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From: Jordan,Robina [rfjordan@deq.state.va.us]
Sent: : Monday, July 22, 2002 3:23 PM

To: Melanie Taylor

Subject: RE: Roancke Electric Steel

The stack test info seemed to imply that the #5 EAF was the only equipment controlled by
the baghouse and by my own memory I was sure there was only oxygen lancing at that time.
However, I checked with Raymond Geetz, one of cur Engineers who was present at the test,
just to be sure, He confirmed that the #5 EAF..was-the, only piece of equipment controlled
by that baghouse during the test and that they were using oxygen lancing during the test!.

At that time they did nof have a ladle metallurgical statien. He also reminded me that
they were using natural gas supplemental burners during the test. s

Hope this helps. Let me know if you need anything else.
————— Original Message—-———-

From: Melanie Taylor [SMTP:mtaylor@alpha-gamma.com]
Sent: Thursday, July 18, 2002 12:10 PM

To: Jordan, Robina

Subject: RE: Roanocke Electric Steel

Thanks. Alsoc, I meant to ask whether the EAF had oxy-fuel burners or oxygen
lancing during the testing, as that could potentially affect the CO
emissions. .

————— Original Message-----

From: Jordan,Robina [mailto:rfjordan@deq.state.va.us]
Sent: Thursday, July 18, 2002 11:17 AM

To: Melanie Taylor

Subject: RE: Roanoke Electric Steel

I got your message. I will see what I can confirm.

> - Original Message-----

> From: Melanie Taylor [SMTP:mtaylor@alpha-gamma.com])

> Sent:  Thursday, July 18, 2002 11:21 AM

> To: Jordan, Robina

> Subject: Roanoke Electric Steel

>

> Rebina,

> I am a contractor working with the US EPA on updating emission factors for
> iron and steel production facilities. Several months ago you sent me scome
> emissicons data for Roancke Electric Steel at my request. The tests were

> done con April 2 through 10 and July 20 through 21, 19%2. The documents
vou

> sent state that the process tested was the #5 Electric Arc Furnace. I
would

> like to confirm that the emissions data in the report only includes

> emissions frcm the Electric Arc Furnace and not from any other processes
at

> the facility, such as a ladle metallurgical station. Some minimills have
> emissions from both an electric are¢ furnace and a ladle metallurgy process
> vented to a common baghouse, so I would like to confirm that the 1992 test
> data for this facility is for the EAF operations only. Any assistance you
> can provide in this is greatly appreciated. If you have any questions, my
> number is (919) 954-0033 x118.

>

> Thanks,

> Melanie Taylor

> Environmental Engineer
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Alpha-Gamma Technologies, Inc.
4700 Falls of Neuse Road
Suite 350

Raleigh, NC 27609

Phone:
Fax:
Email:

(919) 954-0033 ext. 118
(919} 954-0379
mtayler@alpha-gamma. com
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1.0 INTRODUCTION

1.1 Background: Air emissions testing was performed on the #5
electric arc furnace baghouse stack outlet at Roanoke Electric
Steel Corporation on April 9 through 10, 193%2. Sampling was
conducted by Chris Ferguson, Travis Parker and David Seabolt of
ETS, Inc. Visible emissions evaluations were performed by Walter
Laing of ETS, Inc. Process coordination was provided by Bill
Warwick and Karen Bates of Roanoke Electric Steel. Ray Goetz of
the Virginia Department of Air Pollution Control witnessed the

test program.

1.2 Objective: The purpose of teéting was to evaluate the
compliance of the #5 electric arc furnace pollution control
system with respect to the following emissions:

- total suspended particulate (TSP)

- silica smaller than 3.5 microns (PM,;)

- sulfur dioxide (S0;)

- carbon monoxide (CO)

- opacity of visible emissions.

1.3 Test Program: The test program included three series of
measurements for each pollutant; Particulate sémpling was
conducted in accordance with EPA Method 5 and Subpart ARa of 40
CFR 60. Testing for silica smaller than 3.5 microns was
performed by utilizing an in-situ cascade impactor to separate
the total particulate into several size fractions. The fraction

below 3.5 microns was assumed to consist entirely of silica.
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Sulfur dioxide and carbon monoxide measurements were made
instrumentally in accordance with EPA Reference Methods 6C and
10, respectively. The opacity of the visible emissions was

{
determined in accordance with EPA Reference 9.

All of the tests were performed concurrently at the baghouse
stack outlet. Three test runs were performed for each pollutant.
Each test run for total particulate, silica, and opacity was
conducted over an integral number of furnace heats (minimum of
four hours total duration), as required by Subpart AAa. The
tests for S0, and CO were performed for one hour each, and were
performed during the particulate tests. Appendix A contains a

test log which includes the exact times for each test run.

2.0 SUMMARY QOF RESULTS

Table I summarizes the results of the particulate, silica,
and opacity tests. S0, and CO emissions are summarized in Table
II. Appendix B contains detailed flow measurement and
particulate results. Appendix C contains the data. and results
from the particle sizing tests, including particle size
distribution plots used to determine the particle fractions less
than 3.5 microns. Appendix D contains the continuous emissions
monitoring results, while Appendix E contains the opacity data
and results. Facility operating data collected throughout the

test program are included in Appendices L and M.

The particulate emissions averaged 0.0048 grains per dry




standard cubic foot (gr/dscf) at a mass rate of 12.69 pounds per
hour (lb/hr). The total particulate emissions smaller than 3.5
microns averaged 0.0028 gr/décf at a rate of 7.14 1lb/hr. Sulfur
dioxide emissions averaged 3.31 ppmdv at a rate of 9.96 lb/hr.
Carbon monoxide emissioné averaged 51.63 ppmdv at a rate of 67.88
l1b/hr. Visible emissions averaged 0% for the entire test

program.

3.0 DISCUSSION OF RESULTS
The emissions measured for S50, and CO were below the permit

limits of 42.0 lb/hr and 76.2 1lb/hr, respectively.

The TSP emissions for the #5 furnace are limited to a
— T e £ e
concentration of 0.0052 gr/dscfﬁﬁs§a mass rate of—8.14 lb/hr.
Although the measured TSP emissions were below the concentration

limit, they exceeded the mass rate limit.

The‘silica_emissions are limited to 10.4 1lb/day. The
measured hourly emissions rate of PM, s is equivalent to 171
1b/day based on a 24-hour day. By assuming all of the PN,
consists of silica, the reported silica emissions are possibly
much higher than real. Previous analyses of the particulate at
the faci}ity have indicated that only approximately four percent
of the total dust exists as silica. Using this gives a silica
emissions rate of only 6.8 lb/day, which would be within the

permitted limit.




4.1.4 Flue Gas Moisture Content - EPA Method 4: The flue gas

moisture was measured in conjunction with each of the particulate
tests according to the sampling and analytical procedures
outlined in EPA Method 4. The flue gas moisture for each test
was determined by gravimetric analyses of the water collected in
the impinger condensers of the particulate sampling train. All
impingers were contained in an ice bath throughout the testing in
order to assure complete condensation of the moisture in the flue
gas stream. Any moisture which was not condensed in the |
impingers was captured in the silica gel contained in the final

impinger.

4.1.5 Total Suspended Particulate - EPA Method S: Sampling for

total particulate was performed in accordance with EPA Method 5

and Subpart AAa of 40 CFR 60.

4.1.5.1 Sampling Train Description: Figure 2 shows the major

components of the particulate sampling train. Stack gas was
pulled through a Teflon-lined stainless steel liner equipped with
a stainless steel nozzle, sized appropriately for isokinetic
sample withdrawal. After passing through the liner, the sample
gases were passed through a heated fiberglass filter, and into an
impinger train consisting of four glass impingers immersed in an
ice bath. The first two impingers initially each contained 100
milliliters of deionized, distilled water. The third impinger
was initially empty, and the fourth initially contained

approximately 200 grams of silica gel.




4.1.5.2 gampling Train Operation: Sampling was done in

accordance with EPA Method 5 procedures and specifications,
including leak checking, isokinetic sampling rate and stack
traversing. According to the specifications outlined in Subpart
AAa, a minimum of four hours sampling time is required on
electric arc furnaces. Other criteria outlined in the subpart
required an integral number of heats to be sampled, and a minimum
sampling volume of 160 dry standard cubic feet. During the
sampling runs, sampling was conducted for 11 minutes at each of
fhe 24 traverse points, resulting in a 264-minute test per run,
excluding the time required to change ports. Isokinetic
adjustments were made twice per sampling peoint, or once every 5.5

minutes.

