EPA-600/2-79-082
April 1979

Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary
Point and Area Sources. APA42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section. The file name
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be
from a previous version of the section and no longer cited. The primary source should always be checked.

Coke Quench Tower
Emission Testing Program

by
A.H. Laube and B.A. Drummond

York Research Corporation
One Research Drive
Stamford, Connecticut 06906

Contract No. 68-02-2819
WA 1
Program Element No. 1AB604

EPA Project Officer: Robert V. Hendricks

Industrial Environmental Research Laboratory
Office of Energy, Minerals, and Industry
Research Triangle Park, NC 27711

Prepared for

U.S. ENVIRONMENTAL PROTECTION AGENCY

Office of Research and Development
Washington, DC 20460



EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.












ACKNOWLEDGEMENT

The following personnel performed the field
tests under the hostile conditions of the coke:
quench process:

Barbara Drummond
John Gale

John Jeffery
Richard Keith
Roderick Lamothe
Paul Wade
Michael Ziskin

Arthur D. Little, Inc., Boston, Massachusetts
performed the major portion of the analytical
work including all of the organic emissions
test samples and the organic analysis of water
samples.







L
&+
4
3

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

SUMMARY

1.1 Organic Emissions

1.2 Organics in ‘Quench Water

1.3 The Source of Quench Tower Organic Emissions

1.4 Benzene Soluble Residue, Benzene and
Total Hydrocarbons

1.5 Biological Test

1.6 Particulate Emissions

CONCLUSIONS

RECOMMENDATIONS

INTRODUCTION

PROCESS DESCRIPTION

5.1 The Coking Process

5.2 The Quenching Process

TEST PROCEDURES

6.1 Test Program

6.2 Sampling Problems

6.3 Sampling Equipment Design

6.4 Sampling Technique

6.5 Test Sequence

6.6 Coke Quench Tower Emission Tests

6.7 Sample Recovery

6.8 Precision of Samplihg Methods and Estimated

Probable Error for Analytical Procedures

ANALYTICAL METHODS

7.1

Organic Emission Tests and Water Samples

7.1.1 Particulate

7.1.2 Sample Extraction

7.1.3 T.C.0., GRAV, and IR
7.1.4 Liquid Chromatography (LC)

7.1.5 Low Resolution Mass Spectroscopy (LRMS)

7.1.6 Gas Chromatography/Mass Spectrometry
(GC/MS)

o o0 O O

10
11
13
13
19
28
28
36
38
42
45
48
51

54
58
58

58
61
61
62
63




TABLE OF CONTENTS

(continued)
Page

7.2 Benzene Soluble Residue Tests 66
7.3 Benzene and Total Hydrocarbons 67
7.4 Total Organic Carbon in Quench Water 67
7.5 Electrical Conductivity of Quench Water 67
7.6 Biological Test 67
7.6.1 Ames Bacterial Assay 68
7.6.2 Clonal Cytotoxicity Assay 70

8.0 ORGANIC EMISSIONS | 72
8.1 Organic Emission Test Results 72
8.2 Sample Contamination _ 83

8.3 Benzene Soluble Residue Test Results 86
8.4 Benzene and Total Hydrocarbons (THC) 88
8.5 Biological Test Results a8
9.0 PARTICULATE EMISSIONS - 94
9.1 Particulate Emission Results 94
9.2 Particle Size 98
9.3 Comparison of Quench Tower Particulate Emission 102

9.4 Baffles 106 '

10.0 QUENCH WATER ORGANICS AND WATER FLOW 112
10.1 Organics in Quench Water 112
10.2 Quench Water Flow 116
10.3 Mass Balance Around the Quench Tower _ 119

11.0 SOURCE OF ORGANIC EMISSIONS 124
11.1 sStatistical Analyses - 124
11.2 Discussion _ 128
REFERENCES 136
APPENDICES
A. Summary of Coke Quench Emission Sampling Data A-1
B. Gaseous Emissions - 1976 - Lorain Study B-1
C. Calculations c-1




LIST OF FIGURES

Number Page
5=1 Coke Oven Plant Schematic 14
5=2 Diagram of Lorain Coke Plant

Contaminated Quench Water System 18
5-3 Service and Process Water, Coke

Plant, Lorain Works 20
5-4 The Push of Incandescent Coke

: From the Oven to the Quench Car 21

5=5 Quench Car with Incandescent

Coke Entering the Quench Tower 22
5-6 "Car In" 22
5=7 "Water On" 22
5-8 Start of Quench Water Flow 23
5-9 Fugitive Emissions a Few

Seconds Before the Up=-stack

Draft is Well Established 23
5-10 A View Showing the first

Eruption of Steam 24
5-11 Another View Showing the

First Eruption of Steam 24
5-12 Quench Tower Plume 25
5-13 The Stack Flow Well Established,

About 10 Seconds After "Water On" 25
6~1 Quench Tower Schematic 29
6-2 Diagram of the Quench Tower Area 30
6=3 to 6-6 Photographs Illustrating Coke Greenness

Ratings (ratings of 0,2,3, and 4) 33
6-7 Organic Matter and Particulate

Sampling Train Using Modified

EPA Method Five 40
6-8 Velocity Profile 44

-




LIST OF FIGURES CONT.

Sample Point Location
Fugitive Emissions at Start of Quench

Fugitive Emissions a Few Seconds
After Beginning of Quench

Analytical Procedures for Samples
from Tests 5,7, and 14

Analytical Procedures for Samples
from Test 2B, 3,4,5,6,7,8,9,10, 11,
12,14, 15,16, and 17

EC30 Determination - Coke Quench
Tower Emission Sample

D30 Cut Point in Micrometers vs. Cubic Feet
per Minute for Cyclone Used in Sample Train

Baffled Section of Quench Tower
Details of Baffles

Open Area Between Baffles

Baffled Section Showing Missing Boards
Water Balance

Graph of Total PAH versus Coke Greenness

-i{i-

Page

46
49

49

59

60

93

101
107
108
109
110
117
134




LIST OF TABLES

Number : Page

1-1 Summary of Coke Quench Tower | 3
Organic Emissions

i-2 Sumnary of Coke Quench Tower
Particulate Emissions 8

5-1 Average Oven Temperatures (G Battery)
During Test Period 16

6-1 Index of Photographic Slide Number

and Observers Greenness Ratings

and Comments on a Series of Pushes 32
6~2 Coke Quench Tower Emissions Tests 35

6-3 Summary of Measurements - Coke
Quench Tower Emission Tests 37

6-=4 Potential Problems and Solutions in
Testing Quench Tower Emissions 39

6-5" Isokinetics 47

6-6 Fugitive Emissions 50

7-1 Instrument Conditions for T.C.O.
Analysis ' 61

7=2 Operating Conditions for GC/MS
Analyses 65

7-3 Ames Mutagenicity Assay Test Conditions 69
8-1 Organic Emissions Summary 73

g-2 Polycyclic Aromatic Hydrocarbons (ug/m3) 75

8~-3 Polycyclic Aromatic Hydrocarbons
(grams/metric ton of coal) 76

8-4 Polar Fraction (ug/mB) 77
8-5 Polar Fraction (grams/metric ton of coal) 78

8-6 Organ%c Analysis of Train Components
(Hg/m™) 79

—iii-

I 6-7 Probable Analytical Errors 57




8-10

8-11

8-15

LIST OF TABLES CONT.

Organic Analysis of Train Components
(grams/metric ton of coal)

Benzo (a) pyrene in Coke Quench Tower
Emissions

Organic Species Found in Emissions at
Levels Potentially Harmful to Health

Presence of Silicone Grease and
Phthalates as Indicated by IR

Presence of Silicone Grease and
Phthalates as Indicated by IR
(sampling train components)
Benzene Soluble Residue

Benzene and THC Emissions

Results of Mutagenicity and Toxicity Assays
of a Coke Quench Tower Emission Sample

Results of the CHO Clonal Cytotoxicity
Assay of a coke Quench Tower Emission
Sample:Colony Counts and Percent Relative
Survival

Coke Quench Tower Particulate Emissions

Benzene Soluble Residue Tests - Total
Particulate

Particulate Emission Summary

Cut Size of "In Stack" Cyclone at Test
Conditions

Quench Tower Particulate Emissions, U.S.
Steel Corporation Lorain Works, Quench
Tower No. 1 - November, 1976 (1)

Quench Tower Particulate Emissions, Dom-
inion Foundries and Steel, Ltd., August 1977

Baffle Open Area
Quench Water Analysis (mg/l x 10_3)

Quench Water Analysis (grams/metric ton
of coal)

~iy-

82

84

85
87
88

91

- 92

95

96
97

99

103

105

111

113

114




A

Number

10-3

10-6
11-1

11-2

11-3

LIST OF TABLES CONT.

Results of T.0.C. Analysis of Water
Samples

Water Flow (gals/quench)

Up-Stack Water Flow as Extrapolated
from Cyclone, Condenser and Impinger
Catch

Mass Balance of Organic Compounds

Analysis of Variance - F Values (22)

Simple Correlations (using water quality,
coke greenness, individual organic com-
pounds, and total PAH values for all tests)

Simple Correlations (using coke green-

ness, individual organics, and total PAH
values for clean water tests only)

-

115

116

120

122

126

129

131







-

1.0 SUMMARY

York Research Corporation was contracted by the Environmental
Protection Agency to conduct a study of coke guench tower
organic emissions. Testing was conducted at quench tower No. 1,
U.S5. Steel's Loréin Works, Lorain, Ohio in November, 1977.

The primary objectives of the study were to:

® Characterize and gquantify the organic matter in
coke quench tower emissions

e Identify the possible origins of organic emissions
by evaluating the effects of various process condi-
tions (quench water and coke) on organic emissions.

Stack samples were collected by modified EPA Method 5 sampling
methods and subjected to extensive organic chemical analysis
for identification and quantification of individual organic

compounds. Sufficient samples were taken under controlled

process conditions to provide a statistically confident basis

for emission factor determination. The process conditions under
consideration were clean gquench water, contaminated quench water
(flushing liquor and blowdown from other plant processes), green
coke (not fully distilled) and nongreen coke.

Supplemental objectives of the test program were the following:

e Determine the total organic carbon content of
the quench water in order to study the mass balance
around the quench tower.

® Determine the amount of benzene soluble material
in coke gquench tower emissions.

® Measure benzene and total hydrocarbons in the stack
aerosol (2 samples).

e Obtain a stack sample for bioassay.

1.1 Organic Emissions

Fifteen tests were performed for the determination of quench

tower organic emissions: six with clean water and nongreen
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coke, five with clean water and green coke, and four with
contaminated water and nongreen coke. The test results are
summarized in Table 1-1, showing the large quantities of Poly-
cyclic Aromatic Hydrocarbons (PAH) and certain polar compounds
(heterocyclic oxygen and nitrogen compounds) found in the quench
tower plume. Together, these organic classes represent fifty-
three different organic species detected in emissions samples,
Those species found at the highest concentrations include:
1) Naphthalene
2) Methyl Naphthalenes
3) Acenaphthylene/Biphenylene
4) Dimethyl Naphthalenes
5) Fluorene
6) Dibenzofuran/Methyl Biphenyl
7) Anthracene/Phenanthrene
8) Methyl Anthracenes
9) Phenol
10) Cresol
11) Methyl Cresol
12) CQuinoline

It may be observed in Table l-1 that the concentration of organics
is much greater in the contaminated water tests than in the clean
water tests. Also, the clean water - green coke tests show
higher organic concentrations than the clean water ~ nongreen
coke tests.

A specific analysis for.benzo (a) pyrene (BaP) in the organic
emission samples was performed and revealed substantial amounts
of BaP to be present (see Table l?l).- Although BaP levels are
consistently higher in the contaminated water tests than in the
clean water tests, the data were scattered in regards to coke
greenness. BaP was not detected in every test but when it was
.its con?fgfration exceeded the Minimum Acute Teoxicity Effluent

values.
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Each of three organic emission tests were analyzed according

to three separate sections of the sampling train. These results
indicated that most of the PAH found for each test was in the
organic adsorber unit, which means this material is either

‘vaporous or associated with particles smaller than 0.3 micro-
meters.

A comparison of the organic emissions data with various rating
systems showed that the following compounds considered to be
toxic, hazardous, or carcinogenic (17,18) are present in the
quench tower plume:

l) Benzo (a) pyrene
2) 3-Methyl cholanthrene
3) 7, l2-Dimethyl benz (a) anthracene
4) Dibenz (a,h) anthracene
5) Dibenzo (a,h) pyrene
6) Dibenzo (a,i) pyrene
7) Benz .(a) anthracene (s)
8) Pyridine
9) 1Indeno (1,2,3-cd) pyrene
L0) Phenanthrene
11) Phenol
12) Cresol
13) Quinoline

Silicone grease and phthalates were detected in the organic
emissions samples in large amounts. These substances are con-
sidered to be sample contaminants but their origin and method of
entry into the test samples is not well defined. Silicone grease
was used to seal some glass connections in the back half of the
sampling train, however, its appearance in a front half sample
(cyclone) and in some wéter samples and blanks indicates that
another source may have been present. Phthalates were found in
all of the organic emissions tests and in consistently greater
quantities in contaminated water tests than in clean water tests.
Phthalates have also been found in other tests of guench tower

ty
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(1,24) pue to these findings

emissions and coke oven door leaks.
it has been speculated that phthalates could originate from coke

oven processes.

l.2 Organics in Quench Water

Quench water samples were found to contain many of the same organic
species present in quench tower emissions. It was observed that as
the molecular weights of the species increases, the ratio of the
quantity of a species in the stack emission to the quantity intro-
duced in the makeup liguor becomes less and less. The lower the
molecular weight the higher the boiling point, therefore, the lower
molecular weight species are readily stripped from the quench water
by the evaporation and distillation process of the quench. In a
gimilar manner, the contaminated makeup liguor is stripped of lower
molecular weight species and the higher molecular weight species
tend to remain in the quench water. A few of the higher molecular
weight compounds do not even appear in the stack emissions, however,
almost all of the other species are present in the stack emissions

in egquivalent or larger quantitiés than found in the makeup water.

Samples of clean and contaminated quench water were taken and
analyzed for Total Organic Carbon (T.0.C.). A mass balance around
the coke guench tower reveals that of those individual organic com-
pounds which were measured there were greater quantities found in
the stack emissions than came in via the makeup water. Coke is
suspected as an additional source of these organic emissions.

1.3 The source of Quench Tower Organic Emissions

A statistical analysis of the organic emissions data showed

that there is a significant realtionship between the three
different test conditions of: c¢lean water and green coke,

clean water and nongreen coke, and contaminated water and non-
green coke; and the concentration of total PAH and most individual
organic compounds in coke quench tower emissions. The concentra-
tion of organics in the guench tower plume increases when contam-
inated water is used to quench. The organic emissions also in-
crease with the guenching of greener coke. The effect of
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quench water quality is much greater than the effect of coke
greenness.

l.4 Benzene Soluble Residue, Benzene, and Total Hydrocarbons

Benzene soluble residue in coke quench tower emissions was
determined for three tests. A substantial amount of benzene
solubles (at least 234 grams per metric ton of coal) was found,
with the greater quantity collected in the adsorber.

Two grab samples of quench tower emissions were taken and
analyzed for benzene and Total Hydrocarbons (THC). With clean
quench water in use, 0.005 ppm and 0.040 ppm benzene and 8.54
ppm and 17.34 ppm THC were detected.

1.5 Biological Test

A high volume sample of coke quench tower emissions was taken
with clean quench water in use. This sample was subjected to
several bioassays by Litton Bionetics. The Ames bacterial assay
was run with and without metabolic activation using rat liver
extract and showed the gquench tower emission sample was not
mutagenic under these conditions. The results of toxicity

tests employing the same bacterial strains were also negative.

The clonal cytotoxicity assay was performed on the emission
sample in order to determine the sample's potential cytoxicity
through its effect on the colony forming ability of cultured
Chinese hamster cells (CHO). A sample concentration between 74
and 100 yl/ml reduced the number of colonies by 50% (EC50 value).
Compared with a standard range for low toxicity of 60 to 600
ul/ml the quench tower emission sample was determined to be of
low toxicity.

1.6 Particulate Emissions

The organic emission tests and benzene soluble residue tests were

3y
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also analyzed for particulate. These test results are summarized
in Table 1-2. There was a striking reduction in the quantity

of particulate emissions when the switch was made from contam-
inated to clean quench water. As shown in Table 1-2, the front
half emission was reduced from 1.1 kg per metric ton of coal
during the contaminated water tests to 0.68 kg per metric ton

of coal during the clean water tests.

Although carloads of green coke are smoky and emit much parti-
culate, there seems to be no correlation of coke greenness to

the concentration of particulate in the stack aerosol. One
possible explanation for this dramatic reduction in quench tower
emissions from green cars is the scrubbing mechanism taking place
when the top layers of coke are cooled and then wetted by the
continued spraying of the gquench water. This reduction in plume
particulate minimizes the effect of coke greenness on stack
emissions.

