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FOREWORD

when energy and material resources are extracted, processed, converted,
and used, the related pollutional impacts on our environment and even on
our health often require that new and increasingly more efficient pollution
control methods be used. The Hazardous Waste Engineering Research Laboratory
(HWERL) assists in developing and demonstrating new and improved methodologies
that will meet these neads both efficiently and economically.

This report des¢ribes a demonstration program on hazardous waste
incineration in a dry process Portland Cement Kiln. It will be used to
support technically defensible requlations in the evaluation of the future
effort to develop the technology. The regulatory agencies as well as
cement plants contemplating the use of waste fuels will find the results
pre-ented in this report helpful. Further information on this subject may
be obtained by contacting the Thermal Destruction Branch, Alternative

Technologies Division (HWERL).

David G. Stephan
Director
Hazardous Waste Engineering Research Laboratory
Cincinnati



ABSTRACT

_ The incineration of chiorinated and other liquid organic wastes was
investigated in a 6-day test program at Lone Star Industries in Oglesby,
I11inois. The test program included monitoring for principal organic
hazardous constituents (POHCs) in the waste and emissions, products of
incomplete combustion, particulate matter, $0,, NO_, HC1, and total hydro-
carbons. The fate and distribution of_chlorine.ané metals were also deter-

mined,

The test results for POHCs showed that the cement kiln was generally
capable of. achieving a destruction efficiency of 99.99 percent or greater.
Most of the additional chlorine was removed with the waste dust, and an
increase in HC1 emissions was observed as the chlorine entering the kiln
increased. Waste combustion appeared to change the distribution of lead
such that a higher percentage of the lead was removed with the waste dust.
Particulate matter comparisons were inconclusive because of a malfunctioning
electrostatic precipitator. NO_ emissions jncreased slightly; however,
emissions of SO, and total hydrécarbons were not significantly different
during the waste burn. Polychlorinated dibenzodioxins and dibenzofurans
were not detected in the stack emissions during any of the tests.

This report was submitted in fulfillment of Contract No. 68-02-3149
(Work Assignment 11-1) under the sponsorship of the U.S. Environmental
Protection Agency. This report covers a period from November 1983 to
December 1984 and work was completed as of December 1984.
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1.0 INTRODUCTION

1.1 PROGRAM BACKGROUND AND OBJECTIVES

Preliminary feasibility studies and tests have indicated that some indus~
trial facilities with high-temperature combustion processe; méy provide a
cost-effective'a]ternative to the disposal of hazardous wastes in incinerators.
These industrial processes have the potential for recovering the heating value
of the waste, removing chlorides, and providing a destruction and removal
efficiency (DRE) equivalent to hazardous waste incinerators. However, insuf-
ficient data are available to establish standards for waste/facility combina-
tions, waste feed rates, air pollution control requirements, or facility
operating conditions to assure environmental protection equivalent to that
provided by reguiations for dedicated land-based incinerators.

Several industrial processes can provide temperatures and residence times
similar to those required for hazardous waste incinerators. Examples incliude
cement, lime, and aggregate kilns, industrial boilers, and blast furnaces.
Cement and 1ime (calcining) kilns are of -particular interest because of their
potential for reducing the environmental impact of disposal in a cost-effective
manner. The promising characteristics of cement kilns include: '

* Existing high-temperature combustion process &t ,250° %o 1,650° C
(2,500° to 3,000° F) with a gas residence time on %the order of sec-
onds. '

Large number of plants scattered throughout the country, which could
potentially handie large quantities of combustible hazardous waste

liquids.
' Large-scale equipment in place, inciuding process control and pol-
lution control; reiatively small capital investmen? reguired.

Instantaneous temperature excursions unlikely because of the huge
thermzi inertia.

The alkaline environment in a cement kiln absorbs HCY from enlori-
nated waste combustion.
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Energy savings from substitution of waste fuel for 0il, coal, or
gas.

Several calcining kilns are either currently cofiring wastes as supple=-
mental fuel or have expressed an jnterest in obtaining the necessary permits
" to do so0. The cement industry has an economic incentive to use the wastes as
a ow-cost fue because €3 percent of the direct cost of cement production is
energy cost, and waste solvents have been used to supply 40 percent or more of
the kiln's energy requirements. Therefore, the initial focus of the project
was to determine which plants had permits for either burning the waste rou-
tinely or permits for conducting a trial burn, and were willing to cooperate
with our research program.

A comprehensive test program was developed to obtain the data that were
required to evaluate the environmental impact of hazardous waste destruction
in cement kiins. The test program was designed to:

Calculate DREs of principal organic hazardous constituents (POHCs).

. Compare baseline operation (no waste fuel burned) to the operation
with waste fuel.

. Determine i{ producis of incomplete combustion (PICs) are formed
ang, if so, ioentify them. :

Determine the fate and distribution of metais.

Measure the effect of fuel-burning on HC1 emissions, and determine
the fate and distribution of chlorine through a material balance.

. Examine the effects of waste fuel burning and process conditions on
other nollutants (e.g., particulaie matier, NOX, 502, +04-31 hydro-
czrbons). :

Relate the kiin's operating parametsrs and process cenditions to
emissions and continuous monitoring results.

The specific sampling and analysis methods thatl were vsed to accomplish these
objectives are cdiscussed in detail in later sections of this report.

[ %]
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1.2 PLANT SELECTION AND SAMPLING 050 ELTIVES

Lone Star Industries {LSI) had expressed ar ‘nteresi in obtaining the
necessary ﬁe"m1hs to cofire wastes as supplemente: fuel in their cemer.s kiln
at Oglesby, 110inois. Through arrangements with :PA Recion 5, L& arranged
for a trial burn to collect preliminary cata on. the po&=1b\e effects of waste
fuel ;ombust1on. LS agreed to spike the waste «.e) with Freon 113 (1,1,2-
trichloro-1,2,2-trifluoroethane) to provide additiona) research information on
the DRE of a compound that is difficult to destroy by combustion. The Oglesby
plant also provided the opportunity to test a representative dry-process
cement kiln. . '

A pretest meetiﬁg was held with LS1 represertatives to discuss the scope
of the test. A survey was made on November 16 and arrangements were made to
start testing in early December. Delays were experienced as temporary siorage
facilities were prepared and arrangements were made to purchase an adequate
quantity of waste ~ Jwo—days of baselife testin onducted on
December 13.afd 14, 1983. Problems were experienced with the was
hand1ipg system; consequently, testing during waste fuel combustion was
untiV December 17 and 18. Because of the bitter cold weather, the test ofjec-
tive§ were changed to collect dasta at 25-, 35-, and 43-percent replaceme
rates \_The runs for 25- and 35- percent replacement rates were tted on
December 1 _the 45-percent rate was used vr U day.

The test program 1ncfhded (1) the sampling anc analysis of stack gas for

uel

‘principal organic hazardous constituente (POHCs), products of incomplete

combustion (PICs), particulate matier, hydrogen chloride (HZ 1), sulfur dioxide

(SO ), nitrogen oxides (NO ), carbo
tota] hydrocarbon . oxygen (0 ), and me.a1=, (2) the samp11ng of process
as k11n feed, cca1/coke waste fuel, cement clinker, &nd E&P dust

streams
*5r analyses of a variety of components; and (3) obtaining detailed process

and observations for the sampling period.

1.3 PROJECT ORGANIZATION AND RESPONSIBILITY

This project was fundec Dy EPA's Incinersticn Research Branch of the
Industrial Environmental Research lLaboratoery in Cincinnati, Ohic, under Ccn-
tract No. 68-02-3149, Work Assignment No. 1i-1, to the Research Triangle

wa"Tey

o)




~he weeh effort wae divided tetweer RT] anc Ingireerinc-
) through & suicontrelt. RT] wae respentible for managing tre
nrojest. guality assurance, preparatior of organic sampling mogules, and

ES was responsible for organizing and conducting the

iaboratory analyses.
ed operating the Modified Method 5

comprehensive field testing which includ
train, volatile organic sampling train (VOST), six continuous gas analyzers,

collecting samples of process streams, and collecting process data. This test

report was written jointly by RT1 and ES.
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2.0 CONCLUSIONS

Burning waste fuel in this kiln did not result in increased emis-
sions of the POHCs contained in the waste fuel. 'DREs of 22.99
percent or greater were obtained for all POHCs except methylene
chloride for all test days. Methy1ené chloride DREs of 99.89 per-
cent were obtained for the 37-percent replacement rate.

No conclusions can be drawn with respect to the effects of burning
waste fuel on particulate matter emissions because the ESP malfunc-

tionec during the test.

The usage of waste fuel resulted im in=reased emissions of lead and
cadmium. The increases in cadmium and lead emissions were greater
than the increase attri : to the increased particulate
malfunctioni;B“ESP. waste fuel cembustion
+etriUTion of cadmium and lead such that a

emissions from the
appeared to shift the
higher percentage of both were removed with the waste dust and stack

gas.

HC1 emissions, chlorine in the waste dust, and chlorine in ihe
recycled dust incresse 2s tihe total chlorine from the waste fuel

increases.

Waste fuel combustion increased the leac concentration in the

clinker, waste dust, and recyvcled dust. A slight increase in the

cadmium concentration of the waste dust was also noted.

Waste fuel combustion did nct significantly affect emission rates of
$0,, C0, or total hydrocaroons. A small increase in NOx emissions

was observed,

n
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3.0 DESCRIPTION OF PROCESS AND WASTE FUEL SYSTEM

Lone Star Industries (LSI) Inc., opera&tes & drv-process cement kiln in
Oglesby, 111inois. The kiln was constructed in 1972 and has a clinker produc-
tion capacity of 1,320 Mg (1,450 tons) per day. A process schematic is given
in Figure 3-1. r |

3.1 PROCESS DESCRIPTION
The Oglesby plant facilities include:

e Raw material handling (quarry, raw grind mill, feed silo)

: Coal and c6ke facilities (storage, coal mill, feed system).

. A burner system for coal/coke énd another for coal/coke/waste fuel.
. A rotafy kiln to convert the dry feed into cement clinker.

. Clinker cooling, storage, and a finish mill.

. Témporary storage, pumping, and piping for the waste fuel.

. A kiln emissions-handling system whick includes cyvclones, & water
guench, an electrostatic pre*1p1t tor (£5P), waste dust hand11ng, an
induced draft fan, and & stack.

The plant uses the dry process for cement production in which a ground
mixture of limesione, clay, and silica is pneumatically conveyed to the kiln
as the raw materigl feed. The kiln is a horizontz: cylinder 4.6 m (13 fi} in
diameter at the inlet, 158 m (520 ft) in length, &nd inclined 3° from horizon-

tal. The kiin is lined with refractory brick and rotates at 1.5 revoiutions
per minute. The solid's residence time in the kiln is about 1 8 hours (164
revoiutions). The kiin is normally fired with a pulverized coal/coke mixture

at the downsiope enc. The raw materials are fad at the upslope end and travei
down through the various drying and reaction zones of the kiln.

~4
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The firet ¢ to 14 m (3C o 845 %) ¢f the Kiln 2
cha%ps to gid ir heet trarsfe-, miying, anc o-vIng ¢
preheating are accompliisnec in the first 76 m (280 ¥t). The nest ﬁi]n gection
is the calcining zone {aocout 24 m Ir iength) where CGo is dicsaziatec from
calcium carbonate. The last kiln section is the clinkering zone which is
about 30 m (100 ft) in length. At this peint, the ciinker procuct is formed
at temperatures of 1,370°-1,430°C (2,500°-2,600° F).

The clinker is discharged from the kiln into the clinker cooler which
uses ambient air to cool the product. Approximately 65 percent of the cooling
a2ir is directed back into the kiln as preheated combustion air, and the balance
of the cooling air is discharged through a cyclone and electrostatic precipi-
tator. The kiln production rate is typically 60 tons of clinker per houyf, and
the energy Usage i¢ about 3.8 million Btu per ton of clinkery "

The combustion and calcination gases travel upslope through the kiln and
are exhausted at the feed end. Fresh water is sprayed into the exhaust gases
to cool the gases below 370° C (700° F) to protect the ESP. The cooled gases
pass through & cyclone and ESP before discharge through a stack. The ESP has
two chambers and five fields, only four of which are energized. Approximately
205 Mg (225 tons) per day of dust are collected. About 182 Mg (200 tons) of
the dust are recycled to the kiln with the feed mixture and about 23 Mg (25

tons) per day are wasted.

3.2 WASTE FUEL SYSTEM

The waste fuel handling system at Oglesby was designed as a temporary
storage facility with three raiicars for primary storage and a tank truck as
the main feed vessel %o the kiln. Tank truck shipments of the waste soivent
were arranged by Systech, Inc., and were unloaded into one of the three rail-
cars. Recirculation pumps and jet mixers provided agitation and mixing in the
railcars. The tank cars were vented through a drum of activated charcoal, and
the entire area around the cars was diked for spiil control. From the railcar,
the waste fue] was transferred to a tank truck located near the kiln. A
recirculation pump and jet mixer kept the wasie fuel well-mixed. The area
around the tanker was also diked, and the tanker was vented through & charcoal

drum.



The waste ‘uel was pumpec from tpe tank truzk into the kiir tnrougn &
new!y GeS Chec curner pize.  Tne cosl Ione buvrer npize diametler wes refuced o
accommogate a recuced coal/coke feed rate. Ag shown in Figure -1, a waste
‘uel Yine was inctalled under the main ccal/coke purner with & nozzie 1o
provide pressure atomization of the liouid. Low-pressure air was injected
around the waste fue)l line in a concentric pipe tc provide protective cooling.

The waste fuel was a gray liquid composed primarily of hydrocarbon sol-
vents, & wide range of other minor organic compounds, and some resins and
solids typical of paint wastes. The designated POHCs were methylene chloride,
toluene, methyl ethyl ketone, 1,1,1-trichloroethane, and Freon 113, which was
spiked into the waste fuel.

3.3 SAMPLING LOCATIONS

Two locations were used for stack gas emission sampling. The VOST, MMS,
and HC1 samples were taken through the ports in the stack as shown in Figure
3-2. The figure also shows the location of the sample port for the continuous
analvzer probe. The MM5 ports were in the 8.5-ft diameter stack 55 ft up from
the base, 28 ft (3.3 diameters) from the nearest upstream disturbance (the
breeching), and 19.5 ft (2-3 diameters) from the stack discharge. The EPA
Method 2 upstream disturbance criterion required 24 traverse points--one on
each of two perpendicular diameters for the Method 5 sampling and velocity
determinations. VOST samples were taken from 2 single point through the port
not being used for the MMZ samoling. The HC] sampies were taken from & port
between ithe MM5 and VOST ports.

The continuous monitor port was instailec in the breeching primarily to
avoid the congestion and activity of the MM5/VOST/HC1 location. The CEM port,
which was dcwnsiream of the fan and at & s1ignt pesitive pressure, was selectied
to allow sampling the same exhaust gas as that sampled in':he stack. Tnis was
confirmed.tﬁrOUQh spot comparisons with LSI's COp and 0, anaivzers with probes
2t the ESP inlet and with Orsat analysés of grab samples from the stack loca-

tion.

A1l process samples were collected by LSI personnel using their standard

sampling equipment and procedures. Prior o0 sampling, the location 15 .

snd schecuie were agreed tc among £S5, RTI, and LSI personnel/ The sampies
<\Eiiig_jfring al)l test rung were solid fuel (C&al —K11n feed, recycle .

10
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The csal/coh: samples were taken with a cvclone sampler from the duct
petween the pulverizer anc¢ burner pipe, wnich provides an "as-fired" sample.
Clinker sampies were obtained with a scoop from the c¢rag conveyor that moves
product from the clinker cooler breaker to interim storage. Raw feed is
pneumstically conveyed to a feed bin at the cool end of the kiln. The feed
sample was taken with an automatic sampler that LSI had installed in the feed
1ine. Dust samples were taken with a scoop from the screw conveyor discharge
from the ESP. Waste fuel samples were taken from a drain line on the fuel
supply line at the tank truck, which served as the main feed vessel for each

run.



4,0 TEST DESCRIPTION

The primary goal of the sampling effort was to deiermine the destruction
‘and removal efficiency of the hazardous constituents in the waste fuel.
However, these data are of limited use for eny{ronmental'assessment if nothing
is known about the destruction process, combustion byproducts, trace metals
emissions, effects on various pollutants, and the process variables that
affect the type and rate of emissions. Therefore, a comprehensive sampling
program was designed to evaluate all significant pollutants leaving through
the stack and to track the source and fate of specific elements entering the
kiln, Table 4-1 summarizes the revised sampling and'analytical activities for

this project.
4.1 TEST SCHEDULE

Initially, the test program was planned to consist of 2 days of baseline
testing (coal/coke only) and 5 days of testing while cofiring hazardous waste.
Each day of sampling was to be identical and consist of one MMS. run, six VOST
runs, twe HC1 runs, and operation of the continuous analyzers and collection
of process sampies. Figure 4-1 graphically portrays the actual testing.

