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CERTIFICATION SHEET

Having supervised this test program described in this report,
and having written this report, 1 hereb§ certify the data, information
and results in ﬁhis report to be accurate and true according to the methods

and procedures used.

Wt Sl

United Statés Steel Corporation
. Gary Works
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INTRODUCTI ON
Section |

The purpose of Lhis study was Lo measure the concentrast jon of
particulate matter in the exhaust gases from No, 3 Coke Battery Mcbile Pushing
Emission Control Car - ;¢ at the Gary Works of Imited Steies Steel Corpar at fon

in Gary, Indiana on the dates-of September 14, 15, 16, 1982.

The study wus conducted by the following United States Stecl
Corporation, Cary Works, Plant Engincering personnel:

Nam: ' Title Funct jon

W. S, Kubiak Engineer Test Engineer

P. K. Murphy Field Technician - Sampling Team Leader

R. W. Elkins _ " " Sampling Technician

G. W. Hammar " " "o "

R. E. Trezak ' Process Observer - Visible Emission Observer
T. Sandidge Process Observer " " "

During the Lest program the operation ol this favility wus norral

with no apparent problems. Uait uperétiug dala\pre tecourded and are” appended.
Pushing emissions were read from ground level on the coke side of the battery.
Readings began with the first movement of coke, observing the emissions above the
battery top, Emissions from the quench car during the travel were read at the source
until the car entered the quench tower or until the car was no longer clearly visible,

The exhaust stack from the mobile scrubber car was not read due to the

presence of heavy steam,
1-1




-

UNITED STATFS STEEL CORPORATION

PLANT ENCINEERING
ENGINEERINC-STEEL

GARY WORKS

SUMMARY OF RESULTS
Section 2

During this test program the average particulate emission rate was

.017 grains/dscf, with an adverage volume of 37,520 dscim, with an

dverage terperature of 139.9degrees F., for the three test runs. Table 2-1

is & summary of various parameters measured during this test program,

The mass emission limitation for this source is 0.04 1b, of particulate

per ton of coke pushed. During this test the mass emission rate was 0,004 1b,

of particulate per ton of coke pushed.l




SOURCFE. TEST DATA SUMMARY -
U. S. STEEL CORPORATION - GARY WORKS

PLANT ENGINEERING
. No., 3 Battery mobile pushing
DIVISION: Coke and Chemicals SOURCE: _emission scrubber car #9123

1 2 -3 AVERAGE

TEST NUMBER
DATE | 9-14-82 [9-15-82 [9-16-82

. 0904 | 0750 | 0745
TIME 1442 | 1330|1442
PARTICULATE CONCENTRATION (GR/DSCF) Cq 021 o8 .oz I o017
LR, OF PARTICULATE PER TCN OF COKE PUSHED ﬂ / .005 004 | .003 " 004

|
DRY VOLUMETRIC STACK GAS FLOW RATE AT u
STANDARD CONDITTONS (DSCF/MIN.)

