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Page 1 AIR TESTING SERVICES, ING

1.0 PROJECT OVERVIEW

Optimal Air Testing Services, Inc. (Optimal) was contracted by Suncor Energy (U.S.A.) Inc. (Suncor) to
complete a relative accuracy test audit (RATA) for the Plant 1 Hydrogen Plant steam methane reformer
furnace (H-2101) continuous emission monitors at their Commerce City Refinery. The RATA ofthe oxygen
(O2), and carbon monoxide (CO) Continuous Emissions Monitoring System (CEMS) is a requirement of 40
CFR 60, Appendix B. The RATA of the oxides of nitrogen (NOx) and exhaust gas flow rate CEMS is
required by Air Pollution Control Division Construction Permit 04AD0109.

The purpose of this test program was to determine whether analyzers recording concentrations and emissions
from H-2101 are operating within the allowable limits listed in Title 40 of EPA’s Code of Federal
Regulations, Part 60 (40 CFR 60), Appendix B. Relative Accuracy (RA) was calculated by comparing the H-
2101 CEMS reported O,, NOx and CO concentrations, volumetric flow rate and emissions to concentrations,
volumetric flow rate, and emissions measured following reference methods.

The test program followed procedures prescribed in Title 40 of the Code of Federal Regulations, Part 51 (40
CFR 51), Method 205, Part 60 (40 CFR 60), Appendix A, Methods 1, 2, 3A, 4, 7E and 10 and Appendix B,
Performance Specifications (PS) 2, 3, 4A and 6.

Samples were collected while Suncor operated H-2101 at the normal to maximum capacity levels expected to
occur during normal operations. Coordinating the testing was Mr. Bryan Clode for Suncor and Steve
Freeman for Optimal. The test program took place on April 29" and 30", 2009.

Measured parameters and calculated relative accuracy results are summarized in Table 1.

Table 1 — RATA Results

Source Sampling Relative Relative
Constituent Methods Accuracy (%) Accuracy Limit (%)
H, Plant Furnace H-2101 Stack —Plant 1
Oxygen (%, dry) EPA 3A 251 20
Volumetric Flow Rate (mscfh) EPA1,2,3A & 4 9.04 20
Nitrogen Oxides (ppmdv) EPA 7E 3.82 20
Nitrogen Oxides (Ib/hr) EPA 1,2,3A,4 & 7E 2.62 20
Carbon Monoxide (ppmdv @3% O,)' EPA 3A & 10 0.0744 5
Carbon Monoxide (Ib/hr)” EPA 1,2,3A,4& 10 4,317 10

A complete summary of test results is presented in Appendix A. Included with the Appendix A results are
charts visually comparing Suncor’s CEMS data to Reference Method results.

! Calculated using the previously applicable standard from 40 CFR 63, Subpart DDDDD NESHAP for Industrial,
Commercial, and Institutional Boilers and Process Heaters of 400 ppmdv @ 3% O,.
?Refer to page five for explanation.



Company: Suncor
Facility: Plant 1

Source: Hydrogen Plant Furnace
Location: H-2101 Stack

Date: 4/29-30/09
Job No.: 90021

Optimal

AIR TESTING SERVICES, INC

Volumetric Flow msfch

Relative Accuracy 9.04 Limit = 20%
Confidence Coefficient (CC) 46.1

Standard Deviation 59.9

Mean of Difference -290

Mean of Reference Method 3,711.00

Mean of Source CEM Values 4,000.53

E ——o— Ref. Method =& Source CEM
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11:30
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Flowrate (mscth)

Ref. Method  Source CEM Difference. d; Deviation

3,536.18 3,752.13
3,584.99 3,893.53
3,589.55 3,908.72
3,789.34 4,102.81
3,827.50 4,089.91
3,872.19 4,068.54
3,596.86 4,050.75
3,671.48 4,050.55
3,604.37 4,054.75
3,807.30 4,070.56

3,720.48 4,068.04

-216
-309
-319
-313
-262
-196
NA

-379
NA

-263
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65.5
56.8
49.1
442
53.3
533
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59.9




Company: Suncor
Facility: Plant 1
Source: Hydrogen Plant Furnace
Location: H-2101 Stack

Optimal

AIR TESTING SERVICES, INC

Date: 4/29-30/09
Job No.: 90021

Oxygen %, dry

Relative Accuracy 2.51 Limit = 20% Mean of Difference 0.0318
Confidence Coefficient (CC) 0.0955 Mean of Reference Method 5.07
Standard Deviation 0.124 Mean of Source CEM Values 5.04
Oxygen (%, dry)
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—+—Ref.Method  —#— Source CEM | Run Number
Initial Oxygen (percent, dry) Standard
Run Flag Minute Stop Time Ref. Method Source CEM Difference.d Deviation
1 0 15:26 15:46 4.67 4.27 NA
2 0 16:00 16:20 4.77 448 NA NA
3 1 16:30 16:50 4,73 4.65 0.0837 NA
4 1 8:34 8:54 4.62 4.74 -0.115 0.141
5 1 9:04 9:24 4,77 4.79 -0.0169 0.099
6 1 9:36 9:56 4.88 5.05 -0.166 0.110
7 1 10:10 10:30 5.12 5.06 0.0585 0.108
8 1 10:40 11:00 5.34 527 0.0729 0.106
9 1 11:10 11:30 5.20 5.22 -0.0186 0.096
10 1 11:42 12:02 5.52 533 0.190 0.115
11 1 12:13 12:33 5.45 5.25 0.198 0.124




Company: Suncor

Facility: Plant 1 (Optimal
Source: Hydrogen Plant Furnace Date: 4/29-30/09 AIR TESTING SERVICES, INC
Location: H-2101 Stack Job No.: 90021

Nitrogen Oxides ppmdv

Relative Accuracy 3.82 Limit = 20% Mean of Difference 0.946
Confidence Coefficient (CC) 0.113 Mean of Reference Method 27.74
Standard Deviation 0.148 Mean of Source CEM Values 26.80
NOx (ppmdyv)
35
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M 2 £ —
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25 4 S ety
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1 2 3 4 5 6 7 8 9 10 11
| —e—Ref.Method —a— Source CEM | Run Number
Initial Nitrogen Oxides (ppmdv) Standard
Run Flag  Minute Stop Time Ref. Method  Source CEM Difference. d; Deviation
1 1 15:26 15:46 26.16 25.44 0.717
2 1 16:00 16:20 2842 27.34 1.08 0.254
3 1 16:30 16:50 28.82 27.78 1.04 0.199
4 1 8:34 8:54 28.03 26.88 1.15 0.193
5 0 9:04 9:24 28.99 2731 NA 0.193
6 0 9:36 9:56 28.40 26.99 NA 0.193
7 1 10:10 10:30 27.83 26.92 0.908 0.172
8 1 10:40 11:00 27.93 26.92 1.01 0.154
9 1 11:10 11:30 27.54 26.81 0.733 0.170
10 1 11:42 12:02 27.49 26.53 0.962 0.157
11 12:13 12:33 27.46 26.55 0911 0.148




Company: Suncor
Facility: Plant 1
Source: Hydrogen Plant Furnace
Location: H-2101 Stack

(Optimal

AIR TESTING SERVICES, INC

Date: 4/29-30/09
Job No.: 90021

Nitrogen Oxides Ib/hr

Relative Accuracy 2.62 Limit = 20% Mean of Difference -0.0800
Confidence Coefficient (CC) 0.199 Mean of Reference Method 10.67
Standard Deviation 0.259 Mean of Source CEM Values 10.75
Nitrogen Oxides (lb/hr)
15.0
L = B &
100 ) = —
5.0
0.0 + + t : :
1 3 4 5 7 8 9 10 1
T e ————— N R
Initial Nitrogen Oxides (1b/hr) Standard
Run Flag Minute Stop Time Ref Method Source CEM Difference. d; Deviation
1 1 15:26 15:46 9.48 9.55 -0.0720
2 1 16:00 16:20 10.44 10.64 -0.201
3 1 16:30 16:50 10.60 10.86 -0.258 0.0954
4 1 8:34 8:54 10.89 11.02 -0.127 0.082
5 1 9:04 9:24 11.38 1347 0.207 0.181
6 1 9:36 9:56 11.28 10.98 0.296 0.226
7 0 10:10 10:30 10.11 10.90 NA 0.226
8 1 10:40 11:00 10.35 10.90 -0.546 0.285
9 0 11:10 11:30 10.02 10.87 NA 0.285
10 1 11:42 12:02 10.92 10.79 0.126 0.276
11 1 12:13 12:33 10.66 10.80 -0.144 0.259




Company: Suncor

Facility: Plant 1 (O)ptlmal
Source: Hydrogen Plant Furnace Date: 4/29-30/09 AIR TESTING SERVICES, INC
Location: H-2101 Stack Job No.: 9002I

Carbon Monoxide ppmdv @ 3% O,

Relative Accuracy 329.7 Limit = 10% Mean of Difference 0.0891
RA based on Applicable std. 0.0744 Limit = 5% Applicable Standard 400
Confidence Coefficient (CC) 0.208 Mean of Reference Method 0.0902
Standard Deviation 0.271 Mean of Source CEM Values 0.00111

Carbon Monoxide (ppmdv @ 3% O,)
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| —+—Ref.Method —&—SourceCEM | Run Number
Initial —Carbon Monoxide (ppmdv @ 3% O,)  Standard
Flag  Minute Stop Time Ref. Method  Source CEM Difference. d; Deviation

1 15:26 15:46 0.00 0.00 0.000

1 16:00 16:20 0.00 0.00 0.000 0.000
| 16:30 16:50 0.00 0.00 0.000 0.000
0 8:34 8:54 0.00 9.79 NA NA
1 9:04 9:24 0.00 0.00 0.000 0.00
1 9:36 9:56 0.00 0.00 0.000 0.00
0 10:10 10:30 0.00 0.02 NA 0.00
1 10:40 11:00 0.00 0.01 -0.0100 0.00
1 11:10 11:30 0.81 0.00 0.812 0.31

1 11:42 12:02 0.00 0.00 0.00 0.29
| 12:13 12:33 0.00 0.00 0.00 0.27




Company: Suncor
Facility: Plant 1
Source: Hydrogen Plant Furnace

Location: H-2101 Stack

Carbon Monoxide Emissions Ib/hr
Relative Accuracy 4,317
Confidence Coefficient (CC) 0.542
Standard Deviation 0.705

