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" SECTION 1
INTRODUCTION

L1  OVERVIEW

. TRC EﬂViroﬁiﬁcntal Corpérétion; under contract to:‘Bréjwning‘-Fcn"-i'_s} __G.a“s‘iS‘_gr'\(;ié‘es; Inc,(BFGSI) '

cdnduct:d .o'n"‘Febmary'vl*S'- 16.,\ 1994, anermssxons cohflpli_an‘r:e'tc‘s_.tlprogﬁn; onthree Waukesha
l_ ehgine gcnerators T’hése_;_ éngine genéx%étoi'sﬂé're _lééated_at=BFGSI’s_jBichmondr, Vlrgmxafacmty
 This compliance test ‘Program determined the gaseous pollutant and visible emission rates from
: ‘each chgine _genér’afor. Tlus qomﬁlihnée test bro‘érém ai$¢ determined thé.vtotaliac:cumﬁgétcd ume
that visible emissions, as smoke, 'vbem_preseﬁt"dﬁr_mg a %0 hour test period from the Landfl
- flare. Al compliance - testing waSvCOnductcd_‘;in accordance with 40. CFR 60 .Appendix A

- reference methods -
‘12 REPORT SUMMARY

- ‘This report:'pré‘sghts_ the:“resnlts of the test Program completed at BFGSI’sRlchmond facility,

__ Included in thcfollowmg pagés:_are dgscﬁpﬁdn_’s;qf the ‘sanljpling l‘ocati_dri, samplmg andanalyucal

. Procedures, and TRC's QA procedures which ensure the integrity of the reported data. - A
- summary of alltest resﬁhs lS presentcd in Section 2. Additiohaﬂy;-appéndice's are mcludcd -

‘whi_c.:h contain au_felevahi."jﬁgld "szixiflpli.ﬁg'data sheets, continuous 'cmiss‘ibns;-mbnité'rxihg'da'ta "

sheets, visible ‘e_mi_s:'sian ‘observation da.l_ta“an_c_i.i;dertiﬁcaﬁon sheet, facility: process data, and_ |

calibration ghe'ct_s._




SECTION 2
'SUMMARY OF‘RESULTS

This section pre'scnfS a summary of the emission testing results on thc three Waukcsha engine

' generators at BFGSI’s Richmond, VA facility. The field sampling data sheets are located in -
Appcndlx A Contmuous emissions monitoring data can be found in Appendix B. ‘The engine
visible observation data and certification sheet can be found in Appendix C. The flare visible
observauon data can be found in Appcndlx D. Thc facility process data can be found in

Appendix E. Calibration data sheets can be found in Appendlx F.
2.1 WAUKESHA ENGINE EMISSIONS RESULTS

Thi‘ce 60-minutc test runs were conducted -at the outlet stacks of three Waukesha engine
gcnerators rcsulnng in a total of nine test Tuns. Each engine is designed to pmduce 1025
Kilowatts per hour (KW/r). The emission results for NO, for each senes of three test runs are
presented in terms of parts per million (ppm), pounds per hour (lbslhr) grams per horse power
“hour (gm/HP+r) and tons per year (tons/yr). The results for Engine #1 (Scnal ‘Number C-
. 11033/2) axe presented in Table 2-1. The results for Engine #2 (Serial Number C-10812/3) are
presented in Table 2-2 and the results for En e #3 (Serial Number C-10622/7) are presented
in Table 2-3. Samphng parameters and flow rates obtained dunng each test run are presented
in Tables 2-4 through 2-6. The field data sheets can be found in Appendix A and the continuous

emissions monitoring data can be found in Appendix B.
22 VISIBLE EMISSIONS RESULTS

One 60-minute V.E. test run was conducted February 15, 1994 on the three engine gener'a‘tors;

Readings were obtained from the flue gas exiting cach stack. The overall percent opacity for .-

. each engine was 0. Tables 27 through 29 presents the average opaciiy recorded during each

observation test run. The visible errussmns data summary for each run can be found in Appendix

C as well as the field data recordings and certification sheet.
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TABLE 2—1 BFI RICHMOND ENGmE #1 EMISSIONS AVERAGES
‘ ‘ ('Englne Serial Number C-1103312) '

MRt | oonsma | assal | gus| nal b sl asf 7 sa

| Run2 01554 | . 3460] . 2781 e3a] | sl 026] | g6

Run 3 o1sie | 3551 sl esl 1.58 026 . 6.94
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TABLE 2-2. BF1 RICHMOND ENGINE #2 EMISSIONS AVERAGES
S ' Number C-10812/3)

(Engine- Senal

_Rh4 | 02/16/94 3,510 2,770 107.1 2.69 os 11.79
RunS | 02/16/94 3474 2,659 7.1 1.82 031] 701
Run6 02/16/94 3.551 2,659 167 1.95 ol 8.55
' AVERAGE ssi2| 2,696 85.6 215 036 9.44
NOTE: Horsepower In
Caleulation
'Tou/yﬂrbuedcnSﬁSdlydynr ‘mwm )
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TABLE 2—3 BFI RICHMOND ENGINE #3 EMISSIONS AVERAGES
* (Engine Serial Number c062m |

Rn7 | oanema |- aso7| oases] ostsf b qas| o2 636]

Run8 | ovi6me- | 3537 o 2601 622 1 sl el sl
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it el -

, o TABLE 2.4. |
METHOD 4/CEM SAMPLING PARAMETERS - ENGINE #1

Engine No. | 'Engine No. | Engine No.
1 1 1
Barometric Pressure, in. Hg 30.06 30.06| 3006 - 3006
| Net Sampling Time, minutes : 300 | 00| 300 S 300
Volume Metered, ¢f | T 1697 - 22105) 22113 21972
Avg. DGM Temp, F I 71 79 86| 78
AVG Delta H, in of H20 o 2.00 1.98 . 200| 199
|AVG Delta B, in of Hg 0.1471 01458 = 01471} 0.1467
|DGM Calibration Fator " 1.022 1022 - L022 12
Volume of Gas Collected, dscf  22.268 22338 o084l 0 22230
Total Water Collected, mL 373 : 63.7 s52{ o 514
Volume of Water Vapor, scf ' © 1759 3.003 .. 2508 . 2424
Moisture, % 73 119 102 98
Dry Mole Fraction, 100-%M 0.9268 0.8815 © . 0,8980 - 09021
CO2 at Stack, % dry | 1078 10.70 - 1063 - 10.70
02 at Stack, % dry ' 9.39 921| 1920 . 9.27
CO +N2, % dry - 1983} 80.09 80.17| $0.03
Dry Molecular Weight, Ib/Ib mole 30,10 - 3008 3007 3008
Wet Molecular Weight, b/l mole ' - 2921 2865 2884 - 2890
Excess Air at Stack, % _ 80.4 - 172 769 78.1
Stack Area, sq. ifl. (14-in ID) 153.9 1539 - 11539 153.9
Satic Pressure, in. of H20 | 1.60 160 160 . - 0 160
Stack Pressure, in. of Hg _ _ 30.18| 30.18 3038 .- 3018
Avg, Stack Temp, F - 658 650 67| 0 652
Avg. Sqroot of Delta P : 15522 Lsen| 15821y 1.5671
VSDE Average. . . ..  siow| - - s2207| 52633 T 52250
Pitot Coefficient PP 0.84 0.84 o084 0.84
Stack Gas Velocity, afpm . 7,534 7,651 17,688 : 7,624
Stack Flowrate, wet acfm - ' 8,054 3,179 8,219: - 8,151
| Stack Flowrate, dry scfin - 3,554 3,460 3551) 3,522)
' ' prerne




TA.BLE 2-5.
METHOD 4ICEM SAMI’LIN G PARAMETERS EN GINE #2

'BarometncPressure in.Hg L 302 30243024 ‘
Net Samipling Time, mmum SRR EE 30.0 ) 300( 0 Th300] v s 300
VolumcMete‘re‘cl,_cf‘ R R 2'1;.661 21740 0 22207 21869
Avg.DGM-’I‘én’x‘p,'l-‘:‘ . Loos| s gl o gy
|AVGDelaHmofH20 | 30| a0 iz L 200
AVGDetaHinofHg -~ | . o7 Coomm| o lodam|o
DGM Calibration Factor o el em| 0 pem|s Y
Volume of Gas Collected,dscf 2008 21m| . 2me| 22,046
| Total Water Collected, mL - S el sl e CsLTf
| Volume of Water Vapor, scf S 22n coo2598) 0 as08l L 2430
Moisture, % .. .. . o eal o el 101 100
Dry Mole Fraction, 100-%M . ... | = . 0.9087| 08938\ . 08987 09004
CO2atStack %dry = | . 108 1053 “‘10‘52'"**"?*‘ L 1063)
O2atStack, %dry -~ | Coss o e39| . egslivi 925
CO+Nz%ay | osonel . goeg| ‘8009 | souzf
Dry Molecular Weight, lb/lbmole._‘ SO 3009 30.06 3006 - 30,07
Wet Molecular Weight, b mole i_‘:".-‘ ol meel o asms| w0 e
ExcossAiratSack.% . . | . ;370 99| S el g
Stack Ared, sq. in. (14-m1D) b assel 1s3w o T1s3e) T gszel
. |static Pressure, in. of H20 }“ Sl s 10/ . 1sf . 1s0
[suckPressuresinofBg - | sa3 3037 - sosp)
Avg. Stack Temp., F - VT 660 . 653| 651 T 654
Avg. Sqroot of Delta P o 1sssel 1ssss| o iser| S 15615
.SDEAvemge Ui f o Tsuseolosumes| sz T s
Stack Gas Velocity, afpm < = R o Tse9| . 7sag] Tl
| Stack Flowrate, dry scfin - - s 1 asief o 3474 0 3sspfio
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- DISCLAIMER

This report is intended for use solely by Browning-Ferris Gas Services Inc. for the specific purposes described in the contractual
documents between TRC Environmental Corporation and Browning-Ferris Gas Services Inc. All professional services performed
and reports generated by TRC have been prepared for Browning-Ferris Gas Services Inc.’s purposes as described in the contract
The information, statements and conclusions contained in the report have been prepared in accordance with the work statement
and contract terms and conditions. The report may be subject to differing interpretations and/or may be misinterpreted by third
“persons or entities who were not involved in the investigative or consultation process. TRC Environmental Corporation therefore
expressly disclaims any liability to persons other than Browning-Fernis Gas Services, Inc. who may use or rely upon this report
_in any way or for any purpose. ' '
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L1 OVERVEW

i s

" "SECTION 1
* INTRODUCTION

- TRC Envu'onmental Corporanon under comract to Browmng-Ferns Gas Servrces, Inc (BFGSI) |

conducted on February 15 16 1994 an ermssrons comphance test program on three Waukesha-
engine generators These: engme generators are located at BFGSI s R1chmond Vu'guua facility.

