $7 66 68 D0 5 10 &5 68 )6 65 60 )0 M 1O
10 fens asps 2  » a w® B R N N N N 2 n n n ¥ W ®» N N n N n n 0.4 1.8
D Gans prass paly 4.0 $.9 1.0 2.6 2.9 40 $1 55 50 $0 50 S5 42 €0 40 40 €8 IS 42 46 53 A4S 4D 49 A 106
Fursaca drafl pslg 0.6 00 o8 083 08 I8 07 845 86 06 045 045 08 07 04 045 06 6) 06 O O3 06 045 06 082 0IH
flua g2 lu‘nnluu . o

O R R v R R v T R e o
Asbient temp % ? ] [ ? 2 ? ' 1 ) ] . ] 0 [T T JN Y TR T Y | S | S U } N I I TN 1.0 .22
T;::' "un 2008 29.00 29.04 29.00 29.08 29.10 29.10 29.1) 29.0) 29.22 29.20 19.74 29.2¢0 29.20 29.24 29.22 19.2) .2 V. B B 1.) HH . .0 60

(omments

s - PIE PSS e 0 -

Fialsh - 2.5, 6,108, §0.00A, 2.000,

Svay §
Stary -

lows
RTTIR 1)

AN density - § Ibs/cu fu, § Vos/ew £, § Inn/cu o



1 XA4

§-0

PROCLSS DATA
MAES MINICIPAL POMER PLANT

usiy 0.}
Sete 1-6-80 o o e smes e oo - oo *Nat based oa I4 hr dats
Time (¥ ] 1 H N W SA A 1/} [T SA oA A 128 14 i g » ['4 124 [ 4 14 [ 4 » 100 e Metn [}

L] Gross n 22 b1 s 218 S S 0 ns DS 2B b1 1) % b1 1 % » 5 k-3 L] 5 k] » N2 648

et 5.9 20.2 203 197 196 107 228 306 2.0 M. N6 NS N6 2.6 RS N6 N6 N6 RS 126 NS 026 RS 26 BN 5
Stean flow rats 25% 131 185 18 0 w2 F31 s 310 305 7 320 pro] 320 Frol R 119 320 ’0 20 0 20 320 30 n2 09.7% §6.7)
1000's Ibs/br
Stean prassure paflp 840 %0 840 840 [ 3] [} ] as0 a5e 855 a0 255 255 [ 11 450 [ 119 [ {1 a50 50 850 850 [ 11] [1%] 830 [ 31Y 041.3 122
Stean Lemperiture .i 880 880 890 900 %0 [ 1)) 430 900 920 00 $00 900 $00 900 830 10 905 - %08 %0 a8 13 [ ) 00 880 55.2) .09
Feeduater flow rate 219 200 196 194 204 195 210 N 320 ns 30 F21Y N0 120 30 310 30 25 310 330 Mo o n %0 M N2
1000°'s 1bs/hr
ferdusinr tomp .f FH ] n 38 b} ) b} 1Y Mo 3% 380 3% 3% 190 kY %0 1% 330 3% 3% %0 s b 1Y 3% 3%0 30 o NG D0
fue) feed rate (coal) 20.8 3.5 38 W 256 21 6.5 M W ¥ % .4 IS.6 WS D M0 N8 5.0 L
1000°s 1bs/Me 39406.2 (o2} 32.1%
Fual gauge rudl.lx 11980.7 [{1] LS
palloss/he fusl af) $109.2

R0F $.40A Systen B off 8.00AM only ) coaveyor
6.00A Systam B oa 9.00AN bolh coaveyors oa B
€acess air 3 H1 3 10 M M » L] 15 n 20 21 (1} 20 [19 19 H] 1] 20 [1] 19 0 1. 1] 19 2.2 &L
10 leans smps [1% (1} (1] 43 4« (1] (1} 46 «Q [1) 4 “ (1] [1} [} LY @ 9 L] 4 “ @ 44 “ @0 1.8
10 fans press paig $.5 1.9 $.) $.6 $.0 8.8 §.0 5.8 6.5 1.0 6.5 1.0 4.6 ? ? ? [ 4.5 6.4 6.9 6.8 (%) 6.0 6.1 6.00 0.89
0 fons amps 4] 8 e} i} 29 0 1] 30 10 p 14 bl n 10 ]} 3 n n EH n ? n  H N i 30.2% 1.0
0 fans press pary 2.4 2.} 3.5 3.7 4.8 2.8 1.0 3.8 s s 4.5 6.5 4 $ 4.5 1 $ ? [} s $.4 4.9 $.1 4.8 4.4 A28
furnace drafl psiy 0.7 0.4 08 0.3 0.65 08 0.8 a.5 0.7 0.7 0.6 0.6 045 045 045 0.6 0.4 0.2 0.% 081 0.60 0.60 0,62 0.60 a.6) [ N} ]
°
(3
flus gas ‘;‘"‘I o enit 680 630 J00 680 640 4950 630 &% 630 630 [TYOR R 'Y
ESP Inlat 0 b)) Mo M3 MO0 MO o MO MO 230 uo 8
Aabilcat Leop ] ] ? ¢ ] 8 10 (1 1”2 3 1. 20 Hd 25 26 % 29 b+ kT 30 0 n ) Y ] 19.7% %19
Asbieat press 9.2 29.20 29.07 29.44 29.16¢ 29.12 29.1) 29.09 29.04 29.0h 29.06 29.0) 20.98 0.9 0.8 20.9) 0.9 20.9) 2.9 .95 2.9 20.9) 20.9) 2.9 2904 0.09
inches 19 e — - e
(oame Ash & Ath Rawo Soat 8
s Start - F;& M’i l)ﬂ' 9.)00 At §O.00A £SF  hoppers sterd - l.’ﬂi’.‘*ﬁll. i ADF dansity -

Flafsh - 2.35A, 6.304,

10.124, 2.058, 6.056, 11.200

dowa for repairs

$.0 W0s/cu M1, 4.6 Wa/cu fe, & Mas/cu 1
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PHOCESS DATA

A3 mICITN routn i ant

i w. 7
Sate 3-1-80 e e e o o o s eiioee. 2ot b4 & 1111
Tise (T ] 1) .} A 4 SA A [L) 8A " 10/ !IA 128 [14 2 » @» .4 [ 4 114 [ 4 » 100 P Nesn .
] Grens 20 ) 0.6 2 " 1] % 30 * » ) ¥ s ¥ » ¥ % WS I 1] 3 ¥ % n ws 18
1 na 1.2 106 15,2 132 10 N M Ns NS NS NG N N NG NG N6 N RS XS NS G NS B M )
:a;_:l:: 7::. [} [11] 1 1] m [} 8 20 200 s 30 330 s 0 326 113 e 128 ns s n M 320 ne 0o Me ne |
1Y
Staam pretsure piig [ [} 84s 850 alo ao 250 850 [ 139 [ 11 ass (1] [ 139 858 ass 85§ 850 058 0% a0 450 8’50 2% 5% 50 as0.2) §.20
Stean temperature % an %0 (] :] 905 [ {}] [ 11] s $00 $00 si0 60t 05 [ 1] ] (1) 900 05 900 900 885 8% (1] a0 [} ] 900 1.0 1519
Gesdwaler flow rete 1]} s (119 ns 145 18 26 280 138 M0 Ho Mo Mo b11Y o Mo 350 } ) ) Mo b)) 1Y N6 ”e 0 #6.33 .02
1000's Vhs/ow
feedhaler temp * e Mo Mo Mo 7o N j11} 1] ] 400 400 190 9 395 95 % 3% 3% 1% p 1} Y u: p 1} ns s N3.76 2.6
fus) feed vate {coal) 19.0 n t ] 3.5 1.0 100 1246 BO & @8 @8 us as N » Bs BsS B 5. 5.0 M. W9 e N2 NS LD
1000°s thashe 19401.§ Coad 0.8
fuel gaupe I‘Cl‘|1l 5.0 on 4.2
waltoas/hr tuad oll $19%0.14 ‘
1.20A - —_— e — W A — —— ~ ——- 12,000 ADF Retlaried

