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EXECUTIVE SUMMARY -

During the, eriod of June 4-7, 1991 the Waukesha Engine Division
of Dresser. ndustries, Inc. performed an emission certification

‘test on eight 12V-AT256L Waukesha engines located at ‘the
- Johnston, Rhode Island Central Landfil powerhouse.

Permit requirements for emission certification of the units are:

Nitrogen oxides (NO as'Nb‘): 1.25 gr/BHP-HR or
6.6 Lb/HR maximum, éhichev r is more stringent.

‘Carbon monoxide: 1.125 gr/BHP-HR or 5.9 Lb/kR maximum,
whichever is more stringent. - '

"Nonmethane'hydrdcarbons:-,0.5 gr/BHP-HR or 2.6 Lb/HR
maximum, whichever is:more stringent.

Testing yielded average stack emission. rates from the eight units
of .60 gr/BHP-HR. NO ». 32 gr/BHP-HR €O, and -09 gr/BHP-HR NMHC.
These levels are 48 s> 46%, and -18% of ‘permit requirements,
respectively, Each unit individually passed permit’requirements
for alil three-Specie.--Averqge-oxidizing catalyst efficiency was
74.1%. e o :

Average fuel consumption at: rated conditions was found to.be 7424
BTU/BHP-HR. S _
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© 1.0t INTRODUCTION

The Johnston, Rhode Island Central Landfill powerhouse _
contains eight (8) engine/generator units whose purpose is
to convert the gas generated by the landfill into useful
electrical energy. The engines are Waukesha 12V-AT25GL lean
combust1on, low emission mode1s.

The State of Rhode Island, Department of Environmental
Management (RIDEM) approvals #999-1014 require performance
testing be conducted for nitrogen oxides (NOx NO + NO,
as NO,), carbon monoxide (CO),.and total non“methane _
hydrogarbons (NMHC). The Waukesha Engine Division of
Dresser Industries, Inc. (WED) was contracted to perform
this testing ut111t1z1ng the capab111t1es of our mobile
emissions testing 1aboratory

The emission 11m1tat1ons per‘permits #999-1014. are:

1. NOX: the emission rate from each engine shall
not exceed 1.25 gr/BHP-HR or a maximum of
6.6 Lb/HR, whichever is more stringent.

2. CO: the emission rate from each engine shall
not exceed 1.125 gr/BHP-HR or a maximum
of 5.9 Lb/HR, whichever is. more.
stringent.

3. NMHC:  the emission rate from each engine shall
not exceed 0.5 gr/BHP-HR or a maximum of.
2.6 Lb/HR, whichever is more stringent.

Additional permit requirements are:

1. Visible emissions from each engine exhedst shall
- not exceed 10% opacity except for a period or

periods aggregating no more than three minutes in
any one hour.

2. Only 1andf111 gas shall be used as an engine fuel.

3. The oxygen content of the exhaust gas’ enter1ng the
CO oxidation catalyst shall not be less than 7 0%
by volume. )

4, The CO ox1dat1on catalyst ex1t temperature shall
not exceed 1350°F _

5. The CO oxidation cata]yst‘inlet temperature shall
be a minimum of 750°F.




2.0:

Factory enginé?out3emissTon-guarantees'were 1.25 gf/BHPFHR

NO,, 2.25 gr/BHP-HR CO, and 0.5 gr/BHP-HR NMHC. The: Tow CO
pefmit limitation required: the addition of a Johnson-Matthey
mode1'CO'1750—2D oxjdatjon;dataTyst to each exhaust system, .
Engine-out ‘and permit CO Tevels ‘indicate an approximate minimum
catalyst CO:conversion efficiency: of 50%. o

Initial certification testing was. .performed during the: - - -
period October 9, 1990 to October 16, 1990. This testing::
yielded average stack emission rates from the eight units .
at rated conditions of .50 gr/BHP-HR NO » 1.70 gr/BHP-HR =

co, and’;QB}gf/BHPéHR;NMHCL3”A11,uhits'¥ai1ed.to'meetgpermit__
requirements for CO emission:due to a 1bw_averagé;0xidizingg“f
cata]ySEUéfficiéncyﬁof;g%;]JSee_thé November 30, 1990 . -~

- certification report for details.

