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Emissions Summary
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PC BOILER
A Trains-STACK EXHAUST OHM - Runs 1,2 AND 3

un No. 1 2 3

ate: 11-Aug-99| 11-Aug-99| 12-Aug-99
Start Time 09:45 16:15 08:35
Stop Time 14:27 19:36 13:02 AVERAGES

et Sampling Time, (minutes) 144.0 144.0 144.0 144.0
'Volume of Gas Collected, (dscf) 89.154 86.074 84.450 86.559
Dry Mole Fraction 0.8731 0.8726 0.8659 0.8705
ICO, Concentration, (percent dry) 14.00 14.00 14.00 14.00
O, Concentration, (percent dry) 5.30 5.00 5.00 5.10
CO and N,, (percent dry) 80.70 81.00 81.00 80.90
Stack Pressure, (inches of mercury) 29.69 29.69 29.85 29.74

verage Stack Temperature, (°F) 188 189 189 189
Stack Gas Velocity, (actual feet per minute - afpm) 4,439 4,505 4,371 4438
Stack Flowrate, (actual cubic feet per minute - acfm) 683,375 693,454 672,802 683211
Stack Flowrate, (standard cubic feet per minute - scfm) 552,484 559,768 546,038 552,763
Stack Flowrate, (dry standard cubic feet per minute - dscfm) 482,357 488,437 472,811 481202

9,780

total, ug

IConcentration, ug/dscf
[Concentration, ug/dscm
Emission Rate, mg/hr
Emission Rate, 1b/hr
[Emission Rate, Ib/MMBtu

otal, ug

Concentration, ug/dscf
|Concentration, ug/dscm
Emission Rate, mg/hr
[Emission Rate, Ib/hr
Emission Rate, Ib/MMBtu

0

tal, ug (HNO,-H,0,)
otal, ug (KMnO4-H2504)
otal, ug

Concentration, ug/dscf
oncentration, ug/dscm
Emission Rate, mg/hr
ission Rate, Ib/hr
Emission Rate, 1b/MMBtu

|Concentration, ug/dscf

Concentration, ug/dscm

[Emission Rate, mg/hr
ission Rate, Ib/hr
ission Rate, Ib/MMBtu

0.047
0.0005
0.0186

15.26

3.32E-05
1.52E-08

0.061
0.0007
0.0242

19.80

4.31E-05
1.98E-08

0.25
0.18
0.43
0.0048
0.1703
139.59
3.04E-04
1.39E-07

0.538
0.0060
0.2131
174.65

3.80E-04
1.74E-07

0.046
0.0005
0.0189

15.66

3.41E-05
1.51E-08

0.081
0.0009
0.0332

27.58

6.00E-05
2.67E-08

0.25
0.31
0.56
0.0065
0.2297
190.67
4.15E-04
1.84E-07

0.687
0.0080
0.2818
233.91

5.09E-04
2.26E-07

0.034
0.0004
0.0142

11.42

2.49E-05
1.14E-08

0.039
0.0005
0.0163

13.10

2.85E-05
1.31E-08

0.25
3.10
3.35
0.0397
1.4007
1125.34
2.45E-03
1.12E-06

3.423
0.0405
1.4312

1149.86
2.50E-03
1.15E-06




PC BOILER
B Trains-STACK EXHAUST OHM - Runs 1, 2 AND 3

un No. 1 2 3

ate: 11-Aug-99| 11-Aug-99| 12-Aug-99

tart Time 09:45 16:15 08:35

top Time 14:27 19:36 13:02 AVERAGES

et Sampling Time, (minutes) 144.0 144.0 144.0 144.0
Volume of Gas Collected, (dscf) 89.097 88.992 85.562 87.883
Dry Mole Fraction 0.8694 0.8748 0.8673 0.8705

0, Concentration, (percent dry) 13.90 13.80 14.00 13.90
O, Concentration, (percent dry) 5.30 5.30 5.10 5.23
CO and N,, (percent dry) 80.80 80.90 80.90 80.87
Stack Pressure, (inches of mercury) 29.69 29.89 29.84 29.81

verage Stack Temperature, (°F) 188 188 189 188
Stack Gas Velocity, (actual feet per minute - afpm) 4,515 4,513 4,492 4507
Stack Flowrate, (actual cubic feet per minute - acfm) 694,975 694,769 691,476 693740
Stack Flowrate, (standard cubic feet per minute - scfm) 561,903 565,479 561,047 562,810
Stack Flowrate, (dry standard cubic feet per minute - dscfm) 488,510 494,687 486,585 489927

[F-Factor

He'?
total, ug
Concentration, ug/dscf

IConcentration, ug/dscm
Emission Rate, mg/hr
[Emission Rate, Ib/hr
Emission Rate, Ib/MMBtu

>* _(KCL)
tal, ug

Concentration, ug/dscf

Concentration, ug/dscm

Emission Rate, mg/hr

Emission Rate, Ib/hr

Emission Rate, Ib/MMBt

He'
total, ug (HNO4-H,0;)
otal, ug (KMnO4-H2S04)

1, ug
Concentration, ug/dscf

oncentration, ug/dscm
Emission Rate, mg/hr
Emission Rate, Ib/hr
Emission Rate, Ib/MMBt

total

otal, ug

IConcentration, ug/dscf
Concentration, ug/dscm
Emission Rate, mg/hr
ission Rate, Ib/hr
[Emission Rate, Ib/MMBt

9,780

0.043
0.0005
0.0170

14.15

3.08E-05
1.39E-08

0.100
0.0011
0.0396

32.90

7.16E-05
3.24E-08

0.25
0.23
0.48
0.0054
0.1898
157.58
3.43E-04
1.55E-07

0.62
0.0070
0.2465
204.62

4.45E-04
2.02E-07

0.034
0.0004
0.0135

11.34

2.47E-05
1.10E-08

0.180
0.0020
0.0714

60.03

1.31E-04
5.84E-08

0.25
0.19
0.44
0.0049
0.1746
146.75
3.19E-4
1.43E-07

0.65
0.0073
0.2595
218.13

4.75E-04
2.12E-07

0.029
0.0003
0.0120

9.90
2.15E-05
9.67E-09

0.036
0.0004
0.0149

12.28

2.67E-05
1.20E-08

0.25
0.24
0.49
0.0057
0.2022
167.20
3.64E-04
1.63E-07

0.56
0.0065
0.2290
189.38

4.12E-04
1.85E-07




A TRAINS - SDA INLET OHM - Runs 1,2 AND 3

PC BOILER

un No. 1 2 3
Date: 11-Aug-99| 11-Aug-99| 12-Aug-99
Start Time 09:45 16:15 08:35

top Time 14:26 19:36 13:02 AVERAGES

et Sampling Time, (minutes) 144.0 144.0 144.0 144.0
Volume of Gas Collected, (dscf) 86.103 77.479 82.587 82.056
Dry Mole Fraction 0.9045 0.9064 0.8975 0.9028
ICO, Concentration, (percent dry) 15.00 15.40 15.10 15.17

, Concentration, (percent dry) 3.60 | 3.50 3.80 3.63

O and N,, (percent dry) 81.40 81.10 81.10 81.20
Stack Pressure, (inches of mercury) 28.38 28.66 28.58 28.54
Average Stack Temperature, (°F) 293 299 299 297
Stack Gas Velocity, (actual feet per minute - afpm) 3,597 3,558 3,665 3607
Stack Flowrate, (actual cubic feet per minute - acfm) 728,297 720,504 742,178 730326
Stack Flowrate, (standard cubic feet per minute - scfm) 484,439 480,137 493,210 485,929
Stack Flowrate, (dry standard cubic feet per minute - dscfin) 438,199 435,217 442,665 438694

F-Factor

otal, ug

Concentration, ug/dscf
IConcentration, ug/dscm
[Emission Rate, mg/hr
Emission Rate, Ib/hr
Emission Rate, Ib/MMBtu

tal, ug
Concentration, ug/dscf
oncentration, ug/dscm
Emission Rate, mg/hr
Emission Rate, Ib/hr
Emission Rate, 1b/MMBtu

]
8

tal, ug (HNO,-H,0,)
otal, ug (KMnO4-H2S04)
otal, ug

IConcentration, ug/dscf

Concentration, ug/dscm
Einission Rate, mg/hr
[Emission Rate, 1b/hr
[Emission Rate, Ib/MMBtu
e

otal, ug

Concentration, ug/dscf
Concentration, ug/dscm
ission Rate, mg/hr
Emission Rate, Ib/hr
[Emission Rate, Ib/MMBtu

9,780

29.773

0.3458
12.2097
9091.35
1.98E-02
9.01E-06

16.00
0.1858
6.5615

4885.69
1.06E-02
4.84E-06

0.34
3.70
4.04
0.0469
1.6568
1233.64
2.68E-03
1.22E-06

49.813
0.5785
20.4279
15210.68
3.31E-02
1.51E-05

31.152
0.4021
14.1972
10499.32
2.28E-02
1.04E-05

4.10
0.0529
1.8685

1381.84
3.01E-03
1.37E-06

0.25
0.57
0.82
0.0106
0.3737
276.37
6.01E-04
2.74E-07

36.072
0.4656
16.4394
12157.54
2.65E-02
1.21E-05

26.555

0.3215
11.3536
8540.06
1.86E-02
8.47E-06

3.70
0.0448
1.5819

1189.92
2.59E-03
1.18E-06

0.25
2.20
2.45
0.0297
1.0475
787.92
1.71E-03
7.82E-07

32.705
0.3960
13.9830
10517.90
2.29E-02
1.04E-05




PC BOILER

B TRAINS- SDA INLET OHM - Runs 1, 2 AND 3

un No. 1 2 3

ate: 11-Aug-99| 11-Aug-99| 12-Aug-99

tart Time 09:53 16:19 08:40

top Time 14:34 19:40 13:05 | AVERAGES

et Sampling Time, (minutes) 144.0 144.0 144.0 144.0
Volume of Gas Collected, (dscf) 86.955 80.221 87.650 84.942
Dry Mole Fraction 0.9043 0.9066 0.9035 0.9048
ICO, Concentration, (percent dry) 15.00 15.50 14.90 15.13
O, Concentration, (perceat dry) 3.80 3.50 3.80 3.70
[CO and N,, (percent dry) 81.20 81.00 81.30 81.17

tack Pressure, (inches of mercury) 28.38 28.66 28.58 28.54

verage Stack Temperature, (°F) 294 300 296 297

tack Gas Velocity, (actual feet per minute - afpm) 3,842 3,756 3,734 3177
Stack Flowrate, (actual cubic feet per minute - acfm) 771,955 760,596 756,103 764884
Stack Flowrate, (standard cubic feet per minute - scfm) 516,778 506,192 504,458 509,143

tack Flowrate, (dry standard cubic feet per minute - dscfm) 467,338 458,909 455,767 460671

Hg'"
otal, ug
Concentration, ug/dscf

Concentration, ug/dscm
Emission Rate, mg/hr
Emission Rate, Ib/hr
[Emission Rate, Ib/MMBtu

** - (KCL)
otal, ug
oncentration, ug/dscf
oncentration, ug/dscm
Emission Rate, mg/hr
Emission Rate, Ib/hr
Emission Rate, Ib/MMBtu
o
otal, ug (HNO;-H,0,)
tal, ug (KMnO4-H2S04)
tal, ug
oncentration, ug/dscf
oncentration, ug/dscm
[Emission Rate, mg/hr
ission Rate, Ib/hr
[Emission Rate, Ib/MMBtu

total

il ug
oncentration, ug/dscf
‘oncentration, ug/dscm

80

30.525

0.3510
12.3954
9843.41
2.14E-02
9.25E-06

7.70
0.0886
3.1268

2483.02
5.40E-03
2.33E-06

0.25
0.38
0.63
0.0072
0.2558
203.16
4.42E-04
1.91E-07

38.855
0.4468
15.7780
12529.59
2.73E-02
1.18E-05

24.026
0.2995
10.5753
8246.56
1.79E-02
7.76E-06

12.00
0.1496
5.2819

4118.82
8.96E-03
3.87E-06

0.31
0.64
0.95
0.0118
0.4182
326.07
7.09E-04
3.07E-07

36.976
0.4609
16.2754
12691.45
2.76E-02
1.19E-05

30.900

0.3525
12.4481
9640.53
2.10E-02
9.29E-06

5.60
0.0639
2.2560

1747.15
3.80E-03
1.68E-06

0.25
0.46
0.71
0.0081
0.2860
221.51
4.82E-04
2.13E-07

37.210
0.4245
14.9901
11609.19
2.53E-02
1.12E-05




Appendix A.2

Isokinetic Summary

L99-399.wpd PG&E Gen Logan Final Report, November 1999



PC BOILER

A Trains-STACK EXHAUST OHM - Runs 1, 2 AND 3

un No. Cal. Check 1A 2A 3A

Date: 11-Aug-99| 11-Aug-99| 12-Aug-99

Start Time 9:45 16:15 8:35
Stop Time 14:27 19:36 13:02] AVERAGES
Nozzle Diameter, (inches) 0.192 0.192 0.192 0.192
Barometric Pressure, (inches of mercury) 29.70 29.70 29.86 29.75
Net Sampling Time, (minutes) 144.0 144.0 144.0 144.0
Volume Metered, (cubic feet) 72.840 95.731 91.475 86.682
Average Dry Gas Meter Températu‘te, (°F) #DIV/0! 99 110 98 102
Average AH, (inches of water) L 1.63 1.59 1.51 1.58
Average AH, (inches of mercury) R 0.1199 0.1169 0.1110 0.1159
Dry Gas Meter Calibration Factor (Y) Meterbox # 90338 0.974 0.974 0.974 0.974 0.974
Dry Gas Meter AH @ 1.939 1.939 1.939 1.939
'Volume of Gas Collected, (dscf) 89.154 86.074 84.450 86.559
Total Water Collected, (mL) 274.9 266.6 277.4 273.0
Volume of Water Vapor, (scf) 12.962 12.570 13.079 12.870
||Moisture, (percent) 12.7 12.7 13.4 129
Dry Mole Fraction 0.8731 0.8726 0.8659 0.8705
CO, Concentration, (percent dry) 14.00 14.00 14.00 14.00
|0, Concentration, (percent dry) 5.30 5.00 5.00 "5.10
CO and N,, (percent dry) 80.70 81.00 81.00 80.90
Dry Molecular Weight, (Ib/Ib mole) 30.45 30.44 30.44 30.44
Wet Molecular Weight, (1b/Ib mole) 28.87 28.85 28.77 28.83
Excess Air at Stack, (percent) 33.1 30.5 30.5 314
Stack Area, (square inches) ID(inches) = 168 § 22167.1 22167.1 22167.1 22167.1
|IStatic Pressure, (inches of water) : -0.18 -0.18 0.17 -0.18
Stack Pressure, (inches of mercury) 29.69 29.69 29.85 29.74
Average Stack Temperature, (°F) 188 189 189 189
Average Sqroot of AP 1.1848 1.2010 1.1667 1.1842
SDE Average 30.160 30.596 29.722 30.159
Pitot Coefficient 0.84 0.84 0.84 0.84
Stack Gas Velocity, (actual feet per minute - afpm) 4,439 4,505 4,371 4438
Stack Flowrate, (actual cubic feet per minute - acfm) 683,375 693,454 672,802 683211
Stack Flowrate, (standard cubic feet per minute - scfm) 552,484 559,768 546,038 552,763
Stack Flowrate, (dry standard cubic feet per minute - dscfm) 482,357 488,437 472,811 481202
Isokinetics, Percent 98.3 93.7 95.0 9%
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PC BOILER

B Trains-STACK EXHAUST OHM - Runs 1, 2 AND 3

[Run No. Cal. Check 1B 2B 3B
Date: 11-Aug-99| 11-Aug-99| 12-Aug-99
Start Time 9:45 16:15 8:35
Stop Time 14:27 19:36 13:02| AVERAGES
Nozzle Diameter, (inches) 0.192 0.192 0.192 0.192
Barometric Pressure, (inches of mercury) 29.70 29.90 29.85 29.82
Net Sampling Time, (minutes) 144.0 144.0 144.0 144.0
Volume Metered, (cubic feet) 96.133 96.745 91.536 94.305
Average Dry Gas Meter Temperature, (°F) #DIV/0! 98 106 96 100
Average AH, (inches of water) s 1.53 1.54 1.49 1.52
Average AH, (inches of mercury) S 0.1125 0.1132 0.1096 0.1118
Dry Gas Meter Calibration Factor (Y) Meterbox # 90342 0.983 0.983 0.983 0.983
Dry Gas Meter AH @ 1.973 1.973 1.973 1.973
Volume of Gas Collected, (dscf) 89.097 88.992 85.562 87.883
Total Water Collected, (mL) 283.9 270.1 271.7 277.2
Volume of Water Vapor, (scf) 13.386 12.735 13.094 13.072
|IMoisture, (percent) 13.1 12.5 13.3 13.0
Dry Mole Fraction 0.8694 0.8748 0.8673 0.8705
CO, Concentration, (percent dry) 13.90 13.80 14.00 13.90
]|O, Concentration, (percent dry) 5.30 5.30 5.10 5.23
CO and N,, (percent dry) 80.80 80.90 80.90 80.87
|IDry Molecular Weight, (1b/Ib mole) 30.44 30.42 30.44 30.43
'Wet Molecular Weight, (Ib/lb mole) 28.81 28.87 28.79 28.82
|lExcess Air at Stack, (percent) 33.1 33.0 314 325
Stack Area, (square inches) ID(inches) = 168 22167.1 22167.1 22167.1 22167.1
Static Pressure, (inches of water) -0.15 -0.18 -0.14 -0.16
[iStack Pressure, (inches of mercury) 29.69 29.89 29.84 29.81
Average Stack Temperature, (°F) 188 188 189 188
|Average Sqroot of AP 1.1622 1.1668 1.1580 1.1623
SDE Average 29.585 29.702 29.501 29.596
Pitot Coefficient 0.87 0.87 0.87 0.87
Stack Gas Velocity, (actual feet per minute - afpm) 4,515 4,513 4,492 4507
Stack Flowrate, (actual cubic feet per minute - acfm) 694,975 694,769 691,476 693740
Stack Flowrate, (standard cubic feet per minute - scfm) 561,903 565,479 561,047 562,810
Stack Flowrate, (dry standard cubic feet per minute - dscfm) 488,510 494,687 486,585 489927
Isokinetics, Percent 97.0 95.7 93.5 95
Meterbox Calibration Verifications
0.99 1.00 1.03 1.00
% Difference (Alternative Meth. 5 post- cal. Must = +/- 5%) 1% 1% 4% 2%
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PC BOILER

A TRAINS - SDA INLET OHM - Runs 1, 2 AND 3

Run No. Cal. Check 1 2 3
Date: 11-Aug-99| 11-Aug-99| 12-Aug-99
Start Time 9:45 16:15 8:35
Stop Time 14:26 19:36 13:02] AVERAGES
Nozzle Diameter, (inches) 0.232 0.219 0.219 0.223
Barometric Pressure, (inches of mercury) 29.80 30.00 29.96 29.92
Net Sampling Time, (minutes) 144.0 144.0 144.0 144.0
Volume Metered, (cubic feet) 91.723 82.943 86.913 87.193
|Average Dry Gas Meter Temperature, (°F) 95 101 91 96
Average AH, (inches of water) 1.52 1.18 1.36 1.35
Average AH, (inches of mercury) 0.1118 0.0868 0.1000 0.0995
Dry Gas Meter Calibration Factor (Y) Meterbox # 90336 0.987 0.987 | 0.987 0.987
Dry Gas Meter AH @ 1.981 1.981 1.981 1.981
'Volume of Gas Collected, (dscf) 86.103 77.479 82.587 82.056
Total Water Collected, (mL) 192.7 169.6 200.0 187.4
Volume of Water Vapor, (scf) 9.086 7.997 9.430 8.837
Moisture, (percent) 9.5 9.4 10.2 9.7
Dry Mole Fraction 0.9045 0.9064 0.8975 0.9028
CO, Concentration, (percent dry) 15.00 15.40 15.10 15.17
O, Concentration, (percent dry) 3.60 3.50 3.80 3.63
CO and N,, (percent dry) 81.40 81.10 81.10 81.20
Dry Molecular Weight, (1b/Ib mole) 30.54 30.60 30.57 30.57
'Wet Molecular Weight, (Ib/Ib mole) 29.35 29.42 29.28 29.35
Excess Air at Stack, (percent) 20.1 19.5 21.6 20.4
Stack Area, (square inches) ID(inches) = 360 X 29160.0 29160.0 29160.0 29160.0
Static Pressure, (inches of water) -19.28 -18.20 -18.74 -18.74
Stack Pressure, (inches of mercury) 28.38 28.66 28.58 28.54
| Average Stack Temperature, (°F) 293 299 299 297
|Average Sqroot of AP 0.8379 0.8308 0.8525 0.8404
SDE Average 22.993 22.889 23.486 23.123
[IPitot Coefficient 0.88 0.88 0.88 0.88
Stack Gas Velocity, (actual feet per minute - afpm) 3,597 3,558 3,665 3607
Stack Flowrate, (actual cubic feet per minute - acfm) 728,297 720,504 742,178 730326
Stack Flowrate, (standard cubic feet per minute - scfm) 484,439 480,137 493,210 485,929
Stack Flowrate, (dry standard cubic feet per minute - dscfm) 438,199 435,217 442,665 438694
Isokinetics, Percent 94.5 95.7 100.3 97
Meterbox Calibration Verifications
Initial Field: Y, (Mustbe 0.97Y <Y .<1.03Y)
Post Test: Y, ' 1.02 1.00 1.01 1.01
% Difference (Alternative Meth. 5 post- cal. Must = +/- 5%) 3% 1% 2% 2%
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PC BOILER

B TRAINS- SDA INLET OHM - Runs 1, 2 AND 3

un No. Cal. Check 1B 2B 3B
Date: 11-Aug-99| 11-Aug-99| 12-Aug-99
Start Time 9:53 16:19 8:40
Stop Time 14:34 19:40 13:05| AVERAGES
Nozzle Diameter, (inches) 0.227 0.222 0.222 0.224
Barometric Pressure, (inches of mercury) 29.80 30.00 29.96 29.92
Net Sampling Time, (minutes) 144.0 144.0 144.0 144.0
Volume Metered, (cubic feet) 93.381 89.460 93.297 92.046
Average Dry Gas Meter Temperature, (°F) #DIV/0! 96 121 94 104
Average AH, (inches of water) e 1.45 1.29 1.42 1.39
[Average AH, (inches of mercury) 0.1066 0.0949 0.1044 0.1020
Dry Gas Meter Calibration Factor (Y) Meterbox # 90343 0.981 0.981 0.981 0.981
Dry Gas Meter AH @ 1.885 1.885 1.885 1.885
Volume of Gas Collected, (dscf) 86.955 80.221 87.650 84.942
Total Water Collected, (mL) 195.1 175.3 198.6 189.7
Volume of Water Vapor, (scf) 9.199 8.265 9.364 8.943
Moisture, (percent) 9.6 9.3 9.7 9.5
Dry Mole Fraction 0.9043 0.9066 0.9035 0.9048
CO, Concentration, (percent dry) 15.00 15.50 14.90 15.13

, Concentration, (percent dry) 3.80 '3.50 3.80 3.70
CO and N,, (percent dry) 81.20 81.00 81.30 81.17
Dry Molecular Weight, (Ib/Ib mole) 30.55 30.62 30.54 30.57
'Wet Molecular Weight, (1b/Ib mole) 29.35 29.44 29.33 29.37
Excess Air at Stack, (percent) 21.5 19.6 21.5 20.9

"Stack Area, (square inches) ID(inches) = 360 X § 29160.0 29160.0 29160.0 29160.0

Static Pressure, (inches of water) -19.28 -18.20 -18.74 -18.74
Stack Pressure, (inches of mercury) 28.38 28.66 28.58 28.54
Average Stack Temperature, (°F) 294 300 296 297
Average Sqroot of AP 0.8945 0.8767 0.8709 0.8807
SDE Average 24.562 24.169 23.946 24.226
Pitot Coefficient 0.88 0.88 0.88 0.88

tack Gas Velocity, (actual feet per minute - afpm) 3,842 3,756 3,734 3777
Stack Flowrate, (actual cubic feet per minute - acfm) 777,955 760,596 756,103 764884
Stack Flowrate, (standard cubic feet per minute - scfm) 516,778 506,192 504,458 509,143
Stack Flowrate, (dry standard cubic feet per minute - dscfm) 467,338 458,909 455,767 460671
Isokinetics, Percent 93.5 91.5 100.6 95
Meterbox Calibration Verifications
Initial Field: Y, (Mustbe 0.97Y<Y,<1.03Y)
Post Test: Yo, 1.01 1.01 0.99 1.00
% Difference (Alternative Meth. S post- cal. Must = +/- 5%) 3% 3% 1% 2%
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Appendix A.3

Process Mercury Inflow Calculations

L199-399.wpd PG&E Gen Logan Final Report, November 1999



Process Stream Run No. TPH g/hr hg ug/g ug/hr mg/hr

Coal 1 84.02 7.6222E+07 1.90E-01 1.4482E+07 14482
2 84.11 7.6303E+07 1.80E-01 1.3735E+07 13735
3 84 7.6204E+07 1.70E-01 1.2955E+07 12955
GPM L/hr mg/L mg/hr
Slurry 1 14261 32390.26 0.0002 6
2 148.55 33739.38 0.0002 7
3 148.81 33798.43  0.0002 7
GPH L/hr mg/L mg/hr
Ammonia 1 76.59 289.92 0.002 1
2 80.26 303.82 0.002 1
3 76.42  289.28 0.002 1



Run #

Fuel Flow Heat Value HeatInput F-Factor O2

TPH

84.02

84.11

84

Btu/lb Btu/Hr
13758  2.3119E+09
13767  2.3159E+09

13757  2.3112E+09

9780

9780

9780

%

3.7

3.5

3.8

flow
dscfm

457903

453421

460438



Appendix A.4

Statistical Discrimination of Outliers

L99-399.wpd PG&E Gen Logan Final Report, November 1999



Statistical Discrimination of Outliers

Stack Location, Elemental Mercury Data Set.

