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SECTION 1

INTRODUCTION

The purpose of this program was to develop total and size-~specific
emission factors for the No. 1 quench tower at Dominion Foundries and Steel,
Limited, (DOFASCO), Hamilton, Ontario, Canada. These emission factors will be
used to increase the data base for IP emission factor development, NSPS and
enforcement considerations pertaining to wet coke quenching. Total
particulate emission rates and particle size distribution were measured
simultaneously before and after a baffle array installed in the tower to

control quenching emissions. In addition, water samples and process data were
obtained. '

Total particulate emission rates were measured using a modified EPA
Method 5 sampling train. Particle size distribution testing was performed
with heated Andersen cascade impactors. The Atmospheric Dilution Sampling
System (outlet tests only), and the Inhalable Particulate (IP) dual-cyclone
train were aleo used for particle size determinations. Five tests, each
consisting of simultaneous inlet/outlet measurements of total particulate and
particle size distribution, were performed using "clean" quench water
(510 mg/1 total dissolved solids). Three particulate tests were conducted at
the outlet only using "semi-dirty" quench water (2270 mg/l total dissolved
golide) and four particulate and particle sizing tests were conducted using
"dirty" quench water (8850 mg/l total dissolved solids). Composite water

samples from the quench spray, the return trough, and the make-up line were
obtained for each quench tested.

The coke quenching process is cyclic and poses numerous difficulties when
conducting stack tests. Variations in flow, temperature, moisture content,
particulate generation, and the quality of the coke quenched sometimes reach
orders of magnitude. Droplets are known to affect the particle size results
and the stack gas was probably not homogeneous. Typically, a test was
completed by sampling 9 to 12 quenches and process conditions pertaining to
each of the quenches tested were recorded.




SECTION 2

SUMMARY OF RESULTS

The sampling and analysis program was conducted according to the approved
Test Plan. Modified EPA Method 5 and heated Andersen cascade impactor
sampling runs were performed simultaneously at the inlet and outlet of the
Munters baffle array controlling emissions from the No. 1 wet coke quench
tower at DOFASCO.

Three water quality conditions were sampled; "clean'" (510 mg/l TDS),
"semi-dirty” (2270 mg/1 TDPS), and "dirty" (8850 mg/l TDS) quench water. Dual
¢yclone sampling rune were performed nonsimultaneously at the inlet and outlet
of the baffles for "clean" and "dirty" water usage. Total particulate tests
were performed at the outlet only during '"semi-dirty" water usage. Water
sauples were taken for each quench tested at the quench, return and makeup
lines. A summary of the results is presented in Tables 1 through 3 and
Figures 1 through 4. 1In addition, one organic sampling run was conducted
simultaneously at the inlet and outlet of the baffles for both "clean" and
"dirty" water along with atmospheric dilution tests performed by Southern
Research Institute (SORI) personnel at the outlet during 'dirty" water usage.
The results from the organic sampling portion of this program are presented in
the Battelle Laboratories' report shown in Appendix F. The SORI report for
the atmospheric dilution testing is shown in Appendix G.

The results of several total particulate and particle size distribution
runs are averaged and considered as one test for each water quality., The size
specific emission factors shown in Table 2 are calculated by multiplying the
"front half” total particulate results by the impactor derived particle size
fractiona. The resulta of the total particulate tests show the expected
trends for all three water quality phases, and compare well with other
available quench tower test data (i.e., Lorain, Gary No. 3, No. 5, DOFASCO
'77). The plots of emissions (lb/tons coal charged) versus water quality (TDS
mg/l) shown in Figures 1 and 2, are similar to the results of other tests on
controlled quench tower emissions from a multi-row baffle system with slow to
medium (4-14 fps) exit velocities in the 0 to 10,000 mg/l TDS quench water
range. The particle size distribution results presented in this report should
be considered as resulting from particles and particles contained in
droplets. The results show the expected trends for the dirty water tests.

The clean water results show an unexpectedly higher percentage of large
particles/droplets in the outlet stream. Since water droplets were present in
the stack gas, all the size distribution results are probably biased high
since a droplet containing particulate would impact on the appropriate stage

"
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and leave a smaller particle. Large quantities of particulate were caught in
the cyclone precutter indicating a high percentage of particles (and/or
droplets containing smaller particles) that were larger than 15 microns. The
impactors were heated to prevent the back-up filter from blinding. The
results presented in Table 2 were calculated assuming that the back up filter
weight gain was invalid due to particle bounce. Figures 3 and 4 show the
results using the above assumption as well as the effect of assuming that 50
percent of the back up filter weight gain is from particles that were smaller

than the last impactor stage dgp- And 50 percent of the weight gain is
invalid due to bounce.

The dual cyclone results are considered less reliable than the above
results and will only be presented in Section 5. The results of the water
analysis efforts are presented in Table 3. Some of the analyses were
performed on site, some by Battelle-Columbus, Ontario Research Foundation and
some by Environmental Research & Technology. The remaining sections of this

report describe the coke-making process, the sampling and analysis procedures
used and the results obtained.

10
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SECTION 3.

PROCESS DESCRIPTION

COKE BATTERIES

The number 1 coke plant at DOFASCO consists of three batteries designated
nos. 1, 2, and 3 (arranged south to north, respectively). These batteries
operate as one complete unit served by two pusher machines, two door machines,
and one quench car. All three batteries are Koppers-Becker design, each
equipped with gun-flue type heating mechanisms. "Sweetened" blast furnace gas
is fired in these flues, and each battery is served by its own combustion
stack. Table 4 shows additional design parameters for each battery.

Each oven per battery contains three charge ports and a single standpipe~
collector main arrangement located on the coke side. Jumper pipes are used on
the push side for charging emission control. Currently, 15.9 tons of coal
(with an estimated bulk density of 42 1bs/ft3; volumetrically controlled)
are charged per oven. Coking times average between 14 and 18 hours.

All batteries at DOFASCO use the "Koppers" sequence for scheduling each
charge and push; i.e., 1's, 3's, 5's, etc., except where ovens are purposely
bypassed (offline or out of service) or contain stickers. This sequence
ensures uniform heating; since when an oven is pushed, the oven to its left is

55 percent through the coking cycle while the oven on the right is 45 perceat
complete. :

A coke shed is used to control pushing emissions. The shed is
approximately 700 feet long, and is split into two sections: (1) Batteries
no. 1 and 2 under ome section, and (2) Battery no. 3 under another. Two wet
electrostatic precipitators and two 300-hp fans (each rated at 150,000 acfm)

_operate in parallel to control resulting push and door emissions.

QUENCH TOWER

One quench tower, located approximately 60 feet from the southern end of
battery no. 1, serves all three batteries. The tower is comstructed of

stainless steel and is rectangular in shape measuring approximately 50 ft x 20
ft x 50 ft. See Figure 5 for baffle and sampling locations.

A total of 87 spray nozzles, arranged in three rows of 29, are used to
deliver quench water onto the incandescent coke. These spray nozzles are
located approximately 18 feet above the quench car tracks.

-

11




gI86T UDIEH 8661 cy €
"8t Z/1~-¢ pajardmod 1661 ce [4
¥ 0% RN ‘ut H/¢-81 ‘ut #/1-61 a1eda1 any3y-pul 9661 <z 1
su3Buet | 3unmmwm YIPIA yapIa VoTIRITTIGRYDL 291TA10S susac <o
apTs o) apI8 ysng ise3je] paxa3ua aea} Jo *oN Lxe37%eq .

SuUOTBUIWI]

00SVI0d ‘SYALTWVEV NOISIA AWALIVE J0 X¥VIGBINS °¢ TIGVL

12




*aamo0g youond T *ON 0JSVIOod “InofeT asmol ¢ 2anstdg

(

SAVHdS
HON3NO

Sdv4 ¥3|any /.

13

T3
S140d B/ - J
ONINdWYS —F—— S137INI i /
S137LN0
S$3744v8

SAVHdS MOv8




*1amo0] yosuand oosvdod ‘siurad Surpdmes *v¢ 2an3Tg

|e—.2.01 —>|e— z.01—>le— 2 01—>}c— 2z 01 —>}e— 2,00 —>|

a 2 ] v
— — — —/ _
P A AT A
g.
® ® ® ° '] 5
mu o
° ° ° ° ~ ik
® ® e e leh
v
| 0,18 >|
iN




Approximately 6,000 gallons of water are used to quench the hot coke, and
between 750 to 1250 gallons is lost up the stack as steam and water droplets.
The remaining water is returned to the sump via a trough along side the hot
car. Makeup water is added at a rate of 8,000 gallons per hour, with 3,200
gallons of this water being added by the baffle spray cleaning system
(normal-"clean" water-operation).

The duration of quenching was preset by a timer at approximately 75
seconds on May 28, 198l. During the pretest evaluation, the average duration
for 24 quenches was observed to be approximately 84 seconds. The total quench
process, from the time the hot car was completely in the tower to the time

completely out, was observed to average 2 minutes, 30 seconds during the
presurvey in June, 1981.

The baffles are plastic Munters T-271 mist eliminators, installed
approximately 12 ft from the top of the tower. These baffles cover
approximately 95 percent of cross—sectional area of the tower. The T-271 is
composed of a series of multi-angular shaped separating walls arranged to
provide a channel for gas flow. Figure 6 shows the gas/droplet flow through
one of the channels of the T-271 mist eliminators. A high pressure sequential
spraying system was installed above the baffles and is used to remove particle
buildup. Water for this system is taken from Han Hon Harbor/bay and is used
as part of the makeup water. The water is applied by spraying one of the

eight sections of the system for 4 minutes at a rate of 800 gpm. This is done
once per hour.

Baffle plugging was observed during each of the three phases of the
sampling program but was more pronounced during the application of dirty
water. Figure 7 shows the observed areas of plugging (the center strip is
flashing waterial and does not represent plugging).

Three sections of the baffles were warped during the dirty water phase.
It was determined that a load of hot coke was left in the tower for too long a
period without being quenched. The areas affected are also shown in Flgure 7.

15
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SECTION 4

SAMPLING AND ANALYSIS PROCEDURES

INTRODUCTION

Emissions generated during the quenching process are naturally drafted
out of the top of the tower. Prior to initiation of the field sampling
pProgram, a pre—survey was conducted to determine:

. whether gas velocities were measurable and consistent over the
entire cross-sectional area of the tower;

® the need for heating the cascade impactor to measure particle size
distribution;
. sampling sites for particulate and particle sizing tests and water

sampling locations.

Upon completion of the presurvey work performed in June, 1981, sampling
sites were identified and arrangements were made with DOFASCO personnel and
their contractors for comstruction of the necegsary facilities.

PRESAMPLING PREPARATIONS

Glassware and Nalgene sample bottles utilized in this test program were
cleaned with an Alconox solution, rinsed with tap water, distilled-
deionized (DDI) water and finally rinsed with the appropriate solvents if
necessary. The glassware was air-dried and capped with Parafilm except those

for the organic tests. All filters were desiccated to constant tare weight
(+ 0-5 mg). -

Pitot tube-thermocouple-probe assemblies used for preliminary velocity
traverses were calibrated by the measurement procedure as specified in 40 CFR

60, Appendix A, Method 2. Sampling nozzles were calibrated with a dial
vernier micrometer.

Impactors and cyclones were prepared for sampling by cleaning with soap
and water, then rinsing with DDI water and finally with acetone. All particle
sizing train dry gas meters and orifices were calibrated according to
procedures outlined in APTD 0576 prior to sampling.

18



TOTAL PARTICULATE MATTER

Total particulate matter testing was conducted with a Hi-volume Aerotherm
sample train to minimize the amount of time required to collect a sufficient

volume of gas and weight of particulate matter. A schematic of the sampling
train is provided in Figure 8. : '

In order to allow a more accurate determination of moisture in the stack
gas, to prevent filter plugging, and provide a rough indication of particle
sizing, a cyclone was fitted at the nozzle end of the 20 foot probe. The o
cyclone is designed to have a lower cut size of about 3 um at the anticipated
flow rate. Particulate and gas were drawn through the unheated cyclone where
particles and water droplets were collected. The gas then passes through the
heated (250°F) probe and a heated (250°F) Spectro grade type AE glass fiber
filter where remaining particles are collected. The gas sample then passes
through an impinger train-ice bath assembly where additional particulate
matter and condensibles are removed. The gas was then further dried prior to

entering the flow control module by means of an impinger filled with 300 grams
of silica gel. .

A continuous strip chart recorder was connected to a Hastings /Raydist
flowmeter to record the gas velocity pressure (Ap) and to aid in verifying any
uneven flow patterns. The unit operates with air continually purging the
pitot lines thus preventing stack gas from entering the meter. Differential
pressure across the pitot tube is measured as a change in the pneumatic
bridge, formed by the velocity transducer, manifold, and pitot tube. As flow
across the tip occurs, a differential pressure develops, imbalancing the
bridge and causing a small amount of purge gas to flow through the
transducer. The transducer measures this flow which is related to the gas
flow at the tip of the pitot tube. Purge gas still exhausts through both
openings, but at a slighty unequal rate. The instrument allowed accurate
measurement of flow in the steam plume even though large diameter solids (coke
breeze) and water droplets were present. '

Data from other field tests and the presurvey visit in June, 1981,
indicated that velocity head (Ap) was predictable and values for sample rates
(AH) can be determined based on a preliminary velocity profile taken before
each test run. Data from the velocity profile was utilized to determine:

. Absence of erratic flow pattern(s)

. Velocity pressure (Ap)

) Stack gas velocity (feet per minute)
° Required nozzle size

° Predicted sampling rates (AH)

19
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Test Sequence

The initial traverse was used to establish the rate (length of time) of
rise of the velocity pressure (dp), the maximum Ap, and the rate of decline of
AP to an end point greater than zero. For each quench, the sampling rate (AH)
was gradually increased from the signal CAR-IN over an approximately thirty
(30) second period. This maximum sampling rate was maintained until the
signal WATER-OFF was given and a ramp down procedure was initiated to a
predetermined rate established from the averaging of the ramp down portion of
the velocity profile. Sampling was then terminated when the car was
completely out of the tower. An example of the velocity profiles obtained
during testing is shown in Figure 9.

Due to physical obstructions (i.e., ladders, monorail guidewires, etc,)
it was necessary to sample only two (2) ports per test. Therefore, two (2)
quenches were sampled for each point until twelve quenches were sampled or, in
the case of some of the tests, nine quenches were sampled, due to weather or
process conditions.

Sample Recovery

At the completion of each test run, the probe and cyclone assembly was
removed from the stack and its exterior wiped clean. Before lowering the
train from the test platform, the cyclone cup was removed and its contents
poured into a clean labeled container. The cup was then placed back onto the
cyclone assembly. The filter holder, umbilical line connecting the filter
asgembly to the first impinger and the entire impinger unit was disconnected
and capped or sealed accordingly. After inspection and recording of any
anomalies, the individual units were lowered to the laboratory/trailer for
clean-up.

In the laboratory/trailer, clean-up and disassembly of the sampling train
was conducted in the following order: :

1. The nozzle was carefully removed and the inside surface cleaned by
triple rinsing with acetone and brushing between each rinse with a
pre—cleaned nylon brush. Brushing was continued until the rinse
showed no visible particles, then the inside surface was given a
final rinse into the glass sample container,

2. The inside surface of the probe and cyclone were then brushed and
rinsed with acetone in a manner similar to the nozzle until the
rinse showed no remaining visible particles. The rinsings from the
cyclone and probe were placed into labeled glass containers.

3. The filter was then removed from the holder and inspected for tears,

punctures and other deformations before being placed in a clean
labeled plastic petri dish which was then sealed with tape.
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Test Sequence

The initial traverse was used to establish the rate (length of time) of
rise of the velocity pressure (Hp), the maximum Ap, and the rate of decline of
Ap to an end point greater than zero. For each quench, the sampling rate (AH)
was gradually increased from the signal CAR-IN over an approximately thirty
(30) second period. This maximum sampling rate was maintained until the.
signal WATER-OFF was given and a ramp down procedure was initiated to a
predetermined rate established from the averaging of the ramp down portion of
the velocity profile. Sampling was then terminated when the car was
completely out of the tower. An example of the velocity profiles obtained
during testing is shown in Figure 9.

Due to physical obstructions (i.e., ladders, monorail guidewires, etc.)
it was necessary to sample only two (2) ports per test. Therefore, two (2)
quenches were sampled for each point until twelve quenches were sampled or, in

% the case of some of the tests, nine quenches were sampled, due to weather or
i process conditions.

] Sample Recovery

At the completion of each test run, the probe and cyclone assembly was
removed . from the stack and its exterior wiped clean. Before lowering the
‘ © train from the test platform, the cyclone cup was removed and its contents
poured into a clean labeled container. The cup was then placed back onto the
cyclone assembly. The filter holder, umbilical line counecting the filter
] assembly to the first impinger and the entire impinger unit was disconnected
_ . and capped or sealed accordingly. After inspection and recording of any

anomalies, the individual units were lowered to the laboratory/trailer for
i clean-up.

In the laboratory/trailer, clean-up and disassembly of the sampling train
was conducted in the following order:

! 1. The nozzle was carefully removed and the inside surface cleaned by
triple rinsing with acetone and brushing between each rinse with a
pre~cleaned nylon brush. Brushing was continued until the rinse
showed no visible particles, then the inside surface was given a
final rinse into the glass sample container,

2.  The inside surface of the probe and cyclone were then brushed and
rinsed with acetone in a manner similar to the nozzle until the
rinse showed no remaining visible Particles. The rinsings from the
cyclone and probe were placed into labeled glass containers.

3. The filter was then removed from the holder and inspected for tears,
punctures and other deformations before being placed in a clean
labeled plastic petri dish which was then sealed with tape.
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4. The inside of the front half of the filter holder was cleaned by
brushing with a nylon brush and rinsing with acetone at least three
times and until all visible particulate was removed. The brush and
the inside surface of the front half of the filter holder were then
given a final rinse. This rinse was added to the probe sample
container. '

5. The liquid in the first three impingers and the condensate from the
umbilical cord were measured to the nearest ml and recorded. The
contents were then placed in a labeled container. Approximately
50 ml of distilled water rinse was poured into each impinger,
agitated, and added to the containmer. The umbilical coxd, back half
of the filter holder and connecting fittings was rinsed twice with
distilled water and added to the wash container. Acetone washes
were not performed as Lexan impingers were utilized.

6. The silica gel from the last impinger was transferred to a pretared
container, weighed to the nearest 0.1 mg and recorded.

7.  The volume of the solution from the cyclone cup was then measured to
the nearest ml, recorded, and returned to its separate container.

This sampling recovery scheme resulted in eight samples:

Container No. 1 Cyclone solution Glass Jar

Container No. 2 Nozzle Wash Glass Jar

Container No. 3 Cyclone Wash . Glass Jar

Container No. 4 Probe/Filter Front Half Wash Glass Jar

Container No. 5 Filter Petri Dish
Container No, 6 Back Half Wash/Impinger Condensate  Glass Jar

Container No. 7 Back Half Wash/Impinger Condensate Glass Jar

Container No. 8

Silica Gel ~ Plastic Jar

Sample Analysis

Upon completion of the sample recovery procedures, the samples were
labeled, sealed, then liquid levels marked, and the samples carefully packed
for shipment to the GCA/Technology Division laboratory for anmalysis. A Chain
of Custody log book that outlined the recovery procedures and documents the
history of the samples was kept daily. Upon return to the GCA laboratory, the
filter samples were logged in and immediately placed in a desiccator and dried
for 24 hours before being weighed. The acetone and wash samples were
tranaferred to pretared beakers, evaporated to dryness at ambient
temperatures, desiccated for at least 24 hours and then weighed, After
weighing, all samples were placed in the GCA/Technology Division sample bank
for storage. The results were calculated by Version 4 of the GCA Particulate
Data Reduction System using an IBM 370 computer and the example calculations
provided in Appendix A-1.
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ANDERSEN IMPACTOR SAMPLING

Particle size fractions in the 0.8 to 15 micron range were determined
using Andersen Mark III cascade impactors, preceded by cyclone precollectors.
The in-stack fractionating sampler provides eight size range measurements.

The preimpactor removed particles greater than 15 microns. The determination
of impactor stage cutpoints and particle size distributions was performed with
the computerized PADRE data reduction system.

The impactors were loaded with pretared Reeve Angel type 934H-glass fiber
substrates in the field trailer. The complete units (impactor, preseparator,
and nozzle) were then wrapped with electric heating tape, in order to keep the

' temperature of the impactor above 212°F and eliminate the problem of water

condensation inside the impactox unit.

The sample trains (pictured in Figure 10) were assembled and the heating
tape turned on. The trains were then leak checked at a vacuum of 15 in. Hg.
A leak rate of less than 0.02 cfm was required to start a test. Once this was
achieved, the outlet and inlet trains were placed in the stack such that the
nozzles were at the same point in the tower, above and below the baffles.

When the process observer signaled that the quench car was fully into the
tower, the isokinetic flow rate was quickly established and monitored as
necessary to maintain constant flow. The flow was shut off when the quench
car was fully out of the tower, or three minutes had expired. Only twice
during the entire program were the inlet and outlet impactors not rum
simultaneously, once during run 1C, and once during run 2D.

Upon completion of the test, the impactors were removed from the stack
and allowed to partially cool. The nozzles were then capped, the impactors

-removed from the probes and carefully transported back to the trailer. Note
* that no final leak checks were performed so as not to disturb the partlcle
_ size distribution within the impactor and preseparator.

Andersen'Impactor Gravimetric Analysis

At the conclusion of each test runm, each impactor was carefully
dissassembled and the nozzle and preseparator section brushed and washed with
acetone into a glass sample bottle. Each impactor substrate was placed in its
respective petri dish and any particulate. adhering to the bottom of the jet
plate above it, the crossbar, the gasket, or the top of the jet plate below it
was brushed onto the substrate. In all cases, the substrate was carefully
placed in a preweighed aluminum foil package to eliminate loss of particulate
during handling. On the occasions when the temperature of the impactor fell
below 212°F and water condensed inside the impactor, extra care was needed
when separating the substrates from the jet plate.

Upon completion of the sample recovery procedures, the samples were
labeled, sealed, liquid levels marked, and the samples carefully packed for
shipment to the GCA/Technology Division laboratory for analysis. A chain of
custody log book that outlines the recovery procedures and documents the
history of the samples was kept. FEach substrate and weighing jacket, upon
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return to the GCA laboratory, was immediately placed in a desiccator and dried
for at least 24 hours before being weighed. After weighing, all samples were
carefully stored in closed containers. Field and gravimetric analysis data
were entered into the interactive data reduction system (PADRE) developed by
RTI for EPA. This system checks each inputted variable and warms the user if
an error is detected. Example calculations used to determine the cyclone
precutter lower cut diameter and a more complete discussion of PADRE is
provided in Appendix A-2.

DUAL-CYCLONE SAMPLING

An inhalable particulate sampler, consisting of two cyclones in series
and a back-up filter, was developed by Southern Research Institute for size
measurement in industrial procegs streams. Three particle size fractions are
determined; greater than 15 microns, 2.5 to 15 microns, and less than 2.5
microns, when operated at a nominal flow rate of 0.8 cfm at 300°F. A
schematic of the sampler is provided in Figure 11. For some runs, a backup
filter was placed behind a thimble back up filter to collect very fine
material which passed through the thimble.

The sampler was attached to a probe, leak-checked to less than 0.02 cfm
at 5 inches Hg and ipserted into the stack horizontally. The sampler was
turned on at the start of a run and allowed to run without interruption, even
between quenches. Sample periods ranged from approximately 4 to 10 hours.

The decision to run the dual cyclone sampler continuously was based on
the following considerations: it was necessary to sample in the horizontal
position, it 1is necessary for the sampler to be in a position 453° from
horizontal before stopping flow, and it is desirable to move the sampler and
interrupt flow through it as infrequently as possible. The sampler was left
running during the period between quenches and it was assumed that very little
sample was collected during this period.

The procedures outlined in the "Procedures Manual for Inhalable
Particulate Sampler Operation" (SORI-EAS-79-761), Chapter 5, were followed for
recovery of sample from the collector. Brushes and acetone rinses were used
to remove all particles adhering to the inside surfaces of the collector. The
liquid level in the sample containers were marked, the containers were then
sealed and. locked up. Chain—-of-custody documentation was maintained.

WATER SAMPLING

Water samples were taken at three locations representing three phases of
water during the quenching process. Samples were taken at the inlet to the
quench spray (labeled the "Quench water" samples), the return to the sump
after quenching (labeled "Return water'), and at the makeup to the sump
(labeled "Make-up water") which was bay water for the clean water testing and
flushing liquor for the semi-dirty and dirty water testing. Sampling
locations are shown in Figure 12. These sampling sites were selected to
obtain samples which would trace the path of water pollutants through the
quenching process. The makeup water samples show the levels of pollutants
entering the system as water is added. The quench water samples show levels
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of pollutants just prior to the quenching and the return water samples show
pollutant levels after quenching. Comparing the results obtained at these
different points provides an indication of pollutants lost from the water
through emissions from the quench tower or, conversely, pollutants gained from
contact with the hot coke during quenching.

Water samples were collected as a composite of grab samples taken during
each quench of a multi-quench test. During each quench, a grab sample was
taken at all three (quench, makeup and return) sample locations. These grabs
were composited over the entire test period, 9 to 12 quenches, and treated as
one composite sample. Samples were collected in large glass jugs with a total

volume of approximately 5 gallons collected during the test period at each
location. :

The quench water sample was taken from a tap in the water line between
the header tank and the spray nozzles. This sample was taken immediately
prior to the start of the quench. The return water sample was taken at the
return trough between the tower and the sump. This sample consisted of three
grab samples from the trough for each quench: one at the beginning of the
quench, one in the middle, and one as the car left the tower. The makeup
water sample during clean quench water tests was taken at two locations, both
of which were sampled during each quench. The first makeup water sample was
taken from a tap in the line connecting the final cooler and the trough which

drains into the sump. This sample repregents the indirect cooling system.

The second sample was taken from the line used to clean the baffle array.

This water, like the indirect cooling water, comes from the bay. The makeup
water samples were taken from 3 in. rubber hoses routed from batteries No. 1
and 2 during semi-dirty and dirty quench water tests. A grab sample was taken
from each quench and composited.

Upon completion of a test, the composite water samples were mixed
thoroughly and returned to the field trailer for sample recovery and some
ongite analysis. Each composite was split into 8 aliquots for further
analytical work. Clean, deionized water rinsed glass jars were used as sample
containers. In addition to filling eight sample containers, some sample was
saved from each composite jug for onsite analysis. For all tests except the
clean organic and dirty organic tests, sample containers were prepared for the
analyses of the following parameters: ammonia, chloride, cyanide, phenol,
solids, sulfate, sulfide and an additional container was filled to serve as an
extra sample. For the organic clean water test, samples were collected for
phenol and cyanide, and a l-gallon glass jug was filled from each composite
for later analysis of metals and organic compounds. For the organic dirty
water test, samples were obtained for ammonia, cyanide, phenol, and solids, as
well as the metals and organic compounds. Samples were then preserved
according to the specific requirements of the analytical method to be used. A

breakdown of the sample split and Preservation for each parameter is presented
in Table 3. g

A portion of each composite sample was analyzed onsite. Temperature, pH,
and conductivity were determined for each composite sample, and the values
recorded in the water sampling and analysis field notebook. pH was determined
using a "mini" analog pH meter with a combination calomel reference
electrode. Temperature and conductivity were determined using a Hach model
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16300 portable conductivity meter which has a temperature range of 0-100°C,
and a conductivity range of 0-20,000 mhos/cm. To obtain conductivity

readings higher than 20,000 mhos/cm, dilutions were made of the sample with
distilled deionized water.

