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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 organic
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 hydrocarbons
(PAHls) 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). 1In addition, total cadmium was alsc determined in special
samples from both plants to meet special Environmental Protection Agency
(EPA) needs.

Midwest Research Institute (MRI) was responsible 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 constructed 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 Office of
Toxic Substances.l

TRW, Inc. was responsible for conducting the field sampling and data
coliection. The results of TRW's efforts are described in two reports to
EPA's Industrial Environmental Research Laboratory in Research Triangle
Park.2’2 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 stationary combustion sources, a municipal incinerstor and a
co-fired (refuse~derived fuel plus coal) power plant, were studied to deter-
mine the variability of organic 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 nationwide survey! for organic emis=-
sions from stationary combustion 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 m®) were collected con-
currently at the inlet and ontlet of the control devices using a modified
Method 5 sampling train. The solid and aqueocus inputs and outputs from each
plant were collected six times per day (at roughly 4-hr intervals).

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

The TOClL 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 wg/hr from the municipal 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 benzenres and chlori-
nated phenols were detected in the flue gas from the municipal incirnerator.
The sum of the organic 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 than 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 PAlls
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 (dscm = 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 %0 ng/dscm,
respectively. The specific PCDD isomer 2,3,7,8-~tetrachlorcdibenzo-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 boiler
tested at this plant was Unit No. 7, one 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 burn 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) in 1975.

Unit No. 7 generally burns a mixture of Colorado coal, Jowa 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 Iowa 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 tons/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 furpnace 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 leocated within the
city limits. This plant has four incinerators, each having a nominal burning
capacity of 400 ton/24 hr day (363 metric tons/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 fans, and induced draft fans.

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 m®). 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
vard (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 intc 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 actnal 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 500°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 clinker 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 thaa 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
screeus 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 S5

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 om a typical unit. The sampling crew
collected 10 m® (10 * 1 m?) 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 m?® 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.5 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 condensate 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.

+ 8ilica 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 cm 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 infiluenced 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 [CO2] concen-
trations, (3) carbon monoxide [CO] concentrations, (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 conditionmer. Vacuum pumps were used to draw the in-
let and outlet sample gas from the sample ports through the gas conditioner

13
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and to the apalytical instruments. An automatic timer switched the continuous
monitoring equipment from inlet to outlet every 15 min.

The average values for Oy, CO0z, 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 cowm-
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, furpace 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 gualitative
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,ilperylene

Anthracene

Samples were also assayed for total organic chlorine (TOCl) to provide a
general measure of the variability of chlorinated emissions. Since it was
anticipated 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 organics.
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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 analysis by capil-
lary gas chromatography with Hall electrolytic conductivity and flame ioniza-
tion detectors (HRGC/Hall-FID) provided a sensitive 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 extraction 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 internal standard, d;g-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 combined.

All filters and cyclone catches were weighed prior to extraction 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 wvalid.
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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, a2 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 n-cloud of
pelynuclear 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 unsatisfactory 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 alignhots 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 analysis. All samples were spiked with the two surrogate spik-
ing compounds, dg-naphthalene and d,,-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
Compound A B C D E 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
Benzof{g,h,i]perylene 17 24 25 41 17 0 56
Average 45 48 50 59 44 25 81

Note: Soxhlet 16 hr, cyclohexane, dry fly ash (20 g).

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

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

Same as C except 5 ml Hy0 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 H20 + 50 ml toluene.

Soxhlet 16 hr with benzene + 10 ml Hp0 added to 20 g fly ash.

HOOQ W

o

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 columns 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., Al]l extracts were spiked with the internal standard for scanning
HRGC/MS, dygp-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.

TOCl 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

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

Carrier gas

Column temperature

External standard
compound

UltraBond

He at 60 ml/min

60°C for 3 min, then
to 230°C at 40°C/min

chlorobiphenyl

80/100 mesh Chromosorb G,
rest of column £illed
with 80/100 mesh glass
beads

He at 30 ml/min

60°C for 3 min, then to
250°C at 40°C/min

Aroclor 1254
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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 te 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 current 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 S. 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
I1 3/13, 3/22 5/7, 5/10, 5/12
111 3/14, 3/19 5/11, 5/13, 5/15
w 3/17, 3/20
v 3/3, 3/23

The composite extracts were screened by HRGC/Hall-FID or HRGC/FID priorx
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 analyzed 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 apalyses. 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 solutions.

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 responses
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 identifications.

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 instru-
mental parameters are listed in Table 6. These analyses were conducted using
a high resolution mass spectrometer operated at 1,000 resolution (10% valley).
Positive PCDD and PCDF responses were detected in all extracts. Since low
resolution mass spectrometric analysis of PCDDs and PCDFs in environmental
extracts may be obscured by the presence of similar chlorinated aromatic com-
pounds (e.g., PCB's), these extracts were held for analysis by capillary 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 IIO?C for 2 min, then 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 437.7, 459.7
Trichlorodibenzofuran 269.9, 271.9
Tetrachlorodibenzofuran 303.9, 305.9
Pentachloredibenzofuran 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 analyzed
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 analyzed in two rums,
one for odd chlorine substitutions and a second for even chlorine substitu-
tions. PCBs were quantitated by comparing the total area response 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
Pentachlorcbiphenyl 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

2'-Dichlorobiphenyl
4'<Dichlorobiphenyl
5,2'-Trichlorobiphenyl
2',4'-Tetrachlorobiphenyl
*,5'-Tetrachlorobiphenyl
»5,6~Pentachlorobiphenyl
»2',4' ,6"-Hexachlorobiphenyl
2

5

2
4
2
2
2
2
2
2 ',3',4'-Hexachlorobiphenyl
2

2

D

’
]
’
¥
¥
?
]
’
)
’

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 sensitivity while minimizing the number of
HRGC/HRMS~-SIM runs, ions for a specific chlorine substitution for both 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 comparing the
total area response for all compounds of a specific chlorine substitution with
the area response for a specific isomer of the same chlorine substitution
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 internal 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 #7Cl-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,z-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 djpg-anthracene as the

internal standard. Tetrachlorodibenzo-p-dioxin analyses by HRGC/HRMS-SIM were
conducted using 37014-2,3,?,8-tetrachlorodibenzo-g-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 n/e
Trichlorodibenzo-p-dioxin 285.9355, 287.9325
Tetrachlorodibenzo-p-dioxin 319.8965, 321.936
37814-2,3,?,8-Tetrachlorodibenzo-gfdioxin 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-Tetrachloredibenzo-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
370142,3,7,8-Tetrachloro-2-
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. Methed 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 addition, 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 precleaned 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 trans-
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) nitric acid
solution. For each washing, 5 ml of the acid soluticn 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 nitric
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 apaly-
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 amalysis 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 (pg/g)a (ug/g) sample (pg/g) 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 analyses.

TABLE 13. RECOVERY OF CADMIUM FROM FORTIFIED SAMPLES
FROM THE AMES MUNICIPAL POWER PLANT

Sample type Spike level Recovery
Fly ash 0.5 ug/e 97
Bottom ash 0.5 pg/g 93
Refuse 0.1 ug/g 98
Coal 0.5 pg/g 94
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 Municipal 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 follow-
ing abbreviations are used throughout this report: DSCF = dry standard 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 conditions, 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-
loecity 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 Z4~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 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.

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 one 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 SUMNARIES FOR FLUE GAS SAMPLING, AHES HUNICIPAL POWER PLANT, UNIT NO. 7

Gas composition” Stack b lasokinetic
Date  Test Sampling Sample volume 0, CO, co THC temperature Holecular MNoisture Velocity Gas flow rate
(1980) no. location DSCF DSCH % % pem pps °F weight % ft/sec ACFH DSCFM  DSCHH b |
North® 206.62  $.80 4.48 12.79 18.00 <2  334.31 29.01 9.95  33.5% 63.83
et Seugh  262.52  7.43 4.48 12.79 18.00 <2 31178 29.35 1.15  20.09 247,700 147,000 4,162 o5
3-2 1 1843 21430 6.06 6.34 11.31 15.00 <2  320.93 29.30 6.32  22.69 86.20
Outlet ,o0d 54302 6.88 6.3 11.31 15.00 <2  309.92 29.31 6.264 2679 296,000 182,000 5,153 o404
North® 173.56 4.92 4.38 13.80 - <2 35155 29.34 8.39  37.78 -
North® 3126.93  3.60 4.3 13.80 12.00 <2  373.36 29.32 8.5  42.94 95.73
3-3 2 Tt sounl 212,05 6.1 433 1380 1200 <2 23483 29.41 7.81 46,61 550,300 376,000 10,650 g4,
South! 101.52  2.88 4.3) 13.80 11.00 <2  369.90 29.39 7.97  7.15 10714
18 324.36  9.19 S5.87 12.46 11.00 <2  3462.38 29.31 7.45  26.00 96.33
Outlet 407 307.31  8.70 5.87 12.45 11.00 <2  336.9% 29.31 7.48 26,10 324,600 190,600 5,397 g4,
Morth 184.21  5.22 4.63 14.41 17.00 <2  310.46 29.56 7.43  45.10 95.59
. Inlet  couth 252.78  7.16 4.43 14.41 17.00 <2  352.55 29.30 9.48 43,72 46,200 193,100 5.467 g5
3- 3 164
Outlet 2&33
North 256.88  7.28 &.41 14.56 18.00 <2  361.09 29.49 8.14  43.20 91.43
Inlet  South 2¢6.73 6.9 4.61 14.56 18.00 <2  349.23 29.38 9.03  &l.09 33,300 169,800 5,375 5.4
35 & 154
Outlet 1o
3-6 5 North  367.65 10.41 4.35 13.79 18.00 <2  363.8) 29.28 $.93 42,92 97.28
Tolet o eh 32317  9.15 4.35 13.79 18.00 <2  347.46 29.18 9.72  43.48 %1800 200,300 5,671 gy g,
3-7 6 North 368.68 10.46 .59 13.92 16.00 <2  351.00 28.16 1832 43.61 105.93
Imlet o eh  365.42 10.35 4.59 13.92 16.00 <2  335.86 29.27 518 6601 46400 187,400 5,307 To9 .o
3-8 7 Worth 351.42  9.95 4.79 13.60 28.00 <2  377.55 29.19 9.56  39.62 103.54
Inlet 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 4575,
Worth! 76.03  2.10 7.1 11.6 25.00 <2  316.83 29.19 7.7  30.27 95.60
Noreh! 294.81 8.35 7.1 11.6 25.00 <2  364.73 29.16 8.05  30.38 98.51
3-9 g Inlet Southd 12192 345 7.0 116 25.00 <2 3438 29.20 1.78 36,43 492,300 286,000 8,098 . 7,
South) 140.22  3.97 7.1 11.6 25.00 <2  315.88 29.17 8.02  27.38 50.55
x
3-10 3 North® 130.81  3.70 3.7 13.5 25.00 <2  352.09 29.31 8.59  45.23 88.84
Tolet o v 193.61  $.68 3.7 13.9 25.00 <2  330.65 28.25 1713 43,77 391,900 196,200 3.535 gy g
11w North 394.09 11.16 4.7 13.5 22.0 <2  374.75 20.49 6.98  45.68 97.17
Talet o ith  363.01 10.85 4.7 13.5 22.00 < 2 356.58 29.30 B.48 44,29 399,400 201,000 3,692 ¢ o9
L
3-12 11 Inlet North

South

{continued)
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TARLE 14 (continued)

Gas l:o-position’ Stack b Tsokinetic

Date  Test Sampling Sample volume 0 C0, co THC vcemperature Molecular Moisture WVelocity Gas flow rate
(1980) no. location DSCF bSCH % % ppm ppR °F weighe % ftisec ACFH DSCFM  DSChHM b 4
North  350.46  9.92 3.3% 15.56 21.00 < 2 361.78 29.53 8.63  42.45 102.35

Tolet  Souch 369.82 10.47 3.34 15.56 21.00 <2 340.61 29.54 8.54  41.41 332,100 187,700 5,298 ",

3-13 12 184 158.98  4.50 $.17 13.97 18.00 <2 33944 29.56 7.10  25.85 77.72
Outlet o5 305.2¢ 10.35 S5.17 13.97 18.00 < 2 315.08 29.28 9.37 26.58 326,700 192,600 5,481 gy '4,

North 374.34 10,60 3.70 14.81 20.00 <2  I84.68 29.31 9.67 43.48 101.27

lolet  couen  352.11  9.97 3.70 14.81 28.00 < 2 375.70 29.30 9.70 41.49 36,000 185,400 5,250 4,75,

3-14 12 154 367.77  10.62 5.31 13.18 30.00 < 2 365.94 29.14 9.60  24.34 99.80
Outlet o053  355.36  9.95 S5.31 13.18 30.00 <2 35875 20.15 9.50  24.86 006,506 170,300 4,822 .7,

Nerth  276.77  1.83 6.31 12.59 22.00 <2 68.23 29,21 814  30.85 102. 11

Inlet o uth 268.37 7.60 6.31 12.59 22.00 < 2 357.65 28.32 7.68 70.95 240,400 135,400 3,834 .44 ¢y

3-15 14 154 319.13  9.04 8.37 10.67 19.00 < 2 319.42 29.09 7.88  20.00 104.05
Outlet o503 307.00  8.69 B.37 10.67 19.00 <2 356.65 29.10 1.83 21,3 237,500 152,100 4,307 4.7,

North 359.80 10.19 3.73 14.40 22.06 < 2  311.23 29.15 8.83  41.89 106.85

lalet o uth  390.47 11.06 3.73 14.40 22.00 <2  348.41 2944 8.17  42.86 333,000 189,000 5,351 T4y o9

3-17 15 184 406.86 11.52 5.43 12.90 22.00 < Z  354.56 29.21 8.71 26.01 107.18
Outlet ey 391.86 11.10 5.43 12.90 22.00 < 2 345.31 29,25 8.43 27.27 334,100 191,500 5,423 45 44

North  369.16 10.45 3.82 14.3% 23.00 <2  381.96 29.2¢ 9.36 43.06 100.17

Inlet  gouth 37150 10.52 3.82 14.39 23.00 <2  354.96 29.37 873 41.8g 35,900 186,300 - 5,274 44 4y

318 16 186 392.69  11.12 5.42 13,00 24.00 < 2 360.06 29.24 8.62 27.12 99.82
Outlet oca  353.25 10.00 5.42 13.00 26.00 <2  357.50 29.18 909  25.60 328,600 187,300 5,319 4, 4

North 349.71  9.90 2.60 14.40 26.00 < 2  380.28 29.29 9.68  41.87 107.21

Tolet o uch  368.75 10.46 3.60 14.40 24.00 <2  361.59 29.37 8.68  43.42 97,300 184,300 3,218 Ty ¢

319 17 154 374.30  10.60 5.30 13.00 26.00 < 2 3112 29.03 10.28 26.75 101.03
Outlet 503 360.58 10.21 5.30 13.00 26.00 <2  365.94 29.24 B.59 26,92 34,500 185,300 5,246 4, 5

North  347.89  9.85 3.80 13.80 22.00 <2 350.96 29.33 8.1 42.13 92.21

Inlet o uth® 368.08 10.42 3.80 13.80 22.00 < 2 342.65 29.39 7.86 42.11 333,100 181,000 5,408 ., 4

3-20 18 154 3%6.20 1009 6.00 12.50 17.00 < 2 338.12 29.29 7.79 24.63 95.09
Gutlet g4 388.52 11.00 6.60 12.50 17.00 < 2 34281 29.2) 8.44 26.91 21,200 186,400 5,334 o5 4y

North 363.46 10.29 3.60 16.20 38.00 < 2 348.64 29.36 8.54 41.65 105. 17

Inlet  goueh  348.60  9.87 3.00 14.20 38.00 < 2 352.00 29.41 8.07 39.63 321,400 185,000 5,239 o .,

3-22 19 186 402,14 11.33 5.30 12.70 IB.00 < 2 340.00 29.19 8.61 26.26 106.10
Outlet 504 401.16  11.36 5.30 12.70 38.00 < 2 330.60 29.24 8.23 26.q1  330.700 195,500 5,537 gy 4y

Noeth  336.53  9.53 6.00 12.60 <2 364.41 29.26 8.16  28.65 103.54

Inlet g utb 330.73 9.3 6.00 12.60 <2 35541 28.69 12.74 2726 221,100 121,500 3,440 g g

.23 20 184 301.61  8.56 9.70 10.00 <2 354.13 28.82 9.7 16.63 110.45
Outlet 5cq 358.98  10.17 9.70 10.00 <2 318.13 29.28 5.87 19.70 226,400 132,800 3,761 4, g6

{continued)



LE

TABLE 14 (con<luded)

Gas compositiona Stack b Isckinetic
Date  Test Sampling Sample volume O COp co THC temperature Molecwlar MHoisture WVelocity Gas flow rate
(1980) no. location bBSCF DSCH % 1 PP ppm °F weight T ft/sec ACFH DSCFH  DSCMM %
3-24 21 OQutlet 1,2, 130.42 3.69 5.4 13.2 < 2 365. 47 29.15 9.53 25.16 160.500 90,170 2. 553 103,72
384
Horth? :
3-25 22 Tolet gouP
Outlet 1,27, 122,79 J.48 5.4 13.2 <2 356.40 2910 9.92 24.58 153,200 87,030 2,464 101.06
354
Morth 326.82 9.26 6.00 1260 <2 380.B0 29.13 9.17 37.23 106 .24
3.26 23 Plet goueh 344,98 9.77 6.00 12.60 <2 382,45 29.16 9.09  37.40 93,100 162,500 4,602 ..,
Outlet 1,2 138.67 3.93 4.80 13,70 < 2 364, 38 29.24 9.26 26.42 164,700 93,240 2,640 106.64

a4

Average values for duration of Lest,

Sum of flow through total inlet and cotal outlet.

Low volume collected due to high leak rate at end. Volume was corrected for leak rate. Test quality fair.
Low volume collected due to freezing of impingers. Test guality was good.

At 250 min, noted nozzle pointed in wrong divection. Switched nozzle from 0.312 to 0,250 in. diameter tip to maintain isokinetic flow.
Test quality was good for gas and fair for particulate,

Switched nozzle from 0.312 to 0.237 in. diameter tip to maintain isokinetic flow.
Due to smow and icy conditions, no sample was obtained.

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

Switched nozzle from 0.250 to 0.310 in. diameter tip to wmaintain isokinetic flow.
Switched nozzle from 0.310 to 0.240 with diameter tip to maintasin isokinetic flow.

Probe found broken at 140 min, no samples retained. Test restacted with a new probe but only one half the duct was traversed due to freezing
conditions. Test quality was fair.

No solutions retained due to backup of H,0, into all impingers. The resin, cyclone and filters were retained. Test quality was fair.
QA test cancelled after 240 min due to leak at one of the probe tips.
Test stopped at 296 min due to continual freezing of the train components. Test quality was fair to poor.

Problems with the Batelle trap freezing and leaks in the Teflon line were sucountered. The filter snd traps were replaced te selve leak problems.
Test quality was fair Lo good.

QM test only. Yo samples were saved l'ecause nozzle was in the wrong direction and the test would 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 1lb/hr) -
Steam pressure (psig) 852 3 853 3
Steam temperature (°F) 892 3 896 5
Feedwater flow rate 263 37 298 51
(1,000 1b/hr)
Feedwater temperature 366 16 377 18
(°F)
Fuel feed rate 1 30.4 3.2 33.1 4
(1,000's 1ibs/hr) 2 30.6 3.4 ) ’
Fuel oil (gal./hr) 10.7 11.2 - -
I1.D. fans amps 45 1 46 2
1.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
Furnace draft (psig) 0.6 - 0.6 0.1
Flue gas temperature (°F)
Boiler exit 667 24 674 31
ESP inlet 323 15 326 18
Ambient temperature (°F) 31 13 39% 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.
0f 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 gquality. 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
oil is used sparingly, and only as an igniter to insure flame continuity dur-
ing soot blowing. The large variations in fuel o0il 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 ontput. However, the
values for steam temperature and pressure remain fairly constant. 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 densitg
Date Test period {1,000 1b/hr) RDF feed period {(1b/£t9)
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 4.7
3/5/80 0900-1820 35.5 1020-finish 5
3/6/80 0840-2140 35.4 0900-finish 4.3
3/7780 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 11060-1135 3.5
3/22/80 0947-1412 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 11201546 33.8 Entire run 3.8
3/26/80 0922-1406 35.1 Start-1330 3.3

a NA = pot 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 & 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 socot 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 CONSUMPTICN AT AMES MUNICIPAL POWER PLANT, UNIT NO. 7

Sluice water

a for bottom
Power production Thermal energy Steam Fuel consumption ) and fly ash Water input
(kwh) (Btu/kwh) production Towa coal Colorado coal ROF 0il Removal to evaporator

Date ETOSE net gross net (1b/kwh) {1bs) (1bs) {1bs) (gal. (pgal.) {gal.)
3/2/80 681,000 623,902 11,186 12,21¢ 9.57 339,988 432,712 0 60 250,000 8,300
3/3/80 709,000 A48 ,682 11,296 12,346 9.59 418,330 342,270 113,000 160 340,000 9,000
3/4/80 761,000 700,072 11,396 12,388 9.53 412,290 351,210 226,800 70 320,000 2,200
31/5/80 759,000 698,461 11,697 12,711 9.73 434.538 370.162 192,375 60 380,000 6,800
3/6/80 740,000 679,358 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 9.64 427,127 318,713 130,800 100 320,000 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
/10780 693,000 635,037 16,955 11,985 9.54 486,980 262,220 81,200 100 386,716 6,300
3711780 739,000 678,629 11,4600 12,458 9.57 334,328 392,472 229,600 270 403,172 5,800
3f12/80 750,000 688,456 11,348 12,362 9.62 408,980 334,620 229,075 290 413,644 3,500
3/13/80 742,000 681,889 11,564 12,562 9.68 432,270 368,230 144,075 50 422,620 9,100
3/14/80 129,000 668,119 11,537 12,588 9.51 412,440 324,060 230,400 90 418,132 o
3/15/80 508,000 457,939 11,434 12,684 9.50 322,648 253,352 22,050 910 335,104 5,700
3/17/80 699,000 639,342 11,110 12,201 9.59 412,335 337,365 97,650 70 396,000 11,100
3/18/80 759,000 696,494 10,855 11,829 9.52 417,010 341,190 154,274 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
3/20/80 753,500 689,205 11,368 12,388 9.56 445.392 379,408 63,700 490 320,000 7,300
3/22/80 706,000 647,644 11,077 12,075 9.55 410,520 335,880 92,000 640 250,000 5,400
3/23/780 426,000 382,263 11,311 12,665 9.49 269,610 220,590 0 200 180,000 16,600
3/24/80 710,000 650,039 10,841 11,841 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
3/26/80 726,000 664,972 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 fuvel.

b This is only a rough measure of RDF weight.



on a daily basis. The total gross and net power production was recorded 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 indi-
cation 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 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 density, taken once every shift. Al-
though rough estimates of the RDF content were made, there was no 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 TOC1L 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 variation in steam production oc-
curred day to day indicating a rather consistent 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. DALLY DATA SIMHARIES FOR FLUE GAS MEASUREMENTS, CHICAGD RORTHWEST INCIKERATOR, BOILER WO, 2

Gas composition Stack b Isokinetic

Date  Test Sampling S%le volume O €0 CO THC temperature Molecular Hoisture Velocity Gas flow Tate

{1980) HNe. location CF DSCH ¥ b 4 Ppm  ppo *F weight * fr/sec ACFM DSCHH DSCHH 1
d

North® 256.84 7.27 1.2 7.6 128 <2 4s59.47 28.26  11.56  20.17 90.82

Inlet oo th® 135.20  3.83 11.2 1.6 172 <2  G4hb.88 28.52 957 21.27 111,400 36,500 1,600 79.24

54 1 North 317.86 9.00 11.3 7.7 156 <2  432.76 .33 1156 36.40 94,61

Qutlet cowth 326.14  9.20 11.3 7.7 156 <2  451.27 2.8 10.87 9. 102,200 51,830 1,468 37.96

North, &408.46 11.57 9.6 10.1 159 <2  459.04 2853 12.26  20.62 96.25

Inlet  couth® 37908 1076 9.6 101 159 <2 4b5.78 28.56  12.03  1B.42 104,300 51,300 1,453 98.32

5-6 2 North 418,43 11.85 10.64 9.5 171 <2  4k2.00 .45 1247 38.21 98 .85

Outlet s ueh® 657.89 12.97 10.4 9.5 171 <2 451.04 29.58 2.95  40.60 106,400 35,310 1,566 93.23

lnlet  North 32636 9.19 9.4 9.8 185 <2 445.55 28.%  13.43  19.90 110,900 54,930 1 sss 9817

South 400.66 11.3% 9.4 9.8 185 <2  431.46 26.36  13.26  21.23 97.71

5-7 3 North 403.32 11.42 0.4 9.7 189 <2  439.04 28.39  12.86  36.70 100.75

Outlet gouth 407.07 11.53 0.4 0.7 189 <2  457.78 28,41 12,75 18.87 102,000 49,780 1,410 96.20

Worth 331.52 9.39 9.9 9.5 142 <2  445.36 857 127 19.34 100.22

Inlet South, 370.83 1050 9.9 9.5 142 <2  460.60 28.50  11.85 19.96 105,600 52,770 1,494 97.28

5-8 4 North! &27.50 12.11 10.4 8.9 169 <2  454.20 2882 .60  38.39 96.59

Outlet couth  457.50 12.96 10.4 8.9 169 <2 464.32 2847 1160 51.69 108,100 54,430 1,341 00,04

Worth® 362.70  9.77 7.9 10.5 61 <2 423.77 8.30 1616 17.71 99. 85

Inlet  couthd 367.81 10.42 7.9 10.5 61 <2  460.80 78.20 4.9 17.7 93,900 45,870 1299 46190

5-9 5 North 371.55 10.52 8.1 10.7 58 <2  &49.64 28.17  15.46 3299 105.57

Outlet coueh 38375 10.87 8.1 10.7 59 <2  437.76 28.26  14.89  32.48 88,400 42,770 L2n 107.99

North 320.56 9.08 8.8 1.3 | <2  452.59 26.37  13.62  18.12 108.82

Inlet South, 347.61 9.8 88 103 1 <2  451.6) 28.34  13.83  17.86 96,530 46,250 L3110 o5 61

5-10 6 North® 367.97 10.42 9.4 9.7 1 <2  468.92 28.50 11.94  35.43 98.61

Outlet o ith 412.06 11.67 9.4 9.7 1 <2  452.28 28.33  13.40  39.50 101,200 49,320 1,397 36.51

Worth 344.B0 9.76 9.8 9.0 1 <2  463.29 28.19 1386  13.12 100.85

Inlet Seuth 37850 10.72 9.8 9.0 1 <2  462.48 28.15 1424 18.51 101.000 48,280 1387 5082

5-11 7 North® 20062 8.49 9.8 9.5 1 <2  462.53 28,37 12.91  38.99 99.20

Outlet  cweth® 459,63 13.02 9.8 9.5 1 <2  447.47 28.30  13.52  38.13 103,900 50,470 1429 46y 23

North 316.55 8.96 8.7 9.7 1 <2  456.24 28.60  12.57  17.58 98.95%

Inlet  oouth 37303 10.56 B.7 9.7 1 <2  468.33 28.38  12.79  19.11 98,830 41,970 1,358 94.93

5-12 g North 376.48 10.66 10.4 9.0 1 <2  442.84 .41 1221 36.73 102.67

Outlel coueh  391.17 11.08 10.4 9.0 1 <2  452.88 2842 12.08 9.7 162,500 50,800 1438 100,42

Worth 308.73 8.7 9.7 0.6 1 <2  465.61 2819 1457 16.42 105.23

Inlet g uth  364.16 0.3t 9.7 9.6 1 <2  46B.65 2819 14.52  17.82 92,240 43,330 L27 e

5-13 9 North 366.28 10.37 9.1 9.8 1 <2  457.1% 28.35 1410 36.85 106.01

Dutlet coveh 38873 11,01 6.1 9.8 1 <2  453.52 28,20 16.54  139.39 102,900 49,060 LW hre2

Worth 338.45  9.59 10.2 9.4 111° <2 465.43 28.29  13.60  18.05 102.87

. Inlet South 376.86 10.67 10.2 9.4 1l <2  458.88 28.27 13.75 17.67 95,870 46,760 1,324 102.67
-15 10 Herth® 377446 10.6% 9.6 9.7 98 <2 459.56 28.88 B.89 3547 0.

Outlet Souh 396.28 11.22 9.6 9.7 98 <2  463.68 28.24  14.22  38.49 99,850 49,819 DAY 106,30

{continued}
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TABLE 19 (continued)

Gas co_@osition" Stack B Isokinetic
Date  Test Saepling Sample volume Of €0 €0 THC temperature Molecular Moisture Velocity Gas _[low rate
{1980) No. location DSCF [ITe; ] % b PP PR °F weight % ftfzec ACHH DSCEM DSCHH %
Noerth 353.83 10.02 1.1 8.5 88% <2 465 .32 28.49 11.15 18.79 101.23
Talet  South 357.30 10.12 1.1 R5 88 <2  467.67 .62 11.69 1822 99,300 49,200 1,395 93.06
5-16 11 North 404.61 11.46 11.8 7.9 88 < 2 455.72 28.35 11.19 38.83 104.09
Gutlet couth 416.58 11.80 1.8 7.9 98 <2  460.24 38 1159 40.8) 117,500 38,310 165 0162
p North  324.92 9.20 10.3 10.0 B0 <2 474.80 28.27 13.47 17.25 97.56
s-17 12 ™Y ok 331,75 9.40 10.3 10.0 B0 <2  475.00 28.37  13.70  16.85 91,430 43,540 1233 yp2.20
outlet? 218.81 6.20 10.7 9.0 B8& <2 451.00 28.14 146.38 39.27 106,000 51,350 1,454 103.01
North
s-18 13 T0let goieh q
Outlet 29.36 6.20 10.7 9.2 102 ¢ 463.00 28.25 13.91 44.37 119,800 57,360 1,624 92.45
Horth
5-19 16 Iolet gouch 9
Outlet 240,61 6.8) 12.7 7.2 304 r 465.60 28.36 11.65 44.51 120,200 59,140 1,675 98.36
a Average during test period.
b Sum of the North and South train messurements.
¢ Test was run for 150 min. Test was discontinued because of unsuccessful leak checks after filter replacement.
d High due to excessive instrument drift.
e Test ran for only 193 min due to plant sbut down because of a boiler leak.
F Ouly 21 of the required 24 points were traversed.
g Test quality was poor due to crack in the probe.
h Low moisture obtsiued because of cracked probe.

-

Sampling time increased from 20 to 25 mian per point after 180 min, Test quality was good.

j Samwpling time increased from 20 to 25 min per point after 267 min. Test quality was good.

k Test was halted one point from completion due to stormy water. Test quality was good.

! Analyzer takenm off line (gee d).

m Due Lo excessive leak rate in the north tescer, 60% of the sample was collected with the south tracer, 40% with the north.

n Probe was found with s cracked tip. Based oo 8.9% moisture versus 12% moisture for the other tests, it was determined that only the last 10 points
were traversed with the broken probe. Test quality was fair.

o Results &t 10X due to drift.

p Inlet QA test, outlet ist day cadwium test.

q Inlet sample not required for cadmium test,

r THC data not required for cadmium test.



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 Hp0) 2.6 0.2 2.5 0.3
F.D. fans pressure (inches H,0) 14.1 0.4 14.1 0.6
Furnace draft (inches H,0) 0.23 0.06 0.22 0.8
Furnace temperature (°F) 1,160 42 1,198 67

a 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 barometric 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
number 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 operations
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 demsity 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/yd®) 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 4,4
Average weight per 2,171 3,240 2,812 3,700
charge (lbs)
Total weight (tons) 7,212 9,250 8,367 8,720
Total volume (cu yd) 28,562 36,634 33,138 34,535
Resgidue
Fine ash fraction (tons) 2,511 2,500 1,815 2,904
Fine ash fraction (cu yd) 3,100 3,086 2,240 3,585
Metal fraction (tons) 949 150 1,514 629
Metal fraction (cu yd) 5,423 4,286 18,651 3,594
Total ash (tons) 3,460 3,250 3,329 3,533
Total ash (cu vd) 8,523 7,372 10,891 7,179
Volume reduction thru 709 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 5=-5, 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, 1ist 100 5-20, 1ist 104
2nd 94 2nd 68 2nd 100 2nd 118
3rd 101 3rd 112 3rd 60 3rd 110
4-30, 1st 90 5-1, Ist 99 5-14, 1st - 5-21, 1st 100
Znd 94 2nd B4 2nd - 2nd 106
3rd 101 3xd 100 3rd 96 3rd 90
5-1, 1st 94 5-8, 1st 81 5-15, 1st 104 5=-22, lst 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
3xd 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 3xrd 114 3rd 94
5-~4, 1st 97 5-11, 1st 102 5-18, 1st 108 5=25, lst 101
2nd 96 2nd 101 2nd 104 2nd 105
3rd 12 3rd 105 3rd 118 3rd 107
5=5, 1st - 5-12, 1st 103 5=-19, 1st 105 5-26, lst 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 expect
the density in the pit to be reasonably constant. The plant personnel indi-
cated that the typical refuse density was 505 lb/cu yd. Therefore, this
value can be used as an assumed demsity, and the pit estimates used in the
equation:

Volume of refuse in pit = pit estimate (% of totallzglume) X total pit volume

total pit volume = 9,700 cu yd

Weight of refuse in pit = volume of refuse in pit X refuse density in pit

assumed refuse density = 505 1b/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
Average weight per charge = total number of charges

weight of refuse incinerated
assumed refuse density

Volume of refuse incinerated =

The amountg 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 densities:

Density of fine ash fraction = 1,620 lb/cu yd (960 kg/m3)
Density of metal fraction = 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 incineration 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 analytes 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 determinations 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, ccal, 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 analyses. Hence, TOCl assays
were completed on only six coal extracts. Organic chlorine was not detected
by the TOC1l 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-naphthalene (typically 50-80%) were generally lower than for
dyp=-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 addition 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 dy2-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
7 3-8 19.40 7,110 367 43 60
8 3-9 17.87 7,350 411 4h, 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 dys-Chrysene
Test day Date (dscm) (ng) (ng/dscm) R¢)) (%)
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 55
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TABLE 24. TOCI RESULTS AND SURROGATE RECOVERIES FOR THE AMES FLUE GAS OUTLET SAMPLES

TOC1 Surrogate recovery
Sample volume Mass Conc. dg-Naphthalene dy2-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 78
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. TOC1 RESULTS AND SURROGATE RECOVERIES FOR AMES
PLANT BACKGROUND AIR PARTICULATE SAMPLES

Surrogate Recovery

Volume?  TOCL TOC1 dg-Naphthalene d12-Chrysene
Test Day Date (m?) (ng) (ng/m3) % (%)
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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TABLE 26. TOCl RESULTS AND SURROGATE RECOVERIES
FOR AMES ESP ASH SAMPLES

Surrogate recovery

Hoppgr TOC1 dg-Naphthalene d;;-Chrysene
Test day Date Time code (ng/g) (%) (%)
0 3-1 0300 B
0430 A
0830 B
1230 A 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 B 4.1 57 84
0830 A
1230 A } 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 é5
0830 A 1.1 71 110
1230 B 10.6 61 78
1630 B 5.4 70 69
2030 B 8.0 71 a0
4 3-5 0030 A
0430 B } 2.7 52 98
0830 B
1230 B } 8.5 54 90
1630 B
2030 B } 4.4 54 71
5 3-6 0030 A
0430 B } 3.4 1 100
0830 B
1230 B } 2.5 5 83
(continued)
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TABLE 26 (continued)

Surrogate recovery

Hopper TOC1 dg-Naphthalene dj,-Chrysene
Test day Date Time code (ng/g) (%) (%)
S 3-6 1630 B
2030 A } 2.2 28 100
& 3-7 0030 A
ooa A } 2.4 0 90
0830 A
1230 " } 3.0 60 98
1630 B
2030 B } 4.0 65 89
7 2330 B
3-8 0330 B } 210 2 90
0730 A
1130 A } 3.7 41 100
1530 B
1930 A } 5.2 5% 99
8 2330 A 8.1 47 53
3-9 0330 A 2.5 53 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
1930 A } 2.1 35 110
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)

Test day

Date

TOC1
(ng/g)

Surrogate recovery

dg-Naphthalene
(%)

di,-Chrysene
(%)

11

12

13

22

3-12

3-13

3-14

3-25

2330
0330
0730
1130
1530
1915

2330
0330

6730
1130

1530
1930

2330
0330

0730
1130

1530
1930

0001
0400
0800
1200
1600
2000

W B> mw B

= me e o

Sy’ A e g mmomert e Ny, ma

3.2

2.6

2.1

4.4

2.6

1.7

30

38

69

71

130

60

103

100

130

120

i20

130
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TABLE 27.

TOC1 RESULTS AND SURROGATE RECOVERIES
FOR AMES BOTTOM ASH SAMPLES

Surrogate

recovery

Sectgr TOC1 dg-Naphthalene d,;-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 b 9.0 31 31
0530 E 13.0 42 17
0930 C 0.6 57 67
1300 C 3.3 85 85
17306 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 37 84
2130 E 52.5 47 95
4 3-5 0130 D
0530 C } 72.0 67 50
0936 D
Taae > } 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)
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TABLE 27 (continued)

Surrogate recovery
Sector TOC1 dg-Naphthalene d;;-Chrysene
Test day Date Time code {ng/g) (%) (%)
5 3-6 1730 C
2130 E } 11.6 55 90
6 3-7 0130 C
0530 A } 51.0 39 Bl
0930 E
1300 F } 34.0 19 83
1730 c }
2130 F 81.0 gt 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 ¥ 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 B6 97
0430 A 38.6 53 87
0830 A 136 77 160
1230 b B85.5 44 130
1630 D g97.0 79 130
2030 A 316 66 120
{(continued)
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TABLE 27 (concluded)

Test day

Date

Time

Sector

a
code

TOC1
(ng/g)

Surrngate recovery

dg-Naphthalene
(%)

di2-Chrysene

(%)

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

O oo B 1= o EEPCOO

o >

b B~ I -

57.0

32.3

15.8

64.5

14.8

61

62

54

59

59

51

62

68

120

100

110

100

80

96

110

10

a The accessible portion of the hopper was divided into six sectors whicﬁ
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
stregm TOC1 dg-Naphthalene d;;-Chrysene
Test day  Date  Time  code (ng/g) % (%)
0 3-1 0225 B
0630 D
1430 A
2 3-3 1430 c 10,800 58 80
1830 B
2230 B } 29,500 54 160
3 34 0230 A 5,500 45 82
0630 A 370 15 120
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
1030 D
1440 D } 5,100 76 150
1830 b }
2250 c 5,000 71 120
5 3-6 0230 B }
0630 B 9,500 80 140
1030 A
yess o } 13,300 62 110
1830 c
2230 5 } 1,900 55 110
6 3-7 0230 A 4,250 77 100
1430 B 18,500 50 110
1830 B
2530 ; } 7,050 63 170
(continued)
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TABLE 29 (continued)

Food Surrogate recovery
stregn TOC1 dg-Naphthalene djs-Chrysene
Test day Date Time code (rng/g) (%) (%)
7 3-8 0130 B 22,000 88 98
0930 D
0930 D } 4,300 68 110
1730 1]
e 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 1] 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 93
13 3-14 0130 B }
0530 c 16,500 77 150
0930 B
9930 B } 4,300 57 84
1730 A
1% : } 46,300 84 98
(continued)
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TABLE 29 (concluded)

Food Surrogate recovery
stregn TOC1 dg-Naphthalene djo-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. TOCl1 RESULTS AND SURROGATE RECOVERIES FOR AMES
BOTTOM ASH HOPPER QUENCH WATER INFLUENT SAMPLES

Surrogate recovery

TOC1 dg-Naphthalene dy2-Chrysene

Test day Date Time (ng/2) (%) (%)
1 3-2 2600 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.