The value for elemental mercury for the third test run of sample train A was well above the values
for the other five trains. A Dixon test for determining whether this value was consistent with the
remaining data was performed. The Dixon test is used when one value in a data set is suspect.
The Dixon test consists of ranking the data from the lowest to highest value and calculating the
following ratio:

rij=r10=(Xn'Xn-l)/(Xn' X)).

Ifr,,>r,, atthe 5% significance level for 6 six data points (which is = 0.560), then the
suspected data point should be rejected. The value of r,, for this data set was 0.953, therefore
this data point should be rejected.

Inlet Location , Reduced Mercury and Inlet Elemental Mercury Data Sets

In this case each data set contained two suspected data points. The use of the Dixon test is not
appropriate for the evaluation of multiple data points, therefore the procedure described in
Grubbs, F.E. and Beck ,G. , “ Extension of Sample sizes and Percentage Points for Significance
Tests of Outlying Observations”, Technometrics, Vol.14, No.4, November 1972, pages 847- 853
was utilized.

The test procedure consists of ranking the data from the lowest to highest value and calculating
the following :

S? = Sum, fromi=1ton, (x, - x )
S%p1,n = Sum, from i =1 to n-2, (x; - ;n_l,n)z
5(,,_, o= Sum, i=1 to n-2, x; /(n-2)
. R=8%_,,/8,
If the ratio Ris < 0.0564 at the lower 5% level or 0.0920 at the lower 10% level, then the
suspected data points should be rejected. The suspected data points for the inlet elemental
mercury data set have an R value < than 0.0564 and therefore should be rejected. The suspected

data points for the inlet reduced mercury data set have an R value equal to 0.0564 at the 5% level
and significantly < 0.0920 at the 10% level and therefore should be rejected.



US GENERATING MERCURY TEST PROGRAM
LOGAN STATION
DIXON OUTLIER TEST

STACK ELMENTAL MERCURY (KMNO4) DATA

Run no. ug/dscm arranged from low to high

1a 0.1703 0.1703 X1

2a 0.2297 0.2297 r10 at 5% level = 0.560
3a 1.4007 0.2558 r10 = (Xn -Xn-1)/(Xn -X1)
1b 0.2558 0.286

2b 0.4182 0.4182 Xn-1 Ria= 0.799
3b 0.286 1.4007 Xn :



INLET KCL

Inlet Reduced Mercury Data ( KCI results)

Observations in ascending order (x%)° (X%n1.0)°
1.5819 3.47524164 0.392377
1.8685 2.48882176 0.115464
2.256 1.41633801 0.002275 x = 3.4461
3.1268 0.10195249 0.843642 ¥n1n = 2.2083
5.2819 3.37016164
6.5615 9.70571716
S%=sum(x~x)> (for i=1 to n) 20.5582327
S2 1 a=SUM(Xi K1 n)° (for i=1 to n-2) 1.353759
§%,4/8% = 0.0658
Critical Value of Szn-1,,,/82° at 5% significance level= 0.0564
S%,.14/S% at 10% significance level=  0.092

§%,1.1/S% < Critical Value of S%4,,/S% at 10% significance, therefore 5.2819 and 6.5615 are considered outliers

Page 1



ELEMENTAL hg INLET

Inlet eleimental Mercury Data Set

Observations in ascending order (x-%)° (xi-;er,_1,,1)2
0.2558 0.17405584 0.0060256
0.286 0.149769  0.0022491
0.3737 0.08958049 0.0016221 x = 0.673
0.4182 0.06492304 0.0071868 ¥n1n = 0.333425
1.0475 0.14025025
1.6568 0.96786244
s%=sum(x-x)? (for i=1 to n) 1.58644106
S 1n=Sum(X-%n.1 )° (for i=1 to n-2) 0.0170836
S 4 /S% = 0.0108
Critical Value of Szn.1‘nls20 at 5% significance level= 0.0564

§%,.44/S% < Critical Value of $%,.,,/S%; at 5% significance, therefore 1.0475 and 1.6568 are considered ou

Page 1
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Extension of Samp]e Sizes and Percentage
Points for Signiﬁcance Tests of
Outlying Observations

TFrank E. Grunss ann GLENN Beck

US Army Aberdeen Research and Development Center
Aberdeen Proving Ground, Muaryland 21005

¢ tests concerning the highest or the lowest

observation in normal samples, or the two highest or the two lowest observations in
normal samples, were recently extended to larger sample sizes than heretofore published
and to probability levels of .005 and .001. These tables are being published to satisfy a

long existing demand for such extensions.

Tables of pereentage points for signifieane

Key Wonbs

Outlying Observations
Significance Tests for Outliers
Tables for Testing Highest or Lowest Outliers

1. INTRODUCTION AND SUMMARY

Since the publication of Reference [1] in 1950, there have been many requests
for extending the published tables for tests of outlying observations to sample
sizes greater than 25 and also to include significance levels beyond the .01 level.

Upon the appearance of Reference [2] in 1969, the demand for such extensions
: arose again and many specific requests have been made. Therefore, as a result of
the possible need for more extensive applications, the attached tables have been
computed, the work being programmed for computation and earried out by Mr.
. Glenn Beck of the US Army Aberdeen Research and Development Center. (The
. computer program is available to interested readers.) Table T gives significance
levels for testing the highest or the lowest observation for n = 3(1) 147, and Table 1I
gives significance levels for testing the two highest or the two lowest. observations
for n = 4(1) 149. There are slight differences in the tabled values previously
published in reference [1] and [2] and the present tables, which are believed to be
correct to within a unit of the last decimal place.

It is hoped that the attached tables will now satisfy previous requests and prac-
tically all requirements in the various applied fields of interest.

S 2 LR

2. FoRMULAS

4 The observations are arranged in ascending order: #y < sz < < r,. Thus,
£ {0 test whether the largest observation, s, , in normal samples is too large, we

compute

T, = (v, — H/S

-3 : Received March 1971 revised July 1971
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848 F. E. GRUBBS AND G. BECK

Tante 1
L where
Table of Critical Values for T (One-Sided Testof Tyor T2) when the Standard Deviation is Calculated
from the Same Sample
Number of Upper .1% Upper .5% Upper 1% Upper 2.5% Upper 5% Upper 10%
1 Observations Significance Significance Significance Significance Significance Significance b
. n Level Level Level Level Level Level R | and
3 1.155 1.155 1.155 1.155 1.153 1.148
4 1.499 1.496 1.492 1.481 1.463 1.425
5 1.780 1.764 1.749 1.715 1.672 1.602
6 2.01 1.973 1.944 1.887 1.822 1.729 g d
7 2.201 2.139 2.097 2.020 1.938 1.828 b an
8 2.358 2.274 2.221 2.126 2.032 1.909 ,
9 2.492 2.387 2.323 2.215 2.110 1.977
10 2.606 2.482 2.410 2.290 2.176 2.036
n 2.705 2.564 2.485 2.355 2.234 2.088
12 2.791 2.636 2.550 2.412 2.285 2.134
13 2.867 2.699 2.607 2.462 2.331 2.175
14 2.935 2.755 2.659 2.507 2.3N 2.213
15 2.997 2.806 2.705 2.549 2.409 2.247
16 3.052 2.852 2.747 2.585 2.443 2.279
17 3.103 2.89% 2.785 2.620 2.475 2.309 - Table of ¢
18 3.149 2.932 2.821 2.651 2.504 2.335 3
: 19 3.191 2.968 2.854 2.681 2.5% 2.361 :
. 20 3.230 3.001 2.884 2.709 2.557 2.385 k Number of
: 21 3.266 3.03 2.912 2.733 2.580 2.408 Observation:
22 3.300 3.060 2.939 2.758 2.603 2.429 n
: 23 3.332 3.087 2.963 2.781 2.624 2.448
; 24 3.362 3.2 2.987 2.802 2.644 2.467 51
25 3.389 3.13% 3.009 2.822 2.663 2.486 52
: 26 3.415 3.187 3.029 2.841 2.681 2.502 : 53
. 27 3.440 3.178 3.049 2.859 2.698 2.519 54
: 28 3.464 3.199 3.068 2.876 2.714 2.534 3 55
o 29 3.486 3.218 3.085 2.893 2.730 2.549 X 56
30 3.507 3.236 3.103 2.908 2.745 2.563 57
i 3 3.528 3.253 3.119 2.924 2.759 2.577 58
& 2 3.546 3.210 3.135 2.938 2.773 2.591 59
£ 33 3.565 3.286 3.150 2.952 2.786 2.604 60
k) 3.58 3.301 3.164 2.965 2.799 2.616 61
35 3.599 3.316 3.178 2.979 2.811 2.628 62
G 36 3.616 3.330 3.191 2.991 2.823 2.639 63
37 3.631 3,383 3.204 3.003 2.835 2.650 _ 64
% 38 3.646 3.356 3.216 3.014 2.846 2.661 65
39 3.660 3.369 3.228 3.025 2.857 2.671 66
40 3.673 3.38 3.240 3.036 2.866 2.682 - 67
41 3.687 3.393 3.251 3.046 2.877 2.692 68
42 3.700 3.404 3.261 3.057 2.887 2.700 : 69
43 3.712 3.415 3.27 3.067 2.896 2.710 ; 70
44 3.724 3.425 3.282 3.075 2.905 2.719 ‘ n
45 3.736 3,435 3.292 3.085 2.914 2.727 : 72
46 3.747 3.445 3.302 3.094 2.923 2.736 73
47 3.757 3.455 3.310 3.103 2.931 2.744 B 7
48 3.768 3.454 3.319 3. 2.940 2.753 i 75
49 3.779 3.474 3.329 3.120 2.948 2.760 K 76
50 3.789 3.483 3.336 3.128 2.956 2.768 3 ;7
8
79
80
_ 8l
A8 and g
. _ 2 2 :
{i S = (T @ - 9/ — D)} = Uin Tt = (T a))/ne = O x
L 1ES ) - 3 88
- and refer the result to Table I, which gives various upper probability levels for T.. 3 89
A significance test of the smallest observation for normal samples is obtained i . gg
by computing x
T,= (@ — 7,)/8 : : 95
. 96
To test the significance of the two largest observations, Ta-1 and r, , we compute E g;

S:-l .n/slz) “ ' ‘00




1%
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Se = ﬁ:(x.- - %)

i=1

n—-2

S:—l.n = Z (Ii - :En-\.n)zy

i=1

n—-2

Fonm = 2z/(n—2)

i=1

TasLe 1 (Continued)

Table of Critical Values for T (One-Sided Test of T1or T») when the Standard Deviation is Calculated
from the Same Sample

Number of upper .1% Upper .5% Upper 1% Upper 2.5% Upper 5% Upper 10%
Observations Significance Significance Significance Significance Significance Significance

n Level Leve Level Level Level Level
51 3.798 3.491 3.345 3.136 2.964 2.775

52 3.808 3.500 3,353 3.143 2.9 2.783

53 3.816 3.507 3.361 3.151 2.978 2.790

54 3.825 3.516 3.368 3.158 2.986 2.798

55 3.834 3.524 3.376 3.166 2.992 2.804

56 3.842 3.531 3.383 3.172 3.000 2.811

57 3.851 3.539 3.391 3.180 3.006 2.818

58 3.858. 3.546 3.397 3.186 3.013 2.824

59 3.867 3.553 3.405 3.193 3.019 2.831

60 3.874 3.560 3.411 3.199 3.025 2.837

61 3.882 3.566 3.418 3.205 3.032 2.842

62 : 3.889 3.573 3.424 3.212 3.037 2.849

63 3.896 3.579 3.430 3.218 3.044 2.854

64 3.903 3.586 3.437 3.224 3.049 2.860

65 3.910 3.592 3.442 3.230 3.055 2.866

66 3.917 3,598 3.449 3.235 3.061 2.87

67 3.923 3.605 3.454 3.241 3.066 2.877

68 3.930 3.610 3.460 3.246 3.071 2.883

69 3.936 3.617 3.466 3.252 3.076 2.888

70 3.942 3.622 3.47 3.257 3.082 2.893

n 3.948 3.627 3.476 3.262 3.087 2.897

72 3.954 3.633 3.482 3.267 3.092 2.903

73 3.960 3.638 3.487 3.272 3.098 2.908

74 3.965 3.643 3.492 3.278 3.102 2.912

75 3,971 3.648 3.496 3.282 3.107 2.917

76 3.977 3.654 3.502 3.287 3. 2.922

‘7 3.982 3.658 3.507 3.291 Nz 2.927

78 3.987 3.663 3.51 3.297 3.12 2.931

79 3.992 3.669 3,516 3.301 3.125 2.935

80 3.998 3.673 3,521 3.305 3.130 2.940

81 4,002 3.677 3.525 3.309 314 2.945

82 4.007 3.682 3.529 3.315 3.138 2.949

83 4.012 3.687 3.534 3.319 3.143 2.953

84 4.017 3.691 3.539 3.323 3.147 2.957

: 85 4,021 3.695 3.543 3.327 3.151 2.961
b 86 4,026 3.699 3.547 3.331 3.155 2.966
& 87 4,031 3.704 3.551 3.335 3.160 2.970
4 88 4.035 3.708 3.555 3.339 3.163 2.973
89 4.039 kAT 3.559 3.343 3.167 2.977

90 4,044 3.716 3.563 3.347 3.1 2.981

91 4.049 3.720 3.567 3.350 3.174 2.984
92 4,053 3.725 3.570 3.355 3.179 2.989
93 4.057 3.728 3.575 3.358 3.182 2.993
94 4.060 3.732 3.579 3.362 3.186 2.996
95 4,064 3.736 3.582 3.365 3.189 3.000
96 4.069 3.739 3.586 3.369 3.193 3.003
97 4.073 3.744 3.589 3.372 3.19% 3.006

98 4.076 3.747 3.593 3.377 3.201 3.on
99 4,080 3.750 3.597 3.380 3.204 3.014

4.084 3.754 3.600 3.383 3.207 3.017



‘ulated

r 103

icance

2l

21
24
27
130
33
137
140
143
146
149
152
155
158
161
)64
167
170
173
175
)78
)81
)83
286
089
092
095
097
100
102
104
107
109
112
114
116
1n9
122
124
126
129
131
133
135
138
140
142
144

Table of Critical Values for SZ im

Observations Significance Signi

match ammunition. The diff

Tance 11

/S2 or 82 ,/S3 for Simultaneously Testing the Two Largest or
Two Smallest Observations

Lower .1% Lower .5% Lower 1%
ficance Significance

Level Level Level
.0000 .0000 .0000
.0003 .0018 .0035
.0039 .0116 .0186
.0135 .0308 .0440
.0290 .0563 .0750
.0489 .0851 .1082
0714 1150 1414
.0953 .1448 1736
L1198 .1738 .2043

1441 .2016 .2333
.1680 .2280 .2605
1912 .2530 .2859
.2136 .2767 .3098

2350 .2990 .3321

2556 .3200 .3530
2752 .3398 .3725
.2939 .3585 .3909
318 .3761 .4082
.3288 .3927 . 4245
.3450 .4085 .4398
.3605 4234 .4543
.3752 .4376 .4680
.3893 .4510 .4810
.4027 .4638 .4933
.4156 4759 .5050
.4279 .4875 .5162
.4397 .4985 .5268
.4510 .5091 .5369
4618 .5192 . 5465
4722 .5288 .5557
.4821 .5381 .5646
4917 5469 .5730
.5009 .5554 . 5811
.5098 .5636 . 5889
.5184 5714 .5963
.5266 .5789 .6035
.5345 .5862 .6104

5422 .5932 .6170
. 5496 .5999 .6234
.5568 .6064 .6296
.5637 .6127 .6355
.5704 .6188 .6412
.5768 .6246 .6468
.5831 .6303 .6521
. 5892 .6358 .6573
.5951 L6411 .6623

6008 .6462 .6672

3. FExaMPLES

OUTLYING OBSERVATIONS

Lower 2.5% Lower 5%
Significance Significance Si
Level Level
.0002 .0008
.0090 .0183
.0349 .0564
.0708 .1020
.10l .1478
.1492 .1909
.1864 .2305
.2213 .2667
.2537 .2996
.2836 .3295
312 . 3568
.3367 .3818
.3603 .4048
.3822 .4259
.4025 .4455
.4214 .4636
L4391 .4804
.4556 .4961
RYAR .5107
.4857 .5244
.4994 .5373
.5123 .5495
. 5245 .5609
. 5360 5717
. 5470 .5819
.5574 .5916
.5672 .6008
.5766 .6095
.5856 .6178
.5941 .6257
.6023 .6333
.6101 .6405
.6175 .6474
.6247 .6541
.6316 .6604
.6382 .6665
.6445 .6724
.6506 .6780
.6565 .6834
.6621 .6886
.6676 .6936
.6728 .6985
.6779 .7032
.6828 .7077
.6876 7120
.6921 L7163
.6966 .7203

G — r)/S = (173 + LO0)/(6561) = —1.787

and from Table I for n
109, level (42.760) even for »

49 we find that the value — 100 is not significant at the
49 rounds,

Lower 10%
gnificance

Level

.0031

.0376
.0920
.1479
L1994
.2454
.2863
.3227
.3852
.3843
.4106
.4345
.4562
4761
4944
513
.5270
.5415
.5550
.5677
.5795
.5906
.6011
.6110
.6203
.6292
6375
.6455
.6530
.6602
.6671
.6737
.6800
.6860
.6917
.6972
.7025
.7076
25
172
.7218
7261
.7304
.7345
.7384
7422
.7459

1. Two standard chronographs, the ECI Counter and the Oehler Counter, were
used simultaneously to measure velocities on each of 49 rounds of 7.62 mm NATO
erences in feet per second of the measured velocities
of the ECI and the Oehler chronographs were recorded as follows:
.00, 1.38, 1.09, 1.27, 1.27, .78, .92, 1.44, 1.10, .95, 47,
— .64, .00, .93, .96, — .48,

77, .62, .47, .18, —.32,
—'32 —100, =.31, —64, —.31, —.17, .00, —.16,
_ 48, — 31, —.16, —.15, .00, .67, —.63, —.63, —.78, .15, 47, — 47, —.16, .63,
.15, — .48, .00, — .49, —.16, .46.

To test whether the difference of —1.00 /s is too low, we compute



852 F. E. GRUBBS AND G. BECK
: Tante L (Continued) !
Table of Critical Values for S2_, . Sior S}, NI for Simultancously Testing the Two Largest or { , .
- R{Y ] Lt Table of Crit-
1'wo Smallest Observalions
Number of Lower .1% Lower .5% Lower 1% Lower 2.5% Lower 5% Lower 10%
. Observations Significance Significance Significance Significance significance Significance Number of
& n Level Level Level Level Level Level Observations
n
51 .6063 6512 6719 .7009 .7243 .7495
52 617 16560 6765 270851 L7281 .7529 ) 99
53 16169 .6607 16809 27091 BN EiL 17563 100
54 .6220 .6653 .6852 130 .7355 17595 101
55 -6269 .6697 -6894 7168 .73%0 27627 -, 102
56 6317 .6740 .6934 .7205 .7424 .7658 i 103
57 -6364 .6782 16974 “7241 .7456 17687 104
58 16410 .6823 -7012 27216 .7489 me 105
59 "6454 -6862 .7049 “7310 .7520 .7784 ¥ 106
60 .6497 -6901 .7086 733 -7550 2 107
61 16539 .6938 na 7378 .7580 .7798 # 108
62 ~6580 -6975 -7155 17406 .7608 .7824 4 109
63 -6620 .7010 .7189 27437 .7636 .7850 1o
64 .6658 -7045 720 27467 .7664 .7874 m
65 -6696 .7079 \7253 -7496 .7690 .7898 nez
6 .6733 2 .7288 .7524 71716 .7921 113
67 -6770 aa L7314 27551 7 ~7944 14
68 -6805 V75 L7344 .7578 .7766 17966 115
69 -6839 .7206 .7373 17604 .7790 .7988 ne
70 .6873 27236 -7801 27630 .7813 -8009 w
n -6906 27265 27429 -7655 .783 -8030 118
72 16938 ~7294 -7455 -7679 .7859 -8050 19
73 -6970 L1322 .7882 27703 .788) .8070 120
7 -7000 .7349 -7507 \1721 17902 -8089 121
75 ~7031 17376 7532 “7789 27923 .8108 a2
76 -7060 .7402 L7557 2 .7944 .8127 123
7 -7089 L1427 .7581 27794 .7964 .8145 12
78 n 27453 27605 .7815 .7983 .8162 125
79 -7185 .7477 17628 -7836 .8002 -8180 126
80 N 27501 27650 -7856 -8021 .8197 127
81 99 .7525 .7672 -7876 -8040 .8213 128
82 27225 -7548 -7694 -7896 .8058 -8230 129
83 ~7250 27570 s 27915 -8075 .8245 2 ER 130
84 “7275 17592 7736 1793 -8093 -8261 Y i3
85 27300 "7614 17756 17953 -8109 -8276 g 132
86 “7324 17635 "7776 “79M -8126 -8291 : 133
87 17348 17656 2779 7989 -8142 -8306 14
88 73N 27677 27815 -8006 -8158 -8321 1%
89 -7394 27697 .783 -8023 .8174 .8335 13
90 -7416 e .7853 -8040 -8190 .8349 13
91 27438 173% -787 -8057 .8205 -8362 : 133
92 17459 27755 -7889 -8073 -8220 -8376 ' 139
93 27481 1778 .7906 .8089 .8234 .8389 : 140
94 27501 17792 27923 -8104 18248 -8402 141
95 "7522 27810 ~7940 18120 -8263 -84 142
9 17542 -7828 -7957 “8135 -8276 ~8427 2 143
o7 17562 17845 27973 ~8149 ~8290 ~8439 144
98 .7581 .7862 -7989 "8164 -8303 8451 ' 14
147
2. The following 49 velocities in feet per second were measured by a portable }23
AVTRON chronograph on the same rounds as in Example 1 (where we have :
subtracted 2700 f/s): “too large” fi
51.00 73.90 39.70 43.50 66.30 47.30 54.80 3 N
@ »
28.50 58.60 47.30 66.30 81.60 70.10 24.80 g
32.20 54.80 51.00 73.90 62.40 47.30 81.60 Referring the
51.00 54.80 43.50 70.10 66.30 54.80 85.50 Sis.0/S; is M
58.60 .24.80 54.80 54.80 58.60 47.30 77.80 _ ’ We therefo
39.70 36.00 73.90 93.30 66.30 54.80 70.10 ; further anal)
24 .80 54.80 70.10 58.060 77.80 73.90 47.30 P homogeneous
The author

We are interested in whether the two highest velocities, 2785.50 and 2793.30, are tion for the d:




are

Number of Lower .1%
Observations Significance

n Level

99 .7600

100 .7619
101 .7637

102 .7655
103 .7673
104 .7691

105 .7708
106 L7725
107 7742
108 .7758
109 7774
10 .7790
m .7806
112 .7821

113 .7837
) .7852
115 .7866
nsé .7881
n7 .7895
ns .7909
ns9 .7923
120 .7937
121 .7951
122 .7964
123 .7977
124 .7990
125 .8003
126 .8016
127 .8028
128 .8041
129 .8053
130 .8065
131 .8077
132 .8088
133 .8100
134 .81
135 .8122
136 .8134
137 .8145
138 .8155
139 .8166
140 .8176
1M .8187
142 .8197
143 .8207
144 .8218
145 .8227
146 .8237
147 . 8247
148 .8256
149 .8266

OUTLYING OBSERVATIONS

TasLe 11 (Continued)
Table of Crilical Values for S3_; /8§ or 82 ,/S? for Simultaneously Testing the Two Largest or

Two Smallest Observations

Lower .5% Lower 1%
Significance Significance
Level Level
.7879 .8005
.7896 .8020
L7912 .8036
.7928 .8051
.7944 .8065
.7959 .8080
.7974 .8094
.7989 .8108
.8004 .8122
.8018 .8136
.8033 .8149
.8047 .8162
.8061 .8175
.8074 .8188
.8088 .8200
.8101 .8213
.8114 .8225
.8127 .8237
.8139 .B8249
.8152 .8261
.8164 .8272
.8176 .8284
.8188 .8295
.8200 .8306
.8211 .8317
.8223 .8327
.8234 .8338
.8245 .8348
.8256 .8359
.8267 .8369
.8278 .8379
.8288 .8389
.8299 .8398
.8309 .8408
.8319 .8418
.8329 .8427
.8339 .8436
.8349 .8445
.8358 .8454
.8368 .8463
.8377 .B472
.8387 .8481
.8396 .8489
.8405 .8498
.8414 .8506
.8423 .8515
.8431 .8523
.8440 .8531
.8449 .8539
.8457 .8547
.8465 . 8555

Sh o= 12077.5

1/
/0

“too large” for normal samples. We compute the following:

2 = 107803 S%../Ss = .83l

Referring the value .867 to Table IT for n = 49, we find that the observed value of
Sy +0/,SE is not. significant even at. the 10
We therefore conclude for both Ixamples 1 and 2 that we can proceed with any
further analyses of the data since the observations apparently come from
homogeneous normal populations.
The author is indebted to Colonel
tion for the data of these two examples.

level.