Date: 4/29-30/09 (Optimal

Job No.: 90021 AIR TESTING SERVICES, INC

Limit = 10% Mean of Difference -0.215
Mean of Reference Method 0.0175
Mean of Source CEM Values 0.232

CO (Ib/hr)
50
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—— Ref. Method —a— Source CEM | Run Number
Initial Carbon Monoxide (Ib/hr) Standard
Run Flag  Minute Stop Time  Ref Method Source CEM Difference. d Deviation
| 0 15:26 15:46 0.00 0.00 NA
2 0 16:00 16:20 0.00 0.00 NA NA
3 1 16:30 16:50 0.00 0.00 0.000 NA
4 1 8:34 8:54 0.00 2.09 -2.09 1.48
5 1 9:04 9:24 0.00 0.00 0.000 1.207
6 1 9:36 9:56 0.00 0.00 0.000 1.045
7 1 10:10 10:30 0.00 0.00 0.000 0.935
8 1 10:40 11:00 0.00 0.00 0.000 0.853
9 1 11:10 11:30 0.16 0.00 0.158 0.802
10 1 11:42 12:02 0.00 0.00 0.000 0.749
11 1 12:13 12:33 0.00 0.00 0.000 0.705
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Optimai Air Testing Services, Inc.
SOURCE TESTING MOISTURE (Method 4) DATA SHEET

| [Pate=” | [OATS Project No.: 7|
1 - -. =&
a

Client: “ ;o0 ey

Plant. -, Meter 1D , Ambient Temp. °F: /%
Test Location: Meter AH@: | - | |Bar. Pressurein. Hg: .+
Unic 1. i Meter Yq.
Technicianm: ~ .

v e Cloct. Dry Gas | Gas Meter|Gas Meter
Run(s) = =~ - Time Meter (ft') |Temp. ()| Temp. (F)
Orifice Setting (AH): .. : (S0 ea | ket Outlet
/o <
iSystem Leak Checks N LYL e 2 5
Initial "~ _CFM@_'"__in. Hg M Sl L GRS
PostTest (- CFM@. . __in. Hg REE | 7 Wl
23 ey
. lmpinger Initial | Final _|Condencaie| | Ml ugl =t 1
Fraction / Contentsi Wt (¢) ., Wt (@) | WA (g) To72spt = | %
[1/~100mH20 | /i | oS0} M 147 2y T
2/~100 1120 | L (Kol oy | =
BlEmoty Koot 0l S 1 73,3 G o R
i Total <4 & i i

Clock Dry Gas  1Gas Meter|Gas Meter |
Run (s} Time Meter (% ! Temp. (F) ! Temp. (F)

Orifice Setting {AH): Inlet Quitlet

System Leak Checks

Inital _____ _CFM@ ___in. H _&__‘____u_m‘fmw_'I_m_m_“_m | |
Post-Test CFM@ | e | -
25
30 FaE
impinger initial ; Final |Condensate "
Fraction / Contents| Wt (g) | Wt (g) | Wt (g) " s |
1/~100miH20 |~ ., * i ]

2 /~100 mi HZz0 Wik | —
3 / Empty g D)) “
4/SiicaGel |

Tolai

P R




Optimal Air Testing
SOURCE TESTI:NG TRAVERSE DATA SHEET

Client: Date: ./ -i/~‘/| |OATS Project No.. i~/ 3
Plant: Pitot ID | . Ambient Temp. °F: 7"

Test Location: . -y

Pitot Cp £ ¢ Y/

Bar. Pressure in. Hg:

Unit: % CO, .4 Assumed % Moist .-
Technicians: - b %0, Y., Static Press. in. H;O + - 37
Run,
Time : _ , 4 e
Pitot Pretest Pass , Pretest Pass [-] |Pretest Pass Pretest Pass
Check |Posttest Pass [ ] [Posttest Pass |4 [Posttest Pass Posttest Pass
Traverse Port Port Port Port
Point | Ap Ts o AD Ts o Ap Ts o« Ap | Ts o«
2 »
3
4 Fh | a4 7 :
5 ........ : z ‘\; ; A{,’_{i’-za IIIII
6 v
9
10
11
12
Run,
Time ;A .
Pitot Pretest Pass Pretest Pass " Pretest Pass B Pretest Pass %
Check |Posttest Pass [-] |Posttest Pass [ |Posttest Pass Posttest Pass
Traverse Port Port Port Port
Point | Ap | Ts « |ap | Ts | « | Ap | Ts | <« | Ap | Ts o
1 : ;
2
3
4
5
6
7
8
9
10
11
12




Optimal Air Testing Services, Inc.
SOURCE TESTING MOISTURE (Method 4) DATA SHEET

Client: ...

Date: [

W L

OATS Project No.:

(LRAS

Meter ID: g o

Ambient Temp. °F

Plant: West X

Test Location: ..l Meter AH@: | «r(| |Bar. Pressurein. Hg: = 7 | ™
Unit: Meter Yo <1 Hack Orp w74
Techniciano. /- '~ ¢ b G 2L

ol Clock DryGas |[Gas Meter Gas Mete :
Run (s) - Time Meter () | Temp. (F) [ Temp. (F)
Orifice Setting (AH): -~ XA Z 3 nket Outiet
System Leak Checks " X
Initial __“ " CFM@____in. Hg b i
Post-Test " CFMA@ " in Hg A 167
25 T
30: :
Impinger Initial Final iCondensate; | jf_“__ e T
Fraction/ Contents; Wt (g) | W (g) Wt | | m : @__“_\__ ___ff____ ]
1/~100mHu20 | 30 [ 11 o] o7 4 L
2/~100miHzo | 7 ¢ 8 I _ 9 e a6y |
3/ Empty B 1 elo] 49 {i§
4 / Silica Gel el EANS Eeedmandl] & (R IE S IR y
s2%7.9 Total = 1 |

=2 Ciock | DryGas |Gas Meter|Gas Meter
Run {s} Time | Meter(fty Temp. (F}!Tenw (F)
Orifice Setting (AH): Y et Ovutlet
5 A
System Leak Checks 7T
Initial - CFM@ ____in H ]
Post-Test CEM@_____in. Hg 1 %7
25 H
a0
Impinger Initial Final _|Condensate o
Fraction / Contents] Wt (@) | Wi(g) | Wt() A
11~t00mo | S bl 2 = |
2/ ~100 i H20 I ARG
3/ Emply * ¥
4/ Silica Gel ] e . ;
4.2 Total ' |




Optimal Air Testing
SOURCE TESTING TRAVERSE DATA SHEET
Client: Date: - 7 .- 7| [OATS Project No.:
Plant: .« 7 PitotID /-¢- Ambient Temp. °F: W
Test Location: Pitot Cp Bar. Pressure in. Hg: 5 |
Unit: % CO, Assumed % Moist <. 7.
Technicians: % O, Static Press. in. H)O + ~ .-
Run, B : o
Time - S,
Pitot Pretest Pass Pretest Pass Pretest Pass B Pretest Pass [-]
Check |Posttest Pass | | |Posttest Pass | | |Posttest Pass Posttest Pass [}
Traverse Port Port Port Port
Point { Ap | Ts < | Ap | Ts oc Ap | Ts o Ap | Ts o

] = 7 ¥ % <ol o Y BN

3 Ll ksE

4 vk '

6 g t hs X

7 3 &

8 80 %

° . 1 tr {4 1 1

i T 1

11

12
Run, ) A
Time ' e il
Pitot Pretest Pass Pretest Pass B Pretest Pass 5 Pretest Pass B
Check [Posttest Pass Posttest Pass -~ IPosttest Pass Posttest Pass | | |
Traverse Port Port Port Paort

Point | Ap | Ts « | Ap | Ts oc Ap | Ts o Ap | Ts o

et e S VST KT RN Ko T 3, IENY RO IR

w3 3



Optimal Air Testing
SOURCE TESTING TRAVERSE DATA SHEET

Client: S el Date: +4-72./71 | [OATS Project No.:
Plant: Lo Pitot ID -4 Ambient Temp. °F:
Test Location: [ Pitot Cp ¢ Bar. Pressure in. Hg: .. .
Unit: % COs ;, , 4 Assumed % Moist
Technicians: %O, <« O Static Press. in. H;O + - =
Run, [ s
Time i : }? LR gj = 5}
Pitot Pretest Pass a Pretest Pass E Pretest Pass Pretest Pass H
Check [Postiest Pass Posttest Pass | <] |Posttest Pass Posttest Pass
Traverse Port Port ' Port Port
Point | Ap | Ts | « Ap | Ts o Ap | Ts o Ap | Ts o«

T -5 2% TR q

g P 3C K M:,

6 L b | s

7 v 34

8 5 >

9

10

11

12
Run, s "
Timé : 55’ = Q

Pitot Pretest F’ass
Check {Posttest Pass

:

Pretest Pass
Posttest Pass

=

Pretest Pass
Posttest Pass

H

Pretest Pass B
Posttest Pass

Traverse Port

Port

Port

Port

Ap | Ts

:’_&p TS or

Point | Ap | Ts

Ap Ts

Sl2laleloiNololslwiv) -




Optimal Air Testing Services, Inc.
SOURCE TESTING MOISTURE (Method 4) DATA SHEET

Client: Date: ... .| |OATS Project No.: -
Plant: Ldo MeteriD: .- Ambient Temp. °F:
Test Location: Meter AH@: + 97 [Bar. Pressure in. Hg:
Unit: Meter Yo, o ||
Technician: €, {
Clock Dry Gas  |Gas Mete«.Gas Meter
Run (s) Time Meter (") | Temp. (F)| Temp. (F)
Orifice Setting (AH): Ltd ] A Inlet | Outlet
5 3 e Pl
System Leak Checks 9
inifial ___ % CFM@__.__in.H 15 6
Post-Test -“C4 CFM@ (.__in. u k)
25 z
Y o B > 7
| _mpinger Initial ; Final ‘Condensate « ft
Fraction / Contents] Wt (g) | Wt (@) | Wt (9) R S
1/~100mH20 | TR | 3 b —
2/ 100mi H20 | WO iR3 ” -
3/Empty L & + 1| - B :
4/ Silica Gel 4 Al N “ . -
i S5 Tota] . - f f
Clock Dry Gas  |Gas Meter|Gas Meter
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Suncor-Piant 1
H-2101 Stack

Run No.