4.1.5.3 Sample Recovery and Clean-up: Recovery of the Method 5

sampling nozzle and liner was accomplished using a teflon-fiber
probe brush. Fach was rinsed with acetone three times and
brushed between rinsings. Exposed filters and thimbles were
placed into petri dishes, which were then sealed with Teflon
tape. The impinger contents were measured for moisture gain and
discarded. The silica gel from the fourth impinger was
transferred back to its original Nalgene container. The amount
of moisture collected in the sampling train was quantifiéd in
order to determine the stack gas moisture content in accordance

with EPA Method 4.




4.1.6 Opacity of Visible Emiggiohs - EPA Method 9: Three

visible emissions evaluation runs were conducted simultaneously
with the outlet particulate sampling runs, with readings taken
once every 15 seconds. The visible emissions evaiuations were
conducted in accordance with EPA Reference Method 9 by an EPA-

certified observer.

4.1.7 Silica (PM;.) - Cascade Impactor: Sampling for silica

smaller than 3.5 microns was performed using an eight-stage
Andersen-style cascade impactor, following the general procedures

recommended by the impactor manufacturer.

4.1.7.1 Sampling Train Description: Figure 3 shows the major

components of the impactor sampling train. Stack gas was pulled
through an appropriately sized stainless steel nozzle to insure
isokinetic sampling. From the nozzle, sample gas was pulled
through an Andersen Mark III Cascade Impactor consisting of eight
fiberglass filters and a single back-up filter. Each filter was
supported on a perforated stainless steel disc designed to
separate particles according to their terminal velocity through
the perforations in the disc. The gases then passed into an
impinger train consisting of four glass impingers immersed in an
icé bath. The first two impingers initially each contained 100
milliliters of deionized, distilled water. The third impinger
was initially empty, and the fourth initially contained

approximately 200 grams of silica gel.




4.1.7.2 Sampling Train Operation: Sampling was done in

accordance with the procedures recommended by Andersen 2000 for
leak checking, isokinetic sampling rate and stack travérsing.
During the sampling runs, sampling was conducted for 11 minutes
at each of the 24 traverse points, resulting in a 264-minute test

per run, excluding the time required to change ports.

4.1.7.3 Sample Recovery and Clean-up: Recovery of the cascade

impactor sampling nozzle was accomplished using a teflon-fiber
probe brush. The nozzle was rinsed with acetone three times and
brushed between rinsings. The impactor filters were individually
collected and placed back into their original tared containers.
The impinger contents were measured for moisture gain and
discarded. The silica gel from the fourth impinger was
transferred back to its original Nalgene container. The amount
of moisture collected in the sampling train was quantified in
order to determine the stack gas moisture content in accordance

with EPA Method 4.

4.1.8 Continuous Monitoring for S0,, €O, 0,, and €O, -

Instrumental Methods: Instrumental monitoring of the flue gases

was performed in accordance with the following procedures:

GAS REFERENCE METHOD INSTRUMENT TYPE
SO, Method 6C Western Research 721AT UV
. Absorption SO, Analyzer
co Method 10 TECO Model 48 NDIR CO Analyzer
0, Method 3A Teledyne Model 320A Chemical

Cell Portable 0, Analyzer
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Appendix D contains this data.

4.1.8.3 Calibration: At the beginning of each test run, each
monitor was Qeroed, using Zero Nitrogen, and spanned, using a
certified calibration gas with a concentration of 80-90% of the
instrument span. Following calibration a mid range gas, 50-60%
of the instrument span, was introduced to each monitor. The mid
range response error never exceeded 2% of the instrument span as

required by EPA Reference Method 6C.

After calibrating the monitors, calibration gas was
introduced remotely through the probe in order to verify the
absence of sampling system bias. The bias error never exceeded

5% of the instrument span as required by EPA Reference Method 6C.

Calibration gases were either EPA Protocol 1 certified or ¢
1% Traceable Standards. Gas certification data was available at

the time of the tests.

4.2 Analytical Procedures
4.2.1 Particulate Analysis - EPA Method 5: Particulate

concentrations were determined in accordance with EPA Method 5.
Each filter was analyzed gravimetrically to a constant weight.
Each front half acetone rinse was evaporated and analyzed
gravimetrically to a constant weight. The total suspended

particulate catch equals the sum of the front half acetone rinse

11




plus the filter weight. Appendix J contains the laboratory data

for the particulate tests.

4.2.2 Cascade Impactor Analysis: Mass gains for the filters of
each stage of the cascade impactor were also determined in
accordance with EPA Method 5 procedures. Each filter was
analyzed gravimetrically to a constant weight. Appendix J

includes the laboratory data for the impactor tests.

4.3 Data Analysis: All calculations related to particulate

sampling, including gas flow rates, temperatures, percent

isokinetics, and moisture content are shown in Appendix F.

Silica smaller than 3.5 microns in size was determined by
graphing the cumulative percentage by weight versus the particle
diameter size-cut of each impactor stage. The percentage of
particulate matter smaller than 3.5 microns was then read from
the plotted data curve. The silica emissions smaller then 3.5
microns was derived by multiplying this percentage by the total

particulate emissions obtained from the Method 5 tests.

12
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TABLE I

SUMMARY OF TSP AND PM, . EMISSIONS

RUN 1.D.
DATE

TIME STARTED
TIME ENDED

SAMPLING PARAMETERS

Metered Volume - dcf
Corrected Volume - dscf
Total Test Time - min

% Isokinetics

GAS PARAMETERS

Gas Temperature - °F
Oxygen - %

Carbon Dioxide - %
Moisture - %

GAS FLOWRATE
Velocity - ft/sec

Actual Volume - acfm
Standard Volume - dscfm

RES-M5-R2 RES-M5-R3

TOTAL PARTICULATE EMISSIONS

Concentration - gr/dscft
Mass Rate - lb/hr

OPACITY - %

PM, . EMISSIONS

% of Total Emissions
Concentration - gr/dscf
Mass Rate - lb/hr

RES-M5-R1
D4/09/92 04/10/92
08:39 08:45
14:18 13:32
184.085 188.219
174.280 172.%05
264 264
97.4 97.0
180.7 182.7
20.4 20.3
0.6 0.5
1.56 1.4
67.55 68.43
3851396 390178
301371 300209
0.0081 0.0051
15.79 13.09
0.0 0.0
58 58
0.0035 0.0030
9f16 7.59
13

04/10/92
14:10
18:49

191.851

176.737
264
98.5

188.5

20.5

0.5
1.3

68.34
389689
302343

0.0035
g.19

0.0

51
0.0018
4.68

AVERAGE

188.052
174.641
264
97.6

187.3
© 20.4
0.5
1.45

68.11
388354
301308

0.0049
12.69

0.0

56
0.0028
7.14
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EPA METHOD 5 DATA

RUN NUMBER RES-M5=R1
TARE
COMPONENT (grams)
Probe Wash 64.62326
Corr. for Blank
Filter 0.40876
Back Half 0.00000
TOTAL

ACETONE BLANK
Actual Residue

FINAL
(grams)

64.66282

0.43920
0.00000

0.00088 grams

Allowable Residue 0.00094 grams

Volume

PARTICULATE EMISSIONS
Actual Grain Loading
‘Corrected to 7% 02
Corrected to 12% CO2
Corrected to 50% Excess Air

Mass Rate
SAMPLING QA/QC

Isokinetics
Corrected Meter Volume

120.0 ml

0.00611
0.16664
0.12435
0.18043

15.7936

97.4 %

NET

(grams)

0.03956
0.03861

0.03044
£.00000
0.06905

gr/dscf

VOLUME
(ml)