Encess oir 8 «® » Q n 0 50 H] 16 20 a 1] 1] 20 0 0 20 [ 0 " ] "’ 9 19 (1] 16,28 11,2
1D fans amps 9 «@ q) (1} «® @ “ L) 49 (1] L) “® @ @ 4@ o o o @ % @ L] 4 45 %.46 2.4
1D fans press piip I N ) 38 $.2 6.9 3.8 3.8 | XY $.4 7.6 4.8 1.0 1.0 ? 1 H 1.5 ? ’ 1.2 e 12 1.0 6.6 6.0 6,06 1.4
8 fans ampy 28 2 n n H} n » n ” ” 3 » ”n ” n 1 32 n n » 3 n n 30 .67 LI
60 (ans press pilg 2.8 2.0 28 4.6 2.2 2.8 30 $.4 [ ) é 6 é 1] s S $ $ 8.4 §.) $.6 .1 4.2 3.8 “" [K]]
furssce draft paly 8.5% a. e.0 a8 0.6 0.6 0.25 055 0.6 0.} 0.} 06 a.6 a.? 0.7 .8 0.6 045 0.1 068 050 070 085 066 00D [ N
flus gos l-‘ *F * *

Boller et 100 185 100 105 [3:] 495 (1] (35 Jo0 Joo (3 3.

5P lalat 158 )58 pI1] Mo h17 ] o n0 no Mo 10 2 4.2+
Ambienl lenp % H ] H]) 1] [1] 19 20 20 0 20 21 22 26 F{ 28 n n 28 0 30 0 29 9 3 18 .58 4.2
:-blul praty P 20.02 29.82 290.02 29.6) 29.02 29.84) 29.00 29.00 28.99 28.9% 29.00 20.99 20.9) 0.9 20.91 20.92 .92 8.92 20.92 2.9 .91 25.08 .92 20.9) 0.0

aches g
Coumenls Agh and § [} lowm
Start - H& ";nl H ‘?’1 W, 9300 Start - x?m. h:'m. 1.200 ROF density _ & Ibs/cu 01, & Ihs/cu N1

sk - 2.10A, 6.004, ll

ISSP 6.000, 10.02¢

per shify

€ Ibs/cu 0
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PRUCESS DATA
ANES WINICIPAL PO PLANT

iy o, ¥

Oata 3-8-80 R e e - e e *Naf baged da
o 20 WK 22 A A S s A NA B 10A LA I8 1P 2 N W . I 8 W 0P WP Nas e

W Gress W6 20 220 220 2 M ¥5 DS 22 2395 Ns RS NS W5 226 2 N NS B ¥ N R N A s0
ot .2 182 182 12 A2 N O30 AT B A0 2.2 10,0 B2 B0 2.2 B0 I s 02 2.6 126 s 2.0 .6 236 50

Stom flow rale 245 Mo 165 165 195 028 125 B4 235 280 213 s w0 S /O M0 S M0 290 MS W) 33 A8 22 2N 618D

1000°s Vbs/he

Steam preassure paly 850 850 45 05 850 850 850 850 850 825 855 85 4SS 050 050D A4S 850 850 850 650 840 @55 850

Stesn tempsrature % e 900 82 900 900 860 480 890 900 W0 905 IO )0 M85 635 %00 9I0 900 8%5 895 900 80 6 905 W) (TN 10
ns

{&n:-nﬂ flow rate 218 190 s 1% 03 18 (31} 130 24 n 280 %0 295 290 e ' 258 | 295 300 28 08 b1 ] %0 )4 62.9%
‘s Ibs/ar

810 851.05 6.08

Fecduatlor tonp ¢ ns 30 130 32 Mus BT ] 305 305 360 310 ne R[] 0 R 1] no Mo ns Mo s 8% ns 0 80 e 3%0.2 25.0)
fusl feod rote {toal) 0.5 2% MO0 N0 NS N0 NS NS S NS N0 W6 NG N2 NS ND NS 2.0 1A
1000°s 1hs/hr 40202.% Ceal .12

fus) gauge rulln1s 10052.0 on 8.4
ulluﬂlir fust of} §291.1

N0 ADF &4 AN onuards — - —-———=9 N4 RDF on .
§ncess alr § 1 » n 0 n 50 50 50 H) 20 20 19 1] 20 a8 2 1] 1] 1] 19 1] 1) 19 19 ¥B.4 109
1D fens amps ° (1] 42 42 " [} [T (T4 Q (1) 4 49 “ (1] 4% 4 % (11 “ 4% (1) ® [1] “% % Ln
10 Tans press psily 8.6 3.4 3.8 4.0 4.2 3.5 3.5 3.5 [ é [ 4.5 6.5 L] 3 5 [ B & 5.0 6.8 6.2 s.8 60 6.2 [ /] 1.0
L4
§0 fons amps ] 28 - 20 28 28 28 28 30 3 30 30 0 0 i 246 ¥ 30 10 30 n 30 30 » NG ow

1D fams prass pilp 38 20 29 28 0 20 20 b9 45 A 4 $ (] ) 3} ] 4“5 b $.0 43 4% 42 M7 M0 MM 1O
Furnace draft pstg 0.56 0.) 0% 035 032 06 065 064 06 0% 06 05 025 06 0465 085 06 05 08 o5 088 06 062 061 05} o.M

[
flue gas .mh: exiy 640 66D 660 60 6JD 460 660 460 660 R0 62 10.0)*

€SP falst 320 30 10 N0 MO0 320 30 320 320 MO 2 8.23¢
Aabieat temp %F 2 26 % 26 H{] 3 H] 2 20 H) 24 2% - ] 1) n n M 1 » b1 n n » n ny «»
Aabieat press 20.92 28.92 24.92 28.9) 28.9) 28.54 20.9) 28.96 28.96 29.0) 29.04 29.06 29.05 29.04 29.06 29.05 29.00 29.05 29.07 29.07 I9.05 29.05 29.00 29.65 10.01 0.06
Inches #g e e e e e e — e s . .
Comse A; Son

s Start - ﬁ‘iﬂ 'ihlf‘l!dnlrﬂi'l . 8.300 Start ﬁl&l,gﬁm. [ 4 ROF denslty _ 4 Wds/cu 18, 3 dbs/cu 1,
Fialsh - 12.554, 6.10A, 9.00A, 1.00P, §.00p, 9.500 per shilt 4 lbs/cu It
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PROCESS DATA

