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TLG ENGINEERING, INC.
CAE Project No: 6107

SUMMARY

INTRODUCTION

Clean Air Engineering was contracted by TLG Engineering, Inc. to determine
the levels of nitrogen oxides, carbon monoxide and total hydrocarbon
emissions and to perform visual emissions testing at their facility located in
Lorton, Virginia for compliance purposes.

The testing took place at the Stacks of Units 1 through 4 on March 12 and 13,
1992. Coordinating the field testing were:

M. LaFramboise - TLG Engineering, Inc.
J. Busik - Fairfax County Health Department

J. McKie - Virginia Department of Air Pollution Contro!
N. Merico - Clean Air Engineering

SUMMARY OF TEST RESULTS

The test conditions and results of analysis are presented in Tables 1 through 4
on pages 1-2 through 1-5, respectively.

To the best of our knowledge, the data presented in this report are accurate
and complete.
Respectfully submitted,

CLEAN AIR ENGINEERING

Robert Preksta Kimbery Kempf
Manager, Eastern Region Manager, Technical Communications
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TLG ENGINEERING, INC.
CAE Project No: 6107

TABLE 1 - Summary of Test Resuits

EPA Methods 3A, 7E, 9, 10 and 25A
Unit 1 Stack

March 13, 1992
Run No. 1 2 3
Start Time (approx.) 3:22 PM 4:35 PM 5:50 PM
Stop Time (approx.) 4:22 PM 5:35 PM 6:50 PM
Gas Conditions
Temperature (° F) 727 729 729
Moisture (volume %) 12.8 13.0 12.5
O2 (dry volume %) 7.0 7.0 7.0
CO2 (dry volume %)1 8.3 8.3 8.3
Yolumetric Flow Rate?
acfm 6,362 6,341 6,321
dscfm 2,480 2,460 2,467
Ni Oxid |
ppm dv 195 201 196
Ib/hr 3.5 3.5 3.5
tons/yr 15.2 15.5 15.2
Carbon Monoxide '
ppm dv 500 498 494
Ib/hr 54 5.3 5.3
tons/yr 23.7 23.4 23.3
Jotal Hydrocarbons
ppm dv 632 659 661
Ib/hr 10.7 111 11.2
tons/yr 47.0 48.6 48.9
Qpacity
Percent 0 0 0

1 See Comments, page 4-1.

2 The volumetric flow rates were based on the average of two velocity traverses

performed during the test.

Average
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6,340
2,470

197
3.5
15.3
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TLG ENGINEERING, INC.
CAE Project No: 6107

TABLE 2 - Summary of Test Results

EPA Methods 3A, 7E, 9, 10 and 25A

Unit 2 Stack
March 13, 1992
Run No. 1 2 3 Average
Start Time (approx.) 11:17 AM 12:38 PM 1:54 PM
Stop Time (approx.) 12:17 PM 1:38 PM 2:54 PM
Gas Conditi
Temperature (° F) 717 718 719 718
Moisture (volume %) 12.8 12.2 12.6 12.5
O2 (dry volume %) 7.5 7.5 7.5 7.5
CO2 (dry volume °/°)1 8.0 8.0 8.0 8.0
Volumetric Flow Rate?
acfm 6,415 6,292 6,364 6,360
dscfm 2,523 2,489 2,502 2,500
Nitrogen Oxides
ppmdv 118 127 120 122
Ib/hr 2.1 2.3 2.2 2.2
tons/yr 9.3 9.9 9.4 9.5
Carbon Monoxide
ppm dv 443 448 448 446
ib/hr 4.9 4.9 4.9 4.9
tons/yr - 21.3 21.3 21.4 21.3
Total Hydrocarbons
ppm dv 573 574 580 5§76
Ib/hr 9.9 9.8 9.9 9.9
tons/yr 43.4 42.9 43.5 43.3
Opacity
Percent 0 0 0 0

1 See Comments, page 4-1.

2 The volumetric flow rates were based on the average of two velocity traverses
performed during the test.
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TLG ENGINEERING, INC.
CAE Project No: 6107
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TABLE 3 - Summary of Test Results
EPA Methods 3A, 7E, 9, 10 and 25A
Unit 3 Stack
March 12, 1992 .
Run No. 1 2 3 Average
Start Time (approx.) 3:25 PM 4:49 PM 6:07 PM
Stop Time (approx.) 4:25 PM 5:49 PM 7:07 PM
Gas Conditions
Temperature (°F) 702 702 708 704
Moisture (volume %) 9.2 11.8 12.2 11.1
02 (dry volume %) 7.4 7.6 7.5 7.5
CO2 (dry volume %,)1 8.1 8.0 8.0 8.0
Volumetric Flow Rate?
actm 6,266 6,202 6,107 6,190
dscfm 2,587 2,487 2,425 2,500
Nitrogen Oxides
ppm dv 166 155 169 163
io/hr 3.1 2.8 2.9 2.9
tons/yr 13.4 12.1 12.8 12.8
Carbon Monoxide
ppm dv 485 473 482 480
Ib/hr 5.5 5.1 5.1 5.2
tons/yr 23.9 225 223 22.9
Jotal Hydrocarbons
ppm dv 477 500 811 596
Ib/hr 8.5 8.5 13.5 10.2
tons/yr 37.1 37.3 59.0 44.5
Opacity
Percent 0 0 0 0
1 See Comments, page 4-1.
2 The volumetric flow rates were based on the average of two velocity traverses
performed during the test.
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TLG ENGINEERING, INC.
CAE Project No: 6107

TABLE 4 - Summary of Test Results

EPA Methods 3A, 7E, 9, 10 and 25A

Unit 4 Stack
March 13, 1992

Run No.
Start Time (approx.)
Stop Time (approx.)

Gas Congiti
Temperature (° F)

- Molisture (volume %)
O2 (dry volume %)

CO2 (dry volume %)1

Yolumetric Flow Bate?
acfm
dscfm

Ni Oxid
ppm dv
Ib/hr
tons/yr

Carbon Monoxide
ppm dv
Ib/hr
tons/yr

Jotal Hydrocarbons
ppm dv
ib/hr
tons/yr

Qpacity
Percent

1 8ee Comments, page 4-1.