The weight of larger particles collected by the cyclone is about
45% of the total weight emitted when gquenching with clean water
and about 75% of the contaminated water gquench emission. The
average size of the particulate in the plume aerosol was less
than 4 micrometers in previous tests at Lorain(l) but this would
be shifted towards a larger size in the present study due to the
greater cyclone collection,

The particulate results for the benzene soluble residue tests
are shown in Table 1-2 to be only half that found for the front
half in the organic emission tests.
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TABLE 1-2

SUMMARY OF COKE QUENCH TOWER PARTICULATE EMISSIONS
- (in kg/metric ton of coal)

Organic Emission Tests

CLEAN QUENCH WATER - CONTAMINATED QUENCH WATER
Nongreen ' Green - Nongreen; Green
Coke Coke Coke - Coke
Cyclone 0.32 0.29 0.89 : ‘ -
Probe/Nozzle - - 0.15 0.039 0.10 -
Filter 0.32 0.29 0.16 -
Total Front _ '
Half 0.79 0.62 1.1§ -
"Total Clean Tests - Total Contaminated Tests
Cyclone 0.30 0.89
Probe/Nozzle . 0.075 | 0.10
Filter 0.30 | 0.le6
Total Front : -
Half 0.68 : l-l'g
Benzene Soluble Residue Tests
C Contaminated Water
Clean Water-Green Coke Nongreen Coke
Cyclone | 0.26 | 0.42
Probe/Nozzle : : 0.042 _'0.033
Filter _ : 0.0044 | - 0.038
Subtotal-Front Half 0.31 0.49
Total (including front Q.52 | 0.99
half,condenser, :

adsorber)

™




2.0 CONCLUSIONS

The organic emissions from the coke quench tower tested were
found to be substantial. Polycyclic aromatic hydrocarbon
emissions ranged from 0.15 to 46 grams per metric ton of coal
and polar compound totals ranged from 0.057 to 1000 grams per
metric ton of coal. Most of these organics are either vaporous
or associated with particles smaller than 0.3 micrometers.

Bicassays of one coke quench tower emission sample were negative
for mutagenicity and toxicity, and showed the sample to be of
low cytotoxicity. However, out of-fifty-thrée different organic
species detected in quench tower emissions, thirteen have been
designated as either toxic, hazardous} or carcinogenic.(l7'18)
Among these potentially harmful species is benzo (a) pyrene,
which although not detected in all tests, was found to exceed
Minimum Acute Toxicity Effluent values for the concentrations
measured.

The process conditions of quench water quality and coke greenness
have a definite effect on organic emissions from the quench
tower. The use of contaminated gquench water rather than clean
water increases the average PAH concentration 40 times while the
average concentration of polar materials increases 500 times.
The quenching of green coke rather than nongreen coke increases
both PAH and polar compound emissions by a factor of 3. The
quality of the quench water has a decidedly greater effect on
the quantity of organic emissions than does coke greenness.
These conclusions are supported by statistical analysis of the
data.

Particulate emissions from the coke quench tower are also sub-—
stantial, ranging from 290 to 1220 grams per metric ton of coal.
Again, quench water quality has a great effect on the quantity

of particulate emitted, with an average of 680 grams per metric
ton of coal for clean water increasing to an average of 1200
grams per metric ton of coal for contaminated water. The guality
of the coke being quenched did not appear to have any effect on

the amount of particulate emissions.

.




3.0 RECOMMENDATIONS

Large quantities of silicone grease and phthélates were found
in the coke quench tower emission samples and the presence of
these substances interfered with the determination of total
organics. 1In addition, there is much uncertainty as to the
origin of these compounds. For these reasons it is recommended
that all sources of phthalates and silicone grease in the coking
and quenching processes be determined prior to another test
program for quench tower organic emissions. It is also recom-
‘mended that all use of silicone grease on sampling equipment be
avoided in similar tests and that other methods (i.e. teflon
sleeves) be used to obtain tight seals between train components.

=10-
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4,0 INTRODUCTION

It has been a common practice in the U.S. steel industry to use
contaminated water in the quenching of incandescent coke, that
is, water contaminated by prior use in either quenching or other
processes within the plant. Typically, 10-20 ton loads of hot
coke (upwards of 2000°F) are guenched by 6,000 to 12,000 gallons
of water. Each quench takes 2-3 minutes and produces huge
billowing clouds of steam, water droplets, and air contaminants.
In order to draft these emissions out of the work area quenching
takes place under towers which are open at the bottom to admit
the coke car. Baffles are often fitted inside the towers in
order to reduce the amount of large diameter particles emitted,
and at the same time reduce water losses and thus the amount of

makeup water required.

It had been theorized that significant amounts of coke quench
water contaminants are transformed by the quenching process

into air pollutants which pass through baffles and enter the
atmosphere.(4) Studies performed by York Research Corporation
(YRC) quantified particulate emissions under varied conditions
of quench water guality and also found certain gaseous emissions
and organic material to be present in the stack aerosol. How-
ever, major consideration had not been given to these organic
emissions or to the effect of the varied process condition of
coke greenness. Thus, York Research Corporation was contracted
by the U.S. Environmental Protection Agency to further evaluate
the coke quench operation particularly concerning organic emissions
and identification of the source of these pollutants.

The site selected for the coke quench tower emissions testing
program was U.S. Steel Company's Lorain Works, Lorain, Ohio, a
fully integrated steel plant producing finished and semi-finished
steel products. Since the previous quench tower work performed
by YRC had been done at this site a broad data base for particu-
late and gaseous emissions, quench water flow rates and water

-11~
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contaminants already existed for use in support of a new test
series. A wide range of coke greenness had been observed at
this plant. In addition, a sampling methodology devised to
handle the difficult test conditions presented by the gquench
had been successfully used in YRC's first test program. The
coke quench tower emission study was conducted in November of
1977. '

-12~-




5.0 PROCESS DESCRIPTION

The integrated steel mill manufactures coke to be used as a
basic raw material for the blast furnace. There are two
generally accepted methods for manufacturing coke in this
country. These are known as the beehive process and the by-
product or chemical recovery process. This latter proceés
produces about 99 percent of all metallurgical coke and is
the process used at Lorain.

In the by-product coke manufacturing process, bituminous coal
is heated in an oxygen-deficient atmosphere (coke oven) and
volatile components of the coal are driven off. At the com-
pletion of this process the residue remaining in the oven is
coke, the volatile components having been recovered and pro-
cessed in the by-~product plant to produce gas, tar, light oils,
and other materials. The coke is removed from the oven and
cooled by water sprays, after which it is stored for eventual
use in the blast furnace.

Much of the following process description was taken from the
1976 study at Lorain.(l)

5.1 The Coking Process

The coking process is accomplished in narrow, rectangular,
silica brick ovens which are arranged side-by=-side in groups
called batteries. At Lorain, G battery provided the coke
quenched at tower No. 1, the test site.

The regular coal handling system is located between I and J
batteries (see Figure 5-1). During the test period, H battery
was being reconstructed and G battery could not be supplied
with coal in the usual manner. Instead, coal was trucked to

a nearby area and was supplied to G battery from ground level

by a conveyor feeding the charge car.

-13-
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In order to charge the ovens, coal is loaded into a hopper

car. This car holds approximately 13.1 tons of coal in three
hoppers. At Lorain, there were scales for weighing the coal,
but they were not used. After loading, the hopper car moves
along the top of a battery where the coal is dumped through
three ports in the oven top. This coal fills the oven to a
point level with the top of the leveling bar door (oven density:
46-50 pounds per cubic foot). From 13.1 tons of coal per charge
each oven yields:

9.6 tons of coke oven product
- 1.0 tons of breeze
Total = 8.6 tons furnace coke

The coke ovens at Lorain are 40 feet 1-3/4 inches long, 10 feet
1-7/8 inches high, 21 inches wide at the car end and 17 inches
wide at the pusher end, averaging 19 inches in width. The
working volume below the leveling bar is 560 cubic feet.

There are 413 coke ovens in use in seven batteries, each

battery consisting of 59 ovens. G battery was manufactured

by Koppers and built in 1956. It was shut down temporarily

in 1976 and its present condition is "rebuilt". The ovens are
normally operated for three shifts per day, seven days per week,

and eenvert upwards of 7,000 tons of coal per day to coke. Normal

coking time is 17.3 hours. However, this may vary with the

condition of the oven.

Typical oven temperatures were obtained from production records
and some daily averages during the test period are listed in
Table 5~-1. The average coke oven temperature for G battery
during the test period was 2338°F.
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TABLE 5-1
AVERAGE OVEN TEMPERATURES (G BATTERY) DURING TEST PERIOD

Average Oven Temperature

Date (G Battery) OF
11/1/77 2337
11/2/77 2338
11/5/77 . 2352
11/6/77 2389
11/7/77 2360
11/8/77 2352
11/9/77 2346
11/10/77 ‘ 2283
11/11/77 2284
11/15/717 2338
11/17/77 2286
11/19/77 2390
Averége for test period 2338°F

The coke ovens are separated from each other by a space between
the walls of the adjacent ovens. Gas is burned in these spaces
to provide the heat necessary for the coking process. This gas
is about 40% of that produced from the coking process. The
balance of the gas available from coking is used elsewhere in
the steel plant. The combustion products from these inner

wall furnaces are drafted out of the area by tall stacks. The
ovens are operated under a very slight positive pressure so
that any leakage occurs from the oven to the atmosphere or into
the adjacent furnaces.

Three factors affecting the composition of the coke oven gases
are: '
.® Coking temperature (this mostly determines the
hydrogen to hydrocarbons ratio. The higher the

=16«
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temperature, the higher the hydrogen content
of the gas and the lower the hydrocarbon content).
e Coal compositions.
® The amounts of air and combustion products drawn
into the coke oven. Oxygen reacts with the gas
and coke to form more coz, CO, and N. (In the case
of Lorain the oven was under positive pressure and

the effect was minimal.

During the total coking period, gases and other volatile
material from the coking process are bled off the top of each
oven through ascension pipes into the collection main which
runs the length of the battery. Where the gas main leaves

the battery a back pressure valve maintains a positive pressure
on the oven side against the negative pressure developed by
the exhaust fans. The hot gases from the ovens are cooled to
below 212°F with sprays of flushing liquor (blowdown from plant
processes) which are then decanted to remove the crude tar.
After the decanter the flushing liquor is recycled. Excess
flushing liguor is stored and eventually used at the quench
tower. (See Figure 5-2 for a diagram of the contaminated
guench water system.) The partially cooled gases are further
reduced in temperature (to 110°F) by primary coolers which
utilize service water (river water) for cooling the gas with-
out direct contact between the cooling water and the chemicals
in the gas stream. The gases pass through exhaust turbines
and electrostatic precipitators to remove entrained tar. They
then pass to an ammonia scrubber, a final cooler, a light oil
scrubber, and are finally burned either in the coke plant or
elsewhere in the steel mill.

This project did not include any investigation of the operations
of the chemical by-products processes. However, since the make-
up water for the quench tower sump included flushing liquors

and other excess wash waters from the by-products process, it

is appropriate to include a brief description of the chemical

recovery operations.
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FIGURE 5-2

v

DIAGRAM OF LORAIN COKE PLANT CONTAMINATED QUENCH WATER SYSTEM
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Ammonia is recovered as an ammonium sulfate. Crude light
0il and crude coal tar are also recovered. No tar distilla-
tion, phenol recovery or light oil purification is employed.
All of the excess flushing liquors and blowdown from the
ammonium sulfate plant are used to quench the coke produced
in batteries G, H, I, J, K and L. D battery is normally
quenched with river water. Figures 5-2 and 5-3 illustrate
the various operations in the chemical by-product plant.

5.2 The Quenching Process

At the end of the coking period the doors are removed from
each end of an oven and the pushing machine pushes the in-
candescent coke into the quenching car. The quench car is
then moved by a small electric¢ engine to the closest quench
tower. (See Figures5~4 and 5-5). At this point the car
operator pulls a switch which activates a valve in the 16 inch
pipe leading from the head tank to the spray nozzles. After

a safety delay of about 15 seconds, 7-9 thousand gallons of
water flow through a header and 10 nozzles onto the incandescent
coke., Figures 5~6, 5-7, and 5-8 show photographs taken a few
seconds apart through the first 20-30 seconds of the guench.

The hot coke is gquickly cooled to about 250°F by the evapora-
tion of about 20 percent of this water. Violent jets of super-
heated steam result from this process; and the steam, being

less dense than the surrounding air, flows up the tower inducing
a flow of cooler air through the car ports. Figures 5-9, 5-10,
and 5-11 show the first eruption of steam, while 5-12 and 5-13
show the tower (stack) flow well established. During the rapid
cooling, some of the coke fractures, and small particles are
broken off and carried away by the gas and water stream. Some
of the particles are ejected from the car as if by an explosion.
The quench towers are built to contain the violence and turbu-
lence of this cooling process, and the geometry of the tower

directs most of this hot mixture of steam, air, water droplets,

~19-
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FIGURE 5-4
THE PUSH OF INCANDESCENT COKE
FROM THE OVEN TO THE QUENCH CAR

FIGURE 5-5
QUENCH CAR WITH INCANDESCENT
COKE ENTERING THE QUENCH TOWER
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FIGURE 5-6
"CAR IN"

FIGURE 5-7
"WATER ON"




FIGURE 5-8
START OF QUENCH WATER FLOW

FIGURE 5-9
FUGITIVE EMISSIONS A FEW SECONDS
BEFORE THE UP-STACK DRAFT IS WELL ESTABLISHED

-23~




*

FIGURE 5-10
A VIEW SHOWING THE FIRST ERUPTION OF STEAM

FIGURE 5-11
ANOTHER VIEW SHOWING THE FIRST ERUPTION OF STEAM
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FIGURE 5-12
QUENCH TOWER PLUME
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FIGURE 5-13
THE STACK FLOW WELL ESTABLISHED
ABQUT 10 SECONDS AFTER "WATER ON"
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‘and coke particles upwards so that it can be partially removed
from the immediate working area, and so that as much of the

cooling water as possible may be recovered.

A small amount of water is mechanically entrained as droplets
-and carried upward by the jets of steam and air leaving the
car. Most of the large droplets are eliminated by a 51ng1e
row of baffles. 1In 1976 it was concluded that the baffles in
the quench tower at Lorain had no significant effect on water
droplets below about 40 micrometers, nor on particulate matter
below about 30 micrometers. The average size of the aerosol
which passed through the baffles and exited the stack was about
3 micrometers. In 1977, 10% of the tower cross section was
unbaffled open area. Apparently, more of the wooden baffles
had burned out because only 6% was unbaffled in 1976.

About four percent of the total water flow continues up the
stack as droplets, unhindered by baffles. The balance of the
water drains from the car and returns to a storage sump. The
sump is designed to c¢ollect the quench water for re-use, while
allowing the settling of coke‘particles, This settling action
results in a layer of coke sediment in the bottom of the sump;
This sediment is cleaned out and hauled away whenever a truck
load or two accumulates.

In addition to the physical processes of evaporation, and the
cooling and fracturing of the coke, chemical reactions are .

- also ongoing. For example, the coke and water react in the

- reducing atmosphere to form hydrogen and carbon monoxide.
Some of the other components of the quench water (such as
ammonia) dissociate to form hydrogen. Additionally, certain
.components of the quench water, including ammonia, phenol, _
:and cyanide, evaporate from the sump. These substances are
also found in the-stacksgases.tl)
The cooled coke is dumped on an inclined area, called the

wharf, which feeds a conveyor belt where it is transferred
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for storage and eventual use in the steel making process.

During normal operation, quench towers No. 1 and 2 are used
for G, H, and I batteries; towers No. 3 and 4 are used for

J, K, and L batteries; and tower No. 5 is used for D battery.
The hot coke is taken to the nearest tower, with a quench
occurring every 10-12 minutes (16-18 minutes in the case of
D battery) .

All testing was performed on quench tower No. l. This tower
was used only for gquenching the pushes from G battery because
H battery was being rebuilt and construction blocked the
quench car tracks at the G & H boundary.

The operation of the coke ovens at Lorain appears to be typical
of the industry so far as operating temperature, coking time,
and oven size are concerned. Quench tower emissions would also
be expected to be typical, except for the factors of inefficient
baffles (already described) and coke greenness. YRC has no
broad data base to use for comparing the number of green pushes

and is not aware of any such study having been previously made.
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6.0 TEST PROCEDURES

6.1 Test Program

The test site was the number one quench tower at Lorain, des-

cribed in Figure 6-1. The plan of the area around the quench
tower is shown in Figure 6-2.

In November 1977, eighteen tests were performed to sample coke
quench tower emissions. Emission tests were conducted from a
test platform surrounding the tower, 95 feet above the ground
(See Figure 6-1.) The operation of quench tower No. 1 and the
coke ovens using it presented much the same sampling situation
as experienced at that tower in the 1976 tests. Therefore,
planned sampling train modifications enabled isokinetic sampling.

The guench tower was placed on clean water and the sump dredged.
Conductivity measurements were taken as follows:

October 27 1400 micromhos/cm
October 28 1100 micromhos/cm
October 30 980 micromhos/cm

These measurements are close to those of 855 micromhos/cm and
1450 micromhos/cm for clean sumps in 1976. Although conductivity
has no direct relationship to organics in the water, it indicates
here whether flushing liquor (containing much dissolved solids
and organics)(l) or river water was present. Thus, clean guench
water was in use for the tests beginning November 3, 1977.

Later, on November 10, 1977, the makeup water was switched to
flushing liquor. After five days conductivity measurements
showed the sump water to be at the same level of contamination

as in the 1976 contaminated water tests, and testing was resumed.

The other process condition, cokelgreenness, was determined for
each quench‘teéted. When the oven doors are opened and the coke
is pushed into the wéiting-car there is a glow from the_incandes-_
cent coke and varying amounﬁs of flame. If the volatile matter
has been completely removed there will be very little smoke
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(nongreen coke). Occasionally, however, some of the volatile
matter may not be distilled from the coal during the coking
process. As a result quantities of gray or black smoke may
arise from the coke as it is pushed from the oven. As the car
is moved towards the gquench tower changing amounts of these
dark colored volatile materials arise from certain sections of
the car (green coke). On such occasions, after the car is in
the guench tower there is a discoloration of the heated air
exiting from the stack before the steam plume starts. Each
quench car was rated by two observers stationed on the pumphouse
roof (see Figure 6-2) just before the car entered the quench
tower.

The density of the smoke and the area of the coke's surface
emitting smoke were both visually evaluated in accordance with
an arbitrary scale from 0 to 5. A rating of 5 designated a
very smoky push usually with flames anda rating of 0 designated
no smoke and no flames. A reading of 0, 1, or 2 indicated non-
green coke and one of 3, 4, or 5 indicated green coke. The
pushes that became part of one test were either all green or
all nongreen. I1If there was disagreement between the observers
as far as green or nongreen ratings, the push was not tested.