853

Lower 2.5% Lower 5% Lower 10%
Significance Significance Significance
Level Level Level
.8178 .8316 .8463
.8192 .8329 .8475
.8206 .8342 .8486
.8220 .8354 .8497
.8233 .8367 .8508
.8246 .8379 .8519
.8259 .8391 .8530
.8272 .8402 .8541
.8284 .8414 .8551
. 8297 .8425 .8663
.8309 .BA36 .8571
.8321 .8447 .8581
.8333 .8458 .8591
.8344 .8469 .8600
.8356 .8479 .8610
.8367 .8489 .8619
.8378 .8500 .8628
.8389 .8510 .8637
.8400 .8519 .8646
.8410 .8529 .8655
.8421 .8539 .8664
.8431 .8548 .8672
. 8441 .8557 .8681
.8451 .8567 .8689
.8461 .8576 .8697
.84Nn .8585 .8705
.8480 .8593 .8713
.8490 .8602 .8721
.8499 .8611 .8729
.8508 .8619 .8737
.8517 .8627 .8744
.8526 .8636 .8752
.8535 .8644 .8759
.8544 .8652 .8766
.8553 .8660 .8773
.8561 .8668 .8780
.8570 .8675 .81787
.8578 .8683 .8794
.8586 .8690 .8801
.8594 .8698 .8808
.8602 .8705 .8814
.8610 .8N2 .8821
.8618 .8720 .8827
.8625 .8727 .8834
.8633 .8734 .8840
.8641 .8741 .8846
.8648 .8747 .8853
.8655 .8754 .8859
.8663 .8761 .8865
.8670 .8767 .8871
.8677 .8774 L8877

E. 1. Harrison of the National Rifle Associa-
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APPENDIX F

OUTLIERS

F.1 INTRODUCTION

An unusually large (or small) value or measurement in a set
of observatlons is usually referred to as an outller. Some of
the reasons for-an outlier in-data are:

Faulty instrument or component part

Inaccurate reading of record, dial, etc.

Error in transcribing data

Calculation errors

Actual value due to unique circumstances under which the
observation(s) was obtained--an extreme manifestation of
the random variability inherent in the data. ’

It is desired to have some statistical procedure to test the
presence of an outlier in a set of measurements. The purpose of
such tests would be to:

1. Screen data for outliers and hence to identify the
need for closer control of the data generating process.

2. Eliminate outliers prior to analysis of the data. For
example, in developing control charts the presence of outliers
would lead to limits which are too wide and would make the use
of the control charts of minimal, if any, value. In most sta-
tistical analysis of data (e.g., regression analysis and ana-
lysis of variance) the presence of outliers violate a .basic
- assumption of the analysis. Incorrect conclusions are likély to
result if the outliers are not eliminated prior to analysis.
Outliers should be reported, and their omission from analysis
should be noted.
| 3. Identify the real outliers due to unusual conditions
of measurement (e.g., a TSP concentration which is abnormally
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large due to 1local environmental conditions during the time of
sample collection). such observations would not be indicative
of the usual concentrations of TSP, and may be eliminated de-
pending on the use of the data. Ideally, these unusual condi-
tions should be recorded on the field data report. Failure “to
report complete information and unusual circumstances surround-
ing the collectlon and analysis of the sample often can be
detected by outlier tests. Having identified the outliers using
one or more tests, it is necessary to determine, if possible,
the cause of the outlier and then to correct the data if
appropriate.

It will be assumed in this discussion that the measurements
are normally distributed and that the sample of n measurements
is being studied for the possibility of one or two outliers. If
the measurements are lognormally distributed, such as for con-
centration of TSP, then the logarithm of the data should be
taken prior to application of the tests given herein.

F.2 PROCEDURE(S) FOR IDENTIFYING OUTLIERS

Let the set of n measurements be arranged in ascending
order and denoted by
X

X X

1’ “2'°°" “n

where’ x denotes the ith smallest measurement. Suppose that x
is suspected of being too large, and that a statistical test 1s
to be applied to the particular measurement to determine whether
x is consistent with the remaining data in the sense that it is
reasonable that it is part of the same population of measure-
ments from which the sample is taken. Consider the following
TSP data from a specific monitoring site during August 1978.

Example F.1 TSP, ug/md 1n TSP
40 3.69
88 4.48
71 4.26
175 5.16

85 4.44
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One test procedure for questionable data is to use a test by
Dixon,! see Table F.1,

X =-X

_%n - %h1 _ 175-88 _ 87 _
Tl0 T X_-x; T 175-20 - 135 - 0-655. @

Referring to Table F.1 the 5% significance level for o is
0.642 and we would thus declare that the value 175 appears to be
~an outlier. The value should be flagged for further investiga-
tion. We do not éutomatically remove data because a statistical
test indicates the value(s) to be questionable.

Suppose that we know that the data are lognormally distri-
buted (or at least that the log normal distribution is a very
good approximation), then we should examine the Dixon Ratio for
this example. Using the logarithm, the Dixon ratio is

- 5.16 - 4.48

Ti0 = 5.16 = 3.69 ~ 0-46,

and this value is not significant at the 5% level. Hence on
this basis the extreme value 175 is not questionable.

We still may wish to investigate the value further (data
permitting) and we compare the data with those at a neighboring
site. The corresponding data are given below.

Site 20 Site 14
TSP, pg/m3 TSP, pg/m3
40 42
88 53
71 : 56
175 129
85 64

Thus we see that the value 175 does not appear to be question-
able in view of the corresponding value for a neighboring site.
Both sites have high values on the same day, suggesting a common
source of the high values. The only means to investigate these
values further is to go to the source of the data collection and
review the meteorological factors, comments in the site logbooks
relative to 1local construction activity, daily traffic, and
other possible causation factors.
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TABLE F.1. DIXON CRITERIA FOR TESTING OF EXTREME

OBSERVATION (SINGLE SAMPLE)*

1

Significance level
n Criterion. ' 10% 5%
3 Xy = Xp . 886 .941 .988
4 10 =T T x jf* smallest value .679 .765 _ .889
5 n "1  is suspected; .557" 642 .780
*n ~ Xn-1 o .
6 =X <X if largest value : .482 .560 .698
7 - n 1 is suspected. .434 .507 .637
8 Xy = Xg - .479 .554 .683
9 S T if smallest value .441 .512 .635
10 n-1 1 is suspected; .409 .447 .597
= fg_:_fg;l if largest value
X, ~ % is suspected.
X3 = %g
11 |ry =% — if smallest value .517 .576 .679
12 n-1 1 s suspected. .490 .546 .642
13 | g - x .467 .521 .615
_.n__"n-2 if largest value
Xy~ X is suspected.
|, -3 X1 if smallest value .492 | .546 .641
1522 X .o~ % is suspected. .472 .525 .616
16 x - X .454 .507 .595
17 - _n n-2 if largest value .438 .490 .577
18 X, T X3 is suspected; .424 .475 .561
19 .412 .462 .547
20 .401 .450 .535
21 ' .391 .440 .524
22 , .382 .430 .514
23 .374 .421 .505
24 .367 .413 .497
25 .360 . 406 .489
N vmm

iﬁeproduced with permission from W. J. Dixon, E=P?bcessing Data for Outliers,”

Biometrics, March 1953, Vol. 9, No. 1, Appendix, Page 89.

< L oo < < <
Xy £Xp 2 < Xp-2 £ Xp-1 2 %

Criterion rq, applies for 3 < n <7

Criterion ryq applies for 8 < n < 10
Criterion ryq applies for 11 < n < 13
Criterion r,, applies for 14 < n < 25

(Reference [1])

1984

vy
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This example points out several considerations in vali-
dating data and in particular in detecting and flagging out-
liers.

1. The use of a statistical procedure for detecting an
outlier is a first step and the result should not be to throw
out the value(s) if the statistic is significant but to treat
the value(s) as suspect until further information can be ob-
tained.

2. The statistical procedures depend on specific assump-
tions, particularly concerning the distribution of the data--
normal, lognormal, and Weibull--and the result should be checked
using the distribution which best approximates the data.

3. Often there are values at neighboring sites which can
be used to compare the values. If the values at the two sites
are correlated, as in the Example F.1l, this approach can be very
helpful. '

4. The final resolution of the suspect values can be made
by the collection agency, thus the importance of performing the
data validation at the local agency.

Another commonly used test procedure,? requires additional
computation and is given by

T, = (Xn-i)/s (2)
where: xn is the largest observed value among n measurements,
X is the sample average,
s is the sample standard deviation (i.e.,
s = {2(x-%)%/(n-1)}1/2).
For the data set previously given,

XI;1 = 175
X = 91.8
s = 50.2

and hence T, = 1.66, which is not sign@ficant at the 0.05 level,
that is, it is less than 1.672 which is the tabulated value for
this level from Table F.2. This test result is not in agreement
with the previous one, however, both test results are borderline
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OF CRITICAL VALUES FOR T(ONE-SIDED TEST

OF T1 OR T_) WHEN THE STANDARD DEVIATION IS
CALCULATED FROM THE SAME SAMPLE
Number of Upper 1% Upper .5% Upper 1% Upper 2.5% Upper 52 Upper 10%
observations | Sfgnificance stgnificance | Significance Significance | Significance Significance
n Level . level Level Level Level . Level
3 1.155 1.155 1.155 1.155 1.153 1.148
4 1.499 1.496 1.492 1.481 1.463 1.425
H 1.780 1.764 1.749 1.5 1.672 1.602 -
6 -z.on 1.973 1.944 1.887 1.822 1.729
7 2.20 2.139 2.097 2.020 1.938 1.828
8 2.358 2.274 2.221 2.126 2.032 1.909
9 - 2.492 2.387 2.323 2.215 2.110 1.977
10 . 2.606 - 2.482 2.410 2.290 2176 2.036
N 2.705 2.564 - 2.485 2.355 2.234 2.088
12 2.9 -2.636 2.550 2.412 2.285 214
13 © . 2.867 ©2.699 2.607 2.462 2.331 2.175
14 2.935 - 2,755 2.659 2.507 2.371 2.213
18 2.997 2.806 2.705 2.549 2.409 2.247
16 3.052 2.852 2.747 2.585 2.443 2.279
17 3.103 -2.8%4 2.785 2.620 2.475 2.309
18 o 3,149 2.932 2.821 2.651 2.504 2.335
19 3,191 2.968 2.854 2.681 2.53 2.361
20 - 3.230 3.001 2.884 2.709 2.557 2.385
21 3.266 3.031 2.912 2.733 2.580 2.408
2 3.300 . 3,060 2.939 2.758 2.603 2.429
23 3.332 3.087 2.963 2.781 2.624 2.448
2% - 3,362 - .12 2.987 2.802 .64 2.467
25 © 3,389 3.135 3.009 2.822 2.663 -2.486
26 3.415 3.187 3.029 2.841 2.681 2.502
27 3.440 3.178 3.049 2.859 2.698 2.519
28 . 3.464 3.199 3.068 2.876 2.714 2.534
29 - 3.486 - 3.218 3.085 2.893 2.730 2.549
0 . 3.507 . 3,236 3.103 2.908 2.745 2.563
31 . .3.528 3.253 3.119 2.924 2.759 2.577
R 3.546 3.270 3.135 2.938 2.713 2.591
3 3.565 3.286 3.150 2.952 2.786 2.604
k) 3.582 3.301 3.164 2.965 . 2.799 2.616
k ] 3.599 - 3.6 3.178 2.978 2.81 2.628
» 3.616 3.3 3.19 2.991 2.823 2.639
7 3.631 L343 3.204 3.003 2.835 2.650
33 3.646 3.356 3.216 3.014 2.846 2.661
39 3.660 3.369 3.228 3.025 2.857 2.6
40 3.673: 3.381 3.240 3.036 2.866 2.682
41 3.687 3.393 3.251 3.046 2.877 2.692
Q 3.700 3.404 3.261 3.057 2.887 2.700
Q 3.2 3.415 3.2n 3.067 2.89% 2.1n0
M 3.724 3.425 3.282 3.075 2.905 2.n9
45 3.736 3.435 3.292 3.085 2.94 2.7%7
44 3.747 3.445 3.302 3.09%4 2.923 2.73
& 3.787 3.455 3.310 3.103 2.931 - 2.744
48 3.768 3.464 3.319 LM 2.940 2.753
49 - 3.779 3.474 3.329 3.120 2.948 2.760
50 3.789 3.483 3.336 3.128 2.956 2.768

Reproduced with permission

Use T1 =

Use Tn =
tions.

values) the risk leve

test.

X - X1

X

n

- X

when testing the largest v
Unle2s one has prior information a
1s should be multiplie

alue, X

bout largest va
d by two for app

when testing the smallest value, Xl’

from American Statistical Association.

in a sample of n observa-

Jues (or smallest

lication of the
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Number of Upper .1% Upper .5% Upper 1% Upper 2.5% Upper 5% Upper 10%
Observations | Significance | Significance |Significance SigMﬁma Significma Significance

n . Level Level Level Level Level Level M
s1 3.798 3.491 3.345 3.136 2.964 2.775
52 3.808 3.500 3.353 3.143 2.971 2.783
s3 3.816 3.507 3.361 3.151 2.978 2.7%
54 3.825 3.516 3.368 3.158 2.986 2.798
§5 3.834 3.524 3.376 3.166 2.992 2.804 -
56 . 3.842 3.5 3.383 3172 3.000 2.am
57 3.851 3.539 3.39 3.180 3.006 2.818
58 3.858 3.546 3.397 3.186 3.013: -2.824
59 3.867 3.553 3.405 3.193 3.019 2.831
60 3.874 3.560 3.411 3.199 3.025 2.837
61 3.882 3.566 3.418 3.205 3,032 2.842
62 3.889 3.573 3.424 3.212 3.037 2.849
63 3.896 3.579 3.430 3.218 3.04 2.854
64 3.5903 3.586 3.437 3,224 --3.049 2.860
65 3.910 3.592 3.442 3.230 - 3.055 2.866
66 3.977 3.598 3.449 3.235 3.061 2.871
67 3.923 3.605 3.454 3.241 - 3.066 2.877
68 3.930 3.610 3.460 3.246 - 3.on. 2.883
69 3.936 3.617 3.466 3.252 3.076. 2.888
70 3.942 3.622 34N 3.287 - 3.082 2.893 -
n 3.948 3.627 - 3.476 3.262 3.087 2.897
72 3.954 3.633 3.482 3.267 3.092 2.903 -
73 3.960 3.638 3.487 3.272 3.098 2.908
L] 3.965 3.643 3.492 3.278 3.102 2.912
75 3.971 3.648 3.496 3.28 ~ 3,107 2.917
‘76 3.977 3.654 - 3,502 3.287 .t .922
n 3.982 3.658 - 3.507. 3.291 .17 2.927 .
78 3.987 3.663 3.511 3.297 3.12) 2.931
79 3.992 3.669 3.516 3.301 3.125 2.938
80 3.998 3.673 3.521 3.305 3.130 2.940
81 4.002 3.677 3.528 3.309 3.134 2.945
& 4.007 3.682 3.529 3.315 - 3.139 2.949
83 4,012 3.687 3.534 3.319 3.143 2.953
84 . 4,017 3.691 3.539 3.323 . 3,147 2.957
85 4,021 3.695 3.543 3.327 3.151 2.961
86 4.026 3.699 3.547 3.33 3.1585 2.966
87 4.031 3.704 3.551 3.335 3.160 2.970
88 4.035 3.708 3.555 3.339 3.163 2.973
89 4.039 3.712 3.559 3.343 3.167 2.977
90 4.044 3.716 3.563 3.347 3.1n 2.981
9 4,049 3.720 3.567 3.350 3.4 .984
92 4.053 3.725 3.570 3.355 3.179 2.989
93 4.057 3.728 3.575 3.358 3.182 2.993
94 4.060 3.732 3.579 .362 3.186 2.9%
95 4.064 3.736 3,582 3.365 3.189 3.000
96 4.069 3.739 3.586 3.369 3.193 3,003
97 4.073 3.744 3.589 3.372 3.19% 3.006
98 4.076 3.747 3.593 3.377 3.201 - 3.0
99 4,080 3.750 3.597 3.380 3.204 3.014
100 4.084 3.754 3.600 3.383 3.207 3.017

Grubbs, F. E., and Beck, G., Extension of Sample Sizes and Percentage

Points for Significance Tests of Outlying Observations,

Technometrics, Vol.

14, No. 4, Nov. 1972, pp. 847-854.

1

1984
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tuations. If the T is applied to the logarithms, the result
is T, = é%%%%%i%l = 1.42, which is not significant and which
agrees with the Dixon ratio test. In many examples it will be
obvious that a particular value is an outlier, whereas in
Example F.1 this is not the case. A plot of the data is often
helpful in examining a set of data.

After rejecting one outlier using either T, oT T, the ana-
lyst may be faced with the problem of considering a second out-
lier. In this case the mean and standard deviation may be re-
estimated and either T,.1 ©°F T, applied to the sample of n-1
measurements. However, the user should be aware that the test
T, or T, is not theoretically based on repeated use.

Grubbs? gives a test procedure (including tables for the
critical values) for simultaneously testing the two largest or
two smallest values. This procedure is not given here.

The use of the procedures given in Table F.1 requires very

ittle computation and would. be preferable on a routine basis.
srubbs3® gives a tutorial discussion of outliers and is a very
good reference to the subject. A recent text on outliers is
also recommended to the reader with some statistical back-
ground.*

One other ptocedure for data validation which has an advan-
tage relative to the previous two procedures (Dixon and Grubbs)
is the use of a statistical control chart.5’® The control chart
is discussed in Appendix H and the reader is referred to that
Appendix for details in application. The TSP data for a spe-
cific site for the years 1975 to 1977 for which there are five
measurements per month are used as a historical data base for
the control chart and the data for 1978 are plotted on the chart
to indicate any questionable data. These data are shown in
Table F.3 (historical data) and in Table F.4 (1978 data).
Figure F.1l (upper part) is the control chart with both 20 and 3¢
limits for the averages.

X (average of the X's) = 56.5 pg/m?

i
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TABLE F.3. TSP DATA FROM SITE 397140014H01 SELECTED AS HISTORICAL DATA BASE
FOR SHEWHART CONTROL CHART (1975-1977)

Mean (X), Range (R), Mean (X), Range (R),
Month-year pg/md pg/m3 Month-year pg/md __ug/md

1-75 54.6 67 10-76 34.6 50
5-75 63.8 39 11-76 53.4 29
6-75 59.0 25 12-76 52.2 44
7-75 63.0 23 3-77 40.4 28
8-75 68.2 54 4-77 63.6 57

10-75 41.8 26 6-77 45.4 - 31

11-75 68.4 81 7-77 53.4 19

12-75 57.6 39 8-77 58.6 26
1-76 82.4 87 9-77 46.0 12
4-76 90.2 117 10-77 45.6 33
5-76 43.8 48 11-77 49.8 54
7-76 72.6 80 - 12-77 30.4 22
9-76 73.4 83

TABLE F.4. TSP DATA FROM SITE 397140014H01 FOR CONTROL CHART (1978)

Data set Month ~ Mean Range s
1 1 30.6 27 10.4
2 2 47.4 60 21.7
3 . 3 54.4 39 17.2
4 4 31.8 29 13.6
5 5 53.6 46 21.8
6 6 64.8 46 19.0
7 8 68.8 87 34.6
8 9 43.2 31 11.3
9 10 52.4 59 24.2

10 11 60.8 71 29.0
11 12 31.6 22 9.8
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oz (standard deviation of the mean) = 9.0 Hg/m3
UWLgz (upper 20 limit) = 74.5 pg/md
LWLz (lower 20 limit) = 38.5 pg/m3
UCLg (30) = 83.5 pg/m®

LCLg (30) = 29.5 pg/m® |
Figure F.1l shows three averages below the LWL)-( (20 limit) and no
values above the UWL}-( (20 1limit). No values are below the 3¢
limit LCL}-( (30). Hence we do not suspect any averages to be
significantly different from the historical average and which
‘would suggest further investigation. '
Figure F.1 (lower part) is the control chart for the stan-

dard deviation.

ol

(average range) = 47.0

= 0.43 (47.0) = 20.2

UWL_ (upper 20 limit for s) = 33.7
LWL_ (lower 20 limit for s) 7.0
UCL_ (99.5 percentile) = 38.9

LCLs (0.5 percentile) = 4.6

There is a single outlier on this chart and this sample (one
month of data--5 values) should be checked for factors which
might explain the high value for the standard deviation. See
Example F.1 for further discussion of this example relative to
action taken after the flagging or identification of the ques-
tionable value. The same data were used in that example.

The advantage of the quality control chart approach is that
not only are questionable values within a month detected, but
also if all of the values for a month are high relative to
values for other months, they will be flagged. The latter can
result from personnel changes, instrument problems, calculation
errors, and such changes will go undetected when comparing a
single possible outlier within a data set. It is recommended
that both test pro'cedures (Dixon or Grubbs and the control
chart) be used if resources permit, if not use the control chart
technique.