Following sample recovery and preservation, the water samples were split
into three groups, according to which analytical laboratory was to perform the
analysis. Due to the extremely short (24 hours) holding time of the ammonia,
phenol and sulfide samples, these were driven to Ontario Research Foundation
(ORF) for analysis. During the dirty water testing only, cyanide samples were
also sent to ORF for analysis, to minimize the difficulties encountered
earlier when bringing these samples across the U.S./Canadian border. Sulfide
was analyzed in accordance with Standard Methods, 13th ed. 1971 Method No.
228A. Phenolic compounds were analyzed using the automated 4~aminoantipyrene
Method A provided by the Ontario Ministry of the Environment. Ammonia was
analyzed in accordance with Standard Methods, Standard Methods for the
Examination of Water and Wastewater), l4th ed., 1975, Method No. 418 A&B.
Cyanides were analyzed by Standard Methods, l4th ed., 1975, Method No. 413
(B, D, and F), and replicate analyses were performed using ASTM, part 31, 1981
edition, Method No. 2036~811B. The complete report detailing methods and
results submitted by ORF is included in Appendix E. :

Samples for sulfate, chloride, cyanide (during clean water testing),
metals and organic compounde, having less restrictive holding times, were sent
to Battelle-Columbus Laboratories for analysis. Chloride and sulfate were
analyzed using the techniques given in '"Methods for Chemical Analysis of Water
and Wastes," EPA-600/4-79-020. Organic compounds were analyzed using EPA
Methods 624/6235. Priority pollutant metals were analyzed using Atomic .
Absorption and ICAP. The Draft Final Report from Battelle which includes the

analytical methods and results of these water samples is included in
Appendix F.

Samples for solids analysis were held for the duration of the sampling
trip in the field trailer. Upon return to GCA, these samples were analyzed
in-house for euspended (filterable) solids following Standard Methods, 14th
ed., 1975, Method 208D. After completion of this analysis, the remainder of
the solids samples were sent to the Envirommental Research and Technology
(ERT) analytical lab for total dissolved solids analysis. This analysis was

performed according to Method 160.1 in "Methods for Chemical Analysis of Water
and Wastes,'" EPA-600/4~79-020.

ORGANIC SAMPLING AND ANALYSIS

Organic sampling, consisting of a modification of the total particulate
sampling procedure was conducted at the inlet-outlet of the baffles,
simultaneously. By placing an XAD adsorbent trap in-line between the filter
and the impinger unit of the EPA Method 5 train, organic species in the stack
gases are trapped. The tests were run in one sampling port at the imlet and
outlet at approximately 0.75 cfm throughout the entire quenching process.
Otherwise the same operating procedures discussed in the section on total
particulate was adhered to. One test (inlet-outlet) was conducted for clean

-
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and one for dirty water quenching wherein nine quenches were sampled during

each run. Cleanup procedures were modified to include the use of methylene
chloride instead of acetone.

Samples of quench, return, and makeup water were collected in the same
manner as were all of the previous water sampling procedures tests. The
results of the analysis conducted by Battelle Laboratory for organic species
is shown in Appendix F.

CONDENSIBLE EMISSIONS

Measurements of particle sizes after dilution with ambient air were
conducted by Southern Research Institute (SORI). The sampling was performed
using the EPA Stack Dilultion.Sampling System (SDSS) which consists of an
instack cyclone precutter (same as the dual-cyclones) followed by a dilution
chamber. This unit, its operating procedures and the results of the tests are
outlined in the SORI report provided in Appendix G.

GAS ANALYSIS

Stack gas from DOFASCO's coke plant quench tower was analyzed for carbon
dioxide, oxygem, and carbon monoxide using an Orsat gas analyzer, and for
hydrocarbon content (C;-Cg) using a Carle GC 9700 FID gas chromatograph.

Grab samples were taken during random quenches during clean, semi-dirty,
and dirty water testing using a l-liter Tedlar bag and squeeze bulb. Samples
were taken at the inlet of the baffle array during the clean water quench, and
at the outlet during the semi-dirty and dirty water quenches. It was felt
that there would be no difference between the inlet and outlet stack gas,
however, samples were randomly taken at both locations during the testing.

The results of these tests show that the quench tower stack gas had

essentially the same carbon dioxide, oxygen and carbon monoxide content as
ambient air when measured using an Orsat Analyzer.

- Grab samples for gas chromatographic analysis were taken during eclean and
dirty water quenches only. Prior to each GC analysis , a standard Cy-Cg
gas was run through the GC to obtain a set of standard peaks from which the
hydrocarbon content of the sample gas was calculated.

PROCESS OBSERVATIONS

The process observer's role was twofold. Each sampling run in a test was
directed by the process observer who also documented all process and test
conditions. The process observer's duties included non-Method 9. observations
of coke greeneas, flames, quench car load distribution, push/quench times,
oven numbers, test duration and deviation from pormal practices. The process
observer also performed a daily door leak inspection, obtained the daily push
schedule and was responsible for gathering process information such as average
oven temperatures, net coking time, and coal/coke analysis.
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The sampling crews on the coke quench tower and in the laboratory were in
constant communication with the process observer. It was the observer's
responsibility to alert the crews that a load of hot coke was approaching the
tower. The signal to begin testing was given by the observer. When the
quench car left the quench tower, or 3 minutes had transpired, the observer
relayed the signal to etop testing. A series of three commands was used for
this process. '"Car Coming" alerted the crews to the impending arrival at the
quench tower of the quench car. Each crew member verbally responded,
signifying that they were prepared to sample. "Car In" was the command to
begin the sample run. Each crew responded to assure that normal sampling had
begun. At the end of each test the command "Car Out" was used to alert the

crews to stop sample train operation. The process observer then relayed the
time and duration of the test.

Process observations and test commands were performed from a vantage
point midway between the coke shed and the quench tower on the coke side of
the batteries. The observer was stationed on a platform approximately 8
meters from the ground. From this point, a clear view of the quench tower was
possible. The observer could look down on the quench car prior to arriving in
the tower and evaluated the coke greeness, flames, and distribution in the

car. Communications were maintained through the use of a headset/intercom
system.

The observer, based on his experience in coke plant operations,
subjectively rated the "greeness" of each car of coke. A scale of 0~5.was
used with a rating of 0 denoting no visible emissions and a rating of 5
denoting 85 to 100 percent opacity emissions emanating from the entire car

length. Prior to testing, several quenches were rated by the observer and
project coordinator to compare and discuss readings.

The amount and quantity of flaming coke was also noted. Light flames
indicated burning coke with a flame height less than 0.3 m (1 ft). Medium
flames were greater than 0.3 m (1 £t) but less than 0.6 m (2 ft). Heavy
flames were considered greater than 0.6 m (2 £t) and were often disattached
from the coke. The location of each area of flames was noted.

Comments were also made on loads of coke which differed from the norm.

Excessive amounts of coke, as well as short charges were noted. Any
unevenuness in the distribution of the coke in the quench car was also recorded.
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SECTION 5

TEST RESULTS

INTRODUCTION

-

The field sampling program was conducted during the last week of

, September and first 3 weeks of October, 1981. The program objectives were met

by completion of five total particulate runs (simultaneous inlet—outlet over
9 to 12 quenches) during clean water (500 mg/1l TDS) quenching, three during
semi-dirty (2270 mg/l TDS), and four during dirty water (8850 mg/1 TDS)
quenching. Five impactor runs (inlet-outlet simultaneous) were completed
during clean and four during dirty water quenching. Two dual cyclome sampler
runs were performed for clean and dirty water quenching. One Modified Method
5 (organic) rum was conducted for clean and dirty water usage. Water samples
were obtained for each quench sampled. Process conditions were carefully

monitored to document that test runs were representative of the normal
quenching practices at DOFASCO.

Water samples were analyzed onsite, sent to Battelle Laboratory,
Columbus, Ohio; Ontario Research, Mississauga, Ontario; and some samples were
driven back to the GCA/Technology Division laboratory and sent to :
Environmental Research and Technology for analysis. The following sections

describe the results of the field sampling and data analysis efforts.

TOTAL PARTICULATE RESULTS

The total particulate measurements were performed simultaneously above
and below the baffles (outlet-inlet) using an EPA Method 5 sampling train
modified to include an instack cyclome precollector. Tables 6 through 9
summarize the results obtained. Table 6 provides a summary of the average
stack gas parameters and sampling conditions for each water quality test
series. These results are presented in more detail in Appendix C-1, where
particulate concentrations and emission rates are provided in both English and
Metric units. Tables 7, 8 and 9 provide emission factors (in English units)
based on the amount of coal charged to the coke oven for each water quality
test series. In these tables, the distribution of the particulate in the
sample train is provided. Typically, 55 to 65 percent of the particulate mass
was recovered from the cyclones, 15 to 25 percent was recovered from the probe
and filter and 10 to 25 percent in the back half.

34




919U 08T Juadzad o i%
Qousnb/omyy 3893 12303 = b/f: .
PUIIE = 3
vd) = 85 isejon

*33TUT 90°60T "ISTINO 45 ¥Ge

TLETTI-69°L8 99'T-£1°Z eh*L£-6°CT 81 664-56E'S1y - OT°91-8%°21 : sBuzy
£€6°01 81°G €6°2 vES"1Z 940 ’ ) uoT3Ie1A3(]
piepueig
p0B 101 [ A L1t 851°19% £1°E1 L)L ETA
T6°€6 HC°Z 1A z09 0%y £l 6 18/€2/01 oY
6446 6T eL1te 1625y 86771 6 - 18/cz/01 1%
{0°16 L1'e 91°0¢ 98Z '8SY £L°21 g ®./TT/01 Cct _
69 °¢01 - L1z 10°0¢ itisy 89°71 9 18/zz/01 1€
05911 B Y A 4 #5°0¢ 6%8'L9% £0°t1 It 18/12/01 174 v
G °B8 LY A 99°1{2Z 091°99% g z1 1 18/12/01 1z
$£°101 19°2 #L°0¢ mweiicy 6871 [ 1sfoz/ot 01 : vy
i6°L8 19°2 11°9¢ S6£°C1H {9°21 z1 18/0T/01 11 £azxtq =
19°L071. %€°2 00°S¢ cLEOYY g81°€1 . 6 . /6701 ot .
Z0°Z6 65°C 84°1¢ B8y SLY 17°E1 6 18/6/01 0z :
{9°€01 99°Z 8 Tt 969 °‘CLY L el z1 18/6/01 0t £3r1p-tueg
$Z°211 - £1'2 10°9¢€ $80°8YYy 6%°C1 71 18/9/01 os
£2°101 £1°T #E Lt T1L°59% . 9% €1 [4 ®8/9/01 15
69°L8 b1 4 YT 9t SERTLTY 16°21 FA | 18/5/01 oY
§1°96 %5°T g%°82 . 6L0°6LYy 8L°21 z1 18/</01 1%
9196 iz ¥1°62 %2 "06Y £H el 71 18/5/01 oe
06°%6 2z - (6762 L0S“96% Z0°ET z1 18/6/01 1€
05 111 £€°T £0°0¢ 181°66% £8°¢1 1 18/€/01 474
i£°621 ££°T £ Le 159 "6E% o141 z1 - 18/£/01 1z
01°%11 9T {272t L9895y 01°¢1 : 1 £/01-2/01 01
€211 S A A L8°6Z L9L'iLy 8Z°t1 Tt g/o1-z/01 I1 uesld
(%) {uta) (0%x 1) (Pm3as) (mdz) ssyduanyh 3jo *ON |818q “OR 3831 adiy
a1ry youand 1ed u23u0) airy ACl3 £313079) : .
’ S1320THOS] acrty 183l 3INISTON adraoay 28exaay ] .

¥AMOL HONAND T °"ON 0OSVAOGd SNOTITANOD ONITAWVS 9 IT4Vi




+3z18 Ino 1amoy 0Sq wd ¢ £123vmTX01ddy,

6%°0 L1°0 [A 3V %00 £0°0 €20 J=1InQ
sz 1 Z1°0 £€1°0 11°0 61°0 £€8°0 Je1ul a3eaaay
06860 86€1°0 £Shh 0 0Ze0 0 S1Z0°0 816€°0 3313Nn0
6818°1 £0v1°0 68491 26%0°0 GGE00 S6hE"1 39ful S
L%8L°0 SHEE 0 (A% A1) 0€£€0°0 %900 T€€E€°0 391INg
Z8Li%°1 £€E0T°0 6vie"1 Tivo0 9L1Z°0 1060°1 13jul s
19Z€ 0 STIT*0 9¢€1Z°0 £820°0 6810°0 %9910 121300
119 Il 9¢l0°0 #6L0°1 GG81°0 1LL%°0 891%°0 397Ul £
1992 0 6990 *0 T661°0 T€<0°0 ZeE0°0 6211°0 391InQ
LZ62°1 £10Z2°0 #1601 1%#90°0 L6E0°0 9{86°0 321Ul 4
101%°0 €960°0 6€1L "0 Tev0 0 6E%70°0 g8%Zz 0 32100
1606 °0 £€80°0 g1Z%°0 1260°0 HCC0 0 ERLT0 Joul 1
uiexl J1=u noBq J1eYy 3Juouxy 1937113 sqoig p2U0T24D uoT1e007] *ON 1597
18301 1e30] 18301

paSiey> (rod uol/qq

]

YAMOL HONAND T "ON 0JSVI0d ‘YAIVM NVATO - SYOIOVA NOISSINA AIVIADIINVA TVIOL °f TIEVL

, - — ———— P— b —r e ——c, — —
S —_— i - - . .

36




*2278 Ind z9moy 0Sq wr' ¢ £1932w1X01ddY,

r~
™
88°0 0%°0 8% 0 #0°0 700°0 r0 381300 a8zasay
80660 Z9%6 0 SH0%*0 25%0°0 £9%0°0 9z1€0 I213InQ £
15880 Z18e 0 8L0S 0 0ZeQ 0 %1100 #09%°0 321InQ C
9Z¢R "0 9562 °0 0L€5°0 9700 0€£10°0 »16%°0 121300 1
ulexl JieY Noeq J1eY Juo0xj] 193113 aqoxg g2U01240D uoTIERd30] *ON 3893
Te30] 1e30] 1830}

padieyd> 180D n03l/q]

¥IMOI HOMAMD T "ON .0JSVIOQ “YAIVM AINIC-IWAS - SWOIDVA NOISSTWH ILVINITIYVd TVIOL °g AT9V]

. e

S

-




2218 3no zamoi 05q wrt ¢ A1s3swrixoaddy,

91°¢ LL*0 6€°1 1€°0 %0 99°0 J813N0
08°S 9¢°0 VA £0°1 £E€0 88°¢C 391Ul ageasay
605L°1 L08€"0 zoLe°1 16€1%°0 0e9%°0 1Z6%°0 3213IN0
080%°¢ 659 °0 12%0°S c00%°1 TIS1°0 L06%°E 321Ul ¥
9619°2 6€09°0 L1102 z99%°0 8028 °0 IATA ] 121300
6L1E°L H2£9°0 6689 °9 c09%°0 #8950 §966°G | 3eotul €
78261 SLé%°0 LOE0 T 06%2 0 Le%1°0 07€9°0 191300
862 °S B8R0 £188 "% %Z1Z2°1 £8IE 0 906 ¢ ¥e1ul FA
Zovit 2T09°1 oY%l S711°0 80€T 0 L86L°0 3197300
0£€1°¢ T6LL°0 sECE Y 60%0°1 8667°0 1€10°€ I9Tul. 1
uteil J1®U 3}oBq J1eY Juox3 123113 2qo1d ou0T1240 uoIjleIOo *OMN 3S3]
1®30] 18303 1®30l

pe3ieyd 10D WOL/q]

J¥AMOL HONAND T °*ON 00SVIOQ ‘¥IIVM AL¥IQ - SYOIOVA NOISSIWAE ZIVINOIIIVA TVIOL 6 T4Vl

38




—_—

GC/GAS COMPOSITION RESULTS

Stack gas samples were analyzed in the field usipg a gas chromatograph
and an orsat analyzer. The gas composition was determined for the clean and
dirty water phases of the program as well as for each of the organic tests.
Two methods for obtaining a sample were used, however, only the integrated bag
method, similar to the one used in EPA Method 3 was found to give consistent
results. In all tests, C-1 was the only hydrocarbon found in an appreciable
amount. The levels detected decreased as the hydrocarbon weight increased

-with C-5 and C-6 not detectable. Gas analysis results for clean, dirty and

organic tests are provided in Table 10.

TABLE 10. GAS CHROMATOGRAPHY RESULTS, DOFASCO NO. 1 QUENCH TOWER

ppm (+10 percent)

Test C1 CZ C3 Cq_ C5 C6
Cleﬂn ’ 32. 7 0.41 . 0. 33 0- 29 - -
Clean=-organic 29.4 0.09 - - - -
Dirty-organic 27.0 0.10 0.08 - - -

Inorganic gas concentrations were determined by taking a sample from an
integrated bag (EPA Method 3) and using an ORSAT analyzer. Concentration
levels were determined for 09, COp and CO, The results from all of these
tests (one test per sampling day) were identical and were equal to that of
ambient air (i.e., 07 = 19 percent * 1.0 percemnt, CO; = 0.0 percent,

CO = 0.0 percent).

IMPACTOR SAMPLING

Andersen cascade impactors equipped with cyclone precollectors and glass
fiber substrates were used to determine particle size distribution. The
impactors were operated at constant flow rates simultaneous with the total
particulate runs. Run times on the order 20 to 40 minutes provided adequate
particulate loading on the substrate. Each impactor run was conducted at a
single sample point, above and below the baffles simultaneously. The
impactors were heated to 250°F to prevent moisture problems.

The particle size results were calculated by the interactive computer
program developed by RTI for EPA. This Particulate Data Reduction and Entry
System or PADRE requires that data be entéred in response to specific

prompts. PADRE checks each response before storing the data and warns the

-
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user if an error is detected. The user enters field data and the gravimetric
analysis results and PADRE provides the results using those methods of
calculating aerodynamic diameters.

One calculation is required to be done by the user which is determination
of the lower cut sizes of the cyclone pPrecollector. This value was calculated
using equations provided by Southern Research Institute (SORI) which are shown
in Appendix A-2. PADRE also requires a user to make an assumption regarding
the validity of the backup filter weight gain. For this section of the
report, it was assumed that 50 percent of the backup filter weight gain was
actually caused by particles smaller than the last impaction stage cut
diameter. It is possible that a higher or lower percentage is caused by
particle bounce and other factors. The effect of this assumption on the
results is most pronounced for particles smaller than about 2 microns as shown
in the summary plots in Section 2. It would be difficult to deétermine the
actual percentage.

PADRE also requires the user to input the maximum particle diameter.
This value was determined through microscopic examination of the precutter
bulk catch. A calibrated image shearing microscope was used. The largest
particles observed were on the order of 400 to 1000 microns and this value was
entered into PADRE to be used in the interpolation routines an oscillating
polynominal function to curve-fit results and calculate results for standard
particle diameters,

' The results presented in the tables, figures and size specific emission
factors in this report, were calculated by PADRE using the Task Group in Lung
Dynamics definition of aerodynamic diameter. This definition assumes that the
particles are of unit density and the diameters that result are strictly
aerodynamic sizes and do not represent the physical (classical) or impaction
(8tokes) diameters. Aerodynamic diameters were also calculated for the
- Classical and Stokes definitions of size and are only provided in the expanded

computer output provided in Appendix C-2. :

An overall summary of each series of tests is presented earlier in
Section 2. To illustrate the differences between inlet and outlet particle
size distributions more clearly, Figures 13 through 16 were prepared. Figures
13 and 14 ghow the inlet and outlet distributions for the clean water quality
tests. Figures 15 and 16 show the results of the dirty water size
distribution tests. The dirty water outlet size distribution contains a
smaller fraction of large particles than the inlet (i.e. more small
particles). This is evidenced by the steeper outlet size distribution curve.
The results of the clean water tests are curves of similar shape and steepness
however a comparison of these graphs shows the inlet size distribution to
contain a smaller percentage of large particles than the outlet. This
condition is the opposite of the dirty water rvesults and contrary to the
predictions of inertial collection theory. The effect of the baffles on
particle size distribution is more evident in Figures 15 and 16 and in the
particulate removal plots presented as Figures 17 and 18. Figure 17 is a
composite plot of all impactor runs showing the mean change in particle
concentration rather than the cumulative perceat change. Figure 18 is an
efficiency plot by particle size and is obtained by calculating the percent
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.by the impactor derived particle size distribution. These emission factors

change in the particle concentrations shown in Figure 17. Figure 18
illustrates a trend whereby the baffles do -not efficiently remove particles in
the 5 to 15 micron size ranges. The negative values indicated for clean water
particles greater than 10 microns in figure 18 is caused by the clean water
inlet and outlet curves crossing in figure 17. This impossible condition is
most likely the result of errors in the gravimetric analysis of the impactors
substrates, the small number of runs reduced and the non ideal curve fitting
and interpolating routines contained in Padre. :

8ize specific emission factors are calculated by multiplying the total
particulate emission rate (determined by the modified EPA Method 5 procedure),
are presented earlier in Table 2 and were based on the assumption that the
back up filter weight gain was_invalid. Table 11 was prepared using the
assumption that 50 percent of the back—up filter weight gain was valid. Note
that the effect of this assumption is to change the emission factors in the 1
to 5 micron range by as much as 50 percent.

DUAL CYCLONE SAMPLING RESULTS

Dual-cyclone sampling was conducted during the clean and dirty quench
water phases of the test program. The cyclones were operated without
interruption during the Method 5 and impactor tests and also in-between
quenches. The operation of the dual cyclone during non quency periods (the
need for which has been previously explained) makes any particulate
concentration data thus obtained inaccurate due to the large amount of
dilution air drawn into the system. For this reason, only the size fractions
and emission factors (1lb/ton coal) should be compared to the results of the
other tests. The cyclone derived particulate concentrations were infact found
to be significantly lower than the total particulate (Method 5) concentrations.

Table 7, provided earlier, preseats a summary of the range of stack gas
conditions encountered during the dual cyclone runs. The data used to
calculate the average the lower cut points for the cyclones is provided in
Tabla 12. Example cyclone cut point calculations are provided in Appendix
A-3. A summary of the results of the dual cyclone tests is presented in
Table 13 and these results are numerically compared to the cascade impactor
results in Table 14. The differences in the size fractional results can be
seen in Figurés 13 through 16 where the dual cyclone derived size fractions
are compared to the impactor size fractions. Note that the emission factor
scale in Figures 13 through 16 only applies to the impactor runs since, as

evidenced by Table 14, the dual cyclone emission factors are, on the average,
50 percent lower. :

There are several factors which cause the dual eyclone results for size
distribution to be inaccurate. The dual cyclone was designed to be run at a
steady flow and constant temperature. The steady flow condition was met but
the constant temperature requirement was not due to the cyclic nature of the
quench process. The collector would cool between quenches and water would
condense inside it during the quench period. The process of comdensation
agravates the problem of small particles being deposited prematurely due to
their entrapment in larger water droplets. The thermal gradient between the
hot gas and cool walls of the collectors will also cause the premature
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TABLE 11, SIZE SPECIFIC EMISSION FACTORS, 50 PERCENT
ASSUMPTION, DOFASCO NO. 1 QUENCH TOWER

Particle aerodymmamic 50% cut diameter (dsp)

Water
Type Location Cumulative o 15um Q0 um S5 uym 2.5 m 1.0 um 0.63 um

Clean Inlet % mass< dg, 100 38.7 32.2 22.8 15.8 9.9 7.8
lb« d50
i 1.13 0.44 0.36 0.26 0.18 0.11 0.09
ton coal

Clean Outlet % mass < d50 100 21.4 15.1 11.0 7.4 4.1 3.34
1b <d50
E"")n—co"gl 0. 32 0.07 0. 05 0-04 00 02 0-01 0. 01

Dirty Inlet % mass <d50 100 33.4 29.8 28.5 26.7 = 22.8 17.2

1b <d50 .
ton coal 5.24 1.75 1.56 1.49 1.40 1.19 0.90

Dirty Outlet % mass <d50 100 56.6 40.8 33.6 29.5 20.9 17.4

1b <d50

ton coal 1.39 0.79 0.57 0.47 0.41 0.29 0.24

8Rased on the assumption that very little particle bounce occurred and that
50 percent of back up filter weight gain is valid.
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CUMULATIVE MASS PERCENT < STATED SIZE

-

TOTAL PARTICULATE EMISSION RATE = 1.13 Ibs/ton COAL

99.990 _
99.950} A = AVERAGE OF 3 IMPACTOR RUNS
99.90} (0 sAVERAGE OF | DUAL CYCLONE RUN -
99.80} ]
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PARTICLE AERODYNAMIC DIAMETER, micrometers
(50 PERCENT ASSUMPTION) ‘

Figure 13. Average inlet size distribution results for runms performed
during clean water usage, DOFASCO No. 1 Quench Tower.

®L.F, Scale applies only to impacfor curve.
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CUMULATIVE MASS PERCENT < STATED SIZE

TOTAL PARTICULATE EMISSION RATE = 0.32 Ibs./ton COAL
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Figure 14. Average outlet size distribution results for runs performed’
during clean water usage, DOFASCO No. 1 Quench Tower.

%E.F. Scale applies only to impactor curve.
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Figure 15. Average inlet size distribution results for runs performed
during dirty water usage, DOFASCO No. 1 Quench Tower.

E.F. Scale applies only to the impactor curve.
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%E.F; Scale applies only to impactog curve.

49

ton COAL



000'0l

*1amM0], Yousnd
T "ON 00SV40Q “°2Fs 219T3aed £q uorizexjusdouocd ur afueyd uesy °/7T 2InSTJg

.zO....&s.:mw« % 0%
m_zzc\o_z ‘NOILYHLNIINOD SSYW NI uuquu NY3IW

000t ool o

L

T

T

T

T Ll 1_|-ﬁ-q_- LI 1 —-__-w_- 1 LI —-;—--. T

Alyng L3110

20

€90

set

§'2

ol

S

02

SPWOINW 'YILINYIA JINYNACONIY 31D11HVY

50

-




o

REMOVED

PERCENT

99.990 - 0.01
99950}' ‘ - 0.05
99.90} -40.10
99.80} 40.20
99.50} -4 0.50
99 . 1
98.+ 42
95. o -5
90. | 410 =
o
80.} d20 =
10 : 430 o
i i =
cof N e
50. L \\ ' A - 50
40 | CLEAN —=\ | , | - %
O-F warer \4 / ‘\ 60 z
30.+ L / \ 470 §
ZO'F \\ / \ 480 &
...y \+
10. + \\ 190
5. b | \ 95
' NOTE: _ '
2. F : NEGATIVE VALUES {98
| FOR S micron _ 99
- 0 ‘)' PARTICLES ' dos.5
0.2 {99.8
0.15F -499.85
Ot —199.90
00 IV N W | llll.Ll 1 L. .1 lllll 1 I N ]
10™! 109 10 0%

PARTICLE AERODYNAMIC DIAMETER,micrometers
RHO = 1.00
(50% ASSUMPTION)

Figure 18. Particulate removal efficiency by particle size,
DOFASCO No. ! Quench Tower.
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deposition of particles. Condensed water in the collector can be sucked
through the small cyclone carrying with it some of the particulate catch.
Aside from the above described physical problems with the use of the dual
cyclone it is not possible to accurately determine the stage cut points due to
limited calibration data. The equations developed by SoRI were used, however,
their validity to the temperature and flow conditions encountered in the
quench tower is not known.

