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1.0 EXECUTIVE SUMMARY

Republic Steel Corporation (RSC) retained Betze.Converse-Murdoch~Inc. (BCM)
to evaluate its No. 21 Envirotech/Chemico one spot quench car installed
at the Coke Oven Batteries Nos. 6 and 7 at the Cleveland facility. The
emission data were evaluated in accordance with the Envirotech/Chemico
specifications and testing was performed as per the procedures established
by the Environmental Protection Agency {(EPA), the State of Ohjo, and the
City of Cleveland. Three 24 push tests, incorporating both push and
travel modes,. were performed by BCM. In addition, opacity observations
were noted for each oven that was pushed during the part1cu1ar testing
program.

2.0 SCOPE AND OBJECTIVES

The scope of the project was outlined in BCM Proposal No. 00-4178-12 which
is contained in Append1x 1. The following parameters were determined for
each test: ' :

« Gas flow - ACFM and SCFM 7

o Gas temperature - °F

«~ Moisture - % by volume

. Flué gas analysis - % by volume COp, 02, CO + Np (by

difference)

e Particulate emissions - grélns/dry standard . cubic feet
{g/dscf), 1bs/hr, 1bs/ton of coke pushed 1bs/ton of coal
charged :

« Opacity - % Opague

3.0 PROCEDURES
3.1 Field Work

Field testing was conducted April 7 through 9, 1981. The sampling team
consisted of the following BCM personnel:
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- Robert Alfred - Scientist 11
» Nassar Oshkoohi - Scientist II
¢ Jeffrey P. Bishop - Technician IV

Mr. Gene John of Republic Steel acted as liaison between BCM and Republic
Steel, and Mr. Bill Weiss of Chemico ensured that the scrubber car was
I operating normally during the test periods. Mr. Joe Bryant of Chemico
observed the testing performed on the test car.

l The following methods of sampling were employed in the test program:

1. 'Samp11n§ and traverse Tlocations were determined at a pre-
‘ test meeting on March 24, 1981, attended by personne] from
l the City of Cleveland DAPC and the EPA.

2. Gas flow, gas temperature and static pressure measurements
‘ were made per Method Two of the Federal Register, Volume 42,
Number 160, August 18, 1977; the methodology is outlined in

Appendix 2.

; 3. Particulate festing was conducted as per a modified Methods
Five Federal Register, Volume 42, Number 160, August 18,
1977. These procedures are outlined in Appendix 2.

| 4, Fyrite oxygen (0p) and carbon dioxide (CO2) indicators

. (manufactured by the Bacharach Instrument Company) were used

\ , to determine the molecular weight of the flue gas. The

Fyrite directly determines ‘'percent carbon dioxide and

‘ _ oxygen. The volume percent CO plus nitrogen was determined

| by difference. . All of these parameters were used to calcu-
K Tate the molecular weight of the dry flue gas.

5. . Moisture content sampling was conducted ber Method Four of
the Federal Register, Volume 42, Number 160, August 18,
1977; the methodology is outlined in Appendix 2.

3.2 Equipment Calibration

In accordance with the accepted procedures published by the EPA, all gas
velocity measuring equipment, volume metering equipment, temperature

" measuring equipment, and flow rate metering equipment had been calibrated
within 60 days of the actual test -date. Calibration data are contained
in Appendix 4.
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TABLE 1
PARTICULATE EMISSIONS RESULTS

Particuiate Emissions
Run Concentration Lbs/Ton of Lbs/Ton of
Number (Grains/DSCF) Pounds/Hour Coke Pushed* Coal Charged**

1 _  .0139 . 7.8 0.026 0.020
2 .0188 9.31 0.032 0.024
-3 .0169 8.97 0.028 0.021

* Based on 280.8 tons of coke pushed during each 24 "oven tests; see
Appendix 3 computation sheet

** Based on typical yield of 0.75 tons of coke pushed per ton of coal
_ charged

5.2 Visible Emissions Procedure

The opacity was observed during all three testing programs. All observa-
tions were recorded in accordance with guidelines established in EPA
Federal Method Nine of the Federal Register, with the exception of the
guideline that the sun be located 140° to the observer's back. This
guideline could not be met because of the location of the coke ovens; this

- is. a well-established practice. ATl observations were recorded by a
. certified BCM observer.

