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Run No. Station Net 
output 

Mwhrslhr 

1 423 

2 426 

1 3  423 

Average 424 

1 .O EXECUTIVE SUMMARY 

Duquesne Light Company contracted Optimal Technologies, Inc. (Optimal) to perform 
an evaluation of particulate matter, particulate matter under 10 microns (PM,,), and 
carbon monoxide (CO) emissions from the stack located at the Elrama Power Station. 
The field sampling program was conducted on September 18, 1996. Testing and 
analyses were conducted using the principles of the U.S. Environmental Protection 
Agency (EPA) Method 5 and 10 as described in 40 CFR, Part 60, Appendix A and the 
Pennsylvania Department of Environmental Protection (DEP) "Source Testing Manual." 
The analytical methodology using a computer controlled scanning electron microscope 
(CCSEM) was used to analyze the collected particulate for PM,,. The test results are 
required to determine compliance with the particulate emission limit of 0.10 pounds per 
million BTU (0.10 Ib/mmBtu) and to inventory emissions for PM,, and CO. 

Table 1 presents a summary of the emission sampling results. The particulate 
emissions averaged 0.084 IblmmBtu, which is less than the compliance limit. PM,, 
emissions averaged 34.0 percent of the total particulate catch and the CO emissions 
averaged 58 ppm 

Total Particulate 
IblmmBtu 

0.122 

PMlO co 
% of Total Particulate PPm 

27.5 26 

' TABLE 1 

SUMMARY OF RESULTS 

0.082 

0.084 

Emissions 

24.6 63 

34.0 58 

0.048 50.1 86 
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2.0 SCOPE AND OBJECTIVES 

The scope of this project was to determine particulate matter, PM,,, and CO 
emissions from the Elrama Power Station using the principles of EPA Method 5 
and 10 and the DEP "Source Testing Manual". The analytical methodology 
using a CCSEM was used to analyze the collected particulate for PM,,. The 
test results are used to determine compliance with the particulate emission limit 
of 0.10 IblmmBtu and inventory emissions for PM,, and CO. The following 
parameters were determined for each sampling run: 

Gas Flow 
Gas Temperature 
Gas Analysis 
Gas Moisture 
Net Station Output 
Boiler Heat Input 
Particulate Emissions 
PM,, Emissions 
CO Emissions 

acfm and dscfm 
"F 
% by Volume of CO, and 0, 
?h by Volume 
Mwhrslhr 
mmBtufhr 
grldscf, lblhr and IblmmBtu 
% of total particulate, lblhr and IblmmBtu 
ppm, lblhr and IblmmBtu 

The field sampling program was performed on September 18. 1996. The Optimal 
test personnel consisted of Messrs. Paul Jadlowiec, William Stanziana, and Jim 
Phillippi. Mr. Ed Gaus served as plant liaison for this test program. Boiler heat 
input data was collected by Mr. Egon Klatt. 
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3.0 PROCESS DESCRIPTION 

The Elrama Power Station common stack receives the combustion gases from four 
bituminous coal-fired boilers. The gases from each boiler pass through air heaters, 
mechanical dust collectors, electrostatic precipitators and wet scrubbers prior to 
discharging to the atmosphere through the common stack. Figure 1 provides a flow 
diagram for the combustion gases. 

The rated boiler heat inputs and gas flow volumes are as follows: 

Heat Input Exhaust Gas Flow 
Boiler No. (mmBtulhr) (acfrn) 

1 
2 
3 

\ 4  

1200 
1200 
1300 
1790 

414,000 
414,000 
464,000 
625,000 

4.0 PROCEDURES 

4.1 FIELD WORK 

4.1.1 Field Data Sheets 

All field data sheets are contained in Appendix A 

4.1.2 Testing Station and Traverse Location 

The sampling test ports on the stack are located approximately 267 feet above 
ground elevation with a test platform for accessing four test ports locate-' ?'! 
degrees apart. See Figures 1 and 2. The internal diameter of the stack at the 
sampling location is 26 feet. The nearest downstream disturbance is the stack exit, 
which is approximately 125 feet (4.8 diameters) from the test location. The nearest 
upstream disturbance is the inlet breeching which is approximately 143 feet (5.5 
diameters)-from the test location. EPA Method 1 was utilized to determine the 
number add location of the traverse points. Twenty-four sampling points were used, 
six at each test port. 
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4.1.3 Gas Flow and Gas Temperature Measurements 

The gas flow rate and temperature profiles for the gas stream were measured by 
conducting simultaneous velocity and temperature traverses during each particulate 
sampling run. Gas velocity head was measured with a calibrated "S"-type pitot tube 
which was connected to a manometer. The static pressure was measured using 
the same pitot tube and manometer. A Chrome-Alumel thermocouple attached to a 
digital indicator was used to measure the gas temperature at each of the traverse 
points. The gas flow and gas temperature measurements followed the principles of 
EPA Method 2--Determination Of Stack Gas Velocity And Volumetric Flow Rate 
("S"-type Pitot tube). 

4.1.4 Carbon Dioxide and Oxygen Determination 

AnQs&analyzer was used to determine the molecular weight of the flue gas for 
the measurement of gas flow during the particulate emission sampling. An 
integrated sample was collected during each sample run using the principles of EPA 
Method 3. The average of three analyses was used for each sample run. The 
following parameters were measured: percent carbon dioxide (CO,) by volume and 
percent oxygen (0,) by volume. The percent nitrogen (N,) by volume was 
determined by difference. 

4.1.5 Moisture Content Sampling 

Moisture sampling was conducted concurrently with particulate sampling using the 
principles presented in EPA Method 4--Determination Of Moisture Content In Stack 
Gasses. Parameas evaluated in order to determine the gas stream moisture 
content were: satnple gas volume, sample gas temperature, sample gas pressure, 
impinger moisture gain, and silica gel moisture gain. 

4.1.6 Determination of Particulate Matter Emissions 

The principles of EPA Method 5-Determination Of Particulate Matter Emissions 
From Stationary Sources and the methodology described in the DEP "Source 
Testing Manual" were used to measure particulate emissions. Particulate matter 
was withdrawn isokinetically from the gas stream and collected on a glass fiber 
filter. A series of glass impingers containing distilled water and silica gel collected 
water vapbr. The impinger content volumes were measured after sampling to 
determine the moisture pickup and saved for analyses of the back half contribution 
to the total particulate catch in accordance with DEP procedures. A calibrated 
gas meter measured the gas sample volume that exceeded 60 dry standard cubic 
feet for all sample runs. The average of three 120 minute sample runs constituted 
the test. 

4 



4.1.7 Determination of PM,, Emissions 

PM,, emissions were determined for each run by submitting the particulate probe 
wash and filter catch samples (front half catch) to a laboratoly for analyses by 
CCSEM. The analytical results are reported as the percent of the aerodynamic 
diameter by weight for the probe wash and filter in the following size classes: 0.2 to 
1.0; 1.0 to 2.5; 2.5 to 5.0; 5.0 to 10.0; 10.0 to 50.0; and greater than 50.0 microns. 
The percentages for the size classes to 10.0 microns were added to determine the 
percentage of the aerodynamic diameter by weight for the probe wash and filter. 
The percentages were multiplied by the total particulate catch to determine the 
amount of particulate collected that was PM,,. The PM,, emission rate was 
determined from the flow data for the sampling run. The PM,, emission rate was 
divided by the emission rate calculated from the front half catch and multiplied by 
100 to yield the PM,, as a percentage of the emission rate. 

4.1.8 Determination of CO Emissions 
.- 

The principles of EPA Method IO--Determination Of Carbon Monoxide E3issions 
From Stationary Sources (Instrumental Analyzer Procedure) was used for this test 
program to sample CO. A gas sample was continuously extracted from the stack 
and a portion of the sample was conveyed to a CO analyzer. The analyzer 
measured the CO concentration using the principles of nondispersive infrared 
(NDIR) analysis. Three 60-minute sampling runs constituted the test. One sample 
run was conducted during each of the three particulate emision tests. 

4.1.9 Boiler Heat Input 

The boiler heat input for each sample run was calculated by multiplying the net 
station output by the net station heat rate of 11,498 BtulKwhr, which was the value 
for August, 1996. Station data is shown in Appendix B. 
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4.2 ANALYTICAL 

The "front half" analyses of the particulate train were completed by Optimal in the 
Pittsburgh, Pennsylvania, laboratory. The "back half' analyses of the particulate 
train was completed by Air Quality Services. The CCSEM analyses of the collected 
particulate were completed by R.J. Lee Gioup. The procedures used to prepare the 
collected particulate matter for CCSEM analyses are contained with the CCSEM 
analytical results. Analytical Data is contained in Appendix C. 