The' Tow:CO conversion efficiency was traced to-silicon. -
contamination%ofﬁthE'cata]yst material. The silicon was
finally proven to be entering the system in the form of -
siloxane components’ (silicone bearing hydrocarbons) of ‘the
1andff11*ga§\fuélﬁf  R : ‘

This second certification test was ‘performed during the
period June 4, 1991 to June'7, 1991. A1l units had’
c]eanedﬁor‘new~cataﬁystJbeqsfinstalled., Mr. Richard
Evans of RIDEM was present as an observer during all

four days of this testing., -

EQUIPMENT DESCRIPTION =

TRLT TN

engine/generator units. The ‘engines are

The Central Landfill powerhouse contains eight identical. -
‘ Waukesha 12V-AT25GL =
lean combust1on,_1OW'emission‘unitslof 9.84" bore x -11.81"

-stroke ‘with 10784 cubic inches disp]acement.¢'Eachﬂéngjne

is rated at 1700 KWe at 900 RPM." At 96% generator .
efficiency this 1572375 BHP. ' The engines are adjusted to
run on landfill gas. Specified engine settings are 17°
BTDC spark timing and 8.6% +/- .2% exhaust oxygen level "~
pre-cata1y3t;‘*Cfaﬁkcase-breathefﬂgases are injected into
the exhaust stream downstream of the catalyst using -

compressor bleed air.

Each‘engine dri&eé aIKato‘mddel A24862001 genekator‘FAted at
1700 kilowattsyatﬁ4160‘vo}ts;;_Swﬁt:hgear was manufactured

- by Point Eight” and voltage regulators by Basler. . -



3.0:

The exhaust stream from each engines passes through a
Johnson Matthey oxidizing catalytic converter model CO
1750-20. After leaving the building each exhaust stream
is d1rected upward through a 60" 0.D. silencer.

Figure 1 shows powerhouse unit arrangement.

SWITCHGEAR | REPAIR
AREA AREA
UNIT 5 D - 1 uNIT 1
wwite | | | 0 uniT 2
uNIT7 [ | |l umT 3
uNIT 8 [ _Hounta
o+ DOOR -
FIGURE 1

Fuel gas treatment is accomplished with a Bio Gas
Development (BGD) of Atlanta, Georgia system.

‘ TEST'PROCEDURES

The test procedures used for both fuel economy and gaseous
emissions testing followed the test protocol (and
supplement) approved by the RIDEM. See Appendix A.
Further elaboration is provided below.

FUEL ECONOMY

3.1:

During the emission test sequence, five separate
measurements were made of the volumetric fuel gas flow
rate using a calibrated positive d15p1acement Rootsmeter.

~ See Appendix C for calibration data. Temperature and

pressure of the fuel gas were measured at the meter

itself to enhance accuracy.

The high and low readings were discarded and an average
of the remaining readings was used for all calculations.
See Appendix E for raw data sheets.

-7-




3.2:

- 4.0

GASEOUS EMISSIONS

Procedures outlined in the approved protocol were followed
exactly. .Ana]yzers'used_arerescribed in Appendix A and
calibration data are given in Appendix C. A basic schematic
of the sample.train used is;shown in Appendix B. Probes

_used‘in_alT“tHkQE[test.Tocgtiohsftonformed to 40 CFR 86

section BS.BTQ;ZQJ(b);aS presented in Appendix B. .

“Raw datalarngﬁ§§éhted3infAbpendfx E.

FUEL ANALYSES = - -

During théuté§tfprogram-thféelfuei_sémpTéS‘wére taken at -

intervals. “Samples were taken on June 4,5, and 6 during

~ the certification testing.

Thesé‘samp]esfwehe3ana1yzedfby IG  Ana]yticaT;Labofatdry_of_

Chicago. vFurthergfueT'properties; to a]1ew‘emissiqn L
calculation, were calculated at Waukesha from IGT component

analyses. These'data are given in -Appendix D.