Date (2009)
Start Time (CEM)
Stop Time (CEM)

Sampling Parameters

Y4, Dry Gas Meter Correction Factor
A,, Area of Sample Location (ft’)

Py, Barometric Pressure (in. Hg)

C,. Pitot Coefficient

P,, Static Pressure (in. H,O)

AP, Velocity Pressure (in. H,0)
T,, Gas Temperature (°F)

Te Meter Temperature (°F)

V, Volume Metered (ft°)

AH, Meter Orifice Pressure Drop (in. H,0)
CO,, Carbon Dioxide (% dry)

0,, Oxygen (S%dry)

W,,., Weight of Water Collected (g)
W, Silica Gel Net Weight (g)

6, Sampling Time (min)

Volumetric Flow Results

P,, Absolute Stack Pressure (in.Hg)
V., Volume of Water Vapor (ft°)

Ve, Volume Metered Standard (ft)
B... Percent Moisture (%)

My, MW of Sample Gas, dry (Ib/Ib-mole)
M, MW of Sample Gas, wet (Ib/lb-mole)
V,, Gas Velocity (ft/sec)

Q,, Actual Flowrate (acfm)

Qgq, Standard Flowrate (scfm)

Qgsg, Dry Standard Flowrate (dscfm)
Qqqq, Standard Flowrate (mscfh)

CEM Results
C, NOx (ppmdv)
E, NOx (Ib/hr)

C, CO (ppmdv)
C, CO (ppmdv @ 3% O,)

RATA Parameters

4/29
15:26
15:46

0.9798
41.38
25.19

0.84
-0.20

0.5646

334.0

80.7
52.62
2.00
14.87
4.67
134.3
15.6
21

25.18
7.07
42.62
14.2
30.57
28.78
424
105,373
58,936
50,573
3,636.18

26.16

9.48

0.00
0.00

4/29
16:00
16:20

0.9798
41.38
2519

0.84
-0.20

0.5746

330.3

80.7
52.62
2.00
17.49
477
134.3
156.6
21

25.18
7.07
42.62
14.2
30.99
29.14
42.8
106,323
59,750
51,271
3,584.99

28.42

10.44

0.00
0.00

Optimal Project: 90021

4/29
16:30
16:50

0.9798
41.38
25.19

0.84
-0.20

0.5769

332.6

80.7
52.62
2.00
17.98
4.73
134.3
15.6
21

25.18
7.07
42.62
14.2
31.07
29.21
43.0
106,779
59,826
51,336
3,5689.55

28.82

10.60

0.00
0.00



Suncor-Plant 1
H-2101 Stack

Run No.

Date (2009)
Start Time (CEM)
Stop Time (CEM)

Sampling Parameters

Y4, Dry Gas Meter Correction Factor
A,, Area of Sample Location (ft)

P, Barometric Pressure (in. Hg)

C,, Pitot Coefficient

P, Static Pressure (in. H,O)

AP Velocity Pressure (in. H,0)

T, Gas Temperature (°F)

T., Meter Temperature (°F)

V.., Volume Metered (ft%)

AH, Meter Orifice Pressure Drop (in. H,0)
CQO,, Carbon Dioxide (% dry)

0,, Oxygen (%dry)

W,,., Weight of Water Collected (g)
Wy, Silica Gel Net Weight (g)

0, Sampling Time (min)

Volumetric Flow Results

P., Absolute Stack Pressure (in.Hg)
V,s0, Volume of Water Vapor (ft*)

V.0, VOlume Metered Standard (ft°)
B,.., Percent Moisture (%)

My, MW of Sample Gas, dry (Ib/lb-mole)
M., MW of Sample Gas, wet (Ib/Ib-mole)
V,, Gas Velocity (ft/sec)

Q,, Actual Flowrate (acfm)

Qgqq, Standard Flowrate (scfm)

Quqa, Dry Standard Flowrate (dscfm)
Qustq, Standard Flowrate (mscfh)

CEM Results
C, NOx (ppmdv)
E, NOx (lb/hr)

C, CO (ppmdv)
C, CO (ppmdv @ 3% O,)

RATA Parameters

4/30
8:34
8:54

0.9798
41.38
25.15

0.84
-0.20

0.6087

335.4

64.9
47.47
2.00
16.67
462
127.9
10.5
21

25.14
6.53
39.54
14.2
30.85
29.03
45.6
113,301
63,156
54,230
3,789.34

28.03

10.89

0.00
0.00

4/30
9:04
9:24

0.9798
41.38
25.15

0.84
-0.20

0.6158

3353

64.9
47.47
2.00
17.36
4.77
127.9
10.5
21

25.14
6.53
39.54
14.2
30.97
29.13
46.1
114,416
63,792
54,776
3,827.50

28.99

11.38

0.00
0.00

Optimal Project: 90021

4/30
9:36
9:56

0.9798
41.38
2515

0.84
-0.20

0.6196

327.8

64.9
47.47
2.00
17.03
4.88
127.9
10.5
21

25.14
6.53
39.54
14.2
30.92
29.09
46.2
114,669
64,537
55,416
3,872.19

28.40

11.28

0.00
0.00



Suncor-Plant 1
H-2101 Stack

Run No.

Date (2009)
Start Time (CEM)
Stop Time (CEM)

Sampling Parameters

Y, Dry Gas Meter Correction Factor
A,, Area of Sample Location (ft?)

P,, Barometric Pressure (in. Hg)

C,, Pitot Coefficient

P,, Static Pressure (in. H,0)

AP"2 Velocity Pressure (in. H,0)
T, Gas Temperature (°F)

T.., Meter Temperature (°F)

V,,, Volume Metered (ft°)

AH, Meter Orifice Pressure Drop (in. H,0)
CO,, Carbon Dioxide (% dry)

0,, Oxygen (%dry)

W,,.. Weight of Water Collected (g)
W,,, Silica Gel Net Weight (g)

9, Sampling Time (min)

Volumetric Flow Results

P.., Absolute Stack Pressure (in.Hg)
Ve, Volume of Water Vapor (ft’)

V.., Volume Metered Standard (ft’)
B... Percent Moisture (%)

My, MW of Sample Gas, dry (lb/lb-mole)
M., MW of Sample Gas, wet (Ib/lb-mole)
V,, Gas Velocity (ft/sec)

Q,, Actual Flowrate (acfm)

Qqq, Standard Flowrate (scfm)

Quqg, Dry Standard Flowrate (dscfm)
Qqqq, Standard Flowrate (mscfh)

CEM Results
C, NOx (ppmdv)
E, NOx (lb/hr)

C, CO (ppmdv)
C, CO (ppmdv @ 3% Oy,)

RATA Parameters

4/30
10:10
10:30

0.9798
41.38
25.15

0.84
-0.20

0.5768

335.6

75.2
49.70
2.00
16.99
512
1432
14.4
21

25.14
7.43
40.60
15.5
30.92
28.92
43.3
107,572
59,048
50,694
3,596.86

27.83

10.11

0.00
0.00

4/30
10:40
11:00

0.9798
41.38
25.15

0.84
-0.20

0.5876

334.4

752
49.70
2.00
16.44
5.34
143.2
14.4
21

25.14
7.43
40.60
15.5
30.84
28.86
442
109,631
61,191
51,746
3,671.48

27.93

10.35

0.00
0.00

Optimal Project: 90021

4/30
11:10
11:30

0.9798
41.38
25.15

0.84
-0.20

0.5762

333.8

75.2
49.70
2.00
16.18
5.20
143.2
14.4
21

25.14
7.43
40.60
15.5
30.80
28.82
433
107,551
60,073
50,800
3,604.37

27.54
10.02

0.71
0.81



Suncor-Plant 1
H-2101 Stack

Run No.

Date (2009)
Start Time (CEM)
Stop Time (CEM)

Sampling Parameters

Y4, Dry Gas Meter Correction Factor
A, Area of Sample Location (ft%)

P, Barometric Pressure (in. Hg)

C,. Pitot Coefficient

P, Static Pressure (in. H,0)

AP, Velocity Pressure (in. H,0)
T,, Gas Temperature (°F)

T... Meter Temperature (°F)

V., Volume Metered (f)

AH, Meter Orifice Pressure Drop (in. H,0)
CO,, Carbon Dioxide (% dry)

0,, Oxygen (%dry)

W,,.. Weight of Water Collected (g)
W,,, Silica Gel Net Weight (g)

0, Sampling Time (min)

Volumetric Flow Results

P.. Absolute Stack Pressure (in.Hg)

V, <, Volume of Water Vapor (ft’)

Ve, Volume Metered Standard (ft’)
B,o. Percent Moisture (%)

My, MW of Sample Gas, dry (Ib/lb-mole)
M,, MW of Sample Gas, wet (Ib/lb-mole)
V,, Gas Velocity (ft/sec)

Q,, Actual Flowrate (acfm)

Qqq, Standard Flowrate (scfm)

Qusa, Dry Standard Flowrate (dscfm)
Q4. Standard Flowrate (mscfh)

CEM Results
C, NOx (ppmdv)
E, NOx (Ib/hr)

C, CO (ppmdv)
C, CO (ppmdv @ 3% O,)

RATA Parameters

10

4/30
11:42
12:02

0.9798
41.38
2515

0.84
-0.20

0.6140

336.4

69.4
24.03
2.00
16.46
5.52
56.5
4.7
21

25.14
2.89
19.84
12.7
30.85
29.22
459
113,982
63,455
55,422
3,807.30

27.49

10.92

0.00
0.00

1"

4/30
12:13
12:33

0.9798
41.38
2515

0.84
-0.20

0.5986

332.1

69.4
24.03
2.00
16.66
5.45
56.5
4.7
21

2514
2.89
19.84
127
30.88
29.25
446
110,771
62,008
54,158
3,720.48

27.46

10.66

0.00
0.00

Optimal Project: 9002I



Suncor-Plant 1 CEM Parameters Optimal Project: 80021
Hydrogen Plant Furnace (H-2101

CARBON DIOXIDE
Analyzer Values Actual Initial Bias Run 1 Run2 Run3
Date 4/29/09 4/29/09 4/29/09 4/29/09 4/29/09
Start Time 9:12 15:15 15:26 16:00 16:30
Stop Time 9:32 15:21 15:46 16:20 16:50
Concentration, C (%) 14.85 17.21 17.27
Zero Cal Gas, Cy (%) 0.00 0.06 0.05 0.02 0.08 0.18
Low Cal Gas (%) 5.79 5.74
High Cal Gas (%) 11.58 11.52
Span Value (%) 12.00
Bias/Drift Check Gas, C; (%) 579 5.80 5.81 5.65 5.65
RESULTS
Zero Error (%) 2 % of Span 0.5
Low Error (%) 04
High Error (%) -0.5
Zero Bias (%) 5 % of Span -0.1 -0.3 0.2 1.0
Upscale Bias (%) 0.5 0.6 -0.7 -0.7
Zero Drift (%) 3 % of Span -0.3 0.5 0.8
Upscale Drift (%) 0.1 -13 0.0