The start of the test was delayed because waste fuel storage facilities
and arrangements for waste fuel took longer than anticipated. Afier the
baseline testing, LSI experienced problems with the waste fuel handling and
delivery system. When the waste burn was started, an arctic cold front moved
in and temperatures dropped to -20°.F. The delavs and cold weather prevented
the comﬁletion of the test as originally planned. The cold weather created
extreme problems for the sampling crew and the sampling equipment,

EPA, LSI, ES, and RTI personnel met, and a revisec test plan was imple=
mented. The initial plan was to collect data for 5 days with 25-, 30-, 25-,

40-, and 45-percent replacement rates. The revised plan was %0 conduct testing

at 2%-, 3%-, and 4%-percent replacement rates.

13
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Figure 8-1 shows the numper anc gurztion ¢f eacr of the samoling runs.
The graph shows thast 3, &, 51¢ & VOST sanp1es'were o’ leztes fo- the 28- 3i-
- and 45-percent replacement rates {Runs 3, &, anc¢ &), respeciively. Modifiea
Method 5 sampling for particulate matter was curtailed for two of the three
waste fuel tests. PRun 4 was & single-point isokinetic samcle, Run 3 was
stopped after a partial traverse due o excessive particulate loading, and Run
5 was a coﬁplete run, '

4.2 PROCESS SCHEDULE

The process schedu]e was to conduct 2 days of baseline testing and 2
revised plan to conduct three runs at different waste fuel replacement rates.
Freon 113 was added as a POHC at about 1 percent to track the DRE of a compound
difficult to destroy by combustion. Table 4-2 summarizes the general condi-
tions and test runs actually conducted.

TABLE 4-2. TEST CONDITIONS

Run Date Type Percent Coal®  Percent Waste Fuel®
12/13/83 Baseline 100
12/14/83 Baseline 100 _
12/17/83 Waste burn 75 _25
12/17/83 Waste burn 63 | 37
12/18/83 Waste burn -1 22

n B W R

8percent based on Btu heating content.



5.0 SAMPLING PROCEDURES

The Quality Assurance Project Pian (QAPP) for this project discussed the
general approach to sampling and analysis for the pollutants to be measured.
1t described equipment, operating procedures, and quality cdn:rol practices
for sampling and analysis. This section describes how these procedures were
applied at the Oglesby plant. ‘

In summary, the VOST was used to sample emissions for POHC analysis. The

. MMS was used to collect the particuiate and PIC samples. A midget impinger

train was used to collect HC! samples. Continuous gas analyzers were used to
measure 0o, COg, CO, SO2, THC, and NOX. Process samples were taken and com-

posited over an §-hour period. . _
Analytical procedures and measurement principles are described in Section

5.1 VOST

Volatile organic constituents (normal boiling points iess than 100° C)
are adsorbed on Tenax and Tenax/charcoal cartridges. Figure 5.1 depicts the
VOST sampling train and its various components.

The general draft procedure "Protocol for Coliection of Volatile POHCs
Using a8 Volatile Organic Sampling Train (VOST)," Larry Johnson, U.5. Environ-
menta) Protection Agency (August 1283), was followed for sample ccllecstion.

Procedure Highlights

Leak checks we-e perfcrmed Dy evacuation ¢f the system tc at least
10" Hg vacuum iess than operaiing pressure and maintaining this
vacuum for 1 minute with C.1 inch Hg, or less, loss. Amoiens &ir
was drawn through charcoal when releasing the vacuum o¢ the system.

iiters per minute for &40 minutes per semple

L8 L]

Sampling rate - 0.
{pair ¢f tubes).

1€
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The p-cbe temperzture wes meinlaineo at cm &ZoOv 10¢ 0

Tubes/test - 6 pairs (except limited test days).
Tots) sampling time - 6 x 40 min = Z4C minutes per test.
Single-point sampling.

Tenax temperature - <20°C controlled by ice water flow to the con-
densers.

Cleaning - chromerge, water, methanol before field test.

Sampling Train

Components of the VOST train are listed below with specifications for

- each:

Samplina Module

Probe - 4' stainless steel sheath with a 1/4" C.D. quartz liner with
a filter of precleaned quartz wool in the end of the probe. The
probe was heated at or above 130° C.

Teflon/glass stopcock - a 3-way siopcock capable of maintaining &
leak-free system, purging the probe, purging the sampling train, or
sampling the stack gas.

First condenser - water-cooled coil condenser with leak-free fittings
to the stopcock and Tenax trap.

Tenax trap - glass trap containing 1.6 grams (g) of Tenax.

flask - a 250-mL or 125-mL flask fitted with Jeak-free conneciors to
the bottom of the Tenmax trap and tc 1/24" 0.D. tube to connect to the
second condenser with leak-free fitiings.

Second condenser - a siraight tube-type of water-cooled condenser
inezalleg in & manner which allowed any additionzl condensate 0

grain to a second flask with ieak-free fittings.

Tenax/charcoal trzp - glass trap containing approximately 1 3 each
of Tenax and charcoal.

Filask - a 128-mL flask as above to connect 10 the silica gel trap.

Silica gel trap - silica gel impinger to remove any reméining mois-
ture,
Umbiiical line - a leak-free szmpie line to connect the sempling

mocule to the control module and &an electrical czble harness which
includes: power lines for probe and water pump; thermo-ceuple 1ines

20
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for temperature readings at probe, stack, entrance tc the first
sorbent trap; anc ampient zir.

Control Module

Vacuum gauge - 0-29" Hg; used to assess jeak rates and the vacuum
during the testing period. _ _

. Main valve - a needle-type valve capable of controlling flows in
- 0-3000 mL/min range.

. Fine adjust valve - a needle-type valve capabie of regulating the
pumping capacity of the pump. :

. Pump - a small leak-free Teflon diaphragm pump capable of delivering
20" Hg vacuum at a flow of 1 L/min. _

Dry gas meter - Singer 1 liter ber revolution, capable of measuring
accurately (+ 2%) volumes of gas at a low (0.25-3.0 L/min) flow

rate.

Rotameter - a dual ball rotameter with 0-1000 mL/min range with the
upper ball and a 0-3000 mL/min range with the lower ball.

. Thermocouple readout - 2 digita) panel meter readout to indicate
temperatures of: stack, probe exit, entrance 0 trap 1, dry gas
“meter, ambient air. .

. Voltage regulators - capable of controlling heat in the probe {rom
4° to 180° C.

Pxessure gauge - to measure the pressure at the dry gas meter, 0 to
3" H,0. _

Pretest Operations

Before transport to the field, &li portions of the train which contact
the sample gas were subjected to vigorous cleaning. Components were first
smmersed in a mixture of chromous chioride and sulfuric acid (chromerge). The
immersion was followed by a thorough tapwater rinse, and then with organic-
free chromatographic-grade distilied water. The fina) cleaning was & rinse
with chromatographic-grade methanol. The components were sealed with &luminum
f0i1 previously rinsed with high-grade metnylene chloride.

At the beginning of each test day, & set of empty sorbent tubes was
instzlied, and the entire system, including probe, leak-checkec. The vacuum
was released by admitting ambient air through charcoal, first 1o the probe,

2l



«hen tc the remsinder of the system. The ice path was prera=ed anc ice water
circulated through the condensers. Or some cays, tne ice Calh wis preparec by
melting the biock of ice in the water reservoir.

The probe was inserted in the stack and a pair (one Tenax and onre Tenax/
charcoal) of scrbent tubes instz1led. The trazin wes again leak-checked (ex-
cluding probe) in the same manner.

sample Collection

Sample gas was drawn from the stack through s probe maintainec at 130° C
at 1/2 L/min. Total sampling time was 40 minutes per pair of tubes, with six
pair of tubes constitbting a test day. The sample rate was calculated to
result in approximate\y 20 liters at standard conditions for one pair of
tubes. The sample volume has been established by EPA-sponsored experiments,
as the maximum (with a 100-percent safety margin) that can be passed through a
tube before the sorbed POHCs begin to elute or be stripped from the resin.

During sampling, appropriate data were recorded every 10 minutes and
adjustments to sampling variables made to maintain desired conditions such as
sampling rate, probe temperatures, condenser outlet temperature, etc.

Post-Test Procedure

At the end of each sampling period, the stopcock was closed, the pump
turned off, and final readings made. The train was again lezk-checked with
the probe in the stack. The sorbent tubes were removed 2nd 2 fresh pair

installed. _
This process was repeated until all pairs of sample tubes had been col-

lected. As previously menticnec, the gesired number was six pairs per condi-
tion; nowever, this was not achieved for each run because of schedule delays
and coid weather.

Oncé each day, a pair of sorpent tubes was taken to the sampling site,
opened, and exposec 0 ambient zir for the length of the time needed to instiell
them in the traih, capped, anc returned to sheir containers. These "shadow" o
fieid blanks were taken to account for potential contamination from the ambient
‘air a4 the sampling location, s weil as generz] sempie handling &nd transport

procedures.

22



pfter sample cocliecticr and sorbent tube removel. the tubes were carved
with their own stainless steel caps ana placed into their own scre.zap glass
culture tubes for onsite stcrage and shipment to the ladoratcry. The capping
and doubie-sealing are done to minimize sample cross contaminatior. and external
contamination. In addition to the field blanke, 2 pair of tubes (trip blanks)
‘was taken to the field but never opened, and two pairs of tubes from the same

lot remained in the analytical laboratory (lab blanks).

5.2 MODIFIED METHOD 5

This sampling train is used to collect products of incomplete combustion
(PICs) as well as to estimate the particulate matter emission rate by EPA '
" Method 5 (40 CFR Part 60, Appendix A).

Extracts, rinses, and relsted materials from the probe/train svs;em for
 each sampling period were chemically analyzed to determine the presence of
polvchiorinated biphenyl (PCEB) compounds and dioxins as well as weighed to
determine particulate matter. A total of nine runs were conducted.

Sampline Train

The gas stream sampled by the probe is directed to a modified EPA Method
5 train, depicted 1n Figure 5.2. This system Consists of the following com-
ponents in series: nozzle, probe, heated particie filter, one sorbent modu1e,
2 bank of impingers, and a meter box. A detailed discussion of the pnysica)
construction of the unmodified Method 5 train and its zssembly is given by
Martin; maintenance is given by Rom (APTD-0581, APTD-0QE76).

A glass fiber (particle) filter is enclosed in 2 giass housing and sup-
ported by a stainless steel mesh. This section of the train is contained in
an electrically heated box that is manually regulated to maintzin a sample gas
temperature of about 120° C. The ¥ilter was tarec before use.

A typical sorbent module/condenser is also depicted in Figure 5.2. There
are separate sections for cooling the incoming gas stream and for trapping
organic gas constiituents. Cooling is accomplished by routing the gas through
2 ¢oil of glass Lub1nc surrounded by water circulated from an ice and waler
bath. Organic congtituents of the gas are removecd by 20/40 mesh XAD-2 resin

(-]

contained in an all-giass treap. High collection ef? iciencies (90-100 percant)
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are typical for vapor phase orsanic species with boiling pcints greater Lhan
100° C. o

The temperature of the gzs at the outlet of the Sorbent was measured and
maintained between the 1imits of 0° and 20° C. Cooling of the gas condenses
part of the sample gas moisture which may entrain and/or dissolve certain
organic species. To insure that this material was collected, the sorbent
module was positioned vertically such tnat the condensate percolated through
the resin bed and into the bank of impingers. '

The impinger bank consisted of four impingers connected in series. The
first impinger is initially empty and collects the condensate from the preced-
ing sorbent module. The Greenberg-Smith nozzle was replaced by & very short
stem such that the sampled gas aid not bubble through the collected condensate.

The second and third impingers were included to remove acid species from
the gas, and each contained 1060 mL chromatographic-grade distilled water. The
fourth impinger was £i1led with silica ge)l to absorb moisture remaining in the
gas, thereby assuring accurate gas flow measurements and preventing damage to
the pumping system.

A standard Method 5 meter box containing a variety of gas handling and
metering devices followed the impinger bank.

A1l components of the sampling train were joined either by stainless
steel Swagelok® fittings or by ground glass ball-and-socket joints capable of
leak-free seals under sampling conditions. Stopcock grease was not used at
any point in the system, A1l -cmponents in contact with sampie gas were
cleaned as described for the VOST. _

Prior to each run, the individual components of the sameling train were
assembled, and the probe/sampling train was leak-tested. First, the neating
and cooling systems were allowed to reach equilibrium. Then, the nozzle was
plugged and the system was evacuated te 200 mm Hg (18%). If the leakage
exceeded the lesser of 4 percent of the average sampling rete or 0.02 ctm,

chk
=
]

jeak was corrected.

Sampiing Procedure

The jsokinetic MM5 sampling rate was determined by nczzle size and
selectec to achieve between 100 and 200 cubic feet of sampled gas. Al the end
of most tests, & MMS samgle of about 150 13 had been collected cver 4-1/2 to

6 hours.
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Coeration of the sampling =rain “cilowed IPA Metiod & The stack Ciameter
anc the distances o ne2rest upsiream and gownsiream flow disiursancés we"e
mezsured (3.%.2nd 2.3 ecuivazient ciameters, respectively). Generally, samnles
were collected from 24 points in the duct throuch two ports. Traverse points
were located as specifiec in Metnod 1 and gas velocity and flow rate geter-
mined as stated in EPA Method 2 during the MM5 sampling. Multipcint isokinetic
sampling was performed as described in Method 5. After the pretest leak
check, the probe was inserted into the stack, the pump startgd. and the sample

rate adjusted to maintain isokinetic conditions at the nozzle.

Post-Test Operations

At the conclusion of the test, the train was leak-checked and allowed to
cool. The probe/nozzle unit was removed and capped, and the filter holder
inlet capped. Al components were taken to the cleanup area for sampie
recovery. The basic procedures of EPA Method 5 were followed, modified as
necessary for recovery of samples for organic analysis. The probe, nozzle,
and filter holder were each rinsed three times with acetone and then three
times with methvlene chloride. A1l liquid samples were transferred to giass
bottles with Teflon-lined caps which had been cleaned as described for the
VOST glassware. The XAD module was removed from the train as a unit and
sealed with grezse-free glass balls and sockets. The preweighed impingers
were removed and weighed to determine the mass of condensed water celiected.
The percolated condensate from the first impinger was transierred to & sample
bottle alcng with rinses from the condenser. The contents of the seconc and
third impingers were transferred to another sampie pottle, to which were 2dded
acetone and methylene chloride rinses of all three impingers and connecting
gizssware. All botiles were tightly cappec, sezled with Teflon-linec cace,
and the liqui¢ level marked on the bottles.

Tor thie test, one XAD module was exposed as a field blank ancd one was
used as & trip blank. The field blank was installed into the entire sample
trzin, lezk-checked, hested to 120°C for 4 hours, anc¢ then recovered zlong

with the other sample train fractions.
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5,3 HC1 AS CHLORIDE

“The sampling train that was used to obtain gas samples for chloride
analysis 1§ “essentially the EPA Method 6 midget imginger train, as shown in
Figure 5.3. Each of the first two impingers were charged with 15 mL of dis-
tilled deionized water as absorb1ng solution. A glass wool plug for particle
filtration was placed in the stack end of a heated g]ass probe and stack gas
extracted at & rate of 2 L/min for 20 minutes.

At the beginning and end of each run, the train was leak-checked at 10"
Hg. After sample collection, the train was taken to a sample recovery area
for cleanup. The contents of the impingers were transferred to a 25¢-mL
polyethylene bottle a1ong with triplicate water washes of the impingers and

connecting glassware.
5.4 CONTINUOUS ANALYZERS

The stack gas was analyzed for CO, C0.,, NOx, 4, SOy, and total hydrocar-
bons (THC) with continuous emission monitors. Gas samples for the CEM's were
extracted through 2 single sample probe in the duct just upstream from the
VOST port. The probe was equipped with an instack particle filter foilowed by
a three-way valve out of the stack. The valve was used to direct either the
stack gas or zero/span gases through the sample line including the conditioning
system. Following the valve were an ice water/air-cooled condenser/mo1sture
trap and a Perma Pure moisture removal cystem. The Perma Pure evstem is &
nonreactive semipermeable membrane shell and tube moisture removal device
placed in 2 heated compartment. A1l CEM sample and span gas iines were Teflon
or stainless steel. A flow diagram of the CsM/sampling system is shown in
Figure 5.4. The anzlyzers were calibrated twice daily (before and artter
manual sampling) and operated over the duration of the run.

