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I Melanie Taylor 

From: 
Sent: 
To: 
Subject: 

Jordan,Robina [rfjordan@deq.stale.va.us] 
Monday, July 22, 2002 3:23 PM 
Melanie Taylor 
RE: Roanoke Electric Steel 

The stack test info seemed to imply that the # 5  E4F 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 Goetz, one of our Engineers who was present at the test, 
just to be sure. He confirmed that the #S~EAF.,was.-the.only piece of equipment controllec! 
by that baghouse during the test . and that they were using oxygen lancing during the test: 
At that time they did not have a ladle metallurgical station. 
they were using natural gas supplemental burners during the test.) 

He ,also reminded me that 

> >  
> >  

I 15 
> >  
> >  
> >  
> >  
> >  
> >  

Hope this helps. Let me know if you need anything else. 
> -----Original Message----- 
> From: Melanie Taylor [SMTP:mtaylor@alpha-gama.com1 
> Sent: Thursday, July 18, 2002 12:lO PM 
> To: Jordan,Robina 
> Subject: RE: Roanoke Electric Steel 
> 
> Thanks. Also, 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.usl 
> 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-gama.com1 
> > Sent: Thursday, July 18, 2002 1 1 : 2 1  AM 
> > TO: Jordan, Robina 
> > Subject: Roanoke Electric Steel 
> >  
> > Robina, 
> > 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 some 
> > emissions data for Roanoke Electric Steel at my request. The tests were 
> > done on April 9 through 10 and July 2 0  through 21, 1992.  The documents 
> you 
> > 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 from 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 arc furnace and a ladle metallurqv Drocess - _  . 
vented to a comon baghouse, s o  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 F a l l s  of Neuse Road 
Suite 350 
Raleigh, NC 27609 
Phone: (919) 954-0033 ext. 118 
Fax: (919) 954-0379 
Email: mtaylor@alpha-gama.com 

2 



COPMONKEALTS O F  VIRGINIA 
C e p a r t a e n t  of Air Pollution Contzo l  

INTXii-AGWCY KEYORdNDcV, 

TO: RSGIONAL FILZS 

S'JBJZCT: STACK TEST RESZTS 

PeraitDate ( 5 )  : %Leu a i 4  , ZL, 179 I 
CA&O Date (s) : Other: 

- 
-. 

Stack Test Company/Personnel: --- fl 5 

D E Q W i t n e s s e s :  uu (30 e m  
_ _  _ _  .. 

I 



stack Samplinq and RePo-+&: 

s tack  s a n p l i n q  deta i l s  acces~aSle?  2.d  Commenrrs 

1 

T3ST RESULTS: 

. . . . . .  

. .  . .  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

REPORT CERTIFICATION 

------ 
The sampling-and analysis performed for this report were 

carried out under my direction and supervision. 

DATE: 05- I3  -9d 

s1C;NATuRE: cA/l&l 
Chris Fergusod 
Test Team Leader 
ETS, Inc. 

I have reviewed all testing details and results in this 

report and hereby certify that the test report is authentic and 

accurate. 

DATE : 

SIGNATUFLE: 
Jade$ E. Wrraht / I  
Ke@pr/Techr;ical 
E , Inc. 

I have reviewed all testing details and results in this 
- 

report and hereby certify that the test report is authenticand 

accurate. 



1.0 INTRODUCTION 

1.1 Backuround: Air emissions testing was performed on the #5 

electric arc furnace baghouse stack outlet at Roanoke Electric 

Steel Corporation on April 9 through 10, 1992. 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 Obiective: The purpose of testing was to evaluate the 

compliance of the t 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 (SO,) 
- carbon monoxide (CO) 
- opacity of visible emissions. 

1.3 Test Prouram: The test program included three series of 

measurements for each pollutant. 

conducted in accordance with EPA Method 5 and Subpart AAa of 4 0  

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. 

Particulate sampling was 
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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 SO2 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 OF RESULTS 

Table I summarizes the results of the particulate, silica, 

and opacity tests. 

11. 

particulate 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. 

SO, and CO emissions are summarized in Table 

Appendix B contains detailed flow measurement and 

Appendix C contains the data and results 

The particulate emissions averaged 0.0049 grains per dry 
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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/dscf at a rate of 7.14 lb/hr. Sulfur 

dioxide emissions averaged 3.31 ppmdv at a rate of 9.96 lb/hr. 

Carbon monoxide emissions averaged 51.63 ppmdv at a rate of 67.88 

lb/hr. Visible emissions averaged 0% for the entire test 

program. 

3.0 DISCUSSION OF RESULTS 

The emissions measured for SO, and CO were below the permit 

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

The TSP emissions for the #5 furnace are limited to a 
4h.d, .-. , 22$,&" s - .  7 i--f 

concentration of 0.0052 gr/dscf %a mass rate of*. 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 lb/day. The 

measured hourly emissions rate of PM,., is equivalent to 171 

lb/day based on a 24-hour day. By assuming all of the PM,., 

consists of silica, the reported silica emissions are possibly 

much higher than real. Previous analyses of the particulate at 

the facility 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. 
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4.1.4 

moisture was measured in conjunction with each of the particulate 

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

tests according to the sampling and analytical procedures 

outlined in EPA Method 4 .  

was determined by gravimetric analyses of the water collected in 

the impinger condensers of the particulate sampling train. 

impingers were contained in an ice bath throughout the testing in 

order to assure complete condensation of the moisture in the flue 

The flue gas moisture for each test 

A l l  

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 5 :  Sampling for 

total particulate was performed in accordance with EPA Method 5 

and Subpart AAa of 40 CFR 60. 

' 

4.1.5.1 SamDlina Train DescriDtion: Figure 2 shows the major 

components of the particulate sampling train. 

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. 

was initially empty, and the fourth initially contained 

approximately 200 grams of silica gel. 

Stack gas was 

The third impinger 
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4.1.5.2 Samplina Train ODeration: 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 

the 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 point, or once every 5 . 5  

minutes. 

4.1.5.3 SamDle RecoverV 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 and thimbles were 

placed into petri dishes, which were then sealed with Teflon 

tape. 

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 

The impinger contents were measured for moisture gain and 

with EPA Method 4. 



4.1.6 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. 

4.1.7 Silica f PM,.,I - Cascade ImDactor: 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 SamDlina Train DescriDtion: Figure 3 shows the major 

components of the impactor sampling train. 

through an appropriately sized stainless steel nozzle to insure 

isokinetic sampling. From the nozzle, sample gas was pulled 

through an Andersen Mark I11 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 

ice bath. 

milliliters of deionized, distilled water. 

was initially empty, and the fourth initially contained 

approximately 200 grams of silica gel. 

Stack gas was pulled 

The first two impingers initially each contained 100 

The third impinger 
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4.1.7.2 SamDlina Train Operation: Sampling was done in 

accordance with the procedures recommended by Andersen 2000 for i 

I leak checking, isokinetic sampling rate and stack traversing. 

During the sampling runs, sampling was conducted for 11 minutes 

I at each of the 24 traverse points, resulting in a 264-minute test 

per run, excluding the time required to change ports. 

4.1.1.3 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. 

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. 

The impactor filters were individually 

4.1.8 Continuous Monitorina for SO,. CO. 0,. and CO, - 
Instrumental Methods: 

was performed in accordance with the following procedures: 

- GAS REFERENCE METHOD INSTRUMENT TYPE 
so2 

Instrumental monitoring of the flue gases 

Method 6C Western Research 721AT UV 
Absorption SO, Analyzer 

co Method 10 TECO Model 48 NDIR CO Analyzer 

0 2  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 zeroed, 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 

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. 

particulate catch equals the sum of the front half acetone rinse 

The total suspended 
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plus the filter weight. Appendix J contains the laboratory data 

for the particulate tests. 