4.3 CALCULATIONS 

Emission calculations were completed by using a computer spreadsheet format. 
The results of each pertinent parameter are detailed on the spreadsheet for each 
sampling run and are contained in Appendix D. Sample calculations are included. 

4.4 CALIBRATIONS 

The following field equipment calibrations are contained in Appendix E: 

Pitot tube - Thermocouple - - Nozzle 
CO analyzer 
CO calibration gas certificates 

Dry gas meter and orifice 

i 
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5.0 SUMMARY OF RESULTS 

Table 2 presents a summary of pertinent gas sampling, boiler operation data and 
emission data. 

The particulate emissions ranged from 0.048 IblmmBtu to 0.122 IblmmBtu. The - 
average emission rate was 0.084 IblmmBtu. The allowable emission rate is 
0.10 IblmmBtu. 

The PM,, emission ranged from 24.6 to 50.1 percent of the total particulate catch 
The average was 34.0 percent. 

The CO emission concentration ranged from 26 to 86 ppm. The average 
concentration was 58 ppm. 

i 
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TABLE 2 
SUMMARY OF EMISSION DATA 

SEPTEMBER 18,1996 
ELRAMA POWER STATION 

Parameter 

Time 

New Station Output 
(Mwhrs) 

Gas Flow (acfm) 

Gas Flow (dscfm) 

Gas Temp (OF) 

Oxygen ( O h )  

Carbon Dioxide 

Moisture Content (%) 

Sample Volume (dscf) 

lsokinetic Ratio (%) 

Boiler Heat Input 
(mmBtu/hr) 

Particulate: 
gr/dscf 
Ib/hr 
Ib/mmBtu 

PM,,: 
lblhr 
Ib/rnmBtu 
% of Total Particulate 

Carbon Monoxide: 
ppm 
Ib/hr 
Ib/rnmBtu 

Run 1 

0900-1 128 

423 

1,747,924 

1,333,439 

124 

8.80 

9 00 

12.9 

62 713 

107.9 

4864 

0.052 
594 

0.122 

163 
0.034 
27.5 

26 / 
150 

0.031 

Run 2 

1200-1432 

426 

1,676.886 

1,309.51 1 

124 

8.20 

10.20 

11.1 

61.858 

108.4 

4898 

0.021 
236 

0.048 

119 
0.024 
50.1 

86 / 
491 

0.100 

Run 3 

1535-1756 

423 

1,687,080 

1,299,876 

124 

7.93 

10.07 

12.0 

60.582 

107.0 

4864 

0.036 
401 

0.082 

99 
0.020 
24.6 

63 / 
358 

0.074 

Average 

424 

1,703,963 

1,314,275 

124 

8.31 

9.76 

12.0 

61.718 

107.8 

4875 

0.036 
410 

0.084 

127 
0.026 
34.0 

58 
333 

0.068 
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TRAVERSC POINT LOCATIOI; FOR CIRCULAR DV:TS 
, I  r&yu.cbfls LL3 4+ G - p y  

Plant El V Q A Q  % W s r S k h f i  
Date -917-96 
Sampling location E+ , hJs+ stsrrkc 
Inside of lar wall to outside of nipple 36a Iv\ 

Inside of near wall to outside 01 nipple (nipple length) 
.ro In 

Stack inside diameta. inches ala l~ 

Distance downstream Lrom (low disturbance (Dislance E): 
**I- f b/3 i W  I dtameler = $rx-dd 

Distance upstream Ir tlo disturbance (Distance A): 

l a  r %%& diameter = '/'y dd 

Calculated by %U I Jur)bwr@rl 

SCHEMATIC OF SAMPLING LOCATION 
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S h e a +  q& IY 
DUQUESNE LIGHT COMPANY App4rIdilr FI 

ELRAMA POWER STATION 
CARBON MONOXIDE EMISSIONS 

September 18,1996 
Run No. 1 

I co I 
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~ Sh4e-f 10 OQ 1'4 
I DUQUESNE LIGHT COMPANY Rppendis fi  

ELRAMA POWER STATION 
CARBON MONOXIDE EMISSIONS 

09/18/96 09:4730 
09/18/96 09:48:30 
09/18/96 09:49:30 
09/18/96 09:50:30 
09/18/96 09:51:30 
09/18/96 09:52:30 
09/18/96 09:53:30 
09/18/96 09:54:30 
09/18/96 09:55:30 
09/18/96 09:56:30 
09/18/96 09:57:30 
09/18/96 09:58:30 
09/18/96 09:59:30 
AVERAGE ppm 

September 18,1996 
Run No. 1 

17.3 
19.8 
21.2 
16.3 
18.2 
17.7 
21.7 

27.7 
18.2 
43.2 
20.8 
18.2 
24.7 

- 

1 9 . 8  
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SheQ+ I I  oc I 4  
DUQUESNE LIGHT COMPANY R p p d i r  f-l 

ELRAMA POWER STATION 
CARBON MONOXIDE EMISSIONS 

September 18,1996 
Run No. 2 
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SI, la 4 \4 
nyp-tr\bi% f l  - DUQUESNE LIGHT COMPANY 

ELRAMA POWER STATION 
CARBON MONOXIDE EMISSIONS 

September 18,1996 
Run No. 2 

I I co 

Cavg = Average oas concentration from analyzer. 
Co =Average of initial and final systein calibration bias check for zero. 
Cm = Average nf initial and final system calibration bias check for calibration gas. 
Cma = Actual concentration of calibration gas. 
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DUQUESNE LIGHT COMPANY 
ELRAMA POWER STATION 

CARBON MONOXIDE EMISSIONS 
September 18,1996 

Run No. 3 

I I co I 
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60.3 -0.2 

DUQUESNE LIGHT COMPANY 
ELRAMA POWER STATION 

CARBON MONOXIDE EMISSIONS 
September 18,1996 

Run No. 3 

I I co I 

76.9 I 80.6 I 63.25 

Cavg =Average gas conrentration from analyzer. 
Co = Average of initial and final system calibration bias check for zero. 
Crn = Average of initial and final system calibration bias check for calibration gas. 
Crna = Actual concentration of calibration gas. 
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S h a d  I A 'I 
EPA METHOD 5 J?ppeY\d/* c 

BLANK ANALYTICAL DATA FORM 

- 
Weight of blank (Ma) rng 

Client: Duquesne Light Company Sample date: 0911 8/96 
Project No: 570 Analysis date: 09/24/96 
Location: Exhaust Stack Technician: BJS 

0.10 

ACETONE BLANK 
Acetone rinse container No. 
Density of acetone (pa) 
Acetone blank volume (va) 
Average gross wt. 
Average tare wt. 

260 
0.7857 

175 
100727.40 
100727.30 

UNIT 

glrnl 
rnl 

rng 
rng 

Note 
In no case should a blank resdue greater than 0.01 mglg or 0.001% 
of the blank weight be subtracted ;om the sample weight. 

-- 
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EPA METHOD 5 
ANALYTICAL PARTICULATE DATA 

- 

ACETONE RINSE 
Acetone rinse container No. 
Density of acetone (pa) 
Acetone rinse volume (Vaw) 
Acetone blank (Ca) 
Wa =(Ca) (Vaw) (pa) 
Average gross wt. 
Average tare wt. 
Acetone blank wt. (Wa) 
Wt. of particulate in acetone rinse (Ma) 

FILTER 
Filter No. 
Average gross wt. 
Average tare wt. 
Wt. of particulate on filter (M9 

FINAL WEIGHT 
Wt. of oarticulate in acetone rinse (Ma) 

Client: Duquesne Light Company Sample date: 
Project No: 570 Analysis date: 

..d 

- Location: Exhaust Stack Technician: 

RUN 2 

257 

230 

66432.20 
66403.20 

0.7857 

0.0007 
0.13 

0.13 
28.87 

295 
450.15 
394.50 

55.65 

28.87 

RUN 3 

258 

1 a8 

68998.00 
68921.90 

0.7857 

0.0007 
0.10 

0.10 
76.00 

296 
460.00 
394.30 
65.70 

76.00 . ,  
. of ;articulate on filter ( ~ n  

TOTAL WT OF PARTICULATE (Mn) 

259 
0.7857 

180 
0.0007 

0.10 
69008.70 
iiaa8a.70 

I C 9 d  
0.10 

-----/ 

294 
482.40 
391.40 

91 .oo <--. 