NUS MUNICIPAL PR PLANY
it w1

Cauky® R - immssm e i emieomi s e e el - et byed 0 P 0r dats

___!!:l_ e i2n !! [} M L7 . A 1] -.!‘. . A 104 (11} lli I'_ i 4 » " 114 14 H 4 [ 14 » or NE Nesa .

"~ Gress n.. 2.9 2.0 25.0 25,0 5.0 15.0 15.0 15,0 250 250 260 265 20.0 265 5.5 6.5 16.0 16.0 160 150 16.0 60 160 0.9 .2}
[ ]} 5.6 .2 WUe 21 Y N 132 N3 132 0 N HNe N N N DA WG 1B N2 12 W2 e W2 2 WY 52
Stesn flow rate e 28 20 H{19 n 1]} 22 m [ 3 I {11 210 P24 210 10 219 220 [313 130 m (2] m 1% 138 (311 (1] 4.7
1000*s ths/he
Slasa presture psip (11 450 [ 1] "s 0 s [ 1] [ 149 (117 950 850 250 848 850 (11} 250 as 250 s [ 111 50 850 2350 a50 54 (18]
Stasm lemparalure *% ss0 L1 ) 900 80 [ 1] )5 840 %0 900 [} 200 905 060 s 900 200 900 $00 [ 1] 490 a9 [ 21} [ ) s [ ] 15.5
fecdmlar flow ratle 260 00 2% Fr ) e 2058 125 e 110 220 230 5 0 245 238 210 1 (11 12 "2 2 (103 [LH 14 8 £9.3
1008's bs/ar
faedusler Lemp * k113 %0 N0 15) %0 N5 300 3o Jis o 360 360 1% Mo pH ] p 1Y 320 125 pri 320 320 120 e ns b 4.0
fual feed rata (coad) 3D.6 98 2.2 2.8 .6 256 190 10 18 N0 NS N 302 2.6 0.6 106 195 9.0 193 19.) 19.0 198 2206 193 NG 05
1000°s Vbs/he taal D7 W
fus) gauge readings 408 630 oll  6.28 W
Tusl al} 790 818
818 48
Rof AR ——— e M B e o .
tncoss air 8 20 [}) 20 FiY LY L] *$0 »58 250 2 20 2 H ] 20 14 2 4 [} “ 4% “% 9 [ (13 1] 12.6
18 {ams angs [} " (1] L] (1] [ 1 @ 4 (1] “% “ L1} “% (1) % (1} @ @2 a «a a2 [ LH [14 «" 16
10 fams prassure prig §.0 6.2 $.2 [N ] 3.8 [N ] R} | R ) 3.8 $.6 .0 .0 $.1 4.4 4.0 $.6 iR ) 35 3.8 3.6 i X ) 3.6 P N ) 36 : 4.2 0.7
8 (an 2ups ] n » ] [ 28 ] 1 n 30 b1} 30 30 1] 1) 30 % H) t1 27 ) LY ) n n 1.8
0 fan pressure 4.2 2.8 $.0 2.2 e I 2.2 .2 .0 4.0 3.8 4.0 4.9 3.0 L R J 4.0 2.0 2.0 2.8 2.4 2.0 2.0 2.0 2.2 3.} 1.05
Turmice drall pitg 4.50 0.76 078 040 047 0.45 0.4) 648 070 060 O0.50 O.68 O0.60 0.50 040 070 0465 0.65 061 061 060 0.6 0.8 062 259 oMM
Saller Hlus gas 600 640 600 64D 650 G40  6e0 &40 600 SO0 623 0.2
[T L] .
5P indet tomp % 268 ne 320 320 3o 20 J20 e 0 00 e .1
Anbient teop % n »n » ] H] 2% % ) t] 0 » 40 49 4“4 4 [ 4% % [ 13 9 @ (1) ) » »n ).6
Aobient pressure mn.e 29.05 29.04 29.02 29.00 295.00 0.9 20.940 70.09 20.48 28.8% 26064 20.0) 20.00 20.80 I2.79 20.82 .81 0.2 .82 10.02 2082 B8 2.1 8.0 0.00
lachas 1y e e e e . .
Coameals om sh &
Start uﬂi.‘fﬁl‘.".h.’ﬁb

A
Y0P, 8300
tinbin 4.5820, 0.000

Sog .
Start uu.‘ Hgﬁn. 8.0) 20 density - 4.0 Vbsfen 0
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PROCESS DAIA
AMES MUNICIPML POMER PLANT

sy w. 1
Dute yM0-80 e e *Not based oa 30 Ir data
Time m 1A t Y JA (13 $A A A A A 10A 1A 2 114 20 b1 4 L1 ' 4 o " [ 14 » e ne Naan )
[ ] Gross 16.0 16.0 6.0 150 160 (6.0 (6.0 .0 ). 3.0 5.0 350 15.0 35.0 .0 5.0 3.0 3.0 1I5. .
et e 1o Y e Y Y e e By N3 83 u3 ae e wy ay %y 63 uS 3:: H 31: 52: gi: §” “‘
Steasm flow rate 135 (31 12 [31] (31} 130 130 250 30 320 o 00
1000%s. o/l 0 e no 0 300 no 308 308 1] p 11} o 20 254 80.2
Slesm pressure poig 250 250 450 250 850 50 2%0 860 (31 860 860 860 860 149 840 860 [ 85 855 850 [ (4] %2 [ 11 [ 79 %) 2.1
Stean temperature .i " 840 4% 868 885 880 a82 900 8% 902 905 904 810 85 202 900 890 0 290 900 s 295 900 860 (14 1.§
Fecdwaler (low rale (L1} 11 145 [31] 140 s 140 235 320 320 325 325 330 325 h }
1000°'s Wha/br 20 20 25 noe %20 J20 320 125 i3] 300 266 2.1
- Fesduater towp *F s NS NS N0 30 308 305 MO 380 350 190 %0 390 390 390 30 )50 390 180 340 MO 30 M0 380 22 M.
{m.n:: ;:ru {coal) 19,5 200 200 9.6 2.0 M.} 6.5 250 N0 WO W0 WS WS N0 N0 IS5 2.0 3.0 1326 ) D 3O ISP 9 20 0
s Ibs, ¢ Cil N2 W
fus) gauge reedings 408 DI \
9 561 I TR N T A}
fuad ol 79 330
—-— —_ f———n o BoF - —— e e Start ADF at 2.929
Excass air 8 “ (19 °” 4“ [ [ LH 4 [ 18 19 1% 16 " |19 » 1" [ [19 1} (1) n ” n 1] F 1] 2.9
1D fons saps 2 @ 2 @ « 4 4 & 8 U 4 u 9 U 4 4 s B 6 9 g g v s s s

1D fans prassure prlg 2.6 34 35 35 36 35 38 50 60 60 60 60 65 60 60 60 65 65 68 61 62 62 2.6 59 54 LN
- A 2 a A w w W B W W N0 W W W W W 3B ¥ N N W RN W W 1
2. 25 2.6 26 23 2.0 2.0 5.1 58 50 5.0 50 50 50 60 45 &5 40 41 49 45 40 62 42 0 I8
060 0.66 0.6) 058 0.5 060 0.60 065 065 055 0460 065 060 060 060 065 060 085 055 0.6) 085 055 0.65 0.60 9,00
480 690 630 630 680 630 80 6BO 630  &%0 s .00