130.0

gr/dscf @ 7% 02
gr/dscf € 12% CO2
gr/dscf € S50% EA

1b/hr

174.280 dscf




RUN NUMBER RES—-M5-R2
l DATE 04/10/92
; START TIME 08:45
END TIME 13:32 METHOD 4 DATA
STACK DIAM. 132 inches INIT. FINAL
ROZZLE I.D. 0.198 inches (ml) {ml)
METER BOX GAMMA 0.9958 IMP.1 100.0 112.0
. METER BOX dHE 1.7586 IMP.2 100.0 110.0
. BAROMETRIC 28.845 in.Hy IMP. 3 0.0 4.0
: cp 0.84 IMP. 4
TEST DURATION 264 minutes IMP.S
IMP.6
= . IMP.7
METHOD 1-4 RESULTS TOTAL 200.0 226.0
l Metered Volume 188.219 dcf 5.G. 200.0 229.3
Volume @€ Std.Cond. 172,905 dsct
% Water 1.48 MNETBOD 3 DATA
- * % Isokinetics 97.0 E 202 20.3 Md
! Velocity 6B.43 ft/sec *C02 0.5 Me
| Actual Flow ~ 390178 acfm %CO 0.0 Ps
Std. Flow 304732 scfm N2 79.1 Fo
Dry Std. Flow 300209 dscfm 02+C02 20.9% SEA
' STACK METER METER TEMPERATURE
1 TEMP STATIC DP DH VOLUME INLET OUTLET
POINT (DegF) (in.WC) (in.WC} (in.WC) (def} {DeqF) (DegF)
1 79 0.62 0.82 1.07 129,943 66 65
: 2 79 0.52 0.91 1.15 73 74
! 3 161 1.20 1.50 74 74
: 4 i62 1.10 1.40 74 74
5 196 1.10 1.40 75 74
6 198 1.20 "1.50 77 75
. 7 216 1.10 1.40 B2 77
) ] 224 1.10 1.40 B85 78
: 9 217 1.10 1.40 BS a0
10 209 1.10¢ 1.40 . B6 81
11 198 1.10 1.40 85 81
. 12 179 1.00 1.28 88 84
i 13 183 0.88 1.13 85 85
| 14 162 1.00 1.28 83 85
15 203 1.00 1.28 85 86
16 202 1.10 1.40 89 :1:]
1! 17 215 1.10 1.40 96 92
i 18 212 1.00 1.28 94 93
! 19 234 1.10 1.40 98 94
. 20 215 1.10 1.40 101 96
21 207 1.10 1.40 106 99
22 196 1.10 1.40 104 98
T 23 196 0.99 1.25 105 29
i 24 183 1.00 1.28 103 28
25 134 1.10 1.40 99 98
: 26 160 1.10 1.40 102 28
! 27 178 1.40 1.80 104 99
. A 28 213 1.20 1.50 R 102 97
o 29 225 1.20 1.50 101 97
" 30 217 1.30 1.70 100 96
z 31 222 1.10 1.40 100 96
4 32 206 1.30 1.70 104 98
; T a3 218 1.20 1.50 106 99
’ e 34 215 1.20 1.50 105 99
&T . as 200 1,20 1.50 105 99
1 36 194 1.00 1.28 104 99
:}_; 37 123 1.30 1.70 97 98
) k1] 131 1.30 1.70 101 99
i s 196 1,50 1.90 104 99
40 193 1.50 1.90 106 100
41 225 1.40 1.80 107 100
42 228 1.50 1.90 108 101
43 195 1.60 2.00 108 101
44 203 1.30 1.70 105 99
45 232 1.10 1.40 107 101
46 214 1.20 1.50 107 101
47 206 1.10 1.40 104 100
48 195 1.30 1.70 318,162 102 a9

AVG, 183 0.57 1.16 1.48 188.219 94




EPA METHOD 5 DATA

RUN NUMBER RES~-M5-R2

TARE FINAL
COMPONENT (grams) (grams)
Probe Wash 65.02516 65.06796
Corr, for Blank
Filter - 0.41312 0.42814
Back Half 0.00Q0Q0 0.00000
TOTAIL
ACETONE BLANK
Actual Residue 0.00088 grams

Allowable Residue 0.00094 grams

Volume 12¢.0 ml

PARTICULATE EMISSIONS

Actual Grain Leading
Corrected to 7% 02
Corrected to 12% CO2
Corrected to 50% Excess Air

Mass Rate
SAMPLING QA/QC

Isokinetics
Corrected Meter Volume

0.00509
0.12631
0.11521
0.12878

13.0942

97.0 %

NET VOLUME
(grams) (ml)

0.04280 110.0
0.04199

0.01502
0.00000
0.05701

gr/dscf

gr/dscf @ 7% 02
gr/dscf @ 12% C02
gr/dscf @ 50% EA

1b/hr

172.905 dscf




RUR NUMBER

DATE

START TIME

END TIME

STACK DIAM.
NOZZIE I.D.
METER BOX GAMMA
METER BOX dH@
BAROMETRIC

Cp
TEST DURATION

METHBOD 1-4 HRESULTS
Metered vVolume
Volume @ Std.Cond.
$ Water
% Isokinetics

Velocity
Actual Flow
Std. Flow
Dry Std. Flow
STACK
TEMP STATIC
BOINT (DegF} (in.WC)
1 153 0.55
2 200 .58
3 221 0.65
4 212 0.69
5 220
6 215
7 210
a 200
9 183
10 181
11 160
12 156
13 163
14 166
15 201
16 210
17 195
18 193
19 190
20 192
21 181
22 182
23 175
24 163
25 106
26 100
27 182
28 181
29 218
30 219
31 200
32 221
i3 212
34 197
35 7 199
kI 190
37 120
3s 121
39 162
40 191
41 198
42 151
43 224
44 218
45 222
45 193
47 186
48 227
AVG. 189 0.62

HES-M5-R3
04/10/92
14:10
18149
132 inches
0.198 inches
0,9958
1,7586
28.845 in.Hg
0.84
264 minutes
191.851 dcf
176.737 dscf
1.31 b
98.5 L}
68.34 ft/sec
389689 acfm
306342 sgcfm
302343 decfm
DP DH
{in.WCl (in.wWC)
1.30 1.70
1.00 1.28
1.20 1.50
1.50 1.90
1,30 1.70
1.30 1.70
1.10 1.40
1.20 1.50
1.20 1.50
1.10 1.40
1.10 1.40
1.10 1.40
1.10 1.40
1.060 1.28
1.20 1.50
1.20 1.50
1.20 1.50
1.4¢0 1.70
1.20 1.50
1.10 1.40
1.30 1.70
1.20 1,50
1.10 1.40
1.10 1.40
0.90 1.12
0.93 1.17
1.30 1.70
1.00 1.28
1.00 1.28
1.10 1.40
0.88 1.11
1.10 1.40
1.10 1.40
1.20 1.50
1.10 1.40
1.10 1.40
1.10 1.40
1.30 1.70
1.40 1.80
1.40 1.80
1.40 1.80
1.50 1.90
1.10 1.40
1.20 1.50
1.10 1.40
1.20 1.50
0.99 1.23
1.00 1.28
1.16 1.48

METHOD 4 DATA

INIT. FINAL
ml {ml}
IMP.1 100.0 109.0
IMP.2 100.0 110.0
IMP.3 .0 4.0
IMP. 4
IMP.5
IMP.6
IMP.7
TOTAL 200.0 223.0
5.G. 200.0 226.6
METHOD 3 DATA
%02 20.5 Md
$C0O2 0.5 Ms
$CO 0.0 Pe
tN2 79.0 Fo
02+C02 21.0 SEA
METER METER TEMPERATURE
VOLUME INLET OUTLET
‘dcf] {DegF) {DegF)
318.416 100 97
102 98
103 28
103 98
102 97
102 97
102 96
102 96
102 96
101 95
98 94
97 93
B9 90
92 89
92 B8
91 87
90 as
90 84
91 85
93 B5
95 87
96 87
94 87
24 88
89 B7
21 87
93 ;1]
95 a8
94 a8
95 89
96 90
93 89
93 88
94 89
93 88
94 89
91 a8
93 B9
94 89
94 as
95 89
93 98
91 87
90 86
90 86
90 85
90 B85
510.267 11 64
191.851 92

¥
+H

Aml)

[

RWOoOoODOMAOW
» & s & a8 % o8 % ®
RO OoOQOOOO

[

28.90
28.75
28,89
0.875

5298




[

EPA METHOD 5 DATA

RUN NUMBER RES-M5-R3

TARE FINAL
COMPONENT (grams) (grams)
Probe Wash 65.18576 65.21075
Corr. for Blank
Filter 0.41091 0.42732
Back Half 0.00000 0.00000
TOTAL

ACETONE BLANK

Actual Residue
Allowable Residue
Volume

0.00088 grams
0.00094 grams
120.0 ml

PARTICULATE EMISSIONS

Actual Grain Loading 0.00354
Corrected to 7% 02 0.11731
Corrected to 12% CO2 0.08861
Corrected to 50% Excess Air 0.12756
Mass Rate g.1857
SAMPLING QA/QC

Isokinetics 98.5 %

Corrected Meter Volume

VOLUME
(ml)

NET
(grams)