2 The volumetric flow rates were based on the average of two velocity traverses

performed during the test.

7:28 AM
8:28 AM

713
12.3
7.4
8.1

6,097
2,421

146
2.5
111

452
4.8
20.9

610
10.1
44.3

8:42 AM
9:42 AM

710
13.0
7.4
8.1

6,081
2,401

130
2.2
9.8

440
4.6
20.2

616
10.1
44.4

3
9:58 AM
10:58 AM

711
13.2
6.2
8.8

6,207
2,442

121
2.1
9.3

435
4.6
20.3

605
10.1
44.4

Average

610
10.1
44.4

:
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TLG ENGINEERING, INC.
CAE Project No: 61C7

DESCRIPTION OF INSTALLATION

TLG Engineering, Inc.'s I-95 Landfill, located in Lorton, Virginia, generates
electrical power through the combustion of landfill gas. The facility consists of
four Caterpillar Model 3516 Gas-Fired Reciprocating Engines. Each engine is
rated at 8.5 MBtu/hr maximum fuel input. Landfill gas is filtered and
compressed prior to injection into the engines. The exhaust from each engine
is transported to the roof via steel ductwork. The gas is then directed into a
silencer and vented to the atmosphere. Emissions from each engine are
controlled through carburetor air to fuel mixtures. This ratio is set to produce
a very lean fuel to air ratio.

The testing reported in this document was performed at the Stacks of Units 1
through 4.

A schematic of the process is shown below.

STACK

SAMPL ING
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TLG ENGINEERING, INC.
CAE Project No: 6107

SUMMARY OF PROCEDURES

SAMPLING PROCEDURES

The sampling followed procedures as detailed in U.S. Environmental Protection

Agency (EPA) Methods 1, 2, 3A, 4, 7E, 9, 10 and 25A. These methods are
titled:

* Method 1 — “Sample and Velocity Traverses for Stationary Sources;”

» Method 2 — “Determination of Stack Gas Velocity and Volumetric Flow Rate
(Type S Pitot Tube);”

* Method 3A - “Determination of Oxygen and Carbon Dioxide Concentrations
in Emissions from Stationary Sources (Instrumental Analyzer
Procedure);”

* Method 4 — “Determination of Moisture Content in Stack Gases;"

* Method 7E - “Determination of Nitrogen Oxides Emissions from Stationary
Sources (Instrumental Analyzer Procedure);”

* Method 9 — *“Visual Determination of the Opacity of Emissions from
Stationary Sources;”

* Method 10 - “Determination of Carbon Monoxide Emissions from Stationary
Sources;”

* Method 25A - “Determination of Total Gaseous Organic Concentrations using
a Flame lonization Analyzer (FIA).”

These methods appear in detail in Title 40 of the Code of Federal Regulations
(CFR), Part 60, Appendix A.

The sampling apparatus is shown in Figure 1 on page 3-2. The sampling
equipment was designed and manufactured by the Research Appliance Co. and
Clean Air Engineering to meset U.S. EPA standards. All equipment was

calibrated at the Clean Air Engineering laboratory prior to shipment to the job
site.

Sampling Locat

The Unit 1 through 4 Stacks are identical. Each stack has two ports. For
velocity traversing, eight points were traversed in each port. For the oxygen,
nitrogen oxides, carbon monoxide and total hydrocarbons testing a single point

was sampled for 60 minutes. The traverse point locations are shown in Figure 2
on page 3-3.

w
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TLG ENGINEERING, INC.
CAE Project No: 6107

Figure 1 _ 3-2

The EPA Methods 3A, 7E, 10 and 25A sampling apparatus is shown.
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TLG ENGINEERING, INC.
CAE Project No: 6107

The cross section of the Stack shows traverse point locations.

One of four identical locations.
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TLG ENGINEERING, INC.
CAE Project No: 6107

SUMMARY OF PROCEDURES (Continued)
ANALYTICAL PROCEDURES

Continuous Emissions Monitoring

Qxygen

The oxygen concentration was determined using procedures detailed in EPA
Method 3A. A sample was extracted continuously from the flue gas stream,
and a portion was conveyed to a Teledyne Percent Oxygen Analyzer.

Ni Oxid

The nitrogen oxides emission rate was determined using procedures detailed
in EPA Method 7E. A sample was extracted continuously from the flue gas

stream, and a portion was conveyed to a TECO chemiluminescent nitrogen
oxides analyzer.

Carbon Monoxide

The carbon monoxide emission rate was determined following procedures
detailed in EPA Method 10. An integrated gas sample was extracted from the

flue gas stream, and a portion was conveyed to a Luft-type nondispersive
infrared analyzer (NDIR).

Jotal Hydrocarbons

The total hydrocarbons emission rate was determined using procedures
detailed in EPA Method 25A. A sample was extracted continuously from the
flue gas stream, and a portion was conveyed to a flame ionization analyzer.

Before and after each run, the monitors were zeroed and calibrated with a
certified calibration gas. These calibrations were used to correct the raw data
for zero and calibration drift occurring during the test runs.
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TLG ENGINEERING, INC.
CAE Project No: 6107

SUMMARY OF PROCEDURES (Continued) 3

QUALITY CONTROL PROCEDURES

Quality control procedures for all aspects of field sampling; sample
preservation and holding time; reagent quality; analytical method; analyst
training and safety; and instrument cleaning, calibration and safety were
followed. These procedures are generally consistent with EPA guidelines
documented in "Quality Assurance Manuals for Air Pollution Measurement
Systems," Vol 3, "Stationary Source Specific Methods" (EPA-600/4-77-027b).

:
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TLG ENGINEERING, INC.
CAE Project No: 6107

COMMENTS 4-1

The carbon dioxide values were determined by using the stated fuel
parameters and deriving them from the relationship between the Fd and Fc
factors. This procedure is shown in a step-by-step presentation in the
Sample Calculations Section of the Appendix.

No deviations from standard U.S. EPA testing procedures were noted.

