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Commonwenlth of Pennwylvania
Environmentrl Resourees
Jonuary 11, 1991

Hubjeets  Source Test Heview

Toe Data Flle
Bethlehern Stael Corpuration
Nethleherm, Northampton Coanty

From: . Richard St Louls, Chlef Qﬂ‘/
Bource Teating Unit
Divislon of Technical Services and Monitoring
Bureau of Alr Quality Control

/
Theoughz  Chief, SBource Testing and Monitoring Section jAﬂM

The Bethlehem Steel Corporation operates a coke oven buttery ot ity Bothlehan plant.
The "A" battery conglity of 80 ovens, ¢ meters high, The eoke is pushed from the ovens
into a conventional moving guench ear. A hood mounted on the door maechine captures
the emissions generated during the pushing process. This e 'fuent pasges through &
venturl gerubber and eyelonie separntor system located ot the west end of the battery.
The etfluent 18 exhausted theougl the Induced draft fan to the staclk.

BCM Engineers, Ine. conducted a partienlate test of the eclke "A" battery scrubber
vutlet staek on August 30, 1990. Cn the day of the test, the average net eoking time was
24 howes and the average tonnage of cole pushed during the test was 23.0 tons per oven.
The test was eonducted in accordance with standard procedures for the faokinetie
collection of n purticulate sample. The teat results arve seceptadble to the Department
and the ealenlations are correet,

The following results were extracted from the test report:

Test Date August 30, 1990
Effluent Molsture Content (pereent) 3.0
Effluent Temperature (dogrees F) 189
Volumetrie Plowrate (DSCEM) , 117,428
Partieuniate Concentration (GR/DECE) 0.0150
Actuul Particulute Bmizaion Hate 0,917
(1b/Te)

Allowable Partlewlate Rmisslon Rute 4662
(ts/ e

Percent lookinetic 1117

ee:  Thomas Dilazare, Bethlehem Distelet Offlce
AP PFlle through Doug Lesher
EPA/RSL
Reading File

Riletaw
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STRUCTURAL PRODUCTS DIVISION o L e, o4 19015

EITHLEREM, PA 18016
Y .

Nosamber 7, 1990.

Mr. Gerald Zvirblis

PA Department of Environmental Resources
Bureau of Alr Quality Control

60 E. Uniom Street

Wilkes-Barta, PA 18703 -

Dear Mr, Zvirblis:

Pursuant to the requirements of DER Regulatioms Chaprer 139, attachad
is a report of the particulate emissions testing conducted on the
Structural Products Division's "A" Coke Oven Battery pushing emission
control system stack for the year 1990. The results show that the

particulave emissions are within the allowable limit as stipulated in
Section 123.13(b) of PA vitle 23.

Very truly yours,

BETHLEHEM STEEL CORPORATION

e
[ 2
T. E. Kreichelt

Superintendent

Envireonment, Safety and Heaith

‘l { f,-l',p e, J«.AU! 'fl

:;l ‘4(1'

Attachment

cc: Mr., T. A. Dilazaro ~ /{)

23010126.AG0 ™




BETHLEHEM _STEEL. CORFORAT ION
STRUCTURAL FRODUCTS DIVIGION

“A" Battery Pushing Emission Control System
Particulate Emissions Evaluation

Puzswant to the reguirement of DER Regulations Chapter 134,
particulate emission tests were conducted en the "A" Coke Oven Battery
pushing emission control system stack on August 30, 1990, Testing and
analyses were performed according to procedures as outlined in TS EPA

Reference Methods 1 through 5 of the Federal Repister, Volume 42, Number
160, ,

Source Deseription

*A" Battery is an 80 oven battery of 6 meter high ovens having double
gas collector mains. Coke is pushed from the ovens into & conventional
moving quench car. The emissians generated during the pushing cperation
are captured by a hood mounted on the door machine., This hood is connected
to & lLand based duct system which conveys the captured gases ané
particulate ko & venturi scrubber and cyclonic separator system at the west
end of the battery. The gases from the system are then exhausted through
the induced draft fans to the stack.

On the day of the test the average net coking time was approximacely
24 hours. The ovens pushed during the testing periods are identified on
Attachment 1. The average tonnage of coke pushed on the battery during the
test was 23%.0 tons per oven.