.-/ 

11 9.90 
91 .oo 

210.90 

ow1 8/96 
09/24/96 

BJS 

84.52 141.70 



F)pp.r\dW c 
AIR QUALITY SERVICES, INC. 

4527 Clairton Boulevard 
Pitteburgh. PA 15236 

(412) 881-5630 

TABLE I 
ANALYSIS OF IMPINGER WATER FOR INSOLUBLE PARTICULATE 

OPTIMAL TECHNOLOGIES, INC. 
u-PARC 

RUN 1 

RUN 2 

72887 

72888 

.- 
i: 0.008 

-- .J 
0.005 

JOB 5354 
REPORTED: SEPTEMBER 23, 1996 



Cl ient  Name Ootimsl Tech. - Cl ient INwber  R L ~  1 
Project-Nwber ESH609172 
Sample-Nwber 609967 
c m n t  F i l t e r  110.794 . . . . . . . . . . -. . 

_ ,  Da ta f i l es  204740-A\609967.* 

nag F ie lds 
50 5.6918 
200 6.1096 
600 4.1412 

-. Classes u 
S i l A l - r i c h  273 
C-r ich 101 

. 4  .. . 
Misc. 37 -. S i - r i c h  31 
Fe-r ich 24 
S - r i ch  18 

16 SICa-rich 
SIFe-rich 1 

.>. 

-_ Si IS lFe-r ich 2 
Totals 593, 

Grid 
6.945 
1.736 
0.579 

Number Z Ut X 

21.00 62.69 

2.26 5.51 
1.80 5.21 
1.91 7.89 
1.81 1.29 
2.90 2.83 
0.31 0.45 
0.03 0.74 

100.00 100.00 

67.97 13.38 

.F 

Size D i s t r i b u t i o n  by Average Diameter (microns) - 0.2 1.0 2.5 5.0 10.0 

Classes Nunber Y 1.0 2.5 5.0 10.0 50.0 n> 

S i I A l - r i c h  21.0 51.6 37.4 6.8 3.3 1.0 0.0 
C-r ich 68.0 85.9 12.9 0.9 0.1 0.1 0.0 
Misc: 2.3 0 . 0 6 9 . 5 2 8 . 2  2.1 0.2 0.0 
S i - r i c h -  1.8 33.1 35.0 17.1 14.5 0.4 0.0 
Fe-r ich - 1.9 49.3 32.9 12.4 5.0 0.4 0.0 
r - r i r h  1.8 17.3 69.3 11.8 1.3 0.3 0.0 . . 
SICa-rich 219 8710 1018 0.8 016 0.5 0.0 
s i i e - r i c h  0.3 0.0 100.0 0.0 0.0 0.0 0.0 
Si lS IFe - r i ch  0.0 0.0 0.0 0.0 93.7 6.3 0.0 
Totals 100.0 73.6 21.4 3.5 1.3 0.3 0.0 

Mars D i s t r i b u t i o n  by Average Diameter (microns) 
0.2 r.0 2.5 5.0 10.0 

Classes Mass Y 1.0 2.5 5.0 10.0 50.0 >*> 

S i l A l - r i c h  
C-r ich 
M i x .  
S i - r i c h  - Fe-r ich 
5 - r i c h  
SICa- r i c h  

.' SIFe-r ich 
S i lS IFe - r i ch  
Tota ls  

62.7 
13.4 
5.5 
5.2 
7.9 
1.3 
2.8 
0.5 
0.7 

100.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Table I 

Table I 1  

Table 111 

Aerodynamic Mass D i s t r i b u t i o n  by Aerodynamic Diameter (microns) 

Classes Mass X 1.0 2.5 5.0 10.0 50.0 >>> 

0.2 1.0 2.5 5.0 10.0 
-_ 

.I S i / A l - r i c h  
C-r ich 
Misc. 
S i - r i c h  
Fe-r ich 
5 - r i c h  
SICa-r ich 

- SiFe-r ich 
Si lSIFe-r ich 
Totals - 

62.7 
13.4 
5.5 
5.2 
7.9 
1.3 
2.8 
0.5 
0.7 

100.0 

0.2 
1 .9 
0.0 
0.0 
0.0 
0.2 
0.2 
0.0 
0.0 
0.4 --. 

2.2 4.2 17.8 75.6 
10.3 7.4 13.5 67.0 

7 24.7 10.1 55.5 9: 1 13.1 76.3 9.6 
1.2 9.8 28.0 61.0 
8.9 46.1 10.7 34.1 
3.1 0.3 8.6 87.8 
0.0 100.0 0.0 0.0 
0.0 0.0 84.6 15.4 
3.6 7.5 20.7 67.8 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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Client-Name Optimal Tech. - Client-Nunber ~ u n  1 
Pro ject  Umber ESH609172 

.. Sanple-Qunter 609968 
C m e n t  Beaker 
Oetaf i ies  204740_8\609968. * ... 
nag Fie lds - 50 1.1494 
200 1 .0086 
600 0.9969 ... 
Classes # 

S i l A l - r i c h  155 

’ S lFe-r ich 103 
S- r i ch  42 

. Si lS IFe - r i ch  44 
S/Ca-rich 28 

C- r i ch  in 

S i - r i c h  26 
-’ Fe-r ich 10 

Mirc. i n  
Totals 5 m  

N u r b e r X  U t %  

20.18 28.36 
64.34 8.24 

1.72 40.25 
4.62 5.07 
2.73 6.20 
1.48 6.53 
3.05 3.53 
1.25 1.20 
0.62 0.62 

100.00 100.00 

Size D i s t r i b u t i o n  by Average Diameter (microns) - 0.2 1.0 2.5 5.0 10.0 

classes Nunber X 1.0 2.5 5.0 10.0 50.0 >>) 

S i I A l - r i c h  20.2 36.4 52.6 8.7 2.0 0.5 0.0 
C-r ich 64.3 81.8 16.0 1.9 0.3 0.0 0.0 
SIFe-r ich 
S-r ich 
S i lS IFe - r i ch  
SICa-rich 
S i - r i c h  
Fe-r ich 
Misc. 
Totals 

1.7 19.2 
4.6 15.6 
2.7 71.0 
1.5 22.4 
3.1 50.3 
1.2 0.0 
0.6 0.0 

100.0 64.8 

19.2 
64.5 
0.0 

67.3 
32.6 
79.6 
53.1 
27.5 

38.0 
17.3 
21.3 

4.9 
11.9 
17.5 
46.6 
5.9 

14.0 
2.4 
5.3 
2.5 
4.0 
2.9 
0.0 
1.3 

8.8 
0.3 
1.6 
2.8 
0.4 
0.0 
0.3 
0.4 

Mass D i s t r i b u t i o n  by Average Diameter (microns) 
0.2 1.0 2.5 5.0 10.0 

- Classes Mass X 1.0 2.5 5.0 10.0 50.0 >>> 

S i l A l - r i c h  
C-r ich 
SIFe-r ich 
S - r i ch  
Si/S/Fe-rich 
S/Ca- r i ch 
S i - r i c h  
Fe-r ich 
M i x .  
Totals 

28.4 
0.2 

40.3 
5.1 
6.2 
6.5 
3.5 
1.2 
0.6 

100.0 

7.7 
13.0 
0.1 
7.3 
0.0 
4.6 
2.9 

39.6 
36.1 
4.7 

11.7 
12.5 
3.6 

24.9 

... . 
53.7 
9.7 

27.1 53.2 
21.8 49.6 
18.7 77.6 
17.6 50.1 
10.2 74.1 
3.0 B8.9 

30.2 44.2 
7.0 0.0 
0.0 10.2 

20.2 65.0 0.0 

~erodynamic Mass D i s t r i b u t i o n  by Aerodynamic Diameter (microns) 
0.2 1.0 2.5 5.0 10.0 

classes Mass X \ 1.0 2.5 5.0 10.0 50.0 >>> 

S i / A l - r i c h  
C-r ich 
S/Fe-rich 
S - r i ch  
S i IS lFe - r i ch  
s /ca-r ich 
S i - r i c h  
Fe-r ich 
M i x .  
Totals 

28.4 
8.2 

40.3 
5.1 
6.2 
6.5 
3.5 
1.2 
0.6 

100.0 

10.1 
‘i2.3 
io.0 
10.1 
0.0 
0.0 

0.0 
,o.o 
am-  

t0.2 

6.0 9.4 
12.3 12.8 
0.1 1.4 
7.3 14.6 
0.1 10.4 
2.4 3.6 
3.2 14.5 
0.1 55.8 

--0C-06:3 
2.9 7.6 

15.6 
23.1 

70.8 
49.6 
76.4 
50.1 
74.1 
88.9 
44.2 

0.0 
10.2 
69.5 

0.0 

Table I 

Table I I 

Table 1 1 1  

Table I V  



Client-Name Optimal Tech. 