Concentration Corrected for Drift, Cy4 (%) 14.87 17.49 17.98



Suncor-Plant 1 CEM Parameters Optimal Project: 9002l
Hydrogen Plant Furnace (H-2101

OXYGEN
Analyzer Values Actual Initial Bias Run 1 Run2 Run3
Date 4/29/09 4/29/09 4/29/09 4/29/09  4/29/09
Start Time 9:12 15:15 15:26 16:00 16:30
Stop Time 9:32 15:21 15:46 16:20 16:50
Concentration, C (%) 468 4.82 478
Zero Cal Gas, Cy (%) 0.00 0.15 0.08 0.12 0.18 0.15
Low Cal Gas (%) 6.00 6.03
High Cal Gas (%) 12.00 12.12
Span Value (%) 12.00
Bias/Drift Check Gas, C; (%) 6.00 5.95 6.01 6.04 6.00
RESULTS
Zero Error (%) 2 % of Span 1.3
Low Error (%) 0.3
High Error (%) 1.0
Zero Bias (%) 5 % of Span -0.6 -0.3 0.3 0.0
Upscale Bias (%) -0.7 0.2 0.1 -0.3
Zero Drift (%) 3 % of Span 0.3 05 -0.3
Upscale Drift (%) 0.5 0.3 0.3

Concentration Corrected for Drift, Cq4 (%) 4.67 477 4.73



Suncor-Plant 1
Hydrogen Plant Furnace (H-2101

CEM Parameters

Optimal Project: 9002|

NITROGEN OXIDES
Analyzer Values Actual Initial Bias Run 1 Run 2 Run 3
Date 4/29/09 4/29/09 4/29/09 4/29/09  4/29/09
Start Time 9:12 15:15 15:26 16:00 16:30
Stop Time 9:32 15:21 15:46 16:20 16:50
Concentration, C (ppm) 26.30 28.49 28.68
Zero Cal Gas, C, (ppm) 0.00 0.36 0.27 0.33 0.27 0.30
Low Cal Gas (ppm) 25.00 2478
High Cal Gas (ppm) 50.00 49.36
Span Value (ppm) 50.00
Bias/Drift Check Gas, C, (ppm) 25.00 25.24 25.05 2515 24 67
RESULTS
Zero Error (%) 2 % of Span 0.7
Low Error (%) -04
High Error (%) -1.3
Zero Bias (%) 5 % of Span -0.2 -0.1 -0.2 -0.1
Upscale Bias (%) 0.9 0.5 0.7 -0.2
Zero Drift (%) 3 % of Span 0.1 -0.1 0.1
Upscale Drift (%) -04 0.2 -1.0
Concentration Corrected for Drift, C4 (ppm) 26.16 28.42 28.82



Suncor-Plant 1 CEM Parameters Optimal Project: 9002I
Hydrogen Plant Furnace (H-2101

CARBON MONOXIDE
Analyzer Values Actual Initial Bias Run 1 Run 2 Run 3
Date 4/29/09 4/29/09 4/29/09 4/29/09 4/29/09
Start Time 9:12 15:15 15:26 16:00 16:30
Stop Time 9:32 15:21 15:46 16:20 16:50
Concentration, C (ppm) 0.11 0.12 0.13
Zero Cal Gas, C; (ppm) 0.00 0.08 0.66 0.65 0.60 0.64
Low Cal Gas (ppm) 25.20 24.86
High Cal Gas (ppm) 50.40 4994
Span Value (ppm) 51.00
Bias/Drift Check Gas, C, (ppm) 25.20 25.34 25.57 25.27 25.27
RESULTS
Zero Error (%) 2 % of Span 0.2
Low Error (%) 0.7
High Error (%) -0.9
Zero Bias (%) 5 % of Span 1.1 1.1 1.0 1.1
Upscale Bias (%) 0.9 1.4 0.8 0.8
Zero Drift (%) 3 % of Span 0.0 -0.1 0.1
Upscale Drift (%) 0.5 -0.6 0.0

Concentration Corrected for Drift, C4 (ppm) -0.56 -0.51 -0.51



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 90021

Hydrogen Plant Furnace (H-2101) Calibration Error
Date
4/29/2009
Time COZ 02 NO] CO
(%, dry) (%, dry) (ppmdv) (ppmdv)

Zero 0.06 0.15 0.36 0.08

High 11.52 12.12 4936 49.94

Low 5.74 6.03 2478 24.86
9:12:04 0.06 0.15 0.58 13.05
9:13:04| 0.06 ] 0.15 ] 0.36 | 0.08 |
9:14:04 0.06 0.15 432 0.11
9:15:04 0.06 0.14 50.61 33.14
9:16:04 0.08 0.14 49.20 49.99
9:17:04 0.09 0.14 | 49.36 ] 49.94 |
9:18:04 0.09 0.14 49.04 49.89
9:19:04 0.08 0.15 31.23 4210
9:20:04 0.08 0.15 24.54 24.06
9:21:04 0.09 0.25 [ 24.78 | 24.86 |
9:22:04 0.09 0.26 18.21 24.80
9:23:04 12.25 12.08 9.72 15.17
9:24:04 2117 21.50 0.68 3.17
9:25:04 20.33 21.14 0.47 -0.81
9:26:04 17.69 18.51 0.34 -0.93
9:27:04] 11.52 [ 12.12 | 0.25 -0.67
9:28:04 8.66 9.21 5.73 2.49
9:29:04 5.41 5.83 0.23 3.15
9:30:04 5.42 5.95 0.20 0.06
9:31:04| 5.74 [ 6.03 | 0.18 0.02

9:32:04 5.73 6.03 0.18 -0.01



Suncor-Plant 1

Reference Method CEM Data

Optimal Project: 9002I

Hydrogen Plant Furnace (H-2101) Bias
Date
4/29/2009
Time Cco, 0, NOy co
(%, dry) (%, dry) (ppmdv) (ppmdv)
Zero 0.05 0.08 0.27 0.66
Upscale 5.80 5.95 25.24 25.34

15:15:04 224 277 0.37 2.05
15:16:04 5.79 5.90 0.27 0.66 |
15:17:04 5.80 5.95 0.24 0.64
15:18:04 1.95 2.38 250 272
15:19:04| 0.05 0.08 10.02 22.74
15:20:04 0.03 0.08 25.24 25.34 |
15:21:04 9.79 2.88 26.05 19.08



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 90021

Hydrogen Plant Furnace (H-2101) Run 1
Date
4/29/2009
Time CO, 0, NOy Cco
(%, dry) (%, dry) (ppmdv) (ppmdv)
Average 14.85 4.68 26.30 0.11
15:26:04 15.24 4.13 26.10 -0.03
15:27:04 16.01 3.58 2543 -0.04
15:28:04 16.17 3.42 2538 0.08
15:29:04 15.97 3.58 25.59 0.11
15:30:04 16.05 3.49 25.65 0.11
15:31:04 15.71 3.77 2595 0.12
15:32:04 15.80 3.68 25.83 0.12
15:33:04 16.06 3.46 25.82 0.10
15:34:04 15.56 3.92 25.50 0.10
15:35:04 14.42 484 26.63 0.14
15:36:04 14.12 5.25 28.20 0.14
15:37:04 14.29 5.26 27.20 0.13
15:38:04 14.51 507 27.04 0.12
15:39:04 14.45 5.22 26.48 0.1
15:40:04 14.34 5.30 26.40 0.13
15:41:04 14.04 5.63 26.17 0.15
15:42:04 13.95 565 26.32 0.12
15:43:04 14.14 5.50 26.35 0.13
15:44:04 14.01 562 26.26 0.15
15:45:04 13.59 5.87 26.83 0.14

15:46:04 13.41 594 27.07 0.14



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 90021

Hydrogen Plant Furnace (H-2101) Cal1
Date
4/29/2009
Time CO, (oY NOy coO
(%, dry) (%, dry) (ppmdyv) (ppmdv)
Zero 0.02 0.12 0.33 0.65
Upscale 5.81 6.01 25.05 2557

15:49:04 2.78 3.51 0.77 0.25
15:50:04 5.80 5.98 0.33 [ 0.65 ]
15:51:04| 5.81 | 6.01 0.26 0.79
15:52:04 1.47 1.63 10.61 4.85
15:53:04| 0.02 | 0.12 23.19 24.50
15:54:04 1.96 0.78 25.05 [ 25.57 |

15:55:04 3.15 575 321 10.99



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 90021

Hydrogen Plant Furnace (H-2101) Run 2
Date
4/29/2009
Time Cco, 0, NOy Cco
(%, dry) (%, dry) (ppmdv) (ppmdv)

Average 17.21 4.82 28.49 0.12
16:00:04 17.75 421 28.95 0.12
16:01:04 17.62 4.34 29.33 0.13
16:02:04 17.34 4.58 29.00 0.13
16:03:04 17.55 4.46 28.98 0.1
16:04:04 17.34 4.67 28.69 0.11
16:05:04 16.79 4.95 29.28 0.1
16:06:04 16.56 5.15 29.13 0.12
16:07:04 17.15 4.86 28.41 0.13
16:08:04 17.62 4.52 28.53 0.1
16:09:04 17.23 4.84 28.49 0.12
16:10:04 16.64 5.25 28.56 0.14
16:11:04 16.88 5.13 28.29 0.12
16:12:04 17.10 4.99 28.03 0.12
16:13:04 17.28 4.88 27.99 0.12
16:14:04 17.25 4.97 27.96 0.12
16:15:04 16.95 5.14 28.07 0.12
16:16:04 16.64 5.30 28.31 0.14
16:17:04 17.16 4.98 27.88 012
16:18:04 17.52 4.73 27.97 0.13
16:19:04 17.43 4.70 28.22 0.11

16:20:04 17.53 4.66 28.20 0.12



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 9002

Hydrogen Plant Furnace (H-2101) Cal 2
Date
4/29/2009
Time COz 02 NOx co
(%, dry) (%, dry) (ppmdv) (ppmdv)
Zero 0.08 0.18 0.27 0.60
Upscale 5.65 6.04 25.15 2527
16:22:04 10.20 3.94 14.84 0.72
16:23:04 5.56 6.02 0.27 | 0.60 ]
16:24:04| 5.65 | 6.04 0.21 0.66
16:25:04 3.95 4.16 1.20 0.81
16:26:04] 0.08 [ 0.18 21.39 17.38
16:27:04 0.02 0.14 25.15 | 25.27 1

16:28:04 6.00 1.77 25.78 25.00



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 9002!