The review of previous tesi datz comparing stack gas concentraztions of
C0:; and 0, with Lone Star's kiln discharge CO, and O monitoring data showed
18- to 20-percent ambient air inleakage through ihe multiclone, ESP, and con-
necting ductwork. At the beginning of the test program, & spot check of the
CEM port versus data collected by LSI at the kiln discharge showed the same
‘amount of inleakage. Inlezkage and st +vatification were not investigated
further. The CEZM data at this 1ocag1on provided an adequate process monitor
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and would allow calculation cf the gas concentrations ir the undilutecd kiln
diszharge, if ocesired. '

5.5 PROCESS SAMPLES

Lone Star personnel collected samples of various process streams every 2
hours whizh were composited by ES personnel into 2 single sample for each run
condition. During baseline testing, daily composites were made for Kiln raw
feed, clinker, coal/coke, waste ESP dust, and recycled dust, and grab samples
of quench water were taken. During waste fuel testing, coﬁposite samples of
the waste fuel were also taken. Kiin feed samples were taken from LSI's
automatic sampier. Coal/coke samples were taken with a cvclone sampler at a
location between the pulverizer and burner. Clinker samples were taken from
the drag chain moving product to storage and/or finish mi1l, after the clinker
cooler and breaker. ESP dust samples were taken from the screw conveyor that
removed the dust from the ESP. Grab samples of quench water were taken on the
waste fuel test days from a drain on the pump discharge. Waste fuel samples
were taken from the supply tank outlet by LSI personnel. Both the water
samples and waste fuel samples were collected in headspace-free vials used for

volatile organic analysis. -
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6.0 ANALYTICAL PROCEDURES

6.1 POHCs FROM VOST

Upon receipt by the laboratory, the VOST cartridge was spiked with an
1nterna1 standard (bromochloromethane) and thermally desorbed at 180° to 200°
¢ with organic-free nitrogen in a thermal desorption unit. From the desorp-
tion unit, the gas was bubbled through 5 mL of organic-free water and trapped

on an analytical adsorbent trap.
After the 10-minute desorption, the ana]ytwca] adsorbent trap was rapidly

heated to 180° C with the carrier gas flow reversed so that the effluent flow

from the analytical trap was directed into the GC/MS. The volatile POHCs were
separated by temperature-programmed gas chromatography and detected by low=
resolution mass spectrometry. The concentrations of volatile POHCs were

‘calculated using the internal standard technique. Details of the purge and

trap GC/MS analysis are described in EPA Method 624. The volatile POHCs of
interest in this test were methylene chloride, Freon 113, 2-butanone, toluene,

and 1,1,1-trichloroethane.

The two tubes collected froem the first test of each run condition were
analyzed individually to determine if breakthrough had occurred. Subsequent
tubes were analyzed in pairs and provided sufficient quantities of POHCs for
analytical detection. '

Calibration standards were prepared at three concentration levels for
sach POHC of interest to bracket the expecied sample concentrations. The
calibration standards were prepared by spiking a blank Tenax or Tenax/charcoa)
trap with a methanolic solution of the calibration standard (including the
internal standard) using the flash evaporation technique. The trap was
analyzed according to the purge and trap chromatograpnhic procedures ¢escribed
in Section 11 of EPA Method 624. A calibrat jon standard was anziyzed for both
Tenax and Tenax/char-osl cartridges. -

After analysis of the calibration standards the area response of the
characteristic jons of esch analvie was tabulated againsi tne concentration of

L
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each and the 'interneg) standard. [ response factor (RF) was cal=uiztec for

each compound by:

RF = Ascis/Aiscs

whgre:
A; = Area of the characteristic ion for the analyte to be measured.
js © Area of the characteristic ion for the jnternal standard.
cis = Amount (ng) of the interna) standard.
g = Amount {ng) of the volatile POHC in calibration standard.

The working calibration curve or RF was verified or each working day by the
measurement of one or more of the calibration standards. 1f the response for
the POHCs varied by more than 3 standard deviations from the previously
ectablished response, new calibration standards were prepared and analyzed.

After the sample cartridges were analyzed, the amount of a specific
analyte in the cartridge was calculated by:

Amount of POHC = Ascis/AisRF

where:
As = Area of the characteristic ion for the analyte to be measured.
Aig = Area of the characteristic ion of the internal standard.
Cis = Amount (ng) of internal standard.

Results were tabulated in ng/cartridge for single cartridges and ng/car-

tridge pair for tubes analyzed in pairs.
6.2 MODIFIED METHOD 5 (MM5) PROCEDURES

The parziculate matter C2ich was determined from the filter catch and
probe rinse. The £i1ters were desiccaied for at least 24 hours to & constant
Qeight, and the results were reported to the nearest 0.1 mg. The probe rinse
in acetone was eveporated to dryness in a steam bath. The dried residue was
desiccated to a conmstant weight, and resulte were recorted to the nezrest 0.2

me.
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The organic anziysis scheme for the componenzs 0f tne MME is given in
Figure 6-1. A 1i-percent sliguot of tne particulazte maller was retzinec for
metals analysis. The balance of the probe anc filter catzh was extracted with
methylene chloride and concentrated to 10 mL. The XAD-2 sorbent was also
extracied with methylene chloride in a Soxhlet extractor for 24 hours. Serial
extractions were performed on the condensate with the condensate first being
made acidic (pH 2) and then basic (pH 12). The extracts from the XAD-2 and
condensate were then combined and concentrated to 10 mL. The concentrates
from the two portions of the train were combined and concentrated to 1 mL and
spiked with an internal standard (2-fluorobiphenyl) for & survey analysis by,
gas chromatograph/mass. spectrometry (GC/MS). From the survey analysis, the
major compounds of interest were identified. Quantitation standards for the
compounds were prepared to determine their respoﬁse with respect to the in-
ternal standard's response. The compounds in the extracts were then semi-
quantified based on the relative response factors vor the quantitation stan-
dards. The term "semiguantitation"” is used because certain compounds were
grouped and only one response factor was used for that group (e.q.,
Cy4-benzenes). Characteristic ions for the isomers of dibenzodioxins and
dibenzofurans were monitored to determine the presence or absence of these
compounds. These compounds were not found in any of the MM5 extracts at a

detection limit of 1 to 5 ng per injection.
6.3 CONTINUOUS ANALYZERS

The stack gas was analyzed for six gases (50;, NO, €0,, 0, 0y, and THC)
by pumping the sampie gas as previously described into & manifold iocated in 2
trailer near the sampling location. A brief description of the analytical |
methods used is followed by a list of the analyzers anc operztional parameters.

Nondispersive infrared absorption speciroscopy was used for $0., CO, and
€0.. Each of these gases zbsorbs infrared radia=ion of a characteristic
wavelength, and the absorption is proportional to the concentration of the
pollutant. Oxides of mitrogen were measured by chemiluminescence where the
characteristic light emitted by the gas phase reaction of NO with ozone and
resul+ing decay of excited NO., is measured. Total hydrocarbons were measured
using & fiame ionization detector. burning sample gas in hvcrogen f1ame and
measuring the eiectron fiow resu:1%ing from the jenization from oxidizing C to

€0, in the fiame.
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Each analvzer was given a multipoint calibration prior to the test using
zero gas and three £pan gases 1O ectablich instrument linearity (er_cslibration
curve in the case of COz). Subsequently, instrument zero and span values were
estaplished with a single gas with periodic checks of other conzentrations to
verify calibration. The span gas was selected to be representative of concen-
trations observed in the stack. The following list identified the specific
analyzers and calibration gases that were used for this test.

co Analyzer Model:

Measurement Principle:

Analysis Range:
Calibration Gases:

€02 Analyzer Model:

Measurement Principle:

Analysis Range:
Calibration Gases:

05 Anaiyzer Model:

Measurement Principle:

Analysis Range:
Calibration Gases:

$0s Analyzer Model:

Measurement Principle:

Analysis Range:
Calibration Gases:
NO_ Analyzer Model:

Analysis Range:

Calibration Gases:

Total Hydrocarbons
Analyzer Model:

Measurement Principle:

Analysis Range:

talibration Gases:

Measurement Principle:

35

Horiba PIR-2000
nondispersive infrared
0-1000, 3000, 5000 ppm

CO in N, - 250, 500, S00 ppm

Infrared Industries 702
nondispersive infrared

0-10, 30%

€0, in No - 4, 20, 30%

MSA B03P _
Zirconium oxide fuel cell
0-10%, 20%

0, in No - 1.7, 12.6, 20.8%

Horiba, AIA-23
nondispersive infrared
0-500, 1000, 1500, 3000 ppm
S0, in Np - 98, 460, 209,
1411 ppm

TECO Model 44
chemiluminescence :

o-2, 5. 10, 20, 50, 100, 250,
500, 1,000, 2,00C, £,000,
10,000 ppm :

NO, in Np - 125, 450, 900 ppm

MSA THC Analyzer

flame ionizetion

0-1, £,10, 50, 100, 500, 1,000,
£,000 ppm

CHy in ajr - 1%, 50, 80 opm



The kiln.feed, coal/coke, clinker, waste anc recycle cust, waste fuel,
and particulate catch were analvzed for metals using atomic absorption (AR)
and inductively coupled argon nlasma (ICAP) technigues. The maio~ eiements of
interest are the additional metals that may be introduced by the waste fuel
(e.g., As, Cd, Dr, Cu, Hg, Ni, Pb, Se, Zn). The digestion procedure used for
arsenic, selenium, and mercury in all sample matrices except coal is found in
"Appendix D - Aqua Regia Digestion Procedure” of EPA's Procedures Manual:
Leve)l 1 Environmental Assessment (EPA-600/7-78-201). Approximately 1 gram of
sample was put into 8 distillation flask of a reflux apparatus. Sixty milli~
liters of constant boiling aqua regia solution (4:1 HNOz:HC1) were added to
the fiask and the mixture refluxed overnight. The solution was then filtered
through a Whatman £i1ter (No. 41), collected in @ 100-mL volumetric flask, and
brought up to volume with dejonized water. For analysis of As, Se, and Hg in
coal, the oxygen bomb procedure in Appendix C ("Parr Bomb Combustion
Procedure”) of the previously cited reference was used. Approximately 0.5 ¢
of sample was put into the sample cup and 10 mL of 10 percent HNO; were added
to the quartz liner of the bomb. The bomb was then assembled and pressurized
. to 24 atmospheres with oxygen. The bomb was ignited and allowed to cool, and
the pressure was released. The bomb contents were then transferred to a 50-ml
volumetric flask and brought up to volume with deionized water.

An acid digestion bomb method was used as the digestion procedure for
analvsis of all other metals in all of the sample matrices. A sample was
siret ashed in a muffle furnace overnight. A tots) of 100 mg of the ash was

[ L adint

then placed in the decompositicn vessel, 1 mL of aoua regia (21:2 BNOs:HC1) was
adde¢ to the ash, followed by 3 mL of hverofluoric acid. The bomt wags ~losed
and nezied in a muffle furnace ax 140° to 15C° € for 1 hour. Afier ceeling,
the solution was transferred to a Teflon beaker, and 2.8 g of boric acid were
added. The cotution was transferred to z 5C-mL volumetric flask and brought
up o volume with deionized water. _

£lemental mezsurements were performed by atomic absorption and induc+ivelyv-
coupied plasma emission techniques. Atomic absorption methods included Tizme
(FAA), graphite furnace (GFAA), and col¢ vapor (CVAA) atomization. Aluminum,
magnesium, lezd, and cadmium were analyzec by FAA. Aluminum required a nitrous

oxide/acetviene iiame insieac of the more common air/acetylens fiame used for

3€
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the other eiements determined by FAA.. Arsenic &nd selenium were analyzed by

GFAL, and mercury was octermined by CVAA. All other elements weve efalyzed by

the 1CAP procedure essentially as cgescribed in Method 200.7.

Corrections for background levels were used when necessary. Within each
sample type, the method of standard addition was used to check for other
possible matrix effects. The EPA analytical methods that were used are 1isted

. below: -
Element Technigue "EPA Method
Al AA ‘ 202.1
As . AA 206.2
Cd AA 213.1
Pb AA 229.1
Mg : _ RA 242.1
Hg AA 1245.1
Se AA 270.2
A1l Others ICAP 200.7

The procedure that was proposed in the quality assurance plan was to use
AA to determine arsenic, selenium, and mercury and to use ICAP for to deter-
mine other elements. However, the AA was also used to measure a1uminum,‘
cadmium, lead, and magnesium, because of spectral interference probiems with
the ICAP. '

6.5 CHLORINE AND SULFUR ANALYSIS

The kiln feed, coal/coke, ciinker, waste and recycle dust, and waste fuel
were analyzed for chlorine content. In addition, the coal/coke and waste fuel
were analyzed foé culfur content. For both znalyses, the samples were oxidized
by combustion in a Parr bomb containing oxygen under pressure. The chlorine
and sulfur compounds thst are liberated are shsorbed in & sodium carbonate
solution and are determined as chloride and sulfate by ion chromatography.

L total of 10 mL of Na,C0s solution (50 g/L) was placed in the bomb, and

: apprdximate\y 0.4 ¢ of sample was added. Approximately 10 dreps of paraffin

0i] were also added for the coal, clinke-, dust, and slurry samples; waste
fuel samples were bombed as received. The bomb was then assembled and pres-
surized to 24 atmosoheres with oxygen. The bomb was immersed in a cold water
bath, ignited, cooled for 10 minutes, and depressurized. Deionized water was
used to rinse the intericr of the bomb, sample cup, termingls, and inner



‘surface of the bomp cover into & 100-mL volumetric flask, which was then
diluted to 100 mL total volume. .

The solutions were analyzed by injection into the jon chromatograph.
¢tandards covering the range of concentrations found in the sampies were
analyzed on the ion chromatograph, and & calibration curve was generated from
a linear regression analysis. When sulfate was found to be in excess of 100
ppm, & dilution was made and the sample was reanalyzed.

The HC1 samples from stack gas sampling were originally analvzed by the
specific ion electrode. However, unacceptabie results were obtained on audit
standards, and most samples had chloride concentrations below the detection
1imit of 5 mg/L. Using ion chromatography, acceptable results were obtained
on audit samples from: two laboratories and EPA. In addition, detectable
concentration values were obtained for nearly all samples. Therefore, ion
chromatography was used to determine the chioride content in the impingers
from HC) stack sampling. Analysis of the water blank by IC yielded </mg/L
compared to <5 mg/L reported by the specific ion electrode analysis.

6.6 ANALYSIS OF WASTE FUEL AND WATER FOR ORGANIC COMPOUNDS

The analysis of organic components in the waste fuel was conducted on &
Finnigan gas_chromatograph/mass spectrometer/computer system with a 30-m fused
¢ilica DB-5 capillary coiumn operated in the split injection mode. After
loading the internal standards, the samples were injected and each identified
component was quantified relative to & standard o known concentration of that
compound injected into the GC/MS.

The POHCs for this test were me:hylene chioride, Freon 123 (1,1,2-tri-
ch]oro-l,z,z-trif1uoroethane), methyl ethyl ketone (2-putanone), 1,1,1-tri-
chloroethane, and toluene. These POHCs were quantified relative to the bromo-
chloromethane internal standard. In adcdition to the POHCs, other compounds
that were identified in the survey anglvsis were ouantified for esch wastie
fuel samplé after determining the relative response of & ctandard solution of
these compounds to the 2-fluorobipheny) internal standard. Characteristic
jons were monitored fer other cpecific comoounds to getermine if they were
present &t detectable levels. These compounds included polveniorinated bi-
phenyls (PCBs) with one to ten chiorine ztoms, chlorcpnencls with one to five
chlorine atoms, &nd molychiorinatec ¢ibenzodioxins and cibenzovurans with Tour
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to six chlorine atoms. None of these comooundé were found at a getection
limit of about 1 ng/pL injectel.

Sampies of the water that was used to auench the hot exhaust gases from
the kiln were collectec and analyzed for POMCs. The purge and trap procedure
in EPA's Method 624 was followed, and bromochloromethane was used as the
internal standard for quantitation of the POMCs. :

6.7 FUEL QUALITY

Samples of cpa) and waste fuel were submitted to 3 commercial fuel-
testing laboratory for ash, Btu, moisture, and waste fue) density determina-
tions. The ASTM analytical methods ash and Btu are listed in Table 4-1.

¥V}
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7.0 QA/QC RESULTS

Quality Assurance/Quality Contre) gosls for precision. accu-acy, and
percent completeness were set prior to conducting the sampling and analysis &t
LSI1's cement kiln in Oglesby, INinois. The approved quality assurance plan
for this project was entitled "Quality Assurance Plan for Sampling and
Analysis of Emissions From Hazardous Waste Inciﬁeration in Calcining Kilns"
(June 10, 1983).

A summary of the number of sampies planned and those actually collected
is given in Table 7-1. The table reflects the revised goals after schedule
delays with plant operations and colc¢ weather shortened the sampling efiort.

A summary of the goals for precision and accuracy is given in Table 7-2.
Results of the QA/QC program are presented in the following sections. Rela-
tive percent difference is defined as the difference between two sample values
divided by their mean times 100. Percent bias is the difference between the
known and measured value divided by the known value times 100.

A systems audit of sampling activities was conducted during the testing
from a check 1list prepéred by the QA officer. The QA officer wrote & getziled
report of these audit results and described the sampling procedures as con-
ducted. A comparison of the procedures s proposed in the test plan with the
procedures actually used was made. No significant differences were noted.

7.1 QA/QC FOR METALS

For those metals determined by stomic sbsorption, 2 calibration curve was
constructed using three aqueous standards bracketing the concentrations found
in the sample digest. To assess the drift in instrument response, two of
these calibration standards were rerun aiter every 5 to 10 samples. The
responses were stable to within 5 percent.