Qs 37,812 |38.259 [36.458 |l 37,520 !
U]
i

STACK GAS TEMPERATURE (°F) Pts f 1442 | 12905 [1%5.0 I 130.9
’ rSTACK CAS VELOCITY (FPS) Ve | 150.02 151.23 | 142.37 || 147.87
— R : — i
ABSOLUTE STACK GAS PRESSURE (In. lig) P, 95.85]| 29.63| 29.958 "
BAROMETRIC PRESSURE AT TEST SITE (In. Hg) Prar 29.82| 29.60 |' 20,02
) ¥ 2
CROSS-SECTIONAL AREA OF STACK (Ft.”) . Ag 5.556 5.556 5.556& l
' 8,522 | 8.522 | 6.522§ —
CROSS-SECTIONAL AREA OF NOZZEL (Ft.?2) I Aq <10 -5 113 5 1< 10 25 '
= ” i
ABSOLUTE AVERAGE DRY GAS METER . _ -
TEMPERATURE (OR) . Tm 545.42 | 536.88 | 520.91 li ,
AVERAGE PRESSURE DIFFERENTIAL ACROSS l
ORIFICE METER (In. H20) AH ) 1.089 [1.110 |1.077 _.-__/ !
AVERACES ~OF STACK VELOCITY HEAD L /AP ro |4 '
MEASUREMENTS (In. 1120) A | 24279 | 2,049 |2.323 | !
. s 0 15% 15% 15 !
-STACK GAS COMPONENTS (%) 0y 17 % 1] /J-
'AVERAGE MOLECULAR WEIGHT OF STACK GAS - ] i :
DRY BASIS ¢LB./LB. MOLE) Ma | 28.76 | 28.76 |28.76 I~ |
AVERAGE MOLECULAK WEIGHI OF STACK GAS “/
WET BASIS (LB,/LB. MOLE) 27.34 127.36 127.32 l _
- IF VOLUME OF GAS SAMPLED AT METER /
CONDITTONS (5T 33 13.79 }13.45 |17.19 I
VOLUME OF H20 COLLECTED IN IMPINGER TRAIN (M1) w30 lars |se.o "/ﬁ
TOTAL SAMPLING TIME (MINUTES) 2 [ 21.60 |21.60 |28.8 "/]
\J
ﬁg«:‘r\:’g{u{%g@ VAPOR IN GAS STREAM .1321 |.1299 {.1337 13.2%]
VOLUME OF WATER VAPOR IN GAS SANPLE AT STANDARD
CONDITIONS (FT.3) .~ Vwstdf2,038 1.967 |[2.654 -
I| VOLUME OF GAS SAMPLED AT STANDARD CONDITIONS otd .I/ |
(FT.3) ‘ 13.39 [13.17 |17.20
'CRAMS OF PARTICULATE COLLECTED DURING TEST 0182 |.0150 |.0144 ’

PERCENT OF ISOKINETIC SAMPLINC RATE 1 106.40 [ 103.52 |106.41 105.4

— e
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PROCESS INFORMATION

Section 3

At the coke battery facility oé.U. S. Steel Corporation, Gdry Works, coke is
produced by the distillation of a mixture of two or more low,-medium and high
volitile coals in a ;hemical retort or oven, The coél mixture is charged through
holes in the top of the oven and tﬁe lids are then sealed with a wet clay miﬁtqre.
Heat for the coking operation is supplied by thé regéneratioﬁ combustion system,
located below the ovens and a flue system located between the ovens. Cokingjtime
is determined by the coal mixture, moisture control, rate of underfiring, and

desirted properties of the coke. The oven doors are removed when the desired coking

time has been achieved and the incandescent coke is then pushed inteo a rz2il car and

gquenched with water,

At Gary Works No. 3 Coke Batter;, emissions generated during the pushing opera-
tion are collected and removed by means of a mobile pushing emission control system
consisting of a hooded coke guide, a single spot quench car and a2 rail car mounted

wet scrubber system with associated ductwork., The hooded coke guides were constructed

by the American Bridge Division of U. 5. Steel Corporation. The single spot quench
cars and mobile scrubber cars were designeﬂ and constructed by U. S. Steel Corpora-

tion at its Johnstown Works utilizing a Ducon scrubbing system,

Ihe hooded coke guide is first aligned with the 7ven to be pushed.and the
single épot quench car is positioned under the collection hood, forming an enclosed
unit. An articulating duct elbow is then raised into place, connecting the hooded
coke guide/single spot quench car unit to the mobile scrubber car. When the pushing

mode of operation is signaled by the quench car operator, the quencher and venturi

sprays are automatically started and the ID Fan damper opens to provide full system

3-1




- mgmr oaw moa

flow. As coke is pushe& from the oven into the single spot quench car, emissions

are contained by the hooded coke guide., The particulate laden air passes through
the duct to the quencher section where the gas is cooled with water sprays, reducing
its volume. The gases then pass fﬁrough_the venturi where particulate and water
iatroducea at the venturi throat are mixed at high energy, impacting the suspended
particulate into the water droplets. The cleaned gas and particulate laden water
droplets then pass through the separator section where the water droplets are

removed and the cleaned gases are drawn through the induced draft fan and are

discharged through a stack to the atmosphere,

v No. 3 Coke Battery mobile pushing emission control system discharges its gases

to the stack which was sampled according to thérprotocol developed by the USEPA

for this sampling program.