0.02499
0.02418

110.0

.01641

o o

.00000

o

.04059

gr/dscf

gr/dscf & 7% 02
gr/dscf @ 12% CO2
gr/dscf @ 50% EA

1b/hr

176.737 dscf




KUn 1
Pariicle f$i3zing Kemulte

Roanoke Flectric Steel

Compliance

04/09/492 Time: ©a:39
Cumulative 1" 44 Cut-point S@¥% Cut-point

Stage % Leas Diameter (microng) Diameter {micronsg)

than Dia. Physical Aerodynamice

DNOU B YN




Impactor Data

Roanoke Iilectric !5teel

File Name: 59/rl.imp

Location: UIlectric Arc Furnace

Condition: Compliance

Date: 04/09/32

Time: ©8:39

{mpactor: Andergon

coz @.4h%9 Molecular Wt. of (as Dry 28.91

Oz 29. 40 Molecular Wt. of Gag Wet 28,76

R2 /9. @1 % Excesse Air %4447.92

co 0. 00 % ¥Water 1.41

Impactor Flow kKete @. 496 ACKFM

Nozzle Diemeter ©.158 dinches

% lscokinetics 94, 68 %

Particle Density 2. 00 (gm/cm3)

Sample Time 264, 00 minutes

Meter Volume 108. 117 cubic feet

Heter Temperature 2.0 °F

Stack Temperature 175. 0 o

Impactor Temperature 175. 0 °F

Rarometric Pressaure 28.81 in. Hg

Impactor Pressure (vac.,) @.0 in. Hg

Htatic Pressure @.66 in. RHZ20

Meter Pressure Delta H 8.50 in. HZU

Pitot Delta P 1.290 in. HZO0

Viscoeity of Gas 0. VY2048 poise

Farticulste Conc. @.0019 gr./sct

Maas Gain in Stage 1 0. 60143 grams

Hees Gain in Stage 2 0, 00188 grams

Masa Gain in Stage 3 0.00115 grams

Mags Gain in Stege 4 ¢. 00105 grame

Mase Gain in Stage S5 Q. 08225 grams

Mass Gain in Stage 6 Q. 90253 grems

Mass Gain in Stage 7 0. 00224 grama

Maaa Gein in Stage 8 Q. V0000 grams
Back~-up Filter 0. 20054 grams

Total Maes ¥b.0139/ granms

Stages 8 are agsumed zero because of negative weight gain.




PARTICLE SI77F MISTRIAUTTON
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QuN T

Particle Sizing kesults

RUN 2
Compliance
V4/10/92 Time: 08:45

Cumulative S5@% Cut-point S@% Cut-point
Stage % Less Diameter (microns) |Diameter (microns)

then Dis. Phygical Aerodynewmice

1 82.28 11.342

2 €5. 21 6. 900 19. 689

3 537.76 4,291 6. 648

4 53. 86 2.853 4.421

S 53. 86 1.588 2.459

1) 9.71 2. 699 1,082

7 S.71 @.413 @. 640

8 7.89 @.210 @.326

—___——"‘“_‘_'__'_—-——-—-————_..__.—_—“_—'_—___JJ

¢ Aeradynamic Diameter uses B particle density of 1 gm/cmi.




(mpactor Lata

—
—— e —

R

l.ocation: FElectric Arc Furnace File Neme: S9/r2.imp
Condition: Compliance

Date: ©4/10/92

Time: @&:45

Impactor: Anderson

coz Q. 53 Mclecular Wt. of Gas Dry 28, 90

0z 20. 34 Molecular Wt. of Geeg Wet 28,70

NZ 79,13 % Excesa Air A3696. 04

co 0. 00 % Water 1.84

Impector Flow Kate @.512 ACFM

Nozzle Diameter @. 150 inches

% lseokinetics 96, 37/ %

FParticle Density 2,40 {(gm/cmd)

tiample Time 264. 00 minutes

Meter Volume 111,923 cubic feet

Meter Temperasture 91.0 °F

Stack Temperature 199. 0 oF

Impactor Temperature 199.0 oF

Rarometric Fressure 28.84 in. Hg

Jmpactor Pressure (vac.) v.a in. Hg

Static Pressure ®.71 in. H2zU

Meter Pressure Delta H @.50 4in. H20

Pitot Delta P 1.280 in. H20

Vigcosgity of Gas "0, 0002099 poiame

FParticulete Conc. @. 0032 gr./act

Mass Gain in Staqge 1 a.@0409 grams

Masse (Gein in Stage 2 0. 00394 grams '

Mass Gain in Stage ic] 0.001/2 grama

Maase Gain in Stage 4 Q0.00090 grame

Mass Gain in Stage 5 0. 00000 grams

Mass Gain in Stage & @.01019 grama

Mass Gain in Stage 7 ©.00000 grams

Mass Gain in Stage a8 Q. 060042 grams
Back-up Filter @.2Q182 grams

Total Mass @3.023¥8 grama

Stages S , 7/ are assumed zero because of negative wveight gain.
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Rus 3

Particle Sizing Resulte

Roancke Electric Steel
Compliance
@4a/10/92 Time: 14:10

Cumulative 5@% Cut-point 5@% Cut-point
% Less Diameter {(microns)|{Diameter (microns)
than Dis. Physical Aerodynamice

11.404
10.748
6. 684
4. 445
2.473
1. o088
@.643
9. 328

NV b WN -

——

+ Aerodynamic Diemeter umes a particle density of 1 gm/cmd,




{mpactor Data

Roanoke Llectric Steel

Location: [lectric Arc bFurnace File Hame: 597/rd.imp
Condition: Compliance

Date: @4/18/92

Time: 14:10

Impactor: Anderszson

coz @. 48 Molecular Wt. of {ias Dry 28. 90

Oz 20. 48 Molecular Wt. of (S5as Wet 28,734

NZ 79, 04 % Excess Air - 45298, 00

Co v, 00 % Water 1,54

Impactor Flow Kate 9. 508 ACFH

Nozzle Diesmeter ©.150 inches

% lsokinetics 92.71 %

FParticle Density 2. 406 {(gm/cmd)

Sample Time 264. 00 minutes

HMeter Volume 111. 587 cubic feet

Meter ‘I'emperature 98. 0 o

Stack Temperature 201.0 oF

Impactor Temperature 201.0 o

Rarometric Pressure 28.84 in. Hg

impacter FPressure (vac.) .0 in. Hg

Static Pressure Q.52 1in. HZO

Meter Pressure Delta H @.00 in. H20

Pitot Delta F 1.36¢¢ in. H20

Viscosity of (Gaes Q. 0002167 poise

Particulate Canc. @.0013 gr./act

Maas Gain in Stage 1 @. 00300 grams

Hage Gein in Stage 2 @. 00035 grams

Mass Gain in Stage 3 @.ude44 grams

MHasgs Gain in Stage 4 ©.20049 gram=

Mass Gain in Stage 5 0. 00042 grams

Megs Gain in Stege 6 9. 00068 grams

Mage Gain in Stege 7 @, aRl8 grams

Magas Gain in Stage 8 @.00089 grams
Back-up Filter @, 00132 grame

Total Hass $. 38867 gramse
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PARTICULATE EMISSION CALCULATIONS

Particulate emission concentrations are calculated by:

Il
c.. 15.43 &

m; (1)
d
£ Vm(std) 1 *

where C,; is the particulate concentration - grains/dscf.
Im, is particulate mass gained in sampling train - grams.
15.43 is a conversion factor - grains/grams

Correcting particulate concentration to 7% O, is done by:

20.5 - 7.0
CSO‘Q?' = Csdx 20.9 - %02 (2)
where C,en is the particulate concentration at 7% 0, - grains/dscf

%0, is the percent volume of oxygen within the flue gas.

Correcting particulate concentration to 12% CO, involves:

12
Cedo128 = CsaX %CO, (3)

where C,... iS the particulate concentration at 12% CO, - grains/dscf.
$CO, is the volume percent of carbon dioxide in the flue gas.

The particulate concentration corrected to 50% excess air is:

100 + $EA
Csdesosea = Csdx__'—'lsu (4)

where C,u,sn 18 concentration at 50% excess air - grains/dscf.
$EA is volume percent excess air.