* Since samples 2 and 3 of June 5 and 6 were nearly identical,
. an average of these fuel properties was used for :

calculations spanning that’time period. Table I summarizes
the two sets of fuel properties used for final fuel
consumption and emission calculations. Their applicability

- is given in Table II.

5.0¢

_RESULTS

5.1:

- summarizes the results of the emission testing. . .. o

"Calculated results are detailed in Appendix G. A sample =

calculation s given in Appendix H. Significant results
are summarized in Tables II, III, and IV. Table 1I . C
summarizes engine test conditions. . Table IT1 summarizes -
the results of:the fuel consumption testing. :Table IV

" FUEL ECONOMY..

Average engine loads. for fuel economy (and emission) ==

‘calculdpiqns,were_obtained‘from-the‘raw.data computer . .

printouts presented in Appendix E.. The mean brakegspec1f1¢‘ 
fUEl_cdnsumptiOn[(BSFC);is¥7424aBTU/BHP<HR with a low = - -

_of 7227 BTU/BHP-HR ‘and a high of 7651 BTU-BHP-HR. Note . .

" that these values -are not ai1 directly comparable @ - R

- because of small Toad and carburetor adjustment differences
between the eight' engines. . . : L . S




5.2 GASEOUS‘EMISSIONS

In order to calculate brake specific or mass emission
rates, the total exhaust mass flow rate must be known.
The general exhaust system layout and large exhaust
silencers do not allow a pitot tube measurement of
exhaust flow without significant modification. Instead,
fuel flow rate was precisely measured as previously
noted. Then air-fuel ratio was calculated using the
Spindt method, see Appendix F, as modified for the large
CO. concentration in the fuel gas. See Appendix H,
saﬁp1e calculation, for further elaboration on this
point. The air flow rate js calculated as the product of
the fuel flow rate and the air-fuel ratio. The total
exhaust mass flow rate is the sum of the fuel and air
flow rates. “

Emission test results are presented ‘in Tables IV-a, -b,
and -c for pre-catalyst, post-catalyst, and stack
(certification) locations, respectively.

Mean stack emission rates from the eight units as tested

at rated conditions were found to be .60 gr/BHP-HR NO_,

.52 gr/BHP-HR CO, and .09 gr/BHP-HR MNHC. These Tevels are
well below the permit requirements for all three specie for
these units. Individually each unit passed permit
requirements for emission of each specie. See Table IV-c.

6.0: CONCLUSION

The results of this testing showed that all eight units
at the Central.Landfill powerhouse easily met operating - -

permit requirements for NOX,_CO, and NMHC emission
rates.

Written by:- }WWM)‘ZA
| R.W. Stagh |

JH. Staghowicz
Senior Project Engineer/ ‘Ep eering Support

Approved by:
M. Derra
‘Manager/Engineering Support




TABLE 1

" FUEL PARAMETERS

FUEL L SAWRLE o S
DESIGNATION ~ rDATES(S) T CHARACTERISTICS |

A o 6ed 91 oSt 496 BTU/FT 3
ST e Specific: Grav1tyn- S .9686

 Density . .0741 LB/FT °
H/CRatio. . T 4.001

Fe 0 23740

Fe o

: 02 S - .00057

F N2 ST L03293

Feoz . .64933

F : D N I

B o j_: o 5-5-91 R SLHV o L - 486 HBTU/FT3
- . 6-6-91.. .. . Specific Grav1ty}r_ o .9713 3
(AVERAGE) Density . = - °.0743 LB/FT

S oow oo H/CRatio . 3,995

IN T R

NOTE: REFERENCE APPENDIX D--Fj TERMS ARE MASS FRACTION.VALUES.
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:  TABLE III
" FUEL CONSUMPTION

e  AVERAGE - . AVERAGE
|  AVERAGE LOAD =~ FUEL ngv ~ BSFC . FUEL RATE . .
WNIT  Kie _BWP STU/FT® BTU/BHP-R - _LB/MIN

1T M4 2394 ags 7358 44.863
721 2404 a6, 7386 45240
1715 ;23965?;f a6 7367 83,932

B W ™

718 2400 f”? 4967t 39
...1689-.,-——2359: 486 R 7651 . -45.991

o

6 1697 2371 3“ 486 7582 45561
7 1689 2359 ag6 7531 45.268
g8 1693 2365 . 486 7221 43548