A series of coke oven pushes were photographed to provide doc-
umentation of the coke greenness rating system. Table 6-1 pre-
sents the data recorded for these photographs and is an example
of the data recorded on coke greenness for each emission test.
In addition, photographs of coke greenness in Figures 6-3 to
6-6 give examples of greenness ratings of 0, 2, 3, and 4. This
rating procedure was also used in the 1976 study at Lorain and

(1)

resulted in very consistent ratings for the several observers.
A summary of the guench tower emission tests and corresponding

process conditions of water quality and coke guality is presented
in Table 6-2.
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PHOTOGRAPHS ILLUSTRATING COKE GREENNESS RATINGS

FIGURE 6-3
OVEN 3 PUSH 7 GREENNESS RATING OF 0

- o
a0 % « <N I .

JHT | N1

FIGURE 6-4
OVEN 1 PUSH 4 GREENNESS RATING OF 2
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PHOTOGRAPHS ILLUSTRATING COKE GREENNESS RATINGS

FIGURE 6-5
OVEN 34 PUSH 2 GREENNESS RATING QF 3

| i

FIGURE 6-6
28-3 PUSH 7 GREENNESS RATING OF 4
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Date

11/3/77
11/4/77
11/5/77
11/5/77
11/6/77
11/7/77
11/7/77
11/8/77
11/8/77
11/8/77
11/8/77
11/9/77
11/9/77
11/9/77

Date

11/15/717
11/16/71
11/19/77
11/19/77
11/19/77
11/19/77

NG = Nongreen (0-2 greeness rating); G = Green

COKE QUENCH TOWER EMISSIONS TESTS

TABLE 6-2

Clean Quench Water

Average
Greenness
Test Type and No. Rating
1 Benzene soluble 3.0
2 Benzene soluble 1.8
2B Organic emissions 3.4
3 Organic emissions 3.3
4 Organic emissions 1.6
5 Organic emissions 4.0
6 Organic emissions l.6
7 Organic emissions 1.2
8 Organic emissions 1.8
9 Organic emissions 1.6
10 Organic emissions 1.5
11 Organic emissions 3.2
12 Organic emissions 3.7
Biological test
Contaminated Quench Water
Average
Greenness
Test Type and No. Rating
13 Benzene soluble 1.5
14 Organic emissions 1.5
15 Organic emissions 0.5
16 Organic emissions 0.3
17 Organic emissions 0.5
18 Organic emissions

(3-5 greenness rating)
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Coke
Greenness

G
NG
G
G
NG
G
NG
NG
NG
NG
NG
G
G

Coke a
Greenness

NG
NG
NG
NG
NG




The various parameters measured concurrent with the emission
tests are identified in Table 6-3, along with measurement and
analytical methods, and sampling location. Samples of guench
water were taken on November 9th, 1l6th, and 19th from the clean
water makeup and inlet (positions 5 and 7 on Figure 6-1) and
from the contaminated water makeup and inlet (positions 4 and
7) . Water flow rates to the quench process were not measured
but were assumed to be the same as in the 1976 tests. An exam-
ination of the pumping and piping system revealed no significant
change and supported such an assumption.

6.2 Sampling Problems

Previbus test technigues and methods used in attempts to charac-
terize air pollution emissions from quench towers were often
plagued with difficulties. These included the exclusion of
certain size ranges of particulate matter in particulate measure-
ments and limitations in obtaining measurements of important
process parameters. Early attempts at particle measurement using

(2) (3)

greased plates and petri dishes'

succeeded in measuring only
large diameter, heavy droplet and/or solid particles. Further
attempts by State and local agencies to measure particulate
emissions utilizing standard EPA sampling equipment were limited
in their scope and also encountered a number of sampling diffi-

culties.(4’5)

Major problems occurred because, in operation, the guench tower
generated short violent rushes of steam which hampered efforts

to accurately read and adjust the sampling instrumentation to
maintain isokinetic conditions. In this case, the EPA guidelines
were not usable because they recommended measuring velocities

and making adjuétments every 3 to 5 minutes. This time interval
was more than the total duration of a quench. The short duration
of the gquenches made capturing the prescribed volume of gases
difficult, The square shape of most guench towers, and the use
of internal partitions compounded these problems by causing '

uneven flows across the tower croSstection. In addition to
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the above problems, droplets in the exhaust stream pPlugged
filters, and made determinations of the molecular weight of
the gases nearly impossible.

Potential problems that had existed during earlier testing
attempts were overcome in 1976 by an extensive planning period
in which previous tests were scrutinized, test equipment was
researched, and engineering judgments were made as to the most
effective methods available for conducting the tests. 1In 1977,
the use of special equipment such as the organic adsorber unit
required further modification to the EPA Method 5 train.

Table 6-4 lists the major problems, their possible effects on
test accuracy, and the solutions that were utilized to overcone
these problems.

6.3 Sampling Equipment Design
Organic Characterization Sampling Train (OCST)

To determine organic emission rates, tests were conducted using
a high volume sampling train with an organic adsorbent unit
(Figure 6-7). This was equipment frequently used for EPA Method
5 but modified as described below.

A button hook sample nozzle of stainless steel (SS) was cdnnected
by (S8) swagelock fittings to a special cyc¢lone. This cyclone

was constructed of (SS) and was designed to have a 50% cut size

of approximately 20 micrometers at the flow rates used in the
tests, The 50% cut size (or DSO) designates the size at which

the collection efficiency is 50 percent - where half the part-
icles encountered are captured and half escape. The cup of the
cyclone was fitted with a Viton gasket. The cyclone was connected
to the probe with (SS)'swagelock fittings..

The 10 foot (8S) probe was heated to 250°F. The probe was con-
nected with (88) swagelock fittings to a filter holder.  The
filter holder was made of (S$S) and coated inside with Teflon.
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TABLE 6-4

POTENTIAL PROBLEMS AND SOLUTIONS IN TESTING QUENCH TOWER EMISSIONS

Potential Problems

Anticipated small differential
in TDS between clean and con-
taminated guench water.

Tower Configuration

Short duration of quench re-
sulting in velocity profiles
changing faster than ¢an be
measured or recorded by usual
methods.

Water droplets in stack sample

Droplets and grit in stack
gases

Fugitive emissions

Sampling locations

Number of quenches

Skewed flow

Greenness of car varies
from push to push.

Effect on Accuracy

A wide TDS range desired to
show effects on clean and
contaminated quench water
on emissions.

Square, squat, sectionalized
towers likely to produce
non-uniform flow.

Velocities move up and down
so rapidly as to make ac-
curacy difficult to achieve.

Inability to measure actual
moisture content, molecular
weight of stack gas, and
filter plugging.

Plugging of pitot tubes

Emissions exiting from en-
trances of tower causing
non-representative sampling.

Possible uneven velocity
patterns throughout stack.

EPA Method 5 would require
sampling 20 guenches to get

a onhe hour test, however, this
would have resulted in plug-
ging and other errors.

The vertical component of
velocity differs from the
linear velocity along a
skewed flow.

Unless greenness can be char-
acterized for each car its
effect on organic loading in
the quench effluent might
negate any attempt to deter-
mine origin(s) of organics.
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Solution

At Lorain, the ratio of contam-
inated water TDS to clean water
TDS was on the order of 10:1.

Tall circular tower with no
internal buttressing was
selected.

Use of Hastings-Raydist velocity
meter with continuous recording.

Cyclone (50% cut size about 20
microns) was fitted to the front
of the probe.

Used Hastings Raydist velocity
meter with continuous purge.

Entrance emissions monitored and
testing halted when excessive.

Performed traverse of 12 points
velocity and selected position

Bl for coke guench tower emission
tests (18 tests).

The 1976 tests showed that four
(4) gquenches would provide suffi-
cient weight of particulate

(over 100 mg) and volumes of dry
stack gas (over 15 cubiec ft.)
using a high volume sampler for
EPA Method 5. However, additional
gquenches were tested in 1977 be-
cause of the lower sample rates
required when the train included
an organic adsorbent unit.

Vane measurements were made to
determine probe positioning.

A rating system (developed in 1976)
was expanded and movies and photos
were taken to document a typical
series of observations.
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Viton and Teflon gaskets were used to seal the two halves of
the filter holder. Spectrograde Type AE glass fiber filters
with an efficiency of 99.99% for particles larger than 0.3
micrometers were used. A (8S) braided line connected the
filter holder to a (SS) female impinger connector. This con-
nector was greased with silicone and placed into a glass im-
pinger. The glass impinger was in an ice bath where it was
cooled to approximately 68°F. wWater and some organic material
were recovered in this condenser. The adsorbent cartridge
located after the condenser employed a porous polymer resin
(XAD-2) contained in a tube sealed at top and bottom. The unit
contained approximately 32 grams of XAD-2. A thermocouple was
placed in the inlet (SS) fitting to the adsorber to monitor
the temperature. The outlet fitting (glass) from the adsorber
was connected to a standard Lexan impinger unit. Two of these
impingers contained 250 ml of water, the third was empty and
the fourth contained 350 grams silica gel. Viton gaskets and
small amounts of silicone grease were used to form a vacuum
proof seal on the impingers. The use of silicone grease in
this location would not interfere with samples collected since
the impingers are downstream of all samples taken. However,
the silicone grease used on the condenser might introduce this
substance to the samples.

Velocity pressure ( Ap) was measured with a Hastings-Raydist
meter which operates as follows. A continuous strip chart re-
corder was connected to a Hastings meter to record the velocity
head pressure (A Pp), and to aid in verifying any uneven flow
patterns. Purge gas (air) was injected into a pneumatic bridge
arrangement formed by the velocity transducer, manifold and
pitot tube. At zero velocity, the bridge was balanced so that
no flow occurred through the velocity transducer and purge gas
exhausted equally through both openings of the pitot tube.

As flow across the tip occurred, a differential pressure was

developed, unbalancing the bridge and causing a small amount of




purge gas to flow through the transducer. The transducer mea-
sured the flow which was related to the main gas flow at the
tip of the pitot tube. Purge gas still exhausted through both
openings, but at slightly unequal rates.

The purge gas continually exhausted into the stack, thereby
preventing water and large particles from plugging the pitot
lines. This instrument allowed accurate measurement of flow
even though high particulate concentrations were present.

Benzene Soluble Sampling Train (BSST)

The train configuration, all train components, and sampling
methods were the same as those described for the 0CST, except
for the sample recovery phase.

Biological Sampling Train (BST)

The primary function of this train was to collect a large sample
of gaseous emissions. This "hi-vol" sample was collected spec-
ifically for mutagenicity and cytotoxicity tests. This sampling
train was also identical to the OCST, except for the sample re-
covery phase. '

6.4 Sampling Technique

In NHovember 1977 several tests were performed prior to beginning
the full field test. Velocity profiles were obtained for 12
points. These preliminary profiles were analyzed for each one
second time interval for magnitude of A p. The Ap's of each
interval were then added together .and averaged by dividing the
time of each quench into the total. Visual comparison of over-
laid profiles showed that roughly the same pattern, time and
velocity heads were found for each quench, suggesting that vel-
'odity heads for a particular point in the stack could be pre-
dicted, and these 1977 profiles were similar to those obtained
in the 1976 tests. '
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Analysis of the above preliminary velocity work indicated that
isokinetic sampling conditions could be maintained throughout
the quench process by running a velocity test during the first
guench in a series. This test could be quickly analyzed and
graphed as velocity versus elapsed time. Data from the velocity
profile were then utilized to determine:

Velocity Pressure (A p)
Velocity (feet per minute)

Required nozzle size
® Predicted sampling rates

If the preliminary test indicated the presence of an erratic
flow pattern, the test was delayed until a predictable flow
was established. If stack flows were predictable, testing
could be continued and the sampling rates would constantly be
adjusted based upon the graph. Thus, the sampling flow rate
would increase and decrease coincidentally with the tower's
exhaust flow rate. This type of graphical analysis is illus-
trated in Figure 6-8. It will be noted that three sections of
the profile can be defined, namely:

e Ramp Up - From the time the coke car entered
the tower until the water hit the incandescent
coke. |

@ Plateau - The time during which the plume
velocity is either flat or gently rising to
a peak and then holding.

e Ramp Down - The period during which the velocity
of the plume starts to fall rapidly.

In order to set sampling rates from these Ap's, velocity equa-
tions were computed utilizing data obtained from the particulate

sampling in October, 1976, consisting of:

e Moisture data obtained in accordance with
EPA Method 4.
e Orsat samples obtained in accordance with

EPA Method 3 with the use of two condenser units

to trap entrained water droplets.

—-43-
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These data were verified during the first 1977 tests. 1In
addition to the velocity traverses, initial measurements were
performed to determine the maximum angle of flow in the tower.
Data from these findings along with the 1976 data indicated
that sampling should be conducted near 110 degrees measured
from the horizontal.

The requirements for the organic matter tests suggested that
both the clean and contaminated water tests including the green
coke versus the non-green coke tests be conducted at one point.
Based on this preliminary test information and after reviewing
the 1976 data it was decided to perform the organic matter tests
at point Bl (Figure 6-9). In order to assure as large a sample
as possible each test sampled four to six quenches. In order

to reflect the total gquench emissions, sampling began when the
quench car entered the tower and ended when it left.

6.5 Test Sequence

Since velocity results were reproducible within a time frame of
approximately one hour, profiles were taken preceding each test
run to determine sampling rates for the test. Sampling rates

for an average test profile are shown in Figure 6-8. The problem
was to maintain the correct sampling rate (A H) over the entire
quench period (from car-in to car-out), allowing for the rise

and fall of both the velocity head (A p) and the stack tempera-
ture. For each quench test the sampling rate (A H) was gradually
increased from the signal car-in to approximately 0.50 inches of
water over a thirty second period. This maximum sampling rate
was maintained until the signal water-off was given and a ramp-
down procedure was initiated to a pre-determined rate (approxi-
mately 0.25 inches of water) which was established by averaging
the ramp-down portion of the velocity profile. Sampling was

terminated when the car was completely out of the tower.
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FIGURE 6-9
SAMPLE POINT LOCATION

D 188.5in+

Pt.NoJ Inches from stack wall

71.60. -
55.60
44.40
35.40
27.50
20.50
14.10
8.25
2.65
94.25

QwuoNdaubwN-
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If a major velocity variation occurred during sampling, (10-20%
change from velocity profile) a new sampling rate was determined
and implemented within 5-10 seconds.

The area under the profile curve was not used to determine sample
rates required during field tests. Instead, 6-second blocks were
averaged to establish the Ap readings and, in turn, the necessary
isokinetic sampling rates ( AH). The averaging method was used

to reduce calculation time since a field computer was not avail-
able.

The techniques applied to measurement and plotting of wvelocity
profiles assured that 13 of the 17 tests were within the required
range for standard EPA Method 5 (i 10 percent of 100 percent
isokinetic). The tests listed below were not within this range:

TABLE 6-5
Test Number Below 100% Above 100%
9 138
11 86
14 70
17 89

Individual stack flows for the tests varied by 17% more than
the average and 11l% less than the average. These variations
and the variation from guench to guench may have been due to
differences in:

e Moisture content of the stack gas
® Probe position
® Wind speed and direction
e Total tonnage of coke quenched
® Coke temperature -
Test results are included in Appendix A. Once a successful

velocity profile had been run, 4 to 6 subsequent guenches were
sampled to make a test. The normal test sequence went as

follows:
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Incandescent coke was pushed from an oven into a quench car
which was driven down the tracks to guench tower No. 1. The
two observers on the pump house roof recorded their ratings of
coke greenness and if the ratings disagreed between green and
nongreen,- no sampling would be performed on that guench.

When the coke car entered the tower the observers notified the
sampling crew and the test began. When quench water began to
spray from the nozzles the signal "water on" was given.

Fugitive emissions began to escape from the bottom of the tower.
During a period of approximately 25 seconds immediately after
the quench water started flowing there was more steam generated
than could be drafted up the tower. See Figures 6-10 and 6-ll.
Frequency and duration of fugitive emissions from the eastern
opening of the quench tower were noted by one of the observers.
The quantity of steam involved in the fugitive emissions was
difficult to judge, but if the total fugitive emissions from
both portalS'was deemed excessive, the test was cancelled by
the project director. The fugitive emissions averaged 17% of
the total sample time as shown in Table 6-6.

The proper adjustments were made in the sampling rate from the
previous signal of car in to water off and car out. The total

sampling time was recorded by instrumentation installed in the
field trailer.

6.6 Coke Quench Tower Emission Tests

During several of the test runs with clean guench water, holes
were found in the center of the filters. It was concluded in
the 1976 test report(l) that particulate matter caught on the
filter would be smaller than 5 um, ranging downward towérd sub=-
micron sizes. During the clean water tests, there was a rela-
tively small qﬁantity_of particulate matter retained on the in-

tact portion of the filter, while during the contaminated water
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FIGURE 6-10
FUGITIVE EMISSIONS AT START OF QUENCH

FIGURE 6-~11
FUGITIVE EMISSIONS A FEW SECONDS AFTER
BEGINNING OF QUENCH
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tests, a larger quantity was caught. This larger quantity of
particulate matter may have been initially deposited on the
filter directly in front of its inlet, thus protecting this area
from the continuing abrasive action of particles smaller than
0.3 um as they passed through the filter. Test work conducted
by ¥YRC at Research Triangle Park(s) for EPA involving wind
tunnel tests with low grain loadings and small diameter particles
produced much the same effect. Redesign of the inlet to the
filter should be considered so as to reduce the velocity of the
incoming particles and to disperse them over a larger area of
the filter.