- This comphance test’ program determmed the gaseous pollutant and vrsrble emlssron rates from

each engme generator. .Tl'us comphance test program also: determmed the: total accumulated time
that visible emissions, as smoke, were present dunng a two hour test penod from. the landﬁll '

flare. All complrance tesung was conducted m accordance with: 40 CFR 60 Append1x A

- reference methods
‘12 REPORT "SUMMARY

‘:Th1s Teport presents the results of the test program completed at BFGSI’s thhrnond fac1l1ty

Included in the followmg pages are. descnpuons of the samplmg locauon, samphng and analyucal |

- procedures, and TRC’s. QA procedures wluch ‘ensure the mtegnty of the reported data. A K
- summary of all test results is presented in Secnon 2. Addmonally, appendlces are. mcluded '

which contain all relevant field samphng data sheets, contmuous ‘emissions rnonrtormg data
sheets, visible enussron observauon data and ceruﬁcauon sheet, facrltty process data, and -

calibration sheets



SECTION 2
'SUMMARY OF RESULTS

This section prcsents a summary of the emission testing results on thc three Waukesha engine
gencrators at BEGSI’s Richmond, VA facility. The field samplmg data sheets are located in
Appendxx A. Continuous emissions monitoring data can ‘be found in Appendix B. The engine
visible observation data and certification sheet can be found in Appendix C. The flare visible
observatmn data can be found in Appendix D. The facility process data can be found in
Appendxx E. Calibration data sheets can be found in Appendix F.

2.1 WAUKESHA ENGINE EMISSIONS RESULTS

Three 60-m1nuté test runs were conducted at the outlet stacks of three Waukesha engine
generators resulung in a total of nine test runs. © Each engine is de51gned to produce 1025
Kilowatts per hour (KW/hr). The emission results for NO, for each series of thmc test runs are
presented in terms of parts per million (ppm), pounds per hour (Ibs/hr), grams per horse power
‘hour (gm/HP+r) and tons per year (tons/yr). The results for Engine #1 (Serial ‘Number C-
. 11033/2) are presented in Table 2-1. The results for Engine #2 (Serial Number C-10812/3) are
presented in Table 2-2 and the results for Engme #3 (Serial Number C-10622/7) are presented
in Table 2-3. Sampling parameters and ﬂow rates obtained during each test run are presented
- “Tables 2.4 throngh 2-6. The field data sheets can be found in Appendix A and the continuous
cmissions monitoring data can be found in Appendix B. | '.

22  VISIBLE EMISSIONS RESULTS

One 60-minute V.E. test run was conducted February 15, 1994 on the three engine gcnei'ators.'
Readings were obtained from the flue gas exiting each stack. The overall percent opacity for

"~ each engine was 0. Tables 2-7 through 2-9 presents the average opacny recorded during each

observation test an. The visible _ermssmns data summary for each run can be found in Appendix

C as well as the field data recordings and certification sheet.

2



TABLE 2-1. BFI RICBN[OND ENGIN'E #1 EMISSIONS AVERAGES
(Engme Senal Number C-1103312)

Runl | 021594 | . 3554 oams| omaef - 18] es0] . s0l

Rm2 | o154 | 3460] 2781 - e32| ] 187 026 . 686

Run 3 o2nsma | cassil o smml 0 esll  iss] 026] . 6.94
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TABLE 2:2. BFI RICHMOND ENGINE #2 EMISSIONS AVERAGES
” " (Engine Serial Number C-10812/3)

Run4 02/16/94 35100 2770 wal |l 2.69 044] 1179
{ RS 02/16/94 3474 2,659 il YY) B 031y 707
Run 6 02/16/94 35510 2,659 76.7 1.95 N 8.55
' AVERAGE C3s12| 2696 856l | C 215 . 036} 9.4
. : ‘ _ \ =

NOTE: Horsepower In
Calculation
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TABLE 2-3. BFI RICHMOND ENGINE #3 El\rﬂSSIONS AVERAGES ‘
B (Engine Senal Number C-10622f7) ‘ " :

Rin7 | o164 | 3su| sl 51| Y Y
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TABLE 24..

" METHOD 4ICEM SAMPLING PARANETERS ENG]NE #1

Engine No. '
1

1

'Engine No.

Engine No.
1

- T
Barometric Pressure, in. Hg 30.06 30.06 - 3006 30.06
Net Sampling Time, minutes 30.0 30.0 30.0 30.0
Volume Metered, cf 21.697 22.105 22,113 21.972
1 Avg. DGM Temp, F 71 79 86 78
| AVG Delta H, in of H20 2.00 1.98 - 2.00 199
AVG Delta H, in of Hg 0.1471 0.1458 0.1471 0.1467
DGM Calibration Factor 1.022 1022 1.022| 1022
Volume of Gas Collected, dscf " 22,268 22.338 22.084 22.230
Total Water Collected, mL 373 63.7 532 514
Volume of Water Vapor, scf © 1759 3.003 2.508 2424
Moisture, % - 13 119 10.2 93
Dry Mole Fracnon, 100-%M 0.9268 0.8815 . 0.8980 0.9021
CO2 at Stack, % dry - 10.78 10.70 ©10.63 10.70
02 at Stack, % dry 9.39 9.21 1920 9.27
CO + N2, % dry ' 79.83 80.09 8017 80.03
Dry Molecular Weight, 1b/Ib mole 30.10 3008 3007 30.08
Wet Molecular Weight, To/Ib.mole 2921 28.65 . 2834 28.90
Excess AiratStack, % 80.4 712 76.9 78.1
Stack Area, sq. ir. (14-inID) 153.9 153.9 153.9 153.9
A static Pressure, in. of 20 1.60 1.60 . 1.60 1.60
Stack Pressure, in. of Hg 30.18| 30.18 230.18 30.18
Avg. Stack Temp., F . 658 650 - 6471 652
Avg. Sqroot of Delta P 1.5522| 1.5671 1.5821| 15671
|SDE Average. . o - 51910 52.207 52.633| - 52.250
Pitot Coefficient . . M* ] 0.34 0.84 084 0.84
Stack Gas Veloc:ty, afpm . i 7,534 7,651 7,688 7,624
Stack Flowrate, wet acfitt 8,054 8,179 8,219 © 8,151
| Stack Flowrate, dry scfm 3,554 3460 3,551 3,522

BER-1-2.wki




TABLE 2-5,
METHOD 4ICEM SAMI’LING PARAMETERS ENGINE #2

Engine No.

Engine No. '.

' Barometnchssure in, I-Ig

Net Samplmg Tune mmutes

" Volume Meteted,cf B B

Avg. DGM Temp, F

AVG Delta_H, inof H20
AVG Delta H, in of Hg
DGM' Cahbranon Factor .

Total Water. Collectcd, mL
Volume of Water Vapor sof
Mmsturc, % .

| Dry Mole Fractlon, lOO-%M

CO2 at Stack, % dry.
02 at Stack, %dry
CO+N2, %dry -

Excess Air at Stack, %

Pitot Coefficient

Volume of Gas Collected, dscf

Dry Molecular Weight, Ib/Tb mole o
Wet Molecular_ Weight, Ib/Ib mole

Stack Areq, sq.in. (14<inID) - =
.| static Pressure, in. of H20 g
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| * TABLE 2-6.
" METHOD 4/CEM SAMPLING PARAMETERS - ENGINE #3

Engine No.
3

| .- Engine No.