3-2
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UNTTED STATES STEEL .CORPQR ATION PLANT ENGINFERTNG
ENGINEERINC-STEEL GARY WORKS :

TESTINC PROCEDURES
Section 4

All testing, sampling, analytical and calibration procedures used

for this test program were performed as described in the. Code of Federal
Regulations, Title 40, Parts 60-80, July 1, 1979, using Methods 1-5 and the
latest revisions thereof. Where applicable, the Quality Assurance Handbook
for Air Pollution Measurement Systems, Volume III, Stationary Source Specific

Methods, EPA 600/4-77-027b was used to determine the precise procedures,

Layout of the sampling ports in relation to flow disturbances for
duct is shown by Figure 4-1 . Based on the duct diameter and the upstream

and downstream distances, the required number of sampling points according

to Method I of the August 18, 1977, Feéeral Register, Volume 42, was determined
to be 24.. Sampling was conducted through 4 ports at these 24 points
for0,9 minutes per point for each run; Figure 4-1 also shows the dimensions from
the duct wall to each sampling point a; directed-by the previodsly nent ioned

" Federal Register.

. The particulate sampiing train was a Model 201-100 Isokinetic Stack

Sampler designed and manufactured by Nutech Corporation to meet all Envirommental

Protection Agency standards for source sampling equipment as outlined in the

Office of Air Programs Publication No. APTD-0576.

A schematic of this sampling equipment
is appended. '
Prior to the start of the first particulate sampling run, stack gas

temperature was measured and a velocity traverse was made in the stack.

Moisture was estimated based on previous sampling data, Using the above data,

* Run no, 3 was sampled through 4 ports at 32 points
for 0.9 minutes per point at the request of USEPA

Region V representatives.
4-1
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ENGINEERING-STEEL \ - GARY  WORKS

Testing Procedures
Section 4

the appropriate nozzel diameter was calculated. Appropriate formulae are

appended and exact nozzel dismeter is shown on field data sheets, also

appended.

Velocity pressures were determined simultaneously during sampling
with a calibrated S-type pitot tube and inclined manometer. All temperatures

were measured using calibrated thermocouples.

Carbon dioxide and oxygen flue gas grab samples,.taken during the -

course of each test, were analyzed with Fyrite analyzers,

The filter media were Gelman type A/E glass fiber filters exhibiting
a 99.957 efficiency on 0.3 micron DOP smoke particles in accordance with ASTM

Method D 2986-1.

All sample contact surfaces of the train were washed with reagent grade
acetone, These washings were placed in sealed and marked containers for analysis.
Sample recovery was-performed at Gary Works by the test crew, All sample analyses

were performed at Gary Works by USSC personnel. Copieé of all sample analysis

gheets ere appended in this report.

Using the field data taken during each sample run, along with corresponding
laboratory data, calculations were made to determine various exhaust gas parameters
and particulate emissions. A summary of these is found in section 2 and all

fomulae and nomenclature used are appended.

4-2
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An

Bwa

FPbar
Ps

Pstd

Tm
Ts
Tstd
Vi
Vn

Vinstd

Vwstd -

Vs

AH

Md

PMR

DGM CALTRRATION FACTOR

USEPA RM 5 LOMENCLATURE
CROSS-SECTION AREA OF MOZZEL (n‘.z)_
CROSS-SECTION AREA OF STACK (FT.2)
PE'RCENI‘ WATER VAPOR TN GAS STEAM (BY VOLIRT )
PERCENT OF TSOKINETIC SAMPT.ING
BAROMETRIC PRESSURE AT SAMPLING SITE (INCHES OF Ha)
ABSOLUTE STAGK GAS PRESSURE (INGIES OF hig) '
STANDARD ARSOLUTE PXESSURL (29.92 INCUES Hp)
IDEAL CAS CONSTANT (21.85 INCHES Mg - FT.3/°R - LB !'OLE)
AVERAGE ARSOLUTE DAM TEMPERATURE (‘"3)"; |
AVERAGE ABSOLUTE STACK €AS 'l‘EMPEPJ-.'I‘URE_ (°R)
STANDARD ABSOLUTE TEMPERATURE (5309R) ™
VOLUME OF LIQUID COLLECTED IN IMPINGER TRAIN (1)
VOLUME OF CAS SAMPLED AT METER CONDITIONS (Ft.3)