The mass emissions rate on a time basis is calculated by:

M - Cog*Q.gx60

5
? 7000 (3)

where M, is the time based mass particulate emissions rate - lb/hr
Q.qa is the standardized volumetric - dscim
60 is a conversion factor - min/hr
7000 is a conversion factor - grains/lb

Mass emissions based upon fuel usage is calculated by:

C_quQ_ngdx 20.9

Yr = =600 (20.9 - %0,) (6)

where M, fuel based particulate mass emissions - 1b/MMBtu
20.9 is ambient volumetric percent oxygen - %
Fy is the dry basis fuel factor - dscf/MMBtu

Percent Isokinetics (%Iso) are derived by the following:

0.09450x (T, + 460) XV 5

$Iso = g
Poxv,xA xtimex (1 - B,,)

(7)

where T, is the stack temperature - °F
Vastay 18 the standardized sample volume ~ dscf
P, is the average stack pressure - in. Hg
v, is average stack gas velocity - ft/s
A, is the nozzle cross section area - ft?
time is defined as the net Method 5 sampling time - min
B,, is volumetric water vapor fraction of the flue gas
460 converts degrees Fahrenheit to Rankine.




Particulate Sizing Theory and Equations Used in Calculations

The plates of each stage in the impactor have calibrated
orifices. The area of the orifices on each plate are progressively
smaller from stage to stage causing the jet velocities to increase
over each stage. The theory on particle behavior is to calculate
the particle size required to produce the inertia to overcome the
aerodynamic drag of the air stream. If the particle is large
enough, the inertia will be great enough to deposit the particle on
the given stage. Thus, the larger particles will deposit towards

the beginning of the impactor. Equations 1 and 2 model this
theory.
Eq. 1 Dsg = 18 x U x DJ,,, x SIy

rho x VJ,, x C

DSO
C = Cunningham Factor

D,, is the particle diameter at which the stage achieves 50%
collection efficiency. Particle distribution is done on a
cummulative weight basis.

Egq. 3 wt.% less then Dy, = my x 100%
. Migeal

The cut-off diameter is reported by Physical Diameter and
Aerodynamic Diameter. The Physical Diameter assumes a spherical

. particle and the true density of the particles are estimated. The

Aerodynamic Diameter assumes a spherical particle and a unit
density.

L is the mean free path. The mean free path is the distance

the particle travels before it collides and the path is interupted.

Eg. 4 Ly = 2337 x U Tiwp
PS5, mw

The viscosity is calculated as a function of gas temperature.
The individual viscosity components are calculated using formulas
derived at Southern Research Institute.




Eq. 5 U= {U x 10E-6/[1 +  (F, x 0y)/F,]}
i=1 i=1
Jed

Eq. 6-9 U,, = 138.494 + T(.449 + T(-.286E2 + T x .972E”"))

=
R
[

= 168.086 + T(.417 + T(-.139E%))

c
(=]
N

|

= 190.187 + T(.558 + T(-.336E™3 + T x .139E°))
Upzo = 87.8 + T(.374 + T(-.283EY))

Eg. 10 0,y =41+ UJ/U, ¢ mw,/mw,}?

4 x (1 + mw,/mwy)/2

Equations 11-14 determine the jet velocity and pressure drop
for each stage. Only the total pressure drop is known, therefore
the pressure at each stage is estimated. This is done by relating
the square of the velocity to the pressure drop.

Eq. 11 vJ? = (471.95 x Q./JA./JIN;)?
i=1

Eq. 12 DP, = (VJ",)? x DP

vJ’

Eg. 13 Ps;

il

(P, + P/13.6) - DP;
=1

Eq. 14 VI = VI’ x (P, + P/13.6)/Ps,

Calculation format and equations were taken from Southern
Research Institute papers and the impactor operation manuals.
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1.0 INTRODUCTION

1.1 Background: Air emissions testing was performed on the #5
‘electric arc furnace baghouse stack outlet at Roanoke Electric
Steel Corporation on July 20 through 21, 1992. Sampling waé
conducted by Chris Ferguson and Ross Roberson of ETS, Inc.
Visible emissions evaluations were performed'by Walter Laing of
ETS, Inc. Process coordination was provided by Bill Warwick and
Karen Bates of Roanoke Electric Steel. Ray Goetz of the Virginia

Department of Air Pollution Control witnessed the test program.

1.2 Objective: The purpose of testing was to evaluate the
compliance of the #5 electric arc furnace pollution control
system with respect to the following emissions:

-~ total suspended particulate (TSP}

- opacity of visible emissions.

1.3 Test Program: The test program included three series of

measurements for each pollutant. Particulate sampling was
conducted in accordance with EPA Method 5D and Subpart AAa of 40
CFR 60. The opacity of the visible emissions was determined in

accordance with EPA Reference 9.

All of the tests were performed concurrently at the baghouse
stack outlet. Three valid test runs were performed for each
pollutant. Each test run for total particulate and opacity was
conducted over an integral number of furnace heats (minimum of

four hours total duration), as required by Subpart AAa. Appendix




A contains a test log which includes the exact times for each

test run.

2.0 SUMMARY OF RESULTS

Table I summarizes the results of the particulate and
opacity tests. Appendix B contains detailed flow measurement and
particulate results. Appendix C contains the opacity data and
results. Furnace operating data collected throughout the test

program is included in Appendix I.

The particulate emissions averaged 0.0007 grains per dry
standard cubic foot (gr/dscf) at a mass rate of 1.62 pounds per
hour (lb/hr). Visible emissions averaged 0% for the entire test

program.

3.0 SAMPLING AND ANALYTICAI PROCEDURES

All sampling and analytical procedures followed those
recommended by the U.S. Environmental Protection Agency (EPA},
Title 40, Part 60, Appendix A of the Code of Federal Regqulations
(40 CFR 60), or other methods generally accepted by the EPA. The
following specific methods were used:

EPA Method 1 for determination of sampling and traverse
points;

EPA Method 2 for flue gas velocity and volumetric flow rate;
EPA Method 3 for flue gas composition and molecular weight;
EPA Method 4 for flue gas moisture content;

EPA Method 5 (with the appropriate provisions required by 40

CFR 60, Subpart ARa) for determination of total particulate
emissions;
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EPA Method 9 for determination of opacity of visible
emissions.

Appendices E through F contain all of the field sampling

data. Laboratory data for the analyses are contained in

Appendix G.

3.1 Samglinq Procedures

3.1.1 Sampling Point Determination - EPA Method 1: Outlet

sampling was conducted in the stack breeching duct, a 132-inch
inside diameter round duct. A total of 24 sampling and traverse
points (6 for each of four ports) were utilized for all

particulate sampling, gas flow rate measurements. Figure 1 shows

the location of the outlet sampling and traverse points.

3.1.2 Volumetric Measurements - EPA Method 2: EPA Reference

Method 2 was used to determine the velocity and volumetric flow
rates of the stack gases. Stainless steel Type-S pitot tubes
were used to measure the gas velocity heads. The pitot tubes
were calibrated against a NBS traceable pitot tube in accordance

with Method 2. Calibrated Type-K thermocouples were used to

determine gas temperatures.

Velocity and temperature measurements were made at each of

the 24 traverse points as shown in Figure 1. These measurements

were performed in conjunction with the particulate sampling

described below.




3.1.3 Molecular Weight Determination -~ EPA Method 3: The

average molecular weight according to Method 3 was 28.84 for the

stack gases.

3.1.4 Flue Gas Moisture Content - EPA Method 4: The flue gas

moisture was measured in conjunction with each of the pollutant
tests according to the sampling and analytical procedures
outlined in EPA Method 4. The flue gas moisture for each test
was determined by gravimetric analyses of the water collected in
the impinger condensers of the pollutant sampling train. Aall
impingers were contained in an ice bath throughout the testing in
order to assure complete condensation of the moisture in the flue
gas stream. Any moisture which was not condensed in the
impingers was captured in the silica gel contained in the final

impinger.

3.1.5 ZTotal Suspended Particulate - EPA Method 5: Sampling for

total particulate was performed in accordance with EPA Method S

and Subpart AAa of 40 CFR 60.

3.1.5.1 Sampling Train Description: Figure 2 shows the major

components of the particulate sampling train. Stack gas was
pulled through a Teflon-lined stainless steel liner equipped with
a stainless steel nozzle, sized appropriately for isokinetic
gample withdrawal. After passing through the liner, the sample
gases were passed through a heated fiberglass filter, and into an

impinger train consisting of four glass impingers immersed in an




ice bath. The first two impingers initially each contained 100
milliliters of deionized, distilled water. The third impinger
was initiafly empty, and the fourth initially contained
approximately 200 grams of silica gel.

i

3.1.5.2 Sampling Train Operation: Sampling was done in

accordance with EPA Method 5 procedures and specifications,
including leak checking, isokinetic sampling rate and stack
traversing. According to the specifications outlined in Subpart
AAa, a minimum of four hours sampling time is required on
electric arc furnaces. Other criteria outlined in the subpart
required an integral number of heats to be sampled, and a minimum
sampiing volume of 160 dry standard cubic feet. During the
sampling runs, sampling was conducted for 11 minutes at each of
the 24 traverse points, resulting in a 264-minute test per run,
exclu&ing the time required to change ports. Isckinetic
adjustments were made twice per sampling point, or once every 5.5

minutes.