@

n n un
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'Y +.3 GUIDANCE ON SIGNIFICANCE LEVELS

The problem of selecting an appropriate level of signifi-
cance in performing statistical tests for outliers is one of
comparing two resulting costs. If the significance level is set
too high (e.g., 0.10 or 0.20) there is the cost of investigating
the data identified as questionable a relatively large propor-
tion of the time that, in fact, the data are valid.! On the
other hand, if the significance level is set too low (e.qg.,
0.005 or 0.001) invalid data may be missed and these data may be
subsequently used in making incorrect decisions. This cost can
also be large but is difficult to estimate. The person respon-
sible for data validation must therefore seek an appropriate
level based on these two costs. 1If the costs of checking the
questionable data are small, it is better to err on the safe
side and use a = 0.05 or 0.10 say. Otherwise, a value of
a = 0.01 would probably be satisfactory for most applications.
After experience is gained with the validation procedure, the «
value should be adjusted as necessary to minimize the total cost
(i.e., the cost of investigating outliers plus that of making
incorrect decisions).
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STACK GEOMETRY AND GAS VELOCITY DATA

Date: % / {o/ aq

Project No: 2O Lo - 0030-0CcD /

Client: FG oz CEifeye, {:} AC/ Sample Location: SO 1Y T AL CHF
Aacllity: Loy o a0) : - Load Condition:

RinNo: D\ b [0 operator: . | D T

Barometric Pressure (in. Hg): 2_,(1 S’é Meterbox No.: C/;D 3‘/:’5 Y= . 77
% Moisture: Static (in. H,0): (MM HZ) 24 o
Pitot Tube ID: Hpifot Tube Coefficient: 0. & Y

Post Leak Check: Stack Diameter (in):

Measurement Device:

" [Micromanometer:

10" Manometer: X

Schematic of Stack Cross Section:

Magnehelic:
Other:
Explain:
Stack Diameters Upstream:
Stack Diameters Downstream:
| Time Stack | Manom. | Cyclonic Time Stack | Manom. | Cyelonic
(24hr. | Sample Temp Reading Flow (24hr. | Sanple Temp Reading Flow
cloc point | fBorc | inHo |l Angle clock) | = Point ﬁor °C | inHO | Null Angle
[FTs=|1-1 |37 |, 73 1325 31 1 292 ) |ize
-2 |37 | ,9/ - 32 |2y 55 | ¢
-3 |37 | 97 52 A% | s7 ] 7
) -t 327 | 9y U N2y w7 | so
g (309 | <Y 55 || | o
-G |3/¢ |, 77 56 |23 | .3 <
2-0 12719 | ¢ 5 Yl | 250 8¢ |V
22 |20 | 72| ¢ 42 123% | ¢c7 |0
-3 1251 | s | ¢ 42 1A | | s
zY |27% s3] 2 A g | 2
s12S 1220 | 45| ) - S 2ys e | O
L6 |23 |2l o 12)0] &, 25t [sq | g
Ae@ 1 972

LowellOl.xls

TRC




Field Moisture Determination

Client: _ U5 GE/L/' Project No.: ______
Location: _Ln'ct Date: _ Tw//@ 7
RunNo.: _ £~ t) Operator: _ & et/
Data
Gas Meter ™ ™ Orifice Vac. Gage
" Minutes Clock Time cf vm In Out In.H,0(+) | In.Hg(-)
105 ] 7000 | 79 7o /.7 /5
L (L sy 79 ¥/ AN A
10735 140 45~ | F43 ¢ | /)5 /¥
17 50 196535 92 5% /5 /7
Sur OF STik
20 AT | [T 05
25 1794
30
Total/ Avg
‘JQ_';‘?‘ ité‘z Cliec s eEekda P éd) S<¢ @ HC (2 Hao
Impingers Silica Gel
1 2 3
Final mL Container No.
Initial mL Final gm
Net mL Intial gm
Total Moisture (Net mL + Net gm) = Net gm
Calculations
E Meterbox No _ 0% & |
(2) VM Net = Y = DGM Calibration Factor= ___, 979
(3) TM Avg = TM + 460 =
1
(4)PM Avg = + Orifice in. H,0 x13.6= + orifice in.Hg.
= - Vacuum gage In. Hg (when meter is before pump)
528 x VM x (PB +PM) x (Y)
(B) VMSTD = 29.92 x (TM + 460) =
(6) VW = mL H,O + gm Silica Gel =
(7) VW Gas = VW x0.04715 =
100 x VW Gas 100 x( ) [ )
(8) %M = VMSTD + VW Gas = ( )+ ( ) = ( ) =

Lowell19.wpd ) H@ =203/



Field Moisture Determination

Client: _U% . E4) Project No.:
Location: Zplet Date: _&/ ‘O{ 991 .
Run No.: _ Xen 4 Operator: _ (£, Y=o "<
Data
v Gas Meter ™ ™ Orifice Vac. Gage
Minutes Clock Time cf vm In Out In. H,0 (+) In. Hg (-)
0 S036 | oo )7l 2 A o A
15 [12.29 | ¢9 53 o .5
30 JA3.30] 79 XY 1
45 13¢.3Y| 96 Y 2 /O
&0 Jvy. 02| 97 K9 /. & /O
75 53 59 97 i /5
Total/ Avg
Impingers Silica Gel
1 2 3
Final mL JeC 5 G736 03¢ Container No.
Initialmt  £7% ¢ CI1s, ] 159%.1 . Finalgm
Net mL 66,9 54 9 74.1 Intial gm
Total Moisture (Net mL + Net gm) = b5 Net gm
Calculations
(1) PB = 24, %0 Meterbox No.: Y0356
(2) VM Net = 16.363 Y = D6M Calibration Factor = - 777
(3) TM Avg = qo TM + 460 =
Lo 1
(4)PM Avg= + - R% Orifice in. H,0 x13.6 = + orifice in.Hg.
= - Vacuum gage In. Hg (when meter is before pump)
uay
528 x VM x (PB+PM) x (¥) 4 2\
(B) VMSTD = 29.92 x (TM + 460) z :
(6) VW = mL H,0 + gm Silica Gel = 6G. S5
(7) VW Gas = VW x 0.04715 = 255
100 x VW Gas 100 x( ) ( ) 2
(8) %M = VMSTD + VW Gas = ( )+ ( ) = ) = 6,9/0

Lowell19.wpd



Sample Train:
Location:

Sample ID:

Sample Train Tracking Form

OH - Hg Date: %/d/ 77

Talek Run: o (] Rlax <

PLEE-CAM-T-EQ

Train Set Up By:

Train Recovered By:

Comments:

* Yo lefer Tme 200
Transported to Location By: )g%/ Date: o[€% Time:
/ LA
. . 7 % ime: []10
Received at Location By: Date: 0//¢[94 Time:
Transported to Recovery Area By: Lg 7 Date: 5’[/%4 4 Time: l" '50
Received at Recovery Area By: {MM%/"\ Date: _ﬁ/ﬂf Time: ) /3

T M“CR oo Date: & Tolo9  Time: /OJ/

fWQCA ; Date: 22/()[7’ 9 Time: /750
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" SAMPLING TRAIN SETUP AND RECOVERY SHEET

lowell03.wp

. Setup Recovery
Project No.: 2Ly & Date: SX0[5 S /5%
Client: Pld Run No.: T-FJ3
Facility: Ao Ao Train Type: OH - H 5
Source: Talet Recovery Person:___A_—
FRONT HALF
Filter No.: Comments:
Thimble No.:
XAD Trap No.: Comments:
XAD Final Wt. (g):
XAD Initial Wt.(g):
Net Collected (g):
LAMPINCERS
Impinger No.: / 92 2 L/
Reagent: {7 A /f‘ KC / /L/C / ZL / //Ms///&&
Firal Volume (nl /g% | S 70| | 5966 |Lgd | | £93.
Initial Volume (ml /g): | 5 5. | 5Z5.0 |z 73|
Net Collected (ml / g): > o ) O
Impinger No.: < - 7
Reagent: /iy le, | KOy | ———— =D
Final Volume (ml / g): 59 7.0 £ 24 < lo 0.3
nitial Volume (ml /g): | 77 ¢ L5973 503
Net Collected (ml / g): O - ¢ .| O
Silica 6el Impinger: - <7
Final Volume (ml / g): 7 7% l
Initial Volume (ml /g): | 7 ¢/ 2 G
Net Collected (ml / g): . [
TOTAL MOISTURE (Impingers and Silica Gel) () = 0. Q

TRC




Sample Train Tracking Form

Sample Train: OH - Hg
Location: Outle b
Sample ID: YesE-pHn-0-FR

Date: S’/ 16/ 72

Run: _Foell Rl&w\k

hnoc|
i m K C A Mo
Transported to Location By: @@,,,,\ M
/ [74
g-'(.l\/\l-v L‘WA/\-;
P v
Transported to Recovery Area By: § v~ Mm

v

Train Set Up By:

Received at Location By:

f VY\QQK&N-&_

Received at Recovery Area By:

{' MQEZ(W\ WO

Train Recovered By:

Comments:

Date: {/I()(?j Time: /) 3O

f
Date: ©

Date: {Z[(Jmﬁ Time: \4 ()0

]

Date: 4 [6[64  Time: (6] 0

Time: |4:00

Date: §//0(79 _ Time: ){, 30|

Date: ﬂ/ﬂ/ 79 Time: /& Y0

|
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- SAMPLING TRAIN SETUP AND RECOVERY SHEET

Setup Recovery
Z/00/F8 G/ p)ST

Project No.: 20YL Date:
Client: Pl s & Run No.: O = F3
Facility: A o]+ o X%\ Train Type: O H -~ /‘7"(\
Source: Aobloek Recovery Person:__ Sa -
FRONT HALF
Filter No.: Comments:
Thimble No.:
XAD Trap No.: Comments:
XAD Final Wt. (g):
XAD Initial Wt.(g):
Net Collected (g):
EMPINGERS
Impinger No.: 7 9 2 L/
Reagent: /(¥ yyle, KL/ K K| |G
Final Volume (ml / g): ((,1/35 Y 610 9 6o, O
Initial Volume (ml /g): | /. &/2 73 GAC. T CAOE let50 O
Net Collected (ml / g): 0.0 -06.\ O o .0
Impinger No.: < . i
Reagent: //p)s | K Gyl ———5
Final Volume (ml /0): | £ 2¢.9 | . 20 3 | L 9 7.¢
nitial Volume (ml /). | (,27.| L10.% 14697 0
Net Collected (ml / g): 1.2 0.6 o O
Silica Gel Impinger: vl
Final Volume (m! / g): g 9.7
Initial Volume (ml / g): 9. <
Net Collected (ml / g): O L
TOTAL MOISTURE (Impingers and Silica Gel) (g) = OO

lowell03.wp
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* SAMPLING TRAIN SETUP AND RECOVERY SHEET

Project No.: A

Setup
Date: ? /’/’)/ 7

Reco

<Jit)29

lowell03.wp

Client: Podr Run No.: OotJed A
Facility: Ao Fan Train Type: O = /7/0,
Source: O ote + Recovery Person:___ o~
FRONT HALF
Filter No.: @ ’%Q/ Comments:
Thimble No.:
XAD Trap No.: . Comments:
XAD Final Wt. (g):
XAD Initial Wt.(g): \
Net Collected (g): ’ -
LMPINGERS
Impinger No.: / v 3 &/
Reagent: /U - D L/ K K L/ Yol &5//4//“&
Final Volume (mi /9): | 7670 | 7398 | ¢92.5 | 7616
Initial Volume (ml / g): 70 L. & 7Y (7% ) 76 7.3
Net Collected (m! /g): | | §¢. Y 454 1 1.4 2.3
Impinger No.: < / 7
Reagent: /5 ma|<~4 L'l Dy | ——— "~ | )
Final Volume (ml / g): 7}_2' 5 7[i§ ?5,6]‘
Initial Volume (ml / g): ’7 (1.4 217.0 (93 %
Net Collected (ml / g): | -2.5 2.1
Silica Gel Impinger: - <
Final Volume (ml /9): | 5 77.¢/ | cao"rSP9 < peut
Initial Volume (ml /g): | 7 & 7 I
Net Collected (ml / g): L0 1
TOTAL MOISTURE (Impingers and Silica Gel) (g) = 214.9

TRC



ORSAT ANALYSIS

Project No. ) (b0 - po30-0000 Date i?////é a

Client 0CrE Run e —oHmM—=0 = -]
Facility LO(J..QW Shabrans Operator IMMA*’( W(laﬂ//'"(/
Source - P Potlen Comments

Location Stk ex}W

Orsat Leak Checked 42} /_no
Purge System with Sample Gas &Q /_no
‘

Ambient Air Check CO, 0o,
Audit Gas Check (measured/actual): CO, / 0, / co /
Expiration Date of Reagents / [/ |
Sample co; O; Reading 2 CO Reading 3
Point Time Reading 1 Actual - Net Actual Net Fo
l 443 | Mo | 4y 55 pe_| V¥ | L1y
2 /95i | Mo | /713 s.3 | va | L | iy

3 1955 o | 113 s.? WH WA L 1Y

Net O, Reading = Reading 2 - Reading 1 (Actual) .
Net CO-Reading = Reading 3 - Reading 2 (Actual)

QC Validation Expected F, Ranges
Calculate F, Anthracite/Lignite 1.015 - 1.130
Bituminous 1.083 - 1.230
Fo = 209 - %0, Distillate Oil 1.260 - 1.413
% CO, Residual Oil 1.210 - 1.370
Natural Gas 1.600 - 1.836
Fuel : Wood Bark 1.000 - 1.120
Reported F, Municipal Garbage 1.043 - 1177

Other

Lowell15.xls



Sample Train Tracking Form

Sample Train: OH - Hg Date:g / 1 l ? C7
Location: ke + Run: | A
Sample ID: PGE}E‘OHYH “—Op —

Train Set Up By: /(’MQCL Date: gzzu ?_Z Time: 075 3

4

Transported to Location By: ,(/'/( Xy Date: < g

e
Received at Location By: A~ /724/1,\,\/{,\' Date: %/” Z 7‘? Time: 082
< (V4 N —
Transported to Recovery Area By: % /// Yo Date: Gr/7T Time: / 505
pEtL #—

74 Z
Received at Recovery Area By: % | Date: //? 7 Time: / Sﬁ Q

Train Recovered By: W—" Date: ﬁ Z_ é? Time: S,

Time:© <

Comments:
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- SAMPLING TRAIN SETUP AND RECOVERY SHEET

Setup Reco
Project No.: ;l b O_‘?’/é’ Date: 7/ hvi ?'//c/ },?z?
Client: PoqE Run No.: A A
Facility: /\Oci‘q N Train Type: O H = Hx
Source: Outlel Recovery Person: e
FRONT HALF
Filter No.: Comments:
Thimble No.:
XAD Trap No.: Comments:
XAD Final Wt. (g):
XAD Initial Wt.(g):
Net Collected (g):
TMPINGERS
Impinger No.: ) N 2 &
Reagent: /o, sle-D| K ) K () K| » /'//Uos//éﬁ}
Final Volume (ml / 9} | 2~ <] Cs3¥ | 6269 57717
Initial Volume (ml /o) | £ /9 & | £2¢.T7 | 622.¢ | 59%¢
Net Collected (ml /9): | 6%, 27, 1 43 0.9
Impinger No.: S (o \7
Reagent: /v (s / Mo —
Final Volme (nl /) | £99.23 | 295 | 7696
Initial Volume (ml /g): | (2 7], 7 _’p 2495 | 700.5
Net Collected (ml / g): L. G 0.3 4.1
Silica Gel Impinger: - ‘8
Final Volume (ml /g):  |¥9/ 3 AR Y: A w
Initial Volume (ml / 9): |76 Co
Net Collected (ml /g): | . ].7

TOTAL MOISTURE (Impingers and Silica Gel) (@) = __ 2 (oCo. &

lowell03.wp
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ORSAT ANALYSIS

Project No. 2601'/& - 070 -Odo) [ Date | 5—////601

Client PerE Run LM LOE oML ~O -
Facility | Re 2L ’ Operator Wiclce! //(a//d/
Source : ﬂdvdgo lea Comments

Location Exly u‘sf SHac K-

Orsat Leak Checked Q /_no

Purge System with Sample Gas éeé / no
Ambient Air Check Cco, £).0) (o 2/d .

Audit 6as Check (measured/actual): CO, / (o)} / Cco /
Expiration Date of Reagents . / _/
Sample €O, O; Reading 2 CO Reading 3
Point Time Reading 1 Actual ~ Net Actual Net F,
TSP Y 19.0 | S.1 137

0)L2 ]3(7 /C/ld 5'/
0723 13.3 /9.0 5.2

Net Oz Reading = Reading 2 - Reading 1 (Actual)

Net CO-Reading = Reading 3 - Reading 2 (Actual)
QC Validation Expected F, Ranges
Calculate F, Anthracite/Lignite 1.015 - 1.130
Bituminous 1.083 - 1.230
F, = 209 - %0, Distillate Oil 1.260 - 1.413
% CO, Residual Oil 1.210 - 1.370
Natural Gas 1.600 - 1.836
Fuel : Wood Bark 1.000 - 1.120
Reported F, Municipal Garbage 1.043 - 1.177
Other

Lowell15.xls



Sample Train Tracking Form

Sample Train: OH - Hg Date: ﬂ/ 1177
Location: Oulble L Run: AA
Sample ID: Y6 4 £ -oim - Ba~ &

[[Train Set Up By: 4 Mm\ Date: / Time: /0 /¢

Transported to Location By: ém 51 Ay A Date: /i Time: )30‘:‘
Received at Location By: }w\, L“A » Date: i ?’Q) Time: | 3%

27 .
Transported to Recovery Area By: /" %70 Date: £/1/%1 Time: 2O 2
/4
Received at Recovery Area By: Wk Date: ﬁ/{ﬂ Time: & b]¢] >/
Train Recovered By: W\——/ Date: 32// /ﬁz Time: 20)/(,

1]

FEEE

Comments:
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- SAMPLING TRAIN SETUP AND RECOVERY SHEET

Setup Recove

Project No.: 2lo4C Date: 177 7;/9/?; 7
Client: Poie Run No.: OJEle L Pon A
Facility: AOCS ain Train Type: O — HCS
Source: o Jblet Recovery Person:
FRONT HALF

Filter No.: ' Comments:

Thimble No.:

XAD Trap No.: Comments:

XAD Final Wt. (g):
XAD Initial Wt.(g):
Net Collected (g):

IMPINGERS ‘

| Impinger No.: / g\ : ’% C/
Reagent: /—7 (2D KC( KC ( KC %@0&

Final Volume (ml / g): C]O{C, 799 /0 3.5 7L(= S

Initial Volume (ml / g): 7 / , N é 9g' 2 é, ?L/‘ G 7 038, é

Net Collected (ml / g): 190.5 - S5 %. 3.4
Impinger No.: < | é z —
Reagent: . Jepowl |5 S Zﬂ']u 0(;[ >

Final Volume (ml / g): | 7 /f/ge 7 / . % 4 97 3
Initial Volume (ml / g): 7 /5 9 7/Z 7 é ?5, Wi

Net Collected (ml / g): ~1.3 0.7 [.6

Silica Gel Impinger: - g
Final Volume (ml / g): 73 ¢.6 | Y07 Sge:p{'

Initial Volume (ml / g)_: 7_§ ¢ C/ .
Net Collected (ml / g): 21..

TOTAL MOISTURE (Impingers and Silica Gel) (g) = 23?4

TRC

lowell03.wp



ORSAT ANALYSIS

5/r )

Project No. Z&OL{QVOO 30- po00| Date
Client 6 4= Run PeeE~L -0/ -Bae - 3
Facility Losow) Operator [ Noctnwef JHeurrhin
Source f’Q Boiles Comments
Location Exwhwuusd S Th-c /<
Orsat Leak Checked é; / _no
Purge System with Sample Gas  (Yes) / no
Ambient Air Check €O, 0O 0, 210
Audit 6as Check (measured/actual): CcO, 0, / co /
Expiration Date of Reagents . [/
Sample co;, O: Reading 2 CO Reading 3
Point Time Reading 1 Actual ~ Net Actual Net F.
522 | 1.0 /9.0 | SO | UK I IEY;
2z39 | 110 | y0 | 5 | /3¢
223% | 190 |40 |50 A NEY
Net O; Reading = Reading 2 - Reading 1 (Actual) 4
Net CO Reading = Reading 3 - Reading 2 (Actual)
QC Validation Expected F, Ranges
Calculate F, Anthracite/Lignite 1.015 - 1.130
Bituminous 1.083 - 1.230
Fo = 209 - %0, Distillate Oil 1.260 - 1.413
% CO, Residual Oil 1.210-1.370
Natural Gas 1.600 - 1.836
Fuel 0} :luw\; wous Wood Bark 1.000 - 1.120
Reported F, 1. 136 Municipal Garbage 1.043 - 1.177

Lowell15.xls

Other




Sample Train Tracking Form

sample Train: -OH - Hg Date: ﬂ/ﬂ/ 7 ?
Location: D] Q.:t- Run: 3 A
Sample ID: PedE-L-o8m-0n =

Train Set Up By:

Date: ZZ/Z[ ZZ Time: () ZZO

Date: ¥/ 2/%) Time: 6735 |

Transported to Location By:

Date: ¥ / [3/9¢ Time:_073% |

Transported to Recovery Area By: Date: /(! Time:

Received at Recovery Area By: ;‘\N M’\; Date: {b’l i)vchGL Time: ‘%%\2
‘ /7 /%// T /
7 P )
Train Recovered By: ///,/ - Date: & {/,1/9 ime: /23 <9

~

Received at Location By:

Comments:
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" SAMPLING TRAIN SETUP AND RECOVERY SHEET

lowell03.wp

TRC

e‘l’ Reco
Project No.: ;’72 L0d L Date: 7‘/)6 > /
Client: LoeE Run No.: /\u{//vz VL £)u oY
Facility: An 3O Train Type: OH ~ e
Source: N, 4/ + Recovery Person:__ M1~
FRONT HALF
Filter No.: &3S Comments:
Thimble No.:
XAD Trap No.: Comments:
XAD Final Wt. (g):
XAD Initial Wt.(g):
Net Collected (g):
AMPINGERS
Impinger No.: / ‘ 72 . '% C’L
Regent: /gl | KL/ L) | Kel |HMH4G
Final Volume (m! / g): 9197 763 % L7 0 AN i
Initial Volume (ml/g): | 77 1 ¢ G 72) 7 L 79K I+ é;gzrsf’ili»«-
Net Collected (ml / g): | ) 13, & 280 T.2 2.0
Impinger No.: < P 7
Reagent: /77 (<, Z/ M Ouv | — ——')
Final Volume (ml / g): 7048‘ L/ 707. cf 7671
Initial Volume (ml / 9): | )p< .9 10%. A nl. S
Net Collected (ml / g): 9 & -0.3 AN
Silica Gel Impinger: 4
Final Volume (ml / g): <z 56’ . 6/ N— G/Z)Z) <splut
Initial Volume (ml / g): X320
Net Collected (ml / g): L. <
TOTAL MOISTURE (Impingers and Silica Gel) @) = ____ A £ 3.9



ORSAT ANALYSIS

Project No. 260YC 0030 o0 gei Date f////%
Client F6 o= Run P8 (E -a#m -0 - b-{
Facility Logow s, faps Operator oo Mlwe S
Source P Boilen Comments
Location SThelk Exheos f
Orsat Leak Checked (ZQ / no
Purge System with Sample Gas / no
Ambient Air Check CcoO, 0.0 (o) 21.0
Audit Gas Check (measured/actual): CO, (o / co /
Expiration Date of Reagents - / _/
Sample €O, O; Reading 2 CO Reading 3
Point Time Reading 1 Actual Net Actual Net F,
i 1339 | 13.9 [t~ | 5.3 Vi NIt | f122
2 | | 128 g0 | 5.3 v g | 3o
b [ AU0 | 1.9 | e 5.5
Net Oz Reading = Reading 2 - Reading 1 (Actual) A
Net CO Reading = Reading 3 - Reading 2 (Actual)
QC Validation Expected F, Ranges
Calculate F, Anthracite/Lignite 1.015 - 1.130
Bituminous 1.083 - 1.230
Fo = 209 - %0, Distillate QOil 1.260 - 1.413
% CO, Residual Oil 1.210- 1370
Natural Gas 1.600 - 1.836
Fuel Wood Bark 1.000 - 1.120
Reported F, Municipal Garbage 1.043 - 1177

Lowell15.xls

Other




Sample Train Tracking Form

Sample Train: OH - Hg Date: ?/ /! / ?7
Location: Oudle { Run: / B
Sample ID: Y4 E-nHmM -0 - |

S ,.
Train Set Up By: W%—\ Date: ¥/// /22 Time:07 S 3
Transported to Location By: ‘W Date: 8/11/ 97 Time: O8° 10
Received at Location By: /ZZE% Date: 5/U/%  Time: 08 (0
Transported to Recovery Area By: % M Date: §/7/4%9 Time: [ 305

/
Received at Recovery Area By: W\ Date:—ﬁﬁf Time:/ S Qé
Train Recovered By: //——\ ’ Date: % l /ﬁ Time: / 522’
:77//% Z

Comments:

Pg. 13
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- SAMPLING TRAIN SETUP AND RECOVERY SHEET

Setup Recovery

Project No.: 9‘ oY 6 Date: <£/11/99 ?/ Vi /?7
Client: Pegi= Run No.: A A
Facility: LO% awn Train Type: OH “/-f:i;
Source: Outle b Recovery Person:__ & /\WL
FRONT HALF

Filter No.: ‘ ' Comments:

Thimble No.:

XAD Trap No.: Comments:

XAD Final Wt. (g):

XAD Initial Wt.(g):

Net Collected (g):
RMPINGERS

Impinger No.: / 2 =2 [~

Reagent: vt - | KC) <, Kol | Hojup,

Final Volume (nl /0 | 705. 2 | ic o | 696.3 |1 956
Initial Volume (ml / g): 599/ / 5?6? A $6 .2 ¢ 2y.%
Net Collected (ml / g): | 9 }). | LT KX g | O 7

—

Impinger No.: < & Vi
Reagent: . /Ay 1~ J{/ W Der ‘
Final Volume (ml / g): | 0l LZ 7 703. [
Initial Volume (ml / 9): | ¢, pp .Y G873 918

Net Collected (ml / g): .2 0. 3.3
Silica Gel Impinger: - >

Final Volume (ml / g): 7642 ™~ 30 ?af't’ﬁsf
Initial Volume (ml / g): 77? O |

Net Collected (ml / g): 19.(

TOTAL MOISTURE (Impingers and Silica Gel) (@) = 270>,

TRC

lowell03.wp






ORSAT ANALYSIS

Project No. 260('{& - 0020-C000 | Date 6/ I / 94

Client 064-F Run 6+ £ CHM—0- B-2
Facility Locan) Studow Operator Widead p a/by
Source L Jep ailope Comments