WATER SAMPLING RESULTS

Water samples were collected at the following locations:

™ Quench water: from the header pipe leading to the sprays
. Return water: from the trough to the sump
e  Make-up water: lines—'"clean" water tests from indirect cooling

water and baffle sprays
"semi-dirty" and "dirty" water tests from the
hose(s) from Batteries 1 and 2.

Each of the user samples analyzed for:

° Total dissolved golids ° Phenol

. Cyanides » Ammonia

® Chlorides ® Temperature
. Sulfate ) pH

. Sulfide . Conductivity

Results from these tests are shown in Tables 15 thrbugh 17. A comparison of
these results to other quench tower test results was conducted. A discussion
of these findings is provided in Appendix H.

ORGANIC SAMPLING

Samples from the modified Method 5 train and water samples from the
quench, return and makeup lines were analyzed by Battelle Laboratories,
Columbug, Ohio. Results from this work is shown in Appendix B. Concentration
levels are very low, except where field and/or blank contamination is
suspected. No correlation was found with existing data.

CONDENSABLE EMISSIONS RESULTS

Results from the SORI sampling program is shown in Appendix G. As no
other data exists for quench towers sampled with this equipment, no
comparisons are possible.
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! PROCESS DATA RESULTS

. The individual process data sheets used by the process observer to note

\ coke and quench process conditions for each quench tested are useful in
determining if the process was operating in a normal manner. Observation
items such as load positions, hot spots after quenching, etc., are only

‘ indicators if a particular test result (i.e., lower/higher than normal

| emissions) comes into question. Therefore, the process data has been
summarized to allow objective comparisom between these tests and those

| previously conducted at other quench towers. No correlation was found to

‘ exist between either greenness or coking time and particulate emissions. The
coke times, greeness rating and coke—coal analysis are shown in Table 18

; through 20. During none of the tests were fugitive emissions (plume £low out
! of the door openings) excessive.

During both the clean and dirty water phases of the program observations
| at the outlet of the baffles revealed that large particles were passing
i through the baffles* during the firat 30 to 45 seconds of the quench process.
This occurs when the plume consists mainly of steam with little or no water
l droplets present.

The baffle manufacturer, Munters, asserted that without sufficient
wetting of the particles prior to their entry into the baffle array, the
] particulate removal efficiency of the baffle array is decreased.

*Buildup of particulate matter on the holders for the spray system used to
clean the baffles confirms the findings of the microscopic sizing analysis,
wherein particles in excess of 400 microns were found.

”
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TABLE 18. NORMAL COKING TIME--AVERAGE GREENNESS

Test

Net coking time

Average greenness

Particulate tests

Clean

Wi B

Semi-dirty
1
2
3

Dirty

L P L

Particle Size Tests

Clean

LS R - PLRY L

Dirty

o e

1663
1603
1622
1627
1685

1919
1893
1884

1638
1716
1616
1619

1674
1602
1625
1625
1680

1640
1719
1614
1619

NN WWN
L
LoV B ol « SR

W
0N W W
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TABLE 19. DAILY AVERAGE FLUE TEMPERATURES

No. 1 battery

No. 2 battery

No. 3 battery

Date (ovens 1-27) (ovens 28-66) (ovens 67-116)
Oct. 1 1245°C 1254°¢ 1254°C
Oct. 2 1253 1260 1259
Oct. 3 1273 1268 1270
Oct., 4 1253 1251 1245
Oct. 5 1257 1257 1250
Oct. 6 1253 1257 1258
Oct. 7 1271 1269 1272
Oct. 8 1275 1268 1270
Oct. 9 1263 1252 1259
Oct. 21 1280 1274 1269
Oct. 22 1286 1278 . 1279
Oct. 23 1285 1287 1275
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APPENDIX A-1

TOTAL PARTICULATE EXAMPLE CALCULATIONS



wonal

‘Fnriliry__ . Job No.
Souree Date
Run Calc/Review

SAMPLE CALCULATIONS

Particulate Tsokinetic Sampling
1. Calculations for stack volume and Isokinetic Ratio

Time Dry Cas Pitot Orifice Dry Cas Stack Stack

. o
Moter ft? AP, AW, . Temp °F static Tenp F
in. Ha0  in. 1,0 In Out = Pressure
in, H20
T VM AP I'M TMI TMO PST TS
1. DN = Nozzle Diameter, inches ' in.
2. B 7 Barometric Pressure, inches Hg in. Hg
Y. TT = Net Sampling Time, minutes ) min,
4. VM = VM final - VM initial = Sample Gas Volume, ft? fe’
AA.VML = Use only if any final or intermediate leak check rate
16 over 0.02 cfm-
LT = Leak rate after any given sampling period, cfm
TLL = Total time of sampling period in which leak occurred, min.
VML = vM - [(L1 - 0.02) TL1 + (1.2 - 0.02) TL2 + (L3 - 0.02) TL3 +
L4 + 0.02) TLA)
) - I - 0,02)( )+( - 0.02)C  )+( - 0.02)
( )+ ( oo )
- ( ) - [« )+ )+ (- )]
( ) - ) = Fr3
5. TM = Average Dry Gas Temperature at Meter,oF
™ - Avg., TMI + Avg. TMO o
2 = F
6. PM = Average Orifice Pressure brop, inches 1,0 ‘
in.Hg

PM = Avg. AU = 13.6 = —-

_ .. a .
7. Volume of dry gas sampled at standard conditions, dscf

VMSTD = 528 (Y)(VM)(PH + M )
13,60 v = dry gas meter

79,92 ('T™M + 460) calibration factor K
528 ( ) ¢ ) - ' fed
29.92 ( )




' Job No.
‘ Run No. )
‘. B VW = Toral Water Collected = g HaO Silica gel + wl Imp. H,0 = ml
| | ( )+ )=
~- 9. Volume of water vapor at standard conditions, sacf
| VW gas = 0.04715 » VW = scf = 0.04715 ( ) = £.3
uj 10. Percent moisture in stack gas
o o= J00 X VW gas 100 ( ) _ ) _
o VMSTD + VW gas ( )+ ( ) ( )
= v
\“, 11. Mole fraction of dry pas
Mp = 100 - M _ 100 - ( ) .
100 100
= 12. Molecular weight of dry stack gas
\___E MWD = (%C0, x fg%) + (%0, x —l—g—% + [(ZCO + ZNy) x “2)2]
= ( < 0.44) + ( x 0.32) + ( x 0.28)
N ‘ = ( )+ ) + ( ) = 1b/1b mole dry
‘. 12A. XEA = % Excess Air - ((o%&.?%n,'no'z gécg)]nolgo )
- ( - ) x 100
_ ‘ T Ito 264 ( ) IS¢ Y+ 0.5 ( )
-~ _ - ( ) - 100 ' ] %
! ( ) - )+ (- )
;”; 13, Molecular weight of wer stack pas
i MW MWD s MD o+ R (1 - MD)
EJ = ) ( ) + 18(¢ - )
= ( Yy + ( y = 1b/1b mole wet
4. AS = Stack Area, square inches . |
H“ vtack ’ ‘
Cireular, :(?iﬂ%ﬂﬁff) T z(“'fi T - sg. in.
---- Rectanpular, = Length v width=( )( ) = sq. 1in.

—
e, ]

< PhoE Gtack Pressare, absolute, inches Hg = PB + AV PST

PST = Stack statlic pressure




t

Joub No.

kun No.
e PET in. W0 in. g
s . Ng = 2 = =
PST n. g 7.6 1376
PS = PB * Avg. PST = ( ) ( ) = - in. Hg
16, TS = Average Stack Temperature, °F + 460 = °R
TS = Avevage TS /%SAV + 460 =
- T framr—r T ) ( ) F ———
.SDE. - (/AP » /TS :
17, SOE ( )Av BN 460)
IR. Stack pas velocity at stack conditions, afpm
() l' 1 % Cp = pltot tube
Vs = 51130 < Cp » Avp. (SDF) xtag—;—ﬁﬁ] = afpm coefficient
N f
= 5130 » ( ) x = atpm
( ) [( )
19. Stack pas volumetric flow rate at standard conditions,c dacfm
Q = 228X VS x AS X MD X PS _
s (29.92)(144) (TS + 460) seim
528 ( ) x ( ) x ( ) x ( )
= = f
29.92 * 144 ( ) : —dsctm
20. Stack gas volumetric flow rate at stack conditions, acfmd
' ¢ q ] h)
q - 29.92 » Q5 (TS + 460) = acfm
T (528) (PS) (MD)
. 2992 ¢ _ X ) - ac fm
528 C YO ) —————
21. Percent isoklnetics

1019 =

1,039 4 (s 4 460) < vMsTD

']_ R a—
' VS % TT = PS « MD x (DN)#

nnry standard cubic feet at 687 (528R) and 29.92 in. Hg.
borandard conditions at 68°F (528R) and 25.92 in. Hg.
“pry standard cubic feet per minute at b8"F (528) and 29.92 in. Hg.

} . Co.
“Actual cubic feet per minute

1
130 = 85,5 ft [(lhllb mole)(in, “El]'-x 60 sec/min

sec (°®) (in, 170}

29.92 in, Mg 146 in.7 4 oo
n

528 DepR fe2

A4




J>b No.
Run No.

. 1,039 x ( ) x ( )
( ) =« ( ) = ( ) x ) = ( )

= % .

I1. Calculations for grain loading and emission rates

22. Particulate, gr/dscf

x mg _ 0.0154 ( ) . gr/dscf
gr/dscf -0.0154 * ETH t ) .

?3. Particulate at stack conditions, yr/acf

528 x gr/dacf ¥ PS » MD
29.92 (TS + 460)

L 528 ( ) = ( ) x ( ) _ .. gr/acf
29.92 ( )

pr/acf =

24, Particulate, 1b/hr conc. method

_ 60 min/hr x gr/dscf x QS _ 60 min/hx N )
ib/br 7000 gr/1b 7000 gr/1b ) = {

= 1b/hr

1 %
25. Particulate lb/hr area method = 0.132 x £ particulate * AS

DN\2

. 0.132 ~ ( ) < ( ) - . 1b/hr
m( 5 12 x )
, 1b/hr arca * 100 ( ) _
26. 1b/br cone. ( ) 7 10Q U
27

. Particulate combustion lb/l0% Btu heat input method

Ib/hr = avg. of area and conc. method =

10° Btu from fuel flow, steam generation or hcat rate =

Ib/hy - ( ' ) _ ' 1b/10% Btu
10° Btu hr b)

8. Ih/l“ﬁ Btu F Factor method =

gr/dscl ., 20,9 . . ) ~ 20.9
7000~ F 009 -%Z 0,) 7000 [20.9 - ( D)
(20.9)
= e m— ) e ——
7000 h ' )( )
" 1b/10° Btu




r e

29,

30,

31,

32.

31,

Jcb_No.
Run No.

Denaity of atack gas

a. Wet at atack condition = MW 1b/1b mol/|{21.85 !(Eg—%ggégﬂ

- ( )/[21.85 x -((———3)-] - ( )/( ) = 1b/1b

mole wet
b. Dry at 68°F (528R) and 29.92 in. Hg = MWD/385.6
’

= ( }/385.6 = ) 1b/1b
mole dry
Exhaust gas {low rate -
a. Ib/he dry = Q8 x 60 x density dry
FRS = ( ) « 60 x ( ) = 1b/hr
b. 1b/hr wet = QA » 60 x density wet -
FRA o= ) x 60 = ( ) = 1b/hr
= g A2
gr/dscf at 122 €O, = gr/dscf x 7 co,
- 12 e gr/dscf
( ) x T )
gr/dacf at 507 excesas air = lggigagﬁ x gr/dscf
= S 153 + 100 ( ) = - gr/dscf

b pollutant/1000 1b flue gas ar 127 Co,

. 1b pollutant/hr « 12
FRA or FRS % CO»

. ) 12 y
¢ B —y * 1000

= 15/1000 1b

wet or dry

x 1000




APPENDIX A-2

SIZE DISTRIBUTION EXAMPLE CALCULATIONS




The field sampling and laboratory analysis data are reduced by an
interactive computer program recently developed by RTI. The Particulate Data
Reduction and Entry System (PADRE) prompts the user for input of the following
parameters:

TEST ID RUN TYPE

TEST DATE GAS COMPOSITION (percent 00y, etc.)
TEST COMMENTS PERCENT WATER VAPOR

PARTICLE DENSITY AMBIENT PRESSURE

RUN COMMENTS STACK PRESSURE

RUN DATE STACK TEMPERATURE

STACK TIME IMPACTOR TEMPERATURE

RUN DURATION MAXIMUM PARTICLE DIAMETER

CYCLONE CUT POINT | IMPACTOR MAKE/MODEL NO.

PRE AND POST WEIGHTS OF EACH SUBSTRATE

The program calculates results using equations that are fully documented
in the Southern Research publication EPA 600/7-78-042, March 1978 describing
the "Computer Based Cascade Impactor Data Reduction System (CIDRS). PADRE is

identical to CIDRS with the following exceptions:

l. Gas Composition-~PADRE prints the dry gas composition, which is what
ugers enter. With CIDRS, users enter the dry gas composition, but
the wet gas composition is printed.

2. Cut Points—--PADRE uses the cyclone cut point entered by the user;
CIDRS calculates the cut point for SoRI's cyclone. While this is
not as convenient as one would like, we have not been able to locate
any cyclone theory which is sufficiently reliable to include in



~ PADRE. CIDRS assumes that the effective cut point of the filter is
half that of the last stage; PADRE prompts the use then indicates
this assumption by printing the inputted value in the filter column.

3. Cumulative Masses—-—PADRE includes only a fraction of the back-up
filter mass indicated by the user in the calculation of the
cumulative masses. It is not valid to assume, as CIDRS does, that
this mass is entirely due to particles with diameters less than the
cut point of the last stage. Much, if not most, of this mass is
from larger, entrained particles. Note that for a run with no
filter, the cumulative values will agree.

4, Interpolated Values at Standarxrd Diameters=--This is an addition,
available only with PADRE, to facilitate comparison of different
runs. The different and cumulative mass distribution values are
interpolated and printed for a set of standard diameters. CIDRS
uses the same interpolation algorithm, but returns only polynominal
coefficients that can later be used to generate curves for graphics
or comparison.

The only calculations performed by a user involve determining the lower
cut point of the cyclone precutter, if used. The following calculations were
provided by Southern Research Institute to determine the cyclone IX dgg.

1., Determine Stack Gas Viscosity

u o= 174.4 + 0.406 (Tg)
where T; = average stack temperature in °C

2. Cyclone IX djp
dgy = [0.091 - 10.136]F 0277

where F = flow rate through cyclone in acfm.

A-9




1.

2.

APPENDIX A-3

DUAL CYCLONE EXAMPLE CALCULATIONS

Data Sources

a. The following data is obtained as part of each dual cyclone run:

Vu = Volume of gas sampled, dry gas meter conditions, act
TT = Total sampling time, minutes

™ = Average dry gas meter temperature, °F

y = Dry gas meter accuracy factor

Ogp ‘= Dry gas meter qtatié pressure, incﬁes Hg

b. The following data is obtained from the corresponding total
-particulate run.

Tg = Average stack gas temperature, °F

ZM = Stack gas moisture content, percent

Pg = Stack gas absolute pressure, inches Hg
Pgr = Static stack gas pressure, inches Hg
Py = Barometric¢ pressure.

Preliminary Calculations

a. Cyclone flow rate, acfm

P
= Ts + 460 \[ M \[ M
U ™ Y ('m + 460 )(PS )(100 x W4 %0 0‘*715)

where Qy = dry gas flow rate = WMg,4/TT;

Py = absolute meter pressure = Pg-Ogp
Pg = absolute stack pressure = Pg—Pgt
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b. Stack gas viscosity, micropoise
o= 174.4 + 0.406 Tg (°c)

3. Cyelone Cut Points

8.  Cyclone III cut size, d5p = [0.024u ~ 3.09] Qp ~0-8

b. Cyclonme X cut size, d5g in microns

Qcal
X d50 = 15 Qact

where Qcal = 105 log p - 225 (in 1lpm)
Qact (lpm) = Qact (acfm) x 28.32 (1/cf)

4. Emission Rates

a. Concentration

C = total catch (grains) x 1
WMged

where C = emission rate in grains/dscf
WMgeq ® total volume sampled in dscf.

Crrr = backup filter net weights (grains) x C
total catch (grains)

Cirr-x = cyclone III catch + cannister rinse residue (grains) x C
total catch (grains)

Cx = cyclone X catch (grains) x C
total catch (grains)

b. Weight rate
Ex = Cx x Q3 x 0.00857
where E = emisgion rate in lb/hr.
X = one of three size fractions

Qg * stack gas volumetric flow rate determined by EPA method 5 tests,
dscfm

0.00857 = conversion factor,

1 gram x 1l 1b X 60 min
15.43 grains 453.6 grams ~hr
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c. Emission factor

Py =Exy x _1
PWR

where P, = one of three size specific emission factors, lb/ton poured

PWR = process weight rate — tons of coal charged/quenched.

A-12




APPENDIX B

SAMPLE TRAIN CALIBRATION

Note: Sheets to be provided in Final Report,



APPENDIX C-1

COMPUTER PRINTOUTS
TOTAL PARTICULATE DATA REDUCTION

Note: To be provided in' Final Report




APPENDIX C-2

COMPUTER PRINTOUTS
IMPACTOR DATA REDUCTION




INLET DIRTY - 50 PERCENT ASSUMPTION

ATA COMPARTSON FOR 4 INLET RUNS BY GCA

CUM, %  CUMULATIVE DM-DLOGD (M5-D .

MASS < DSN MASS < DSO  MIN. max. - \_AYG. ) STD. DEv,

5 A 45, 58 1.16E+03 8, 02E+02 3.01E+03 1.8SE¥03 1.032E+0R
e 37.73 9. 116402 6,.65E+02 1.69E+03 1, 13E+02v S.193E+02
S 218000 0 33.45 0 7.93E+02 4.76E+02 1. U3E+03 7. 7PO9E+02. 2. PEPEAOR
©4 10.0B © 29,82 7.01E+02 S.64E+01 3.31E+02 1.47E+02< 1.245E+02
5 %.00  28.53 6.73E+02 1.84E+D]  1.44E+02 8,31E+01Y 6. 379E+01
i 2.507 -+ 26.74 6. 39E+02 —1,38E+02 5.49E+02 1.44E+0R) 2.945E+02
7 1.8% 23..80 5.92E+02 -1,99E+02 6.75E+02 1.64E+02V 3.724E+02
8. .1.00 . 22.79 S.75E+N2 -7.33E+01 6,48E+02 2. 00E+02Y 3. 172E+02
9 63 17.24 4.45E+02 2.27E+02 3.79E+02 1.3S5E+03 1.642E+03

:jooo'ﬂurshruﬁr NEGATIVE VALUES OF DM DLOGD ARE UNPHYSICAL
THE RUNS MARKED WITH AN o APPEAR TO CONTAIN OUTLIERS

TEST SITE-_ DOFD OOFG DOFQ DOFR
TEST DATE 102081 - 102181 102281 102221
RLN-MUMNBER 1 1+ 1e 1e
FUN DATE 102081 102181 102281 102z81
_START TImE 1130 1424 1026 ais

TOTAL MASS 3.844E+03 1.681E+02 1.614E+03 7. 7RPE+N2

- DM-DLOGD IN STANDARD INTERVALS <MG DNCM>
S DMILDC 1> 1.90E+03 8, 93E+02 2. 02EH+0Z 3, 01E+03e
IMDLDC @)  1.46E+03 &£.65E+02 7.20E+02 1,69E+03e
- DMDLDC 3> 1.03E+DZ  4.76E+02e 6.14E+02 9.95E+)2
. DMDLDC 4>  5,64E+01 1.01E+02 3.31E+02¢ 9.29E+01
j DMDLDC 5> 1.B4E+N1e 3.87E+N1  1.31E+02 1.44E+02
¢ IMDLDC 6> -1.38E+D2 1.46E+01 , 5.49E+02¢ 1.53E+02
3. DMOLDC 7> =1.99E402 4,S4E+00 6, 7SE+02¢ 1.74E+02
SODMBLDC @) -7.33E401  3,.84E+0D1  &.48E+02e 1.8PE+D2
~DMDLDC 9> 2.79E+402¢ 7.73E+02 6.27E+02 2.27E+02

THE VALUES MARKED BY AN + APPEAR TO BE DUTLIERS

QDD YOU WISH TO REFEAT THE CDMPHPIQDH EXCLUDING SOME RUNS? ENTER Y UP PETBl!k
>

N@gﬁvuu WISH TO START OVER AT THE BEGINNING OF THE FROGRAM? ENTER Y OR RETURN




OUTLET DIRTY - 50 PERCENT ASSUMPTION

NATA COMFREFT SO FUF

TATLET RO By i Wy
1 Th. PT. CLML o CHMOL AT T MECRLORD MG DT TN _
} COTMICRPONT YD MAST NS py © = MM, MAE, QHVG. ) ITD. Dk,
1 0. nn R B T S I L SN | 1.A7E+NZ I.ﬁﬁﬁ*ﬂ? LR dHEE RN
& e nn ES, o T THEANL QL aRES N 2 LEE NS S ANE+NZ A TAEE+N)
L 2 18,00 SR, S L SEE+ N SLTAE AN 2 SSEANE 1L TTE+NS 1.12VE+0S
i 4 11,00 40, 7= Go4NFE+NT R TZRE4 00 2 E+GE S, ATE+N BLVERE+DY
S - 8. 3G P “LdeE 4+ 3. S99+ 1.17E+ F,31E+0nﬁ EN NE+ NN
[ &L S o I B TONMTE+N 1. 25F+n11 e HE+ 5_105+U1b‘?_g355+ﬂn
[ 7 1.2% FE.aT ZLASF e PLSSE+0 SU1SE+01 2L FTE+NL =, 139E+00
. ~ 1.00 S0 AN T 11F+001 1.53F +N1 S.ENE+D] 3,045+n{~ Fo EATE DT
= Y 17.44 L L R = N BB T S | 1.AeE+N ] S, 3@+
i THE FLUMS MARKED W] TH P e REREAR T COHTSIN OUTLTER

TEZT =Z1TE
TELT DATFE

FI HUMEFF

R DATE

STRET TTMF
MR 5

TOTAL

DM L DaD
WL e 1o
nL Ty =5
LMOL TG 0
P Dy 4
M e S

nar,

S NgE s

10z
R

-

LSRR A0S

ITAMNDMED
1.EFE+NC
e REE AL e
CERE LS.
L NE+NSe
Bt R TY

LRSI

n

IR N
1h&en
e

Insz
1 N =e

1.0 =F 40

THTERY AL
SoVEE+nNn
3. 2RE+111
I SHE+0
. SSE4+0n

[k
[T LS |
e
10ges
110
Vo1 PRE

LG TR T BTN £ I

Ha T E4Y

1.n-x r + Vi
1o uwE+nNys

L 01E+M

. 4, ==E 00 1.1TE+r1il >
apf e Fop PR N S 1R ST HE N 1. "SE+n1+

HAGL Dy T
g De s
Tl 1o

Y]

THE

WL

e EE
1.77E+ny
EAE R

MAEKET Fry

SL1ESE+NL e
HLNE+IL e
P T = ) Y

1L ESE
L. Sab+n)
1. 25+

At e HEFERE TN EE (0T TER-

- —
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INLET CLEAN - 50 PERCENT ASSUMPTION

- ARTSON FOF

DL D ¢
oMOLDC
MDLT ¢
NADLD ¢
DMOLD ¢
ML D«
OMILD ¢
MDLD ¢

“OMDLD ¢

1>
)
2
4>
k]
A
g
=
@

c.VTE+Ie
F.EEE+NTe
4, 29E+111e
2.13E+01

S.¥TE+Nle
JEEEHDLe
L1%E+N] e
1.7VAE+01 e
2. 39+ e

R
c

INLET RUMNE BY GCA

1.71E+02
1. 11E+02
V. E6S5E+01
SOINE+D1e
8.8VE+ND
1. 39+
1.2FE+M
1. 10DE+01]
4, 22ZE+DD

1.71E+NE
1.27FE+02
9, 55E+01
5. 15E+0)
1.63E+n01
1.S0E+01
1.2ZE+0
1.14E+01
B, dCE+ N0

amszuLmam._
ME . L AWE,

ZTD.  DEV.

1. 71E+D———treaesfm &, Z64E+01
1.27E+0e  9.16E+01 4, 228E+01

2.935E+01
D.15E+01
S. P7E+D1
2.BBE+IN
2. 19e+01
1.79E+111
2. 39E+11]

TO TONTRIN OUTLIERS

“Th. PT. UM, CLMINATIVE DM-DLOGD
CHICRD”S: MA<S <« DSO MAZE < NS0 MIH.
S O, 52.79 T.AIE+01 E.TVESOL
e on.ng 43. 99 S.SUE+N] D.osE+0)L
2 O15.00 . 67 4. 598E+01  d.g9E+N
4 10,00 3R.26 F.SSE+01 ZL10E+D)
5 S. 00 ce.7e C.54E+N1 2, EBFTE+OD
& 2.50 15.76 1.79E+01 1.329E+01
7’ 1.25 11.00 1.22E+01  1.23E+01
8 1.00 Q.88 1, 09E+01 1.10E+01
-9 =63 V.rs S.AZE+DN 3, 23E+DN
JTHE RUNS MARKED WITH AN + AFPERF
TEST SITE DOF G DOF DOFR
TRST DATE 100241 100%21 100521
RUN MUMEER 2 ce 3
RUN DATE 100281 100531 100821
START TIME 1235 1020 1511
TOTAL MASS =, 92F+N1 3, 126E+02 eg&eaﬁ+0e
MM-DLOGD TN STANDARD INTERYALS MG-DINCMS

7. 16E+01
4.