TOC1 RESULTS AND SURROGATE RECOVERIES FOR AMES BOTTOM ASH HOPPER
QUENCH OVERFLOW WATER SAMPLES

Surrogate recovery

TOC1 dg~Naphthalene dys-Chrysene
Test day Date Time (ng/1) (%) %)

0 3-1 0100

0500

0900 a,b

1300 90 ND 72

1700

2100
1 3-2 0100 698 47 80

0500 656 25 82

0900 680 by 120

1300 494 ND 56

1700 626 35 97

2100 528 28 92
2 3-3 0100 b

0900

o0 } 524 50 89

1700

2100 } 706 64 76
3 3-4 0100 1,180 30 564

0500 488 57 66

0900 558 51 50

1255 274 37, 22

1700 294 ND 78

2100 678 28 96
4 3<5 0100

0500 } 825 37 98

0900

oy } 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 da-Naphthalene dy2-Chrysene
Test day Date Time (ng/1) (%) (%)
5 3-6 1700
2100 } 947 87 100
6 3-7 0100
0500 } 819 2 80
0900 }
1300 866 80 55
1700
2100 } 852 81 98
7 3-8 2400
2400 } 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 26, 140
2000 496 ND, 130
2400 376 ND 120
3-10 0400 776°¢ 0 85
0800
e } 605 80 120
1600
2000 } 795 46 100
2400 776°¢ 0 85
3-11 0400 870 ¢
0800 806 130 120
1200 778 110 120
1600 864 90 86
2000 880 17 88
2400 728 57 83
(continued)

69



TABLE 31 (concluded)

Test day Date

Time

TOC1
(ng/1)

Surrogate recovery

dg-Naphthalene

(%)

dy2~Chrysene
(%)

8 3-12

3-13

3-14

3-25

0400
0800
1200
1600
2000
2500

0400
0800

1200
1600

2000
2400

0400
0800

1200
1600

2000

0030
0430
0830
1230
1630
2030

- , - , R— o o e, S

i
i

603

892

916

613

458

170

1,060

638

44

34

42

42

36

81

84

57

78

97

Bo

110

a ND = not detected.
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Extract was inadvertently evaporated to dryness.

This sample was not spiked with the surrogate compounds.

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

This extract was lost prior to analysis for surrogate recoveries.
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TABLE 32. TOCl RESULTS AND SURROGATE RECOVERIES
FOR AMES UNTREATED WELL WATER

Surrogate recovery

TOC1 dg-Naphthalene dip-Chrysene
Test day Date Time (ng/2) ), (%)
0 3-1 0200 33 »® 68
5 3-6 2200 65 65 99
23 3-26 1615 62 66 97

a Extract was inadvertently evaporated to dryness.
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TABLE 33. COMPOUNDS (UANTETATED IN SAMPLES FROM THE AMES MUNICIPAL POWER PLANT, UNIT NO. 7
Concentration
Bottom Bottom
Plant ash hoppec ash hopper
Refuse-derived background Flue gas Flue gas Bottom  quench water quench water Well a
Composite Coal foel air intet ontlet ESP ash ash overflow overflov vater
Compound day (ng/x) (ng/e) {ag/dzcm) {ng/dscm)  (ng/dscm)  (es/g)  (ng/g) (wg/2) {ue/t) (/L)
Target PAR compounds
Phenanthrene 1 7,550 0.29 270 390 0.3 32
2 9,090 1,400 0.6 420 320 250
3 14,400 940 0.8 660 320 ¢.2 140
4 8,500 948 0.8 640 k1 0.2 43
3 18,600 B28 0.32 200 480 0.2 500
Anthracene 1 1,570 59 49
2 1,840 296 0.17 57 bid
3 1,260 0.16 77 78 2%
& 2,120 9.19 89 &6
5 &, 110 100 " 130
Fluoranthene 1 1,1% 0.3 0 & 10
2 1,640 984 8.7 240 40 52
3 3,320 271 0.7 L4 7 kL
& 900 306 1.0 87 28
5 1,210 198 0.5 9% 130 450
Pyrene 1 1,350 0.36 220 1o 9.0
2 1,960 552 0.7 850 9% 64
3 3,810 436 0.7 480 250 9
[} 1,070 282 1.1 130 66 6.0
S 4,040 n2 0.5 0 330 420
Chrysene 1 ar .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 .38 2.8 2.7 170
Benzolslpyrene 1 0.07 21 §]
2 0.17 64
3 g.11 120
[ 0.09 19 8
5 &.07 63
Indeno[1,2,3-c,dlpyrene 1
2
3
& 0.02
5

{continved)
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TABLE 33 (continued)

Concentralion
Bottom Bottom
Plant ash hopper ash hopper
Refuse-derived background Flue gas Flve gas Bottom  quench water  quench water Well
Composite Coal fuel air inlet out let ESP ash ash overflow overflow water
Compound day (ng/g) {ng/g) {ng/dscm) {ng/dscm} (ng/dscm)  (ng/g) (ng/g) (wg/2) (vg/t) (bg/t)
Benzolg.b,ijperylene ! b ]
2
3 22
4 D.0% 4.6
5
Additional compounds identified
i l:hlcrmlmnzene-b 1 3.3 0.07
2 1,300 25 24
3 1,200 7 0.07
& 520 S
5 430 25
1,2,4-Trichlocobenzene 1
4 0.02 29
3 0.01 180 110
A
5 69 BS
Rexachlorobutadiene H
2
3 0.02 103
4
5
Tetrazchlorobenzene 1
2
3
[
5
Pentachlorophenol 1 0.07
2 1,300
3 24
[
5 690

{continued)
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TABLE 311 (continved)

Concentration
Batitom Bottom
Plant ash hopper ash hopper
Refuse-derived background Flue gas Flue gas Bottom quench water quench water Well
Composite Coal fuel abr inlet outlet ESP azh ash overflow overflow water
Compound day (ne/g) (ng/e) (ng/dscm) (rgfdscm)  (ng/dzce) (ng/g)}  (ng/g) (re/E) (ve/2) (ug/t)
Pbenol 1 10,000 1.3 4,700 6,400 220 980 o.06
2 12,000 L% 4,000 7,700 1,600
3 2,800 0.2 13,000 3,000 1,800 9.06
& 23,000 1.5 5,100 6,000 190 360
5 29,000 1.8 9,500 6,200 80 730
2,4-Dimethylphenol 1 1,000
2 1,200 27
3 1,300
& 8
5 2,100
Haphthalene I 1,400 0.28 1o 650 0.17 15 0.02
2 1,100 36,000 0.22 1,000 550 260
3 1,800 2,200 0.32 620 t 3] 110
[ 1,800 1,500 0.28 1,800 300 29
$ 2,700 1,500 0.1 740 50 0.18
Flworene 1 3,500 0.5
2 3,100 500 0.22
k) $,600 450 0.32 120 14
4 3,300 380 0.28
3 7,000 120 0.13
Benz(a}snthracene 1 0.14
2 0.46
3 0.53 7.2
& 0.53
3 0.38
Beazofluoranthrene 1 261 0.42 6.5 0.03 0.02
2 470 b.67 9.9 2.7
3 960 0.63 12
4 260 0.65 6.9
3 1,200 0.51 17
Benzo|elpyrene |
2
K 29
[
5

{continued)
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TABLE 33 (continued)

Concenteation
Bottom Bottom
Plant ash hopper ash hopper
Refuze-derived background Flue gas Flue gas Potiom quench water  quench water Well
Composite Coal fuel ir inlet outlet ESP ash ash overflow overflow water
Compound day {ng/g) (og/g) (ng/dscm) {ng/dscm}  {ng/dscm) (ng/g)  (ng/g) (pe/e) (ne/2} (ng/R)
Acenaphthene 1 650 0.07 0.7
2 970 1,200
3 1,600 1.0
4 1,400
5 1,500
Acenaphihylene 1 220 120
2 240 20 5
k) 560 24 14
& 400 100
S 450 i3
Trichlorobenzene’ 1 36
2 17
3 24
&
5
2,4%-Dichlorophencl 1 0.04
2
3
[
5
g-Chloro-m~cresol 1
2
3
&
5
Dimethylphthalate 1 ¢.30 3.0
2
k|
[
5 730 0.20
Diethylphthalate 1
2 9,100 11
3 250 0.5 37
4 1,400 2.0 16
5 1,000

(cont ihued)
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TABIE 33 (concluded)

Concentration
Bottom Bottom
Plant ash hopper ash hopper
Refuse~derived backgeound Flue gas Flue gas Bottom quench water quench water Well
Composite Coal fuel air inlet outlet ESP agh ash overflow overflow vater
Compound day (ng/g) (ng/g) (ng/dzcm) (ng/dscw} (ng/dsem) (ug/g)  (ng/g) (ue/?) (pe/2) (pg/2)

Di-p-butylphthalate t 15 4.0

2 18,000 3.0 42

3 14,000 12

4 6,400 4.0 35

5 14,000 110
Butylbenzyiphthalste 1 6.0 32

2

3 51

4 49,000 6.0

5 22,000
Biz(2-ethylhexyl)phthalate 1 3.0 980

2 350,000 2.0 1,200

3 44,000 480

4 35,000 8.0 210

5 22,000

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

b Specific isomer 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
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 detectien
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 ug/g, while the cadmium concen-
tration in bottom ash samples varied from approximately 0.5 to 4 pug/g. The
concentration of cadmium in the coal samples was generally less than 1 pg/g
while values of 1 to 5 yg/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 pg/dscm.
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TABLE 35. CADMIUM RESULTS FOR AMES - ESP ASH SAMPLES

Hoppgr Cadmium

Test day Date Time code (ug/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 3.26

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 9.70

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 C Q.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

3724 2100 A 1.34

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

3/25 0300 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 ¢ 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 streanm 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 ¢.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 sempled according to a randomized selection scheme.
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TABLE 38. CADMIUM RESULTS FOR AMES - REFUSE-DERIVED FUEL SAMPLES

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 3715 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 38.

CADMIUM RESULTS FOR AMES - FLUE GAS
OUTLET PARTICULATES

Cadmium
Volume Mass Concentration
Test day Date (dscm) (pg) (pg/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
blarks, 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 djs-chrysene re-
coveries (typically 30-60%). Although a portion of the apparent losses may
be attributed to difficult sample matrices, the cause of consistently 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
TOC1 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. In 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 threugh
the extract cleanup were 60 and 25%, respectively. Although a number 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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TAME 40. TOC1 RESULTS AND SURROGATE RECOVERIES FOR CHICAGO MW FLUE GAS SAMPLES

Surrogate recovery

ToCL dg-Haphthalene d,2-Chrysene
Volume Hasz {ng) Total conc. (%) X
Test day Date (dscm) Resin Particulates (ng/dscm) Resin Particulaten Resin Particulates

Flue Gas Inlet

1 5-4 11. 1 17,500 14,400 2,800 k1) k] 67 62
2 5-6 22.31 33,900 52,200 3,860 80 20 140 58
3 5-7 20.53 12,300 26,700 1,900 49 &1 %0 45
& 5-8 1%.89 13,900 21,390 1,170 F1 62 110 1o
5 5-9 20.19 22,600 19,700 2,09 k1] 54 100 [
6 5-10 18.92 10,100 23,90 1,830 ] 27 9% 56
7 5-11 20.48 11,900 10,900 1,110 17 16 58 68
8 5-12 19.52 11,700 36,300 2,670 k1 13 39 25
9 5-13 19.05 11,000 30,400 2,170 22 46 10 41
10 5-15% 20.26 12,100 17,400 . 1,660 25 27 67 77
11 5-1% 20.22 33,200 22,500 2,153 92 13 140 29
Flwe Gas Outlet
1 S-4 i8.20 16,800 3,460 1,100 } 40 58 4
2 5-6 24.82 69,100 8,780 3,180 L] 19 58 40
$ 5-7 2.9 32,100 1.720 1,760 0 52 1] 130
4 5-8 25.07 309,000 28,600 13,500 16 19 [} 23
5 5-9 21.39 32,200 12,000 2,070 5 48 5 120
& 5-10 2.0% 63,200 9,940 3,0 k- ] 27 7 50
1 5-11 21.51 47,900 6,750 2,540 (1} 17 99 &40
| 5-12 2).74 33,400 24,000 2,920 [ k'3 54 70
9 5~13 21.18 19,100 7,070 1,230 6k 24 120 68
10 5~1% 21.9 44,500 5,940 2,300 6k 28 80 66
n 5-16 23.26 30,600 4,060 1,490 18 13 82 36




TABLE 41.

TOC1 RESULTS AND SURROGATE RECCVERIES FOR
CHICAGO NW PLANT BACKGROUND AIR SAMPLES

Surrogate recovery

Volume?  TOCL TOC1 dg-Naphthalene djp-Chrysene

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

5~19 320 590 1. 2 66

a Calculated from the sampling time and the flowmeter reading on the Hi~

Vol sampler.
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TABLE 42. TOC1 RESULTS AND SURROGATE RECOVERIES FOR
CHICAGC NW ESP ASH SAMPLES

Surrogate Recovery

TOC1 dg-Naphthalene dy2-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 54 0200
o200 } 59 8 35
1000
1900 } 62 28 52
2 5-6 1400 62 8 24
1800
1800 } 76 7 39
3 5«7 0200
0200 } 192 58 97
1000 }
2400 49 20 15
1800 }
2900 95 0 0
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 44 3
5 5~9 0200 130 40 28
0600 340 56 14
1000 41 44 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 dyz~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 54 30 38

2000
512 0000 3 13 0

8 0400 }

1200
1o } 43 36 21

2000
5-13 0000 } 38 30 32

9 0400
0800 } 65 40 35

1200
1600 } 150 30 30
5-14 1600 76 26 26

2000
P } 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

ToC1 dg-Naphthalene dy2=-Chrysene
Test Day Date Time (ng/g) (%) (%)
5-16 0000 137 22 14
11 0400 211 24 49
0800 18 39 59
1200 173 S0 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. TOC1 RESULTS AND SURROGATE RECOVERIES FOR
CHICAGO NW COMBINED BOTTOM ASH SAMPLES

Surrogate Recovery

Sectgr TOCY dg-Naphthalene d;s=-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
11G0 E <1 18 23
1500 A <1 31 20
1900 <1 56 21
2300 B <1 52 25
1 5-4 0300 A }

6700 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 0360 A
6700 E } <1 0 26

1100 B
1100 8 } 6 38 58

1900 D
2300 B } 3 46 52
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
5 5=-9 0300 B 1 11 5
0700 c 76 75 9
1100 D S 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;5-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 c <1 41 8
1700 E <1 34 11
2100 E 49 33 12
7 5-11 0100 E }

0500 E 6 43 34

0900 E
1300 b } <1 31 25

1700 B
2100 C } <1 36 36

8 5-12 0100 E
0500 B } <1 8 13

0900 A
1300 B } 28 17 25

1700 B
2100 E } 18 37 26

9 5-13 0100 D
o100 > } 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 c
1300 C } 2 3 7

{continued)
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TABLE 43 (concluded)

Surrogate Recovery

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

o c } <1 21 5

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

0900 C <1 50 7

1300 E <1 44 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) (%) 1¢3]
L] 5-3 0100 A 1,780 15 15
0515 B 9,940 12 12
0900 B 961 12 L)
1300 B 62 5 5
1700 A 778 28 18
2100 B 12,300 15 15
1 5=4 0100 A
0500 B 221 i} 0
0900 A <1 0 0
3 5-7 0900 A
1300 B 14 0 0
1700 A
2100 B 1,350 0 L]
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
2100 B 567 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 TOCL 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 0
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 } <1 0 0
1100 B }
1500 A <1 0 0

(continued)
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TABLE 44 (concluded)

Surrogate recovery

Sector TOC1 dg~Naphthalene dyo-Chrysene
Test day Date Time code (ng/g) [¢)) %)
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

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



TABLE 45, TOC1 RESULTS AND SURROGATE RECOVERIES
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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TABLE 46. COMPOUNDS QUANTITATED IN SAHPLES FROM THE CHICAGO NW _INCINERATOR, UNIT NO. 2

Plant backbround

air pacticulates Flue gas inlet Flue gas outlet Combined ash ESP Azh
Componite concentration conceatration concentration concentration contentration
Compound day (ng/dscm) {ng/dscm) (ng/dsca) (ng/g) (og/a)
Target PAH Compounds
Phenanthrens 1 120 200
2 32 11¢
3 28 340
Fluaranthene t 1.6 no 39 17
2 27 27
3 Q.28 18 s 9.4
Fyrene 1 0.82 300 92 12
2 150 91
3 0.18 57 17 7.8
Mdditional Compounds Ideadified
1.3-Dichlorobenzene 1 130
2 130
3 18
1,4-Dicklorobenzene 1 9%
2 98
3 14
1,2~Dicklorobenzene 1 140
2 120
3 20
1,2,3-Trichlorobenzene 1 140 48
2 .} 57
3 n 150
1,2,4-Trichlorobenzene 1 550 00
2 k1.0 220
a 160 560
1,3,5-Trichlorobenzene 1 490 190
2 280 180
3 120 460
Tetrachlorobenzene™ 1 1,400 790
2 1,000 630
3 1,400

{continued)



TABLE 46 {concluded)

Plant backbround

Lé

sir particulates Flue gas inlet Flue gas outlet Combined azh ESP Ash
Composite copcentration concentration concentration concentration concentration
Compound day (ng/dscm) {ng/dscm) (ng/dscm) {ng/x) (ng/g)
Rexachlorebenzene 1 100 1
2 39 2.3
k) 12 260
Pichiorophenol” 1 560 240
2 240 280
3 190 630
Trichlorophenot™ 1 2,100 1,400
2 9710 1,200
3 600 1,900
Yetrachloropbenol® 1 2,200 1,500
2 1,100 1,100
3 600 1,700
Pentachlorophenol 1 t30 190
2 160
3 64 &30 8)
Dibenzofuran 1 86 100
] 28 67
3 21 140
Dimethylphthalate 1
2 4.8
3 50
Diethyiphthalate 1
2
3
Bi-n-butylphthalate 1 15
1 6.1
k] iz
Butylbenzylpbthalate 1
2
1
Big(2-ethylhexyl)phthalate 1 130 170
2 47 230
3 3 39

Specific isomer not determined.



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

Composite Sum of compounds
Sample type day TOCl assay identified
Flue gas inlet 1 130 mg/hr 200 mg/hr
2 88 mg/hr 110 mg/hr
3 67 mg/hx 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

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
5.D. 2.1
Total trichlorodibenzofurans
Day 1 350
2 280
3 270
Mean 300
5.0, L4
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
5.D. 6.0
Total hexachlorodibenzo~p-dioxins
Day 1 14
2 21
3 14
Mean 16
8.D. 4.0

(continued)
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TABLE 49 (concluded)

Concentrations
(ng/dscm)
Total hexachlorodibenzofurans
Day 1 43
2 B4
3 59
Mean 62
S.D. 21
Total heptachlorodibenzo-p-dioxins
Day 1 7.2
2 7.8
3 7.1
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
5.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
5.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 5! to 53. The fly ash
samples contained the highest concentrations of cadmium, ranging from 86 to
560 pg/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 (pg/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 waterb 97 = 9

a Spiked with 10 ug 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 (bg/g) @°
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 B.0O
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 waterb 93 & 6°

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 six determinations.
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TABLE 53.

CADMIUM CORCENTRATIONS IN REFUSE FROM CHICAGO

NORTHWEST INCINERATOR

Spike
Cadmium recovery
Test day Date Time (Mg/g) (%)
8 5/12 2300 1.45
5/13 0300 .50, 1.25
5/13 0700 0.85
5/13 1100 .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 1160 0.85 106
5/15 1500 < 0,12
5/15 1700 0.20
5/15 23060 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 5717 0000 1.10
5/17 0400 0.68
5717 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 94
5/18 1600 1.04, 0.94
5/18 2000 0.55
14 5/19 HHI] 1.25
5/19 0400 9.85, 8.44
5/19 0800 0.79
5/18 1200 8.13
Spiked distilled water’ 78 + 22°

a

Spiked with 10 g total cadmium.

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

Cc

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) (ug) (pg/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 chryseme. 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 extraction
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 dilutiom such that the concentrations of the

surrogate compounds in the diluted extracts were near the analytical 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 compariscen 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 generally
comparable.
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TABLE 55. SUMMARY OF SURROGATE RECOVERY DATA

Surrogate recovery
dg Naphthalene dy;-Chrysene

Plant Sample type Determinations (%) (%)
Ames Flue gas outlet 11 47 £ 12 86 * 12
Flue gas inlet 22 57 * 24 73 £ 19
Plant background air 21 48 £ 23 98 + 22
particulates
ESP ash 51 44 * 25 9 * 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 * 17 110 £ 18
guench water influent
Bottom ash hopper 50 42 t 32 88 + 25
quench water overflow
Well water 3 44 * 38 88 + 17
Chicage Flue gas outlet? 11 (resin) 26 + 23 61 + 37
11 (filter) 2% + 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 g+ 13 10 t 21
Tap water 4 24 * 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 SwRI 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 ocutlet (5/11) resin 47,900 31,400
Ames bottom ash (3/7, 0130 + 0530)b 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)° 443 18,100
Ames RDF (3/4, 0230) 78,800 109,000
Ames RDF (3/3, 1430) 181,000 215,000
Synthetic Extract Id 7,300 11,300
II 10,700 10,900
111 7,600 13,800

v 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.
plants was divided into 20-g aliquots.

Mixed fly ash from the Ames and Chicago
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.
atory.

surrogate recoveries,
by both laboratories.

Four pairs of duplicate fly ash aliquots were submitted to each labor-

The results of these analyses are shown in Table 57 along with the

decachlorobiphenyl in one sample by SwRI.
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TABLE 57.

INTERLABORATORY COMPARISON OF ANALYTICAL RESULTS FOR THE EXTRACTION AND ANALYSIS
OF SPECIFIC COMPOUNDS IN FOUR SETS OF QUALITY ASSURANCE SAMPLES

1 Il 111 v

Spike Concentration® Spike (2muzent‘|'at_itnna Spike Concentration Spike Conceatration -

level n level n level n level (n _
Compound (ng/g) GBRI SwRl  (ng/g)  GSRI Swll (ng/g) GSRT SwRI (ng/g) GSRI SWRI
1,2-Dichlorcbenzene 0 m° HD 585 90, 125 952, 1,130 2,930 940, 430 7,620, 6,200 4,390 00, 1,10 20,200, 4,410
1,2,4-Trichlorobenzene 0 11 HD 860 100, 170 1,170, 1,220 4,200 1,660, 865 11,700, 10,200 2,800 120, 855 7,660, 8,420
Hexachlorobenzene ] Ll D 550 45, 65 295, 130 2,150 90, 365 1,636, 1,680 215 85, 75 170, 103
2,4,6-Trichlorophenol 0 ¥D D 2,850 Nb, 45 1,040, 748 510 15, ND 13, 112 4,280 355, B40 3,690, 2,040
Pentachlorophenol +] WD 1] 2,680 ND, WD tr.c tr 535 WD, ND ty, tr 4,020 HD, ND tr, tr
Decachlorobiphenyl 1] ¥D RO 490 425, 970 te, tr 1,230 6,050, 2,890 403, 566 2,450 8,650, 6,800 2,460, 1,280

Suryogate Compound Recovery (%}

Naphthalene-dy 3,2 8s, 88 25, &0 89, 88 59,30 98, 84 34, &2 101, 89
Chrysene-d,y 49, 23 713, &% 41, 40 a8, 76 50, 38 B, N 45, 45 181, 103

a Concentration values reported tor two identical samples prepared by HRQ.

b KD

not detected.

¢ tr Lrace.



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 g.4
4 Total tetrachlorodibenzo-p-dioxin 500 1,200
5 Total tetrachlerodibenzo-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 TOC1 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 conservative 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 TOC1
emissions, 83%. Bottom ash and fly ash contributed only 11 and 5%, respec-
tively, of the total emissions.

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 present in other inputs and emis-
sions media at concentrations below the limit of detection of scanning HRGC/MS.

A summary of the cadminm 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 TOC1l 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 B3% for Ames power plant,
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TABLE 39. TOTAL ORGANIC CHLORINE [NFUTS AND EMISSIONS - ANES MUNICIPAL FIMER PLANT, UNIT Nn. ¥

Inputs . Esiszions
Coal _Befuse-derived fus] Total Bottow ash - __ESP ash Flue gas® Totsl Percent of
ROF Tocr  Tecl LT ﬁil‘ roc1 u.u ~T¥ACL ToC1 Rass Tocl FOCT s Tocl T0C1 TOU] emizzioas
Losd feed  Feed conc.  dmput  Feed t e . come. emiswions flow conc. emissions emissioms  copt.  emissious emimsions Flue
Date (¥} (%) {xg/br)  {ng/g) (ma/hr) (kafbe) (ngfg) | (5[ ! t_-g_/lnr) !‘;‘hr) (ng/g} _ {mg/te) (hg/he)  (ngfg) (mpfhr)  (dscw/br)  (ngfdscm)  {ag/he)  (sg/br) 84 FA  gak
arz .1 0 14,600 5 T3 0 100 5.5 0.55% 1,200 .7 5.6 309, 200 156 482 54.4 1 w8
33 8% 11 14,400 5 72 2,130 20,100 42,900 43,000 350 14 &3 1,200 2.5 3.0 2,800, 1,210 92 438 10 1w
A W1 14,00 5 12 4,200 9,300 19,900 40,000 550 97 53 1,200 6.5 7. 226,000° 166 231 M2 17 3 B
3/3 M19 15,200 5 7 3,640 3,500 13,300 12,300 450 3% 16 1,300 5.2 6.2 22,5007 054 146 168 T 3 M
36 8 22 M6 5 2] 4,030 8,200 13,050 33,100 550 “ 2 1,200 2.7 3.2 360,300 451 326 351 1 1 92
3 A 16 15,200 5 % 2,410 9,900 24,500 24,600 400 55 22 1,200 ER 3.7 318,400 412 11 156 14 2 ;:
s N 1 12,800 5 64 3,180 32,100 18,500 38,600 S0 3 1”7 1,200 56 3] 291,300¢ 61 107 % * B
3/9 60 & 10,800 s 54 491 5,000 2,500 2,600 200 4.4 0.88 1,200 3.5 4.2 242,900, &n 100 105 ) P
10 83 10 14,200 5 " 1,5% 5,300 B,100 8,200 306 1 1.4 1,200 5.2 6.2 333, 3007 433 278 296 » 2 :-'s.
31t 83 2 3,700 $ 8.5 4,40 13,000 6,400 56,500 550 n3 o1 1,200 1.6 11 341,500 562 192 57 2 }
3712 8 21 16,000 5 B0.0 4,326 19,90 86,000 86,100 500 57 29 1,200 3.2 1.8 "
13 TR TN 5 0.5 2,120 9,600 26,100 26,200 400 156 62 1,700 2.3 2.8 326,900 2 108 174 *® H
e &7 2 13,50 5 69.5 4,350 27,000 95,700 95,800 550 32 21 1,200 3.0 2.6 289,300 1,680 486 511 & t »
3/15 62 & 10,900 5 54.5 “7y 200 1,200 256,400 238 61.5
3y &% 12 14,200 s " 1,830 ase 1,200 225,400 50 0y
118 91 1T 14,300 5 S 2,98 500 1,200 119,100 255 273
/18 815 14,280 5 n 2,550 400 1, 314,490 1,050 M
3/20 1] T 15,600 s 7 1,200 250 1,200 126,800 203 63.6
3/22 B 14,100 S .5 1,740 350 1,200 332,200 124 41.2
33 2 0 9250 5 4.3 [} 100 1.200 _ o 228 100 157 5.4 - — . -
Determin- 20 20 0 20 » 20 12 1 17 20 13 13 20 5 13 19 19 19 12 1o
atioas
Mean B3 16 13,800 5 6 2,312 1L,500 33,900 39,000 no 62 2 1,200 1.7 9.2 308, 700 616 19 246 u 5 M
s:::dud n 1.7 1,700 w 8.6 1,570 6,200 28,800 28,800 150 47 n m 14.6 17,4 32,900 23 134 138 e w1
viakion

v Estimated from mars emissions dara collecked during 1978, Douglas Fisrus, Hidwest Research Institute, personal commumicstion.
b Flue gor sampled at the outlet of the ESP encept vhere indicated.

¢ Flue gox outlet samples were pot collected on khis day. The mans ewissions and TOC] comceptration data are for flue pgas inler samples collected
om this day. Flue gax TOC) epignions are corrected for che TOCH im the ESP ash.
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TABLE 60.

COMPOUNDS QUARTITATED IN TRE PRIMARY INPUT AND ENISSION MEDIA FOR THE AMES MUNICIPAL POWER PLANT, WNIT NO. 7

Inputs Emissions
Refuse-derived Flant Flue gas Flue gas
Coal Tuel background air inlet outlet ESP ash Bottom ash
Toput Input Input Emitsion Eaiszion Emiszion Emiszion
Compogite Conc. rate Conc. rate Conc. rate Conc. rate Cone. rate Conc. cate Conc. rate
Cowpound day (ng/g) (mg/ht) (ng/g) (wg/hc) (ng/dscm)} {mg/hr} (ng/decm) (mg/hr) (np/dscw) (mp/hr) (og/p) (mm/hr} (ng/x) {mg/hc)
Target PAH compounds
Phenanthrene 1 7,550 110,000 0.29 0.04 210 76 90 110 0.3 0.4 32 3.2
2 9,090 130,000 1,400 3,100 0.6 0.0% 420 140 320 100 250 99
3 15,400 210,000 940 &, 100 0.3 0.11 660 200 I 96 0.2 0.2 140 78
4 8,500 110,000 948 1,800 0.8 0.13 640 200 37 12 0.2 0.2 43 14
5 18,600 270,000 828 1,800 0.32 0044 200 54 480 13 0.2 0.2 500 180
Anthracene 1 1,570 23,000 59 |13 49 th
2 1,840 26,000 296 810 0.17 9.028 57 18 17 26
3 1,260 18,000 0.16 0.024 17 22 78 24 26 13
4 2,120 28,000 0.19 0.030 89 8 46 15
S 4,110 59,000 100 28 1 n 130 46
Fluoranthene 1 1,190 17,000 0.36 0.05 10 20 46 13 10 1.0
2 1,660 23,000 984 1,300 0.7y o.11 240 78 49 13 52 1
3 3,320 46,000 2n 1,200 0.7 8. 11 140 42 97 30 30 17
4 900 12,000 306 580 1.0 0.16 87 28 28 5.8
S 3,210 45,000 198 420 0.5 0.07 9% 26 130 36 450 160
Pyrene 1 1,340 20,004 0.36 0.05 220 [ tio 32 9. 0.90
2 1,960 28,000 552 1,500 0.7 0.12 850 280 9% 32 64 26
3 3.8 53,000 436 1,900 0.7 o.11 4B0 140 50 14 29 16
4 1,070 14,000 282 530 1.1 0.17 2310 14 [13 22 6. 1.9
5 4,060 58,000 n 790 0.5 0.07 130 90 310 90 420 150
Chrygsens 1 e 5,400 0.29 0.04 3 1.0 0.3 0.4
2 425 6,000 634 1,200 0.40 0.07 . 8.0
3 1,060 15,000 .37 0.06
[ 238 3,10 0.60 0.0% 9. 3.2
5 1,300 19,000 0.8 0.05 2. 0.76 2. 0.76 170 1]
Benzo{a]pyrene 1 0.07 0.01 2 6.0 13 3.8
P4 0.17 0.28 64 22
3 6.11 0.016 120 a8
& 9.9 0.015 19 6.2 28 6.0
5 0.07 0.008 63 17
Indenc|1,2,3-c,d]pyrene 1
2
3
& 0.02 .00
5
Benzo[g,h,ilperylene 1 3. 0.96
2
3 ¥4 6.6
] 0.09 0.015 4.6 1.5
5

{continued)
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TABLE 60 (Continued)

Inputs Emissions
Refuse-derived Flant Flue pas Flue gas
Coal fuel background aic inlet qutlet ESP ash Bottom ash
Toput 1nput Input Emission Emission Emission Emission
Composite  Conc. rate Conc. rate Conc. rake Conc. rate Conc. rate Conc. rate Conc. rate
Compound day (ng/g) {(mg/hr)_ (ng/g) (mg/br ng/dsce) (mg/hr) fdscm)  (mgfhr)  (ng/dscm) (mgfhr) (ng/g) (mg/he) (ngfg) {(eg/hr)
Additional coepound
identified
Dichlerobenzene 1 3.3 1.0
2 1,300 3,500 25 8.2 24 9.6
3 1,200 5,200 19 24 0.07 .08
& 520 980 5 1.5
5 430 920 25 6.8
1,2, 4-Trichlorobenzene 1
2 0.02 0.0028 99 32
3 0.01 0.0016 180 52 110 3
&
5 69 19 85 24
Hexachlaorobutadiene 1
2
3 0.02 0.0024 103 30
'3
5
Tetrachlorobenzene® 1
2
3
&
5
Pentacklorophenol 1 6.0 6.o
2 1,300 3,500
3 24 7.2
&
] 690 1,500
Phenol 1 10,000 150,000 3.3 0.46 4,700 1,300 6,400 1,800 220 260 980 98
2 12,000 170,000 1.3 .21 4,000 1,300 1,100 2,600 1,600 640
3 2,800 39,000 0.8 0.11 13,000 &,000 3,000 920 1,800 990
4 23,000 110,000 1.5 0.13 5,100 1,600 6,000 1,900 190 230 360 (R 1]
b 29,000 420,000 i.8 0.25 9,500 2,600 6,200 1,700 k11 460 730 260
2, 4~Dimethylphenol 1 1,000 300
2 1,200 400 ki) 1
3 1,300 400
&4 3 2.5
5 2,100 580

{continued)
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TABLE 60 (Coxtinued)

Inputs Emissions
Refuse-decived Plant Flue gas Flue gas
Coal fuel background air inler outlet ESP_ash Bottom agh
toput Input lqml. Fniumu Enission Emission Emicgion
Compoxite Conc. rate Conc. rate Conc. rate Conc. rate Conc. rate
Compound day {op/x) (mg/he) (ng/g) {(mg/he) (og/dscm) (sLllr) (n, gg sc-) (n;{hr) {n g)‘dsr:l) (wg/hr) (ug/g) {mg/hr) (ng/g) (mg/hr)
Naphthalene 1 L, 400 20,000 0.28 2.040 710 200 650 190 0.17 0.2 15 1.5
2 1,100 16,000 36,000 98,000 0.22 0.037 1,000 40 350 180 360 140
3 1,800 25,000 2,200 9,600 0.32 0.048 620 190 81 24 110 61
& 1,800 24,000 1,500 2,800 0.28 0.045 t,800 560 300 48 29 9.2
5 2,700 000 1,500 3,200 a.13 a.017 140 200 850 240 0.18 0.22
Flucreas 1 3,500 50,000
2 3,100 43,000 600 1,600 0.22 0.037
3 5,600 78,000 450 1,900 0.32 0.048 120 k7 14 7.7
[ 31,300 45,000 80 712 0.28 0.045
5 1,000 100,000 krs) 677 0.13 0.017
Benz{a)anthracens 1 0.14 0.020
2 0.4& 0.073
3 0.53 0.079 1.2 2.2
& 9.55 0.089
5 0.38 0.052
Benzofluoranthrene 1 261 3,800 0.62 0.060 6.5 1.9
2 4T0 6,600 0.67 0.11 3.9 3.2 2.7 0.88
3 %0 13,000 0.63 0.0495 12 3.6
& 260 3,400 0.65 0.1 6.9 2.2
5 1,200 18,000 .51 O.010 17 2.3
Senzo[eJpyrene 1
2
3 29 MBS
&
5
Acenaphthene 1 650 9,500
2 970 14,000 1,200 3,200
3 1,600 22,000 1.0 .55
4 1,600 18,000
5 1,500 22,000
Acenaphthylene 1 20 3,200 120 12
2 240 3,400 20 6.6 5 k]
3 560 7,700 24 1.2 10 5.5
& 400 5,300 100 32
5 450 6,500 130 47
Trichlorobenzens® 1 3% 10.2
2 17 26
k] 24 1.2
I3
5

(continued}
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TABLE 60 (concluded)

Inputs Emissions .
Refuse-derived PFlant Flue gas Flue gas
Coal fuel background air inlet outlet ESP ash __Bottom ash
Input Taput Input Emission Emission Emission Emission
Composite Conc. rate Conc. rate Conc. rate Conc. rate Conc. rate Conc. rate Conc. rate
Conpound day (ng/g) (mg/br) (og/g) (mg/br) (ng/dscw) (mg/hr) (ng/dscm) (mp/hr} (ng/dscm) (mg/hr) (ng/g) {(wg/hr} (ng/g} (wglhe)
Dimethylphthalate 1 3.0 0.30
2
3
& 0.20 0.48
5 730 1,600
Diethylphthalate 1 11 26
2 9,100 25,000 9.5 1.20 37 15
3 290 1,300
& 1,400 2,700 2.0 48 16 5.1
S 11,000 23,000
Di-n-butylphthalate 1 15 36 4.0 0.40
2 18,000 49,000 3.0 7.2 42 16.8
3 14,000 61,000 12 6.6
4 6,400 12,000 4.0 9.6 15 11
S 14,000 28,000 170 58
Butylbenzylphthaalte 1 6.0 ik Az 3.2
2
3 51 28
4 59,000 110,000 6.0 14
5 22,000 46,000
Bis(Z-ethylhexyl)- H 3.0 1.2 980 9.8
phthalate 2 350,000 970,000 2.0 4.8 1,200 470
3 44,000 190,000 480 260
& 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

5.D. 8.8 3.0
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TABLE 62, CADMILY ENFUTS AND FMISSIONS - AHES HUWICIPAL POVER PLANT, UNIT NO. 7

Input Eaissions
Toal o Total Bottem ssh (BA) ESF ash (FA) Flue gan Perceat of
Hans [} cd Haszx [#] [} cd Heas [Z] cd Hazs [2] (2] Volume [2] [Z] Total total ewiwzions