:




TLG ENGINEERING, INC.
CAE Project No: 6107

APPENDIX

NOMENCLATURE
SAMPLE CALCULATIONS
PARAMETERS
CALIBRATION DATA
FIELD DATA

5-0

5-1
5-2
5-3
5-4
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NOMENCLATURE
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GCV
DH
/OP
DH@

%l

Nomenclature

absorbance

cross sectional area of nozzle (ft2)

cross sectional area of stack (ft2)

proportion of water vapor in the gas stream by volume
proportion of water vapor in the gas stream by volume
at saturated conditions

pitot tube coefficient (dimensionless)

dilution factor

ratio of dry gas generated to gross calories (dscf/MBtu)
ratio of gas generated

gross calorific value of fuel (Btu/lb)

average pressure drop across meter box orifice (in. H20)

average square roots of velocity heads of stack gas (\]in. H20)
meter orifice calibration coefficient (in. H20)

percent of isokinetic sampling (acceptable: 90 < %l < 110%)

pitot tube constant: 85.49 (ft/sec) N(Ibib-mole)(in. Ho)
| \ (° R)(in. H20)

spectrophotometer calibration factor

dry molecular weight of stack gas (Ib/Ib-mole)

molecular weight of stack gas, wet basis {Ib/lb-mole)

total amount of particulate matter collected (gm)

normality of titrant (mea/ml)

barometric pressure (in. Hg)

final absolute pressure of flask (in. Hg)

initial absolute pressure of flask (in. Hg)

absolute stack gas pressure (in. Hg)

volumetric flow rate, actual conditions

volumetric flow rate, standard conditions, dry basis

standard conditions, 29.92 in. Hg, 68 ° F

final absolute temperature of flask ( ° R)

initial temperature of flask ( ° R)

average dry gas meter temperature ( ° F)




Neipr

Vmstd

Vsc
Vsoln

Vib
Vwstd

Yd

average stack temperature ( ° F)

absolute temperature, standard conditions (528 ° R)
total sampling time (min)

volume of aliquot (ml)

volume of flask (ml)

total volume of liquid collected in impingers and silica gel (ml)
volume of gas sample through the dry gas meter at meter
conditions (ft3)

volume of gas sample through the dry gas meter, standard
conditions (ft3)

volume of flask sample, standard conditions (ml)

lotal volume of solution (mi)

volume of titrant used to titrate aliquot (m)

volume of titrant used to titrate blank (ml)

volume of water collected, standard conditions (f3)

stack gas velocity (ft/sec)

gas meter correction factor (dimensionless)

il

:
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CAL GAS
CALI

CALF

ZERO|
ZEROF

ppm

ppm
(drift calibrated)
DRE

Nomenclature

actual concentration of the upscale calibration gas

initial system calibration bias check response for the upscale calibration
gas, ppm

final system calibration bias check response for the upscale calibration
gas, ppm

initial system calibration bias check response for the zero gas, ppm
final system calibration bias check response for the zero gas, ppm
measured concentration as parts per million in the gas stream
concentration calibrated for drift as per Eq. 6C-1 of EPA Method 6C

destruction removal efficiency

iiiéiii
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SAMPLE CALCULATIONS
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TLG ENGINEERING, INC.
CAE Project No: 6107

SAMPLE CALCULATIONS - RUN 1, UNIT 1 STACK
(Note : results are taken from computer analysis)

Volume of water collected
Vs = (0.04707 {3/ mi) (V)

=(0.04707) (69.5)
= 3.271 wscf

Volume of gas metered, standard conditions
(17.64°R/in. Hg) (Vm)[P., +‘D‘P’](Y :
B (460 +T,,) ‘
17. . . y
_ (17.64) (23.38) [29 98+“§°](0.9836)

(460 + 86)
= 22.37 dscf

Vmsld

Moisture content

V,
Bwo = e—sd
Vinsta + Virsid
3.271

" 22.37+3.271
=0.1276

=12.8%

Molecular weight of dry gas stream

Md = 044(%002) + 032(%02) + 028(%CO + %Nz)
=0.44(8.3) + 0.32(7.0) + 0.28(84.7)
- =29.61

Molecular weight of stack gas
M, =M, (1-Bu)+18(Bw)
=29.61 (1-0.1276) + 18(0.1276)
=28.13

Stack pressure (in. Hg)

P =R +(STATIC P)
13.6

- 29.93+(£)

13.6
=30.08



TLG ENGINEERING, INC.
CAE Project No: 6107

SAMPLE CALCULATIONS (Continued)

7.  Velocity of stack gas i
V, =K,C, (D)Lt 4601
[(MJ) (P))?

)
= 85.49 (0.84) (1.588) /27 +460]
[(28.13) (30.08)]?

= 135.07 ft/sec

8. Total flow of stack gas

Q, (60) (A;) (V)
(60) (0.785) (135.07)

6, 362 acfm

aQ _Q, P, (17.64°R/in. Hg) (1 - By)
sl =

T, + 460
- (6,362) (30.08) (17.64) (1-0.1 276)

727 + 460
=2, 480 dscfm

9. Total Hydrocarbons (as propane)

S °°)(cf'."2: )

= (565 - 20) _5516
(565-20)
=551

O 50
non

Average gas concentration indicated by gas analyzer, wet basis, ppm.

Average of initial and final system calibration bias check responses for
the zero gas, ppm.

Average of initial and final system calibration bias check responses for
the upscale calibration gas, ppm.

Cma =  Actual concentration of the upscale calibration gas, ppm.