3

Engine No.
3

Lstop

30.27

' | Barometric Pressure, in. Hg 30.27 30.27
| Net Sampling Time, minutes 30.0 1300 30.0 30.0
Volume Metered, of T 21.810 21.837 21.576 21.741
Avg. DGM Temp, F 82 84 85 - 84
| AVG Delta 1, in of H20 2.00 2.00 2.00 2.00
AVG Delta H, in of Hg 0.1471 0.1471 0.1471 0.1471|
DGM Calibration Factor 1.022 1.022 1.022 1.022)"
| Volume of Gas Collected, dscf 22058 22,038 21704 21.933
Total Water Collected, mL 415 55.5 56.0 530
Volume of Water Vapor, scf 2240 2617 2,640 2.499
Moisture, % | 9.2 106 108 '10.2
Dry Mole Fraction, 100-%M 0.9078 0.8939 0.8915 0.8977
CO2 at Stack, % dry 10.44 10.48 10.41 10.44
02 at Stack, % dry 9.59 19,50 9.58 9.56
lco+N2, %dy 7997 - 80.02 80.01 £0.00
Dry Molecular Weight, Ib/Ib mole 30.05 30.06 " 30.05 30.05
Wet Molecular Weight, 1b/Ib mole 38.94 28.78 28.74 23.82
Excess Air at Stack, % 832] 817 83.0 82.6
Stack Area, sq. in. (14-in ID) 153.9 153.9 153.9 153.9
Static Pressire, in. of 20 1.50 1.50 1.50 1.50
Stack Pressure, in. of Hg 30.38 30.38 3038 30.38
Avg. Stack Temp., F 670 664 663 | 666
Avg. Sqroot of Delta P 1.5684 1.5885 1.5681 1.5750
|SDE Average - .~ 52729 53.260 52.551 52847
IPitot Coefficient ~ 0.84 0.34 0.84 0.84
Stack Gas Velocity, afpm 7,663 1,762 ' 17,663 7,696
Stack Flowrate, wet acfm 8,192 8,298 8,192 8,227
Stack Flowrate, dry scfin 3,527 3,537 3,487 3,517
- - BAR79




R TABLE2-7 o
S VISIBLE EMISSION TEST RESULTS E_NGINE‘#I -

“l2swi22s |

Overall % Ops‘z\cify_'t?“‘“"“" .




_ - 'TABLE28. |
" VISIBLE EMISSION TEST RESULTS - ENGINE #2

sy |1 | 1125101225 | Engine Generator C 0

Overall % Opacity: 0

BFIRVERE.WX1
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ll

| VISIBLE EMISSION TEST RESULTS - ENGINE #3

Date

21583 | -1 | 112501225 | Engine Generator - |

Overall% Opacﬂity.:. : o 0

11




23 VISIBLE EMISSIONS EVALUATION TEST FLARE :

A v1s1b1e em1ss1ons evaluanon test was conducted February 17 1994 on. the landﬁll flare.
Readings were obtamed from the flue gas exltmg the flare. - The total accumulated nmc that
wsxble leSSIOIlS, as smoke, were present during this two hour penod was 47.35 seconds. Table
2-10 presents the. v1s1b1e emxssmns evaluation for the two-hour test period. The ﬁeld data'

recordmgs and cemﬁcauon sheet can be found in Appendix D.

12



TABLE 2-10 VISIBLE EMISSIONS EVALUATION TEST - FLARE

FUGITIVE OR SMOKE EMISSION INSPECTION
- OUTDOOR LOCATION ‘

: Con_ipany Browmng—FmsGas Semc&s Inc 1 " Observer TimothyJ 3Scnger

Location . Rmhmond, Vn‘g:ma ..o | iAffilistion TRC Environmenal Coxporauon s

Companyrcpres:ntauve Jamle Tezzu]h | Date - 17Febnmry 1994

' SkyCondxt:ons MosﬂySunny | __-' L ._.:JWmddn'ectxon Frornthewesttowardstheeast

Preclpltatlon_ None ;o o Wmdspwd Smph ‘

Industry LandﬁllGas R I ‘Pibcessi-mit.' Landfill Flare

1 [Fare = T T Souree Esission Pomt

Sketch process umit; mdu:ete obsm posmon relatwe to source and sun mdmate potential
emission pomts and/or actual ermssxon pomts ‘

R Obscrvcr's Pwiﬁon

Sun ation Line- .

OBSERVATIONS . . . . il Observation

. Clock : durauon :
Begin Observation . 1500 _ L
e 1520 "
5 minute break -
o i ases | N
S 2000
_ . 1545 . o '
- 1550 LT
BT £ 20:00.
S 16100 3
Sminutebreak | —

'SUBTOTAL . = 6000

. 0:06.49 E

024710

emission . -
 time .

01272 -

_oesss |

Paﬁelon - '

Ik ]




TABLE 2-10. VISIBLE EMISSIO S EVALUATION

FUGITIVE OR SMOKE EMISSION INSPECTION

TEST FLARE

Page 2 of 2

OUTDOO! LOCATION_

Company - - Browning Ferns Gas Services, Inc . Observer Timothy J. Senger
Location 'Richmond, Vrrginia _ Affiliation TRC Environmenal Corporauon
Jamie Terzulli Date 17 February 1994 )

Company representative

Sky Conditions Mostly Sunny

Wind direction From the west

Windspeed  3mph

Precipitation None =~~~

Indusqy.% " Landfill Gas . -_

Processunit'  Landfill Flare

Sketch process unit; mdlcate observer posmon relative to
emission points andlor actual ernission points.

source and sum, indicate ﬁoﬁhﬁal :

=+ Souroe Emission Point North Arrow
Wmd = - R
X
7K A |
| ,
| _
|
" Observer's Position
OBSERVATIONS Observation Accumulated
period _emission
Clock duration time
Time min:sec min:sec
Begin Observation 1615 |
20:00 0:04.30
1635 |
5 minute break -
1640 -
20:00 0:04.56
1700 .
5 minute break —_ :
1705 | -
20:00 0:13.78
1725 | —
S minute break - | —
SUB TOTAL - 60:00 0:22.64
TOTA 120:00 0:47.35_
FLARE WK1




o SECTION3
_l PROCESS DESCRIPTION

The Waukesha engme generators located at BFGSI’s R1chmond fac111ty are: mdustnal-f ngine .

b drauhc governor and uuhze ';fuel at a‘rate. of | ;;3‘7

7, 350 BTU/hp-hr Each engme wﬂl ﬁr' 220 scf of landﬁll gas W1th an average methaneﬁ: i

content of apprommatel 56 percen Each engme 1s rated. to ‘produce 985 KW/hr The gress--‘ |
heating value of methanc gas’n.tu per. cub1c foot wh1ch will prov1de for an mput ratmg of

10.8 million Btu per hour For this test program, each engme generator ‘was' at. the mghestf:;-iv_f- -
posmble load producmg 1021 5 KW/hr Facﬂxty process data can be found i m Appendlx E '

1O mmBT Cﬁf/ﬁ ‘. IES zw/ﬂ
X o /om 5 k-w/ﬁ




SECTION 4
'SAMPLING LOCATIONS

~ Sampling of the ﬂue“gas emissions were éon_ducte_d from two 90° sample ports located on the

outlet stacks of each engine generator. Each of the three test Tuns were 60 minutes in length

- consisting of a velocity profile before and_aftc_r each. Percent moisture was determined for each

sample run. |

Figure 4-1 presents a schematic diagram of the sampling locations -of each outlet stack. Each
outlet stack was 14-inches in diameter which con'espdnds to an internal stack area of 153.9 in?.
The matrix of the 8 velocity sampling ‘points.\iavitlﬁn the 14-inch stack were defined by Method
1. . Percent moisture was dét:rmined_frbn@_ a single point of average velocity within;. the flue gas.

Flue gas emissions for NO,, O, and CO, were determined from a single point of average velocity.

16
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| - SECTION §
 SAMPLING AND ANALYTICAL PROCEDURES

51 OVERVIEW

The comphance test program consisted of three test runs at the outlet locanons of three engine
generators resultmg in a total of nine test runs. Each test run was 60 minutes in length with a
30 minute moisture train per run. The test methods utilized, in accordance to 40 CFR Part 60

Appendix A, were as follows:

- Methods 1 and 2  Velocity Profile :
«  Method3A O, and CO, Determination

. Method 4 . Percent Moisture
'« Method 7E NO, Determination’
. Method 9 V’isible Emissions _
. Method 22 Visible Emissions Evaluation of Flares

- 52  PRESAMPLING ACTIVITIES

Presampling activities included: Equipment calibration; cleaning of the sample train glassware;
and setup of the conti_xiuous_ emissions monitoring system for NO,, O,, and, CO,. “The setup of
the TCEMS and sub_systcms are described in detail in the following subsection.

5.2.1 Continuous Emission Monitoring

TRC followed procedures outlined in the EPA publication 340/ 1-83-016 regarding scﬁp and
operation.of its transportable continuous emissions monitoring systems CTCEMS). The T CEMS
" consists of three subsystems: - sz_implé acqnisiﬁon/condiﬁoning, sample ahalysis,- and a data
acquisition system (see Figln'e 5-1). The sample acquisition/conditioning unit is- designed to

deliver a rcpresexitative sample of the stack gas stream to the sample analysis subsystem. Since

18
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the stream must be clean- and dry for proper analyzer operatlon, a spun glass fiber filter, non-
‘contact glass nnpmger train condenser, and a Permapure dryer were used for particulate and
moisture removal The sample line was heat traced to ensure that the flue gas mamtamed its

vapor state. as it was drawn to the monitors.
Sample analyses‘ were conducted using the fouovdngf.analyzers:3f5

.. - a Horiba MFA 311A oxygen analyzer;
. a Thermo Electron Model 10S oxide of mtrogen analyzer;
e 2 Honba PIRZOOO carbon dioxide analyzer' ‘

In each case, accurate 1nterpretat10n of analyzer response requires the systematic: calibration of
the mstrument against gases of known concentrations. A cahbrauon equanon is determined from
-a linear regression of known gas concentrations versus instrument response. The equation used

to convert instrument signal to concentration units follows:

Concentration = m X (response) + b

slop_e-of calibration curve

where: m =
response = instrument signal (volts)
b =y- intercept of oalibration lcurye

The data acquisition sdbsystem consists of a Yokogawa data acquisition monitor which is
demgned to recetve and log instrumernt signals . (raw voltages) at user defined mtervals In
addition, the Yokogawa was programmed to perform the prevxously mentioned concentratlon
calculation.. ‘ ‘

'Once the system was set up, the TCEMS was connected toa power source and brought on-hne
Prior to sarnplmg, the sample acqmsmon/condmomng system was leak checked by the fo]]owmg

.20




procedure:

L ,_plug the system cahbrauon hne, '-'3

.c- P', —

uobserve that the ﬂow of the rotameter s reaches zero me ) . R

o

observe vacuum, and :

e

3 fconﬁrm that sample vacuum durmg samplmg docs not exceed vacuum attmned - -

‘dunng leak check

The initial phase of mstrumental ana1y51s methods requu'ed callbranon of a]l mvolved morutors :
B At the beginning of the day, drrect mstrument cahbrauons for zero. and at rmmmum two upscale .
- gases were performed pnor 10, uuttauon of testmg Followmg the dJrect cahbrattons, system L

'cahbrauons were perfonned both pnor 10 and followmg each run usmg zero and one upscale gas.