, Venturi pressure drops during the test were between 33 to 0 inches of
water on the north and south scrubber. During the test, water Zlow rates

averaged 855 GPM to each of the venturis.

Test Procedure

4ll equipment and analytical procedures conformed to EPA Method 5.
Sixteen pushes were sampled during the tests. Sampling commenced at the
movement of the coke mzss and terminated approx. 30 seconds after the
completion of the push. Each push was sampled at a different peint, with 8
points on each diameter, .

Sarpling Results

Test results are summarized in BCM's test report, Attachmen: The

“

total particulate Loading (front half plus back half insolubles; for the

test was calculated aw 0.917 1b./hr. The calculated allowable limit is
4,662 1b./hr.

25010126.AG0




Attachment 1

A" Batnery Scrubb@t_Te$n B/30/90
Ovens Pushead '

Oven Xo. Time

8 9:48:45
16 _ 10:06:35
26 - 10:246:83
46 10:51:50
56 . 11:00:57
66 ’ B S R I S
76 . _ L2953
86 1l:48:12°
2 1l:56:00
18 ‘ 12:06:23
ig ‘ ' 3:30:00
48 3:4%:00
LTI . - : 3:28:50
€8 o : 3060133
78 3:57:18
88 ’ . . 4345
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1.0 EXECUTIVE SUMMARY

\\.f:

el Bethlehem Steel Corporation {Bethlehem Steel) retained BOM Engineers Inc.
{BCM) to conduct a compliance emission determination at fts facility in
: Bathlehem, Pennsylvania. A single test rum was performed at Uhe coke
- battery "A* scrubber outlet stack to deteérmina the compliance status of
the coke battery with respect to Pennsylvania Department of Environmental

Resources (PARDER) particulate emission standards.

~ Results show that the actual. emission rate of 0,917 pounds per hour
(1b/hr) 1s below Lhe allowable emission rate of 4.662 1bjhr. Complete
results of the testing program can be found in Table 1 of Section 5.0

1‘.1
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2.0 SCOPE AND OBJECTIVES

The scope of the project included a sirngle particulate emission test at
the scrubber outlet stack, The objectives of the sampling were to deter-
mine the following parameters:
Gas flow - acfm and dscfm
- Gas temperature - °F
- Gas moisture contant -~ pércent by volume
- Gas velacity « fpm

. Particulate emissions - grains/dscf and 1h/hr
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- 3.0 PROCEDURES

A S

- 3.1 FIELD WORK

Field testing was conducted on August 30, 1990, The sampling team con-
- sisted of the following BCM personnel:

- karl Brenton - Technician 111
"o Edward DIEgidio - Scientist II

Mr, Robert lLeonard of Bethlehem Steel acted as liaison between BCM and
. Bathlehem Steel and ensured process apa rating conditions were suitable
- for testing.
; Emission testing was conducted according to procedures as outiined in
e U.S. Environmental Protection Agency (EPA) Reference Metheds 1 through 9
of the Federal Register, Velume 42, Number 160, Descriptions of these
methodologi@s can be tound in Appendix A of this report.

3.2 AMALYTICAL METHODS

Al All samples genersted during the sampling program were returned to the
Taboratory for analysis. An outline of the analytical methodologies is
. contained in Appendix B. Laboratory data are also presented in Appen-

[ d1x Bn N ‘

3.3 CALCULATIONS

BCM's NP 3000 computer, programmed to accept input data 1n accordance

with EPA calculation procedures, was used to perform most calculations.
-~ The reduced data appear on the computer input sheet, which 1s presented

in Appendix B. Appendix B also cont aing the equations used to dete rmine
. the tast results and the BCM computation sheels which show the allowable
- and actual particulate emission rate calcul ations.

" 3.4 EQUIPMENT CALIBRATLON

In accardance with accepted procedures published by the EPA, all gas

velocity measuring equipment, gas volume metering equipment, and tempera-

- ' ture measuring equipment had been calibrated prior to the test program.
: Appendix C provides caifbration data.
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o | 4.0 CONTROL SYSTEM OPERATION AND TESTING PROCEDURE

(R

- 4,1 CONTROL SYSTEM OPERATION

The control system operates in a manner such that particulate emissions
! from the coke pushing operation are captured by a hood and rayted to the
scrubber for removal. Air dampers in the system remain closed and are
opaned only during the coke pushing operations, Ar flow through the
scrubber, therefore, only oceurs during coke pushing.

