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1.0 INTRODUCTION

The Bethlehem Steel Corporation (BCS) operates a coal crusher and a coke
screening facility at the -.coke works of its Bethlehem, Pennsylvania facility. The
_Pennsylvania ‘Department of Environmental Resources (PADER) conducted a -
particulate emissions test of the Rotoclone in May 1991, whi_ch; indicated emission in

excess of the allowable rate of 0.04 grains per dry standard cubic foot (dscf). BCM

_was retained by the Bethlehem Steel Corporation to conduct a particulate emission
re-test of the Rotoclone and particulate emission testing of the 3-_'Ea'st Coke Screening
Station. | '

The actual particulate emission concentrations determined fro’m- each test run for
each source are shown in Table 2. : '




20 SCOPE AND OBJECTIVES

Thc‘.scop‘ei of the project was outlined in BCM ProposallNoj,;:;l()‘-8460-OOR dated
-November 22, 1991, The objectives of the sampling program were to determine the
- following parameters: . ' o

- -Gas flow - acfm and scfm

Gas temperature - °F

‘Moisture - percent by volume | o
Gas apalysis - percent by volume - CO,, O, N, (by difference)
Particulate emissions - grains/dscf and Ib/hr |




3.0 PROCEDURES

31 FIELD WORK

Field testing was conducted on December 2 through December 6, 1991.  the
‘sampling team consisted of the following BCM personnel:

Nick Chamo - - Technician IV
Andrew Lavin Engineer
Brendon McGillicuddy Technician I

Larry Krieger of Bethlehem Steel acted as liaison between BCM and Bethlehem
Steel and ensured process operating conditions were suitable for testing,

Emission testing was conducted according to procedures as outlined in U.S.
Environmental Protection Agency (EPA) Reference Methods 1 through 5 found in
the Federal Register, Volume 42, Number-160. The testing procedures also met the
PADER requirements as outlined in the Agency's Bureau of Air Quality Control. -
"Sou:cé Testing Manual." Descriptions of these methodologies can be found in
Appendix A of this report. | | o

32 ANALYTICAL METHODS
All sample generated during the sampling program were analyicd‘ by Air Quality
Services, Inc. of Pittsburgh, Pennsylvania.  An outline of the analytical

methodologies is contained in Appendix B. Laboratory data are also presented in
Appendix B. |

33 CALCULATIONS

A personal computer, programmed to accept input in accordance with EPA
calculation procedures, was used to perform all calculations. The reduced data
appear on the computer input and output sheets which are presented in
- Appendix B. Appendix B also lists the equations used to determine the test results.




34 EQUIPMENT CALIBRATION

In accordance with accepted procedures published by the EPA, all gas velocity
measuring equipment, gas volume metering equipment, and temperature measuring .
equipment had been calibrated within 60 days of the test program. Appendix C

~ contains calibration data. - " _ '




' 4.0 TEST RESULTS

41  GASFLOW RATEDATA

Al ‘gas-vﬂow' rate data obtained during the particulate test runs can be found in
~ Table 1. ‘ : ‘

PARITICULALE V2O 2l ==

42 PAR’I'ICUI.ATE EMISSION RESULTS

~ Particulate emission results of the three test runs are contained in Table 2 The
allowable particulate emission rate for each source is also contained in Table 2.




TABLE1

 GASFLOW RATE DATA

-'Stack Gas Moisture

| Gas Gas

Run Temperature  Content Velocity  Flow Rate
Process - No. F) (%) (ft/min) (dscfm)

" Coal Crusher 1 55.9 1.50 4,640 43,800
o 2 583 1.52 4,720 43,800 -

3 549 113 4,780 . 45,200

Avg. 56.4 138 4710 44300

Coke Screening 1 511 120 3530 33,900

| 2 50.4 0.510 3,320 - 36,500

3 54.6 1.31 3,460 34,200

Avg. 520 - 101 13,440 34,900




TABLE 2

BARTICUI_ATB EMISSION RESULTS

Coal Crusher East Coke Screenjng‘ \

: Run Allowable. Actual ~ Allowable _. Acmal.