Test Loast RDF flow coac.  inpul Elow conc. input input Flow comc. ewinziome  Flow cont. emissions €low cope . esissions emisajonm Flue
day  Daste hr ¥ twgfhr)  Chgihrd} 14 | 14 kg/br ) (wg/hr) kg/hr .13 ds £ {pg/dscm (mg/nr) ht) BA FA IeE
¥z e 3.5  1),%00 4,300 550 1,300 .01 10, 200
12 3/13 8% 15.3 15000 0.3 11,050 2,300 z.10 %630 16,700 400 1.91 160 1,200 5. 10,030 164,000
13 3/1% 87 23.8 13,300 0.135 1,860 &,300 kI L] 13,600 13,500 550 z.9 1,200 1,200 k.21 9,850 145,000
W 35 62 1.6% .80 0138 1.4%0 410 5.50 2,170 1,660 150 .41 60 1,200 5.43 6, %20 129,000

316 0. 164 0476 1,280  2.90 1,480
2 Y NS 615 14,800 0.149 2,200 970 .63 2.5%0 4,750 200 1.3 p4l] 1,200 412 &, 940 153,000 22.5% 3,450 8,660 3 52 40
2 I B 10.9 14,30 0.112 1,600 1,740 2.88 5,010 6,610 300 .70 e 1,200 6.34 1,600 Ta%, 00 27.9% 4,160 12,600 6.3 &0.5 33
23 3/26 87 15.0 14,400 0.231 3,320 2,330 2.M2 1,130 10,500 o 2.30 920 1,200 7.5 $,050 148,000 25.46 EFEEL 13,700 7 % 27
Deterwin- 7 7 7 7 & 7 & & ] 1 L 3 ] L] L] 6 3 1 3 b} 3 3

atious

Hean a3 14 13,900 0.235 3,500 2,420 3.15 6,020 9,620 360 1.% it} 1,200 6. 48 N 148,000 5.3 3,190 11,600 5.5 61 ok}
Standard *s5 7.4 1,420 0.224 1.1 1,510 1.1 4, 160 5,540 160 0. 64 350 2.2 2,630 11,500 .1 kL1 2,650 ¥.2 4.5 b.5

deviatlon
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TABLE 63. TOTAL ORGARIC CHLORINE INPUTS AND EMISSIONS - CHICAGO NORTHWEST INCINERATOR, WIT NO. 2

Emissions
Refuge input Combined ash Flue ggs‘ Total
Feed i1 TOCL Hasz Tocl Tocl "Mass TOCT ToC1 Tocl Percent of TOC] emissions
rate conc., input flow conc. emissions emisgions conc. emissions emissions Combined ash Flue gas
Date (kg/hr) (ng/g) (mg/br) (kg/hr) (ng/g) {wg/hr) (dscem/hr) {ng/dscm) {mg/hr) (mg/he) (%) (%)
5/3 15,800 4,300 67,900 5,500 <1 < 5.5 - - - - - -
S/h 15,200 110 1,670 5,290 <1 <53 88,080 1,100 97 102 5 95
5/6 20,300 0 [ 5,490 3 16 93,960 3,140 295 mn 5 85
517 17,300 470 8,100 4,680 2.9 14 84,600 1,160 149 163 9 91
5/8 17,300 260 4,500 4,680 21 87 92,460 13,500 1,250 1,337 6 9%
5/9 18,200 T30 13,300 4,920 21 103 12,600 2,070 150 253 41 5%
5/10 18,400 130 2,3% 4,970 12 60 83,820 3,0 277 337 18 B2
5711 18,900 230 4,350 5,10 2.2 11 85,740 2,540 218 229 5 95
5/12 16,000 130 2,100 3,470 15 53 86,280 2,920 252 305 17 83
5/13 15,800 <1 < 18 3,630 10 34 83,340 1,230 103 137 25 75
5/1% 16,900 1,350 22,800 3,670 6.6 24 84,600 2,300 195 219 1.1 89
5/16 16,600 12 200 3,600 <1 < 3.6 99,060 1,490 148 152 3 97
5/17 17,200 <1 < 17 3,730 - - - - - - = =
Determin- 13 13 12 13 12 12 1 11 11 11 11 11
ations
Mean 17,200 590 9,800 4,500 8.1 3s 86,780 3,200 285 327 13 87
Standard 1,440 1,180 18,700 800 7.6 3% 6,830 3,500 327 345 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 pg/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 cadwium 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. CONPOUNDS QUANTITATED IR INPUT AND EMISSION MEDIA CHICAGO NW INCINERATOR, UNIT No. 2

Flant
background air Flue gas inlet __ Flue gss onilet Combined ash
Composite Conc. Input cate Conc. ission rate Conc. Emission rate Conc. Fmission rate
Compound day {ng/dscm}  (mg/hc) (ng/dscm) (mg/he) (ng/dscm} {mg/hr) (ng/g} (mg/hr)
Target PAR compounds
Phenaathrene 1 120 11 200 17
2 32 2.8 110 9.2
k] 28 2.4 340 28
Fluoranthene ] 1.0 0.044% 110 9.8 »M 3.4 17 738
2 27 2.4 27 2.2
3 0.28 0.012 18 1.6 51 4.4 9.4 38
Pyrene 1 0.82 0.035 0 26 92 8.0 12 56
2 140 [ ¥4 91 1.8
k] 0.18 0.008 57 4.8 7 6.6 7.2 32
Additional cowpounds ideatified
1,3-Dichlorobenzens 1 130 12
2 130 11
3 18 1.6
1,4-Dichlorobenzene 1 9% 8.2
2 98 8.2
3 14 1.2
1,2-Dichlorabenzens 1 140 n
2 120 10
3 20 17
1,2,3-Trichlorobenzene 1 140 12 %] 4.0
2 ] ] T.0 57 4.8
3 27 2.2 150 12
1,2, 4~Trichlorobenzene 1 550 [ 200 17
2 se 32 220 19
l 160 13 560 48
1,3,5-Trichlorobenzens 1 490 [ 14 14
2 280 24 180 15
k| 120 10 460 40
Tetrachlorobenzene® 1 ) 1,400 120 190 1.3
2 1,000 86 630 54
k} (310 40 1,400 120
Hexachlorobenzene 1 100 9.0 110 9.0
2 ki) 1.4 48 4.0
3 12 1.0 260 22

(cont inued)
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TABLE 64 (Concluded)

Plant
background air Flue gas inlet Flue gag outlet Combined ach
Componite Conc. lnput rate Conc. ission rate Conc. Emission rate Conc. Emission rate

Compound day {ng/dscwm)  (mg/hr) (ng/dscm) (mg/hr) (ng/dsce) {mg/hr} (ng/g) (mg/hr)
Dichloropheno}” 1 560 40 2640 22

2 240 0 280 24

a 3 190 16 630 54

Trichlorophenol 1 2,100 180 1,400 120

2 970 82 1,200 98

3 600 52 1,900 160
Tetrachlorophenol® 1 2,200 190 1,500 130

2 1,100 90 1,100 96

3 600 52 1,708 140
Pentachlorophenol ] 130 1n 190 16

2 160 14

3 & 5.4 430 3
Dibenzofuran 1 86 T.4 100 8.8

2 28 2.4 67 5.8

3 23 2.0 140 11
Dimethylphthalate 1

2 4.8 &2

3 50 &30
Diethylphthalate t

2

k]
Di-n-butylphthalate 1 15 144

2 6.1 54

3 32 260
Butylbenzylphthalate 1

2

3
Bis(2-ethylhexyl)- H 130 1,200

2 47 520

3 370 3,000

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

Hean 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 INCINERATCR
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
8.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
5.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
5.D. 4.0 350
(continued)
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TABLE 66 (concluded)

Concentrations Emission rate
(ng/dscm) (pg/hr)
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 1.7 660
Mean 7.6 650
8.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 34
Octachlorodibenzo-p-dioxin
Day 1 2.6 220
2 2.2 190
3 2.8 240
Mean 2.5 220
5.0, 0.39 25
Octachlorodibenzofuran
Day 1 0.72 62
2 0.63 54
3 0.46 40
Mean 0.60 52
§.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 .
~ — F;-_’ .
2 d.36 30 )
3 0.52 FAA
Mean 0.41 34
5.D. 0.10 8.0
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TABLE 68. CADNIUW INPUT AND EMISSIONS FROH CHICAGO RORTHWEST INCINERATOR, UNIT NO. 2

Emiggions
Percent of
Refuse input Combined ach Flue_;g_s’ Total total emissions
Mass Cd cd Hass €£d Cd Volume Cd [:] Cd Combined  Fiuve

Test feed coac. input emissions cenc. emissions emissions coac. emitsions emiggions ash gas
day Date {kg/hr) (pe/n) {mg/hr) _(kg/hr) (pe/g) (og/hr) {dscm/br) (pg/dscm) (mg/hr) {mg/hr) (%) X

8 $/12 16,000 1.45° 23,200 3,470

9 5/13 17,500 0.54 9,450 3,800 17.6 66,900

10 S/15 16,900 0.47 7,940 3,610 26.6 97,600

11 5/16 16,600 0.52 8,630 3,600 14.5 52,200

12 $/17 17,200 0.48 8,260 3,730 12.8 47,700 87,260 285 24,900 12,600 66 34

13 5/18 17,500 0.59 10,300 3,800 8.55 32,500 97,500 240 23,6400 55,500 58 42

16 5/19 22,400 6.02 135,000 7,460 20.5 153,000 100,500 213 21,400 180,400 85 15
Determinatioas 7 5 5 H 6 6 3 3 3 3 k] k]
Mean 17,700 0.52 8,920 4,220 16.8 15,000 95,100 266 25,200 103,000 70 30
Standard 2,100 0.05 960 1,430 6.3 44,100 7,000 21 2,020 67,600 t4 14

deviation .

a Flue gas collected at the ovtlet of the ESP.

b Not included in determinations of wean and standsrd deviation.



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 guantified in the
second tier amalysis. 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 Chlorine

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

- n
X= 2 Xi/n R
i=1

where Xi is the TOCl concentration of the ith specimen and n is the number of
specimens. The CV is calculated by first calculating the sample variance (§%)
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n
§2 = 3 (x; - ¥)2/(n - 1) .
i=1

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

(X = € o5(3f) S/¥n , X + ¢ (o (8F) 5/4m) .

where t . (df) is obtained from tables of Student's t distribution® and df
denotes'gie 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 retainipng sufficient statistical
information, a complex compositing protocel was developed for the sample loca-
tions where more than one 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 on 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 locations.

To modify the calculations for X and 82 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
W YT
i=1 i=1

where Y, is the ith Eﬁemical determination, Wi is the number of specimens
composi%ed for the i chemical determination and m is the number of chemical

m
determinations. Because X Wi = n and, on average,
i=1
m n _ -
2 W. Y. =2 X., then Y_equals X, on average.
i=1 Y og=m t v
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To estimate 52 from the composited data, calculate

2 . 2 2 T
8« = 3 W (Yi - Yw) {I W
i= i=1

m
where W., Y., ¥ , and m are the same as above. Because 3 W2 (Y. - ¥ )2
i’ "1’ Tw i=1 i W

n
approximately equals X (X, - )2 on average, Si approximately equals S% on
i=1
average. Hence the CV (8/X) is estimated by Sw/Yw.
The technique above gives a method to estimate X and 82 as if no composit-
ing were done. A theoretical justification of these techniques is given in
Appendix C of Lucas et al.l

Tables 6% 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 djp-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 a2 nominal 95% confidence interval. For example, in Table
68 the mean percent recovery of the surrogate compounds of the flue gas inlet
is 59%. 1If 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 ianterval 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

Coefficient Degreesa Nominal 95%b
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 (ag/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 & times larger than the next largest value.

Both sets of

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, 10WA

dg-Naphthaleneb 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 7 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 djo-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 44 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 t 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
/.

-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.
HRere, 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 (Jn).
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Table 74 summarizes the estimates of the CVs (8/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 concentrations of many com-
pounds were measured. Because of the exupense 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 locations, all specimens
collected during the three days were composited for one chemical determination.
This gave a total of three independent chemical determinations in this tier
for the selected sample locations at Chicago.

To statistically summarize the second tier data, the arithmetic mean (i)
and CV (S8/X) were calculated for the concentration measurements. Also, to
estimate the mass flow rates, the variable Yi was defined as

Y. =r, X, ,
i ifi

where X. is the concentration for the it:hchemical determination and r, is
the mas¥ flow rate associated with the i~ chemical determination. The
arithmetic mean Y and CV (5/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 iancluded 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 intervals are included in the data summaries.
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*
Table 74. SUMMARY OF COEFFICIENT OF VARIATION
FOR THE PILOT STUDY

Ames Chicago, NW
Media Sampling Measurement Sampling Measurement
Gaseous
Flue gas inlet 42 25 c 68
Flue gas outlet B4 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 ¢ 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.

c 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 = (8§ + S*z)al(ig + X12),
where the subscripts 8 and 12 denote dg-naphthalene and d;;~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. SUMMARY STATISTICS FOR COMPOUNDS QUANTITATED IN PRIHARY INPUT MEDIA AT AMES, TOWA

Coal Refuse-decived fuel Combustion airx
Conceatration laput rate Conceatration Tnput rate Concentration [oput rate
Number of {m (wp/hir) Nusber of (ng/g) | 13 Romber of { wg/hr
Compound detections Hean vV (%) Hean [w] detections Mean o Mean detections Hean v Hean [
Phenaatheens 5 11,430 41 166,000 43 & 1,030 3 2,100 4 5 0.56 &b 0.083 48
Anthracene 5 2,180 52 30,800 53 1 T4 200 202 200 3 a.10 92 0.016 95
Fluoranthene 5 2,050 56 28 800 56 4§ 440 83 8715 50 5 0.65 37 0.10 42
Pyrene 5 2,440 57 34,600 57 [ 411 23 1,180 53 5 0.67 &2 0.10 45
Cheysene 5 679 3] 9,720 i | 1 109 200 300 200 L] 0.4 28 0.06 31
Benzo[alpyrene 0 0 5p 0.10 41 0.066 182
Indeno1,2,3- 0 0 2 0.004 224 0.00) 22
c,d]-pyrene ¢ }
Benzolg,h,il~ 0 0 4 0.02 226 0.003 24
perylene
Dichlorobenzene 0 4 863 52 2,650 19 [} 4
1,2,6-Trichlore~ 0 0 3 0.006 149 0.0009 145
benzess b
Hexachloroe- L] ) 2 0.004 224 0.0005 224
butsdiens b
Pentachloro- 0 2 498 126 1,250 133 2 0.0 224 0.002 224
phenol
Pentachlorobi- 0O 2 2 0
phenyl
Phenol 5 15,360 68 217,800 &8 ] S 1.7 54 0.25 Sl
Naphthalene 5 1,760 3% 24,800 35 & 10,300 166 28,400 164 ) 0.25 30 0.037 33
Flosrene 5 4,500 3 63,200 ¥ & 438 28 1,220 51 & 0.19 67 0.029 49
Benzo[a)an- ] 1] 5 0.41 &0 0.063 1
thracene
Benzofluoran- 5 630 68 8,960 11 0 S 0.58 19 0.087 24
threae
Acenaphthene 5 1,220 k x| 17,100 32 5 00 200 800 200 ]
Acenaphthylene 5 kL) 3 5,220 37 0 o

* CV denotes the coefficient of variation and is calculated by dividiog the standard deviastion by the wean.

3 Only trace valves were detected, hence no quantification was attempted.

b One specimen coatsined a quantifisble level and one a trace. The trace is always assumed to be zero to calculate the mean and CV.

¢ One specimen contsined a quantifisble level and three were traces.

4 Two specimens contained a quantifiable level and one 3 trace.
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TABLE 76. SUMHMARY STATISTICS FOR COMPOUNDS QUANTITATED TN GASEOUS EMISSIONS AT AMES, IOWA

Flue gas inlet Flue gas outlet
Concentration Emission rate Concentration Emission rate
Number of (ng/g) {mg/hr) Number of (ng/g) (mg/hr)
Compound detections Mean cv (%) Hean v detections Hean v (%) Hean cV (%)
Phenanthrene 5 438 48 134 51 5 309 54 66 74
Aathracene 5 6.4 24 22 25 5 65 .4 25 20 28
Fluoranthene 5 126 55 39 60 5 68.2 b4 20 60
Pyrene 5 422 62 130 68 5 170 67 S0 60
Chrysene 52 8.8 129 2.6 125 54 0.54 224 0.15 224
Benzo[alpyrene 5 57.4 72 8 T4 3 8.2 151 2.0 143
Benzo[g,h,i]- 0 3 6.0 154 1.8 153
rerylene
Dichlorobenzene 3 25.8 125 7.8 126 2 1.7 142 0.50 141
1,2,4-Trichleoro- 3 69.6 108 20 108 3 39 139 i2 140
benzene
Hexachloro- 1 20.6 224 6.0 - 224 0
butadiene b
Tetrachloro- 1 ([}
benzene
Pentachloro- 1 4.8 224 1.4 224 0
phencl
Phenol 5 7,260 53 2,160 54 5 5,860 0 1,780 33
2,4-Dimethy- 0 4 1,120 67 336 63
phenol
Raphthalene 5 974 50 298 53 5 486 62 146 58
Fluorene 1 24 224 6.8 224 0
Benz[ajanthra- 1 1.4 224 0.44 224 0
cenie
Benzofluoran~ 2 5.4 145 1.1 140 5% 5.6 81 1.7 80
threne
Benzo[e|pyrene 0 1 5.8 224 1.8 224
Acenaphthylene 2 8.8 138 2.8 135 0
Trichloro- 0 3 27 116 8.7 123
benzene

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

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

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

d Two specimens contazined quantifiable levels and one a trace.
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TABLE 77. SUMMARY STATISTICS FOR COMPOUNDS QUANTITATED IN SOLID EMISSIONS AT AMES, TOWA

Fly ash Bottom ash
Concentration Emission rate Concentration Emission rate
Number of (ng/g) (mg/hr) Number of {ng/g) (mg/hr)

Compound detections Mean cv (1) Mean cvV (%) detections Hean v N Hean vV (%)
Phenanthrene 52 0.2 61 0.2 71 5 193 100 75 96
Anthracene 0 2 31 183 12 169
Fluoranthrene 1] 4 108 177 40 170
Pyrene 0 S 106 168 39 162
Chrysene B | 0.1 224 0.1 124 lb k1 224 12 224
Dichloro- 1 0.01 224 0.02 224 3 4.8 224 1.9 224

benzene
Phenol 3 158 102 190 102 5 1,094 55 420 92
2,4-Dimethyl- 0 5 7.0 167 2.7 176

phenol a
Naphthalene 2 0.07 137 0.08 137 5 103 146 42 142
Fluorene 0 1 k) 224 1.5 224
Acenaphthene 0 1 0.2 224 0,11 224
Acenaphthylene 0 5 87 55 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 2 trace.

¢ Two specimens contained quantifiable levels and two a trace.



TABLE 78.

SUMMARY OF TOTAL INPUT AND EMISSIONS
FROM AMES, I10OWA

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

Compound Mean cvV (%) Mean cvV (%)
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
Indenorl,2,3-g,g]pyrene 0.001 224 nd
Benzo[g,h,i)perylene 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 nd
Pentachlorophenol 1,250 133 nd
Pentachlorobiphenyl tr nd
Phenol 217,800 68 2,390 31
2,4-Dimethylphenol nd 339 63
Naphthalene 53,200 89 188 55
Fluorene 64,400 38 1.5 224
Benz[a]anthracene .063 54 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 COMPOUNDS QUANTITATED IN GASEOUS EMISSIONS FRON CHICAGO

Flue gas iniet T Flue gas outlet
Concentration Emission rate Concentration Emission rate
Number of (ng/g) {mg/hr) Number of {ng/ (mg/hr)
Compound detections Mean cv (%) Hean vV (W) detections Hean oY) Mean oV
Phenanthrene 3 60 87 5.4 90 3 217 53 18 52
Fleoranthene 3 52 a8 4.6 98 3 39 kA | 3.3 33
Pyrene 3 166 75 14 16 3 87 10 1.5 10
1,3-Dichloro- 3 93 70 8.4 " 1]
benzene
1,4-Dichloro- 3 69 69 5.9 69 0
benzene
1,2-Dichleoro- 3 93 69 B.0 69 0
benzene
1,2,3-Trichlo- 3 B3 68 T.t 69 3 85 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 3 271 57 24 60
robenzene
Tetrachloro- 3 957 49 B2 49 i 940 43 8t 43
benzene
Hexachloro-~ 3 50 90 4.5 92 3 139 78 12 80
benzene
Dichlorophenol 3 330 61 25 51 3 383 56 33 54
Trichloro-~ 3 1,220 39 105 64 3 1,500 24 126 25
phenol
Tetrachloro- 3 1,300 63 111 64 3 1,430 21 122 19
phenol )
Pentachloro~ 2 65 101 5.5 101 3 260 57 22 55
phenol
Dibenzofuran 3 46 17 3.9 16 3 102 6 8.5 a1l

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



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

Concentration Emission rate
(ng/dscm) (mg/hr)

Compound Mean cv (%) Mean oV (%)
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 (% EWLCV—(‘IJ
Dichlorobiphenyl 17.3 114 4.4 113
Trichlorobiphenyl 16.0 109 4,1 108
Tetrachlorobiphenyl 6.2 26 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 trichlorodibenzofurauns 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 scaie test program
sponsored by the Office 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
(PCOD), 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 Environment2l 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:
1

Benzo [a] pyrene Chrysene
Pyrene Indenc E1,2.3-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
Plant pilot test program conducted in March 1980, Data provided include
the following:

¢ Chlorinated hydrocarbon collection using a modified EPA Method

5 train and Method 5 sampling methodology,

o 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,
1880. A1l required tests were completed and all recovered samples were
sent to Southwest Research 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 fel)
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
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TABLE 2-1. DAILY ORGANIC SAMPLING SUMMARY

Test
No.

Sampling locations

Test conments

Date

1980

3/2
N

3/3

Inlet North

Inlet South

Outlet Ports 2
and 3

Outlet - Ports 1
and 4

Hi Volume Sampler

Continuous
monitors

Inlet North

Inlet Souvr.

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).

Low valume collected
(Port 1 to

Test started at 1125 and ran for 520 minutes.
trying to stay within 12 hour time limit. Test quality good.
be dropped due to absence of flow.)

Loss of 3 hours start due to freezing of pumps., Stopped test 360 minutes
into test due to freezing of impingers. All of Port 3 traversed and only
1/2 of Port 2 - Jow volume collected but test quality is good due to the

evenness of flow in stack,

Started at 1200, ran for 390 minutes - stopped due to freezing of
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.

Test started at 1115 and off 1939. Test quality good.

Started at 1300 hrs and off at 1930 - lost start time due to gas condi-
tioner being frozen, Unable to majntain heat line temperature due to cold

weather and moisture condensing in heat 1ine possibly scrubbing hydro-
carbons, hydrocarbon results low. Test quality good. Hydrocarbon fair,

Dropped port 13 from test, Test started at 0925 and ran for 550 minutes.

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. Ho effect onBattelle 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.
nozzle to maintain isokinetic flow rate.
from test.

Switched to smaller diameter
Test quality good., Dropped port !
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TABLE 2-1, {Continued)
Date| Test
19801 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
Dutlet 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. AlIl 3 Battelle
traps should be composited due to lower volume sampled during 10 wminute/
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 Yolume 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, Hydrocarbon 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.
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TABLE 2-1. {Continued)
Date| Test
1980 No. Sampling Locations Test Comments
3/5 4 outlet - A1l Points | Cancelled per imnstructions of EPA until 3/13/80.
Hi Volume Sampler Started at 1025 ended at 1940. Test quality good.
Continuous Monitors | Started at 0945 ended at 1150 am. Stopped due to freeze up of lines:
Test quality good for data collected.
3/6 5 Inlet North Test started at 0850 and ran for 770 minutes. At 11 minutes into test
Battelle trap plugged and was replaced. Test restarted from beginning,
Test quality good.
Inlet South Test started at 0840 and ran for 770 minutes. Test quality good.
Hi Volume Sampler Test started at 0852 and ended at 2220 Hrs, Test quality good.
Continuous Monitors | 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 overiap
sampling time. Test quality good. Hydrocarbons still fair.
/7 6 Inlet North Test started at 0930 and ran for 770 minutes. BDue to increased amount

Inlet South

Hi Volume Sampler

Continuous Monitors

of water collected, impingers needed changing and during changeout resin
fiowed 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.
nearby.

Construction welding going on
Test quality expected to be good.

Test started at 1315 hrs and shut down at 2100 hours.
test. Test quality good. Hydrocarbons fair.

Overlap of inlet



651

§-2

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. 0QData 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 is questionable,

Hi Yolume 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 g | 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. MNo solutions retained from
South due to H202 backup into all impingers - resin, cyclone and filters re-
tained. Test quality fair,



TABLE 2-1, (Continued)
Date | Test
1980 | No. Sampling Locations Test Comments
3/10 9 Hi Volume Sampler Test started at 1050 and ended at 2235 hrs. Test qualtity good.
Continuous Monitors | Test started at 1130 am and ended at 1730 hours. Stopped with inlet.
Test quality good. Hydrocarbon fair,
I/ Mi 10 Inlet Horth Test started at 0825 and van 770 minutes. Battelle trap veplaced at
220 minutes. 2nd Battelle trap resin broke through and was replaced.
3 Battelle traps used. Test quality good.
Inlet South Test started at 0830 and ran for 770 minutes. Filter clogged and replaced.
Test quality good.
Hi 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.
g 3121 1 | QA Test Test cancelled after 240 minutes - a leak was found at one of the probe
n tips-unable to repair and no sample had been drawn through the train.
Hi Volume Samplev Test started at 0955 stopped at 1955. Test quality good.
Continuous Monitors | Test started at 0830 stopped at 1430 hrs. Test quality good. Hydrocarbon
fair.
33 W Inlet North Test started at 0915 and ran for 770 minutes. Power failures occurred-

Inlet South

Qutlet Ports 2 & 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.
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TABLE 2-1. {Continued)
Date} Test
1980 | No. Sampling Locations Test Comments
3/13| 12 OQutlet 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,
3/14] 13 Inlet North Test started 0845 and ran for 770 minutes. Filter clogged and was replaced.
Test quality good.
Inlet South TJest started at 0840 and van for 770 minutes. Test quality good.
Outlet Ports 2 & 3 | Test started at 0945 and ran for 560 minutes. Test quality good.
Outlet Ports | & 4 | Test started at 1010 and ran for 560 minutes. Probe broken during port
change - replaced and test continued. Test quality good.
Hi Yolume 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

Outiet 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 fcr 560 minutes. Test quality good.

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

Test started at 0850 and ended at 234) hrs. Test quality good.

Test started at 0845 and ended at 2000 hrs.
Hydrocarbon data fair.

Test quality good.
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TABLE 2-1. (Continued)
Date| Test
1980 | No. Sampling Locations Test Comments
Nt 1s Inlet North Test started at 0849 and ran for 770 minutes. Test quality good.
Inlet South Test started at 0900 and ran for 770 minutes. Test quality good.
Qutlet Ports 2 & 3 | Test started at 1000 and van for 560 minutes. Test quality good.
Outlet Ports 1 & 4 | Test started at 1010 and ran for 560 minutes. Test quality good.
Hi Volume Sampler Test started at 0926 and ended at 0020 hrs. Test quality good.
Continuous Monitors | Test started at 1030 and ended 2015 hrs. Test quality good. Hydrocarbon
data fair.
3/18| 16 Inlet North Test started at 0939 and ran for 770 minutes. Test quality good.
Inlet South Test startéd at 0900 and ran for 770 minutes. Test quality good.
Outlet Ports 2 & 3 | Test started at 0930 and ran for 560 minutes. Test quality good.
Outlet Ports 1 & 4 | Test started at 0940 and 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 quality good.
Hi Volume Sampler Test started at 1033 and ended 0200 hours. Test quality good.
Continuous Monitors| Test started at 0845 and ended at 1945 hrs. Test quality good. Hydro-
carbon data fair.
3191 17 Inlet North Test started at 0853 and ran for 770 minutes. Test quality good.

Inlet South
Qutlet Ports 2 & 3

Test started at 0843 and ran for 770 minutes.

Test started at 0945 and ran for 560 minutes.

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
NI 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 tine -
retarded leak rate with Teflon tape but leak was still 0.11 c¢fm, 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.

Outiet 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 Yolume 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.

3/221 19 Inletl North Test started at 0947 and ran for 770 minutes. Test quality is good,

Intet South

Outlet Ports 2 & 3

Test started at 1001 and vran 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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Blank

Outlet:

Hi Volume Sampler

Continuous Monitors

Blank test started at 1200 and ran for 60 minutes at temperature.

quality good.

Test started at 1110 and ran for 192 minutes.

Off lipne

Test started at 1030 and ended at 1530 hrs,
No CO on line.

sampling.
- QA Test

to outlet stream.

TABLE 2-1. (Continued)
Date | Test
1980 { No. Sampling Locations Test Conments
37221 19 Outlet Ports 1 & 4 | Test started at 1030 and ran for 560 minutes. Test quality is good.

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

Continuous Monitors | Test started at 1145 and enaed 2135 hrs. CO drift problems. CO taken
off line until 1445 hrs, Test quality good. Hydrocarbon data fair.

3/23| 20 Inlet North Test started at 0927 and ran for 990 minutes. Increased time due to
tower plant out put.

Intet South Test started at 0935 and ran for 990 minutes. Increased time due to
lower plant output. Test quality good.

Outlet Ports 2 & 3 | Test started at 1005 and ran for 640 minutes. Increased time due to
Tower plant output. Test quality good.

Outlet Ports 1 & 4 | Test started at 1027 and ran for 640 minutes. Increased time due to
lower plant output. Impinger 3 backed up into impinger 2 - not saved.
Test quality good.

Hi Volume Sampler | Test started at 1034 and ended at 0350. Test gquality good.

Continuous Monitor | Test started at 1100 and ended at 0800 hrs. Electronic source balancing
problem on CO analyzer. Analyzer (€0) taken off line. MNo outlet data -
das conditioner not in cycle mode, Test quality good for inlet, hydrocarbon

37241 2] data fair. —_ ) . .

Test

Test quality good.

Outlet only for inorganic
Test quality good hydrocarbon data fair.

Test quality good.
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TABLE 2-1. (Continued)
Date| Test
1980 ] No. Sampling Locations Test Comments
3725 22 Inlet North and Test started. WNo solids or ligquids 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.
3and 4
Continuous Monitors | Test started at 1115 and ended at 2106 hrs. 'Test quality good.
Hydrocarbon data fair.
Hi Volume Sampley Test started at 1030 and ended at 2320 hrs. Filter covered with coal
dust. Test guality fair.
3/26 | 23 Inlet North QA test started at 1510 and ran for 770 minutes. Test quality good.

Inlet South

Outlet Ports 1, 2,
3 and 3

Continuous Monitors

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

Test started at 0922 and van for 192 minutes. Test quality good.
Test started at 1100 and ended at 0830 hrs. HNo outlet data due to failure

of gas conditioner to switch to outlet stream. Test quality good.
Hydrocarbon data fair.



TABLE 2-2. DAILY DATA SUMMARIES

991
cl-c

Gas Composition
Sample Vokime Gas Gos Siack s
Dats Test Sampling Moistura | Moleculpr | Velocity Flow Flow Temp Of €03 (v} THC | Isokinetics
{1330} Mo. Lucation SCF M3 % Weight ips aclm dscim oF % ppm pom %
3-2 1 Intet North 04617 580 295 2|0 1255 132673.22 | 76549.68 | 33421 § 442 | 1273 { 1800 | <2 6383
South 221517 7143 115 2935 2209 116016.35 | 7042317 {31178 | 448 | 1279 | 13.00 < 2 aagm
Duilst 184 214.098 5.08 6.32 2330 22659 141428062 | 8628562 | 3209 | 634 | 1131 | 1500 < 2 46.20
2%d 24304 §.88 624 2931 2478 15452314 | 9510438 1 30992 § &34 | 1111 | 1500 <2 5359
-3 2 HorihA 173.544 492 8.39 26.24 . 149381.62 | 85768.77 {35165 | 4.38 | 1180 <2
inks NovthB 126.934 .60 8.59 29.32 42,04 169792.9] | 9578234 {37336 | 431 | 1360 | 1200 | <2 9573
SouthC 212048 .01 181 2641 4681 184200.23 |10B410.17 1 23483 | 433 | 13680 | 1200 | <2 8098
SoumhD 101519 288 1.97 339 3715 146887.008 | BEOD4 68 | 36990 | 433 | 1380 | 1100 | <2 107.14
Outlet 184 324.358 8.19 145 291 26.00 16201297 | 9466994 134238 | 587 [ 1244 | NN 00 | <2 986 33
picx] 7313 8.70 7.48 29.11 2.0 16263208 | 8GO3Y.63 | 33694 | 5687 | 1244 | 11,00 | <2 9013
34 3 {inie  Nouth 164.208 | .22 7.43 2956 | 4530 | 17301205 | 86684.71 | 37046 | 443 | raar 1700 | <2 | 9559
Sou 262.780 .18 0.48 29.30 4112 172866.82 | 9638009 ] 36255 | 441 | 1441 [ 1700 | <2 9225
Outlet 184 Test Scrubbod
.3 ' Test Scrubied
36 4 |jaer Nonth 256.975 17.28 B8.14 20.49 43.20 17080285 | 9704964 {36109 | 441 | 145 | 16800 | <2 9143
Souih 26727 6.09 803 29.38 4$1.09 16246625 | 92751,96 | 349.23 41 | 14586 | 1800 | <2 104,10
Outlet 184 H Test Scrubiied
283 i Test S bed
36 § |jater Morth 7648 1 1001 893 2928 4292 169692 43 1029006 | 36383 | 435 | 1379 | 1800 | <2 8724
South krxRFL 9.15 972 2918 43.48 174927.9% { BY20597 | 34746 | 4358 | 1320 | 1800 | <2 90,54
Outter 134 tiol Tested
v 283 Not Tested
3-7 6 Finer  North 360684 | 1044 18.32 20,14 4361 12242559 | 8743206 ] 35100 | 459 | 1392 | w00 | < 105 53
South IG54H 10,35 9.18 29.27 44.01 173984.36 | 9996501 | 335.86 | 4.59 | 13.92 | 18.00 < 2 89.65
Outler 181 Not Tested
251 Mot Vested
3-8 7 tnlet North 51419 985 9.56 2919 3962 156573.06 | B5266.27 {37755 | 4.79 | 1360 | 28.00 <2 1631
South 323613 9.45 875 29.16 3928 156327.60 | B6179.64 | 35983 | 4.79 | 1360 | 20.00 2 105.53
Outlet 154 Hot Tested
283 Not Tesied
3-9 4 NorihF 4031 2,10 .78 2919 3027 119co300 § 7132576 1 1683 rA 16 | 26 <2 9560
Inlel NanhG 204807 6.36 a.05 2918 30.38 12000829 £ 67223.13 | 264.73 kA 116 | 25060 <2 e 51
SouthH 123,824 345 778 20.20 36.43 144173.75 | 82977.48 | 344.23 (8 116 | 3500 <2 105.23
South! 140.223 307 8.02 29.17 27,38 108274.04 | 64436.72 | 1588 11 16 | a8 <32 £0.554
OQuulel 184 Mot Testod
283 ot Tosted
3-t0 a Intet Month 13081 kX 859 2031 45.23 178853.20 [103205.95 ] 362,09 3.7 129 | 25.00 < 2 B8 B4
South 193613 548 1713 2025 431N 17304512 | 92980.29 1 065 37 139 | 2500 2 E£3 58
Outlet 184 Mot Tesred
253 Not Tested
1L
3-n L\] Intet North 3e3.099 | 1116 6.58 23.49 4568 18051964 10186766 | 374.75 4.7 1356 | 22.00 <2 92.17
South 363006 1388 B.48 20,30 4420 17478347 | 99143.40 1 356.59 4.7 136 | 2200 <2 105,29
Outlet 134 Net Testsd .
28] Not Testad
—_— ,
392 | 1 {je WonhE Test Stibbicd
Soulth Test Scrubbed
N 184 Moy Tesied
Outlet 5e Mot Tested
323 | 12§, Honn 350455 | 992 | 863 § 2053 | 4245 | 16907996 | 9347348 |36178 | 339 | 1586 { 2100 | <2 | 10238
' Socth LA 1047 8.54 2954 41.41° | 164036 17 | 93628.05 | 34061 § 334 11656 | 21.00 <2 102,23
Outlet [EXLS 158 961 4 50 7.10 29 56 2585 16110230 | 9514681 | 33544 | 6547 | 1397 1 1800 <2 2
p4%] 356 250 10,35 837 2928 2G 58 165622 22 | SA426. 04 | 31508 | 5.17 | 1357 Y 1800 I 2 51.73




TABLE 2-2. (Continued)

