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CERTIFICATION SHEET

Having supervised this test program described in this report,
and having written this report, I hereby certify the data, information
and results in this report to be accurate and true according to the methods

and procedures used,

United States Steel Corporation
Cary Works




. UNITED STATES STELEL CORPORATION PLANT ENGINEERING
' ENGINEERINC-STEEL GARY WORKS

INTRODUCTION
Section 1

The purpose of this study was to measure the concentration of
particulate matter in the exhaust gases from the West Pushing Emission Control
Baghouse Stack at the Gary Works of United States Steel Corparation

in Gary, Indiana on the dates of May 17, 18, 19, 1983.

The study was conducted by the following United States Steel

Corporation, Cary Works, Plant Engineering personnel:

Name Title Function
W. S. Kubiak Engineer Test Engineer
P. K. Murphy Field Technician Sampling Team Leader
. R. W. Elkins " " Sampling Technician
[1]

G. W, Hammar " " "

R. P. Fedorchak " " " "

R. E. Trezak Process Observer Process Observer

T. Sandidge " " " "

On May 18, 1983, during the second run of this test program, a push
from No. 53 Oven on No. 5 Coke Battery exhibited excessive emissions as observed
at the battery. Investigation revealed that 16 of the 60 heating flues adjacent
to this oven were blocked. When this heat was pushed, the iglet duct temperature
to the baghouse rose to 375°F, The system's emergency air tempering damper is
set to open when the inlet duct temperature exceeds 300°F to protect the bags
from high temperature by drawing ambient air into the system, and thus reduces

emission collection efficiency. Documentation of this incident is contained in

Appendices G and H.
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UNITED STATES STEEL CORPORAT ION PLANT ENGINEERING
ENGINEERING-STEEL GARY WORKS

SUMMARY OF RESULTS
Section 2

During this test program the avefage particulate emission rate was
.0056 grains/dscf, with an average volume of 121,594 dscfm, with an
average temperature of 10,4 degrees F., for the three test runs. Table 2-1

is a summary of various parameters measured during this test program.

The mass emission rate was .010 pounds of particulate per tom of

coke pushed. The limitation is .04 pounds of particulate per ton of coke

pushed.

2-1




U. S.

SOURCE TEST DATA SUMMARY
STEEL CORPORATTION - GARY WORKS
PLANT ENGINEERING

NO. 5/7 BATTERY PUSHING EMISSION

IVISION: COKE AND CHEMICALS SOURCE:  CONTROL BAGHOUSE STACK
TEST NUMBER 1 2 3 AVERAGE
DATE /17/83 | 5/18/83}5/19/83
0725 to| 0730 to]0915 t
TIME 1215 1300 1800
—
PARTICULATE CONCENTRATION (GR/DSCF) Cq .0096 |.0051 |.0021 }}.0056
Cs Lb. of Particulate .018 . 009 004 .010
T. of Coke Pusied
MASS EMISSION RATE (Lb./Hr.) PMR { 10.10 |5.26 2.19 5.85
DRY VOLUMETRIC STACK GAS FLOW RATE AT
STANDARD CONDTTIONS (DSCF/MIN.) Qg [122,699 |120,323]121,761}121,594
STACK GAS TEMPERATURE (°T) ts 96.0 98.2 110.0 [Jj101.4
STACK GAS VELOCITY (FPS) Vg || 50.12 |50.58 |52.13 [{50.94
ABSOLUTE STACK GAS PRESSURE (In. Hg) p, [29-62 |29.13 |29.40
BAROMETRIC PRESSURE AT TEST SITE (In. Hg) Pparll 29.58 [29.09 |29.36
CROSS-SECTIONAL AREA OF STACK (rt.?) o Mag [as1s [sa1s jas.18 |
2 3 3,247 H 3.247 x| 3.247 _.
CROSS-SECTIONAL AREA OF NOZZEL (Ft.*<) Ap 10-4 10-4 x 10-4
ABSOLUTE AVERAGE DRY GAS METER
TEMPERATURE. (OR) Tm H515.3 |528.8 [532.6
AVERAGE PRESSURE DIFFERENTIAL ACROSS 2
ORIFICE METER (Tn. H20) An §2.67 .70 | 2.80
AVERAGEY — OF STACK VELOCITY HEAD A 9
MEASUREMENTS (In. H20) AVE, | <563 862 -88
20 20 20
STACK GAS COMPONENTS ( % ) O 0 0 0
AVERAGE MOLECULAR WEIGHT OF STACK CAS - Mg
DRY BASIS ¢LB./LB. MOLE) 28.96 28,96 | 28.96
AVERAGE MOLECULAR WEIGHT OF STACK CAS -
WET BASIS (LB./LB. MOLE) Mg |28.77 | 28.69 | 28.62
CONDITIONS (FT.°2)
VOLUME OF H20 COLLECTED IN IMPINGER TRAIN (M1) vi [11.0 14.7 20.5
TOTAL SAMPLING TIME (MINUTES) - [132.4 32.4 32.4
PERCENT WATE
DR T et R VAPOR IN GAS STREAM bws I 1-7 2.4 3.1 2.4
VOLUME OF WATER_VAPOR IN GAS SAMPLE AT STANDARD
CONDITIONS (FT.3) wstdj - 521 696 | -971
VOL.UME OF GAS SAMPLED AT STANDARD CONDITIONS
(]-vr.3) T tdl] 28.51 28,03 29.62
CRAMS OF PARTICULATE COLLECTED DURING TEST .0178 .0094 .0042
PERCENT OF ISOKINETIC SAMPLING RATE 1 94.40 | 95.07 |98.90 96.12