_concentrauon These procedures allow for: the dctermmanon of u'uttal and ﬁnal system btas; _as _

. well as syst‘cm_d.ﬂ__ft-‘_ i

The -calibratio,n'fgas} va]ues and msu'ument rangesettmgs arehsted b_el'ow:':‘ e
Gas B '_Caiihration-das vamé- -_ InstrumentRange

NO, | '::,:'.:-__.0_‘278 sos 8867ppm . 0-1000ppm
co, . "]f'?o 604 119 200% o 0- 5%

0, o __f"o 493 999 199% . o- 25%

Cahbrauon gases used are traceable 0 Nanonal Bureau of Standards Reference Matenals :'“The.r_‘- - |

measurement system perfonnance specrﬁcauons in 40 CFR 60 Appendrx A Method 6C are hsted"._ )

below and were the: performance cntena for this program.

Procedure s T Performance Crltena (M6C)
Zero Cahbrauon Error " ‘_ . < <E 2% of the range N o




Car‘libraﬁon‘Enor . ' < + 2% of the range

Zero Drift _ < % 3% of the Tange
| Cahbrauon Drft . "<+ 3% of the range
| Zero Bias | ' B < £ 5% of the ur&\ngé
| Cahbratmn. Bias - ' < x 5% of the.range oo
.Response Tlme <30 seconds -
| NO to NO Converter »-90% conversion efficiency

Corrections to the measurement system .or analyzer were made if the performance specifications

wEere not meL
53 oNsrrE SAMP_LING ACTIVIT_IES

Onsite samphng activities mcluded the determination of the response time of the CEM system,
ermssxon testmg of the engine gcnerator, visible emissions of the engme gencrator and flare, and

the collectton of opcrauonal data.

-

531 Determination of the CEM System- Response Time

After the CEM system was set up, response time was determined. Zero gas was muoduced at
the CEM system calibration gas valve assembly until a stable zero response was achieved. Once
‘.achmved cahbrauon gas was sent through the system with time ‘allowed for a stable response.

This proccdm'c was conducted three times. A downscale response time was also conducted three
. times sta:l'tlng ata high span calibration value and sthchmg to zero callbranon gas. -Time was

a]lowcd for a stablc response
532 Emission Testing for NO,, O, and CO,

EPA Reference Methods 3A and 7E of 40 CFR 60 Appendix A were adhered to quantify
emissions of O,, CO,, and NO, respectively. Emissions results are reported as ppm, lbs/hr,

22




gm/HP'h'r, and tons/yr;

Prior to the testing of the engme each analyzer was. cahbrated dxrectly and through the system
Direct . calibrations mvolved cha]lengmg the- TCEMS with EPA Protocol 1. gas and settmg the

analyzers with zero and one upscale gas. The analyzer ‘was then challenged wrth a second :

upscale gas. System cahbratron consrsted of challengmg the samplmg system vmh zero gas and . :

only one upscale gas.- System calrbranon was conducted before and after each run wrth the ﬁnal
cahbratlon becomrng the uunal calrbranon for the proceedmg test run. o

533 Engine Visible Enﬁséioné -obs‘ervation‘-_ -
Method 9 of Appendrx A Secuon 60 of the Federal Reg1ster and Secuon 3 12 of Volume l]] of '

_ the Quahty Assurance Handbook were the basis of the vrsual observation- procedures Method

9 involves the determrnatron of plume opacity. by an EPA certlﬁed observer. VlSlble ermssrons |

observations were recorded on standard EPA-approved data forms followrng the procedures glven_ -

in EPA Method 9. Readmgs were recorded every 15 seconds, in groups of four, for the durauon
~ of three 1-hour test runs. The field data sheets and the EPA ceruﬁed observer s cemﬁcate can e

be found in Appendix C

534 Flare Visible '-Etn'is;_.s:i_ons"()bservation-‘.‘ -

Method 22 of Appendlx A Sectron 60 of the Federal Regrster and Sectron 3 12 of Volume Il] of - N

the Quahty Assurance Handbook were the Lasrs of the v1sua1 observanon procedures Method“‘_"; L

22 involves the deterrrunauon of the total accumulated t1rne that vrsrble errussrons, as smokc, are L 1; ‘

_ present during any consecutrve two hour penod Thrs observauon was conducted by an EPA o

certified Method 9 observer V1s1ble emnissions observatrons were- recorded on standard EPA- T

- approved data forms followmg the procedures grven in EPA Method 22 The ﬁeld data sheets |
~and the. EPA cerufied observer s ceruﬁcate can be found in. Appendrx D . o R
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535 Velo‘_ci_ty _Measuremertts

Velocity measurements at the sampling location were made followmg EPA Reference Methods
1 and 2. A Type-S pitot tube with an attached inclined manometer was used. to measure the
exhaust velocmes at the sampling location. An attached Type-K thermocouple -with remote'
digital display was used to determine the flue gas temperamre During the test program, velocxty
measurements were made before and. after each test. The requtred number of velocxty

measurements points for the samplmg locatlon was determmed followmg EPA Method 1 for'a

nonparticulate gas stream. -
'5.3.6 Moisture Determination

.. Moisture was determined for each test run accordi'nglto-EPA Reference :-Meth.od 4. The moisture

train was sampled from a single point positioned at the point of average velocity within the flue

.. gas stream. A schematic diagram of the Method 4 train is glven in Figure 5-2. Sample gas was

drawn- through a stainless steel probe into a series of four impingers desrgned for collection of

o morsture ‘The :mpmger system was as follows: 1st and 2nd - 100 ml deionized water 3rd -
-~ empty; 4th - 200 g s:hca gel (for drying the gas stream and for moisture determmauon)

* Following the unpmger system, the gas was drawn through a dry gas meter, a cahbrated orifice

" and a leak-free oil fiber vane pump.

~ Leak checks on the train were-performed before and after each sampling run. - All leak checks
and leakage rates were documented on the relevant field test data sheet. The acceptance criteria
. for the train is a maximum. leakage rate of <0.02 cfm at the hlghest vacuum obtamed during the.
.run (post-test). ‘The leak checks for every train passed th1s criteria.

Recovery procedures for the Sa_mpIing train were:

L. Removed the samplmg train to the recovery site.
2. Noted the condition of the train (1 e., impinger condmon, silica gel color, etc.).

24
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‘The contents of the first, second.,. and third impingers. were measured in"a
precleaned graduated cylinder for moisture gain. Measurements were noted and
the contents were discarded. |

The silica gel was returned to its original container and weighed to obtain a final

~ weight.
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| SECTION 6
QUALITY ASSURANCE 1 .

6.1: ' OVERVIEW Lol .

TRC Envn'onmental Corporatlon management is fully comrtutted to an effe cuve Qualny
' Assurance/Quahty Control Program ‘whose obJectwe is the dehvery of a. quahty product. For
’ much “of TRC’s work that product is data resultmg from field mcasurements samplmg, and

_analysrs acnvmes, engmeenng assessments and the analys1s of Zathered data for planmng
_ purposes ‘The 'quality assurance program works to. provrde COmplete, precrse, accurate
representative data ina umely manner for each project, Consrdenng both the. pro_]ect g needs and
. budget constraints.. The cornpany 'QA Diréctor coordmates and dlrects the overall quahty

program with strong management support.

TRC’s QA program conforms wrth EPA and NIOSI-I recommendattons and 1s drrected by the
Company QA Drrector, a fu]l-ume professronal who repcms directly to the Company Pres1dent. o

Thrs give the QA Director the necessary authonty and mdependencc to- find. and comect any

existing quality problems A QA Sctenust reports to’ the QA Dlrector and assrsts in unplememmg

the Company QA Program D1v1sron QC Coordmators are’ responsrble for the QC Program _' o

within each techmcal dmsron, they report both to therr DlVlsmn Manager and the COmpany QA L
Director. :

This section hrghhghts the speclﬁc QA/QC procedures followed on thrs test program Thc
* responsible QA Officer fOT this’ program is:the Company QA Scxentrst. He revrewed and -
'approved the Protocol for tlus program and attended proJect revrew meetmgs 10 ensure that"h:._fi‘
appropriate QA/QC procedures were bemg followed |

PR

611 Calibrationgrr@ceam~‘

Calibration of the ficld sampling. equipment was performed priorto mﬁ_gﬁdd,s;mpﬁng‘_éffor-,_j_' o

.27,




Copies of th_e"- calibration sheets were submitted.to the field team leader to take onsite.and for the
project file. Calibrations were performed as described in the EPA publication "Quality Assurance
Handbook for Air Pollutiori Measurement Systems, Volume III, Stationary ' Source Specific
Methods,: EPA—600/4-77-027B" Equipment calibrated mcludes the sample metering system and
pitot tubes. Calibration data sheets can be: found in Appende F. "

6.12 Equipment Leak Checks

Prior to sampling, each sampling train was leak checked according to the procedures outlined in_
the applicable EPA Reference Method. Final leak checks were performed to ensure that no leaks
~ developed. in. the train during the. course of the test runs. Results of all leak checks performed
can be found on the field data sheets ‘presented in Appendix A.

| 6-.1.3 Cyclonic -F.Iow‘ Check |

‘The presence of cyclonic flow, within the outlet stack was checked prior to the first run on each

engine. Cyclonic flow was not present in the outlet stacks.
6.1.4 Calibration Gases

~ All calibration gases used to conduct instrument calibrations were prepared according to- EPA
Protocol 1, traceable to National Bureau of Standards Reference Materials. - | "

~ 6.15 "Method 4 Sample Train
Prior to and at the conclusion of each run, the moisture train was leak checked to ensure that a
- 'representatlve mmsture sample was obta.med All leak checks were completed successfully.