191
€1-2

Gas Composition
Sample Volume Ga Gy Stack
Date Test |  Sampling Moistura | Makecular | ‘Velocity Flow Flow Temp o cOy [#s] THC ] Isokinetics
{19808 § No.| Locstion SCF M3 % Wisight s aim dw:fn of ' % pom | pom <
3-14 13 |inige  Morh 374335 | 1060 967 2931 1 4z48 | 17100478 | osa0ase | 3na60 | 370 | 148 ] Moo | <2 ]| 002
South 352110 | 997 970 20.% 4v49 { 164048.73 | 9101147 | 37570 1 370 | B § BO0 ) <2 ] 16720
Ouner 124 367,772 | 1042 9.80 2.4 2434 | 151720.18 | 83869.92 | 36594 | 531 | 1318 | 000 ]| <2 9960
283 351,284 998 2,59 2015 2484 | 16481920 | 8642999 | 35875 | 531 | 1338 | 20060 | <2 9674
315 14 [ . Notth 276.767 1.83 B.14 2.2 3086 | 12197044 | 6408812 | ace23 | 631 | 1259 | 2200} <2 1021
South 268.37 7.60 1.68 2833 2995 | 11844495 | 6700735 ] 35265 | 631 | 1250 | 2200 | <2 ] 10862
ourter 184 31913 9.04 7.88 29.08 2000 | 12466269 | 7500482 | 11942 | 837 | w62 | 1900 ] <2 ] 10405
282 307.00 869 5 20.10 213 | 13200177 | 7670546 | 356651 837 | we7 | 1900 <2 96 83
317 15 finiee  North 259800 | 1049 a.m 0% W10 | 10562266 | 0171443 | 37123 | a73 | 1A40] 2200 =<2 | 10685
South 390474 | 11.08 817 20.44 4284 { 16918186 | 9721060 | 34641 | 373 | 1440 ] 2200 <2 99493
Outter 184 406055 | 1152 8.7 0N 2600 | 162117.20 | 9333449 | 35156 | 543 | 1200 ]| 200] <2| 107918
283 a1 e | 110 9.43 29.25 2721 | 18996605 | 9898352 { 346231 | 543 | w200 200 <2 9548
3-18 16 [iper  North 369159 | 1045 9.36 0N 4308 | 17025070 | 9257911 { 381906 | 382 | 13309 2300 <2 | 1017
South 371.497 | tosz 873 29.37 4189 | 186563994 | 0360177 | 35406 § 382 ] Was| 2300 <2] w807
Outler 184 39269 | 11.12 8.62 0.4 2712 | w9o2z80 | 0671062 1 36006 | 542 | wace | Moo <2 Q02
’ 283 353252 | 1000 9,09 2018: | 2560 | 15953172 ) 9110375 | 36750 | 642 ) 13w | 400 | <2 9381
3-18 17 lintee  North 349,709 990 9.60 2% 4187 | 16556657 | 66954.41 | 36020 | 360 | 1140 2400 <2 wi2
South 368.761 | 1044 868 29.37 4342 | 17169597 | 95300.29 [ 38159 | 360 | 1440 200 <2 a7.16
Ouilet 1&1 374.299 | 1080 10.18 29.03 2675 | 16669302 | 9108067 | 37312 | 530 | 1300] 2600 <2| w103
%3 360518 | 1021 0.5 9.4 2642 | 16716285 ] 95419467 | 6594 | 530 | 1300 | oo | <2 8262
320 18 [y Nonb 347092 | 985 8.1 9.5 4213 | 16667031 | 9470610 | 35086 | 280 | 1380] 2200] <2 92.21
. South 3640719 | 1042 7.08 2939 4211 | 16648756 | 96189.05 | 24265 | 380 ] 13m0 2200 | <2 | 14
Outles 184 356204 | 1009 279 2829 2463 11509174 | 9062279 | ;ne12] 800} 1250 oo | <2 9500
253 ape.522 | 11.00 B.44 9.1 269t | 10712585 | 9276061 | 31281 | 600 | 1250 | 1700 ] <2 971
37 19 |inee  Nonb %3462 | 10.20 B.54 20.5% 4TG5 | 16468840 | 9420754 | 4864 | 260 | va0f 3000 ] <2| 0517
South 38597 987 8.07 2.4 3363 | 156677.00 | WoB21.39 | 34209 ] 360 | 14.20{ 3800 | <2 9642
Ot 184 402144 | 1139 861 29.19 2626 ] 16365504 | 95997.17 | 34000 | 530 | 1270] 3000) <2 | wai0
281 401160 | 1136 8.2 294 2681 | 162077.26 | 0954008 | 23060 | 530 | 1270 | 3800 | <2 9901
-1 20 [jnec  Nonb 336525 | 953 8.16 29.28 2865 | 113282.76 [ 634707 | 3441 | 600 [ 1280 L <2{ 10351
South 330,713 937 12.74 20,69 27.28 | 107773.42 | 56800538 | 25541 | 6.00 | 1260 <2 | 11599
Outiet 184 301612 | 654 9.73 76,92 16.63 | 10362907 | 5876390 | 3413 | 970 | to00 <2] noss
283 350078 § 1017 .87 208 19,70 | 12278580 | 7204656 | 33813 ] 970 | 10.00 <2] wn2es
3-24 n Horih Blank Hun
A Blank Run
Outer 1,284 oA | 26w 953 295 2670 | 100547.70 ) 9012296 | 36547 | 54 | 132 <21 wirz
32 | 2 i N ::‘5 Test Scrishied
L} .
Outlet  1.2,384 122768 348 9.92 20.t0 2458 | 16016630 | 8702545 | 35640 | 54 | 132 <2) 100w
126 23 |ty Mosuth 326020 | 9% 8.17 2913 31.22 | varzc078 | 0180081 | 38080 ] 800 | 1260 <2| 10624
South 3e9% | 977 8.0 2914 3740 | 14707205 | 6073348 | 38245 ] 6.00 | 1260 <21 11843
Dutier  1.2384 g6 | 303 926 2924 26.42 ] 16467985 | 9374439 | 364.20 | 460 | 35370 <2] 10664

rFRe-"ZIOTMOOa»

With 312 nozzle

With . 250 noztie changed to maintsin How
¥diah 312 nozz):

With 237 norzle changed to maustain flow
No sanwid 2 retained
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TABLE 2-3,

24 HOUR PROCESS DATA FOR THE AMES MUNICIPAL POWER PLANT, UNIT NO, 7
Date 3-2-80 3-3.80 3-4-80 1.5-80 3-6-80 3.1-80 3-8-00 3-9-80
Hean o Hean a Hean 0 Hean [ Mean G Hean [ Hean 0 Mean o-
M Gross 30.19* 2.8% 30.1 7.31 1.5 5,19 31,9 4.76 31,7 5,55 0.5 7.5 271.85 6,01 20,9 5.1
Net 26.25* 1.51* 32.04% .98+ 29,25 4.9 29.72 444 a8 530 28.2¢ T.21 5.66 5,79 18,9 5.2
Steam flow rate 252.2 36,49 2686.8 7148  204.07 56.59 Z85.58 4B.47 279.79 56,73 2M.8 TA.9  239.3) Gl.67 176  46.7
{1000's Tbs/hr)
Steam pressure {psig} 857.7 4.16 852.71 4.66 850.63 5.95 848.54 5.81 84r.33 17.22 050,21 5.21 851.04 6.08 854 12.3
Steam temperature t°F} 099.63 8.53 B890.1 24.01 B891.46 14.63 B95.6 10,97 895,31 9.89 8918 15.19 89 12.93 886 15,5
feedwater flow rate 261.17 37,94 276.38 71.65 290.79 52.98 300.42 46.6 291.7 54,23 286.33 76,82 2514 62,9 181 69.3
(1000°s Ybs/hw)
l(’:ﬁnter temperature 366+ 7.3«  380.81 2.4 0.7 7.63 382.8 17.36 3.5 21.03 318,75 26,6 3B0,2  25.81 338 24,0
fuel feed rate .z 1.ar 31.93  7.32 . s 3245 6.09 L.w 1.5 31.65 8,23 32,03 1,17 4.8 515
(1000*s lbsfhr) 2 32,2 31.69 3.8 33.5 32,15 33.6 28.17 23}
fuel ofl {gallonsfir) 4.6 4.6 2.9 2.% 3.7% 4,2 5.4 6.25
Excess air ¥ 22 2.1 22.08 0.28 20,33 2,35 20,17 3.9 22,21 63 25.2% 11,2 25.48 10,9 k1) 12.6
10 fans amps 46.42 1.} 45.28 2.1% 46.04  1.76 46.75 1.11 46.2 1.6 46,46 2.4) 45 1.72 44 1.6
}l) fans pressure 5.1 0.89 5,67 1.40 6.17 1.4 6.09 1.04 6.08 0.89 6.06 1.4 5.21 1.07 4,2 0.7
psig
FD fans aaps 10.29 1.12 29.90 L.D9 29.54 1.41 0.4 1.35 30.3 1.5 30.62 LY 2944 0.9 28 1.5
FD fans pressura 4.26 0.77 3.94 1.13 4.32 0.78 £.32 106 4.5 1.3 4.54 1.41 3,54 1.03 kN | 1.0
(psig)
Furnace draft {psig} 6060 020 0.59 0.18 0.9 0.15 0.62 0.15 0.6 0,13 0.63 0.12 0,53 0.10 0.59 0,092
Flue gas temp (°F)
Boller exit AT g, 78+  688* 17.51%  687* 9,19 95 &.67* G88* 6.1 699+ 31.94* 662 10.33*  629* 20.2*
ESP inlet 318.5% 6.69* ) .06 JA5.5% | .58 340 o 42+ 4.2 32 8.23% 05 21.2%
:a?;ent temperature 16.06 7.58 27.39* 10.39* 24.08 6.8B1 1.63 6.22 19.79  9.19 4.5 429 28.17 4.9 7 7.5
0,
Ambient pressure 29.M 0.8 28.89* 0. 26.88% 0,06 29,17 0.08 29.04 0.1 8,97 0,048 29,00 0.06 28,89 0,097
inches Hg {Continued})

* Mot based on 24 hour readings

1 Based on tachimeter type gauge
2  Based on weight type gauge
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TABLE 2-3. (Continued)
Date 3-10.80 3-11-80 3-12-80 3-13-80 3-14-80 3.15-80 3-17-80 3-18-00
Mean o Mean o Hean ° Nean 5 Mean o Mean @ Mean o Nean L
] Gross .1 8.77 3.8 6.10 31,2 6.26 .2 6.11 10,5 6,25 21.7 §.95 29.5 L. 3.8 3.8
Net 5.7 8.43 7’0 6.20 27.1 7.99 28.1 6.16 20,0 6,01 19.6 5.68 127.2 7.58 29.3 3,68
Steam flow rate 254 680.2 217 62.8 255 9.0 268 82.2 2ra 62.8 1866 $5.06 259 16.1 283 40.0
(1000°s 1bs/hr)
Steam pressure (psig) 853 9.1 855 6.24 #5% 5.8 853 8.6 852 1.0 850 8.6 850 5.3 8sh 6,3
Steam tesperature (°F) 892 11.5 894 1n.z 893 11.0 693 12,2 894 12.5 868 1.1 892 9.4 890 16.2
Feadmter flow rate 266 831 21 713.5 279 80.2 286 .o Fi:l] 61,3 194 54.0 268 .5 295 ®.1
{1000's bs/hr)
Feedwater temperature 362 3.9 312 21.6 o 25.2 m 2.4 mn 21.8 330 69.4 57 26.3 s 1.7
foF}
Fuel feed rate 1 28.8 9.03 29.1 7.08 30.5 7.13 3.9 9.4] 30.4 6.64 29,2 6.6 3.9 1.23 2.0 14
{1000's 1bs/wr} 2 3.2 30.3 .0 334 30.7 2.0 n.2 1.6
Fuel oil (gallons/iw) .17 1.5 12.08 2,08 .75 37.9 2.92 2.50
Excess air % 24 12.9 20 5.1 20 5.9 23 9.8 il 11.3 kL] 12,8 26 13.3 21 3.6
1D fans amps 45 2.% 46 3.1 46 1.8 4% 1.5 45 1.5 42 4.0 % 1.6 46 0.98
It fams pressure 5.4 1.32 6.0 1.18 6.2 1.20 6.0 2.9 5.9 1.01° 4.3 0,81 5.0 1.00 5.0 0.77
{psty9)
FO fans amps 0 1.3 30 1.} 28 6.2 o 1.5 29 1.5 28 1.4 » b6 k. 1.0
FD fans pressure 4.0 1.18 4.6 1.12 4.4 1.46 4.2 1.20 3.7 1.12 3.0 1.00 4.1 1,09 4.1 0.97
(psiq)
Furnace draft {psig) 0.60 0.036 0.5 0.024 6.6) 0.042 0.63 0.024 0262 0.044 0.74 0.092 0.59 0.074 0.59 D.}
Flue gas temp (°r)
Soiler enit 6505 L 664* 7.3 676* .1 686 37,5 669% 0,24 625~ 271.3¢ 669 4.9 676~ 24.0¢
ESP inlet o o e 1.1 2y .6t 324 20.3* 326 16,0 295 20.2¢ A9 21.3* 26« 9.5
Ambient temperature bt 7.5 5 7.9 30 i.6 28 2.6 37 12,6 51 itz k] 4.9 49 12,8
{°F)
Asbient pressure 20.91  0.195 29.14  0.06) 8.8 0.08 28.89 0,13 29.11  0.02 m/.9% 0.10 23.09 0.4 29.06 0,07
inches Hg {Continued)
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TABLE 2-3.

(Continued)

Date 3-19-80 3-2n-80 3-22-80 3-23.80 32480 31.25.80 3-26-80
Hean a Mean ] Hean a Hean o Hean o Hean o Mean a
] Gross 3.0 5.01 30.6 5,88 29.4 5,16 8.1 1.98 29.7 .1 29.6 7.54 30,5« 6,17
ket 22.2 6.9 26.8 7.68 27.1 4.9 16.2 1.80 27.4 7.55 27.2 .21 21,1+ 6.29*
Steam flow raie 1 §52.1 273 59.4 260 51.3 163 16.2 264 1.5 262 71.9 254 9.1
{(1000*s VYbs/tw}
Steam pressure {psig) 8453 1.0 851 4.0 853 7.4 852 5.7 858 4.9 852 4.8 B54 4.4
Steam temperature (°F) 008 i2.1 891 2.3 as1 11.8 884 10.0 asl 1.2 892 18.7 890 16.6
Feadwater flow rate 287 50.6 222 115.4 210 50.5 162 17.8 273 ns n 711.4 281 61.6
(1000's Yhs/hr)
l;:e;ater {emperature 75 16.5 72 16.8 365 18.9 325 1.1 67 25.4 364 27.6 69 20.9
F
Fuel Feed rate 1 1.1 5.74 3.6 7.06 3.3 B.32 20.8 1.1 32.3 8.26 1.8 7.66 29.6 7.16
{1000*s 1bs/w) 2 .4 .4 1. 0.4 2.8 e 3.9
Fuel oiY (galtions/hr) 4.17 20.4 26.67 33.13 20,4 20.13 1.67
Excess air X 20 5.9 27 1.7 22 1.8 42 1.0 25 10.8 27 14.3 22 4.0
ID fans amps 45 1.3 46 1.8 45 1.7 42 0.7 46 2.2 46 1.6 45 1.3
1D fams prissure 5.7 (.85 6.9 0.9 5.3 0.9 .8 0.22 6.1* 0.2 5.7 1.14 5.6 1.24
{psig) .
FD fans amps 29 1.5 29 6.4 29 1.5 27 0.6 29 1.7 30 1.3 29 1.%
FD fans préssure 1.9 1.18 4.8 1.32 1.1 0.9 2.3 0.3 4.1 0,92 4.2 0.84 3.9 1.37
{psin)
Fursace draft (psig) 0.6 0.10 0.6 0.09 0.59 0.1 0.59 0.057 0.%3 0.07 0.57* 0.11* 0.5 0,09
Flue g4s temp loFI
Boiler exit 666* 10,2« H8)* 32.8% 659 3040 599 3.9 660* 3.1 670 3.6 664 a
ESP inlet 328 15.9¢ 324 12,7 320~ 12.2« 280 o 329+ 23 123+ 2.00* 315 16.6
?lb;ent temperature 56 9.3 44 9.2 o4 5.9 kH 1.6 36 1.0 i 6.3 40 4.1
OF
Ambient pressure 28.81 0.09 28.92 0.085% 29.04 0.134 28,97 O0.04 29.04 0.08 29.17 o0.024 29,17 0.08

inches Hy
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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 L) Mean ] Mean L) Hean L) Mean o Mean a Mean [
Durstion of Test 1100 to 2100 0900 te 2000 0300 to 1900 0900 to 1900 0800 to 2300 0800 to 2300 0800 to 2300
L Gross k]| 2,3 e 0.3 5.2 0.3 35.0 0.2 M6 0.8 35.3 1.0 31.3 2.2
Net n NS 2.3 0.3 32.7 0.2 2.6 0.2 32,2 0.8 2.8 1.0 29 2.1
Steam flow vate 2|2 2.5 ns.s 5.2 34 3.0 9.3 1.8 5.4 103 228 1.9 215.6 23.7
1000's 1bs/hr
Steam pressure psig 859.5 1.5 852.1 4.0 850.5 3.5 850.8 3.5 8488 6.2 852.2 4.5 85t.9 7.} -
Stean temperature °F 9%03.6 6.4 2.5 6.2 900.5 3.5 902.3 6.8 857.8 10,2 895.1 12,1 895.3 12,2
" Feedvater flow vate 207.% 246 321.8 5.8 5.5 9.1 3z8.1 6.0 sS4 117 336.5 11.6 w85 2.1
1000's Ybe/hr
Feetwoter tempersture °f XS Hs w3 2 390.5 6.1 944 1.0 B8 3.4 390.1 6.9 s 1.3
Fuel feed rate {coal) 34.9 z.6 6.2 z.1 3 0.8 5.5 3.0 35.4 1.8 5.7 5.5 2.1 1.1
Fuel oil gallons/tw
Excess air ¥ 22.1 1.6 18.3 4.7 20.1 1.8 18.7 1.3 1.9 1.4 19.3 I.1 19.5 1.0
1D fans amps 47.3 0.5 46.9 0.8 41.2 0.4 al.2 0.4 4.1 0.6 7.9 0.9 16 0.8
ID fans pressure psig 5.6 0.8 6.6 0.4 7.0 0.2 6.7 0.2 6.5 0.6 6.9 0.3 5.04 0.5
FD fans amps 3.8 1.2 0.8 0.8 30.4 0.5 30.9 0.7 31.2 0.8 3.8 0.6 30.0 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 §.) 0.7 4.1 0.7
Furnace draft psig ¢.7 0.1 0.6 8.1 0.6 0.07 0.62 0.1 0.57 0.1 . 0.6% 0.07 .5 0,07
Flue g:l::.:xﬂn NS s NS NS s Hs NS Hs Hs us |} NS NS NS
ESP lnlet ] s [ L] N NS 3 NS N L] NS NS NS N
Ambient Lemperature °F 23 i NS NS n.2 1.6 10.9 i 25.3 5.4 26.9 3.2 30.1% 4.9
Asbieat pressure 232 0.09 NS ns 885 6.03 2923 0.01 28,9 0,05 B9 0.4 29,05 0.
inches Hg (Contioved)

N5 - Not Sufficient Oata



TABLE 2-4. {Continued)
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Sampling Day 3-9-80 3-10-80 3-11-80 3.12-80 3-13-80 3-14.80 3-15-80 3-17-80
MNean ] Hean ° Mean [ Nean ° Mean ] Hean q Hean L Mean L]
1 Gross 21.0 & 14 5.0 0 35.0 1] 35,5 0.58 35.0 0 u.4 1.12 19.6 6,59 .8 0.24
Net 19.1 4.94 2.3 0.04 32.4 0.09 2.8 0.61 32,4 0,10 1.8 1.11 - 18,2 6.56 324 0,62
Steam flow rate 1z 46.6 ne 5.0 320 5.5 325 1] 20 0 ) 9 4.5 182 &6.8 32 1.8
Steam pressure 849 2.3 858 5.6 as? 4.7 55 4] 855 3.2 a5s 8.7 851 3.7 a5} 38
Steam temperature 892 12.2 0896 11.9 a9% 8.6 905 5.8 a9 8.1 8% - 12.3 889 12,5 895 8.4
Feedwater flow 188 47.8 323 3.5 30 1.2 332 5.0 330 0 19 13.8 b4 64,2 21 4.8
Feedwater temperature M0 21.9 390 0 k. 2.6 190 1] 385 1.4 04 31 kx! 24.9 83 2.5
Fue) fead vate {coal) 25.2 6.04 36.1 2.21 3.8 1.18 35.1 0.25 38,6 2.82 M4 2.03 23.0 7.34 5.1 1.1
1000's 1bs/hr ;
Fuel o1} gallons/he 6.25" W ' owm n.2st s 12,007 W 208" W 3750 m .92" W 292" w
Excess alr kL 12.1 16 0.8 18 1.0 18 2.9 1] 1.1 17 1.5 41 14.% 18 1.6
1D fans ams L1 1.9 47 0.9 A7 0.7 48 0.6 47 0.5 46 0.8 L1} 4.8 46 0.6
1D fans pressure 4.2 6.81 6.2 0.25 6.8 0.29 1.4 0.48 6.4 0,30 6.4 0.50 40 080 5.5 0,82
FO fan amps 28 1.8 a0 0 k1] B.5 k14 [+ E) ] 6,51 30 a.? 28 1.5 30 0.51
fD fan pressure 2.9 .01 4.8 9.36 5.3 0.45 6.0 06.71 4.9 0N 4.2 0.86 2.7 1.00 47 0.60
Furpace draft 0.59 0.078 0.61 0.033 0.58 0.0z 0.60 0.071 0.61 a.0t5 o©.62 4.047 6,70 0.035 a.58 0.071
Botler flue gas temp 632 16.6* 686 8.3 688 13.7* 690 11.6 109 k.1 685 15.0 618 30.4 695+ 35.6*
ESP inlet temperature T 16.9¢ 340 n 340" o 35 i 335 1.4 E kL] 1.8 289 21.3 N 2.2
Ambient temperature 1?2 4.4 22 1.6 il 4.0 o - 0.5 k1] i.5 16 5.8 10 4.2 kH 4.7
‘Ambieny pressure 28.82 0.023 28.9% 0,091 29.11 0.053 28.85 0,022 20,92 9.123 2911 0,016 28.92 0.048 29,12 0.030

Sampting durafton 8:30A-10:11P 8:10A-5:33P 8:254-10;35P 9:108-1:15P B:15A-9:47P A:40A-10:55F 9:05&-10:06(9 8:4%-10:25?
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TABLE 2-4. (Continued)
Sampling Day 3-16-80 3-19-80 3-20-80 3-22-80 3-23-80 3-24-80 3-25-80 3-26-80
Mean [ Hean 9 Kean [ Hean 0 Hean o Hean o Mean < Mean [

L Gross M0 1,9 20 4.3 NA 545 94 .93 18,8 1.51 MNEe 029 M6 D48 B0 0.6

Net 3.4 1.91 e 415 A1 54 26.9 6.66 16.6 1.36 32.7 0,76 2.2 057 32.8 0.6
Steam flow rate k1 19.5 297 4.1 281 57.6 260 66,3 155 11,9 M 2.5 mn 3.0 e a.9
Steam pressure 851 6.0 852 6.8 853 8 851 7.5 856 4.8 855 5.8 851 4.8 852 1
Steam tmratul;e a8y il.1 B8 13.% 892 12.5 o89 13.6 886 1.7 899 11,6 892 9.6 902 14.8
Feedemter Flow 3ie 20.5 307 44.1 292 55.8 270 66,2 156 8.2 21 4.2 24 2.4 k 3.9
Fecdwater temperature in3 4.2 a2 12.7 2 19.8 365 25.7 128 1.9 364 2.% o4 2,8 8o 0
E::} :::D'::t:bsllt) B 2.26 2.6 6.1 33, 820 9.2 7.92 21.4 .28 3.1 1.03 3.8 050 35 2.4
Fuel of) gallons/iwr
Excess air 0 1.8 1% 6.0 24 1.4 26 13,0 38 10.6 16 1.7 18 1.0 1} 0.%
10 fans smps 46 0.5 L3 0.9 46 2.4 45 1.3 L T4 0.6 48 1.0 3 0 4% o
10 fans pressure 6.2 0.46 4.5 0.99 5.8 1.09 5.4 1.02 '3.3* 0.24% 6,2 0.17 4.8 1.82 6.6 o.M
FO fan amps 0 a.4 30 1.6 0 1.9 30 1.6 2?7 0.4 30 0 Jjo 0 0 0
FD 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 4.6 0.51 4.7 0.80
Furpace draft 0.60 ©0.107 0.60 0.10¢ 0.81 1.019  0.61 0.066 0.58 0.057 0.52 0.093 0.59 0.07% 0.5 0.068
Boiler flue gas temp 687+ 7.8 686 8.6 695« 15.9* 619 9.8+ S98* 4.6 674 . na 676 1.1 6689 16.0
ESP inlet temperature e x i 3.6 e 2.5 330 &8 e z,6* a0 O 315 0 s o 25 s
Ambient temperature 58 6.0 62 6.1 42 6.2 42 4.2 k14 1.5 k) 1.5 44 0.9 Lk 2.8
Ambient presswre 29.02 0,056 28.75 0.042 29.00 0,406 28,95 0,078 28,98 0024 29.05 0.002 29.16 0,008 29.17 0.041
Ssmpling duration 9:00A-11:25P  B:43A-12:07A 9:05A-4:25A 9:47A-2:12A 9:27A-2:10A 11:10A-2:47P II:M—S:E 9:224-2:06P

dot a total iee wesn.




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 whenever
possible. Production under 16 MW introduced instability and the possibility
of large transient swings in operating conditions. Usually the boiler was
operating close to one of these limits. It operated at 35 MW during peak-
loads because the locad of the serviced community 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 MY 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. 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 between 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.
0f 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 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
011 is used sparingly, and only as an igniter to insure flame continuity dur-
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ing soot blowing, Different firemen have different procedures for its
use, and the large variations in fuel 0il consumption shown in Table 2-3
are more related to operating practices than to what was happening in the
boiler.

The continuous supply of RDF to the boiler during the test was found
to be unreljable. 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. (ften the RDF supply
ran out because the solid waste recovery plant was experiencing mechanical
problems, or had run out of refuse to process. Qut of 23 days of sampliing,
only on 6 was ROF burned continuously. On 15 days RDOF 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 ciosely 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 QOperating Parameters

Data for the steam cycle in the bojler 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 remain fairly constant. The feedwater temperature also varied.

It was higher on days of high electric¢ity production, and lower on days of
Tow 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 decreasing 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 limited 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 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 hour day. Most
of this information was recorded during peak operation, and may therefore be
considered representative for peak operation conditions. B8oth the flue gas
and ESP inlet temperatures decreased during off-peak periods.

Routine activities such as ash removal and soot blowing was performed
at times designated in the test plan. ROF was observed to have a substan-
tially higher ash content than coal, and this characteristic was raflected
by longer ash removal periods, and more periodic soot blowing. Both activi-
ties decreased substantially when RDF 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 2-3 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

Tabie 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 cycie 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 oil was similarly measured
through a volume integrating system. However, no accurate measurement of
the RDF was -possible. The values Tisted 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 Menitoring Data

Table 2-7 presents the daily averages of 02, COZ, €0, and total hydro-
carbon monitoring on approximate test duration basis. Occasionally the con-
tinuous monftors 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.
Power Production  Thermal Energy’ Fuel Consumption s}::“&':'u::'
{kwh} {Btu/kwh) Steam and Fly Ask Water Input
Production lowa Coal Colorado Coal ROF Qit Removal to Evaporator
Date Gross Met Gross Net (1b/kwh) {tbs} {1bs} {1bs} (9allons} {g9allons) {gallons)
1-2-80 681 000 623 902 I 186 12 210 9,57 319 9548 432 712 0 60 250 000 8 300
*3-3-80 109 000 648 682 11 296 12 346 9.59 416 330 M2 270 113 000 160 340 000 9 000
3-4-80 761 000 700 OF2 1 396 12 388 9.53 412 290 351 210 226 800 10 320 o00 2 200
3-6-680 759 000 @98 46l 1) 697 12 71 9.73 434 538 370 162 192 315 60 380 000 6 800
3-6-80 M0 000 673 658 11 693 12728 9.50 432 0% 339 504 213 200 %0 450 000 9 200
3-7-80 735 000 674 470 11 652 12 697 9.64 427 127 e m 130 800 100 320 000 2 500
3-8-80 640 00D 590 057 11 602 12 12 9.54 356 286 nr 2o 168 460 130 360 000 1120
3-9-80 494 000  44) 496 11 524 12 836 9.47 301 688 267 112 26 000 150 314 908 8 500
3-10-80 693 DOD 635 DAY 10 955 11 985 9.54 486 980 262 220 g1 200 100 8 N6 6 300
3-11-80 739 000 67b 629 11 440 12 458 9.57 334 228 392 472 229 600 210 403 172 5 800
3-12-80 750 000 50O 456 11 348 12 362 9.62 408 980 124 520 229 075 290 413 644 3 500
3-13-80 742 00G 681 889 11 544 12 562 9.68 432 210 360 230 4 675 50 422 620 9 100
3-14-80 129 0G0 668 119 11 537 12 S48 9.51 412 440 324 660 230 400 90 . 418 132 0
3-15-80 508 ODO 457 939 11 434 12 684 9.50 322 M9 253 352 22 050 910 135 1 5 700
3-17-80 699 D00 639 942 11 170 12 201 9.59 412 335 337 365 97 650 H 39 000 11 100
3-18-80 759 000 696 494 10 855 i1 629 9.62 417 010 31 150 154 674 60 413 000 15 200
3-19-80 748 000 682 596 10 794 11 829 9.51 a4 215 338 985 134 B16 100 477 000 6 000
3-20-80 753 500 689 205 11 368 12 88 9.56 45 392 379 408 63 100 490 320 000 7 300
3-22-B0 706 OO0 647 GAA 11 o7 12 075 9.55 410 520 35 880 92 000 640 50 00D 5 400
3-23-80 426 000 382 263 11 3 12 605 9.49 269 610 220 590 0 800 180 000 16 600
J-24-80 710 000 650 019 10 84) 11 241 9.61 629 920 157 400 &1 600 490 300 000 4 500
3-25-80 700 000 642 031 11 080 12 081 9.52 610 880 152 720 93 000 680 430 600 4 000
3-26-B0 726 6DO 664 973 10 949 1 954 9.60 612 960 153 240 14 970 40 540 D00 18 500

*This is only a rough measure of ROF weight.
Tinis value s derived from the average Btu content 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

: Towa Colorado
buration Coal Coal RDF Fuel 0i1
Test (Btu/1b) (Btu/1b) (Btu/1b) (Btu/galion)
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, C02, 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 Tevels and Tow levels of C02
and €0. 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 air was monitored in the plant's control room, it has
also DBeen calculated on a theoretical basis for comparison using the foilow-
ing expression

: 0, - ¢/,
% excess air = 100 x [30245 N, - (0, - coxzﬂ

where the gaseous components are expressed as percentages.

The resuylts of these calculations are given in Table 2-8, along with
the values of excess air measured in the control room. The calculated 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 ajr preheater to the boiler. Evi-
dently, there is some air Teakage 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
alsc 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 in oxygen at the ESP inlet which is Tocated downstream
of the boiler. Since the variable oxygen readings at the iniet and outlet
were taken on an intermittent basis, at 15 minute intervals, it was difficult
to relate the data points at the boiler 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,
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TABLE 2-7. CONTINUOUS MONITORING DATA

Sampling Date 0, (%) co

) (1) €0 (ppm) THC (ppm)
Location (1980} Mean o Mean ° o Nean o Mean = o
ESP Inlet 3-2 4.6 0.34 12.7 044 17.9 1.61 <2 -
£5P Dutlet 6.3 0.8 114 0.53 16.5 1.57 <2 -
inlet 3-3 4.4 055 13.7  0.63 12.4 1.54 <2 -
Cuttet 5.8 0.5 12.5 0.67 10.7 1.16 <2 -
Inlet -4 4 0.35 144 0.3 16.7 0.75 <2 -
Outlet 6.1 0.7 13.0 19 14.7 .89 <2 -
Inlet 3.5 4.4 0,86 4.6 0.58 18.3 1.22 <2

5.6 0.8 12.4 .36 27.8 0.4 <2?

Inlet -6 4.3 0,29 1.9 0.37 16.7 2.30 <2 -
Dutiet DATA TAKEN FOR TNLET ONLY
fnlet 3.7 4.6 0,32 13.9  0.35 16.4 1.50 <2 -
outlet 5.9 0.2} 12.8  0.28 .7 1.63 <2 -
inlet 3-8 4.3  0.30 14.0 0.30 27.6 0.85 <2
Outlet 4.8 0.0 13.6 039 28.4 2.29 <2 -
Inlet 3-9 1% I O X | ne 1.2 4.7 1,82 <2
Outlet 88 1.3 1m0 1.24 22.6 2.3 <2
Inlet kIS 1) 4.0 0.3 13,9 0.30 24.5 1.51 <2 -
Outlet 56 0.19 124 0.4 24.9 1.04 <2?
Intet -n 4.7 028 13.6 048 22.4- 1.8 <2 -
Outlet 8 023 13.2 0.5 2.2 1.29 <2 -
{nlet 3312 §4 029 140 0.43 2.1 1.75 <2 -
outlet 56 0.13 138  0.56 22.3 n <2 -
Inlet 3-13 3.1 0.30 156 0.3 20.7 0.90 <2 -
Outlet 52 057 4.0 0.9 18.4 1.03 «2 -
Inlet 3-14 3.7 04D 148 0,47 27.7 4. <2 -
Outlet £.3 1.0 131 o 29.9 16.56

{Cont inued)
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TABLE 2-7, (Continued)

Sampling Date 0, (%) o, (%) o (ppa) THE (ppm)
Location {1980) Mean o Mean a Mean 9 Mean g
Inlet 3-15 6.3 1.5 12.6 1.45 220  2.03 <2 -
Outlet 8.4 1.87 0.7 1.67 187 2.00 <2 -
Inlet 3-17 3.7 0.47 144 0.62 2.8 1.73 <2 -
Outlet 5.4 0.32 129 0.33 20.0 1.0 <2 -
Inlet 3-18 1.8 0.33 4.4 0.46 23,3 1.18 <2 -
Outlet 54 0.30 3.0 0.40 237 9.62 <2 .
Inlet 3.19 3.8 0.58 1.7 0.72 23.6 .84 <2 -
Outlet 5.3 0.47 3.2 0.47 26,2 17.5% 2 -
Inlet 3-20 4.1 0.29 4.3 0.0 200 2.21 <2 -
Outlet §9 0,25 128 .1 174 1.70 <2 -
Inlet 3-22 3.6 M 14.2 .35 38.3 25 .81 <2 -
Outlet 5.4 .29 12.6 46 7.7 22.6) <2 -
Inlet 3.23 5.9  1.09 12.7 V.08 NOT OPERATING <2 -
Outlet 8.8 75 103 74 . . <2 -
Inlet 3-24 DATA TAKEN FOR OUTLET ONLY
5.4 .24 13.2 .24 . . 2 -
tnlet 3-28 4.4 .83 13.8 AN " . <2 -
Outlet 5.4 .23 13,1 .26 . . 2 -
Intet 3-26 4.9 .87 13.7 7 . . <2 -
Outlet DATA TAKEN FOR THLET ONLY




TABLE 2-8. EXCESS AIR READINGS

Date Excess Air 2 L 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 4.7 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

Boiler Exit/Preheater Inlet

ESP Inlet/Preheater Qutlet

Time 10, %c0, ggm gﬁg 50, % C0, pgg ;ﬂg

1430 4.237 13.926 28  0.42

1445 4.593  13.78¢ 29 0.1

1500 4.094 14.222 27 0.49

1515 4.975 13.542 28 0.22

1530 3.741 14.414 28 0.45

1545 4.544  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 0.41

1645 _ 5.207 12.43 26  0.21

1700 4.089 13.972 26  0.22

1715 4.879 13,538 26  0.15

1730 4198 14.154 27 0.18

1745 4153 14.206 28 0.18

1800 4192 13.780 26  0.23

1815 50141 13.574 26  0.18

1830 4.295 13.976 28 0.19

1845 4.359  13.902 28  0.04

1900 3.937 14.154 29 0.22

1915 4.959 13.564 27  0.25

1930 4.742 13.492 28 0.26

1945 8,397 13.946 28 0.1

2000 4.632 13.566 28 0.2

2015 4.401 13.558 36  0.18

Mean 4.24 13.97  27.58 0.304 || 4.71  13.61  28.1 0.168
0.30  0.30 0.9 0.114 || 0.34 0.43 2.7 0.059

2-30
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Figure 2-1. Oxygen in the gas before and after the air

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 oxygen 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. '

2-32
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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 suppiemental 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 pilant 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 cqal, 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 Mi1l pulverizers. Air preheated to about 340°C (650°F) by the

combustion gases is suppiied 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 coal and
primary air into the combustion chamber. Combustion air is supplied to the
boiter unit by a Westinghouse forced draft fan. The combustion air drawn

3-1
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TABLE 3-1. BOILER DESIGN DATA

Description Size

Daston pressurse, pgi 1085 psig
Total effective heating surface sq ft

Boiler 16550 )

Furnace EPRs 6200

Superheater - Convection Tone s200

Radiant zone 1800

Economi 2er None

Reganerative Air Heater 67200

Air Prehuating Cofl 5070
Furnace Volums, cubic feet 27300

Furnace width and depth

C to C of tubes, 7t
furnace design pressure, in Hzo posttive
Total waight complete, 16

Water required to 111 boiler and water
walls to oparating level, gal

Inside diametear and thickness of stee] drum
Overall langth of steam drum

Drum hasd thickness, in 1ifting weight
of drum safaty valves

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

Manyfecturer, type, number and stze
of blowdown valves

Tubes in furnace
Size and thickness
Water well tube spring, in
Cto C
Furnace exit first row
tube spring, InC to C

Ars tubes staggered?
Matarizl

Numbey

Tube spring in C to C

Tubes 1n Boller
Stze and thickness
Material
Tube spring C to £ (in}
Number

Circulation ratfo, minimum

191" by 19'-11"

5" W
2,340,000

Approx, 17,900 U.S Gallons
66 01 -4 3-x2]3"
Approx, 27' - Q*

2 104" 66* P Drum = 35000 LBS

Consoltdated
Twa (2} 3" MTISIA

Two (2] sets 2* Yarway
£966-81

21/2° 0,0, x 180
3" 411 walls

9° {Finishing superheater}

HD - IN LINE

SA = 192

26 Assemblies

9* (Finishing superheater)

2 172" 0.0, x 12
SA -192

1 3/4" Transverse
1472

Water walls - 10 to 1
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Figure 3-2. Flow diagram for unit #7 at Ames Municipal power plant



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 pjece
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 }

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 liquid or vapor., depending on pressure and temperature condi-
tions.

Heat transfer in the combustion chamber cools the combustion gases.
The cooler combustion gases flow from the combustion chamber to the super-
heater 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 temperatures in the superheater are:
steam side - 350°C (primary}, 485°C (secondary}; gas side - 1150°C (primary},
1050°C {secondary); and outside metal surface - 470°C {primary), 535°C
(secondary}. Steam superheat is necessary for thermodynamic efficiency and
also to prevent steam 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 entaring 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

Forcad Draft Fan

Manufacturers name Westinghouse
Model No. #4054

Blade type Ajr foil
Operating speed, rpm 1180

Air inlet temperature, °F 80°

Air flow (100% load), 1b/hr 422,696

Air flow (100% Toad), ft3/min 99,934

Fan static pressure, psi 0.28

Static efficiency (100% load), % 54.6

Power required, Kw 167.1

Induced Draft Fan

Manufacturers name Westinghouse
Model No. #4073
Blade type Air foil
Operating speed, rpm 885
Air inlet temperature, °F 279
Air flow (100% load), 1b/hr 482,653
Air flow (100% load), ft3/min 153,900
Fan static pressure, psi 0.26
Static efficiency (100% load), % 52.3
Power to fan shaft, Kw 249.9
3-8
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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 Qutlet Pressure psig 900 900 900
Superheater Pressure Drop psi 30 75 85
Gas Drop, Furnace to Econ. Outlet "wg 0.85 1.85 . 2.18
Gas Drop, Econ. Outlet to A.H. Outlet *wg 2.00 4.35 4.90
Gas Temp. Entering Alr Heater F 705 732 743
Gas Temp. Leaving Air Heater, Uncorr. F 281 236 297
Gas Temp. Leaving Air Heater, Corr. F 265 279 280
Air Temp. Entering Air Heater F 119 101 99
Air Temp. Leaving Air Heater F 598 © 633 635
Air Press. at F.D. Fan "wg 5.10 7.75 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 ¥ 87.99 87.28 B7.21

Superheat steam temperature contvol 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 HHY (as fired) 9506 BTU/#
V.M. 32.27
Ash 13.51
Moist, 17.12

100.00%



Unit No. 7 generally burns a mixture of Iowa coal, Colorade 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 Colorade 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
{s 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 ROF 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 suppliement coal as fuel, modifications were made to
the boiler. Grates were instalied in April 1978 to assist in the combustion
of RDF. 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
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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 hydrﬁzine 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 heater 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 377, It is a wire/plate type with rappers
and is designed to handie 4300 ma/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
cell units with 2 fields and 8 insulator compartments. Performance charac-
teristics for the ESP are given in Table 3-5,

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 cm (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 e (1700 cubic feet) with aver-
all dimensions of 5.2 m x 6.8 m x 18.1 m (17* x 22.5' x §9.5').