3.1.5.3 Sample Recovery and Clean-up: Recovery of the Method 5

sampling nozzle and liner was accomplished using a teflon-fiber
probe brush. Each was rinsed with acetone three times and
brushed between rinsings. Exposed filters were placed into
petri dishes, which were then sealed with Teflon tape. The
impinger contents were measured for moisture gain and discarded.
The silica gel from the fourth impinger was transferred back to

its original Nalgene container. The amount of moisture collected




in the sampling train was quantified in order to determine the

stack gas moisture content in accordance with EPA Method 4.

3.1.6 Opacity of Visible Emissions - EPA Method 9: Three
visible.emissions evaluation runs were conducted simultaneously
with the outlet particulate sampling runs, with readings taken
once every 15 seconds. The visible emissions evaluations were
conducted in accordance with EPA Reference Method 9 by an EPA-

certified observer.

3.2 Analvtical Procedures

3.2.1 Particulate Analysis - EPA Method 5: Particulate

concentrations were determined in accordance with EPA Method 5.

Each filter was analyzed gravimetrically to a constant weight.

Each front half acetone rinse was evaporated and analyzed

gravimetrically to a constant weight. The total suspended

particulate catch equals the sum of the front half acetone rinse
plus the filter weight. Appendix G contains the laboratory data

for the particulate tests.

3.3 Data Analysis: All calculations related to particulate
sampling, including gas flow rates, temperatures, percent

isokinetics, and moisture content are shown in Appendix D.

3.4 Equipment Calibration: PField equipment was calibrated in
accordance with the requirements of the applicable EPA Methods

and those recommended within the "Quality Assurance Handbook for




Air Pollution Measurement Systems: Volume III" (EPA-600/4-77-
027b, August, 1977). Appendix H contains records for all of the

calibrations.




TABLE I

ROANOKE ELECTRIC STEEL

SUMMARY OF PARTICULATE AND VISIBLE EMISSIONS

RUN I.D.
DATE

TIME STARTED
TIME ENDED

SAMPLING PARAMETERS

Metered Volume - dcf
Corrected Volume - dscf
Total Test Time - min

¥ Isokinetics

GAS PARAMETERS

Gas Temperature - oF
Oxygen - %

Carbon Dioxide - %
Moisture - %

GAS FLOWRATE
Velocity - ft/sec

Actual Volume - acfm
Standard Volume -~ dscfm

PARTICULATE EMISSIONS

Concentration - gr/dsctf
Mass Rate - 1lb/hr

U4B-M5D-R1 U4B-M5D-R3 U4B-M5D-R4

METHOD 9 -~ VISIBLE EMISSIONS

Percent - %

07/20/92 07/21/92
10:35 10:16
15:18 14:59

177.940 177.503
164.690 164.504
264 264
97.0 93.0
213.4 214.4
20.9 20.9
0.0 0.0
2.71 0.50
64.64 64.72
368561 369030
272087 283422
0.0009 0.0006
2.02 1.47
0.0% 0.0%

07/21/92
15:55
20:232

181.705
169.985
264
94.6

209.8
20.9
0.0
2.05

66.30
378046
287822

0.0006
1.37

0.0%

AVERAGE

179.049
166.393
264
94.9

212.5

20.9

0.0
1.7

65.22
371879
281110

0.0007
1.62

0.0%
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RUN I.D.

U4B-M5D-R1
U4B-M5D-R2
U4B-M5D-R3
U4B-M5D-R3

U4B-M9-R1
U4B-M9-R2
U4B-M9-R3
U4B-M9-R3

ROANOKE ELECTRIC STEEL

DATE

07/20/92

07/20/92
07/21/92
07/21/92

07/20/92
07/20/92
07/21/92
07/21/92

TEST LOG

START
IIME

10:35
15:55
10:16
15:55

10:35
16:00
10:16
15:55

COMMENTS

Run Voided’

Run Voided'

* Run voided due to plant shut down.




RUR NUMBER

DATE

START TIME

END TIMB

STACK DIAM.
NOZZLE I.D.
METER BOX GAMMA
METER BOX dHE
BAROMBTRIC

Cp
TEST DURATION

METHOD 1-4 HESULTS

Metered Volume

Volume € Std.Cond.

% Water
% Isokinetics
Velocity
Actual Flow
Std., Flow
Dry S5td. Flow
STACK
TEKR STATIC
POINT (DegF)} {(in.WC)
1 179 -0.48
2 196 =0.46
3 218 -0.65
4 224 ~0.44
5 222 =0.47
6 226 -0.52
7 226
8 234
9 197
10 229
11 238
12 222
13 198
14 195
15 176
16 200
17 219
18 209
19 2190
20 218
21 200
22 204
23 227
24 238
25 225
26 205
27 209
28 227
29 205
30 181
31 203
32 224
33 237
34 215
35 229
EL 224
37 203
38 226
39 209
40 194
41 214
42 212
43 216
44 211
45 231
46 219
47 202
48 214
45
AVG. 213 -0.50

U4B-NMSD-R1

071/20/92
10:35
15:18
132 inches
0.203 inches
0.9923
1,8357
28.99 in.Hg
0.84
264 minutes

177.940 dcf

164.690 decf
2.71 $
97.0 %

64.64 ft/sec
368561 acim
279662 scfm
272087 dscfm

DP DH

(in.we) {in.WC)
0.80 1.15
0.67 1.23
1.20 1.68
1.20 1.68
1.10 1.58
1.10 1.58
1.10 1.58
1.00 1.40
0,52 1.30
¢.95 1.38
0.95 1.38
0.96 1.39
1.00 1.40
1.00 1.40
1.30 1.80
1,10 1.58
1.00 1.40
1.10 1.58
0.99 1.39%
1.00 1.40
1.10 1.58
0.95 1,38
0.95 1,38
0.78 1.08
0.95 1.38
0.83 1.14
1.00 1.40
0,99 1.39
1.00 1.40
1.00 1.40
0.95 1.38
1.00 1.40
1,00 1.40
0.85 1.19
0.80 1.15
0.83 1.14
0,91 1.28
0.85 1.19
1.20 1.68
1.10 1.58
1.10 1,58
1.10 1,58
1.10 1.58
1.00 1.40
0.95 1.38
1.10 1.58
0.50 1.25
0.95 1.38
1.00 1.42

METHOD 4 DATA

IRIT.
(ml})
IMP.1 100.0
IMpP,2 100.0
IMP.3 0.0
IMP. 4
IMP.5
IMP.6
IMP,7
TOTAL 200.0
5.G. 200.0
METHOD 3 DATA
02 20.9
$CO2 0.0
%CO 0.0
82 79.1
02+C02 20.%9

FINAL RET

{ml) (ml)
153.0 53.90
97.0 -3.0
15.0 15.0
0.0
0.0
0.0
0.0
265%.0 65.0
232.4 32.4
Nd 28,84
Ms 2B.54
P 28.95

METER METER TEMPERATURE

VOLUME

(def)
220.447

INLET

93
95
100
98
94
94
92
95
94
99
93
a9
94
9%
102
103
102
99
98
98
97
99
97
81
80
83
87
84
88
a7
L)
88
89
90
S0
86
86
a8
B8
90
a9
88
91
92
90
88
89
358.387
177.940

{DegF)
89

QUTLET
(DegF}
[}
80
8l
a3
a0
83
83
83
813
84
85
85
As
85
a5
87
86
86
84
8S
86
85
85
as
8%
89
91
93
92
92
92
91
91
92
95
93
88
92
94
95
96
96
96
95
96
95
96
93

90




ANALYTICAL DATA

EPA METHOD 5 DATA

RUN NUMBER U4B-MS5D-R1

TARE FINAL NET VOLUME
COMPONENT ramg {grams} {gqrams}) {ml})
Probe Wash 64.45366 64.46289 0.00923 65.0
Qorr. for Blank 0.00923
Filter 0.42233 0.42233 0.00000

{Filter lost mass)

Back Half 0.00000 0.00000 0.00000
TOTAL 0.00923
ACETONE BLANK
Actual Residue 0.00000 grams
Allowable Residue 0.00094 grams
Volume 100.0 ml