Location STao ExhausY

Orsat Leak Checked ( ées 2/ no

Purge System with Sample Gas es\/ no
Ambient Air Check €O, 0.4 o, 2.2
Audit 6as Check (measured/actual): CO, / 0o, / co /
Expiration Date of Reagents - / 7/
Sample €O, O; Reading 2 CO Reading 3
Point Time Reading 1 Actual - Net Actual Net F,
L ™80 | 135 | 9.2 | 54 (223

0915 3,9 12, [ 5.
oaxt | (3.% | 1. 5.3

Net O, Reading = Reading 2 - Reading 1 (Actual)
Net CO-Reading = Reading 3 - Reading 2 (Actual)

QC Validation Expected F, Ranges
Calculate F, Anthracite/Lignite 1.015 - 1.130
Bituminous 1.083 - 1.230
F, = 209 - %0, Distillate Oil 1.260 - 1.413
% CO, Residual Oil 1.210 - 1.370
Natural Gas 1.600 - 1.836
Fuel Wood Bark 1.000 - 1.120
Reported F, Municipal Garbage 1.043 - 1.177

Other

Lowell15.xls



Sample Train Tracking Form

~ample Train: OH - Hg
Q\)'\:Lz,\"
P 1= -t -D -2

Location:

Sample ID:

Date: ﬁ (199

Run: 9\ @)

WL

Train Set Up By:

Transported to Location By: f A ssceon

Received at Location By: W
-/

Transported to Recovery Area By: /{ /Vn@/\

Received at Recovery Area By: ;‘W—\_
-

Train Recovered By:

Comments:

Date: g[ !(;22 Time: ZQ z O

Date: 572 /94 Time:‘ /B3O
Date: Ké "'4‘3?‘ Timve: /Bos5T
Date: ?Z/'éqﬁ Time: 2995
Date:ﬁﬁ Time:}ég@j
Date:m Time: QO 3
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- SAMPLING TRAIN SETUP AND RECOVERY SHEET

. Setup Recovery
Project No.: 2404 {0’_ Date: </l // 79 S//2/(2F
Client: Pé 1= Run No.: Oflet P32
Facility: Loaav Train Type: Ot — HO«)
Source: Outle t Recovery Person:___ < 4~—
FRONT HALF
Filter No.: Comments:
Thimble No.:
XAD Trap No.: Comments:
XAD Final Wt. (g):
XAD Initial Wt.(g):
Net Collected (g):
EMPINGERS
Impinger No.: / ’:)\ "% f
Reagent: Jrpmle>| KO | KO | KO |Hb)H40s
Final Volume (ml /g): | G | 3.3 776 | £S5 | 4972
Initial Volume (ml /g): | 7 /0 .¢ DT Y L ¥3.7 oY LD
Net Collected (ml 7 g): |  207..9 4.4 ER 3,
Impinger No.: “= é -/
Resgent: 1y (6  VWlaOy by,
Final Volume (ml / g): | ;7/)927 7732 7A7l(o
Initial Volume (ml / g): Y. ¥ /2, g 0 G ¢
Net Collected (ml / g): (.0 0.1 |.2
Silica Gel Impinger: 7
Final Volume (ml / g): j 35, ?
Initial Volume (ml / g): g’[ C; 2
Net Collected (ml /g): |  |9.5
2173 ¥

TOTAL MOISTURE (Impingers and Silica Gel) (g) =

lowell03.wp

TRC



ORSAT ANALYSIS

Project No. Z&O"{é 030 -G | Date 5’//2,«/69
Client (96 +E . Run L%E-L-OHMDO “b-3
Facility Locwd Operator ) A
Source Pd Bo:les Comments
Location EK«L«NSO‘ S h,ol‘(
Orsat Leak Checked ées} /_no
Purge System with Sample Gas /_no
Ambient Air Check o, __ 0.0 0o, 7/' .0
Audit Gas Check (measured/actual): co, 0, / Cco /
Expiration Date of Reagents - / 7/
Sample €O, O; Reading 2 CO Reading 3
Point Time Reading 1 Actual ~ Net Actual Net Fo
M.0 | 1.2 52 wn | MK [1R-1"
u.o A . | 5\' [ I / (1'19
.o g mg',pl vV [V 1
Net O, Reading = Reading 2 - Reading 1 (Actual)
Net CO-Reading = Reading 3 - Reading 2 (Actual)
QC Validation Expected F, Ranges
Calculate F, Anthracite/Lignite 1.015 - 1.130
Bituminous 1.083 - 1.230
F, = 209 - %0, Distillate Oil 1.260 - 1.413
% CO, Residual Oil 1.210 - 1.370
Natural Gas 1.600 - 1.836
Fuel MilULMJWUUf Wood Bark 1.000 - 1.120
Reported F, YA Municipal Garbage 1.043 - 1.177

Lowell15.xls

Other



Sample Train Tracking Form

sample Train: OH - Hg Date: ﬁ/ 2/77
Location: OJtlet Run: g R
Sample ID: ?6 FE-L-OHM-0b~R

Train Set Up By: W—— Date: 22/ /3 79 Time: O)2¢

Transported to Location By: - M Date: X/ /o)/?? Time: O7. 39
Received at Location By: M Date: §//% Time: C7 35

7

Transported to Recovery Area By: @Z/£ Date: M Time: ___/_32_

Received at Recovery Area By: 4//%/ Date: {{ 2/& %h/t Time: / 3 i 7
74

Train Recovered By: {/Z/W B Date: M Time: /"3 5 2

Comments:
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- SAMPLING TRAIN SETUP AND RECOVERY SHEET

lowell03.wp

Setup Rec

Project No.: AL 016 Date: SLiol7] £/ /7\7?’9
Client: YoiE Run No.: Taed 1A
Facility: Aoxan Train Type: @ OH - Hq)
Source: Trletd Recovery Person:_</0Yv,
FRONT HALF

Filter No.: Comments:

Thimble No.:

XAD Trap No.: Comments:

XAD Final Wt. (g):

XAD Initial Wt.(g):

Net Collected (g):
LIMPINCERS

Impinger No.: ] Q\ : B3 [//

. , !
Reagent: tigmls KO ot VO [ iopials 01 limuls P44
Final Volume (ml / g): X 06. ] ) 55.4 6 ) 9.3 4$8Y.3
Initial Volume (ml / g): 7{) |7 1119 GLl1O-F Gy .Y
Net Collected (ml / 9): | | 05. O 14> + g5 5.9

| o o e
Impinger No.: Z -7 Z (o 7/. 5
Reagent: . LoomK, ZWJOV YD o KiMuOy | J0ut 15 Ktady
Final Volume (ml / g): G 9 f;, , (o 44,7 709. </
Initial Volume (ml /g): | 7, 79. { 4573 ] /2 0
Net Collected (ml / g): 0 « 0 l ‘(’\ = X{“'fq:,(/
Silica Gel Impinger: - Q
Final Volume (ml /g): | ST 2. 2 | "~ 507 Speh-
Initial Volume (ml / g): g/)f o
Net Collected (ml /g): | 3 (), 2

TOTAL MOISTURE (Impingers and Silica Gel) (g) = K s

TRC



ORSAT ANALYSIS

M
Project No. 2(,04 -0030 -papo( Date ?5‘ | g/(/éﬁ
Client  _ PGiE Run PEE-Of-T o - /
Faciity _Loc o overator  (Weloof Wondis
Source - 3p A PO Boilen Comments

Location Spn v let

Orsat Leak Checked @ / no

Purge System with Sample Gas es// no

Ambient Air Check €O, __ (.0 0, WO

Audit Gas Check (measured/actual): €O, 0.0/ (0.0 0, _[0-1710\ co RM s VK

Expiration Date of Reagents . / / Q',Y) # 660, ,31«\— 123 OHL )

Sample co; O; Reading 2 CO Reading 3
Point Time Reading 1 Actual Net Actual

Net
[ ey | 5.0 | 5.6 | 2. | VB A IEE
 ltsa | 5o | e | 3.4 [ Wi Wh | L3
2 | %o | 152 | Js( | 3. | WA VA | |ds3

Net O, Reading = Reading 2 - Reading 1 (Actual)

Net CO Reading = Reading 3 - Reading 2 (Actual)
QC Validation Expected F, Ranges
Calculate F, Anthracite/Lignite 1.015 - 1.130
Bituminous 1.083 - 1.230
Fo = 209 - %0 Distillate Oil 1.260 - 1.413
% CO, Residual Oil 1.210 - 1.370
, Natural Gas 1.600 - 1.836
Fuel gfo mMiNows (fcu I Wood Bark 1.000 - 1.120
Reported F, 1,153 Municipal Garbage 1.043 - 1.177
Other

Lowell15.xls



Sample Train Tracking Form

sample Train: OH - Hg Da‘te: {/ ( [ / ? 7
Location: In (L‘\' Run: | A’
Sample ID: (?6 [IE -0HM T —|

Train Set Up By: ?//L_/  Date:_OF%//¥ Time: 075 g

-

Transported to Location By: /(3/ g Date: / A/ Time:. |

Received at Location By: % Date: cbrz (t [#Time: C & 4
Transported to Recovery Area By: 5 % 7 Date: %{ / 4 zqé/Time: [W
Received at Recovery Area By: é% /Z/ Date: i//{éf Time: Zﬁz 52
Train Recovered By: %—_ Date: g/ﬁ Time: ZCZ z

(///I

Comments:
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- SAMPLING TRAIN SETUP AND RECOVERY SHEET

lowell03.wp

Setup R
Project No.: 2lLndé Date: g/ /97 {e/‘/:?/v?%
Client: PCYF Run No.: Toled 2 A
Facility: Lng an Train Type: O — /7/%1
Source: T let Recovery Person:___Z_ 1\ __
FRONT HALF
Filter No.: Comments:
Thimble No.:
XAD Trap No.: Comments:
XAD Final Wt. (g):
XAD Initial Wt.(g):
Net Collected (g):
Impinger No.: / . B /
Reagent: 31 /< 5 | K¢/ K/ Kol |44 |
Final Volume (ml / g): j_gf—i(—( 4.7_%3‘%‘“ é%& Q Cl.S @m;s
e . , o 3 - ' . 2 ? St
Initial Volume (ml / g): ( 72 . é 7 N7 3 (s 92 ‘ ? Ty e Ou(—{;ﬁ
Net Collected (ml / g): | | 59 <z 35.5 L] C.G
93.
Impinger No.: DY é 7
Reagent: /57, ]5 >, Z/)// i, >
Final Volume (ml / g): 105.0 7/2 9 L 399
Initial Volume (ml 7 ¢): | 7p(, O 710.49 ¢%1.9
Net Collected (ml / g): ~].o a . '}_7/ 3.0
Silica Gel Impinger: - 7 '
Final Volume (ml / g): Z 5 2.C N— 502339(7_7%/
Initial Volume (ml / g): %99S
Net Collected (ml / g): 23, |
TOTAL MOISTURE (Impingers and Silica Gel) (g) = 169.G

TRC



ORSAT ANALYSIS

Project No. Zé OGZ ’wfdz&zy/ Date g/ /// &G
Client forE Run F6 +E—LOWM-T -0-2_
Facility _Locy,n/ Stabion/ Operator e loo) Mt i
Source ﬂf ,gof/@( Comments
Location SPHM Ia/k/f
Orsat Leak Checked égﬂ / no
Purge System with Sample Gas  (yes) / no
Ambient Air Check €O, 4.0 o, 2Lo
Audit Gas Check (measured/actual): €O, / 0, / co /
Expiration Date of Reagents - /7
Sample co, O; Reading 2 CO Reading 3
Point Time Reading 1 Actual Net Actual Net Fe
2120 | 54 | 59 | 3.5
2136 | 154 1949 3.
AL 3.9 | 3.¢
Net O, Reading = Reading 2 - Reading 1 (Actual)
Net CO-Reading = Reading 3 - Reading 2 (Actual)
QC Validation Expected F, Ranges
Calculate F, Anthracite/Lignite 1.015 - 1.130
Bituminous 1.083 - 1.230
F, = 209 - %0, Distillate Qil 1.260 - 1.413
% CO, Residual Oil 1.210 - 1.370
Natural Gas 1.600 - 1.836
Fuel Wood Bark 1.000 - 1.120
Reported F, Municipal Garbage 1.043 - 1.177

Other

Lowell15.xls



- SAMPLING TRAIN SETUP AND RECOVERY SHEET

Setup R |

Project No.: AL, NYE Date: </ 1(37 ﬁ/ﬁgj’;?é
Client: PLSE Run No.: Talet 3A
Facility: A OR N\ Train Type: ot — HOS
Source: N of Recovery Person:__ & Am
FRONT HALF

Filter No.: Comments:

Thimble No.:

XAD Trap No.: Comments:

XAD Final Wt. (g):

XAD Initial Wt.(g):

Net Collected (g):
LMPINGERS

Impinger No..™ 7 ) 2 C//

Reagent: /o /[ S ZC( . Kc ( K(C L /)7L UO%/ 'LAOL

Final Volume (ml / g): </0. 3 ’7&(_/') (A3 % | 693 ]

Initial Volume (ml / g): J 5) 7. (,I 7/& / [ /Z._g :;é $<, 7

Net Collected (ml / g): (09,4 9%. N.G >4

Impinger No.: < (r 7

Reagent: /oy am (59 | K/ MnOy | 4 7

Final Volyge (ml /0% | 7/9. 06 |£52.7 | 2005

Initial Volume (ml / g): 7/g . (o & SO tci 71\ [. |

Net Collected (ml / g): 0 ("\ | .4 ~0.0

Silica Gel Impinger: - 7

Final Volume (ml / g): 7 9 2.0 —_ 2()?6 Spg,‘u.l/

Initial Volume (ml /g): | 7(3. 8

Net Collected (ml /7 g): | 23 /2

TOTAL MOISTURE (Impingers and Silica Gel) (g) =

lowell03.wp

145

TRC



Sample Train Tracking Form

sample Train: OH - Hg Date: ?/ // / ? ?
Location: :T’,\ le t Run: 9\ A’
Sample ID: Yo4E-oHM-Ta -2

Train Set Up By: f/}fé L__/ Date: &/ //[;9 Time: 9¥' ' /¥

Transported to Location By: j % Date: 18~ &/ /aqTime: 5. 30
Received at Location By: j 7 Date:  /i1/44 Time: 1535
Transported to Recovery Area By: /g 7 Date: cg/ llz anime: 200e¢
Received at Recovery Area By: ,’W Date:ﬂﬁz Time: %(f ST
Train Recovered By: fW | Date: ﬁw Time: Z ! 20

. Comments:
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Sample Train Tracking Form

ample Train: OH - Hg Date: ﬁ/ »j’/ ? 4
Location: Lo@\\) QN ﬂ Az% Run: BA'
Sample ID: ?6 JE-LOHMm~- Ta—

Train Set Up By: m___, Date:m Time: J72¢

vr

’7
Transported to Location By: \M Date: B-/ Z'?Z Time: 0740

Received at Location By: Date: B-/Z-% Time: 8744
Transported to Recovery Area By: w Date: Q’IZ‘ 99 Time: ‘ 4y

Received at Recovery Area By: %//-\ Date: gﬂﬁz Time: /3 74
Train Recovered By: % Date: &2,2_‘_/‘232 Time: / 22;

Comments:
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- SAMPLING TRAIN SETUP AND RECOVERY SHEET

Setup Reco
Projecf No.: 3\ é O va & Date: LN0/s S ‘////v;r’fy‘
Client: Peee Run No.: Toled 12
Facility: )\ch\o(f\ Train Type: O H - /43
Source: Taled Recovery Person:___ S A
FRONT HALF
Filter No.: Comments:
Thimble No.:
XAD Trap No.: Comments:
XAD Final Wt. (g):
XAD Initial Wt.(g):
Net Collected (g):
EMPINGERS
Impinger No.: / 2 - 2 ¢/
Reagent: )/pyn/s —> /Zé / Yo K(/ / /JMZB//AQ
Final Volume (ml / g): 75’/9 G 7.7 693,2 653 Y
Initial Volume (ml /g): | (¢ 2.¢ LT Y E9¥ & ?& '
Net Collected (ml / g): [0S\ q1-> 4.4 GG
Impinger No.: 5 (> 7/
Reagent: Jmupfs = | KWl i >
Final Volume (i /0 | 7/5. ¢, | REB G | LFHO
Initial Volume (ml / g): 7730.C | L2AF A L7Y 2
Net Collected (ml /g): | — 2.0 0.0 ~0.3
Silica Gel Impinger: - <
Final Volume (ml / g): <z 70, L /l/é,OZ {47@%
Initial Volume (ml /g): | ¥ 39 9
Net Collected (ml / g): | 30,4

TOTAL MOISTURE (Impingers and Silica Gel) (g) =

lowell03.wp
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ORSAT ANALYSIS

Project No.  Z¢0¢ -ca30-000c /

Date 5;/ﬂé 9

Client pe £ Run PerL-op-T-p ~ ]
Facility Losaw STATZe0 Operator e
Source PC Boifer Comments
Location SR Tw le %
Orsat Leak Checked ( 232 / _no
Purge System with Sample Gas / _no
Ambient Air Check CoO, 8.0 (o 2% Ao .
Audit 6as Check (measured/actual): Cco, / 0o, / co /
Expiration Date of Reagents /[ /
Sample €O, O; Reading 2 CO Reading 3
Point Time Reading 1 Actual ~ Net Actual Net F,
/ /513 /so | 139 | 3.8 Mo | fA- 1.140
v | a5 | /5o | /8y | 55 | MEL wr | 1.1t
3 /833 /SS6 | /5.9 3. . y/ - /./49
Net Oz Reading = Reading 2 - Reading 1 (Actual) »
Net CO-Reading = Reading 3 - Reading 2 (Actual)
QC Validation Expected F, Ranges
Calculate F, Anthracite/Lignite 1.015 - 1.130
Bituminous 1.083 - 1.230
Fo = 209 - %0, Distillate Oil 1.260 - 1.413
% CO, Residual Qil 1.210-1.370
Natural Gas 1.600 - 1.836
Fuel Wood Bark 1.000 - 1.120
Reported F, Municipal Garbage 1.043 - 1177
Other

Lowell15.xls




Sample Train Tracking Form

sample Train: OH - Hg Date: j/ 4/ / ?7
Location: Fon et Run: [ (2
Sample ID: ?Gf E'-OHM»I\D“ ‘

Train Set Up By: g /M/ﬂ\—’” B Date: ¥ Z/ //99 Time: J755

Transported to Location By: /§/7 Date: G//! /% 9Time: O 7577
7/
: 7 *// //‘\ '
Received at Location By: % Date: © // 44 Time: C§/C
Transported to Recovery Area By: / 7 Date: @/// /? 71" ime: / 5\0':‘)

Received at Recovery Area By: W’—\ Date: _m Time: /$JY
Train Recovered By: M’—\ Date:m Time: LJQ 3

Comments:
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- SAMPLING TRAIN SETUP AND RECOVERY SHEET

Setup R

Project No.: ALYl Date: K /10177 7/ 7/6/0 ;’?’
Client: Pt ? /= Run No.: BN PR - )
Facility: /\nqa 1 Train Type: OH - /‘/Cg
Source: Tn $@4’ Recovery Person:___ <"V \
FRONT HALF

Filter No.: Comments:

Thimble No.:

XAD Trap No.: Comments:

XAD Final Wt. (g):

XAD Initial Wt.(g):

Net Collected (g):
LMPINGERS

Impinger No.: [ ) - 2, C/

Reagent: /(yy e K e K /fws//zﬁ@\

Final Volume (ml / g): 57 ( 73/.¢ 70(_3 | Se. ST

Initial Volume (ml /g): | )/ 3 ¢ 7? ), O 7Y < sl o

Net Collected (ml / g): | | pY < 32.5 S, 6 5.3

Impinger No.: g é 7

Reagent: Jrgle DN KM, Oyl ———1 >

Final Volume (ml / g): | 7 // 0 7()3,,1 é ??,&

Initial Volume (ml / g): '7 /0% . 4 704, e 4 95 ‘f

Net Collected (m! / g): A LY P

Silica Gel Impinger: - <

Final Volume (ml / g): Z09. ( -z {755’9,,4/

Initial Volume (ml / g): 7 5%, CFD)

Net Collected (ml / g): 20.73

TOTAL MOISTURE (Impingers and Silica Gel) (g) =

lowell03.wp
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ORSAT ANALYSIS

Project No. ) ((04(, 003U €000 | Date 4 ll(/%
Client M Run PG+ -0HM~ T, - +*W
Facility Ld%,u ST o Operator I/M)DLM W
Source P Rollep Comments
Location 5P Tt
Orsat Leak Checked (2eg / no
Purge System with Sample Gas 422 / no
Ambient Air Check €O, o.d (o)} 2.0 .
Audit Gas Check (measured/actual): Co, (o / co /
Expiration Date of Reagents - /[ 7/
Sample co, O; Reading 2 CO Reading 3
Point Time Reading 1 Actual Net Actual Net F,
| 0% 15.(, 4.0 2.4 Mg M@ [dA2
121 Is°5 /9.0 3.5 W LA
2219 (5.5 /9.0 | 3.5 i | o
Net O; Reading = Reading 2 - Reading 1 (Actual) ,
Net CO-Reading = Reading 3 - Reading 2 (Actual)
QC Validation Expected F, Ranges
Calculate F, ’ Anthracite/Lignite 1.015 - 1.130
Bituminous 1.083 - 1.230
Fo = 209 - %0, Distillate Oil 1.260 - 1413
% CO, Residual Oil 1.210 - 1.370
Natural Gas 1.600 - 1.836
Fuel Wood Bark 1.000 - 1.120
Reported F, Municipal Garbage 1.043 - 1177

Lowell15.xls

Other




Sample Train Tracking Form

- sample Train: OH - Hg Date: 7/ 1] 77
Location: “To ‘2_,{’ Run: 9
Sample ID: (Péﬁf E-oHm-Tn—4&

Train Set Up By: fm\/ Date: ZZ// /;‘ 7 Time: ¥ 3¢
/ § 3
Date: 3!/ / ﬁ Time: L4350 lg;//-g

Date: %/n/q‘( Time: /g‘-@ fs/,;

Date: 9{//( 99 Time: 200 o
Received at Recovery Area By: W‘/ | Date: ZZ/// 97 Time: M

Train Recovered By: W /—\ ‘ Date: %5 /l Time: 2//5¢)

Transported to Location By:

Received at Location By:

Transported to Recovery Area By:
) -

Comments:
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- SAMPLING TRAIN SETUP AND RECOVERY SHEET

lowell03.wp

' Setup Recovery
Project No.: 2L0Y 6 Date: Lo dIIINN i //_‘i[ 79
Client: Pb fI‘ £ RunNo: et P 3R
Facility: Log av Train Type: Ow- "’I;—\Q)
Source: Tnlel Recovery Person:_C 4
FRONT HALF
Filter No.: Comments:
Thimble No.:
XAD Trap No.: Comments:
XAD Final Wt. (g):
XAD Initial Wt.(g):
Net Collected (g):
EMPINGERS
Impinger No.: | ok = <./
Reagent: /DPwil< a0 X X 11005 ) Ho,
Final Volume (ml / g): )Yl D l, g /. L 00 .0 G LA
Initiol Volume 1 /9) | ,¢/3 ¢/ | £530.7 |77 5Y.7
Net Collected (ml / g): 119 509 12.% %,
Impinger No.: g (s —7
Reagent: Jopw (5 | Y MuOp A~ —
Final Volume (ml / g): 7 a 4.5 (1 254 Q 0.4
Initial Volume (ml / g): 7 25, C—/ L %3.% 060.0
Net Collected (ml / g): - 0.9 1.1 - 1.6
Silica Gel Impinger: - ‘g
Final Volume (ml / g): z49 2
Initial Volume (ml / g): | <3 L
Net Collected (ml / g): 30,3
TOTAL MOISTURE (Impingers and Silica Gel) (g) = 19%.6

TRC



ORSAT ANALYSIS

Project No. MO 4G ~0030 ~000o0
Client {3 G +E

Facility Logan/

Source ¢ Boilen

Location

5ok Tuled

Orsat Leak Checked C@ /_no

Date | %/ z,/‘f;