O
3
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TLG ENGINEERING, INC.
CAE Project No: 6107

SAMPLE CALCULATIONS (Continued)

9. Total Hydrocarbons (continued)
- PPMuwet, drift calibrated
m =
PPMay 1-B,,
551

= 1-0.1275
=632

Ib/h (ppmd"’) (MW)

lpropane =

propen 385.3 x 10° %/ 1o mole
_ ((632) (44)

385.3x10°
=10.7

](dscfm )(60)

)(2, 480) (60)

- (p_)(a. 760 operating hrs,, ton

tons/year
hr year 2,0001b

)

_ (10.7)(8,760)

2,000
= 47.0

10. Molecular Weight of Landfill Gas (LFG)

Landfill Gas : 56.2% CH,, 9.0% CO,, 34.3%N,, 0.5% O,, 0% S in volume percentage

MWOILFG = (0.562)(—22_CH,) + (0.09)—4_c0,)+ (0.343)—282_N,) +
Ib- mole Ib- mole Ib-mole
(005)(—22_¢,)
Ib - mole

= 22.716|b/lb-mole

- 11. Percent Waeight of Landfill Gas Components

b

| %CH4 = (0.562)(EmsCHd,
g 180 FG
. = 0.396

g = 39.6%



TLG ENGINEERING, INC.
CAE Project No: 6107

SAMPLE CALCULATIONS (Continued)

11. Continued

% C in Landfill Gas

ib
(0.3960H4)( LTy )

0.344
34.4%

Calculations performed for remaining components in a similar manner.

12. Fuel Factor Ratio

Fo  _ (Kng%H) +(K.%C) + (K, %S) + (K, %N) - (K,%0)
F. (Ke%C)
_(3.64 4)(9.8) + (1.53 )(34.4) + (0.14 )(42.3) - (0.46 #5)(13.4)
(0.321,8,)(34.4)
= 7.97

13. F, Factor
F,  =0.209 (ﬂ)

c
= 1.67
14. Carbon Dioxide (Run 1, Unit 1 Stack)

%CO, = 20:9-%0.

_209-70
1.67

=8.3%
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PARAMETERS
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TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 1 Stack

March 13, 1992

RUN NO.
Start Time (approx.)
Stop Time (approx.)

%CO2*
%02
Pb
STATICP
Cp

As

Vic

Vm

DH

Yd

Tm

CALCULATED RESULTS

Vwstd

Vmstd

Bwo

AVG VEL ROOT
AVG TEMP
Md

Ms

Ps

Vs

Qa (acfm)**
Qstd (dscfm)**

* See Comments, page 4-1.

VELOCITY AND MOISTURE PARAMETERS

1
3:25 PM
4:.00 PM

8.3
7.0
29.98
1.3
0.84
0.785
69.5
23.38
1.5
0.9836
86

3.271
22.37
0.1276
1.588
727
29.61
28.13
30.08
135.07
6,362
2,480

2
4:35 PM
510 PM

83
7.0
29.98
1.3
0.84
0.785
71.5
23.40
1.5
0.9836
84

3.366
22.46
0.1303
1.680
729
29.61
28.10
30.08
134.62
6,341
2,460

5:50 PM
6:25 PM

8.3
7.0
29.98
1.3
0.84
0.785
69
23.55
1.5
0.9836
81

3.248
22.74
0.1250
1.577
729
29.61
28.16
30.08
134.21
6,321
2,467

** The volumetric flow rates were based on the average of two velocity traverses

performed during the test.
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TLG ENGINEERING, INC.
CAE Project No: 6107

Unit 2 Stack
March 13, 1992

RUNNO.
Start Time (approx.)
Stop Time (approx.)

%CO2*
%02
Pb
STATICP
Cp

As

Vic

vm

DH

Yd

Tm

CALCULATED RESULTS

Vwstd

Vmstd

Bwo

AVG VEL ROOT
AVG TEMP
Md

Ms

Ps

Vs

Qa (acfm)**
Qstd (dscfm)**

* See Comments, page 4-1.

VELOCITY AND MOISTURE PARAMETERS

1
11:22 AM
11:57 AM

8.0
7.5
29.98
1.5
0.84
0.785
68
22.67
1.5
0.9836
81

3.201
21.86
0.1277
1.607
717
29.58
28.10
30.09
136.20
6,415
2,523

2
12:37 PM
112 PM

8.0
7.5
29.98
1.5
0.84
0.785
66
23.36
1.5
0.9836
84

3.107
22.42
0.1217
1.578
718
29.58
28.17
30.09
133.60
6,292
2,489

1:53 PM
2:28 PM

8.0

7.5
29.98
1.5
0.84
0.785
68.5
23.22
1.5
0.9836

3.224
22.28
0.1264
1.594
719
29.58
28.12
30.09
135.11
6,364
2,502

* * The volumetric flow rates were based on the average of two velocity traverses

performed during the test.



TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 3 Stack

March 12, 1992

VELOCITY AND MOISTURE PARAMETERS

RUN NO. 1
Start Time (approx.) 3:30 PM
Stop Time (approx.) 4:05 PM
%C02* 8.1
%02 7.4
Pb 29.85
STATICP 1.2
Cp 0.84
As 0.785
Vie 46
Vm 21.82
DH 1.3
Yd 1.0098
Tm 83
CALCULATED RESULTS

Vwstd 2.165
Vmstd 2142
Bwo 0.0918
AVG VEL ROOT 1.589
AVG TEMP 702
Md 29.59
Ms 28.53
Ps 29.94
Vs 133.04
Qa (acfm)** 6,266
Qstd (dscfm)** 2,587

* See Comments, page 4-1.

2
4:51 PM
5:24 PM

8.0
7.6
29.85
1.2
0.84
0.785
62.5
22.63
1.5
1.0098
88

2.942
22.05
0.1177
1.564
702
29.58
28.22
29.94
131.68
6,202
2,487

6:07 PM
6:42 PM

8.0
7.5
29.85
1.4
0.84
0.785
65
22.89
1.5
1.0098
95

3.060
22.03
0.1220
1.534
708
29.58
28.17
29.95
129.66
6,107
2,425

* The volumetric flow rates were based on the average of two velocity traverses

performed during the test.
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TLG ENGINEERING, INC.

CAE Project No: 6107
Unit 4 Stack
March 13, 1992

RUN NO.
Start Time (approx.)
Stop Time (approx.)