Molsture gain was measured grav:metncally from the i lmpmgers and silica gel using an OHAUS
. triple beam balance accurate to 0.1 gram. '
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62 DATA REDUCTIONANDVALATION o

_' Extensive QC measures were ‘used to: ensure the generauon of reliable. data from: samplmg and-;'_ o
analysis. acuvmes Proper collecuon and orgamzatron of ; accurate mfonnauon followed by clear o
and concrse reportmg of the data was a pnmary goal in this pmJect "

"62.1 Data ReduEtion -

Data reducuonperforrnedm theﬁeldwashmrtedtothe follcwing:: . i

. .;u-:fEPA Method 4 Tesung Check runs for sample volume morsture, and. assocxated__":‘: ,‘ |
‘parameters These values were hand calculated on: standardrzed forms (Appendrxi i
‘A) 'with an H:P-llC Progranunable Calculator and were also checked on af_ |
Spreadsheet ﬁle wrth a pcrtable computer ' i .

Final data reductron mcluded recheckmg ﬁeld calculatlons and loggmg all data into'a calculaung'_?f IR
SpreadsheetﬁlewaanASTPC ' D TT U L _

622 Data V‘alid‘ation o

‘ 'I'he following. cntena were used to evaluate data

' - use of approved test procedures, AT

- steady-state operanon of the process bemg tested
- useof properly operatmg and cahbrated eqmpment,

- \collectton of ﬂte proper sarnple volumes as per the apphcable methods e



APPENDIX A
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Fneld Molsture Determma’uon

Client: £: - Pro;ect No.:.

aligec Bl £ M

- Operator: .2

: Bun No.:.

'-‘3PM'_. o

e 'cxdck-?-‘ ‘Gas Mater Vm Clotm Oriﬁée»{f _ '\‘Iécieagé‘ -_f-'
~Min | Time ©fl . CEVM | ‘Im | Qut | In H20 (+) ~. In.Hg(4)
5 1 773D 1B 2 (X Z.0 " 70

10 170 1 Z. O /00-‘-;_
15 | 73 | 2.0 &
EZNEZ R ,
0 11D | zo

20 . /0 Q :
I W — 100

Total’Avg

l_m_.m_ngﬁ o ol smcé-fegl :

D e 2 b -
- mnitial mL —LLAZ. AL C/ : i i 'F‘malgmﬁ‘{ O
NetmL _ Dal 1 %'/%LO ( * Initial gm 34@ 72'
. Total moxsture (Net mL-s-Netgm).. ———— | Netgm ?'%
R R | Q é‘lc-‘u‘léﬁonsf'
1) pg ... 30 O(o - MeterboxNo );
(2) VM Net-” . Y= DGMCa!'brat:onFactor- /027/
B TMAg=._ ‘ff?_-: ™ + 450 _
() PM Avg = &

Contamer Nn i

Onf‘ce ln H20 X 13 8 = % X onf‘ce In. Hg
Vacuum gage ln Hg (when meter is befcre purnp)

X VM (PB & PM) (

- (5) VMSTD =

2992 x (TM-+ 460)
(6) VW = mL H,0 + gm Silicagel =

(7) VW Gas = VW x 0.04715 =.

g %M = 100xVWGas 100 x(¢ m ) _ (- . _
o VMSTD*.VWG&S*?(‘ D RS P SR Inetint Oaaaﬁlamé’/ff

AFzsz . . - . " ‘ ‘ ) f:’ / Uw( ,/; d{&(. @/.5‘”
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" Field Mols’ture Determmatlon o
Chent 5; 3 / CAM/V[// L ijecmo' 0'554?-0010-0“‘703
e lgie ] B wtrd
éun Nc;:' Z/ _ - - ~ Operator: 5 /6 552//

- Data - -
Clock | GasMeter | TM | TM Orifice - |  Vac.Gage
Min | Tme | CEVM | I | out | & InHO(+) | InHg()
s | ii6.9c | 27 1271 2.0 172
30 (L75.00 | 371 £0 7‘(’) | /13 .
"5 | o | 7r | 5y | @207 | /3
20 | pazeo |2y | FE | 2.0 2
s} - \apcrmw 1 3¢ | &S | ZD 25
s VDA | #7356 _ _ § '
Total/Avyg e : '

1 2 3 | |

' Final mL ‘ } ZSO' ‘ //5%_ % ‘ . 7 - Container. No
 Initial ml. L _ . | Finalgm 3¢5 5 '
Net mL _)Z[ﬁ - (&_ _lf__ ‘_\' : l_lnitxal gm g‘/Zg g'

Total moisture (Net mL + Net gm) = o " Netgm -
Caiculations
(1) PB = — S Meterbox No. _.. ‘
" (2) VM Net = Y = DGM Calibration Factor = )
(3) TM Avg = TM + 460
(4) PM Avg = »__ — Orifice In. HoOx 136 = = | _ onﬂceln.Hg
= Vacuum gage In. Hg {when meter | is before pump)
. : _ 528 xVM (PR oMY O _
{5) YMSTD = 99 92 x (TM + 460)
(6) VW = mL Ho0 + gm Silicagel =
. ) VW Gas = VW x 0.04715 = _— ———— |
Dy wMe 100xVWeas | _100x( vy _ L1 . ‘wkelek g 6rg, 6k
L0000 VMSTD+VWGas © ()« () Y Fwel 0000 7 €
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" Location:—
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Date

Clock
T'me

Cwmm | w@wwf

. .Gas Mater:

Operator g jg 6

L PM} |

- Vac Gage |
_In. Hg(—)

_ Onf‘ ce
; In. HzO (q-)

/‘7’05

0 |

ZD

5 /4]

X

77N

.10

2.0

—

15 -

eQ

.20

e REZAr ¢

:()

7.0

ﬂKWNQW

. ?52 8’4/0
'TOtal_lA—"’E’-‘_ L S

! . "FmalmL /11&{

4¢0_

lrnmnaers B

o fContamer No

%Yz

- Final gr}é

. Initial rnL VALY
_ : P

: Net mL~

© initial gm

‘ Total moxsture (Net mL+ Net gm)- — 3

Netgm

) PB = .

(2) VM Net: _
@ “'_i‘-_M«iAgg R

(@) PM Avg = + S

Onﬂce

. .: 'MeterboxNo -
- ¥s= DGM Cal'bratxon Factor--- o
o _TM+460

528 xVM (PB... PM] (Y)

- -Ca-léijl:a”fions“-i o

e

ln H_-)_Ox 135 :=:.+ ' onﬁcaln.Hg

Vacuum gage In Hg (when meter lS before purnp) '_ .

& VMSTD.__ et (i + 450)

.(6) VW = mL H20 +. gm S(hcagel =

(7) Vw Gas = vw x 004715

100 oty

VMSTD * vw Gas =0
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Fleld Molsture Determmatlon

Prcject ND

ot % 7

oparan_ 6 /%/

- -Aun Ne.:
Dsta M
R Clock Gas Meter "I'M | ™ Crifice Vac' Gage
- Min- - Time | - CFVM In | Out _ In. H>Q (+) . In. Hg =)
_o /908 ?’?Z B - _ZA) /%() :
5 ZX %7;7 2.0 /LO
10 | 28 | 2.0 (3.0
15 K3, KL« 1 2.0 (7.0
20 | 17 29 _1X5 ZL0 Q
25 1 7‘7% 7 | X0 2.0 /z.u
30 725 Y. 3{3 L e _
Total/Ava '

Imgingers

58 W
lmtxal mL /Q-/ /50
NetmL 39’ N

Total rnoi_sturé _-(Net mL + Net gm) =

- Silica Gel

“-COntamer No

..'.F‘nalgm 35"\ 6 |
.- Initial gm ;ZS Q)
. Netgm %?\

Final mL

v
o
Qo

: Calcula;igns

(f) ;';B =_ﬁ. Zsl @%7’

Meterbox No. .