TABLE 2-1




UNITED SUTATES STEFEL CORPORALLON FLANT ENGINEEKING
LNOIREER LHC - STREL GARY WORKY

PROCESS iNFORMATION

Section 3

o The landsbased pushing emissiou contvo! facilities service the three-melter
coke oven balieries at tvarvy Works, with the west system serving batteries
five aad soven, and Lhe ocast system sorving batteries thirtecn (135,
Fiveecs {(L12) and sivieen (Joy.

Each svustem conglsts ol 8 houded coke guide, o single spot quenci. car, a
haghouse, «nd ass: jaled ductwork, e hooded coke guldes were coustructed
by tlhie ~merican heoidge Division of U. . Steel Curporation. The siugle

Spot gueaszh cars are a Mitsagolshi design and were constructud by L. S. Steel
Corporac inu av it 's Joluastows Works. T'ne emissions move through ductwork

te a8 baviwouse desizued and coast pucled by Whevlabrator Frye, Inc. The
baghouse 1Las Sevein compartment $, esch compartuicnt containing 3532 tabric filte
Rrags. A limestone prevoat systen is provided to protect the bays !rom
condensiule marerial prescea! in the pas stream.

Toe fod oo diaft fan ot Uhe baghouse upervates in three diileren mode .
During o ohing, the fau is 1a the high tlow mode to apply maximum dratt Lo
Lhe howced coke e, Betweon pushes the [an assumes d low flow mede,
supply i enouph aar diow Lo paevent Lthe precost waterial trom 1alling olt
Lhie bags. During the procodting operation, the fan assuues an tnctimedidte
flow mute.

when the pushing mode ol uperation 13 signaled by the door wachine aperator
at the batlery, the fan dawper opens to provide tull systew flow. ‘the

duct svstem delivers the particulate ioden aic Lo a spack Lrap wheoe largw
particalat s uie deflected into a hopper by batfle plates. The ate tlows
Srom Lhe spavk Crap through the baghouse inlet plenum and iulo the tabric
fFilter compartment s.  The particulates are removed by the limestone coated
hags allowing the cleaned pasca to eait the bagliouse through the watlet
plenum.’ ‘Lae oot lvt ductwork leads to t e tan which delivers the lvaned
sates o the Btack to be discharged intu the atwmosphere.,

he east pushing ewigsion control facility discharges its pases to the stack
which was sampled according tv the protvcol developed by the USKIA for tiis
sampling program. The rvequired unit vpevating data were cvollectoed by USSC
personncl and are appended.