Project-Nunber ESH609172 

C m n t  F i l t e r  NO. 295 
Dataf i les 204740-C\609969.* 

.- Cl ient-Nudxr ~ u n  2 

. Sample-Nurber 609969 

nag Fie lds Grid 
50 29.2074 6.945 
200 9.5940 1.736 
600 3.3209 0.579 ., 

Classes # N&er% U t %  

C-r ich 385 87.81 54.02 
S i I A l - r i c h  129 10.80 38.87 
Misc. 29 0.40 4.22 
S i - r i c h  0 0.88 1.28 ...~ 
5- r i ch  a 0.10 1.65 
Totals 560 100.00 100.00 

Size D i s t r i b u t i o n  by Average Diameter (microns) 
0.2 1.0 2.5 5.0 10.0 

-Classes N a r  % 1.0 2.5 5.0 10.0 50.0 )>> 

C-r ich 87.8 76.9 21.6 1 .2  0.2 0.0 0.0 
- S i / A l - r i c h  1 0 . 8 2 1 . 5 6 8 . 1  8.0 2.3 0.1 0.0 

Miec. 0.4 0.0 0.0 96.2 3.7 0.2 0.0 
S i - r i c h  0.9 44.1 44.1 11.9 0.0 0.0 0.0 
S-r ich 0.1 0.0 U.0 7 1 . 2 2 8 . 5  0.3 0.0 
Totals 100.0 70.3 26.7 2.5 0.5 0.0 0.0 

Mass D i s t r i b u t i o n  by Average Diameter (microns) 
0.2 1.0 2.5 5.0 10.0 

classes Mass % 1.0 2.5 5.0 10.0 50.0 >>> 

C-r ich 
S i l A l - r i c h  
M i x .  
S i - r i c h  
S - r i ch  
Totals 

54.0 
38.9 

4.2 
1.3 
1.6 

1ao.o 

5.0 22.0 8.0 16.8 48.2 
0.8 21.8 20.9 44.8 11.7 
0.0 0.0 64.8 10.0 25.2 
5.9 11.0 83.1 0.0 0.0 
0.0 0.0 24.3 68.7 7.0 
3.1 20.5 16.7 28.0 31.7 

0.0 
0.0 

Table 111 

C-r ich 
S i l A l  - r i c h  
Misc. 
S i - r i c h  
S-r ich 
Totals 

54.0 
38.9 

4.2 
1.3 
1.6 

100.0 

4.0 17.1 13.8 17.0 48.2 
0.3 17.4 18.2 44.9 19.2 
0.0 0.0 57.8 17.0 25.2 
0.0 16.9 44.5 38.6 0.0 
0.0 0.0 24.3 68.7 7.0 
2.2 16.2 17.9 29.0 34.6 

Table I 

Table I 1  

Aerodynamic Mass D i s t r i b u t i o n  by Aeralynamic Diameter (microns) 

classes Mass X 1.0 2.5 5.0 10.0 50.0 >>> 

0.2 1.0 2.5 5.0 10.0 

Table I V  



Client-Name Optimal Tech. 

Project-Nunber EM609172 

Cannent Beaker No. 257 
Da ta f i l es  20474 l_A\60W70 .* 

'- C l ien t -Nunber  ~ u n  2 

- Sample-Nunber 609970 

Mag Fie lds Grid 
50- 2.8290 6.945 
200 2.1185 1.736 
600 1.5470 0.579 

Classes # Number% U t %  

S/Fe-r ich 203 8.08 62.63 
C-r ich 140 59.25 3.30 
S - r i ch  05 16-19 8.17 .. ~ ._ 
S i /A IL r i ch  50 9.40 10.40 
SICa-r ich 50 0.90 9.78 
Si ISIFe-r ich 27 2.08 3.31 
S i - r i c h  22 4.01 1.88 
M i s c .  3 0.07 0.49 

. Fe-r ich 1 0.03 0.03 
Tota ls  591 100.00 100.00 

.- Size D i s t r i b u t i o n  by Average Diameter (microns) 
0.2 1.0 2.5 5.0 10.0 

Cla55e5 Number X 1.0 2.5 5.0 10.0 50.0 >,, 

SIFe-r ich 
C-r ich 
S-r ich 
S i l A l - r i c h  
SICa- r i ch 
Si lSIFe-r ich 
S i - r i c h  
Misc. 
Fe - r i ch  
Totats 

8.1 5.1 55.6 30.4 
59.2 71.6 27.6 0.7 
16.2 14.0 78.2 6.8 
9.4 40.9 52.2 5.3 
0.9 45.6 0.0 33.3 
2.1 19.6 58.9 19.1 
4.0 10.2 81.4 8.3 
0.1 0.0 0.0 48.9 
0.0 0.0 0.0 100.0 

100.0 50.2 42.9 5.6 

7.0 
0.1 
0.8 
1.4 

14.0 
1.6 
0.0 

48.9 
0.0 
1.1 

'1.9 
0.0 
0.2 
0.2 
6.2 
0.7 
0.1 
2.3 
0.0 
0.3 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Mass D i s t r i b u t i o n  by Average Diameter (microns) 
0.2 1.0 2.5 5.0 10.0 

Classes Mass X 1.0 2.5 5.0 10.0 50.0 >>> 

SIFe-r ich 
C-r ich 
S - r i ch  
S i l A l - r i c h  
SICa-rich 
S i lS IFe - r i ch  
S i - r i c h  
Misc. 
Fe-r ich 
Tota ls  

62.6 
3.3 
8.2 

10.4 
9.8 
3.3 
1.9 
0.5 
0.0 

100.0 

0.0 
8.0 
0.2 
0.3 
0.1 
0.2 
0.5 
0.0 
0.0 
0.3 

1.6 6.4 
55.2 9.5 
19.3 16.6 
6.1 6.1 
0.0 4.2 
5.1 14.4 

16.6 14.3 
0.0 5.9 
0.0 100.0 
5.5 7.5 

6:1 70.4 
8.0 19.3 

10.6 53.3 
15.5 72.0 
15.0 00.6 
7.5 72.9 
0.0 68.6 

30.6 63.4 
0.0 0.0 
8.4 68.5 

15.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
9.7 

Aerodynamic Mass D i s t r i b u t i o n  by Aerodynamic Diameter (microns) 

Classes Mass X 1.0 F.5 5.0 10.0 50.0 >>> 

0.2 1.0 2.5 5.0 10.0 

S I F  e- P i ch 
C - r i c h  
5 - r i c h  
S i l A I - r i c h  
S/Ca-rich 
s i  I S I F  e- r i c h  
s i - r i c h  
M i x .  
Fe-r ich 
Tota ls  

62.6 
3.3 
8.2 

10.4 
9.0 
3.3 
1.9 
0.5 
0.0 

100.0 

0.0 
6.3 
0.2 
0.2 
0.0 
0.2 
0.0 
0.0 
0.0 
0.2 

Table I 

Table I I  

Table 111 

Table I V  

0 .  , 



Cl ient  Name Omimal Tech 
C I  ientIN-r R h  3 
Project-Nunber ESH609172 
Samle N b r  moo71 - . . - -. . . . 
c-eni F i l t e r  No. 296 
D a t a f  i les 204741-8\609971.* 

Mag Fie lds Grid 
50 9.7776 6.945 
200 11.7776 1.736 
600 4.0084 0.579 - 

- 
Classes # Number X Ut X 

S i l A l - r i c h  253 28.53 62.57 
C-r ich 242 67.74 28.12 
S i - r i c h  53 1.61 5.24 
Misc. 16 1.02 2.90 
S l t a - r i c h  3 1.06 0.28 

- S- r i ch  3 0.03 0.27 
SlFe-r ich 1 0.00 0.11 

._ Fe-r ich 1 0.00 0.50 
Totals 572 100.00 100.00 

~- Size D i s t r i b u t i o n  by Average Diameter (microns) 
0.2 1.0 2.5 5.0 10.0 

Classes N&r X 1.0 2.5 5.0 10.0 50.0 >>> 

S i l A l - r i c h  
C-r ich 
S i - r i c h  
Misc. 
SICa- r i c h  
s - r i c h  