1. 1SE+01

bt 0 LR = G = T

. OVEE+O1



OUTLET CLEAN - 50 PERCENT ASSUMPTION

1201 FOF
/ [RTL P
MEs 2

1 g b
e 15,0 cl.de
31000 1% 07
4 5. 00 11,034
% ®.50 7 a1
& 1.5 4.5
v P 0n a4, =

o] B3 2,74
THE RUNS MBAFYED W1 TH

TELT ®ITE nOF i
1EST DIRTE Tiss
=i NUMRES s
it LIRTE Slungs
THRT TIme 125
TOTAL METT 2, @BZE+ D

DT (AT )R S TRRDEFET
LI T DR Y1 E R SN R A1) |
~ 15,000 S, 30k +n

I3 T, t,SdE+0)
4 G (T R < LT S YT TP Y
& S8 HONTE+INS

F 1,49 S, RIE+ND
- 1.0 2, 7¢@E+nn
d - BT S TTY

D&O pRs T

4 OUTLET
CLir w7 I
IS

4.S2E+id1

R TR R

e B9E+0]
1.75E+
lL.NE+0111
Ve SZERDND
P I6E 4+
G, HBEH0
AN o+ FPPER
IF 0

1 00n=E

1. 554E+n2

THTERYAHL
LLEE N
B.TRE+Q
l.dmE+N1
1.52E+ 1

1.31F+01e
1.57VE+N1e
1.432F+N1e

r

FUNT BY 3
E e

iy * +E
TeoSE+1]
T.ERE+D]
1.52E+n1
1.5232E+01
1.19E+nt
HSoNSE+ND
F.84E+00D

FTO CONTARIM QUTL 1ERS

DOF o
10n5E1
g
1an=s]
1511
1.VEDE+0s

NS TN 01y
1. 36E+0n2e
1.12E+0N-»
TLOFE+N e
1. 15E+01

FLETE+NY ZON1E+ N

1.27E+N}
SOt EE+DN
3_30E+nﬁ

)

SDLOGD
=TDh.
Z.31E+0Y
& mEF+01]
c.BaE+N]
1.18E+01Y
B, EE+ON
S, ZVEHND
5.71E+0N
B ZE+O0

e

)

DOFm
100851
Tie
10051
1314

1. 29ME+0z

S, ETE+N]
S SEE+N
S, DEF4+n
Fol11E+nN1e
Ce 1EE+DT
G BFEE+01)
e
creE-ng

iyl

S D M
DEY,

MTH.
BLE3E+N
S NE -+
1.48E+01
e IIE+0N
G, DFE+ND
&, 2VE+0D

P
1, 3&E+0F
1. 1cE+NE
7. OVE+N
Z.11E+01
c.orE+N1
1.91E+01
1.57E+01
1.42E+0T




. INLET DIRTY - ZERO PERCENT ASSUMPTION

.l THE RIS MR ED WMITH AN » BEFERE TO TOMTHTE fW TLIEF-

{ TEST ~I1TE noFn IOF N DoFD LOEnN
TEST ITE 1NN 1ng1=1 1o&aa [N |
R CFLIN MOMEER 1e 1 1
P BN THTE I 103151 103281 1033
j TTRET TIME 1130 1424 103 21
TOTAL MAT 2 S349E+0% 1 62 E+1T 1 ST4E+NT 7, C8TE4n -

*

i TThe PTAM,  dnm, L matIoc S .
}\ 1 S, ETS- T S e =
O S (T e 11 12,60
% 10,
o4 . nn
i L UEN
= 1,3
o 1.0un
' a LR

THE SBULIE 7 MBEKED BY AM e AEPERF TO EE D:TL[ERT

IHTAE COMERET TN FOR 4 IHLET  FUMT BY SR
T TEAML BN DMSDUIED ¢ oML ET TWE

MR T o DS
SMTCED o BT MR TINC Y MRS - T

ST, DR, MIN, : . BT

1 &n.nm 3 SOESE4OE 6 TH4E+ 0T 19, o= P | EIC |
R RS T 4 L EIE4DS RO VIE+OE 17.7 347,71
1. T 10.0n E 1.47E+02 4 1S90 d1.e5
: El L 4 :_"::_ NRE+N1 3 14,9 el 4
= & S Bt ELNFEHDE 9 1750, 1.3
' e 1,25 4 L FAE4DE T 1n, 1% EVLSE
| v 1,00 4 c L F : 16, 1r ST
R . B 4 1LaRE+02 o 825E+00 : 11,0 R i R
VOO METH TR BEFFAT THE COMEREIZON EXCLUNTME TOME RFUNTS  EHTER o AL

e



OUTLET DIRTY -~ ZERO PERCENT ASSUMPTION

TEST T1TE
TEST DATE

nOFo
1nzng

DOF

10eEs

JUR IRy

1ne2E1

LI HIMEER ce ce .
FUH DRTE 1ngns togest 1027381
STAPT TIME 1130 103 S1e

TOTHL

»

eTDh. DIAM,

MAZT 1, 172E+DZ | OTEE+NE 1. 7FSIE+DZ

CumM, = MR D&n
1 on.ain 6. 5% SE.a T One

& 15,00 45, 9% S0, 10 SIL1E
2o, 0l 2E. 42,52« 7 Z2T.41
4 S.0n 14,85 4z, 12 1v. a8
% .50 11,86 2a.T1e 14.65
2 1.e% &, 4z 16,67+ 10,51
v 1,00 4,56 11.5n I
2 BRI 1.82 4. 23 T.Ede

. THE YALUES MAFKED EY AM & AFFERF T EE OUTLIERT

DATA COMFPAFTIZON FOF. 3 OUTLET RUMT
ST0. DIAM, MO, DMCDLOSD CUMOLPT TVE

BV 50

7
A
ol

CiUM,. L MAZT < DSa

c-10

(MICRONTY RLIMT  CMiEe DNEC A MAss < DSD AYiD, ZTr. LEY. MIM. MA~,
1 20.a0 e 1.423FE+07 FL11E+01 B, S0 T EE =, 52 V3. Ie
e 15,090 i 1. 239E+08 S, 2ZE+01 43, 75 TLED 45, 2% Sa.1e
3 10,00 = S.E3E+N1 2 ITE+NO] . F.VI TE. 01 4n.S
4 S.00 3 S.TVE+ON 2. E@SE+N1 &4, 22 1%, 04 i4,8% 42,1
< 2.5n 3 E.ccE+N] 1.8%E+01 zZn. 41 12.47 11,84 24071
= 1.¢% z .41E+01  1.10E+N1 11.20 S.1é . dd 16,7
v 1. 00 3 . NREFG1T T, EAE+00D 2,52 3.5& G, EE 11.56
o 3 i 1.10E+01 S.SVE+0n 3,57 Z. 9 B G- I -
po YO MITH TO REFERT THE COMFARTZON EFCLUDING S0OME FLI- EHMTER ~ 0OF M

S . .



INLET CLEAN - ZERO PERCENT ASSUMPTION

THE RUIMY vnecw wiTH AR o APPEAR TO CANTATN OUTL Ik

TEET SITE DiED DOFRD DaFo
TEST. DATE 100261 100581 100n%Ey
RFLIN MLIMBER ce c 3
FLUN DATE 100eR] 100S31 100581
CTART TIME 1&75 1020 1511

TOTAL MAST S REEE+M1 3. 1286402 2. 48TE+NS

ITD. DIAM, CuM, % MATS < DS -

1 ao0.00 99,47 11.43 19, 29
2 15.00 an, zze 7.os 13.79
3 10.00 76, e 4.9 &.3%
a4’ S.00 45, 3de EN =, 37
5 2.50 2€.95¢ £.80 2.47
& 1.85 13, 2% 1.m 1.52
7 1.0 10, z2e 57 -
8 L6 E.01e .10 .27

THE VALUES MARKED EBY AN ¢ RFPERF TD BE DUTLIERS

DATA COMFARISON FOF. T INLET FRUNT BY ACR

ETD. DIAM, nHO. DM-DLOSD COMWL ATIVE CUM, % MATT < DSO

(MICRIONSY  FLUNT (MECTINCMY  MEAST - nsn Y5, STh, DEY. MIM. MAX,
1 - go,mm. a E.IRE+NT 4, 25E+01 43,43 45, 6% 11.43 29,47

e 1s.00 2 TLOIE+NY 2LREE+N] 3725 45,97 .95 CP0, 32
21000 ] 4.4%E4+Nt . 84E4+01 30.0%5 40,5 4,28 7TE.R0
3 5. 00 3 T.5%E+N1 1, 24E+01 19.12 25.32 2.85 - 48.34
5 2.50 = CI2E+01 1, 14E+01 11.07 12,7 Z. 80 ZE, 95
& 1.25% £ 1.72E+01 S 10E+00 5.25 &.%1 i.01 13.23
71,00 2 1.37E+01 2.8 0FE+00 3.96 ‘5.52 T 19,32
e .63 2 6.15E+M) 1. 6eZFE+0N0 2.13 2.3/ .10 . B.M
PO YOU WISMW TO FEPEAT THE COMFPRISON EXCLUDING TDME RUSTT ENTER Y OB N

[ Z] - "

R Tl
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OUTLET CLEAN - ZERO PERCENT ASSUMPTION

k= 3 4= RN CENTRG0D L nnnn
THE FLINT MHC»FL MITH HH ® AFFERF TO FONTATH DUTLIERT

TEET ZITE DoF G " DOFR noF
TEST DATE 100581 1003 1anas
FUN NUMEFR de e
PUN DRTE 100=81 1003281 100NEe
TTART TIME 1511 1545 1235
TOTAL MATY 1, 7I0E+0T 1.8594FE+0° &.28EE+NS

TTD. DIAM.  ©CUM. % MASS < DSg -

1 20, N ?L.W Sn. SV S, 9N
¢ 15.00 . B 1.4 FL.45e
3 10,00 ld."? 1e¢.79 D TEe
4 Sonn Vad 10.5n IS
= 2.5 S.14 T3 S. 63
) 1,85 1.47 .49 Lan
7 1.00 LB E.51e B T
& LB 15 1. 06e LN

THE YALUE: MARKFED BY FAM + APPEAF TO EE OUTLIERS

IRTA COMPRFTION FOF 3 OUTLET FPUNS BY GCR

FTD. DIAM, MO, DM-DLQED CUOMULATIVE CUM. % MATT < DS
MICROMNTS  FUMNS M- TINCHD MAST 7 D50 AL, TTON LEY. MIN.

1 20,00 E F.VIE+01 SLTTE+NL . 8BS 11.10 Qo
¢ 15000 B J.1EE4N1 2, TRE+OL 15.12 S B .45
I N (1Y = 2.S4E+01 0 1.7TE+OL ) S.7e S.EE T.TE
4 e 00 B d.R0E+ 1 ZRE+ 01 F.ng Z.T4. .07
s L S 1.70E+NT | 1. 1SE+01 - 1 1.15 %.14
£ 1.25 3 SLOTE+NL - ZOENE+ 0 1,35 1.2/ LN
7 1.600 3 1.14F+01 2 0EE+00) 1.16 1.1 JE
L T - Y3 OZLELE+DN TLoE1E-M Y BT L0

DD YO MITH TO FFRERT THE COMFARTTOM EXCLUDING J0OME RIMST ENTEF

c-12
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e

DATE OF RUM: JDATE= 102031 AMEBIENT PRESSURE CIN HGH PAMENT= 29,72
TTART TIME: ISTART= " 1130 STACK PRESS WRT AMBIENT (IN HZO) : DPSTK= T
RUN DURATION (MINY: DUR= 21,5 STACK TEMPERATURE (DEG F»: ISTACK= 15S.0
FUN TYPEI . RTYPE= 1 IMPACTOR TEMPERATURE C(DEG F): TIMP= 2506, 0
% CARBON DIOXIDE: Che= -3 MAX, PARTICLE DIAM. <(MICRONS) DMAX= 10060, 0
* CARBON MDMNOXIDE: cO= 0 CYCLONE CUT POINT C¢MICRDNS):. CYeL= 12.7
% NTTROGEM: Me= 72,8 BACKUP FILTER USEDY BF= YE3
% [IXYGEM?2 Da=  20.9 % FILTER MASS < DSO LAST STAGE PCTINY= S0.0
% WATER VAPOR: H2D= 36,1 FLOW FATE DETERMINATION: ,
IMPRCTOR TYPE: IMPNAM=ANDERSENTMPACTOR FLOW RATE ¢ACFM: : FLOW=  _S50
IMPRACTOR MODEL : IMPRMOD=MARK 3
IMP, PLATE SET ID:1PLATE= 7 SUBSTRATES ID: IDSURS= 451
ND. IMP. STRGES LISED . NS= 2 DESCR=11D
ND. JETS DIAm, CUMDF  CALTE CYCLONE S30.609 MG

264 1640 L0000, 3808 STRGE 1 1.479 M3

264 21290 (0000 3808 TTAGE 2 1.490 Mi

264 <0950 _paan _ags0a ITAGE 2 1.570 Mk

264 L0760 _OAnn L 3R08 STRAGE 4 1.200 M6

264 <ORZN 000N - | 208 STAGE S 1.780 m&

2ce 0360 1760 3208 STAGE & 2.280 Mi

264 L0PEN L z9d4n | zsan STRAGE 7 2.160 Mz

196 COESH 1, 0000 . | zens TTAGE = 207,070 MG
TMPRCTOM DP- 3CAL ING FACTOR 1.8%7  FILTER Y .890 MG
11D - :

-TnTﬁL MASS  9.18S1-001 1 G792+ 0ny &, 10194003 F.E4I9+003 DMAx=1000.0
Tt BRRCF GR~-DCNF MGAACM M/ DNCH MICRONS
STHSE MRS S MRS % UM, D50 . GEO. MEAMN DM-DLOGD DN~DLOGD
‘ 1)) MG TINC M MASS (MICRONSY <MICRONS) (MG/DNCM> ¢NO-DNCM>
'PYCLDH£ 530.61 1921.11 40,22 12,68 112,61 1.04+003 1.40+008

~17 70 1,48 5.52 40, 05 12.24 12.46  2,63+002 3,59+0082
B i l,49 5.56 _20.a8 aﬁgd 2.97  3.11+001 6, 00+007
3 o .s7 5.86 3971 : €.58  3.22+001 2,16+008
4 1.20 4.48 29,57 3.79 ~4.50  3.01+001 6.32+008 .-
-] 1.78 6,65 39,37 2.12 3.449 V. 864001 2.69+009
& 2.28 .51 29,11 1.17 1.9 1.99+001  S,.48+009
7 2.16 8. 06 2a.87 .68 <59 3.42+00f 9.30+010
R U Iy soR.19 15, %o . 4E. . S8 4.50+002 4,.95+013
FILTE® FR3. 29 10549, 45 ) RTIHO0Z 1.96+014
INTERPDLATEN TD STh. INTERVALS: ' '
: ST R 20,00 T1.90+003
A&, 25 -3 (AT C 1. 484003 P
43,56 15.00 1.03+003 .
40, 03 1.0. 00 5.64+001 -
29,67 5.00 1.84+001 o
40,21 2.50 -1.28+002
41,92 1.25 -1.99+002
7. 39 1,00 ~7.2%3+001
ER=N . Y St

TETA FIR TR

Fvor O bemn TR

TEST COMMENT
FARTICLE DENSITY

CBMACCYy : RHO=

RUH COMMENTS: RCOMM= 11D

[T
TCAMM= DOFASCO WET QUENCH TOWER IF TE V14

1 INLET DIRTY

AT ZITE DOFDs OMN DnTE

1. 000

Cc-12

Yot

HE IR I Ta 1

2,7 EN0




—

-

DHIM FU6 - TE T kY 1 ONTRACTOR GCA s AT S1TE DOFQs ON DATE 102151 &on o,
TEST rOMMENTS TCOMM= DOFASCO WET DUEMCH TOWER IP TESTIM:

FARTICLE DEN§I1Y EM-C0Y s FHO=
RUN COMMENTS: - FCOMM= 21D
DRTE DF RLUN: JDATE= 102121
STARTY TINE: ISTART= 1424

CRUN DURATION (MIMN>: DUR=:  20.4

2 INLET DIRTY

1.000

AMEIENT FRPESSURE <IN HG>
ETRCK PRESE.WRT AMBIENT
STHCK TEMPERATURE (DEG F):

PAMENT= 29,92
CIN HZO» :DPSTK= .00
TESTACK= 155.0

TimP= 250.0
DMRx= 1000,0

C¥CL= 13.0

BF= YES

RUN TYPE: : RTYPE= 1 IMPACTOR TEMPERATURE tDEG F:

% CAREBON DIOXIDE: Coe= .2 MAX., PARTICLE DIAM. <(MICPOINS):

% CARBON MONDOXIDE: co= « 0 CYCLONE CUT POINT <MICRONS):

% NITROGEN: Né= 78.8 BRACKUF FILTER USED~T

% OXYGEN: ac= en.3 % FILTER MASS < IS0 LAST STRAGE  PCTINY= 0.0
% WATER VAPDR: HeO= gv.7 FLOW RATE DETERMINATION:

TMPRCTOR 4FYPE: IMPNAM=ANDERZENIMPACTOR FLOW RATE (ACFM:

{MPACTOR MODE)L = 1MPMODI=MARK 2

87,980
1,930

. 000

1.391n
1.310
1.210
2,060
1.600
2E. B8N0
Ve840

Miz
Miz
Miz
M

ms

Mz
MG
MG
MG
M

NAZI+O0R  1.6S08+003
Mz~ DNCH

IMP. PLATF 3FT ID:IPLATE= 7 ZUBETRATES ID:
HO, THP., STAGES LISED N&= & DEZCR=Z2ID
ND. JETS DTAM. CUMDP FALIER CYCLONE 1
. c64 1640  n0on L 2ER0NE ZTAGE 1
264 L1250 e L EANE *TAGE &
264 L Q950 annG . D208 STAGE =
264 L0760 0000 . 2ENS ZTAGE 4
‘264 L0670 L aann . ERNS ITAGE .5
264 L0260 176N L2208 STRAGE &
{2 LASBN 294N L IR0 ITAGE 7
156 RS0 .00 T S80s ZTAGE =&
IMPACTORF DP SCAL IMNG FRACTDR 1.2287 FILTER
210
TOTAL MASS 4.57€e~Nn1 7, 3451-n01 1.
GR/ACF . GR-TICNF M&.-ACM
ITAGE MASS MASS % Cum, Dso
MG) (MB/TIINC MY MATE CMICRONE)
CYCLONE 187.92 1003, 37 IN.EZ 13.05
1 . 1.93 10,20 £9,92 12.84
4 2.00 10,68 29,18 8.3
3 1.39% - Y ce. 67 ‘5.60
4 1.31 L] . EB.18 3.98
5 1.91 1019 c7.48 3.28
[ - 2.06 11. 0 26,72 1.23
4 1.60 2,54 Z6.12 .rl
a8 26. 88 143,47 156,21 .49
_FILTER 87.84 468, S8
INTERPOLATED TI1 STH. TNTERVEL T:
47,99 20,00
25034 . Nn
22,45 15, 00
29,66 10.an
28.50 5,00
27.9n 2.50
ev.ve 1.25
27.RS 1.0n
23.10 .62

Cc-14

GEQ.

CMICROMNSY  (MG-DNCM)
5.32+002
"1.,47+003

114,
12,
10,

é.
4.
3.
E'

FLOW= .52

IDEURSE= 171

DMRX=1 000, 0
MICRONS

MEAN DM-DLDGD

24
a5
45
30
T2
61
oy
24

.39

4

S.97+001
4. 09+001
4. 70+001
1.21+n02
Z.58+001
3.63+001
2.58+00¢2
1.56+003

2.935+002
B.RS+0ONE
4, 7Fe+00z
1.01+002
2LET+ROL
1.4&+001
. S4+0010
s RN T |

- =
R STTI

-l

DN-DLOGD
CNO-DNCM)
&. B2+ 005
1.30+009°

(9. 99+007

2.37+0032
2.54+008
4,90+009
&, 11+009
2.48+010
2. 04+012
7.36+013




—————

3 INLET DIRTY

DATA FDF TE®T Fo COMTRACTOR 30A « AT TITE DOFCs ON DATE 102261 wivs ros.,

FUN DURATION MIN>: DUR= 2l.4 STACK TEMPERATURE <DEG F':

. 34

TEST COMMENTS TCOMM= DOFASCO WET QUENCH TOWER 1P TESTING
CFARTICLE DENSITY (AM-CCY: RHOD= 1,00y

PUN COMMENTSS RCOMM= 21D

DATE OF RUN? JOATE= 102251 AMEIENT PRESSURE <IN HE»

s PAMENT= 29,37
ITART TIME: 12TAPT= 1026 ITACK PRESS WRT AMEBIENT <IN H20) :DPSTK= + 00
TETACK= 135.0

5.524+002

v-oee WARNING  CUT POINTS FOR ZTAGES 0 1 ARE SIMILAR OR INVERTED
see LIARNING  CUT POTNTS FDR STAGES 4 5 ARE SIMILAR OF INYERTED

——

TNTERPOLATFD TO TN, INTERPYALZS

64,97 30.00
S6. 05 g0.00
S0, &5 15, 00
44,83 10,00
41.68  S.qp
35.14 2.50
2e.45 . 1.8%
18. 26 1.00
9. 75 -+ .83
C-15

2, 02+002
F.en+0ng
G.14+002
J.21+002
1.21+002
FeAI+002
B PRAONE
Foodlenn

" _‘y,_+.:u\7'

RN TYPE: RTYPE= | IMPRCTOR TEMFERPATURE ¢DEG F»: TimMP= 250,10
% CARBROM DIDXIDE: ChOz= -3 MAX, PARTICLE DIAM. (MICRONS): IMAX= 1000, 10
% CAREON MDONOXIDE: - co= .0 CYCLONE CUT POINT <(MICROMS): CYCL= 12.9
% NITROGEM: N2= 73.8 EACKUF FILTER USEDT BF= YES
% OXYGEMN: be= 2.9 % FILTER MASS < DS LAST STAGE PCTINY= ~ So.n
% WRTER YAPDR: M= 0.0 FLOW PATE DETERMINATION:
IMPACTOR TYPE: IMEFNAM=ANTIERSENIMFACTORF FLOW RATE <ACEMS & FLOW=- ., S30
IMPACTDR MODEL: IMFMOT=MRRE 2 :
IMP, PLATE ZET I IPLATE=. 7 ZUBITRATES ID: IDSURS= g
MO, IMP. STRAGES USED NS= £ DEZCR=3ZID
WD, JETS  DIAM, CUMDF  CRLIE CYCLONE 154,400 M
2éd «1640 000N . 2808 ZTAGE 1 ©.450 mi
264 L1250 0000 3E0E ZTAGE &2 4,580 M
264 <0950, nonn . FE02 ITAGE 3 2,090 M5
264 L0760 . 0nnn L 3R05 ZTR5E 4 4.260 MG
264 <0670 L annn . 302 STAGE 5 2. 030 mi
64 -MREN L 1TVEN - 3208 STAGE & 34.710 M&E
264 0260 2940 IR0R ZTRGE 7 27v.320 MG
- 156 « 0250 1. 0000 o BEOE ITAGE & 19,360 MG
IMPRCTOR T SCALITMNG FACTOR 1,287 FILTEP 32.090 MG
31D .
TOTAL MASI 4,2442-001 7. 05S1-001 F.TIEEH00Z 1.8145+003 DMAX=1 000, 0
GRAACF SR-TICHF MGE-ACM MG~ DNCM MICRONS
. ETAiLE . MATE MAZE UM, 050 GEOD. MEAN DM-DLOGD DMN-DLOGDH
(MG MG IINCMY MAZE (MICRONSY CMICRONS) ¢ME.-DNCMY CND.-DINCM>
CYCLONE 154,410 BON, 26, 47 .74 12.92 112,67 4. 244002 S5.51+009%
1 Q.45 48,98 44,59 12.85 B - D.25+002 4. 89+009
e 4,58 22.74 42,99 2,88 - 10,20 1.32+002  2.22+008
R 3.09 16. 02 41.95 | S5.52 6.0 8.88+001 5,.35+008
4 4,26 22. 0& 40,50 3.9¢ 4.5 1.49+00z2 z2.82+009
S re. 02 114.1%8 23,05 3.22 2,56 1.35+003  S.74+010
6 24.71 179,90 21,30 .~ . 1.21 1.67 4.21+002 1.05+011
7 27.52 142.64 11.92 - .70 .92 6. 06+D02  1.48+01Z2
: 2 19.36 101, 34 S.43 .48 .52 SL9B+00Z S.90+017
FILTE 22,09 166, 22 3

2. 70+013




4 INLET DIRTY

C-16

DATA FOF TYE-T Ry "IIWTRACTOF ' A o« KT LTE ROFCs O TATE 105 - 1. Forn pe, 1
TEST COMMENTS TCOMM= DF A0 WET vuere W TOWER [P TEZT I
FARTTCLE DENSITY oM Cre RFHD= 1.000
PUN COMMENTS: FCOMM= 41D ‘
ATE OF PUN: JDATE= 1023581 AMBIENT PRESZURE (IN HG) PAMENT= 29,74
“TART TIME: JSTART= 916 ZTACK PREZS WRT AMBIENT <IN HeO»:DPSTEK= .00
fUN DURATION MIMX: DUR= 22,9 STRACKE TEMPERATURE (DEG Fh: TETACK=. 15%5.0
PN TYPE: RTYPE= 1 IMFACTOF TEMPERATURE (DEG F>: TIMP= 290.0
% CARRON DIOX)IDE: Ccoz= .3 MAX, PARTICLE DIAM, ‘MICRQOMNS): DMAX= 1000, 0
“ CARBON MONOXIDE: L= . ) CYCLONE CUT POINT <(MICRONS): CYCL= 12.7
‘. NITROGEN: MNe= 2.2 BRCEUP FILTER USEDY BF= YE%
% OXYGEN: A= c0.% % FILTER MASI < DSO LAST STAGE PCTINY= S0.0
% WATER VAPOR: HeO= 1.7 FLOW RATE DETERMINATION:
IMPRCTORF TYPE: TMENAM=ANDERZENIMPACTOR FLOW RATE (RCFMY = FLOW= 311
IMPACTOR HMODEL: IMPEOD=MAFK > )
IMP. PLATE ZFT ID:IPLATE= ¥ OZUBRSTRATES 1D: . IDSUES= 291
N, IMP. STRAGES USED MS= S BESCR=4]D
N0O. JETE DIAM. CUMDFE  CALIE CYCLONE 1S12.5%0 MG
2ed L1640 _annn 3808 ZTAGE 1 E.260 ME
oed L1290 annn L oR0e ] ITARE & 1,620 MG
264 T R T ITAGE = 4,500 M5
2R4 LO7R0 Nnan *TRGE 4 S,020 MG
e6d LO6FN L Annm ITAGE S S.210 ME
‘2649 203R0 . 17e0 STRAGE & 11,220 M3
2649 - 0260 .&94n TTAGE 7 QU520 Mz
156 = TUR BT T AENG FTRAGE £ S.280 MG
- IMPACTOR DP SCPALING FRCTOR 1.227 FILTER 39,850 M>
41h :
TOTAL MASE  1,.9R9N04+000 2 4030+000 4. SS16+002 7. 7E7+002 DMAX=1000. 10
GRAACF GR-DCNF MG-ACH ME-TINCM HICRDHS
T RTARE - MAXS MASE wochmM, DsSo GEO. MEAN DM-DLOGD DMN-DLOGD
) MY Ot TIMC MY MRES (MICRONSY ‘MICRDNSY CMG-DNCM> (NO-DNCM>
CYCLONE 1512.58 Fern. 22 4,38 12.68 112.51 3.83+003  5.13+006
1 2.26 1n.85 4,74 12.37 12.52 1.00+003 9.77+008
e - 1.62 F.E3 4,64 8.19 10,07 4,38+001 35,.20+007
3 4.50 &l.62 4. 265 %. 39 5,55 1.19+002 7.73+002
4 5.03 24.16 4.04 ) 2.83 4,55 1.62+002 3.30+009
S S.21 5, 0% .71 2.15 347 2.36+002 1.35+010
6 - - 11.32 S4._472 2,00 1.1¢ 1.932 1.27+002 32.40+010
7 a6 45,78 .40 .68 .20 1.94+002 5.12+011
: = k.22 3AFV 1.a88 13 - SE 2. 364002 Z.52+012
FILTER S9, 8% oav., a8 : L33 FUSSHINZ S 1TeN1R
INTERPOLATED TH .5Th. INTERVALI:
13,54 20, 00 : S.01+0032
o.27 20,00 1.69+003
.13 15. 00 Q. A5+002
4,74 10,0 Q,89+001
4.29 S.00 1.44+002
2,70 c.3Nn 1,53+002
TLNE 1.25 - 1.V4+002
LN 1. 001 1, &7+0Ng
& LE SLETENNS




1 OUTLET DIRTY

DATA-FOR TEART BY CONTRACTOR RCA » AT ZITE DOFRs DN DATE 1020S1s BUN NO. 2
TEST COMMENTS TCOMM= DOFASCO WET QUENCH TOWER IF TESTIMG

PARTICLE DENSITY YGM-CCH>: RHO= 1. 000

RUN COMMENTS: RCOMM= 10D ' .