4.2.2 Cascade ImDactor Analvsis: Mass gains for the filters of 

each stage of the cascade impactor were also determined in 

accordance with EPA Method 5 procedures. 

analyzed gravimetrically to a constant weight. 

includes the laboratory data for the impactor tests. 

Each filter was 

Appendix J 

4 . 3  Data Analvsis: A l l  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. 

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. 

The percentage of 

12 



RUN I.D. 
DATE 
TIME STARTED 
TIME ENDED 

TABLE I 

SUMMARY OF TSP AND PM,.. EMISSIONS 

RES-M5-Rl RES-MS-R2 RES-M5-R3 AVERAGE 
04/09/92 04/10/92 04/10/92 
08:39 08:45 14 : 10 
14 : 18 13:32 18:49 

SAMPLING PARAMETERS 

Metered Volume - dcf 184.085 188.219 191.851 188.052 
Corrected Volume - dscf 174.280 172.905 176.737 174.641 
Total Test Time - min 264 264 264 264 
% Isokinetics 97.4 97.0 98.5 97.6 

GAS PARAMETERS 

Gas Temperature - OF 
Oxygen - % 
Carbon Dioxide - % 
Moisture - % 

180.7 192.7 188.5 187.3 
20.4 20.3 20.5 20.4 
0.6 0.5 0.5 0.5 
1.56 1.48 1.31 1.45 

GAS FLOWRATE 

Velocity - ft/sec 67.55 68.43 68.34 68.11 

Standard Volume - dscfm 301371 300209 302343 301308 
Actual Volume - acfm 385196 390178 389689 388354 

TOTAL PARTICULATE EMISSIONS 

Concentration - gr/dscf 0.0061 0.0051 0.0035 0.0049 
Mass Rate - lb/hr 15.79 13.09 9.19 12.69 

OPACITY - % 0.0 0.0 0.0 0.0 

E&., EMISSIONS 

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

58 58 51 56 

9.16 7.59 4.68 7.14 
0.0035 0.0030 0.0018 0.0028 

13 
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EPA METHOD 5 DATA 
RUN NUMBER 

COMPONENT 

Probe Wash 
C o r r .  f o r  Blank 

F i l t e r  

B a c k  H a l f  

TOTAL 

ACETONE BLANK 
A c t u a l  R e s i d u e  

RES-MS-R1 

64.62326 64.66282 0.03956 130.0 
0.03861 

0.40876 0.43920 0.03044 

0.00000 0.00000 0.00000 

0.06905 

0.00088 u r a m s  
A l l o w a b l e  R e s i d u e  0.00094 grams 
V o l u m e  120.0 m l  

PARTICULATE EMISSIONS 
A c t u a l  G r a i n  Loading 0.00611 gr/dscf 
C o r r e c t e d  to 7% 02 0.16664 gr/dscf @ 7% 02 
C o r r e c t e d  to 12% C 0 2  0.12435 gr/dscf  @ 12% C02 
C o r r e c t e d  to 50% E x c e s s  A i r  0.18043 gr/dscf @ 50% EA 

Mass R a t e  15.7936 lb /hr  

SAMPLING QA/QC 
I s o k i n e t i c s  97.4 % 
C o r r e c t e d  Meter V o l u m e  174.280 dscf 



DATE 
START TIME 
EHD TIME 
STACX D W .  

04/10/92 
08145 
13132 nETH)D 4 DATA 

132 inches INIT. FINAL NET 
NOZZLE I . D .  0.198 inches 
WTER B O X  GAUUA 0.9958 IW.1 100.0 112.0 12.0 
METER BOX dll@ 1.7586 I W . 2  100.0 110.0 10.0 
BAROMETRIC 28.845 in.m I W . 3  0.0 4.0 4.0 
cp 
TEST DUWTION 

JQTBDD 1-4 EfESU'Ll'S 
Metered Volume 
Volume e Std.Cond. 
I Water 
I Iiokinetics 
Velocity 
Actual Flow 
Std. Flow 
Dry Std. Flow 

2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12  
1 3  
14  
1 5  
16 
17 
1 8  
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
31  
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

AVG . 

79 
161 
162 
196 
198 
216 
224 
217 
209 
198 
179 
183 
162 
203 
202 

STACX 
TEUP STATIC 

WINT f D e g F )  1 i n . W C l  
1 79 0.62 

0.52 

_. 

i i s  
2 1 2  
234 
215 
207 
196 
196 
183 
134 
160 
179 
213 
2 2 5  
217 
222 
206 
218 
215 
200 
194 
1 2 3  
131  
196 
193  
225 
228 
195 
203 
232 
214 
206 
195 
193 0.57 

- 
0.84 I W . 4  

264 minutes I W . 5  
IW.6 

188.219 
172.905 

1.48 
97.0 

68.43 
390178 
304732 
300209 

D P  

0.82 
0.91 
1.20 
1.10 

Iln.WC) 

dcf 
dscf 
I 
I 

ftlsec 
acfm 
scfm 
dscfm 

DH 

1.07 
1.15 
1.50 
1.40 

Iln.WC) 

1.10 i.40 
1.20 '1.50 
1.10 1.40 
1.10 1.40 
1.10 1.40 
1.10 1.40 
1.10 1.40 
1.00 1.28 
0.88 1.13 
1.00 1.28 
1.00 1.28 
1.10 1.40 
1.10 
1.00 
1.10 
1.10 
1.10 
1.10 
0.99 
1.00 
1.10 
1.10 
1 .40  
1.20 
1.20 
1.30 
1.10 
1.30 
1.20 
1.20 
1.20 
1.00 
1.30 
1.30 
1.50 
1.50 
1.40 
1.50 
1.60 
1.30 
1.10 
1.20 
1.10 
1.30 
1.16 

1.40 
1.28 
1.40 
1.40 
1.40 
1.40 
1.25 
1.28 
1.40 
1.40 
1.80 
1.50 
1.50 
1.70 
1.40 
1.70 
1.50 
1.50 
1.50 
1.28 
1.70 
1.70 
1.90 
1.90 
1.80 
1.90 
2.00 
1.70 
1.40 
1.50 
1.40 
1.70 
1.48 

~~ 

I W . 7  
TOTAL 
S.G. 