Hydrogen Plant Furnace {(H-2101) Run 3
Date
4/29/2009
Time 002 02 NOX co
(%, dry) (%, dry) (ppmdv) (ppmdv)

Average 17.27 4.78 28.68 0.13
16:30:04 17.14 4.74 28.93 0.14
16:31:04 17.04 4.85 28.92 0.15
16:32:04 17.16 4.75 29.12 0.12
16:33:04 17.41 4.65 28.92 0.13
16:34:04 17.29 4.76 28.86 0.12
16:35:04 16.94 498 28.97 0.15
16:36:04 16.80 5.09 28.87 0.14
16:37:04 17.35 475 28.80 0.12
16:38:04 17.45 471 28.83 0.13
16:39:04 17.45 4.67 28.71 0.12
16:40:04 17.56 4.62 28.76 0.11
16:41:04 17.29 4.84 28.48 0.14
16:42:04 17.46 4.69 28.45 0.11
16:43:04 17.62 4.61 28.39 0.12
16:44:04 17.29 4.82 28.55 0.11
16:45:04 16.95 4.98 28.71 0.13
16:46:04 16.97 5.00 28.48 0.13
16:47:04 17.56 4,64 28.25 0.1
16:48:04 17.34 4.78 28.45 0.13
16:49:04 17.37 4.73 28.48 0.12

16:50:04 17.32 4.81 28.28 0.1



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 9002!

Hydrogen Plant Furnace (H-2101) Cal 3
Date
4/29/2009
Time 003 02 NOE CO
(%, dry) (%, dry) (ppmdv) (ppmdv)
Zero 0.18 0.15 0.30 0.64
Upscale 5.65 6.00 24 67 25.27
17:02:04 0.23 0.32 0.32 0.88
17:03:04 5.56 6.04 0.30 | 0.64 1
17:04:04] 565 | 6.00 0.16 0.81
17:05:04 4.44 478 1.30 0.73
17:06:04] 0.18 | 0.15 17.86 15.08
17:07:04 0.08 0.13 24.67 | 25.27 |

17:08:04 0.08 5.67 24.30 25.05



Suncor-Plant 1 CEM Parameters Optimal Project: 90021
Hydrogen Plant Furnace (H-2101

CARBON DIOXIDE

Analyzer Values Actual Initial Bias Run4d Run5 Run6 Run7 Rung
Date 4/30/09 4/30/09 4/30/09 4/30/09 4/30/09 4/30/09 4/30/09
Start Time 7:35 8:04 8:34 9:04 9:36 10:10 10:40
Stop Time 7:56 8:30 8:54 9:24 9:56 10:30 11:00
Concentration, C (%) 16.28 16.92 16.74 16.92 16.40
Zero Cal Gas, Cq (%) 0.00 0.19 0.03 0.07 0.07 0.14 0.13 0.13
Low Cal Gas (%) 5.79 5.76

High Cal Gas (%) 11.58 11.56

Span Value (%) 12.00

Bias/Drift Check Gas, C, (%) 5.79 5.69 568 5.70 582 5.88 5.83
RESULTS

Zero Error (%) 2 % of Span 16

Low Error (%) -0.3

High Error (%) -0.2

Zero Bias (%) 5 % of Span -1.3 -1.0 -1.0 -0.4 -0.5 0.5
Upscale Bias (%) -06 -0.7 -0.5 0.5 1.1 06
Zero Drift (%) 3 % of Span 0.3 0.0 0.6 -0.1 0.0
Upscale Drift (%) -0.1 0.2 1.0 0.6 -0.5

Concentration Corrected for Drift, Cy (%) 16.67 17.36 17.03 16.99 16.44



Suncor-Plant 1
Hydrogen Plant Furnace (H-2101

CEM Parameters

CARBON DIOXIDE
Analyzer Values Actual Initial Run9 Runi0 Run11
Date 4/30/09  4/30/09  4/30/09  4/30/09
Start Time 7:35 11:10 11:42 12:13
Stop Time 7:56 11:30 12:02 12:33
Concentration, C (%) 15.99 16.02 16.04
Zero Cal Gas, Cq (%) 0.00 0.19 0.17 0.18 0.16
Low Cal Gas (%) 5.79 576
High Cal Gas (%) 11.58 11.56
Span Value (%) 12.00
Bias/Drift Check Gas, C, (%) 5.79 5.81 5.69 5.68
RESULTS
Zero Error (%) 2 % of Span 16
Low Error (%) 0.3
High Error (%) -0.2
Zero Bias (%) 5 % of Span -0.2 -0.1 -0.3
Upscale Bias (%) 04 -0.6 -0.7
Zero Drift (%) 3 % of Span 03 0.1 -0.2
Upscale Drift (%) 0.2 -1.0 -0.1
Concentration Corrected for Drift, C4 (%) 16.18 16.46 16.66

Optimal Project: 90021



Suncor-Plant 1 CEM Parameters Optimal Project: 90021
Hydrogen Plant Furnace (H-2101

OXYGEN
Analyzer Values Actual Initial Bias Rund Run5 Run6 Run?7 Run 8
Date 4/30/09  4/30/09 4/30/09 4/30/09 4/30/09 4/30/09 4/30/09
Start Time 7:35 8:04 8:34 9:04 9:36 10:10 10:40
Stop Time 7:56 8:30 8:54 9:24 9:56 10:30 11:00
Concentration, C (%) 464 4.77 4.89 513 529
Zero Cal Gas, Cy (%) 0.00 0.03 0.00 0.07 0.13 0.03 0.01 0.06
Low Cal Gas (%) 6.00 6.03
High Cal Gas (%) 12.00 12.17
Span Value (%) 12.00
Bias/Drift Check Gas, C, (%) 6.00 6.02 5.99 5.94 6.03 5.98 5.90
RESULTS
Zero Error (%) 2 % of Span 0.3
Low Error (%) 0.3
High Error (%) 14
Zero Bias (%) 5 % of Span -0.3 0.3 0.8 0.0 -0.2 0.3
Upscale Bias (%) -0.1 -0.3 -0.7 0.0 0.4 -1.1
Zero Drift {%) 3 % of Span 0.6 0.5 -0.8 -0.2 04
Upscale Drift (%) -0.2 -0.4 0.7 0.4 -0.7

Concentration Corrected for Drift, C4 (%) 4.62 4.77 4.88 512 5.34



Suncor-Plant 1 CEM Parameters Optimal Project: 90021
Hydrogen Plant Furnace (H-2101
OXYGEN
Analyzer Values Actual Initial Run8 Run10 Run11
Date 4/30/09 4/30/09 4/30/09 4/30/09
Start Time 7:35 11:10 11:42 12:13
Stop Time 7.56 11:30 12:02 12:33
Concentration, C (%) 515 5.47 5.37
Zero Cal Gas, Cq (%) 0.00 0.03 0.03 0.01 0.03
Low Cal Gas (%) 6.00 6.03
High Cal Gas (%) 12.00 12.17
Span Value (%) 12.00
Bias/Drift Check Gas, C; (%) 6.00 5.96 5.92 5.90
RESULTS
Zero Error (%) 2 % of Span 0.3
Low Error (%) 0.3
High Error (%} 1.4
Zero Bias (%) 5 % of Span 0.0 -0.2 0.0
Upscale Bias (%) 0.6 0.9 -1.1
Zero Drift (%) 3 % of Span -0.3 -0.2 0.2
Upscale Drift (%) 0.5 0.3 -0.2
Concentration Corrected for Drift, C4 (%) 5.20 5.52 5.45



Suncor-Plant 1 CEM Parameters Optimal Project: 90021
Hydrogen Plant Furnace (H-2101

NITROGEN OXIDES
Analyzer Values Actual Initial Bias Run4 Run5 Runé Run7 Run 8
Date 4/30/09 4/30/09 4/30/09 4/30/09 4/30/09 4/30/09 4/30/09
Start Time 7:35 8:04 8:34 9:04 9:36 10:10 10:40
Stop Time 7:56 8:30 8:54 9:24 9:56 10:30 11:00
Concentration, C (ppm} 27.71 28.59 28.20 27.80 27.78
Zero Cal Gas, C; (ppm) 0.00 0.07 0.05 0.35 0.42 0.47 0.49 0.55
Low Cal Gas (ppm) 25.00 25.46
High Cal Gas (ppm) 50.00 4952
Span Value (ppm) 50.00
Bias/Drift Check Gas, C; (ppm) 25.00 24.63 24 .83 24.59 25.16 24.89 2495
RESULTS
Zero Error (%) 2 % of Span 0.1
Low Error (%) 0.9
High Error (%) -1.0
Zero Bias (%) 5 % of Span 0.0 06 0.7 0.8 0.8 1.0
Upscale Bias (%) -1.7 -13 -1.7 -0.6 -1.1 -1.0
Zero Drift (%) 3 % of Span 06 01 0.1 0.0 0.1
Upscale Drift (%) 04 -0.5 1.1 -0.5 0.1

Concentration Corrected for Drift, C4 (ppm) 28.03 28.99 28.40 27.83 27.93



Suncor-Plant 1
Hydrogen Plant Furnace (H-2101

CEM Parameters

NITROGEN OXIDES
Analyzer Values Actual Initial Run9 Runi0 Run i1
Date 4/30/09 4/30/09 4/30/09 4/30/09
Start Time 7:35 11:10 11:42 12:13
Stop Time 7:56 11:30 12:02 12:33
Concentration, C (ppm) 27.55 27.49 27.28
Zero Cal Gas, C, (ppm) 0.00 0.07 0.45 0.54 0.33
Low Cal Gas (ppm) 25.00 25.46
High Cal Gas (ppm) 50.00 49.52
Span Value (ppm) 50.00
Bias/Drift Check Gas, C; (ppm) 25.00 25.16 24.92 24.82
RESULTS
Zero Error (%) 2 % of Span 0.1
Low Error (%) 0.9
High Error (%) -1.0
Zero Bias (%) 5 % of Span 0.8 09 05
Upscale Bias {%) -0.6 -1.1 -1.3
Zero Drift (%) 3 % of Span -0.2 0.2 -0.4
Upscale Drift (%) 0.4 -0.5 -0.2
Concentration Corrected for Drift, C, (ppm) 27.54 27.49 27.46