NATE OF PUN: JDATE= 102081 AMEBIENT PRESSURE (IN HG) FAMBNT= 29.7
START TIME: © ISTARY= 1130 STACK PRESS WRT AMBIENT <IN H2DY:DFSTK= .0

FUN DURATION <MIN>: DUP= 31.5 STACK TEMPERATURE (DEG F):

= L

TSTACK= 153.0

FUN TYPE: RTIYFPE= Q IMPACTOR TEMPERATURE <DEG F): TIimP= 250.0
% CAREBON DIOAXINE: CcOe= -3 MAX. PARTICLE DIAM. MICROMNS): DMAX= 450.0
% CARBON MONDXIDE: CO= -0 CYCLONE CUT FOINT <MICROMNS): CYCL= 12.7
L MNITRUGEN: NE= v&.2 BACKUP FILTER USED? BF= YES
% (XYBGEMN: : nes= 2.9 ¥ FILTER MASE < DSO LAST STAGE PCTINY= 50.0
% WATER VAPOR: H2O= 20.7 FLOW PATE DETERMINATIDN: .
IMPRACTOR TYPE: IMPNAM=ANDERSENIMFACTOR FLOW RATE C(ACFM»: FLOW= -550
IMPACTOR MODEL: IMPMDD=MARK =
IMP, PLATE SET IDEIPLATES= v ZUBETRATES ID: IDSURS= 217
ND. IMP. STAGES USED NS= 2 DEZCR=10D )
NO. JETS DIAM. cumDP  CALIE CYCLONE 16.43% MG
64 1640 000D - 3808 STAGE 1 S.500 MG
céd . .1230 0000 . 2208 2TRAGE 2 .200 MG
2649 950 0000 . 3808 STAGE =2 930 MG
264 0760 L o0on . 3305 STAGE 4 320 MG
{2 L0870 -, 0000 . 3308 S5TRAGE S .800 MG
264 L0360 J17EN . 2RO STRGE 6 1.280 MG
264 L0260 2% . 2808 STAGE 7 1.040 MG
1956 L0250 1. 0000 . 3802 ZTAGE 8 610 MG
IMPACTOR DP SCALING FRCTDR 1.827 FILTER 7.000 MG
10D .
TOTAL MRSS 3. 0503—-n0g  5.1458-002  &.3301+001 1. 1775+00- [HME~= 450, 0
GR/ACF GF-DICNF ME-ACM . ME.~DNCM MICRONS
STAGE MAS & MATE % CiM, DS0 GEO. MEAN .DM-DLOGD DN-DLOGD
- {MRY MG~ TINCMY MAST . ‘MICRDNZ) (MICROMS) CMG-/DNCM> <NO-DNCM>
YCLONE 16.44 SE. 62 de. 43 12.68 ¥5.594 2.65+001 1.62+005
1 5.95N0 18,949 8. 51 12.40 12.54 1.92+003 1.87+009
2 .0 .9 -1 8.¢c1 10.0% 3.89+000 7.16+006
3 .92 .20 24.82 S5.41 &.66 1.76+001 1.14+008
4 .39 1.24 23.58 Z.84 3. 5F D.02+000  1,82+008
5 .80 e.rb 20, 9% 3.18 .48 J.26+001 1.47+009
é o l1.e28 4.41 16.78 1.18 1.92 1.03+001 2.73+009
7 1.04 3.53 13,29 .69 -] 1.52+001 3.92+010
2] .61 2.10 11.40 .46 <56 1.24+001 1.32+011
FILTER: .on #4.11 L322 8.01+001 4,.31+012

INTERPOLATED TO =T0. INMTERYAL T3

0,47 0. 00 J.ET+ON
&ed4._2n zn.on 1.03+002
51.75 15.00 1. 06+002
34,97 10,00 S.01+001
Z4.53 S.00 1.17+001
21.25 2.50 1.35+001

e ¥ 1.25 1.3%5+001
15,70 1.00 1.S4+011
12.90 B2 1. 25+0m

c-17




3 OUTLET DIRTY

PATA FOR TF T & citaew TOR GCAH » AT SITE DOFGs OM DATE 10.-51. R0 [
TEST COMME T - e DOFRZCO WMET UENCH TOWER IF TESTIMS
CPARTICLE DEMSITY ¢AM-TCh 2 PHO= 1. 000
RUN COMMENT S RCOMM= 20D
NATE OF PLIN: JADATE= 102281 AMEBIENT PRESSLRE <IN Hi: FPAMENT= Z9.27
START TIME: 1STRRT= 1036 STACK PRESE WRT AMRIENT <IN H2O) :DFSTK= .00
FUN DURATION MINXz  DUF= 2l.4 ZTRACK TEMPEPATURE <DEG F>: TETACK= 155.0
FUN TYPE: RTYPE= 0O IMPACTOR TEMPERPATURE <DEG F): TIiMF= 250.0)
"% CPARBON DIOXIDE: che= -3 MAX, PARTICLE DIAM. YMICROMES: OMAXx= 450,10
% CARBON MONDKIDE: CO= .0 CYCLONE CUT POINT vMICROMZ): CYCL= 12.2
% MHITROGEN: M= 78,8 BRACKUP FILTER USEDY EF= YES
% ORY6BEM: Oe= .9 % FILTER MASS < D50 LAST STAGE PCTINY= S0.0
' WATER VAPOR: HeO= 0.2 FLOW FRATE DETERPMINATION: :
TMPRACTAOFP TYPE: ITMPNAM=RANLERSENIMPACTOR FLOW RPATE (ACFMI: FLOW= . 540
TMPRACTOR MODEL 2 IMPHROL=MARE =
MP. PLATE SET IDtIFPLATE= v OIURITRATES 1D IDIUERE= 14
N, TMP., STRAGES NSED M= 2 DESCP=20D
MO, JETS DIAM. cCLmhP CYCLOMNE | B, 390 M5
o64 1640 _punn STAGE 1 « &80 MG
264 L1250 [ 0ann FTRGE 2 L 001 Me
264 L0950 L, 0ann ZYRRE 2 . D&e0 M
264 I il =Y O (T TR ITRAGE 4 100 MG
264 SOEZN N STRGE S <950 MiE
264 LO0EN L 17ED ZTRARE & =. D20 Mo
264 LNPEN (294N ITAGE ¢ 1.190 MG
o 1%8 CL0PSA 1, hdnn A ZTAGRE & - 630 MG
CIMPRCTOR DP QPH(]HF FHFTDP ‘1.287 FILTER Q,.5320 MG
30D
TOTAL MASS 2.8225~01z 4. 7113-002 A.47E7P+001 1, 07St+002 DMRX= 450, D
GBRAACF AP DINF MGAACM MG DNCHM MICRONS
STAGE ~ MRSS MAT I % ClumM. nso GE0. MERN DM-DLOGL DN-DLOGIH
) MR - CMGATNCHY MASS CMICRONSY <MICRONS> <MG-DNCM> <(NO-DNCMD>
EYCLONE 6. 39 2.7 a1, 111 12.80 ¥5.89 2.114+001 S.20+004
: 1 : .eR 1.42 S59.29 12,53 12.86 1.53+6062 1.44+008
e . 0N . 01 LS9, 29 w 1n0.2n 2.85-002 S5.12+004
2 . 05 .31 S5E, 92 &.73 1.68+000 . 1. 05+007 4
4 .10 -3 Sg.31 3.8% 4,60 3.4324000 &.71+007
S .95 4.84 | S52.51 3.19 2.52 S5.73+001 2.51+009
) 2.0 10,30 40,19 1.19 1.35 2.41+001 &,.18+009
F 1.19 &Ny 2.9 .69 . 2.57+001 - &£.51+010
= .62 .21 29, 02 .47 . S7 1.91+4001  1,.95+011
FILTER 9,53 45,58 I3 1.61+002  2.32+012
TINTERPOLATER TO ITD, INTERYHL::
2z. =21 20,00 S.7e+001
71.19 =2 I 1 (] 4. 86+001
&4, 94 1S, 00 2.54+0001
09,95 10,00 & 38+000D
S8, 85 ' S.00 4., 89+000
S2.458 2.50. 2. 73+001
41.16 1.25 To1S+001
3AV.66 1.90 ISP E TR
21,80 .63 RIS

c-18
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4 OUTLET DIRTY

DATA FOF TF T BV CniencTOR GOA s AT SITE DOFQ. ON DRATE 107 “1a & o

TESTY COMAENT TVim= DOFRZCO WEYT CUENCH TOWER IF TEST L

FARPTICLE DENLITY o 02 BHO= 1. 000

RLUN COMMENTR:: FIrOMM= 400

NATE DF FUNE JDATE= 102381 AMEBIENT PRESSURE ¢IM MG) FAMBNT= 20_74
“TART TImk: . I8TRRPT= F1E6 STACKE PRESS WRT AMBIENT <IN HED) : DPSTK= ]
RUN DURATION «MIN>:  DUR= 22,9 ITRCY TEMPERATURE (DEG F e TETACK= 155.0
RUN TYPE: RTYPE= 0O IMPACTOR TEMPERATURE (DEG Fi: TIMP= . 250, 1)
% CARBON DIOXIDE: roe= <3 MR, PARTICLE DIAM. <MICRONSY: DMAX= 450,10
% CARRON MONDXIDE: cO= » 0 CYCLONE CUT POINT (MICROMEY: ToCYCL=. 12,7
% MITROGEN: Ng= F8.2 BALKUP FILTER USED? BF= YES

% DOXYGENE 0e= €0.9 X% FILTER MASS < DS LAST STAGE FCTINY= S0.1
% WATER VYAPDOR: HZ0= 3.4 FLOW RATE DETERMINATION:

[MPRCTOR TYPE: IMFNAM=ANDEFSENTMPRCTOR FLOW RATE C¢ACFMY: FLOW= - 950

IMPACTOR MODFEL: IMPHOD=MARK 3
IMP, PLATE SFT INIPLATE= 7 ZUBSTPATES 1ID: IDZURS= 378
NO. IMP. STAGES USED NS= 3 DESCR=40D

O JEWE  DUAm, CUMDP CALIE CYCLONE 17.740 M
c64q <1640  nonn o DENE FTAGE 1 [.980 MG
264 L1230 Jhhnn . 3208 ZTAGE 2 001 mMe
c6h4 L9500 L annn - RENE ZTRAGE 2 N30 MG .
{1 ) <0760 . 00nn - 2ENR STAGE 49 170 Mi
264 - 0670 _0oon . DEOR ITAGE S 290 MG
264 -0360 1740 .30 STAGE & 1.440 MiE°
264 N2 _2940n . 22N STREE 7 - 7eD MG
1%6 L2530 10000 . 2808 ITRGE & L2700 MG
mpncmp P SCALING FROTOR 1.257 FILTER 4,750 M5
40D
TATAL MALT 4. 4&A7-007F  FoESEE-DOZ 1, 0116+002 1. FaZe+002 DIMAX= 450,10
- GRAACF BR-DONF MiEz-ACH Miz < DNC M MICRONS
STRAGE MAS S MR%S %ocum, DS0 GEOD. MEAN DM DLDGD DMN-DLOGI
. MR TR TIHC M MASS CMICPONS) <MICRONS) CMG-BNCMY  CNO-DNCMD
T YCLONE 17.74 g&. &9 T.29 12.68 . P5.54  5,.57+4001 2.47+005
1 9,98 47, 54 17.64 12.34 12.51 4.17+002 4. 06+009
P4 . N0 < 17.863 8.18 10.05 2.72-002 S.12+004
3 .03 .15 17.54 5.38 6,64 2.04-001 5.25+006
4 .17 Lo 17. 04 3.82 4,54 D.96+000 ' 1, 14+008
] .89 4.33 14,40 . 2.15 3.47  S.12+001  2,34+000
[ 1.44 7. 00 1,12 1.18 1.9z 1.64+001 4.40+003
hd .76 2,70 =1 ' .68 . 9N 1.57+001  4,.1&6+010
-] 27 1.31 V.le .46 =1 CLPE4D00 2, 37+010
FILTER 4.7% 22.10 _ L 233 PLETHO0D 4, 183+012
INTERPOLATED TO STDh. INTERVALS: } o
a4, 87 0,00 1.67+00g
FE.3n 20,00 2.38+002
52,99 14,00 2.98+002
27 43 10,00 Z.N1+002
17 S.00 5. 33+000
14.64 2.30 2.17+001
10,50 1.5 2. 094+011]
9,24 1.00 1,.77+001
7.64 LE2 SoEdennn
c-19




‘ ' 1 INLET CLEAN

DHTA FOR TEST R LOWTEF TOR GUCA » AT SITE DOF@s DN DATE 10ne=1e kil Mg .

TELT COMMENTS 17 OMM= OOFASCO WET DUENTH TOWEE IP TE TIH:
r' FARTICLE DEMSITY i1 1@+ 2 RHD= 1.000
: FUN COMMENTS: FCOMM= 110
DATE OF RUN: JOATE= 100231 AMEIENT PRESSURE CIN HG) PAMBNT= 29.7¢
: TARPT TIMER ISTART= 1235 STACK PRESS WRT AMBIENT <IN H20) :DPSTiK= L 00
| RUN DURATIDON ¢MIN>: DUR=s 42,1 STACK TEMPERATURE (DEG F>: TSTACK= 155.0
) RUN TYPE: RTYPE= I IMPACTOR TEMPERATURE <DEG E): TIMP= 250.0
% CARBON DIDXIDE: cde= .3 MAX. PARTICLE DIAM. <MICRONS): DMAX= 1000.0
: % CARBON MUONDXIDE: co= .0 CYCLOMNE CUT POINT (MICROMS:: CyCL= 12.8
] % NITROBEN: N&=  T2.2 BACKUFP FILTER USED® BF= YES$
% DXYGEN: De= &n.% % FILTER MASS < DSO LAST STHGE PCTINY=s  S0.0
% WATER VARDR: HZD=  29.9 FLOW PATE DETERMIMNARTION:
IMPACTOR TYPE: IMPNAM=ANDEFSENIMPACTDR FLOW RATE CACEM): FLOW=  .S40
IMPACTOR MODEL: IMPMOD=MARK 2
l IMP. PLATE SET I1D:IPLATE= 7 SURSTPATES ID: ‘ IDSUBS= 4282
M. IMP, STAGES USED NS= 2 DESCR=11C
Mh. JETS  DIAM. CUMDP CALIE - CyCLONE 3,960 MG
: 264 1640 0NN L 3308 ‘ STAGE 1 2.521 Mi
| 264 <1250  .onon 3809 STAGE 2 L9320 MG
264 0950 .00, 3208 STAGE 3= ‘4.860 M3
264 L0760 .000D 3808 STRAGE 4 - 2.920 MG
264 L0670 .000n . 3208 STAGE S 3.550 MG
] . 264 L0260 .1760 _2=a2 STAGE & %.390 MG
<0260 ,2940 3808 STAGE 7 1.450 MG
LN250 1. 0000, F208 STAGE 8 1.720 MG
} DP SCALING FRCTOR 1.287 FILTER 9.410 MG
_ 'I' 11C :
TOTAL MASS 2,2546-00& 3. 9189-002 S.3881+001 8. 9679+001 DMAX=1000. 0
_ GR/ACK GF~DCNF ME./ACH MG-IINCM MICRONS
! STRGE © MASS MASS % CuM. - D0 ' ®ED. MEAN DM-DLOGD DN~ DLOGD
a _ MG (MG DNCMY MASS (MICRONSY <MICROMS> (MB-DONCM> <NO-DNCM)
CYCLDHE 2.96. 10.23 86.80 12.80 113,14 S5.414000 7.13+003
l 1 2.%2 £.51 78.40 12.54 12,67  7.21+002 6.77+008
2. .93 .40 7S.20 8.31 10,20 1,34+001 2,42+007
3 4,86 12.56 S9.10 5.47 .74  6.91+001 4.31+008
4 . 2.92 7.54 49,37 . %80 4,61 5.07+001  9.91+008 .
= 3.55 9,17 37.54 a0 2.5 1.08+002 4.74+009
] & 3,39 8.78 26.24 - 1.19 1,95 2.054001 5.25+009
? 1.45% 3.75 21,41 ) .69 . 1.59+001 4. 02+010
] 1.72 4.44 15.62 .47 .57 2.64+001 Z.70+011
) FILTER a9.41 24,231 e =3 nn_-'.;vnti?...._‘d 17410
‘ “TINTERPOLATED TD STD. INTERVALS: . _ )
104,73 0,00 2.772001
97,36 ©o2n.on 3.66+001
91,03 15. 00 4.29+001
20,43 10,00 5.134001
S6. 38 5. 00 S.77+001
2R.60 2.%50 2.66+001
27.37 1.85° Z.19+001
c4.88 1.00 1,79+001

) 19.91 .63 239
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3 INLET CLEAN

DATA FORF TEST EY 0 ODTERACTOR BCA « AT ZITE DOFG. 0On DHTE tnvn=ite Rk He =
TEZT £IMMENTS TV OMM= DOFASCO WET OUENCH TOWER IF TESTING
FRPTICLE DENSITY (GM-Cl: FHO= 1. 000
FUN COMMENTS: FOOMM= 3Y1
NATE OF RUN: JDATE= 10NS21 AMEIENT PRESSURE (IN HE» FAMENT= 29,56
ITART TIME: ISTART= 1020 STACK PRESS WRT AMEIENT <IN HEMD :DPSTK= . 0f
PUN DURATIDN (MINd: DUP=  36.8 STACK TEMPERATURE <DEG F» 3 TSTACK= 155.0
FUN TYPE: PTYFE= [ IMPACTOP. TEMPERATURE (DES F): TIMP= 250,0
% CARBON DIOXIDE: cDe= -3 MAX, PARTICLE DIAM., <MICFONS): DMAX= 1000, 0
* CARBON MONDXIDE: Co= « 0 CYCLONE CUT PDINT (MICROMS): CYCL=  12.0
% NITROGEN: M@= 7R.2 EACKUF FILTER USED? BF= YES
% OXYGEM: Oc=  20.% % FILTER MASS < DS0 LAST STAGE PCTINY=  Si. o
% WATER VAPOR2 HZO= © 25.9 FLOW RATE DETERMINATION:
IMPRCTOR TYPE: IMPNRM-HNDEPQEN]MPHCTDP FLOW RATE (ACFM:: FLOW=  ,S2n
IMPACTDR MODEL:  IMPMOD=MARK = :
ImP. PLATE SET I1D:[PLATE= 7 SUBSTPATES 1D: IDSURS= 429
MO, IMP. STAGES USED NI= 2 DEZCR=3IC
NOD. JETS DIAM.  CUMDP  CALIE CYCLONE . 289 MG
264 L1640 000D L ER0S ITAGE 1 1.890 M5
264 L1850 L0000, 3808 STRGE 2 .S20 M3
264 L0950 L0000 L3202 ITAGE 3 LS00 ME
264 <0760 |00 . 3E0E ETAGE. 4 420 MG
264 D670, 000N . 3802 ETRGE S 1.060 MG
264 0360 L 17E0 3805 STAGE & 1.3230 MG
264. L0260 .Z940 3208 ETRGE 7 .870 MG
156 L0250 1.0000 L3809 ITAGE 8 . 180 MG
IMPACTOR DP SCAL ING FRCTOR 1.887 FILTER 4,200 M3
3I1C N ) e e ) e B 1EE14+002 DMAX=1000, 0
- Y LR661-001  1.9912+008  3Z.1cel+002 o
TOT AL MRS B e L N haraeH ME, DNCM MICRONS
: ' S . - SED. N DM-DLOGD  DN-DLDGD
STAGE ?3@5 fan§§§m> ﬁnggg' fnlgggHS) iﬁ?cag§g> (MG DNCMY cnn»nggﬁ)
: - M N . 2 oA 5 z .48+002 1.90+005
CYCLONE - 96.23°  278.80 .78 }3-33- 11;'2; :.33+0n3 9, 07+008
t 1.89 5.47 BT o =3 10,43 8.43+000  1.39+007
2 .58 1-‘-"17 .46 5. &2 R.93  7.98+000 4, 58+007
3 .50 1.45 l3-2‘3 _‘q'Q; 4.74 B.19+000  1,.47+008
4 -42 A 5'39 .29 2,62 2.63+001  1.46+009
S 1. 06 207 j- = ;.E% 2.01 . 9.03+000  2,12+009
6 1.33 3.85 - 32 on LG94 1.07+001  2.474010
4 - &7 2.32 c-42 S0 LS9 3.12+000  2.869+010
8 18 '5':' . e o 24 4. 72+001  2.21+012
FILTER 4.90 14-32v‘Lﬁ_ T .
INTERPOLATED TO ITD. INTERVHA I 0. 08 1 71en02
14,15 0. 00 i-éizggf
1] S.00 L= halyl
A 13200 3. 104001
5. 85 S.00 8. B7+000
4,68 2.50 }-321221
2.3 1.25 . M)
E’.gi 1.00 1‘.1_';-”'"“-:'1.
Z2.40n L63 -'-?.c‘ RERNIALE
c-21



4 INLET CLEAN

- DATA FbP TEST BY CONTRACTOR GCA » =T SITE DOFGC. OW DATE 100SS1. FUN NO. i
“TEST COMMENTS TCOMM= DOFATCO WET QUENIH TOMER IF TESTING

PARTICLE DPENSITY (GM-CCr»: RPHO= 1. 000
FUN COMMENT:: FCOMM= 410 .
DATE OF RUN: JDATE= 100521 AMEIENT PRESSURE <IN Hi&» FAMEBNT=  20.11
SYART TIME: ISTRART= 1311 ETRCK PRESS WRT AMEIENT <IN HeO» :DFSTK= L0
FUN DURATION MIN>: DUR= 8.2 STACK TEMPERATURE (DEG Fo: TEITRCK= 1S5.1
FUN TYPE: RTYPE= 1 IMPACTOR TEMPERATUFE <DE5 Fb: TIMP= 2Sn0.0
% CARBON DIOXIDE: COz= «3 MAX., PAPTICLE DIAM. <MICRONS:: DMAX= 1000, 1)
. CARBON MONOXIDE: 0= LD CYCLONE CUT POINT ‘MICEONSY: CyiL= 13,0
L NITPOGEN: Me= V2.8 BACKUP FILTER USED~ BF= ¥YEY
% DXRYGEM: fe= an.d % FILTER MASS < DSO LAST STAGE PCTINY= S0.0
* WATER VvAPOR: HeO= &%.3 FLOW PATE DETERMINATION:
IMPRCTOR TYPE: IMPMRAM=ANDERSZENIMPACTOR FLOW RATE cACFM:: FLOL= . 920
TMPACTOR FODEL: ITMFHOD=mMARK 3 : :
IMP, PLATE SET ID:zIFLATE= ¢ SUBRETRRATES 1D: 1DSUES= 4210
HO. IMP, STAGES USED Ns= 3 DESCR=4]IC
NO. JETS DIAM. CLMDFP CALIE CyCLaONE F23.671 M&
chd L1640 000D . Ag08 ZTRGE 1 2.940 MG
e64 L1250 L ann i3 b =TAGE 2 1.040 MG
264 L9500 L 0000 LB QR TITRAGE 2 L LeRa M
64 L0760 . nonn . 23NE “TAGE 4 1.080 MG
z64 - OR?20 0N L 3S0E STAGE S 1.2v0n Mi
264 LA2EN L 1IT7AD . 280s LITAGE & 1.190 MG
c64 - 0260  ,g94n - 3E0S STAGE 7 930 M
156 - 0250 1. 06000 LRENG ZTAGE & =240 MG
IMPACTOR DP SCAL ING FRCTOR 1.287 FILTER 1.3240 Mi&
410 : .
TOTRL MRS G SP42-00s 1 0R0S—001 1. S0d3+002 = e (R DMes= =1 000, 0
GR-ACF GR-DCHF M3 AL M MG DNCM MICRONS
. STAGE - MASS MALS % UM, nso GEOQ., MEAN DM-DLOGD © DN-DLOSD
(MEe)Y (MG DINCM> MASTE ‘MICRONSY ‘MICRONS) CMG-DNCHMY  (NO-DNCM)
CYCLONE ’3.67 210,99 12.36 12,05 114,24 1.12+002  1.43+005
1 2.94 S.42 2.86 12.82 12.92  1.08+003 9.57+002
e 1.04 == 1 S TL.B2 &.49 10.44 1.67+001 Z2.20+007
3 .93 2. EE ‘m.52 5.59 B, a3 1.47+001 2.56+007
4 - 1. 08 2. 09 5.22 3.97 4,71 2., 08+001  3.80+002
5 1.27 3.64 a.re .27 3.60 4.314001 1,.76+0)09
& 1.1% Z.41 2.31 1,22 2. 00 F.O9+000 1, 90+00%
7 .97 2. 66 1.20 .71 . D2 1.13+001  2.65+010
8 .39 L7 LE0 .49 ] S.EB3H000  S,.47+010
FILTER 1.34 R ) 1.27+001 &, 0N3+011
INTERPFOLATER T STD. INTERYAL:
F1.30 30,00 1.71+002
&, 34 cSo.an 1.27+002
14_¢é0 1S.40 F.55+001
Q.13 10,00 S.15+001
A1 S.0an 1.69+001
4,00 2.30 1.50+001
Z.e9 1.25 1.23+001
1.5 1,00 1.14+001
1. 04 ] L FoO ST
c-22




l‘l' 1 OUTLET CLEAN

PARTE FOF YEZT B 7ONTRA TOR GCR » AT Z1ITE DOFRs ON DARTE 182 le weid i 3
| TEST FOIMMENTS TCOMM= DDFASCO WET OUENCH TOWER IF TE.TIts
E FARTICLE DENSITY +GM (0% RHO= 1. 000
PLIN COMMENTS: FCOMM= 100
DATE OF KFUN: - JDATE= 100281 AMRBRIENT PRESSURE <IN HG: PAMENT= 29.76
START TIME: ISTART= 1235 ZTACK PRESS WRT AMBIENT <IN H2ZO»:DFPSTK= . 0N
FUN DURATION (MIMN»: LIUR= 42.1 EZTACK TEMPERATURE <DEG F): TETARCk= 1S55.0
#UN TYPE: RTYPE= 1 IMPRCTOR TEMPERATURE <(DEG F3: TIMP= 250,10
*. CARRON DIDXITE: coe= .3 MAX, PARTICLE DIAM. <MICROMS:»: DMAX= 450.0
", CAREON MONOXIDE: A= -0 CYCLONE CUT POINT <MICPONMS): CYCL= 1e.7?
% NITROGEM: He= Fa.8 BACKUP FILTER USEDT BF= YEZ
% DXYGEMN: O2= 0.9 %X FILTER MASE < D50 LAST STAGE FCTINY= Sn.0
T % WATER VYRPOR: HzO= 22.3 FLOW FATE DETERMINARTION:
! IMPRCTOR TYPE: IMPHAM=ANLERPSENIMPACTOR FLOW RATE CACFMH: FLOW= LS50
IMPACTOR MDODEL: IMPMOD=Mark 2
ImP, PLATE SET ID:IPLATE= ¥ SUBITPRTES 1D: IDEUES= 471
NO. IMP. STAGES USED M&= 8 DESCR=10C
HO. JETE DIAM. CUMDP CALIE CYCLONE 0,950 MG
264 -1640 000N 380G ZTASE 1 1.591 MG
’ 264 . 1250 000N . 2808 ZTAGE 2 L0100 MG
64 «O950  _annn . 3808 ITAGE 2 L 001 M
264 - D760 30 L2208 *TAGE 4 c40 MG
‘ 264 L0870 L 000m . S308 ZTAGE 95 660 MG
264 L3660 17en . 3E0E STRGE & 1.000 MG
264 L DNE2Zen L2940 L2R0NE ETRGE 7 700 Mz
1 5%, - 0250 1. 0000 . 2RO STRAGE ¢ . 001 MG
j. IMPACTOR DP SCALING FACTOR 1.287 FILTEP 1.730 mG
10c
- TOTAL MARS S.7a64-00 9. 972z-002  1.32241+002 2.2820+002 DMAX= 450, 0}
‘ ‘ GR/ACF SR~ DINF MG ACM MG INEM MICRONS
STAGE. MRATE MASS X oM, nson >Eld. MEAN DM-DLOGD DN-DLOGD
. MG - . MGADINCM) MASE CMICRONSY <MICRONS> C(MG-DMCM» NO/DNCHM)>
} . CYCLONE - an.an 21e.68 S5.29 12.68 " 75.54 1.37+002 &, 08+00S
; 1 1.59 4,12 4,04 12.35 12. %2 2684002 3.59+008
! e B 1 ) B L2 4,02 2.18 10,06 1.47v=-001 2.7V6+005
3 .00 .y 4,03 5.39 5, &4 1.45=-00g -2.4323+004
H 4 .C4 B2 2.75 2.83 4,54 4.24+000 g,65+007
! 5 .66 1.73 s 2.98 . 2.15 2.47 . 05+001 9, 37+00E
! ) 1.00 c.h3 1.2 1.18 1.3 S.144+000  1.65+009
7 .70 1,54 1.01 .68 .20 Tar24+00N 2, 06+}10
| . a . 0N . an 1.01 _ .46 - . 56 1.56=002 . 1.68+008
¥ FILTER 1.72 4.5 ' .23 1.51+001  2.20+011
INTERPOLATED TO STD. INTERVALS:
0,57 .00 1.49+002
11.50 FR=4 (YT 2.26+001
V.83 15,00 : S.40+001
- 4,76 10,00 1.84+001
a. 95 S. 00D 2.89+000
3,09 2.50 Q. 07+000
1.34 1.25 2. 24+000
1.48 1.00 VLTER000
1.0¢ .63 1. E3+0tnn