-D 3 DATA 
a02 

oc02 
I C 0  
I H 2  

02+c02 

METER 
VOLUUB 

129.943 
Idcf) 

318.162 
188.219 

0.0 
0.0 
0.0 
0.0 

200.0 226.0 26.0 
200.0 229.3 29.3 

20.3 Hd 28.90 
0.5 WB 28.74 
0.0 P E  28.89 

79.1 Fo 1.057 
20.9 %EA 3696 

METER TEWERATURB 
INLET OUTLET 
i . F . c g L q  

73  74 
7 4  7 4  .. .. 
74 74 
75 74 
77 75 

77 8 2  
8 5  78 
8 5  80 
86 81 
85 8 1  
88  8 4  

85 8 5  
85 83 

85 86 
89 88 
96 
94 
98 

101 
106 
104 
105  
103  

99 
102 
104 
102 
101  
100 
100 
104 
106 
105  
105  
104  

97 
101  
104 
106 
107 
108 
108 
105 
107 
107 
104 
102 

94 

92 
93  
94 
96 
99 
98 
99 
98 
98 
98 
99 
97 
97 
96 
96 
98 
99 
99 
99 
99 
98 
99 
99 

100 
100 
101 
101 
99 

101 
101 
100 

99 



EPA METHOD 5 DATA 
RUN NUMBER 

COMPONENT 

Probe Wash 
Corr. for Blank 

Filter 

Back Half 

TOTAL 

ACETONE BLANK 
Actual Residue 

RES-MS-R2 

TARE FINAL NET VOLUME 
(grams 1 (grams 1 (grams 1 (ml) 

6 5 . 0 2 5 1 6  6 5 . 0 6 7 9 6  0 . 0 4 2 8 0  1 1 0 . 0  
0 . 0 4 1 9 9  

0 . 4 1 3 1 2  0 . 4 2 8 1 4  0 . 0 1 5 0 2  

0 .00000  0 .00000  0 .ooooo 
0 . 0 5 7 0 1  

0 . 0 0 0 8 8  arms 
Allowable Residue 0 . 0 0 0 9 4  Grams 
Volume 1 2 0 . 0  ml 

PARTICULATE EMISSIONS 
Actual Grain Loading 0 . 0 0 5 0 9  gr/dscf 
Corrected to 7 %  0 2  0 . 1 2 6 3 1  gr/dscf @ 7 %  0 2  
Corrected to 1 2 %  C02 0 . 1 1 5 2 1  gr/dscf @ 1 2 %  C02 
Corrected to 5 0 %  Excess Air 0 . 1 2 8 7 8  gr/dscf @ 50% EA 

Mass Rate 1 3 . 0 9 4 2  lb/hr 

SAMPLING QA/QC 
Isokinetics 9 7 . 0  % 
Corrected Meter Volume 1 7 2 . 9 0 5  dscf 



DATE 
START T I W  
BND TIHE 
STACK D I M .  
NOZZLE I .D.  
KETER BOX WWU 
METER BOX dH@ 
BARObETRIC 

TEST DURATION 
cp 

I S T W D  1-4 IUSUIXS 
Metered Volume 
Volume @ Std.Cond. 
Water 

I Isokinetics 
Velocity 
Actual Flow 
Std. Flow 
Dry Std. Flow 

2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12  
13 
1 4  
15 
16 
17  
18 
19  
20 
21 
22 
2 3  
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 
43 
44 
45 
4 6  
47 
48 

AVG . 

175  
163  
106 ~~~ 

100 
182 
1 9 1  
2 1 8  
219 , 
200 
221 
212 
197 
199 
190  
120  
1 2 1  
162 
191  
198 
191  
224 
218 
222 
193  
186 
227 
189 0.62 

04/10/92 
14:lO 
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 % 
98.5 % 

68.34 ft/sec 
389689 acfm 
306342 scfm 
302343 dscfm 

DP DH 

1.30 1.70 
1.00 1.28 
1.20 1.50 
1.50 1.90 
1.30 1.70 
1.30 1.70 

jin.WCl fin.wcL 

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 
1.00 1 . 2 8  
1.20 1.50 
1.20 1.50 
1.20 1.50 
1.40 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 . 2 8  
1.00 1.28 
1.10 1.40 
0.88 i.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 - 7 0  
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 

m 1 B o D  4 

IW.l 
IW.2  
IW.3 
IMP. 4 
IKP.5 
IKP.6 
IKP.7 
TOT= 
S.G. 

m 1 B o D  3 
%02 

%C02 
QCO 
\ N 2  

02tC02 

lIETER 
VOLUW 

318.416 

510.267 
191.851 

0.0 
0.0 
0.0 

200.0 223.0 23.0 
200.0 226.6 26.6 

nA!m 
20.5 Md 28.90 

0.5 Ma 28.75 
0.0 P8 28.89 

79.0 PO 0.875 
21.0 \EA 5298 

WTER TEMPERATORB 
INLET OUTLET 
l o e q F l w  

100 97 
102 98 
103 98 
103 98 
102 97 
102 97 
102 96 
102 96 
102 96 
101  95 

98 94 
97 93 
89 90 
92 8 9  ._ .. 
92 88  
91  87 
90 8 5  
90 8 1  .. ~~ 

9 1  8 5  
93  8 5  

87 95 
96 87  

94  88 
89 87 
9 1  87 .. ~. 
93  88  
95 88  
94 88  
95 8 9  .. .. 
96 90  
9 3  89 
93  88  

89 94 
93  88  

89 94 
88  91  
89 9 3  
89 94  

94 88 .. ~~ 

95 89 
93  8% 
9 1  87 
90 86 
90 86 .. ~~ 

90 8 5  
90 8 5  
88  8 4  
92 



EPA METHOD 5 DATA 
RUN NUMBER RES-M5-R3 

TAR!% FINAL NET VOLUME 
COMPONENT (grams (grams 1 (grams 1 (ml) 
Probe Wash 65.18576 65.21075 0.02499 110.0 
Corr. for Blank 0.02418 

Filter 0.41091 0.42732 0.01641 

Back Half 0.00000 0.00000 0 .ooooo 
TOTAL 0.04059 

ACETONE BLANK 
Actual Residue 0.00088 grams 
Allowable Residue 0.00094 grams 
Volume 120.0 ml 

I 
I 
I 
I 
1 
I 
I 
I 
I 
- 

PARTICULATE EMISSIONS 
Actual Grain Loading 0.00354 gr/dscf 
Corrected to 7% 02 0.11731 gr/dscf @ 7% 02 
Corrected to 12% Co2 0.08861 gr/dscf @ 12% C02 

Mass Rate 9.1857 lb/hr 

Corrected to 50% Excess Air 0.12756 gr/dscf @ 50% EA 

SAMPLING QA/QC 
Isokinetics 98.5 % 
Corrected Meter Volume 176.737 dscf 





I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
! 
1 
I 
3 
I 
I 
I 

I m p a c t o r  Datu 

Hoanoke 1:lectric Steel. 

L o c a t i o n :  E l e c t r i c  A r c  F u r n a c e  
Cond i t ion :  Compl iance  
Date: 04/9Y/'3% 
'rims: w : 3 q  
fmpac to r :  Anderson 

F i l e  Name: SY/rl. imp 

CUZ 0.59 M o l e c u l a r  U t .  of Lias Dry 28.91 
CI2 2a. 4(d M o l e c u l a r  W t .  o f  Gas W e t  28.7b 
N 2  79.(dl X E x c e s s  A i r  x4447.92 
co (d. (d(0 X Water 1.41 

l m p a c t o r  Flow H a t e  (d. 4Yb AGFM 
Nozzle  Diameter  (d.156 i n c h e s  
X l e o k i n e t i c s  94.68 X 
P a r t i c l e  U e n s i t y  2.0U < gm/cm3) 
Sample T i m e  2b4. Ul m i n u t e s  

Meter V o l u m e  108.117 c u h i c  feet 
Meter Tempera tu re  72.a OF' 

S t a c k  Tempera tu re  175. (d o).' 