The electrical system of the ESP requires a maximum operating voltage
of 45 KV. Power requirement at maximum demand is 83 KVA and the total con-
nected 1oad is 61 KW. There are 8 electric vibrator type high voltage rap-
pers and two rectifiers. The two rectifiers are rated at 4% KV each.

The primary voltage is approximately 260 volts at the inlet field and
200 at the outlet field. The primary current is approximately 5Z.0 amps at
the 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 Toading, 0.074
gr/cf

Efficiency, % 98
Gas velocity, fpm ‘ 266

N Pressure drop, in. HZO 0.5
Time of gas contact, sec. 2.94
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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-
jng port locations, and Figure 4-4 is a cross sectional view of the ESP in-
1et depicting the traverse point locations.

The continuous monitoring probe was Tocated 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 Sampier

Liquid Sample Locations

7 - Untreated Well Water

8 - Seal Water

g - Cooling Tower Water
4.1
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Figure 4-3. Inlet Duct - Showing Port Locations
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CONTINUOUS MONITORING
PROBE

Traverse Point Location From
Traverse Point Number Outside of Nipple
Inchas Cantimetears
1 22 53.9
2 34 83.3
3 46 112.7
4 58 142.1

Figure 4-4. Inlet Traverse Point Locations

4-5
204



3,0 SAMPLING

This section includes information on the sampling program conductead
at the Ames facility. Any changes or pertinent comments are inciuded 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 infet 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 1_1 m3) sample by extracting
the flue gas at & rate approximating the flue gas velocity. The particulate
matter was collected in a cyclone and on the filter media. The gas stream
was passed through an XAD-2Z 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 sampiing trains and turned over to an MRI representative. The outlet
(stack) sampling position was sampled with no change to the sampling plan
while the ESP inlet sampling was modified.

o ESP Inlet

During the initial tests, it was found that the outermost ports
exhibited 1ittle or no flow. At one point of the traverse, the velo-
city head (4P} was negative while the next point indicated positive
AP, thereby canceiling 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.

205



902
2-5

1

" FILTER HOUSING

[N

HEATED LINE

BATTEUE
TRAP |

o ‘ GAUGE LINE
ORIFICE .  VHERMDMETERS

pay Test AR TIGHT
_TER PUP

Figure 5-1. ESP inlet sampling train



.~ FILTER HOUSING

A

BATTELLE
TRAP

" IMPINGERS THERMOMETER

FLASK (—
q
OVEN BOX / J
STMD
*
BY-PASS '
VALVE  vacumM VACULSY
a0 oaam - l;At KSE LINE
W,

oRY TEST AIR TIGHT
. HETER PUMP

Figure 5-2. Stack sampling train



24

1)
2)

4)
§)

7)
8)
9)
10)
)
12)

\qgﬁasasainnn —
7

Calibrated nozzle
Glass 1ined probe
Flexible teflon sample ling
Cyclone

Filter holder

Heated box

Ice bath

Impinger (water)
Impinger (water)
Impinger (empty)
Impinger (silica gel)
Thermometer

5-4
208

- N — ", -
W ‘ v A .':r
SO | P b 23 g
i "’ T bCY bk
et - . L] s
f s a4 o P ?(
;-o ey w .. cg /
‘., ..5" ';“"; Foe .:' 7
. . H i -
". :. -fz - -..'.' H
M1 v ‘At L '
- - ol 11 - ;‘1 bl
.y - - Pt "y T

13}
14)
15}
16)
17)
18)

- 19)

20)
21)
22)
23)
24)

14

Figure 5-3. EPA Method 5 particulate sampling train

Check value
Vacuum iine
Vacuum gauge

Main value

Air tight pump
Bypass value .
Dry test meter
Orifice

Pitot manometer
Potentiometer
Orifice manometer
S type pitot tube



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 power 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.

o 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 samples 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 teflon line pan
and transferred to the sample container with teflon lined 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 sampies
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
feader 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 liguid 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 obtaining samplies. Sample con-
tainers were rinsed three times with sample liquid prior to being filled
with that 1iquid. The streams sampled and frequency of sampling were as
follows:

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

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

Appendix C contains the time frequency schedule utilized by members
of the solid and liquid 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 placed 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 inlet of the ESP. No traversing was
performed. Both frains 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-
c¢luding 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. A1l 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 Sampie Recovery

Upon completion of the ESP and stack sampling, the sampling equipment
was brought to the laboratory area 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 recovered per the following:

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

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

8 After recovering dry particulate from the nozzle, 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. All rinses were retained
in an amber glass container.

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

s 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 .

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

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

To preserve sample integrity, all glass containers were amber glass, with
Tefion-lined lids.

5.8 Problems Encountered During Recovery

¢ If the temperature ¢of the probe, flexline, or oven box was not
sufficient {4 250°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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¢ 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 particutate 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.



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 Qrifice 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/outiet 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) ©
sHe = FE(T+ 4%0) =W ]

where
aH = A;egage pressure drop across the orifice meter, inches
Pb Baiometric pressure, inches Mercury
Td Temperature of the dry gas meter, °F
Tw = Temperature of the wet test meter, °F
6 = Times, minutes
Vw = Volume of wet test meter, cubic feet

The AH® yielded is utilized to adjust the sampliing train flow rate by regu4
lating the orifice flow.

6.1.2 Dry gas 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 varjous 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

LT
+4 T + 460
Tg (Tw + 460)
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where

¥ = Yolume 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 H20

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
identical 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 ]]{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.



6.1.4 Nozzle diameters. The nozzle diameters were calibrated with the
use of a vernier caliper if the noz2zle 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
coz 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.

6-3-
216



Carrse Conrol Vaivd ) .
e Comtrol Vaive
Temporaiure 1,

Temperatura T,

Figure 6-1{a) .
Orifice meter ca}ibration

Fing Lontrsi Vg
Cagrse Contred Vaive
Tomporaive 1,

Temporatwe T
Tomperaturs 1,
Onifies “N

\
'ﬂ_‘?._cg-,_)..

Figure 6-1(b)
Dry gas meter calibration

Tk & Reaang

Top View

\ Aaile, Dy s
Vs
. * - i Mater ’
Sm Piot Tug
il .\
A o Test Hoio I
«‘_+ 4— -.\r £
o = -~ i
h/ h Steol fuvde Lt Blower

Agint Whord Tun of etar m“rmmm
Tubre Vipwid Ea Whge -

Figure 6-1{(c)
Equipment used to calibrate pitot

Figure 6-1.

6-4
217

Calibration equipment set-up procedures




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

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

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

¢ Cold weather also effected the following:

1),

2]

3]

4]

heat 1ines did not maintain temperature causing moisture to
condense and possibly act as a scrubber for hydrocarbons.
Therefore, hydrocarbon data are considered only fair.

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

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

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

2}

3)

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

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

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 were not recorded.

7.2 Recommendations

The only significant prohlems 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 environment, during the warmer time of the
year or heated constant temperature shelters should be provided.
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Asbleat pressurs 29.99 .05 29.0F 9.00 2890 2095 23.9) ZB.M 2. 2.8 2035 2.3) 2.8 B4 8.7 2.5 WIS 20.76 .89 0.1

inthes 19

Comment s

Start -

Flalsh - 2.25A,

. Ak
. 2450, R.O5F, 10,400

Soat Biowm
stare - 12,308, §0.05A, 9.56P

ROF Oensiay - § Vhs/cu Ft
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£-a

PMROCESS BATA

A MMICIPAL POMER PLANT
T w0, 7
Daca 3-4-88 ot basad an 24 b dsta
Time 1. L MO OSA A M M E L L » » o 8. & » L4 » ¢ 1F Meas -
- Gross 27 n o D D N N W KBS KS 5S BO KS MNe KBS B %5 XN 5.0 KO B0 WS B N n.a il
it % e M1 N 2A: HE ML KT N n n 2S5 Ne 1S R NS NA NS RE RV RVE NE RNF BT B 4N
Stean Thaw rote 1% 190 1% 130 19 190 235 M7 3% R0 35 300 % 30 1% 35 ™0 1B 1N RE OIW 15 R0 w0 2N .9
1000°s Ths/r
Steam prossury pilg 050 S0 MBS0 M5 6855 M5 M5 BED 050 55 B45  BSS M50 BB M5 55 850 050 0S50 655 &S5 SR S 0SA.8) 595
Sted Lamperatvrs o M5 MR MBS MS M0 S5 W00 HID 0 905 00 0 M0 95 W0 W5 900 695 695 M5 M0 900 MAS  M9l.46 M8
Fosdwater flow rate 250 202 01 0 208 05 2@ M0 30 NS 325 M0 W$ RS e M0 1% s 3 I Mo 332 30 w5 0.7 R.w
1000 s 1hss/ar
Fashater tovg YF W MO WS 390 WO W0 390 M5 I )95 400 400 400 40 3N B0 M7 T.6)
Fusl feed vate (caad) 26.6 24 DO 2.0 208 202 5 35 ME NS MO ML MO M MS MS B0 MO B2 ME MNI NI B WS BLQ ¥
OOO*s Wbs/i 5.7 Coal 11L.WA
Fut) gaupe rerdings 77201 -1]] 2.9
satlons/ir tush ol $Hr.y
EF Om .
Eacess abr ¥ L] n o n N % O oW N N H | ] n " ] L) 1] wn n 1 19 [} . ] [} ] 20 wuy LHn
§.p. fans amps a5 LE R ] a9 B B B uow “ L] @ 47 o« a7 41 a7 L1 LLE a“ “ o “» L W
I.:. fans prossurs 49 40 &) XS 51 55 50 54 YO D 0 70 & FO JoOo FY& PO &5 V1 1) &7 &% 65 &S &V LW
i
O Tans smps n u »n 2 N B OB N ] k] »w ] ] ] ] EH n n n " n n M M 1.4
FO fans pressors psig 4.6 6 35 Y 25 00 29 50 55 54 40 45 A% 4% 45 S50 A5 S0 AR 4% 4R 5] LT A5 AR 0T
Furnace dralL psiy 0.s 4 0 03 OB 0.9 66 05 05 06 OF O04% 05 0& 06 05 04 D04 07 06 072 060 0.6 0.7 055 015
Flus gas tamp
peblar :t' 60 40 J00 670 B0 M0 690 60 &Y &S Wit L
ESP intet °F I MO ME MO MO MO W M0 MO M T LI W
ofhuﬂ teaperature R n » W W » A uHn n» n u % . 1 k. F/ i3 ] [F I} 15 12 10 ] FL N T
l‘ﬂiut presswre M MM NS NN N NI B N8 B8 00 HBSAN BN NN AN Y BN LN
NChEs My
Commeats

500t Blows
Stary - I_n*'!lm. 1,308

WOF density - 4 osfcw ft, § Isfce 18, § Ybsscw Te!
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-0

MOCESS BATA
ANES NINICIPAL POER PLANT

iy %o, }

Qate 3-5-80 ‘Mot basad ea 24 W data

Tima b ] A Zh M LT} SA 1) A [} ] M A 126 14 4 3w LA (1] b | » W 1 N [
] ross 3 %5 n s 22 ] n B ] » % » 35 NS B, B » ] ] k) n » » 3.4 .75

Mot 2.8 ME Dy "ns 21 N 7 ORE ORT RS RS N O RT N QY ORNT ORI ORE N RS R R NT RO
Stean flow rats 50 FL LI+ T s 20 25 R0 15 0 M5 O MS 320 NS 16 RS e e W W 2 R M MW W
1000" 5 YhsSr
Stead prassore pslg 855 MO 850 MO0 850 B850 BS0  B4S 650 6850 850 850 B4S 850 M5 AR5 B56  BRO BS0 BSS BS0 OS50 AS0 A MM 5.6 T
Steam tempacsiure °F 080 8% 90 a85 80 900 M5 00 S D WS M0 B0 0 K5 10 905 0 ees  B9S B85 EBS 00 M0 8956 0.9
l;m«lu. t.rm:::u vate 265 45 20 200 P05 200 290 M N M M M0 MW NS N W I WS 0 W W B W W Mo.47 M.
$
feesuater temp °F 390 W W M MW M B WO M M0 ¥ WS 390 395 3 S I WS W W W0 ME N0 A MR UM
Fual Fond rate (coal) 2.4 My 25 1M1 234 195 N1 T4 A 85 W5 B e n i3 n n 3.6 NS RNE 112 NI RE RAS 09
V005 Vhs/iw 2.6 Coal 31,53
fuel phuge readings 175997 on 2.5
{galisns/ir) fuel ot}  SHMLE
"oF 5,200 o AN 10,204 ROF Kestaried

Encess air 3 20 20 0 k] »n n ' 20 16 n 16 18 19 " 4] 19 1] 1L 20 1] 19 L] 18 1] 2 20.17 LR
i0 fans smpy “ “ 4% 45 45 “ u " L] L] 47 “ 47 a7 a1 47 L LH 7 47 ] a1 Lt L3 w.% 1Ll
10 Tans prass psig 5.5 $5 49 48 )2 60 6D A5 60 65 &5 7 6.7 &5 65 rBb 65 O &5 &0 1.5 65 &0 1B e 1.04
FD fams amps 29 ) F ) ) . ] ) 2 n » 4 n 12 i n H 0 0 » i n p H n n n W4 1LY
FD fams press piig 4.0 59 e & 29 ¢t S0 55 50 S50 50 55 4.2 40 40 40 40 AIE A7 A6 53 45 43 4y W 1.06
Fursace draft psiy 0.5 0.7 08 03} 0B 1.0 0.7 045 06 0.6 085 065 08 0.7 04 045 06 0D 0.6 0.7 0.5 06 Q45 O 0.6 0.154
Flue gas temperature

deiler axit 695 700 JO0 &BD 690 &90 6% 0 b )OO [ o] [ B

ESP dmlat Mi NS ME M5 WS ME B0 U5 HS 5 M85 1.5
Asbient Lemg OF 2 4 4 2 H 2 1 1 1 4 [} L ] i 12 4 15 15 15 " 13 iz 11} b ] 7.6 5.2
:ﬁ::ntwptess 280  29.00 A0 WAT 2508 F00 290 2013 290 .2 MH XU BN HNHM MNH BN B BN BN B HBD BN BN B s [N ]
1~ 111
Commynt s Soot Nigwm

Start - J.J0R, %300, 9304, 1.30F, 5.30F, $.30P
Filwish - 2,154, 6.90A, 10.00A, 2.00F, &.008, 9.56P Sart -, (OA, PP ROF density - S5 Ibt/cw fr, S Ybs/cu fu, 5 Yes/ew fy
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PROCESS BATA
ANES FUNICTPAL POWER PLANT

-y e 7 -
pare 1698 it based on 24w dits
A el ]
Thae 1 1 F " “ A ) MO " WA LA 128 1P * » [ N 4 *r » o W N M .
o Gross F ] 2 »n s S 25 NS N M5 N5 B k1 5 b1 » k3 E » » k) % » 2 . 555
et 5.2 20.2 2.1 197 154 BT 25 S R0 NI RE IS RE RGOS RE NS RE NS NS NS RE RE DS BN LD
Steam Flow rate 356 M5 185 ML 180 182 25 285 30 S 3 32 0 120 120 M5 a0 120 320 320 120 0 NG M2 M) MR
10005 Vies/br
Steam pracsure a3l MO 850 B0 M B30 M8 BS0 @58 B5S  MD 855 BSE 055 B850 M5 ML BS0 85D BS0 BS0 0SS 85D B 8% Mry .22
Stean temperature *r w0 840 0% 08 M0 8% 6 900 920 900 S0 S0D SO0 900 MM M0 M5 - 905 AN 4vs M85 M85 %0 M0 085,31 M.
Fosguitor (low rate 279 200 1% 198 204 195 230 292 30 M5 30 I¥ 3N 0 N0 M I @5 I 1IN MO 30 N2 2% T An
1000's Ibs/iwr
Fectater tomp "F » N 3 3N 1% M0 0 B0 M0 2% 30 35 I 3195 30 M0 W0 I WS M5 MO IW 3o W0 Ve 2.0
Fuel faad rate {coal} 8.8 %S5 B W ®»5 N %5 M ® X @ » ¥t 356 %S5 363 .o MA B s
100" ibs/hr . Caal  22.15
Fusl quuge resdiogs  77908.7 ol L
walbons/iw Fual o) 2
[ S.408 System B off 6.00 snly )
6.000 Systam & oa 5.00M0 Lotk Conveyars on .
Excass air 3 21 » » ] T n n 15 17 20 A 10 20 13 1w oon TR 18 19 20 s 19 1 nan &n
1D fans amps (13 “ " a o “ “ 1% & a7 a 'Y v a7 41 “ @ 9 - 4y - - u “ w1 LS
D fans press paig 5.5 3% 531 56 S0 5% 50 S5 65 10 65 70 65 7 ¥ ] [ 5 64 B3 B BS &8 61 0B 0
O Fans amps P+ n = n 2 - ] P} » w k¥ » k¥4 0 1] n k] n » ]} ” n n M an 0.2y L4
FI fans prass ping 2.4 23 L5 L) A5 28 20 18 5 [ a5 &5 4 1 5 5 s H s 5 5.4 49 51 48 MBI
Furnace drafe psig 9.7 045 00 09 0% 06 08 05 07 07 06 06 045 045 04 06 04 07 05 05 061 060 @62 060 06 0.1
flug a5 Cmp %
Roiler enit B 6% 00 B0 M0 690 K90 &M M 6% [T W
ESP 1adat WO W MO MO M ME MI M M MO W 0
Anbient tomp OF [} T [ 6 . 10 12 1”2 1 I 2 25 % % ] 2 » » » »n n % H ] .74 319
Aakient press 2022 220 07 29 2904 2502 2901 2009 2008 29.06 20.08 2900 2.9 2.9 2.M 2.9 2.9 2.9 2.9 N5 AN AN AN A.Y 9.8 505
Inchas M)
Comment § Fl ] Soat B
AL 10,108 ESP  Moppers Sart - :Tm’.‘iﬁ:n. 7.0 AN density -

Sare - 1LJOA, 5008, 9.008, ).30F, 5.000, 9300
Flalsh - 2. M8, 6308, V0128, 2.060, &.15P, 11200

wown for repairs

5.8 Tosfcw o, 4.0 Thesew Fir, & Wosios 11
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PROCESS GATA
NAES MUSICTRAL POMER PLANT

UNIT W, T
bate 3-7-00 "Not Nz’_‘ oe g W llg
Tiee ) 1A [ E) M SA A A L) L3 10 VA 120 1# o » w i 14 I - » 100 1ie  Vess L]
~ 6ross el 20 N5 U 5 133 2 » » » 36 % B B » » » .5 X » » k] » » s 1.4
Nat .z W2 Wé 192 152 3 N M O3S NS NS NG NS NE N4 N4 26 N RS NS NS NS NS B AN N
Stem flew rate o 16y 1w an 1 128 N0 M0 325 XD 30 RS M0 e WS NS M RS s W Mg M A My

s
000" s b/
Steam pressure psig M3 845 450 B4 M0 S50 850 855 856 M55  BG0  B56  BSS OS5 B5E 850  MSO- BS0  M0 050 850 @50 855 050 e50.21 5.1
Staam tamperatury % am 890 A% %05 M3 M5 M85 0 %0 910 92 S0 EF0 95 900 905 500 M0 MS M0 875 680 A% 900 608 15.19
80 W W

{W":L;l“ rate 170 s 15 IS s 138 28 S MO N MO W0 WS WO 3\ M0 I WS M M 26.3) Tea?
5 hr

Feuhater Lomp °F Mo M0 MO MO RO M5 )5 I 00 400 X0 )N ¥ IS 195 90 90 196 B8 WS 62 W WS I LIS NG
Fuel foud rate (co21) 19.0 F. ] 20 5.5 & we 15 ¥wo @ 425 25 A5 s B % B.5 BE OB B3 BT NS MY B N2 NS LA

1000 s Tbs/w 1901 5 Coal 36
Fuel gawge readings  TBISYY [0 4“2
gallons/ar furl olb 8T8 *

hoF 3.204 No AGF 12,300 GDF Aestarisd '
Excess ajr 3 L 7 o » 50 0 2 1% 0 2 1% e 20 20 20 0 16 20 1% 19 1 ] 1% [} ] 19 .5 1.2
1D Fans amps Lx] a7 Lk ] " 42 ” “» 47 1 49 18 “ 48 “ 4 a8 L “ L] L} 4 un o 45 #%.46 A
1D Tans press psig 3a EH 8.2 5.5 1.5 L5 16 4 1.0 6.5 1.0 re 7 ? ? 1.5 7 ¥ 1.2 1.0 1.2 7.1 [N ] 0 406 1.4
FB fans amps . 2 -} n - 7 o E M » » 32 n n » £+ 2 2 n EH n k4 n n 0 W47 LY

FD fans press piig 2.0 2.0 2% A% 2.2 20 38 54 & & $ & 3 H
Furndce draft psig 0.55 0.4 0.8 vl 0.6 0.6 026 0.5 0.6 0.7 0.7 06 A6 07

H 5 $ 54 &3 56 5. 4.2 18 4M LAl
0.65 071 o084 0.51 0.70 0.5 0.6 063 012

e w
-
e
o
=
-

Flue gas temp °F )
Moiler sxil 100 5 L] FU T S

695 @45 OO 700 (3. R
ESP inlet IO X0 M0 MO 30 MO D MO M0 MO Lo B 4
Asbient tonp OF 2 2 19 [} ] 19 20 20 L] w H} 22 % X% % P 20 A 30 W 0 29 2 - ] .5 4D
Mlulu:n-ss 29.2 0.2 %02 . DA 1902 .01 1900 29.00 .99 [.9 .00 A9 N9 N B AW BN AR AN 2.2 2.9 NN NR W LM
iaches
Comments Ft% I%MFIE igf MI
Stere - L3R, 5300, $.308, |.30F, 5.300, 9.30P Start - 3%!. 1.2 ROF density _ 4 Ibsjcu fe, 4 lbs/on i
Fialsh - 2. 100, §.00R, 10.00A, ).55¢, £.00¢, 10.17P por shify A Tbsicu ft
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PROCESS BATA

ANES MUNICIPAL POSEA PoANT

-t o, 7

fate 3900 St based gn 23 b deey
==

Tie jF- ] [t} n ) L] SA [} H ) [ 1] W A 1A 1w » » & L1 H )] » W P Nean .
] Gross 0.5 20 20 20 a 1§ 15 2.8 WE OIS 1S NS WE BN N n Fte rSs » .l n » 3 .45 5.1

=t w2 w2 W2z W2 172 9y na 1ty . B2 N1 M2 . 2 BT 8.7 BS W NE R4 NE BT NE HE LM
Stam flow rate w5 120 WS i85 95 125 125 124 235 G 215 05 20 2R 250 2M) 265 D 0 NS ? M3 M N2 2% LW
1000 s Vas/r
Stesm pressurs psip 058 258 @45 @850 B850 850 650 BSD BS) B3S B55 655 50 M50 MR ASO IS0 SO M5 868 BS5 a0 BLG .08
Stean tomperature % 0 900 B2 M) WO M0 0 M0 %00 W0 WE 0 B7F M5 MM MO M T o800 695 #9500 M7 G5 %05 493 12,93
Foeduntor flow raee 215 s o om 1% N W M5 20 M0 290 285 290 O 2% 20 2% MO X8 5 e MBS M0 Hla &%
10035 Fhs/iw
Fapdudier Lomp o s M0 10 325 M5 3 WS 5 M0 170 10 30 0 M0 D M0 35 MO MBS M5 ME M0 WM e MA.2  25.8)
Fuel feod vate (cowl] 30.5 258 MO0 WO NS MO NS IS WS IS NG N 334 N2 WS NI A 3.0 1.7
1008's Ihs/w Wee.s Coaal N1
fuel gause readisgs  TOIS2.0 [ 1) ] 5.4
gablons/ir fuel ol 5191,

ROF ——o ROF 4 MM omwards ————————=4 M AF on .
Excess air 3 1t L) £ 3 n 50 50 50 2 2 20 3 19 20 ns i 19 W 19 1% 14 3] 1] 33 n.e W
1D fans amps 45 L L} [+ “ L} LH Az « 47 a7 LH 4% [ W LH [ L % [ “ L1 *» *» " 1.J2
10 fans press psig 5.6 316 38 b 42 35 XS DS L 13 6.5 &5 6 5 H E7% T 1 b 65 67 8 60 52 521 1.07
”
FO fans amps 0 | ) o ] 2 o 20 n 30 ] » » 30 W 5 N ] »w 1 n k] 0 ) Hn4u ow
FO fams prass psig 1.5 2.6 29 25 Y8 206 20 1.3 45 45 & § 4 3 k] 3 “5 5 5.0 43 A5 M2 L} 10 14 1M
Furnace draft psig 0.5 03 05 03 0.3 046 04 06 06 05 06 A5 0.3 86 0.8 0S5 06 05 05 05 055 05 062 0.6 0.5 010
Flue gas tamp %F
Beiler enly S D 660 &0 60 660 6ED W0 660 68D whi 19.13
ESP inlet M B 30 I M0 W W 26 N M0 e | W&
Asbient temp *F 27 % 26 F H n 2 2) 20 a 29 26 o 29 F1] ] M ¥ » M n » » n 2.0 49
1:::-!. prass BNR DB BN DD Y RN NY NN AN 9.0 2904 29.06 29,05 2 .06 29.05 29.07 29.05 FS.OF 29.07 29.05 9.05 29.07 29.05 M0 0B
s b
Lonmnls F [ Soa; El!ﬁ
. 4,300, B,30° Start - 520N, I17.30A, B¢ AN density _ 4 Vegjcu fu, 3 ibsfcu i,

Starh - LGN, §.308, B3R, 1.
Flaksh - )2 585A, 5.%0A, 5.00A, .00

» 5.008, 9.508

per shift

& lbs/ce ft
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PROCESS DATA
MES MUNICIPAL POMER PLANT

iy 0. ¥

Dyis 3-9-80 “Mot based on 24 he data
Time IWIA I 4 SA A TA BA SA MR A N N 4 5 6 I 8 % 1P LIF R o

W Gross M8 2.5 2.0 2.0 25.0 150 150 15.0 15.0 25.0 250 260 265 7.0 265 5.5 165 160 168 168 160 16.0 160 160 49 53)
et 6 2 o6 D A0 1 1.2 03 102 2.0 2.0 248 M3 27 2.3 DA W5 150 M2 W2 162 W2 Mz 1 W 512

Stean flow rate ) 25 w0 NS A2 W N 2 AW A2 A0 @ 0 20 25 20 KBS 10 1L 10 13 18 135 4S8 47

1000"s Tbs/iw

Steam pressure pslp 840 850 860 M5 B0 BES M0 M5 S M50 BSD W50 @45 4S50 NS0 5D 850 B45 M5 NS0 B M50 M0 B 123

Steam tomparature °F 880 0% 900 &80 685 @35 M0 0% 00 A SO0 Y05 &60 WSS S0 YO0 00, M0 BAS W90 A% @15 665 aas e 1545
0 {0

llwul;r M:m rata 0 My 235 e s MM 1MW M 22 10 OB M0 MS NS 1408 W2 WMz ME e M2 W s 8
‘e L3

Feomuater camp F ws WO 360 353 350 335 300 300 8 JE0 D MO0 IS 360 IO 0 320 S a0 W0 R0 Ro N0 NS 3 W0
Fuel fasd rade fcoal) 335 295 29.7 240 25 250 9. 183 1S N0 NS ND N %20 0S5 WS 18RS 190 193 193 190 158 200 193 248 5.5
1000°s Vhs/hr Coal 2.7 M
Fusl gauge veadings 405 599 [11] &2 W
Fuel oil 790 815
579 248
ROF AR ——— o HBF -
Excess air 3 0 ” W % 4 50 50 50 W W N 0 n 7 w a [T " " - D L H 12.6
1D Fans angs 5 H M 4w L R N R D T "R " S T IR T S S TR ®” &2 "’ e 2 e 8 an L
0 fans pressura psig 5.1 5.2 52, 40 3P 41 AT X5 35 65 S0 50 S0 45 40 55 35 S 35 6 1S e & 16 A2 AN
€D fan amps 0 H » un = ® 2 ¥ M » MW N MW W N W B a F3 2 2 n F- T W 1
FO fan prassure (% 28 50 273 32 A7 23 22 50 40 35 40 A% 30 39 40 20 20 20 21 20 20 221 2! 31 165
Furmace drafi psiy  0.50 070 0.70 040 0.42 065 063 050 0.70 060 G50 060 060 0.5 040 00 065 065 061 0.6 060 0.67 0.6 0.62 0.5 0.0R
Moiter Thue ps 600 4D 60D 6D 650 64D 6D WD EDD 0O 29 20,2%
tamp OF .
£5P tnlet Lamp OF 265 30 30 320 10 I R0 120 M0 280 s 21.0-
Aabient temp F 1} n w on 2 % mn o 0 0 » 0w 8 o«n 5 45 46 46 W 43 2 40 W » ;s
.:-m-t prassure 2907 29.05 29.04 29.Q2 29.00 20.00 28.96 2094 2889 2080 2685 20.M 26.81 2000 20.80 2879 28.82 2.8 2062 2.2 ME M.62 2.6 T M6} 000
nches HY
Comment s Satton and F!i Ash lﬁol oot Mlown .
Start 12.30K, €300 F L 8,300 Seart o 30T 3, 00000 ROF density - 4.0 tbsfcu fL

Finbsh " als2r. 9.00¢
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PROCESS ORTA

RHES WUNICIPAL POMER PLANT

T ua, 7
Dats )-10-80 Mot based on M W data
Time [F.) 1A FT R ') o A ™ ) " A 1A i F » W 1 4 w w » » W0 1F Mem .
] bross L. 5.0 6.8 150 240 M0 154 M N B %0 L Me B0 BE B WA He B0 B0 MHe MO B0 B0 1 L
.t 4.0 Mo M. 1.0 M1 W1 142 B ¥N% 3123 N3 VI A R4 NI NI PI RN ORI BY R4 R ORI RA JLa
Stean §low rate 1% 13 17 M B 130 130 20 N0 32 a0 M0 M0 M0 e MO 00 w0 WS WS L L W X 4 M2
100" s Thslr
Stasn pressure pslg 850 W50 A56 W50 0S50 W58 BSD  BE0 B B0 M0 86D @60 865 &0 B0 M5 55 S5 BSE BSE M2 mMs &5 853 9.
Steaw jemperatore °F  0M3 MG AW S8 IS G0 B %00 2% W2 5 904 B0 M5 02 SO0 M MM 890 D0 A9 ESE 00 BG0 BN KL%
Favbuater flow rale YW ME  WE 1M 10 ME W0 2B I A N W a0 W R W w2 N 2 W M0 6 811
1000's Tbs/mr
- Foudeter tomp % s S MS N0 WP N S MO MO M0 M0 0 MG 30 390 I 398 M0 380 MO M M0 M0 WM M2 M8
Futl fed rate {coal) 19.5 200 0.0 9.4 K0 1) 165 257 3.0 W0 MO WS M5 170 0 S 2.0 N0 e MY MO 1.0 Ha Ny B4 103
10007 s 1bsiiwr ’ Coal 3.2 W
Fuel pauge readipgs  A0R 530 . an 417 m
M 58
Fuel o1) 79 1%
RoF n RDF Stary BOF at 3,420
Excess abr 1 4“ “ ” “ % 42 4 13 W 19 111 13 1% 13 (1] " 119 16 17 (1] 7 17 1y 17 ] 12.%
10 fams anps L+ “? 7 42 a2 a 41 “ a 47 L) 48 L1 L4 “ [ “ % L LH 4 LH LY 45 [ 11 2.5
10 fans pressure paig 1.9 3% 28 S AS O3S 35 50 60 60 60 60 65 68 S0 KO &5 65 K0 61 62 &7 r& 59 54 1.7
FO fans dmps = = 2 » ) 22 Hid 0 » W X L] » 10 30 k] L] 1] k] i n k] EH 3 w b3
FB fam pressure psig 2.3 s 25 25 23 20 2R S 50 S0 50 58 S50 S50 5400 A5 45 40 43 49 4S5 4D 5.2 A2 e LLIe
Furnace draft piig 0.0 060 0.65 0463 B.58 057 460 060 065 085 055 G060 0465 060 060 080 065 0.60 055 055 0.6 0% 0.5 06 0.6 0.0
Boiler flue gas tegp 60 &M 6% &0 M B0 sAD BAD 690 &0 5 5.3+
[
5P inles komg °F MO M0 MO WD M0 MI MO M0 M0 Ho* 0.0
Mmpieat 1omp *F ELY » » 36 ) uw » u )] F2 ) 22 2 H ] 21 22 22 2 22 2 2 e o] [} 27 1.5
Anbiest prassure 24 N2 M0 M6 BN 70,69 M6 M7 . 2879 B.87 MM 2.9 902 A 29,02 29.05 29,06 29.11 20.3% 29,16 2017 %15 20.18 BN U
inches Mg . _—
Conments Soiion and Flyp Asi oot Rlown
Start - 92 30K, 3308, £.50F, £.21F, 0000 Stert - am:!rmm. 8,008 RDF deasiiy - 4.0 nsjcu it
Finish - 12508, §.00A, 4.16P, 6.42¢, 10,300
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PROCESS DATA
MES MNICIPAL MOMERPLANT

URIT ND,

Qate 3-11-80 “Noi based o 24 i data

Time [F- ] 1A 2A » " 54 A " a W W 1A 1N [ » L [1] Hid ar ”w W NP e o
] kross 0.0 2.8 U0 MWE WS W5 WS NS WO 3FH KO0 Ho WO %o B0 HOe Ko o Ko K4 W0 W4 SO0 N W sl

i 1.5 18 130 W5 105 104 W5 2M5S A I N4 ORI M4 ORI NN R4 RNE RS R RA R4 ORI RA A R LW
Stesn (low rete %0 B0OWe N WM e 1 W0 NS N0 NS 320 I A0 s NS 0 20 0 I IS M 1 2 I Kka
1M00's Ths/hr
Stesm pressure psily 845 B55 B50  A50  BE0 M40 BS5 BES 4S50  BSD 856 B55 @S5 M55 @55 &S5 BS5S MRS G600 BE0  BEO B0 BED  BE ASS 6.4
Steam Comperature °F 900 0 80 M5 8% W0 AB) 900 910 900 IO  S0R B0 BAS S0 00  HI0 B95  9O5 MO0 G 890 MB0 B0 84 1.2
Fenddler Flow rake 276 20 W5 185 185 1M IS T 35 3W 0 1% 30 3 3 S 3 33 3D M 30 3D . 3 1 2 S
1000*s Ybs/ivr
Feedwater tomp UF FH ] Mo 30 3 1MW 330 0 MO M0 JW I )W I MBS 380 380 390 W0 385 MS 385 M5 s M0 W e
Fuel fosd rate {coal} 291 0.5 W5 156 WS W 170 Be WS MO W5 K0 MO Mo MO NME 330 3RS NS Mo 30 Mo N0 Ws 9y 108
1000°s 1bs/ir Coad 0.3 W
Futl gauge readimgs 412 35 an 1.5 W

1% 81
Fuel ofl £19 450 .
(13 .