28.5 
67.7 
1.6 
1.0 
1.1 
0.0 

53.3 
76.3 
25.9 
0.0 
59.4 
0.0 

40.9 
22.8 
25.9 
81.3 
39.1 
0.0 

3.8 
0.8 
44.1 
18.5 
1.5 

96.4 

1.7 
0.1 
3.9 
0.0 
0.0 
0.0 

0.4 
0.1 
0.1 
0.2 
0.0 
3.6 

0.0 
0.0 
0.0 
0.0 
0.0 

SIFe-r ich 0.0 0.0 0.0 0.0 0.0 100.0 0.0 
Fe-r ich 0.0 0.0 0.0 0.0 0.0 100.0 0.0 
Totals 100.0 67.9 28.7 2.6 0.6 0.2 0.0 

Mass D i s t r i b u t i o n  by Average Diameter (microns) 
0.2 1.0 2.5 5.0 10.0 

Classes Mass X 1.0 2.5 5.0 10.0 50.0 >)> 

S i l A l - r i c h  62.6 1.2 5.6 8.6 55.8 48.9 0.0 
C-r ich 28.1 3.2 13.8 5.3 j.272.5 0.0 
S i - r i c h  5.2 1.1 2.2 61.2 23.9 11.7 0.0 
M i x .  2.9 0.0 14.8 24.4 0.0 60.8 0.0 
S l t a - r i c h  0.3 1.6 43.4 55.0 0.0 0.0 0.0 
S-r ich 0.3 0.0 0.0 34.0 0.0 66.0 0.0 
SlFe-r ich 0.1 0.0 0.0 0.0 0.0100.0 0.0 
Fe-r ich 0.5 0.0 0.0 0.0 0.0 100.0 0.0 
Tota ls  100.0 1.7 8.0 11.0 2S.l 54.1 0.0 

Aerodynamic Mass D i s t r i h t i o n  by Aerdynamic D i a m t e r  (microns) 

Classes Mass X 1.0 2.5 5.0 10.0 50.0 >>> 

0.2 1.0 2.5 5.0 10.0 

S i l A l  - r i c h  
C-r ich 
S i - r i c h  
Misc. 
SICa-rich 
S-r ich 
SIFe-r ich 
Fe- r i ch 
Totals 

62.6 
28.1 
5.2 
2.9 
0.3 
0.3 
0.1 
0.5 

100.0 

0.5 5.3 

;:: li:!! 
0.0 14.8 
1.6 43.4 
0.0 0.0 
0.0 0.0 ~~~ ~~~ 

0.0 0.0 
1.0 8.2 

5.5 
5.3 
47.0 
18.6 
0.0 
34.0 
0.0 
0.0 
8.0 

19.2 
5.2 
38.1 
5.7 
55.0 
0.0 
0.0 
0.0 
15.8 

69.5 
72.5 
11.7 
60.8 
0.0 
66.0 
100.0 
100.0 
67.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Table I 

Table I 1  

Table 1 1 1  

Table I V  



Client-Name Optimal Tech. 
Client-Nunber Run 3 
Project-Nunber ESH609172 

C m n t  F i l t e r  No. 258 
Datsf  i l e s  204741-C\609972.* 

- Sawle-Nunber 609972 

- 
Mag Fie lds Gr id  
50 2.5789 6.945 
200 4.4501 1.736 
600 5.9262 0.579 
I 

- 
Classes # NunberX U t %  

-’ S/Fe-rich 
Si/S/Fe-rich 
S i l A l - r i c h  
5 - r i ch  
C-r ich 

- S/Ca-rich 
S i - r i c h  

- Uisc. 
Fe-r ich 
Totals - 

181 
75 
83 
72 

130 
26 
26 

5 
1 

599 

7.74 
4.63 

11.53 
17.15 
52.27 

1.53 
4.32 
0.78 
0.05 

100.00 

56.07 
15.68 
11.20 
6.97 
2.97 
3.51 
2.17 
1.10 
0.44 

100.00 

- 
Size D i s t r i b u t i o n  by Average Diameter (microns) 

Classes N&r X 1.0 2.5 5.0 10.0 50.0 >>) 

WFe-r ich 7.7 9.2 36.9 25.9 20.5 7.6 0.0 

0.2 1.0 2.5 5.0 10.0 - 
~- 

Si/S/Fe-rich 4.6 7.7 46.3 26.2 16.0 3.8 0.0 
S i lAL - r i ch  11.5 25.4 58.8 10.1 4.6 1.2 0.0 
S-r ich 17.2 38.4 54.1 6.2 0.9 0.4 0.0 
C-r ich 52.3 79.8 18.4 1.5 0.2 0.1 0.0 
S/Ca-rich 1.5 23.3 46.6 17.2 6.9 6.0 0.0 
S i - r i c h  4.3 41.3 41.3 12.2 4.9 0.3 0.0 
M i x .  0.8  0.0 91.7 6.8 0.0 1.5 0.0 
Fe-r ich 0.1 0.0 0.0 0.0100.0 0.0 0.0 
Totals 1 0 0 . 0 5 4 . 4 3 3 . 9  7.1 3.5 1.1 0.0 

Mass D i s t r i b u t i o n  by Average Diameter (microns) 

Classes Hass X 1.0 2.5 5.0 10.0 50.0 >>> 

0.2 1.0 2.5 5.0 10.0 

W e - r i c h  
Si/S/Fe-rich 
S i /A l - r i ch  
S - r i ch  
C-r ich 
S/Ca- r i c h  
S i - r i c h  
Hirc.  
Fe-r ich 
Totals 

56.1 0.0 0.6 2.7 16.8 79.9 0.0 
15.7 0.0 1.1 5.4 27.7 65.8 0.0 
11.2 0.2 3.8 9.4 22.3 64.4 0.0 
6.9 0.3 11.6 8.3 5.8 74.1 0.0 
3.0 3.1 13.8 13.4 16.0 53.7 0.0 
3.5 0.0 0.5 7.0 9.8 82.6 0.0 
2.2 0.5 9.1 22.9 58.6 8.9 0.0 
1.1 0.0 4.2 2.2 0 . 0 9 3 . 5  0.0 
0.4 0.0 0.0 0.0 100.0 0.0 0.0 

100.0 0.2 2.4 5.1 19.2 73.1 0.0 

Aerodynamic Mass D i s t r i b u t i o n  by Aerodynamic Diameter (microns 1 
0.2 1.0 2.5 5.0 10.0 

Classes Mass X 1.0 f.5 5.0 10.0 50.0 m> 

S/F e- r i  ch 
Si /SIFe-r ich 
S i / A l  - r i c h  
S - r i ch  
C-r ich 
WCa-r ich 
S i - r i c h  
Hisc. 
Fe - r i ch  
Tutals 

56.1 
15.7 
11.2 
6.9 
3.0 
3.5 
2.2 
1.1 
0.4 

100.0 

22.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

12.6 

Table I 

Table I 1  

Table 1 1 1  

Table I V  



- -.RJ LeeGroup, Ine. 

RE: Sample Preparation Processes 

Dear Mr. Starner: 

Please find below summaries of the sample preparation procedures for probe rinses and 
quartdglass-fiber filters. 

Preparation of Probe Rinse 

Preparation for CCSEM involves resuspending the evaporated particulate mattcr with 
approximately 50 ml of filtered acetone. The acetonelparticulate mixture is ultrasonically 
agitated for several seconds to break apart any loosely-bound agglomerate particles. An 
aliquot of this mixture is poured into a vacuum filtration device onto a 47 mm, 0.2 pm pore 
size polycarbonate (PC) filter. After redeposition, the PC filter is examined using optical 
light microscopy to ensure uniformity of particle loading and proper areal concentration. 
An unacceptable filter (Le., too lightly or heavily loaded) is reprepared. The acceptable 
filter is mounted on a carbon planchet SEM stub. This is accomplished by removing a 
section (-1.5 cm*) of the PC filter using a clean scalpel blade and placing the section face 
up on the SEM stub. Colloidal graphite adhesive paint is used to secure the filter to the 
stub. The final step in the preparation process involves coating the fdter with a thin layer of 
carbon using evaporative deposition under vacuum techniques. The carbon coating does 
not interfere with the analysis and is used to dissipate the electrical charge (Le., uneven 
illumination) induced by the electron beam. 