Jmpactor  Tempera tu re  17b. (d OF 
Haromet r i c  P r e s e u r e  28.81 in. H g  
Impac to r  P r e s s u r e  ( v a c .  ) ( d . O  i n .  Hg 
S t a t i c  P r e e u u r e  B.bb i n .  H20 
Meter P r e s n u r e  D e l t a  H 0 .5& i n .  H20 
P j t o t  D e l t a  P 1.290 i n .  H20 
V i s c o s i t y  of Lias (d. (d(d(d2048 p o i s e  
P a r t i c u l a t e  Conc. 8. 0U19 g r .  /scf 

Mass Gain i n  S t a g e  
ness  Gain i n  S t a g e  
Mass t ia in  i n  Stage 
Mass tiain i n  S t a g e  
Mass t i a in  i n  S t a g e  
Mass Liain i n  Stage 
Mass Gain i n  S t a g e  
Mass Gain i n  S t a g e  

Back-up F i l t e r  

T o t a l  Xaes 
Stages 8 are aeeumed 

(d. (d(d143 grame 
(6. @(dl88 grams 
0. a0115 grams  
(6. 001(d!3 grams 
0.0@225 grams 
0.00253 grams 
(6. 60224 grams 
0. (d00@(d grams 
0.08054 grams 

z e r o  
(d. Cdl'Jld'/ grams 

b e c a u s e  of n e g a t i v e  w e i g h t  g a i n .  



I 
. .  . .  

i 

I 
. .  . .  . 

i I 



RUN -L 

Cumulative 
X Lese 

than Die. 

82.28 
65.21 

53. a6 
53.06 
9 .71  
9.71 
7.  a9 

57.76 

I 

50% Cut-point 50% Cut-point 
Diameter (microns) Diameter (microns) 

Physical Aerodynamic* 

7.321 11.342 
6.900 10.689 

2. a53 4.421 
1. saa 2.459 
0.699 1.032 
0 .413  0.640 
0.210 0.326 

4.291 6.648 

a 

Aerody 

Particle Sizing Heeults 

HUN t 
Chmpl i ance 
(64/ 1 (n/92 Time: W:4b 



I 

Cmpactor D a t a  

R 

I 
L o c a t i o n :  E l e c t r i c  A r c  F u r n a c e  
C o n d i t i o n :  Compliance 
Date :  64/16/92 
Time: 0&:4S 
Impac to r :  Anderson 

F i l e  Name: 597r2.imp 

cui! 0.53 H o l e c u l e r  U t .  of Gas Dry 28.90 
CI2 20.34 H o l e c u l a r  U t .  of Gas W e t  2&.?0 
N2 79.13 X k:xcess A i r  X3696.04 
CO 0. 00 X Ueter 1 . 8 4  

I m p a c t o r  Flow Hate 0.512 ACFH 
Nozzle  Diameter  0.ibB i n c h e s  
X 1SOkinet iCB 96.3/ X 
P a r t i c l e  D e n s i t y  2.40 (gm/cm3) 
Sample T i m e  264.80 m i n u t e e  

Heter Volume 111.023 c u b i c  fee t  
H e t e r  Tempera tu re  Y 1 . B  OF' 

Stack l ' empera ture  1519.0 QF' 
I m p a c t o r  Tempera tu re  19Y. 0 O F  

R a r o m e t r i c  P r e s s u r e  2&.e4 i n .  Hg 
I m p a c t o r  P r e e s u r e  ( v a c . )  0.0 i n .  Hg 
S t a t i c  P r e s s u r e  0.71 i n .  H2O 
H e t e r  P r e s s u r e  Del ta  H 0 .56  i n .  H20 
P i t o t  Del ta  P 1.280 i n .  H20 
V i u c o s i t y  of Lias 0.  0002099 p o i s e  
P a r t i c u l a t e  Conc. 0.0033 g r .  /ncf  

Mess Gain i n  Stage 
Haas Gain i n  S t a g e  
Haas t ie in  i n  S t a g e  
Maas Gain i n  Stage 
H a s s  t i a in  i n  S t a g e  
ness Liain i n  Stage 
H e a s  t i a in  in S t a g e  
Mass Ciain i n  Stage 

back-up F i l t e r  

T o t a l  Uass 
Stages S , 7 are assumed z e r o  

0. O(D409 grams  
0.  00394 grams 
0.80172 grams 
0. 00090 grams 
0.00000 grams 
0. 01019 grams 
0. 00000 grams 
0. 00042 grams 
0. 00182 grams 

ld. 023W grams 
b e c a u s e  of n e g a t i v e  weight  ga in .  
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Cumulative 50% Cut-point 50% Cut-point 

than D i e .  Physical Aerodynamic+ 
Stage X Lese Diameter (microne) Diemeter (microne) 

1 65.40 7.362 11.404 
2 59.05 6.938 10.748 
3 53.98 4.315 6.684 
4 48.33 2.869 4 .44s  
5 43.48 1.596 2.473 
6 35.64 0.702 1.088 

, 7  25.49 0.415 0.643 
8 15.22 0.212 0.328 

- 

R w d  3 

I 



Cmpactor Data 

Roanoke Electr ic  !;tee 1 

L o c a t i o n :  I<lectric A r c  F u r n a c e  
C o n d i t i o n :  Compl iance  
Date :  04/10/92 
' T i m e :  14:10 
Impac to r :  Anderson 

V i l e  Name: 591r3. i m p  

cCI2 0.4a M o l e c u l a r  W t .  of tias Dry 28.9h 
02 2h. 48 n o l e c u l a r  U t .  of t ias Wet 2&.'/3 
N 2  79.04 X Kxcese A i r  X5298.00 
CCI (0. 00 X Water 1.53 

I m p a c t o r  Flov Hate  GLSW A w n  
Nozz le  D i a m e t e r  0.15h i n c h e s  
X l s o k i n e t i c n  92.71 X 
P a r t i c l e  I l e n s i t y  2.4(0 ( g m / c m 3 )  
Sample Time 264.00 m i n u t e s  

Meter Volume 
Meter T e m p e r a t u r e  
Stack T e m p e r a t u r e  
I m p a c t o r  Tempera tu re  
H e r o m e t r i c  P r e s s u r e  
I m p a c t o r  P r e s s u r e  (vac .  
S t a t i c  P r e s s u r e  
Meter P r e s s u r e  D e l t a  H 

111. 587 
98. h 

2u1. (d 

2hl. 0 

) 0 . 6  
28. 84 

0.52 
0.5h 

c u b i c  feet  
OF' 

*F 
OY 
i n .  H g  
i n .  H g  
i n .  H2U 
i n .  H 2 0  

P i t o t  Delta P 
V i e c o s i t y  of Gas 
P a r t i c u l a t e  Conc. 

n e s s  Gain in Stage 
n a s e  Gain i n  S t a g e  
n e s s  t ie in  i n  Stage 
n e s s  Gain i n  Stage 
nesa Gain i n  S t a g e  
n a e e  Gain i n  Stage 
naee t ie in  i n  S t a g e  
n e s s  t ie in  i n  S t a g e  

neck-up F i l t e r  

T o t a l  n e s s  

I.%@ i n .  H 2 0  
0. (00h21W/ p o i s e  
0.0013 gr.  /ucf  

1 
2 
3 
4 
5 
6 
7 
8 

0.003hh grams 
0. (00055 grams 
0. (06044 grama 
(0. W049 grams 
0.66042 grams 
0.66068 grams 
0.0008t4 grama 
0. 06089 grams 
h.06132 g r a m  

fd. B(dtW'1 grams 



. .  
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PARTICULATE EMISSION CALCULATIONS 

Particulate emission concentrations are calculated by: 

where Csd is the particulate concentration - grains/dscf. 
Emi 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: 

where Cede,, 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: 

where Cmds12, is the particulate concentration at 12% CO, - grains/dscf 

The particulate concentration corrected to 50% excess air is: 

%CO, is the volume percent of carbon dioxide in.the flue gas. 