6.7 Sample Recovery

Sample recovery was performed in two stages. First, each sampling
train was partially disassembled and all water catches stoppered
at the sampling location. Then, further disassembly and clean-up
were performed in the laboratory trailer. All sample recovery
procedures were the same for each of the three test types:
organics, benzene solubles, and biological tests, except that
different solvents were used to wash the train components during
clean-up. The washes used were:

Test Solvent

Organics Methylene chloride

Benzene soluble Distilled water then benzene
Biological Distilled water

At the completion of each test the probe and cyclone assembly

was removed from the stack and its exterior wiped c¢lean. The
cyclone cup was removed, its contents poured into a clean,
labeled container and the cup replaced in the cyclone assembly.
The condenser (impinger) was removed and capped. The filter
holder, umbilical line, and adsorber-impingers assembly were
disconnected and each was capped. After inspection and recording
of any anomalies, the individual units were lowered from the

test platform and takén to the laboratory trailer for clean-up.
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The samples generated from each sampling train during labora-
tory procedures were:

l. Cyclone catch and wash
2. Probe wash

3. Filter

4. Condenser catch and wash
5. Adsorber unit

6. Solvent blanks

The volumes of the cyclone catch and the condenser catch were
recorded. Water caught in the back impingers and in the silica
gel was used to determine moisture values for each test. No
organic analyses were performed on train components positioned
after the adsorber unit.

In the laboratory trailer, clean-up and disassembly of the

sampling train were conducted in the following order:

l. The cyclone catch was measured to the nearest
milliliter and returned to its container. The
inside of the cyclone was c¢leaned by rinsing
with solventland brushing between each rinse
with a precleaned nylon brush. This was con-
tinued until the rinse showed no visible part-
icles. The rinses were added to the cyclone
catch.

2. The nozzle was carefully removed and the in-
side surface cleaned in a manner similar to the
cyclone until the rinse showed no visible part-
icles. All rinses were added to the probe wash.

3. The probe liner was rinsed by squirting solvent
into the upper end, while tilting and rotating
it to assure that all inside surfaces were cleaned.
The water was drained from thé lower end into the
sample container. A second rinse using the same
procedure was then performed with the aid of a
probe brush, which was pﬁshed through the entire
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length of the liner using a twisting action.
The brushing and rinsing operation was repeated
until no particulate matter remained in the

probe liner upon visual inspection. Upon com-
pletion of the brushing and rinsing operation,

the brush was rinsed with solvent and the liner

was given a final rinse. These rinsings were
collected in a glass jar.

4, The inside of the front half of the filter holder
was cleaned by double brushing with a nylon

bristle brush and rinsing with solvent 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. All rinses
were added to the probe wash.

5. The filter was removed from the holder and was in-
spected for tears, punctures and other deformations
before being placed in a clean glass jar.

The volume of the condenser catch (first impinger
before adsorber) was measured to the nearest milli-
liter and the inside of this impinger brushed with

a nylon brush and rinsed with solvent. The catch
and rinses were poured into a glass jar.

7. The ingide of the back half of the filter holder

and the inside of the tubing (filter holder to con-
denser and condenser to adsorber) was cleaned by
brushing with a nylon brush and rinsing with solvent.
These washes were added to the condenser catch.

8. The adsorber unit was fully disconnected and capped.
9. The liquid in the first three impingers and the con-
densate from the umbilical cord were measured to the
nearest milliliter and recorded. The umbilical cord
was washed, this wash was not collected.

10. The silica gel from the last impinger was transferred
to a pretared container, weighed to the nearest 0.1 g

and recorded.
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A blank test was prepared for inclusion in the organic emission
test series by additional rinsing of a train with methylene
chloride. Upon completion of Test No. 17, the nozzle, cyclone,
probe, filter holder, and condenser were rinsed a second time.

A third wash was done and saved as the blank. An unused organic
adsorber and glass fiber filter were also labeled as part of

the blank test. |

Each of the five samples generated from the laboratory clean~up
(except the adsorber unit) was put in a glass jar. The lids
were sealed tightly with teflon tape. All samples were stored
under refrigeration and out of sunlight both on-site and during
shipment to York Research in Stamford or Arthur D. Little in
Boston, for extraction and/or analysis.

6.8 Precision of Sampling Methods and Estimated Probable Error
for Analytical Procedures
In order to place a measure of reliability to the data obtained
from this program, it is necessary to examine the various pro-
cesses and measurements carried out in achieving the final num-
erical result. Once the reliability of each step is assessed,
it is then possible to compute the probable error associated
with the data point.

Probable error is defined as a plus or minus quantity within
which limits the actual accidental error is likely as not to
fall. It is an indication of precision and does not signify
either the actual error, or the error most likely to occur.

To evaluate quantities derived from field test data, many
equations are used in ways that combine one or more measured
quantities resulting in determination of such things as the
Total Air Emission, Volumetric Flow, and Volume of Sample
tested; to mention a few. With each such quantity there exists
an associated maximum possible error. When several quantities
are combined in some faéhion, as in an equation, these errors

tend to accumulate and compound themselves. A common procedure
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for determining the maximum probable error for any combination
of quantities is discussed on Page 1, 6, 7 of the Civil Engineer's

Handbook$7)and was used in the following calculations for maximum

probable error.

This method is giwven as follows for calculating the probable
error (Es) for related quantities of differing reliabilities:

\/ 2 2 2 2
(eg.l) - ES = El + E2 + E3 S IR En

where El through En are the probable errors for the independent

guantities.

As an example of the procedure used in calculating the probable

error, the following example is given:

Air Emission (lb/T.C.) = [mg _l l:scfm:] E:]
Vi
std

where: mg is the sample weight
Vm is the volume of the sample tested
std
scfm is the volumetric flow
C is conversion constants (Cl, C2""Cn)

The first three quantities contain other independent guantities
that also have errors associated with them; they too must first
be analyzed for maximum probable error in order to determine
a maximum probable error for the total Air Emission results.

As a part of the overall calculation, it was necessary to cal-
culate the volume of the sample tested. Maximum errors for each
component of the calculation were obtained from a paper by
Shigehara, et al.(s)

This sample calculation is shown below in its entirety. It
should be noted that dimensions, like conversions, have no
bearing on maximum probable error determinations and have not

been included.
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Vm (Pb +

NHE

Vmstd = (Cl)

(Tm + C3)

-

where: Vm = volume (meter)

g
n

b atmospheric pressure

Pm = pressure at meter
Individual Probable Errorsca)
Vi # 'i .004%
Pb- + .21% |
Pm; + .42%
Tpi + -10%

Then using Eg. 1,
ES for v =+ 1.10%
Bsta

In the same manner, the maximum probable error for scfm was
 found to be + 3.2%. Laboratory analysis determined the weight
measurements to be accurate + 0.003% of the total weight. Table
6-7 shows the estimated error for each type of analysis. The
effect of this error on the Total Air Emission figure.was neg-
ligible. ' '

With maximum probable errors for mg,_vm , and scfm all known,
std

Egn. (1) is then evaluated using the procedure previously mentioned

to yield a maximum probable error for the Total Air Emission
figures.

_ . R . _
Maximum Probable Error for Total Air Emission is - 3.4%
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TABLE 6-7

PROBABLE ANALYTICAL ERRORS

Parameter Estimated Error

Particulate analysis of
organic emission tests

probe wash + 0.05 mg
cyclone + 0.05 mg
filter + 0.05 mg
condenser + 0.05 mg
Benzene soluble residue
tests (each train component)
benzene solubles + 0.05 mg
particulate weight + 0.05 mg
Total Organic Carbon
(in guench water) + 2% mg/1)
Total Hydrocarhons + 1 ppm
Benzene
Biological Test NA*

* NA = Not Available
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EPA Method 5
EPA Method 3
EPA Method 5
EPA Method 5

Estimate
Estimate

Function of
instrument
Function of
instrument




7.0 ANALYTICAL METHODS
7.1 Organic Emission Tests and Water Samples

Samples from the fifteen organic emission tests (plus one blank)
were analyzed for particulate and organic content. Four water
samples were also analyzed for organics.

Three tests (Nos. 5, 7, and 14) representing three different
test conditions (clean water - green coke, clean water - nongreen
¢oke, and contaminated water - nongreen coke) were analyzed by
sampling train component. The analytical scheme for these tests
is depicted in Figure 7-1. Particulate content was determined
separately for each of three samples per test: The cyclone

wash, probe wash, and filter. Then, soxhlet extractions were
performed on the dried cyclone catch, dried probe wash plus
filter, and the XAD-2 resin. The XAD-2 extract and methylene
chloride extract of the condensate were combined. Three extracts
(cyclone wash, probe wash plus filter, and XAD-2 resin plus
condensate) were subsequently analyzed for organic content.

The other twelve tests and the blank were each analyzed similarly
by train component for particulate. A composite sample of ex-
tracts from particulates, condensate, and XAD-2 resin was then
used for organic analysis. These procedures are outlined in
Figure 7-2. '

EPA Level 1 analytical methods were followed for all of the

(9,10) The only exceptions are the Gas

(11,12)

described analyses.
Chromatography/Mass Spectrometry analyses (GC/MS.

7.1.1 Particulate

Total particulate was determined by dryving each sample

in a tared evaporating dish at 50°C and desiccating at
room temperature to constant weight. These procédures
were carried out under cbnditioﬁs of ‘dim light and samples

were subsequently stored in the dark at 4°c.
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7.1.2 Sample Extraction

Samples were prepared for organic analysis by extraction
with high purity methylene chloride (Burdick and Jackson,
distilled-in-glass). Extraction was performed over a
24-hour period with about 500 ml of methylene chloride

for XAD-2 resin samples and with about 300 ml methylene
chloride for particulate samples. Four quench water
samples (clean make-up and inlet, and contaminated make-up
and inlet) were extracted with methylene chloride in
separatory funnels fitted with Teflon stopcocks. The pH

of the agueous sample was adjusted to 2.8 with hydrochloric
acid and then to 12.0 with sodium hydroxide. Two extrac-
tions were performed at each pH using a sample to methylene
chloride ratio of about 20/1. The quench water extracts
were then subjected to the same analyses described below.

7.1.3 T.C.0., GRAV, and IR

A Total Chromatographable Organics (T.C.0.) analysis was
performed to determine the amount of organic material with
boiling points from 100°c to 300°C in each sample. A gas
chromatograph with flame ionization detector was used at
the conditions shown in Table 7-1. The concentration of
T.C.0. was calculated from the ratios of the peak areas

of each sample to those of the known standards.

TABLE 7-1
INSTRUMENT CONDITIONS FOR T.C.O. ANALYSIS
Column: 10% OV-101 on 100/120 mesh Supelcoport
Injector temperature: 270%¢
Detector temperature: 305°¢
Temperature program: Room temperature for 5 minutes,then

programmed at 20°C/min up to 250°C

Gas flow rates: He at 30 ml/min
H2 at 30 ml/min
Air at 300 ml/min
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A gravimetric analysis was performed for organic material
with boiling points higher than 300°C. A one or five ml
aliquot of sample extract was dried at room temperature
in a desiccator to constant weight.

The Infrared (IR) spectra of all samples as potassium
bromide micro pellets were obtained on a Perkin Elmer
521 grating spectrometer.

7.1.4 Liquid Chromatography (LC)

Subsequent analyses required another preparation step,
Liquid Chromatography (LC). Samples were concentrated to
10 ml using Kuderna Danish apparatus then concentrated to
1 ml under a nitrogen stream and subjected to three con-
secutive solvent exchanges with cyclopentane. The cyclo-
pentane solutions were chromatographed on a silica gel
column. Seven fractions were collected by elution with
solvent mixtures of increasing polarity.

Two extracts per sample were prepared for analysis by
combining LC fractions 2,3, and 4 (aromatic) and fractions
5,6, and 7 (polar). This was necessary due to the large
amountg of silicone grease and phthalates present in most

of the samples (as shown by their IR spectra). The origin
of these substances (in particular, whether or not they

are sample contaminants) is not known. (See Section 8.2 for
a detailed discussion.) However, their large gquantity in
most samples necessitated a reevaluation of future analytical
procedures, An IR analysis of the EPA Level 1 LC fractions
of two samples indicated that most of the silicone grease
was found in fractions 2, 3, and 4 and that the phthalates
were collected in fractions 5, 6, and 7. This separation
of the silicone grease and phthalates allowed the IR

spectra of other materials in the samples to be observed.
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Therefore, all samples were separated into aromatic and
polar fractions prior to further analysis.

Although the separation of silicone grease and phthalates
aids in avoiding some analytical problems silicone grease
may affect the LC procedure itself. During the concentra-
tion step prior to LC separation, the presence of silicone
grease often prevented reduction of the extract to or below
10 ml. This will in effect raise the limit of detection

for the GC/MS analyses. In addition, the large amounts of
silicone grease present may alter the LC separation efficiency.
If the LC separation becomes ineffective, the compounds for
analysis may be spread throughout the LC fractions collected
lowering the analytical levels observed for such samples in
the combined extracts.

7.1.5 Low Resolution Mass Spectroscopy (LRMS)

LRMS was conducted on a Dupont 21~-110B spectrometer. Samples
were usually run at 15 ev and 70 ev ionization potentials
over a temperature range of 70 - 350°C.

7.1.6 Gas Chromatography/Mass Spectrometry (GC/MS)

The two extracts obtained for each sample were subject to
Gas Chromatography/Mass Spectrometry (GC/MS) analysis.

. For this, a Finnigan Model 4000 GC/MS system with a Finnigan
Model 6110 data system was-used. Each sample was separated
into its component parts by GC, then specific organic com-
pounds were identified and their concentrations determined

by mass spectrometry.
The aromatic fractions were analyzed for a standard group

of polycyclic aromatic hydrocarbons (PAH), ranging from
fluorene to higher molecular weight aromatics. Analysis
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was also performed for other PAH compounds including lower
molecular weight aromatics which were found in test 15 (a
highly loaded sample). GC/MS conditions for these analyses
are listed in Table 7-2. PAH species were identified by

a calibration mixture which contained standards for most
of the species analyzed. For those species not present

in the calibration mixture, response factors were approxi-
mated from a linear regression analysis of the response
factors of the materials in the calibration mixture as a
function of molecular weight. This procedure is possible
since it has been shown that the mass spectral response/
weight for PAH's of quite different molecular weight has

a nearly linear correlation with molecular weight. The
lower molecular weight materials are subject to the highest
analytical error and their values are likely to represent
an over-estimation of their levels in the samples. There-
fore, the levels of compounds with.molecular'weights be-
low that of fluorene represent worst case levels.

The silicone grease presént in most of the aromatic frac-
tions would not be expected to interfere with the PAH

analyses. Interferences in the GC/MS analysis are caused
by coeluting compounds which have ions in common with the
analytical ions of interest. Silicones tend to have few

ions in common with PAH species.

The polar fractions were analyzed for heterocyclic oxygen
and nitrogen compounds under the GC/MS conditions specified
in Table 7-2. A highly loaded sample (Testl5) was again
used as an indicator for compounds expected to be found in
this fraction. Not all of the compounds detected in the
survey sample were available for calibration standards.

Six of the eighteen compounds identified were available in
pure form (pyridine, aniline, phenol,_cresol, quinoline,

" and acridine). Quantitation of nine more compounds (which

are alkyl substituted derivatives of these six) was achieved

—-54-



I TABLE 7-2
OPERATING CONDITIONS FOR GC/MS ANALYSES
I PAH Polar BAP
GC CONDITIONS
Ccol Dexsil 400 Superpak 20M . 8P~=301
I (liguid crystal)
Temperature Isothermal oper- Isothermal oper- | Isothermal
I program ation at 170° C ation at 80°C operation at
for 1 min. Linear |for 1 min. Lin- 260°¢.
operation to 300°C |ear operation to
at 15°C/min, iso- to°250°C at
I thermal operation (157C/min,thermal
at 300°C for 30 operation at
min. 250°C for 30
I min.
Helium flow rate |30 mL/min 30 mL/min 30 mL/min
I Sample Size 2 - 4 uL 1 - 2 uL 2 uL
I Internal Std 9-phenyl anthra- 9-phenyl anthra- | 9-10-diphenyl
cene cene anthracene
I MS CONDITIONS 70-210,211-270, 70-210,211~-270, 240-260
271=350 271-350 320-340
l Mass Ranges
Integration Times 2, 5, 13 2, 5, 13 25, 25
I Electron Multi- 1800 Vv 1400 Vv 1500 V
plier Voltage
I Electron Energy 50 V 50V 50 V
I Filament Emission 45 ma 45 ma 45 ma
Scan Rate 1l sec¢/spectrum 1 sec¢/spectrum 1 sec/spectrum
I ~65-




through using the unsubstituted compound as a model. The
similarity in the mass spectra of the model and the sub-
stituted analog, and the generally flat system response
within this range allow this method of quantitation. Cal-
ibration values were approximated for the few other compounds

(i.e., benzonitrile, toluidine, and indole) by again finding
models in the calibration mixture with similar mass spectra
and spectral sensitivities. These calibration procedures
lead to a higher relative error in the reported absolute
values, a factor of 2 or 3 for the substituted analogs and

a factor of 5 for the other few compounds. Their relative
values remain quite accurate, however.

A separate GC/MS analysis, specific for benzo (a) pyrene,
was also performed on each aromatic fraction. The operating
conditions listed in Table 7-2 allow benzo (a) pyrene to

be selectively separated from the other PAH species. The
sensitivity and accuracy of the GC/MS system are improved
with this analysis.

7.2 Benzene Soluble Residue Tests

All samples from the three benzene soluble residue tests were

analyzed for both benzene soluble residue and particulate.

The cyclone catch, probe wash, and condenser catch from each test
were analyzed in the same manner. Each sample contained water

and benzene fractions. The eéntire sample was extracted with
benzene. The water layer was evaporated to dryness at 103°C,
desiccated and weighed to constant weight for a particulate deter-
mination. Insoluble particulate was filtered from the benzene
layer and the benzene fraction was then evaporated at room temp-
erature, desiccated and taken to constant weight for determination
of benzene soluble residue. The particulate weight of each sample
was found by adding the particulate weight from the water fraction,
plus benzene-in-soluble particulate and benzene soluble residue

from the benzene fraction.
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The filter and adsorber from each train were Soxhlet extracted
with benzene according to Parma Standard Test Methods, Union
Carbide Corporation (PSM-1013). Particulate weight for the
filter was found by adding the benzene-insoluble particulate

to the benzene soluble residue. The benzene soluble weight for
the adsorber was also called "particulate" and added into the
total particulate weight for each train.