- No. (gr/dscf)  (gr/dscf) (Ib/hr)  (gr/dscf) (gr/dscf) (Ib/hr)
- 1 004 00266 100 002 00125 364
\ 2 004 00256 960 0062 00066 187
‘? - 3 0.04 00275 107 0.02. 0.0226 = 6.61
| Avg. --- 00266 10. .. 00130 404




5.0 DISCUSSION OF RESULTS

5.1 EAST COKE SCREENING STATION

: Test results for the East Coke Screening Station Run No.3 show that the actual |

- " particulate emissions exceeded the allowable emission standard by 13 percent.  An

* analysis of the particulate distribution for Run No. 3 (see Table B-3 in the appendix)
reveals an uncharacteristically high front half catch. However, there is no reason to
doubt the laboratory analysis at this time. - |

The first two rumns. resﬁlted in concentrations well below ?the maximuim- qnowable_ | _
concentration of 0.02 gr/dscf. The average concentration for all thre¢ runs was only
~.0.0139 gr/dscf, well below the permissible level. | : '

5.2 COAL CRUSHER ROTOCLONE

" AL of the test runs at the Coal Crusher Rotoclone resulted in particulate
‘¢oncentrations below the allowable standard for this source, 0.04 gr/dscf. '
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APPENDIX A

FIELD SAMPLING PROGRAM

1.0 - SAMPLING PROCEDURES
1.1 Test 3 Travers n

The 1nternal'd1ameter‘of_the scrubber outlet stack was 60 inches. Two
 test ports were located in the same Cross sectional plan 90 degree
apart. The nearest downstream flow disturbance was3located_44 feet, or
8.8 duct diameters, from the testing ports. The nearest upstream flow
disturbance was the stack outlet and it was located 10 feet, or 2 duct
diameters, from the testing ports. A total of 12 traverse points (6 per
port) were -utilized for the. testing program. . _

1.2 Flow_and Temper ermin n

The gas flow rate and temperature profiles were measured by conducting a
simultaneous velocity and temperature traverse. Gas velocity heads were.
measured with a "S"-type pitot tube, which was connected to an inclined

‘manometer. A Chromel-Alumel thermocouple connected to a potentiometer
was used to determine the gas temperature. ‘

1.3 Moisture Content

Moisture sampling was conducted employing- the principles presented in EPA
Method 4 and “concurrently with particulate sampling. The parameters
evaluated to determine the gas stream's moisture content were: sample -
gas voJume}‘sample gas temperature, sample gas pressure, impinger mois-
ture gain, and silica gel moisture gain. Some minor modifications were
made to the Method 4 train to allow for concurrent sampling of particu-
late and moisture content. These modifications did not deviate from
sampling principles. : ‘ '

Modifications, such as the substitution of a glass fiber filter for Pyrex
wool as a filtering medium and the substitution of a calibrated orifice
for a rotameter as a flow metering device, were incorporated.’




‘:Thé'saMpltng-proceduréS'and-sampling equipment usedjﬁérerthose outlined
in. Method -5 .of the Federal Register, Volume 42, No. 160, ~August. 18,
_}Q7Z§,;Th15 mgthodo}ogy also complied with PADER test1n9=regu]ations.

The size of the nozzle required to maintain 1sokinetiC-samp11ng was cal-
culated from the results of a previously completed_velocity and tempera-
fure - traverse. The sampling train used a glass-11nedf;sta1nless: steel
probe, heated to 250°F by an internal heating element. A nozzle of the
ca1culated“size was attached fo the end of the probe, -which was inserted
into the stack. A ngv_ type pitot tube and a Chrome1+A1umeI thermocouple
were clamped to the probe and were used to monitor the velocity head and
\temperature”atithe traverse points during the sampling- period. Sampled
gas :passed through the nozzle and the probe to a glass fiber filter for
the‘rem0va1~bf the suspended particulates. The filter was housed in a
heated chamber with the temperature maintained at 248°F +25°F. From' the.
filter, the stack gas passed to the impinger train. The first two

impingers each contained 150 milliliters (ml) of delonized (DI): water.
The‘th1rd‘imptnger contained no reagents and_waS‘a-knockout impinger.
The fourth 1mp1ngersponta1ned approximately‘zoo grams of coarse silica
‘gel,_which_c011ected any moisture .and/or Vvapors that had not been cap-
tured in the preceding impingers. _ I _ ‘ '

The second impinger .was 2 500-mi Greenburg-Smith = impinger, while the
. first,  third, and fourth - impingers were 500-ml - impingers ‘of the

_Greenburg-Smith design, modified by replacing the tip with a 1/2-inch
- ‘inside diameter (ID) glass tube. The impinger train was immersed in an.
ice bath for the entire test period so that the exiting gas temperature
would not exceed 68°F. : ' '

From the impinger train, the gas was conducted through an umb1ltca1;cord
to. the control console (an Andersen Universal Stack Sampler), which con--
tatned the following pieces of equipment (1isted in the order in which
sampled gas pass through them): a main valve, a bypass valve for flow
‘adjustment,’ an airtight vacuum pump, a dry gas meter, and a calibrated

orifice. The orifice was equipped with pressure taps which were

‘connected across the inclined manometer' used to ensure that  1sokinetic
‘conditions were maintained. A schematic diagram of the sampling train
- appears at the end of this appendix. ‘ :