. — - i o

MEAN | een fBE*‘L;s] S ._" 7424 #'3‘*744 775

STANDARD DEVIATIQ\\A , 129 847
NOTE: 'BHP FIGURES R ssums 96% GENERATOR EFFICIENCY - '.“ﬂ"f'x
RS / 1@%\ A

-12-




TABLE IV-a
—y PRE-CATALYST EMISSION SUMMARY |

BRAKE SPECIFIC EMISSIONS - g/BHP=-HR

UNIT. ' NOx ‘ . 531 jﬂﬂEL
1 - | .650 1.995 .095
'2 .605 1.930 . .085
3 .640 1.940 . .080
4 .625 1.830 . | .065
~5 ,725 2.245 .080 s
6 .465 1.960 .070
7 | .355 1.865 .095
8 .435 1.735 - ..095
MEAN .563 1.938 .083
STANDARD DEVIATION .120 40 011

NOTES: 1) TWO RUN AVERAGE - REFERENCE TEST PRDTOCOL‘
2) NOx as NO2

-13-




. TABLE IV-b

—-—-——..___

POST CATALYST EMISSION SUMMARY

BRAKE SPECIFIC EMISSIONS - g/BHp- R CO CATALYST
bNIT NOx ;5;‘; €0 NMHC EFFICIENCY -5
o rS“] 605 835 095 . sgq

N

G615 815 ogs '59~; 57,9
U635 .43 ogo e

e W

s a0 o g
75 lagp 075 786

o

6 .3':?-'5' ,-‘450_' . ;.230 .060 e
T a0 o 095 859
8 o as0 - leas .090 628
MEAN “563; 501 081 o
 STANDARD DEVIATION A21 225 012 g

NOTES: 1) THD RUN AVERAGE - REFERENCE‘TEST PROTOCOL
| 2) NOx AS NOZ e . - S

14~



TABLE IV-¢
STACK (CERTIFICATION) EMISSION SUMMARY .

BRAKE SPECIFIC EMISSION - g/BHP-HR

NG - Lo NMHC
.68 T BT
.69 .81 | 10
.63 o .09
.61 .31 .07
.90 6 .09
47l .07
.37 a2 1
.45 66 10
MEAN ‘ 60 .52 C09
~ STANDARD DEVIATION .16 .25 .015
NOTES: 1) NG as NO% o |
2) INCLUDES BREATHER GASES

-15-




tions approva 5399971014)_  -

‘ﬁpnoposgn‘rtST PRoerOL FOR' EMISSIONS CERTIFICATION. TESTING
- AT THE JOHNSTON, RHODE ISLAND CENTRAL LANDFILL SITE

Site Equipment =~

Yy

Eight (8)ﬁwaukg;haﬁ12V~ATZSGL$Jeah~¢0mbustion, Tow emfssidn:reciprOCEtiﬁg
internal combustion enyingSgdtiving KatoﬂeTEctriC'genefgtbrs; Each unit
is ratedjat‘1700‘Kw'at=9007RRMg1nExhaust‘from the*engines'is.passed,thrOUQh;
anﬁoxidizing,catalyht‘for further ‘reduction of carboanbndxide‘and‘unburhed“-
hydrocarbons, These ‘engines are fueled solely with Tandfi1l gas. o

Emission Reqﬁiﬁemeﬁts%(Referenc¢ permit conditions and emﬁssions']imita-V

1. Nitrogen Oxides (NO, ‘as NO,)

The emission. rate of nitrogen oxides from eaCh;engﬁne;exhaust‘Shafl' :

-notfexceed}1;ZSVgrams*per brake horsepower - hour“(gm/BHP-HR). or a |
maximum of 6;6[]bs.,per*hour,iwhichever'is more stringent.