4.2 TESTING PROCEDURE

A total of 16 traverse points (four per port) were sampled during the
i test run. Each point was sampled during an individuagl oven push, Sam-
N pling at a particular traverse point corresponded to the pushing time and
commenced when coke began falling into the car and continued for 30
seconds after all coke was pushed or until the dampers were closed,
whichever came first. The total sampling time, therefore, equals the
amount of time required for 16 pushes and was used to determine the aver-
age duration of a single pushing operation.

——
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5.0 TEST RESULTS

Al gas flow rate and particulate emission data determined during the
testing are cortained in Table 1. A1l data were collected during the 16
separate oven pushes. Values as presented in Table 1, therefore, repre-
sent stack conditions during pushing oparations. The particulate emis-
¢ion rate, however, was calculated to represent the actual pounds of par-
ticulate emitted in an hour period, based on the minutes per hour of
pushing time. Appendix B contains a description of the allowable and
actual particulate emission caleulations,
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TABLE 1
TEST RESULTS

Parameter

Test Result

fas Moisture Content (%)
Gas Temperature (°F)

Gas Velocity (ft/min)
Gas Yolume (dry scfm)
Gas Volume (acfun)

Particulate Emission Concentration (gr/dscf)
Actual Particulate Emission Rate (Tb/hr)
A1lowable Particulate Emission Rate (1b/hr)

3.0
137
2,764

117,328
138,937

0.0150
0.917
4,662

J09Z8N
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6.0 DISCUSSION OF RESULTS

6.1 GENERAL

Nith the exception of a damper malfunction during testing at Point No. 3
of Port A, no other process problems were encountered., Testing was
stopped, then resumed when the malfunction was corrected. Only a single
push, therefore, was sampled during the damper malfunction.

buring data reduction and emission caleulations, it was.discovered that
the 1sekinetic deviation was 111.7 percent, which 1s not in the 90 to 110
percent allowable range. However, due to the fact that the damonstrataed
smission rate was well below the allowable emission rate, BCM feel that
the s1ightly high isckinetic deviation of the test run oid not affect the
indicated compiiance status of the source.

6.2 CALCULATIONS

The BCM Computation Sheets contained in Appendix B show the coke produce
tion rate and allowable and actual emission rate calculations. The coke
production rate of 75.10 tons per hour was calculated using the histori-
cal values of 22,53 tons of coke per oven and 80 ovens pushed in 24
hours., The allowable em{ssions rate was calculated according to Section
123.13{bY{2) of the Pennsylvanta Alr Pollution Control Act wtilizing
these historical operating values. The actual particulate emission rate
was calculated from the particulate concentration (gr/dscf), the stack
gas flow rate (dscf/min), and the coke pushing time (min/hr). The coke
push time was calculated from the average duration of & single push
determined during the test run and the historical number of ovens pushed
in 24 hours.
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- - © APPENDIX A
FIELD SAMPLING PROGRAM

-

1.0 SAMPLIMG PROCEDURES

LT

1.1 Test Station and Traversy Location

— The internal diameter of the "A" Battery Push Emission Scrubber exhaust
stack s 96 inches, Four test ports, located 90 degrees apart, were
used for particulate sampling. Sixteen ftraverse points were selected
(four per port) to account for each of the 16 oven pushes.

1.2 Gas Flow Temperature Determinations

u— The gas flow rate and temperature profiles were measurad by conducting
velocity and temperature traverses simltancously with the particulate
sampling. Gas velocity heads were measured with an “S* type pitot tube
connected to an inclined manometer. A Chromel -Alumel thermocouple con-
nected to a potentiometer was used to determine the gas temperatures.

1.3 MWoisture Content

Sampling was conducted employing the principles presented in EPA Methed 4
_ and concurrently with particulate sampling. The parameters wvaluated to
= determine the gas stream's moisture content were: sample gas volume,
: sample gas temperature, sample gas pressure, impinger moisture gain, and
silica gel moisturs gain. Some minor modifications were made to the
— ‘Methed & train to allow for concurrent sampling of particulate and mods-
t.t]u-e content. These modifications did not deviate from sampling princi-
ples.

i The modifications made fncluded the substitution of a glass fiber filter
far a Pyrex wool filter as a filtering medium and the swpstitution of a

calibrated orifice for & rotameter as a flow metering device.