§D fens amps

0 fan presiure pily
Fursace drafi psig 0.60
Solier flus gas losy

of

MO MO MO M0 MO MO N0 M0 Mo 3O Mo 0.00

» » » » 38 n 26 (2] a2 21 2 1§ [ 2 a2 [ 2 2l 20 20 [} ] [y 1.
2.19 #.9 0.1%

£5P talet temp %

fabiieat temp %F » » »
28.02 2810 8.6 28.68 28.69 28.89 20.67 .74 20.79 20.87 208 20.9) 29.02 20.%0 29.02 29.05 29.06 29.1) 20.1% 20.16 2.0 2.8

Anbleat prasswre n.n
Inches 19 e .. e i e o oo e

" Stert - .z’%&i—rﬁ."% i' 8.300 Start - rm lﬁu 8.00¢ ROF demsity - 4.0 Ibs/cu (1t

Flalsh - 12.50A, 5.00A, 4.180, §. 02’. 10.300
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Sttt 000 o L ) L st beied 0 M i a2
(™ um U A B 4 U 4 BN M N M Ik P P N ¥ @ n v @ 19 1NF Ness o

™ S WE 220 NS B 25 25 25 N M KNS N XNE NS MNe NS BE N NS X6 XBe B NS XS NS RN N

-t ns B8 18 WS MBS B B 25 NI N2 NI NI VI VI R RV RS RS RE N4 R RNI) R BWE B D
Stssn Cloy rote %8 M W N M LS IR M NS O Ne NS X8 NS N8 NS NS MR O XBe N9 I3 % ) NS MM N Qs
ME8*s e
Stosm grassrs palg [ 1.9 s e [ ] [ ] [ ] "ns %5 [ ] [ .~ ] [ .19 " "ns "®s [ 19 ”s "ns [ ] % "% e [ J [ ] [ <] [ %, ]
Stses tomparatrs 'V 00 O 888 B 83 B0 M5 R O S s WS 0 55 MG S P86 S M WA W0 0% MM e M N2
fontmter (law vors e . [ ) "s 1" ws n us e s s 1)} N ns . 18 ne e by e 18 » _J m ns
MB0's Shaser
foshater ¢amp .l e e . e e e e e e b, ] e b} b, ] » b, ] m» ”e . ) » s s s » e a n.s
fual font vots fomad) 4 S WS 156 B N 1) B0 MY B RS BE M KB Me N N RS B N D D N NA ) I'.s
Me-s WMasir Cosd! W) W
foel pamge vaadleps W2 WS Nl una

™ a
fue) ot) 9
- -
fscors ar 3 20 - » n - » » » 11] (1] (1) w 114 [ ] » | 1) M- | 1] v 11} 1) 11 (1) » 5.1
D taas anpe o «“ < « " “ n “ ®» “» L] “ - o (i) a [ 3 [ o Q Q L} LY L Y “ 30
B fans prassars pely 6.0 38 46 RS 36 50 &7 S6 &3 18 &5 18 )8 61 e &5 )8 J@ 66 68 )2 68 68 5B 0 1>
€0 fan angn » » - ] a2 o 2 2 » » » » » » n » » » » n n n n n » » [N}
5 lan pratawre pulp 4 O 2.8 30 s 2.8 [ W ] 3.2 4] LY $.5 [ W ] 39 [ W ] [ ] L8 3.9 5 s 3.1 $.4 59 5.0 «s 4.8 4« 112
farasce &sall pady . 0% AN 06 060 060 0N 058 048 080 055 B M 0% B 0N 05 04 046 052 060 058 06 &M 0N 09 ASN
.Ih:"- s = 1Y [~ ] [__] o [ ] e a e ] s [ ] e o . 08 o 3.»r
tonp
(59 talat tenp % me me e ] 29 e »e ne na ne 30 e e »a J nr 2.3
Smtiznt tamg % V] ) » » 13 1 1 1 " 2 »n n » » » b1 » TR 1] n = 2 R B B )
Smblest prersmrs 2909 2309 2919 2920 o7 2920 29238 IS20 20D 1020 2908 2905 IV.M 2019 2011 2988 2908 1085 2008 2588 29.08 3.8 7.6 23.86 2.4 0.8l
taches 0y
— o [y— - -
Saert - uw ﬁ'ﬂ'ﬁ . s.2w Sears - o 0en, U5 86K R 00, 13 o0 A0 demsity - 4.0 thaice 01, €0 Wafen f1, 4.0 Befcm It

foalsh - B.JR, §.308, § 154, .29, S.OSP, 9.590
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PRECESS BANA

iy -
o - e o "Hu bared se P by dats
Tias M ) b ) @ U 4 nh = u s s > » o [ o » [ 4 MP P e o
[ ] Grmas an.e 210 N6 WS UG NG P8 R KNS B BN NS B NI KBS BS BE B NS NS N NS B R N2 %
=t 1.0 190 190 M8 198 8 M6 NI N¢ NI NI NI NI N2 RS DI 29 NS NG R NI R RS 195 Dy e
SAam fiem Jote e ME I8 M A I M D - D - TS - T - T - N - T - T - T | N - 2 X I I M B N
LY
Sheen pretsare pafy 030 G 80 M 855 B8 S0 BB B0 S 2SS B3 BSS B B B 835 &S 0 B 80 860 B0 B S S
Slass lenperatwra % o [ ] [__] ] ””e L] 50 [ ] [ %8 E ] us 200 e e " [ ) 200 [ . ] e are e E ) ] [ 1] ils
fenhsisr ¢law rele 12 » 19 19 19 " e . e »n s ') m s Bt ) b} 5 s s i »e 1 s I us ».2
MEe's Ubaser
fosthuslor Lunp % e = e e e e e ne b e e » . ] . . 20 e __J k) » »s »e e »e ue a2
fuc) foud sate {ceal) 130 0.2 B 19) 1S 19558 Me R N WO BE NS NS NBE BN MNS NS NS N X2 NI NS B R NS LD
ool 0 e m
fue) geuge resdings “5b . [ Y
ol 1S5
funl sbd 9 )60
- 1.65A endy | camverer
9.8 Satd Casveyars se .
Cacass olr 8 » » » » . ] t2 2 1 1] " 9 " » n [} 1] " [1] (13 [} [ 2 ] N = s
D tams ovps “ (V] Q 4) [ 43 © ® [ Q a a [ ] [ ) [} o “ “ Q Q ] * (1) [ 3 “ 1.8
8 fass pressurs sl 48 48 38 33 48 56 64 46 68 2.0 0 15 80 18 10 18 )8 68 &8 N4 )2 68 68 62 1.2
D (on ampe o 2 2 ) 2 2 . ] » » » » » » » » » » » »n n » n n » 2 6.2

D (on prasaasre paty |} 6 2.4 2.4 2.8 2.8 2.1 e~ ab o~ 5.6 55 $.s )8 6.0 55 9 $8 $3 5.2 $2 (W ] 44 L ). 4.4 1.4

Farnacs @raft patg LB 86t 6.6 068 060 050 M0 0.9 05 65 8.3 055 0 50 B 660 068 0 BM A2 0% B O B MM MR

Betler fhue 9as 628 405 M0 5 e e M N B G0 M B I I &% N
tang %
139 talet temp 295 M8 29 N8 M NS A S B IB 38 M8 M8 e e . 1
mbiasi i ™ M N ¥ M B N N N N M B B B N R N 8§ D » B VD ¥ B W s
Ambicat prersare 298] 2980 209 20.9% 2% 2.0 BN 2% BR AN W 30 XK B AW AN AN AN BE AN IR AN AR AR N8 e
iacaes 9 o o o . o R - . L R L . L
Cosmends and fly Ash Acemws Saat