Optimal Project: 9002l



Suncor-Plant 1 CEM Parameters Optimal Project: 9002|
Hydrogen Plant Furmace (H-2101

CARBON MONOXIDE
Analyzer Values Actual Initial Bias Run4 Run5 Run6 Run7 Run8
Date 4/30/09  4/30/09 4/30/09 4/30/09 4/30/09 4/30/09 4/30/09
Start Time 7:35 8:04 8:34 9:04 9:36 10:10 10:40
Stop Time 7:56 8:30 8:54 9:24 9:56 10:30 11:00
Concentration, C (ppm) 0.04 0.02 -0.05 0.06 0.10
Zero Cal Gas, Cy (ppm) 0.00 0.09 0.98 0.88 0.95 0.96 0.51 0.72
Low Cal Gas (ppm) 2520 25.03
High Cal Gas (ppm) 50.40 49.99
Span Value (ppm) 51.00
Bias/Drift Check Gas, C. (ppm) 25.20 25.00 25.44 24.74 24.39 2463 24.57
RESULTS
Zero Error (%) 2 % of Span 0.2
Low Error (%) -0.3
High Error (%) -0.8
Zero Bias (%) 5 % of Span 1.7 15 1.7 1.7 08 1.2
Upscale Bias (%) -0.1 0.8 -0.6 -1.3 -0.8 -09
Zero Drift (%) 3 % of Span -0.2 0.1 0.0 -0.9 0.4
Upscale Drift (%) 0.9 -1.4 07 0.5 -0.1

Concentration Corrected for Drift, C4 (ppm) -0.92 -0.93 -1.08 -0.71 -0.54



Suncor-Plant 1
Hydrogen Plant Furnace (H-2101

CARBON MONOXIDE

CEM Parameters

Analyzer Values Actual Initial Run9 Run1i10 Runii
Date 4/30/09 4/30/09 4/30/09 4/30/09
Start Time 7:35 11:10 11:42 12:13
Stop Time 7:56 11:30 12:02 12:33
Concentration, C (ppm) 1.14 0.08 0.08
Zero Cal Gas, Cp (ppm) 0.00 0.09 0.19 0.45 0.32
Low Cal Gas (ppm) 25.20 25.03

High Cal Gas (ppm) 50.40 49.99

Span Value (ppm) 51.00

Bias/Drift Check Gas, C, (ppm) 25.20 2466 2457 2451
RESULTS

Zero Error (%) 2 % of Span 0.2

Low Error (%) -0.3

High Error (%) -0.8

Zero Bias (%) 5 % of Span 0.2 0.7 0.5
Upscale Bias (%) -0.7 -0.9 -1.0
Zero Drift (%) 3 % of Span -1.0 0.5 0.3
Upscale Drift (%) 0.2 0.2 0.1
Concentration Corrected for Drift, C4 (ppm) 0.71 -0.24 -0.32

Optimal Project: 9002l



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 9002i

Hydrogen Plant Furnace (H-2101) Calibration Error
Date
4/30/2009
Time CO, 0, NOy CcO
(%, dry) (%, dry) {ppmdv) (ppmdv)

Zero 0.19 0.03 0.07 0.09

High 11.56 12.17 4952 49.99

Low 5.76 6.03 25.46 25.03
7:35:119 0.19 0.03 0.05 0.19
7:36:19[ 0.19 | 0.03 [ 0.07 [ 0.09 ]
7:37:19 0.16 0.03 0.05 -0.05
7:41:19 11.60 12.15 0.21 -0.11
7:42:19| 11.56 [ 12.17 | 0.23 -0.18
7:43:19 11.31 11.94 0.32 0.06
7:44:19 5.37 5.80 0.44 0.56
7:45:19] 5.76 ] 6.03 | 0.39 0.20
7:46:19 573 6.03 0.37 0.16
7:49:19 0.10 0.05 55.69 49.99
7:50:19 0.08 0.04 | 49.52 | 49.99 |
7:51:19 0.08 0.04 48.38 49.99
7:54:19 0.03 0.04 24.46 24.54
7:55:19 0.02 0.03 [ 25.46 | 25.03 |

7:56:19 0.02 0.03 25.33 2498



Suncor-Plant 1

Reference Method CEM Data

Optimal Project: 9002I

Hydrogen Plant Furnace (H-2101) Bias
Date
4/30/2009
Time CO; 02 NOx co
(%, dry) (%, dry) (ppmdv) (ppmdv)
Zero 0.03 0.00 0.05 0.98
Upscale 5.69 6.02 2463 25.00

8:04:19 0.05 10.54 1.03 1.81
8:05:19] 0.03 0.00 0.05 0.98 |
8:06:19 0.03 -0.03 0.03 0.37
8:20:19 0.07 -0.08 2472 25.00
8:21:19 0.06 -0.09 24.63 25.00 |
8:22:19 0.07 -0.09 24.60 24.95
8:28:19 5.57 6.07 0.56 0.18
8:29:19| 5.69 6.02 0.45 0.20
8:30:19 5.60 6.01 0.37 0.07



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 90021

Hydrogen Plant Furnace (H-2101) Run 4
Date
4/30/2009
Time COz 02 NOX CcO
(%, dry) (%, dry) (ppmdv) (ppmdv)
Average 16.28 4.64 27.71 0.04
8:34:19 16.29 4.98 26.97 -0.38
8:35:19 15.95 5.16 27.33 -0.37
8:36:19 16.10 5.07 26.82 -0.08
8:37:19 16.49 475 2717 0.13
8:38:19 16.42 471 27.42 0.12
8:39:19 16.37 4.69 27.54 0.11
8:40:19 16.16 4.82 27.37 0.11
8:41:19 16.26 4.69 27.71 0.08
8:42:19 16.51 4.44 28.02 0.09
8:43:19 16.40 4.51 28.03 0.09
8:44:19 16.02 475 28.28 0.10
8:45:19 15.95 4.74 28.40 0.10
8:46:19 16.43 4.39 27.87 0.08
8:47:19 16.48 437 27.96 0.09
8:48:19 16.30 4.47 27.86 0.09
8:49:19 16.23 4.50 27.86 0.09
8:50:19 16.10 4.59 27.94 0.09
8:51:19 16.37 4.37 27.94 0.08
8:52:19 16.39 4.42 27.68 0.06
8:53:19 16.20 4.53 27.93 0.09

8:54:19 16.36 4.42 27.75 0.09



Suncor-Plant 1

Reference Method CEM Data

Optimal Project: 90021

Hydrogen Plant Furnace (H-2101) Cal 4
Date
4/30/2009
Time CO, 0, NOy co
(%, dry) (%, dry) (ppmdv) {ppmdv)
Zero 0.07 0.07 0.35 0.88
Upscale 5.68 599 24.83 2544
8:55:19 5.38 217 7.02 0.87
8:56:19 5.52 5.94 0.35 | 0.88 |
8:57:19| 5.68 5.99 0.32 0.62
8:58:19 0.76 0.60 12.82 7.72
8:59:19| 0.07 0.07 21.76 25.44
9:00:19 0.04 0.06 24.83 | 25.44 ]
9:01:19 15.24 457 28.50 12.70



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 90021

Hydrogen Plant Furnace (H-2101) Run 5§
Date
4/30/2009
Time 002 02 NO; co
(%, dry) (%, dry) (ppmdv) (ppmdv)

Average 16.92 4.77 28.59 0.02
9:04:19 16.77 5.00 28.35 0.06
9:05:19 17.00 4.84 28.46 0.03
9:06:19 16.86 492 28.57 0.05
9:07:19 16.91 4.87 28.36 0.06
9:08:19 16.77 5.00 28.40 0.05
9:09:19 16.80 4.94 28.42 0.02
10:19 17.12 4.68 28.53 0.04
9:11:19 17.04 4.71 28.67 0.03
$12:19 16.63 4.97 28.95 0.00
9:13:19 16.47 5.10 28.86 0.04
9:14:19 17.02 4.72 28.43 0.02
9:15:19 17.06 4.63 28.69 0.00
9:16:19 16.94 4.67 28.81 0.01
917:19 16.99 4.63 28.90 0.01
9:18:19 17.04 4.57 28.70 0.01
9:19:19 17.33 4.38 28.72 -0.01
9:20:19 17.21 4.50 28.58 0.00
9:21:19 16.79 4.76 28.61 0.00
9:22:19 16.51 4.94 28.87 0.01
9:23:19 16.96 4.70 28.19 0.00

9:24:19 1717 4.55 28.33 -0.01



Suncor-Plant 1

Reference Method CEM Data

Optimal Project: 9002i

Hydrogen Plant Furnace (H-2101) Cal 5
Date
4/30/2009
Time CO, 0, NOyx [of0)
(%, dry) (%, dry) (ppmdv) (ppmdv)
Zero 0.07 0.13 0.42 0.95
Upscale 5.70 5.94 24.59 24.74
9:27:19 4.43 4.52 1.66 5.22
9:28:19 5.66 5.89 0.42 | 0.95 |
9:29:1 9[ 5.70 5.94 0.32 0.60
9:30:19 0.49 0.27 14.93 8.57
9:31:19[ 0.07 0.13 22.23 24.16
9:32:19 0.05 0.13 24.59 | 2474 |
9:33:19 15.65 511 27147 11.53



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 90021

Hydrogen Plant Furnace (H-2101) Run 6
Date
4/30/2009
Time CcO, 0, NOy co
(%, dry) (%, dry) (ppmdv) (ppmdv)

Average 16.74 4.89 28.20 -0.05
9:36:19 16.46 5.32 27.42 -0.03
9:37:19 16.29 5.33 27.66 -0.03
9:38:19 16.52 515 27.65 -0.03
9:39:19 16.46 5.18 27.63 -0.03
9:40:19 16.08 5.40 28.09 -0.04
9:41:19 16.06 5.37 2817 -0.03
9:42:19 16.51 5.07 27.94 -0.05
9:43:19 16.66 4.96 28.09 -0.05
9:44:19 16.75 4.87 27.94 -0.05
9:45:19 16.79 4.80 28.11 -0.04
9:46:19 16.57 4.94 28.46 -0.05
9:47:19 16.86 4.66 28.64 -0.04
9:48:19 17.15 4.50 28.29 -0.06
9:49:19 16.98 4.61 28.45 -0.06
9:50:19 16.77 4.76 28.79 -0.07
9:51:19 17.07 4.60 28.47 -0.08
9:52:19 17.43 4.40 28.41 -0.08
9:53:19 17.23 4.53 28.56 -0.08
9:54:19 17.16 4.57 28.46 -0.08
9:55:19 16.85 4.83 28.52 -0.08