(2) VM Net = Y = DGM-Calibration Factor = / QZ Z’
(3) TM Avg = © TM #4680 —
' 1

— Orifice In. HoO x 13_5 =4 orifice In. Hg

4) PM Avg = +

Vacuum gage In. Hg (when meter is before pump) -

—_— D28 _x VM _(PB + PM) (Y)
- ©) VMSTD = “"2992 x (TM » 460)
(6) VW = mL Hy0 + gm Silica gel =

Ik D
Tidal : .00 - e @A8
 Fidl Ol GO0 oo

(7) VW Gas = _Vw_x 0.04715 =

(8) %M = 100 xVW -
. VMSTD + VW Gas (

00 x ( =) _ )
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Fle!d Molsture letermmatxon | S

Pro]ect Na

. t/ém‘%é ‘/%

Run No

Qperator. ' é Al rolis

Clock e
T‘me

Gas Méi‘er |
C CEVM

M

Orifice . '

HOU

EELIRS LA

‘-?"t% 0003-‘

EACH)

_ _vTotallAvg_ a

Final mL

SilicaGel

Initial mL

ST ‘('.‘.orlt:ainer-_Nr;f'3‘3 S

* Final gm =<

/a)
LF% 0

NetmL = —

3
O -
0 o
0 55>

. initial gm 2

: P«i_gi::gm o

Total moisture (Net._mL.‘q-.N_.E,‘_t gm_)___

B7N
T

(1) PB =
(2) VM Net
@) TM Avgs
. (4) PM Avg.= R

Onf‘ ce

B ‘g- -‘a‘lculationg
b '-é'-Meterbox No
Y= DGM Cal'bratxon Factor -

528 ¥ VM (PESPMY (V) |

TM-|-4EU

.i

ln. Hzo X136 =2 onﬁce In. Hg

Vacuum gage ln Hg (when meter is before pump)

(5) VMSTD =,

= . 29.92 x (TM +460) . =
(6) VW = mL. H'ZO'-‘-o- 'gm\'SHica g';el.‘z

7) VW Gas = VW X 004715 __-. :
i 1Q§2 xvyg Gas '

100::(

- (B) M = = -
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15 st K00 | %5 &8 | 2.0 V447 .
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o T R T
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Final mL / 5[7/ " /03 : ' ( - Container-No
Initial mL ﬁ . /6U : O - Final gm 2 / 7"
Net mL - _=3 7 ' ‘Initial gm 2 334.5
Total moisture (Net mL + Net gm) = i ‘ _ “Net gm '7' Z
| - Caleulations
{1 IE’B = Meterbox No.. |
(2) VM Net = _ Y=DGM Calibratnon Factor = —
(3) TM Avg = T™ + 460 . '
o ) ’ -
(@) PM Avg = 4 Orifice In. Hy0 x 136 = orifice In. Hg.

Vacuum gage In. Hg (when meter is before purnp)

528 xVM_(PB < PM) () - _

(5) VMSTD = 2%y (™

(6) VW = mL H,0 + gm Silica gel =
(7) VW Gas = VW x 0.04715 =

_ 100 x ( =" Yy _ /
VMSTD + VW Gas - ( Y+ ( )" (_

(8) %M = I00xVW Gas

Y I

1
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Field Molsture Determmatlon

Chent gF =L K‘CAW\QA/ . - Project No.:— . - —
| Locatlon" .k F A M ¢% . : 3 Date /Q’Fe;é ?;/ _ -_—
.Run No ? . — . _ Op'era;o.r: _gf /6642'/ _—

| Data ' M
: Clock | Gas Meter ™ | ™ : ‘:Or'mce . Vac. Gage
Min Time. | CEVM In Out In.HaO0(+) | “InHg()
0. ) | Sl ‘ 1 -':2'*0 B
0 2.0 5.0
_15 | 2.0 150 B
_20 | - 2.0 /QQO
25 .0 =2
Total/Avgi.- -

Impingers N . Silica Gel
1. o |

. 2 3 - .
" , ‘Final mL —% g / 0/ - { _ ]CohtamerNo_-_ _
initial mL " [Q n "'/0_0 17 Final gm 3897 "

NetmL ' TQ [ - _ Initial gm ;‘{( s
Total 'moismre'(Nélt'mL-ﬁNet_gm); —_ ' | Netgm .5
Calculations
(1) PB = : : Meterbox No, — _
(2) VM Net = Y = DGM Calibration Factor = *
(3) TM Avg = ™ + 460
(4) PM Avg = & _ Orifice In. HyOx 136 = & :  orifice In. Hg.
= — Vacuum gage In. Hg (when meter is before pump)
- ' 528 xVM (PB+ PM) () _
() VMSTD = Tones X (TM + 460) =
(6) VW = mL Hy0 + gm Silica gel =
U)VWGas..VWxOM?‘IS— .
(s)%M—._0.0x_W_!ﬁaa = 100 x( ) ¢ Zea/ﬁ .
VMSTD + VW Gas = ¢ R R -Lu'l; OOCU-@/ [aﬂ‘iﬂ'« @Z& ¥
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Total moisture '(.Né}t'niL:-u-'- Netgm)= . o Net gm _ ;

(1) PB = : R - 3;"Meterbox No

(2) VM Net = . _ Y DGM Cal'bratlon Factar-
U '-"i-:'-:"__jj_"TM+4BO i ‘

@)™ Avgs
 (4) PM Avg

Onfceln Hzox 135 SR orif’celn.Hg

Vacuum gage ln Hg (when meter is: before pump)

n
+.

e ' 3_5*23 -ivm.fpa-q;-:‘pm wy__; R
(5) VMSTD = “2952 x (T 1 Aab) ‘_
(6) VW = mL H20 + gm Smca ge*l =

(VW Gas = VW x' 004715 . _————
o @) %M = 100 x VW Gas "L._“i’: | _1'00’*'('-""“7'-1" = L.
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Fleld Moxsture Determlnatlon
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Locatmn 5‘4,(’"2‘ ¢ 5
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Total moisture (Net mL + Net gm) = Netgm — ‘ ?‘ §

- Calculations T ]
(1) PB = 770 Z;L Meterbox No. __ &t 0’713% . |
(2) VM Net = ' Y =DGM Calibratmn Factor = -ﬂ”*
(3) T™M Avg = 2 .TM + 460 ‘ '
D - '
(4) PM Avg = & — - Orifice In. HoO x 135 = s - orifice In. Hg.-
' i —- Vacuum gage In. Hg (when meter is before pump)

_ 8 xVM (PB+ PM _
) VMSTD = ™o592 x (M & 460) =
- {6) VW = mL Hy0 + gm Silica gel =

(7) VW Gas = VW % 0.04715 = _ — - ‘ k O

(8) %M = J100xVW Gas = 100 x (- ) . L 1_ . [,_gp\ J) ' |
VMSTD + V = - i, .
MSTD+VW@Gas = ( )+ ( ) | ( ) - l)('a\_,o,om_g(@@
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APPENDIX B

 CEM DATA AND CALIBRATION SHEETS

B-1




FACILITY:

" BFI lucmuonn LANDFI]_L

' CEM DATA CORREC’I‘ION PROGRAM

SOURCE: LANDFILL GAS ENGINE GENERATOR = RS
'MONTH/YR: DECEMBER 15 - 16, 1993 INSTRUMENTAL REFERENCE METHODS i
o ‘ . 3A&TE"
L 02% Co2% . |- NOx,ppm | =
RUN 1 SLOPE/Y INT . 2% 0 25 0 1000 - ol
12/15/93 SYs' CALVALUESZERO/SPAN 0 9.99 L0 - 19 0. 5065|
ENG.#1 DIR CAL ZERO'-VDC/CONC -0.01 0.00| TC0a)
S.N.# C~11033/2 | DIR CAL $PANVDC/CONC * 10.00. 1215 - © 506.61
INT SYS ZERO VDC/CONC 040 -0.01] 00|
| FIN.SYS ZERO VDC/CONC, =002 =001} C o =06|
| INT SYS SPAN.VDC/CONC " 10,05 12.05| - " 508.8
| FIN-SYS SPAN VDC/CONC - 1041 10821 . . . - 5131
INT/FIN SYS BIASZERO:%. | - . 044 . —004| 004 =004 ~ 004 =002
INT/FIN SYS BIAS SPAN % CL0.20 - _.‘---1.64 L =040 1 —532(° 022 065
ZERO/SPAN SYS DRIFT % —048 . 144 - 0.00 ~4.92 -0.06 0. 43]
ANALYZER SCALE(SPAN) 25 25 t- . 1000
RUN AVG S 962 . 10.36 - 722
CORR. AVG S 939 1078 © 718
0z'% C02% . | - NOx,ppm’
RUN 2 SLOPE/ Y- NT L 25 0 25 o 100 . 0
12/15/93 SYS CALVALUES ZEROISPAN 0. 999 0 119 - 0 . 5065|%
ENG.#1 | DIR CALZERO VDC/CONC =002 000l = - =06
S.N.# C-11033/2.| DIR CAL SPAN VDC/CONC 10.00 12,05 oosua
INT SYS ZERO VDC/CONC 0.00 0.00{ 04}
FIN SYS ZERO VDC/CONC ° 0.00 L0041 - 23]
INT SYS SPAN VDC/CONC 9.98 1198} 5040| - .
FIN SYS SPAN VDC/CONC L <1 S 1198 . 5142}
INT/FIN SYSBIAS ZERO % .. 008 - . 0.08| 000 0.16{ ' 0.10 029
| INI/FIN SYS B1AS SPAN % _008  -028| :-028 . -028| =071 031"
ZERO/SPAN SYSDRIFT % - 000 - =020 o016 . ©0o00[ - 019 102
ANALYZER SCALE(SPAN) 25 co28 . 1000 -
RUNAVG. - © 948 11077 %
CORR.AVG C 921 _10.70 632
0% coz% NOz, ppm-
"RUNS3 SLOPEJY INT 25 - ol 25 cof. 1000 @}
1215/93 | 5YS CALVALUESZEROISPAN 0 . 999 o 18| | 0 - - 5065{
ENG.#1 | DIR CALZEROVDCICONC = | - -0.02 0,00 c -6
S.N.# C—11033/2 | DIR CALSPAN VDC/CONC © 10.00 112.05| . s
' INT SYS ZERO VDC/CONC © 0.00 10.04) .23,
.| FINSYSZERO'VDC/CONC - 0.04 . 0.03 LT
1 INT'SYS SPAN VDC/CONC - - 993 - 11.98( s1a2)°
FIN SYS SPAN VDC/CONC :  9.97 ‘ b4 528 Q‘_'
INT/FIN SYS BIAS ZERO % . 008 . 024 016 0i2) ‘029 . 023
INT/FIN SYS BIAS SPAN % - 028 =012 - —0.28 -044) 031 1.69)
"1 ZERO/SPAN SYSDRIFT % © 046 - 016| =004  =016] - -0.06 . - 138}
ANALYZER SCALE(SPAN)- .25 25 Lo o00 .
| RUN'AVG. - _ 916 | - 10.69. o658
.CORR AVG - 920 1063 __ 623