Preparation of Quartz & Glass-Fiber Filters 

Preparation of glass-fiber and quartz filters is performed by liberating the particulate matter 
and depositing it onto a PC filter. The removal of particles from the original filter must be 
accomplished in a manner that will maintain the original characteristics of the particulate 
matter. Tfie method of redeposition begins with an examination of the original filter by 
optical light microscopy. While this analysis is not performed in a quantitative manner, it 
can provide valuable information about the characteristics and size distribution of the 
sample. Each filter is also examined for any defects such as holes, signs of inadequate 
sealing, or the growth of mold or fungus that would invalidate the sample. Extraction of 
the particulate matter from the original sample is accomplished through a pressurized fluid 
flow process. Initially, several disks are removed from a glass-fiber or a quartz-fiber filter 
using a 1.2 cm diameter brass punch. For each sample, a filter disk is placed in ;L pressure 
filtration holder. Perforated stainless steel screens (-130 pm mesh size) are used to secure 
the filter in the filtration holder and to minimize the redeposition of large fibers from the 

Monroeville. PA San Ceandro. CA - Washington. DC . Houston, TX Richland. WA 



Mr. Todd Stamer 
October 8. 1996 
Page 2 

filter. Silicon tubes are attached to both openings of the pressure filtration holder. While 
applying pressure, filtered acetone is forced through the non-exposed side of the filter 
flushing particles from the filter. The total quantity of particulate matter available for 
redeposition is controlled by varying the number of filter disks extracted for each sample. 
The acetondparticulate mixture is collected in a clean beaker. The particles are redeposited 
onto a 47 mm, 0.2 pm pore size PC filter by pouring the acetonelparticulate mixture into a 
vacuum filtration device. After redeposition, the PC filter is examined using light 
microscopy to ensure uniformity of loading and proper areal concentration. An 
unacceptable filter (i.e., too lightly or heavily loaded) is reprepared. The acceptable fdter is 
mounted on a carbon planchet SEM stub. This is accomplished by removing a section 
(-1.5 cm2) of the PC filter using a clean scalpel blade and placing the section face up on the 
SEM stubs. Colloidal graphite adhesive paint is used to secure the filter to the stub. The 
final step in the preparation process for CCSEM involves coating the filters with a thin 
layer of carbon using evaporative deposition under vacuum techniques. The carbon coating 
does not interfere with the analysis and is used to dissipate the electrical charge (Le., 
uneven illumination) induced by the electron beam. 

If you have any questions concerning the above information, please feel free to call me. 

Sincerely, 

Steven F. Schlaegle 
Project Manager 
Environmental Services 

SFS:dls 

c: Paul Jadlowiec, Optimal Technologies J 



f l ~ P " " d i +  D 

DUQUESNE UGH1 COMPANY 
ELRAMA POWER STAl" 

SEPTEMBER 19,1998 
PROJECTNO. SI0 

PARTlCtllATE AND CARBON MONOXIDE EMISSIONS 

SYMBOL DESCRIPTION 

Tbcca = Dmationoftest,min. 
Vm = Dry sample volume (meter conditions), cu. It. 
SQRT(dP)= Aveaage ofsqusre roots of pit04 pressore, in. water 
dH = orifice pressure drop, in. water 
Ts = Average stack temperatme, deg. F 
Tm = Average dry gas meter temperame, deg. E' 
C02 = C 0 2  in stack gas, % 
0 2  = 0 2 i n s t a ~ k ~ ~ , %  

Pa = static pres.wq in. water 

COtN2 CO and N2 io stack gas, % 
Pbar = Baromebic pressure, in. Hg 

Ps = Skk pressure (absolute), in. Hg. 
CP = Pikd correction factor, dimensionla~s 

Do = Dinmeter ofnonle, in. 
Ds = Diameter of stack, A. 
vtc 
m = Front halfcalch, mg 
Bh = Back halfcatch, mg 
Mn = Total particulate catch, mg 
c o  = Carboa m m d e  concentration, ppm 
Btu = Boiler heat input, mmBtu/hr 

Y * b y  gas tlleler W d O U  f c t M  

= Volume of tiquid collected in impmgers and silica gel, ml 

An 
A 
Md 
V W W )  
Ms 
Vm(dd) 
VS 
Bws 
Qs 
w 
I 

CALCULATED VALUES 
= Area of thc llozz.b, sq. n. 

= v o h c  of ti@ cob* CU. n. 

= Ana of the slack, sq. A. 
= Dry molecular weight of stack gas, dry basis. Ib/lb-mole 

= Molecular weight of d%k gas, wet basis, Ibflb-mole 
= Dry sample volume (standrrd coalitions), dscf 
= Stack velocity, Wsec 
= Moisture content of the gas slream, Yo 
= Stack gas flow, aefm 
= StffikgasfiOw.kfm 
= kdkineticratio,% 

RUN NO. I RUN NO. 2 RUN NO. 3 AVERAGE 

I20 
65.95 12? 64.952 
0.905 0.875 
1.010 
123.9 
73.8 
9.00 
8.80 

82.20 
29.02 
-0.50 
28.98 
0.84 

0.989 
0. I880 

26.0 
1%.9 

210.90 

0.986 
123.8 
74.4 

10.20 
8.20 

81.60 
29.10 
-0.50 
29.06 
0.84 

0.989 
0.1880 

26.0 
163.7 
84.52 

I20 
65.005 
0.877 
0.989 
124.1 
84.6 

10.07 
7.93 

82.00 
29.02 
-0.50 
28.98 
0.84 

0.989 
0.1880 

26.0 
175.0 

141.70 
OBOS/ O.W/ 0 . 0 0 5 ~  

210.908 84.525 141.705 
24.7 82.2 60.3 

4864 4898 4864 

120 
65.303 
0.886 
0.995 
123.9 
77.6 
9.76 
8.3 I 

81.93 
29.05 
4.50 
29.01 
0.84 

0.989 
0.1880 

26.00 
178.5 

145.71 
O.M% 

145.71 
55.7 

4875 

= 29.79J 29.96 
7.705 - - 

= 
- - 

54.87 52.64 
= 12.9 11.1 
= 1747924$616986 
= 1333439 J'3095Il 

107.9 108.4 

- - 

- - 

1.928E-04 
530.929 

19.93 
8.237 
28.50 

60.582 
52.96 

12.0 
1687080 
1299876 

107.0 

I .928E-04 
530.929 

29.89 
8.403 
28.47 

61.718 
53.49 

12.0 
l703%3 
13 I4275 

107.8 
PARTlCULATE EMiSSION SUMMAR 

cs = Pnrlimtirte concentration, grldscf - 0.052 y 0.021 0.036" 0.036 
= Particulate emissikm rate, lb/hr = 594J 2 3 6 , l j  401 \ 410 J 0.048 0.082 0.084 

E 
0.122 Ebtu = Particulate emission rate, Ib/mmStu - 

CARBON MONOXIDE EMISSION SUM 
C'S c Carbon monoxide concentration, ppm = 25.85 yy86.15' 63.25 ' 58.42 
E = Particulate emission rat=, l b h  - - I50/// 491 ,' 358' 333 

0.03 1 0.100 ,' 0.074 ' 0.068 

- 
- 

Ebtu = Particulate emissicm rate, Ib/mmBtu = 



s h e d  a 0-t' 6 
- npp4AdLS I3 
- DUQUESNE UGHT COMPANY 

- SEPTEMBER 19,1996 
ELRAMA POWER STATION 

PROJECT NO. 570 

-1 PM-tO EMISSIONS 

SYMBOL DESCtUl'lION RUN NO. I RUN NO. 2 RUN NO. 3 AVERAGE 

Theta 
Vm 
SQRT(dJ') 
dH 
Ts 
Tm 
CO2 
0 2  
CO+N2 
Pbar 
Pa 
Ps 
CP 
Y 
Do 
Ds 
V l C  

Ma 
Mf 
Fh 
BlU 
%PM- I O  
%F'M- I O  

- = Duration of test, min. - 
- = Lhy sample volume (meter conditions). cu. R. - 

= Orifice pressure drop, in. water - 
= Avcragc stack temperaturc, dcg. I: - 
= Avcragc dry gas meter tcmpcratnrc, dcg. F - 
= C 0 2  in stack gas, % - 
= 0 2  in stack gas, % - 
= CO and N2 in stack gas, % - 
= Barometric pressure. in. llg. - 
= Static pressure, in water - 
= Stack pressure (absolute), in. I.lg. - 
= Pitot correction factor, dimensiouiess - 
= Dry pas meter correction factor - 
= Diameter of noale,  in. - 
= Diamctcr of slack, n - 

= Volume of liquid collected in impingers and silica gel, ml = 
= Weight of particulate in acetone rinse, mg - 
= Wcight of particulate on filter, mg - 
= Front halfcatch, mg - 
= Boiler hcat input. mmBtu/hr - 
= Percentage of PM-IO in acetone rinse, % - 
= Per~tageofPM-IOonfilter, Yo - 

- - = Average of square TOOLS of pitot pressure, in. water 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