9:56:19 16.93 4.77 28.38 -0.07



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 9002l

Hydrogen Plant Furnace (H-2101) Cal 6
Date
4/30/2009
Time 002 02 N0x CcO
(%, dry) (%, dry) (ppmdv) (ppmdv)
Zero 0.14 0.03 0.47 0.96
Upscale 582 6.03 25.16 24.39

10:02:19 1.38 1.35 0.57 0.99
10:03:19 579 5.99 0.47 ] 0.96 |
10:04:19] 5.82 | 6.03 0.34 0.56
10:05:19 3.83 3.68 371 0.95
10:06:19] 0.14 | 0.03 19.95 17.99
10:07:19 0.18 0.00 25.16 [ 24.39 |

10:0819 7.01 224 25.36 2240



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 90021

Hydrogen Plant Furnace (H-2101) Run7
Date
4/30/2009
Time Cco, 0, NOy co
(%, dry) (%, dry) (ppmdv) (ppmdv)
Average 16.92 513 27.80 0.06
10:10:19 16.70 5.31 27.36 -0.08
10:11:19 17.01 5.10 27.55 -0.10
10:12:19 16.95 5.10 27.50 -0.11
10:13:19 16.84 5.14 27.72 0.05
10:14:19 16.61 5.29 27.96 0.10
10:15:19 16.73 5.16 28.08 0.10
10:16:19 17.11 4.87 28.42 0.11
10:17:19 16.99 4.97 28.23 0.11
10:18:19 16.53 531 28.37 0.10
10:19:19 16.60 5.31 28.15 0.10
10:20:19 17.11 4.97 28.06 0.08
10:21:18 17.15 4.95 28.04 0.09
10:22:19 17.00 5.06 27.98 0.08
10:23:18 16.92 5.16 27.69 0.10
10:24:19 16.95 515 27.63 0.10
10:25:19 17.27 4.89 27.86 0.08
10:26:19 17.20 4.96 27.68 0.06
10:27:18 16.91 5.14 27.77 0.09
10:28:19 16.65 5.33 27.88 0.10
10:29:19 17.08 5.17 26.95 0.09

10:30:19 16.93 5.30 26.95 0.07



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 9002l

Hydrogen Plant Furnace (H-2101) Cal7
Date
4/30/2009
Time CO, 0, NOy cO
(%, dry) (%, dry) {ppmdv) (ppmdv)
Zero 0.13 0.01 0.49 0.51
Upscale 5.89 5.98 24.89 2463

10:33:19 3.57 353 0.91 2.95
10:34:19 5.87 5.96 0.49 | 0.51 |
10:35:19| 5.89 [ 5.98 0.38 0.73
10:36:19 1.79 1.45 11.23 5.05
10:37:19] 0.13 [ 0.01 23.41 23.16
10:38:19 0.19 0.00 2489 | 24.63 |

10:38:19 1é.99 423 26.56 15.56



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 9002

Hydrogen Plant Furnace (H-2101) Run 8
Date
4/30/2009
Time COo, 0, NOy CO
(%, dry) (%, dry) (ppmdv) {ppmdyv)

Average 16.40 5.29 27.78 0.10
10:40:19 16.54 5.3 27.27 0.31
10:41:19 16.04 5.62 27.68 0.11
10:42:19 16.04 563 27.65 0.11
10:43:19 16.21 5.47 27.82 0.10
10:44:19 16.52 524 27.91 0.08
10:45:19 16.44 5.31 27.92 0.08
10:46:19 16.10 5.53 28.00 0.10
10:47:19 15.93 5.64 27.91 0.09
10:48:19 16.41 5.30 27.63 0.09
10:49:19 16.68 5.08 27.40 0.09
10:50:19 16.78 5.00 27.57 0.07
10:51:19 16.67 5.09 27.67 0.08
10:52:19 16.40 5.26 27.73 0.08
10:53:19 16.66 5.00 28.33 0.10
10:54:19 16.72 5.01 27.90 0.06
10:55:19 16.41 5.22 28.01 0.07
10:56:19 16.11 543 27.99 0.09
10:57:19 16.45 5.23 27.69 0.09
10:58:19 16.54 5.19 27.87 0.07
10:59:19 16.49 5.21 27.47 0.08

11:00:19 16.19 5.39 27.89 0.09



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 9002|

Hydrogen Plant Furnace (H-2101) Cal 8
Date
4/30/2009
Time COo, 0, NOy co
(%, dry) (%, dry) (ppmdv) (ppmdv)
Zero 0.13 0.06 0.55 072
Upscale 5.83 5.90 24 .95 24 .57

11:04:19 2.02 1.90 0.79 1.63
11:05:19 5.79 5.87 0.55 | 0.72 |
11:06:19( 583 { 5.90 0.37 0.73
11:07:19 3.30 3.00 5.58 1.67
11:08:19] 0.13 | 0.06 20.82 19.63
11:09:19 0.08 0.04 24.95 [ 24.57 |

11:10:19 8.40 2.86 25.78 21.10



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 90021

Hydrogen Plant Furnace (H-2101) Run 9
Date
4/30/2009
Time CO: 03 Nox CcO
(%, dry) (%, dry) (ppmdyv) (ppmadv)
Average 15.99 515 27.55 1.14
11:10:19 8.40 2.86 25.78 21.10
11:11:19 16.24 5.34 27.59 1.43
11:12:19 16.53 5.12 27.84 0.07
11:13:19 16.55 5.15 27.61 0.08
11:14:19 16.30 5.30 27.77 0.08
11:15:19 16.00 5.50 28.07 0.08
11:16:19 16.47 5.24 27.29 0.07
11:17:19 16.61 5.13 27.40 0.05
11:18:19 16.52 5.16 2767 0.06
11:19:19 16.45 518 27.69 0.06
11:20:19 16.30 5.35 27.76 0.08
11:21:19 16.39 525 27.76 0.07
11:22:19 16.63 5.08 27.72 0.05
11:23:19 16.57 513 27.69 0.06
11:24:19 16.29 5.29 27.88 0.09
11:25:19 16.17 5.40 27.59 0.09
11:26:19 16.58 513 27.27 0.08
11:27:19 16.45 5.21 27.47 0.07
11:28:19 16.32 5.29 27.57 0.08
11:29:19 16.06 5.46 27.56 0.07

11:30:19 16.00 5.51 27.62 0.07



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 9002!

Hydrogen Plant Furnace (H-2101) Cal9
Date
4/30/2009
Time CO; 0O, NOy co
(%, dry) (%, dry) (ppmdv) (ppmdv)
Zero 0.17 0.03 0.45 0.19
Upscale 5.81 5.96 25.16 24.66

11:34:19 4.10 4.21 0.96 0.12
11:35:19 5.78 5.94 0.45 | 0.19 ]
11:36:19[ 5.81 | 5.96 0.34 0.70
11:37:19 1.05 0.65 13.97 7.40
14:38:19[ 0.17 | 0.03 21.96 23.79
11:39:19 0.15 0.02 25.16 [ 24.66 |

11:40:19 14.79 5.23 26.68 12.10



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 9002i

Hydrogen Plant Furnace (H-2101) Run 10
Date
4/30/2009
Time CO, 0, NOy cO
(%, dry) (%, dry) (ppmdv) (ppmdv)

Average 16.02 547 27.49 0.08
11:42:19 15.99 5.58 27.21 0.10
11:43:19 15.67 5.76 27.72 0.08
11:44:19 15.79 5.69 27.45 0.1
11:45:19 16.16 5.43 27.35 0.08
11:46:19 16.13 542 27.39 0.09
11:47:19 16.13 5.40 27.38 0.07
11:48:19 16.14 5.38 27.34 0.08
11:49:19 16.06 5.42 27.52 0.10
11:50:19 16.31 5.21 27.56 0.08
11:51:19 16.40 519 27.50 0.08
11:52:19 16.16 5.34 27.68 0.08
11:53:19 15.74 5.61 27.70 0.08
11:54:19 16.15 5.37 27.16 0.09
11:55:19 16.16 533 27.51 0.09
11:56:19 16.23 5.27 27.63 0.08
11:57:19 16.11 5.36 27.70 0.07
11:58:19 15.80 562 27.53 0.08
11:59:19 15.85 558 27.51 0.08
12:00:19 16.16 5.38 27.51 0.08
12:01:19 15.86 5.61 27.47 0.08

12:02:19 15.49 585 27.39 0.08



Suncor-Plant 1

Reference Method CEM Data

Optimal Project: 9002l

Hydrogen Plant Furnace (H-2101) Cal10
Date
4/30/2009
Time CO, 0, NO; co
(%, dry) (%, dry) {ppmdv) (ppmdv)
Zero 0.18 0.01 0.54 0.45
Upscale 5.69 5.92 24.92 24.57
12:05:19 0.58 0.34 0.54 0.95
12:06:19 5.72 5.95 0.54 0.45 |
12:07:19] 5.69 5.92 0.37 0.78
12:08:19 0.77 0.54 13.76 7.486
12:09:19]( 0.18 0.01 21.46 23.71
12:10:19 0.21 0.03 24.92 24.57 |
12:11:19 15.48 5.30 27.20 11.07



Suncor-Plant 1 Reference Method CEM Data Optimal Project: 90021

Hydrogen Plant Furnace (H-2101) Run 11
Date
4/30/2009
Time CO, 0O, NOy co
(%, dry) (%, dry) (ppmdv) {ppmdv)

Average 16.04 5.37 27.28 0.08
12:13:19 16.18 527 27.48 0.09
12:14:19 16.25 5.23 27.50 0.08
12:15:19 16.11 5.29 27.54 0.07
12:16:19 16.08 5.30 27.45 0.07
12:17:19 15.97 5.38 27.65 0.08
12:18:19 16.16 5.26 27.31 0.07
12:19:19 16.35 5.16 27.04 0.07
12:20:19 15.92 5.47 2713 0.08
12:21:19 15.39 5.83 2717 0.09
12:22:19 15.74 562 26.86 0.09
12:23:19 16.16 531 26.79 0.08
12:24:19 16.20 5.26 27.20 0.06
12:25:19 16.06 5.37 26.96 0.08
12:26:19 15.82 557 27.08 0.07
12:27:19 15.83 5.54 27.35 0.07
12:28:19 16.20 527 27.30 0.08
12:29:19 16.21 524 27.45 0.06
12:30:19 15.75 5.54 27.66 0.07
12:31:19 15.91 5.43 27.61 0.08
12:32:19 16.31 517 27.08 0.08

12:33:19 16.23 5.22 27.18 O.IO?