Run l6 rE~L-0)M-T-p-3
Operator J,'V)«‘ot\af/( WMaptins

Comments

Purge System with Sample Gas es )/ _no
Ambient Air Check €O, 0«0 0, 2/;»0 .
Audit 6as Check (measured/actual): CO, 0O, / co /
Expiration Date of Reagents - / 7/
Sample Co, O: Reading 2 CO Reading 3
Point Time Reading 1 Actual Net Actual Net Fo
M4 | /8.2 | 3.9 | ph N | (B2
ya | (.72 2.9 | |\ \ W13
go | (8.7] 3.8 | { A e
Net O, Reading = Reading 2 - Reading 1 (Actual) »
Net CO-Reading = Reading 3 - Reading 2 (Actual)
QC Validation Expected F, Ranges
Calculate F, Anthracite/Lignite 1.015 - 1.130
Bituminous 1.083 - 1.230
Fo = 209 - %0, Distillate Oil 1.260 - 1.413
% CO, Residual Oil 1.210 - 1.370
Natural Gas 1.600 - 1.836
Fuel Wood Bark 1.000 - 1.120
Reported F, Municipal Garbage 1.043 - 1.177

Lowell15.xis

Other



Sample Train Tracking Form

sample Train: OH - Hg Date: ﬁ/ 9‘/ ? 7
Location: :l;n e {' Run: 2B

Sample ID: 252 E-£~OHM~-Tp- ‘

Train Set Up By: {)/W\/ Date: ﬁ/_}_}& Time: 0727

Transported to Location By: %7 Date: 6/ /2/4% Time: O7¢/¢
4
Received at Location By: g 7 Date: 622,2 /64 Time: & 7«5
/
Transported to Recovery Area By: /g/ Date: %{ 2 RﬁQT ime: / 3 A5~

Received at Recovery Area By: (2 % 'g — Date: 2/ Time: KSZC ) ||

Train Recovered By: % L — Date: ﬁg/? Time: / Si’

Comments:




Appendix B.2
Calibration Data Sheets

199-399.wpd PG&E Gen Logan Final Report, November 1999



quarts-98.xls

QUARTZ NOZZLE CALIBRATIONS

Nozzle Diameter (in.) Nozzle |Calibration]
ID No. a b c Average | Set No. Date
L-1-Q 0.297 0.297 0.298 0.297 1 4/21/98
L-2-Q 0.227 0.228 0.228 0.228 1 4/21/98
L-3-Q 0.259 0.259 0.259 0.259 1 4/21/98
L-4-Q 0.272 0.271 0.272 0.272 1 4/21/98
L-5-Q 0.309 0.310 0.310 0.310 1 4/21/98
L-6-Q 0.354 0.356 0.356 0.355 1 4/21/98
L-7-Q 0.381 0.382 0.382 0.382 1 4/21/98
L-8-Q 0.399 0.400 0.400 0.400 1 4/21/98
L-9-Q 0.436 0.435 0.437 0.436 1 4/21/98
L-10-Q 0.464 0.459 0.461 0.461 1 4/21/98
L-11-Q 0.400 0.400 0.400 0.400 1 4/21/98 |
L-12-Q 0.270 0.270 0.270 0.270 1 4/21/98
L-13-Q 0.195 0.195 0.194 0.195 2 4/21/98
L-14-Q 0.227 0.228 0.228 0.228 2 4/21/98
L-15-Q 0.235 0.236 10.235 0.235 2 4/21/98
L-16-Q 0.243 0.243 0.244 0.243 2 4/21/98
L-17-Q 0.261 0.261 0.260 0.261 2 4/21/98
L-18-Q 0.272 0.274 0.274 0.273 2 4/21/98
L-19-Q 0.310 0.310 0.311 0.310 2 4/21/98
L-20-Q 0.385 0.386 0.385 0.385 2 4/21/98
L-21-Q 0.400 0.400 0.400 0.400 2 4/21/98
L-22-Q 0.400 0.400 0.401 0.400 2 4/21/98
L-23-Q 0.432 0.433 0.433 0.433 2 4/21/98
L-24-Q 0.466 0.466 0.467 0.466 2 4/21/98
L-25-Q 0.270 0.271 0.270 0.270 3 4/21/98
L-26-Q 0.453 0.451 | 0453 0.452 3 4/21/98
L-27-Q 0.400 0.400 0.400 0.400 3 4/21/98




glass-98.xls

GLASS NOZZLE CALIBRATIONS

Nozzle Diameter (in.) Nozzle [Calibration|
ID No. a b c Average | Set No. Date
L-1-6 0.158 0.158 0.158 0.158 1 4/21/98
L-2-6 0.191 0.191 0.191 0.191 1 4/21/98
L-3-6 0.192 0.193 0.192 0.192 1 4/21/98
L-4-6 0.213 0.213 0.212 0.213 1 4/21/98
L-5-6 0.268 0.268 0.268 0.268 1 4/21/98
L-6-G 0.313 0.311 0.310 0.311 1 4/21/98
L-7-6 0.354 0.356 0.356 0.355 1 4/21/98
L-8-G 0.371 0.370 0.370 0.370 1 4/21/98
L-9-6 0.437 0.436 0.436 0.436 1 4/21/98
L-10-6 0.453 0.454 0.454 0.454 1 4/21/98
L-11-6 0.494 0.496 0.496 0.495 1 4/21/98
L-12-6 0.625 0.625 0.625 0.625 1 4/21/98
L-13-6 0.153 0.152 0.153 0.153 2 4/21/98
L-14-6 0.192 0.192 0.192 0.192 2 4/21/98
L-15-6 0.238 0.239 0.239 0.239 2 4/21/98
L-16-6 0.240 0.241 0.240 0.240 2 4/21/98
L-17-6 0.288 0.289 0.290 0.289 2 4/21/98
L-18-6 0.310 0.310 0.311 0.310 2 4/21/98
L-19-6 0.345 0.346 0.346 0.346 2 4/21/98
L-20-6 0.316 0.315 0.315 0.315 2 4/21/98
L-21-6 0.267 0.268 0.268 0.268 2 4/21/98
L-22-6 0.456 0.457 0.457 0.457 2 4/21/98
L-23-6 0.314 0.314 0.314 0.314 2 4/21/98
L-24-G 0.504 0.504 0.504 0.504 2 4/21/98
L-25-6 0.159 0.158 0.159 0.159 3 5/1/98
L-26-G 0.280 0.280 0.280 0.280 3 5/1/98
L-27-G 0.235 0.235 0.234 0.235 3 5/1/98
L-28-G 0.504 0.504 0.504 0.504 3 5/1/98
L-29-G 0.310 0.310 0.311 0.310 3 5/1/98
L-30-6 0.390 0.390 0.390 0.390 3 5/1/98
L-31-6 0.455 0.455 0.455 0.455 3 5/1/98
L-32-6 0.233 0.236 0.234 0.234 3 5/1/98
L-33-6 0.465 0.464 0.464 0.464 3 5/1/98
L-34-6 0.518 0.512 0.515 0.515 3 5/1/98
L-35-6 0.655 0.657 0.655 0.656 3 5/1/98
L-36-G 0.154 0.154 0.153 0.154 4 5/1/98
L-37-G 0.192 0.194 0.194 0.193 4 5/1/98
L-38-6 0.318 0.318 0.318 0.318 4 5/1/98
L-39-6 | 0.263 0.262 0.263 0.263 4 5/1/98




NOZZLE CALIBRATION

Diameter (in.) Nozzle
Nozzle No. a b c Average Set No.
L-| 020 219 pPrie . ARX0
L-3 .08 | .3dl¢ S 21 S
L-3 .2l6 .2lS Lol .26
L-H 218 .18 L1 G a2l
L-S .19 219 .2UA L2219
L- 6 .22 .23 , 323 Prre
L-7 « 217 iR PIEY L2l

Lowell10.xls




TRC Environmental L '
Pitot Calibration Data - amblent density = 0.0718 #/cu. Ft

Order Number 0005266 Reference Probe WT-1
4-Aug-99 - ReferenceCp= - . 0.99

probe P-1 trial reference velocity . probe tide A probe Cp reference velocity probe side B probe Cp
1 0.10 1281 0.12 0.90 ) 0.08 1148 0.10 0.89
.2 0.40 2562 0.52 - 0.87 0.39 2530 - 0.48 0.89
-3 0.68 3349 088 - 0.87 081 - 3184 © 076 0.89
4 0.85 3735 - 1.10 -0.87 . 0.87 3779 1.00 - 0,88
5 1.29 4601 1.68 0.87 1.29 4601 1.64 0.88
max 207 5829 266 087 1.84 5643 2.45 0.88
‘ Avg Cp - 0.88 . AvgCp , 0.88

probe P-3 frial reference veloeity probe sideA probe Cp reference veloclty probe skie B probe Cp

‘ 1 0.10 1281 013 087 0.10 1281 0.12 080 -

.2 .0.43 2857 - . 053 0.89 0.38 2497 0.45 0.91
3 0.67 3316 . 0.84 0.88 0.62 3160. 0.78 0.88
4 068 - 3800 1.10 0.69 0.868 3757 1.08 0.89
5 1.29 4601 1.62 0.88 1.27 4565 1.55 0.90
max ' 212 5899 268 0.88 1.85 5657 238 0.90
Avg Cp - 0.88 : Avg Cp 0.e0

probe P-8 trial . reference veloclty  probe side A probe Cp reference velocity probe ede B probe Cp
R 0.08 1148 0.12 0.81 0.12 . 1403 0.14 0.92
2 040 2562 0 50 0.89 041 2594 0.51 0.89
3 0.66 3201 0.84 0.88 0.68 3341 0.83 0.00
4 0.90 3843 1.14 0.88 0.09 4031 111 - 083
8§ 7 130 4619 1.63 0.88 1.26 4547 1.55 0.89
max ' 2,02 5758 . 2.51 0.89 . 12.03 5772 250 0.89
B Avg Cp : 0.87 Avg Cp 0.90

probe 200 trial reference velocty probeside A probe Cp . reference velocity - probe side B probe Cp

o 1 . 0.10 1281 0.14 0.84 0.10 1281 . 0.14 0.84
2 0.39 2530 0.55 083 . 0.38 2530 054  0.84
3 0.60 3138 -0.83 0.84 0.64 3241 . 0.88 0.84
4 0.82 3669 o112 . 085 . 0.87 3779 119 085
5 120 4438 1.64 0.85 1.26 4547 1,74 0.84
max . 210 5871 - . 2,84 0.85 210 5871 288 ° - 0.85

Avg Cp 084 ‘Avg Cp 0.84
Amblert Conditions DB =73F WB=64F Baro=20.34inHg



METHOD 5 DRY 6AS METER CALIBRATION

Calibrated: Scott Tibbetts Barometric Pressure, 29.91 in. Hg
Date: 08/02/99 Meter Box No.: 90336
Temperature
6as Gas
Orifice Volume Volume Wet Dry gas meter
Manometer | Wet Test | Dry Test Test Deviation
Setting Meter Meter Meter Inlet Outlet | Average | Time
delta H Vw vd tw td; td, td, T delta delta
in. H:0 ft? £+? °F °F °F °F min. Yy He Y He
05 5.716 5825 75.0 82 78 80 150 0.989 1.956 0.001 0.025
10 8.018 8.190 75.0 85 79 82 15.0 0.989 1981 0.002 0.000
15 9.801 10.064 75.0 89 81 85 15.0 0.988 1.983 0.001 0.002
20 11.260 11.595 75.0 89 83 86 15.0 0.986 1995 0.001 0.015
30 13.799 14.267 75.0 93 84 89 150 0.984 1989 0.003 0.008
AVERAGE 0.987 1981

CALCULATIONS
Y deita H €
Vw x Pb x (td, + 460 00319 x dH x [(tw+460) x T] *
Vd x (Pb+dH/13.6) x (tw +460) Pb x (td, + 460) [ Vw ]
Y= Ratio of reading of wet test meter to dry gas meter;

Tolerance for individual value £ 0.02 from average

deltaH@ = Orifice pressure differential that equates to 0.75 cfm of air
at 68°F and 29.92 inches of mercury, in. H20;
Tolerance for individual values ¢ 0.20 from average




METHOD 5 DRY 6AS METER CALIBRATION

Calibrated: Scott Tibbetts Barometric Pressure, 29.98 in. Hg
Date: 08/04/99 Meter Box No.: 90338
Temperature
Gas 6as
Orifice Volume Volume Wet Dry gas meter
Manometer | Wet Test | Dry Test Test Deviation
Setting Meter Meter Meter Inlet Outlet | Average | Time
delta H Vw vd tw +d; +d, +d, T delta delta
in. H.0 £t ft* °F °F °F °F min. Y He Yy He
0.5 5.845 6.037 760 83 80 82 150 0.977 1864 0.003 0.074
10 8.173 8.486 760 85 80 83 15.0 0.972 1.907 0.001 0.032
15 9.801 10.186 76.0 87 81 84 150 0973 1984 | ° 0.000 0.045
20 11.290 11.764 76.0 89 83 86 150 0973 1.988 0.001 0.049
30 13.946 14.541 760 91 84 88 15.0 0.973 1950 0.001 0.012
AVERAGE 0.974 1939

CALCULATIONS
Yy delta H €
Vw x Pb x (td, +460) 00319 x dH x [(tw + 460) x T ] *?
Vd x (Pb+dH/13.6) x (tw + 460) Pb x (td, +460) [ Vw ]
Y= Ratio of reading of wet test meter to dry gas meter;

Tolerance for individual value £ 0.02 from average

deltaH @ = Orifice pressure differential that equates to 0.75 cfm of air
at 68°F and 29.92 inches of mercury, in. H20;
Tolerance for individual values ¢ 0.20 from average




METHOD 5 DRY 6AS METER CALIBRATION

Calibrated: Scott Tibbetts Barometric Pressure, 30.08 in. Hg
Date: 08/03/99 Meter Box No.: 90339
Temperature
6as 6as
Orifice Volume Yolume Wet Dry gas meter
Manometer [ Wet Test | Dry Test Test Deviation
Setting Meter Meter Meter Inlet Outlet | Average | Time
delta H Vw vd tw td; td, +d, T delta delta
in. H,0 £1? £+ °F °F °F °F min. Y He Y He
05 5.690 5.850 760 84 80 82 15.0 0.982 1961 0.006 0.072
10 7.925 8.205 760 87 81 84 15.0 0978 2018 0.002 0.015
15 9.557 9.956 76.0 90 83 87 150 0.975 2073 0.001 0.041
20 11.101 11597 76.0 91 84 88 150 0973 2.045 0.003 0.013
30 13.5609 14.160 76.0 93 86 89 150 0971 2.065 0.005 0.033
AVERAGE| 0976 2032

CALCULATIONS
Y delta H €
Vw x Pb x (td, +460) 00319 x dH x [(w+460) x T] 2
Vd x (Pb+dH/13.6) x (tw + 460) Pb x (td, + 460) [ Vw ]
Y= Ratio of reading of wet test meter to dry gas meter;

Tolerance for individual value £ 0.02 from average

deltaH@ = Orifice pressure differential that equates to 0.75 cfm of air
at 68°F and 29.92 inches of mercury, in. H20;

Tolerance for individual values ¢ 0.20 from average




METHOD 5 DRY 6AS METER CALIBRATION

Calibrated: Scott Tibbetts Barometric Pressure, 29.98 in. Hg
Date: 08/04/99 . Meter Box No.: 90342
Temperature
6as 6as
Orifice Volume Volume Wet Dry gas meter
Manometer | Wet Test | Dry Test Test Deviation
Setting Meter Meter Meter Inlet Outlet | Average | Time
delta H Vw vd tw td; d, td, T delta delta
in. H.0 ft* -t °F °F °F °F min. Y He y He
05 5.770 5.901 76.0 84 80 82 150 0.987 1913 0.004 0.060
10 8.132 8.296 76.0 82 78 80 15.0 0.985 1933 0.002 0.040
15 9.801 10.040 76.0 84 79 82 150 0983 1.993 0.000 0.020
20 11.232 11539 76.0 86 81 84 15.0 0.982 2016 0.001 0.042
30 13.771 14178 76.0 87 81 84 150 0979 201 0.004 0.038
AVERAGE| 0983 1973

CALCULATIONS
Y delta H €
Vw x Pb_x_(td, + 460) 00319 x dH x [(w+460) x T] °?
Vd x (Pb+dH/13.6) x (tw + 460) Pb x (td, + 460) [ Vw ]
yz Ratio of reading of wet test meter to dry gas meter;

Tolerance for individual value £ 0.02 from average

deltaH@= Orifice pressure differential that equates to 0.75 cfm of air
at 68°F and 29.92 inches of mercury, in. H20;
Tolerance for individual values + 0.20 from average




METHOD 5 DRY 6AS METER CALIBRATION

Calibrated: Scott Tibbetts Barometric Pressure, 29.8 in. Hg
Date: 07/29/99 Meter Box No.: 90343
Temperature
Gas 6Gas
Orifice Volume Volume Wet Dry gas meter
Manometer | Wet Test | Dry Test Test Deviation
Setting Meter Meter Meter Inlet Outlet | Average | Time
delta H Vw vd tw td, +d, tdg T delta delta
in. H.0 12 £+ °F °F °F °F min. Y He Y He
05 5.989 6.134 76.0 83 79 81 150 0.984 1.790 0.003 0.095
10 8.311 8.554 760 87 81 84 15.0 0.983 1.852 0.002 0.034
15 9.936 10.268 76.0 89 83 86 150 0.982 1937 0.001 0.052
20 11477 11.886 76.0 92 84 88 15.0 0.982 1931 0.001 0.046
3.0 14.086 14.632 76.0 94 86 87 150 0.974 1.916 0.007 0.031
AVERAGE 0.981 1.885

CALCULATIONS
y delta H €
Vw x Pb x (td, +460) 00319 x dH x [(tw+460) x T ] °?
Vd x (Pb+dH/13.6) x (tw+460) Pb x (td, + 460) [ Vw ]
Y= Ratio of reading of wet test meter to dry gas meter;

Tolerance for individual value ¢ 0.02 from average

deltaH@ = Orifice pressure differential that equates to 0.75 cfm of air
at 68°F and 29.92 inches of mercury, in. H20;
Tolerance for individual values ¢ 0.20 from average




METHOD 5 DRY 6AS METER CALIBRATION

Calibrated: Scott James Barometric Pressure, 30.20 in. Hg
Date: 11/24/99 © Meter Box No.: 90338
Temperature
6as 6as
Orifice Volume Volume Wet Dry gas meter
Manometer | Wet Test | Dry Test Test Deviation
Setting Meter Meter Meter Inlet Outlet | Average | Time
delta H Vw vd tw td; td, td, T delta delta
in. HO £t A °F °F °F °F min. Y He Y He
1.6 10.050 10.455 720 84 78 81 15.0 0.974 1.981 0.000 0.005
1.6 10.070 10471 720 83 78 81 15.0 0.974 1.973 0.000 0.003
1.6 10.070 10.457 72.0 82 78 80 15.0 0.974 1.973 0.000 0.003
AVERAGE| 0974 1975

CALCULATIONS
Y delta H €
Vw x Pb x (td,+460) 0.0319 x dH x [(tw + 460) x T ] *?
Vd x (Pb+dH/13.6) x (tw+460) | Pb x (td, + 460) [ Vw 1
Y= - Ratio of reading of wet test meter to dry gas meter;

Tolerance for individual value + 0.02 from average

deltaH @ = Orifice pressure differential that equates to 0.75 cfm of air
at 68°F and 29.92 inches of mercury, in. H20;
Tolerance for individual values + 0.20 from average




METERBOX THERMOCOUPLE CALIBRATION FORM

METERBOX NUMBER: ()33 €

Thermocouple] Reference Temp. Reference Temp.
Number Temp.1 °F | Reading 1 °F|  Criteria Temp.2 °F | Reading 2 Criteria
# 200 | 3) 250.0 | 249
#2 3 2499
#3 T 22 24
#4 1 31 249
#5 21 29
Thermocouple| Reference Temp. Reference Temp.
Number Temp.3 °F | Reading 3 °F Criteria Temp.4 °F | Reading 4 °F| Criteria
#  |svco | Svo )606.0 | [ oo
#2 5v0 |00
#3 Soo | 7¢O
#4 Svo | goe
#5 500 (500

¥

Name:
Date:

ki
L

S/5/44

Criteria:

Percent difference between the Reference Temperature

ond the Average Temperature Reading can be only +/- 1.5% °R

Equation:

Lowell14.xis

(Ref. Temp. + 460)

((Ref. Temp. + 460) - (Temp. Reading + 460)) x 100

TRC




METERBOX THERMOCOUPLE CALIBRATION FORM

METERBOX NUMBER: 90 3734

Thermocouple] Reference Temp. Reference Temp.
Number Temp.1 °F | Reading 1 °F|  Criteria Temp.2 °F | Reading 2 Criteria
#1920 | 32 Q500 | 230
#2 32 250
#3 22 XS0
#4 32 250
#5 32 259
Thermocouple| Reference Temp. -Reference Temp.
Number Temp.3 °F | Reading 3 °F| Criteria Temp.4 °F | Reading 4 °F|  Criteria
# | cvuo | Svo [$60.¢ | Ig0|
#2 500 | %02
#3 _boo | &0
#4 500 | go2
#5 500 | %0
Name: Scoft T“%eé
Date: Sl [44
Criteria: Percent difference between the Reference Temperature
ond the Average Temperature Reading can be only +/- 1.5% °R
Equation: ((Ref. Temp. + 460) - (Temp. Reading + 460)) x 100

Lowell14.xis

(Ref. Temp. + 460)

TRC




METERBOX THERMOCOUPLE CALIBRATION FORM

METERBOX NUMBER: q0339

Thermocouple] Reference - Temp. ‘ Reference | Temp.
Number Temp.1 °F | Reading 1 °F| (Criteria Temp.2 °F | Reading 2 Criteria
#1 320 | 32 2A5v.0 2570
#2 3 Y
#3 29 251
#4 33 25
#5 32 | 250
Thermocouple| Reference Temp. | Reference Temp.
Number Temp.3 °F | Reading 3 °F Criteria Temp.4 °F | Reading 4 °F Criteria
#1 bw.o | suo [suae | Isu|
#2 | $00 |Svl
#4 . _gol | [Su!
#5 500 | [Svi
o000 I
Date: %[3/a9
Criteria: Percent difference between the Reference Temperature

ond the Average Temperature Reading can be only +/- 1.5% °R

Equation: ((Ref. Temp. + 460) - (Temp. Reading + 460)) x 100
(Ref. Temp. + 460)

TRC

Lowell14.xis




METERBOX THERMOCOUPLE CALIBRATION FORM

METERBOX NUMBER: 0342

ond the Average Temperature Reading can be only +/- 1.5% °R

Equation:

Lowell14 xIs

(Ref. Temp. + 460)

((Ref. Temp. + 460) - (Temp. Reading + 460)) x 100

Thermocouple| Reference Temp. Reference Temp.
Number Temp.1 °F | Reading 1 Criteria Temp.2 °F | Reading 2 Criteria
#1 220 | 32 2500 | 150
# 32 230
#3 22 Q50
#4 32 290
#5 £P A0
Thermocouple| Reference Temp. Reference Temp.
Number Temp.3 °F | Reading 3 °F Criteria Temp.4 °F | Reading 4 °F|  cCriteria
#_ | S99 | s00 150%0 | Jgp0
#2 500 i (600
#3 560 | 99
#4 500 _1goo
#5 (%4 ] 69
| Name: t T:]'D
el o
Criteria: Percent difference between the Reference Temperature

TRC




METERBOX THERMOCOUPLE CALIBRATION FORM

METERBOX NUMBER: 40343

Thermocouple| Reference |  Temp. | Reference |  Temp.
Number Temp.1 °F | Reading 1 Criteria Temp.2 °F | Reading 2 Criteria
| o |3 ~ | J50.0 | 294
#2 Y 299
< I Y 249
#_ Y 259
#5 3 249
Thermocouple] Reference Temp. Reference Temp.
Number Temp.3 °F | Reading 3 °F|  (Criteria Temp.4 °F | Reading 4 °F|  Criteria
#1 £00.0 SO [ 00. O . /ga o
#2 1% | JRn%d
#3 S0 - IR 344
#4 500 | [500
#5 Soo | |goe
bate: 475744
Criteria: Percent difference between the Reference Temperature

ond the Average Temperature Reading con be only +/- 1.5% °R

Equation: ((Ref. Temp. + 460) - (Temp. Reading ¢+ 460)) x 100
(Ref. Temp. + 460)

TRC

Lowell14.xds
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APPENDIX C

SAMPLING LOG AND CHAIN-OF-
CUSTODY RECORDS

1.99-399.wpd PG&E Gen Logan Final Report, November 1999



Appendix C.1

Exhaust Gas Streams

L99-399.wpd PG&E Gen Logan Final Report, November 1999



NOTICE OF SAMPLE RECEIPT-PHILIP ANALYTICAL SERVICES

Attention: Michael P. Martin

Client: TRC Environmental Corporation
Re Client Project: 26046

FAX #: 978-453-13895

Phone #: 978-970-5600

Samples for:

ot Wg;t, (Tr'n/w\>

were received in good condition unless
indicated below.