1.4 Particulate Sampling

- The sampling proceduras and sampling equipment used are those outiined in
Method & of Appendix 1, 40 CFR 60. This methodology also complies with
the Pennsylvania Department of Environmantal Resources (PADER) testing

regulations.

e
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. The size of the nozzle required to maintained isokinet i¢c sampling was
calculated from the resulss of a previously completed velocity and tem-
parature traverse. The sampling train used a glass-lined stainless steel
orabe, which was heated by an internal heating element. A nozzle of the
caleulated size was attached to the emd of the probe, which was inserted

- into the stack., Sample gas passed through the nozzle and the probe to a
glass fiber filter for the removal of the suspended particulates. The
— Fl1ter was housed in a heated chamber with the temperature maintained at

225 + 25°F. From the filter, the stack gas passed to the impinger
train.  The first two impingers each contained 150 miliiliters {(ml1) of
- defonized (D1) water. The third impinger contalined ne reagents and was a
knockout impinger. The fourth impinger containad approximately 200 grams
of coarse silica gel, which collected any moisture and/or vapors that had
y not been captured in the preceding impingers.
The second impinger was a 500-ml Greenburg-Smith impinger, while the
: first, third, and fourth were S00-ml impingers of the Greenburg-Smith
- design, modified by replacing the tip with a 1/2-inch inside diameter
(IDY glass tube. MNote: the impinger train was jmmersed in an ice bath
for the entire test period so that the exiting gas temperature would not
exceed 68°F.

From the 1mpinger train, the gas was ¢onducted theough an umbilical cord
to the control console which contained the follmwing pieces of equipment
(11sted in the order in which sampled gas pass through them): a main
valve, a bypass valve for flow adjusteent, an airtight vacuum pump, a dry
gas meter, and a calibrated orifice. The orifice was equipped with pres-
-— sure taps which were connected across the inclined manometer used to
ersure that isokinetic conditions were maintained. A schematic diagram
of the sampling train is depicted following the data sheets.,
- The sampling train was subjected to a leak check prior to and after each
sample run, The fnlet of the no2zle was plugged and the pump vacuum was
held at the highest vacuum attained during that perlod of testing. In
-~ all cases the leakage rate was minimal and did not axcead the maximum
allowable leakage rate of 0.02 cubic feet per winute (cfm). Upon comple-
tion of a test, the soiled glass fiber filter was removed from 1ts filter
- holder and placed in a Petri dish, which was subsequently sealed. The
probe and nozzle were washed internally first with DI water and then with
acetone, The particulate matter remaining in the probe was removed with
a nylon brush attached to polyethylene line., The front half of the glass
filter holder was also rinsed with DL water, then acetone, and the
washings obtained were added to those collected from the nozzle and the
probe. A1l water and acetone washings were stored in separate sealed
— palyethylene sample bottles for transfer to the laboratory.

—
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et The silica gel used in the fourth impinger was removed and stored in a
sealed sampie bottle. The contents of the first, second, and third
1mpingers were combined, measured volumetrically, and stored in sealed
sample bottles for transfer to the BCM lLabgratory. The first, second,
and third impingers were finally rinsed with acetone ahd the washings
placed in separate bottles. _

- I.5 Molecular Weight Determinat fon

A Fyrite gas analyzer was used to determine the molecular weight of the
exhayst gas at each source, The fol lowing parameters were measured in
grder to calculate molecular welght:  volume percent carbon dioxide
((:Clﬁ),. volume percent oxygen (0z), and volume percent nitrogen

, (Np), determined by differance.
2.0 FIELD DATA SHEETS
The following data were recorded during the sampling program: the flue
gas velocity head, flue gas temperature, inlet and outlet dry gas meter
. temperatures, orifice pressure differential, sample volume, sampling
time, pump vacuum, filter temperature, and the impinger train outlet gas
temperature., The field data sheets generated during the program appear
at the end of this appendix. '

11




(BCV

L i A

- o - TRAVERSE POINT LOCATION FOR CIRCULAR DUGTS

PLAAY Jﬁ‘;j hib haon. S ",mﬂ ‘ .

- ﬂ“ﬂt Ll
LIPLING LOCATICN flmgta =
JHSIDE OF FAR ALY, TO ~

OUTSIDE OF NIPPLE. (DISTARCE A)

ok 2 ) bon Sﬁ:\-ul:..