The{emissiQﬂ‘ﬁate‘oficarbon_monoxide’from each engine exhaust-shall
not- exceed 1.125 gm/BHP=HR or a maximum of 5.9‘}bs:Jper"houn,uWhich;
*eVér,is-moreﬁSttinQen;;j*;‘  HE

3. Total Nonmethane Hydrocarbons (NMHC)
'TheﬁemTSSion:ﬁ&fé of total nonmethane hydrbéarbpnsffhom éachfeﬁgine R

exhapst:sha]]fﬁot-exceeduo-s gm/BHP-HR or a maximum of' 2.6 Tbs. per.
hour;.Nhiqhever.15'mqre13tringent. R o

'NOTE: 'These_emiééioh;]imifs apply to the‘post4céta1ytic1éonverter-éxhéu§t,

T

Test Methods | |
Naukéshaprbpbses'to;use_U;JS;"Environmental Prote:tioniAgénCy (EPA).‘test -
methods t01demonstrategCompTiance;With'the specifiéd_emTSSﬁdn'requiremgnts; _
These methods are detaijled in Title 40 of the Code of:FederalfRegulations;__

-Part 86, Subpart D. (40CFR86, Subpart D).

- Subpart D: -

Haukesha'alﬁb;specifiéé'the'fofibwing additions and exceptions to 40CFR86; .

1. -Séct%onf86.301;79; ~wéuké§ha'éxfends-the appTi;abjTity'dfﬁthiSjSybpért
-.t0'gaseQusifuels-jncludingﬂTandfiII gas. o A

2. For:héayy~dutyﬂétatidﬁ&ryféngihés the test cyc1es_out]inédﬂin,SéCtTOns |

86f335e79;and;8&4336579fare not used;-~Instead3_allﬁtésting*fSyqoneg‘

at steady state conditions at discrete, specified points.

.‘_‘-1-




3. Specified dynamometer runs, e.g. sections 86.340-79 and B86.341-79, do
not apply literally to this field test. The outlined procedure will
be followed as far as practical for the specified test points.

4, Section 86.345-79 - Emission Calculations. Waukesha does not cal-
culate the dry fuel/air ratio (f/a) using the formula in (d). Instead
~ dry (f/a) is calculated using the Spindt method. Reference Society of
Automotive Engineers paper #650507, “"Air-Fuel Ratios from Exhaust Gas -
‘Analysis".

5. Total nonmethane hydrocarbons will be measured with a-Byron gas chrom-
_atograph :

Test Inétrumentation

The instruments. and systems in the Waukesha Mobile Engine Exhaust Emission
measurement Laboratory (MEEEML) van were selected and designed to comply with
USEPA 40CFR86, Subpart D and the gas sampling and analytical train given in
figure D79- 1, section 86.309-79.

" The MEEEML instrumentation is further detailed in Appendix I.

'Ihstrument‘celibration

A1l analyzer calibrations comply with the app11cab1e procedures of 40CFR86,
' Subpart;Dg A1l ana]yzers will be calibrated at the factory no.more than
thirty (30) days prior to the scheduled start.test date. A copy of all cali-

bration sheets will be prov1ded to the Rhode. Island DEM as part of the final
report. _

Fuel Composition

An average fuel composition based on data taken by Waukesha between 2/4/90
- and.- 2/11/90 will be used for any preliminary calculations performed on site.
‘Th1s fuel composition and analysis is given in Appendix II.

'Dur1ng the test program three fuel samp1es will be ‘taken at 1nterva1s by _

Waukesha. These samples will provide the fuel characteristics to be used for
final em1ss1on certification and fuel consumpt1on ca]cu1at1ons.

Sample Locations .

_Em1ss1ons entering the cata]yst will be sampled at the pos1t1on marked “A"
in photograph “A" in Appendix IIl1. Stack emissions for compliance will be
" sampled at the position marked "B" in photograph "B" in Appendix III.