%C02*
%02
Pb
STATICP
Cp

As

Vic

vm

DH

Yd

Tm

CALCULATED RESULTS

Vwstd

Vmstd

Bwo

AVG VEL ROOT
AVG TEMP
Md

Ms

Ps

Vs

Qa (acfm)**
Qstd (dscfm)**

* See Comments, page 4-1

VELOCITY AND MOISTURE PARAMETERS

1 2 3

7:35 AM 8:42 AM 9:57 AM
8:10 AM 9:17 AM 10:32 AM
8.1 8.1 8.8

74 7.4 6.2
29.98 29.98 29.98
1.5 1.5 1.5
0.84 0.84 0.84
0.785 0.785 0.785
67 70.5 72
22.48 22.55 22.89
1.5 1.5 1.5
0.9836 0.9836 0.9836
61 68 76
3.154 3.318 3.389
2253 22.30 22.28
0.1228 0.1295 0.1320
1.533 1.628 1.660
713 710 711
29.59 29.59 29.66
28.17 28.09 28.12
30.09 30.09 30.09
129.46 129.12 131.79
6,097 6,081 6,207
2,421 2,401 2,442

** The volumetric flow rates were based on the average of two velocity traverses

performed during the test.
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TLG ENGINEERING, INC.

CAE Project No: 6107
Unit 1 Stack
March 13, 1992

RUN NO.
Stant Time (approx)
Stop Time (approx)

ZEROI

CAL |

ZEROF

CALF

percent

CAL GAS

percent (drift calibrated)

OXYGEN CONCENTRATION
percent

1 2 3
3:22 PM 4:35 PM 5:50 PM
4:22 PM 5:35 PM 6:50 PM
0.25 0.25 0.25
14.75 14.75 14.75
0.25 0.25 0.25
14.75 14.75 14.75
75 7.5 7.5
13.99 13.99 13.99
7.0 7.0 7.0
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TLG ENGINEERING, INC.

CAE Project No: 6107
Unit 2 Stack
March 13, 1992

RUN NO.
Start Time (approx)
Stop Time (approx)

ZERO|

CAL I

ZEROF

CALF

percent

CAL GAS

percent (drift calibrated)

OXYGEN CONCENTRATION
percent

1 2 3
11:17 AM 12:38 PM 1:54 PM
12:17 PM 1:38 PM 2:54 PM
0.25 0.25 0.25
14.75 14.75 14.75
0.25 0.25 0.25
14.75 14.75 14.75
8.0 8.0 8.0
13.99 13.99 13.99
75 7.5 7.5
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TLG ENGINEERING, INC.

CAE Project No: 6107
Unit 3 Stack
March 12, 1992

RUN NO.
Start Time (approx)
Stop Time (approx)

ZERO |

CALI

ZEROF

CALF

percent

CAL GAS

percent (drift calibrated)

OXYGEN CONCENTRATION
percent

1 2 3
3:25 PM 4.49 PM 6:.07 PM
4:25 PM 5:49 PM 7:07 PM
0.5 0.5 0.5
15 14.75 14.75
0.5 0.5 0.5
14.75 14.75 15
8.2 8.3 8.2
13.99 13.99 13.99
74 7.6 7.5



TLG ENGINEERING, INC.

CAE Project No: 6107
Unit 4 Stack
March 13, 1992

RUN NO. ]
Start Time (approx)
Stop Time (approx)

ZERO |

CAL |

ZEROF

CALF

percent

CAL GAS

percent (drift calibrated)

OXYGEN CONCENTRATION
percent

1 2 3
7:28 AM 842 AM 9:58 AM
8:28 AM 9:42 AM 10:58 AM

0.25 0.5 5
14.75 14.75 14.76
0.5 0.5 0.25
14.76 14.76 14.75
8.0 8.0 8.0
13.99 13.99 13.99
7.4 74 6.2
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TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 1 Stack

March 13, 1992

RUN NO.
Start Time (approx)
Stop Time (approx)

dscfm*

ZERO|

CAL |

ZEROF

CALF

pPpm

CAL GAS

ppm (drift calibrated)
Ib/hr

tons/yr**

* Volumetric flow rates were based on the average of two velocity traverses

performed during the test.

** Based on 8,760 operating hours per year.

NITROGEN OXIDES CONCENTRATION

1
3:22 PM
4:22 PM

2,480

20
850
20
850
217
821.0
195
3.5
16.2

ppm

2
4:35 PM
5:35 PM

2,460

20
850
20
850
223
821.0
201
35
16.5

3
5:50 PM
6:50 PM

2,467

20
850
20
850
219
821.0
196
3.5
16.2
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TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 2 Stack

March 13, 1992

RUN NO.
Start Time (approx)
Stop Time (approx)

dscfm*

ZERO|

CALI

ZEROF

CALF

ppm

CAL GAS

ppm (drift calibrated)
ib/hr

tons/yr**

NITROGEN OXIDES CONCENTRATION

1
11:17 AM
12:17 PM

2,523

20
855
20
850
139
821.0
118
2.1
9.3

ppm

2
12:38 PM
1:38 PM

2,489

20
850
20
850
149
821.0
127
23
9.9

1:54 PM
2:54 PM

2,502

20
850
20
850
142
821.0
120
2.2
9.4

* Volumetric flow rates were based on the average of two velocity traverses

performed during the test.

** Based on 8,760 operating hours per year.
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TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 3 Stack

March 12, 1992

RUN NO.
Start Time (approx)
Stop Time (approx)

dscfm*

ZEROI

CAL I

ZEROF

CALF

Ppm

CAL GAS

ppm (drift calibrated)
Ib/hr

fons/year**

NITROGEN OXIDES CONCENTRATION

3:25 PM
4:25 PM

2587

20
860
20
830
187
821.0
166
3.1
134

ppm

2
4:49 PM
5:49 PM

2,487

20
830
20
845
174
821.0
155
2.8
121

6:07 PM
7:07 PM

2,425

20
845
20
840
189
821.0
169
29
12.8

* Volumetric flow rates were based on the average of two velocity traverses

performed during the test.