The results of analyses cf split camples for metals amalysis are given in
Table 7-3. Accepiable precisions were achieved for most elements in &i)
process samples except sor wagste fuei in which Al, Cr, Fe, Mg, Ni, anc Ti
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TABLE 7-2. Goals for Precicion and Accuracy

pParameter ' precision (RPD) Accuracy (percent bias)

POHCs, VOST NA +20

Particulate matter NA s 5 dry gas meter; = (.2 balance
PICs 25 +20

HCY 10 £10

Continuous monitors 2 + 5

POHCs, waste fuel 10 +20
Metals 20° +202.

Chlorine ' 10 *10

Sulfur 10 =10

tu, ash ) 10 *10

- -

3pevised based on audit results from previous cement kiln test.

TABLE 7-3. RESULTS OF SPLIT SAMPLE ANALYSES FOR METALS

— —

Relative Percent Difference
Element Clinker Kiln Feed  Waste dust Recycled dust® waste fuel

Aj 6 14 8 4,2 58
As 23 58 26 3512 11
Ba 1 4 1 3.2 “h
Ca 0.4 2 8 2.1 0
Cd 34 5 1 5.0.6 3
Cr 14 2 0 318 23
Cu oP oP 1 8.0° -
Fe 3 6 1 6.0.9 30
Hg 3 6 4 11077 10
Mg 3 oP 4 1,3 57
Mn 3 6 0.2 £.3 oP
N 3 oP oP 0,0 41
p 2 3 0 % -
Py 120 3 1 280.2 12
Se 13 17 0.6 78,2 o®
$n oP oP 0° ob 0P -
Ti 37 1 5 4,4 47,
v 18 3 2 7.0 0
Zn 2 0 8 4’5 3

SReplicate anziyses were performed on two recycled dust sampies.
bBoth analvses were beiow the detection limit.
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prezisicns were unacceptable. Arsenic precisions were unacceptable for all
cther process. sampies. Precisions for Cd, Pb, and 71 were zlso unaccepiabie
for clinker and Hg, Pb, and Se precisions were unacceptable for recycled dust.

Five NES standard reference materials (SRM) were supplied to the amalyti~
cal 1abora.o“y as performance evaluat1on samples. These SRMs were chosen to
simulate the procese sample matrices: |

SRM ' Process sample
1645 River Sediment _ Kiln Feed
le32a Bituminous Coal _ Coal/Coke
16323 Fuel 011 Waste Fuel
634 Portland cement Clinker
1633a Fly ash Waste dust, MM5 particulate catch

Low jevels for metals in the fuel oil precluded its use as an effective eval-
vation sample for the waste fuel. Results for these SRMs are presented in
Tables 7-4, 7-5, and 7-6. '

TABLE 7-4. RESULTS OF NBS 634 CEMENT STANDARD, NBS 1633a FLY ASH STANDARD,
AND NBS 1634a WATER STANDARD ANALYSES
(vg/g unless otherwise noted)

Expected . Measured ' Accuracy
Element value values (percent bias)
Al (%)2 b 2.75 2.98, 2.75, 2.93, 3.11 7
As_(mg/L)} 7% 76 - 0
cet b 1.0 . 0.78 -22
Cd, (mg/L) 10 10.5 5
Cre 0.085 0.054, 0.055, 0.057, 0.0€5 5
Fe (%)% 1.99 1.63, 1.99, 1.69, 1.85 -10
Mg (%3¢ 1,99 1.68, 1.99, 1.70, 1.7% -11
M 0.195 0.154, 0.195, 0.159, 0.173 -13
Pb (ug/L)b 27 24 -11
se, {pa/l) 1 10.2 -7
Ti¢ 0.170 0.098, 0.17, 0.10, 0.11 -30
in® 0.016 0.020, 0. 016, 0,019, 0.018 16

=

aCement giandard.
Byater standare.
cF1y ash standard
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The results in Table 7-4 are for cwandards that were anaiyzed at the same time
shee she field samples were analyzed. The results in Tables 7-% anc- 7-6& are
for stanaards that were analyzed prior to the analysis of field sampies.

TABLE 7-5. Metals Results for NBS 16332 (Fly Ash)

Metal Expected value Measured vatue® Accuracy RSD
~ (vg/9) (vg/a) - (% bias)
Al 14% 12.6% -10 - -
As 145 # 15 145 - 0 -
Ba 0.15% ‘ 0.097 | -35 16
Co 46 39 -15 -
Cr 19 6 . 213 9 16
Cu 118 = 3 116 -2 14
Hg 0.16 + 0.01 0.195 22 -
Mg 4,550 = 100 4,457 . -2 | -
Mn 190 141 -26 19
Ni 127 + 4 | 150 18 6
Pb 72.4 + 0.4 84.8 17 -
Se 10.3 0.6 ' 0.1 -12 -
Ti 0.8% : 0.79% -1 15
v 300 298 -0.7 g
Zn 220 = 10 258 17 17

& Measured values are averages.

b psp = relative standard deviation recorted when three or more analvses
were made.
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TAELE 7-6. Metals Results for NBS 1€3Za (Coa))
and NBS 1645 (River Sediment)

- Expected value Measured value Accuracy
Metal (vg/9) (pg/qg) (percent bias)
(1632a) :
A 3.07% 2.89% -6
As 9.3+1 7.8 -16
. Ba 130 106 -18
Cr 34,4 1.5 37 8
Ca 2,300 2,270 -1
Cu . 16.5 2 1 18 9
Hg 0.13 % 0.03 0.135 4
Mg 1,300 1,040 -20
Mn 26 £ 2 26 =7
N 19.4 £ 1 29 48
Pb : 12.4 + 0.6 16.2 31
Se | 2.6 0.7 . 3.1 19
Ti 0.175% 0.145% -17
Vv a3 + 3 51 16
in 28 £ 2 33.5 20
(1645) '
Cr 2.96% 2.58% «13
Cu 109 88.6 -18
Mn 785 Bel =16
Ni 45,8 29.9 =13
v 23.5 107 456
in 1,720 1,609 -6

45



C e

--

7.2 QA/QC RESULTS FOR CHLORINE, SULFUR, AND BTU

The resplts of the split samples analyses for chlorine and sulfur are
given in Table 7-7. Accuracy results are shown in Table 7-8. Both showm
acceptable results for precision and accuracy. Btu results for accuracy are
given in Table 7-¢. Accuracy results fer chiorine determination by ion cares
matography on aqueous ctandards are summarized in Table 7-10 and show very low
percent bias over a range of 1 to 1,000 mg/L. HC1 emission measurements were

obtained from ion chromatography analysis of the impinger solution. The

chioride specific ion electrode analysis conducted initially gave unacceptable
results for audit standards, and many concentrations were below its detection

limit of 5 mg/L.

TABLE 7-7. REPLICATE ANALYSES OF SPLIT SAMPLES FOR CHLORINE AND SULFUR

el
Repiicate Relative
Sample Analysis results percent difference
Waste fuel chlorine (%) 1.60, 1.67 4
sulfur (ppm) 455, 490 7
Kiln feed chlorine (ppm) 425, 425 : ' 0
Recycled dust 1 chlorine (%) 1.88, 1.89 0.5
Recycled dust 2 chiorine (%) 1.30, 1.29 0.8
Waste dust chlorine (%) 8.06, 8.09 0.4
TABLE 7-8. ACCURACY RESULTS FOR CHLORINE AND SULFUR
Analysis Expesied value Mezsured value Accuracy
(percent) (percent) (percent tias)
Sulfur 2.85, 2.81 -1
Sulfur 3.50b 3.26 -7
Chlorine 0.2% 0.27

8201 01 standard {NBS SRM 1€34a)
bCoa1 standard (LECO co&?d stangard)
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TABLE 7-9. EBTU RESULTS FOR ACTURACY

Sample Expected value Measured value Accuracy
(Btu/1b) (Btu/1b) (% bias)

Fuel standzrd (LECO) 19,779 16,835 0.3

Coal standard (LECO) 12,755 12,814 0.5

TABLE 7-10. ACCURACY RESULTS FOR CHLORINE BY ION CHROMATOGRPAHY

Standard | Expected value Measured valu - Percent bias
(mg/L) (mg/t)
RTI Audit Sample . 1,000 1,000 0
E-S Field Spike 1 50 50 0
E-S Field Spike 2 50 50 0
E-$ Standard A 50 50 0
E-S Standard B . 50 50 0
EPA Acid rain
QA samples:
2142 10,33 10.13 -2
390¢F 4.17 4.48 7
1239 1.01 0.99 -2
3905 _ . 4,17 4.21 ‘ ' -1
———————- e ——

7.3 QA/QC EOR CONTINUOUS ANALYZERS

The OC aczivities for the continuous analyzers are largely those described
in the QAPP-multipoint calibrations to estab]ish linearity, pre- and post-test
zero and span calibrations, mid-run span checks, flowing calibration gases
through the sampling system to verify the absence of 1ine losses, and the duct
traverse to quantify the extent of stratification in the gases, if any.

Certain data collection goals were established in the OAPP, and the apove
actions were taken to attain these goals. The moniter performance criteria
were span.gas error (from linearity) less than 5 percent and zero value less
than 2 percent of span value: these criteria were met for all data collected.
Other QC actions that were taken include pressurizing the sample iine for as
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mueh of its Jengih as possitle (1o prevent inwarc leakage) and the use ¢
Teflong, glass, or stainless steel for components contacting sampie gas. The
0A objectives that were identified in the plan were met. o

Limits of instrument drift were not specifically established in the QAP,
but the criteria that were applied were zero and span drift <2 percent, The
system drift did not exceed 2 percent of full scale for any of the tests, so
the initial calibrations were used; multipoint checks were used periodically
for verification of system response.

7.4 QA/QC FOR MM5 EXTRACTS AND WASTE FUEL ANALYSES

Tables 7-11 and 7-12 present the precision and accuracy results for
splits and spikes for compounds found in the MMS extracts. Table 7-13 presents
the results for a waste fuel sample that was split and analyzed at the same
time that the waste fuel sampies for Runs 3 and 4 were analyzed.

The waste fuel sample for Run 5 was inadvertently left in storage and was
not analyzed as quickly as the other two samples were. After lengthy storage,
very low concentrations of the POHC compounds were found. In addition,
attempts to recover spikes of POHCs in this waste fuel sample were unaccept-
able. Consequently, efforts to analyze this sample were aborted because of
the Joss of volatile compounds and because of spiking/analytical difficulties.

7.5 VOST QA AUDIT

An audit of Engineering Science's VOST sampling and RTI's analysis was
conducted before the test trip on December 5, 1983. An NBS gas cylinder con-
taining known quantities of five compounds was used to prepare two types of
sampies: (1) samplec collected from the cvlinder through the entire sampling
train, and (2) cartridges loaded directly from the cylinder. The results of
the audit are given in Table 7-14. For directly loaded cariridges, the accus
racy results show that the percent bias from the NBS value ranged from -22 to
26 percent. For samples collected through the entire trzin, the percent bieas
ranged from -29 to 24 percent. (Previously published guidance for VOST accu-
racy suggests that an accuracy of better than =80 percent should be exdected.)
The audit coal was to collect three samples from the VOST and three samples
directiv from the cvlinder. OData for one sample from the VOST were iost when

48



TABLE 7-11, . RESULTS OF

SPLIT ANALYSIS OF MMS EXTRACTS FOR RUN 1

o N TR

Compound Results Precision
_ (ng/ul) “BPD)

Styrene 2,2 0
Ethyl benzene <1,1 -
Cs-benzenes 45 22
C4-benzenes 10,0 11
C¢-benzenes 1,1 . 0
Biphenyl 7,7 '
Benzaldehyde 38,37
Naphthalenes - 36,35
Methyl naphthalenes 5,6 18

TABLE 7-12. RESULTS OF SPIKED MM5 EXTRACTS FOR ACCURACY

Compound Quantity spiked Quantity measured Accuracy
(ng/pL) (ng/pL) (percent bias)
Ethylbenzene . 434 542 25
Xylene 440 9 - 11
Chioroform - 372 560 51
Benzene 440 567 29
Trichloroethylene 365 430 18
Perchloroethylene 405 16 - =% -
Cy~benzene 430 324 =25
C4-benzene 430 260 -4
Cg-benzene 430 291 -32
Biphenyl 547 364 -33
Diethylthalete 307 422 37
Benzaldehyde 820 465 -11
Naphthalene 349 390 12
Methylnzphthalene 515 563 9




TABLE 7-13. REZLATIVE PERCENT DIFFERENCE FOR WASTE FUEL SPLITS (LAE)

Tt
Compound Measure value Reiative percent
: (g/L) difference
Methylene chloride 14,13, 11.95 17
Freon 113 0.135, 0.131 3
2-Butanone 10.11, 7.00 36
Toluene 15.22, 10.68 35
1,1,1-Trichloroethane 0.634, 0.5¢3 -7

the GC/MS computer malfunctioned, and one sample from the direct loading was
found to be broken when received in the laboratory.

7.6 QA/QC FOR VOST ANALYSES

The complete results of the VOST analyses are given in Table 7-15. The’
samples listed consecutively through Run 4-2 were all analyzed on or before
December 29, 1983-- within 11 days from the end of the test. Because of a
GC/MS computer failure, the remaining sampies were not analyzed until February
3, 1984, Severe analytical difficulties were experienced with the second set
of samples. .

Internal standard response and surrogate recoveries are presented in
Table 7-16. The internal standard response for the first set of samples
analyzed was very consistent with only one run exceeding 50-percent RPD and
three runs exceeding 22-percent RPD. The initially reported surrogzle re-
coveries (in parentheses) were high but very consistent, j.e., & relatively
constant area response. An investigation revealed that the surrogate quanti-
tation originated from an inaccurate response factor based on comparison with
other VOST anzlyses and with response facters generatec &t this same time for
water analyses. Using corrected response factors, the surrogate recoveries
chown in Taple 7-16 were calculated from the measured area counis cf the
internal standard and surrogates. The resperse factors for the target POHCs
were also examined. No correction was needed because there was an agreement
between these response factors and those generated for the same POHCs for: (1)
previous VOST analyses, (2) waste fuel analyses using direct injection of a
" ¢tandard solution, and (23) water samples.
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TASLE 7-18. VOST RESULTS (ng/pair cartridges)

-D-D-h-b-l.h ) L o™

Run Freon 113 Toluene MEK 1,1,1-}CE Methyvlene chlcride
1-1 3?_ - 2,640 138 <8 18%
1-2a Line plugged - no data
1-3a 65 1,562 <50 <8 285
1-4 17 883 <50 <8 875
1-5 465 298 <50 <8 2,308
1-6 71 842 <50 <8 ' 479
Field : ‘
Blank 1 32 10 <50 <8 162
2-1 617 " 1,058 100 21 1,644
2-2 No internal standard found
2-3 67 894 78 13 2,167
2-4 423 1,071 106 43 3,589
2-5 90 740 63 <8 238
2-6 <10 68 86 <8 9,249
jeld ' _ _
lank 2 15 25 <50 <8 527
-1 74 1,155 151 <8 1,780
-2 €9 435 58 <8 £26
-3 <10 308 61 <8 250
1 <10’ 440 <50 <8 183
-2 66 528 82 <8 147
-3a No internal standard found
-4a 194 215 434 73 807
-5 233 4,296 12,400 115 10,379
Field a
Blank 4 1,924 5,397 <50 1,074 _ 12,206
5-13 6,750 6,716 2,685 3,270 16,903
5-Z. 10,280 g,867 £,1351 5,133 14,048
.5-3; 5,100 £,862 5,7%¢ £,341 6,958
§-4 §,100 0,302 5,741 8.580 12,387
Field 3 -
Blank &8¢ 8,734 18,290 3,104 5,826 12,515
Lab . :
Blank 1% 5,920 £,814 1,795 2,501 @,15¢
Lab -
Blank 2¢ ¢,564 | 11,652 4 170 3,966 ¢,940

81nternal standard ouiside of control rarge. Dats invalidated because the
low :nternal stzndard response yields &ar sverestimate for quantity cf POHC

compounds.