" Opacity readings were taken above the coke car with blue sky as back-

ground, Observations began at the start of the push cycle of the gquench
car and continued until the quench car cycle completed its run, which
lasted two minutes. There were 24 pushes per test, each push occurring
approximately eight minutes apart.
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3.3 Analytical Methods

A1l samples generated during the sampling program were returned to the
BCM Laboratory in Norristown, Pennsylvania. Laboratory data are contained
in Appendix 3, Table 3-1.

3.4 Calculations

All particulate concentrations, moisture content, gas flow, and molecular

weight calculations were accomplished through the use of a computer. Raw

data generated from the field sampling program and the results of the
laboratory analyses were introduced into equations presented in Methods
Two, Three, Four, and Five of the Federal Register, Volume 42, No. 160,
August 18, 1977. Computer input and all other data appear in Appendix 3.

4.0 SUMMARY

4.1 Particulate Emissions Results

The parameters evaluated using the EPA and State of Ohio testing methods
are contained in the computer printout at the end of Appendix 3. Test
resuits are listed in Table 1.

4.2 -Visible Emissions

The opacity observations were performed in conjunction -with CheMico, the
City of Cleveland DAPC, and the EPA.. The readings are contained in
Appendix 2. '

5.0 DISCUSSION

5.1 Particulate Testing Results

The testing for the quench car particulate emissions was performed with
minimal field difficulties. The starting time for Test Run No. 1 was
delayed approximately four hours because of difficulties in hooking up
electricity to the test car. After this problem was solved, testing went
smoothly throughout the rest of the program. However, in Test Run No. 2,
the hot coke began "sticking” in Oven No. 8l. Therefore, the pushing
machine was not able to push the coke out. The operator of the quench car
who initiated the scrubbing cycle was unaware of this problem. After
approximately 47 seconds, the scrubber was turned off. Because the
scrubber was only scrubbing clean air, the cubic feet of gas samples and
sampling time from this push were subtracted from the appropriate total.
If they were to be included in the calculations, the gas flow (ACFM} and
grains/dscf would drop in value and the isokinetics .would rise approxi-
mately one percent.
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TECHNICAL SCOPE

it is the dzsire of Zenublic Steel Corporation (Republic) to have the

enissicns Trom the EMYVIROTZCH/CHEMICO Enclosed Quench Car Systems located

3t the Clerelang plani of the Republic Steel Corporation evaluated and

guintificd, The iqtent ¢f this proposal is to present

Zauz-Lonversesmurdech-Ine.'s (BCH) approach te fulfilling Republic's

reciesi for cetzrmining the above information.

Th: prodedt will involve emission sampling from the outlet of two Quench

cir SystzTs in order 5 generate compliance data for submission to the

Oniy Zpvircenmental Froteciion Agency (EPA). A maximum of three runs will

=2 carfermad during 3 Tour-day period at each location. The project is

3.ndivided 1z nstac teiow. '

Fe- 2252 oF Jiscussion and mutual understanding of the BCH services to be

prmiided, =he sugzasted scope is subdivided into the steps as noted beiow.