** Based on 8,760 operating hours per year.
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TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 4 Stack

March 13, 1992

RUN NO.
Start Time (approx)
Stop Time (approx)

dscfm*

ZERO|

CALI

ZEROF

CALF

ppm

CAL GAS

ppm (drift calibrated)
Ib/hr

tons/yr**

NITROGEN OXIDES CONCENTRATION

1
7:28 AM
8:28 AM

2,421

20
850
20
850
168
821.0
146
25
111

ppm

2
8:42 AM
9:42 AM

2,401

20
850
20
855
152
821.0
130
2.2
9.8

3
9:58 AM
10:58 AM

2,442

20
855
20
855
143
821.0
121
2.1
9.3

* Volumetric flow rates were based on the average of two velocity traverses

performed during the test.

** Based on 8,760 operating hours per year.
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TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 1 Stack

March 13, 1992

RUN NO.
Start Time (approx)
Stop Time (approx)

dscfm*

ZERO |

CAL I

ZEROF

CALF

ppm

CAL GAS

ppm (drift calibrated)
Ib/hr

tons/yr**

CARBON MONOXIDE CONCENTRATION

1
3:22 PM
4:22 PM

2,480

20
870
20
870
516
857.0
500
54
23.7

ppm

2
4:35 PM
5:35 PM

2,460

20
870
20
880
517
857.0
498
53
234

3
5:50 PM
6:50 PM

2,467

20
880
20
880
516
857.0
494
53
23.3

* Volumetric flow rates were based on the average of two velocity traverses

performed during the test.

** Based on 8,760 operating hours per year.
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TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 2 Stack

March 13, 1992

RUN NO.
Start Time (approx)
Stop Time (approx)

dscfm*

ZERO|

CALI|

ZEROF

CALF

ppm

CAL GAS

ppm (drift calibrated)
Ib/hr

tons/yr**

CARBON MONOXIDE CONCENTRATION

1
11:17 AM
12:17 PM

2,523

20
880
20
880
464
857.0
443
4.9
21.3

ppm

2
12:38 PM
1:38 PM

2,489

20
880
20
870
467
857.0
448
4.9
21.3

3
1:54 PM
2:54 PM

2,502

20
870
20
870
464
857.0
448
4.9
214

* Volumetric flow rates were based on the average of two velocity traverses

performed during the test.

** Based on 8,760 operating hours per year.



TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 3 Stack

March 12, 1992

CARBON MONOXIDE CONCENTRATION

[ 2.

I

PPm
RUN NO. 1 2 3
Start Time (approx) 3:25 PM 4:49 PM 6:07 PM
Stop Time (approx) 4:25 PM 5:49 PM 7:07 PM
dscfm* 2,587 2,487 2,425
ZEROI 20 20 20
CALI 880 880 890
ZEROF 20 20 20
CALF 880 890 880
ppm 506 497 507
CAL GAS 857.0 857.0 857.0
ppm (drift calibrated) 485 473 482
Ib/hr 5.5 5.1 5.1
tons/year** 239 225 223

* Volumetric flow rates were based on the average of two velocity traverses
performed during the test.

** Based on 8,760 operating hours per year.

€.
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TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 4 Stack

March 13, 1992

RUN NO.
Start Time (approx)
Stop Time (approx)

dscfm*

ZERO|

CALI

ZEROF

CALF

ppm

CAL GAS

ppm (drift calibrated)
Ib/hr

tons/yr**

* Volumetric flow rates were based on the average of two velocity traverses

performed during the test.

** Based on 8,760 operating hours per year.

CARBON MONOXIDE CONCENTRATION

1
7:28 AM
8:28 AM

2,421

20
880
20
880
474
857
452
4.8
20.9

ppm

2
8:42 AM
9:42 AM

2,401

20
880
20
880
462
857
440
4.6
20.2

3
9:58 AM
10:58 AM

2,442

20
880
20
880
456
857
435
4.6
20.3
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TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 1 Stack

March 13, 1992

RUN NO.
Start Time (approx)
Stop Time (approx)

dscfm*
Bwo

ZEROI|
CAL!
ZEROF
CALF
ppm

CAL GAS
ppm, wet (drift calibrated)
ppm, dry
Ib/dsct
Ib/hr
tons/yr**

* The volumetric flow rates were based on the average of two velocity traverses performed during the test.

TOTAL HYDROCARBONS CONCENTRATION

3:22 PM
4:22 PM

2,480
0.1276

20
560
20
570
565
551.6
551
632
7.21E-05
10.7
47.0

** Based on 8,760 operating hours per year.

ppm

2
4:35 PM
5:35 PM

2,460
0.1303

20
570
20
570
591
561.6
573
659
7.53E-05
111
48.6

5:50 PM
6:50 PM

2,467
0.1250

20
570
20
570
597
5561.6
578
661
7.55E-05
11.2
48.9
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TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 2 Stack

March 13, 1992

RUN NO.

Start Time (approx)
Stop Time (approx)

dscfm™*
Bwo

ZEROI
CAL |
ZEROF
CALF

ppm

CAL GAS
ppm, wet (drift calibrated)
ppm, dry
Ib/dscft
ib/hr
tons/year **

* The volumetric flow rates were based on velocity traverses performed before and after the test.

TOTAL HYDROCARBONS CONCENTRATION

11:17 AM
12:17 PM

2,623
0.1277

20
570
20
570
518
561.6
499
573
6.54E-05
9.9
434

** Based on 8,760 operaing hours per year.

ppm

2

12:38 PM
1:38 PM

2,489
0.1217

20
570
20
560
518
5561.6
504
574
6.55E-05
9.8
429

1:54 PM
2:54 PM

2,502
0.1264

20
560
20
560
516
551.6
507
580
6.62E-05
9.9
43.5
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TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 3 Stack

March 12, 1992

RUN NO.

Start Time (approx)
Stop Time (approx)

dscfm*
Bwo

ZERO|
CALI
ZEROF
CALF
ppm

CAL GAS
ppm, wet (drift calibrated)
ppm, dry
Ib/dscf
Ib/hr
tons/year**

* Volumetric flow rates were based on the average of two velocity traverses

performed during the test.