SAMPLE LISTING

Philip Date Date

ID # Sample ID Sampled Received
044796 OHM-RB 93/08/11 99/08/17
044797 OHM-I-FB 99/08/10 99/08/17
044798 OHM-Ia-R1 99/08/11 99/08/17
044799 OHM-Ib-R1 $9/08/11 99/08/17
044800 OHM-Ia-R2 9s/08/11 99/08/17
044801 OHM-Ib-R2 99/08/11 99/08/17
044802 OHM-Ia-R3 95/08/12 99/08/17
044803 OHM-Ib-R3 9s/08/12 99/08/17
044804 OHM-0Oa-R1 99/08/11 99/08/17
044805 OHM-Ob-R1 99/08/11 99/08/17
044806 OHM-Oa-R2 99/08/11 99/08/17
044807 OHM-Ob-R2 99/08/11 ss/08/17
044808 OHM-0a-R3 99/08/12 99/08/17
044809 OHM-Ob-R3 99/08/12 99/08/17
044888 OHM-0O-FB 99/08/10 95/08/17
Comments:

Date 99/08/18

DR e



NOTICE OF SAMPLE RECEIPT-PHILIP ANALYTICAL SERVICES

Attention: Michael P. Martin
Client:

FAX

TRC Envirommental Corporation
Re Client Project: 26046

#: 978-453-1958%

Phone #: 978-970-5600

Samples for:
were received in g9

Ke

v Juiih -

indicated below.

SAMPLE LISTING

Philip
ID #

044813
044814
044815
044816
044817
044818
044891

Sample ID

OEM-Ia-R1
OEM-Ib-R1
OHM-Ia~R2
OHM-Ib-R2
OHM-Ia-R3
OHM-Ib-R3

NIST 1633b Reference

Comments:

Flyach
Flyash
Flyash
Flyash
Flyash
Flyash

od condition unless

Date
Sampled

99/08/11
99/08/11
99/08/11
99/08/11
99/08/12
99/08/12
99/08/18

Date
Received

89/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
$s5/08/18

Date

99/08/18

" ——
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NOTICE OF SAMPLE RECEIPT-PHILIP ANALYTICAL SERVICES

Attention: Michael P. Martin

Client: TRC BEnvironmental Corporation
Re Client Project: 26046

FAX #: 978-453-1995

Phone #: 978-570-5600

Samples for: %L‘B
were received in good condition unless
indicated below.

SAMPLE LISTING

Philip Date Date

ID # Sample ID Sampled Received
044810 OHM-RB-10% HNO3 99/08/12 99/08/17
044811 OHM-RB-5% KMNO4 99/08/12 99/08/17
Comments:

Date ss/o8/18
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1. CASE NARRATIVE



PROJECT NARRATIVE

PHILIP Analytical Services (Burlington ON)

Philip Project:

AN990787

Philip Submission #:9H0535

Client:

I. SAMPLE RECEIPT/ANALYSIS

TRC Environmental Corporation
Client Project: 26046

a) Sample Listing
Philip Client
ID Sample ID

Mercury via SW846 Method 7471A

044812 99
044813 99
044814 99
044815 99
044816 99
044817 99
044818 99
044891 99

Method Blank
OHM-Ia-R1 Flyash
OHM-Ib-R1 Flyash
OHM-Ia-R2 Flyash
OHM-Ib-R2 Flyash
OHM-Ia-R3 Flyash
OHM-Ib-R3 Flyash
NIST 1633b Reference

Date

Date

Date

Sampled Received Prepped

99/08/11
99/08/11
99/08/11
99/08/11
99/08/11
99/08/12
99/08/12
99/08/18

99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/18

99/08/23
99/08/23
99/08/23
99/08/23
99/08/23
99/08/23
99/08/23
99/08/30

UuguZ

Run
Date

99/08/24
99/08/24
99/08/24
99/08/24
99/08/24
99/08/24
99/08/24
99/08/30

Draft ASTM Mercury Speciation Method (Septemberl, 1999 Revision)- Front Half

044795 99
044796 99
044797 99
044804 99
044805 99
044806 99
044807 99
044808 99
044809 99
044888 99
044795 99
044798 99
044799 99
044800 99
044801 99
044802 99
044803 99

Method Blank
OHM-RB
OHM-I-FB
OHM-Oa-R1
OHM-Ob-R1
OHM-0a-R2
OHM-Ob-R2
OHM-0Oa-R3
OHM-Ob-R3
OHM-O-FB
Method Blank
OHM-Ia-R1
OHM-Ib-R1
OHM-Ia-R2
OHM-Ib-R2
OHM-Ia-R3
OHM-Ib-R3

99/08/11
99/08/11
99/08/10
99/08/11
99/08/11
99/08/11
99/08/11
99/08/12
99/08/12
99/08/10
99/08/11
99/08/11
99/08/11
99/08/11
99/08/11
99/08/12
99/08/12

99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17
99/08/17

99/10/08
99/10/08
99/10/08
99/10/08
99/10/08
99/10/08
99/10/08
99/10/08
99/10/08
99/10/08
99/10/10
99/10/10
99/10/10
99/10/10
99/10/10
99/10/10
99/10/10

99/10/08
99/10/08
99/10/08
99/10/08
99/10/08
99/10/08
99/10/08
99/10/08
99/10/08
99/10/08
99/10/10
99/10/10
99/10/10
99/10/10
99/10/10
99/10/10
99/10/10

Draft ASTM Mercury Speciation Method (Septemberl, 1999 Revision)- Hydroxylamine

044795 99

Method Blank

99/08/11

99/08/17

99/10/01

99/10/01
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044796 99 OHM-RB 99/08/11  99/08/17  99/10/01  99/10/01

Draft ASTM Mercury Speciation Method (Septemberl, 1999 Revision)- KCI Impingers/Rinses

044795 99 Method Blank 99/08/11  99/08/17  99/09/16  99/09/16
044796 99 OHM-RB 99/08/11  99/08/17  99/09/16  99/09/16
04479799 OHM-I-FB 99/08/10  99/08/17  99/09/16  99/09/16
044798 99 OHM-Ia-R1 99/08/11  99/08/17  99/09/16  99/09/16
044799 99 OHM-Ib-R1 99/08/11  99/08/17  99/09/16  99/09/16
04480099 OHM-Ia-R2 99/08/11  99/08/17  99/09/16  99/09/16
044801 99 OHM-Ib-R2 99/08/11  99/08/17  99/09/16  99/09/16
044802 99 OHM-Ia-R3 99/08/12  99/08/17  99/09/16  99/09/16
044803 99 OHM-Ib-R3 99/08/12  99/08/17  99/09/16  99/09/16
044804 99 OHM-Oa-R1 99/08/11  99/08/17  99/09/16  99/09/16
04480599 OHM-Ob-R1 99/08/11  99/08/17  99/09/16  99/09/16
044806 99 OHM-Oa-R2 99/08/11  99/08/17  99/09/16  99/09/16
044807 99 OHM-Ob-R2 99/08/11  99/08/17  99/09/16  99/09/16
044808 99 OHM-Oa-R3 99/08/12  99/08/17  99/09/16  99/09/16
044809 99 OHM-Ob-R3 99/08/12  99/08/17  99/09/16  99/09/16
044888 99 OHM-O-FB 99/08/10  99/08/17  99/09/20  99/09/20

Draft ASTM Mercury Speciation Method (Septemberl, 1999 Revision)- KMNO4 Impingers/Rinses

044795 99 Method Blank 99/08/11  99/08/17  99/09/20  99/09/20
044796 99 OHM-RB 99/08/11  99/08/17  99/09/20  99/09/20
04479799 OHM-I-FB 99/08/10  99/08/17  99/09/20  99/09/20
044798 99 OHM-Ia-R1 99/08/11  99/08/17  99/09/20  99/09/20
044799 99 OHM-Ib-R1 99/08/11  99/08/17  99/09/20  99/09/20
044800 99 OHM-Ia-R2 99/08/11  99/08/17  99/09/20  99/09/20
044801 99 OHM-Ib-R2 99/08/11  99/08/17  99/09/20  99/09/20
044802 99 OHM-Ia-R3 99/08/12  99/08/17  99/09/20  99/09/20
044803 99 OHM-Ib-R3 99/08/12  99/08/17  99/09/20  99/09/20
044804 99 OHM-Oa-R1 99/08/11  99/08/17  99/09/20  99/09/20
04480599 OHM-Ob-R1 99/08/11  99/08/17  99/09/20  99/09/20
044806 99 OHM-Oa-R2 99/08/11  99/08/17  99/09/20  99/09/20
044807 99 OHM-Ob-R2 99/08/11  99/08/17  99/09/20  99/09/20
044808 99 OHM-0a-R3 99/08/12  99/08/17  99/09/20  99/09/20
044809 99 OHM-Ob-R3 99/08/12  99/08/17  99/09/20  99/09/20
044888 99 OHM-O-FB 99/08/10  99/08/17  99/09/20  99/09/20

Draft ASTM Mercury Speciation Method (Septemberl, 1999 Revision)- HNO3/H202 Impingers/Rinses

044795 99 Method Blank 99/08/11  99/08/17  99/09/07  99/09/08
044796 99 OHM-RB 99/08/11  99/08/17  99/09/07  99/09/08
04479799 OHM-I-FB 99/08/10  99/08/17  99/09/07  99/09/08
044798 99 OHM-Ia-R1 99/08/11  99/08/17  99/09/07  99/09/08
044799 99 OHM-Ib-R1 99/08/11  99/08/17  99/09/07  99/09/08
044800 99 OHM-Ia-R2 99/08/11  99/08/17  99/09/07  99/09/08
044801 99 OHM-Ib-R2 99/08/11  99/08/17  99/09/07  99/09/08
044802 99 OHM-Ia-R3 ‘ 99/08/12  99/08/17  99/09/07  99/09/08
044803 99 OHM-Ib-R3 99/08/12  99/08/17  99/09/07  99/09/08

044804 99 OHM-Oa-R1 99/08/11  99/08/17  99/09/07  99/09/08



AV VAV

04480599 OHM-Ob-R1 99/08/11  99/08/17  99/09/07  99/09/08
044806 99 OHM-Oa-R2 99/08/11  99/08/17  99/09/07  99/09/08
044807 99 OHM-Ob-R2 99/08/11  99/08/17  99/09/07  99/09/08
044808 99 OHM-0Oa-R3 99/08/12  99/08/17  99/09/07  99/09/08
044809 99 OHM-Ob-R3 99/08/12  99/08/17  99/09/07  99/09/08
044888 99 OHM-O-FB 99/08/10  99/08/17  99/09/07  99/09/08

Run Date is defined as the date of injection of the last calibration standard (12 hour or less) prior to the
samples analyzed within that run sequence. Therefore the time of calibration injection that defines the
run date is always within 12 hours of the time of sample injection.

b) Shipping Problems: none encountered
¢) Documentation Problems: none encountered
II. SAMPLE PREP:

Significant unexpected preparatory problems were encountered with the submission of the first

few batches of 'Ontario Hydro' Method trains sampled in accordance to this draft ASTM method.
This caused significant delays in processing until we were comfortable with the correct analytical
processes. Following the Case Narrative are enclosed copies of comments that have been submitted
to the method authors which provide details of the difficulties and suggested method changes.

III. SAMPLE ANALYSIS:
See also comments within the appropriate Certificate of Analysis.

a) Hold Times:

All impingers portions were analyzed within this recommended hold time of 45 days. The filter
and rinses were analyzed approximately 60 days following sampling while the ash portions
were analyzed within the recommended hold times. Since the front half portions of the sample
are within the 'heated zone' of the sampling train and since volatile mercury would have been
stripped from this section, there should be no compromise to data quality for this exceedance.

b) Instrument Calibration: all within control limits

I certify that this data package is in compliance with the terms and conditions of the contract,

both technically and for completeness, for other than the conditions detailed above.

In addition, I certify, that to the best of my knowledge and belief, the data as reported are true and accurate.
Release of the data contained in this data package has been authorized by the cognizant laboratory

official or his/her designee, as verified by this signature.

B {\\mﬂ\ﬁ//&kg\ ({4 10-Y

Ronald A. McLeod, Pridcipal Sci., Ph.D.,C.Chem. Date
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ASTM Draft Method for Mecury Speciation (Ontario Hydro Method): - Suggested Changes

I feel compelled to provide comments and suggestions relating to the Draft ASTM method (Ontario Hydro
Method) for mercury speciation. Although significant and valiant effort has been made to develop and
define this method, I suggest a few improvements and changes as follows.

I do not suggest that the data obtained from the method as written is compromised. I do not have data to
suggest this. I do have enough experience to suggest that recovery protocols could be improved which
should ease the analytical processes.

Before I continue, I would point out that Keith Curtis - who developed that use of the KCI impinger for
effective capture of HgCI2 - recovers and processes his Hg speciation trains in the field significantly
differently than the approach presented in the existing draft method. I am aware that are good reasons for
the changes relative to Keith’s approach, but those changes have a significant impact on the ultimate
handling of the samples. We have had the luxury of having received samples into our laboratory that were
treated in the manner that Keith’s team handles them in the field. Indeed, we have seen the difference.

In part these comments are derived from discussions with Keith in regards to the intention of the recovery
processes that he designed for his field staff. According to Keith, the recovered impinger solutions are
supposed to be homogeneous. The KCl and permanganate impinger samples coming in from field derived
from the draft ASTM method are in general the farthest possible from this description.

Re KCI Recoveries:

1) Firstly, I would suggest to use some other oxidant than KMnO4 to treat/preserve the KCl impingers
after sampling. Perhaps use dichromate instead. Once the permanganate is used, then the impingers
are rinsed with hydroxylamine to remove the inevitable brown staining. It seems to be this
combination of permanganate and hyrdoxylamine that causes problems creating large amounts of
MnO2 on standing. Please eliminate the KMnO4 and hydroxylamine rinses.

We commonly receive these KCl impingers and rinses in the lab with large amounts of MnO2 precipitates.
This appears to be because of the presence of significant permanganate and hydroxylamine rinses. [The
resulting copious amounts of MnO2 precipitates can be resolublized in the lab, but this is time consuming
and unnecessary. Furthermore, we cannot easily stabilize these solutions. If we do not analyze them
immediately then the MnO2 precipitates again.]

It is worth noting that samples treated via Keith Curtis’s approach have been easy to process. These had
been treated with permanganate and dichromate and remain homogeneous.

It is our experience that all solutions so treated have remained homogeneous. The dichromate is an
additional preservative process that Keith Cutis’s field staff include for KCl impingers.

Re KMnO4 Recoveries:

2) Here I suggest one of two approaches... either use Keith Curtis’s field approach entirely or adopt the
method 29 approach with HCl rinses.

The Curtis approach is to reduce the permanganate solutions all the way to colorless in the field with
cautious addition of hydroxylamine, then preservation with dichromate. This provides a stable and
homogenous solution. [re this approach: I understand there is some concern from the ASTM method
writers with the severity of this reaction being done by non-chemists in the field. I share some of these
concerns. ]
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The method 29 approach is to recover the brown stains with 8 N HCI and place these in a separate bottle.
We are all familiar with the disadvantages of handling the strong hydrochloric acid. However, it is a devil
that is known to all field staff. It is also a recovery process well accepted and I presume well validated.

The problem with the draft ASTM method as currently written is that the addition of hydroxylamine in the
field (not enough to reduce all the way to a colorless solution) appears to provide an unstable mixture
which creates large amounts of MnO2 precipitate upon standing. If the solution was taken all the way to
colorless in the field then copious amounts of precipitate would not likely occur and certainly not occur
after treatment with hydroxylamine .

[We occasionally observe high amounts of MnO2 precipitation in method 29 permanganate submissions. I
suspect that this occurs for sources with high organic emissions that have been oxidized by the
permanganate. Usually for method 29 samples, the precipitation of MnO2 is minor in amount - unlike
almost all of the permanganates coming from the ASTM mercury speciation trains. I conclude that the
‘small’ amounts of hydroxylamine added in the field is causing the problems (i.e. the reason for copious
amounts of precipitate).]
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Summary of how we (PASC) are handling submissions from the field:
KCl Impinger Contents and Rinses:

Initially we were trying to reduce the permanganate and MnO2 with hydroxylamine to just colorless and
the re-add a one or so drops of permanganate to just pink color. In general, we found this impractical. It
was very difficult to obtain a persistent pink color.

We had consulted Keith Curtis on this and he was concerned about losses of elemental Hg after addition of
excess hydroxyamine. I think that this comment slowed us from reaching our final approach. I believe that
Keilth’s concern was unfounded since hydroxylamine is not a strong enough reducing agent to take Hg all
the way to zero oxidation state.

Now we are not taking such care to avoid excesses of hydroxylamine. This speeds the reduction to
colorless. Once reduced to colorless and on the same day, we take a subsample for final Hg processing
and analysis. The remaining unused sample is retreated with permanganate (to purple) for long term
sample archiving.

KMnO4 Iminger Contents and Rinses:

Similar changes in processing have occurred here too. Initially we were trying to cautiously titrate to just
colorless. Now we are no longer so concerned about the addition of excess hydroxylamine and we
analyze the reduced solutions on the same day as the reduction step. For long term storage of samples, the
archived samples are preserved with permanganate.

I feel compelled to provide comments and suggestions relating to the Draft ASTM method (Ontario Hydro
Method) for mercury speciation. Although significant and valiant effort has been made to develop and
define this method, I suggest a few improvements and changes as follows.

I do not suggest that the data obtained from the method as written is compromised. I do not have data to
suggest this. I do have enough experience to suggest that recovery protocols could be improved which
should ease the analytical processes.

Before I continue, I would point out that Keith Curtis - who developed that use of the KCl impinger for
effective capture of HgCI2 - recovers and processes his Hg speciation trains in the field significantly
differently than the approach presented in the existing draft method. Iam aware that are good reasons for
the changes relative to Keith’s approach, but those changes have a significant impact on the ultimate
handling of the samples. We have had the luxury of having received samples into our laboratory that were
treated in the manner that Keith’s team handles them in the field. Indeed, we have seen the difference.

In part these comments are derived from discussions with Keith in regards to the intention of the recovery
processes that he designed for his field staff. According to Keith, the recovered impinger solutions are
supposed to-be homogeneous. The KCl and permanganate impinger samples coming in from field derived
from the draft ASTM method are in general the farthest possible from this description.

Re KCI1 Recoveries:

1) Firstly, I would suggest to use some other rinse solution than KMnO4 to rinse out the KCl impingers
after transferring the KCl solution to the recovery bottle. Instead, use more KCl solution, or water or 0.IN
HNO3 but NOT KMnO4. Once the permanganate is used, then the impingers are rinsed with
hydroxylamine to remove the inevitable brown staining. It is this combination of rinses that causes
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problems analytically. Please eliminate the KMnO4 and hydroxylamine rinses. Replace these rinses with
one of the others suggested above.

We commonly receive these KCI impingers and rinses in the lab with large amounts of MnO2 precipitates.
This is because of the presence of significant permanganate and hydroxylamine rinses. [The resulting
copious amounts of MnO2 precipitates can be resolublized in the lab, but this is time consuming and
unnecessary. Furthermore, we cannot easily stabilize these solutions. If we do not analyze them
immediately then the MnO2 precipitates again.]

If no KMnO4 is used in the impinger rinsing and no hydroylamine has subsequently been used, I believe
that the field staff will find it easier, in general, to obtain a ‘just pink’ solution using only a very few drops
of permangate . [This premise has been confirmed by discussions with a field sampling team]

2) Secondly once the impinger solutions have been treated to just pink with permanganate, then add
dichromate as preservative.

Ii is our experience that all solutions so treated have remained homogeneous. The dichromate is an
additional preservative process that Keith Cutis’s field staff include for KCl impingers.

Re KMnO4 Recoveries:

3) Here I suggest one of two approaches... either use Keith Curtis’s field approach entirely or adopt the
method 29 approach with HCl rinses.

The Curtis approach is to reduce the permanganate solutions all the way to colorless in the field with
cautious addition of hydroxylamine, then preservation with dichromate. This provides a stable and
homogenous solution. [re this approach: I understand there is some concern from the ASTM method
writers with the severity of this reaction being done by non-chemists in the field. I share some of these
concerns.}

The method 29 approach is to recover the brown stains with 8 N HCI and place these in a separate bottle.
We are all familiar with the disadvantages of handling the strong hydrochloric acid. However, it is a devil
that is known to all field staff. It is also a recovery process well accepted and I presume well validated.

The problem with the draft ASTM method as currently written is that the addition of hydroxylamine in the
field (not enough to reduce all the way to a colorless solution) provides an unstable mixture which creates
large amounts of MnO2 precipitate upon standing. If the solution was taken all the way to colorless in the
field then copious amounts of precipitate would not likely occur and certainly not occur after treatment
with hydroxylamine .

[We occasionally observe high amounts of MnO2 precipitation in method 29 permanganate submissions. I
suspect that this occurs for sources with high organic emissions that have been oxidized by the
permanganate. Usually for method 29 samples, the precipitation of MnO2 is minor in amount - unlike
almost all of the permanganates coming from the ASTM mercury speciation trains. I conclude that the
‘small’ amounts of hydroxylamine added in the field is causing the problems (i.e. the reason for copious
amounts of precipitate).]
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2. ANALYTICAL DATA REPORT
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PHILIP SERVICES

Certificate of Analysis

CLIENT INFORMATION LABORATORY INFORMATION
Attention: Michael P. Martin Contact: Ron McLeod
Client Name:  TRC Environmental Corporation Project: AN990787
Project: 26046 Date Received:  99/08/17
Project Desc:  PG&E Date Reported: 99/10/12
Address: Boott Mills South, Foot of John Street Submission No.: 9HO0535

Lowell, MA Sample No.: 044795-044809

MA 01852
Fax Number: 978-453-1995
Phone Number: 978-970-5600

NOTES: "' = not analysed '<'=less than Method Detection Limit (MDL) 'NA' = no data available
LOQ can by determined for all analytes by multiplying the appropriate MDL X 3.33

Solids data is based on dry weight except for biota analyses.

Organic analyses are not corrected for extraction recovery standards except for isotope
dilution methods, (i.e. CARB 429 PAH, all PCDD/F and DBD/DBF analyses)

Methods used by PASC are based upon those found in 'Standard Methods for the Examination of Water and
Wastewater', Nineteenth Edition. Other methods are based on the principles of MISA or EPA methodologies.

New York State: ELAP Identification Number 10756.

All work recorded herein has been done in accordance with normal professional standards using accepted testing
methodologies, quality assurance and qualfty control procedures except where otherwise agreed to by the client
and testing company in writing. Any and all use of these test results shall be limited to the actual cost of the
pertinent analysis done. There is no other warranty expressed or implied. Your samples will be retained at

PASC for a period of three weeks from receipt of data or as per contract.

COMMENTS: Revision 99/12/06:

A
Certified by: _\|™\'

PHInIe ANAL T SERVICES CORPORATION

Page 1

53555 North Service Road. Burtington. Ontario, Canada L7 SHT 0 TCL (903) 3328788 Fax: (D03) 332-9109
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12/7/99

Batch Code:
Mercury

Run Date:

Date of Sample Prep:

Batch Code:
Mercury - FH (Outlet)

Run Date:
Date of Sample Prep:

Batch Code:
Mercury -FH (Inlet)

Run Date:
Date of Sample Prep:

Batch Code:

Mercury - hydroxalémine

Run Date:
Date of Sample Prep:

Batch Code:
Mercury - KCl

Run Date:
Date of Sample Prep:

PASC - Summary of Analysis Pre. Dates Page MS-7 of 8

0830IIC1

044891 99
99/08/30

99/08/30

10082GFL
044795 99
044797 99
044804 99
044805 99
044806 99
044807 99
044808 99
044809 99
044888 99
99/10/08
99/10/08

10101GFT
044795 99
044798 99
044799 99
044800 99
044801 99
044802 99
044803 99
99/10/10
99/10/10

100IMGHY

044795 99
044796 99
99/10/01
99/10/01

1008IGFL
044796 99

99/10/08
99/10/08

09161GKC 09162GKC 09202GKC

044795 99
044796 99
044797 99
044798 99
044799 99
044800 99
044801 99
044802 99
044803 99
044804 99
044805 99
99/09/16
99/09/16

044806 99 044888 99
044807 99
044808 99
044809 99

99/09/16  99/09/20
99/09/16  99/09/20

Client:TRC Environmental Corporation Project:26046



12/7/99 PASC - Summary of Analysis Pre. Dates Page MS-8 of

Batch Code: ; 09201GM4 09202GMN 09202GM4
Mercury - KMnO4 04479599 04479799 044806 99
044796 99 044888 99 044807 99
044798 99 044808 99
044799 99 044809 99
044800 99
044801 99
044802 99
044803 99
044804 99
044805 99
Run Date: 99/09/20 99/09/20  99/09/20
Date of Sample Prep: 99/09/20 99/09/20  99/09/20
Batch Code: 0907NRA1 0907NRA2

Mercury - H202 04479599 044806 99
' 044796 99 044807 99
04479799 044808 99
044798 99 044809 99
044799 99 044888 99
044800 99
044801 99
044802 99
044803 99
044804 99
044805 99
Run Date: 99/09/08  99/09/08
Date of Sample Prep: 99/09/07 99/09/07

Client: TRC Environmental Corporation Project:26046



PHILIP SERVICES

Certificate of Analysis

vuQ 1y

CLIENT INFORMATION LABORATORY INFORMATION
Attention: Michael P. Martin Contact: Ron McLeod
Client Name:  TRC Environmental Corporation Project: AN990787
Project: 26046 Date Received:  99/08/17
Project Desc:  PG&E Date Reported:  99/10/08
Address: Boott Mills South, Foot of John Street Submission No.: 9HO0535
Lowell, MA Sample No.: 044812-044818
MA 01852
Fax Number: 978-453-1995

Phone Number: 978-970-5600

NOTES: "-'=not analysed '<'=less than Method Detection Limit (MDL) 'NA' = no data available
LOQ can by determined for all analytes by multiplying the appropriate MDL X 3.33

Solids data is based on dry weight except for biota analyses.