UNITED STATES STEEI CORP(RATION PLANT ENGINEERING
ENGINEERLNG-STEIL GARY WORKS

TESTING PROCEDURES
Section &

All testing, sampling, analytical and calibration procedures used

for this test program werce performed as described in the Code of Federal

Regulatlons, Title 40, Parts 60-80, July 1, 1979, using Methods 1-5 and the
lavest revisions thereof, Where applicable, the Quality Assurance llandbouk
for Air Pollution Measurement Systems, Volume 111, 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 downsgtream distances, the required number of sampling points according

to Method T of the August 18, 1977, Federal Repister, Volume 42, was determined

to be 36 Sampling was conducted Lhrough 2 ports at these 36 points
for .9 minutes per point for each run., Figure 4-1 also shows the dimensions from

the duct wall to each sampling point as directed by the previously mentioned

Federal Register.

The particulate sampling train was a Model 201-100 Isokinetic Stack
Saméle; designed and manufactured by Nutech Corporation to meet all Environmental
Protection Agency standards for source sampling equipment as outlined in the
Office of Air Programs Publication No. APTD-0576. (Figure &,1 shows a

schematic of this sawpling cquipment.) A schematic of this sampling equipwent
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 bascd on previous sampling data., Using the above Jata,




UNITED STATES STEEL CORPORAT ION PLANT ENGINLERTNG
ENCINEER ING-STELEL CARY WORKS

Testing Procedures
Section 4 )

the appropriate nozzel diameter wus calculated. Appropriate formulae are
appended and exact nozzel diaweter 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 wmedia were Celman type A/E glass fiber filters exhibiting

a 99.95% efficiency on 0.3 micron DOP smoke particles in accordance with AS'TM

"

Method D 2986-1.

All sémple contact surfaces of the train were washed with reagent grade
acetone. These washings were placed In sealed and marked containers tor analysis.
Sample recovery was performed st Cary Works by the test crew. All sample analysces
were performed at Cary Works by USSC personnel. Copies of all sample analysis

sheets are 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 sunmary ol these is found in section 2 and all

fomulae and nomenclature used are appended.

4-2
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I EQUAL AREA TRAVERSE
POINT 18

FOR ROUND DUCTS
(USEPA RM 1)

COKE AND CHEMICALS

[[TRAVERSE

POINT
NUMBERED

3

NO. OF SAMPLE POINTS ACROSS DIA. 18

APPENDIX A

DIVISION: -
NO. 5/7 BATT.'PUSHING D‘I’K‘WTER
FACILITY: EMISSION CONTROL BAGHOUSE DIAMETER
\ STACK o e
" DATES: May 17, 18, 19, 1983 | l.1 24
— i = 3.2 23
| pd 1.1 5.5 22
/ P 3.5 7.9 21
; 0 1.3, 6.0 10,5 20
3.9 | 8.7 13.2 19
1.6 6.7 11,6 ;16.1 18
—l 4.4 9.7 14,6 119.4 17
- - 1.6 7.5.12,9 :18,0 ,23.0 16
. 4.9 10.9 . 16.5|21.8  27.2 15
A 1.8 1 8.5 14.6 20.4 26.1 |32.3 14
P 5.7 12,5 18,8 | 25,0 | 31.5.:39.8 13
L 2.1 9.9 16.9.23.6 ! 30.6 | 39.3 , 60,2 12
NORTH /@“ 6.7, 14.6 . 22,0, 29.6 | 38.8.!60.7 |67.7 11
o [2.5 [ 11l8) 2001 28.3 | 38.2 612 [s8.5 72,8 10
/@g 8.2 1 17.7: 26.9 37.5; 61.8 | 69.4 | 73.9 , 77.0 9
'Y | 3311406 | 25,0 36.6, 62.5]|.70.4 75,0 | 78.2 180.6 | 8
P 10.5122,6. | 355 63.4 1.7 76.4 | 79.6 | 82.0 | 83.9 7
/ o | 4.4 19.4134.2 | 64.5, 73,1 78,0 81.2 ' 83.5 85.4 | 86.8 6
7 T |181777732.3/65.8 | 75.0! 79.9 831 85.4 | 87.1 | 88.4 ]39.5 S
. 6.7 |29.5 | 67.7!77.4 82.3 85.4 87.5/89.1 90.3!91.392.1 4
25,0 170.5 | 80.685.4 | 88.2. 90.1:.91.5! 92.5|93.3 | 94,0 | 94.5 3
14.6 [75.0 |85.3 | 89.5(91.8 | 93.3! 94.3 95.1 6.1 96,5 |96.8 | 2
“L85.4 193.3 [95.6 | 96.7197.5. | 97.9] 98,2 2,98,9/98.9
2. 1 4 6 8 [ 10 12 14 ] 16 | 18 2 24 ,
NUMBER OF TRAVERSE POINTS ON A DIAMETER
f,g?‘“ Sﬁi TO POINT pUCt DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE * (A)
1 T 88.74" OLS 1.0 1.5 2.‘0 2.
2 86.04" 30 ‘ ——
3 83.25"
4 80.19" 40 R -
5 | 76.86" | S 6,3#
6 73.08"
7 68.76" 30 t B = 2.46
8 63.36" A
9 55.62" —
10 | 34.38" 20 | ‘ =
11 26.64" * From Point of Any '
12 21.,24" Type of Disturbance Jﬂ
13 16,92" 10 (Bend, Expansion,
14 13.14" Contraction, etc.)
15 9.81"
16 6.75" 0 ; o . . .
‘ 3.96" 2 3 4 5 6 7 8 9 10
. "
' 1.26 DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE * (B)
DUCT DIA, 9o , AREA 44.18 sq. ft,
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STACK TEST - .