Seart - &m"‘.‘ﬁt‘ﬂi 0, ) .. Start - cfl’.!ﬁ-?‘hl..:.u 00 Gcmatty - 4.5 Mbasow 11, 4.8 Maa/en 10

flalsh - 12 558, S 034, 3,154, 1.49, 520, 0.200
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PHOCESS DATA
NILS HONICIPAL PURER FLANI

it w.
me ru R ‘ . e mtMmsanwan
Viea T T I I T T T L S T S ™R T R TR
W Ges 2.8 10.0 200 00 200 2.8 0.0 1.0 160 13.6 150 15.0 5.0 350 15.0 5.0 5.0 5.0 15.0 5.0 158 5.0 5.8 108 N2 6.0
et 6 NS 160 180 166 08 266 105 DA 322 324 323 320 A4 328 326 328 324 34 104 14 123 4 04 283 6.4
Stesa flow rate T I I E I EE EEEEE T

1000°s ¥0s/hr
Stesm pressure paly 8% 830 850 850 035 415 865 830  Be0  A5% BN BSS 885 BSS B35 855  A5S 850 850 850 860 B30 M6 850 8S) 8.6
Stean tewperature %6 28y [ 17 I [ ] 895  SEE  8&5 89S 090 915 A9 %00 %05 00 905 900 905 %00 300 %00 4% 6% 80 0 %0 89 n.?

{g::ll:; 7::- rals 250 120 128 1 1% 2} o 0 0 Mo 30 W X0 N0 10 10 30 N0 N0 N0 N0 1 300 M N
$ b,

facduiler tenp *s 380 30 2% 74 fri) b} nsS no 80 L1} )88 ms 13 s 1 1) 185 s 188 s 1 1Y s »s ns 0 m 2.4
fuel fand vate (cvad) 263 16,7 203 196 20,0 208 JO.0 3D.& )65 419 413 408 €00 40.0 405 405 Q1.0 D5 D56 M. .0 MO ME N2 N9 %0
1000's Vha/bwe Caal 4 M
fuel gouge readingy 418 922 alt K

004 395
fusl ofl §80 050

an 1.45A oaly | comveyor 9.05P System "A" olf
7.4DA butlh conveyors $.250 System "A® 0a
0.35A - o ROF - Co s e —e-Sart RIN 00 4.08P

Gacess air 8 20 +50 » 3 n n 1] 1! 1" 113 " 1] 1] \a 1] 1] 16 n 1] 1] 1] 0 n ) ] .0
iD tanms eaps (11 42 L1} 4 [1} L] 4 4“ 1@ (1Y [ ] [ 1] Q Q LY 4 % 1Y « ®% “ o % &% “ 1.8
1D tans pressure 5.2 4.0 4.9 (N ) 4.} $.0 .4 6.7 1.0 6.5 6.5 6.5 6.0 6.2 8.2 60 6.5 6.6 1.0 [N ] 6.6 1.0 6.0 6.2 6.0 0.9
10 lan aags 29 ) »n tY " . % 30 1] o n 3 » n 3 3 N » n 1 n n n 30 30 1.5
0 fan prasrure psig ).\ [ W] 2.6 2.0 3.2 2.9 3 ) $.2 6.0 .8 s 8 48 48 8 40 4.0 4.6 4.3 .4 s$.0 4.4 3.6 4.2 1.2
furaace drall prlg 0.66 0.8 0.0 0.62 O0.60 062 0.6) 0.60 U622 0.45 0.60 062 062 0.62 064 0465 0.68 062 0.6) 065 8.64 060 046 080 0.6) o.04
Saller (lue gas 620 620 05 #40 440 80 o 100 100 495 100 100 0% "o 120 1725 20 20 1 (111 [ S | K
teap Of .
ESP Ialet t1omp % 0 0 20 e 320 310 e ns ns s (11 n m s ns ns ns s ns ns e 200
Aableat tomp ] 26 2% 26 % F 1 2% H ] H] 25 28 4] 30 n n n " n n N n 1) » i) H) . g 2.6
Ambient prasiure .8 0.80 2080 20,79 28,08 20.1% .09 28.)9 .0} N.26 'n.u 20.80 20.60 20.86 28,80 28.87 28,91 20.9) 29.0) 29.07 29.08 29.10 29.}1 29.11 28.89 0.12)
luns ll.
Comants ' tiom snd Thy & T ChupMem L o

Stast - lz%‘l TIA. l lﬂﬁ 4250, 6.100, 10.)0P start - ﬁu ADE deasbly - 4.5 Tbs/cu 10, 4.0 Ids/cu fo

Hialss - l OSA, S.124, 9.26A, 1.500, §.200, 9.350, JO.AQP
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PROCESS DATA

Uil w0, 7

Bte 3N W i e e _ _ Mot besed oa 24 Ar data

Time 1] 1} (1) SA 6A 2_ A . _?A_—-IM A 1 W 2» (1] ” [ » 100 NP Nus .
e M MDD BB R RN TR e
im’:m]:n 269 (131 s (14} 165 165 m e s 320 Mo ns ns ns ins s i M 300 308 w 305 WM 40 U a2
Stesn prassura paig 045 845 845 840 650 e 645 860 @35 860 950 860 855 83 BSS @S5S 850 850 SO ass 850 850 @8I0 a0 a5 ).0
Stasa temperalure % a6 BaS 900 900 850 60 89 900 905 205 900 900 300 0 900 900 89 895 6830 300 900 00 860 %00 oW ll.i’
{mlﬁ’;:’u rate L2 \80 180 160 126 s (LT ] 10 328 143 328 28 320 20 320 N0 2% N0 N0 1Y ny %% uw 6.3
Feeater toup ne MW Ms NS 26 N0 315 380 380 8y WS 185 385 MS 345 3 M8 M0 )80 0 10 MS 10 MO M1 .8
Fusl fued vats (cosd) 30.7 2086 180 18,2 193 199 203 A3 25,0 35,0 350 240 3.5 360 365 M6 DO J20 3.0 WO 2.6 30 0.8 2.4 )04 6.6¢
ol s Testiags 424 00 ) o 3L .