L. FROCIIT PLARNING ! ' \

oo acoz-iance oF the oroposal, the Section Manager of the Air Quality
-,

Suc:fam ar the Fio'd Project Engineer will meet with Republic Steel to
LITnTTiiEh the Toiiowing: :
. Tstzbiisn tines of communication Yor the testing
- Jiszuss the oroject scope to ensure Republic and 3CM are in
gzreemznt :
Z-zure that the sampiing site is nrepared for testing (cee
Z%ient Fesponsibility Section)

2.3 SAMELINE aND AALYSIS

7.2 Tast ?rocedyrag

A1% porticulate testing procecures t2 be followed during the three 24
~ush tesis fo- 2agh car are those prescribed by the Environmental Protec-
tion Agensy {EFAY and *he Ohio EPA. The procedures to be followed during
tazting ar2-outiinad bzlow:

“ze an out-¢i-stack glass fitsr filter, followed by a fuyll
imainger trzin (which consists of two dist led water fiiled
tmzingars), “ollowed by an ersty impinger, and then a silica
727-Tilieg Tinal-impinger. A glass lined prcobe heated to 250°F
2 2397 i1l b2 used for the !2sting.

[ ————r LSRR S SR




AZFUSITC STIZL CCRPCRATION -2- MARCH 16, 1981
Szmgi2 ﬂc'rt lccation and velocity traverses will consist of

Your six-poini sampiing traverses,

ZPA letned 5 sampling crocedures will be f011o~ed for the
narti te szmpiing with the following exceptions:

(2} A sample rate of zpproximately 0.3 scfm will by used for
eLcn test '

(2' & back half particulate load1ng will be generated by evapo-

. rzting 211 water washes at 105°C + 5°C, and the residue

vweighy Z2termined

2 “riisw rg parametars will be evaluated and report d for 2ach oF three
taxt womr o o2ach Duench Cer.

v
H

n ain. reported separately) .
i@ emissions - ¥ opague (optional)

- Tis Ticw - MCFM - ACFM and SCFH
- . S tamperature -OF .
. Gis rotacuier JE:QWt - Crsat analysis - (COp, Cp, 3 and
ne o ov 2iffarerca) - 9 by volume
. Tiristure cgntant - % by volume .
. Pariiculiate concerntration -gr/dscf (front-haif and back-half of
:a:;]in train reported separately)
- 2z-iiculete emission rate - lbs/hr (front-nalf and back-half of
& pi tr
153!
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sort will provide two men on-site for four days with

“he nacessary samniing equipment to complete the testing. IF visi-
2le erissicns are required, BCM will provide three men during the

3.0 EUALYVITAL

A1 sampias »ill 22 raturned to our laborateory in Pittsburgh, PA for
51

Zive copias of the reports {cne report for each car) will be submitted
withia 3C werling c2ys of Tield testing completien. Preliminary data
sacuad e availabiz within 15 working oays of the completion of tne
sz=2ling. Te2 roaorss will include a'l field data sheets, egnalytical.
repocts, 177 sampliing mathodologies ©rom the testing of the cars,
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BUSINESS SCOPE
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¢ +hat the outlined project scope be performed on a Lump Sum
fea is firm and cannot be changed unless it is mutually

© “ne scope of the work has changed from what is outlired in
Casts are based on 10 hour field days and hours in excess

as overiime.
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5t Meating, completion of intent to test forms.

S oaregess nubsogns cr irregularities, strikes, floods or vires which
datiy ne srciact's completion, constitute a Change-of-Scope. Aiso, un-
worasie aeatner cornditions which BCi's Field Project Engincer consicers
o2zt ts crew safeiy and/or sample quaiity, constitute a Change-of-
s znd wiil be charged at the dalay/overtime rate. In acddition, the
4 work is based on a 10-hour day {excluding travel}. Any hours ‘
3 r the successful completicn of the project in excess of 10
bo cnarg°d at the delay/overtime rate described in the com-
ction. Any expenses incurred as a resuit of project delays/

3ys caLsed ty conditions beyond BCM's control, such as partiai er com-
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v yeu of such Changes of Scope. At your request, BCHM will out-
: of sneitzr, as required, to minimize weather delays. If
‘e postocnes within 72 hours of the scheduled start date, you
fee (nct to exceed the mebilization charge).
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SWERK SCHIDUL:

3 p-oject can be started within 10 calendar days of ycur

zaticn to preczed and can be :cmp!eted «#ithin 30 working days of
iz~ 27 the Tield work. This schecule is our best estimate based
ariticipated i:boratery and encineering workload. At the time of

]

te bilied at cost plus 10%. The BCM Fieid Project Engineer
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yaur euihorization U2 oroceed, it may be possible to improve this sched-
] wre iF necessary. )n the other hand, an unexpected increase in our  iab-
a{ sriincry 2rd enginegring workload may cause a few days' delay in starting
tiE oproject,
! TUUATIET
a{ FO PP R
Invedces will be submitted monthly for work completed, with terms net
'y ety [ TAY e ggd R P . : : ,
ai tairiy (22} days with past-due balances subject to interest at the rate
"8 T Sne g cn2-cuarter percent (1-1/4%) per month, effective forty-five
TLSY dzyse after dzte of invoice. This represmnts an annual interest
chirce oF fifizan carcent 15&).
VI_IoITY . ‘
T2'3 prozasal ie valid for 680 days. Subsequent to that date, 8CH may
covien Laz basis 97 peyment to allow for charnging costs znd adjust suart—
inc ind compietion dates to conform to our workload.
. .- s L
s @il magniziv insurance coverage in the Tollowing amounts and, upsn
riTiest oF che ¢lient, will provide a Certificate of Insuranca so indi-
Ioung:
T2 of Pelicy ' Limits of Liability
fa. Standzrd Worker's Compensa- Statutory -
tion ind Imployer's Liability
{2} Gernzrad Liability , '
2:5ily injury $500,000 Each Qccurrence
' and Aggregate
Frocarty Damage $500,000 £ach Occurrence .

T~ ey T Clone A Saad el

- and Aggregate

() Autcw:bila Liability
>:2ined Sinzle Limit

: $1,000,000 Each OJccurrence
{-.c1lj Injury and Property Damage)

N
,‘l’.l
l'l

TY

gCl: cersornel 2lwzys z2ndeavor 1o corcduct field activities in such a
manner 2§ to protect themselves and cthers frem accidents and injury.
whnan spacizd acTEuy eguipment is regquired, the client should so specify.

oYl

GCY perscorrel use their own safety sjuipment (hard hats, goggies) unless
Other‘1"’ inairpriad

-
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PROJECT MANAGEMENT
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I 2551gn key personne’ who are fully qualified -and experienced
nith simiiar studies. Their duties are briefly described below.
Sactien Mgnazer - Air Qualitv
Mr. P R. Charrington, P.E., will be responsible for all field studies
anc er2lyiiczl gztzrminaticns. Mr. Charrington has been involved in over
fre--rnunder2d source zmission programs.
Zrafzel Ingineer - Alr Cuality

‘r. 5. F. S22y wiil be assigned as “the project engineer for the field

esriTing soeject. He will be responsible for the data evaluatien and.

anpiing jysiam design. Mr. Seely has been involved in the JGii

et sturan Aorks Susnch Car testing and several Bethlehem Steel Quench
ITOTYVEoYITS.,
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RIFUELIC STEZL CCRPCRATICN ~6- . MARCH 16, 1581

CLIENT RESPONSIBILITY

¢ sutcessfuily complete the field testing, it shall be the responsi-
53ili%y of Reounlic Stzal to provide the following:
t. A piant liaison for the BCHM field testing team during the field
tasting - .

2. fzcess to the sampling location

ic-power (110V and 20 amp service) to within 50° of the
ing location

r

T T e e e e e e - 7 ————— 1 —————— 5 . %
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REPUSLIC STEEL CORPIRATION -7- . MARCH 16, 1981
QUALTFICATIONS

:Ui cas parTormed cver 40 tests on the ENVIROTECH/CHEMICO Quench Car
during the past two vears. Provided below are the locations of the
preiects with pI ant contacts and phcne numbers which Republic should feel
trzs {¢ contact.
. fores zac lzughiin Stzel Corporation - Pittsburgh Works

w2y - July, iT73

Fuctist - September, 1979

ir. F.oW. Kretz - (412) 378-5447

- 3sthizhew Steei Corporation - Bethlehem, PA : '