TABLE 7-16. INTERNAL STANDARD RESPONSE AND SURROGATE RECOVERIES

— -

Relative _
a. Standard percent Corrected surrogate recoveries (%)°
Date Run~ T response difference dq-dichloroethan? ag~benzene
12/19 1-1 TX 74,900 22 82 (131) 71 (125)
1-1 TC 47,600 22 54 (136) t7 (101)
1-4 14,500 7% ' 44 (198) 309 (1,300)
12/20 FB-1 48,800 14 67 (299) g5 (369)
1-5 - 43,900 3 66 (294) 119 (505)
1-6 35,500 17 © B3 (234) 127 (540)
12/29 2-1 TX 76,800 13 ‘ 77 (336) 123 (528)
2-1 7C 61,200 10 76 (332) 60 (368)
3-1 TC 44,100 35 74 (328) ' 94 (399)
2-6. 83,000 22 78 (337) 131 (557)
2-5 67,700 0.5 72 (314) 134 (569)
2-3 79,700 17 _ 67 (289) 132 (562)
3-1 TX 49,100 28 74 (187) 134 (235)
2-4 60,600 11 : 67 (1€9) 129 (227)
FB-2 67,500 0.7 90 (227) ' 117 (206)
4-2 72,700 7 73 (185) 139 (244)
3-3 7¢,000 16 75 (189) 132 (233)
4-1 TX 65,600 3.5 79 (200) 149 (262)
3-2 77,100 13 73 (183) 136 (239)
1/3 4-1 TC- 13,800 .75 (190) 104 (183)
2/3 5-1 TX 93,400 105 11 (47) 19 (81).
4-4 31,100 32 725 (11) 35 (152)
§-1 TC 2,560 94 - B1 (380) 179 (770)
LB-1 16,500 84 77 (33¢) —37 (402
5-4 89,800 g7 0.8 (5) Z4 (103)
LB-2 19,200 1] g2 (404) . &1 (347)
&-3 184,000 308 0 (0) 19 (82)
4-5 3,170 K 62 (269) ' 2z& (963)
FB-5 10,900 75 10 (€5) 102 (440)
FB-4 az27 FE] 182 - - -
5-2 49,100 8 1 (E) e/ (120)

87X = Tenax, TC = Tenax/charcoal, FB = field blank, LB = lab blank

BRpD from average daily response

Ceorrected response factors used. Values in parentheses were generated by GC/MS
computer with inaccurate response factors for surrogates. See text.
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The criteria that are used to acgess the auality of the cata are the
precision of the internal standard response and the atcuracy of the_surrogate
recoveries. Two conditions must be satisfied: (1) The surrogate recoveries
for both surrégates must be in the range of 50-150 percent, and (2) the devi-
ation from the daily average internal standard response (1SR) must not exceed
50 percent. For the first set of data, the ISR limit is effectively 35 per-
cent because there are no runs with differences between 35 and 50 percent.

Using the criteria described above, it is obvious that none of the data
generated on February 3 can be validated. The swings in ISR and poor sur-
rogate recoveries indicate that the reported vajues may be off by as much as
two orders of magnitude. The lab blank results indicate that contamination
was a problem and that these results would overstate actual stack gas concen®

“trations.

An investigation was conducted to try to determine the causes of the
unacceptable results for analyses performed on February 3, 1984. The starting
point was two 1ab blanks analyzed on that day which showed high levels of the
target compounds and 2 low internai standard response (1SR). The GC/MS output
showed significant area counts for the POHCs; therefore, although the low ISR
wouid overstate actual quantities, significant quantities of the POHCs were
present and detected. The GC/MS output was closely examined and showed no
other significant hydrocarbons (or aromatics) from the lab blanks; conse~
quently, the source of contamination must have been a relatively pure source
of the POHCs. If the contamination had occurred from waste fuel samples, from
dirty vapors during transport or laboratory storage, OT from other VOST car-
tridges, then other hydrocarbons would have been expectec. The only pure
source of the POHC compounds that we found were calibration standards used for
preparing response factor cartridges, water gtandards, and waste fuel stan-
dards. After a review of the spiking procedure, the OA Officer felt +hat
accidental spiking of all of the samples with calibration standards was
unlikely. 1In addition, the proportion of POHC compounds found on the 1zb
blanks was cifferent from the groportion in the calibration standards.

VOST cartridges are spiked in +he laboratory by flash evaporation from &
methanol solution. All samples, field blanks, 1ab blanks, and response factor
cartridges are spiked with 3 conetant guantity of the internal standard solu-
tion and a constant quantity of the soiution containing the two surrogetes.

The response factor cartrigges are &1s0 spiked with varying levels of the POHC
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cara so-;:%on for ’a‘*‘rat‘:n‘pu';c=es - The internz) ¢tandard and sur-ce
gate solutions were checked ana found to be free of the POHC compounds.

The QA 0““izer also examined tne GC results that were generated when
checking the cleaned cartridges before shipment to the field. Thé results
chowed no cer-amination; therefore, the initial preparation and cieanup of
VOST tubes before the test was not the source of contamination.

The spiking procedure was repeated in an attempt to duplicate potent1a1
- causes of contamination. For example, if a response factor cartridge were
loaded with the calibration standard and cold spots existed in the flash
evaporation unit, then traces of the POHCs may be left behind in the unit.
Blank cartridges loaded with internal standard solutions following the loading
of response factor cartridges showed no traces of POHCs from the calibration
standard. The flash evaporat1on techn1que appeared to be adequate for spiking

cartridges without contamination.
Another source of a relatively pure mixture of the POHC compounds was the

calibration standard used for the liquid injection analysis of waste fuel
samples. Because different plumbing is used for this GC/MS analysis, contam-
ination of the VOST plumbing with this standard appears unlikely.

The low internal standard response for February 3 indicates that either
the internal standard was not spiked accurately or that loss of the internal
standard occurred from leakage. Previous consistent results, the constant
spiking procedure, and consistently low results indicate that spiking probably
was not the problem. Severa) other factors indicate that leakage, either
during storage or during desorption (from the GC/MS plumbing), was the likely

t!\

cause. _
A close examination of the VOST cartiridges revea1ed that cartridges from

6 of the 10 runs that were analyzed on February 3 had chipped stems or hair-
line cracks in the stem. In addition, the cartridges for Runs 2-2 and 2-3,
which showed no intérnal standard, had chips or hairline cracks. It is not
known whether the cracks occurred in the fieid, during transport, during
spiking, or during insertion into the GC/MS plumbing. Discussions with
analyiticai personnel indicated that some were cracked when received, and
fractures may have been created or worsened during ana1ysié. Analvtical
personne] also noted that after heating for desorption, some VOST fittings had
loosened znd were only finger tight. This was likely caused by the different
‘coefficients of expansion of the seal materials. Leakage‘can explain the low
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1SR response; however, it does nct completely explain the apparent contaming-
tion probiem.

The histofy of the samples ar¢ other factors were examined to try to
determine how those sampies were different and what may have caused the
problems. These VOST cartridges were collected in the coldest weather of the
test (-20° F) and probably warmed to freezing (32° F) during storage. The
samples were stored for 6-7 weeks because of the GC/MS computer failure and
repair difficulties. During storage, the sampies probably experienced some
thermal cycling as ice packs thawed out and were replaced. The lab blanks
experienced the same storage conditions as the field sampleé. These factors
increased the opportunity for contamination and provided less than ideal
conditions for maintaining sample integrity.

A difference between these VOST cartridges and the QA audit samples is
that the QA samples were generated from & clean, dry gas stream. The field
samples were collected from a wet and very acidic gas stream; éonsequent\y.
the Tenax from field sampling contained a significant amount of water and HC1
(and possibly hydrofiuoric acid from the Freon 113). Wwater can decrease an
adsorbent's adsorptive capacity, and the effect of an acidic medium is unknown.
Discolored samples have been observed and may be related to the acidity.

Under these conditions, is the methanolic solution of ¢randards always adsorbed
by the Tenax?

Could incomplete volatilization or condensation of water in the GC/MS
plumbing trap POHCs and release them in a subsequent run? For example, water
may condense in the line between the desorption chamber and purge water trap.
The condensztion of this acidic water could cause Cross contamination between
runs and has been observed to cause serious corrosion problems if it contacts
any metal fittings. Occasionz) plugging of lines was also observed. If the
plugcing was caused by particles of Tenax, then another mezhanism for cross
contamination exists. ¢imilar problems may be created if the plugging resulted
fpom stack particulate matier which was excessively high during the waste fuel
burn.

At this pecint, we cannot gtzte conclusively the absolute cause of the
prchlems with the February 3 data. It is apparent that ieakage was coniribu-
tory, and corrective sctions can be taken to prevent cr minimize leakage. The
long storage time, cracked tubes, potential loss of volztiles and siandards,
and increasad cpporiunity for contamination during storage probably contributec



t6 the anelytical proolems. From this experience, several recommendztions can

be made that may help labcratories performing VOST anslyses in the future:

1.

Before each day of analysis, run & laboratory blank and check for
céntamination, ISR, and surrogate recoveries before any field

samples are run. Continue to run lab blanks peric:ically throughout
the day, and immediately stop analysis of samples and troubleshoot
whenever problems are observed. This is particularly important for
VOST samples, which are expensive to collect and provide only one |
opportunity for analysis (i.e., the sample is destroyved by analysis).

Throughout the day, monitor the ISR and surrogate recoveries from .
the field sample, lnvestigate'and take corrective actions on a
sample-by-sample basis.

Analyze VOST tubes immediately upon receipt, if possible. Storage
time should not exceed 2 weeks.

Be convinced that all tubes are tightly sealed at all stages of
sampling and analysis.

Include VOST tubes loaded with the target compounds from audit gas
cylinders for shipment to the field and as unknowns during GC/MS

analysis.
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8.0 RESULTS

8.1 ANALYTICAL RESULTS FOR WASTE FUEL

The major components in the waste fuel were jdentified and the quantity
estimated for each sample of waste fuel. The GC/MS results for Run 3 and 4
are summarized in Table g-1. Major compounds other than the POHCs that were
found in the waste fue]tinc1ude styrene, ethylbenzene, xylene, trichloroeth-
ylene, tetrachloroethylene, benzaldehyde, Cy benzenes, and C4 benzenes. The

- waste fuel was also checked for polychiorinated biphenyls (PCBs) with one to

ten chlorine atoms, chlorophenols with one to five chlorine atoms, and poly~
chlorinated dibenzodioxins and dibenzofurans with four to six chlorine atoms
by monitoring at least two characteristic ions for each compound. None of
these compounds was detected at an estimated detection 1imit of about 1 ng/plL
in the waste fuel (1 mg/L). The results for Run 5 are discussed in Section 7.

[ e

s o
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25 8.2 POHC EMISSION RATES AND DRE

! Several approaches are possible to evaluate POHC emissions and DRE. Two
| sets of results are presented here, one with blank corrections and one without
blank corrections. No corrections for the measured baseline emissicns were
zpplied for the DRE caiculation (POHC emission rates). The basic evaluation is
the most conservative (restrictive) that can be made and is based on tne

following assumptions:

A7l POHCs that are measured in *he ctack gas result from wzste fuel
combusiion. This further assumes 100% DRE of any POHCs present in

or formed from the coal, that the kiln feed does notl contribute 2ny
POHCs to the flue gas, and that no POHCs are volatilized from the

quench water.

A1 of the PQHCs that are mezsured on the sample +ubes result Trom
stack gas, not from residuzi blank vaiues or contaminztion.



TABLE 8-%1. RESULTS OF GC/MS ANALYSIS OF WASTE FUEL (g/L)

_ Run Number

COMPOUND 3 : 4

~ Meth: lene chloride 370 3,77
Freon 113 8.26 6.28
2-Butanone 8.89 21.0
_1,1.1-Trichloroethane' _ 8.58 13.9
Toluene 21.6 40.8 .
Styrene 10.0 ' 15.0
Ethylbenzene : _ 7.41 0 15.4
0-xylene _ 9.07 20.9
Chloroform 0.021 0.020
Benzene _ 0.206 0.1¢3
Trichloroethylene - 16.2 - 23.4
Tetrachloroethylene 10.4 13.5
Benzaldehyde 14.2 23.2
C,; aliphatics 0.235 1.13
C3 benzenes 0.399 1.22
C4 benzenes 0.308 1.36
Cg benzenes 0.001 0.010
Biphenyl 0.0009 0.007
Diethylphthalate 0.003 0.020
Naphthalene 0.066 0.231
Methyl Naphthalenes 0.012 0.081
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The PCHCs present in the ambient air co nct contribute ¢ the meas-
ured stack pas concentrations even though there i: ambient air
inieakage (15-20%) into the ESP system.
A second set of calculations is presented where the second assumption is not
made, i.e., & blank/contamination correction has been applied to the analytical
result. These calculations were performed to evaluate the impact of blank
values on the calculated DREs.
The calculation procedure is much the same as that described in Sections
8.4 and 8.5 for HC1 and particulate matter emissions, excedt for the DREs. A
metered sample volume was corrected to standard conditions and the mass of
~ POHC on each pair of tubes divided by this volume to give a concentration in
ng/standard liter. The concentration (equivalent to pg/M?) was multiplied by
the daily average stack flow rate as measured for the MMS to yield a POHC
emission rate (wout) for each run in pg/sec. The POHC input rate (win) was
determined by calculating the product of the daily average fuel flow rate and
analyzed POHC concentration to yield a POHC input rate. The DRE is simply
(W = Woye) * Wy X 100%. | _
The blank value correction procedure is not so straightforward. An
average of the daily field (exposure) blank was calculated. 1f the field
blank value is significantly different from the sample value (factor of two or
greater), then tne blank correction was app]ied.' No correction is made when
the field blank value is not ¢ignificantly different from the sample value.
No blank corrections were required for 1.1,1-trichloroethane or methyl ethyl
ketone. Blank corrections were applied fer the other three PQHCs; however,
the blank correction for toluene was generally less than 5 percent ¢f the

in

sample value. _
The VOST results thzt met the QA criterie described in Section 7 are

given in Table 8-2. Analytical problems were experienced for several VOST
runs and meaningful dzta could not be extracted. (The complete listing of
VOST results and discussion of data validztion are covered in Section 7.)

8.2.1 POHC Zmission Rates

Tzble §-2 contains the concantrations cf POHCs (urcorrected for blanks)
in the stack gas, which were caleulated irom the metered sample voiume and
mass of POH- given in Table &-2. The corresponding POHC emission rates are
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TRBLE &-2. VOST RESULTS (ng/pair cartridges)

Run Volume Freon 113 Toluene MEK. 1,1,1-TCE  CH,C1,
number sampied (L)

1.2 20.¢ 37 2,640 138 <8 : 185
1-% 18.9 465 398 <50 <8 2,308
1-€ 18.9 71 842 - <50 <8 479
2-1 19.3 617 1,058 100 21 1,644
2-3 18.9 67 894 78 13 2,167
2-4 19.1 423 1,071 106 43 3,589
2-5 18.8 90 740 83 T <8 238
2-6 19.3 <10 68 - 86 <8 9,249
3-1 20.4 .14 ) 1,155 151 - <8 1,780
3-2 19.7 -1 435 58 <8 626
3-3 20.7 <10 308 6l <8 250
4-1 20.2 <10 440 <50 <8 183
4-2 20.6 66 528 82 - <8 147
Field blank 1 32 10 <50 <§ 162
Field blank 2 : 15 - 35 <50 <8 527
— —

MEK = methy] ethyl ketone
1,1,1-TCE = 1,1,1-trichioroethane
CHaCl, = methylene chioride

TABLE B-3. POHC CONCENTRATIONS (ng/L)®

Run o
number Freon 113 Toluene MEK 1,1,1-TCE CH4C2
1-1 1.81 | 129 6.76 <0.3¢ 9.07
1-5 24.6 2.l <2.€3 <0.42 122
1-6 3.76 - 44.6 <2.€5 <0.482 25.3
2-1 32.0 5¢.8 5.18 | 1.08 85.2
2-3 -3.54 £7.3 4,13 0.688 - 115
2-4 22.1 5¢.1 5.55 2.25 188
2-5 £.79 30.4 4.95 <0.43 12.7
2-% <0.52 3.82 4.46 <0.51 479
3-1 3.63 ' 56.6 7.40 <0.29 7.3
3-2 2.9¢ 22.1 2.94 <0.41 31.8
3-3 <0.48 14.¢ 2.95 - <0.38 12.1
é-1 <0.50 21.8 <2.48 <0.40 9.06
4-2 3.20 25.6  2.98 <0.3% 7.14

&concentration in the stack ges, uncorrected for bianks.



given in Tadle 8-4 (uncorrected) anc Table 8-5 (blank-corrected). The average
POHMC emission rates for the waste burn are all less than or equal to the
baseline emission rates. Freon 113 was detected in the baseline samples, but
there is no reason to believe that it could be present in the stack gas during
the baseline test. Sporadic, Jow-level contamination is the 1ikely source of

the Freon 113; however, this j¢ difficult to confirm because the field blanks

associated with these runs had relatively low levels (15 and 32 ng per pair of
cartridges). Consequently, the blank-corrected emission rates for Freon 113
in Table 8-5 are still higher for the baseline thén during the waste fuel
burn.

The conclusion from the emission rate data is that no increase in POHC
emission rates was measured when the waste fuel was burned in the kiln, If
the source of Freon 113 and methylene chloride in the baseline testing is
sporadic contamination, then actual POHC emission rates are 1ikely to be lower

than those reported.

g.2.2 DREs

The mass flow rates of the POMCs into the kiln were calculated from the

concentrations in Table 8-1, the specific gravity of the waste fuel-(0.96),

and the mass flow rate of waste fuel. The POHCs into the kiln (win) are given
in Table 8-6. DREs were calculated 2s previously described from W, (Table
g-€) anc wout (Tables 8-4 and g-5).