U BENGECOR W




BFI RI CHMONIi LANDFILL

10.52

FACILITY: _ CEM DATA CORRECTION PROGRAM
SOURCE:: - ' ' LANDFILL GAS ENGIN—E-GENERATOR : -
MONTH/YR: DECEMBER 15 ~ 16,1993 ' INSTRUMENTAL REFERENCE METHODS'

T o o : 3A&E
L 02% ‘CO2 % NOzx, ppm
RUN4 | SLOPE/Y-INT 25 0 25 0{ 1000 0
' 12/16/93 | SYS CAL VALUES ZERO/SPAN 0 9.99 0 119 0 506.5
ENG.#2 DIR CALZERO VDC/CONC * - =005 =001 0.0
S.N.# C-10812/3 | DIR CAL SPAN VDC/CONC 9.99 ©12.06 508.6
INTSYS ZERO VDC/CONC 0.05 0.01 -0.2
FIN SYS ZERO VDC/CONC -0.02 0.00 22
INT SYS SPAN VDC/CONC 10.05 11.99 512.5
FIN SYS SPAN VDC/CONC ‘ 995 1195 516.8
INT/FINSYSBIASZERO % '0.40 0.12|: 0.08 0.04| . =0.02 022
INT/FINSYS BIASSPAN % - 024  -016] -028  -044 0.39. 0.82
ZERO/SPAN SYS DRIFT % - ~028  -040| . -0.04  -016 0.24 0.43
ANALYZER SCALE(SPAN) C25 25 1000
RUN AVG 8.99 1089 - ", 109.6
CORR.AVG 8.98 _10.83 1071
\ 02 % CO2 % - NOz, ppm
RUN S SLOPE/ Y-INT 25 0 25 o . 1000 ol
12/15/93 | SYS CAL VALUES ZERO/SPAN 0 999 0 119 . o 506.5
ENG.#2 DIR CAL ZERO VDC/CONC -0.05 -0.01| S 02
S.N.# C-10812/3 | DIR CAL SPAN VDC/CONC 9.99 12.06 509.7
INT SYS ZERO VDC/CONC - -0.02 0.00 0.4
FIN SYS ZERO VDC/CONC —-0.011 0.02 11
INT SYS SPAN VDC/CONC 9.95| 1195 5085
FIN 5YS SPAN VDC/CONC 9.95 12.00 519.1
INT/FIN SYS BIAS ZERO % 0.12 0.16 0.04 0.12 0.02 0.09
| INT/FIN SYS BIAS SPAN % =016  -016| -044  —024| ~0.12 0.94
ZERO/SPAN SYS DRIFT % 0.04 0.00 0.08 020  0.07 1.06
| ANALYZER SCALE(SPAN) .25 28 1000
RUNAVG - 935 110.62 74.8.
| CORR.AVG 9.39 10.55 73.1-
- 02 % “CO2 % NOz, ppm
RUN 6 SLOPE/ Y-INT 25 0 25 0| 1000 .0
12/15/93 SYS CAL VALUES ZERO/SPAN 0 9.99 I § K 0 5065
ENG.#2 DIR CAL ZERO VDC/CONC -0.05 -0.01 03
S.N.# C—-10812/3 | DIR CAL SPAN VDC/CONC - 9.99 12.06 5108|
: " | INTSYSZERO VDC/CONC -0.01 0.02 0.0
FIN SYS ZERO VDC/CONC -001| 0.02 25
INT SYS SPAN VDC/CONC 9.95 1200 506.8
. FIN SYS SPAN VDC/CONC - 097 12.01| - 5196
‘ INT/FIN SYS BIAS ZERO % - 016 016 012 012 -0.03 022} .
INT/FIN SYS BIAS SPAN % -0.16 - -0.08| - -024 - -020|  ~~040 0.88
ZERO/SPAN SYS DRIFT % " 000 008 ' 000 004 025 1.28
'ANALYZER SCALE(SPAN) 25 28 1000
RUN AVG : ' 9.36 1062 78.8
.| CORR.AVG 9.39 76.7




FACILITY:

CBFT RICHMOND LANDFILL s ‘
. .LANDFILL GAS ENGINE GENERATOR B

CEM DATA CORREC’I‘ION PROGRAM N

SOURCE: . .
MONTH/YR: DECFMBER 15— 16, 1993 INS'I‘RUMENTAL REFERENCE METHODS
: 3A&TE :
02 % CO2 % NOzx, ppm - |
RUN 7 SLOPE/Y=-INT - 25 .0 .25 0
12/16/93 SYS CAL VALUES ZERO/SPAN U999 L 0. .506.5 |
. ENG.#3 DIR CALZERO VDC/CONC =005 103
S.N.# C-10622/7 | DIR CAL SPAN VDC/CONC S 9.99| - 510.8
' "~ | INTSYSZERO VDC/CONC' . co=001] 2.5
'FIN SYSZZERO VDC/CONC L=002) 14|
INT SYS SPAN VDC/CONC - C997) - 519.6| -
.FIN'SYS SPAN VDC/CONC EERTERE X[ ] SR 517.1|
| INT/FINSYSBIASZERO % . -1 016 ' - 012| * 042, 0.11}
.| INT/FIN SYSBIASSPAN% = .| *=D.08 '~ '0.00| . -020 0.63
.| ZERO/SPAN SYS DRIFT % 1=004 008 | -0.08 -0.25}:
ANALYZER! SCALE(SPAN) 280 28 _ i
RUNAVG .. i 98581 . 10:49. 6 -
CORR.AVG ~° . ' . _ [ . 959 1044 75 '
02% - Cc02 % NOx, ppm

'RUN 8
12/16/93
ENG.#3

‘ SLOPE/Y INT
| SYS CALVALUES ZEROISPAN :
. DIR CAL ZERO VDC/CONC -
S.N.# C—10622/7

| INTSYS ZERO VDC/CONC :

INTSYS SPAN VDC/CONC .
| FIN SYSSPANVDC/CONC .
' INT/FIN.SYS BIAS ZERO % .
| ZERO/SPAN SYS DRIFT %

.| RUN AVG
| CORR: AVG

DIR CAL SPAN VDCICONC

FIN S¥SZERO VDCICONC

INT/FIN'SYS BIASSPAN %

ANALYZER SCALE(SPAN)

0.00

004 Ry

Coesy
9,50

Go02% . NOx, ppm
"RUN9 | SLOPE/Y- INTS. 25 o) n 28
“12/16/93  |.SYS CAL. VALUES ZERO/SPAN S0 9.99 S0
ENG.#3 | .DIR CALZERO VDC/CONC. : ? ‘
S.N.# C-10622/7 | DIR CAL SPAN VDC/CONC
‘ C INT SYS ZERO VDC/CONC
| FIN SYS ZERO VDC/CONC
- | INTSYS.SPAN VDC/CONC | _
: FIN SYS SPAN VDC/CONC . o
“.| INT/FIN SYS BIAS'ZERO. % 0.16
;| INT/FIN SYS BIAS SPAN %. 012
.| ZERO/SPAN SYS-DRIFT % 0.00
.- { ANALYZER SCALE(SPAN) 125
| RUN AVG Tt 9.
- CORR:AVG 9.58 -

: BFNQECOR Wt
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| Cylinder No. AAL-17222
{3/ Assay Laboratory




1 Sco’ft Specialty Gases Inc.

o - 2330 HAMILTON BOULEVAR‘D-SOUTH PLAINFIELD .NJ 07080

| CERTIFICATE OF ANALYSIS EPA PRC)TOCO“I7 GAS

(905)73:77% T- X 533"&7303

Customer ‘Assay Laboratory _ ‘ o
TRC ENVIRONMENTAL Scots Specialty Gases. 'Purchase order T-01888
Boott Mills South 2330 Hamilton Blvd Scott Project #0724584
Foot of John Street South Plainfield NJ 07080 R

" Lowell MA 01852 L

Attn,; CAREN O"BR!BN B

ANALYTICAL INFORMATION

. Certified Concentration
6.04% :
14ippm -

498%

GCTCD

fied tocmwd the mxmmnm lpecxﬁ:n\om ofEPA Protoeol 1 Pmadum #G1 Section Number 3.0.4

.. Certification Date 12-21-1993
™" Previous Certification Dates _

Etpxrahon Dau12-21-1995

+/-1%NIST Directly Traceable

-+/-1%NIST Directly Traceable

+/-1%NIST Directly Traceable

698 %CO2inNZ

- 243 ppmCOin N2

-9.5_6 802Nz -

Analyhull‘rindple

" Date: 12-21-1993 Rnpalu units: %

AL Rl= 698 Tiw6.05
=692 1m0 T2=6.02
‘Lm0 VwmeM  RI=6S5E

: ‘Aﬁmacu.cyl.-'s.u

Cumuun-A+Bz+c: +Dx +k
r-o.9999919

B=5. 732505 Cw

-1 D= B=

--A--s.mss-m"

‘21-0 St Rlm 243 Timi4l
. m-?ﬂ_ =0 T2=l41 -
D=0  Duidl K= 24

Ava. qu.ofcun.Cyl.- M1 -

Daie: 12-21+1993 Reowpaoes wnita: ppm -

Zi=0  RieU3 TisMl -
RmU3  Zm0 =141
D=0 Tim4) ‘=243

Ave. Coac, of Cost. Cyl.= 141 -

.Concrntrution mA+Bx+Cx +Dx +Ex
.. ™=0.9999999

B=lO7E3E04 C=
Da " Bm

" A= -‘7-!31584!!