Ferrury - March, 1376
#i. 57 Rexzi oand Mr, Rodert Alpago - (215) 694-3878

» 227k iz Tiazl {orporation - Sparrows foint, MD

et-izhzm Steei Zorporation - Lackawanna, NY
I - Terntative Schedule .
r - (715} 821-2504

= 2onzs and Laughlin Steel Corporation - Indiana Harbor Works

November, 1930
Ardrew Wichlinski - {219) 391-2518

»  Shenznige Ceke Corporation

gim Zoixie - (412) 777-6654
« Repud ic Steel poration - Warren and Youngstown
April, lea: e
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APPENDIX 2
FIELD SAMPLING PROGRAM
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. Betz.Converse . Murdoch - Inc.

APPENDIX 2
FIELD SAMPLING PROGRAM

1.0 SAMPLING PROCEDURES

1.1 Test Station and Traverse Locations

The locations of the sampling stations and traverse points are critical
to the performance of the project. A description of the sampling location
follows. The outlet duct of the scrubber measured 72 by 64 inches. Four
test ports each contained 6 test points, for a total of 24 points.

1.2 Gas Flow and Gas Temperature Determinations

The gas flow rate and temperature profiles were measured by conducting a
simultaneous velocity and temperature traverse- in conjunction with the
particulate testing program. Gas velocity heads were measured with a
calibrated "S"~-type Pitot tube which was connected to an inclined mano-
meter, A Chromel-Alumel thermocouple connected to a potentiometer was
used to determine the gas temperature.

1.3 Moisture Content

- Sampling was conducted concurrently with particulate sampling using the
principles presented in EPA Method Four. The following parameters were
evaluated in order to determine the gas stream's moisture content: sample
gas volume, sampie gas temperature, sample gas pressure, impinger moisture

gain, and silica gel moisture gain. Some minor modifications were made to

the Method Four train to allow simultanecus particulate and moisture con-
tent sampling. These modifications did not deviate from established
sampling principles.

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 the primary modifications.

1.4 Particulate Sampling

The sampling procedures and sampling equipment'used are outlined in Method

Five of the Federal Register, Volume 42, Number 160, August 18, 1977.

21
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{ . Betz - Converse - Murdoch - Inc.

The size of the nozzle required to maintain isckinetic sampling was calcu-
lated from the results of a previcusly completed velocity and temperature
traverse. The .sampling train used a glass-lined probe, which was heated
to 250°F by an internal heating element. A nozzle of the calculated size
was attached to the end of the probe which was inserted into the stack.
A calibrated "S"-type Pitot tube and a Chromel-Alumel thermocouple were
attached to the probe and used to monitor the velocity head and the
temperature at the traverse points during the sampling period. Sampied
gas passed through the nozzle and the probe to a glass fiber filter for
the removal of the suspended particulates. The filter was housed in a
heated chamber whose temperature was maintained at 248°F 25 degrees.
Frcm the filter, the stack gas passed to the impinger train. The first
two impingers each contained 150 ml of deionized water. The third
impinger contained no reagents and acted as a knockout impinger. The
fourth impinger contained approximately 200 -grams of coarse silica gel
which collected any moisture .and/or vapors. which had not been captured in
the preceding impingers. .

The second impinger was a 500 mi Greenburg-Smith inpinger, while the
first, third and fourth were 500 ml impingers of the Greenburg-Smith
design, modified by replacing the tip with a 1/2-inch ID glass tube.
Note that the -impinger train was immersed in an ice bath for the entire
test. period so that the exist gas temperature would not exceed 68°F.

From the impinger train, the gas was conducted through an umbilical cord
to the control console, a Model 2343 RAC Stak Samplr which contained the
following pieces of equipment (listed in the order in which sampled gas
passed through them): a main valve; a by-pass 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 isokinetic conditions were main-
tained. A schematic diagram of the sampling train is presented at the
end of this appendix. 3 .