— IESIDE OF HEAR WALL. 10
DIFESINE OF RIPPLE, (DISTANCE ) eyt v
: STAGK 1D., (ISTANGE A - DISTANCE B L C f.)f\_ I F)
NEAREST UPSTRERE DISTURBANCE.
NEAREST DOVHSTREAM DISTURBARCE
ALEULATOR o SCHEWMATIC OF smpu.ms LOCATION
TRAVERSE PRODUCT OF TRAVERSE PUWT LOGATION
POINT FRACTION COLLARS £ AID 3 FROM GUVSINE OF NIPPLE
-~ MYMDER OF STACIC LD, STACK 1L.O, CtD HEAREST LA 1NG MNSTARCE B {SIR0 OF COLANANS & & W
Canpe N L ‘l i e 4 .
n G’*@.’QﬁL; (‘I'lé; Y 55 a l, : o E:;' ‘I
2 & 03 | 10,1 15 |
. k] &, 19y f . 186 Ad b
» \
9 0.3 v 2.0 34',. &

ot .




— = pa _ CL i i rei-1 8887 =iy | V- T

I
,
Ly

™
ll\la
™~
o

|
" e

-

A

LY
A
ol

M#

—gz
. x\\M&

e

‘1

-
-
. ]
=

aspEmess

o

U, — i
— —— R i
ot —— anraa i T R e e




m

et .y

R
°F

B il tel lol | [l [

—

b g
prg
<=

—

SAMPLE SOH

..i;;{iz':\y. ol fhat

21t
255

VACHHSD. § [oiopRATURE. | TESPERETURE,

4 o : . X
R =R
. e :f"_
~ AT I | P Ol = ] o el :
318305 19 o] 2l |l I e
R % -
(2] ﬂ.l h}‘m |
- e b § b ‘.!! “‘ a wj e 9 Q - -
ii * alg lé'l ¢ o ﬂﬂl 4 wol s i ™
Eg
gEs SRR ?’ ol | 9 S:? oy gj'l
Ii: -m ' - P L3 L I -
gg [ N !El. ~ L‘t N b *-;' .
B 2l 1 o )R
!ig QE :mn g ) el o Wl ry
- g gl - -
L B :i *;‘{: N o ﬂ'll o |
& & M e | ] Rl La

{ !gu( ’ g .‘RI‘, IIII. \ﬂm g

d o | - - ~ h

o |

2 el e

Ot I

o I EA YRR E R YT LY P

A R [

r ¢ o] n (™ T

MR

N f‘ l-" H‘ M

A MY

b e R i P R

R I 2 .\i:@; 'él W \.J. pa Ry

¥ W " "

.ia ‘-UI "‘:! l %3 h ‘!.': L?

S S I =

edl  leml ot 10W «.] lrd ny |,




Baty « Convens « Murdooh . In¢

""“n My, 0y Iy
_- iy iy Mgy, :
ﬁ'ﬁ'a"az““ﬂm
¢ ¥ :"Il'mmnu
\“" b ay,.‘,’mmi;j%pmmmmm |

;;mnuunummm‘“
---er-- r"" O O e unl UGE U GG M Sumue ""“m - \‘
, adtaes | I ’

oo D A, &

- |
- | | I ....
- L-\c'“"i] - II | | = 4
| |
I
I

==

; Tas
H | . ‘
Wy [
S? = "';51.“_ || wm .mr | | el

=
L "c owr! ll I
o)

“u

P ..f” Gnl lln

E o J

N | |
G nca—
j !

e ‘\.---.\ ‘i .|

r? Ll SHUN slud lll.ll MM YNNG wEDE oy | \ h-.- —’."
& slu'cm R . — )
- etles =
Q}- ."L Ny "-'\ “ \ |ﬁ ) I/ Y]
| m: l. I ﬂ:
. l. "1'"". ?] WH dENEG v vuboe Sl lllllll' I‘ ﬁ: " ; "'J ' EE‘!
— / 1 I L ::|‘!
£ /8 p §": el (%
B E -.-.u-_.,'“ J g / i
Cen ln " | |I ﬂ::p.l' _____ m A '
=‘§| g:fglsn; ‘d‘.“ :i ‘-n'“"m.-‘g‘“t:E!- - ““s“"‘* ;I!; I LA} ALMEIRRY :lll skl AARLEERE RN g
g 3% i 3 /
N A I
- 5 @4 Il i
Qﬁ ﬁ ""'i“' Y
- N S N
RN | 1T T
) !
: "\{ 7 :Jtl:
” ¥ pem i amim g,
& ' MOl SVD
& P N
~ & ' it
N ™~




"

[

Esl

S "4

APPENDIX B
LABORATORY ANALYSIS AND DATA Ii'.IEII)IlJ(:T'r.()I\I

—

—




(BCM

et ik a m an et

I ]

e APPENDIX B
LABORATORY ANALYSIS AND DATA REDUCTION

1,0 AMALYTICAL METHODS

The following discusslons describe the analytical methods employed.