Particulate Sourceg:

#51 4 Baghouse.'

Run #2

L_Run fl s

5-17-%3

Date

Run #3

Date: & -/9-83 _

Filter

o;oo;’sg

Dete: 5°/8-83

0.0939_=j 0 OOJGQ

Acetone
Rinse

0.00554 0. 0007
v ")

: ———r—preree
v : J

Gross
Welght

0. 0.1555\5

0.0094 4

0,0178 g E O.,00112; -
J g J
Particulate Source:
Run #1 Run #2_ Rﬁﬂ_#i .

Data:

Dates Date:

Filter

Acetone
Rinse

Cross
Welight
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UNITED STATES STELL CORPOLATFON PLANT LG TREER THC
ENCINEERIRG-STERL CARY WORID

As

Bws

Pbar

Ps

Tm
Ts
Tstd

Vi

Vmstd
Vwstd

Vs

A

Md.

Qs
AP

PMR
Cp

or

UsiPA RM 5 NOMENCLATURE

CROSS-SECTION AREA OF NOZZEL (FT.2)

CROSS-SECTTON AREA OF STACK (FT.%)

PERCENT WATER VAPOR IN GAS STEAM (BY VOLIME)

PERCENT OF ISOKINET1C SAMPLING

BAROMETRIC PRESSURE AT SAMPLING SITE (INCHES OF Hg)

ABSOLUTF. STACK CAS PRESSURE (INCHES OF lig)

STANDARD ABSOLULE PRESSURE (29.92 INCHES Hg)

IDEAL CAS CONSTANT (21.85 INCHES Hg - FT.3/°R - LB MULL)

AVERAGL ABRSOLUTE LGM TEMPERATURE (°R)

AVERACGE ALSOLUTE STACK CAS TEMPERATURE (“R)

STANDARD ABSOILUTE TEMPERATURE (530°R)

VOLUME OF L1QUID COLLECIED TN TMPINGER TRAIN (wl)

VOLUME OF CAS SAMPLED AT METER CONDITIONS (Ft.3)

Vm CORRECTED TO STANDARD CONDITIONS (1-‘1:.3 )

VOLUME OF WATFR VAPOR IN GAS SAMPLE AT STANDARD CONDI1IONS (1t. )
STACK GAS VELOCLITY (Ft./SEC)

DGM CALIBRAT TON FACIOR

AVERAGE PRESSURE DIFFRRENIIJAL ACROSS ORIFLCE METER ((nches of 1,0
MOLECULAR WELGHT OF STACK GAS, DRY BASIS (Lb./Lb. Mole)

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

DRY VOLUMETRIC STACK CAS FIL.OW RATE AT STANDARD CONDIVION (dsct/Miyv

STACK GAS VELOCTITY UEAD (1nches of UH0)
TOTAL SAMPLING TLHE (Minutes)
MASS EMISSTON RATE (Lb./Hr.)
PITOI TUBE COFFEICIENT (0.84)