(3) 

100 + %EA 
Csd@SOIEP - ‘sdX 150 

where C,,@,,, is concentration at 50% excess air - grains/dscf. 
%EA is volume percent excess air. 

(4) 



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

where Mp is the time based mass particulate emissions rate - lb/hr 
Ped 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: 

20.9 
‘sd Q s x F d  X 

%f - 7000 (20.9 - %O,) 

where Mpc fuel based particulate mass emissions - lb/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: 

0.09450~ (T, + 460) X V ~ , ( , ~ ~ )  
P , x v , x A , x  t i m e x  (1 - B,) 

% I S 0  - 

where T, is the stack temperature - OF 
Vm(std) is 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 - ftZ 
time is defined as the net Method 5 sampling time - min 
%m is volumetric water vapor fraction of the flue gas 
460 converts degrees Fahrenheit to Rankine. 



Particulate Sizinq Theorv and Emations 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 D50 = 18 x U x DJ,,, 
rho x VJ,,, x C 

Eq. 2 C = 1 + & 1.23 f 0.41exp(-.44D5,/L) 
D50 

C = Cunningham Factor 

D5, is the particle diameter at which the stage achieves 50% 
collection efficiency. Particle distribution is done on a 
cumulative weight basis. 

Eq. 3 w t . %  less then D5,i = a, x 100% 
%O,l 

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. 

T Eq. 4 L,,) = .337 x U --imp p5i 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 1 0 E - 6 / [ 1  + ( F l  x Oij ) /F l I }  

i-1 j-1 

1-1 

Eq.  6-9 UCD, = 1 3 8 . 4 9 4  + T ( . 4 4 9  + T(- .286E-3 + T x .972E-7))  

U,, = 1 6 8 . 0 8 6  + T ( . 4 1 , 7  + T(- .139E-3) )  

U,, = 1 9 0 . 1 8 7  + T ( . 5 5 8  + T(- .336E-3 + T x .139E-6))  

u,,, = 8 7 . 8  + T (  . 3 7 4  + T ( - a 2 8 3 E - 4 ) )  

Eq .  10  Olj = f 1  + uJuj ‘ mwj/mw, 

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

Equations 11-14  determine t h e  je t  v e l o c i t y  and pressure drop 
f o r  each s t age .  Only t h e  t o t a l  p re s su re  drop i s  known, the re fo re  
t h e  pressure  a t  each s t age  is  est imated.  T h i s  i s  done by r e l a t i n g  
t h e  square of t h e  v e l o c i t y  t o  t h e  pressure  drop. 

I 

Eq.  11 VJ7 = ( 4 7 1 . 9 5  x Q,/JA1/JNi)’ 

E q .  1 2  DP, = (VJ73’ x DP 

i-1 

V 5’ 

Calcula t ion  format and equat ions were taken from Southern 
Research I n s t i t u t e  papers and t h e  impactor opera t ion  manuals. 
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REPORT CERTIFICATION 

The sampling and analysis performed for this report were 

Carried out under my direction and supervision. 

Test TeaiLWer 
ETS, Inc. 

I have reviewed all testing details and results in this 

report and hereby certify that the test report is authentic and 

accurate. 

DATE : n 

SIGNATURE : J) 
cy xd~harp r 
Operations Manager 
ETS, Inc. 

I have reviewed all testing details and results in this 

report and hereby certify that the test report is authentic and 

accurate. 

DATE: - 0.3 -4J- 

P.E.: E-015225 

STATE OF: Ohio  



1.0 INTRODUCTION 

1.1 Backaround: 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 was 

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 Wawick and 

Karen Bates of Roanoke Electric Steel. Ray Goetz of the Virginia 

Department of Air Pollution Control witnessed the test program. 

I 
I 

I 
I 
I 

I 

1.2 Obiective: The purpose of testing was to evaluate the 

compliance of the #S electric arc furnace pollution control 

system with respect to the following emissions: 

- total suspended particulate (TSP) 
- opacity of visible emissions. 

1.3 Test Proaram: 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 4 0  

CFR 6 0 .  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. 

pollutant. 

conducted over an integral number of furnace heats (minimum of 

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

Three valid test runs were performed for each 

Each test run for total particulate and opacity was 

1 



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 . 6 2  pounds per 

hour (lb/hr). Visible emissions averaged 0% for the entire test 

program. 

3 . 0  SAMPLING AND ANALYTICAL PROCEDURES 

A l l  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 Regulations 

( 4 0  CFR 6 0 ) ,  or other methods generally accepted by the EPA. 

following specific methods were used: 

The 

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 4 0  
CFR 60, Subpart AAa) for determination of total particulate 
emissions; 

2 



t EPA Method 9 for determination of opacity of visible 
emissions. 

.. 

I 

Appendices E through F contain all of the field sampling 

data. 

Appendix G. 

Laboratory data for the analyses are contained in 

3.1 Samulina Procedures 

3.1.1 Samulina Point Determination - EPA Method 1: Outlet 

sampling was conducted in the stack breeching duct, a 132-inch 

inside diameter round duct. 

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. 

A total of 24  sampling and traverse 

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 .  

determine gas temperatures. 

Calibrated Type-K thermocouples were used to 

Velocity and temperature measurements were made at each of 

the 2 4  traverse points as shown in Figure 1. These measurements 

were performed in conjunction with the particulate sampling 

described below. 

3 
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3.1.3 Molecular Weiaht 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: 
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. 

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 . 

The flue gas 

All 

3.1.5 Total Sumended Particulate - EPA Method 5: Sampling for 

total particulate was performed in accordance with EPA Method 5 

and Subpart AAa of 40 CFR 60. 

3.1.5.1 Samdina Train DescriDtion: Figure 2 shows the major 

components of the particulate sampling train. 

pulled through a Teflon-lined stainless steel liner equipped with 

a stainless steel nozzle, sized appropriately for isokinetic 

sample withdrawal. 

gases were passed through a heated fiberglass filter, and into an 

impinger train consisting of four glass hpingers immersed in an 

Stack gas was 

After passing through the liner, the sample 

4 
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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. 

" 

3.1.5.2 SamDlina Train Operation: Sampling was done in 

accordance with EPA Method 5 procedures and specifications, 

including leak checking, isokinetic sampling rate and stack 

traversing. 

M a ,  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 

According to the specifications outlined in Subpart 

sampling 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, 

excluding the time required to change ports. Isokinetic 

adjustments were made twice per sampling point, or once every 5.5 

minutes. 

3.1.5.3 SamDle Recoverr 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. 

petri dishes, which were then sealed with Teflon tape. 

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 

Exposed filters were placed into 

The 

5 



in the sampling train was quantified in order to determine the 

stack gas moisture content in accordance with EPA Method 4 .  

3.1.6 Opacitv 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 Analytical Procedures 

3.2.1 Particulate Analvsis - 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 

3.3 Data Analvsis: 

sampling, including 

tests. 

All calculations related to particulate 

gas flow rates, temperatures, percent 

isokinetics, and moisture content are shown in Appendix D. 