The DRE results are given in Table &-7. The DREs for Freon 113 and
1,1,2-trichloroethane average 99,999 percent or greater. These two compounds
are the °0HCs most unique to the waste fuel. The DREs for toluene and methyl
etny! ketone averaged 9¢.995 and oc.998 percent, respectively. The DREs for
methyvlene chioride, the most troublesome POHC with respect to contamination,
averaged 9%.96 percent (uncorrected) and eg. 67 percent (b]ank-corrected).
Note that blank corrections had no significant effect on the other reported
DREs. (Also remember that no 5lank correction is applied if the sample vaiue
and biank value are not significantly different.)

The consistently highest DREs were observed for Run 4 which hag the
higher rate of waste fuel usage (37 vs. 25 percent replacement of coal/coke).
The DREs for all five POHCs, including methylene chloride, were 0¢, 09 percent
or greater for both of the runs at 37-percent replacement.



TABLE &-4. POHC EMISSION RATES - UNCORREZTZD FOR BLANKS

(ng/s)

kun ‘ _

number - Freon 113 Toluene . MEK 1,2,1-TCE CHyCYy
1-1 6¢.4 4,730 24¢ <1 233
1-5 903 774 <97 <15 4,480
1-6 138 : 1,640 <97 - <15 029
2-1 1,180 2,020 191 40.1 3,140
2-3 130 1,740 - 152 25.3 4,230
2-4 813 2,064 204 .B2.8 6,920
2-5 176 1,450 - 182 <15.8 467
2-6 <19 130 164 <15.1 17,600
3-1 126 ¢ 1,960 257 - <13.5 3,030
3-2 104 767 102 : <14.2 1,100
2-3 <16.7 517 102 <13.5 420
4-1 <17.3 754 <g5.8 - «13.5 313
4~2 111 886 138 <13.5 247
Baseline 428 1,820 167 <27.8 4,760
Waste burn 75 877 137 <13.6 1,020

|




TABLE 8-5. POHC EMISSION RATES - CORRECTED FOR ELANKS

(ug/s)

Freon 113 Toluene MEK 1,1,1-TCE CHaClg
1-1 23.4 - 4,700 248 <14 3332
1-5 855 727 <97 <15 2,820
1-6 9l.4 1,590 <97 <15 260
2-1 1,130 1,970 191 40.1 2,480
2-3 83.9 1,700 152 - 25.3 3,850
2-4 769 2,020 204 82.8 6,260,
2-5 129, 1,400 182 <15.8 467
2-6 Qe? . g5.7 164 <15.1 17,000
3-1 £5.0 1,930 257 <13.5 2,440
3-2 61.8, 725 102 <14.2 496,
3-3 <16.7% 479 102 <13.5 420,
4-1 <17.3 713 <g5.8 <13.5 3133
4-2 70.6 848 <138 <13.5 247
Baseline 388 1,770 167 <28 4,270
Waste burn 50 939 137 <13.6 783

e _ - e ————

8a1ank value indistinguishable from sample value. No blank correction
applied as suggesed in VOST protocol.

wasw-bm*‘mﬂﬂb%»«mm e
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TABLE £-6. W.. FOR POHCs

| Run 3%  Run &
POHC - Percent Wi (g/s) Percent "win (g/s)
Met.ylere chicrioe 0. 385 2.51 0.3¢3 3.58
Freon 113 0.860 5.59 0.654 5.96
Methy] eghyI ketone 0.926 6.02 2.19 19.93
1,1,1-trichlorcethane 0.998 6.49 1.45 13.19
Toluene 2.25 14.63 4.25 ' 38.72
3gased on a waste fuel rate of 650 g/s.
bBased on a waste fuel rate of 911 g/s.
TABLE 8-7. < DRE RESULTS®
Run b b Methylene
~ number Freon 113 Toluene MEK 1,1,1-TCE chloride
3-1 00, 098 0g.986  99.995 >99,999 09,88
- (NO) - (99.987) (NC) (NC) _ (99.90)
3-2 . 99,999 98,995 05,098 >99,999 - 89,96
{99.999) (NC) (NC) (NC) ' (99.98)
3-3 >99.9§9 80,996 00 098 99,999 99.98b
(NC) 09,0947 (NC) (NC) ‘ (NC)
8-1 >89, 099 09,098  >00.999  >99. 0909 99,95,
) ~(NC) (NC) (NC) (NC)
4-2 99,998 90,008 99,989 >89, 999 99, 9¢
(9¢.¢c09 (NC) - (NG (NC - (NC)
Average oo _goeg ga ges 00 098 »099 9¢¢ ee. 96
(NC) (NC) (NC) (NC) (99.87)
MEK = methyf ethyl ketone
1,1,1-TCE = 1,1,1-trichloroethane
NC = no chance

@ncorrected Tor blanks. Values for blark corrections are in parentheses.

bB1ank vaive was indistinguishable from sample vaiue. No biank correction
applied as suggested in VOST protocol.
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§.2z FRODUCTS OF INCOMPLETE COMBUSTION

Estimates of organic emissions were obtained by the Modifiec Method S
sampling which’is designed to capture compounds with boiling proints greater
than 100° C. Tne MM5 results are given in Table 8-8 as the total weignht
detected in the final concentrate and are converted in Table 8-9 to an esti-
mated mass emission rate. Blank corrections were not necessary because the
field blank showed no significant levels of these organics. Low 1eve15'of
phthalates were found but not reported because the blank contained slightly
higher levels than the samples.

The MMS extracts were 2iso screened by GC/MS for the isomers of dibenze~
dioxins and dibenzofurans by monitoring the characieristic jons. None of |
these compounds were detected at & detection 1imit of about 1 ng per pL in-
jected. The final concentrate volume was 1 mL which implies that the total
quantity of the dibenzodioxins and dibenzofurans that were collected in each
MM5 run could be no more than 1 pg. Based on the Jowest and highest volumes
samples (0.83 and 4,585 m3), the concentration of dibenzodioxins and dibenzo-
furans was less than 0.2 1o 1.2 pg/m3. For a molecular weight of 29.7 g/g-mo!
for the stack gas, the concentration vields less than 0.15 to 0.91 ppb by
weight (1.5 to 9.1 x 10-19 g/g) for these compounds in the stack gas.

The emission rates of styrene, ethylbenzene and xylenes show no increases
when the waste was burned during Runs 3 through 5. The emission rates of the
€y~ and C4-benzenes appeared to increase during Run 4. The waste fuel analy-
¢is in Table -1 indicated that the waste fuel for Run 4 contained about three
+imes the quantity of these compounds found in Run 3. The trend i¢ reversed
for the Cy-benzenes, which was found in very low concentrations in the wastie
fuel for both Runs 3 and 4. o

The emission razes for the other organic compounds during the waste burn
chow increases over the paseline. The averzge emission rates for the baseline
and waste burn were: biphenyl (23 vs. 87 pa/s), benzaldehyde (180 vs. 230

‘pg/e), naphthalenes (170 vs. 330 pg/s), and methyl naphthalenes (31 ve. €5

pa/e).



TABLE 8-8. TOTAL WEIGHT OF COMPOUNDS IN MME EXTRACT (me)?

Run Number
Compound .. 1 2 3 4 5
Styrene 0.002 ND ND NC ND
Ethylbenzene 0.001 ND ND ND ND
Xylene ND NC. ND ND ND
C.-benzenes 0.004 ND ND 0.008 0.001
C4-benzenes 0.010 ND 0.002 0.011 0.003
Cg-benzenes 10.001 ND 0.011 0.001 0.009
Bipheny] 0.007 0.003 0.002 0.003 0.007
Benzaldehvde 0.038 0.004 0.004 0.010 0.017
Naphthalenes 0.036 0.005 0.015 0.023 0.022
Methylnaphthalenes . 0.005 0.002 0.002 0.004 0.004

3Nominal detection limit

concentrate).

TABLE 8-9. EMISSION RATES

of 1 pg (1 ng/pL injected from 1 mL final

OF COMPOUNDS IN MMS EXTRACTS (pg/s)

Run Number

Compound 1 2 3 a4 5

~Styrene - 6.1 <11 <42 <30 <12
Ethylbenzene 8.1 <1l <42 <30 <12
Xylene <8 <11 <42 <30 <12
C;-benzenes 32 <11 <42 243 12
C4-Denzenes 81 <11 84 334 37
Cs-benzenes g.l <11 460 30 111
Bipheny! 56 23 84 el 86
Bernzaldehyde 307 a4 167 304 20¢
Naphthzlenes 290 3 627 £98 271
Methylnaphthalenes a0 22 84 121 a9
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g 4 PARTICULATE MATTER

Tahles £-10 znd 8-21 summarize the wesulte of the veiocitly, lemperature,
and MMS sampling measurements for particulate mstter. Curing the waste burn,
sampling conditions were very difficult because of extremely ¢cold weatner
(approaching -20° F), and because of a very high loading of particulate matter
when the electrostatic precipitator malfunctionzcd. FRun 3 was an abbreviated
run because of plugging problems, and Run 4 represents an abbreviated run from
a single-point isokinetic sample. Runs 1, 2, and 5 were complete MMS runs as
originally planned. The average emission rates show & large increase from the
baseline to the waste burn test conditions (53 to 240 kg/h). However, serious
maintenance problems developed with the electrestatic precipitator (ESP) and
could not be corrected during the test period. Faced with bitter cold weather,
the test crew continued the testing even though it was apparent that particu-
late matter results only provided data for & malfunctioning ESP. Although the
measurements show an increase in particulate matter during the waste burn, the
increase cannot be conclusively attributed to the burning of the weste.
Resampling under both test conditions with a properly operating ESP wouid be
required to determine the effect of waste fuel combustion on particulate

matter emissions.

8.5 HC) EMISSIONS

MC1 sampling was conducted twice during eszh MM5 run to estimate HC)
emissions based on the chloriae content of the impinger catch. The HCI
results are given in Teble 8-124#;Ihe-ave;399'ﬁmission“rate incre rom an
average oV for the baseline to 11.3 kg/h for the waste burn. Tab ¢

——
E-l&’?ﬁaws that *he HC) emicsion rate increazsed as the chioride entering ith
tﬁ:“Tuei-inc:eaaegL_ The emission rate for Run S rs-gisproportionately

high compared tc Runs 3 and 4. During Runs 3 and 4. KC1 emissions were about
3 to 8 percent of the chioride rate into the kiin. During Run 5, the HC1 rate
was about 37 percent of the chloride rete into the kiln. A more detziled
discussion of the source and fate of cnloride is given in tne material baiance

results in Section 8.8,
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EMISSIONS

TABLE 8-11. PARTICULATE MATTER
Sampie | Total
Rur  Sample Volume time Percent mass ka/h
number DN m® (min) isokinetic (mg) mg./ON M2 (1o/%)
1 4.55 240 94.7 1,017.4 233 0 30.8
: ‘ (67.9)
2 . 3.32 240 100.9 1,733.5 563 74.6
| | (164)
3 0.83 . 80  86.9 " 2,230.7 2,790 348
o ’ ' (768)
4 1.14 90 104.5 1,315.1 1,160 145
_ (320)
5 - 3.06 240 98.0 5,155.6 1,680 227
(502)
Baseline average 52.7
(115)
Waste burn average 240
(530)
TABLE 8-12. STACK EMISSIONS OF HC1
HC1 emissions (ka/h) Chlorine in fuel
Run number - Kange Average (kg/h)
1 0.62 - 2.5¢ 1.61 10.2
2 1.02 - 1.0¢ 1.06 10.6
3 2.20 2.20 Ec.8
4 1,36 - 9.55 .46 70.7
5 28.0 - 28.4 26.7 72.4
Baseline average 1.3 10.4
Waste burn average | 11.5 £7.6




g 6 METALS EMISSIONS

The evaluation of the emission rates of various metallic elements was
made by analyzing the solid residue from the MMS train as described in Section
6. The particulate catch was analyzed to determine the fraction of the mass
for a given element. A field blank filter was also analyzed and an average
contribution for each element subtracted to caiculate the net metal emissien
rate using a ratio of metal mass to total particle mass times emission rate of
particulate matter.

The tota} estimated weight of metals in each MM5 sample is given in Table
g-13 along with the field blank value used to cdrrect for the filter, field
handling, and lab handling contribution to the estimated metals content.

These weights are converted to an estimated mass emission rate in Tabie 8-14
based on the total particulate catch and the particulate matter emission
rates. Table 8-15 presents a comparison of the emission rates during the
baceline (Runs 1 and 2) and during the waste burn (Runs 3 through 5). A1l of
the elements show an increase except for titanium (88 percent decrease) and
selenium (about the same for both conditions).

The significance of thiifig;rease- he fact that the
ESP malfunctioned during-Ehe-waste burn and total particulate matter emivsigns
i §6d dramatically. An increase in metals emissions is expected because It

of the ESP malfunction. The increase in tota)l particulate matter was about

\‘~;::¢z§;ffff; 1f the percent change in Table g-15 is adfjijf_zzgzszfzifzﬂi”///

iculate matter emission r&te, then it appears that the in i 1ead

and cadmium emission rates couicd be attributed o the burning of waste fuel.
The increzses in emission rates for the other eiements cannol be conciusively

atiriputed to the waste Tuel because the percent increase is roughly equii to
or less than the increase in total particulate emigsions.

£.7 CONTINUCUS MONITOR SATA

The continuous monitors were used to measure the emissior concentrztions
of selected pollutants (NOX, $0,, total hyvdrocarbens, and €0) and €O, and 0.
tc determine whether waste fuel combustion changed thase emissions and, if sc,
how much. The continuous menitoring results are summarized in Tabie 8-16.
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TAELE 8-14. ESTIMATED STACK EMISSION RATES FOR METALS (mg/s)

Element Run 1 Run 2 Run 3 Run ¢4 Run 5
A) 52 138 83 BBV 309
As 0.082 0.11 0.75 0.17 0.45
Ca : 1,210 2,410 5,930 Qg2 4 980
Cd 0.22 0.43 7.9 1.0 - 3.1
Cr ND 1.9 ND ND ND
Fe 92 162 415 83 334
Hg 0.023 0. 045 0.30 0.092 0.25
Mg BBV 11 - BBV BBV 68
Mn 4.5 8.3 25.4 9.6 20.7
N1 ND ND ND ND ND
Pb 0.74 1.62 31l 11¢ 28.2
Se 0.74 1.5%6 1.53 0.48 0.91
T4 0.€9 4,86 RBV 0.21 0.78
v ND ND 1.58 ND 0.94
in 0.49 1.08 1.20 0.46 1.82

BBV = below blank value

ND = not detected

TABLE 8-15. tCOMPARISON:OF METALS EMISSION RATES {ma/s)

—

r—

i Element Basd1iné dverdoq ‘wasteburn dvéragéq  Percent change
Al - Memiosim og 135 +42
As - Alsc.if‘- 0.096 0.46 ~379
Ca » Calean 1,810 3,970 +119
Cd - Cadnio~ 0.33 2,87 =1,070
Cr o thrsors <C.95 ND -
fe _ Tree: 127 0 277 ) *-1%2
HG — teerc 0.038 0.214 +52¢
Mg . M- i <6 <23 -
MN = Mergartoe 6.4 18.6 +191
N‘ - Nir, "J'o-f- ND ND =
Ph — Lead 1.15 153 +13,200
Se . Aedomisws 1.15 0.87 -16
T3 — T hauvn 2.78 <Q.32 -88
Vo Vella¥iwm NE <0.84 -
In . Zwe 0.79 1.16 =47

MD = not cetected

~i
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TABLE E-1c. SUMMARY OF CC'NTINUO'JS EMISSION MONITORING RESULTS

kun 1 Run 2 kun 3 Run 4 kun 5 _
. _ AVG.
Average NO, (ppm) €70 670 240 771 831 ) 736pP"
Range 520-630 - - 540-810 680-1080 400-1610 430-1020 EEEE
Average S0, (ppm) 1.5 11.9 38 13 5
Range 0-12.5 8.5-16.9 25-53 -39 - 5
_Average THC (ppm) 2.5 2.4 9.2 4.8 1
Range . 2.4-3.6 2.4 2.4-70 2.4-29 . 0-4
Average CO (ppm) 40 " 35 a3 49 24
Range - 40 35 40-45 40-90 20-25
Average €Oy (%) 23.8 23.4 24.6 20.4 22.3
Range 23.1-24.3 . 23.1-23.8 24.0-25.9 17.3-23.6 21.2-23.4
Average 0, (%) 6.5 6.6 6.7 7.3 . 7.5
Range 6.3-6.9 6.3-6.9 £.4-7.1 6.5-8.4 7.1-7.8 A'G"
No.® (kg/h 155 18 5 97 ) K;
| « (kg/h) . | 2 21 1 32 196 44(
~ ~ S0. (kg/h) 0.57 . 4,50 13.% 4.63 1.94 Q
b R L % L
THCY (kg/h) 0.24 0.23 0.8 0.43 0.10 L}'bl ‘\’P
. "
%hs NO, - : | | /
: yZ
bAs methane - - L, r ’.zl/
(oo{p’bﬁ"ﬂ-t e (ﬂﬁ
("d r,ffo“ 1)
Al
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The average NOx concentrétion was above 576 ppm for ail runs. A beseline -
average concentraticn of 610 ppm increased to an average of £14 ppm during ine
waste burn. 50y concentrations were 6.7 ppm during the baseiine and 1° ppm
during the waste burn. Total hydrocarbens (THC) increased from about 2.5 ppm
to 5 ppm; however, the THC concentration for the highest waste fuel rate (Run
5) was lower than the two baseline runs. The average concentrations for tne
other gases changed very little (CO at 38 and 39 ppm, 0, at 23.6 and 22.4
percent, and 0 at 6.6 and 7.2 percent). _

The 15-minute averages for each run are presented in Tables 8-17 through
g-20. These results show very steady readings for most of the monitored gases
within each run. The swings in NO, concentrations were greatest during the
waste burn and ranged from 400 to 1610 ppm. S0 concentrations showed the
greatest changes with time within a run; however, S0, concentrations were
relatively low throughout the test and ranged from 0-53 ppm. Note that the
monitoring results for Run S on December 18 at the highest waste fuel rate
were the mos:i constant of any test. The combustion conditions were reiatively
consistent during this run as the NO, stayed consistently high, §0. was con-
stant at 5 ppm, and THC were very Jow at 0-2 ppm. _

Steady periodic oscillations of roughiy 100 ppm were cbserved fcr the NO,
concentration throughout the test. The frequency of the Egi_gscillation
matched exactly the oscillations observed in the undergrate pressure. NO

;eaks were observed when the undergrate pressure wés low and NOx dropped as

the undergrate pressure increased.
The CEM results were compared Lo process observations for each run to

determine if any obvious relationships existed. For the most part, both the
process conditions and CEM resulis were steaaqy throughout ezch run. In addi-
tion, the reportied concentrations for S0, THC, and CO were consistentiy iow
and provides little insight into cause anc effect relationships.