Vme CORRECTED TO STAITDARD CONDITIONS (Ft.3)

. VOLUME OF WATER VAPOR IN GAS SAMPLE AT STANDARD CONDITIONS (Ft.3)

STACK GAS VELOCITY (Ft./SEC)

AVERAGE PRESSURE DIFFERENT IAL ACROSS ORIFICE METER (Incles of Ha0)
MOLECULAR ‘WEIGHT OF STACK GAS, DRY BASIS (Lb./Lb. Mole)

MOLECULAR WEIGHT OF STACK GAS, WET BASIS (Lb./Lb. Mole)

DRY VOLUMETRIC STACK GAS FLOW RATE AT STANDARD CONDITION (dscf/Min.)

STACK GAS VELOCITY IEAD (Inches of Hy0)

- TOTAL SAMPLING TIME (Minutes)

MASS EMISSION RATE (Lb./Hr.)
PITOT TUBE COEFVICIERT (0.84)

= OF 4 460
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CALCULATE K FACTOR

K= fore L alde < (-0 Cj\ci' LEI
| 5 T,

tom
CALCULATE A

Ad= K (AT
CALCULATE JSOKINETIC SAMPLINC RATE

CALCULATE MOLECULAR WEIGHT OF CAS (DRY BASIS)

Ma= (ddx b (o) (32 4 02) + 2B x (% CO 20,) |
CALCULATE MOLECULAR WEIGHT OF CAS (WET BASIS)
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CALCULATE STACK CAS VELOCITY (I't./Sec)
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FENGINEERIRG-STEEL i CARY WORLS
USEPA KM 5 Formilae .

CALCULATE VOLUME OF LATER VAPOR IN GAS SAMPLED AT STANDARD CONDITIONS (Cu. Ft.)
. o — . g
VUSTL'J = ) /7“1‘ vl.-

CALCULATE VOLUME OF GAS SAMPLED AT STANDARD CONDI'I"]O‘J" (SCT)

Virt = (1160 (o (B =2

CALCULATE PERCENT WATKR VAPOR IN CAS STREAM (By Voluxe)

Vi

o=
' : er'rp —t+ \/wt

CALCULATE VOLUMETRIC FLOW RATFE (dscf/Min.)

C\/ ¢ (l-— i_,m\ N2 /\ ( -I:_)( l”g__

29492
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2121 239-33C0

Septemper 27, 1979

J. S. Steel Carpcoration
600 Grant Street
Piteshvrch, Pemnsylvania 15230

Attention: Mr. L. Malin

Subj'ect: EIV Pilot Plant Test Results as they apply to
Gary and South Works Installations

Gemﬂ.eim_:
The purposes of this letter are threeiold:

1) To present test data which we consider meaningful at

2) Tou&amstrate how that data was used to modify cur origin-
al design for both the Gary and South Works installations.

3) To utilize pilot data generated at Gary and stack test data
at South Works in order to calculate the acpecia:l performance
at Sout:x Works.

There are ELg'ht figures attached to this le_tt.er which cdetail re-
sults obtained at Gary Works No. 3 Sinter Strand under various con-
ditions, as well as inlet test results frocm the South Works in-
stallation., These figures are labelled as follows, and shall be
édiscussed individually below:

Figure 1is a bar graph showing the frequency distribution of cutlet
grain loadings for valid tests at Gary. The mean result is 0.0284
and the standard deviaticn is 0.006. We have included this figure
to show the range of resulis obtained under a wide variety of process
variaticn.

In the. subsequent figures we will detail the effect of inlet loadirg
ard fractional efficiencies for salt (KCl and NaCl) and non-salt

(as part:.culate) species in terms of an overall performance calcu-
lation, which is necessary because of differences in operaticn and
burden at the two installations.

(cont'd.)
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