The sampling: train was checked for ‘leaks before and ‘after each sample
run. The inlet of the nozzle was plugged and ‘the pump vacuum was held at
the highest Vacuum_attained during that period of testing. In all cases -
‘the ]eakage‘rate'was'minimal and did not exceed thg&maxjmum allowable .

leakage rate of 0.02 cubic feed per minute (cfm). ‘ -

‘Uponfcompletjon of a test, the soiled glass fiber filter was removed from '

its filter holder and placed in a petri dish, which was subsequently
sealed. The probe and nozzle were washed 1nterna11y;,f1r$t‘w1th DI water
‘and then with acetone. The .particulate matter'remaining;1n=the probe was
removed with a nylon brush attached to a.polyethylenem1ﬁne,-'The front
" half of the glass filter holder was also rinsed with distilled water and
~acetone. The washings obtained were added to those collected from the
 nozzle and’ the probe. ~ All distilled water and acetone washings were
stored in separate sealed polyethylene sample bottles. '

The silica gel .used in_the fourth impinger was removed, placed in its
sample bottle, and a £inal weight was obtained. 'The “contents "of the
first, second, and third {mpingers were combined, measured volumetri-
cally, and placed in sealed sample bottles. The imptngers:wereﬂfinally
rinsed with acetone and. the washings placed in separate bottles. -

All fest pfogram saﬁpTes. as well as blanks of'thé‘distilled.watEr and
acetone used during the testing, were submitted to Alr Quality Services
Inn, for_ana1ys1s. . 3

An Orsat gas analyzer was used to determine. the molecular weight of -the
exhaust gas at the scrubber outlet. The following parameters were
measured. in order to{ca]culate-molecular weight: 'volume percent ‘carbon
dioxide (CO) and ‘volume percent oxygen (02). Volume percent nitro-
gen (N2) was determined by difference. : :

2.0 EIELD DATA SHEETS.

The flue gas velocity head, flue gas temperature, tnlet and outlet .dry
gas meter temperatures, orifice _pressure differential, sample volume,
sampling time, pump vacuum, filter temperature, and the . impinger train
outlet gas temperature were. recorded during the sampling program. ‘The
field data sheets generated during the program follow. oo
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Betz - Converse - Murdoch « Inc (j

| . 'NOMOGRAPH DATA
PLANT ?7&’(“[& (C(I\-WV‘ IQTC C'/( ‘
;nm‘f:_ - 2791 |

SAMPLING LOCATION LOM_ cﬂ_uéﬂc’(

3 CALIBRATED PRESSURE DlFFEREHTIAL ACROSS
] ORIFICE m HZG _ L b AHg .50

 AVERAGE NETER TENPERATURE (AMBIF.NT+20°F),°F Tmavg, 80

| PERCENT HOISTURE IN GAS STREAM BY VOLUME | B 27%

| BAROMETRIC PRESSURE AT METER,in. g | Pn | 20.0 2

| STATIC PRESSURE IN STACK, in. Hg
; (Pm+0 073 x STACK GAUGE PRESSURE in in. H0) : p

RATIO OF STATic PRESSURE TO METER PRESSURE * $ /Py

AVERAGE STACK TEMPERATURE, °F

;\VERAGE VELOCITY HEAD, in. H0 | APay. | ‘ rc% L(

| WAXIMUM VELOCITY HEAD, in. Hy0

¢ FACTOR | \ (.O

| CALCULATED NOZZLE DIAMETER, in 1 70

ACTUAL NOZZLE DIAETER, in. - (190

REFERENCE Ap, in. Hy0 _ l ) 5




Ben-Converse - Murdoch * \nc ( 3N J

; ~——-
VELOCITY DETERMINATIONS

Clien—t:.:. P)e'{"lf\ [e (/Le (M g lge ( : Sampb Por£ Location:

Locanon COM, FUSHL(' e c
; v O~

Date: ___ VZ 2‘0\,\ ——— | .
. _‘_(’ :

Stack Prgssure —

Barbfﬁetric Pressure: 20-072 - :

‘Pi.tc.b't Factor: ! 3('( |

Enéiﬁeer: . | M/ —

T

' P:.tot/'remperature Read:.ngs

. Point pistance Pm:t ‘A | port B | Porr.C, 1 port__ | Fort

No. J(Inc‘hes) |

|

P T AP T | AP | T |aP T |&P

>

-"57-3 1.5 é{o.‘{-il;?p' @0,2_

7
Z.-_{,a,z.' (& e 2l G il

™
‘NM

700 111 o201 16oS

ol "25 =98 |22 |¢0.611.2

7 'I?C’ '

3 tw| 1, 388

"l s 600‘2-‘- "
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- AVG.
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METHOD 2. .
GAS VELOCITY CALCULATIONS

- - STACK
P1ant - Pﬂ*(k&__&vww Crw{
Date .