7.3 Benzene and Total Eydrocarbons

T™wo grab samples of coke quench tower emissions were analyzed
using a gas chromatograph with flame ionization detector for
determination of Total Hydrocarbons (T.H.C.) and benzene.

7.4 Total Organic Carbon in Quench Water

Total Organic Carbon (7.0.C.) in clean'and contaminated quench
water (makeup to the sump and inlet) was automatically determined
by a Dohrmann Envirotech Total Organic Carbon Analyzer. The
results were read directly as mg/liter T.O.C.

7.5 Electrical Conductivity of Quench Water
These tests were conducted on the sump at the Lorain Plant.
A Hach Meter was used and measurements were taken in micromhos/cm,

7.6 Biological Test

A composite sample was prepared by extraction with methylene
chloride of the filter; the distilled water wash of the probe,
cyclone, condenser, and the porous polymer (XAD-2) adsorbent
trap. The extraction procedures followed the protocol outlined
in the "Technical Manual for Analysis of Organic Materials in

(13)

Process Streams" , and were approved by EPA.

The combined sample was prepared for the Ames bacterial assay and
the clonal cytotoxicity assay by solvent exchange with dimethyl
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sulfoxide (DMSO) and concentration to 3 ml. These analyses

were performed by Litton Bionetics, Inc.(l4)

7.6.1 Ames Bacterial Assay

Mutagenicity potential of the sample was determined by

a test of its genetic activity as indicated by its ability

to revert ¢ertain Salmonella strains from histidine dependence
to histidine independence, with and without mammalian meta-
bolic activation. The number of revertants observed on the
histidine—free medium reflects the degree of genetic activity.

The test conditions for the Ames Mutagenicity Assay are
described in Table 7-3. |

Approximately lO8 cells from an overnight culture of each
indicator strain were added to separate test tubes contain-
ing 2.0 ml molten agar supplemented with biotin and a trace
of histidine. For nonactivation tests, 0.01, 0.1, 1.0 and
10 ml/plate were added to the contents of the appropriate
tubes and pohred over the surfaces of selective agar plates.
In activation tests, four dose levels of the test chemical
were added to the appropriate tubes with cells. Just prior
to pouring, an aliquot of reaction mixture (0.5 ml contain-
ing the 9,000 x g liver homogenate) was added to each of
the activation overlay tubes which were then mixed, and

the contents poured over the surface of a minimal agar
plate and allowed to solidify. The plates were incubated
for 48 hr at 37°C and scored for the number of colonies
growing on each plate. . Positive and solvent controls using
both directly positive chemicals and those that require

metabolic activation were run with each assay.

A toxicity test was performed at each dose level‘with énd
without_metabolic activation. The methodolbgy is similar
to the plate test method described above, except that approx-
imately 200 cells instead of 108 were used. The Vogel-Bonner
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TABLE 7-3

AMES MUTAGENICITY ASSAY
TEST CONDITIONS

1) Indicator Micro-organisms: Salmonella Typhimurium
Salmonella strains : TA~-1535
TA-1537
TA=-98
TA-100

2) Activation System:

a) Reaction mixture

Lomponent Final Concentration/ml
TPN (sodium salt) 4 ul/moles
Glucose =-6-phosphate 5 ul/moles
Sodium phosphate (dibasic) 100 ul/moles
MgCl, 8 ul/moles
KC1l 33 ul/moles

b) 89 homogenate

A 9,000 2 g supernatant was prepared from Sprague-
Dawley adult male rate liver induced by Aroclor 1254
five days prior to kill according to the procedure
of Ames et al. (1975). G9 samples were coded by lot
number and assayed mg protein/ml and relative P4438/
P450 activity by methods described in LBI Technical
Data on Rat Liver S9 Product.

3) Positive Control Chemicals

Salmonella strain Chemical Dose

TA=-1535 TA-100 N-Methyl ,N=-Nitro,N-Nitrosoguandidine 1 ug/plate

TA-1537 9-Aminoacridine 50 ug/plate

TA-98 2-Nitro fluorene 10 ug/plate
-59-
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minimal glucose agar plates were replaced by the standard
method nutrient agar plates.

The numbers of colonies on each plate were counted and
recorded. These raw data were analyzed in a computer
program for revertants/plate (mutagenicity assays) and
population/plate (toxicity assays) for each indicator
strain.

7.6.2 Clonal Cytotoxicity Assay

The cytotoxicity of the coke quench tower emission sample
was determined by measuring the reduction in colony-forming
ability of cultured chinese hamster cells (CHO). Following
24 hours eXposure to the sample and a period of recovery
and growth, the number of colonies present in treated
cultures was compared to the number in untreated cultures.
The concentration of test material responsible for a 50%
reduction in colony number was estimated and referred to
as the EC50 value.\

A chinese hamster cell line, CHO-KI (ATCC No. CCL 61),

was used for this assay. The cell type was originally
derived from ovarian tissue and has spontaneously trans-
formed to a hypo-diploid line of rounded, fibroblastic
cells with unlimited growth potential. Monolayer cultures
have a fast doubling time of 10 to 12 hours and untreated
cells can normally be cloned with an efficiency of 80% or
greater, The CHO=-KI cell line was mgiptained in Ham's

F12 culture medium, containing 3 x 10 M L-proline (the
cell line has an absolute requirement for proline), and
supplemented with 10% fetal bovine serum, 100 units/ml
penicillin, and 100 pg/ml streptomycin.

Cells from a monolayer stock culture were trypsinized,

counted by hemocytometer, and reseeded into a series Qf
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100 mm culture dishes at 500 cells/dish. Each dish
contained 10 ml of growth medium. The cultures were
incubated overnight at 37°C to allow attachment of the
cells and recovery of growth rate.

A volume of 2.2 ml of test material was combined with

7.8 ml of growth medium to yield a stock concentration

of 220 wl/ml. Other stocks were prepared by dilutions
with growth medium such that 1 ml additions to the 10 ml
cell cultures would yield the following final concentra-
tions: 20 wl/ml,10 ul/ml, 5 wl/ml, 2 ul/ml and 0.5 ul/ml.

Each concentration of test material was applied to three
culture dishes. After a 24-hr exposure period the

medium was aspirated and the cells washed twice with

Hank's balanced solution (prewarmed to 37°C). Fresh
medium (20 ml) was placed on each culture, and incubation
continued for an additional 6 days to allow colony develop-

ment.

Medium was drained from the cultures after the incubation
period and the surviving colonies were washed with phos-'
phate-buffered saline (PBS), fixed in methanol, and
stained with Giemsa. Colonies were counted by eye; tiny
colonies of approximately 50 to 100 cells were excluded.

The controls consisted of one culture of untreated cells
and two cultures exposed to DMSO (solvent control) at a
final concentration of 20 pl/ml (20% by volume). DMSO

in the treated cultures was a maximum of 2% at the highest
concentration of test material. The solvent control dishes
provided the reference cloning efficiency for determining
the effect of the test material.
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8.0 ORGANIC EMISSIONS
8.1 Organic Emission Test Results

The results of the organic emission tests are presented in
Tables 8-2 to 8-8. Values for individual organic species are
given in ug/m3 and grams/metric ton of coal as determined by
GC/MS analysis. Results of the TCO, gravimetric, infrared and
LRMS analyses are not available due to interference from the
large amounts of silicone and phthalates in the samples.

Total organic emissions from the quench tower are therefore
unknown since all of the organics could not be guantified.

Polycyclic aromatic hydrocarbons were found in the emission
samples in substantial quantities as shown in Tables 8-2 and
8-3. Compounds which together contributed an average of 80%
(at least 64%) of the total PAH for each clean water test are:

1) Naphthalene

2) Methyl Naphthalenes

3) Acenaphthylene/Biphenylene
4) Dimethyl Naphthalenes

5) Fluorene

6) Dibenzofuran/Methyl Biphenyl
7) Anthracene/Phenanthrene

8) Methyl Anthracenes

The major contributors in contaminated water tests include all
of the above except dimethyl naphthalenes and methyl anthracenes.
These major compounds account for an average of 85% (at least

' 78%) of the total PAH in contaminated water tests. The primary

contributor among these is naphthalene. These organic species
are of lower molecular weight, ranging from m/e 128 to m/e 192,
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Polar compound results are reported in Tables 8-4 and 8-5 and

also show substantial concentrations to be present.

In par-

ticular, phenol is the primary constituent in the clean water
tests and phenol, crescol, methyl cresol, and quinoline are
major contributors in the contaminated water tests.

The average concentrations of PAH and polar compunds in coke

quench tower emissions are shown according to process con-

dition in Table 8-1.

Clean Water

TABLE 8-1

ORGANIC EMISSIONS SUMMARY

Contaminated Water

grams/metric
' 'l-l-‘En'/m3 " ton of coal mﬁ
Total PAH:
average 767 0.758 31,0Q00
(range) - (170-~1900) (Q.156~1.90) (13,700-47,300)
Green coke 1160 1.17
(660~-120Q] (Q.679-1.90) -

Nongreen coke 442 0.419 31,000

A70=745).
Polar Fraction:

average 771

(range)’ (60-6Q09Q)

Green coke 1540
(118-60920})

Nongreen coke 134
(B0~-253)

(Q.156-Q.646) (13,700-47,300)

grams/metric

ton of coal

32.1
(15.5-46.4)

32.1

581

(0.Q0575-6.89) (243,000~922,000) (185=-1009)

1.10 540,000
1.70

(0.119-6.89) -
0.606 540,000

581

(0.0575-3.13) (243,000-922,000) (185-1009)
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An increase in organic emissions is distinctly shown for both
PAH (v 40 times) and polar materials (v 500 times) when con-
taminated water is in use. This trend also appears with the
use of green coke where a threefold increase is found for both
PAH and polar compounds.

The test results for the three sampling trains analyzed by
component are summarized in Tables 8-6 and 8=7., Most of the
PAH material found for each test was in the organic adsorber
unit, meaning that this material is smaller than 0.3 micro-
meters (or it would have been caught on the filter). Tests by
Broddin et al have shown that "over 90% of polycyclic aromatic
hydrocarbons is found on the particles smaller than 3 um

which means that most of these compounds are within the respir-

atory size range.(15’

It should be noted that organic species
of higher molecular weight (m/e > 216) were found in the
cyclone samples (which contain larger size particles) but not
in the filter samples. Most PAH'compounds that have been
determined to be carcinogenic do have a molecular weight

" greater than 216.

The GC/MS analysis specific for benzo(al pyrene (BaP) generated
the results found on Table 8-8., BaP in quench tower emissions
is four times greater when contaminated water is in use (0.081
g/metric ton of coall than clean water (0.019 g/metric ton of
al]. However, the BaP data are very scattered in regards to
coke greenness.

A number of the organic compounds detected in the coke gquench
tower emission tests exceeded the Minimum Acute Toxicity
Effluent (MATE] values for health for some tests 161, phese
compounds also showed a high "Degree of Hazard"(l7). The
compounds are identified in Table 8-9 along with the process
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4 E ]
E 4
TABIE E-6
ORGANIC ANALYSIE OF TRRIN COMPONENTS
tug/ms;
Test No. © clean wawer Test No. 7 clean water Test No. 14 cancaminares wacer
ocke gresness = 4.0 cule greeness = 1.2 COKe greeness = 1.5
leileor and filter and £ilter and
cvelone |probe wash | XAD=2 cvelonge | probe wash Kan-2 cyclone probe wash XAD=2
Species |estrast |extract extract | exitract | ewtbact axtracs | extrast extract esferant
Pol)mclea_r_;AE”m:ic mm
| €3
Nachthaiane 3.3 IS 188 2.4 -39 o1 2.8 2.5 gB84C
Benirotnlceiens 0.80 3.6 2,30 337
Metihy]l Nappthalenes 32 25 1.42 1530 |
Agngpirtoviene /inhepviene i il.3 2.3 1880
Biphenyl 0.9€ 10 2,7 4.1 1,11 344
Rimetnvl Naphthelenes 135 25 EF
Flugrene 2.4 15 53 2.4 5.8 2 40 39 2119
Tarmagols 2 372
RibepzofuranAmethvl bisnenvl Al 87 18 8 €.4 1260
Anghracene Fhenapihrens A8 0 280 114 146 4 380 3150
Ribenzothicrhene 0 2.3 2.7 A3 — 2 191
Metoyl authracepes ] Jod4 174 = 36 24 S50
Tlugranthane 18 10 18 12 10 8.3 85 i3 Bs
Bvrens 22 16 6.1 9.8 13 23 14 52
Cl6Hy» PAH 46
cmﬁimm J.;_"+
Cl6H12 PAE
Ci1gH1¢ EAH : ) 1
verthyl Fluoranchens g Methvl Dvrepel 3.9 16 0,18 12 26 2
Diydrebetzofuorene i E.5
Chrysepe /Renz (2) Aptheaconas 4.9 0,13 £.4 1.4 23 4. 42 2
Naphthobenzothiconens 2,26
dethyl-chiyoenas 10 .6
Eenzoflunranthens benzo (@) pyrene .
Benzo(a) puzens &7 51
Derylens 4 76
Reibenyl spthracene  (I8)
Yerhyl=benzo prraneg
benzo (c,g) carbazgle
=methyl_cholapthiene
Indeno (1,2, 3=cd) pvmone
Benze (ghd) pevyiene
Dibenzo (a.b) anthvaceme
Loropeng
Total 110 186 1147 142 130 473 26 509 21236
i —
Polar .
1.51 0,244 1.1 2.2 0,86 25.2 85,2 23800
Meshvl Pyridine 2.64 1,68 1.66 22700
Aniline . 0,340 | 0,220 0,223 0.729 1.98 4640
Bhanal 0,143 64.5 12.8 433 272000
Benzonitrile [ _3870
Dimethyl /ethyl puaidine 165 i 14200
Toluidine - 9.47 0,362 2060
Crzagl 404000
Iodnle 81.0 2150
Toimethy) gymidine W28, : 2220
Methyl crmsgl ; 34800 |
Guinoline 0,118 i : 36300 |
Isapiinnline i 0 18 14,1 475
Toimerhyl ghenal i 1870
Meshy) quingline i 9,49 3790
Pothalataes : > 3080 >2420 > PRAN >7800 _ ] >4900 ) 216900 @ 511200 244700
i - 3 i } | i , 290
Aoridine. i ; H ! ; 2,41 ;
%EEFEEQE%¥533 A . : \ i ‘ : i i
Benzo{s) ovrens ) . 3 : T i CEN 19 ! 24 1

* Phthalates are eonsidered to be a aontaminant.
** Thesa resules were dbtained from a speeizl analysis with high sensirivity Zor benzo (a)pyrens.
Note: ALl );lanks :j.ndicgte that the concentration of the species was below the detecsion level. :‘he detection limit for each PAH
Species varies with nolecular weight, reaching differences from five <o twenty times with a lewer limit a naghthalene and
a higher limit at corohene. This “upper limit" for eack commonent is given below:
H . !
Detection Limit in ug/m3 | g7a | <64 | <04 | s78 | <68 1 250 | a5z 0 a3 | =6

{ L
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TABLE B-7

ORGANIC ANALYSIS OF TRAIN COMBONENTS
(grams/metric ton of coal)

Test No. 5 eloan water Test No. 7 clean water Test No. 14 eontam. water
coke greeneas=4.0 goke greenessm) .2 coke Eeenesgﬂ]_.s
filter and filter and filter and
cyelone probe wash{ XAD=2 cycloneprobe wash| Xap=2 cyclone probe wagh | XAD-2
Species extract extract | extract oxtract extract | extract| extract _extract | extract
Polynuclear Aromatic Hydvocarbons
Indene 0.0330
Naphthalene 0.00300 | 0.00350 | ©.163 0.00200 [0.00500 | 0.0780 | 0.00336 | 0.00356 8. 30
Benzothi ne 0. 000500 0.00350 0.00200 1.14
Methyl Naphthalenes 1 0.0750 0.0220 1 0.00172 1.98
Acenaphthvlene/Biphenylene 1 0.0290 Il 0.00950] 0.00275 2.28
Biphenvl 0.00100 | o0.00900 J0.00250 1 0.90350] 0.00135 0.412
Rimethyl Maphthaleneg 0,123 . 40,0210 0,424
Elyorene 0,00200 1 0.0135 1. 0.0480 1 0.00200 10,00500 ! 0,0235 1 0.0485 10,0470 [ 2.56 |
Cagbazole 0,118 0.447
Riksnzofuran/methyl biphenwyl 0.001350 1 00610 : £.0155 | 0,00075 | 0,00775 L.52
anthracene/phepanthrene ... 10,0440 10,137 ° 0,256 0,0085 0,125 0,260 2.470 A8l
Dibenzothiophene 0,00300 1 _0,00650 | 2.0110 0.0334 0.214
Methyl anthracenes 0.00700 | 0.00150 D.159 0.0730 0.0435 0.0290 0.424
Fluoranthene 0.0165 9.00950 0.0145 0.0010¢,}10.00850° 200700} 0.103 0.0404 0,990
Pyrene 0.0200 0.0145 0.00500- [0.00800 .0110 0,115 0.0170 0,760 |
CygHy AR 0.0555
Cy -Hy o PAH 0.0141
1612
Clety RA
Gty gBRE 6.0134
Methyl Fluoranthene & 0.00350 0.0150 0.000159 0.0110 | 0.0313 0.114
Methyl Pyrene
Dihydrobenzofluorene - — . Q.0103 0.0395
Chrysene/Benz {a) Anthracenes 0.00450 | 0.00150 0. 00600 0.00100: [0.0715 0.00350| 0.0590 0.0477
Naphthobenzotllér ph . 0.0027_1
Methyl=chry 0.0123 0.004 39
Benzofluoranthene,benzo (e) pyrene
Benzo{a)pyrene 0.0810 0Q.062
Perylene 0.0770 0.0910
p=phenyl anthracene (IS) :
7,12 Dimethyl Benz(a)anthracene
Methyl-benza pyrenes
Dibenzo (e,5) carbazole
Indeno (1,2,3-cd)pyrene
Benzo (ghi) perylene
Dibenzo (a,h) anthe:
Coronene
Dibenzo (ai & ah) pyrenes
Total 0.101 0.173 1.05 0.112 0.112 0.406 1.33 0.615 25.7
Polar Compounds . .
Pyridine 0.00138 | 0,000221 {| 0.000910 | 0.0101 | 0.00055¢ 0.0217 0.0610 31.2
Methyl Pyridine 0.00240 0.00155 0.00143 27.5
aniline 0.000312{ 0.000196 0.00018:] 0.00062]| 0.00240 5.60
Thepol _ 0.000123 0.0555 0.0111 0.550 _ 1329
Banzonitrile 4.81
Dimethyl/ethyl pyridine ) 0.0014) 17,1
Toluidine J 0.0002393 0.000439| 2.49
crese. 490
Indole . ] 0.0615 .80
Trimethyl pyridine 0,217 " 2.70
Methvl cresol i — 42,
Quinoline ‘0. 000098¢ 43,
Isoquinoline 0. 600CEEC HE 0.0170 0.575
Trimethyl phensl ] .90
Hethyl quinoline | 0.0115 4.58
Phthalates* >3.72 P2.32 1>2.64 >6.70 4.20 22.37 »2.085 P13.5 >54.0
Dimethyl/ethyl gquinoline . 0.474
Acridine 0.00291
S-phenylanthracene (IS)
Eenzo(a)'pyreng" 0.025 | ©.035 0.066 0,023 0.029