PARTICULATE EMISSIONS
Actual Grain Loading 0.00086 gr/dect

Mass Rate 2.0171 1b/hr
SAMPLING QA/QC

Isckinetics 97.0 %
Corrected Meter Volume 164.690 dscf
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RUN NUMBER D4B-MS5D-R3
DATE 07/21/92
START TIME 10316
END TIME 14:59 METHOD 4 DATA
STACK DIAM, 132 inches INIT. FIN?L me
NOZZLE I1.D. 0.203 inches {ml) {ml} {ml}
METER BOX GAMMA 0.9923 IMP,1 100.0 58.0 -42,0
METER BOX dM@ 1.8357 IMP,.2 106.0 128.0 28.0
BAROMETRIC 29.54 in.Hg IMP,3 0.0 6.0 6.0
cp 0.84 IMP. 4 0.0
TEST DURATION 264 minuteg IMP, 5 0.0
IMP, & 0.0
IMP, 7 0.0
METHOD 1-4 RERSULTS TOTAL 200.0 192.0 -8.0
Hetered Volume 177.503 decf S.G. 200.0 225.7 25.7
Volume § Std.Cend, 164.504 dger
% Water 0.50 | METBOD 3 paTa
% Isokinetics 83,0 % 202 20.9 Md 28.84
Velocity 64.72 ft/gec $C02 0.0 Ms 28,78
Actual Flow 369030 acfm 8CO 0.0 Pe 29,50
std. Flow 284859 gofm &N2 79.1
pry Std. Flow 283422 dscfm 02+C02 20.9
STACK METER METER TEMPERATURE
TEMP STATIC . Dp DH VOLUMR INLET OUTLET
POINT (DegF) {in.wc; {in,WC) (in.WC) {def) [DegF) {DegF})
1 154 _0.4¢ 0.83 1,12 484.884 81 81
2 174 ~0.49 0.85 1,15 B3 81
3 224 =0.50 1.00 1.36 86 83
4 235 -0.69 0.97 1.31 1] a4
-] 240 1.00 1.36 92 - 85
6 218 .00 1.36 94 87
7 212 1.00 1.36 96 87
8 221 1.00 1.36 98 89
9 212 0.8% 1.20 98 B9
10 227 0.96 1.30 LX) a9
11 217 0.88 1.19 . 98 80
12 222 0.87 l.18 98 %0
13 197 1.00 1.36 96 53
14 184 1.10 1,46 101 95
15 199 1,20 1.57 103 96
16 211 1.20 1.57 104 57
17 208 1.20 1,57 104 97
18 224 1,10 1.46 105 97
19 232 1.00 1.36 10s 97
20 232 1.00 1.36 105 98
21 211 1.10 1.46 104 97
22 229 0.97 1.28 105 98
23 240 1,00 1.36 105 98
24 231 0.93 1.24 105 99
25 226 1.00 1.36 100 99
26 224 1.00 1.36 102 %9
27 211 1,20 1.57 : 103 98
28 193 1,30 1.74 106 100
29 184 l.10 1.446 107 100
30 176 1.00 1.36 108 101
31 176 1.00 1,36 lo8 101
32 203 1.00 1.36 109 102
33 214 . 1.00 1.36 109 102
34 206 0.98 1.32 110 103
35 216 1.00 1.36 . 110 103
36 223 0,98 1.32 109 103
37 200 1.00 1,36 102 102
k1] 212 0.98 1,32 107 1603
3s 229 1.10 1l.46 109 104
40 236 1.20 1.57 108 103
41 199 1.30 1.74 108 102
42 213 1.10 1.46 108 102
43 229 1.00 1.36 109 102
44 231 1.10 1.46 108 101
45 224 ¢.98 1.32 109 102
46 236 1.00 1.36 112 104
47 237 0.90 l.18 113 104
48 241 0.94 1.28 114 106
49 6§62.387
AVG. 214 -0.53 1.03 1.38 177.503 100




ANALYTICAL DATA

EPA METHOD 5 DATA
RUN NUMBER U4B-M5D-R3

TARE FINAL NET
COMPONENT {grams) {grams) {qrams}

Probe Wash 64.63679 64.64322 0.00643
Corr. for Blank 0.00643

}
|
|
. Filter 0.40504 0.40504 0.00000
' : . (Filter lost mass)
; Back Half 0.00000 0.00000 0.00000
__. TOTAL 0.00643
| ACETONE BLANK
. - Actual Residue 0.00000 grams

{

l

3

|

n
=
|

Allowable Residue 0.00078 grams
Volume 100.0 ml

PARTICULATE EMISSIONS
Actual Grain Loading 0.00060 gr/dscf

Mass Rate 1.4654 1b/hr

SAMPLING QA/QC .
Isckinetics 93.0 %
Corrected Meter Volume 164.504 dscft

VOLUME
{ml)

100.0




RUN NUMBER

DATE

START TIME
END TIME
STACK DIAM.
ROZZLE I.D.

METER BOX GAMMA

METER BOX dH#®
BARCHMETRIC

Cp
TEST DURATION

METHOD 1-4 RESULTS

Metered Volume
Volume @ Std.Cond.
% water
% Isokinetics
Velocity
Actual Flow
Std. Flow
Dry Std. Flow
STACK
TEMP STATIC
POINT (DegF} (in.WC)
1 184 =0.66
2 193 -0.57
3 221 -0.56
4 221 -0.39
5 191 ~0.49
6 225
7 234
8 239
9 230
10 230
11 223
12 211
13 177
14 188
15 215
16 217
17 203
18 223
19 2337
20 217
21 220
22 230
23 231
24 222
25 179
26 161
27 210
28 215
29 199
30 169
a1 196
32 217
i3 225
34 231
35 228
36 231
7 185
38 171
as 175
40 205
41 200
42 208
43 209
44 214
45 209
£13 217
47 224
48 209
49
AVG. 210 -0.53

U4B-M5D-R4

07/21/92
15155
20132
132 inches
0.203 inches
0.9923
1.8357
29.54 in.Hg
0.84
264 minutes
181.705 dcf
169.985 dsecf
2.05 | 3
94.6 3
66.30 ft/sec
3768046 acfm
293848 gcfm
287822 decfm
DP DH
{in.¥WC} {in.WC)
1.01 1.36
1.20 1.24
1.20 1.57
1.31 1.74
1.30 1.74
1.25 1.45
1.00 1.36
1.00 1.36
1.00 1.36
1.00 1.36
1.00 1.36
1.00 1.36
1.00 1.36
1.10 1.46
1.30 1.74
1,30 1,74
1.20 1.57
1.20 1.57
1,00 1.36
1.10 1.46
0.97 1.31
0.94 1.24
0.98 1,32
1,00 1.36
1.00 1.36
0.94 1.24
1.20 1.57
1.30 1.74
1.30 1.74
1.20 1.57
1.10 1.46
1.10 1.46
1.00 1.36
1.00 1,36
0.96 1.30
1.00 1.36
1.00 1.36
1.00 1.36
1.00 1.36
1.00 1.36
1.10 1.46
1.20 1.57
1.10 1.46
1.00 1.36
1.00 1.36
0.97 1.21
0.89 1,22
1.00 1.36
1.08 1.43

METHOD 4 DATA

INIT.
(ml})
IMP.1 100.0
IMP, 2 100.0
IMP.3 0.0
IMP.4
IMP.5
IWP.6
IMP,7
TOTATL 200.0
5.G. 200.0
METHOD 3 DATA
%02 20,9
'C02 0.0
$CO 0.0
N2 79.1

02+C02 0.9

FINAL
{ml)
138.0
113,0

1.0

252.0
223.6

Md
Ms
Ps

K]
=

{ml)

= L
LWnNoooOoOHWD
O
=N -R-N-N-Y YN

N

28.84
28.61
29.50

METER METER TEMPERATURE ‘
OQUTLET

(DegF)

VOLUME

{def)
663.449

INLET

100
102
106
104
i04
107
109
111
108
108
107
106
102

99
102
100
101

97

99

98

845.154
181.705

{DeqgF)

85

100
101
102
100
100
101
101
103
101
101
101
101
101
99
100
99
99
97
98
97
98
$8
95
95
89
87
96
84
83
83
a3
84
84
84
86
86
68
88
a9
89
88
a8
89
90
S0
90
51
91




ANALYTICAL DATA
EPA METHOD & DATA

RUN NUMBER U4B-M5D-R4
TARE FINAL NET VOLUME

COMPONENT {grams ) {(gramsa) {grams) {ml)
Probe Wash 65.52576 65.53187 0.00611 80.0
Corr. for Blank 0.00611

Filter 0.40549 0.40549 0.00000

{(Filter lost mass)

Back Half 0.00000 0.00000 0.00000

TOTAL 0.00611
ACETONE BLANK

Actual Residue 0.00000 grams

Allowable Residue 0.00078 grams

Volume 100.0 ml

PARTICULATE EMISSIONS

Actual Grain Loading 0.00055 gr/dscft
Maes Rate 1.3685 1b/hr
SAMPLING QA/QC

Isckinetice 94.6 %

Corrected Meter Volume . 169.985 dscf
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CALCULATIONS EPA METHODS 1-4

The meter volume at standard conditions (1 atm and 68 °F) is:

+ AH
B 13,6
T, + 460

(1)

Viiseay = VXY x17.64 x[

where V. is the volume of gas sampled through the dry gas meter - dcf.
Voatay 15 the gas sample volume corrected to standard
conditions (68 °F, 1 atm) - dscf.
vy is the DGM calibration factor.
AH is the average DGM differential orifice pressure - in W.C.