'TestNo.'__- . i _ S | |
Area of stack (ftz) R s L 9. 33 Q[.‘.'-7--"'
note ‘A = w2 when r is in feel orA=x (TZ') when r is in inches. |

| Pitot tube eoeff1c1ent., type S o= cp -‘.___ 31“
Absolute tunperature (average) of stack (°F + 460) - 1’ : _@9 L2 3
Average of square root of velocity head (1n HZO) | NI (-3 1S o |
Absolute pressure of stack gas infg 3o. o:z. | = P = 99 ~CC§ -

note P - Berometrie pressure (in. Hg) = [gauge pressure (1n Hzo)na 6l
- Bys * — z,‘?

Hater vapor 4n gas stream. proportion by volume -

Mo\ecular weiuht of stack gas (1bs/1b mle)
1- B ) + 18 B

Mgt - X S{'

ote % = % 0

N, = stack gas velocity (f. p s. )

s [ |
v =85.49 xC /8p)av | Y
e T E L

v, = 85.49 X -xJ ——x At
, o - 1 o Sec

= volumetric flow rate (dscflhr)

iqd
. ‘Qs_d-3600x(1-8 ) ¥, xAx(—T—)x(m{)
ggq = 3600 % 01 - _) o x o (528 & (ﬂ) -
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APPENDIX B

LABORATORY ANALYSIS AND DATA REDUCTION -

-



'APPENDIXB

' LABORATORY ANALYSIS AND DATA REDUCTION

. 1, 0 ANALYTICAL METHODS

c {':All samples generated during the test program were analyzed by Air Quality -

- ‘Services Inc., located in Pittsburgh, Pennsylvama The following dlscussmns
describe the analytical methods employed.

11 Partlculate Sa.mples

Prior to the1r use in. the field, all glass fiber filters used in the sa.mplmg program had .

‘been tare-weighed following heating to 900°F and a 24-hour desiccation period: -

“Upon their return to the laboratory, the filters were desmcated and rewelghed. The -
) ‘welght dlf.ference was the amount of sample collected :

‘Nozzle, probe, and- filter holder distilled water and acetone washmgs were .

evaporated to dryness in separate tared ‘beakers. The residue was desiccated, and
" the beakers were reweighed to a constant weight. The we1ght difference was the

- -amount -of particulate matter collected at those locations in the sampling train.

‘Impinger solutions, as well as front-half water washes prior to evaporation, were

.ﬁltered through a 0. 22-micron filter to determine the insoluble back-half pa:rtlculate _ |

"The unpmger solution filtrate and the acetone wash of the n:npmgers were dried
separately to determine the soluble back-half particulate catch. In accordance with
PADER test requirements, this portion of the particulate catch is reported but not
included in the pamculate loading calculations. ‘

Acetone and distilled water blanks were evaporated to dryness in tared beakers: and
were desiccated and reweighed. Any residue that remamed was a contaminant in
the reagent and was considered a blank weight used as a correction factor in
subsequent calculations. The laboratory results of the partlmlate sampling program
are hsted in Tables B-1, B-2, B-3, and B-4.



2.0 EQUATIONS‘ FOR THE CALCULATIONS OF TEST RESULTS
- The equations following Tables B-1, B-2, B-3, and B4 were. programmed 'int_‘_oh a
personal computer to facilitate the calculation of the test program results.: The

 equations were prescribed in EPA Methods 2, 3,4, and 5 of 40 CFR 60, Appendix 1,

_ Reference Test Methods, and were used to calculate the results of particulate, flow
. temperature, and static pressure testing.. ' - s :

30 PARTICULATE TESTRESULTS

~The complete results of the computer analyses of the datfa_-géhg:rated fro"n.x' the
particulate test program are’ presented on the. computer. printout following the
' equations. | - \ o S