+ Phthalates are considered to be a contaminant. :
“*Thege results were obtained from a special analysis with high sensitivity for benze (a)pyrene.
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TABLF, 8-8

BENZO (A) PYRENE IN COKE QUENCH TOWER EMISSIONS

Coke 3 g/metric
Test Number Greenness Rating ug/m Ton of Coal
CLEAN WATER TESTS
7 1.2 *ND
10 1.5 ND
9 1.6 38 0.036
4 1.6 42 0.039
-6 1.6 66 0.072
8 1.8 ND
11 3.2 ND
3 3.3 ND
2B 3.4 ND
12 3.7 ND
8 4.0 66 0.060
CONTAMINATED WATER TESTS
16 0.3 99 0.095
15 0.5 72 0.071
17 0.5 36 0.040
14 1.5 98 0.12
TESTS ANALYZED BY SAMPLING TRAIN COMPONENT
Component Tast 5 Test 7 Test 14
g/metric g/metric 3 g/metric
Mg/m~  ton of coal Mg/m”~ ton of coal Hg/m”~  ton of coal
Cyclone 28 0.025 ND ND 55 0.066
Probe/Filtar ND ND ND 19 0.023
Adsorber 38 0.035 ND ND 24 0.029
Total 66 0.060 ND ND 28 0.12
* ND = Not Detected. The detection limits for the benzo(a)pyrene
analysis for each test are as follows:
Test No. 2B 3 4 5 6 7 8 9 10 11 12 14 15 16 17
- | ) | ; T ! ; !
Detection Limit ! ; : 5 | : ! 5 j
in ug/m3: Total 817.8110110({9 811012110/ 9| 6 | 8|11 ;___rj
Cyclone * 7. 8 ! 5 ; L
Probe/Filter 6 7] s T
Adsorber 0. 19 ! P64 | :
-81-




TABLE 8-9

ORGANIC SPECIES FOUND IN EMISSIONS
AT LEVELS POTENTIALLY HARMFUL TO HEALTH

: R Process Conditions
Clean Water Clean Water Contaminated Water

- Species Nongreen Coke Green Coke Nongreen Coke
3-Methyl Cholanthrene X X X
Benz (a) anthracene* X X
Phenanthrene X
Benzo (a) pyrene X
Phenol X
Cresol X
Quinoline X

Note: X designates the presence of the species in emission tests
under the noted process conditions.

*Assuming the total weight found at m/e 228 is attributable
to bPenz(a) anthracene.

Carcinogenic Bazard
egies - Potential - Potential
Benzo (al pyrene +++ XX
3=Methyl cholanthrene bt XXX
7,12-Dimethyl benz (al :
anthracene : o XX
Dibenz (a,h] anthracene et XXX
Dibenzo (a,h) pyrene b
Dibenzo (a,i] pyrene -+ XX
Benz (a) anthracene + X
Pyridine . X
Indeno (1,2,3-cd)pyrene .+
Rating system: ++, ++t+, or ++++ strongly carcinogenic
-+ carcinogenic
XXX most hazardous *
XX very hazardous
X hazardous
-82~
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conditions under which they where found. It should be noted
that other compounds were also present that fall into the
categories labelled "carcinogens" by a Public Health Survey
and "hazardous" by Multimedia Environmental Goals (MEGs)(ls).
These compounds are also identified in Table 8-~9. Application
of these four rating systems to the organic emission results
has shown thirteen compounds present in quench tower emissions
to be potentially harmful to some degree.

w(18)

8.2 Sample Contamination

Silicone grease and phthalates were detected in coke quench
tower samples by infrared analysis. The presence of these
substances in each test is indicated in Tables 8-10 and 8-11.
Although silicone grease and phthalates are considered sample
contaminants for the purpose of this report, their origin and
method of entry into the test samples is not well defined.

Silicone grease is reported in Table 8-1Q as present in service
water (#4), inlet water (#4), blank methylene chloride (trace)
and blank water (trace] samples. It would have been difficult
for the field test crew to contaminate the samples of water
with silicone grease. It might be speculated that silicone
grease could enter the water supply through its common use on
pump and valve packing glands.

The presence of silicone grease in the cyclone catch of Test 5
(see Table 8-1l] may also indicate some other source of con-
tamination since silicone grease was used only on the con-
denser and impingers. No silicone grease was detected in the
probe/filter samples for Tests 5, 7 and 14 which supports the
statement that no silicone grease was used in the front half
of the train.
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TABLE 8-10 I
PRESENCE OF SILICONE GREASE AND PHTHALATES I
' AS INDICATED BY IR ‘
Test No. Silicone Grease : Phthalates l
2B _ yes | yes
3 yes | . yes '
) ) ] i
5 yes ' -
6 yes - l
7 yes _ yes
8 yes ' - I
9 | yes -
10 ves ' - I
11 _yes - I
12 ' ves -
14 yes | _ yes I
15 yes ' -
16 - . yes l
17 yes : - l
- 18 fes o yes
Serxvice water (#4) yes S - l
Inlet water (#4) = yes | -
Liquor water (#9) - : - I
Inlet vater (#9) - - ) B
Blank methylene _ . I :
chloride _ trace _
Biank Waf:’ei: ' 'trac(.a. | - l
| N
-84-




TABLE 8-11

PRESENCE OF SILICONE GREASE AND PHTHALATES

Sample

Test #5
Cyclone
Probe & Filter

XAD-2 Meodule

Test #7
Cyclone
Probe & Filter

XAD-2 Module

Test $14
Cyclone
Probe & Filter

XAD-2 Module

Test #18

AS INDICATED BY IR

Silicone Grease

yes

yes

yes

yes

yes

-85~

Phthalate

yes

yes
yes

yes

yes




Phthalate was reported ag a contaminant in three of the eleven
clean water tests and in two of the four contaminated water
tests (see Table 8-10). But phthalate was detected by GC/MS
in some quantity in every one of the organic emission tests
(from 1.4 to 149 grams per metric ton of coal). Phthalate was
also found in the 1976 organic emission tests(l). At that
time the most likely candidates were thought to be:

[} Butyl benzyl phthalate
o Dimethyl cyclohexyl phthalate
o Mixed alcohol phthalates -

Phthalatic acid would be one of the oxidation products of any
benzene derivative having only two side-chains in the 0-
position, such as the oxidation of naphthalene. Therefore
some phthalates would be expected in coke quench tower emis-
sions and phthalate has been measured in coke oven door
leakagec24)

Although phthalate was preéent in all of the tests, in the
contaminated water tests phthalates are present at levels of
at least one order of magnitude greater than in the clean
water tests (see Tables 8-4 and 8-5). This Substantiates the

theory that a significant portion of the phthalates may have
come from coke oven processes.

8.3 Benzene Soluble Residue Test Results

The quantity of benzene soluble residue found in coke quench

 tower emissions appears to be substantlal as shown in Table
8~12 with at least 234 grams per metric ton of coal. Most of
the benzene solubles (at least 50%) were collected in the

adsorber. Vaporous materlal -and ‘particles smaller than 0. 3

‘micrometers are caught in thls component.

-86=
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BENZENE SOLUBLE RESIDUE

Sample

TABLE 8-12

mg/m

Test No. 1 - clean,3a

probe wash
cyclone
filter
condenser
adsorber
Total

38.2
13.2
3.95
1.26
155
212

Test No. 2 - clean,l.8

probe wash
cyclone
filterb
éondenserc
adsorber
Total

Test No. 13
contaminated,l.5

probe wash
cyclone
filter
condenser
adsorber
Total

10.9
5.19
no sample
101
129
246

18.0
8.74
38,7
8l.6
160
307

fouench water quality, Coke greenness

b

Filter burned during test

G/Metric
Ton of Coal

42.3
14.6
4.35
1.39
172
234

14.9
7.10

138
177
337

17.6
8.55
38.0
80
156
300

Crhis benzene soluble sample appeared contaminated.
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8.4 Benzene and Total Hydrocarbons (THC)

Benzene and THC concentrations detected in grab samples are
given in Table 8-13.

TABLE 8-13

BENZENE AND THC EMISSIONS

grams/metric
Date ppm ton of coal
Benzene: 11/7/77 0.005 0.01
11/8/77 0.040 0.13
THC: ' - 11/7/77 ~ 8.54 30
(as Hexane) 11/8/77 17.34 ‘ 60

Note: Clean quench water was in use on the test dates.

The concentrations of THC are cohparable to the value of 12
ppm THC found in the 1976 Lorain tests(l).

8.5 Biological Test Results

One of the bioassays to which the coke quench tower biological
sample was subjected is the Ames bacterial test for mutagenicity.
Strains of Salmonella typhimurium unable to synthesize the

amino acid histidine (due to a mutation, his~) are used in the
test. These bacteria cannot grow unless histidine is supplied
to them. However, the event of a back mutation to his+ would
allow the bacteria to grow without the external histidine

supply. Thé:potential mutagenic properties of a material such
as an extract of coke quench tower'émissions may be tested in
this way when the material is applied to his™ bacteria. In
addition, it is sometimes not the original form of such materials
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_that is mutagenic, but one of its metabolites. Thus, the

quench tower sample was also subjected to enzymes of a rat-
liver extract (the site of major metabolic processes) in order
that the sample metabolites also be tested.

The results of the Ames test are presented in Table 8-14.

It is apparent that the number of revertant colonies is not
significantly different from the solvent controls nor close to
results for the positive controls. The test results for
nonactivation and metabolic activation systems are negative(l4).
Toxicity tests on the same strains of Salmonella were also
performed and the results given in Table 8-14, The population
counts may be compared to those of the solvent controls and
positive controls to show that the test material was not toxic
to any of the indicated organisms employed. It was noted in
the original data that for nonactivation assay results for
strain TA~1537 the solvent control colony counts were low, as
were those for the highest dose of emission sample. This may

be due to a technical error in diluting stock cells(l4).

Another bioassay, the clonal cytotoxicity assay, was performed
on the'coke'qﬁench tower biolagical sample. This test measures
the effects of varied doses of the sample on the colony forming
ability of cultured Chinese hamster cells (CHO). The sample
concentration that reduces the number of colonies by 50% (ECS0
value) ig determined and compared with defined toxicity levels.

The results of the clonal cytotoxicity assay are presented in

_ Table 8-15. The original sample had been concentrated 8-fold

prior to application to the test colonies, thus the "applied
concentrations" are multiplied by 8 to obtain the original
concentration values. The cloning efficiency of 72.0% for the
untreated control culture indicates that the cells were in a

-89~




healthy state and good cloning conditions were provided. The
lower cloning efficiency of 59.4% for the solvent control may
reflect artificially low'colony numbers for this control since
the number of colonies obtained with the lower concentrations

of test material exceeded both the solvent and untreated con-
trols(l4). |

Comparable numbers of colonies appear for the tripliecate
dishes at each sample concentration level, except for the
original concentration of 4.0 ul/ml. The percent relative
survival for each sample dose was derived from a comparison of
the average number of colonies pér test dish to the average
number of colonies in the solvent control. These survival
values were plotted in Figure 8-1 to estimate the sample's EC50
value. A smooth dose-response curve'was obtained which passed
through the 50% survival level at 100 pl/ml. However, the
real position of the EC50 is likely to be less than 100 ul/ml
since the survival curve itself rises far above the 100% sur-
vival level (reflecting the low colony count for the solvent
control). Assuming that 153% survival at 4 ul/ml represents -
the true 100% survival level, the true ECS50 would occur at 76%
survival in Figure 8-1, corresponding to approxmmately 74

pl/ml. Thus, the EC50 probably lies between 74 and 100 ul/ml(;4).

The EC5Q range for low toxicity is defined as 60 to 600 ul/ml
in Litton Bionetics' response to Technical Directive No. 301,
According to this definition, the coke quench tower emission
sample is of 1OW‘toxicity(l4).

oo~
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RELATIVE SURVIVAL, %

FIGURE 8-~1

EC50 DETERMINATION
COKE QUENCH TOWER EMISSION SAMPLE
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9.0 PARTICULATE EMISSIONS
9.1 Particulate Emission Results

Samples from the quench tower emission tests for organic mattek
and for benzene soluble residue were also analyzed for particu-
late; these results are reported in Table 9-1 and Table 9-2
respectively. | |

The breakdown of particulate results by saﬁpling train component
(Table 9~1) reveals similar concentrations for the cyclone and
filter in clean water tests. However, the cyclone concentrations
show a substantial increase in contaminated water tests, whereas
filter concentrations show a decrease. These data indicate a
fairly even particle size distribution for clean water tests and
an increased concentration of larger particles for contaminated
water tests., Particle size is discussed further in Section 9.2.
The data in Table 9-~1 also show that total particulate emissions
are greater for the contaminated water tests and that there is

no substantial difference in test results for nongreen coke tests
versus green coke tests.

Although no correlation of greenness to the concentration of
particulate in the stack aerosol is revealed in Table 9-1, visual
observations indicate that 1) there is a relationship between
coke'greenness and the visible particulate above the quench car
(see Section 6.1); and 2) there is a relationship between coke
greenness and a dark haze observed exiting the gquench tower
before the water is turned on to a car of green coke. The
dramatic reduction in tower particulate emissions during the
actual quenching of the green coke might be due to the scrubbing
mechanism taking.place'whén‘the top layers of coke are cooled_
and theh_wettéd by the.cdntinued spraying of the gquench water.
This reduction in plume particulate could minimize the effect

of coke greenness on quench tower emissions.
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Table 9-1
COKE QUENCH TOWER PARTICULATE EMISSIONS

Test No. Coke Cyclone Nozzle/Probe Filter Total
g/metric g/metric g/metric g/metric
Greenness ton ton ton ton

(avg.) mg/m3 coal mg/m3 coal mg/m3 coal mg/m3 coal

Clean
Water Tests

7 1.2 445 382 279 240 405 348 1130 970
10 1.5 278 261 67 63.3 Negative N/A

9 1.6 220 209 98 93.5 Negative N/A

4 1.6 277 255 No Sample 457 420 N/A

6 1.6 456 500 59 64.5 Negative N/A

8 1.8 306 261 64 55.0 345 295 716 611
11 3.2 194 198 63 64.1 27,0 27.7 283 290
3 3.3 275 311 28 31.8 355 400 659 743
2B 3.4 263 262 32 32 397 397 692 = 691
12 3.7 415 412 62 61.8 Negative N/A

5 4.0 412 377 35 31.8 360 330 807 739

Contaminated

Water Tests

16 0.3 962 924 61 58.8 167 160 1190 1140
15 0.5 891 874 123 120 202 197 1216 1190
17 0.5 633 710 89 100 178 200 901 1010
14 1.5 863 1040 89 108 59.0 71.0 1011 1220

"NA" = Not Available

"Negative" indicates a negative sample weight. It has been deter-
mined that this result is most likely due to holes in the filter
which formed during sampling, allowing particulate to escape to the
back half of the train. See Section 6.6 for a detailed discussion.
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Table 9-2 )
BENZENE SOLUBLE RESIDUE TESTS
TOTAL PARTICULATE

Benzene insoluble particulate determined for each test is added
to the benzene soluble residue to yield total particulate.

g/metric
SAMPLE - mg/m3 . ton of coal

Test No. 1 - clean,3*

cyclone _ 236 | 262
hozzle/probe o - 38.2 | 42.4
filter - 3.95 - 4.35
condenser - 34.6 38.2
adsorber o 155 172

Total | 468 | 519

Test No. 2 -'clean} 1.8

cyclone 219 ' 301
nozzle/probe 22.8 ‘ 31.3
**filter' no sample
***condenser : 146 201
adsorber - 129 177
Total - 517 710

_Test No. 13 - contaminated, 1.5
cyclone . _ | ' 434 _ 424
nozzle/probe 33.7 ' 33.1
filter . o 38.7 o 138.0
~condenser ' | 349  - 342
adsorber - w60 157
Total - 1015 994
* Quench water guality, coke greenness

** Filter burned during test ‘ - _
*%*%* This benzene soluble sample appeared contaminated

»
G N I =N N N T AN N EE BN BN AN B B BE E B ae
' : . . i .
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Particulate data from the benzene soluble residue tests (Table
9-2) were obtained by adding the benzene insoluble particulate
results to the benzene soluble residue (reported in Table 8-10).
In addition to the front half (cyclone, nozzle/probe, and filter)
the condenser and adsorber were also analyzed for each test.