Excess #ir § 20 2% 30 2 F+ E Y k] 20 19 19 ” 1% 1 18 20 1 mw:- w w 1”7 1) 7 ” [} ) 5.3
M fans amps % “ a2 “ " “ 33 L “w W [T a8 L] L] [+ 47 % L] oy 7 [H LY 47 [} L] 3.4
16 fans presowre psig 6.0 I8 46 15 3& 50 47 56 65 T 65 TO 7.0 6. 0 865 o0 F0 &6 68 )2 6.8 &8 SE 60 118
D fan amps L n 2] . | n 2 - | ] 1) w -] w w n » 2 0 W0 n n ] an n n k] 1.1

FO fam pressure psig 4.0 2B 30 2% 25 4 32 43 4% 65 K0 55 60 49 55 55 55 45 50 5.4 .55 50 46 40 4G 1.2
furmace draft psig .60 8.55 0.5 054 060 060 0.3 0.5 060 0.0 055 060 055 060 6.5 055 0460 063 09 060 050 0.60 0.5 0.54 0.5 0.024

I)llo;tﬂue s #15 20 600 600 660 &1 1ol 1o0 100 &60 580 8 80 690 100 2 L O
Lenp .
ESP ialet teup OF WO B0 20 280 20 M0 MDD MG MG MO MO MO M0 MO0 MO nE e
Ambicnt temp OF ” »OOW M N5 XS 15 R 2 BooA WO ¥ oW B ¥ N N O OR R R ¥ B
rmm pressure 2019 29.19 29.19 2920 29.21 29.2) 29.20 29.20 29.17 29.23 29.10 29.15 Z9.M4 29.19 2911 29.08 29.06 29.06 29.00 2908 29.08 2¥.06 27,06 29.06 29.14 (.06l
nchas My
Comments tiom e Fly Ash Removal Sﬂo} llim

Start - 12, 4.300, 8230 Scart - 4.3, 11, . B I0F, 11.000 RDF dunsity - 4,0 Yosicu (1, 4.0 Ths/ce Fe, 4,0 Ids/cu L

Fraish - L 10A, 5.30A, 9.15A, 1.39P, 5.15P, 9.55P



612
Li=0

PMICESS DATA
ANLS WICIPAL POMER LAY

it w7
Dats 3-12-80 Mot bised om B4 by data
Tiue ¥ 1A 2K n L) L] A TA an E] 10A 1A 12h w 2r » + ir o w " » (L4 1P Mein [
L] ross .o o e 5 0 20 4 RS ML HO MO WO IE B BS BS KNS MNO MHo WNe Me B0 B 20 N2 N
et 1.8 19,0 30 B4 150 A3 2.6 3049 N4 RI3 NI NI BRI 1RZ Ry NS RN NS PG R4 ORI RA 2L 1S DO 1IN
Sleam flew rate 185 1 W0 0 s s 2% 91 10 h ¥ Ve Ers] EF. ] s s ns »s Fi ] 28 s 2 20 W 255 .0
1008° s b5/
Steas prassure gsig 050 A5 850 B0 BSO M50 BED BR85S0 @55 @45 885 855 esS 156 855 855 ass 8&0 S0 G660 BEG  BTD 850 855 L ]
Stebm (pmperalurs % o 890 ML BAC 890 BBO MO0  E90  ABS a0 S 10 MO 913 %00 we e 00 B % M M 5 BN M 1.8
FreduLer flow vale 1% 1% 1% W0 W0 1% 220 29 30 33 BE s 5 s 3 M Ms 1% Ex ) ns ¥ 1n N 290 i W1
1000's Ths/m
Feedwster Lemp % e e 1 k] Mo 0 0 380 B0 390 % 0 %0 9% 1% 1% 390 5 5 385 » w80 n .2

Furl fend vate {coal) 100 17,2 2.0 193 WS 150 30 328 56 MO B0 5.0 S B0 B ME M5 (S Mo X2 ¥I NS e N2 WS all

1000°s Yestiw Coadl A
fuel gauge raddings 416 V06 on e w

b 155
Fuel ad) 7% 160

F 7. A only | conveyor
3.00h WOth ComvRyors on -

Excess air % n 30 i » 29 2 20 19 14 [ " 15 e 22 15 " 16 " 15 15 1% 20 L] 24 2 5.9
1D fans amps " 9 L) ] [} a2 LE] [H] LL 4 L1 LH a7 L] L] [} “ “ [ 2, a7 " L3 L1 45 4% 1.8
1P fans prazsure [N 44 As 1B 5] A0 5.6 &4 D &0 0 O 1. 8.0 LIE TR N N '} , 1.0 &8 EA e 12 65 S0 8.2 1.20
FD faa amgs F4 b1 n 7 2 2 29 30 ] W 0 0 n ] k] 0 k] 0 n 11 kH an 31 F1) 2 &2

FD fan pressura piig 1.6 24 24 R 20 24 “Lb s 4h 56 55 85 e 60 55 55 50 55§ 5.2 52 58 44 42 & AA [
Furpace arafi pile 0.8 064 0.4 060 468 054 060 058 059 0.5 058 055 055 0.J0O 060 0E0 D60 G 60 08D 062 0.00 068 064 061 .61 0,042

Boiteg flue gos S20 605 6 675 60 700 700 fU0 €60 &0 M) &% 700 Too & 3e
tanp

ESP inlet tamp °F 295 200 3D 320 s a2 WS 3S 36 ME 0 MO M M R AL
nbient Lo OF a 0 W 330 W W N M W B M W W W W RN w ;M ®» owm ¥ XN W N L
Asbient pressure 29.05 2600 20.30 8.9 Z0.9% 2B.94 20.97 20.9 .52 2009 2.8 2805 2484 2000 29.80 2879 26.76 2076 W82 2082 B4 WE: B0 4.8 6.8 58
inches Hy :

Comments and Fiy Ash al Soot Blews ; =

Start - LEOHR, 4. 20K, B3GR, T2 B, 4300, 7008 Start - 4 200, I1.004,,7. 250 RO density - 4.5 usfcu fi, 4.0 Ths/cu N1
Fiatsh - (2554, 5.034, B.05K, 1,450, 5.200, 8.20¢
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PROCESS DATA
ES MUNICIPAL POMER PLANT

LIS

fate 21340 I e e e e Mttt
Tine (¥} 1A 2h » L) 54 A " aA ) 1 i 1 d 5¢ o » o o W P M s

- Gross 2.0 W0 WD 200 00 2.0 29.0 3I2.g 6.0 ISH 350 1%.0 .0 5.0 3BD WO MO Mo ¥WBo B0 o WO N &N
net 4.6 179 18,0 1.0 180 W9 2.6 195 B4 122 NI N NS RNE RS A RA R4 ORI ORI N WA MY N

?F;m.e f::: :tc 240 1% 165 165 162 10 %0 295 W 0 R0 R0 0 20 W0 0 W 0 W 2 R0 I R M 8 M2

s £

Steam pressure psig 050 830 A50 B850 835 8)S M5 850 a0 85% 855 B5S  BSS  B55 G55  BSS B850 60 860  BoE  ES0  AR0 AR M5} M6
00 WO 89 690 8% &80 290 M9} 122

855
Steam temperaturs 9 BAS 660 095 695 MBS 865 A% 890 915 A9 W0 MO 00 NS W0 905 W
Feeduster flow rate 250 120 125 180 W B0 23 MW B XK BN NG N M B BN e B I B 1MW A N0 W0 W6 1.0

10D0's Vhs/ir
Feedwiter tomp O 360 330 325 s 325 EE. 1] 365 e E 1] 380 i85 ias 85 a5 s 85 k) 85 385 s ns s 85 180 m 34
fuel teed rare (Codl) 26.3 .7 2003 196 2.0 WS W D4 S 415 M5 405 400 400 405 405 410 34 6 M MO KBE W4 132 M M
1000's 1bs/wr Coal 334 W
fuel gauge readings a9 Wy [3Y] 2.08 M
B0 1%
Fuel ol} 580 DAO
ROF LASA ondy | conveyor 5. 06F System A" off
T.400 both comveyors 4.25P System "A” on
I5A - ——— o MF - — Sact BOF 3t 4.08P
Excess air 3 20 50 M ¥ 0 M 18 ” ] 1% 1” 18 18 13 18 18 16 ” £ 1] 18 20 7 23 23 9.9
10 fans amps 45 42 o LE] Ll - L " 48 a6 a 47 L4 L} 7 a7 1% L1 41 16 [ 7 % [13 4% 1.5
1D tans pressura 5.2 4.0 4.9 4.4 4.3 5.1 5.5 6.7 7.0 6.% 6.5 6.5 6.0 6.2 &2 &0 6.5 [ WY o [ W) 6.6 1.0 6.9 6.2 .0 on
FD fan amps % n o 2 n 2] 3] 0 n 10 n 0 E 5 1] 1] n 0 n EL ] n 3l n 30 ) 1.5
F fam pressurs psig 1.1 L& 2.6 2.0 3.2 2.9 11 4.8 5.2 6.8 5.8 4.8 1.8 4.8 4.8 4.8 4.8 4.0 46 4.1 .4 5.0 4.4 1.6 4.2 L0
Furnace drafl psiy 0.66 0.70 0.68 062 0461 0,62 063 06l 0562 0465 OG.60 362 062 0.62 064 065 O.64 062 06} 065 084 064 0O.66 068 0.63 D.0M
Nlltz‘:“us gas 620 620 505 [211] b6 (114 00 100 100 £9% oo 100 15 o 120 25 20 120 125 675 686+ 37 .5
temp .
ESP inlat Lemp OF 280 B0 20 N0 R0 0 330 313 335 IS 135 135 33 W 15 nt 35 135 335 13 LI WL
Aabisnt teag °F 26 26 % % 25 % 24 u Fil 2 29 0 3 3 3 an 1)) Ell n 3 &) 29 Fid H F- 2.6
Ambignt pressure 26,82 20.81 28.80 70.79 ZB.J8 20.79 28.79 20.79 .77 28.16 28,06 76.80 2880 2886 28,88 28.07 28.9) 20.97 29.00 29.07 29.08 29.10 29.11 29.11 9.89 o
inches Hg
Coments Fiy Ash Resoval 5001 Blown
Sury - 12, 4350, 8308, 10308 Siart - 100 MOF densily - 4.5 loasew Fu, 4.0 Lhs/fcu fu

Finfsh - L.05A

" 5,128, 9,268, 3.500,

5.200, 9.35P, 10440
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PROCESS BATA
ANES PURNTCIPAL POMER PLANT

HeIT Wo, 2

Sate 3-14-00 _ _ ot hased on 24 Wr data

Thae ¥ ] [ 1) F » W 54 [~ 2k A ) 108 na 124 1 Fo 4 » 4 5 o » » » \or 11t Hae -
L] aroxs R W0 We W0 W 00 A0 NG WKO ML ML IS WL KL B4 BO 3.0 NS We KA WO MO R0 M WS &I

Mot .4 7.0 108 W0 WA I W NE O RT7 NI R4 O 1RA R4 R ORI RNA A4 BF N4 1 NA O NE N4 T4 MO 60
Steam flow rata 49 [ 157 165 165 165 165 12 EL 1 ns 20 e Hs ns ns ns ns il ] m3 L] FLE) N5 -] kD 2 &2
1000°s bs/wr .
Staam pratsure pilg A5 Mt s Mo 850 84S mS B0 B85S 46 B0 460 85%  AsE [ L1 a5 0 a5 80 L1 5a M50 e " M2 1.6
Steal Comperatwre % s 1 0 900 M D 4% 00 "5 s ] 00 0 NG 900 200 | LS L] 00 00 e Mo L 12.5
Fepdmater Flow rate s 180 1 1} 176 185 10 00 130 Frad s s FFi 320 20 20 2% i ] ne 130 ns ns 295 o0 -l 1.3
10085 1bs/im
Fasdwater temg * 70 135 335 s 313 130 15 ish B0 W5 385 s 85 E L) 5 a5 k) 0 380 WD EL ] w5 w0 » 7l F{N ]
Foal femd rate (coad) 30,7 W8 WBA W2 193 199 M3 AL M0 X 350 M S MO WS HS NG R0 D N0 R MO WS 24 WA 664
Foot soepe resal 24 ’ o N
el ghuge L 1] .

[ X ]
ruel ofl 3% 100
[T F.¥5A enly 1 comveyor
T.45A hoth Comveyors on .

Excess sir 3 i L} ] »50 3 LF3 » E 18 1 15 ] 15 13 16 1 ] 18 17 13 H ] 7 20 15 18 24 ] n.»
10 fans amps +*% 43 i3 4) 41 43 9 % “* “ 4& L] L] 4% & 4% “w 45 4% “ 47 47 L1 45 L1 (183
10 fams pressure pilg 5.3 3.} 47 4.5 4.0 1.6 [ WY 6.2 6.5 6.2 1.0 (9 ] 6.5 6.0 6.3 6.0 60 &0 6.0 7.6 Lo &5 &4 [ K ) $.9 L.401
FO Fam amps n 4] 27 F4 3 [ 2 W k1] 0 ] » 1] E ] » » 10 29 ] EH n k] s W 29 1.%

FD fan preassure pslg 4.0 28 20 38 L% 23 ré AT 43 43 A% 45 WD A5 A0 42 A2 D 40 65 50 40 )0 e A7 142
Furmce draft pig 0.5 06l 0.7F 068 D41 080 065 041 060 060 050 0.5 875 060 0.5 060 60 062 062 060 Q.60 0.62 0.0 0.60 O.82 O.M4

Boller Flue gas 615 626 600 &M 660 6BO @85 GAS 690 665 00 600 485 690 EBO 6% TIS 00 690 650 460 eEy  10.2°
teng °F
£5P inlet temp 200 290 280 IS 3 33 MS 33§ 1S 33 35 1S S s 30 13 3 25 3 B0 120 16 6.0
Smbient temp °F n 27 21 U AW n N U X M M 42 B & % 52 s 83 8 8 & € u o oa ¥ e
Anblent presvure 2001 2030 911 28.12 29.0% 2003 2901 25,43 2952 29.11 29.10 29,10 29.10 29.09 29.08 29.08 29.0% 29,10 29.13 29.13 20.13 2913 2903 2906 2911 0,019
[rerevg™
Commtaty Fly Ash Remowal Soot )

sre - 12PN LTI, 4.30r, 8.0 Store - T TR, o000 ROF duasity - 4.5 Ine/co 1,

Finish - 1,000, §.10A, $.25, 0.520, 5.00P, 9,560 4§ Msicu it
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PROCESS BATA
ANES MUNICIPAL POMER PLANT

T MO, 7 .

Gats 3-35-80 o Mot based on M b dala

Tima b F. | L] 44 A [ m A " 16A 1A [+ I L P » w o ” w o o ME Mean  »
L] Gross 9.0 19.0 26,5 240 249 240 .0 24,0 260 W0 3NS5 NA WO W65 12.0 160 1O 160 W0 1650 WD 1.8 160 16D N7 5.9

et %4 170 2.4 22,6 21,9 220 22.0 .6 2580 272 . 284 264 A X0 10 100 D KLY 2 13 2 . 4.2 184 56
Steam flow rate 245 1 221 M 206 205 7 MO W0 W 202 135 18 15 136 135 135 135 135 (k1] 135 135 W 55,08
1000's Tes/wr
Stasm pressurs pstg 035 830 B35 850 850 BF: ASE @0 050 M55 A55 NS BSE BAS  AS0  AS0 BS0 M5 as0 850 50 ES0 850 B50 BSO a4
Stean tomperature 'F 890 860 0% 830 905 MBS &3S BAS 905 0 905 BE0 895 WIS W) 695 895 A5 eS80 250 6% BYd S80S0 MM 1))
Footui Cor Flow vake 256 0 W0 W 208 2% A5 215 O MS S S 1)1 Fo ] M5 145 145 145 M5 145 15 M5 (21 ] (11 s M 50
1060*s tbs/r
Faadwater temp F EH 35 WS 86 385 s 388 IS XSS S MS OIS N WS NS ME M m WOwW 20 M MW N i
Fusl foad rate (coat) 29.6 19.0 253 39.5 248 M1 294 304 3.5 135 5.0 M 335 195 )00 15.0 170 8.0 142 181 W5 180 188 W A2 6.6
W00's Jes/hr Coal 246 WA
Fual gavge readings 427 756 430 706 oH yR M

11 M1 B 120 Midelght readings, 3-15-80
Fuel ot SA0 150 581 100
ROF S0 -— - - e e em s No RDF --e - - —————n

Encess air ¥ i} o0 n H s » » k] 24 9 20 20 2] *50 »50 250 +50 »50 »50 *»50 50 »50 »50 »50 k> ] 12.5
1D fans amps [ H] 4 “ 9 “ 45 " 4% 45 “ 4% 4% “ L4 2 41 k1] an 4 4l 4 41 L1 L1} 2 4.0
10 fams prassucs paiy 5.7 1 4% 50 40 SO 3 2 53 &0 5.5 53 5.4 LY 35 O3S S 36 Mé A M6 2 BS 1.5 4232 om
FD Fan aaps 30 28 F- ] F1 a 29 29 29 k] n »n 0 kL1 n 2 1) er 2 2 ) F 2 F) 7 » 1.4
B fan pesssure psig 4.3 38 10 LB Mé6 20 2H 34 45 A6 D 44 42 23 0 20 22 23 2 2.4 g4 24 20 20 30 LOO
Fursace dradt piig 0.6) s 0% 0.9 o001 &M 082 0% 0.7 08 0.7 0T DX 0N 068 0,02 060 O 0 A6 000 O S60 06D 04 80N
hill:ffloe s 630 G40 BAD G35 &5 S0 6BOD 670 &R0 60 GO0 GO 6D0 KO0 E0S §10 610 sD0 595 625~ 1.3
tamp
ESP imlel 1emp 0' s E ] E 1o ENT] 320 325 325 26 90 205 285 5 2n s 215 rs 5 215 2% 0.1
Aukient towp % 40 10 % » n k) 5 h 1] L] L] 55 &0 62 [1] “ 65 ) ] 11 5 56 5 2] 53 L] 1.z
:ﬂitnl PrEssuTE 29. 16 2.3 29,12 29.11 29.08 29.05 29.07 29.00 29.04 29.03 28.00 29.00 20.9 20.92 0.68 2087 W2y .09 W90 IM.90 .90 W.90 B0 2.6 WM 0.0%
mches Mg
Comments and Fly A =

Starc - ).008, §.CBA, & 30K, 12,39,
Finish - 1.274, 5.008, 9.03A, ). 15P,

4.37F, 3. 008
5.00¢, 3.05F

Soot Biowm
Shary - ljﬂiT!lrm. &, 408

RDF densfiy - 3.6 Ves/cu e
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PROCESS DATA
MES MMICIPAL POWER PLANT

UniT Mo, T
Bats 3-1-00 e . "ot bised on 2 b data
Time k-] 1A E-d E) TA M W 104 114 124 | L » » hid s [ L _I » 100 1 tean [}

L Gross .. 2.0 160 169 6.0 160 6.0 20 15 ME )50 ¥A B0 M5 M5 M5 MS MS Bo B MO MO BO WS 245 LM

et 5.5 206 140 MO0 140 135 Mo 259 B R 23 N2 B! MT HE NS NI NI RS 2L O RY NI RY 7Y ! 1A
Stean Flow rate 3 160 130 1% 13 1% 1% 2 276 M0 N0 ns us ue i 30 ne no o no Ho o 3Ns b 25 .1
1000°s Vies/hr
Steam pressura paly MS MO M0 M0 MO B0 M0 IS0 A a5 855 [ 1 BSS  ES0 M5S0 S8 S0 850 Gs0 MG BRSO 850 B50 850 5.3
Stean temparature °F 090 0 0 8 BT 0 290 845 0 00 900 930 WO BN S WO WO ] 50 0 0 M0 A0 M0 MR 4
Feedwiter flow raie 12 188 L] 140 Ml He 14 85 2% 0 Hs 320 n RS 20 20 320 ns w NS b BE W 2 e n.s
000"t VosSir . .
Foedabiar towp °F i k] N in 20 ¢ 20 35 300 E 30 N W 34 k) E - ) s b k3 85 » W .3
Fusl foud rate {coal) 22,4 2.0 8.6 194 12E 189 1BF MS ME NS M6 35 WS MO B0 M5 NS MO Do N4 KA KBZ NS D XNY 1D
1000’5 Yhs/he 43 47 Coal N.2
Fusl guwpe readings  BIB 39 Ml e m
Fuel all 541 3% 10: 1087

"F o 1F 1108 "o MF Start &0F st 1:400

Excass &ir 3 n B *50 »50 =50 56 50 19 21 ” 1] 17 2 4] \7 ”n 16 16 ] 14 2 t 2] 24 % n.J
5.0 fams amps 1% “ Lk 4 “ 4® L ® - 47 » “ W LH 4% 4“% “ 4% * “ 7 47 % 45 1% 1.6

I.T. fous pressors 4.8 1.9 1.7 1.8 1.4 4.0 1.4 5.3 5.5 6.1 6.0 6.2 &4 &80 &0 &4 &b 60 4.2 4.4 5.5 4.8 4.0 4.2 5.8 .50
psis

F.D. fan amps » H b4 H4) 27 7 F4) x k-4 » ] » N n » ] E 0 0 au EL) a » »n 30 e

F‘:. Tan prossure 3.0 Ll 2b 25 29 21 23 43 52 5.2 50 42 5% S8 40 45 45 42 42 A4 55 48 M0 42 4 LD9
L oL )

Furnice draft psig .42 064 0.59 D65 055 060 0.60 0.§9 058 455 060 063 0.60 0.5 460 060 460 00 054 04 0S50 BN NS OGN 059 00N

:ller flue gas Lang [ 0 0 65 670 a0 785 95 100 “Wwh 965 Wrs §75 (1. [ R
ESF Inlat Lemp % 0 280 F 3 in I k)] i 30 i 30 K} ] )] N % e 2.
Ambieat Lamp * » » E n n k] Fa ] Fs | 0 s ] Fs | n » » L) L1} L [F4 427 4 » » ] M M 4.9
Il“““ Essure 2. 29004 5.0 M.0) .05 2905 2.6 906 2912 2910 2904 2910 22,00 2800 2908 .00 9.08 M0 .11 9.6 0.0 19.15 9.1 2014 20.0% 0.04)
aches 9y

Comments Botism F!_[I?H Soek Nlowm
slm_-ﬁu. AW, T Stacy - 31!‘.!1210 7008 ADF dunsily - woae acasored
Fialsh - 6800, |:35P, 10000
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PROCESS BATA
ARES WUWICTPAL POVER PLANT

iy W 7 .

Gats 3-18-80 *Not based am 24 v data

———

Tim i [} ) W L. H1 I BA | IE - I * » o 5 [ w o L4 w W mw o

L] Gross 5.0 0 %5 XS5 KBS KBS N0 N0 KBS WA BS B0 XBOH BL EBe KO B0 RS RO BO BN Be Re A4 N4 14

Net . e HA 204 4 D5 AL BE RA O NA NN RN RS RE RA ORE NVE M DA ORNE2 ORI R4 MBI HA MY LE
Stoam Mow rate MO W 2% 2 W0 0 W0 25 NS S 20 6 320 R M5 NS W0 5 2% Y MF N s 251 M1 W
1000°s 1hs/hy ’
Steam pressurs pily WS 63 850 PSS 840 M50 BS0 850 O ASS MBD  #S5 B55  BSS 850 850 650 B0  B4S BMS BSS  BS0  BSS B B85S A0 6.3
Stean teaperature °F 895 S5 MA5 N BED 870 GBS GBS 905 910 900 APS SO0 900 %10 %00 0 AR MBS MBS BAD  E95 SO0 MBS om0 067
Feedwhier flow vats 250 S M WM ITH W0 1295 R4 3N M I 10 3P 330 I 05 N0 0 IM 1 NL M0 260 ».i
1000°s bs/r
Fesdualer teng OF 5 W0 w0 385 385 XSS M0 I70 B0 3BS 386 MBS 385 M5 s M6 M0 b0 M MS WS WS W A s 117
Fueh fesd rate {coal} 0.1 AL 20 WS W4 229 W2 RS WA OBO O BO MS O BS KBS NS XKL N0 RO N1 NG 2T NS N MNI Re M
Himb guge readiops 832 a2 on b m
el Jluge readings .
Fuel ofl il e

rOF 7:35 A only ) commector 1:50 P both conhectors oa

Excess air ] ¥ 23 ] % F+ 2 19 1] 20 20 17 22 19 2] 20 20 19 n 18 16 1= . ] H] 2 1é
1.0, fans amps L1 45 L] - " " “ L] L1 "% “ L 4% 47 [ “» “» [ L] [ A [ a 45 [ a.%

1.0. fans pressure 5.3 5.2 42 48 4E 44 50 &0 66 63 63 &5 60 &5 68 60 60 40 60 64 IO &0 &0 5) 58 0N
psig

£.0. Toni amps 9 » o n ] 26 28 » ® n 0 » E 30 k1 0 0 29 k] x » » k] % ] 1.0
F.0. fan prossure EX a0 26 23 25 30 30 S50 0 48 4B 48 45 4S5 LD A6 A0 33 s AS .6 4.0 5.4 W a1 0w
psihe

Fumdte deaft psig 0.68 045 069 065 057 0.4 0.6l 060 060 0.0 060 070 060 050 075 053 055 050 040 060 0.8 065 051 060 &5 0.0
ﬁller flua gos tamp B2%  B25 B35 50 B9 ¥95 695 eBS  GB0 6B 695 D0 690 6% 90 GBD 8D GBD 675 §76¢ 2400
€SP dalec tomp OF s 05 e 320 10 30 W I D W W I 30 130 LE ] I s I e 9.5
oh;biuu Aamperature n 1 n n n n u E' ] n L] H11 56 [ +4 & 6 “® "1 4] 62 [ 5 54 50 49 49 12.8
Ambloat pressure M AN N A 2913 24.1) 2912 2012 0.1 29.10 2909 29.0% 29.00 29.00 29.02 902 2899 2094 D0.00 2900 209 2.9 %N 20.9% 9.0 0.0
1aches ty

Comuents Bottom Ash aad F) ]

Saot_Sown
Start - 2:T0A, 5:40A, TOOJOR, 2:50F, &:178, 9:52P Start - 2:3RRI0CESA, 6:30A WOF density - 1.5 Ibs/cw fi. 4.0 fbs/ocu #8, 3.5 Wbs/ tu ft
Fimish - S200A, 10:208, 2:320, 7:360, YO:150



PROCESS BATA
NES MNICIPA POUER MANT

1] ¥4
L1-0

Wiy M. 7

Sats 3-19-80 ot based on M W data
E - — ———.

Time [F.. | LA 24 ' 4 71 Ih " [} 11A [F. 14 F » » w o H »w » 14 11 Maan L
| Gross 2.8 2.5 Mo B8 MO B0 U8 N0 X0 By NS B0 B0 B0 M Be BO N0 Vo N.e HBS5S KBS R0 230 N0 5M

et 19.% 04 26 04 N8 23 HNA NI NI RA NS R4 RE RO XN NE RNE BE WS BY X6 R N2 NE 12 N
$tom flaw rata 175 s 215 Fiks 205 208 43 o Fil 5 10 10 115 20 o N 80 2 o EF. ] 3y 29% w2 52,1
1W000*s Tos/he
Steam pretsure psig [ ] "5 [.L%] 845 " s 60 660 855 850 [ ass 55 658 i "s ME M5 M3 5 4] 860 a50 863 1.0
Stesm Lemperature & s " [ ] ans .- 200 [ ] N0 90 5 [ ) 00 200 02 00 0 oo L] 75 aas ) s -] 12.4
Feadudlar Flow rate 185 F3 1] F£a 2% 225 w0 F= i az ns 125 s ns ze s 18 5 295 05 My M5 ns 2% 200 a7 0.6
1000°s Ths/fr
Feedwater Lanp 3 Mo 0 %0 5 »s 150 E s 380 385 W S Bs s E- Y s s ] B0 1% 0 0 s 50 s 16.5
Fual foud rate {coal) 18.3 234 5 0.7 M2 R4 WA WA 6 MSE WO MO 3O NS NS HO BO O MA NS B0 13T D9 NS 1S N1 OSM
1000°s Vosilr o2 M Caal N4 W
Fusl piuge readings 025 679 Ml L wm
Farl 6] 581 508

- 1: 108 o RDF Start BOF at 4:10P

Excest sl £ 40 24 ”» 20 L) n [ 16 5 ” 15 18 1 1) ] w [} n s 18 12 15 "n r» o 5¢
[.0. fans amps 9 4 4 L] 43 L k] L] LH] 4 4 45 “% % % L. [ [ % 4% “% 45 +“% % 19 45 1.3

(0. faas prasews 46 43 4D 4B 29 50 S0 60 60 62 60 TB 62 63 6% 64 64 65 60 66 6o &1 55 50 67 08
pslg

F.0. fans amps o ] mn o] 28 <] ] k) w.n » L] »n x r n i ¥ W0 30 il »0 o -] n 1.5

f.l'l fallis prissore .8 Lo 30 27 20 28 29 42 35 40 43 62 4S5 45 63 55 48 45 43 S ML 41 A% 28 39 108
[l )

Furnice drafy psig o.10 0.60 050 0.5 05 0.7 067 0.6 A5 054 0.70 D80 062 061 O.64 063 050 068 061 059 050 0.6 0465 0.3 060 0.00

gllu flue g1 tamp 615 &20 K20 630 650 GB0 GBS 6% 675 675 680 D0 A8 00 695 (2 L B )
£5P Inlat % W O N N W MS I W IS 3 M0 W) W M MO i 159
Mableat teap *f “ o “ L] % 43 [} LE] “ 50 59 [+ [ 4 [ - ] 8 [ 4] [ ] “ [3) 11} 50 5 55 5 3
Adbignt pressuce 28,95 .95 2093 20.93 2093 0.0 ZO.87 0.8 .88 2885 28.0) 2019 .M 2076 26.73 28.02 AN W 2.7 2.1 A1 AT AN AN AW 0.0M
Enches Hg

s B i
Start - J:SOR, S:6A, 18:30R, 1:10F, §:308, 9:25¢ Start ~ 2K, 10:T8A, 6450 KOF deasity - 4.0 lbs/cu Ft. 4.8 Whsfeu It
: Findsh - 3:250, 5:56A, 11:08n, 1:35p, T7:54P, 1O:00P
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PROCESS DATA

AMES WUNICIPAL POMER PLAMT

i . 7

Sutg o 200k baged oo 26 br dets

Tine A2 24 M 4L SA A A 8\ % 100 HA 12 P 2 W & S W 80 %W WP 1Ir s v
W Gress 2.0 200 220 .5 .5 220 200 200 M5 B0 B0 WO BO KO BL Ko w0 K0 %0 0 380 50 I35 295 W6 5.8

et MWE 19 196 192 193 187 218 M2 37 R4 RS 26 5 RS R4 RS R w0 R ORI N3 122 Ny 1 %A La
Steam Tlow rata 19 190 13 175 10 188 200 240 3§ N5 20 324 RO IR 320 20 S NS NG NP NS N9 WG %0 23 B
1000°'s Vbs/hr
Stass pressure pslg 40 843 850 B0 M0 850 850 OS50 @50 855 M55  B6P  BSS  BSS 850 ASS  ASS G50 BS5 OS50 NS5 @50 M5S0 850 @S 5.0
Stess tesperaturs °F 890 G0 900 880 660 880 B9 890 895  BOS 930 ATO 880 900 905 910 S0 6Y B9 895  BBS B85 80 %00 Ml I3
Feedster flow rate 200 200 200 19% 210 200 20 250 320 IS 0 33 I RS WS RS WS 1M RS WG M0 10 W5 U5 @2 M5A
1000°s Ths v ' '
Feskater tamp OF 350 30 356 350 M0 M0 60 360 380 J8S 305 3B 362 3M5 S 36 S 305 05 365 M 65 3/ 0 M2 M6.8
Fue) feed rate fcoal) 16,9  20.0 245 260 24.0 24.6 29.5 324 361 360 39.0 372 N0 .0 ¥S W9 .0 396 Mé W4 4Lé 90 KS MO NE 106
}“l“ it a0 ﬁg 233 306 lm dlngs, 3-20-80 Sﬂ' n.¢ :
] gouge readings daight readings .
Fued ol 501 600 542 090 ’ 11:004

BOF 2:300 "o MF Ham o RDF
Eacess air € % W 2 ®H ® ¥ B N R 2 W P DD A B A B A A N W B M W n 17
1.0. fans amps “ €3 43 41 M M 45 A1 AT 4 46 AT 47 & 4T AT 48 4 W M 4 W 48 4% 1.4
1.0, fans pressuen 5.0 48 48 40 44 AT 54 4& &5 €5 64 && &5 65 6 65 &5 45 26 56 10 65 &0 S8 5% 0%
pelg
F.D. fans emps 20 ®» 2 2 1w ®» P B R N N W » N N N N N T 2 N % o &d
L0 fans presiers 3.5 3.2 32 35 28 26 33 31 58 60 B 40 55 65 55 S5 65 65 &1 62 &1 66 50 40 45 032
psig
Farmace draft psig 0.5 4.80 0.60 0.40 0.60 O.M 070 068 0.5 05 060 0.0 062 068 05 060 055 045 050 050 050 060 0.6 060 060 0.093
:mr flve gas temp 615 G20 625 M k95 705 N0 670 B0 696 00 700 705 FI0 NS T20  6M0  6AS  6B0 660 810 D2.4v
£5P inlet OF 295 296 300 320 326 325 330 I3 3 330 IS PS5 30 30 30 3 30 30 N5 I LI+
Asbiest tomp °F 50 50 46 46 M 47 M 81 0 42 47 12 M 45 51 82 51 % 65 M4 M u & W oM 92
Ambteat prassure 12 2072 8.2 2862 Z8.63 Z0.B6 Z0.90 26.90 7854 28.9¢ 20.06 7B 28.97 Z0.95 2693 092 2033 U7 2.9 .97 8.9 2500 29.01 1903 7892 0.08%
nChes iy
Coments Fly Ash 1 £_Blows
Start - N . YO:45h, I:15P, B:3W Start - %T!W?Tu. ¥:100 ROF deasiiy - 3.5 Whsicu ft
Finlsh - 11:35A, 1:35P, 9:4dp



LET
6l-Q

NES ICY
T ?
Y2 ot baved on 24 b data_
Tine jF. ) [T 2A n “ A [} T [ TN 1ax i ir -4 » L 4 i & » » 0r HF Mean «

- Gross .o RO 2o RS RO N6 236 NO A RO MO ME HIS MO RE RO R NN 0.0 Be MS A O RAe BO BA S

et n Ny Be 204 20 00 ¥8 W00 24 27 0 N4 20 N4 W1 MHE P65 NG NI NI NS W B3 4 N1 A%
Stemn Flow rats 188 1] 1] (1] 19 200 195 1% 55 W e I m a7 285 260 FL - - m 1L B | U .- ] W $L2
100e*s Ihs/hr
Steam prewsurs pslg 060 80 ] B0 6S0 B50 M0 S50 BES  BS0  BSO  BBO A58 450 50 M50 &S50 &S0 o5k M0 BSD  BSE  BS0 A 86D ra
Stesn Lomparaturs F w0 00 8 0 8 M0 M0 0 905 W0 WM 910 M0 6D M0 905 900 908 050 M0 M B JA0 M0 M) n.a
:mom. l.::Jl.‘:n rats o] ] 00 A0 20 200 206 200 %) 293 e NS 2 ns 00 295 295 00 02 »2 ke ] s 235 F- . ] 50,5

s
Fesbater Losp o 30 k] ] E ] W 40 ] o 5 s E1 U ”ns »0 B 0 no ] B0 kY 30 E ] 365 w5 18.9
Funl Fesd rate {cosd) 10.3 2.2 ¥4 208 20,3 202 W0 25.8 20 R0 B5 W) ¥H0 M5 W5 o W P WS W WS W1 WE NS NI LW
1000° s s/l 453 %04 Coal 3.1 W
Fuel gauge readisgs 036 954 oy H.ET M
Fuel of 2 160
L 12:12P Mo R

Excass air 3 27 n 21 % 27 i % Fo 17 F+4 21 19 21 1% 12 L] m 18 0 0 .} 20 -1} " 22 1.8
1.0 fans sops 2 «? 2 L} 3 43 41 43 “ 45 % L L * % & & “ L2 » 4% » L] L L] L 1.7

l.g. fans prasswre 4“6 4.0 38 L4 A0 e A2 A A7 62 62 63 63 &0 58 55 5% S5 6D &4 &5 &D ST 52 53 oW
psly

F.B. fant amps 27 8 H} 27 2r 28 1) F il 30 W Ei] » » » 0 E W 30 3 n n E ] E 29 |8 ]

F.?. fans pressura 0 0 2.4 32 34 36 36 20 1B LE &5 AT 48 4B LS 4D 45 4B 49 58 S8 5.0 40 38 41 09
pidg

Furnice draft psig 4.68 0.4 0.40 0.4 D40 g0 0.60.0.?0 e 045 065 060 0.70 060 060 065 050 .50 0.5 0.5 045 258 0& 0. D5 BID)

=:Hor flus gas tomp B0 610 615  GM0 660 GBS TOD KB 615 670 675 670 80 S WA
£5P fnlet 7F B0 W6 WO NS R I W 10 W W 125 2 1S e 1>
AubSent temp °F » n F n ki n M FH ] F k] 40 “ 5 “% 50 50 50 44 L) ] L] » » 0 5.9
fmbiont pressure .2 221 B2 N7 2008 0018 2910 2918 290.15 2914 29.)1 .00 .05 29.02 29.00 28.9¢ 24.97 20.% 208 0.0 2047 20.87 .47 A8 20N 0IM
incles Ny

Comunts ;gm- !? H: Ash ﬁh_v?l Soot Bl
Start - 3 « 308K, 11: 008, 1:00P, B.00P Sxare - z:“ﬂ,_l'ﬁm. ¥ :00OP 0OF dansity - 3.5 Ibsfcu ft, 4.5 Ibsfew N

Finish - 1:280,
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PROCESS DATA

3 {9 ]
LI M)
Oate 3-23-00 *“Hot hased on 24 v data
Téme b ] b1 2h » A A B A [} k) 10 1A 1IN » [ g » » 4 o L » » o 1nr Moo a

" Gruss 5.0 1.6 170 2.0 170 Y0 170 370 O 170 17,0 J7.8 108 120 120 170 )70 170 P08 200 MA N0 N0 M W) 1N

Met a4 15.0 150 ¥5.2 15.r 152 150 5.2 152 052 15,2 IS4 154 15.2 050 M54 US54 154 363 WD 180 180 179 WO B2 LM
Stean Flaw rate 210 145 144 e 1 L1 145 M5 2 M2 143 (11 1 (L) 144 142 M4 144 168 168 168 168 [1°:3 (1] 153 16.2
1000%s 1d/r
Stamm pressure psig 450 "o 850 »0 45 o560  B50 B850 S 50 s 450 [ ] 455 250 ] 56 855 80 880 850 1] L ] 50 o2 5.7
Steam tamparature O 880 ] ] 850 0 850 680 0 2% 900 8as 695 a0 ¥0 M0 ] 50 s 1] [ ] o 680 860 a0 ] 0.6
forduater flow rats o 152 155 55 152 150 150 158 10 150 150 154 1] 150 151 150 150 150 180 185 180 180 180 %2 i7.8
1600*s Ths/hr
Fendwiter tanp o M0 20 320 E- 2o 20 ke 20 e 20 z5 20 20 20 320 20 o »s ks ] M0 i w» x 0 EF] 1]
Fuel feed rate {coal} 26.2 9.5 196 195 195 194 19.0 0.7 194 9.8 106 230 200 210 N0 200 205 195 2.0 2.6 129 DO RE R B L1
1000° s Ths/wr 5 N Coal 204 WA
funl gamge readings MO 602 ol 35313 M
Furl #il 343 406

¥ i ROF

Eucess air 1 19 =50 »50 =5 »>5 »58 =50 =50 50 b2 ] »50 50 »$0 50 50 +50 4 0 Fa ] 29 26 % % 20 ‘& .o
1.b. fans amps L] 43 3 L] a L5 ) L5 ] 4 43 L5 43 42 @ [1] %] 2 L 1Y 4 42 2 42 42 42 42 a2 .7

1.0 tans pressure 4.0 40 40 34 T 40 38 38 37 37 L& 1B 45 38 37 34 2§ 35 e R 37 3@ A& A 38 o.m
psig

F.0. fan amps <] % ] 27 27 22 2 [ F4d H) [ 27 [ ] 12 22 Hy 26 ] a 27 [ Fy 7 7 F4 | K

F‘I'l. fan proassure 2.0 ) o2 ot 2 2S5 20 023 21 2y 22 23 028 24 B 22 1B MG 22 ke 2} 385 23 2% 23 AW
Lald )

Furnace draft psig [ B2} 060 064 058 0.54 0.67 043 064 058 O5F 056 060 040 063 060 058 O6¢ 064 062 0.65 057 ©0E0 055 0.5 0.5 0.057
605

#llu‘ flue g1 temp 00 00 X 800 §0 0 600 60 H9 595 599 3.9
€SP inlet %F W 280 280 20 200 M0 A0 20 M0 280 M0 e e
Ambient temp °F L) 11 » ¥ k) W E] » E3 » ] k) n » » L] L] e w % W E ] E E 37 (]
Aubyioat prassors AT 0.9 28.95 19.94 28.97 20.9% 28,92 2B.99 25.98 26.90 29.0f 28.99 .97 20.97 0.9 M.% 20.96 8.5 29.00 29.00 29.01 29.01 5.0 29.00 20.97 0.0%
Iaches Wy
Commants Bat And F) 1

§ 1 MOF dessity - Mo RDF

Finlsh - 6:06h, 1:300,
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PROCESS OATA
AMES MUMTCIFAL POMER PLMT