TABLE B-1

COAL CRUSHER ROTOCLONE
FRONT HALF AND INSOLUBLE BACK HALF
PARTICULATE LABORATORY RESULTS (mg)*

1 Results were blank corrected.

- o _ Water Total _
- Run Acetone  Insoluble Soluble Insoluble Calculated
" No. Filter Wash  Water Wash Water Wash Back Half Particulate
1 757 242 242 6.50 11.20 132.
2 455 12.9 9.60 43.7 1.10 113.
3 48.7 26.4 18.6 28.2 0.900 123
1 Resﬁlts were blank corrected.
TABLE B2
COAL CRUSHER ROTOCLONE
SOLUBLE BACK-HALF PARTICULATE (mg)!
‘Run | -
No. ' Water Wash Acetone Wash Total
1 18.1 . 1.10 19.2
24.6 - 3.70 283
3 253 4.40 29.7




TABLE B-3

EAST COKE SCREENING STATION.
FRONT HALF AND INSOLUBLE BACK-HALF
PARTICULATE LABORATORY RESULTS (mg)!

- "Water Total
Run Acetone Insoluble Soluble . Imsoluble Calculated
~ No. Filter Wash Water Wash ~ Water Wash ~ Back Half Particulate -

1 6.6 - 900 3.90 23.3 - 1.00 43.8

2 78 65,1052 1.10 25.9
3 78 256 428 14.8 0500 915

. 1 Results were blank corrected.
2 Inadvertently two acetone washes were performed and no water wash.

TABLE B-4

EAST COKE SCREENING STATION
SOLUBLE BACK-HALF PARTICULATE (mg)*

"Run _ |
No. Water Wash Acetone Wash Total -
1 2.90 - 1.70 4.60
8.90 520 ' 14.1
3 : 1.30 4.90 6.20

1 Results were bl'an_k corrected.
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(BASED ON STANDARD CONDITIONS OF 68°F AND 29.92"Hg)

2. Vm(std)
3. ‘Bwo

4. Md.

5. MS

6. EA

7. VB

8. Q‘l

9. Qg(gta)
10. C'g

11. C'y,
12. C',

13. C'a
14. E

15. An

16'. I

toNE FOR PARTICULASE, MOISTUBE, AND F

il

0

1

i

[}

0-0471 v W \'\!Lx\as \r-”}xer .
& " . -
N Ebar + 07355 AH o {f,/ ‘/:;’ 1
17.64 Vp T+ 460 v parip
v X
w(std)

Vm(std) + VW(std)

0.44(%C02) + 0.28(%CO) + 0.32(%02) + 0.28(%N2)

Md (l-""' BWO) + 18 BWO

(80,) - 0.5(3C0)
0-264(3R,) - (805) + 0.5(3CO)

T % 460
sﬂ
(85.49) (60) (C,) VAP V (Pg) (M)

(Vg) (A)

P
Q (1 - Byg) 17.64 T 780"

W

0.0154
m(std)

Wy

0.0154 —
Vn(std) T Vw(std)

1
12 C s
$CO,

(T, + 460) (29.92)
Wy (528) (Pg)

0.00857 Q_ grq) C's

(T (p,) 2
(124) (4)

(60)(1.667)(Ts + 460)(0.002673V“

100

7.64)

T e} (V) (Pg) (Ay)

c +-vm(std)/l

(’



LEGEND -

a.
I

EA =

AH =

Dry sample volume (standard conditions), ft~

Area of nozzle, ft2

‘Area of stack, in2

Moisture corntent of gas stream, dimensionless
Pitot correctlon factor, dlmen51onless
Partlculate concentration (stack conditions), gr/ft

particulate concentration at.12% CO, (dry), gr/dsct

- particulate concentration (dry), gr/dscf

pParticulate concentration (wet), gr/scf
Diameter of nozzle;.in.

Particulate emission rate, 1b/hr

Excess alr, percent

Oorifice pressure drop, ih. H20

Isokinetic rétio, percént

Dry molecular weight of stack gas, lb/lb-mole
Molecular weight of stack‘gas,‘lb/lb—mole |
Barometric pressure, in. Hg

Stack pressure (absoiute), in. Hg

Average of square roots~of-pitot‘pressure differential,
in. HpO :

Stack gas flow, acfm-

Stack gas fléw, scfm

. Average dry gas meter temperarure, Cp

Average stack temperature, °F

Dry sample volume (meter conditions), ft3

3



v, = = stack velocity, ft/min

= Volume of liquid collected in impingers and silica

'gel, ml
= . . lac 3
Vw(std) Volupe Qf ligquid collected, ft
Wt = Total weight of particulates collected, mg

e = Duration of test, min.
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Particutate Run 1
Results Summary
BCM Project # 00-4021-35
Plant BETHLEHEM STEEL
Date 12/2/91
" Location Coal Crusher Rotoclone
Run Numbecr Particulate Run 1
Operator NC o
- Barometric ORSAT: Duct Diameter inches
Pressure: 30.02 " Hg ' ‘ : Duct Width 32 inches
Static _ Duct Length : 42 inches
Pressure: 1 "HO coz = o % Duct Area 933 sqft.
Stack o X
Pressure: 3009 “Hg o02= 2 %o ‘ - Pitot Factor 0.840-
Meter Box Factor 1.003 .
. = 0 % -