Organic analyses are not corrected for extraction recovery standards except for isotope

dilution methods, (i.e. CARB 429 PAH, all PCDD/F and DBD/DBF analyses)

Methods used by PASC are based upon those found in 'Standard Methods for the Examination of Water and
Wastewater', Nineteenth Edition. Other methods are based on the principles of MISA or EPA methodologies.
New York State: ELAP Identification Number 10756.

All work recorded herein has been done in accordance with normal professional standards using accepted testing
methodologies, quality assurance and quality control procedures except where otherwise agreed to by the client
and testing company in writing. Any and all use of these test results shall be limited to the actual cost of the
pertinent analysis done. There is no other warranty expressed or implied. Your samples will be retained at
PASC for a period of three weeks from receipt of data or as per contract.

COMMENTS:

<

Pt ANy o SErvic s CoRPORNTION
Tl cv03) 332.878S

Certified by: Page 1

SEEE N arh Servic e Road Peehimeron Oncario Canada 171 SHT PN (D03) 33291069
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10/12/99

Batch Code:
Weight of sample

Run Date:

Date of Sample Prep:

Batch Code:
Mercury

Run Date:

Date of Sample Prep:

VuiZu

PASC - Summary of Analysis Pre. Dates Page MS-4 of 4

1007LTAl
044813 99
044814 99
044815 99
044816 99
044817 99
044818 99
99/10/07
99/10/07

082311A4
044812 99
044813 99
044814 99
044815 99
044816 99
044817 99
044818 99
99/08/24
99/08/23

Client: TRC Environmental Corporation Project:26046
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PHILIP SERVICES

Certificate of Analysis

CLIENT INFORMATION LABORATORY INFORMATION
Attention: Michael P. Martin Contact: Ron McLeod
Client Name:  TRC Environmental Corporation Project: AN990787
Project: 26046 Date Received:  99/08/18
Project Desc:  PG&E Date Reported:  99/10/08
Address: Boott Mills South, Foot of John Street Submission No.: 9HO0535

Lowell, MA Sample No.: 044891

MA 01852

Fax Number: 978-453-1995
Phone Number: 978-970-5600

NOTES: """ = not analysed '<'=less than Method Detection Limit (MDL) 'NA' = no data available
LOQ can by determined for all analytes by multiplying the appropriate MDL X 3.33
Solids data is based on dry weight except for biota analyses.
Organic analyses are not corrected for extraction recovery standards except for isotope
dilution methods, (i.e. CARB 429 PAH, all PCDD/F and DBD/DBF analyses)

Methods used by PASC are based upon those found in 'Standard Methods for the Examination of Water and
Wastewater', Nineteenth Edition. Other methods are based on the principles of MISA or EPA methodologies.
New York State: ELAP Identification Number 10756.

All work recorded herein has been done in accordance with normal professional standards using accepted testing
methodologies, quality assurance and quality control procedures except where otherwise agreed to by the client
and testing company in writing. Any and all use of these test results shall be limited to the actual cost of the
pertinent analysis done. There is no other warranty expressed or implied. Your samples will be retained at
PASC for a period of three weeks from receipt of data or as per contract.

COMMENTS:

NONA
Certified by: ‘Q(“\ | m\fj\\\‘y Page 1

P AN 1o SErvices CORPORNTION
5555 North Service Road, Burlington. Ontario. Canada FTESHT el (D03) 3328788 Fax: (D05) 33291069



uug22
10/12/99 PASC - Certificate of Analysis Page 2 of 3

NIST 1633b NIST 1633b NIST 1633b NIST 1633b NIST 1633b

Client ID: Reference Reference Reference Reference Reference
Lab No.: 04489199 04489199 04489199 04489199 044891 100
Date Sampled: 99/08/18 99/08/18 99/08/18 99/08/18 99/08/19
Component MDL  Units Duplicate M. Spike  MS % Rec.  Theoretical
Mercury 0.04 mgkg 0.15 0.14 1.2 100 0.141

Client:TRC Environmental Corporation Project:26046



10/8/99

Batch Code:
Mercury

Run Date:

Date of Sample Prep:

PASC - Summary of Analysis Pre. Dates Page MS-3 of 3

08301IC1

044891 99
99/08/30

99/08/30

Client:TRC Environmental Corporation Project:26046
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3. RAW DATA
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) OF &
LDC AUTOSAMPLER RUN LOG (MERCURY)
pate: _19.904-8° () Run Code: MGol Mateix: IME -
alyst: MO Units: A% (see comments) MOL: -
40l Dig. F.| Dil. F. Zcaoa O faiLConc. | F.Conc. | %R Cup| Dig. F.| Dit. F. Zeaoa (O lait. Conc. | E.Co
1 Primer (ICV) alls |4 | #fFOL . [ R
2 N Dummy (8(K) ) 42 } " —
3 std 1(s1) 0.0 43 *Y §O>
4 std2(s2) 05 44 ” .
s Std 3(S3) 1.0 45 FfgoH
6 Std 4 (S4) 15 46 v
7 Std 6 (S5) 2.0 47 G4k0°S
8 Std 6 (S6) 2.6 4| v "
9 tcv ) 49 BL OGIO 2G6M4
10 8 (s 1) . 150 “
11 D4 (Std 4) 51 ALOGIO 3
12 gLoqro | 1GM4 52 o
13 0 53 8L 0950 DS
14 gLEgLO S 54 r
15 ) 55 cCCv
16 BL 0980 DS 56 G}
17 b : 57 oY
18l1-95 | Jo | 44198 sg| IS 445060
191 " s9| ) '
0 | 4e¢798 P ‘ 60 WL go6 D
21 y 61 v
22 F479% S 62 $4go6 S
23 ry 63 i’
24 4199 PS 64 4§06 D
25 o 65 _ b :
26 Joo| #<479% Os 66 ¢4 o7
21 v ) 67| | "
28| |'° 44796 68 Vo | 448093 -
29 It 69 J n ]
30 4 144796 70 480 9
31 | | u 71 G ]
32 G4797 72 44333 KMNO4. -
33 " 73 b - -
34 cey 74 443%% kcl | U
35 3 75 " I
36 D 76 J | 13 I —
37| 5 44199 77 { t [ —
38 " ) 78 ./110 '497‘77 .
39 . 4¢gel 79 S B : - —
s vV tr 80 CCV L._—-————L’-
Comments: s+ “HG-347" and “MISA12" units are expressed inmg/L not ug/L . /

(CV = 1.5 ugfL, CCV = 1.0 uglL, Blank Spike

= 1.0 ug/L for liquid samples.

(CV = 1.6 mgfkg, CCV = 1.0 mglkg, Blank Spike = 1.0 mgfkg for solid samples. ——




uuuzv/ 2 0 >
LDC AUTOSAMPLER RUN LOG (MERCURY)
Date: 99.09- ‘;D(“’) Run Code: MGol Matcix: __iMP- - ZN&TEK*
lyst: M G Units: 4 ZM;[L (sce comments) MOoL: -

apl Dig. F.| Dil. F. Zeaoa (0 (it Coac. | F.Coac. | % R| |Cup Dig.F.| Oil. F. Zeaoa (O lait. Coac. | F.Co

1 Primer (ICV) 41 | &pgqto FOAL e Txe]
2 N Duaxny (1K) ) 42 BLO9IO

3 Std 1(S1) 0.0 43 5667

4 Std 2 (S2) 05 44 bG7-D

s Std 3 (S3) 10 45 67 < .

6 Std 4 (S4) 1.6 46 SIS

7 Std 6 (S5) 2.0 47 slq g7

8 Std 6 (S6) 26 48 43&

9 v ) 49 $59

10 B (S 1) - Iso| vS [ 40 |44 8898 KMN Oy

11 D4 (Std 4) sty Iy | ¢ [T

12 52 WS 371p

13 53 ORG .ReF

14 54 ‘XA

15 55 o .

16 56 Df

17 57

18 58

91 §9

J < ‘ 60

) 61

22 DY 62

23 & 0990 ABA T 63

24 BLoqae S 64

25 INERY 65

26 350 b 66

27 350 s 67

28| - 43 68

29 Y S 69 ]
30 Saiv3 70

31 o5 71

32 - o7 72 .
33 $1 093 73 -
34 5137 74 S
35 3713 75 I
36 50792 76 I N
37 S5(61S 7 I -
38 cey. 78 [
39 S 79 1
0 Dy 80 [
Comments: ase “HG-347" and “MISMZ“ units are expressed in mg/L not ug/L . /

(CV = 1.5 ugl, CCV = 1.0 ugl,

Blank Spike = 1.0 ugfL for liquid samples. '

{CV = 1.6 mg/kg, CCV = 1.0 mQﬂ<g, Blank Spike = 1.0 mg/kg for solid sampljs;”//




UGB 48T 2 o=TeD

EPA 7470 WATER PREPARATION LOG - MERCURY DG7470HG
DGHGLEACH, DG29HG***
Calibration Solutions: **Conc. Check List
[#] 1.D. [ “Conc. [Spike Entered | [:44Digest Codellabels
Samples poured out
1 Blank/Dummy 0 ppb__ |None 0.0 Acids added
2 Standard 1 0 ppb _[None 0.0 § Reagents added
3 Standard 2 0.33 200 ul of 0.05 ppm IV working standard 0.5 ] Samples spiked
4 Standard 3 0.67 400 ul of 0.05 ppm IV working standard 1.0 -] Bath at 95 degrees C
5 Standard 4 1.0 600 ul of 0.05 ppm IV working standard 1.5 : i Samples digested
6 Standard 4 1.0 600 ul of 0.05 ppm IV working standard 1.5 amine HCl added
7 Standard § 1.33 800 ul of 0.05 ppm |V working standard 2.0 arfiples bulked and mixed
7 Standard 6 1.67 1000 ul of 0.05 ppm IV working standard 2.5 ack order checked
[#]  Sample L.D. | B.Code [ nit.Vol.] F. Vol. | Dit | Comment ]
30 ml | 1 X ]1.5ppb =600 ul. of 0.05 ppm HP MESS-ZENO 30/QCA Std.
" " |(Processed Blank)
" " |1 ppb = 400 ul. of 0.05 ppm Inorganic Ventures Std Interm.
1 - " Vorume = Szowd
1 " *  |(Duplicate sample)
1 " " |1 ppb = 400 ul. of 0.05 ppm Inorganic Ventures Std Interm.
1 " " |(Duplicate Spiked sample)
2 S 12
: - Hoo P
4 - 41o A
s I 530~
6 " . Sto 7
7 " " S6S ~
; . . SQOU .~
9 ) " g/9
10 " " 550
30 ml | 1 X {1.0 ppb = 400 ul. of 0.05 ppm HP MESS-ZENO 30/QCA Std.
" " |(Processed Blank)
" " |1 ppb = 400 ul. of 0.05 ppm Inorganic Ventures Std Interm.
1 I 580wl
1 " *  |(Duplicate sample)
1 " * |1 ppb = 400 ul. of 0.05 ppm Inorganic Ventures Std Interm.
1 " " |(Duplicate Spiked sample)
2 " ) &  qyy A
3 " " 600 A
4 " " IV
s - | 5
6 " "
. " "
s " "
. " "
10 " " [

lotes: Other Applicable Test Codes: DG29HG-1B, DG29HG-2B, DG29HG-3A, DG29HG-3B, DG29HG-3C
. DG29HGI, DG29HGF, DG101AA1, DG101AA2
Include External Reference Material (EPA WS 378 or SPEX CertiPrep TM - WS) per run Prepare 0.05 ppm standards daily
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SHANNEL NAME: 1LOC
RUN NAME: 99C920W
: i
.-'"r
e
36 - P
.”'f-..r
26 - e
-
AT
o
15‘ = .‘_'_,—""-l I :
-_v-'*i‘f- §
r"-—ﬁ-" i
i | H ! T
i 2 3 4 S
DATA TYPE: FIA CALIBRATION ORDER: 1
INTERCEPT = 0.11 SLOPE = 7.267299
CORRELATION: . 9999353
THANMEL NAME: LDC
RUN DATE: 09-1%-19299
SAMPLLE TABLE NAME: 90%20W
METHOD NAME: HGWATER ‘.
£Ph
cuP# SAMPLE 1D DIL WGT HEIGHT/AREA CONCENTRATION EF
1 PRIMER 1 1 10.4 1.417 s
2 DUMMY 1 1 0.0 -0.008 I
k3 Si: © 1 1 0.1 -0.004 I
4 52: .5 . 1 ! 3.7 0.500
5 s83: 1 1 v 7.4 1.007
& Sd4: 1.5 1 S 1.511
7 $5: 2 1 17 14.5 1.981
f S6: 2.5 1 1 18.3 2.506 /
o ICcV 1 1. 10.2 1.39093]
10 B | | 1 0.0 TohlM9 0015 b
1] D4 1 1 11.1 — 1.511 d
12 BLO920-1GM4 1)ysg 5 1 1 0.0 <0-03 -0.015 1
v BLO920-1GMd 1 1 0.0 -0.015 I
BLO920S 1 1 7.2 0./1¢7 0.98063"
1> BL0920S 1 1 7.2 0‘97773[
16 BL0OS200S 1 1 7.2 JU? 0.980 g
17 BLOS20DE 1 1 7.2 0-4? o.9aoq{/'
13 44798 & . 666 1 7.7 65 6.736
19 44798 6.666 1 7.6 5658 €.869
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13,265 0. UV

13,3472 -
L3 s,
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—9'-_1"&5 Vow "0
L—+6E

~

0.343
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1.811 d
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0
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o149
o-1¢§
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I
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O.9Q7qqx
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0.9879Y
-0.015 b
1.511 d
0.544

0-31350.535 =

0-3il

0.680
0.682
0191

O 764
0245

.06

|- 724
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LDC AUTOSAMPLER RUN LOG (MERCURY)

00041

E

Date: ‘??- 09- od Run Code: M Gol Matrix: [Mf .
Analyst: M G Units: éf_—g (see comments) mMoL: _©O-O/ - -
ap| Dig. F.| Dil. F. Zenon (0 lnit. Conc. | F.Conc. | % R| |Cup Dig. F.| Dil. F. Zenon IO fait.Conc. | F.Conc. | ¥R
1 Primer (ICV) 41| O | LYEOR
2 A Dummy (8k) 42 W
3 std 1(s1) 0.0 43 48503
4 std 2 (S2) 0.5 44 "o
5 Sstd 3 (S3) 1.0 45 L YL o
6 Std 4 (S4) 15 46 U\
7 Std 6 (S5) 20 47 +4E0S
8 Std 6 (S6) 26 48 Y (r
9 eV , 49 @LoAOoT  |NRAZ
10 B (Std 1) 50 1
11 D4 (Std 4) 51 aLoact S
12 ws 378 52 R
13 OR 6 . KEF- 53 &L OOl &
14 RLOGO T |NRA. 54 3
15 v ss5| 1O LYL8OL
16 Ploq01 s s6| ¢ "
17 v 57 ccV
18 £Loqa0T DS 58 &
19 v 59 Dy
20| |O Hy¢7199% - 60| i0 44806 D
21 v 61 v,
22 Y4T719€ D 62 LEEO6 S
23 " 63 ¥
24 44798 5 64 JYEOL L5
25 'r 65 .y )’
26 +¢79€ B 66 GFE507
27 " 67 t/
28| |° 44796 68 C&03
29 % 69 "
30 S479 7 70 Y809
31 " 71 v
32 ¢4 799 72 4A4EE8
33| Y " 73 g -
34 cev 74 /7/889)
35 8 75 439
36 b 76 G7490 —
37| 10 FLBO0 7 o
38 " 78 %7‘("7 J S
39 FERO! 19 ) 11
40 " 80 cev |
Comments: s “HG-347" and "MISM 2* units are expressed in mg/L not ug/L

ICV = 1.5 ugL, CCV

= 1.0 ug/L, Blank Spike = 1.0 ug/L for liquid samples.

- —

ICV = 1.6 mgfkg, CCV = 1.0 mg/kg, Blank Spike

= 1.0 mglkg for solid sample

s

PR

S



LDC AUTOSAMPLER RUN LOG (MERCURY) o %>
Date: 0[‘] - Oq OX Run Code: Mé [4) / Matrix: /f _‘_4[ .
Analyst: __M__QZ____ Units: 7&%_ (see comments) MDL: _Q_'_O__/_ .-
ap| Dig. F.| Dil. F. Zenon O it Conc. | F.Conc. | % R]| |Cup Dig. F.| Dil. F. Zenon IO - fait.Conc. | F.Conc. | 4R
1 Priner (ICV) ' 41| 10 | 47495
2 N Dummy (BIK) 42| ¥ i
3 std 1(s1) 0.0 43 CCx
4 std 2 (S2) 0§ 44 é -
5 Std3(S3) 10 45 O )
6 Std 4 (S4) 15 46| 10 47490
7 Std 6 (S5) 20 47 "
8 Std 6 (S6) 26 48 47497
9 cv ‘ | 49 Y]
10 B(Std 1) 50 474992
11 D4 (Std 4) 51 o C]
12 52 47499
13 53 '
14 54 150
15 55 1
16 56 47501
17 57 1
18 58 47502
19 59 «
4 20 ’ 60 47503
8 61| | v,
22 [ 62 gy
23| 1O G 7%92 63 [}
24 T 64 DY
25 47493 65 [ BLoq0d  (Ass3
26| ¥ 1 66 B oq03 S ,
27 BLoqo7 | Mr2A3 67 49118
28] *° 1 68 {8 D
29 &LOG07 S 69 8 S
30 " 70 =
31 BL>907 03 ' 71 ' 16 S
32 IRE 72 4DHT702
33| 1O Y7€9% 73 49158
34 tr 74 160 !
35 F7494 D — [75110 | Vol 48582 | Ao\ ko7 (Redan)
36 " 76 W s318
37 £7€T¢ S 77 CRG- ReF I
38 ; n 78 ceN -
39 G794 25 79 =) |
40 ' 80 Dk |

Comments: wee G347 and "MlSM 2* units are expressed in mg/L not ug/L

{cV =1.5ugl,CCV= 1.0 ug/L, Blank Spike = 1.0 ugfL for liquid samples.

il

{CV = 1.6 mg/kg, CCV = 1.0 mg/kg, Blank Spike = 1.0 mg/kg for solid samples.

|




C0043

D& 0HPOX
EPA 7470 WATER PREPARATION LOG - MERCURY DG7470HG
DGHGLEACH, DG29HG***
Calibration Solutions: **Conc. Check List
[#] I.D. [ *Conc. [Spike Entered Digest Codeflabels
Samples poured out
1 Blank/Dummy 0 ppb _|None 0.0 cids added
2 Standard 1 0 ppb _ |None 0.0 Reagents added
3 Standard 2 0.33 200 ul of 0.05 ppm IV working standard 0.5 amples spiked
4 Standard 3 0.67 400 ul of 0.05 ppm IV working standard 1.0 th at 95 degrees C
S Standard 4 1.0 600 ul of 0.05 ppm IV working standard 1.5 mples digested
6 Standard 4 1.0 600 ul of 0.05 ppm IV working standard 1.5 roxylamine HCl added
7 Standard 5 1.33 800 ul of 0.05 ppm IV working standard 2.0 mples bulked and mixed
7 Standard 6 1.67 1000 ul of 0.05 ppm IV working standard 2.5 Rack order checked
[#] Sample 1.D. [ B.Code [ Init.Vol.| F. Vol. | Dil | Comment ) ]
20 ml 30 ml 1 X 1.5 ppb = 600 ul. of 0.05 ppm HP MESS-ZENO 30/QCA Std.
" " " J(Processed Blank)
" " " " |1 ppb = 400 ul. of 0.05 ppm Inorganic Ventures Std Interm.
1 " \ (Duplicate sample) t
1 " ' ‘1 |1 ppb = 400 ul. of 0.05 ppm Inorganic Ventures\Std Interm.
1 " i Y 'l |(Duplicate Spiked sample)
2 “" Ll "
3 " L d Ll
4 " .
" o s
5
6 " Ll
" d L
7
" 4 L
8
" J o L
9
10 " v v v \
20 ml 30 ml 1 X |1.0 ppb = 400 utl. of 0.05 ppm HP MESS-ZENO 30/QCA Std.
" " " |(Processed Blank)
" " " " 11 ppb = 400 ul. of 0.05 ppm Inorganic Ventures Std interm.
1 " 1 15 |10« 260 b
1 " ) * (Duplicate sample) /
1 " ! 1 ppb = 400 ul. of 0.05 ppm Inorganic Venfures Std Interm.
1 " ‘! (Duplicate Spiked sample)
) " |
3 “ -
4 " L o
“" L} "
5
" L e o
6
" o pr i
7
8 " o o "
9 w | o e
10 ) / v v =

Notes: Other Applicable Test Codes: DG29HG-1B, DG29HG-2B, DG29HG-3A, DG29HG-38, DG29HG-3C
DG29HGI, DG29HGF, DG101AA1, DG101AA2
Include External Reference Material (EPA WS 378 or SPEX CertiPrep TM - WS) per run Prepare 0.05 ppm standards daily




00044

#|  SamplelD. | B.Code | Init.vol.| F. vol. | it | Comment

]

41|

20m! | 30 ml | 1 X |1.0ppb= 400 ul.of 0.05 ppm HP MESS-ZENO 30/QCA Std.

42| . " *  |(Processed Blank)

a3

" . " * |1 ppb = 400 ul. of 0.05 ppm Inorganic Ventures Std Interm.

-

44

" ? 15 |1ox DED nf

-

45

" ¥ A " ](Ouplicate sample) \

46 " ) 1 ppb = 400 ul. of 0.05 ppm Inorganic Vent

res Std Interm.

47 " | (Ouplicate Spiked sample)

48

49

50

51

52

53

54

W o |N]JO|O]IA][W]IN] ]

55

-
o

56

Comments

* concentration based on 30 ml final volume, ** concentration based on 20 ml final volume

*** group of several Method 29 testcodes

Dilution factor of 1.5 is corrected by entering the calibration concentrations ksted above

Procedure/Methodology:
Prepare 25 ppm Intermediate stock (if required) by pipetting 625 ul., of 1000 ppm Stock to 25 ml final volume of 2% HNO3

W O NN A WN -

d b oA A A A
N & W N - O

Prepare 0.05 ppm Working stock daily by pipetting 200 ul., of 25 ppm Stock to 100 ml final volume of 2% HNO3
Using the LIMS Screen "SCNDIG" enter the required samples into LIMS

Using the labeling program, "DIGLBL", retreive the "SCNDIG" list and create labels for the required samples.
Label the falcon tubes appropriately

Transfer a 20 ml. aliquot of well mixed sample into the designated falcon tube

Spike the tubes as indicated in the comment sector of the digestion sheet

Add 0.5 ml. of conc. Nitric Acid (HNO3), and 1 ml. of conc. Sulphuric acid, (H2S04), to each tube

Add 3 ml. Potassium Permanganate (KMnO4), colour should remain for at least 15 minutes

Add .5 ml. of Potassium persulphate, (K25208), to each tube _

Mix samples, cap loosely and place in a water bath @ 95 degrees C for 2 hours

Remove tubes and allow to cool to room temperature

Add 1.0 ml. 20% Hydroxylamine Hydrochloride to each tube

Recap tubes and shake until the Potassium Permanganate (KMnO4) is destroyed and sample becomes colourless
Dilute the sample to a final volume of 30 ml., cap and mix well

REFERENCE STANDARDS/SPIKING SOLUTIONS:
Source: Inorganic Ventur