= OF ¢ 460

c
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UNITED STATES STEEL CORPORATION
ENGINEERING-STEEL

PLANT ENGINEERING
GARY WORKS
USEPA RM 5 FORMULAE

CALCULATE REQUIRED NOZZEL DIAMETER (INCHES)

- COZSE COm P N “T- Mo
La (ﬂ‘-_m L (\'Bwb\) J Yo (A.P)
CALCULATE K FACTOR
K= 847 DI ade <& (I-B,) Md = &
My T, Fm
CALCULATE AH -
Ad= K (A7)

CALCULATE ISOKINETIC SAMPLING RATE

T- T (Lue7) [(o0026T) Vo + —*‘4:'"1" C@* * 74!"")]
o S Ve B’ A,

CALCULATE MOLECULAR WEIGHT OF GAS (DRY BASIS)

Md= (% C0)+ (.32x%02)+f(.28x(%CO-/-%DJJ

CALCULATE MOLECULAR WEIGHT OF GAS (WET BASIS)

Ms= MJ (l-BusB"‘ tBCBuﬁ)

CALCULATE STACK GAS VELOCITY (Ft./Sec)

Ve= 8547 <o (VAP e /',;-f—ﬂ-,l_:

APPENDIX E




UNITED STATES STEET, CONPORAT ITON - - PTANT ERCINEERINCG
ENGINEFRING-STREL CARY WORKS
UstPA KM 5 Fornuulawe

CALCULATE VOLUME OF WATER VAPOR [N CAS SAMPLED AT STANDARD CONDITIONS (Cu. Ft.)
Voo, = & O™ Vi

CALCULATE VOLUME OF GAS SAMPLED AT STANDARD CONDITIONS (SCF)

AH
Visrd = (1764 (V) ( ""-=-“f__..3__g-_.> Y

~m

CALCULATE PERCENT WATER VAPOR 1IN CAS STREAM (By Volume)

—r, —————— et « mrie wm 1 i —— ———

VmsTD -+ \/w‘.T‘D

CALCULATE VOLUMETRIC FLOW RATE (decf/Mla.)

o it (52) )

H‘Bu‘, - \/ WD

299
CALCULATE PARTICULATE CONCENTRATION (gr./dsci)

C \S-‘-l'% ) & Ara.ms o£' ’l'aArT\cula.'fo c.alléc..ré‘J
K v
msro

CALCULATE MASS EMISS1ON RATE (Lb./lir.)

MR s Gy (BB« 10'3)

CALCULATE ToudD: ¢ VARTICULATE tEK "TON OF <£okE "POSHED

bl eclde s b5 (324 mivm [Hect)
T of Cebe Tche 295, 2 T cobe pushed [dest

A’pp@mﬁi( =
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ACUREX
Corporation

Energy & Environmental Division

May 2, 1983

Mr. Edward Wojciechowski (5AC-26)
U.S. ENVIRONMENTAL PROTECTION AGENCY
Air Compliance Branch, Region V

230 S. Dearborn St.

Chicago, IL 60604

Subject: Baghouse Testing at U.S. Steel Corporation
No. 5/7 Coke Battery Pushing Emission Control Stack

Dear Mr. Wojciechowski:

As you requested, I reviewed the traverse data supplied to
me by Mr. William Kubick of U.S. Steel Corporation, Gary-
Works, Gary, Indiana. The No. 5/7 Coke Battery Pushing
Emission Control Baghouse Stack AP data appears to be quite
uniform. g
It is my opinion that the reduction of sampling points from
44 to 36 would not compromise the sample. Testing 44 and
36 points should yield an approximate sample volume of 35
and 29 cubic feet, respectively; a reduction of six cubic
feet, even at a low grain loading, should not create a
significant change. . However, a 32 point traverse might
reduce the sample volume to guestionable levels.

If you have any questions, please feel free to contact me.

Chicago Office

JVM:cfb

7767 WEST 96TH PLACE, HICKORY HILLS, IL 60457 PHONE (312) 430-4545

CORPORATE HEADQUARTERS
485 CLYDE AVENUE, MOUNTAIN VIEW, CA 94042 PHONE(415) 964-3200 TELEX: 34-6391 TWX: 910-3796593
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