TOTAL HYDROCARBONS CONCENTRATION

3:256 PM
4:25 PM

2,587
0.0918

20
570
40
580
458
551.6
434
477
5.45E-05
8.5
371

** Based on 8,760 operating hours per year.

ppm

2

4:49 PM
5:49 PM

2,487
0.1177

40
580
40
560
464
551.6
441
500
5.71E-05
8.5
37.3

6:07 PM
7:07 PM

2,425
0.1220

40
560
15
140
444
551.6
712
811
9.26E-05
13.5
59.0
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TLG ENGINEERING, INC.
CAE Project No: 6107
Unit 4 Stack

March 13, 1992

RUN NO.
Stant Time (approx)
Stop Time (approx)

dscfm*
Bwo

ZERO|
CALI
ZEROF
CALF
ppm

CAL GAS
ppm, wet (drift calibrated)
ppm, dry
Ib/dsct
Ib/hr
tons/yr**

* Volumetric flow rates were based on the averagé of two velocity traverses

performed during the test.

TOTAL HYDROCARBONS CONCENTRATION

7:28 AM
8:28 AM

2,421
0.1228

20
570
20
570
563
561.6
535
610
6.96E-05
10.1
443

** Based on 8,760 operating hours per year.

ppm

2
8:42 AM
9:42 AM

2,401
0.1295

20
570
20
560
550
551.6
536
616
7.04E-05
101
444

3
9:58 AM
10:58 AM

2,442
0.1320

20
560
20
570
539
5561.6
525
605
6.91E-05
10.1
444
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TLG ENGINEERING, INC.
CAE Project No: 6107

CALIBRATION DATA
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POST TEST CALIBRATION CHECK ey
ClienyOwner:___J 40 Project Number:___(2/07. - .
Operator: _, 7im XOOBK . . Dawe: _3/(2/92 T
Meter BoxNo.: J~ -, Meler Box YVacuum: 2 _Zo.nq DBox .Ka. - 0.963 Barometric Press.: D8 .77 ]
: o . . A 1:777 ‘
Standard . Meter Gas Zo:u. Box Gas’ <o::=o 1. m_a ‘Mceler Mecter Box . , )
. <c.=.=o B DR S ¢ .hna__vnnnp:no Tecmperature| _ _ [
: : . 1w U .w_“ I Rt O o R .
.O. AH| AP| Yds | Initipl| Final Vds | Inilial ‘inal | 'Vd Nel .,E_z Out| Tds| In|Out| “Td| Time|., - . Yd AL
IR . . RN N ) o znh . . . N N R . ><~w -n ><m 0 , .
oblo} /-5 |"58(0.9975 | 57843 2, 72] .29 [ 7977 | 8692 | €701 £5| 506 o .MWQ 78 | 12 09902 | /. 7%
LS| 15 511098 12, 724537-080 /0.30 | 88421 99-33 1409/ Nm 07025105 197175 J0.9844 /.7
ol s L<i|n : (o | 67 ZAECRE N On-
G6]|/5 151109974537, B\ svg a2 /14 | 99.33 | /it.o7 (/17 8V 68 oaloo 178 | L 10-9834 )%
Nomenclature - : Calculations -
- Pb Barometric Pressure , — —
Q Flow Rate (cfm) Yd = (Yds) Yds || Td+460 || Tb+ AT/I36
| alL . Orilice Pressurc Diflerentinl ("I HNOV vd Tds 4 460 || -Pb + AH/13.6
AP Inlet Pressure Diflerential {("I120) ‘ — — 2 A
Vd_ Volume Dry Gas Meter 9 ) .w:@. _ o.oumq All (Tds -+ 460) 0
Vds Volume Dy Standard 3 ) - Pb (T + 460)  {(Vds) 3:5
Yd Meter Correction Ifactoe (unitless) - .
Yds . Standard Meter Correction Factor (unitless) a i 17.64 (Vds) C.S
All@ m_u_mwmmo_.—”_.,_mmmw_.w@mu.ﬁﬂ..m.___._w..n_u.v__.:. gave 0.75 chn ol air (Tds -+ 460) 0




€2 03 & L. U35 1 ME,cABL.WFU-_TEC. CAL.JSHRAL. N ) 3 : <3 Y
Date: 2 Operator: QLG __
Meter Box No.: Meter Box AH@: , g9¢3( | MeterBoxYd: 4 7777 | Barometric Pressure: 2 7( |
_l Standard Znﬁm Gas Meter Box nwmm Volume| Std. Meter Meter Box
Volume ft ft Temperature | Temperature
°F F :
Q| aAH | &P Yds | Inmitial] Final| Vds | Initial| Final | Vds | In|Out| Tds| In|Out| Tds Time Yd AH@
Net Net Avg Avg 9
2 72 [ 70 j0F | 74
38| .50|-.9 |/.006 | 520. 0| 530.00] T.76 456,17 |466. 0\ |/6.94 |72 | 70 |74 [0 9C oz | 24 98553 | /. b6 2]
399 50 . 9 |1 0ol | 533.00| S17.¢5/3. 3 |470.50 455,22 | 14.72 |23 |32 |72 |10 |50 [703] 34 |.9g22) |1.692
- #1722 a7
6% ). T 1=2.) 1, 996b|55¢ B3[S587.%9] /1, 51 [495.00]567.35] /2. 35 [ 22173 vmw 00| 109| /6 | 95204 |/. 6%
(4]
sl 1.7 220 | 996357973 53020l 1/, o0 | 5170|527 23] 12,53 | 34 | T2 |73 |2 |Gocl | 2 9935|1756
2ol 3. 61~ 3.3] 199 3| 599,03 6it. 27| 12.25 | Sor| 5537413, 08 |35 | 7874 /2354 1114 13 | I%Me0|/ 56O
9= 0.3.30.9937\0u. 27| L.59 10.29 | 55378564 3% 1 02 |7 | 75174 [[Tslick|ng | |\ 99328 ). 885
LAY | 1.777
Nomenclature Calculations Vacuum Gauge Calibration ~ Thermometer Calibration
Pb Barometric Pressure - Standard Vacuum Standard | Inlet Outlet
Q Flow Rate (cfm) __ . Vds | [Td + 460 |[Pb + AP/13.6 || |(Hg) Gauge
AH Orifice Pressure Differential ("H20) Yd = (Yds]— Py P Q o v
AP Inlet Pressure Differeatial "H20) Vd | [Tds + 460 |(Pb + AH/13.6 =3 /5 32 33 34
vd Volume Dry Gas Meter (ft°) - g9 «Qwo -0 "
Vds  Volume Dry Standard QnN , 0.0317 AH (Tds + 460)8 % o
Yd Meter Correction Factor (unitless) AH@ == 2058° |2065° 2ok’
Yds  Standard Meter Correction Factor ?:Enm&L Pb(Td + 460) |(Vds)(Yds) —
AH@ Orifice Pressure Differential that gave 0.75 cfi
of air at 70°F and 29.92 "Hg ("H2 Q 17.64 (Vds)(Pb)
 (Tds + 460)8