During Run 1, 02 increased from 2.5 ppm to 12 ppm ang back to 0 ppm over
the period between 1230 and 1330. Over the same time, NOX went from 570 to
610 ppm, & smai) change. The only significant change was in the &verage

undergrate pressure:

~I
n



T4BLE E-17. CEM RESULTS FOR RUN 1
(December 13, 1983)

Hour = MinuXes NOx S0, THC co €O, 0.,
(ppm) (ppm)  (ppm)  (nom) (%} (%)
12 :00-14 £50.0 2.5 40.0 23.¢ £.5
_ 115-29 560.0 2.5 2.4 40.0 23.9 6.7
+30-44 580.0 2.5 2.4 40.0 24.3 6.3
:45-59 - 600.0 12.5 2.4 40.0 24.0 6.3
13 :00-14 €10.0 10.0 2.4 40.0 24.2 6.3
:15-29 620.0 2.4 40.0 6.5
:30-44 €30.0 0.0 2.4 40.0 23.4 6.3
:45-59 620.0 0.0 2.4 40.0 24.0 6.3
14 :00-14 0.0 2.4 40.0 24.3 6.3
:15-29
:30-44 §70.0 0.0 2.4 40.0 24.2 6.5
:45-59 560.0 0.0 2.4 40.0 24.3 6.3
15 :00-14 560.0 0.0 2.4 40.0 24.3 6.5
S 115-29 580.0 0.0 2.4 40.0 22,0 €.7
1 30-44 580.0 0.0 2.4 40.0 23.8 6.5
1 45-59
16 :00-14 560.0 0.0 2.4 40.0 23.7 €.5
:15-29 540.0 0.0 3.6 40.0 23.4 6.9
:30-44 £30.0 0.0 3.6 40.0 23.4 6.9
:45-E9 £30.0 0.0 - -40.0 2:.5 6.9
17 :00-14 £20.0 0.0 2.4 40.0 2z.4 6.9
:15-29 '530.0 0.0 2.4 40.0 23.1 6.9
:30-44
+45-59
Total Hours of data 4.7 4,7 4.5 5.0 4.7
Average Daily
Concentration £70.0 1.5 2.5 4.0 23.8
Daily maximum £30.0 12.5 3.6 40.0 24.3 e.
Daily minimum £20.0 0.0 z.8 40.0 23.1 6.
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TABLE &-18. CEM RESULTS FOR RUN 2
(December 14, 1983)
Hour Minutes NO, S0, THC co €0, 0,
(ppm) (ppm) (ppm) (ppm) %) (%)
8 :00-14
+15-29
:30-44
145-59
:45-59 790.0 8.5 2.4 5.0 23.6 6.5
10 :00-14 - 810.0 g.5 2.4 ‘28,0 23.6 6.5
:15-29 790.0 2.4 L0 6.3
+30-44 €00.0 8.5 2.4 35.0 23.8 6.5
:45-39 740.0 14.1 2.4 35.0 - 23.8 6.5
11 :00-14 700.0 11.3 2.4 5.0 23.2 6.7
1 158-29 710.0 11.3 2.4 3.0 23.1 €.2
:30-44 720.0 11.3 2.4 3E.0 23.6 6.7
145-59 720.0 16.9 2.4 35.0 23.8 6.7
12 :00-14 650.0 11.3 2.4 35.0 23.4 6.6
:15-2¢9 640.0 14.1 2.4 25.0 23.1 6.5
:30-44 £30.0 16.9 2.4 35.0 23.1 €.7
145-59 £20.0 11.3 2.4 35.0 23.3 6.7
13 :00-14 £80.0 14.0 2.4 35.0 23.4 6.7
115-29 570.0 g.5 2.4 35.0 2:.8 6.9
:30-44 €50.0 11.3 2.4 8.0 23.¢t 6.8
:45-£9 540.0 11.3 2.4 3.0 23.4 6.8
14 1 00-14 540.0 14.1 2.4 35.0 23.1 6.9
:18-29
130-44
:458-59
Tota)l Hours of Data 4.5 4.2 .5 4.5 L2 4,5
Average Daily
Concentration 627.7 11.9 2.4 35.0 23.4 6.6
Daily maximum £10.0 16.° 2.4 35.0 23.8 5.9
Dzily minimum 540.0 8.5 2.4 35.0 23.1 6.3




TABLE €-19. CEM RISULTS FOR RUNS 2 AND &

(December 17, 1983)

Hour Minutes NO, 50, THC: co CO, 02
(pom) (pom) (ppm) (pom) (%) (%)
9 :00-14
:15-29 970 70.0
: 30-44 1080 40 7.1
:45-59 -1080 2.4 40 7.0
10 :00-14 940 2.4 40 24.8 6.6
:15-29 720 83 16.0 45 "24.8 6.5
:30-44 680 37 2.4 - 45 24.0 6.6
:45-59 720 49 2.4 45 24.5 6.4
11 :00-14 760 43 2.4 45 24.3 6.6
115-29 850 - 25 2.4 45 26.2 6.6
1 30-44 880 43 2.4 4t 26.5 6.7
:45-59 780 25 Z.4 40 25.9 6.9
12 :00-14 730 2.4 45 6.8
:15-29 710 30 - 2.4 45 24.2 6.4
:30-44 :
145-59 €50 28 2.4 45 24.5 6.1
13  :00-14 720 92 7.0 45 17.6 7.1
:15-29 9 29.0 40 16.7 §.0
:30-44 PP
145-59 1610 12 5.0 40 22.6 7.6
14 :00-14 : 9 2.0 45 23.0 7.1
:15-29 1200 11 a0 17.3 8.0
:30-44 _
:45-59 -3 3.0 50 18.1 8.4
15 :00-14 580 b 3.6 65. 1.0 8.1
:18-29 460 5.0 85 7.5
:30-44 400 10.0 90. 7.5
_ :45-59 460 3.6
16  :00-14 520 : Z.4
118-29 530 6 2.4 40 17.6 7.8
1 3(0-44 670 2.4 40 17.8 7.8
148-39 790 z.4 a0 7.7
17 :00-14 2.4 40 6.5
:15-29 760 & 2.4 40 6.5
130-44
1 48-89- 010 £ 2.8 20 21.5 7.2
18 :00~14 g20 12 2.4 45 21.8 £.9
115-2° €30 15 2.4 4% 21.5 7.2
:30-44 8 2.4 45 2.5 £.5
:45-59 8 45 20.¢ 6.5
- 25)
R %T ‘/
=1\ /e
192 gpm  Zoye" ‘
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TKELE 8-20. CEM RESULTS TOR RUN 5
(December 18, 1983)

Hour Minutes NO, S0, THC co o, 0,
{ppm) (ppm}  (vpm)  (ppm) (%) (%)

11 :00-14 1000
115-29
130-44
:45-59 .

12 :00-14 : 880 5 1 20 21.5 7.5
:15-29 880 5 2 20 22.1 7.6
: 30-44 880 5 2 20 23.1 7.1
145-59 980 5 1 5 22.5 7.4

13 :00-14 1020 5 2 25 23.4 7.5
:15-29 880 5 1 25 31 7.5
:30-44 240 5 1 25 23.4 7.4
:45-59 820 5 4 20 22.1 7.6

14: :00-14 -

:15-29 800 2 25
+30-44 680 5 0 25 23.1 7.5
:45-89 :

15 :00-14 750 0 20 7.6
:15-29 600 0 25 7.1
+30-44 430 0 25
1 45-39 660 5 0 25 21.2 7.6

16 :00-14 680 5 -0 25 ‘ 22.1 7.6
:15-2¢9 820 g 0 25 21.5 7.8
130-44 5 25 21.5 7.6
:45-59 940 5 0 25 22.5 7.6

17  :00-14 8e0 5 2 25 22.1 7.4
118-29 800 5 1 25 7.5
:30-42 260 5 2 25 7.8
:48-5G 1000 Y 2 25

g :00-14

Total Hours of

Data §.5 4.5 5.25 5.7% 3.7 4.7

Average Daily :

Concentration 831 g 1 24 22.3 7.5

Daily maximum 1020 5 4 20 Zz.4 7.8

Daily minimum 430 5 0 20 21.2 7.1




Time Undergrate pressure Time NGx S0,

(in H.0) (ppm) (ppm)
1715 - 11.4 T715-123¢ 560 2.5
1235 - 10.9 1230-1300 600 12.5
1285 11.3 1302-133¢ 610 e
1330 11.3 " 1330-1345 630 0

During Run 4, the excess air rate was increased twice and then decreased,
~and the coal rate decreased between 1445 and 1505. During the same period,
NOx dropped from 1200 to 580 ppm, SO, dropped from 31 to & ppm, and the kiln
exit 0; increased from 3.0 to 5.0 percent at 1500 and decreased to 3.4 percent
at 1515. _ _

During Run 5 at 1500 to 1545, the NOx dropped from 750 to 430 ppm. The
corresponding process observations were 3 decrease in primary air temperature
(415° to 230° F), an increase in primary air flow, an increase in coal feed
rate (6 to 6.7 tons/hr), and an increase in kiln exit oxygen (2.2 to 3.7

percent).
8.8 MATERIAL BALANCE

Samples of the various process sireams were taken to attempt a kiln
material balance for metals and chlorine. The major inlet streams are the
kiln feed, coal/coke, and waste fuel; the major outlet sireams inciude the
clinker, waste dust, and exhaust gas. The purpose of the material balance is
to identify the sources of the elements and their fate and distribution in the
various streams leaving the kiln. For example, the combustion of cnlorinated
_pyﬁpaetrbﬁﬁ§"37éﬁ???gént1y increases-the- re—toedrme——A-chlorine
" material balance indicates how the additional ehlorine is distributed among
the clinker, waste dust, and stack emissiors. Similar information is needec

‘fOT' me
Two basic measurements are required for a material balance: (1) the mass

flow rate of each process siream, and {2) the concentration of the element of
interest in the process stream. ALl thie plant, the clinker anc waste dust are
‘not routinely weighed. Raw materials are received and the finzl cement product
is shipped in bulk quantities, an¢ beth may be stored or stockpiied in varying
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amounts. Accurate estimates oY raw materiz) usage and clinker production are
obtained from long-zerm historice) invertc-ie¢. Accurate short-te = measure-
ments of these bulk materials are difficult to obtain. The coal and kiln feed
rates were measured by weigh feeders, and an average rate was uetermined from
totalizer resdings for each test period. The clinker rate and dust rate were
estimated from historical data based on the kiln feed rate. The waste fuel
was metered to the kiln and an average rate was determinec from the totalizer
readings and the length of the test. A summary of the process stream flow
rates for each run is given in Table 8-21. : '

TABLE §-21. PROCESS FLOW RATES

Run Kiln Feed Coal Waste Fuel Clinker Waste Dust
number (Mg/h) (Mg/h) (Mg/h) - (Mg/h) (Mg/h)
1 £5.2 9.29 - 51.6 0.69
2 91.2 0.62 - 85.3 0.74
3 88.3 7.34 2.34 §3.5 0.71
4 92.4 6.14 .28 £6.0 0.75
5 81,2 5.65 4.00 £c.3 0.74

The process flow rates and analytical results for specific elements are
used to estimate the guantities in and out of the kiln. Percent closure,
which has been estimated as quant1ty-out/quant1ty-1n x 100, provides a measure
of the success at determining the fate of specific elements. However, percent
closure is significantly affected by potential errors in both the estimates of
mass rates and concentration measurements. For example, mass rates can easily
vary =10 percert; on 2 short-term (e.g., hourly) basis, the variation may be
greater than 10 percent, particularly for those process streams for which
direct measurements are not availabie. Simila~ errors are possible in the
concentration measurements. 10 examine the effects of these errors On percent
closure, consider the case in which the inlet rates and concentr ations are
overestimated by 10 percent, &nd the outlet rates ang concentrations are
underestimsted by 10 percent. The percent closure for this case would be 67
percent (0.81 + 1 .21 x 100). For z greater exireme of +20 percent, the percent
ciosure could be as low &s 44 percent. This anzlysis indicates that poor
closure resuits may occur during any single test Gay because long-term low
rate and concentraticn cata are needed Lo reduce random variations. However,

gl



when the material balance results are examined over & perioc ¢f several test
days, reasonable inferences can be made on the source, fatie, and distribution
of the specific elements.

8.8.1 Chlorine Material Balance

The results of the chlorine analysis of the process streams are given in
Table 8-22. The chlorine content of both the waste dust and recycled dust
increased as the total chlorine into the kiln increased during Runs 3, 4, and
5. The waste dust averaged 3.5 percent chloride during the baseline and
increased to an average of 6.6 percent during the waste burn. The recycled
dust's chlorine concentration increaséd from 0.73 percent to 1.5 percent.

The results of the chiorine material balance are given in Table 8-23.
During the baseline tests, the coal appeared to be the major contributor of
chlorine; however, note that the kiln feed may have provided an equal quantity
if chlorine were present in the feed at or near the detection limit. (A |
detection limit value of <125 ppm was reported for the feed.) During the
baseline, the chlorine appeared to be removed with the waste dust, with about
§ percent of the measurable chlorine leaving with the stack gas. During the
waste fuel burn, the waste fuel contributed 84-91 percent of the measuraple
chlorine entering the kiln.” Most of the additional chlorine was removed with
the waste dust. During Runs 3. and 4, 90-95 percent of the measurable chlorine
was removed with the dust; however, only 56 to 70 percent was removed with the
dust during Run 5 and the balance was removed with the clinker and the stack
gas. . '
Over the period of the entire test, total chlorine into the kiln averaged
45 to 56 ka/h and total chlorine out averaged 48 tc 56 kg/h. During the three
waste burn runs, total chlorine in averaged 68 tc 79 kg/h and tota) chicrine
out averaged 80 to 71 kg/h.