1.1 Particulate Samples

Prior to thelr use in the field, all giass fiber filters used in the sam-
pling program had been targ-weighed following a Z4~hour desiccation
period. Upon their return 1o the laboratory, the filters were desiccated
and reweigheds The weight difference was the amount of sample collected.

- The water and acetone washing of the nozzle, jprobe, and filter holder
were evaporated to dryness in separate tared beakers. The residue was
desiccated, and the baakers were reweighed. Any residue was considared

. the soluble back-half portion of the particulate catch,

Water and acetone blanks were evaporated to dryness in tared beakers and.

were desiccated and reweighed. Amy residue that remained was a contami-

= nant in the reagent and was considerad a blank weight used as & correc-
tion factor in subsequent calculations.

— Table Bwl contains the portions of the particulate catch which ware used
in accordance with PADER regulations to determine particulate emissions.
These portions fnclude the particulate contained on the filter, the
front-half water and acetone washes, and the insolubte back-half particu-
late catch. Mote that both the soluble and insoluble porticns of the
front-half water wash were determined, Table B-2 containg the soluble
. hack-half particulate catch which was reported {in accordance PADER regu-
- Tations) but not included in the emission caleulations.

pp—
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1.2 Moisture Content

The silica gel bad been tare-weighed prior to its use in the field.
After its use, the silica gel was reweighed. The entire weight gain was
due to water vapor. The total voiume of the impinger solutions, minus
the orfginal volume of water in the impingers, plus the volume of mois-
ture and/or vapor collected by the silica gel, equaled the total moisture
gain of the sampling train. This volume was used as the basis for per-
cent moisture by volume caleulations.

2.0 COMPUTER INPUT SHEET

The reducad dats calculated from the field data sheets were combined with
the laboratory results on Lthe computer input diata sheets to facilitate
programming, The computer input data sheets are included in this appen-
dix.

3,0 EQUATIONS FOR THE CALCULATIONS OF YEST RESULTS

The equations following the data input sheet were programmed into the
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 ware used to calculate tLhe
rasults of particulate, flow, temperature, and static pressure testing. -

4,0 PARTICULATE TEST RESULTS

The complete results of the computer analyses of the data generated frrom

- the particulate test program are presented on the computer printout fol-

Towing the equations.

5.0 HCM COMPUTATION SHEETS

The actual amd allowable emission rate caleulations are contained on the
BOM Computation Sheats. Copies of the computation sheets follow the com-
puter printout sheets. '

15
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~ TABLE B-1

LABORATORY RESULTS
PENNSYLVANIA PARTICULATE CATCH

Sample Fraction Particulate Weight (mg)
Filter 4.2
Insoluble Front-Half Water Wash 0.8
Soluble Front-Half Water Wash 1.6
Front-Ha 1f Acetone Wash 5.4
Insoluble Back-Half (0.2Z u filter) : 4.4
TOTAL : 16.4

TABLE B2

LABORATORY RESULTS
SOLUBLE PARTICULATE CATCH

Sample Fraction Particulate Welght (mg)
Tmpinger Acetone Wash : <1.8
Soluble Back-Half (impinger fiftrate) 3.6
TOTAL B4

[09Z8N
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EQUISLONG_FOR PARTICULMIR, MOISTURE, MR FLOW GALCULAYIONS

(BASED ON STANDARD CONDITICNS OF 609 AND 29.92"Hg)

Lo Ve ™ 000473 Vo |
' L By v 07385 4B
‘!m Vm(ﬂ-t(ﬂ) L .l..n’uh‘ﬂ ‘rgnl 1fm + 460 [‘
3 8 Vw(mtﬂ)
" wo ] Va(gtd) * vw(stﬂ)
4, M s 0.44{%CO,,) + 0.2B(3CD) ~+ 0.32(%0.) + 0.28(%N.,)
a P 2 2
5.0 Mg = My (Lle= Boo) + 18 B
U!HCJ:,‘) - 0.5 (%C0)
6. EA ™ GTERATENGT - TH0,)aTETEEEY 100
i V..,... /‘55";"'37"'33'6"
: w (85, 49) (6 | s R
7. v, - (85.49) (60) (Cp) m‘\ Ty
(W) (M)
ativulixnmygr)| lll'!!ill"
B. @ " Tdid.