3 . 4  Ecmimnent Calibration: Field equipment was calibrated in 

accordance with the requirements of the applicable EPA Methods 

and those recommended within the “Quality Assurance Handbook for 

6 
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Air Pollution Measurement Systems: Volume 111" (EPA-600/4-77- 

027b, August, 1977). Appendix H contains records for all of the 

calibrations. 
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RUN I.D. 
DATE 
TIME STARTED 
TIME ENDED 

TABLE I 

ROANOKE ELECTRIC STEEL 

SUMMARY OF PARTICULATE AND VISIBLE EMISSIONS 

U4B-M5D-R1 U4B-M5D-R3 U4B-M5D-R4 
07/20/92 07/21/92 07/21/92 

10:35 10:16 15:55 
15:18 14:59 20: 32 

AVERAGE 

SAMPLING PARAMETERS 

Metered Volume - dcf 177.940 177.503 181.705 179.049 
Corrected Volume - dscf 164.690 164.504 169.985 166.393 
Total Test Time - min 264 264 264 264 
% Isokinetics 97.0 93.0 94.6 94.9 

GAS PARAMETERS 

Gas Temperature - OF 
Oxygen - % 
Carbon Dioxide - % 
Moisture - % 

GAS FLOWRATE 

Velocity - ft/sec 
Actual Volume - acfm 
Standard Volume - dscfm 

213.4 214.4 209.8 212.5 
20.9 20.9 20.9 20.9 
0.0 0.0 0.0 0.0 

2.71, 0.50 2.05 1.75 

64.64 64.72 66.30 65.22 
368561 369030 378046 371879 
272087 283422 287822 281110 

PARTICULATE EMISSIONS 

Concentration - gr/dscf 0.0009 0.0006 
Mass Rate - lb/hr 2.02 1.47 

METHOD 9 - VISIBLE EMISSIONS 
Percent - % 0.0% 0.0% 

0.0006 0.0007 
1.37 1.62 

0.0% 0.0% 

8 
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2.1 

11.8 15.6 
17.7 23.4 
25.0 33.0 
35.6 47.0 
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ROANOKE ELECTRIC STEEL 

TEST LOG 

START END 
RUN I.D. DATE 
U4B-M5D-R1 07/20/92 
U4B-M5D-R2 07/20/92 
U4B-M5D-R3 07/21/92 
U4B-M5D-R3 07/21/92 

U4B-Mg-RI 07/20/92 
U4B-M9-R2 07/20/92 
U4B-M9-R3 07/21/92 
U4B-Mg-M 07/21/92 

- TIME - TIME COMMENTS 
10:35 15:18 
15: 55 18:05 Run Voided' 
10:16 14 : 59 
15:55 20:32 

10:35 15: 18 
16:OO 18 : 05 Run Voided' 
10:16 14:59 
15: 55 20:32 

* Run voided due to plant shut down. 



RDN NUK0BR 

DATB 

UlB-115Wp1 

07/20/92 
10135 
15118 -D 4 

132 inches INIT. FINAL XET 
0.203 inches 
0.9923 IUP.1 100.0 153.0 53.0 
1.8357 IW.2 100.0 97.0 -3 .0  
28.99 in.Hg IUP.3 0.0 15.0 15.0 
0.84 IUP.4 0.0 
264 minutes IUP.5 0.0 

IUP.6 0.0 

START TIKE 
BND T I I S  
STACX DZAI(. 
NOZZLE I.D. 
MBTBR BOX GluLHR 
WTER BOX dHP 
BAROMBTRIC 
el 
T k T  DmULTION 

-D 1-4 P.SQLTS 
Metered Volume 
Volume e Std.Cond. 
0 Water 
8 Isokinetics 
Velocity 
Actual PlO" 
Std. Flow 
Dry Std. Plow 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 ' '  17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
is 
30 
31 
32 
33 
34 
35 
36 
37 
38 
33 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

AVO. 

197 
229 
238 
222 
198 
195 
176 
200 
219 
209 
210 
218 
200 
204 
227 
238 
225 
205 
209 
227 
205 
181 
203 
224 
237 
215 
229 
224 
203 
226 
209 
194 
214 
212 
216 
211 
231 
219 
203 
214 

213 -0.50 

177.940 
164.690 

2.71 
97.0 
64.64 

368561 
279662 
272087 

DP 

0.80 
0.87 
1.20 
1.20 
1.10 
1.10 
1.10 
1.00 
0.92 
0.95 
0.95 
0.96 
1.00 
1.00 
1.30 
1.10 
1.00 
1.10 
0.99 
1.00 
1.10 
0.95 
0.95 
0.78 
0.95 
0.83 
1.00 
0.99 
1.00 
1.00 
0.95 
1.00 
1.00 
0.85 
0.80 
0.83 
0.91 
0.85 
1.20 
1.10 
1.10 
1.10 
1.10 
1.00 
0.95 
1.10 
0.90 
0.95 

1.00 

lin.wCI 

... 
IUP.7 0.0 
'lWl!AL 200.0 265.0 65.0 

dcf S.0 .  200.0 232.4 32.4 
dscf ~~~- 

8 - 0 3 k  
8 a02 20.9 Md 28.84 

ft/sec e m 2  0.0 Ils 28.54 
acfm \co 0.0 PB 28.95 
scfm \N2 79.1 
dscfm 02+C02 20.9 

m T E R  lIBTKR TKMPEFAlllRg 
DN VOLUME INLET OUTLET 

1.15 220.447 89 81 
rln.wc4Cm-m 

1.23 
1.68 
1.68 
1.58 
1.58 
1.58 
1.40 
1.30 
1.38 
1.38 
1.39 
1.40 
1.40 
1.80 
1.58 
1.40 
1.58 
1.39 
1.40 
1.58 
1.38 
1.38 
1.08 
1.38 
1.14 
1.40 
1.39 
1.40 
1.40 
1.38 
1.40 
1.40 
1.19 
1.15 
1.14 
1.28 
1.19 
1.68 
1.58 
1.58 
1.58 
1.58 
1.40 
1.38 
1.58 
1.25 
1.38 

1.42 

~~ ~~ 

80 93 
95 81 

100 8 3  
9a ao .. .. 
94 83 
94 83 
92 83 
95 83 
94 84 
99 85 
98 85 
89 85 
94 85 
99 85 

102 87 
103 86 
102 86 
99 84 
98 85 
98 86 
97 85 
99 85 
97 85 
81 89 
80 89 
83 91 
87 93 
84 92 
88 92 _. ~~ 

87 92 
88 91 
88 91 
89 92 
90 95 .~ 
90 93 
86 88 
86 92 
88 94 
88 95 
90 96 
89 96 
88 96 
91 95 .~ 
9 2  96 
90 95 
88 96 
89 93 

398.387 
177.940 90 



P 
ANALYTICAL DATA 

EPA HETHOD 5 DATA 
RUN NUMBER 048-115D-Rl 

TARE FINAL NET VOLUME 
COHPONENT JsramsL jsramsL jsramsL 0 
Probe Wash 64.45366 64.46289 0.00923 65.0 
Corr. for Blank 0.00923 

Filter 0.42233 0.42233 0.00000 

Back Half 0.00000 0.00000 0.00000 

TOTAL 0.00923 

ACETONE BLANK 

(Filter lost mass) 

Actual Residue 0.00000 grams 
Allowable Residue 0.00094 grams 
Volume 100.0 ml 

PARTICULATE EMISSIONS 
Actual Grain Loading 0.00086 gr/dscf 

Has8 Rate 2.0171 lb/hr 

SAHPLING OA/OC 
Isokinetice 97.0 % 
Corrected Heter Volume 164.690 dscf 
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a 

DATE 
START TIME 
BND TIME 
STACK DIM. 
NOZZLE I . D .  
W T E R  BOX OAnWA 
WTER BOX dH@ 
BAROMETRIC 
CP 
TEST DURATION 

-0 1-4 Basolzs 
Uetered volume 
Volume P Std.Cond. 
0 Water 
0 Ieokinetics 
Velocity 
actual Flow 
Std. Flow 
m y  std. piow 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
4 4  
45 
4 6  
47 
48 
49 

AVG . 