. ' c-23
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2 OUTLET CLEAN

NATH FDF TEIT FE CMBTFACTOR BCA « AT SITE DOFQs ON DATE .o =1 wich i,
TETT COMMAENT TLOMM= DOFRSCO WET QUENCH TOWER IF TF !IMi '
FAETICLE DENSITY (GM-CHY: RHD= 1. 000
RLIN COMMENTS: . RCOMM= D0 - :
PATE OF RUMN: JORATE= 100351 AMEBIENT FPRESSLIRE (1IN HG?Y PAMENT= 29,24
START TIME: I1START= 1345 STACK PRESE WRT AMEBIENT <IN H203 :DPSTK= L 00
HigN DURATION <MIMY:  DUR= 29.32 STRCKE TEMPERATURE <DEG Fr: TETACK= 155.0
RIIN TYPE: - RTYPE= O IMPRACTORP TEMPERATURFE <(DEG F>: TIMP= 230.0
* CAPEON DIOXIDE: che= -2 MAX, PARTICLE DIAM. (MICRONSY: DMAX= 450, 0
. CARBON MOMNDXIDE: cO= L0 CYCLOME CUT POINT c<MICRONE>: CYCL= 12.7
“ NITROGEMN: NZ= ve8.2 FACKUFP FILTER USED? BF= YES
% DXYGENE De= 20.9 % FILTER MASE < DS0 LAST STAGE PCTINY= SN,
“ WATER VAPOR: Hel= 30,1 FLOW RATE DETERPMINATION: - .
IMFACTOR TYPE: IMPNAM=RNDERSENIMFACTORF FLOW RATE <ACFM>: FLOW= . S50
IMPACTOR MODEL : IMPHOD=MARK =
TMF, PLATE SET 1D:TFLATE= 7 ZUBSTRATES 1D: IDSURE= Ing
0. IMP. STRGES HSED Ns= 2 DEZCP=20C
HO. JETS DiIAmM. cumneE  CALIE CCLONE 42.150 M3
64 L1640 L 00nn . 3802 ITRGE 1 ST MG
264 L1250 L 0ann . 3E0E ITAGE 2 180 MG
c64 NS0 0NN . 2R0E STRGE 3 670 MG
£6d LHB7EN L0000 L3s0e ZTRGE 4 B0 MG
264 LDEZ0 L D00Nn B8 FTRAGE S 1.220 Mi
264 D260 17N . 2ens ZTAGE & 1.830 MG
264 «N2AD 2940 L 2R0E ITAGE 7 L9650 MG
156 L0250 2, 0000 . 2E0e TAGE & L8620 MG
IMPACTOR DF SCALING FACTOR 1.5V FILTER l.e20 Ms
20c _ _ : _
TOTAL MASE  4,.7842-002 2,1020-002  1,.0949+002  1.8540+002 DMAX= 450,10
=R-ACK =R DCHNF MG-RCM Miz-DNCM - ’ MICRONS
STRAGE MAS S MASE = Cun, DS GE0. MEAN DM-DLOGD DH-DLOGD
’ . MGy (MG DNCMD MRSS MICRONS) CMICRONZ> <MG-DNCM> (NO~-DNCM>
CYCLONE 42.15 156.14 14,74 : 12.68 5.54 1.01+002 4.46+005
1 . 5 2.1% 13,57 12. 41 12.55  2,33+002 2.25+008
2 .18 .07 13.21 8.22 10,10 F.73+000 &.90+006
2 .67 2.45 11.85 5.41 - BLBT 1.37+001 §.78+0407
4 .62 g.30 - 10,60 2.84 4. 55 1.54+001  2,11+008
S 1.e¢e 4,52 .13 3.16 3.49 S5.34+001 2.41+009
6 1.83 £.78 4,43 1.18 1.93 1.58+001 4,19+009
7 LR 3.56& 2.49 .69 . 9N 1.50+001 2.95+010
a ., .6 2.30 1.23 .46 . 55 1.36+001 PLZS+N11
EILTE - t.ee 4. %2 : ’ .33 1.50+001 2.12+011
INTEFPOLATEDR TO STD. INTERVALS:
32.80 30. 00 ' L 1.2R+00z
2z.51 en.an . S B.B3+001
17.&0 15. 00 S.73+001
13. 86 1. 90 1.46+001
11,59 5. 00 1.52+001
2.39 2.50 . 2.27+001
4.78 1.25 1.9t1+001
Z.84 1.00 1.6£7+001
2.15 .53 . [ SR NITER |
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' | ' 4 OUTLET CLEAN

DATA FOF TEST Ry COUTERW TITR 3CR s AT SITE DOFGs ON DRTF

FERE RS I ST T 3
TEST COmmENTY TOOMM: DOFASCO WET DUENCH TOWER Ip TE TTrus
‘ FARTICLE DENTITY (AMATOY: PHD= 1.000
RFUN COMMENTS: RCOMM= 400 . '
: DATE QF RLUN: JUATE= 100581 AMEIENT PRESSURE CIN Hi3» PAMENT= Zn.11
| *TART TIME: : 1ETART= 1311 STACK PRESS WRT AMEIENT <IN HeO» s DPRTK = - 00
! FUN DURARTION (MINd: DUp= F2.2 STACK TEMPERATURE <DEG Fb3: CTETACK= 155.0
FLIN ‘TYPE? RTYPE= [1 IMPACTOR TEMPERATURE ¢DEG F): TIMR= 250.0
. CARBRDON DIOXIDE: Che= -3 MAX. PARTICLE DIAM, (MICRONS): DMAX= 450,09
W CARBON MONDXIDE: Co= -0 EYCLONE CUT POINT <MICRONS): : CYCL= 12.7
% NITROGENS N2 = v@.8 BACKUP FILTEP USED:Y BF= YEZ
% OXYBEMN: DP= FN.2 % FILTER MASS < DSO LAST STRGE PCTINY= S0.0
% WATER vAPOR: HED= d4.2 FLOW PATE DETERMIMNATION:
IMPACTOR TYPE: IMFNAM=AMDEP=ZENIMFAC TOR FLOW RATE (ACFM>: FLOW= . 550

j THPACTOR MDDEL: IMPMDD=MARY =

IMFE. PLATE SET ID:IPLATE= ¥ IUESTRATES ID: 1DSURS= 266
N0, IMP. STAGES USED NS= 2 DEZCR=40C
NO. JETS  DTAM, CUMDF CALLE CYCLONE 46,400 M5
264 1840 000N . 3802 ITAGE 1 5.181 MG
264 L1250 000N ZTRBE 2 N30 MG -
264 <0950 ndnn L2802 ITAGE 2 1.060 M&
red LO7EN  _nonn « 3308 =TAGE 4 . 320 M5
264 L0670 L onnn L 3308 - STRGE 5 T2.620 MG
ced <U360 176N « 2302 ETRGE & -670 MG
chd <0P6Nn° | 2Ran . 3208 ’ ITRGE 7 -600 M
1S6 . 0250 1. 0000 | 30 ITAGE 8 120 ME
. TMPACTOR DP SCAL ING FRCTOFR 1.287 FILTER 1.680 MG
40 ) o e S 11 a na DMAX= 450,10
CTOTAL MASS 4, 2023-0hg  T,.SS8E-002 9,8589+001 1.7296+002 , 1.0
GR-ACF SR -TICNF ME-RCM © MG -DNCH MICRONS
; s= MA%LS CuoOCUM. ' - D30 GEO. MEAN DM-DLOGD DN/DLDGD
STAGE Taﬁ)" MG DINC MY MASS | (MICRONS) <MICRONSY (MEfDN¢N> <NO/DNCM)>
| TYOLONE 46,40 136,65 19,85 12.68 75,54 @.82+001  2,51+005
j 1 5.18 15.26 10,90 12.30 12.49 1.15+003 - 1,13+009
: e . 0B LE4 10,76 2.15 10,01 1.32+000 2.51+00§
2 1.06 . I P 2,93 5.36 . el 1.72+001  1.14+00%
4 .32 . 949 8,38 .81 4.5 6. 344+0010) 1.§l+008
5 PR Ve T 3,85 3.14 3. 46 9.13+001  4.22+009
é .+ 867 1.97 2,69 1.17 1.92 d.6c+000  1,23+002
7 .6Nn 1.77 1.66 T . B8 .89 7.50+000 'E.?1+010
.8 .12 ] 1.45 -46 .56 E2.10+000 2, 27+010
| FILTER 1.68 4.95 . : CEET 0 1.644001 £ 95+011
, INTERPILATED TO STD. INTEFVAL &= . :
48,10 20,00 1.55+002
22,9 co.on . 1,36+00Z
S | 15. 00 1.1&+002
14,20 10,00 VL0700
2053 S5.00 1.15+001
.96 c.30 2. 01+001
2.9% 1.25 1.27+001
N R 2.30 S t.an So1A+H000
. 1.5% iy =54 GoTvsenn

® B c~25




5 OUTLET CLEAN

DATA FOF TE-T BV CONTRA TR GCA s AT SITE DOFRs ON DATE Thoms 1 RO 0, E
TEST COMMENT™ Whme= NOFASCO WET QUENCH TOWER IP TEZTING TOFM TUFITFATE DD
CARPTTICLE DENSITY (omM-CC>r: FHO= 1. 000
FUN COMMENTA: P OMM= SOC CURTORM?
PATFE DF RilN: JDATE= 10nes1 AMEBIENT PRESSURE <IH HGr PAMENT= 20,08
TTART TIMF: ISTART= 1314 ITACK PRESS WRT AMEIENT (IN H20):DPETK= -0
FUN DURATTIMN «mMINs:  Diks= 2S.1 STACK TEMPERATURE <DEG F>: TETACK= 135.40
PUN TYPE: rRTYPE= ITMPACTOR TEMPERATUFE (DEG F»: TIMP= 250.0
% CRARROM DIOXIDE: rge=, .32 MAX., PARTICLE DIAM. <(MICROMI»: DMAX= 450.10
= CAREON MONMOYIDE: CD= L0 CYCLONE CUT POINT (MICRONE:: CYCL= 12.5
% NITRDGEN: Ne= 78.2 BACKUF FILTER USED?Y EF= YES
% OXYGEMS Oa= 2n.S % FILTER MASS < DS0 LAST STARE FCTINY= S0.0
. MATER VAPOR: W= 6.0 FLOW FATE DETERMINATION:
IMPHPTDP TYPE: IMPNAM=ANDERZENIMFACTOR FLOW RATE C<ACFM:: FLOW= . 270
THMPACTOR MDDEL: TMPMOD=MAPK = : ‘
TMP. PLATF RET IN:IPLATE= 7 OTUESTRATES ID: IDEURS= 13
M. IMP. ITRGEFS, USED  Hi=, 2 DEZCR=S0C
tif. JETS DIAM, CUMnF CALIE CYCLONE 19,600 i
264 L1640 N L 3RNG STRHE 1 1.2800 Mo
264 L1250 00 JEEOR ZTAGE 2 . 520 M
c6ed4 L0950 000N LRENR ZTAGE 3 L2220 Mo
64 L0760 L Gnan LIB08 STAGE 4 1.260 Mi
269 JAE7O N0 L IRNE ZTABRE S 1.620 Mb
264 L0260 J1T7EN L 3RO ITAGE » 510 M
264 - NE26N0 294} L3R0E zTAGE 7 -N10 MG
156 - 2SN 1, 0000 =] “TR3E 8 - 001 MG
IMPACTOR DF SCALIMG FACTOR 1.287 FILTER 4,940 MG
S0C (UNTORN? _
TOTAL MRS 3, 3E7F0-0Ng &, NFES—N02  F.7PNS0+001 1. 3905+00a DHRAxX= 450,010
GR/ACF GR/TCNF Mz~ R M Mz ~DINCM MICRONE
STRAGE - [ CMATE UM, nsn 3E0. MEARN DM-DLOGD  DN-DLOSD
(MB> (M- DMCMD MRS CMICRONSY "MICRONS) (MG DNCMY  (NO-DNCM)
CYCLONE 19.60 8728 31.76 12.4%5 74.35 5.61+001 2,35+005
1 1.80 202 25.49 12,02 12.24 S5.37+002 S.60+008
e T4 .32 22.68 7.7 Q.79 1.20+001 2.64+0407
3 .92 4,10 zZn,. 48 5.23 .47 2.264001  1.60+0082
4 i.26 S.Re 16. 09 272 4,42 Z.7E+001 F.35+008
] 1.63 v.av 1n.41 .07 2, 2R . 59+001 4.23+009
A .51 2.27 .64 1.14 1.57 S.3a+000  1.54+009
? .M . 04 2,610 .56 <57 1.89=001 5.43+003
5] . NN . 00N S.e0 .45 et 2.63=-002 2,028+008 .
_FILYER 4.94 Ze.ns .22 T.32+001  4.32+012
INTERPOLATEN TO ITH. INTERYAL:: _
LS4 N, 00 1.02+008
45,01 20,00 S.ay+an
2606 15,00 T.52+001
27.46 10,00 5, 054001
12,70 S. 00 3.11+001
12.2¢6 .20 E 15+001
92,06 1.25 &, SF+000
2_69 1.00 = It )]
2.60 .62 Soer—-nng
- C-26
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APPENDIX D-1

TOTAL PARTICULATE FIELD DATA

(Note: Sheets to be provided in Final Report).
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APPENDIX D-2

IMPACTOR FIELD DATA SHEETS

-

l Note: Sheets to be provided in Final Report.




APPENDIX D-3

) DUAL CYCLONE FIELD DATA SHEETS

Note: Sheets to be provided in Final Report.
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SHERIDAN PARK RESEARCH COMMUNITY
. MISSISSAUGA, ONTARIO. CANADA L5K 183 » {416) 8224111 . TELEX 06-982311

GCA Carporation, _ November 20, 1981
Technology Division,
213 Burlington Road,
Bedford, Mass. 01730.

Attention: Mr. John Jeffery.

PEIPCRT MUMBER ACS5-81820

IDENTIFICATION _ P.0. Mo. 31442
ORF Guote No. ACS5-81-1

IPECIFICTATICNS Analyse: 42 samples for sulphide
OF ORDER 45 samples for phenol
42 samples for ammonia
18 sampies for total cyanide
16 samples for cyanides ams=nable to chlorination

RESULTS

Showr on attached Tablaes 1 and 2.

GENE RAL

—— s i e

The samples vere refrigerated (4°C) immediately upon receipt and analysad

within the time limit described under Procedures.

PROZEDURES

Su l_ph tde

-

Bzcause of possible interferences using the direct iodometric pfocedure, all
samples were analysed in accordance with Standard Methods, 13th ed., 1971,
Hathod Mo. 228A, involving acidifaction of a kmown aliquot of the sample

followad by purging with nitrecgen to evolve sulphides, and subsequently

cotlact the sulphides in a train of iimpingers containing zinc acetate
salution, The sulphide in the |mp|n ers was then determined using thke

indine titrimetric method (Standard Hethoda, 13th.ed., Method Mo. 2234,

V.F ONTARIO HESEARCH FOUNDATION, STIPULATE THAT THIS DOCUMENT 1S SUBJECT TO THE FOLLOWING TERMS AND CONDITIONS:

ANY PROPOSAL CONTAINED HFREIN WAS PREPARED FOR THE CONSIDERATION OF THE ADDRESSEE ONLY. 178 CONTENTS MAY NOT BE USED BY NOR DISCLOSED TO
ANY DTHER PARTY WITHOUT OQURA FRIOA WRITTEN CONSENT.

ANY TERTING, INSPECTION OH INVESTIGATION PERFOAMED BY US WILL BE CONDUCTED IN ACCORDANCE WITH NOAMAL PROFESSIONAL STANDARDS. NEITHER WE
NOR QUR EMPLOYEES SHAL L BE ALSPONSIBLE FOR ANY LOSS OR DAMAGE RESULTING DIRECTLY OR INDIRECTLY FROM ANY DEFAULT, ERAORA OR OMISSION.

ANY RIPORT, PROPOSAL OR NUOTATION PREPARED BY US REFERS ONLY TO THE PARTICULAR MATERIAL, INSTAUMENT OR OTHER SUBJECT REFEARED TO INIT. NO
REPAESENTATION 15 MAOK THAT SIMILAR ARTICLES WILL BE OF LIKE QUALITY.

NO REPORAT ISSULD 8Y US SHAI L BE PURLISHMED IN WHOLE OR IN PART WITHOUT QUR PRIOR WRITTEN CONSENT.
3 OUA NAMI SHALL NOT BE USED IN ANY WAY IN CONNECTION WITH THE SALE, OFFER OR ADVERTISEMENT OF ANY ARTICLE, PROCESS OR SERVICE.
6 WE RLSEAVE THE RIGHT NOT T0O COMMLENCE AND/OR CONTINUE ANY WORK UNTIL PAYMENT ARRANGEMENTS SATISFACTORY TO US ARE ESTABLISHED.
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Precision;: At ORF using industrial effluent samples at concentrations
of 2.3 and 48 mg/L sulphide, the standard deviation was *0.2 mg/L and
2.4 mg/L respectively.

Accuracy: Recoveries from the acidified and purged standards, when

compared with direct iodometric measurement of sulphides, were 96% sulphide.

- Phenolic Compounds

Phenol analyses were carried out within forty eight hours of receipt. The
method of analysis used was an automated distillation, 4AAP colorimetric
method using Technicon equipment (Appendix 1) in a procedure provided by

the Ontario Ministry of the Environment.

Precision: At ORF using surface water at 0.5 ug/L pehnol and industrial

effluent at 34.3 ug/L phenol the standard deviation was 0.2 ug/L phenol
and #1.1 ug/L phenol respectively.

Accuracy: Various recoveries depending on the type of phenol present.
Phenol distilled from reagent grade crystals yield 88-100% recoveries.
Phenol from pentachlorophenol (PCP) at 103 ug/L PCP Yielded 25% recovery.

‘of phenol.

Ammonia
Ammonia analysis was performed within seven days of receipt of sample.

Al) samples were distilled to pH 9.5 prior to Nesslerization and spectro-

photometric measurement (Standard Methods, 14th ed., 1975, Method No. 418 AsB).

Precision: At ORF usfng surface water at 0.32 mg/L N and industrial effluent

at 2.51 mg/L N the standard deviation was +0.02 and *0.04 respectively.

Accuracy: At ORF using surface water and waste water at 0.51 mg/L N and

1.81 mg/L N the recoveries were 98.8% and 90.5%* respectively.

o

* ysed steel mill waste as spiked sample
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Cyanides (Total and Amenable to Chlorination)

All samples were originally analysed within seven days of receipt, but
hecause of interferences with the method (Standard Methods, 1ith ed.,
‘1975, Method No. 413 B, D and F), both in the Total CN analyses and in the
chlorinated analyses, all samples were repeated using procedures outlined
in ASTM, Part 31, 1981 edition, Method No. 2036-81B. The reported cyanide

analyses were completed within fourteen days of receipt of samples.

The interferences encountered appeared to arise from organo-sulphur
compounds which formed sulphides on acidification and heating, during the
reflux~distillation procedure. These sulphides interfered with subsequent
titrimetric measurement of the total cyanide evolved and trapped in the
absorption solution. Colour interferences with the pyridine barbituric
acid colorimetric method were also encountered from organic compounds on

chlorination of the sample.
To remove these interferences, the following procedures were used:

Total Cyanides

Sulphides were removed from the samples by precipitation with lead

carbonate followed by immediate filtration.

For total cyanides an aliquot was reflux-~distilled for two hours using
magnesium chloride as a catalyst in 5% HySO,. The HCN evolved was

trapped in an NaOH absorptidn sotution containing lead carbonate to remove
H,$ liberated from organo-sulphur compounds during the acid digestion,.
reflux-distillation procedure. The absorption solution was then filtered,
made up to a known volume and analyzed for CN~ content by titration with

standardized AgNO3 using Rhodamine dye as an indicator solution.

Cyanides Amenable to Chlorination

For cyanides amenable to chlorination, an. aliquot was taken from the initial

sample which had been treated with lead carbonate and filtered. This sample




. -4 -7 . ACS5-81820

was treated with calcium hypochlorite under alkaline conditions (pH >11)

until there was a measurable excess of chlorine for one hour. After

one hour of chlorination,ascorbic acid was added to remove excess chlorine.
Analysis for cyanide remaining was conducted by the reflux-distillation

| . method for total cyanides exactly as described above.

Precision and accuracy data are unavailable for the ASTM method, but
! six sets of duplicate samp]es were run with two levels of KCN and two
| . levels of K3Fe(CN)g and KyFe(CN)g (see Tables 3 and 4).

| - 0 d L /{@ﬂ/‘?’ '

; J
Jane A. Lindsay
Senior Technologist
l. Department of Applied Chemistry

< A

H - D.K. Smith
' , : Assistant Director
\ : el Department of Applied Chemistry
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TABLE |

Samples received week of October 2, 1981

- N CN- (mg/L)
Sample Date Dafe | Sulphide | Phenol | Ammonia '
Sampled | Received mg/L mg/L mg/L Total Amen.
' _ to Cly

1-CH-A Oct. 2 | Oct. & <0. 4 0.0012 1.8

1-CQ-A Oct. 2 | Oct. & 0.4 0.300 1.8

1-CR-A Oct. 2 | Oct. 47| <0.4 0.306 1.4

1-CM-B Oct.. 3 | Oct. b <0.4 0.0022 1.1

1-CQ-B Oct. 3 | Oct. & <0.4 0.239 1.6

1-CR-B Oct. 3 | Oct. & 0.4 0.208 | 1.0

2-CM Oct. 3 Oct. & <0.4% 0.0012 1.3

2-CQ Oct. 3 | Oct. 4 <0.4 0.0372 2.5

2-CR Oct. 3 Oct. 4 <0.4 0.550 2.1

3-CM Oct. 5 | Oct. 7 <0.4 0.0058 0.7

3-CQ Oct. 5 | oct. 7 | <0.& | o0.418 3.9

3-CR Oct. 5 | Oct. 7 <0.4 0.454 2.6

4-CM loct. 5 | oct. & <0. 4 0.0013 0.5

4-cQ Oct. 5 | Oct. 5 <0.4 0.210 2.1

4-CR Oct. 5 | Oct. 5 | <0.4 0.261 1.3

5uCM oct. 8 | oct. 9 <0.4 0.0012 1.0

5 |Oct. 8 | oct. 9 | <o0.4 0.711 6.6

5-CR oct. 8 | Oct. 9 0.6 0.783 4.0

1-0RG-C-M [Oct. 8 | Oct. 9 - © 0.0016 - |0.023% |<0.1
1-0RG-C-Q [Oct. 8 | oct. 9 - 0.370 - ]0.178% | Lost
1~0RG-C-R | Oct. 8 | oct. 9 - 0. 460 - 10.103%* | Lost
1-SD-M Oct. 9 | Oct. 1o | 45.9 |870 3750 |
1~$D-Q Oct. 9 | Oct. 10 1.8 85.3 486

1-SD-R Oct. 9 | Oct. 10 1.3 | 80.2 465

2-5D-M Oct. 9 | Oct. 10 | 31.1 |768 3900

2-5D-Q Oct. 9 Oct. 10 2.8 86.9 4836

2-$D-R Oct. 9 [ oOct. 10| 3.2,/ 69.1 525

3-$D-M Oct. 9 Oct. 10 34.7 787 3550

3-5D=Q Oct. 9 | Oct. 10| 1.8 90.5 610

3-5D-R Oct. 9 | Oct. 10 1.5 76.1 560

**Used pyridine ~ barbituric acid colorimetric measurement
: E-6
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3 TABLE 3

Quality Control Data for Cyanides

Nmcr——

_ CN™ After
CN” Total Chlorination
L
' Standard Amount 9 Amount P
: found Rec r found Recover
i . mg/L overy mg/L 14
!
| 3.72 mg/L CN~ from KCN 3.7) 98.5 <0.005% 0
i ‘ 3.6) _ <0.2
| | 18.1  mg/L CN- from KCN 19 )| 105 <0.2 0
} 36.2 mg/L CN- from KCN 36 ) 99. 4 <0.2
9.49 mg/L CN~ from K3Fe{(CN)g 9.4 99 - -
| 7.39 mg/L CN™ from KyFe(CN)g 7.04 95.3 - .-
' 0.237 mg/L CN~ from K3Fe(CN)g 0.25 105.5 0.23 97
l. 0.369 mg/L CN™ from KyFe(CN)g 0.0 | 108.4 0.37 100
| * used pyridfne barbituric acid colorimetric measurement
| _
! S TABLE b4
} Range Data on.Duplicate Samples
'i : | N~ Total CN™ after Chlorination
: Sample mg /L. : mg/L
} Ist 2nd Range Ist 2nd Range
| _
\ .
’ " 20R 1.0 1.5 [ 0.5
20Q 3.1 2.9 | 0.2 0.4 0.4 -
4DM 43,4 | 45.3 | +1.9
4DR 0.4 0.6 | 0.2
} 3DM ' 3.6 3.5 0.1
: | 4oq 0.3 0.5 | 0.1
. | ’ 1-0RG-DR 0.3 | <0.2 | 0.3
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Method A

] APPENDIX 1

i ' PHENOI,IC_COMPOUNDS
: AUTOMATED _ 4—AMINOANTIPYRINE METHOD A

; SUMMARY

\

l Substance Phenol and substituted phenolics other
determined. than those para substituted phenols in

\ _ which the substitution is alkyl, aryl,
' : nitro, benzoyl, nitroso, or aldehyde

5 { ' group.
P Interpretation " gince the recovery of phenolics is non-—
J of results. uniform, the choice of phenol as a stan-—

dard for the colorimetric procedure pro-
' vides that any color produced by the re-
, ) action of other phenolics is reported as
phenol. Substitution usually reduces
recovery and the reported value repre-
j. sents the minimum concentration of phen-
olic compounds present in the sample.