Water Pickup - o Nozzle In. Diam. 0.190 inches
silica gek: 208 grams N= ™ % _ Nozzle Area 197E-04 sq.ft.
impinger: 5 ml Isokinetic Ratio 105.9

Start Time : 08:34

Duration 7800 Min

Average Stack Temp 559 degF

-Average Gas Meter Temp 692 degF

Avg Square Root of Pitot Press ' 1.392 inches water

.Qrifice Pressure Drop 2775 inches water

Meter Dry Sample Volume 75588 DACF

Dry Sample Volume, Corrected, Std Conditions 76371 DSCF

D1y Molecular Weight of Stack Gas 2884 Ib/lb-mole

Molecular Weight of Stack Gas 28.677 Ibflo-mole

Stack Gas Velocity 4,635.6 ft/min

Stack Gas Flow Rate 432660 ACFM

Siack Gas Flow Rate, dry, Std. Conditions 438543 DSCFM

Stack Gas Fiow Rate, Std. Conditions 44520 SCFM

Volume of Moisture Collected 1216 SCF

Moisture Content Calculated: 157 % 1.50 %

Saturated: 150 %
Mass of Particulate Collected 13180 mg
Concentration of Particulate; standard conditions \ 0.0266 grfdsct

Mass Emission Rate of Particulate 10.010 ib/hr
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Particulate Run 2
Results Summary
BCM Project # 00-4021-35
Plant ' BETHLEHEM STEEL
Date ‘ 12/3/91
Location ‘ ‘Coal Crusher Rotoclone
Run Number Particulate Run 2
Operator NC
Barometric ORSAT: Duct Diameter inches
Pressure: 2954 " Hg . Duct Width 32. inches
Static . ‘ . Duet Length 42 inches
Pressure: 1 *HO co2 = 0 % Duct Area 933 sq.ft.
Stack ' _ '
Pressure: 2961 "Hg 02 = 20.8 To Pitot Factor 0840
: ‘ Meter Box Factor 1.003
co= 0 % :

Water Pickup ‘ Nozzle In. Diam. 0.190 inches
silica gek: - 143 grams T Na= 79:2 % Nozzle Area: 197E-04 sqft
impinger: g ml Isokinetic Ratio 1024

Start Time 13:29

Duration 72,00 Min

" . Average Stack Temp 583 degF

Average Gas Meter Temp 713 degF

- Avg Square Root of Pitot Press 1404 inches water

Qrifice Pressure Drop 2342 inches watcr

Meter Dry Sample Volume 68.706 DACF

Dry Sample Volume, Corrected, Std Conditions 68.069 DSCF

Dy Molecular Weight of Stack Gas : 28.832 Tbfib-molc

Molecular Weight of Stack Gas 28.667 1b/Tb-mole

Stack Gas Velocity. . 4,7255 ft/min

Stack Gas Flow Rate 44,104.7 ACFM

Stack Gas Flow Rate, dry, Std. Conditions. 43,7805 DSCFM

Stack Gas Flow Rate, Std. Conditions 444564 SCFM

Volume of Moisture Collected ) 1051 SCF

Moisture Content Calculated: 152 Do 152 %

Saturated: 1.66 %
Mass of Particulate Collected 11280 mg
Concentration of Particulate; standard conditions 0.0256 gr/dscf

Mass Emission Rate of Particulate 9597 Ib/hr



CCR3XLS

Dry Molecular Weight of Stack Gas
Molecular Weight of Stack Gas

. Stack Gas Velocity
Stack Gas Flow Rate
Stack Gas Flow Rate, dry, Std. Conditions
Stack Gas Flow Rate, Std. Conditions

Volume of Moisture Collected

Moisture Content Calculated: 113
Saturated: 146

Mass of Particulate Collected

Conceatration of Particujate; standard conditions
Mass Emission Rate of Particulate.