Test Procedure T;;-,,;_&

The test procedure fo11owed for each engine w111 be

Eng1nes w111 be tested fu]]y warmed. and stab111zed at rated cond1t1ons.
" of 1700 KW -at 900 RPM (about 2375 BHP). Engines. will ‘be adjusted at
"~ rated cond?t1ons ‘to 8.6% + .2% exhaust oxygen level. pre-cata]yst 17°.
- 'BTDC 1gn1t1on t1m1ng and 9" Hg + 1" Hg prechamber gas pressure. ‘

- Each’ stack cert1f1cat1on ‘test will cons1st of a 15 minute run at rated

"”cond1t1ons of 1700 KW at 900 RPM. During this'time NO_, co, CO THC
CH4' NMHC, and 02 levgls will be measured and permanentfy recordgd

- Maximum, minimum~and average values will be determined for each- spec1e
and -recorded. LB/HR and gm/BHP =-HR em1ttant rates w111 be ca1cu1ated from
‘the average spec1e va]ues :

-'Pre-cata1yst emass1on 1eve1s w111 a]so be. measured to determ1 ejcomp11-

~-anceiwith 'WED ‘and- cata]yst manufacturer performance warrant1es.h NO '

€0, €0., THC and 0 emissions will -be measured ‘and’ permanently recoFded
for a m1n1mum_of three minutes both: before and after the 15 minute stack

compliance test These em1ss1on 1evels w111 be averaged for a11 ca1cu1a-
t1on purposes. _

A1l ana]yzers w111 be: zeroed and spanned before and. after samp11ng 1n
accordance w1th 40CFR86 Subpart D procedures. R

-_'Dur1ng the em1ss1on test sequence, five separate measurements w111 be-

- - made “of - the vo]umetr1c fuel flow rate us1ng a pos1t1ve d1sp1acement

“Rootsmeter. The' h1gh -and low read1ngs will be discarded. - The remaining

three: read1ngs will be" averaged to yield the fuel fiow’ rate for .calcula-
tion purposes. -The ideal, saturated Tow heat value of the gas will be
used to ca]cu]ate f1na1 brake specific fuel consumpt1on rates.

Regeat Data

“A dec1s1on to repeat any test run may be made by e1ther Haukesha or Rhode
Island DEM representatives after the test run is completed. Theé. waukesha
representative may elect to- repeat a run if the data are found to'be:tnaccur-
ate or techn1ca11y deficient. :The Rhode’ Island DEM representat1v"ma“ elect
to repeat a run for any va11d reason.‘-

After the test 1nstrumentat1on has been removed from a un1t test1ng on that

unit will be deemed complete.  Such a unit will only be retested if agreement
is reached between Waukesha and Rhode Island DEM: personne] that ex1st1ng data
are. 51gn1f1cant1y def1c1ent in" some manner.” - | L




Final Report.

A final report on the resu?ts of the stack testing will be subm1tted to the
Rhode Island DEM no later than sixty (60) days fo]]ow1ng comp]et1on of the
test1ng :

Cert1f1cat1on by Concentrat1on

To save time and ‘'expense, yet provide high guality cert1f1cat1on data, Haukesha
proposes the following:

Units 1, 2 and 3 would be tested for emissions and fuel rate to determine pre-
liminary figures in LB/HR and gm/BHP-HR units. These values and significant
operating parameters such as intake manifold pressure, intake manifold temper-
ature and exhaust stack temperature will be compared. If suff1c1ent1y s1m11ar,
a correlation based on these three tests would be used to certify the remaining
five units using specie concentration measurements only.

The decision to accept concentration measurements for certification will rest

solely with the Rhode Island DEM representative on s1te observ1ng the test
program, :

‘March 22, 1990



APPENDIX b §

EMISSION MEASUREMENT INSTRUMENTATIDN

Waukesha Moblle Engzne Exhaust EmlSSan Measurement
Laboratory (MEEEML) R

The instruments and systems in Waukesha [ MEEEML van were o

~ selected and ‘designed to comply with the Environmental
Protection Agency (EPA) heavy duty engine test requlrements -
reference 40CFRB86 and 42FR45132 - and EPA test ‘method . 20,
reference 44FR52798, -as modzfmed for- use in internal combus-'
tion englnes, reference 44FR43169