Diate: 12-21-1993 Respoass wits: %

Zi1=0' - Ri=956 Ti=5.00
Rm 956 Z2m0 T2=4.56
Z3mp. T=498 R3=956

Cm-A+nx+C'x‘+bz’ +Ex

Conatanty: A= 1 5315501
B=4,7535E-05 Ca ’
D= ' E=

" Ave- Conz, of Cust. CyL= 4.98
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- Customer - -
. TRC ENVIRONMENTAL
_ Boott Mills South 1
Foot of John Su'cet
Lowell MA 01852 .
- Atn.: CAREN O'BRJEN '

cemmcxre OF ANALYSIS EPA PROTOQ_OL GAS

. ANALYTICAL INFORMATION L

Asny Laboratory
- Secott Specialty Gases
- 2330 Hamilton Blvd

Soith Plainfield NJ 07080 -

. Insteny Model/Serialf
cozzv'mm 3700-31608928

Y GOFolyzer 20001709
m*'oz*vm 370031608928

: Ce.rhﬁcahon Date 12:21-1993
- Premps _thﬁeamn Dats

: Cu'hﬂed Cnncentnbon L,

11.9%

. ?+1-1%N1srnm 'rumme‘
" +I-I%NIST Directly Traceable -
Ce __+l-l$NIST Dlru:tly Tram ile

2

. ZBug "-1’3

‘ Dllc: 12-21-19% Rw-om %
‘ ‘Ri=:14.02. | TI=11.9
' R2w 14.02° z:-o

. Au.'cau. of Cust, c.y:.- u.s

‘m=ns ||

B~ 142 AR

1 zx-o Rl- 43

DBDlle.. 12-13-19” Rﬂpunm PP | -
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CERTIFICATE OF ANALYSIS EPA PROTOCOL GAS

;; : . ' Customer ‘Assay Laboratory o
- . TRC ENVIRONMENTAL - =~ = ' Scolt Specialty Gases . Purchase order T-01888
i BootMillsSowth -~ . | . - 2330 Hamiltsn Blvd~ . . Scott Project #0724584
: A.Footoﬂohnsnaet Toonn 4 - South Phinficld NJ 07080 :
; - Lowell MA: 01852 - R a0
Aun.: CAREN O‘BRIEN
: ANALYTICAL INFORMA'I‘ION L
; ~3‘ d o Ceitifidd o exceed the minimum :pecxﬁcauom of EPA Pmtnool 1 Pmeedun: lGl Scction Number 3 0.4
B e: - . -
é’fﬁ Humher ALMMESS g erliﬁﬂﬁon Date 12211893 " - Expxnhnn Datelz-n-lm
i Pressure 2000psig” i ‘.""f-"{-: W Prevhns Cerhﬁcahon Dates ‘
Cerhﬁﬂ! Coneenmhon . n Analvtical Uncerhu:m
20.0% = : . +/-1%NIST Directly Traeuble
3 3 ’l MONOX!DE '345pp|n ‘ . _ . +/-1BNIST Directly Traceable .-
\ % ’ : +/-1%NIST Directly Traceable

. Cylinder Number . Cobcentraion
' $X20316 : . © 15.75 %CO2in N2 -
ALMO24T34 o 474 ppmCO in N2
ALMO17576 o - 063 %02nN2 )
- 1U2TN993 |  GECTCD -
- 12/09/1993 - o Electrochemical
g 02. yatian 370 - 11/23/1993 S GC TCD
~ R ANALYZER READINGS (Z=7ero Gas R=Reference Gas T=Test Gas r=Correlstion Coefficient)
e Cofponents . First Triad Analysis - Second Triad Analysis Calibration Curve
Dute: 12-21-1993 Respouse mis: % o Cm“-A+Bx+C: ey
Z1=0 RI= 1575 Ti=20.0 ! - | rm0.9999919 -
R2=1575 Z2=0 . TI=20.1 ' ] Consanie: A= 3.7268E02
Z3m0 Ta200 R=1575| | . o000 L] p=sBBELS  C=
2 Ave. Coac. of Cwst. CyL.= 20 T : e De | . Em.
";7. uouoﬂmam.. 16199 Respooss tmits: ppes Dete: 12.21-1993 nupuumm : cm'-a-t-auaﬁm‘*a'
- : . Z1=0 Riwd4  Tiedd Zi=0. Ri=474 ' Ti=344 =0.9999999 o
i Tl = m_-m 22=0  T2mid’ R=il4  22=0  T2=347 || Coostante A= 116503
ot gl | im0 DR B=am || D=0 D=4 R=s B=LO7GEM  C=
5 ‘ " - ‘-Av'.cmﬂfm‘cyvl.- m . _ Ave. Cogo. of Cimt. Cyl.= 345 . "D B
a " Dates 12-21-1993 Respotse unite; % Cumtnﬁon-h-i-h-l-& +Dx +&'-1'
Sl Zi=0 . Riwm2063 © TI=19.8" 1 r=0.9999926. B
S ‘;ﬁ%ﬁ =206 22=0  T=200 - Constantx: .A-_Lsm
rﬂg‘.’g?ﬁ%&ﬁ‘é‘m ot Z3=0  T=193 R=208 B=4.7835E05  C=.
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~ APPENDIX C

VISIBLE EMISSIONS OBSERVATION DATA AND CERTIFICATION SHEET

c1




 VISIBLE EMISSION DATA SUMMARY - ENGINE#1 -RUN1 « | =

21894 -

" Date:

Browning-Ferris Gas Services, Inc.

Richmond, VA

Company:
Facility:

 Landfill Gas Engine .

g Process:

‘Generator

Run:

_ 'Start Time:

-Timothy J. Senger

Observer:

1:25 .

L AemAETWKY

* Stop Time:

10
1l
12
13
14
15
16
17

18
19
20

21

23
24|

26|
c 27

28

29

30| .

30 Minute Average: -
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 VISIELE EMISSION DATA SUMMARY - ENGINE #2 - RUN 1

- 2N5/94-

‘. Date: -

-Ferris Ga_s Services, Inc.

Richmond, VA .-

Company:
Facility:

" Landfl Gas Engine

- Process:

Run |

.Generator

.11:28

- Start Time:

11:55

_ .'I_"iimt‘hy‘\-i Senger

Observer:

s

ovioputy

'30-Miquﬁé Average o
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-ENGINE #3 -

2015194

1

:‘ Datgé; PH

ni -‘;-F'e‘r‘ri‘s Gas Services, Inc. - :

Browning-
* Richmond

g
]
2
g
S

Facility:.

; Proces_s::'- .

LandﬂllGas Engine
- Generator o

1125,

R_iln:

S Start 'I"ﬁi:e:

Timothy J. Senger .

s

- Stop Time:

_ Qbserﬁr:

Lo

10
1
12
13|
14
15
16{
18]
19]
20
21
22/
24
25
26|.
o)
28]
"29]
30|

0% Opacity

30 Minute Aversg



'VISIBLE EMISSION DATA sum/mw - ENGINE #3 - RUN'1 (continued)

U 215/94

' Date:

Browning-Ferris Gas Services, Inc.

Richmond, VA

Company: - :
Facility:

‘Landfill Gas Engine
' Generator

~ Process:

Run:

11:55

g
B
b
T
a
@

; Timdthy_ i Se‘_hgex_- '

8
k|
=
[-%
2
W

10
1
12
13
14
15
16
17
18
19
20
2

1

23

24
25
- 26

27

2

29|
30

. Observer: o

AFIRVEL WK1

0 % Opacity

30 Minute Average:

Run Average:

£
LY}
a
=
o
X
=3



VlSlble Ermss:on Observatlon Form

':. comPlnYNamn 6;1 — ‘j‘;. obunmlaw )1# ? _‘ su"ﬂ@”";s End‘nmaﬂgs-
Strnmddr-ssz 3Zjdﬂl’téf 47§ ﬂg/ m"""

&
o

. Cernlnis SR

F'Mw-n;zim%.é | Fe P Numbary ;™

O@QQQQQQg

‘ ‘Hoight bclwuarnu'nduvdl‘ : ng u-tnobn L
P l'i) ] etam End% St

Distanéa from Observar Diraction. frum Obsarver - 12

%;MMVﬂmmzmﬂ T
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090000o0000900@~ogao
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[ Stmckwith o |  Source - . Deaworhamew | | o
Plume

20

21

2

2

{ Layout Sketeh it L 2%
' sun ) s ! o ]
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27

28

2

30

Dlwine N —

| gEmissionpoine | %

.- Observer's Position T
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S y VlSIble Emlss:on Observatlon Form o L
CQmFlﬂYN ame é;_L Lo _‘ obnmu%q sun'nm//5§ EndTlm /Z Z—j -
SlmtAddross Z;Z 5. w{ é§ G 1{4 M as’ . .‘ ummé S )
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APPENDIX F

CALIBRATION SHEETS
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