qR

28836 Ib/-mole
28713 Ib/lo-male

4,780.1 ft/min
44,6146 ACFM
452180 DSCFM
45,7353 SCFM

0.787 SCF
113 %

12280 mg
0.0275 grfdscf
10.672 Ib/hr

Particulate Run 3
Results Summary :
BCM Project # 004021-35
Plant BETHLEHEM STEEL
Date 12/4/91
Location Coal Crusher Rotoclone
Run Number Particulate Run 3
Operator NC ‘
Barometric ORSAT: Duct Diameter inches
Prassure: 2985 "Hg Duct Width 32 inches
Static ] Duct Length 42 inches
Pressure: 1 *HO co2 = 0 % Duct Area '9.33 sq.ft.
Stack : ) .
Pressure: 2992 *Hg o2 = 209 % Pitot Factor 0.840
. Meter Box Factor 0.981
co = 0 Yo '

Water Pickup Nozzie In. Diam. © 0.190 inches
silica gek 16.7 grams N2=" M1 % Nozzle Area 197E-04 sq.ft.
impinger: 0 ml ) Isokinetic Ratio 1002

Start Time 08:12

Duration 72.00 Min.

- Awverage Stack Temp 549 degF
" Average Gas Meter Temp 75.6 degF

Avg Square Root of Pitot Press 1433 inches water

Orifice Pressure Drop 2950 inches water

Meter Dry Sample Volume 70843 DACF

‘Dry Sample Volume, Corrected, Std Conditions 68.825 DSCF
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Particulate Run 1

Dry Molecular Weight of Stack Gas.
Molecular Weight of Stack Gas

Stack Gas Velocity

Stack Gas Flow Rate

Stack Gas Flow Rate, dry, Std. Conditions
Stack Gas Flow Rate, Std. Conditions

Volume of Moisture Collected

Moisture Content Calculat_ed: 1.20
Saturated: 128

Mass of Particulate Collected

Concentration of Particulate; standard conditions
Mass Emission Rate of Particulate

|

2884 Ibflb-mole
28.710 Ib/ib-mole

35332 ft/min
33589.9 ACFM
338885 DSCFM
343008 SCFM

0.655 SCF
120 %

4380 mg
0.0125 grfdscf
3645 Ib/hr

: Results Summary
BCM Project # 004021-35
Plant BETHLEHEM STEEL
Date 12/4/91
Location Coke Screening East
Run Number Particulate Run 1
Operator NC
Barometric ORSAT: Duct Diameter 4175 inches
Pressure: 2952 "Hg Duct Width -~ inches
Static ) Duct Length — inches
Pressurc 0.90 * HQ: co2 = 0 % Duct Area 951 sq.ft.
Stack :
Pressure: 2959 "Hg 02 = 21 T Pitot Factor 0.840
. ‘ Meter Box Factor 1.003
co = 0 % :

Water Pickup * Nozzle In. Diam. 0.190- inches
silica el 139 grams N2= 7 o : Nozzle Area: - 197E-04 sq.ft.
impinger: | 0 ml Isokinetic Ratio 106.6

Start Time 1333 :