‘.ANALYZERS--~ L

- NO/No, /No_ . BRI Art
-~ 'Therm -Eléctron model 10 chemilumiheséentﬂ v
~'S/N’10AR-13640-140" T e
Ranges 0-2%," 10, 25 100 250 1000;.2500;&‘
”10000 ppm _"_.: o S

fp;‘p jCO Lo ‘ e _ SR
: Horlba model AIA 23 Non-dlsperslve 1nfrared

- 8B/N. 4824705 A

_Ranges 0— 25, 1 o, 5 0%

- THC . Do o
- Horiba model’ FIA-ZZA'Flame ionization detector
 S/N 4812908 - o
~ Ranges 0-10, 30, 100 300, 1000, 3000, 10000,
30000 ppm - | . ST

F Hoglba model AIA-23 Non-d;sper51ve 1nfrared'
- S/N 48498112 L
' Range 0~ 16%

’*Tgledyne model 326Ax Electrochemical
S/N 38817 :
‘Ranges 0 2 5 25%

- M/NMHC

‘Byron, model 304 Gas chromatograph

- S/N.0317. N
Ranges (methane and non-methane) '
0-2,-5, 10, 20, 50 100 200 500 1000 2000
'5000 10000 ppm : ,

-.-5‘Standard Gas Dzvxder model 75;



APPENDIX II'
| FUEL COMPOSITION

 .FUEL GAS ANALYSIS
WITH ASTH CORRECTION

METEANE - iﬁ:'ﬁ[ﬁ’(.'k 52, 60t HYDROGEN 0.17
ETHANE -~ _0.00 ]

nynnoszn,sunrxbn‘ 0.00
ETHENE OHO“Vfi-"'H  0.00 CARBOSOHONOXiﬁE' 0.00
PROPANE =~ _0.00   " o
PROPYLENE J:ﬁff _0.00 NITROGEN S 3.01
IS0 BUTANE = = __0.00  OXYGEN 0.11
. } AIR - | ' __ 0,00

'CARBON DIOXIDE = 44.10

NORMAL BUTANE = . __0.00
IS0 PENTANE . - 0.00
NORNAL PENTANE 0.00
HEXANE 0.00
HEPTANE | 0.00

WATER . 0.00
HELIUM 0.00

G do db de de 98 de s I

ARGON 0.00
SUM OF THE FUEL PERCENTAGES _99.99%

SATURATED LHV _472.05 BTU/CU.FT . SPECIFIC GRAVITY 0.99422
OCTANE RATING _119.61 - ; DENSITY - _0.07606

MOLECULAR WEIGHT 28.73180 ' o
STOICHIOMETRIC SPINDT AFR IS _ 5.06:1 BY MASS

THE ATOMIC H/C RATIO FOR THIS FUEL Isf‘_;_i;gg§ ﬂ7'

L

0 8 de 9P d0 M8 de
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EHISSIONS SAMPLING LOCATIONS

[3

L Photograph 'A‘
PRE CATALYST SAHPLE LOCATION"

' Photograph "B*
STACK SAMPLE LOCATION -



WAUKESHA ENGINE DIVISION

! Waukesha ' DRESSER INDUSTRIES, INC.

1000 WEST ST. PAUL AVENUE »« WAUKESHA, WISCONSIN 53188

August 10, 1990°

Mr. Richard Evans '

State of Rhode Island and Providence Plantations.
" Division of Air and Hazardous Materials

291 Promenade Street ' '
" Providence, RI 02908-5767

Dear Mr. Evans:

1 have received your letter of July 23 requesting additional information
for our proposed test protocol for the engines at the Central Landfill
in Johnston, RI. o - :

Attachment I (two pagés)'summarizes Waukesha's and the test team's
qualification and experience with regard to engine emission sources and
test methodology. R : |

Attachment II (four sheets) is a partial response to your secondgquery.
I am attaching sketches and blueprints which describe the engine exhaust
system -and our two (2) proposed test locations. Note that the upstream
location, before catalyst, is different from my March proposal in the
protocol. ‘This is caused by expected difficulty in placing the probe
port in the original location. N e

You will note that neither test port is in an ideal location regarding
flow obstructions. The overall layout of the exhaust system severely
limits the available options for port placement. Since Waukesha does
not plan to measure flow with a pitot tube (See Protocol, Test Methods,
Item #4) we do not feel this is a major concern. We will use a multi-
hole probe extending across the exhaust pipe for emissions measurement.
This will result in a representative sample for analysis.:

The plan showing location of source and the floor pldn of the facility
(2 sheets) will be provided by Waukesha-Pearce to you directly.