|

|
!1
Y




€ { (.5 {. i I G o R R, 3 3 i S 3 |
METER BUX FULL TESI CALIBRATIUR
DATE: nw\\o \ 9/ METER BOX Yd: /. 0033 METER BOX: Kk
OPERATOR: QLG . METER BOX AH@: /. s2Y% BAROMETRIC PRESSURE (Pb): 28.94
Standard Meter Gas Meter Box Gas Standard Meter Time
Volume (ft?) Volume (ft3) Meter Box (Min.)
Temperature Temperature
(Vds) (vd) Tds Td
Q| A4 | AP | Yds | Initial | Final Net Initial | Final Net | In | Out | Avg | In | Out| Avg ¢] Yd AH@
%0 S 1 | 100
L 36bl, 50 |-.7 |1.oo7 | (38,47 (4389 | 5.42 |5e0.00 |s50s.01] 5.9 50 [5a |80 |5 /o2 |07 /4 |Loovs| /. 847
7 )R .
369], 50| -.7]1.007 |643. 89 |(5070 | 7.0t |s5¢5.e9 | 573.04] 7,35 mm 25 | so \:\x.w w2 | 11O 1& _ |rowz| 1. 223
, o | 5@ 128 | /04
LGBC {1 T |1 T] 9768 |5, 25 |76 13]/0.88 | 558. 00 |599.3C 4. 3 o wo & lae e, 117 /5 |Lolag /. 500
¥ 1 130 | /06
652 |17 |-19|,99¢7 |67%. 13 |eg7. 7|y 54 | 599.3¢ |ela5 |20 |30 |50 | s lise |78 [ 118 |iG  Jrems| 1.5/7
: C 159 | /0% :
. $597|3.0 |-3.0[.9938|&97.80 [7/0.74 | 72,3422 00 [e34.84 |/2.54 | %3 wo $6 {34 |s05 |72 /> |lopo 1. 333
) 3 4 /797 . ]
502 3.0 3.0].9938| 70.74 _|721.59 [11,45 |34, 54 (et 1197 [30 |22 | 8o 3% |7os | 122 | /2 lroow]| 7, 83
/.009% 1,825
Q - Flow Rate (cfm) Vds Td + 460 ) /[Pb + AP/13.6
AH - Orifice Pressure Differential (in. H 0) Yd = (Yds) \vd Tds + 460 /{ Pb + AH /13.6
AP - 1Inlet Pressure Differential Standard Meter (in. H 0) '
Yds -~ Standard Meter Correction Factor (Unitless) 0.0317 AH (Tds + 460) @ 2
Yd - Meter Box Correction Factor (Unitless) AH@ = Pb (T + 460) Vds. Yds
AH@ - Orifice Pressure Differential that gives 0.75 cfn
° " = 17.64 - Vds - Pb
of air at 70°F and 29.92" Hg (in. H 0) Q T T




Client/Owner:
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Operalor:” l..l.\.mE ﬂb mv%wh.

POST TEST GALIBRATION CHECK

Project Number:

U::.x _M \k N NMP

. -

wil

071 -

Meter Box No.: K k/ . Meter Box Vacuum: 3 “Meter COx Yd: [ o098 Barometric Press.: 8. 77
; . S - hi@ \. 825 .
Standard.Meter Gas Mecter Box Gas <o_E=o mE. ‘Meler Mectcr Box .
B Volume I (SRRt SISO A.oa__unnn::.o .H.Q_%Q.E:no —— F—
Q| AH| AP| Yds | Imitipl] F :r: Vds |- Initial Final | Vd Net uib Qut| Tds| In|Out| Td| Time|. - - Xd IN3L@
BN . : . . ZOR S . EEY B . - R . ><w .m .><m e ° g . .
. — T 1 %7 7186 | g0 | 1= | ; —
Bl5 510070 |580iq| 59189) 1,75 | 6720 | 79,22, | 92| Pa |2 |69 |00 |55 )88 [ 17 Veoote | 1775
’ r o - }
L2115 175104877 (597,891 weded] 1.73 | Mz | W14 1ML92 [ Mw Y wm\ 8V e 97 | Lool® | ].778
o 15 . : . - “ y '
6175 |-5.4|0.998( Keo> .62 6 19.96| /628 | 9/.14 | 10297 {/.5) wm _ mﬂ m% _§ W.V 69124 {10006 !/.638
Nomenclature - - Calculations -
Pb . Barometric Pressurc . — - —
Q TFlow Rate An?& Yd = (vds) Vs .. :..E + 460 E.u 4+ AP/13.6
All Orilice Pressurc Dillerential ("I RNOV . v Tds + 460 -PbL + AH/I3.6
AP Inict Pressure Differential ("[20) : - —2
Vd_ Volume Dry Gas Meter Q.p ) AU@ - 0.0317 All (Tds + 460) ¢
Vds Yolume Dry Standard 3 ) CI'L(Td 4 460)| . ((Vds) (Y.ds)
Yd Meter Correction IFactor (unitless) - ' r.. . .
Yds Standard Meter Correction Factor (unitless) q i 17.64 (Vds) (L) . -
AllG Orilice Pressure Differential that pave 0.75 cluv ol air - s -+ 460
@ T a2 9 g g0y B (Vs - dot) 0
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