Duration 7200 Min

. Average Stack Temp 511 degF

Average Gas Meter Temp 549 degF

Avg Square Root of Pitot Press 1.057 inches water

Orifice Pressure Drop 1.783 inches water

Meter Dry Sample Volume 52868 DACF

Dry Sample Volume, Corrected, Std Conditions 53864 DSCF
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Particulate Run 2
Results Summary
BCM Project # 00-4021-35
Plant BETHLEHEM STEEL
Date 12/5/91
Location Coke Screening East
Run Number Particulate Run 2
Operator NC
Barometric ORSAT: Duet Diameter 41.75 inches
Pressure: 3058 "Hg Duct Width — inches
Static . Duct Length — inches
Pressure: 090 *HO coz = ] % Duct Area 951 sq.ft.
Stack . ) .
Pressure: 3065 "Hg o2 = 21 Do ‘ Pitot Factox 0.840
Meter Box Factor 1.003
Co = 0 %
Water Pickup _ Nozzle In. Diam. 0.19 inches
silica gel: 96 grams N2= ™ % . Nozzle Area 197B-04 sq.ft.
‘impinger: 3 ml v Isokinetic Ratio 1055
 Start Time 08:18
Duration 84.00 Min -
' Awverage Stack Temp 504 degF
Average Gas Meter Temp : _ 524 degF
Avg Square Root of Pitot Press | - 1.012 inches water
Orifice Pressure Drop 1.617 inches water
Meter Dry Sample Valume 5753 DACF
Dry Sample Volume, Corrected, Std Conditions 60.981 DSCF
Dry Molecular Weight of Stack Gas . 2884 1b/lb-mole
Molecular Weight of Stack Gas 28.785 Ib/lb-mole.
Stack Gas Velocity - ; 33183 ft/min
Stack Gas Flow Rate ] 31,5464 ACFM
 Stack Gas Flow Rate, dry, Std. Conditions 33,2420 DSCFM
Stack Gas Flow Rate, Std. Conditions 334118 SCFM
Volume of Moisture Collected 0311 SCF
Moisture Content Calculated: . 051 % 051 %
Saturated: 120 %o
Mass of Particulate Collected 2590 mg
Concentration of Pagticulate; standard conditions 0.0066  gx/dscf
Mass Emission Rate of Particulate 1868 Ib/hr
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- Particulate Run 3
Results Summary
BCM Project # 00-4021-35 :
Plant BETHLEHEM STEEL
Date 12/5/91 |
Location ‘Coke Screening East
Run Number Particulate Run 3
Operator NC
Barometric ORSAT: Duct Diameter 4175 inches
Pressure: 3056 "Hg Duct Width " — inches
Static _ Duct Length — inches
Pressure: 090 *HO co2 = 0 % Duct Arca 9.51 squt
“Stack. :
Pressure: 30.63 “Hg oz= 21 % Pitot Factor 0.840
‘ Meter Box Factor 1.003
CO = 0 o
Water Pickup _ Nozze In. Diam. 0.190 inches
silica gel: 149 grams N2= ” % _ Nozzie Area 197E:04 sq.ft
impinger: 27 ml - Isokinetic Ratio 1053
Start Time 1134
Duration 8400 Min
.Average Stack Temp 546 degF
Average Gas Meter Temp 602 degF
Avg Square Root of Pitot Press 1.050 inches water
Orifice Pressure Drop 1.758 inches water
Meter Dry Sample Volume 59.838 DACF
Dry Sample Volume, Corrected, Std Conditions 62458 DSCF
- Dry Molecular Weight of Stack Gas 28.84 Tb/Ib-mole
Molecular Weight of Stack Gas 28.698 Ib/Ib-mole
Stack Gas Velocity 34617 ft/min
Stack Gas Flow Rate 329100 ACFM
Stack Gas Fiow Rate, dry, Std. Conditions 34,0983 DSCFM
Stack Gas Flow Rate, Std. Conditions 34,5512 SCFM
Volume of Moisture Collected 0.830 SCF
Moisture Content. Calculated: 131 o 131 %
Saturated: 141 Y%
Mass of Particujate Collected 9150 mg
Concentration of Particulate; standard conditions 00226 gr/dscf
Mass Emission Rate of Particulate 6608 b/hr




APPENDIX C

EQUIPMENT CALIBRATION




1.0 PITOT CALIBRATION

The piﬁot tubes were calibrated by measuring the velocity
head in a duct with both an "S" type pitot and a standard pitot-
with a known coefficient. This was done at several different
velocities. The pit¢t tube coefficient‘can be calculated as

follows:

Co(test) ~ Cp(std)

Where:
Cp (test) = Pitot tube coefficient of "S" type pitot
- Co(stq) = Pitot tube coefficient of standard pitot
APtest = Velocity head measured by "S" type pitot
APstd = Velocity head measured by standard pitot

Coefficients were detefmined for each leg of the "S" type

pitot. No CP may deviate more than *0.01 from the average.cp:

and the difference between the average C

o for each leg must be

£0.01.

2.0 DRY GAS METER AND ORIFICE METER

The dry gas meter and oriﬁic'were calibrated using a wet
test.meter. Gases were moved through. the drngas-meter‘at orifice
pressure differentials (AH's) of 0.5, 1.0, and 2.0 inches of
water. With the information obtained, T, the ratio of accuracy

of wet test meter to dry test meter; and,AH@, the orifice pressure




differential that gives 0.75 cfm of air at 68°F and 29.92 inches

of mercury, were calculated. The a’has‘a tolerance of 1.00 0.01

and the AH'@. has a tolerance of 1.84 +0.26 -0.24. The yand_ AH@

are determined as follows:

VP (tq + 460)

T =

Va{Pb +.07353Q§H)](tw + 460)

: 2
(T, + 460) 9

Ae = P 0?2311.2%%%. v,
b d 2 w
Where: |
A = orifice pressure differential, in H30
P, = Barometric pressure, in Hg |
tg < _Average.ﬁemperature of dry gas meter, Op
t = Average temperature of wet test meter, °F
'8 = Duration of test, min.
Vg ~ Dry gas meter voiume, ££3
v, = Wet test meter volume, ft3

3.0 POTENTIOMETER CALIBRATION

The Thermo - Electron potentiometers were calibrated by using

a known voltage source as an input to the potentiometex.

4.0 PROBE CALIBRATION

The probes were calibrated by measuring the outlet temperatures
at various variable transformer settings while passing air through

at approximately 0.75 cubic feet per minute.
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