212 
227 
217 
222 
197 
184 
199 
211 
2oe 
224 
232 
232 
211 
229 
240 
231 
226 
224 
211 
193 
184 
176 
176 
203 
214 ~~ 

206 
216 
223 
200 
212 
229 
236 
199 
213 
229 
231 
224 
236 
237 
241 

07/2 1/92 
l O l 1 b  

132 inches 
0.203 inches 

29.54 in.Hg 

0.9923 
1.8357 

0.84 
264 minutes 

177.503 dcf 
164.504 dscf 

0.50 * 
93;o 9 

64.72 ft/aec 
369030 acfm 
284859 scfm 
283422 dscfm 

DP 

0.83 
0.85 
1.00 
0.97 
1.00 
1.00 
1.00 
1.00 
0.89 
0.96 
0.88 
0.87 
1.00 

Iln,WCI 

1.10 
1.20 
1.20 
1.20 
1.10 
1.00 
1.00 
1.10 
0.97 
1.00 
0.93 
1.00 
1.00 
1.20 
1.30 
1.10 
1.00 
1.00 
1.00 
1.00 
0.98 
1.00 
0.98 
1.00 
0.98 
1.10 
1.20 
1.30 
1.10 
1.00 
1.10 
0.98 
1.00 
0.90 
0.94 

1.03 

KU-D 4 DAT!A 
INIT. 
m InP.l 100.0 

InP.2 100.0 
InP.3 0.0 
1np.4 
1np.5 
IHP. 6 
IHP. 7 

g n e O D 3 m m  
20.9 
0.0 

02+c02 1n2 20.9 79.1 

e02 

1c0 0.0 
o m 2  

FINAL 
.@a 
58.0 
128.0 

6 . 0  

192.0 
225.7 

Ud 
I(s 
PB 

METER 
DH VOLUME 

1.12 484.884 
lin.WC)ldcfl 

1.15 
1.36 
1.31 
1.36 
1.36 
1.36 
i.jS 
1.20 
1.30 
1.19 
1.18 
1.36 
1.46 
1.57 
1.57 
1.57 
1.46 
1.36 
1.36 
1.46 
1.28 
1.36 
1.24 
1.36 
1.36 
1.57 
1.74 
1.46 
1.36 
1.36 
1.36 
1.36 
1.32 
1.36 
1.32 
1.36 
1.32 
1.46 
1.57 
1.74 
1.46 
1.36 
1.46 
1.32 
1.36 
1.18 
1.28 

662.387 
1.38 177.503 

METER T~~PBRATURB 
INLET OUTteT 

83  81 
86 83 
89 84 
92 . 85 
94 a7 
96 87 
98 89 
98 89 
98 89 
98 90 
98 90 
96 93 

101 95 

104 97 
104 97 
105 97 
105 97 
105 98 
104 97 
105 98 
105 98 
105 99 
100 99 
102 99 
103 98 
106 100 
107 100 
108 101 
108 101 
109 102 
109 102 

& g u ! s J g  

103 96 

110 103 
110 103 
109 103 

107 103 
109 104 
108 103 

102 102 

108 102 
109 102 
109 102 
108 101 
109 102 
112 104 
113 104 
114 106 

100 

NET 

-42.0 
28.0 
6.0 

m 

0.0 
0.0 
0.0 ~. 
0.0 

-8.0 
25.7 

28.84 
28.78 
29.50 



ANALYTICAL DATA 

EPA METHOD 5 DATA 
RUN NUMBER U4B-USD-iU 

TAFlE FINAL NET VOLUME 
COMPONENT 1 arms L 1qramsl 1 arms 1 Iml) 
Probe Wash 64.63679 64.64322 0.00643 100.0 
Corr. for Blank 0.00643 

Filter 0.40504 0.40504 0.00000 

Back Half 0.00000 0.00000 0.00000 

TOTAL 0.00643 

(Filter lost mass) 

ACETONE BLANK 
Actual Residue 0.00000 arms 
Allowable Residue 0.00078 Grams 
volume 100.0 ml 

PARTICULATE EMISSIONS 
Actual Grain Loading 0.00060 gr/dscf 

Mass Rate 1.4654 lb/hr 

SAMPLING OA/QC 
Ieokinetics 93.0 % 
corrected Meter Volume 164.504 dscf 



RUN IIIIUBBER 

DATE 
START TIKE 
END TIHE 
STACK DUM. 
NOZZLE I.D. 
KETER BOX GAUUA 
METER BOX dH@ 
BAIlOK8TRIC 

TEST DmULTION 
CP 

m D  1-4 EESUIXS 
Metered Volume 
Volume e Std.Cond. 
9 Water 
% Ifiokinetics 
Velocity 
Actual F l o w  
Std. F l o w  
Dry Std. F l o w  

STACK 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 ' 

AVO. 

TEMP STATIC - POINT jDeuF) lin.wcl 
184 -0.66 
193 -0 .51  
221 
221 
191 
225 
234 
239 
230 
230 
223 
211 
177 
188 
215 
217 
203 
223 
237 
217 
220 
230 
231 
222 
179 
161 
210 
215 
199 
169 
196 
217 
225 
231 
228 
231 
185 
171 
175 
205 
200 
208 
209 
214 
209 
217 
224 
209 

... 
-0.56 
-0.39 
-0.49 

0(&*5D-B4 

07/21/92 
15t55 
20x32 

132 inches 
0.203 inches 

0.9923 
1.8357 

0.84 
29.54 in.Hg 

264 minutes 

-D 4 

IW. 1 
IMP.2 
IW.3 
IW.4 
IW.5 

DXcA 
INIT. FINAL 

100.0 138.0 
100.0 113.0 
0.0 1.0 

m u  NET 
38.0 
13.0 
1.0 
0.0 
0 .0  

lmll 

~ . .  
IW.6 0.0 

2.05 9 
94.6 9 

66.30 ft/sec 
378046 acfm 
293848 scfm 
287822 dscfm 

I W . 7  0.0 
TOTAL 200.0 252.0 52.0 

181.705 dcf S.G. 200.0 223.6 23.6 
169.985 dscf 

-D 3 
902 20.9 

\co2 0.0 
om 0.0 

Ud 28.84 
Ma 28.61 
Pa 29.50 ~ . .  

s i 2  79.1 
02+C02 20.9 

DP Dtl 

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 1.31 
0.89 1.22 
1.00 1.36 

jin.WCl iin.wcL 

HETER MTER TEUPBRATLlRE 
MLUHE INLET OUTLET 
Idcf)mm 
663.449 100 100 

102 101 
106 102 
104 100 ... ~~ ~ 

104 100 
107 101 
109 101 
111 103 
108 101 
108 101 
107 101 
106 101 
102 101 
99 99 
102 100 
100 99 
101 99 
97 97 
99 98 
9R Q7 .. _ .  
100 98 
99 98 
101 99 
97 95 
89 89 
85 87 
84 86 
82 84 
83 83 .. ~. 

83 84 
87 83  
86 04 
88 84 
87 84 
90 86 
90 86 
89 88 
91 88 .. 
si 89 

89 93 
88 90 

90 88 
92 89 .. 