808 295 .
fus ot A0F 850 100 7.35A oaly | conveyor
7.45A bolh conveyors on .
fxcess alr & 1) 4 %0 @ [H 9 » (1 [} 15 L 15 1. 119 (1} 18 n 19 1] 11 20 113 18 4] 1] [1)8 ]
10 Cans asps [19 49 49 4 Q 4 [ 1] 45 4% “ ® 4% (1] 4% ® 4% “ [} (1) @ [} a 4% (1} (13 [
18 fans prassure psig §.) 3.2 [N 4.8 40 46 46 8.2 6.6 6.2 7.0 68 55 60 6.3 60 60 60 60 6 .6 65 68 44 59 1.0
0 tan amps 0 2 a A A }w w W W 3@ W W N W 0 W W I W RN N W P w 13
€0 fan prasture psig 4.0 29 2.0 18 0% 23 2.6 &7 &) 42 48 &5 40 16 640 42 &2 20 40 b S0 40 120 &6 3 w2
furnace deeft pilg 059 040 071 0.68 061 060 065 061 060 060 058 039 0J5 060 045 060 0.60 062 062 0.40 040 0.62 0.0 0.60 0.2 000"
::2‘:("“ (7YY $15 520 600 630 660 680 655 645 690 665 480 680 625 430 680 ¢80 )8 J00 690 650 66D &8 X020
ESP ialst temp 2% 2% 2% S " 1B 128 3] 11} n ns N8 15 313 AT N } ) 08 ns B0 20 N 1600
Mabieat temp %F 2) 2! H] 21 H] 3} 21 H % k1] L1} @ (1) “ $0 82 54 8) (1} (1) “ « )] (1] » 12,6
::::lll‘uuuu [ 81 2900 29.00 29.02 25.12 29.13 29.13 29.13 29.12 29.00 25.10 29,10 29.10 29.09 29.09 29.08 29.09 29.10 29.10 29.1) 29.1) 20.1) 20.13 20.16 .11 0.009
s

fomeants Stary - ll!;“?!%ﬂk’.‘lilm. 4.300, 8.200 Stert - cﬁ.‘!ﬁﬁm. 8.440 ROF demaity - 4.5 las/ca (o,

1.004, §.108,

9.2,

1.520, §.00P, 9.55¢

4.5 los/cu Bt
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PROCESS DATA
NS muiciPn Poan At

il M, 2.

Oats 3-15-00 . O o e . Mol based ea N i Labs

Tine 2N [T} . 'Y LY ’ SA [} n [ ) 10A NA 12 14 r » (14 114 [14 ” L » 100 P dedn .
N Gress i%.0 190 205 240 24,0 0.0 200 240 20.0 0.0 N5 2.0 M0 6.5 .0 160 6.0 6.0 160 6.0 16.0 6.0 160 U9 NJ .9

et 2.6 170 224 2.0 2.9 200 220 2.6 250 222 B B4 A WL 150 100 108 Mo WY 2 1) 12 2 W2 S S0
Stesn flow rate 245 1% a2 204 {1} 205 205 e 140 260 wo 2 2 138 138 125 135 (33 s (319 (31 1% 135 135 18 §5.06
1000°¢ Wbs/hwr
Stesm prassurs piilp 9s 0 95 850 858 S 855 850 85D %5 855 858 B85S  B4S  8%0 850 850 B4S 850 850 850 050 85D 850 (1] l.'
Stesn temperaturs % 8% 80 %0 a0 08 (1] 1 aas 905 200 905 (11 89 (311 9300 9% [ ] (111 a0 %0 %0 [} 880 880 [ ] n.a
fasdwater flow rats £ 1Y i 20 H1} 08 H19 1113 Us t{1Y 265 85 il m) 145 (113 145 145 ({19 (119 (1} " 111 ] " (11 (], ] .0
1000°s Vhs/ir
fendwiter tomp % b1 ] ns p 119 188 3% pi1Y 388 388 j11) 1Y) ns ns m 0 328 s p111 ne 20 e o] 120 0 20 330 69.4
fusl fevd rate (coal) 29.6 19.0 22,3 1.5 208 0.0 204 304 NS 306 150 204 2.6 195 19.0 150 12.0 180 8.2 1) 188 190 160 00 2.2 .60
1008°s Uhafhe Coal 240 M
Fuel gauge resdings 420 256 430 108 ol N.2 M

Q11 811 014 120  Niealght readings, )-15-00
Fuad ol 580 150 $8) 100
$:00A - ~ - - e e e me— o RDF — - - — e e =tr s w e mree m—— —~—
Excass air 8 2 so » i ] 1] ) » 30 1] 1} 20 20 2 »50 »$0 S0 »80 »$0 »80 60 80 80 250 50 )Y 1.8
1B fans ampy ® 9 “ (3} «" 4% (1] (13 L1 % “ % 4% @ L} (1] n 31 L1} 1] " 4 (1] a9 @ 4.0
0 fans prassure pilg 4.7 6.0 4.5 [ N ] .8 [ N 3.9 3.2 [ ) 6.0 s.$ 5.3 8.4 3 L 2 Y 3.6 3.8 3.6 2.6 3.6 3.6 3.0 E R 3.3 4.3 0.8
D tan smps N n ] 0 - 29 EiJ i » » ] 10 30 1) H) 2] n 1) n k1] H) 1 1) 2 n 5.4
D fan prassure psiy 4.) 3.8 3.8 [N } 3.6 30 2.8 3.4 4.9 .6 [N ] [N ] .2 2.) 2.0 0 22 2.3 2.2 2.4 2.4 2.4 2.0 20 3.0 §.00
farnace dratt psig 6.63 080 0.9 030 6.8 088 0482 6.9 @ 68 012 0.73 8J0 070 0468 8717 848 068 0.70 0.6 8.70 6N 848 060 Ot OON
Illht.'llu (1Y) 60 640 40 6 (11 650 680 6J0 680 400 600 600 600 600 605 510 610 60O 895 s 2.
tonp
E50 lalet temp *5 5 ws 305 Nno 3o 320 128 5 25 2% e 3 0 5 210 n NS s 28 113 295 0.2
Asbieat temp * 0 40 » » » n » M «® “" 5 [{] [Y 1) [1} [ [1] 1] [1] 11 6 11} 8 [} ] 1] 1.2
Ambieat pressure 29.16 2904 29.02 29.10 29.00 29.05 25.07 25.04 29.04 29.0) 29.00 29.02 0.9 20.92 20.88 20.87 0.9 2).8% 20.%0 20.%0 25.%0 20.%0 .07 20.8) 8.9 0.0%
Inchas I
Comments fom and £ fesava T Soot Bloww T ) =
Start - 15‘.1.55. hﬂ"tﬁbl e, 0,200 start - !3!1. Iﬁu. 8. 400 ADF deasity - 3.5 Ibs/cu 1

Flatsh - L.27A, 5.00A, 9.038, 1.2, 6.00P, 9.05P



€€T
§i-0

PROCESS BATA

AMES MMICTPAL POVER P1ANY
Wiy w0 )

Sate 1100 e e U L based oa M I dia
 Us BN 1AM G B @A A8 % 1A 1 2 _w» @ "
o Gross 20.0 22.0 16.0 160 160 160 16.0 2.0 2.8 W8 250 .0 350 M8 WNE M5 M5 NG 2.6 1L.M4

Net .8 200 14.0 4.0 180 109 M0 259 90 23 123 N2 N2 N7 Né B NS N9 e e
Stean flow rate 1} WO 130 130 )30 130 130 265 20 30 30 NS NS 0 30 30 nNAa N0 - T (W]
1000's Ibs/hr
Stesm prassurs psig  B4S 810 850 850 50 850 850 630 @)% @S5 855 WSS @S5 @850 BSD  6SO 450 850 50 6.
Staen temparature %F 890 850 830 80 870 900 B0 BAS 900 900 00 910 900 880 895 00 %00 900 o2 s
feaduatar flow rate 255 180 140 MO0 ML MO D 265 2% 320 NS 220 320 38 320 R0 120 NS 8 N8
1000's 1bs/hr
Feedastar leap %F 5 MO 320 220 320 320 320 NS W0 30 JA0 380 380 )0 385 15 )85 S 7Y I (% ]
fus) feed m- {cosl) 32.4 22.0 1.6 194 126 189 188 M5 396 6.5 3.6 S IS 8.0 5.0 M. S MO 0 D4 %8 B2 NE 2936 0 1D
1000°s 1bs 434 26 Cal 0.2 W
::: :r‘np tndlns a: :’z - an .92 m