The conversion from the amount of liquid water collected in the impingers
and silica gel to an equivalent gas-phase, ideal gas volume respectively
are:

Viciseay = (Ve = vy) x0.04707 (2)
Visgtseay = (we - w;) x0.04715 (3)
where Vie(atay 18 the gas-phase water volume of the impinger catch at

standard conditions - scf.

Vusgstay 18 the gas-phase water volumes of the silica gel
absorbtion at standard conditions - scf.

vy is the initial total impinger liquid volume - ml.

Ve is the final total impinger liquid volume - ml.

wy; is the initial silica gel weight ~ grams.

wy is the final silica gel weight - grams.

0.04707 is the conversion from mls of liquid water to scf for
an ideal gas at standard conditions.

0.04715 is the conversion from grams water to scf for an ideal
gas at standard conditions.

The volume fraction of water vapor within the gas, B,,, is:

B _ = Vwc(st:d) + szg(std) (4)

ws
Vwc(std) + szg(.std) + Vm(atd}
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Percent water within the gas-phase is given by:

$H,0 = B,,x100 (5)

The absolute stack pressure, P, (in inches Hg), is:

.Psr:at:ic (6)

P = P 4+
5 13.6

where P, is the absolute barometric pressure - in. Hg
P.atic 18 the stack static pressure - in. W.C.
13.6 convertes in. W.C. to in. Hg.

The nitrogen content, %N,, in percent dry basis of the stack gas is:

&N, - 100 - (3C0, + %0, + %C0) (7)

where all gas percentages are on a dry basis.

Calculation of gas-phase dry molecular weight, Md is:

My = 0.44x%C0O, + 0.32x%0, + 0.28x (%N, + %CO) (8)

Calculation to determine wet molecular weight, M,, is:

M, - Myx(1 - B,)) + 18xB,, (9)

Fuel Factor determination is as follows:

5 . 20.9 - %0, 10
o~ Tsco, (10)




Stack gas velocity, v, (ft/s), determination is as follows:

1
(T, + 460) 2

1
V, = 85.49xC,x (AP) 7, x -
(P,xM,) 2

where C, is the pitot tube coefficient.
T, is stack gas temperature - °F.
AP is pitot differential pressure - in W.C.

Stack area, A, (ft?), is determined from the following:

. _XxD?
8 4dx144

where D is the stack diameter (inches).
4 converts squared diameter to squared radius.
144 square inches in 1 square foot.

The actual gas flow rate, Q, (acfm), is:

P, = VgoxA_X60

The gas flow rate corrected to standard conditions (68°F, 1 Atm),
Q. (scfm):

P x528R

D, = 0,x (T, + 460) x29,921in.Hg

The dry standard gas flow rate, Q,, (dscfm), is:

Qs = Lg% (1 - Bws)

Percent excess air, %EA, is calculated by:

%0,-0.5%C0

" 0.264%N,-(30,-0.5800) 00

%EA

where %0, is the dry volume percent of oxygen in the flue gas.

(11)

(12)

(13)

(14)

(15)

(16)

$CO is the dry volume percent of carbon monoxide in the flue gas.

tN, is the dry volume percent of nitrogen in the flue gas.
0.264 is the ratio of 0, to N, in air, v/v.
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PARTICULATE EMISSION CALCULATIONS

Particulate emission concentrations are calculated by:

.4 a
csd-_i‘l;_:*xzmi (1
m{atd) i

where C,, is the particulate concentration - grains/dscf.
Im, is particulate mass gained in sampling train - grams.
15.43 is a conversion factor - grains/grams

Correcting particulate concentration to 7% 0, is done by:

20.9 - 7.0

Cﬂd.'f‘ - Csdx 20.9 - %Oz (2
where C,.,, is the particulate concentration at 7% 0, - grains/dscf
%0, is the percent volume of oxygen within the flue gas.
Correcting particulate concentration to 12% CO, involves:
K = (3!

sae12¢ ~ CagX $C0,

where C,.,,, is the particulate concentration at 12% CO, - grains/dscf.
$CO, is the volume percent of carbon dioxide in the flue gas.

The particulate concentration corrected to 50% excess air is:

100 + $EA ’
Csdasoszs = Csde (4)

where C,4sey i5 concentration at 50% excess air - grains/dscf.
$EA is volume percent excess air.
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The mass emissions rate on a time basis is calculated by:

C.x0_ xX60
M - sd sd 5
P 7000 (3)

Y

where M, is the time based mass particulate emissions rate - 1b/hr
Q.4 is the standardized volumetric - dscfm
60 is a conversion factor - min/hr
7000 is a conversion factor - grains/lb

Mass emissions based upon fuel usage is calculated by:

CogX O xFy 20.9 6
Mo 7600 (20.9 - %0, ()

where M, fuel based particulate mass emissions - 1b/MMBtu
20.9 is ambient volumetric percent oxygen - %
F, is the dry basis fuel factor - dscf/MMBtu

Percent Isokinetics (%$Iso) are derived by the following:

0.09450x (T, + 460) XV, (5eq

¥Iso - :
P,xv_xA xtimex (1 - B,,)

(7)

where T, is the stack temperature - °F
Vpeta; 18 the standardized sample volume - dscf
P, is the average stack pressure - in. Hg
v, is average stack gas velocity - ft/s
A, is the nozzle cross section area - ft?
time is defined as the net Method 5 sampling time - min
B,, is volumetric water vapor fraction of the flue gas
460 converts degrees Fahrenheit to Rankine.
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GRAVIMETRIC LABORATORY DATA
FINAL BEAKER WEIGHTS
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RES NO. 5 EAF STACK TEST ON JULY 20 - 21, 1992
Process Weight Rate ~ Furnace Cutpul in Tons/Hour

Stack Test Run No. 1: 1035 - 1518 on July 20, 1892

Melting Heat Cutput Heat Grade of
Start Einish = Pounds  Number = _Steel
1035 - 1153 184,788 3400 A-36
1201 - 1322 178,524 3401 A-136
1331 - 1504 184,788 3402 A-36
1508 - 1830 169,128 3403 A-36

Tctal Melting Time: 355 minutes
Total Output : 717,228 pcunds

717,228 1bs. x 1/2000 = 358.614 Tens x 1/355 min. X
60min./hr. = 60,6 Tons/hr,

Stack Test Run No. 2: 1016 - 1459 on July 21, 1992
Stack Test Run No., 3: 1555 - 2032 on July 21, 1992

Melting Heat output Hesat Grade of
Start Einish Pounds Number _Steel
1016 - 1132 181, 656 3413 A-36
1135 -~ 1252 161,788 3414 A-36
1311 - 1416 181,052 3415 A-36
1418 -~ 1549 160,920 34156 A-36
1555 - 1658 184,788 3417 . A-36
1706 - 1817 160,788 3418 A-386
181% - 1835 175,382 ' 3419 A-36
1935 - 2112 159,732 3420 A-36

Total Melting Time: 656 minutes
Total Cutput: 1,366,116 pounds

1,366,116 1lbs. x 1/2000 = 683.06 Tons.x 1/656 min. x
60 min./hr. = 62.5 Tons/hr.

Three Run Test Average:
{(60.6 + 62.5 + 62.5)/3 runs = 61.% Tens/hr.




No. 5 EAF Monitoring of Operations
July 20 - 21, 1992

No. 5 EAF Internal Pressure Range: -1.5 to -2.6 Inches
No. 5 EAF Fan Motor Amps Range: 370 to 410 Amps

No. 5 EAF Damper Position Range: 100 %

No. 5 EAF Baghouse Temperature Range: 185 to 250 Farenheit
No. 5 EAF Baghouse Pressure Range: 7.2 to 10.5 Inches
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