A summary of all the particulate data is presented in Table 9-~3.
Considering the organic tests, the clean water-nongreen coke |
tests avérage 0.79 kg/métric ton of coal and the clean water -
green coke tests average 0.62 kg/metric ton of coal. The clean
water tests average 0.68 kg/metric ton of coal and the contamin-
ated water tests, 1.}k kg/metric ton of coal. Again, there is
a substantial increase in particulate concentration for contam-
inated water tests, but no notable difference in results for
green versus nongreen coke tests. The benzene soluble residue
tests show only half the concentration of front half particulate
found in the organic tests.

9.2 ‘Particle Size

Some important aspects of the size distribution of particulate
in coke quench tower emissions are revealed in Table 9-3. The
sampling train provideé a breakdown of particle size. The
cyclone was designed_td capture aerosols generally large enough .
to be easily visible - the 50% cut size was about 20 micrometers.
The D50 ‘ :
was calculated for each test as shown in Table 9-4, Column 11.

cut size of the "in-stack" cyclones at test conditions

The D50 cut size of any given cyclone is determined by a number

of variables. These variables include gas density, gas viscosity,

gas inlet velocity, particle density, and particle size and
shape. The value of the gas density is so small relative to
particle density that, in most cases, variation in gas density
will have a negligible effect on cyclone separation efficiency
or calibraﬁion, For a given set of conditions in which particle’
density, gas density, and gas viscosity are assumed to be fixed,

-98-
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the D50 cut size of a given cyclone is determined largely by
the gas inlet_velocity and the particle size and shape.(lg)

Calibration data for this series of cyclones has been utilized
to construct Figure 9-1. This graph relates sample flow rate
in actual cubic feet per minute to the D., cut size in micro-
meters., ACFM is, in this case, used as a convenient indication
of inlet gas velocity. It is an average value based on the
measured amount of dry gas recorded by the dry gas meter (Table
9-4, Column 3), the elapsed time of the test (Table 9-4, Column
2), and the volume of water vapor. These values are corrected
to actual stack conditions at the temperature of the test
(Table 9-4, Column 4). Following the determination in ACFM
of the gas flow for each test (Table 9-4, Column 10), the D
cut size in micrometers is read from Figure 9-1. Since the

50

inlet velocity was an average, the D50 cut size is also an
average.

In the following example, the D cut size is determined for
Test 4:

50

Example
7.95 dscf x 0.07495 lbs/cf = 0.60 1lbs dry gas during test period.

The volume of water vapor condensed and collected in the impinger
and the condenser (Table 9—4,.Column 6) is converted to pounds

of water vapor per pound of dry gas (Table 4, Column 7) as
follows:

_ 39.8 ml Hy0 = 0.15 lbs water/lb dry gas
54 ml/1b H,0 x 0.60 lbs dry gas ' -

This value (the absolute humidity) is used with a reference
table (20) to determine the ACF/lb of the mixture of dry gas and
‘water Vapdr. The water droplets collected in the cyclone is

not included in these calculations.
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ACF per pound (Table 9-4, Column 8) is converted to ACF (Table
9~4, Column 9): ' '

19.8 ACF/1b x 0.60 = 11.8 ACF

ACF of mixture is converted to ACF per minute (Table 9-4, Column
10) by dividing the elapsed time of the test (Table 9-4, Column
2): |

11.8 ACF = 0,97 ACFM (Table 9-4, Column 10).

12.1

This actual cubic feet per minute value is entered on the ordinate
of Figure 9-1. Assuming a particle density of 2.0 gm/cma, the
D50 cut size for conditions of test 4 is read as 32 micrometers.
The D50 cut sizes for each test are tabulated in Table 9-4. The
equivalent mass diameters for the clean and dirty tests are as
follows: |

Equivalent mass diameter -~ Dirty 21 micrometers

Equivalent mass diameter - clean 18 micrometers

The weight of dissolved solids later recovered from the cyclone
water was not used in calculating these equivalent mass diameters.
If it were used, the average would be about 0.5 micrometers
smaller.

9.3 Comparison of Quench Tower Particulate Emission

The fraction of particulate caught in each part of the sampling
train during the 1977 tests (Table 9-~3) may be compared to the
results shown in Table 9-5 of previous tests at Lorain on the
same quench tower in 1976. The 10 um cyclone used in 1977

50 20 um

. cyclone used in 1977, since by definition, 10 micrometer part-

would collect basically the same fraction as the D

icles would be collected with 50% efficiency, greater than 10
micrometer_particies with greater than 50% éfficiency; and less
‘than 10 micrﬁmeter particles with lesé than 50% efficiency.
-Only the 10 micrometer to 20 micrometer particles would not
have been as efficiently collected ih the 1977 tests. 8Since
the cyclone collection was greater in 1977, any difference in
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TABLE 9-5

QUENCH TOWER PARTICULATE EMISSIONS
U.S. STEEL CORPORATION LORAIN WORKS

QUENCH TOWER NO. 1 - NOVEMBER 1976(1)
Contaminated

Clean Make-up Water Make-up Water
Sampling (13 Test Runs) (12 Test Runs)
Train Kg/metric ton of coal Kg/metric ton of coal
Component Average (range) Average (range)
Cyclone (10 micrometers, 0.14 (0.048-0.027) 0.59 (0.34-0.84)
50% cut size)
- Probe 0.58 (0.15-0.90) 0.58 (0.24-1.2)
Filter (99.99% efficiency 0.0075 (0-0.037) 0.23 (0.15-0.37)
for particles 0.3 micro-
meters and larger)
Front half of sampling 0.73 (0.34-1.0) 1.4 (0.87-2.2)
train catech
Back half of sampling 0.080 (0.025-0.16) 0.40 (0.18-0.388)
train catch
Total Quench Tower 0.81 (0.38-1.2) 1.8 (1.1-3.0)

Particulate Emissions
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particle collection due to this fraction would be relatively
minimal. The fact that the total amount of particulate col-
lected in the cyclone was greater than in 1976 could have been
the result of the increase in the open area in the center of
the baffles (see Table 9-7).

The total front half of the sampling train catch in the 1977
tests is very similar to the 1976 results. Again there was

a dramatic decrease in the emissions when clean water was used
rather than contaminated water. However, the distribution of
size fractions as collected in different parts of the train

is somewhat different from that in the 1976 tests. The weight -
of larger aerosols collected by the initial ce¢yclone in 1977

was about 45% of the total weight emitted when quenching with
clean water and about 75% of the contaminated water quench
emission. The average size of the particulate in the pluﬁe
aerosol was less than 4 micrometers in the 1976 tests but this
would be shifted towards a larger size in the 1977 Lorain tests
due to the greater cyclone collection.
(17)(Table 9-6) indicate
that the particulate per ton of coal in the Canadian tests was
about 20% of that found during the 1977 Lorain tests. The

lérge size fraction caught in the cyclone during the 1977

The results of tests at a Canadian plant

Lorain test (larger than 20 micrometers) was about 12 times as
much as in Canada. This would be expected considering the

open area in the Lorain baffles. The amount caught in the probe
nozzle and condenser at Lorain was about the same as that caught
in the probe and nozzle during the Canadian tests. When compared
to the Canadian tests which used clean water for makeup, the
amount of particulate caught on the filter was lZ_times'greater
during.the'organic matter tests at Lorain using clean water as
makeup. | |
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TABLE 9-6

QUENCH TOWER PARTICULATE EMISSIONS
DOMINION FOUNDRIES AND STEEL, LTD.

AUGUST 1977(21)

"Clean" Make-up Water

Sampling Train (9 Test Runs)
Component Kg/metric ton of coal
Cyclone (10 micrometers, 0.025 (0.0050 - 0.075)
50% cut size)

Probe 0.090 (0.060 - 0.13)
Filter (99.99% efficiency 0.025 (0.015 - 0.060)

for particles 0.3 micro-
meters and larger)

Front half of sampling 0.140 (0.095 - 0.20)
train catch

Back half of sampling 0.10 (0.055 - 0.19)
train catch

Tower Quench Tower 0.24 (0.16 - 0.31)
Particulate Emissions
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9.4 Baffles

Quench tower No. 1 at Lorain was eQuipped with baffles (Figure
9-2) as described in Figures 9-3 and 9-4 which were based on
U.S. Steel Drawing No. LA-100891(1). These figures were some-
what modified however, as described below.

As can be seen in Figure 9~4 the baffles were constructed in
such a way as to allow a vertical area of one inch between the
bottom of one baffle and the top of another. This verticle
open area allowed a substantial portion of the stack flow to
pass straight through the baffles with little opportunity for
even larger size particles to impinge on the baffle surfaces.

Several baffles had been removed and this provided additional
open area. The U.S. Steel drawing calls for 11 slanted boards
in each baffle section (See Figure 9-3) but only 10 full boards
in 5 of the sections and 6 full boards in one section were
actually in place (Figure 9-5) at the time of the test. The
effect of these open areas would be to reduce the resistance

to gas flow and increase the draft up the tower. There were
come charred remains which indicated some of these baffles had
been burned out. The effect of removing baffles was to increase
the vertical open area as can be seen in Table 9-7 which compares
the open area of the baffled section in 1976 and 1977.

_lOG_'
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Figure 9-5

BAFFLED SECTION SHOWING
MISSING BOARDS

=

Wié

%
i
5

=

\<::Q Additional
N 1977 tasts

TWo rows 0f haffizas out ad time of 1374 tasts

3 baZffles in centsr seczicn oux at time of -

Six sections designed Zor 11 baifles =2ach
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TABLE 9-7

BAFFLE OPEN AREA

Total open area of the tower before
any baffles were installed from

19' - 2" x 19' - 2"

Sguare feet

Open area
as a % of
total area

367

100

Total vertical open area of the
tower after the baffles were installed.
Based on U.S. Steel Corp. Dwg.LA-100891-

11 rows of baffles in each section

70

19

Total vertical open area with 10 rows
of baffles in 5 sections and 6 rows in
one section as actually installed at time

of test program

106

29

Open area in center of tower due to 1976

24

6

Omission of baffles 1977

36

10

The efficiency of these baffles and more detailed discussion is

(1)

to be found in the report of the 1976 test series .
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10.0 QUENCH WATER ORGANICS AND WATER FLOW

10.1 Orgahics in Quench Water

The amounts of organic species detected by GC/MS in the gquench
water (both the inlet of the spray nozzles and makeup to the
sump) are given in Tables 10~-1 and 10-2.

The flushing liquor used as makeup during the contaminated water
tests contained almost all of the species eventually found in the
stack emission. However, as molecular weight increases the ratio
of the quantity of species in the stack emission to the quantity
introduced in the makeup liquor becomes less and less. The

lower the molecular weight the higher the boiling point; therefore,
the lower molecular weight species are readily stripped from the
quench water by the evaporation and distillation process of the
quench. The same relationship is also apparent when comparing

the quantity of each organic species introduced to the guench
system by the makeup liquor and the quantity of each species
available from the inlet water which was being used repeatedly

to gquench the coke. As would be expected, the inlet water is
stripped of lower molecular weight species and the higher molecular
weight species tend to remain in the guench water. A few of

these higher molecular weight compounds do not even appear in

the stack emissions. There is no sharp cut off due to the high

-

temperature of the uncooled portions of incandescent coke and
the stripping action of the steam which tends to lower the boil-
ing point of the higher molecular weight compounds.

In the case of the c¢lean guench water samples only a small
quantity of organics was found. The organic matter in the stack
emissions from clean tests could come from a number of sources
including the sludge in the_sump (where organics from previously
used flushing liquor could collect) or the more likely possibility
that organics from the coke itself are released during the quench-
ing process and become paft of the quench tower emission.
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TABLE 10-3
RESULTS OF T.0.C. ANALYSIS OF WATER SAMPLES

Clean Water

MAKEUP INLET
SAMPLE SAMPLE
DATE IDENTIFICATION PPM DATE IDENTIFICATION PPM
11/9/77 13819 26 11/9/77 13814 30
11/9/77 13820 26 11/9/17 13815 13
11/9/77 13821 28 11/9/77 13816 25
11/9/77 13822 23 11/9/717 13824 28
11/19/77 20222 28 11/9/77 13825 27
11/19/77 20223 29 11/9/717 13826 25
11/19/77 20224 28 11/9/77 13827 27
11/19/77 20225 _30
1977 Average = 27 1977 Average = 26
Range = (23-30) Range =(18=30)
1976 Lorain Test 1977 Lorain Test
Average 3.8 Average 9.6
Contaminated Water
11/16/77 20202 2,200.0 11/16/77 20207 1,510.0
11/16/77 20203 2,422.0 11/16/77 20208 1,547.0
11/16/77 20204 2,317.0 11/16/77 20209 1,545.0
11/16/77 20205 2,130.0 11/16/77 20210 1,507.0
11/19/77 20217 2,282,0 11/1%/77 20212 1,198.0
11/19/77 20218 2,088.0 11/19/77 20213 1,195.0
11/15/77 20219 2,252.0 11/19/717 20214 1,197.0

1977 Average =

2,242

Range = (2,088-2,422)

1976 Lorain Test
Average = 1,195
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1977 Average =
Range = (1,195-1,547)

1976 Lorain Test

Average =

1,386

1,098




The total organie carbon found in quench water samples averaged
27 ppm in clean makeup water and 2,242 PPm in contaminated make-
up water. The average for clean inlet water was 26 ppm and for
contaminated inlet water it was 1,386 ppm. The results of the
TOC analysis are given in Table 10-3. As noted in the Table,
these test results are comparable to those for the 1976 tests

at Lorain(l).

10.2 Quench Water Flow \

Water flow quantities at quench tower No. 1, U.S. Steel Co. Lorain
Works were identified during EPA tests in 1976 and are presented
in Table 10-4. '

TABLE 10-4 WATER FLOW

(gals/quench)
Description - Identifier® Min. Max. Avg.
Stack Flow Q1 900 2500 1800
Inlet to Nozzle _ _
(Sprayed on Coke) Q2 8100 105Q0 9200
Losses
- retained by coke
- car drainage
- evaporation Q3 NA NA 150
Return to sump Q4 NA NA 7300
Make up to sump Q5 NA - NA 1900
Moisture in Induced Air Q6 7 50 20

? see Figure 10-1

The flow identifiers (Ql to Q6) are used to describe the water

flow inte the guench tower process in Table 10-4 and Figure 10-1.
During the 1976 tests, certain water flows such as Ql and Q2 were
measured, while others such as Q4, Q5 and Q6 were calculated. Q3
was an estimated value. The reliability of the quantities shown

(1)

in Table 10-4 was reinforced by thermodynamic considerations.
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FIGURE 10-1
WATER BALANCE

Q1
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HEAD
TANK
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h |
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Q, = Stack Flow Q, = Return to Sump
Q2 = Inlet to Nozzles Q5 = Makeup to Sump .

Q3 = Losses
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No actual water flows were measured during the 1977 series. After
reviewing the engineering aspects of the quench water system
(there was no significant change in the equipment during the
period November 1976 to November 1977) and in view of the
thermodynamics involved it was concluded that the water flows
during the 1977 tests could be assumed to be the same as the
water flows determined in 1976.

As shown in the previous report(l) even a major chahge in the
amount of water (Qz) spraved on the coke will not affect the
amount of water used in cooling (evaporated). Furthermore,
with any given arrangement of nozzles and storage tanks the
single most influential factor determining the amount of waterx
evaporated per quench will be the amount and temperature of
incandescent coke in each car. Since these parameters are the
same during the 1977 series as they were in the 1976 series no
significant change in the amount of water used (evaporated) in
cooling the coke would be expected.

As in the 1976 tests the stack flow was measured as one of the
necessary parameters used in calculating isokinetics. In this
series of tests the EPA Method 5 sampling train was modified by
the addition of a condenser and an adsorber between the filter
and the impingers (see Figure 6~7)., The amount of water vapor
recovered in the condenser was added to the amount removed by

the cooled impingers.

The amount of water droplets collected in the in-stack cyclone
was about 60% of that collected in the 1976 series. The average
velocity of the stack flow was 23.6 fps in the 1977 series of
tests which is 76% of the 30.9 fps average during the 1976 tests.
This lower velocity would entrain fewer and smaller drops from
thé baffles and the quenching area. The amount of water vapor -
(the amount collected in the condenser, the impinger and the
silica gel) was 58% of that found in the 1976 test.

(1)
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The detailed up-stack water flow (at test point Bl) is presented
in Table 10-5. This information is included for comparison
purposes. However, for the mass balance of organic materials
the 1976 water flow data will be used. The 1977 test series

was run at one test position (Bl, See Figure 6-9) and would not
be as representative of the total stack flow as would the 1976
series. The 1976 tests were designed to provide an average of
all stack flow parameters across the cross section of the tower.

The following calculation shows how Table 10-5 was constructed:
Taking Test No. 1 (which consisted of five separate quenches)
as an example: '

34 ml of water caught in the cyclone (water drops)
50 ml of water caught in the condenser
36 ml of water caught in the impinger

17 ml of water caught in the silica gel

137 ml of water as vapor |

A total of 137 ml of water was collected during the five quenches.
The gas flow up the stack was apparently not uniform and the con-
centration of water droplets was probably not uniform across the
tower cross section, however, for purposes of comparing this data
to the 1976 data it is assumed that such uniformity exists.