ROF s % RO —— - - - 14:058 Mo RDF— ---eStart AOF at ):uP

facess alr & 22 35 80 50 60 60 50 19 2 [} 8 N 20 Y [ LR T ) [ L TR RN - S T NS SR TR ) 0.3
5.0, faas amgs “ YT ¥ T+ YR T TN T Y TS T SN T WY ' A ' Y TS 7 AN 7 R T S TS " S T S S T T | A N T S ) 1.6
I.I'I. foas prassure 4.0 39 7 38 36 40 26 53 556 61 60 62 64 60 60 60 6D 60 62 44 65 48 40 42 0 )OO
iy
£.0. fon smps » 2 a a a a v » R ' I 1 » n n ¥ ¥ W W 0 N n N T I X
F. : fan pressure 38 320 S 29 20 23 43 B2 6.2 5.0 4.2 58 58 40 5 &5 42 42 44 55 48 D W2 L 1D
iy
furnsco draft pslg  0.42  0.64 059 045 085 0.60 0.40 069 0.88 055 0.60 0.6) 0.0 055 040 060 060 0.20 054 0.4 050 070 052 0.0 0.9 0.0N
.l;llcr flue 945 Lomp $00 600 600 645 470 6BO  JBS 695 J00 435 645 675 625 68S 563 .9
€SP talet temp OF 200 280 280 320 J20 10 30 30 10 3N 30 W NS NS N .
Aableat tLomp %F » " N || n n 0 2 3 » B P 2 ¥ ¥ 4 4 @ @ u« 8 L B T e (X
Mabient pressure 29.04 29.00 29.0) 29.00 29.05 29.05 29.05 29.06 29.12 29.10 29.14 29.)) 29.10 29.10 20.08 29.00 29.08 29.08 29.1) 29.16 29.16 29.15 29.04 29.04 .03 0.00)
faches g mess s iemn s ioceis ooosios o esocsemeeeiiiane iiinoseciee o
Commeats Stort - J%ﬁi:!}ﬁw. 2.000

:F![- = '“ M

1350, 10:000

tlalh - 6 MA.

RDF deasily - none measured
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PROCESS DANA

A5 RMICIPM POUER P1AN)
iy . 1
P e Mot based oa 24 br date
SN ISR, SO SNE_ I SN W TN N DU DUNS VORI LU T AN A A S o B ¥ W@ W M e
“OEM BT ORDRDRDRUBD RO ND ML BT BD N MU ED BU RO MO OBI BDED ED MO OB RO MO
%W‘lk:,{:lo 240 MW W W 0 20 M0 UYMW N0 N R0 R NS NS S 25 N N6 N6 W M 23 W0
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N.e
3.6
300
450 850 850 M5 M5 @S 80 88
00
305
0

Slean pressure pripg [11] (1Y 850 ass 840 a0 (2] 50 (11} 860 [ 1% [ 111 [ 139 850 [ 33 858 a5 6.3
Stean Lonparature % s 905 [ 0 880 [}/ N [ -] 0% L1 900 [ 113 900 900 o $00 880 [ ] s 8 89 00 885 90 16.2
:g:.ul‘: ;lu rals 50 248 t{1} 40 3 TSN TT S 11 195 m 115 30 m 10 33 N 0 no 300 ) ] ns n 300 W0 15 n.l
[
feedwater tomp o % o Mo 318 35 i 360 Mo 380 1 s b1.1Y 188 s 8 ns 380 180 s 88 ;] 0 ” "y
fus) fesd rate (casl) )O.1 M.l 2.8 0.8 A DY W2 NS NS MO H.O0 MS IS BS NS KO N RO NN 126 NI 1S NE NI NI WM
1000's 1bs/r a8 Coal 3.6 WA
fual gaups readings 022 025 oit 2.0 M
Fual ol} $81 440
ADF 2:18 A oaly ) conneclor 1:60 # bolh conneclers oa

Excass alr % n 3] [1] ] " " [} 10 0 20 (1) k14 19 2 10 20 19 i 1] 1] 1] 20 2) n 2.6
$.0. laas saps o 45 [{] «“ 4“ L] L1} [} L1 4% 4% 4% 4% o L1} 4% 4% (] 4% 4% 4% “ a9 45 [ [ X ]

I.:. fans pressure 6.3 .2 47 40 A6 40 50 60 66 62 6D 68 60 65 68 68 50 60 S8 64 20 66 G0 51 S0 oM
g

8. fans snps . ] » 1) L) 20 28 8 » 2 0 30 30 ] 0 » » ] 29 2 0 » » 0 » » [ ]

f.:. {an pressme 38 4 26 23 28§ 38 30 60 60 A8 48 4B 4% 45 ) 46 40 23 46 4% 00 D 5.4 D30 M) WM
ni

furasce drall psig 8.68 045 0.69 065 08) 045 6461 060 060 00 060 0.0 060 050 0.5 O06) 855 050 040 060 080 865 051 0.60 059 0.09

:;:_lln flus gas temp 620 625 635 650 6¥S 695 695 GBS 6BO 650 635 OO 630 430 %0 680 680 60 6 16 .0
ESP talet tenp %F 05 205 30 6 10 30 30 10 30 30 30 1S 10 10 30 NS IS e o 26 9.8
.A;nm teaperature 3D n »n n M n u »n n « ) s 4] 6 [ 13 6 @ 8 [ " s0 1) 1] 1.0
Ay

Asblant prassuce 20,00 29108 2034 2008 29.1) 29.1) 29.02 29.12 29.1) 29.10 29.09 29.09 29.00 29.08 29.00 29.62 20.99 25.58 29.00 20.00 20.96 28.96 20.9% 28.95 29.06 €.87)
inchas Mg

Comments on Ath Soa o

Start - ﬁu—r u’"l&u’ W"i!m. 9:520 start - nsl:'lm 6:308 RDF density - 3.5 1os/cu 1, 4.0 10s/cu £1, 3.6 Ibs/ cu It

flalsh - 00, 11:20A, 2:320, 2: 18P, 10:15P
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[ ] Gross 21.0 25.6 25.0 25.0 24.0 25.0 27.0 3.0 ¥.0 2.0 NS 5.0 350 IO .0 .0 50 N.0 .0 W0 s S 2.0 200 3.0 5.0
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1000°s Ihs/he ] 2 62.}
Steam pressurs paily s 3] 850 845 [ 1]] 845 80 880 860 [ 1] 850 (1] [ 11 855 [ (39 858 [ 1Y [ 11 [ L1 5 865 840 860 (1] 5) 7.0
Stean Lemparature S s 885 [1 ) a4s 850 8as 295 900 495 10 00 [ -1 (1] $00 $00 902 900 840 480 sl0 & 8as 880 s [ ] 1”2
Fesdusler (low rate [111 F3 225 £ 228 220 250 295 22 ns 28 28 s 26 2% 328 328 295 308 My k13 328 95 200 wm 60.6
1000°'s Vbs/hr
Feaduator Leap O M0 360 30 248 5% 350 30 295 380 s 8% 185 8% ws 85 s s s 80 38 390 390 k1Y 50 s 16.%
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I a s
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Encess alr 8 40 24 (1] 20 24 ® 20 1 " 11} 11 1] 1 1] 19 n n a2 18 11} 1”2 13 " 2 - 2 .9
1.0. faas angs a9 43 9 L] [}] 9 “ 4H % 4% [} 4% [ 4% “% 4% 4% (11 [ % 4 4% [ [} ] 4 1.3