90 94 
93 90 
94 90 
95 9 1  

845.154 
210 -0 .53  1.08 1.43 181.705 

~. _ _  
94 91 

95 



ANALYTICAL DATA I 
EPA METHOD 5 DATA 
RUN NUMBER (14B-USD-R4 

TARE FINAL NET VOLUNE 
( arams 1 Iml) COMPONENT Jarama L jaramsl 

Probe Wash 65.52576 65.53387 0.00611 80.0 
Corr. for Blank 0.00611 

I 

Filter 0.40549 0.40549 0.00000 

Back Half 
(Filter lost mass) 

0.00000 0.00000 0.00000 

TOTAL 

ACETONE BLANK 
Actual Residue 0.00000 grams 
Allowable Residue 0.00078 grams 
Volume 100.0 m l  

0.00611 

PARTICULATE EMISSIONS 
Actual Grain Loading 0.00055 gr/dscf 

Mass Rate 1.3685 lb/hr 

SAMPLING OA/OC 
Isokinetice 94.6 % 
Corrected Meter Volume 169.985 dscf 



CALCULATIONS EPA METHODS 1-4 i 
The meter volume at standard conditions (1 atm and 6 8  OF) is: i 

I 
where V, is the volume of gas sampled through the dry gas meter - dcf. 

V.(ltd) is the gas sample volume corrected to standard 
conditions ( 6 8  OF, 1 atm) - dscf. 
y is the DGM calibration factor. 
AH is the average DGM differential orifice pressure - in W.C. 

I 
I 

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 : 

I 

where Vve(at.d) is the gas-phase water volume of the impinger catch at 
standard conditions - scf. 
Vvmg(std, is the gas-phase water volumes of the silica gel 
absorbtion at standard conditions - scf. 
vi is the initial total knpinger liquid volume - ml. 
vi is the final total impinger liquid volume - ml. 
w, is the initial silica gel weight - grams. 
w, 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, k,,, is: 



Percent water within the gas-phase is given by: 

%H,O - B”~X100 

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

where P, is the absolute 
Psatic is the stack 
13.6 convertes in. 

P, - PB + Pscatic 
13.6 

barometric pressure - in. Hg 
static pressure - in. W.C. 
W.C. to in. Hg. 

( 5 )  

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

%N2 - 100 - (%C02 + %O, + %Co) ( 7 )  

where all gas percentages are on a dry basis. 

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

Md - O.44X%CO2 + O . 3 2 x % O 2  + 0 . 2 8 ~  (%N, + %CO) 

Calculation to determine wet molecular weight, y, is: 

Ms - Md% (1 - By#) + 1 8 x B ,  

Fuel Factor determination is as follows: 

2 0 . 9  - $0, 
% co, Fo - 

( 9 )  



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

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

Stack area, & (ft’), is determined from the following: 

% xD’ - 4x144 

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, Qa (acfm), is: 

Q, - v,xA,x60 

The gas flow rate corrected to standard conditions (68’F, 1 ~ t m ) ,  
Q. (scfm) : 

1 P, x 52 8 R 
(T, + 460) x29.92in.Hg ’, - 

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

Percent excess air, %EA, is calculated by: 
%02 - 0.5 %CO 

%EA- X l O O  0.264 %A?. - ( %02 - 0 .5 %CO) 

where %O, is the dry volume percent of oxygen in the flue gas. 
%CO is the dry volume percent of carbon monoxide in the flue gas. 
%N, is the dry volume percent of nitrogen in the flue gas. 
0.264 is the ratio of O2 to N, in air, v/v. 



PARTICULATE EMISSION CALCULATIONS 

Particulate emission concentrations are calculated by: 

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

Correcting particulate concentration to 1% 0, is done by: 

20.9 - 7.0 
20. - % 4  ‘ada7t - ‘adx 

where C,,@,, is the particulate concentration at 1% 0, - 

Correcting particulate concentration to 12% CO, involves: 

grains/dscf 
$0, is the percent volume of oxygen within the flue gas. 

where C,,@,,, is the particulate concentration at 12% CO, - grains/dscf. 

The particulate concentration corrected to 50% excess air is: 

%CO, is the volume percent of carbon dioxide in the flue gas. 

100 + %EA 
‘sdQSO(E4 - ‘Sdx 150 ( 4 1  

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



The mass emissions rate on a t’ime basis is calculated by: 

where Mp is the time based mass particulate emissions rate - lb/hr 
Qad 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: 

‘ s d x P s x F d  20.9 
FDf - 7000 (20.9 - %O,) 

where Mpf fuel based particulate mass emissions - lb/MMBtu 
2 0 . 9  is ambient volumetric percent oxygen - % 
F, is the dry basis fuel factor - dscf/MMBtu 

Percent Isokinetics ( $ 1 ~ 0 )  are derived by the following: 

0 . 0 9 4 5 0  X (T, + 4 6 0 )  XVm(scd) 
% I S 0  - 

P , x v , x A , x  t i m e x  (1 - B,) 

where T, is the stack temperature - OF 
V,(std) is 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 
KS is volumetric water vapor fraction of the flue gas 
4 6 0  converts degrees Fahrenheit to Rankine. 
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GRAVIHETRIC LABORATORY DATA 
FINAL BEAKER WEIGHTS 

J O B  NUtlBEF! 9 A- 72-7 4 ES 



WEIGHTS (gramel 
COLOR TARE 



\ 

RES NO. 5 EAF STACK TEST ON JULY 20 - 21, 1992 
Process Weight Rate - Furnace O u t p i i t  i n  Tons/Ho~ir 

Stack Test Run No. 1: 1035 - 1518 on July 20, 1992 

Melting Heat Gutput Heat Grade of 
Numbsr -l%te.d 
3400 A-36 

1201 - 1322 178,524 3401 A-36 
1331 - 1504 184,788 3402 A-36 
1508 - 1630 169,128 3403 A-36 

sL?L#&Finish Pounds 
1035 - 1153 184,788 

T o t a l  Melting Time:  355 minutes 
Total Output : 717,228 pounds 

717,228 lbs. x 1/2000 = 358.614 Tons x 1/355 min. x 
60min./hr. = 60.6 Tons/hr. 

Stack Teat Run No. 2: 
Stack Test Run No. 3: 

Melting Heat 
SLZLLL EhiRh 
1016 - 1132 
1135 - 1252 
1311 ~ 1416 
1418 - 1549 
1555 - 1658 
1706 - 1817 - ~~ 

1819 - 1935 
1935 - 2112 

ou t  
Eau 
181 
161 
181 
160 
184 
160 
175 
159 

1016 - 1459 on J u l y  23.J  1992 
1 5 5 5  - 2 0 3 2  on J u l y  21, 1992 

,11 t Heat Grade of 
& 
6 5 6  

N U m b x  
3413 

7 88 3414 
052 3415 
920 3416 
788 3417 
788 3418 
392 3419 
732 3420 

Steel 
A-36 

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

1,366,116 lbs. x 1/2000 = 683.06 Ton6.x 1/656 m i n .  x 
60 min./hr. = 62.5 Tons/hr. 

Three Run T e s t  Average: 
(60.6 + 62.5 + 62.5)/3 runs = 61.9 Tons/hr. 

A-36 
A-36 
A-36 
A - 3 6  
A-36 
A-36 
A-36 



No. 5 EAF Moni to r ing  of Operatione 

No. 5 EAF I n t e r n a l  Pressure Range: - 1 . 5  to -2.6 I n c h e s  
No. 5 EAF Fan Motor Amps Range: 370  to 410 Amps 
N o .  5 EAF Damper Position Range: 100 % 
N o .  5 EAF Baghouse Temperature Range:  185 to 250 Farenheit 
No. 5 EAF Baghouse Pressure Range: 7 . 2  to  10.5 Inches 

J u l y  2 0  - 21, 1992 
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