The sampling train was subjected to a leak check prior to and after each
sampie run. The inlet of the nozzle was plugged and the pump vacuum was
held at the highest vacuum attained during that period of testing. 1In
all cases, the leakage rate was minimal and did not exceed the maximum
allowable leakage rate of 0.02 cfm. '

Upon completion 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 internally with acetone; the
particulate matter remaining in the probe was removed with a nylon brush
attached to a polyethylene line. The front half of the glass filter
holder was also rinsed with acetone and the washings obtained were added

i
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to those collected from the nozzle and the probe. - A1l washings were
stored in sealed polyethylene sample bottles for transfer to the labora-
tory. The silica gel used in the fourth impinger was removed and stored
in a sealed sample bottle. The contents of the first, second and third
impingers were combined and measured volumetrically.

1.5 Field Data Sheets

The flue gas velocity head, the flue gas temperature, the inlet and outlet
dry gas meter temperatures, the orifice pressure differential, the sample
volume, the sampling time, the pump vacuum, the filter temperature, and
the dmpinger train outlet gas temperature were recorded during the
sampling program. The field data sheets generated during. the program
follow.
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| APPENDIX 3
" LABORATORY ANALYSIS AND DATA REDUCTION

: 1.0 ANALYTICAL METHODS

A1l samples generated during the test program were analyzed at the BCM
Laboratory 1in HNorristown, Pennsylvania. The following discussions
; describe the analytical methods employed.

1.1 Partijculate Samples

i ‘A1l glass fiber filters used in the sampling program had been tare-weighed
Tollowing a 24-hour desiccation period prior to their use in the field.
Upon their return to the laboratory, they were desiccated and reweighed.
{ The weight difference was the amount of sample collected.

Nozzle, probe, and filter holder acetone washings were evaporated to dry-
l ness 1in separate tared beakers. The residue was desiccated and the

beakers were reweighed to a constant weight. The weight difference was

the amount of particulate matter collected at these locations in the
I sampling train. '

Acetone blanks were evaporated to dryness in tared beakers, and were
’ desiccated and reweighed. Any residue which remained 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 particu-
late sampling program are listed in Table 3-1.

1.2 Moisture Content

. Silica gel had been tare-weighed prior to its use in the field. Upon its

return to the laboratory, the silica gel was reweighed. The entire weight

gain was due to water vapor. The total volume of the impinger solutions,

minus the original volume of water in the impingers, plus the volume of

moisture and/or vapors collected by the silica gel, equaled the total

moisture gain of the sampling train. This volume was used as the basis N
for percent moisture by volume calculations.

2.0 COMPUTER INPUT SHEET

The reduced data calculated from the field data sheets were combined with -
the laboratory results on the computer input data sheet to facilitate
programming. The computer input data sheet follows Table 3-1.
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3.0 FEQUATIONS FOR THE CALCULATIONS OF TEST RESULTS

The equations following the data input sheets were programmed "into the
computer to facilitate the calculation of the test program results. The
equations were prescribed in Methods 2, 3 and 5 of the Federal Register,
Volume 42, Number 160, August 8, 1977, appropriately amended, and used to
calculate the results of particulate testing and flow, temperature, and
static pressure testing.

4.0 PARTICULATE TEST RESULTS

The complete resulis of the computer analyses of the data generated from
the particulate- test program are presented on the computer printout at
the end of this appendix.
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TABLE 3-1
LABORATORY RESULTS*

Particulate Results

Filter P&C** Total Catch
Run Number (mg) (mg) (mg)
1 ' 8.8 14.8 23.6
2 10.5 18.3 28.8
3 10.9 - 14.0 24.9
* Blank corrected
** P&C = Probe and cyclone; includes . acetone wash of nozzle, probe,

cyclone, and front-half of filter holder
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