£.8.2 Metals Materiz) Bzlance

The kiln feed, cozl/coke, waste fuel, ¢linker, waste dust, énd're:yc]ed
dusﬁ were analyzed for 19 meials. The analytical results for samples com=
posited for each run are given in Tables S-24 through £-28. Tne kiin feed and
coal/coke analyses showed no significant variations in metais for the gif-
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TABLE §-22. RESULTS OF CHLORINE ANALYSIS OF PROCESS SAMPLES

Totzl out 26.6-33.4

Process Samp?e Run 1 Rur 2 Run 3 Run & Run 5
Kiln feed (ppm) <125 <125 <128 <125 <125
Coa) (%) 0.11 0.11 0.13 0.12 0.12
waste fuel (%) - - 2.15 1,93 1.64
Clinker (ppm) <125 <12% <125 <125 <380
Vaste dust (%)  3.67 3.32 5.73 6.06 8.06
Recycled dust (%) 0.80 0.66 1.29 1.39 1.88
TABLE 8-23. CHLORINE MATERIAL BALANCE (kg/h)
Process stream Run 1 Run 2 Run 3 Run 4 Run 5
Kiln feed <10.7 <11.4 <11.0 <11.6 <11.4
- Coal , 10.2 10.6 9.5 7.4 6.8
Waste fuel - - 50.3 €3.3 £3.6
Clinker <6.t <6.9 <6.7 <7.0 <21
wWaste dust 25.3 24.6 49,7 45,5 £e.6
Stack gas 1.6 1.0 2. 5.3 25.9
Jotal in 10.2-20.9 10.6-22.0 5¢.8-70.8 70.7-82.3 72.4-E3.3
28 £-32.5 42.8-4%.% 50.£-57.8 85.%-106.5
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TABLE 8-24. RESULTS OF KILN FEED ANALYSES FOR METALS
(vg/g unless otherwise noted) :

Sample number/Run number

Element 54/1 €5/2 11372 1:7/4 130/5 Detection Yimit
A (%) 1.63 0.8  0.73 0.72  1.90 0.1

As 13.5 13.8 14.3 14.7 13.4 0.05
Ba 91 50 33 36 94 5

Ca (%) 31.4 31.5 32.1 31.7 3.8 0.25
Cd 0.69 0.69 0.68 0.69 0.60 0.1

Cr 26 <20 <20 <20 24 20

Cu <20 <20 <20 <20 <20 20

Fe (%) 1.01 0.49 0.42 0.39  1.00 - .0005
Hg 11,30 1.55 1.54 1.66 1.74 0.1

Mg (%) 0.82 0.82 0.81 0.79 0.79 . 0005
Mn 877 410 378 364 886 1

N§ <20 <20 <20 <20 <20 20

P . 1,030 500 400 460 1,100 ' 200
Pb 361 35.2 42.6 45.0  43.0 0.5

Se ‘ . <0.1 <0.1 <0.1 <0.1 «0.12 0.1
Sn <50 <50 <50 <50 <50 50

Ti - 160 77 73 65 157 0.05

v 3 <20 <20 <20 32 20

n . 17 <10 <10 <10 20 - 10
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TABLE 8-25. RESULTS OF COAL/COKE ANALYSES FOR METALS .

. (ug/g unless otherwise noted)
sample number/Run numoer

" Element 50/1 81/2 111/3  116/4 131/5 Detection limit
Al (%) 0.14 0.26 0.14 0.10 0.15 0.10
As 5.24 5.14 5, 34 5.0  4.87 0.05
Ba 8 18 8 5 9 5
ca (%) 0.14 0.32 0.13 0.08 0.15 0.25
Cd 0.64  0.46 0.58 0.94 0.52 0.1
tr <20 67 59 172 181 20
Cu 13 24 16 37 13 10
Fe (%) 0.11 0.16 0.12 0.12 0.14. 0. 0005
Hg 0.80 0.88 0.67 0.74 0.75 0.1
Mg 111 208 116 84 118 5
Mn 12 29 13 13 16 1

Ni 421 145 621 354 895 20

p <200 <200 - <200 <200 <200 200

Pb - 13,1 15.2 13.7 15.5 14.3 0.5
Se 2.15 1.56 1.75 2.81 2.0 0.05
sn <50 <50 <50 <50 <50 50

T4 72 114 68 57 74 0.05
v 43 100 87 25 el 20
in 25 31 21 25 26 10
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TABLE 8-26. RESULTS OF CLINKER ANALYSES FOR METALS

(pa/g unless ctherwise noted)

Sample number/Run number

Element 52/1 £3/2 11572 118/4 134/5 Datecticen limit
Al (%) 1.14 2.94 2.77 2.75 3.07 0.1 .
As 24.7 29.9 26.3 21.0 28.3 0.05

Ba g9 172 208 231 230 5

Ca (%) 46.0 48.2 49.3 50.1  49.1 0.25

cd 0.91 0.99 0.34 0.27 0.50 0.1

Cr 32" 77 9% 120 115 20

Cu <20 <20 <20 <20 22 20

Fe (%) 0.64 1.61 1.39 1,50 1.69 .0005
Hg 2.07 2.08 1.90 2.02  1.¢3 0.1

Mg (%) 1.16 1.27 1.17 119  1.25 . 0005
Mn 524 1,291 1,200 1,314 1,370 1

Ni 27 41 35 34 36 20

P 640 1,390 1,480 1,525 1,590 200

Pb 5.47 5.85 16.7 45  42.7 0.5

Se 0.7¢ 1.11 0.86 0.75 1.29 © 0.05

$n <50 <50 <50 <50 <50 50

Ti 511 806 783 860 1,540 0.05

v 31 70 €3 56 67 20 |
in 10 47 56 54 69 10
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RESULTS OF WASTE DUST ANALYSES FOR METALS )
(ug/g unless otherwise noted)

TABLE 8-27.

Sample number/Run number

Element 56/1 59/2 114/3  119/& 133/% Detection limit
Al (%) 2.58 2.59 0.84 1.9 2.03 0.1
As 17.6 18.0 13.8  12.4 12.6 0.05
} Ba 123 123 38 107 119 5
: Ca (%) 24.3 24.4 18.7  17:6 18.7 0.25
’ Co 18.9 16.3 30.6  35.9 28.5 0.1
Cr 28 35 <20 25 28 20
Cu 22 <20 <20 63 83 20
: Fe (%) 1.14 1.19 0.38  0.86 0.95 . 0005
; Hg 1.08 0.95 1.06 1.18 1.50 0.1
: Mg (%) 0.68 0.70 0.52 0.48 0.53 ©.0005
§ Mn 658 651 236 551 553 1
: Ni 27 2% <20 <20 <20 20
; p 1,060 1,050 420 g80 990 200
{ Pb 124 108 1,809 2,772 3,356 0.5
f Se 4.71 5.96 541 5.93 3.4 0.05
; $n <50 <50 <50 <50 <50 50
T4 456 484 161 345 447 0.05
v 64 68 17 82 20
in 36 34 10 46 £1 10
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TABLE 8-28. RESULTS OF WASTE FUEL ANALYSES FOR METALS (ng/g)

Sample number/Run number

Element 103/1 . _ 105/4 136/5 Detectior limit
Al 101 163 233 30
As 0.14 0.61 0.74 0.0%
Ca <600 <600 <600 600

cd 4.45 - 3.82 3.50 - 0.5
Cr 197 247 87 20

Fe 548 626 - 260 | 5

Hg 0.22 0.13 0.20 0.1
Mg 30 65 70 0.5
Mn <10 <10 <10 10

Ni 1,430 959 63 20

Pb 603 1,381 1,690 0.5
Se | <0.1 <0.1" <0.1 0.1
Ti <10 | 18 24 10

v <10 | <10 <10 | 10

In 85 ' 156 149 10

N—
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TABLE 8-29. RESULTS OF RECYCLED DUST ANALYSES FOR METALé
(na/g unless otherwise noted)

Sample number/Run number

Element 56/1 57/2 112/3  118/4 132/ Detection limit
A (%) 2.18 2.37  2.15 2.10 2.18 0.1

._ As 13.6 14.5 12.9 13.9 14.1 0.05

i Ba 114 116 120 124 116 5

| Ca (%) 30.9 3.6  28.1 3.2 29.4 0.25

1 ¢d 12.7 ° 16.1  15.9 17.0 117 0.1

| cr 29 38 36 a3 39 20
Cu <20 <20 <20 <20 26 20
Fe . 1.16 1,16 1.08 .11 1.16 .0005
Hg 0.31 1.30  1.62 0.94 1.23 0.1
Mg (%) 0.85 0.87 0.78 0.79 0.76 ,0005
Mn 861 867 831 880 859 1

, Ni 24 24 23 22 21 ' 20

o p 1,050 1,070 1,080 1,130 1,170 200

‘ Pb . 70.9 78.7 559 369 508 0.5
- Se 3.33 4,36 4.28 2,39 2.33 0.1

‘ Sn <50 <50 <50 <50 <50 50

- T 411 431 435 249 430 0.05
v - 58 z0 47 46 45 20
in 20 40 57 &3 45 10




ferent runs. The clinker analvses are also consistent excert for lead content.
During the baseline, the ¢linker averaged 5.7 pg/g lead. Th: lead concentre-

tion increased to an avetsgé-ef—35py/y during the waste burn.““fneheaagéhizh‘h
both lead and cadmium were n:ted for the waste dust. Lead and cadmium - ncem..

i““*3f;f;;2;g;;_Ei:s;:ftiiezst;“;f;g:ff1Vp1y for the baseline increased to 2,650
an ; e —f5 waste burn. The recycled dust aise- stiowed
an increase in lead concentrztion (75 to 480 pg/g): however, the concentration
of cadmium was similar in the recycled dust for both test conditions. Leac,

nickel, ireon, aluminum, zinc, and chromium were the metals found in the highest
concentrations in the waste fuel. Cadmium ranged from 3.5 to 4.5 pg/g, and

-

mercury ranged from 0.1 to 0.2 pg/g.

The results of the metals materia) balance for each run are presented in
Tables 8-30 through 8-34. The major source of Al, Ba, Ca, Mg, Mn, and P
entering the kiln is the kiln feed. The vast majority of these elements are
removed with the clinker product.

During the baseline tests, the coal/coke contr1buted about 3-4 percent of
the arsenic, 8 percent of the cadmium, 2 percent of the iron, 6 percent of the
mercury, 4 percent of the lead, 6 percent of the titanium, and about 15 percent
of the zinc that entered the kiln. The kiln feed supplied the balance of
these elements. ODuring the waste burn, the waste fuel contributed atout 17
percent of the cadmium (6 percent from the coal and 77 percent from the kiln
feed), 0.3 percent of the mercury (2.9 percent from the coal/coke and 96.8 |
percent from the kiin feed), and an average of 47 percent of the lead (1
percent from the coal/coke and 52 percent from the kiin feed). The waste fuel
made no other significant contribution of metals.

Chromium, copper, nickel, and zinc were contributed by the coal/coke and
waste fuel in similar quantities. However, the source of these metals is
inconclusive because a significant quantity could come from the kiin feed for
concentrations near the detection limit. The coal appeared to be the major
source of selenium. '

' The vast majority of the arsenig, chromium, copper, iron, mercury, nickel,
titanium, vanadium, and zinc leaving the kiln stayed with the clinker. The
balance of these elements (<5 percent) was removed with the waste dust. No
significant change in distribution or fate was observed for these metals when

the waste fuel was burnec.




TABLE §-30. METALS MATERIAL BALANCE FOR RUN 1 (kg/h)
Kiln waste Percent

Element feed Coal Clinker dust Stack closure
A 1,290 13 588 17.8 0.2 43
As 1.15 0.05 1.27 0.01 NS 107
Ba 7.75 0.07 3.04 0.08 - 45
Ca 26,800 13 23,700 167 4.4 ee
¢d 0.06 0.006 0.05 0.00 8 x 10-4 92
Cr 2.13 <0.2 1.65 0.02 ND 78
Cu <1.7 0.12 <1.0 0.02 - " NA
Fe 861 10.2 330 7.9 0.3 kI
Hg 0.11 0.007 0.11 x 10-4 8 x 10-% 95
Mg 699 1.0 599 4.7 NS 8¢
Mn 74.7 0.11 27.0 0.5 0.02 37
Ni .7 3.91 1.39 0.02 ND N&
P §7.8 <1.9 33.0 0.73 - 38
Pb .08 0.12 0.28 0.09 0.003 12
Se <0 x 10-3 20 x 10-¥ - 41 x 10-* 3 x 10-% 3 x 10-3 NA
Sn 4.3 <0.5 <2.6 <0.03 NS NA
T4 13.6 0.67 26.4 0.31 NS 187
v 2.64 0.40 1.60 0.04 ND 54
In 1.45 0.23 0.52 0.02 NS 32
NA = not appIicablé - detection level vaiues in 2 process stream may

‘ significantly affect material balance.

' ND = not detecied in stack gas. )
i NS = not significant, i.e., the mass emission rate in the stack gas is too

! low to affect material balance.
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TABLE 8-31. METALS MATERIAL BALANCE FOR RUN 2 ’kg/h)

Kiln Waste Percent

£lement feed Coal Clinker dust tack closure

A 73¢ 25 1,630 19.2 0.5 216

As 1.26 ~0.05 1.65 0.01 NS 127
; Ba 8.30 0.17 9.51 0.10 - 113

Ca 28,600 31 26,700 181 8.7 94
| Y 0.06 0.004 0.05 0.01 0.0015 - 97
i Cr <1.8 " 0.64 a.26 0.03 0.007 NA
: Cu <1.8 0.23 <1.1 <0.01 - NA
g Fe 447 15.4 890 8.81 0.6 195
é , Hg 0.14 0.008 0.12 7 x 10-4 2 x 10-* :
| Mg 748 2.00 702 5.2 NS 94
b Mn 37.4 0.28 71.¢ 0.48 0.03 191
| Ni <1.8 1.29 2.27 0.02 ND NA
; P £5.6 <1.9 76.9 0.78 - 170
i Pb 3.21 0.15 0.32 0.08 0. 006 12
i Se 9 x 10-% 15 x 10-% 81 x 10-* & x 10-% 5.6 x 10-8  MNA
; $n <4.6 <0.5 <2.8 0.0 - NA
i Ti 14.6 1.10 44.6 0.3  0.017 - 267
E v 2.63 0.96 3.67 0.05  ND 103
g Zn 1.55% 0.30 2.60 0.03 NS 142
% NA = not applicable - getection level vaiues in & process stream may
1 significant\y affect material pbalance.

ND = not getected in stack gas.

= not significant, j.e., the mass emission rate in the stack gas is too

. NS
: low to affect material balance.
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The distribution of cadmium, mercury, lead, and selenium appeared 1o
change when the waste fuel was burned:

Distribution (Percent)

Element Conditien Clinker Dust Stack Gas
Cadmium Baseline 78 20 2
Cadmium Waste burn b e 51 20
Mercury Baseline 9.3 6.6 0.1
Mercury Waste burn 96.7 2.6 0.7
Lead Baseline 77 .22 1
Lead Wasta burn 29 58 13

When waste fuel was burned, a higher percentage of the cadmium, mercury, and
lead were removed with the waste dust and stack gas while a smaller percentage
remained with the clinker,

8.9 FUEL ANALYSES FOR SULFUR, BTU, AND ASH

The coal/coke and waste fuel used to fire the kiln were analyzed for
sulfuf, Btu, and ash to examine fuel quality and the potential effects on
emissions. The results of the coal/coke analyses are given in Table 8~35 and
show that the coal/coke was uniform in quality throughout the test. The waste
fuel results are given in Table §-36 and also show uniform quality with a
heating value that is roughly the same as the coal/coke fuel.

Table 8-37 shows that the rate of sulfur and ash entering the kiln de-
creased when the waste fuel wes burned. S0, emissions zre also presented and
show no obvious re]étionship between sulfur loading in the kiln and 50, emis-
sions. Table 8-38 is & summary of the kiln's energy usage. The caicuiated
coal/coke rep1aéement rztes (adjusted for the loss of E-percent moisture in
coal) were 25, 37, and 42 percent, respectively, for Runs 3, 4, and 3.

8.10 WATER ANALYSES

‘Samples of the river water used to guench the hot exhausi gzses frem the
kiln were taken for analvsis of POHCs. Any POHCs present in the quench water
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TAELE 6-25. RESULTS OF COAL/COKE ANALYSES

s 3
kun number Moisture (%) Ash (%) Sulfur (%) Btu/lt
1. 2.6 11.3 2.78 17,680
2 2.1 11.1 2.62 12,850
3 2.2 11.1 2.88 12,750
4 2.2 11.6 2.56 . 12,720
5 2.1 11.1 - 2.90 12,750
—W
5 TABLE 8-36. RESULTS OF WASTE FUEL ANALYSES FOR
BTU, ASH, SULFUR, AND DENSITY
Run number Btu/1b Ash (%) Sulfur (ppm) Density (1b/gal)
12,470 3,04 66l 7.96
12,310 4,27 733 8.05
5 12,170 4,81 473 g.04
—M
3
‘ TABLE 8-37.° 'SULFUR AND ASH RATES FROM THE FUEL ‘(kg/h)
Run number Ash Sulfur 50, Emissions
1 1,C50 259 0.6
; 2 1,070 252 4.5
‘ 3 910 213 13.6
.} £50 160 4,6
5 820 156 1.9
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TABLE 8-38. SUMMARY OF KILN's ENERGY USAGE

Million Btu/h  Percent
Run number Coal/Coke Waste fuel Total replacement
1 239 - 239 0
2 252 - 252 ' 0
3 191 64 255 _ 25
4 160 95 255 37
5 145 107 252 42
(% %)
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would be volatiltized and emittes through the stack. The oniy POMC cetected in
the water samples was methylene ehloride which was reported present at 400 to
540 ng/mL. The average rate of water usage was 34 to 47 gal/min (2.1 tO 3.0
L/s). 1If methylene chloride were actually present and completely volatilized,
the emission rate of methylene chloride would have been 840 te 1,600 pa/s.
This is roughly the same order of magnituoe as the methylene cnloride emission
rates measured during the paseline test, which ranged from 332 to 17,600 pg/s
and averaged 4,760 pag/s. The methylene chloride results from the water must
be qualified by the fact that methylene chioride was used in the field and in
the laboratory. Because only trace gquantities wgfe found, methylene chloride
contamination of the water sample is a possibility. No corrections for a
contribution from the water were made for the methylene chloride emission

rates or DREs.
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