AL
Aty 210 oL Myged o 24 b ity
Tiam (L] 1A ) n " & L] L ) WA JA w1 L » b o W bid - » W IF Meww  »
L} Gross .o Wwe M0 17.0 1.0 M A M KO BO BO D0 M5 B4 MI BO Bo B0 ¥O0 Be Bo XL BE 5 M7 L7
- wo 1.0 .0 158 152 152 15.2 223 an. N4 NE R4 R0 R4 NA RS RA RS RS RS NS RS A4 WO a4 1
Staat Hlow rate 1% 165 150 M M B B e NS M0 U0 WS MDD NS N0 N0 N0 NS W0 R0 N Ue N8 20 M4 73S
1000's ibs/be
Sieim prasiure psiy M0 B60 Bod M0 B6D NS0 MR0  BE0 M0 OS5 BSS M0 B0 M0 BT B0 W5 BME0  e60 860 MO0 B0  BS0  BSB 4.9
Stedl Comperylure % oo8 %04 EM0 A0 MW A0 HBD @90 A% S W4 WO BN D WO 9IS GO0 B0 B0 900 BN 290 X 8N Bt .z
Fordwater flow rate 180 10 W 164 185 156 20 1) 3 lA 32 NS RS e NS oo 0 M8 s 1R I JE 2w My s
1000"5 Yhs /i .
Feskater towp *F W MM W IR W R R0 36 30 W 30 WO WO WS WS M5 W6 WS IS W0 0 WS I W0 7 K
Fual faed vate (c0a]l 22.8 e 202 184 WI 190 21 337 WS MNDE N0 MS O 30 DY MS 34 WS ALY 428 425 N WE L 33 8,
Fiel guepe. reads e o Bu N
shuge readings -
Fuel oll 554 290
MOF o ROF Start ROF at LO:27A 4100 o ROF
Excess air I o 29 44 “ L1} “* 45 o s 20 L] 19 [H " i i is 19 18 19 L] 9 1? 1 5 10.0
1.0, fans amps 42 43 LL] LX) L @2 9 *» LH 4 a7 L] “w L “ “ “ L 4 a LY 4 LH L) L] L2
I.IiL fans pressurs 6.1 58 58 65 &1 65 62 K2 82 K0 62 62 5 KD 60 55 &1 0.2
L]
F.0. fans ampt 27 7 [ 27 2 27 2t [ 3} E » n 0 ] b ] 0 k] L EL 1 3 an kL 3l n L¥

l'.?‘ fan presyure L3 30 28 3D 12 ZE 28 3B A6 435 48 4B 4% AR A4 A6 40 4z 4B 53 58 5A &5 a8 4 am
pily

Furnace dratt psiy 0.5% 057 o080 0.5 OC&0 0.5 0.5 050 068 030 0.6 047 O 055 050 O 055 055 050 0.3 052 040 0.55 0.4 081 0.473

#ihr tue] qas comp SO0 595 595 655 G0 EM0 685 FOD 685 6D 670 6RO BBD SRS [ L]
ESP inlat temp % o 80 0 1% Eh ] 310 1% 1% B EE s 315 115 EE Y e 233
Aabieat temp °F » » 1 » k) % » » ¥ % % 3 » k k| ] k] ] kH EH EY) ] » » » 1.0
Ambleat pressuce 2.9  ZB.9E 20.96 20.% 20.% Z0.% 25.% 0.9 0.9 N 200 2907 .04 .M .06 29.86 2206 2908 29.11 29.13 29.1) .18 29.18 2918 2%.04 4.0
inChes Hy
Comments

Sout Blown
Stk ~ 1t start - J:nli._n!:*!lT 2:200, 7:200 MF duosity - 4.0 lbs/cu L

Filmdsh -
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PROCESS DATA
NS CIPAL POMER PLANT

Y . ?
te 3- . ot bised on 24 br dats
Tima 2 L] -] n L Sh [ ] " 8a ) (LT N TE SR - S | > w o 5 w I 4 w e L Mean o
w Gross 2.0 16.0 180 180 W0 .0 K80 200 B0 B0 K0 KO WO O W0 WS Mo BL ¥0 B0 BNO WO Boe 55 N5 1.8
ot ji N ) 9.2 W2 162 W2 .2 16 B8 NI R NS NS N6 RE N4 3R] NI NI RS NI NS RNE RS DY 2 oA
Steam Flow rale 180 e 160 185 155 155 280 17 M5 A NS 35 A0 W a1z N2 N2 Mz W M N2 Wy W e Ny
1000° 5 Vbs/r
Steam pressure psig  Bé0 g0 B850 850 850 BSD  BS0  B4D  BG0  @55 B5A  BSS BSS BSS BAS 850 S0 g0 850 810 B850 85 BS0 BS2 4.8
Steam tewperature °F 20 630 60 B8O B0 B0 BB6 BN S0 W5 SO0 P00 880 630 S0 00 %00  S00 900 905 AA2 MO0 00 B0 AW W7
eudwiter Flow rats 230 158 160 160 160 160 165 260 15 320 S WS NS R NS 2 N0 3 R0 A8 WS 3 R W0 22 NA
I'M's Yo/ :
Fosdnter tomp OF W RO 30 R0 RO 120 10 MO 30 )0 360 G0 W5 WO S @S 38 M1 M3 M3 M2 M2 W2 W0 4 276
Fuel Food rate [casl) 21.9 2.0 218 24 2S5 25 215 XS MY 153 Mo PG N0 Mo MO HO BT w3 WY MY PSS ONE NO WO NA L
1000's Ves/e A6 27T Casl 304 IA
For) phwpe readings N6 01D ol 24.3
Fuel oil 584 630 19:000 systam '.' GF
RDF o ROF - Start MDF at F:40M 4:05F veduced ROF Flow wnti) 8:004, 3-26-80 (0:22F System "0 D
Excess air § k) *50  »50 50 250 »50  »50 22 n 1% 4] 1] 1] W L] 1’ 1 u 15 (1] w 15 ] 8 .27 1.3
[.0. fans amps [} 45 43 " 5 45 1% “ A8 o “* " L] 40 L] L] L] L] L] o [ 1] “ “* $ 4% L&

I.I'IL fans pressure 1.8 5.0 36 34 86 4.8 46 60 6 70 6.4 6.6 B85 $2 62 62 &0 65 65 &5 63 63 64 45 5.7 L1s
ply

F.0. fams amips 2 28 28 8 28 F4) 4] k) )] 3 » o 3 E] » » » N n 1 2 3 n 29 » 1.3

F.l'i. fan pressure 10 16 30 30 29 L 34 50 46 4% 43 40 SO0 55 &4 45 42 45 4] 4 50 48 5.0 34 42 o.M
iy

Furnaca draft psig 8.5 0.9 o043 - -- .- . - e 057 0.5 0.5 0.60 0.49 067 0.6 055 0.63 063 0.60 0.5 05 0.50 0.4 0.5 0. 108
3:"" flug pas tamp 605 &10 G40 690 #685 690 00 690  S65 60 B0 GBS 695 670*  3).4*
£5¢ taler tamp OF 280 280 e B30 330 AW W 3B 3% R T kR ] Ek 2 2.0
Ambient temp O » r» 3 3 n un 1] 29 13 M % 2 L L] L&) “ *% “ 4% 46 5% 45 43 L1} L] k] 6.3
mnt”:rum 29,10 2918 29.00 Z9.%0 9,18 29.18 29.18 290.18 29.22 29.21 29.18 Z9.1% 918 29.17 2915 9.4 904 219.12 2935 29.14 29.15 29.15 29.)5 29.15 29.17 0.024
5
Comments t tom olul f1 !sh 11 Sno} Mlown
Start - L:00A, 5: F.000, 3:05P Start - 2:008, 11:35, 7:00P AF density - 3.5 Wes/cu fi,

Flnish - K IlSA 2 l$l' S.lﬂ’. FA0R, 9500 4.0 Tsicu F
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£2-Q

PRICESS BATA

MNES £ )M A_PLAMT
[T 111 ¥

Sate 3-26-80 — _ e — Mot bieden 2 b ity

Time [¥. ) 13 ] % Sh A A L} " 108 114 ¥ | 14 » » » e 4 » » w 100 e Mean &
- Gross 2.0 nS 2.5 5 A5 0% 25 W0 M5 HSE WO MS WHO M5 B0 B BO ¥o Ko ¥Ho BO B RO WH &1

et 2.0 19.5 155 158 1.5 155 95 179 N8 NE B4 RO RS RO RA RS NS 23 A R RY NI OB NP L
Steem flow rate * 180 1 0 1% g 180 e e M2 s W e e ne n2 ne W s 1z n2 ns e m 2% 258 M1
1000"s Tos/hr
Steam pressura pilg 850 850 956 #5050 OS50 o650 BG0  B6O @S5 850  AS0  BAS M50 esh ass 855 a6 60 MO 660 MO0 850 BS54 “i -
Steam temperature OF 980 B0 990 M50 290 890 680 SO0 00 G 9)0 GO0 S0 630 S5 02 N G0 M0 ev0 G40 680 W0 @80 6% 166
I;Wt:; :1: rita 1% 190 150 19 150 1%0 150 W 3 ) 28 0 M0 28 124 e ur 125 s 10 e 22 05 283 L&

*s 1hs
Feedwiter Lomp o Mo MO MO W M W Mo kL) B/ 8 380 380 B0 380 380 s s 385 E 105 w5 k. s s »s N
Fusl feed rate {coal) 19.0 19.0 185 280 187 1.4 194 252 M4 X B0 S NO O MNA WD M0 WS 1LE 135 M.Z S MO MY 34 9 LW
10005 Ths/w %6 11 [eal N9 W
Coal gauge readings 050 561 Ml L6 W
Fusl o1 (gallans/w) 505 379 No MOF
MF  Reduced RF Flow ) B:00% resums norms) RV flow 3 M ——=Stare NDF ap 2:12¢

Encass air ¥ ] . 30 [} k1) o | 7 ) 1% 1] 8 19 1] 1] " 13 L] 7 20 % 1 F 20 0 n 4.8
1.9, fans amps " “ L) “ 4 44 ” L] 4 47 *% “ “ L] % 48 “ 4% % L] *» “ *» 45 45 L3

1.0 fus pressucs 3.8 38 48 40 40 45 44 32 6L &1 20 &6 &3 65 62 68 65 60 65 K& &7 62 64 65 56 LM
psiy

F.0. faas amps e 27 ) 27 20 &7 2 0 n an ] » E k] » » 0 » n n E 0 x ] 2% 1.5

F.0. fam presyurs 2.0 LY 18 2 L7 LD 20 44 44 4% % 4% 45 58 36 52 S 42 1.6 5.0 44 48 580 45 1y LM
psle

Furnace drafi piig 0.4 0.5 0.4 0.50
:'ollor flue gas tamp K20 M &0 00

0.70 672 040 049 0.4 060 045 0.8 055 058 052 0.4 060 052 045 0.6 0.4 050 0.5 0.5 00N
00 605 K63 630  &YS  JOD  JOD  JOD 665  6BD &% &MY 59D 100 JoD  SES 675 B0 W10 &6 na

E5P inlet tomp OF 90 W0 290 0 290 0 20 W N WS D RS WS RS I N IM WS 35 IS RS OIS W R NS M

Aubient temp % » » N » 15 » % » L 36 » 40 445 “ & % 4% 4% 43 4} 2 L] » » » 4.1
iu“.t pressore 9.2 W.E 2.2 D B N B N NN B2 B BN N NS 992 2 BIAZ MU N2 .00 W .04 294 9.4 29.17 O
nchs 19
Comment s fottom &l Soot B)owm

Stert - 10O, B, 500N, 1K, 7500, 7200, start - ZTOR TT:854, 7:060 M¥F density - 3.5 Ibsjow It

Fiadsh - 9:55A, 2:400, 3.0 Tesicu 1t
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1.0 INTRODUCTION

This document describes the sampling and monitoring activities per-
formed at the Chicago Northwest Incinerator, Boiler No., 2. The sampiing
and field measurement work was part of an overall pilot scale test program
sponsored by the Office of Pesticides and Toxic Substances in cooperation
with the 0ffice 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 sampiing and analysis protocol to characterize polychlorinated
organic compdunds 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 polychlorincted 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
is the specification of procedures and equipment to obtain sufficient multi-
media samples for the subsequent analytical protocol, and to satisfy the
program statistical design requirements. In this respect, the TRW Environ-
mental Engineering Division of TRW, Inc., was one of three contractors par-
ticipating in the overall EPA program and was responsible for the acquisi-
tion of samples and measurements in the field.

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

Benzo [a] pyrene Chrysene
Pyrene Indeno [1,2,3-cd] pyrene
Fluoranthene Benzo [g,h,1] 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 polychlorinated dibenzo-p-dioxins, dibenzofurans and
biphenyls.

11
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Instrumentation for on-1ine combustion gas stream monitoring was part
of the test program. In addition, incinerator process information was also
gathered. This information together with the monitoring data were acquired
to assist in evaluating and interpreting chemical analysis results.

This report contains all the field data for the Chicago Northwest
Incinerator pilot test program conducted in May 1980. Data provided in-
clude the following: '

e 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.

¢ Process data.

The test program followed was described in the Pilot Test Program,
Chicago Northwest Incinerator, Boiler No. 2, site test plan. Deviations
from this program are documented and expiained in their respective sections
of this report.

1-2
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2.0 SUMMARY

2.1 SAMPLING AND ANALYSIS

The field test activity took place from April 30, 1980 to May 23, 1980.
A1l required tests were completed and all recovered samples were sent to
Gulf South Research Institute (GSRI) for analysis. MRI had subcontracted
this part of their assignment to GSRI.

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 con-
tains sample inventory sheets supplied by GSRI.

2.2 PROCESS DATA

For every day of inlet or outlet testing, a 24 hour record of process
data was obtained. This information is provided in the daily process data
sheets in Appendix D. Most of this data was obtained from instrumentation
in the control room. The parameters considered important to the operation
of Boiler No. 2, and for which instrumentation was available include steam
flow rate, steam pressure, feedwater flow rate, feedwater temperature, com-
bustion afr flow rate, combustion air temperature, % oxygen, 1.D. fan pres-
sure, F.D. fan pressure, furnace draft, and furnace temperature. No data
were available for steam temperature, excess air, or the power consumption
of the fans.

A chart recording instrument located in the control room provided
continuous instantaneous readings for steam flow rate, feedwater flow rate,
and combustion air flow rate. These were read directly from the instrument
in 1000's of pounds per hour, 1000's of pounds per hour, and 1000's of cubic
feet per hour, respectively. These are given in Appendix D under the head-
ing "chart recorder" for each of the three parameters.

2-1
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TABLE 2-1. DAILY SAMPLING SUMMARY

Date Test

(1980) No. Sampling locations Test comments

5/4 1 Inlet-North Test started at 0835 hours and ran for 350 minutes. Low volume
was obtained. Test was discontinued because of unsuccessful leak
checks after filter replacement.

Inlet-South Test started at 0835 hours and ran for 193 minutes. Low volume
was obtained.. Battelle trap also appeared to plug up and was
therefore changed. However, this did not occur during remaining
tests. Filter blockage also occurred probably due to filter oven
temperature not being hot enough (250°F). At 1600 hours the plant
had to shut down due to boiler leaks. Test quality was fair.

Qutlet-Horth Test started at 0825 hours and ran for 404 minutes, Mo signi-
ficant problems occurred. Test quality was good.

Outlet-South Test started at 0820 hours and ran for 375 minutes. No new
leak rate was obtained at filter change. New filter housing
was found to be warped which caused the leak problem. Test
quality was good.

Hi Volume Sampler Sample was lost due to the wind blowing the filter out of the
filter holder.

Continuous Ho problems were encountered. Test quality was good.

monitors

5/6 2 Inlet-North Test started at 1230 hours and ran for 525 minutes. There

Inlet-South

Outlet-North

were no significant problems. Test quality was good.

Test started at 1230 hours and ran for 525 minutes. There
were no significant problems. Test was inadvertently stopped
with only 21 of the required 24 points traversed. However,
both gas volume and particulate collections were sufficient.
Test quality was good.

Test started at 1235 hours and ran for 500 minutes. There
were no significant problems. Test quality was good.



TABLE 2-1. (Continued)
Date Test
(1980) No. Sampling locations Test comments
5/6 2 Outlet-South Test started at 1230 hours and ran for 500 minutes. Probe was
found to be cracked at the end of test. However, based on a
moisture calculation of only 3% (vs. 12% in other test}), it
appears that the probe cracked during the first 280 minutes.
The probe was switched and the test continued an additional
200 minutes. Test quality was poor as only air was sampled
for 50% of the test.
Hi Volume Sampler Test started at 1311 hours and was stopped at 2325 hours. Test
quality was good.
Continuous Test quality was good.
monitors
5/7 3 Inlet-North Test started at 0835 hours and ran for 420 minutes. No problems
o o were encountered. Test quality was good.
R b Intet-South Test started at 0837 hours and ran for 480 minutes. No problems
were encountered. Test quality was good.
Outlet-North Test started at 0930 hours and ran for 500 minutes. No problems
were encountered. Test quality was good.
Outlet-South Test started at 0955 hours and ran for 500 minutes. No problems
were encountered. Test quality was good.
Hi Volume Sampler  Test started at 1215 hours and was stopped at 2000 hours. Test
quality was good.
Continuous No problems were encountered. Test quality was good.
monitors
5/8 4 Inlet-North Test started at 0845 hours and ran for 420 minutes. MNo problems
were encountered. Test qualtity was good.
Inlet-South Test started at 0832 hours and ran for 480 minutes. No problems

Outlet-North

OQutilet-South

were encountered. Test quality was good.

Test started at 0930 hours and ran for 500 minutes. Low moisture
obtained because of cracked probe.

Test started at 0925 hours and ran for 500 minutes.
were encountered. Test quality was good.

No problems
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TABLE 2-1. (Continued)

Date Test
{1980) No. Sampling locations Test comments

5/8 4 Hi Volume Sampler Test started at 1015 hours and was stopped at 1910. Test
quality was good.

Continuous No problems were encountered. Test quality was good. CO
monitors readings were suspect, refer to 5/9/80 continuous monitoring
data.

5/9 5 Inlet-Horth Test started at 0820 hours and ran for 480 minutes. After
180 minutes the sampling time was increased from 20 to 25
minutes per point to collect sufficient sample volume.
Boiler was operating at lower load conditions during this
period. Test quality was good.

Inlet-South Test started at 0805 hours and ran for 542 minutes. After
267 minutes the sampling time was increased from 20 to 25
minutes per point. (See Inlet-North above)., Test quality
was good.

Outiet-North Test started at 0905 hours and ran for 500 minutes. Test
quality was good.

Outlet-South Test started at 0920 hours and ran for 500 minutes. Test
quality was good.

Hi Volume Sampler Test started at 0915 hours and was stopped at 1850 hours.
Test quality was good.

Continuous C0 was exhibiting drift problems due to exhausted dessicant.

monitors Dessicant was therefore replaced. Previous days (5/8/80)
data were suspect as CO dropped to lower level after
dessicant changeout. Test quality was good.

5/10 6 Inlet-North Test started at 0815 hours and ran for 420 minutes. No

Inlet-South

problems were encountered. Test quality was good.

Test started at 0810 hours and ran for 480 minutes. No
problems were encountered. Test quality was good.
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TABLE 2-1. (Continued)

Date Test
(1980) No. Sampling location Test comments
5/10 6 Qutlet-North Test started at 0915 hours and ran for 480 minutes. No
problems were encountered. However, test was halted one
point from completion due to stormy weather. There was
little effect on test data. Test quality was good.
Outlet-South Test started at 0840 hours and ran for 550 minutes. No
problems were encountered. Test quality was good.
Hi Volume Sampler  Test started at 1100 hours and was stopped at 1900 hours.
{Problems due to wind were encountered but the sample was
not destroyed). Results were fair to good.
Continuous C0 was taken off line due to span and balance problems.
monitors Remaining data were good.
TAR! 7 Inlet-North Test started at 0B28 hours and ran for 462 minutes. No

Inlet-South

Qutlet-North

Qutlet-South

problems were encountered. Test quality was good {changed
sampling time to 22 minutes per point for iniet trains prior
to starting test).

Test started at 0934 hours and ran for 528 minutes. No
problems were encountered. Test quality was good. Excessive
number of filters were used during this test day for both
inlet trains.

Test started at 0900 hours and ran for 360 minutes. Due to
excessive amount of time needed to correct malfunctioning
equipment, the north train was utilized for only 20 points
instead of the normal 25 points, Total volume sampled for
north and south trains was 20 mﬁ. Test quality was good.
(Changed sampling time to 18 minutes per point prior to start
of test).

Test started at 0915 hours and ran for 540 minutes. South
train traversed 30 points (see comments for Outlet-North
train for 5/11/80). No problems were encountered and test
quality was good.
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TABLE 2-1. (Continued)

Date Test
(1980) Ko. Sampling locations Test comments
5/1 7 Hi Volume Sampler Test started at 1014 hours and was stopped at 1930 hours.
Test quality was good.
Continuous CO was still off 1ine. Backup unit was ordered but had
monitors not arrived. Remaining data quality was good.
5/12 8 Inlet-North Test started at 0840 hours and ran for 462 minutes., HNo
problems were encountered. Test quality was good.
Inlet-South Test started at 0837 hours and ran for 528 minutes. No
problems were encountered. Test quality was good.
Outlet-North Test started at 1040 hours and ran for 450 minutes. No
problems were encountered. Test quality was good.
Outlet-South Test started at 0854 hours and ran for 450 minutes. No
problems were encountered. Test quality was good.
Hi Volume Sampler Test started at 1243 hours and was stopped at 1840 hours.
Test quality was good.
Continuous No CO data was being monitored. Remaining data was good.
monitors
5/13 9 Inlet-North Test started at 0833 hours and ran for 472 minutes. Boiler

Inlet-South
Qutlet-North
Outlet-South

Hi Volume Sampler

was down at conclusion of test for grate cleaning. Test
quality was good.

Test started at 0815 hours and ran for 528 minutes. Test
quality was good.

Test started at 0832 hours and ran for 450 minutes. Test
quality was good.

Test started at 0818 hours and ran for 450 minutes. Test
quality was good.

Test started at 0912 hours and was stopped at 1820 hours,
Test quality was good.
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TABLE 2-1. (Continued)
Date Test
(1980) No. Sampling locations Test comments
5/13 9 Continuous CO was still off line, however remaining data was good.
monitors
5/15 10 Inlet-North Test started at 0805 hours and ran for 464 minutes. Test
quality was good.
Inlet-South Test started at 0803 hours and ran for 528 minutes. Test
quality was good.
Qutlet-HNorth Test started at 0840 hours and ran for 450 minutes. Probe
was found with a cracked tip. Based on 8.9% moisture vs.
12% moisture for the other tests, it seems only the last
10 pts. were traversed with broken probe. Test quality was
fair,
OQutlet-South Test started at 0820 hours and ran for 450 minutes. Test
guality was good.
Hi Volume Sampler Test started at 1110 hours and was stopped at 1840 hours.
‘ Test quality was good.
Continuous New CO analyzer came on line. Test quality was good.
monitors
5/16 1 Inlet-North Test started at 0830 hours and ran for 462 minutes. No

Inlet-South

Outlet-North

Outlet-South

problems were encountered. Test quality was good.

Test started at 0924 hours and ran for 528 minutes, Final
leak rate was not obtained, however the data was corrected
by subtracting out the last two unknown points (35 cu. ft.}.
This caused little effect on the final outcome of the test.
Test quality was good.

Test started at 0808 hours and ran for 450 minutes. No
problems were encountered. Test quality was good.

Test started at 0828 hours and ran for 450 minutes. No
problems were encountered. Test quality was good.
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TABLE 2-1. (Continued)
Date Test
(1980) No. Sampling locations Test comments
5/16 11 Hi Volume Sampler Test started at 0306 hours and was stopped at 1910 hours.
Test quality was good.
Continuous THC data reading was high (300 ppm) between 1000 hours and
monitors 1030 hours due to temporary shortage of garbage in chute.
5/17 12 Inlet-North Test started at 0928 hours and ran for 500 minutes. QA test
and South was performed simultaneously at Inlets on the north and the
south. Test quality was good.
Outlet-North Test started at 0815 hours and ran for 250 minutes. This was
and South the first day for the cadmium test. Test quality was good.
Blank Test started at 0820 hours and ran for one hour at 250°F.
Test quality was good. ,
" Hi Volume Sampler Test started at 1028 hours and was stopped at 1835 hours.
© Test quality was good.
Continuous No problems were encountered. Test quality was good.
monitors
5/18 13 Qutlet-North Test started at 0820 hours and ran for 250 minutes. For
the cadmium test the outlet was only tested. HNo problems
were encountered. Test quality was good.
Hi Volume Sampler Test started at 0800 hours and was stopped at 1305 hours.
Test quality was good.
Continuous The outlet was only tested and no THC data was recorded
monitors since it was not required for the cadmium test. Test
quality was good.
5/19 14 Outlet-North Test started at 0810 hours and ran for 250 minutes. No

and South
Hi Volume Sampler

Continuous
monitors

problems were encountered. Test quality was good.

Test started at 0800 hours and was stopped at 1300. Test
quality was good.

No problems were encountered. Test quality was good.



8¢
6-¢

TABLE 2-2,

DAILY DATA SUMMARY

@
Sample Volume Gas Compasition Stack Gos Flow haokinetic
Dae | Tent Sampling ?‘2 COy1 €O JTHC | Tempersture | Molecular § Moisture | Velocity . Rate
{1980y | No. Location SDCF Nm3 % | pom |opm °F Weight % fi/sec ACFM DSCFM . %
mier Mo (256837 } 227 2| 24| @2 | wmw 2028 | 1es | 2017 ]sossz.z1s| 24082931 | vos2
54 R South [135203 | 383 [ 12| 4] 172 ] <2 444 88 2852 9.57 2127 | 61074 763] 31543.243 79.24
outer Nomb |317880 | 900 | 3| 77| 166 | <2 4327 23 | 115 38.40.-| #9130.850] 25074.501 94.61
South |324.144 ] 9020 |i113| 27| 158 | <2 451,27 28.41 1087 | 3933 | sn02.715] 20754.898 07.96
intet  North |408462 | 1157 | 98] 109 180 [ <2 459.04 28.53 12.24 2062 | 51452653 | 25077.734 96.25
58 2 South |379.181 | 1074 | 96 10| 1589 | <2 445,78 20.50 12,03 18.42 | 52895.304 ] 2217.876 98.32
Outler Noth 1418430 1 1185 L1104 | 98f 171 }<2 442,00 28.45 1247 | 387 | 51588.415] 26528.860 9885
South | 467880 | 1287 {104} 98| 171 | <2 451.04 29.50 295 | 4060 |s54822068| 29782350 23.23
) et North | 324,381 019 | 94) 98| 188 | <2 44588 20.34 13.43 1980 | 49665.946 |  24406.919 98.17
5.7 3 South 400656 | 1134 | 04 ] 98] 188 ] <2 431.48 2038 13.28 21.23 | 81305.230 | 30518.360 7.7
Outler Noith 403319 | 1142 | 94| 07| 180 | <2 450.04 2039 1288 | 3870 [495568341 24144057 | 10075
South |407.071 | 1183 | 84 ] 07| w9 | <2 451.78 2841 1275 | 3887 | 52477088 | 25634.970 96,29
et JMoph 331522 | 039 | 99) 06) 2 |<2 445.38 20.57 n.2? 1934 | a5260522| 24418.182 | 10022
58 "4 Scuth [370826 | 1050 | 09] 06| 142 ] <2 460.60 2850 185 1896 ] 57305180 | 20349.017 97.28
Outlet orth 427497 | 1211 {104] 89} 0 |<2 464,20 28.82 gs0 | 3830 | 51835952| 26693.503 96.50
South [457496 | 1296 104 ] 89| B9 [<2 | 0432 2847 1180 | 4160 | 58202502] 27732318 | 100.04
——— — l=====l=m
inl North |342697 | 977 7801 105 61 |<2 amn 20.30 14.14 12,79 ] 44192534 | 22187.4668 09,85
59 5 nlet  couth |387.808 | 1042 7.9 15| 61 | <2 480.80 20.20 14.94 17.31 | 49708823 29679562 | 101.90
Oulet  Nortb  |371.581 | 1082 107] 50 {<2 44084 .17 1548 | 32990 | 445446000 21337899 [ 10557
South |3863.750 | 1087 1 107 s [ <2 431.9 28.24 1480 | 3248 | 43856604 | 21431687 [ . 10799
—— .. . — —_— ——————— — — —— |
nl North | 320.564 9.00 103 <2 45250 20.37 13.62 18.12 | 45257.6901 21770430 | 108.82
510 ¢ nlet  south |347.607 | 984 u 10.3 <2 45763 2.4 13.83 17206 | 51267447 24476323 | 10561
Ovtler Noth [367.971 | 1042 | 04} 97 @ |a 448.92 20.50 1.5 3543 | 47037327 | 23572100 98.61
South 412081 [ 1187 | 04| 97 <2 452.28 2033 1340 | 3950 | 53339.650 [ 2575143 96,51
inlet | North |344803 | 976 | 98| 90 <2 810 20.19 13.98 19.12 | 47700487 | 72077.4390 | 10085
.11 7 " Sou 378495 | 1032 | e8] 00 ) <2 452.48 20.18 W24 1951 | 53212840 | 25400444 | 100.82
Outlet Nortth0|298617 [ 849 | 88 95 <2 462.53 2837 12.81 3800 | 421G3.978 | 20345.005 22.20 .
Sou 4586834 | 1302 | 98] 05 <2 44747 26830 1352 | 23813 | 61760.300 | 30126657 | 10222
inter  North | 316.551 aes | 87 07) - )<2 450.24 2840 12.57 17.58 | 43898.069 | 21492.74% "5
512 8 South J373034 [ 1058 | 872 #7 o 12 468.33 28.38 1200 | 0.1 | 54932.801 ] 26479 880 M9
Outtey North 1378483 | 1086 ] 104 | 90 <2 442.04 26.41 1nn 3873 | 49588850 | 24703730 | 10267
South §391.172 | 1108 | 104 ] 80 <2 452.88 2842 1208 | 3917 | 52684.900 | 26003.924 | 100.42
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TABLE 2-2. (Continued)

GuCuwwitbno
. Sample Volume Stack Gas Flow fsokinetic
'?;;” 'l:: Sunpl_nng 3 02 | CO2 | 0O |THC | Tempersture | Moleculer | Moismare Velocity . Rem
Location SDCF N % % | pom [pom *F Weight % Hsec ACFM DSCFM ‘K
North] 3087281 8724 | 87! o8 <2
folet 48661 29.19 1457 | 1842 | 41015923 | 10284220 | 1
613 9 ﬁ""" 84181 | 1031 | 07| o8 ® <2 480.85 6.9 1452 | ez | snnmw | 402183 13&?
Outlet S:ur:: mmm :%; :.: g.g g ::;Cg %22{5' 1410 | 3685 | 49744.800 | 23720.700 | 104.01
o ,# . , 5 2_| 1454 | 2939 | 63100550 | 25032204 | 10282
i ] w021 94| 1 <2 485.43 28.29 12.60 5076
515 | 10 et seuth| 370886 | 1067 w2l s4a |l |<2 458.00 28.27 13.75 :%:? ;omggaz %g:?g :gﬁg;
Outhet m 7441 [ 1068 | o8] 97| 8 | <2 450.58 29.88 069 | 3547 | 47889900 | 24697.316 { 10240
30275 | 11.22 | 96] 87| 98 ] <2 48368 20.24 .22 | 3840 | 51958000 | 26113412 | 0630
; . _ |
- North| 353833 | 1002 | 119 | 66 ﬁ <2 485.32 46930. + 23389
51 bt I soun| 387302 | 1052 [ 119 | &5 | a8 | <2 482,67 g’:g ee | 122 | snee s | B3
61 Outter | Norh | 404810 . o8 2418 45t
South] 418675 . 9 i CALy T sl Bty g ddida
I . ST T S———
toted® | North | 324920 80 g ;
s17 | 12 South] 331.750 | 940 |3 ] wo] 80 [<2 476,00 2037 1370 | 185 | 48387.834 | O3 917 | 10220
Outtei® 28810 | 620 |107] 90| o4 |<2| 4as1.00 28.18 1438 | 239.27 | 106035.000 | $1352.600 | 10301
518 | 13 folet m @ | | |
Outlet 219.36 8620 |07 ]| 02| 102 |® 463,00 2.25 1391 | 44.37 | 119796.300 | 57360.170 9245
e e s TS e mam
et | S|
519 |
Outlet 24081 68 |127] 22|34 |® 485.60 20.38 1185 | 44.53 |120233.200 | 691372.720 93,20
Tast pariod average

High dus 10 excessive instrument drift

Analyzer taken off line (see @ )

Due to excessive leak rate in the north train, 60% of sample was collected with south train, 40% with the north
Resulis £ 10 ppm dus to drift

tndet QA Test, Dutlet 15t day Cadmium Test

Inlet sample not required for Cadmium Test

THC datas not requised for Cadméum Tast
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These three parameters were also monitored by means of integrating
counters. Each numerical reading multipled by 150 yielded the amount of
steam in pounds, the amount of feedwater in pounds, or the amount of combus-
tion air in cubic feet. These numbers have been included in the tables in
Appendix D in terms of 1000's of pounds or 1000°'s of cubic feet. The dif-
ferences of these numbers were also calculated on an hourly basis to deter-
mine flow rates from these quantities and are listed under "digital integrator"
in Appendix D.

Each integrator reading is assumed to have been taken at the end of
the hour in question. For instance, the 5 PM reading represents the hour
ending at 5 PM, as opposed to the hour beginning at 5 PM. This was necessary
in order to maintain consistency, especially in the case of the integrator
differences. The difference between the 5 PM integrator reading and the
4 PM integrator reading represents the flow occuring between 4 PM and 5 PM,
and therefore is a 5 PM flow measurement, according to this end-of-the-hour
convention. Further, the digital counters recycie occasionally. Since the
counters have six digits, the largest possible number is 999,999 x 150
1000 or 150,000. It must also be noted that even a 5 minute delay in taking
a reading introduces a substantial error in the hourly value. Finally, these
jntegrator values were the only readings not routinely taken by plant person-
nel on a 24 hour basis. As a result, large gaps exist in this data. Aver-
ages were taken over these periods whenever possibie,

The steam flow rate was also recorded on a continuous basis. This
was done by an ink pen recorder located outside the control room. The re-
corder plotted instantaneous steam flow values on graph paper. Hourly values
were recorded from these sheets, and are presented in Appendix D under the
heading “disc recorder". Although this instrument may have been very accur-
ate, the operators were not always careful at aligning the paper discs.
The erratic nature of steam production at the plant was easily observable
from these plots. Oscillations of an amplitude of 30,000 1bs/hr and a fre-
quency of 6-10 cycles per hour seemed typical. A sample plot is provided in

Appendix D.
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Steam pressure, combustion air temperature, % oxygen, 1.D. fan pressure,
F.D. fan pressure, furnace draft, and furnace temperature were all noted from
pointer gauges in the control room. The combustion air temperature was actual-
1y a measurement of the flue gas leaving the boiler and entering the econo-
mizer. The sensor for % oxygen was located on the ESP side of the economizer.

It must also be noted that the furnace draft and I.D., fan meters were actually
measuring a vacuum.

Qther information contained in the daily process data tables includes
times of soot blowing, fuel input to Boiler No. 2, down time on Boiler No.
2, a daily barometric pressure and miscellaneous comments concerning the
boiler operation. According to plant procedure, socot blowing should have
always occurred at 3 AM, 11 AM, and 7 PM every day, but deviations from this
schedule were often observed. Fuel input is usually expressed as crane loads,
or charges of refuse., In only one instance was natural gas burned to start up
the boiler. The amount of gas burned is reported in cubic feet, but the
actual measurement invoived reading a numeric counter and multiplying by
3.5. Down time is expressed as lost burning time, and was available by con-
sulting plant records. The barometric pressure was obtained once a day from
nearby Midway airport. Comments listed on the process sheets {refer to
Appendix D) were derived from the operator's log book or by discussing piant
conditions first-hand with the operators and firemen on duty.

2.2.1 24-Hour Data

The means and standard deviations of the parameters included in the
daily process sheets were calculated on a 24-hour basis for every day of
testing. This information has been presented in Table 2-3. On some days
Boiler No. 2 did not operate for the entire 24 hour period. For these days,
data was not available on a 24 hour basis, consequently values have been cal-
culated based on available information. Also, since the integrator differ-
ences were often averaged over long periods of time, it did not seem appro-
priate to provide standard deviations in these instances.

A qualitative observation from Table 2-3 indicates that the plant oper-
ation is very uniform over a time average of one day. According to the
daily process sheets, no strong diurnal variations occurred. This is not
to say that large variations did not exist. Shorter averaging times (less
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than an hour) would indicate large swings, and this is reflected in the
large standard deviations for steam production in Table 2-3. This was due
to the intermittent nature of fuel feed to the boiler. However, these pro-
duction swings did not depend on time of day or day of week. Consequently,
it was possible to calculate means and standard deviations over a large
number of test days. This has been done for all of the test days (refer to
Table 2-4). An examination of data in Table 2-4 indicates that the standard
deviations are smaller than most of the standard deviations in Table 2-3.
Although variations may be expected to decrease over longer averaging times,
this would not be true if certain days had significantly different modes of
operation. The aforementioned therefore indicates that the Chicago North-
west Incineration facility operates in essentially the same mode 24 hours a
day, 7 days a week, although instantaneous swings in steam production do
occur continuously over short time intervals (less than one hour).

2.2.2 Test Duration Data

Means and standard deviations have been calculated on a test duration
basis for all of the test days. This information has been provided in Table
2-5. The discussion on diurnal variations pertaining to the 24-hour data
also pertains here, although the standard deviations should, in generai,
be smaller due to the shorter period of time being considered. An examina-
tion of the data in Tabie 2-5 bears this out.

None of the data in Table 2-5 appears particulariy anomalous. No sig-
nificant variation in steam production occurred from day to day indicating
a rather consistant fuel feed rate during the duration of the tests. Some
days exhibited wider variations as reflected by higher standard deviations,
particularly on the 19th of May. The variation of feed water flow does not
corelate well with the variation in steam production. The operating para-
meters seemed to fluctuate rather independently, without any pronounced im-
pact on other aspects of plant operation.
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TABLE 2-4. MEANS OF THE MEANS FOR 24-HOUR PROCESS DATA, ALL TEST DAYS,
CHICAGO NORTHWEST MUNICIPAL INCINERATOR,

parameter Mean g

Steam Flow Rate (1bs/hr)

Dis¢ Recorder 99,000

Chart Recorder 103,000 4,516.8

Digital Integrator 99,000 3,577.0
Steam Pressure (psig) 282 4,02
Feedwater Flow Rate (1bs/hr)

Chart Recorder 99,000 4.,822.7

Digital Integrator 97,000 5,445.5
Feedwater Temperature (°F} 221 0.7

Combustion Air Flow Rate (ft3/hr)

Chart Recorder 79,000 2,016.4

Digital Integrator 72,000 2,593.3
Combustion Air Temperature (°F) 663 21.2
% Oxygen 11.8 1.23
[.D. Fans Pressure {inches H20) 2.6 0.22
F.D. Fans Pressure {inches H20) 14.1 0.38
Furnace Draft (inches HZO) 0.23 .061
Furnace Temperature (°F) 1,160 41.5
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2.2.3 Weekly Refuse and Residue Inventory

A1l refuse and residue hauling trucks entering and leaving the inciner-
ator plant were carefully weighed. This facilitates the accurate characteri-
zation of overall inputs and outputs. However, there is no accurate way of
proportioning these materials between specific boilers for a given period of
time. Any attempt to determine the fuel burned or ash discharged from Boiler
No. 2 can only be an approximation.