I20 
65.953 
0.905 
1.010 
123.9 
73.8 
9.00 
8.80 

82.20 
29.02 
9 . 5 0  
28.98 
0.84 

0.989 
0.1880 

26.0 
196.9 

119.90 
91.00 

210.90 
4864 
24.0 
32.2 

120 
64.952 
0.875 
0.986 
123.8 
74.4 

10.20 
8.20 

81.60 
29. 10 
-0.50 
29.06 
0.84 

0.989 
0.1880 

26.0 
163.7 
28.87 
55.65 
84.52 
4898 
21.1 
65.3 

c A L c u L i r m  VALUES 
An = Area of the nozzle, sq. A. = 1.928E-04 1.928E-04 
A =. Area of the stack, sq. A. = 530.929 530.929 

= Dry molecular weight of stack gas, dry basis, lbflb-mole = 29.79 29.96 
Vw(std) = Volume oili+;d colle~ted, CU. R. - 9.268 7.705 
Md 

= Molecular weight of stack gas, wet basis, IbAb-mole - 28.27 28.63 Ms 
62.713 61.858 Vm(std) = Dry sample volume (standard conditions), dscf - 

vs = Stack velocity, Wsec - 54.87 52.64 
Bws 

= Stack gas now, acfm = 1747924 1676886 
= 1333439 I309511 

Qs 
= $tack gas flow, dscfm 
= lsokinetic ratio, % - 107.9 108.4 

Qsd 
I 

= Front half emission rate, I b h  - 593 237 
MnMaPM- IO = Weight of PM- 10 in acetone rinse, mg - 28.78 6.09 
Efh 

29.30 36.34 
MnPM-IO = Total weight of PM-I0 catch, mg - 58.08 42.43 
W M - I O  = Weight of PM-IO on fdter, mg 

- 
- 
- 
- 

= Moisture mtent  of (he gas stream, % - 12.9 11.1 - 

- 
- 
- 
- - 
- 

PM-10 EMISSIONS 
PM-IOCs = PM- 10 conw?Iration, gr/dscf - 0.0 I4 0.011 - 
PM-IOE = PM-I0 mission rate, I b h  - 163 1 I9 
PM-IOEbtO = PM-IO emission rate, Ib/mmBtu - 0.034 0.024 
PM-10% = PM-I0 emission ,%of front half particulate - 27.5 50. I 

- 
- 
- 

120 
65.005 
0.877 
0.989 
124.1 
84.6 

10.07 
7.93 

82.00 
29.02 
-0.50 
28.98 
0.84 

0.9X9 
0.1880 

26.0 
175.0 
76.00 
65.70 

141.70 
4864 
17.4 
33.0 

I20 
65.303 
0.8R6 
0.995 
123.9 
77.6 
9.76 
8.3 I 

81.93 
29.05 
-0.50 
29.01 
0.84 

0.989 
0.1880 

26.00 
178.5 
74.92 
70.78 

145.71 
4875 
20.8 
43.5 

1.928E-04 1.928E-04 
530.929 530.929 

29.93 29.89 
8.237 8.403 
28.50 28.47 

60.582 61.718 
52.96 53.49 

12.0 12.0 
1687080 ' 1703963 
1299876 1314275 

107.0 107.8 
402 41 I 

13.22 16.03 
2 I .68 29.11 
34.91 45.14 

0.009 0.01 I 
99 I27 

0.020 0.026 
24.6 34.0 
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TYPE S PITOT TUBE CONSTRUCTION SPECIFICATIONS 

'TYPE S PITOT TUBE NO. I kf .  DATE 9-17-96 TECBNICIAN Pt J 

i 

CONSTRUCTION 3TANDARDS : 



- WPE S PITOT TUBE ALIGNMENT SPECIFICATIONS 

- 
- 

Client 
Location 
Date 

.. 

.~ Teclwcian 

- 

1 -  a,o I Y -3 3.1 I la  

i 

x -  113 14 

I 



STACK GAS THERMOCOUPLE CALIBRATION 

i 

: .., 



DRY GAS METER AND ORIFICE CALIBRATION 

Orilicc 
Manometer 

Setting 
(in. 1-120) 

1 .oo 
1.50 
2.00 
3.00 

-- 

08/01/96 OPERATOR: JEP . CONSOLE: 80900 

Initial Final Net Avg. 
Reading Reading Volume Temp. 

rl Temp. rl Temp. 
(ct)  (deg F) (4 (deg F) (ft) (F) 
v w  -rw v w  Tw v w  Tw 

0.000 67.0 5.001 67.0 5.001 67.0 
0.000 67.0 5.000 67.0 5.000 67.0 
0.000 67.0 5.000 67.0 5.000 67.0 
0.000 67.0 5.000 67.0 5.000 67.0 

__ __ 
._ 

___- ~- 

WET TEST METER GAS VOLUMES AND TEMPERATURES 

Final 
Reading 

(et) 

Temperature Net Avg. 
Inlet Outlet Volume Temp. 

(deg f) (deg f) (fi) (deg f) 

DRY TEST METER VOLUMES AND TEMPERATURES 

Vd 
314.348 
320.555 
326.762 
332.990 - 

(in. H20) 
Ti Td Vd Td 

86.0 79.0 5.197 82.5 
88.0 80.0 5.182 84.0 
85.0 79.0 5.169 82.0 
87.0 79.0 5.192 83.0 

309. I51 
3 15.373 

2.00 321 S93 
3.00 327.798 

I I I I I 

Orifice 
Manometer Reading 

Setting Time Inches 1 (in::fG) I . (min.) 1 ("HE) 1 
i 9.217 29.23 

7.650 29.23 
2.00 6.700 29.23 

5.483 29.23 Average 



NOZZLE CALIBRATION DATA FORM -. 

Nozzle Nozzle  Diametera 

number mm ( i n . )  mm ( i n . ) .  mm ( i n . )  
i d e n t i f i c a t i o n  DI I D2 ! D3 ! b Nozzle Nozzle  Diametera 

number mm ( i n . )  mm ( i n . ) .  mm ( i n . )  mm ( i n . )  
i d e n t i f i c a t i o n  DI I D2 ! D3 ! AD, b 

i 
AD, 

where I 

C I Davg 

= three d i f f e r e n t  n o z z l e s  d iameters ,  mm ( i n . ) !  each aD1,2p3e diameter must be w i t h i n  ( g ; 0 2 5  nun) 0 .001  i n .  

AD = maximum d i f f e r e n c e  between any two diametere,  mm ( i n . ) ,  b 
AD ((0.10 mm) 0.004 i h .  

= average o f  D1, D2, and D3. avg 
' D  



AppPr\Jt$ F 
OPTIMAL TECHNOLOGIES, INC. 

SOURCE TESTING INSTRUMENT CALIBRATION RECORD 

1.2.3 Inst. Supplier: a LfYk 

Client: 
Location: 
Run #'s: 

GE 6 d T j  Scr. ~..,9,b, Inst. Manufacturer: 7KCj V3 C Parameter: w' /&.q 
.. 

Sys. Bias-lnst: 241 S.Train: C'?G ., Operators: -./ 
U Response Time (sec.) d L ,  ,J+?L 

RUN #l Start Time: ?;Ce: Stop Tin - 
-- 

Pre-Test 

RUN #L Start Time: /Z: <Stop Time: [3.' v p  - - 
Gal. Gas 

Conc. 
Pre-Test Post-Test 

Inst. 

% 
Drift 

- 
-0.2 4, 

Pre-Test 

Inst. 

1 77 
$4  7.9 

Post-Test % 
Drift 

Inst Chart Logger - -G A - 0.3 
2 ?3 25A -f c ) . z ~ -  
7 7  76.8 0 20 

A36 21* y -0.1 72 

16'8 d.tj -0.u;: 



- A p p n ~ l  f E Scott Specialty Gases, Inc. - 
e 1 w m p O  BOX 310. PLU-iTGTMTLE, PA 188490310 (215) 7688861 FAX (215) 7- 

CERTIFICATE OF ANALYSIS: EPA PROTOCOL GAS 
customer A m y  Laboratory 
control Analytica Scott Specialty Gases, Inc. Parchase Order 713 
C/O Optimal Technolo~ies 6141 Eeston Road Scott Roject I 01-75952-001 
575 William Pitt Way 
Pittsburgh, PA 15238 

P.O. Box 310 
Plurnsteadville, PA 1XY4Y-0310 

I .  