L Principle After distillation of the sample from
of method. acidic medium to remove interferences,

' the distillate is buffered to pH 9.2
N . . and reacted with 4-Bminoantipyrine. In
} the presence of an alkaline oxidizing
agent, potassium ferricyanide, a red
‘ antipyrene dye is formed and measured .
' : colorimetrically at 505 nm. ’

o Time required _ Approximately 20 analyses can be per-—

' for analysis. " formed in an hour. Operation of the
AutoBnalyzer equipment can be maintained
for as long as 18 hours a day performing
upwards of 200 tests.

Range of Range on undiluted sample 0.5 -~ 50 Hg/l
l application. phenol. Minimum 0.5 pg/l. Higher levels

- - are determined by dilution of the orig-
inal sample.

- Standard 0.7 ug/l phenol in the normal operating
. deviation. range. T
‘ Accuracy. Recoveries vary with types of phenolics

present in sample. Analysis result re-
presents minimum quantity of phenolics
present in the sample. :

E-9
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Limit of
“detection.

Interferences and
shortcomings.

Minimum volume
of sample.

Preservatidn and
sample containers.

Safety
considerations.

0.5 ug/l phenol.

Potential colorimetric interferences are re-
moved during automated distillation.

FeS should be added to samples known

o contain oxidizing agents. Manual sol-
vent extraction and distillation techniques
may be required for oil and tar laiden '
samples. Certain para substituted phen-
olics do not react with 4-AAP, therefore
analysis represents a minimum phenolic
concentration.

150 ml of preserved sanple.

Special glass sample bottles containing
copper sulfate and phosphoric acid are
provided by the laboratory. Unpreserved
samples lose phenolics in storage. Due
to the corrosive nature of the preserva-
tives, sample bottles should be stored in
an upright position to prevent acidic
corrosion of foil liners in bottle caps.

Preservative solution is strongly acidic.
Flush any spilled preservative with copious
guantities of water. Phenolic standards
are prepared from pure phenol which. is
extremely hydroscopic and can be absorbed
through the skin. Phenol cxystals and
burns should be flushed with methanol

(keep away f£rom eyes) followed by copious
quantities of cold water. :

E-10




Determinatbtion

Mintstry of the Environment

of Phenolie Compounds ~ October 6, 1974

Method A

3. Apparatus

a)

b)

c)
a)
e)
£)

g)

i)

Instrument:
i) sampler
ii) proportioning pump

+1i) heating bath with distillation head and mod-
ified condensing system as shown in Figure I.

iv) colorimeter equipped with 505 nm filtérs.and_
a § em flow cell.

v) voltage regulator
vi) range expander
vii) chart recorder

Pump tubing manifold and associated manifold glass-
ware as shown in Figure II for AAII systems.

Culture tubes: 25 X 100 nm

Culture tube racks of 20 tube capacitf.
Dilution tubes, §0 ml capacity

Nessler or dilution tubes, 100 ml capacity.

Reagent bottles, 170 mi, exterior coated with black
paint.

Reagent bottles, 1 liter

Reagent reservoir bottles, 9 liter

E-12
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S rherotie Compounds
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4

ggaLents

a) Sodium hydroxide, raOH, reagent grade pellets.

sodium salt,

b) Rthylenediaminetetra—acetic acid dai
reagent grade

(CH:N)z(CHzCOOH)z(CHzCOONa)z.ZHzO;
powder.

. ¢) Phenol, CeKsOH,reagent grade crystals.

d) hcctone, CaHe0, reagent grade.
e) Phosphoric acid, H3POu reagent grade, concentrated
(85%) .

f) Copper sulfate, CuSOy.5H20; reagent grade powder.

qg) di-Sodium tetraborate, Na2Bw07.10H20; reagent grade

crystals.

h) Sodium potassium tartrate, KaXCyEy0p. ¢H20; reagent
grade crystals. :

i) ¢z-Aminoantipyrine, (4—Aminophenazone) CHaCC(NHz)CON
(CeHs)NCH3; reagent grade powder. :

j) Potassium ferricyanide, K3Fe(CN)s; reagent grade
powderx.

k) Phosphoric Acid Reagent

add 100 ml of 85% phosphoric acid to approximately
800 ml of deionized distilled water. Dilute t©o
7 ltter when cool.

1) Buffer Reagent

nd 25 g of NaKCuwHuOs.4H20

Add 50 g Oof NazBuw07.10H20 &
to approximately 900 ml of deionized distilled water.

add 10 ml of acetone and stir until dissolved.
pDilute to 1 liter and filter if necessary.

m) 4-AAP Reagent

of 4-aminoantipyrine in 200 ml of
fer to a darkened

fresh solution

Dissolve 0.20 g
deionized distilled water and trans

storage bottle pefore use. Prepare a
daily-

n) Potassium Ferricyanide Reagent

pissolve 1.0 g of K3Fe(CN)s in deionized distilled
water and dilute to 200 ml. Transfer to a darkened
storage bottle pefore use. Prepare a fresh solution
daily.

E-13
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, Letermination " Ministry of the Environment
) of Phenolic Compounds October 6, 1974
! rethod A

o) Copper Sulfate-Phosphoric Acid Preservative

? Carefully and with continuous stirring add 50 ml of
concentrateéd phosphoric acid to approximately 900 mi

: of phenol free distilled water. Dissolve 96 g of

' anhydrous copper sulfate in deionized distilled

water and after dissolution is complete, dilute to

a final volume of 1 liter.

! p) Concentrated Stock Standard Phenol Solution

1 Dissolve 1.00 g of reagent grade phenol crystals
' in phenol free distilled water and dilute to I

liter in a volumetric flask. Mix well and store
. . in a tightly stoppered container. Concentration
j of phenol; 1000 mg/L.

CAUTION: PHENOL CAUSES SEVERE BURNS WITHOUT
'] CAUSING ANY IMMEDAITE PAIN. DO NOT UNDERESTIMATE
' THTS DANGER. MAINTAIN A QUANTITY OF METHANOL (IN
THE WORK AREA AS A RINSING AGENT FOR ALL PHENOL
SPILLS). IN CASE OF FACIAL CONTACT USE WATER ONLY.

¢q) Dilute Stock Standard Phenol Solution

[ Transfer a 1.0 ml aliquot of the concentrated stock

: standard phenol solution to a liter flask containing
approximately 800 ml of distilled water. Dilute to

1 liter with phenol free distilled water. Mix well"

) before using. Prepare a fresh solution daily. Con-
“centration of phenol; 1000 ug/l. '

} r) Working Stock Standard Phenol Solution

: Transfer a 50 ml aliguot of the dilute stock standard
| phenol solution to a liter flask containing appreoxi-
' mately 800 ml of phenol free water. Add § ml
CuS80, solution and dilute to 1 Iiter. Mix well
before using. Prepare a fresh solution daily.
l ' : Concentration of phenol; 50 ng/l.

s) Working Standard Solution

m} Calibration standards are prepared by diluting the
following aliquots to 50 ml.

Using Working Stock .Standard Phenol Solution 50 ug
. S phenol /1. " . -

E-14
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t)

u)

v)

w)

Determination Mintistry of the Environment
of Phenolie Compounds October 6, 1974

Method A

Working. Stock ml  50.0 40.0 30.0 20.0 10.0 5.0

Working Standards 50 40 30 ‘20 10 5
ug phenol/l. '

Quality Control Samples

Prepare Quality Control A and B solutions, Q@C-4 and
QC-B respectively, that will provide test solution
for at least 20 days of analysis. The concentration
of the QC-4 and -B should be chosen such that they
fall within the normal concentration range of samples
being routinely analyzed. These quality control
checks are used to detect systematic errors such as
blank or calibration changes from day to day and
must be included in each run of standards and samples
on a day to day basis. Prepare a new QC-A and QC-B
and monitor their concentration for at least 3 days
prior to adopting them.

Daily Sensitivity Checks

AAIT Systems

In order that sensitivity changes within a run can
be monitored, prepare solutions that will provide
50% (high) and 10% (low) of full scale response.

Basic Cleaning Solution (NaOH-EDTA).

- Cautiously and with continuous stirring, dissolve

250 g of reagent grade sodium hydroxide pellets in
approximately 1000 ml of distilled water. Add
approximately 60 g of ethylenedlamlnetetra—acetlc
acid, disodium salt.

Preservation Solution

Precharged sample containers are prov1ded by the
laboratory for phenol samples.

i) 170 ml Prince of Wales bottles
Add 1.0 ml of the CuSO4-H3iPOs solution
(Reagent o) to each sample bottle. Store
contalners in an upright position.

ii) 25 X 150 mm Screw Cap Culture tube.
Add 0.3 ml ©f the CuS04.-H3PO, solution
(Reagent o) to each sample tube. Store in
upright position. .
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.Determination Ministry of the Environment

of Phenolic Compounds October 6, 1974
Method 4
5. Procedure

a) After collecting the samples, group samples by

b)

c)

d)

classification and maintain the numerical sample.
order within each group.

List the samples on the bench sheets designed for
10 samples each. Use separate bench sheets for
different sample classifications.

MAINTENANCE OF SEQUENTIAL SAMPLE ORDER IN COLLECTION
AND RETURN OF SAMPLES TO THEIR PROPER STORAGE POSI-
TION, AND IN LISTING, PREPARATION AND ANALYSIS,
GREATLY ASSISTS IN ENSURING THAT BENCH SHEETS AND
SAMPLES ARE PROPERLY CORRELATED AND ALSO FACILITATES
THE REPORTING OF RESULTS AND AN ORDERLY LABORATORY
WORK RECORD. -

Rinse each sample tube at least twice with 1§ ml
portions of sample prior to accepting a third
portion for analysis.

Place the culture tube containing the sample into
a test tube rack in such a position that it may
casily be correlated with the sample number on the
bench sheet, i.e. the 4th sample on the 2nd sheet
is located in the 4th space in the 2nd row of

the test tube rack. Where empty spaces occur on
the bench sheet, leave the corresponding space in
the test tube rack vacant. Write the appropriate

' sample number on the first and last sample tube in

e)

f)

g)

each row.

Set the AutoAnalyzer into operation using cleaning,
set-up and checking procedures appropriate to the
manifold and modules in use.

When loading the samples into the AutoAnalyzer
sampler module, ensure that bench sheets are re-
tained in the proper order by clipping them in
order, one at a time, on a clipboard as each row
of samples is loaded.

Complete Sampler Loading Sequences.

Each run of samples will include all of the follow-

. ing units:
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6. Calculation and Repdrting

Multiply the reading by the dilution factor

diluted volume
aliquot volume

and record the result in the answer space opposite each
sample number. Report the results according to the
following schedule:

High and Low range: A maximum of two significant
figures are shown when reporting
to one decimal place with a
minimum reporting value of:
less than 0.5 ug/L.

7. Precision and Accuracy

Standard Deviation Duplicates Concentration
in ug/1 in pg/1 phenol
0.36 Within-run s
0.65 Within-run 18
.29 Within-run | 35

8. Bibliography

i) Afghan, B.K.: Belliveau, P.E.; Larose,R.H.; Ryan, J.F.
An Improved Method for Determination of Trace
. Quantities of Phenols in Natural Waters, Analytica
Chemica Acta, 71, 355, (1974). ’

ii) Wiebe, J.D. Jr.; a monograph entitled: Phenols
in Water, Reply to OECD Questionaire, Canada
Centre for Inland Waters, Dept. of the Environment,

Burlington, Ontario, (1975).

iii) Standard Methods for the Examination of Water and
" Wastewater, l4th ed., APHA, Washington, D.C. 1975.

iv) loc. cit., see reference i) p. 365._

, ' v) Mohler, E.F. Jr.; Jacob, L.N.; Determination of
Phenolic-Type Compounds in Water and Industrial
Waste Waters: Comparison of Analytical Methods,
Anal. Chem., 29, 1369 (1957). '
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SECTION I

INTRODUCTION

The purpose of this work assignment was to inﬁestigate the poten—
tial relationship between coke quench water priority pollutant content and
coke quench air emissions and the effectiveness of the quench tower baffles -
to control these air emissions. Battelle was to conduct analysis for
priority pollutant compounds in two different quench waters clean (Lake Erie)
water and coke byproduct wastewater. In additionm, air emission saﬁples were
to be analyzed for selected priority pollutants found in the quench water.
Chloride, sulfate, and cyanide analyses were also to be conducted on a
number of water samples.

The priority pollutant analyses for organic compounds were con-
ducted by GC-MS using EPA Method 625. Metal priority pollutants were deter-
mined using inductively coupled argon plasma spectroscopy, graphite furnace
atomic absorption spectroscopy, and cold vapdr atomic absorption spectro-
SCOPY. ' . |

The analytical methods and the results of analyses are given in

this report, along with a discussion of the results obtained.
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SECTION II

CONCLUSIONS

On the basis of the results of the analysis performed during the

execution of this work -assignment, the following conclusions were made:

e The concentration of sulfate and chloride in samples taken
during the cleam quench water test were generdlly lower
than the concentrations found during the dirty water test,
but the differences were generally small.

e Small amounts of cyanide were present in samples taken
during the clean quench water test.

e The dirty quench water exhibits higher concentrations of

‘ the elements analyzed than the clean quench water, with
calcium, iron, magnesium, and sodium being the predominate
elements. Selenium was found in the dirty quench water at
1740 ug/1. '

e Metals analysis of the sample train filters demonstrated
levels of iron, manganese, and titanium above the filter
blank.

e Metals analysis of the baffle grit samples showed that the
grit found after the clean and dirty quench water tests
were essentially identical. .

e The clean quench water contained detectable levels of
phenol, 2,4 dimethylphenol, napthalene, fluoranthene,
and bis-2-ethylhexylphthalate, with 2,4~dimethylphenol
at the highest concentration (140 ug/l) -

e The dirty quench water contained eleven detectable semi-
volatile organic priority pollutants including phenols and.
PAHs. Phenol was present at 36,000 ug/l and naphthalene
was found at 2,200 ug/l. '

e All filters were found to contain low levels of bis-2-ethyl-
hexylphthalate. The filter from the dirty quench water test
used in the outlet sampling train contained 1,2-dichlorobenzene
and three phthalates.



SECTION TII

RECOMMENDATIONS

Observations, encountered problems, and conclusions made during

the performance of this work assignment have lead to the following

recommendations:

For future work involving sampling with XAD traps, the resin
should be cleaned and shipped to the sampling site immediately
prior to sampling. After sampling, the traps should be
immediately sent to the analysis laboratory and extracted as
soon as possible. '

For future sampling efforts involving quench water, the
sample collection apparatus should be geared toward efficient
collection of phenols and PAHs, since these are the predomi-
nate forms found in the quench water.



gressed.

SECTION IV

EXPERIMENTAL

PROJECT DESCRIPTION AND WORK PLAN

As originally conceived, the program to be conducted was to include

- the following work elements.

(1) Preparation of XAD resin cartridges

(a) A total of approximately 12 XAD resin cartridges
will be prepared and sent to the sampling site

(2) Priority pollutant analysis of water samples

(a) Inorganic analysis. Two water samples will be
analyzed by Atomic Absorption and ICAP for the
13 priority pollutant metals.

(b) Organic analysis. Two water samples will be
analyzed for volatile and semivolatile organics
using EPA Methods 624/625.

(3) Organic analysis of absorbents. For each of the four
sampling trains to be run by GCA, the probe filter and
absorbent module extracts will be combined and
analyzed by GC-MS for the presenca of semivolatile
organics.

(4) Analysis of chloride, sulfide, and sulfate.

(a) Approximately 40 samples each will be analyzed for
chloride, sulfide, and sulfate using techniques
given in "Methods for Chemical Analysis of Water
and Wastes, EPA-600/4-79-020".

Due to cﬁanges in the sampling plan and other considerations to be

discussed below, several of the work elements were changed as the task pro-

The first task,.preparatibn and shipment of the XAD éampling
cartridges, was completed on schedule, i.e. October 1, 198l. These car-
tridges were shipped directly to the sampling team at the test facility in

Canada.



During the month of October, all samples were received for
chemical analysis. Since the samples received differed considerably from
that initially expected, a detailed breakdown is given. ‘

The first shipment. of samples was received on October 16, 198l.

The shipment consisted of samples for the following analyses:

e Sulfate, 24 shipped, 2 broken in shipment
e Chloride, 25 shipped, all intact

e Cyanide, 22 shipped, 2 broken in shipment
e Priority pollutants, 3 shipped, all intact.

All of the above samples were taken during the clean water quench test.

The above shipment differed from the original work plan in two
respects. First, the work plan called for Battelle to conduct analysis for
chloride, sulfide, and sulfate. However, it was decided by the sampling team
to have the sulfide analyses conducted by a local lab, and to ship the
samplés for cyanide analysis to Battelle. Second, the quench water sample
was to be analyzed for priority pollutant metals and organics, both volatile
and semi-volatile. No sample was taken for volatile analysis (using sealed,
40 ml ﬁials) thus, no volatile analyses were possible 6n the quench water
sample.

Two additional water samples were received, labeled make-up and

return water. As per discussions with the EPA Task Officer, these samples

were not analyzed.

The samples taken during the dirty water trial were received by
Battelle on October 30. This shipment consisted of 12 sampieé-for'sulfate
and chloride analysis; quench, make-up, and return water samples for priority

pollutant analysis (excludihg volatile organics, since no sample for

“volatiles analysis was received) and samples taken from four separate

sampling trains. No samples for cyanide analysis were teceived. A
breakdown of the train subsamples is given in Table 1.

Initially, it was planned to combine subsamples taken as part of
the sample train prior to organic analysis for semivolatile priority
pollutants. The fractions that were to be combined are indicated in Table 1.
Approximately one-eighth of the filter paper was to be taken for metals.

analysis. The remaining seven-eighths was to be extracted with methylene
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‘ chloride and the extract combined with the other fractions. Impingers 2 and

3 were located after the XAD trap in the sampling trainm, thus, it is unlikely

‘ . any organic compounds were present. These impinger solutions (when available)
i - were analyzed for metals. A grit material was observed on the baffles .
during both clean and dirty water sampling episodes. This material was
screened for metals content using inductively coupled argon plasma.

Upon closer examination of the methylene chloride rinse samples,
a problem was noted with the sample containers. No teflon liners had been
inserted into any of the bottle caps at the time of the sampling. The
paraffin liners in these commercial caps had been, therefofe, in direct
contact with the methylene chloride. - In addition, all samples taken during
the  clean water quench test had been sealed with black electrical tape.
There is a possibility that the methylene chloride came in contact with
this black tape. After discussions with the Task Officer, it was decided
i : that these rinse samples would not be combined with the extracts of the

filter and XAD traps in order to avoid contamination of the filter and trap

] samples. The organic priority pollutant analyses was therefore to be con-
ducted only upon the extracts of the filters and the XAD traps.
' . INORGANIC ANALYSIS

‘ Sulfate

All sulfate analyses were conducted by the gravimetric procedure
as given in EPA Method 375.3 (1). In this method, the sulfate is precipi-
tated as barium sulfate in a hydrdchiorié acid medium by the addition of
‘ barium chloride. After digestion, the precipitate is filtered, washed,

J ignited, and weighed as barium sulfate.

l A 100 ml aliquot of the sample was taken for analysis. The pH of
the solution was adjusted to 4.5 usihg 1:1 HC1l, then an additional 1 ml of
HC1 was added. The solution was heated to boiling, at which time the barium
i chloride solution was added slowly until precipitation appeared to be com-

plete. An excess of 2 ml barium chloride was then added. The solution was
B digested for two hours, filtered using ashless papér and pulp, and washed

until free of chloride residue. The filtrate was dried and ignited at 800°C
for one hour, cooled and weighed. The results are reported as ug/ml of

] ‘sulfate.

o ' P10




TABLE 1. SUBSAMPLES RECEIVED FOR PRIORITY POLLUTANT ANALYSIS

TR R SLEEY ) T AECXLTLECZ T S =z

LD T s oTmememe = —

Sample Designation -Clean Water Dirty Water Analysis
MC Rinse I, 0 N.R. Org., comb.
Impinger Rinse N.R. I, 0 Org., comb.
: Cyclone Qupcatch I, 0 I, 0 Org., comb.
| Impinger 1 I, 0 I, 0 . Org., comb.
Filter I, 0 I, 0 Metals, Org., Comb.
Impinger 2 I, O N.R. Metals
Impinger 3 I, 0 N.R. Metals
. Probe/Filter Rinse I, 0 I, 0 Org., comb.
Cyclone Rinse 1, 0 I, 0 Org., comb.
Nozzle Wash I, 0 I, 0 ' Org., comb.
XAD Trap I, 0 I, 0 Org., comb,
' i Blank MeCl2 X X Metals, org.
~ Blank XAD X X Metals, org.
Baffle Grit X X Metals .
2 I = Inlet sample train
0 = Outlet sample train
N.R. = Not received
} X = One sample received for inlet and outlet
Org., comb. = Semivolatile organic amalysis of combined extract

j Metals = ICAP metals screening analysis
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Chloride

Chloride analyses were conducted using an Amico-Cotlove. Automatic

" Chloride Titrator. To 5 ml of the sample, 0.5 ml of 1 N NaOH and 0.5 ml of

30 percent H202 was. added. The solution was heated for 15 minutes or until

foaming ceased. The sample was cooled and neutralized with nitric acid. To

-this solution, 7.5 ml of a mixture of 40 percent acetic acid and 0.4 N

ammonium nitrate was added and dilﬁted to 30 ml with deionized water. Four
drops of indicator, (a 60:1:1 ratio of gelatin, thymol blue, and thymol)
was added. The solution was then titrated coulimetrically with the auto
titrator. The titrator was standardized using known concentrations of

chloride. Results are reporied in vg/ml of sample.

Cyanide

For cyanide analysis, EPA Method 335.2 was used. An interference
was found to occur when using the colorimetric method, thus the titrimetric
part of the method was used for all analyses.

A 400 ml-500 ml aliquot of the sample (depending upon the amount
available) was taken for the analysis and placed in a one liter boiling flask.
The absorbing tube was filled with 50 ml of 1.25 N NaOH, and a slow stream
of air was initiated. To the boiling flask, 25 ml of concentrated sulfuric
acid was added slowly, and the inlet tube was rinsed with deionized water.
Aftey addition of 20 ml of MgCl2 the solution was heated to boiling and
refluxed for one hour. The solution was cooled, transferred to a 100 ml
volumetric flask, and diluted to volume. '

A 50 ml aliquot was taken of the distillate for aﬁalysis. To the
aliquot, ten drops of benzalrhodamine indicator solution was added and

titrated to the pink endpoint with standardized 0.0192 N AgNO3 solution.

- A blank solution containing equivalent amounts of NaOH and indicator was

titrated and sample results were corrected for the blank. All results are

reported in pg/ml.

Metals Analysis

For the metals analyses, several different sample preparation
procedures were used, dependent upon the nature of the sample and the

element of interest. All samples were prepared using acid digestion
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procedures and analyzed by either ICAP, graphite furance AAS, or cold vapor
AAS. | '

For the analysis of solutions, including the two quench water
samples and the impinger solutions, preparation was conducted according to
EPA Method 4.1.3 (1) for all ICAP analyses, and by a HNOB_HZOZ digestibnlfor

.graphite furnace analyses. Method 4.1.3 consists of a I-INO3 digestion, taking

the sample to near dryness on a hotplate several times until digestion

is deemed complete. However, since many of the more volatile elements can
be lost during this vigorous aigestion, samples to be analyzed for arsenic,
antimony, selenium, silver, and thallium were prepared using a less vigorous
digestion, as approved by.EPA (1) and given in Reference 2. This digestion
involves heating the sample gently with additiqn of HNO3 and HZOZ’ filtering,
and diluting to a known volume. The volatile elements were analyzed by
graphite furnace atomic absorption, while an additional 21 elements were
determined by ICAP. .

) For mercury analyses, a separate sample preparatidn was conducted,
as described by EPA Method 245.1. The sample was digested with concentrated
32504 and HN03, then oxidized with potassium permanganate and potassium
persulfate. The mercury was then reduced to elemental mercury with stannous
sulfate just prior to analysis using cold vapor atomic absorption spectro-
scopy. | '

For the filter sample, an alternate digestion was used in order

to ensure a more complete dissolution of the particulate. Since the filter

"had to be used for both inorganic and organic analyses, a portion of the

filter (one eighth) was cut out to use for metals analysis. The sample was
placed in a 100 ml beaker, and 5 ml of aqua regia was added. The beaker was
placed on a hot plate and heated for one hour. To the beaker, 5 ml of
deionized water was added, and the solution was heated for an additional
hour. The-solution was then cooled, filtered through white ribbon filter
paper into a 50 ml volumetric flask, washed, and diluted to volume. The
samples were then analyzed by ICAP. The results reborted are given in total
pg per filter, assuming that the section removed was a representative sample
of the entire filter.