Suncor-Plant 1

Reference Method CEM Data

Optimal Project: 90021

Hydrogen Plant Furnace (H-2101) Cal 11
Date
4/30/2009
Time CO2 02 NOx CO
(%, dry) (%, dry) (ppmdv) (ppmdv)
Zero 0.16 0.03 0.33 0.32
Upscale 568 5.90 2482 24.51

12:37:19 1.02 0.92 0.55 1.03
12:38:19 5.64 5.86 0.46 0.36
12:39:19] 568 5.90 0.33 0.32 ]
12:40:19 4.06 4.11 2.40 0.74
12:41:19| 0.16 0.03 19.61 15.71
12:42:19 0.17 0.04 24.82 24.51 |
12:43:19 5.32 1.77 24.98 23.60



Sample Calculations — Run 1

Volume of Water Vapor Collected (wscf)

Vo = 0.04715x W, +0.04715x W,
V., = 0.04715x134.3+0.04715x15.6
Vo = 1.07wscf
Where:
Vwstd volume of water vapor collected at standard conditions (scf)
Wae weight of liquid collected in the impingers (g)
We weight of liquid collected in silica gel (g)
0.04715 conversion factor (ft'/g)

Volume of Gas Sample, Corrected to Standard Conditions (dscf)
AH

17.64)(V ) P, +— |(Y,

(17.64)( m)[ b 13.6J( )

Vmi'm‘ =
‘ (460+T,)
(17.64)(52. 62)[25 19+ -@](0 9798)
Vm\':d =
' (460+80.7)
Vo = 42.62dscf
Where:
Vimstd volume of gas sample, corrected to standard condmons (scf)
¥ai volume of gas sample at meter conditions (ft))
Py barometric pressure (in. Hg)
AH average pressure drop across meter orifice (in. HO)
Yq gas meter correction factor (dimensionless)
4 average dry gas meter temperature (°F)
13.6 conversion factor (in. HO/in. Hg)
17.64 ratio of standard temperature over standard pressure ("R/in. Hg)

460 conversion factor (°F to °R)



Stack Gas Pressure (in. Hg)

P
By Sy
13.6
3,:2549+(1939]
13.6

P, =25.18 in.Hg

Where
Py absolute sample gas pressure (in. Hg)
Py barometric pressure (in. Hg)
P static pressure (in. H,O)
13.6 conversion factor (in. H,O/in. Hg)
Moisture Content (%)
e Vw.v.rd
" Vrns.'d + Vw,\'.’d
3 7.07
" 42.62+7.07
B, =0.142

B, =x100 =142 %

Wi

Where:

Buwo water vapor of the gas stream (%)

Ninsi volume of gas sample, corrected to standard conditions (scf)
Vwsid volume of water vapor collected at standard conditions (scf)

100 conversion factor



Molecular Weight of Dry Gas Stream (Ib/lb-mole)

() (%0,) (%CO+%N,)
M, = MW, |
d co, (100) + 0, (100) * CO+N, 100)
M, = 4400437 55 0 167) g (80.46)
(100) (100) (100)

M, =30.571b/1b—mole

Where:

My molecular weight of the dry gas stream (Ib/Ib-mole)

MWcoz molecular weight of carbon dioxide (Ib/lb-mole)

MWa molecular weight of oxygen (Ib/Ib-mole)

MWeo+n2 molecular weight of carbon monoxide and nitrogen (Ib/Ib-mole)
%CO, carbon dioxide concentration in the dry gas stream (%)

%0, oxygen concentration in the dry gas stream (%)

%CO + %N, carbon monoxide and nitrogen in the dry gas stream (%)

100 conversion factor

Molecular Weight of Wet Gas Stream (Ib/lb-mole)
M, =M,)1-B,,)+(MW H,0XB,,)

M, =(30.57)(1-0.142)+(18.0)(0.142)
M, =28.781b/1b— mole

Where:

M; molecular weight of the wet gas stream (1b/lb-mole)
Mgy molecular weight of the dry gas stream (Ib/Ib-mole)
MWno molecular weight of water (Ib/Ib-mole)

Bas water vapor of the gas stream (%)



Velocity of Gas Stream (ft/sec)

T +460
v, = (85.49)(C,)WAP
- ( (M\)(Pa)]
[ (334.0+460)
¥, = (85.49)(0.34)(0.5646)[ WSI—S)] _

V., =424 fi/sec

Where:

Vs gas stream velocity (ft/sec)

85.49 pitot tube constant (ft/sec)([Ib/Ib-mole)(in. Hg)])/[(°R)(in. H,0)])"*
Cs pitot tube coefficient (dimensionless)

VAP average square roots of velocity pressures (in. H,0)"?

T average gas stream temperature (°F)

M; molecular weight of the wet gas stream (Ib/Ib-mole)

P absolute sample gas pressure (in. Hg)

460 conversion (°F to °R)

Volumetric Flow Rate of Gas Stream (acfm)
0, = (60)(4)(V,)

0, = (60)(41.38)(42.4)

Q, =105,373 acfm

Where:

Q. volumetric flow rate of gas stream at actual conditions (acfm)
Vs gas stream velocity (ft/sec)

A cross sectional area of sample location (ﬁz)

60 conversion factor (sec/min)

Volumetric Flow Rate of Gas Stream (scfm)

_17.640,X2P,)
Oy = *—m

_ 17.64(105,373)(25.18)
Qua = (334.0+460)

Q.. = 58,936scfm

Where:

Qs volumetric flow rate of gas stream at standard conditions (scfm)
Q. volumetric flow rate of gas stream at actual conditions (acfm)
F, absolute sample gas pressure (in. Hg)

T average gas stream temperature (°F)

460 conversion (°F to °R)

17.64 ratio of standard temperature over standard pressure (°R/in. Hg)



Volumetric Flow Rate of Gas Stream (dscfm)
O = QX1 - B,,)

0,.. = (58936)(1-0.142)

Q,u = 50,573 dscfm

Where:

Qustd volumetric flow rate of gas stream at standard conditions, dry basis
(dscfm)

Qs volumetric flow rate of gas stream at standard conditions (scfm)

Bwo water vapor of the gas stream (%)

Volumetric Flow Rate of Gas Stream (mscth)

_ (Q.ﬁd x60)
Opu = T1.000
. - 8,936x60)
dstd 1’0 00

Q. = 3.536.18mscfh

Where:

Quswd volumetric flow rate of gas stream at standard conditions, dry basis
(mscth)

Qs volumetric flow rate of gas stream at standard conditions (scfm)

60 conversion (min/hr)

1,000 conversion factor



Nitrogen Oxides Concentration (drift corrected, ppmdv)

1

C. +Coj. C
c,=|C- =
2 [C,m +ij) [CO, +Cof]

2 2
c, =|2630- 0.27+0.33 25.00
2 {25.24+25.0S)_(0.27+0.33]
2 2

C, = 26.16 ppmdv

Where:
Cq nitrogen oxides concentration, corrected for analyzer drift (ppmdv)
C nitrogen oxides concentration (ppmdv)
Coi initial system calibration bias check response for the zero gas (ppm)
Cor final system calibration bias check response for the zero gas (ppm)
Chi initial system calibration bias check response for the upscale gas (ppm)
Coif final system calibration bias check response for the upscale gas (ppm)
Cina actual concentration of the upscale calibration gas (ppm)
Nitrogen Oxides Emission Rate (Ib/hr)
£ = CMWy )(Qyia )(60)
s (385.3(10°%)
_ (26.16)(46.01)(50,573)(60)
o (385.3)10°%)

E,,, =9.48Ib/hr

Where:

Eipmr

Cq
MWnox
Qusta

60
385.3

10°

nitrogen oxides emission rate (Ib/hr)

nitrogen oxides concentration, corrected for analyzer drift (ppmdv)
molecular weight of nitrogen oxides (Ib/Ib-mole)

volumetric flow rate of gas stream at standard conditions, dry basis
(dscfm)

conversion factor (min/hr)

volume occupied by one pound of gas at standard conditions (dscf/Ib-
mole)

conversion factor (fraction to ppm)

! Calculations for oxygen, carbon dioxide and carbon monoxide are performed in the same manner.



Carbon Monoxide Concentration, Corrected to Three Percent Oxygen (ppmdv @ 3% O,)

d (C 209 = %02 tocorrect fo
v %07 —
ppm @3%02 % 20.9- C(); measured
20.9-3.0
@ o = (0.00) ———
ppmay @sy02 ( {20_9 = 4.67]

ppmav g 5,0, = 0.00 ppmdv @3% O,

Where:

ppmdv G 3% 02 carbon monoxide concentration corrected to three percent oxygen
(ppmdv @ 3% O,)

Cq carbon monoxide concentration, corrected for analyzer drift (ppmdv)

20.9 concentration of oxygen in at ambient conditions (% O,)

%% Db st percent oxygen to correct to (% O,)

Coz average concentration of oxygen for the test run (% O;)

RATA Calculations — NOx, Ib/hr, Runs 1 through 6, 8, 10 and 11

Standard Deviation

Sa‘r:v
Su‘uv
Sdm
Where
Sdev standard deviation
) summation
n number of data sets used for calculations
d; difference between the reference method result and the CEM value for

a given run (Ib/hr)
i run number



Confidence Coefficient
(Sdev )

CC = (!0_975)W

CC =(2:306) (0'259)
(3)
CC =0.199
Where:
ce confidence coefficient
Siey standard deviation
n number of data sets used for calculations
to.075 the inverse of the Student’s t-distribution for the specified degrees of
freedom
Relative Accuracy
d g |+|CC|
RA = x100
RMavg or E.\' tan dard
|- 0.0800|+|0.199|
RA = x100
10.67
RA=2.62%
Where:
RA relative accuracy
CC confidence coefficient
dave mean of the differences
RMaye reference method average
Estandard applicable emission standard

100 conversion factor (%)
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