Based upon such an assumption, the quantity of water evaporated

up the stack is given as:

Quantity of Water Collected (ml) x (Tower Diameter)2 = gal/test
3785 ml/gal. (Orifice Diarn,eter)2

For Test No. 1

137 x  (188.5)2 = 4100 gal/test
3785 (0.56) 2

4100 gal/test X 8.34 lbs water = 6838 lbs water/quench
5 quenches/test gallon

10.3 Mass Balance Around the Quench Tower

The basic functions of the gquench tower are to quickly provide a
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large quantity of water to cool the incandescent coke below
its ignition temperature, and to recover the excess water for

re=-use.

It is concluded in the 1976 Lorain report that the contaminants
in the quench water primarily originated from two sources - the
coke itself, and the flushing liguor which has been previously
used to cool the gases produced by the coking process. Most

of the volatile material present in the coal ié driven off by

the coking process. However, a certain amount of both organic
and inorganic materials are introduced to the quench process

by the coke. Some of these materials then enter the atmosphere
during a subsequent quenching operation, some are to be found

in the sludge which is removed from the sump and some are retained
or readsorbed by the gquenched coke. When process flushing liquor
is used as a make up source for the quench water, additional con-
taminants are introduced because this flushing liquor was used

to cool the gases produced during the coking operations.

In 1976 the makeup to the sump (Qs) was 1900 gallons and the up
stack flow was 1800 gallons per quench. Using these data a

mass balance of the T.0.C. entering with makeup liquor and exit-—
ing the quench system can be constructed. The total organic
carbon (T7.0.C.) in water samples is summarized in Table 10-6.
Makeup used during the contaminated tests had 50 times more
T.0.C. than the relatively clean service water.

This mass balance (Table 10-6) reveals that of the organic com-
pounds identified (PAH and polar) there was a larger gquantity
found in the stack emissions than was detected in the makeup
water. It is apparent that these organics were introduced by
the coke into the quench emissions in both the contaminated

and clean tests, since there is 2 to 10 times as much PAH, and

10 to 500 times as much polar material in the emissions as

would be expected from the amount introduced by the makeup water.
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TABLE 10-6

MASS BALANCE OF ORGANIC COMPQUNDS
(grams per metric ton of coal)

Clean Contaminated
T.0.C. entering the quench
process in the makeup water: 20 1,000
Polar Compounds 0.002 50
PAH 0.1 17
T.0.C. entering the quench
process in the coke NA NA
Organic matter leaving the
quench process in the stack
gases:
Polar Compounds 1l 600
PAH 1 30
T.0.C. left in the coke NA NA
T.0.C. destroyed or formed .
in the quench NA NA
T.0.C. deposited in the sump
sludge NA NA

NA = Not Available
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The following mechanisms would account for the balance of the
T.Olc.

e T.0.C. would be oxidized by the uncooled areas of
incandescent coke.

e The cooled coke would have a large activated surface
which would adsorb T.O.C.
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11.0 SOURCE OF ORGANIC EMISSIONS

The two variables in the coke quenching process being investi-

gated in this test program are the quality of guench makeup

water ("clean" water from the Black River versus "contaminated"
plant flushing liqguor) and the quality of the coke being quenched
(green coke versus nongreen coke). The 1976 EPA tests at Lorain(l)
and tests conducted at Dominion Foundries and Steel(21) showed
that the gquality of quench water (concentration of total dis-~
solved solids) had a definite effect on the concentration of

air contaminants in the quench tower plume. But, the effect

of water quality on organic emissions specifically, and any
effect on these emissions produced by coke greenness had not

been studied. As discussed in Section 6, this test program

was designed to address the influence of these two parameters.

1l1.1 Statistical Analyses

Two types of statistical analyses were performed on the organicg
emissions data: analysis of variance and simple correlations.
The following sets of data (in lbs/ton of coal) were used in
the analysesﬁ

1) Total PAH, all tests (15 tests)
2) Total PAH, clean water tests (11 tests)
3) Each organic compound, all tests

4) Each organic compound, clean water tests

For the analysis of variance for data from all tests (1 and 3
above) , the following hypothesis was used:

The effect of differences between the population means

for the three groups is identical, that is p; = Uy = H3,

where _
ui represents the population mean of clean

water - green coke

For example:

The sum of the PAH concentrations for

each of the 5 clean water - green coké

tests divided by 5
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= the sample mean (which represents the
population mean for clean water-green
coke)
Mo repreéents the population mean of clean
water-nongreen coke
Mq represents the population mean of contam=
inated water ~ nongreen coke

When data from the clean water tests only was analyzed, this
hypothesis was used:

The effect of differences between the two population
means is identical, that is ul = Mo where

Hy and u, are defined as above

In statistical terms, these hypotheses were rejected at the 10%
significance level, indicating that there are less than ten
chances in 100 that the effect of differences between the popu-
lation means will be the same. The results of the analysis of
variance are shown in Table 11-1. Significant relationships

are defined as those where the different process conditions do
not have the same effect on organic emissions, within

90% confidence limits. Such results are denoted with a star(s).
The more stars appearing for a particular value, the more signifi-
cant the relationship (see explanatory note at bottom of Table).
It is obvious that the concentration of almost every species
listed and total PAH are related to the process conditions of
water quality and coke greenness. And, when the factor of

water quality is held constant, the concentration of most com~
pounds and of total PAH are related to coke greenness. Overall,
the F values generated for all tests are higher and more signifi-
cant than those for the clean water tests. This points out

that in general, water guality has a greater effect on the con-
centration of these organic emissions than does coke greenness.

In order that the relationship of organic emissions to these

two process conditions could be defined and better studied,
simple correlations for these sets of data were also run.

-125-




TABLE 11-1 2
ANALYSIS QF VARIANCE -~ F VALUES (22)

Organic Species
Total PAH

Naphthalene

Benzothiophene

Methyl naphthalenes
Acenaphthalene/biphenylene
Biphenyl

Dimethyl naphthalenes
Fluorene

Dibenzofuran/methyl biphenyl.
Anthracene/phenanthrene
Dibenzothiophene

Methyl anthracenes
Fluoranthene

Pyrene

Ci Hyp PR

Methyl fluoranthene/methyl pyrene
Dihydrobenzofluorene
Chrysene/benz(a) anthracenes
3-methyl cholanthrene

Benzo(a) pyrene

Pyridine

Methyl pyridine
Aniline

Phenol
Dimethyl/ethyl pyridine
Toluidine

Cresol

Trimethyl pvridine
Quinoline

Methyl quinoline
Phthalates

All test
conditions

3L.519%*=*

19.662*%%*
35.425%%*

24,820%%* -

30.004%%*
20.830%%%*
8.660%**
12.359%%*
21.098%**
19.445%%%
15.229%%%
7.435%%%
15.832%%*
16.126%%*
4.367%*
8.743%%*
4.527%%
6.443% %%
0.275
6.558%%

6.157%%*
3.418%

10.144%%%

8.289%%*
5.731%%*
6.217%*
9.726%%%
10.733%**
9.160***
5.391**
51.524%%*

.?** Ssignificant at 1% rejection level.
** gignificant at 5% rejection level.
* Significant at 10% rejection level,
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Clean
Water Tests

18.621%%*

5.361*%*
0.108
5.994%%
9.372%%*
5.419%%*
11.258%**

7.268%*
4.197%*
4.051%
0.427*

 10.226%%

1.370
5.044%*
0.818
4.295%*
0.002
0.446
0.015
0.514

0.668
1.235
0.045
0.112
0.818
0.818
1.360
1.227
3.887*
0.108
7.931%%*




The average concentration of each organic compound for all tests

was run versus

® Quench water quality (designated as clean or
contaminated

e Coke greenness (using numerical ratings from
0 to 5)

e The average concentration of every other organic
compound

The results of this analysis are presented in Table 11-2. Correla-
tion values from 0.8 to 1.0 and from -0.8 to -1.0 are taken to be
significant. The concentrations of some compounds for some tests
were below the detection limits of the analytical procedures em-
ployed. In these cases a value of zero (0) was given to the data
point; otherwise, the point would be excluded as though that
species had never been tested for or analyzed. It should also

be noted that the computer program for simple correlations could
not handle all of the data at once, so the data were split into
two parts. Because of this, there are no correlations listed
between compounds on the first page and compounds on the second

page of each table.

Table 11-2 reinforces the conclusion that water quality is a more
dominant factor than coke greenness. Also, the positive correla-
tion values for water indicate that for total PAH and for all
compounds except 3-methyl cholanthrene (No. 20), the concentration
of these organic emissions is higher when contaminated water is

in use than when clean water is in use. There appears to be no
correlation between coke greenness and organic emissions in Table
11-2. However, since water guality dominates over coke greenness,
a true assessment of the influence of coke greenness cannot be
made until the factor of water quality is excluded from the data.

The simple correlations analysis for evaluation of the effect of
coke quality on organic emissions included correlations between
the average concentration for clean water tests of each organic.

compound versus
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® Coke greenness (using numerical ratlngs from
0 to 5)

® The average concentration of every other organic
compound

Table 11-3 includes the results of this analysis and shows that
«the correlations between each compound and coke greenness are
much higher here than when gquench water is also considered (Table
11-2). Total PAH concentrations are plotted against coke greenness
in Figure 1ll-1 and again a correlation appears between these two
~variables. Among the green (or nongreen) tests themselves, how-
ever, the correlation is not good. Also, the computer correla=-
tions do not fall into the "significant" range (0.8 to 1.0). The
visual rating system'for coke greenness is very useable but
deviations of one unit in either direction may occur(l). This
may account for the lower correlations.

11.2 Discussion

It has been shown that two sources of organic matter found in
coke quench tower emissions are contaminated gquench makeup water
and green coke. The process that is common to both of these
parameters is the coking of the coal. As described in Section 5,
some of the gases, oils, and tars that are distilled from the
coal during coking are combined with blowdown from other plant
processes to produce flushing liquor (contaminated water) which
is used to guench coke. The process of destructive distillation
going on in the coke ovens could be the producer of PAH that is
distilled off to mix with flushing liquor or trapped in the coke
when this distillation has not been completed and the coke is
"green". The formation of PAH in combustion processes has been

d(18)

studie , but PAH formation in an oxygen deficient atmpsphere

such as a coke oven has not been widely discussed in the litera-

- ture. However, previous studles of coke oven charging em1531ons(23)
~and coke’ oven door em1551ons(24) have shown the presence of PAH

- compounds. It would seem reasonable, therefore, that the coklng'
process itself may be the true source of organics which are

later found in gquench tower emissions.
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KEY TO TABLES 1ll-2 AND 11-3
SIMPLE CORRELATIONS

The correlation value indicates the relationship bhetween
two variables. As a positive correlation value approaches
+1l, the greater the tendency that x and y will increase
together. As a negative correlation value approaches -1,
the greater the tendency that x and y will decrease
together. In other words, the closer the correlation value
comes to }l, the greater the effect of one variable on
another. As any correlation value approaches 0, the lesser
the effect of one variable on another. Correlation values
between 0.8 and 1 are taken to be significant.

* Table 1l1-2 = For example, the correlation value for

methylnaphthalene (6) and benzothiophene (5) is 0.9905,
indicating a strong tendency for concentrations of each

compound to increase together.

** Table ll1-3 = For example, the correlation value for

fluorene (9) and coke (2) is 0.7393, indicating a tendency
for concentrations of fluorene to increase as coke greenness

increases.
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Total PAH in grams/metric ton of coal

FIGURE 11-1

GRAPH OF
TOTAL PAH VERSUS COKE GREENNESS
FOR THE CLEAN WATER TESTS

Coke Greenness Ratings
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Benzo (a) pyrene is often used as an indicator for the presence

(23)and subsequently as an indi-

of other carcinogenic compounds
cator for PAH. Though BaP may be representative of the presence
of PAH, the subject study showed that although BaP levels did
correlate well with water quality they did not correlate with

coke greenness or with other PAH compounds.

The presence of phthalates in the quench tower samples was
originally judged to be contamination. However, substantial
concentrations of phthalate have been reported in coke oven door
emissions(24l Also, the analysis of variance and simple correla-
tions do show phthalate concentration to increase substantially

when contaminated water and/or green coke is in use.
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APPENDIX A

SUMMARY OF COKE QUENCH EMISSION SAMPLING DATA
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APPENDIX B

GASEQUS EMISSIONS - 1976 LORAIN STUDY




TABLE B-1

GASEOUS EMISSIONS - 1976 LORAIN STupy(l)
(ppm by weight)

Clean Quench Contaminated
: Water Quench Water
Oxygen 115,402
Carbon Dioxide _ : 16,806
Carbon Monoxide 681
Total Hydrocarbon 12 (by volume)
Sulfur Dioxide 2.2 187
Sulfide 0.003 0.003

Note: The concentration of these gases in the guench tower emission
was determined by the following methods:

Sampling - Analysis

Oxygen Grab flask - Orsat 40
Carbon Dioxide Grab flask - Orsat 40
Carbon Monoxide Grab flask - Gas Chromatography
Total Hydrocarbon Grab flask ~ Gas Chromatography
Sulfur Dioxide EPA 6 Train

with moisture

trap - EPA 6
Sulfide EPA 6 Train

with moisture

trap - EPA 6

B-1



APPENDIX C
CALCULATIONS
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CALCULATIONS

Nomenclature used:

An; = Area nozzle used at each point - Sg. Ft.
Fs = Pitot tube factor
MD = Mole fraction dry gas
P, = Barometric Pressure - In., Hg. abs.
Pyp = Average orifice pressure drop - In. H30
Ppi = Orifice pressure drop at one point - In. H,0
Py = Stack Pressure - In. Hg. abs.
Tm = Average gas meter temperature - °F
Tm; = Gas meter temperature at one point - °F
Tg; = Stack temperature at ome point - °F -
T¢; = Elapsed sampling time for one point - Min.
Vi = Volume of dry gas sampled at meter conditions - Ft.3
Vm; = Dry gas meter reading at the end of a point - Ft,3
Viy = Total volume of water collected - ml.
AP; = Velocity pressure at one point - In. Hy0
N = Number of Quenches Tested

Other parametérs are devéloped and defined in the calculations.

In order to calculate micrograms per cubic meter and grams per
metric ton of coal, the following calculaktions are required:

Starting with the sample weight of the sample collected

in some component of the stack gas sample train (modified
EPA Method 5),

1) ug = ug sample =x scfd

3
m vscfd 0.02832 scmd
2) grams - grams sample <
- metric ton of coal Vscfd
dscfm x min X quench
qguanch 11.9 metric tons of coal

where:

volume of dry gas sampled

I

scfd

DSCFM Mean volumetric flow of stack gas

c-1



11.9 metric tons of coal is the nominal tonnage
charged per battery and therefore is equivalent
to the coke guenched in any one quench.

Starting with the concentration of a parameter in ug/L
as determined in a water sample,

ug/L x 1900 x 3.785

= grams per metric ton of coal

11.9 =% 1,000,000

where:

1900 is the gallons of makeup (either service water
or liquor) added to the guench tower sump during
each quench. Also the quantity of water up the
stack plus any other losses.

3.785 converts gallons to liters

1,000,000 converts ug to g.

Calculations for Particulates (EPA Method 5):

1.

Volume of water vapor @ 70°F and. 29.92 . Hg. - Ft.3

V.

wgrg = 0-0474 x V, -

Volume of dry gasssampled at Standard Conditions - 70°F,

29.92" Hg. - Ft.

Vmgpq = 17.71 % Vi (5 + B

_\_13.6
- T + 460
Percent Moisture in Stack Gas
v.
%M=__ Vstd x 100.
Vmgta T VYwsta

Average Molecular weight of Dry Stack Gas
MWg = .48 x % COp + .28 x % Np + .32 x % 0 + .28 x % CO

Molecular Weight of Stack Gas

MW= Mg x 1. - % M) +18 x B M
| 100 100

Stack Veloecity at Stack Conditions at one point - FPS

Py X MW

Vs; = 85.48 x Fg \/(TSi + 460) x A Pi
' c-2




7. Volume Water Collected at one point - ml.

Wiigy = Vmi - Vmgoyy % Vw

Vim
8. Percent Isokinetic at one point ( P ) Tog _
%I; = 1.667 7 ' s
9. Stack Veloeity at Stack Conditidns for one Nozzle - FPs
n
\/APJ'_ x (Tg, + 460)
_ i=1
Ps x MW
v = 85.48 x CP x =
Snoz _ n
10. Volume Water Collected for one Nozzle - re.3
Yig,, ~ Ymi- Vm o x v,
_ Vin
11. Percent Isokinetic for one Nozzle n
Phs
-00267 x Wy o * Vg - Vg Bp ¥ 2 IZL 1378

%I oy = 1.667

./|I'l
g (T‘f-'i x Vg; % Anl.)

: n
n Ts:
i ( ,,_3)
_ - n Ps
12, Stack Veloeity at Stack Conditions Average - EFPS

Vsaye = 85.48 x Fg x <, n /aPi x (Tg, + 460)
\

i=1 _ 2

13, Volume Water Collected for ome Nozzle - ml.

WLigave © Yfi_:_zml X Vi

m

Ty * ®60)/0 ]



L

15,

16. -

7.

i3,

19.

20,

21.

Percent Isokinetic Average

T .
Vo = Vg

Actual Gas Flow Rate @ Stack Conditions - ACEM
Qstk = 60 x Vgpy,,a X Area of Stack
Gas Flow Rate Dry @ Standard Conditions - SCEMD

Qs = 1062.6 x Vg, . x _Fs _ x MD x Area of Stack
- T + 460

Particulate emissions in grains per standard cubic feet

Dry - (Gr/SCED)
GRD = 20154 X W&/Vip_, g

Particulate emissions in grains per standard cubic feet
Dry adjusted to 12% COp - (Gr/SCFD 2 12% COj3)

GrD” = GRD x 12./% CO»
Particulate emissions in grains per actual cubic feet - (Gr/ACF)

G = 17.71 x GRD x Pg x D
| (T + B0)

Particulate emissions in pounds per hour (Lbs./Hr.)
P = ,008572 x GRD x Qg

Particulate emissions in pounds per process unit (Lb/
process unit)

Py = B/ (process unit)
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