ANALYTICAL INFORMATION 

This w t i f i d i o n  was pnftmned accorrlinx lo EPA Traceabilify l 4 o t m l  For Assay &Certification of Gaseous Calibration Standards; 
I P n d u r e  #GI, Srction,Numbff 3.0.e September, 1993. 

.. Cy&& Number ' A L M 0 W 6  02-13-% Expiration Dale 02-13-96 

Analvtical UncertainW 
il% NIST Traceable 

Analytical Principle 

. . , . .. .. . . .  
i. . : 

. .  .1.: ?$, . 1 ., . .. , , .,.___ . . , . , , . , ., , . . . . .  
. .  ..:..:. . . -, .' . ..i . . 

' , .  ,,,., . .  ' . , . .  
.. . .- ... . 



i '  

,.; 
:.: ~ h 4 . e - t  g o 4  ro 

..., f l p p " \ d i $  E 
.. .-.)Scott Specialty Gases; Inc. 

6141 -TON ROAD, P.O. BOX 310. PLUMSTEADVILLE. PA 189090310 (215) 7 V l i ,  ,- ' 

h y  Laborahw 

P.O. &x 310 
Plumsteadville, PA 18949-0310 

-.-d& . - ~  
plurhaee OIda 713 
Scott Project # 01-75952402 

.. Control AmuJvlics 
c/o opthyl 'lLYC-$Ogi€+ 
575 William Pitt W& 
Pitkburg.h, PA 15238 

ANALYTICAL INFORMATION 
This qr@alwn u m  jwrfbrmcd amording Lo EPA Trncetlbili@! Protocol F o r  Aswy & Certification of GpMus Glibration Stnndar. 
1 W w c  #GI, &tion Nurnbm3.0.& Septrmbrr, 1993. 

- 
., j. 

02-06.% Expiration Date . .  
AAL14824 :: '. .CBtifteatidnDak 
ZOM) p s i R +  $2 previous CatlflcaHon Dates None 

Catified Concentration 
25.3 ppm 

M y t i c a l  Uncertainty' 
fl% MSTTraceable 

Concenkation 
23.9 ppm CO in Nz 

Analytical Frinciple 
; . NDIR 

Last Date Calibrated 
01.15% 

. .  

CaUbrationCurve 

. .  R24.2235 22-0.rn3 R10.m.1 A-4.6506842 
73-0.WIl T3-0.ESd I(M..2po U-O.Wll T3-0.2737 R3-o.m &7.1443!+01 C+.LX03E+W 

~ ~ 1 ~ 1 '  1 

L 
. ... . ' 

. . :; .. . . .  
- .  . 



.- 

1 

Scott Specialty Gases - ~ 

6141 eP(onRod.WBo1310PllmaMvllk PA 189494310 PHONE:(Z15)766%861 Fu:(Z15)7666320 

CERTIFICATE OF ANALYSIS Interference+reeTM EPA Protocol Gas 
Custom e r Asany Laboratory 
CONTROL ANALYTICS Scoa Cavas liu Purchase Ordei 713 
Cm O F T W  ECHNOLLXIIES 6141 E m n  Road Scott ProJect # 7S9S203A 
573 I17LLMMP1171VAY PLuturro~iUC. PA 18949 
PITISBURGH. PA IJ138 

., : ... 

. :  , . .  
, , '  :.'k :? .,:' . . .  , I 

., ..1 . "' 

. . .  . . . . . . .  

, .. 
I .:r ,. , I  ..:. . ;, . . . . .  

. . .  . . .  
!.:: '. 

.i !.. .. 

%.>. 

. . . . . . . . .  , . I  : '. " "  . . . . .  ......... 
:: , , ::. ,. . . '  -:,.'.'" 
. . . . .  . .  

,I ., 
. ,  . - i, . '  
,. . 

.....I..< . : ... . . . . .  ...... . .  i. .. . . . . .  . .  . . . . .  
. . . . . .  

. . .  ..... 1 ... .. .,. ... . I .., I. 
. .  
I . .'~. : I .  .:. . 
i . . _  ..... >.. ............ .: 

...... _:.. . . .  .,: . .  
., 
..... >..?.. 
:: .: .. *. 

:. . >; .;.: 
, . ,  . .%;a. . .  . ... 

.:...( .-;:<,+:;s: ..... 

......... .. : . . . . . . . .  

Cylinder Pressuret 18ssPsic Expiration Date 2/5/99 
ANALYZED CYLINDER 
@mnments certified Concentration Analvtical Accuracv" 
Carbon Monorlde 80.6 nom * 1% Dirrctlv MST Traceable .. 
Nltmgen Balance Gar 

TypdSample No. Erplntlon Date Cylinder Number Concentntion 
mlU11679 WI 1/96 Aut041543 97.1 ppm CO in N2 

c-l 
co 

, 

Special Notes: 

.......... . . . . . .  ... . ...... . . . . . .  ....... . . ~ . ~ ; : - . ~ ~ ~ ~ ~ ; ~ ~ : ~ ~ ~ ~ . . . -  . . . . . . . . .  . . . . . .  . . . .  
~ :, . . .  if ...... ...... .;. i ; :, .) 

O i ' .  
,11 . - I  . .  , , ..,"., .* 
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41 1 Seventh Avenue 
P.O. Box 1930 
Pittsburgh. PA 15230-1930 

(412) 393-6000 

November 13, 1996 
EAU(2): I5 1-96 

Mr. Joseph Pezze 
PA Department of Environmental Protection 
Regional Air Quality Manager 
Southwest Region 
400 Waterfkont Drive 
Pittsburgh,, PA 15222 

Dear Mr. Pezze: 

-.I On September 18, 1996, Duquesne Light Company’s contractor Optimal 
Technologies, Inc. (Optimal) performed total particulate, PM- 10 and CO emissions tests 
at the Elrama Power Station. Based on the average of three runs, results indicate that 
total particulate emissions are within the applicable emission limit of 0.1 Ibs./MMBtu as 
specified in 25 PA Code $123.1 1. The PM-IO and CO emissions tests were conducted to 
comply with Condition #7 of RACT Plan Approval #63-000-014. 

Enclosed are two (2) copies of the report for your use. Please contact Sharon 
Stubbs at (412) 393-6098 should you have any questions. 

Enclosure 

Very truly yours, 

Robert W. Orchowski 
Manager of Environmental Affairs 

c: T. Starner, Harrisburg, DEP - wl one(1) enclosure 



COMMONWEALTH OF PENNSYLVANIA 
Department of Environmental Protection 

March 20,1997 
717-787-9483 

SUBJECT: Source Test Review 

,... 
Union Township, .Washington County 

T O  Tom Joseph 
Engineering Services Section 
Southwest aegiond Office 

1 

FROM: Bryon Richwine 25.K 
Air Pollution Control Engineer 
Source Testing Section 
Division of Source Testing and Monitoring 

THROUGH L. Blaine DeHaven [ 
Chief 
Division of Source Testing and Monitoring 

Timothy R. Brooks fl9 
Chief 
Source Testing Section 
Division of Source Testing and Monitoring 

Duquesne Light Company operates four bituminous coal fired boilers at its Elrama Powzr 
Station. Boilers 1 and 2 each have a heat input of 1,200 with an exhaust gas flow of 
414,000 acfm, while Boilers 3 and 4 have heat inputs of 1,300 and 1,790 MMBtu/hr with exhaust 
flows $464,000 and 625,000 acfm, respectively. The combustion gases from these four boilers 
are exhausted through air heaters, mechanical dust collectors, electrostatic precipitators, and wet 
scrubbers prior to discharging to the atmosphere through a common 26 feet inside diameter stack. 

On September l a .  1996 Optimal Technologies of Pittsburgh, Pennsylvania performed testing to 
determine total particulate (PADEP method 5). carbon monoxide (EPA method IO), and PMlO 
(electron microscope scanning of the particulate front half) emissions in the outlet stack of 
Duquesne Light Company’s Elrama Power Station to comply with condition # 7 of RACT Plan 



Duquesne Light Company - 2 -  March 20, 1997 

approval 63-000-014. The test runs were conducted in accordance with the preapproved test 
protocol and appear to be representative of the actual emissions at the operating conditions at the 
time of tepting. 

The following information was extracted from the'test report: 

on heat input] 1 1 I 
Isokinetic Rate [%] 107.9 108.4 107.0 



4.. . . . 
_. . Duquesne Light Company - 3 -  March 20, 1997 

cc: RACT File 63-000-014 
Technical Support Section - f i s h  Rmamurthy 
Compliance and Enforcement - Scott Kepner 
EPAfl'RB 

' - 
Reading File, Source Testing Section 

. .. LBDTRB:BRbr . .. 

i 