]P.
¢y [l
9. 'mlll(lllf:iﬂl)‘ - l:llm (1 = Pyungs ! 17.64 “7.]5';;":-"'"--'“[%:““

W

. k-
1. ¢ m 0.0LE4d greseme——
8 VII!. (std)
W,
1. ¢ s 0.0L54 & ;
W matd) * Vw(std)
12 ¢ "
12, ¢° o o= "’ﬁ'ﬁij.‘:,%,:‘"’
wo Ty v 460) (29,92)
.l.-:‘. 2 a HH ‘"'W' s (52&1‘ (Jil"s)
14, E = 0.008%7 mss(eatd) C's_

) (M w12
15, ]‘Ln ne TI"I'ITI%F.

(60) (L.6&T) ['!I'ﬂ + 460) (D.00267 ¥ _ + Vnn(‘mm/l?.ﬁdl)

l6. X o e
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LEGEND

b k0

A =
Ag =
Buo =
Cp =
C'a =
Cla =
C”s =
C“w =
Dy =
E =
EA =
AH =
I =
Md =
Ms =
P =
bar
Pg =
VAP -
Qg =

4

Qg (std)

Ty =
TS .
v“'.l ==l
Vin(gtd) ™

Area of nozzle, ft2
Area of stack, in?
Moisture content of gas stream, dimensionless

Pitot correcticon factor, dimensionless

Particulaté COncentiaticn {stack conditions), gr/ft3
Particulate concentration at 12% CO, (dry), gr/dscf
Particulate concentration (dry), gzr/dsci

Particulate concentration (wet), gr/scf

Diameter of nozﬁle, in.

Particulate emission rate, lb/hr

Excess alw, percent

Qrifice pressure drop, in. HZO
Isokinetic ratio, percent

Dry molecular weight of stack gas, lbh/lh-mole
Molecular weight of stack gas, lb/lb-mole
Barometric pressure, in. Hg

3tack pressure (absolute), inn Hey

Average of square roots of pitot pressure differential,
in. Ha0 '

Stack gas flow, acfm
Stack gas flow, scfm

. )
Average dry gas meter temperarure, “p

Average stack temperature, O
Dry sample volume (meter cenditions), ft3

Dry sample volume (standard conditions), £



_ Vﬁ = Stack velocity, £t/min

v = Volume of liquid collected in impingers and silica
wa . -
cel, ml

. ; . 2
= Jo Lume liquid collecte B
Vw(std) Volume of liquid collected, £t
- W = Total weight of particulates collected, ng
& . - Duration of test, min.

o

e

e




BETHILEMEM STEEL BATERY A SCRUBEBER QUTLET,PARTICULATE EMISSIONS

PmmﬂﬂflEﬁ& 1

-mﬂﬂrPTr Sn.26

LRSCF ) L 16.834 _
MO 16 TURE (%) 1.0
MOLECULAR WEIGHT  (LB/LB-MOLE) .s.sa
GAS TEMPERATURE tE) 136,
A5 WELOCITY CFT/mInt 64
&6V OLYNE COURY BCFM) 1«?3&!.9
BAE WOLWHMIE {AGENM) 1'38946.9

PART LCULATE EMYISSIANS:
COMCENTRATTON (GRAINS/DECF ) ADi1Bo

HREG 2 STH CONT . CERATNS/CF) TUOET
MESSTON RMTE CLBZHR) 1% . 1236

ORSAT ANALYSIS:

CARBON DIOXIDE  (VOL %) .0
“ERRBON PONGK T BE ¢ VoL %] )

CORYREN CWOL %) R0
L TROG N (VOL %) 9.0

EXCESS AIR . LD .‘ -1458%. 0

. {WUMINETIC$ ) 111.7
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EQUIPMENT CALIBRATION
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