Chicago Northwest Incinerator maintains inventory sheets 1isting inputs
and outputs from the facility on a weekly basis. Relevant data from these
sheets have been reproduced in Table 2-6. 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 toads by the volume of each truck {19.5 cubic yards). Density of the
refuse was estimated using these two measurements, and is therefore the den-
sity of refuse inside the trucks. In order to quantify the amount of refuse
burned, the number of loads, or charges, handled by the grab bucket cranes
were noted for each boiler. A total number of charges are 1isted in Table
2-7. The charges delivered to Boiler No. 2 are given in the daily process
data sheets on a shift basis. These are provided in Appendix D,

To approximate the amount of refuse burned in Boiler No. 2, it s neces-
sary to determine an average weight per charge, since the number of charges
fed into this boiler are known (Appendix D). The method for doing this,
however, is not entirely obvious. 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 also significant, as the pit is sometimes over half full,
corresponding to roughly 5000 cubic yards of refuse. 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.
This can be done by 3 different methods.
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TABLE 2-6, WEEKLY INVENTORIES OF REFUSE AND RESIDUE AT THE CHICAGO
NORTHWEST MUNICIPAL 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) 6,746.65 9,152.34 7,902.34 8,720.21
By volume {cubic yards) 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 4?2
Refuse Consumed
# charges burned 5,205 5,710 5,952 4,714
Average weight per
charge (ibs) 2,771 3,240 2,812 3,700
Total weight (tons) 7,212 9,250 8,367 8,720
Total volume {(cubic 28,562 36,634 33,138 34,535
yards)
Residue
Fine ash fraction (tons) 2,511 2,500 1,815 2,904
Fine ash fraction (cubic 3,100 3,086 2,240 3,585
yards)
Metal fraction (tons) 949 750 1,514 629
Metal fraction (cubic 5,423 4,286 18,651 3,594
yards)
Total ash (tons) 3,460 3,250 3,329 3,533
Total ash (cubic yards) 8,523 7,372 10,891 7,179
Volume Reduction
thru incineration 70% 80% 67% 79%
Weight Reduction
thru incineration 52% 65% 60% 60%
2-18
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TABLE 2-7. CHARGES FED TO EACH BOILER ON A SHIFT BASIS CHICAGO
NORTHWEST INCINERATION FACILITY

Unit Unit Unit Unit
Date, Shift No. 1 No., 2 No. 3 No. 4 Total
4-28, 2nd 88 98 101 -- 287
3rd 101 99 100 -- 300
4-29, st 101 100 101 - 302
Z2nd 27 94 89 -- 210
3rd 89 101 97 - 287
4-30, Ist 35 90 94 - 219
2nd -- 94 99 -- 193
3rd 78 1M 94 -- 273
5-1, st 75 94 95 -- 264
2nd 38 49 45 -- 132
3rd 94 98 93 - 285
b-2, Ist 101 100 98 -- 299
2nd 101 98 95 -- 294
3rd 97 101 96 -- 294
5-3, st 33 100 102 - 235
2nd 27 102 96 -- 225
3rd 62 99 97 -- 258
5-4, st 20 97 98 -- 215
2nd 94 96 93 - 283
3rd 36 12 101 -- 14¢
5-5, 1st 101 -- 100 -- 201
Total for week 1398 1823 1984 0 5205
2-19
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TABLE 2-7. (Continued)
Unit Unit Unit Unit
Date, Shift No., 1 No. 2 No. 3 No. 4 Total
5-5, 2nd 106 - 101 -- 207
3rd 83 <= 86 -- 169
5-6, 1st 102 .- 103 - 205
2nd 104 68 107 -- 279
3rd 70 112 1RA -- 293
5-7, st 37 99 98 -- 234
2nd 14 . 84 83 - 181
3rd 10 100 97 - 298
5-8, 1lst 77 81 101 - 259
2nd 102 101 101 - 304
3rd 102 100 98 -- 300
5-9, 1lst 101 100 100 -- 3N
2nd 101 98 100 -- 299
3rd 101 100 101 -- 302
5-10, 1st 98 99 101 - 298
2nd 52 10 100 .- 253
3rd 101 100 102 -- 303
5-11, 1st 103 102 103 - 308
Znd 102 101 101 -- 304
3rd 99 105 102 -- 306
5-12, 1st 104 103 100 -- 307
Total for week 1860 1754 2096 0 5710
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TABLE 2-7. (Continued)

Unit Unit Unit Unit
Date, Shift No. 1 No. 2 No. 3 No. 4 Total
5-12, 2nd 39 99 98 - 236
3rd 97 ?? 99 - 295
5-13, 1Ist 102 100 100 -- 302
2nd 104 100 104 - 308
3rd 98 60 103 -~ 261
B-14, 1st 100 -- 100 -- 200
2nd 98 - 96 - 194
3rd 94 96 102 -- 292
5-15, Ist 106 104 110 -- 320
2nd 105 106 107 -- 318
3rd 107 108 106 - 321
5-16, 1st 108 106 110 -- 324
. 2nd 38 97 85 - 220
3rd 112 1310 108 -- 330
6-17, Ist 110 112 112 .- 334
2nd 93 97 98 - 293
3rd 118 114 108 -- 340
5-18, ist 106 108 109 - 323
2nd 75 104 105 - 284
3rd - 118 124 - 242
5-19, 1Ist - 105 110 - 215
Total for week 1815 1943 2194 0 5952
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TABLE 2-7. (Continued
Unit Unit Unit Unit
Date, Shift No. 1 No. 2 No. 3 No. 4 Total
5-19, 2nd - 110 114 -- 224
3rd 103 105 105 -- 313
5-20, 1st 104 104 106 -- 314
2nd 120 118 100 - 338
3rd -- 110 108 - 218
5-21, 1st -- 100 103 - 203
2nd -- 106 104 - 210
3rd 68 50 88 -- 246
522, 1st 21 80 82 - 183
2nd -- 105 107 - 212
3rd -- 100 100 - 200
6-23, st - 107 104 -- 211
2nd -- 107 104 -— 21
3rd - 102 100 -- 202
5-24, 1Ist -- 98 92 .- 190
2nd -- 105 107 - 212
3rd -- 94 101 -- 195
5-25, st -- 101 104 -- 205
2nd -— 105 108 - 213
3rd - 107 102 -- 209
5-26, 1st - 105 100 -- 205
Total for week 416 2159 2139 0 4714
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The first method involves using visual measurements of the pit volume
taken at the end of each week. This "pit estimate® can then be used in asso-
ciation with the density of the incoming garbage to approximate the weight
of refuse in the pit. Then the average weight per charge can be determined
by the following equation:

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

A1l 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
compacted and is liable to expand somewhat as the trucks are unloaded.

The second method is essentially the same as the first, but a different
assumption is made for pit density. It seems likely that the level of com-
pression 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 expect the density in the pit to be
reasonably constant. In principle, this is the method applied by the plant
personnel, but in practice it is not consistently used by them. It has been
found from plant operational experience that a density of 505 ‘Ibs/yd3 is
typical of the pit contents. Therefore, this value can be used as an assumed
density, and the pit estimates used in the equation as before.

The third method circumvents the problem of pit estimation entirely.
Assuming that every charge constitutes a full toad of the crane grab bucket,
the weight of the charge can then be estimated by muitiplying the maximum
volume of the bucket by an assumed density. The maximum volume of the bucket
is five cubic yards. The primary disadvantage of this method is that any in-
accuracy in the density is directly reflected in the average weight per charge.

In this report the secaond method was chosen as the most appropriate,
and the values for total refuse consumed and average weight per charge were
tabulated {refer to Table 2-6 ). A constant, assumed pit density (assumed
in method 2) was preferred to a variable "measured" density of method 1.
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Furthermore, a "bad" density assumption will cause smaller errors in the
first and second cases than in the third case. The second method can be
summarized as follows:

Volume of refuse in pit = pit estimate (% of total volume) X total pit volume
100

total pit volume = 9700 yd3
Weight of refuse in pit = volume of refuse in pit X refuse density in pit
assumed refuse density = 505 lb/yd3

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)

Average weight per
charge = total weight of refuse incinerated
total number of charges

Valume of refuse

incinerated . weight of refuse incinerated

assumed refuse density

The amount of fine ash and metal fractions produced by the incinerator
during the test period are listed in Table 2-6 . It should be noted that
these are the amounts leaving the plant during this time period, and are
not necessarily the same as the ash being produced during this period.
Since no account has been taken of any carry-over from week to week, it can
only be assumed 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 calculated using the following densities:

Density of fine ash fraction = 1620 1bs}yd3
Density of metal fraction = 350 'lb/yd3

These values are 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 incineration have been calculated as an indica-
tion of how efficiently the boilers were operating.
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The ash produced by each boiler can be estimated by either of two ways.
First, by estimating the number of hours each boiler was down, the total num-
ber of operating hours can be found, and an approximate ash production rate
per boiler operating hour can be calculated. All necessary information con-
cerning boiler down hours is presented in Table 2-8. Alternatively, by know-
ing the number of charges fed to the boilers in a weeks time, an approximate
ash production rate per charge of refuse can be calculated. A distribution
of charges fed to each boiler on a shift basis is presented in Table 2-7.

2.3 CONTINUOUS MONITORING DATA

Table 2-9 presents daily averages of 02, COZ’ €0, total hydrocarbons,
and ambient temperature as monitored by continuous data logging instrumenta-
tion over test duration periods. Hydrocarbon values were consistently lower
than the instrument sensitivity of 2 ppm. Most of the data indicates very
1ittle variation except for the CO values. The rapid change between May 8,
1980 and May 9, 1980 was due to instrument drift, which places doubt on the
validity of the previous data also., The C0 analyzer was taken off line, and
a new one replaced on May 15, 1980. The high CO value on May 19, was due
to unusally high moisture in the fuel on this day. Moreover, the operators
did not compensate for the wet feed by changing boiler condition. They were
reluctant to change conditions because a new supply of dry feed was antici-
pated. The high moisture content in the fuel probably inhibited combustion
and made burning less efficient. This is reflected in higher 02, 1ower €0,,
and higher CO concentration as compared to those on normal operating days.

In Table 2-10, values of percent oxygen measured in the control room
and by TRW continuous monitoring instrumentation are compared. The control
room readings were observed to be higher than the 02 analyzer readings on
all days except one. This is unusual since the readings should be identical.
In any event, the 02 analyzer should either yield identical or higher read-
ings, because the sample was obtained further downstream and any leakage in
the duct would tend to increase the 02 level of the gas stream., This dis-
crepancy could be due to offset instrument calibrations. It must be noted
that the 0, analyzer indicating lower readings was calibrated (for 2ero and
span) prior to the start of testing and also after the testing concluded for
each test day. The control room oxygen analyzer was calibrated once a week.
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TABLE 2-8. DOWN TIME EXPRESSED AS LOST FURNACE HOURS FOR THE ENTIRE
CHICAGO NORTHWEST INCINERATION FACILITY

Unit Unit Unit Unit

Date Mo. 1 No. 2 No. 3 Ho. & Total
4-28-80 ] 0 0 24 25
4-29-80 8 0 0 24 32
4-30-80 16 1 0 24 41
5-1-80 8 5 6 24 43
65-2-80 0 0 0 24 24
5-3-80 15 0 0 24 3¢
5-4-80 9 7 0 24 40
Total for week 57 13 6 163 28]
5-5-80 0 24 0 24 48
5-6+-80 5 12 0 24 41
5-7-80 13 0 0 24 37
5-8-80 2 2 0 24 28
5-9-80 0 0 0 24 24
5-10-80 5 0 0 24 29
5-~11-80 0 0 0 24 24
Total for week 25 38 0 168 231
5-12-80 5 0 0 24 29
5-13-80 0 5 0 24 29
5-14-80 0 16 0 28 40
5-15-80 0 0 0 24 24
5-16-80 6 1 1 24 32
5-17-80 0 0 0 24 28
5-18-80 11 0 0 24 35
Total for week 22 22 1 168 213
5-19-80 10 0 0 24 34
5-20-80 8 0 0 24 32
5-21-80 18 0 0 24 42
5-22-80 23 0 0 24 47
5-23-80 24 0 0 24 48
5-24-80 24 0 1 24 49
5-25-80 24 0 0 24 48
Total for week 131 0 1 168 300
Total 235 73 8 672 988

Total posstble hours = 2688
Hours lost = 36.8%

2-26
275



9z

22

TABLE 2-9 . CONTINUDUS MONITORING DATA
Sampling Date 0, (%) e, (%) o0 (pow) THC (ppw) Mmbient
Location {1980} Temperature {°C)
Mean -] Mean g Mean 0 Mean L. Mean o
ESP Inlet 5-4 n.z2 1.38 7.4 1.07 172 2.7 <2 -- 24.7 2.36
ESP Outlet 1.3 0.% 1.2 0.82 156 25.30 <2 --
Inlet 56 9.6 1.43 191 1.4 163 20.92 <2 - 15.5 5.4%
Outiet 10.4 1.37 9.5 1.20 mn 25.04 <2 -
Inlet §5-7 9.4 1.0 9.8 0.9% 185 17.28 <2 - 11.86 1.10
Dutlet 9.4 1.78 9.7 1.51 198 44.83 <2 -
Inlet 5-8 9.9 1.98 9.5 1.8 142 51.32 LY 4 -— 10.0 1.21
Outlet 10.4 1.8 8z 1.43 169 20.54 <2 -
Inlet 5.9 1.9 1.09 1.0 0.96 78 B.76 <2 -- 14.1 1.98
Dutlet 2.1 1.62 V0.7 .7 n 38.66 <2 -
Inlet 5-10 8.8 1.36 10.3 1.8 Instroment Malfunc- <2 -- 18.4 3.56
Outlet 9.4 1.7 9.7 1.54 - tion . @ .-
Inlet 5-N 9.8 1.18 9.5 1.06 " " <2 - 16.7 .77
Qutlet 9.8 1.58 9.5 1.0% " - <2 -
Intet 5-12 9.6 1.1 8.7 0.8% " . <2 - 12.4 0.66
Outlet 10.4 1.69 9.0 1.42 - " <2 -
Inlet 5-13 9.7 1.67 9.6 1.18 " . <2 - 1.6 5.60
Outlet 9.6 1.42 9.8 1.14 v " «2 -
Inlet 518 10.2 1.51 9.4 1.38 nz2 k.M «2 - 15.6 z.n
Qutlet 9.5 1.47 9.7 1.18 98 25. 70 <2 -
inlet 5-16 1.1 .39 8.5 1.18 88 61.92 <2 - 16.3 1.19
Qutiet 11.8 1.32 7.9 1.16 98 75.58 «2 --
inlet 5-17 10.3 0.9 10.0 0.75% 80 29.61 <2 -~ 12.8 1.2)
futlet 10.7 .36 9.0 1.17 .11 27.26 <2 .-
inlet 5-18 Data taken for putlet only ———— Hot Required 12.0 1.34
Outlet 10.7 0.93 9.2 0.3% 102 18.71 h o
Inlet 5-19 Data taken for outlet only Hot Required 13.0 0.96
Dutlat 12,7 1.86 1.2 1.69 304 184.86 - "




TABLE 2-10. MEANS OF PERCENT OXYGEN TAKEN BY CONTROL ROOM
GAUGE AND 0, ANALYZER FOR TEST DURATION

Testing Contro) 0, Analyzer Difference
Date Room (%) (ESP inlet) (%) {Control Room -
Analyzer)
5-4 16.4 11.2 5.2
5-6 10.1 9.6 0.5
5-7 10.3 9.4 0.9
5-8 11.5 9.9 1.6
5-9 9.2 7.9 1.3
5-10 12.0 8.8 3.2
5-11 9.8 9.8 0.0
5-12 10.3 9.6 0.7
5-13 11.1 9.7 1.4
5-15 1.2 10.2 1.0
5-16 14.¢ 11.1 2.9
5-17 8.8 10.3 -0.5
5-18 10.9 10.7 0.2
5-19 13.1 12,7 0.9
2-28
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3.0 PLANT DESCRIPTION

Chicago Northwest Incinerator is located south of W. Chicago Avenue
between the tracks of the Chicago and North-western Railway on the west and
Kilbourn Avenue on the east. The principal building of the complex is the
 Incinerator, a multi-storied structure of reinforced concrete with dimen-
sions of 330 feet by 180 feet and with a maximum height of 79 feet from
grade to the main floor. The lowest part of the structure is the floor of
the refuse storage pit, approximately 37 feet below grade. To the south of
the Incinerator Building and connected to it by the residue conveyors en-
closure is the Ash Discharge Building. To the north is the Incinerator
Office Building which also houses the maintenance shops. Two stacks each
250 feet in height are located east of the Incinerator Building. The elec-
trostatic precipitators and the induced draft fans are situated between the
Incinerator Building and the stacks. The Chicago MNorthwest Incinerator lay-
out is shown in Figure 3-1. The general characteristics of the Chicago
Northwest Incinerator are listed in Table 3-1.

3.1 General Description

Refuse is delivered to the dumping pit of the plant by trucks which
back into position above the refuse pit. From the refuse storage pit, crane
grapple buckets pick up the refuse and dump it directly into the four furnace
feed hoppers. The furnace feed hoppers open into feed chutes which feed auto-
matically onto the stoker grates of the four furnaces.

The grates operate with a reverse-reciprocating action producing an
initial downward movement of the refuse and then an upward movement. This
combined movement results in a tumbling action. The motion of the grates,
an underfire grate jet action, and overfire air jets above the grates all
combine to promote highly effective burn-out and complete oxidation of the
furnace gases.

The hot furnace gases travel through five boiler passes enroute to the
electrostatic precipitator (ESP). Approximately 110,000 pounds of steam is
generated by each of the four boilers. In passing through the boiler, the
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TABLE 3-1. CHARACTERISTICS OF CHICAGO NORTHWEST

INCINERATOR

Number of incinerator units
Number of refuse cranes
Number of chimneys
Refuse pit capacity
 Capacity of each crane bucket
Average heating value range of refuse
Capacity: Refuse

Steam Generation
Furnace temperature
Stack gas temperature
Gas cleaning equipment
Precipitator efficiency
Precipitator outlet grain loading

4
3
2, each 250 feet high

. 9,700 cubic yards

5 cubic yards

5,000 BTU/1b

1,600 tons/days

440,000 1bs/hour

1,500° - 2,000°F

45Q°F

4 electrostatic precipitators
87%

0.05 grains/std. cu. ft.

gases are reduced in temperature to approximately 450°F.

The residue from the grates and the fly ash collected by the ESPs are
dumped into the ash discharger. The discharger which is ‘partly filled with
water quenches the ashes and via residue conveyors transferred to the ash

building. The ashes are then screened.

Salvageable metals are sold for

reuse. The remaining ashes are taken from the ash buiiding by trucks and
used in construction projects or places as sanitary landfilil.

A line diagram of the Incinerator is presented in Figure 3-2.

3.2 DETAILED DESCRIPTIONS
3.2.1 Refuse Handling

Mixed refuse from domestic sources 1s brought to the incinerator
plant in collection trucks, each truck has a capacity of 5 tons or 25 cubic
yards., The refuse averages 400 pounds per cubic yard. The refuse varies
considerably in consistency and moisture content over a period of time and
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this condition is reflected in the changeable calorific (heat) content of
the refuse.

Trucks are weighed over scale platforms. After weighing these trucks
are directed to eleven stalls in front of the refuse storage pit. After
depositing their load the trucks ieave the building through doors in the
south end. Refuse items that are too large to be handled through the charg-
ing hopper and feed chute (such as mattresses, upholstered furniture, etc.)
are removed. Bulky metal objects from the storage area are removed by trucks.

The refuse storage pit has a storage capacity of 9,700 cubic yards or
1,940 tons or sufficient "fuel" to last 29 hours when the four incinerators
are operating normally. This necessitates refuse collection on six days of
the week. However this is not always possible due to various reasons such
as unfavorable weather etc. At such times auxiliary gas firing is utilized
to meet steam demand and to keep the furnaces from ¢ooling down,

The refuse is removed from the pit by one of three transfer cranes.
These cranes are overhead, high speed, two-girder, single trolley, travel-
ling, grab bucket cranes each of 8.5 tons capacity handling mixed refuse
from the storage pit to the furnace charging hoppers. An auxiliary hoist
of 2.5 tons capacity is provided on each of the end cranes and mounted on
crane trolleys. Each crane bucket has a 5 cubic yard capacity and is a four-
line, line-type grapple. All crane components are electric motor driven
under control of an operator in a cab suspended from the bridge and located
s0 as to permit the operator to see the bottom of the refuse storage pit as
well as the charging hoppers. The cranes are capable of performing a maxi-
mum of 29 cycles per hour per crane including an allowance of approximately
20 percent for rehandling refuse and other interruptions. The cranes span
44' - 8" center to center of rails and the crane runaway is 286' - 0" in
jength,

Crane operations are manually controlled from within each respective
crane cab. Each refuse transfer crane was initially equipped with solid-
state computerized weighing systems to record the amount of material charged
into the hoppers by each crane and also record into which hopper the material
is charged. Due to various problems the use of the solid state systems was
abandoned and now the number of times the refuse is charged into the hopper
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is monitored manually by the crane operator. Each charge is assumed to be
of 5 cubic yards capacity.

3.2.2 Refuse Burning

The plant has four incinerators each having a nominal burning capacity
of 400 tons per 24 hour day. Each incinerator has a charging hopper, feed
chute, hydraulic powered feeders and stoker {manufactured by Josef Martin,
Germany), boiler, economizer and fly ash hoppers, Oraft throught the furn-
ace (boiler) is provided by forced draft fans, overfire air fans and induced
draft fans.

Refuse in the charging hopper of each incinerator flows by gravity
from the hopper to three stoker feeders through a feed chute, the Tower
portion of which is water cooled. Near the bottom of each charging hopper
is a hydraulic powered pivoted type gate normally open but closed when the
feed chute is empty of refuse. The charging hopper gates are manually con-
trolled through operation of a four-way valve on the charging floor. The
stoker feeders at the bottom of the feed chute push the refuse into the
stoker by the reciprocating action of their hydraulic powered rams. The
stokers of each incinerator are assembied with three runs or sections and
have a sloping activated surface consisting of 17 rows of grate steps.

The grate sections incline from the hortizontal at an angle of 26°, the
lower end being at the rear. The stoker is of the reverse acting, reci-
procating grate type. Alternate lateral rows of grate steps have control-
led continuous reciprocating 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 agi-
tation 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.

Although the spacing between the grate bars comprises less than two
percent of the total grate area, it is still possible for small siftings
or ashes to find their way through the grate. These ashes are handled by
the automatic sifting discharge which extends underneath the air plenum
chambers serving the stoker. At regular intervals high pressure air is
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directed through the siftings channel, driving the siftings into the ash
discharges.

In order to obtain maximum burn-out, the depth of the refuse bed is
controlled by automatic discharge or clinker rollers located at the end of
the grate. As the residue reaches this point it is dumped into the Martin
ash discharger where it is immediately quenched in water. The residue,
following quenching by means of a hydraulic powered ram is pushed up an
inclined slope which permits draining. This produces a residue of less
than 15 percent moisture, and permits dry type conveying. In addition to
quenching, the ash discharger also serves as a water seal for the furnace.
This seal prevents infiltration of air into the furnace which is under nega-
tive pressure,

Each refuse burning boiler is provided with two gas burners suitable
for use with natural gas. They are automatically controlled and have an
electric ignition.

3.2.3 Residue Handling

The residue leaving each incinerator ash discharger passes through
a hydraulically operated bifurcated chute to one or the other of two resi-
due conveyors. These apron type conveyors travel at a rate of 17 feet per
minute and have a capacity of 35 tons per hour. Only one conveyor operates
at a time and extends horizontally past the four incinerators. It discharges
its load onto rotary screens and storage hoppers in the Ash Discharge build-
ing. The electric motor driven rotary screens separate material larger than
2 inches in diameter from smaller sized material. Hydraulic power operated
diverting chutes are provided to direct the flow of residue away from the
rotary screens and into a bypass hopper.

Material from the hoppers is removed from the plant by motor trucks.
The weight of the residue leaving the plant is measured and recorded at the
weighing station.

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 hop-
pers under each of three stoker grate sections. The siftings are conveyed
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to the residue conveyors through automatically controlled, pneumatic cylin-
der actuated ash dampers to ducts connected to the residue discharge {drop)
chute. Boiler fly ash is collected in four hoppers and the front two hoppers
discharge to the stoker grates through ducts equipped with pneumatic cylinder
actuated pendulum dampers. The rear two hoppers discharge to the residue
discharge chute through a common connecting pipe equipped with slide gate

and an electric motor driven rotary valve. Fly ash from the economizer
hoppers passes through a common pipe connected to the discharge end of the
conveyor handling fly ash from the electrostatic precipitator. The two fly
ash hoppers located under each precipitator discharge ash onto a drag con-
veyor which transmits the fly ash into the incinerator buildiﬁg onto a con~
ditioning conveyor. This conveyor discharges into the residue discharge
chute. Water is mixed with the fly ash in the conditioning conveyor.

The fly ash handiing system is designed for continuous operation and
the various devices are actuated from controls on the stoker panel. The
control of residue handling equipment is manual.

3.2.4 Steam Supply

Refuse with a calorific value of approximately 5,000 BTU per pound at
the rate of 400 tons per day is used to generate 110,000 pounds per hour of
steam at 250 psig. Each Dboiler has the capacity to produce up to 135,000
pounds/hour of steam. The stokers and boiler heating surfaces are designed
to receive refuse of up to 6,500 BTU/1b. The allowable design of the stoker
grate loading is 65 1bs/sq.ft. per hour and thus the average stoker heat
reiease is 325,000 BTU per hour/sq.ft. of projected grate area.

The boilers are convection, water well, natural circulation types with
economizers. Each boiler has 19,776 sq.ft. of heating surface and is design-
ed for a 300 psig working pressure.

Steam produced in the boiler accumulates above the water surface in
the steam drum and leaves the drum through double row of tubes connected to
the saturated steam header outside of and supported on the boiler steam drum.
From the saturated steam header the steam flows to the main header and then
through branch lines to turbines driving fans and pumps, export lines and
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high pressure condensers. Steam at reduced pressure is also used for heat-
ing various systems such as water chiller absorption units, office buildings,
low pressure condensers, etc.

When the steam produced in the plant is more than that required for
operating the steam turbine equipment, heating purposes or export, the ex-
cess quantity "spills over" to the high pressure condensers located on the
roof of the incinerator building. From the condensers the condensate flows
~to the deaerating feed water heater, the rate of flow being automatically
controlled and modulated to equal the rate of condensation. The require-
ments for make-up to replace steam condensate lost or wasted are met by
using softened water. The water softening unit includes duplex softening
units containing synthetic type zeolite resin, a salt storage tank, a brine
measuring tank, electric motor driven brine pumps and interconnecting piping.
It has a nominal flow rate of 260 gpm and a maximum rate of 480 gpm.

From the feedwater heater, water flows by gravity to the inlets of the
boiler feed pumps. There are four pumps, each having a nominal capacity of
400 gpm. The pumps are multi-stage, horizontal, centrifugal type. These
pumps transmit the water to the boilers.

Each boiler has a continuous blowdown system with water drawn from the
steam drums. The blowdown pipe lines from the four boilers extend to a
single flash tank. Flash steam is returned to the deaerating feedwater
heater at 5 psig. From the heat exchanger the blowdown water flows to an
underground concrete blowdown tank where the water cools before overflowing
to a sewer.

3.2.5 Combustion Air and Flue Gas

The incinerator stokers are designed to utilize 67,200 scfm of primary
air (introduced under the stoker grates) at 18 inches w.c. and an overfire
air (secondary) flow of 16,800 scfm at 15 inches w.c. Overfire air is in-
troduced into the furnace to reduce stratification of gas and thus provide
more complete combustion of the gases. The air enters through the front
and rear water walls. The underfire air is discharged into several compart-
ments under the stoker grate, The compartments are provided with dampers
which are individually adjustable by manual operation of regulating stands
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located on the stoker operating floor. During the burning of refuse a con-
stant air pressure is maintained under the stoker grates by means of automa-
tic pneumatic controls.

Combustion air combines with the burning refuse to generate heat and
raise the temperature of the flue gas to as high as 2000°F. At rated burn-
ing capacity and based on 50 percent excess air (dry) the flue gas flow rate
at 550°F is estimated to be 142,300 acfm. The flue gas passes upward
through the furnace, through the boiler passes and finally through the eco-
nomizer to the electrostatic precipitator. As it passes through the boiler
it transfers heat to the water. At the inlet to the electrostatic precipi-
tator the temperature is reduced to approximately 500°F 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 economizer for ‘the collection of the drop out material.

The ptate type electrostatic precipitators (ESP) (one for each inciner-
ator) have a series of vertical collector plates between which are suspended
the charging electrodes. The ESP's are designed for an inlet grain loading
of 1.6 gr/scf (70°F and 29.92 in Hg) and an outlet grain loading of 0.05
gr/scf with a collection efficiency of 97 percent. The gas velocity through
the ESP is around 3 ft/sec.

From the precipitator the flue gas passes through a breaching continu-
ation to the inlets of the induced draft fans and then through the 250 ft.
stacks to the atmosphere.

A line diagram of the combustion air and flue gas system is provided
in Figure 3-3.
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4.0 SAMPLING LOCATIONS

A1l sampling locations are identified in Table 4-1 and Figure 4-1.
Figure 4-2 is a schematic depicting the traverse point locations at the
stack. Figure 4-3 is a top view of the ESP inlet showing port locations,
and Figure 4-4 is a cross sectional view of the ESP inlet depictiing the
traverse point Tocations.

The continuous monitoring probe was located on the South side of the
ESP inlet duct utilizing one of the gas sampling ports and at a depth of
approximately 4 feet. At the outlet, 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 Samplie Locations

1 - Refuse derived fuel
Z - Fly ash
3 - Combined ash

Gaseous Sampling Locations

4 - Hi volume ambient air sampler
5 - ESP inlet
6 - ESP outlet

Liquid Sample Locations
7 = City tap water

4-1
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5.0 SAMPLING

This section provides information on the sampling program conducted
at the Chicago Northwest Incinerator (CNI).

5.1 GAS SAMPLING

The original test plan called for sampling to be performed on Boiler
No. 1. However, upon arriving at the test site, this unit had been taken
off line for repairs. As all four {4) units at the Chicago Northwest faci-
lity are identical, the sampiing effort was switched from unit 1 to unit 2.
The flue gas sampling was performed at the electrostatic precipitator (ESP)
inlet and at the duct leading from the precipitator to the stack. The
stack was common to two boiler units and for this reason, no testing was
performed at the stack level.

Sampling for organics was to be performed for fourteen consecutive
days with three additional days for sampling of inorganic cadmium. Due to
boiler down time and equipment malfunction, only eleven organic samples
were taken. Sampling for organics was accomplished concurrently at the in-
let and outlet utilizing two modified Method 5 trains {refer to Figure 5-1)
at both sampling locations. Inorganic cadmium was only sampled at the stack
and utilized one standard Method 5 train, Figure 5-2.

The sampling crew collected a ten m3 (10 +1 m3) sample by extracting
the flue gas at a rate approximating the flue gas velocity. The particulate
matter was collected in a cyclone and on 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.

5.2 SOLID SAMPLING

During each test day, 3 solid streams: precipitator ash, combined ash,
and refuse derived fuel (RDF) were sampled six times per day foliowing a
scheduie set up by Research Triangle Institute (RTI). The sampling was co-
ordinated between RTI, the sampling crew and plant personnel. The
5-1
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schedule provided the basis for collection of unbiased samples by obtain-
ing a random selection from the multiple sources available 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 CNI sampling plan did not call out specific sampling protocol for
the RDF. At a meeting prior to the start of testing, it was decided that
the RDF would be sampled 6 times during the course of the day. The sample
was taken directly from the charge hopper, utilizing a post-hole digger
and alternating grab spots across the hopper. At the conclusion of RDF
sampling, one days collection (6 samples) was shredded, mixed and stored
in an amber glass jar. MRI had purchased a large leaf mulcher to do the
shredding. TRW performed the shredding of the sample provided by GSRI

5.3 LIQUID SAMPLING

Only one liquid stream {city water) was_sampled at the incinerator
facility. The sampling was performed by GSRI. The sampling protocol and
frequency of sampling will be supplied by GSRI in their report.

5.4 HI VOLUME SAMPLER

To monitor the ambient air background, a high volume ambient air sampl-
er (Figure 5-3) was used. It was placed on the roof of the Chicago North-
west Incinerator 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 combustiaon 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 inlet 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 (/A day, solids and
1iquids were collected as in a normal test day.

5.6 SAMPLING TRAIN BACKGROUND

To obtain the train background (blank} an entire sampling train, in-
¢luding 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
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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,

5.7 SAMPLE RECOVERY

Upon completion of testing, the sampling equipment was brought to the
cleaned laboratory area for recovery, Each sampling train was kept in a
separate area to prevent sample mixup and cross contamination. The indivi-
dual sample train components were recovered per the following:

e Dry particulate in cyclone « cyclone flasks were transferred to
cyclone catch bottle.

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

o Filters were removed from their housings and placed in proper
container,

# After recovering dry particulate from the nozzle, probe, 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, All
rinses were retained in an amber glass container.

o Sorbent traps were removed from the train, capped with glass plugs,
and given to an on-site Midwest Research [nstitute (MRI? represen-
tative,

o Condensing coil, if separate from the sorbent trap, and the connect-
ing glassware to the first impinger was rinsed into the condensate
catch (first impinger).

o 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.

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

To maintain sample integrity, all glass containers were amber glass,
with Teflon-lined 1ids,
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5.8 OBSERVATIONS DURING RECOVERY

e The first day setup of impingers did not include H205, as the
shipment had not been delivered from the manufacturer.

¢ Many filters that were supplied for the particulate catch, had
the identification number stamped in blue ink on the top; or,
particle gathering side,

e Some Battelle Traps were packed with too much glass wool. (As
a result, fiow rate was somewhat restricted.} The probe and
oven box did not remain hot enough to keep the cyclone and flask
dry. For the first few days of testing, the cyclone had moisture
on the inside walls, so no dry particulate could be collected.

e On 5/10/80, the wind blew the Hi Volume Air sampler cabinet over.
The cabinet had to be moved to a less exposed area nearer the
building.

e On 5/5/80, 5/8/80, and 5/9/80 yellow residue was noted in the
teflon line connecting the back of the filter housing to the
front of the Battelle cooling coil. When the teflon line was
rinsed with acetone, the rinse turned to reddish-brown.

e When the filters were not kept completely dry throughout the
particulate test period, the filter paper would stick to the
rubber gasket and was very difficult to completely remove.

e A reddish color remained on the inlet filter backing plates on
5/8/80 and 5/15/80. The color washed off with water, and the
rinse was discarded.

o The inlet glass transition tubes connecting the probe to the
cyclone, had to be wrapped in an attempt to keep moisture and
particulate from dropping out and depositing on the walls.

¢ All parts were inspected for cleanliness after the water and
acetone rinses, but before the cyclohexane rinse., Cyclohexane
does not rapidly evaporate and gives any part rinsed with it
the appearance of being clean. In reality the parts were still
wet and masked any particulate that remained on the walls,
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6.0 CALIBRATION

This section describes the calibration procedures used prior to conduc~
ting the field test at Chicago Northwest Incinerator facility. Figure 6-1
shows the calibration equipment and how it was set up.

6.1 METHOD FIVE CALIBRATION DATA
6.1.1 Orifice Meter Calibration

The orifice meter calibration is performed 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/outiet temperatures,
time, and orifice setting is recorded. The orifice meter calibration factor
is derived by solving the equation. “

0.317 A H [(Tu_+ 460) e]2

AHR =
d* w

where
AH

Average pressure drop across the orifice meter, inches
H20

Barometric pressure, inches Mercury

Temperature of the dry gas meter, °F

Tw = Temperature of the wet-test meter, °F

8 = Times, minutes

Vw = Volume of wet test meter, cubic feet

Pb
Tq

n

The sHB yielded is utilized to adjust the sampling train flow rate by regu-
lating the orifice flow.

6.1.2 Dry Gas Meter Calibration

Meter box calibration consists of checking the dry gas meter for accuracy.
The dry gas meter with attached critical 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:
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Yw Pb (Td + 460

V =
vd (Pb + AH) (T + 460)
3.6 "
where
V = Volume correction factor
Yw = 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

Temperature of wet test meter, °F

Tw

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 New Stationary Sources,
[40 CFR Part 60], Reference Method 2 (refer to Figure 6-1{c)). When mea-
surement 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
identical conditions, values of aP, for both S type and standard pitot tube
are recorded using varfous velocity flows (14 fps to 60 fps). The pitot
tube calibration coefficient is determined utilizing the following equationm,

Pitot Tube Calibration = (Standard Pitot Tube X [AP reading of std. pitot ]1/2
Factor (CP) Coefficient) &P 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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5.1.4 Nozzle Diameters

The nozzle diameters were calibrated with the use of a vernier caliper.
If the nozzle showed excessive wear or was considered not fit for use, it
was discarded.

6.2 INSTRUMENT CALIBRATION

The manufacturer's recommended calibration procedures were used with
the following gases:
Zero gas: Nitrogen, high purity dry grade (99.997%)
Union Carbide Co., Linde Division
Calibration gas: Carbon monoxide 798.5 + 0.8 ppm
Carbon dioxide 11.93 + 0.01%

Propane 39.6 + 0.04 ppm
Oxyqen 5.03 + 0.005%
Nitrogen Balance

(all gases contained in one cylinder)

Scott Environmental Technology Inc.
Specialty Gas Division

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, or four data points per hour for
a single sampling position
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7.0 TECHNICAL PROBLEMS AND RECOMMENDATIONS

This section describes some of the problems encountered during the
Chicago Northwest Incinerator test program and recommends a solution to
these problems.

7.1 PROBLEMS
e Electrical outlets were not installed on schedule (Tost time -

1 day).

e One of the tubes in Boiler No. 2 developed a leak. The boiler
had to be shutdown for repairs. This caused a delay of one day.

o The boiler grates malfunctioned and required cleaning. This
resuited in down time of one day.

e Sampling equipment malfunctions caused further delays. This was
due to:

1) Difficulty in containing leaks during equipment operation,
2) Failure of oven box heaters.

3) Drift problems of the Beckman 865 CO analyzer. The analyzer
had to be taken off line and subsequent inspection by manu-
facturer indicated that the stationary shutters were knocked
out of alignment. This resulted in the loss of 4 days of CO
data before a replacement was obtained.

7.2 RECOMMENDATIONS

Most of the above problems frequently occur in the field and should be
considered normal during the course of a major field effort. The instrument
problem may have been caused during shipment. Perhaps, stronger shipping
containers should be used in the future.
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