Two additional samples were analyzed by ICAP for metals content,

referred to as baffle grit material. For these samples, a 1.0 g portion was

"
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taken and digested with concentrated HNO3 on a hot plate for two hours. The
samples were filtered through white ribbon paper into a 50 ml volumetric

flask and diluted to volume. All results are reported in ug/g.

ORGANIC ANALYSES

The analysis of the semivolatile organic priority pollutants was
to be conducted on the combined sample train extracts, filters, and XAD
sampling cartridges and on the quench water samples. AsS described above
potential contamination of the sample extracts from bottle liners and
electrical tape necessitated the elimination of these fractions. Only the
filters and the XAD traps were extracted for analysis, as were the quench

water samples. The samples were extracted with different procedures.

Sample Preparation of XAD and Fllters

The XAD and filter samples were soxhlet extracted using methylene
chloride for a period of 12 hours. Prior to extraction 15 ug of a surrogate
internal standard of hexaethylbenzene (HEB) was added to each sample. The
percent recovery of the HEB indicates the efficiency and prec151on of the
extraction, sample preparation and analytical procedure.

Following extraction, sample volumes were reduced to 1. 0 ml
using Kuderma-Danish evaporation on a water bath at 50°C.. These samples
were then analyzed by GC and/or GC-MS. Samples to be analyzed by GG-MS

were spiked with 50 ppm of dlo-phenanthrene‘as an-;nternal standard.

Sample Preparation: Water

The two quench water samples were extracted follow1ng EPA Method
625 guidelines. One-half liter of water was adjusted to pH 2 and extracted
in a separatory funnel using 3 x 60 ml aliquots of methlylene chloride. The
pH of the remaining aqueous phase was adjusted to pH 12 and extracted with
3 x 60 ml aliquots of methylene chloride. The extracts were then dried
using a column of anahydrous scdium.sulfate and combined. The extracts were
reduced in volume to 1.0 ml using Kuderna-Danish evaporation as described
above. Analysis of these samples were performed using GC and GC-MS. These

samples were spiked.with 50 ppm of dlo-phenanthrene as an internal standard.
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GC Analysis

A preliminary screening of the above extracts was performed by GC.
This screening was undertaken to obtain a general profile of the individual
gsamples and to provide information as to the concentration of the various
components in each sample. This screening allows any sample which is found
to be too concentrated for GC-&S analysis to be diiuted'by an appropriate
amount prior to analysis. Only one sample, the dirty quench water, needed
to be diluted 100 fold prior to GC-MS analysis.

GC analysis was performed using a Carlo Erba Model 2150 gas
chromatograph with FID detector and capillary colum under the following
conditions: )

Column: Fused Silica Capillary 30 m x 0.25 mm
Phase SE-30

Flow Velocity: Hydrogen 50 cm/sec
Injector Temperature: 275°C
Detector Temperature: 300°C
Temperature Program: Ambient for 5 min to 270° @ 8°/min

Injection: 2 nl splitless

GC-MS Analysis of Semivolatile (Extractable) Organics

Instruﬁentation——

The sample extracts were analyzed using an advanced énalytical
system consisting of (1) a Finnigan Model 9610 GC equipped with a 30 m x
0.2 mm ID fused silica capillary column coated with SE-52 methyl silicone
(2) a Finnigan Model 4000 quadrupole mass spectrometer; scanning the range of
42 to 450 a.m.u. during data acquisition; and (3) a Hewlett-Packard Model
7672A automatic sample injection system (autosampler). '

The mass spectrometer and autosampler were controlled by an INCOS
2300 data system. A command from the data system to the Hewlett—Packard
autosampler starts the injection cycle and stops the split flow of the
capillary injector. At the moment of injection the autosampler signals the
computer to start the data acquisition in a suspended mode, signals the
microprocessor of the 9610 GC to begin the columm temperature program
sequence, and signals the injector split flow control timer to begin the

55 seconds timing sequence for the splitless injection. After 55 seconds
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the split flow is restarted. At 5.5 minutes the 9610 microprdcessor turns
l on the filament and electron multiplier of the mass spectrometer. The data

. system, at 6.0 minutes, starts the data acquisition for the 70 minutes of '

analysis time. During this 70 minutes a reverse-library search of the
acquired data is performed by the data system. Each of the 89 compounds in
the library was searched in a time window of iﬁo.seconds around expected
retention time as determined by analysis of the calibration standards. T If
a compound is found in the window, the area of a selected ion in the mass
spectrum is recorded so that a quantification value is determined by the
ratio of the compound area to that of the internal standard times a response
factor for the compound. : ' -

At the end of the search routine a list of the found compounds
| ("hits") and their amounts are printed along with the numerical difference
between their expected and found scan numbers. A hard copy of the enhanced
(background subtracted) mass spectrum of each of the "hits" is also
automatically printed for manual confirmation or refutation of the mass
'l . spectra.
At the end of the data acqﬁisition and reverse-library search, the

data system prepares for amalysis of the next sample. Once the data system

——

receives a signal from the 9610 GC microprocessor that the GC oven tempera-
ture has cooled to the starting temperature, the data system injects the
} ‘next sample in 25 minutes. This delay allows the GC oven temperature and
 the column temperature to equilibrate which greatly enhances the reproduci-
1 bility of the retention times. _
' The GC-MS -parameters used during autosampler analysis of all

| samples for semivolatiles are summarized below:
Autosampler Injection Volﬁme 2.0 ul
Injéction Mode Splitless'for 55 sec

Split Flow 20 ml/min

Sﬁeep Flow 4 ml/min
Injector Temperature 290°C
Separator Oven Temperature 300°C
Transfer Line Temperature 295°C
Ionizer Temperature 250°C

Manifold Temperature 120°C

. - | . F-;16




the priority pollutant "hits" was hard-copied and manually inspected to con-
firm the identification.

Once a calibration standard was analyzed and the concentrations of
each of the calibration standard componenﬁs entered into the computer
program, the response factors were determined'by the computer according to
the equation: ‘

A, C
is’'s

Response Factor = RF =

where AS the integrated peak area of the characteristic fragmentation

ion for the priority pollutant

Als = the integrated peak area of the characteristic fragmentation
ion for the reference internal standard

Cis = the concentration of the reference internal standard in the
calibration standard (ug/l or ug/g)
Cs = the concentration of the pollutant standard in the calibration

standard (ug/l or ug/g)

The response factors were updated following the analysis of a calibration
standard. Because of the felatively small number of samples, two calibra-
tion standards were analyzed and interspersed with the samples.

The concentration of each gompound in each sample was determined

according to the equation:

where the terms are defined as in the response factor equation above and

DF is the dilution factor.
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SECTION V

RESULTS AND DISCUSSION

INORGANIC ANALYSIS

Sulfate, Chloride, and annide Analysis

The results for the analysis of sulfate, chloride, and cyanide
conducted on samples taken during the clean and the dirty quench water tests
are given in Tables 2 and 3, respectively. As noted above, no samples were
received for cyanide analysis forﬁ the dirty quench water test. The range

of concentrations found for each of these determinations is as follows:

B A-8-7 = zuz.imT TOLUR SSEIESIR TTRISESLET S

Analyte Clean Water (ug/ml) Dirty Water (ug/ml)

Sulfate 60-250 60-460
Chloride 570-5,500 4,900-7,200
Cyanide 0.17-1.8 - Not Received

LU R IR IS A

W
§
H
i
1]
3
i
i

_ The dirty quench water samples generally exhibited a higher level
of sulfate and chloride, although some of the samples taken during the clean
water test were nearly as high. _ a
Replicate analyses were run for sulfate, chloride, and cyanidé

analyses, as éhown in Table 4. For sulfate analyses, the relative perﬁent
difference (RPD) varied from 0-3.2 percent, indicating excellent precision
of analysis. For chloride-anlaysis, the RPD ranged from 0.2 percent to 22
percent, with the high percent diffefence occurring on a sample with a low
concentration of chloride. In general, the precision was quite good. For

cyanide analyses, only two samples could be run in duplicate due to the
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TABLE 2. RESULTS OF ANALYSIS FOR SULFATE, CHLORIDE,
‘ ' ’ AND CYANIDE FOR-CLEAN WATER QUENCH TEST

S04~ -ocl CN
" Sample ug/ml pg/ml ug/ml
| 1-CM N.R. (@) N.R. 0.25
s 1-CM-A 63 65 N.R.
1-CM-B : 59 59 0.21
1-CQ-A 116 . 186 0.33
1-CQ-B 124 117 0.25
_ 1-CR N.R. - 129 N.R.
j , 1-CR-A 127 160 0.17
) 1-CR-B 136 N.R. 0.17
1-SD-M 254 5380 Broken
_ 1-SD-Q 167 : 1850 0.91
i . 1-SD-R 184 1290 . 0.62
2-CM 62 63 ' 0.17
_ 2-CQ 119 127 0.33
] ' 2-CR 135 | N.R. 0.52
! 2-5D-M Broken (P) _ 5490 1.40
2-5D-Q 172 1520 ' 0.41
" 2-8D-R 198 . 1450 Broken
j. 3-CM 60 o 57 0.41
3-CQ N.R. 116 0.33
"~ 3~CR - 146 . 182 N.R..
} 3-SD-M 278 . 5440 1.75
3~-5D-Q Broken - 1670 N.R.
‘ 3-SD-R _ N.R. 140 1.37
| 4-CM 58 84 N.R.
| 4-CQ 135 116 0.41
4-CR ~ N.R. _ 110 N.R.
| _ 5-CM 62 - 94 0.50
! 5-CQ . 138 164 N.R.
' 5-CR 147 N.R. 0.50
(a) N.R. = not received.

. (b) Broken: four sample bottles were broken during
1 shipment from the sampling site.
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TABLE 3. RESULTS OF ANALYSIS FOR SULFATE AND
CHLORIDE FOR DIRTY WATER QUENCH TEST

S04 c1”

Sample (ug/ml) (ug/ml)
1-DM N.Rr. (8 5020
1-DQ ’ 336 6140
1-DR ‘ 380 - 6590
2-DM 63 5020
2-DQ 353 6710
2-DR 460 7220
3-DM 63 5240
3-DQ 343 5660
3-DR 386 6610
4--DM 78 4890
4-DQ 360 5310
4-DR - 400 5800
Make-Up Water _ 83 ‘N.R.

(a) 'N.R. = not received.
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limited volume of sample available in most cases. In both cases, the repli-
cates were identical.

An estimate of the method accuracy can be gained by analysis of
samples sPikgd with known concentrations of the analyte. A poor spike
recovery.is indicative of a matrix effect in the analysis. Spike recovery
studies were conducted for sulfate and chloride analyses, with the results
given in Table 5. No spiked samples were run for cyanide analysis. The
results given in Table 5 demonstrate a spike recovery for sulfate analysis
ranging from 93-113 percent, indicating good accuracy. For chloride
analysis, spilke recoveries ranged from 93-104 percent; indicating very .good

accufacy for this analysis. -

Metals Analysis

Ihe results for metals analysis of the quench waters, the impinger
solutions, the filters, and the baffle grit are given in Table 6. Twenty-one
elements were determined by inductively coupled argon plasma. Five elements
(As, Sb, Se, Ag, and T1) were determined by graphite furnace atomic absorp-

tion, and mercury was analyzed by cold vapor atomic absorption spectroscopy.

.Only the quench waters were analyzed for the volatile elements.

The results of the quench water analyses show that the dirty quench
water does exhibit higher concentrations of detectable elements, however,
the elements of highest concentration (Ca, Fe, Mg, Na) are of little concern
environmentally. A small amount of Be was found in the dirty quench water,

however, this could likely be an interference from the high level of iron

" 1n this sample. The dirty water was also found to contain 1740 npg/l of

selenium, which may be of concern. However, no selenium analysis was
conducted on the impinger and filter samples, in accordance with.the work
plan. ‘ .

Analysis of the impinger solutions demonstrate only low concentra-
tions of metals present, reported as total micrograms present in the impinger.
Elements detected include Al, Ba, Ca, Co, Cu, Fe, Mg, and Zn. Comparison
of the concentratins found in the clean and dirty water outlet impingers

shows similar concentrations, with the exception of Fe and Zn. No impinger

‘was received from the inlet sémple train taken during the dirty water test.
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As described above, one-eighth of the total filter was.taken for
metals analysis, with the'results given in Table 6 reported as the total mass
present in the entire filter. A filter blank was also received.and analyzed.
The results reported in Table 6 have not been corrected for the filter blank.
In the samples, detectable levels of Al,_B, Ba, Ca, Cr, Cu, Fe, Mg, Mn, Na,
Ti, and Zn were found. However, the levels of these elements found in the
blank were comparab;e for all cases except Fe, Mn, and Ti. Even for these
three elements, the concentration found in the sample is no more than twice
that found in the Blank. Therefore, the concentration of elements found in
the filters is in all cases minimal. .

Two grit samples wefe analyzed, one taken following the clean
quench water test. The ICAP analyses (Table 6) show iron to be the element
of higheét concentration, at approximately 2000 ug/g in both samples.
Aluminuﬁ, calcium, chromium, magnesium, manganese, nickel, titanium, and
zinc were also found ét levels above 10 ug/g. A comparison of the results

from the two grits indicates close agreement for all elements except

~ chromium and nickel, both found at higher levels in the clean water test

gfit. _

- Quality control procedures conducted dufing these analyses
included the analysis of duplicate samples of the dirty quench water, and
the clean'bafflé grit. An aliquot of the clean quench water was spiked with

known concentrations of 21 elements and analyzed by ICAP. The results of

“the quality control analyses are given in Table 7.

For replicate analysis of the dirty quench water, the relative
percent difference is in all cases less than ten percent. For many elements,
the concentration was found to be below detection limit, thus no relative
percent.difference is reported. For the replicate analysés of the clean
baffle grit, the relative percent differences are much higher, with the
poorest precision found for nickel and chromium. Examination of these results
indicates that there is no real difference between the clean and dirty
water baffle grit samples considering the variation found for replicate
analyses. This variation is indicative of an inhomogeneous sample, since
the better precision of the ICAP analysis is demonstrated in the replicate

analysis of the quench water.
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To determine the accuracy of the metals analyses, the clean quench
water was spiked with known concentrations of 21 elements. The percent
reboVery data in Table 6 indicate excellent accuracy, with the recovery
falling between 90-110 percent for 19 elements. For two elements (Ca and

Na) the amount of spilke added was too low to be quantitatively determined

" above the inherent sample concentration. If an element was found to be below

the detection limit, then the percent recovery is reported as a range, since
the concentration in the unspiked sample could be anything between zero

and the detection limit.

ORGANIC ANALYSIS .

As was previously discussed, the analysis of drganics was limited
to semivolatile cempounds on the two quench waters and on a combined extract
of the filters and the XAD traps. All rinse solutions (probe, impinger,
cyclone, nozzle) and impinger solutions from upstream of the XAD trap were
not included in the composite due to suspected contamination from the cap
liners and black electrical tape used for sealing the bottles.

The quench water samples were analyzed by EPA Method 625 (GC-MS)
for all semivolatile priority pollutants. The results of these analyses are
given in Table 8. Because of the nature of the sample, the extract from
the dirty quench water (1-Org-D-Q) had to be diluted 100 fold prior te
injection‘to pervent saturation of the GC-MS electronics. For this reason,

detection limits estimated for this sample are a factor of 100 greater than

. those given for the clean quench water sample (1-0rg-C-Q).

For the clean quench water, five compounds were found at concentra-
tions greater than the detection limit; phenol (5.6 ug/l), 2,4—d1methylphenol
.(140 ug/l), napthalene (4.0 ﬁg[l), fluoranthene (17 ug/l), and
-bis-z—ethylhexylphthlate (34 pg/l). All remaining priority pollutant
-compounds wefe not found above the method detection limit, as indicated in
Table 8.

A total of eleven compounds were found at concentrations above the
detection limits in the dirty quench water, with phenol having the highest
concentration (36,000 ug/l). Naphthalene was found at 2,200 ug/l, and

several other PAHs were also present at levels from 94-440 ng/l.
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contamination. ?or the fiiter from the outlet sample train during the
! dirty quench water test, a total of four compounds were found; 200 ug of
. 1,2-dichlorobenzene, 4 pg of diethylphthalate, 7 ug of butylbenzylphthalate,
g -~ and 29 ug of bis-2-ethylhexylphthalate. Of these four compounds, only
bis-2-ethylhexylphthalate was found in the quench waters, but then only in
Y the clean quench water. There appears to be little correlation between the

compounds found on the filter and those present in the quench water samples.
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SDSS Specifications

The geometric and flow specifications have been set by
several constraints. The sample flow rate is set by the flow
requirements of the IP Cyclone Sampler. Ideally, to approx-
imate the conditions found in actual plumes, the dilution ratio
should be high (approaching 10%~10") and the mixing times long
(tens of seconds)., The actual dilution conditions represent a
compromise dictated by limitations on the size of a portable
field instrument. Geometric and flow specifications are given
in Table 1. : : :

Since the effect of varying dilution air temperature and
humidity cannot be easily predicted for all typical process

_streams, standard conditions of 0.57% moisture by volume at
. 21.1°C (corresponding to about 24% RH at 70°F) were chosen.

This relatively dry dilution air should not be subject to water
condensation for normal stack samples, yet is more realistic
than totally dry air. :

Operating Procedure

. The in-stack IP Dual Cyclone Train is the intended pre-
cutter for the Dilution Stack Sampling System, This device
is fully described in the Procedures Manual For Inhalable
Particulate Sampler Operation,Report SoRI-EAS-79-761. The
flowrate of stack gas entering the dilution system is determined
by the necessity to obtain a Dso of 15 um (50% collection ef-~
ficiency at 15 um) for the initial IP cyclone (SRI-X). This

© flowrate, which varies with temperature, can be determined from

the experimental calibration data for the cyclone train. Nomin-
ally 23 &/min (0.8 ft®/min) is required for standard air at '150°C
(300°F) . Over.the entire operating temperature range of the
sampler, Cyclone SRI-III obtains 50% collection efficiency at

2.5 + 0.5 ym for the flow rate determined by SRI~X, Particulate
with aerodynamic diameter smaller than 2.5 um (The Fine Particu-
late fraction) passes into the Dilution Stack Sampling System
and provides centers for the accumulation of condensable material
in the dilution/cooling process. ‘

Since the fine particulate fraction of the instack particu-
late is collected along with the condensable emissions, a second
Dual Cyclone IP train with a standard instack filter is used to

"simultaneously measure the instack particulate without condensa-

tion effects. The setup and operating procedures for both cyclone
trains is essentially identical and is described in full in the
Procedures Manual for Inhalable Particulate Sampler Operation,
Report SORI-EAS-79-761. 1In brief, the stack gas temperature,

.velocity, and composition are measured, and the gas viscosity

calculated. Using calibration data for Cyclone X of the Dual
Cyclone IP sampler, a flow rate is selected to obtain a Dso of
15 ym for this device. Nozzles are selected for isokinetic
sampling, and the sampling trains,; after warmup, are inserted
at -different points in the stack which are demonstrated not to
have dramatically different loadings due to stratification of

G-5
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Table 1.

GEOMETRIC

FLOW

Active length of dilution chamber:
Diameter of dilution chamber:
Diameter of sample inlet tube:
Active dilution volume:

Sample flow (determined by IP cyclone train):
Sample velocity:

Dilution air flow:

Dilution air velocity:

Dilution ratio:

Residence time:

GAS CONDITIONS

gpecifications for Dilution Sampling System

122 cm
21.3 cm
4.27 cm
43600 cm?®

17 2/min
~27 cm/sec at
150°C
425 L/min
20 cm/sec
n25:1 (up to
" 40:1 possible)
6.2 sec

Sample gas: T<250°C; particles >2.5 um removad by cyclohes
Dilution air: T=21.1°C; relative humidity 24%; filtered

ambient air

COLLECTION
particulate collected on glass fiber filter

Optional impactor gives cuts at 0.5, 1.0, 2.0, 4.0 ym
Optional extraction of diluted stream for sizing by optical
' counter, electrical mobility analyzer, CN counter, etc.

G-6
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RESULTS

The weights of the cyclone and filter catches along with
other associated data are shown in Table 2. Due to an unfor-
tunate miscommunication, two filters run in the SDSS were not
preweighed. Techniques used to obtain the sample weights for
these filters are described in Appendix A.

CONCLUSIONS

The total concentration of mass runs from instack IP
ranged from 55.to 72 percent of the total concentration ob-
tained in parallel SDSS runs. The difference between IP and
SDSS concentrations increases in the Inhalable Particulate
range (<15 um) and increased further still in the Respirable Par-
ticulate range (<2.5 um). The concentration of mass indicated for
the SDSS runs two and three are extremely conservative since these
were obtained from extraction of the catch from the filters as de-
scribed in the Appendix.
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APPENDIX A

Filter Extracgiyn Methodology

SRI has had prior experience in removal of particulate

‘matter from filter material. (For a complete description

see A_Study to Determine an Optimized Filter Cleaning Proce-
dure for Obtaining Bloassay Samples, Report SORI-EAS-81-355)
as previously mentioned two of four SDSS runs were made with
filters having no preweights, Several test extractions were
run in order to determine the most effective solvent for
removing the Dofasco catches from the filters with no pre-
weights. For these tests, the two filters with valid sample
weights were quartered and individually weighed.

Quarters of the filter from SDSS Run #1 were spent in
the determination of the most suitable solvent of those tried
(acetone, dichloromethane, naptha, and carbon tetrachloride) .
The grade of carlon tetrachloride used leaves virtually no
residue when evaporated (~.0003%), which was confirmed by
the evaporation of 500 ml in an aluminum collection pan with
no measurable weight gain.. The 500 ml evaporated was sub-
stantially more than the total volume of carbon tetrachloride
utilized during extraction of the catch from each filter

. quarter, hence solvent residue did not contribute to the weight

of the sample removed by extraction.

Filter Extraction

Each filter quarter was immersed in approximately 50 ml
of carbon tetrachloride, aggetated manually, then removed. The
solvent was then transferred to a preweighed evaporation/co}lec—
tion dish and allowed to evaporate at room temperature. This
step was performed in order to remove any material solgble in
carbon tetrachloride from the filter segments. Each.fllter
guarter was then placed in a clean glass container Wlth approx-
imately 50 ml of solvent and floated in an ultrgsonlc bath for
approximately 20 minutes. The ultragonic cleaning process was
repeated for each filter guarter until there was no increase 1n
the weight of the collection pan after the solvent had been
evaporated. Placing the filter quarters in an ultrasonlc.bath
aided in physically removing insoluable particular matter cap-
tured on the filter membrane and backing.

Data obtained from one filter with a known weight gain and
from the two filters of unknown weight gain are shown in Tablg 3.
The fraction of surface was determined by the ratio of the weight
of the segment to the total weight of the filter before quartering.
The amount of sample present on each segment of SDSS run #1
filter was approximated by proportioning’ the tota} catch using
each quarter's surface area, To obtain correct welghts from an
extraction the amount of gain in a collection conta%ner_should_
equal- the initial amount of sample:present on the filter material

" in guestion, Retrival efficiency of 100% is obtained when these

two amounts are equal. The average retrieval efficiency of the
extraction test (preweighed) filter was ~79%.
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APPENDIX H

COMPARISONS WITH WATER QUALITY DATA FROM OTHER
QUENCH TOWER TESTS

Water quality data from the DOFASCO 1981 quench tower testing, for clean
and dirty water quenching, were compared with data from three steel mill
quench tower tests:

. USS /Gary--clean and dirty water quenching
. USS/Lorain-—clean and dirty water quenching
. DOFASCO (1977)-—-clean water quenching.

Data comparisons are shown in Tables H~I and H~II for clean water and dirty
water, respectively.

The data comparisons presented indicate that for the water quality
parameters shown, the DOFASCO 1981 data are within the ranges established by
the USS/Loraine data for both clean and dirty water quenching. The only
noticable exceptions are the higher solids (dissolved and suspended) and
higher phenol and lower sulfate concentrations for DOFASCO makeup water (dirty
water analysis).

A direct comparison of DOFASCO 1981 clean water analysis data with
DOFASCO 1977 data showed the following:

® roughly a 60 percent reduction in 1981 makeup water total solids
concentration;
° phenols concentration comsiderably lower in 1981 makeup water while

quench and recycle water showed higher levels of phenols; and

] cyanides concentration for 1981 were high for quench, makeup and
recycle waters.

MASS BALANCE ANALYSIS OF SELECTED QUENCH WATER PARAMETERS

Mass balance calculations for TSS, TDS, chlorides, phenols, and ammonia
were performed to illustrate the quantities of each of these parameters
emitted from or retained within the quench tower and quench water sump., Mass
balance analysis for these parameters is shown in Table H-III.
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TABLE H-III. MASS BALANCE ANALYSIS OF SELECTED QUENCH WATER PARAMETERS
FOR CLEAN WATER, SEMI-DIRTY WATER, AND DIRTY WATER QUENCHING
AT DOFASCO (1981) (ppm)

TSS TDS Chlorides  Phenols Ammonia
Clean Water Analysis:
Quench 57 510 138 0.336 3.4
Makeup 4.8 337 70 0.0021 0.99
Return 273.3 560 145 0.461 2.24
Tower Loss _ NONE 260 103 NONE 9.2
Sump Loss 1,720 465 15 0.5 NONE
Semi-Dirty Water Analysis:
Quench 114.2 2,270 1,630 87.6 527
Makeup 409.4 9,550 5,437 808 3,733
Return 284.6 2,520 960 75.1 517
Tower Loss NONE 1,020 5,280 150 577
Sump Loss 2,231 23,767 5,699 1,904 8,993
Dirty Water Analysis:
Quench 154 8,858 5,955 284 2,300
Makeup 338 8,732 5,043 662 2,928
Return 414 _9,732 6,555 250 2,416
Tower Loss NONE 4,488 2,955 454 1,720
Sump Loss 2,930 15,805 8,523 1,009 4,941




Flow Balance

The flow diagram and balance calculations for the quench tower system are
shown in Figure H~I. Information supplied to GCA by DOFASCO was as follows:

. quench water at 6000 gallons per quench;

' makeup water at 8000 gallons per hour with five quenches per hour;
and

[ return water at 5000 gallons per quench.

TSS Balance

-

Two noticeable increases in TSS occured as the water quality decreased
(clean to dirty):

° increases in return water TS55; and

. increases from sumﬁ loss.
The mass gain in return water may be attributed to coke thermal shaffer and/or
tower fallout. The percent of Mass increases in the return water for each
water quality category were as follows:

- clean - 300%

. semi-dirty — 108%

° dirty - 124%
Increases in sump loss TSS are probably due to settlement and sludge formatiom.
TDS Balance

Contrary to what was found for the TSS balance, there is a mass loss from
quench water to return water for all three water qualities. However, this
increase attributed to tower loss may not be entirely an atmospheric
discharge. Other tower losses include coke attachment and side wall and

baffle impingement.

Chlorides Balance

Sump losses of chlorides increased with decreases in water quality
possibly due to sludge fixation or volatization of chloride compounds (HcE).




SUMP _
EVAPORATION 2271 liters
22710 i
3785 liters ers 6056 liters
MAKE -UP
QUENCH Ssomp
TOWER LOSS QUENCH _
\ 4
18925 liters
RETURN
TOWER

NOTE: Al numbers in liters/quench

Figure H-1. Water flow/mass balance.
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