l.:. fens pressure 4.6 €9 4.0 48 39 56 50 60 60 2 60 20 62 63 65 64 64 60 60 66 60 5.1 585 S50 57 o5
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F.0. fans aspsr 2 28 28 2 n 28 28 ] » 29 n un W » » n ” 0 0 n 29 0 29 2% ) [ B}
.o lu.l prassure 2.8 320 30 27 20 28 39 42 A6 40 3D a2 46 45 6 S 40 A4S 4D B 2 AL X8 26 DX 1R
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furnsca dreft pslg  0.70 060 050 086 052 6.2 0.6) 069 055 054 0.0 080 062 061 064 0.6 050 063 061 089 050 06) 0.6 0.0 0.60 0.100

foler flue s tmp $1S 620 620 630 650 GND  6HS 690 6IS  &J6° GBO 490 685 00 695 e 30.20
€se talet % 05 30 300 MO 320 35 NS M0 15 2B MO MO MO MO Mo e 15
Mbleat temp °F « B 45 48 45 a3 O & 4 50 S &2 62 66 e» 68 6 60 68 65 6 N S B % 9D

Aabient prassurs 20.95 20.95 20.9) 20.9) 25.93 20.80 20.8) 28.88 20.80 20.85 28.8) 20.79 28.0) 28.76 8.3 28.72 20.7) 2W.71 .03 20.)3 .73 2.7} .1 u_.n 20.80 o.0m

{nches hg - e S, S

Coments starg - 1:9?%155&91;3?&».::»

slafsh - D:25A, B:55A, 00:05A, D:35p, D:54p, MO:00¢

Soa
Starg - )?ﬂi-.!lﬁﬂ. 6: 450 KDF deasity - 4.0 Vbs/cu 1, 4.0 lbs/cu It

-
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Fesduater tomp %F

Fusl feed rata (coal)
1000°s Vos/he
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fuet of)
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Sucars alr 3
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§.9. fons pressure
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3
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3 8§58 60 58 40 55 56 S8 66 60 65 61 62 6. 60

0.60 0.5) 0.5 060 0.0 062 048 0.52 0.58 0.6 0.50 0.50 0.60

630 69% Jo5 710 6)0 680 6% JoO Juo Jos N0 NS )10 80 685
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n » » 6.4

.0 40 &0 2
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Start - Fuﬁ ?‘S‘!’l#’ﬁ'ﬂf. :
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Stert - JEui.lIl?lu. 1100 RDF densily - 3.6 Ibs/cu (¢
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Lty wo. 2

Page )-22-.80 - —— e e e e o rioon oo e oo o . Siol baged ea 34 br dats

Time 2 1A 2A 3 (7Y SA A n [ ) % 10A I 2 [ 4 20 » @ 1° 4 (1] /4 » [ 4 or ne Meda .
» Gross 2.0 R0 2.0 2.6 0 2.0 2006 220 290 RO N0 MO M MO RS R RNe N0 h.ll 30 MS NS RO N0 0.4 S8

3 1 199 199 204 209 200 208 208 268 207 N6 NG N0 NG W1 06 M5 N6 NI NI M4 N I3 N4 N4 ALY
Stean flow rate (L] 188 188 1% 185 200 195 195 Fi1) 248 3o J20 no 307 285 280 285 290 285 n2 e e s 268 260 §).3
1000°s Ibs/hr
Stesn prassure psig 850 8%0 850 40 850 850 860 850 848 830 850 880 850 850 850 850 850 250 850 [ L] 850 850 250 850 853 1.4
Stesn Lesgerature % 830 900 [ 1] arn s a0 au0 $00 05 900 $00 910 890 %0 00 905 900 $00 %0 490 500 880 880 80 [ ]] 1ne
faeduater (low rate 200 200 200 210 210 200 205 200 263 Fe 1) ¢ s o ns 00 295 288 300 62 2 30 ”8 s 268 20 §0.§
1000°s 1bs/hr
feadater lomp % MO Mo pIT] 30 Mo o MO M0 35 ns 330 F ) F12Y 380 80 380 380 80 380 385 380 80 380 E 3 Y %S 8.9
Fusl feed rate {coal) 19.) 21.2 19,4 20.8 20.3 20.2 1.0 25.0 200 32.0 ¥M.b 3.3 3.0 185 5.6 N0 )0 )0 WS 40.2 W6 W2 N6 NS NI LM
1000°s 1bs/he 453 801 Coal 2.0 M
fua) gauge resdings 0836 954 0 2.47 W
Fusl of} 862 160

(Y RiAp——— - - - % A0F

Cucess alr 8 27 2] 2 s 22 F2) 26 F43 1Y [2] 21 19 21 [ 18 1] 1) 1] 20 20 20 20 0 [T T ] 3.0
1.8, fans sags [ H a2 2 2 49 9 9 [} ] L1} 4% 4% (1) 4“% 4% “% [ “ “ 4% % 4 4% “ 45 [ 13 1.2
1.0, fens pressure 4.6 4.0 18 4.4 4.0 4.6 4.2 48 4.7 6.2 6.2 6.3 6. 6.0 6.8 .5 6.6 6.6 60 6.4 6.5 6.0 $.7 6.2 6.3 [ X}
sty
£.0. fans sops 22 2t 27 t4 27 28 27 F2] 29 b ] ] N 2 0 30 0 b ] 0 30 n » k] 0 0 2 |93

F.D. faas pressure 3.0 .0 2.4 32 3.4 3.6 )0 20 3B 46 45 47 48 a8 45 40 A4b 48 49 88 58 S0 48 D22 ) O

Furnace draft paig 0.68 044 0 024 DU 0.60 0.60.0.70 0.4) 045 0465 0.60 0.70 068 068 045 050 058 0585 0.5 0465 0.5 0.62 0.6 089 0.00

g"m-r flue gas teap 610 410  6l5 M40 660 685  JoO 680 6IS €J0 615 410 480 69 30.4°
§5P inlat %F 300 300 300 35S R0 30 30 M0 I 30 s 2 1 200 2.2
Asdsfent toap OF % ] N » » » M » » % * 0w o« " 4 0 50 0 & O a4 (1] » ¥ 4w
Abieat pressure 2920 29.21 29.20 29.00 29.18 29.18 29.18 29.18 29.15 20.34 29.1) 29.08 29.05 29.02 29.00 20.96 20.9) 8.9 20.06 20.0) 20.8) 20.4) .87 20.87 V.04 O.AM
Inchas W9 e i i e e e e e o o

Comae: [ Ash Soot Blowm

e Start - !‘H’?&" IFH . 8:00P Start - z')!i!lm 2:000 RDF density - 3.5 Ibs/cu M1, 4.5 Ws/cu o
fiafsh - 1:260,
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Stese flow rote e LLC T TS T N T U 1 S T SO ¥t O 17 S 5 SO T T T VI UL T VR T+ T U UUN TY 