Since particulate matter in a gas engine exhaust is nil, exhaust opacity
is negligible.” Waukesha does not feel Method 9 readings are ‘needed.
Also, we do not have a technician certified to perform that test.
Should a Method 9 test be mandatory, it would be ideal if the Rhode
Island observer were certified and could run that test. If this is not
feasible, arrangements will have to be ‘made for a separate party to run
the Method 9 test. : :

Enaines ana Energy Systems . . . Diesel Natural Gas . Gasoline



'”“S1ncere1y,

o DRESSER mqusm-es e,

Haukesha Eng1ne D1v1s1on
Page 2 R : ‘

We current]y have no p1ans for a factory representative to attend the
near future site visit. However, Waukesha-Pearce may elect to have a
representative present.’ I suggest that Rhode Island personnel present

at this visit observe the clarity of the exhaust from ‘the engines. 'This =
may lead to a determination . that the Method 9 test 1s unnecessary unless N

mandated by statute,

F1na11y, Haukesha proposes ‘an- e1ght day.. bIock of t1me for the test1ng
Our first choice wou1d be October 1-October: 8, inclusive. ; : 1f Columbus
Day, Dctober 8, is an observed. holiday, the last day of - testing would be
October 9.  If th1s 1s unacceptable, other a]ternat1ves, 1n order of =
preference are: . S .

October 9-October Jﬂ’
ﬁidNovember 5 November 12

‘For the t1me be1ng, I have assumed that the October 1 8 per1od w111 be
acceptable and have begun p1ann1ng accord1ng1y

-If you: need to d1scuss any part of: th1s, or our ear1ier subm1551on ‘
please contact me at (414) 549 2753. , SR _

HAUKESHA ENGINE DIVISION

RN Stachow1cz | 2
o Sen1or PrOJect Eng1ne

RWS/bes

cc: i C. Hoeff11n3~f
" RJ Kakoczki
J. Derra '
- W. Briggs:
- EJ Brumbaugh
X_R. Pollock

-Attachments




ATTACHMENT 1

 The Waukesha Engine Division of Dresser Industries, Inc.,

~ located in Waukesha, Wisconsin, is a leading manufacturer

of gaseous fueled internal combustion engines. Since its
founding in 1906, the Company has always strived to be at
the leading edge of industry technology. For example, we
currently offer, or are developing, several electronic
controls to make our products more fuel efficient and envir-
- onmentally acceptable. _

'The Company recognized early that emissions control and
reduction would be an important design parameter and began -
‘testing and control programs in 1972. Over the years we
have tested, developed, and marketed catalyst, exhaust gas
recirculation, and lean combustion (both prechamber and open
chamber) systems for emission control of our products. We
hold one U.S. patent in emission control technology and
currently market a lean burn combustion control with a
proprietary oxygen sensor which can function in the 26-32:1"
air/fuel ratio regime.’

Our understanding of our product line and our long history
of involvement with emission measurement has resulted in
Waukesha periodically being asked to critique or trouble-
shoot emissions tests run by independent testing firms.

This was particularly true in the early period of stationary
source testing in California when Tocal testing firms had
little or no internal combustion engine experience.

Waukesha currently operates five full function emissions
test benches in our development laboratory. Any research or
development work now includes emissions measurement.

Our mobile engine exhaust emission measurement laboratory
(test van) includes a full function emissions test bench.

It was built for the purposes of offering a testing service
to our customers, allowing us to personally monitor the
emissions of field test engines, and as a means of trouble-
shooting emissions problems with field engines if necessary.
It has been in service since 1982.

Using this van, Waukesha has performed emissions tests in
California, Texas, lowa, Rhode Island, and other states. We
have always employed 40CFR86, heavy duty engine test require-
ments, methodology as opposed to Method 20 because the former
was designed specifically for reciprocating internal combus-
tion engines. ' :







L The\tﬂgtﬂteém will.be composed of three participants:

- 'Engineer: Robert Stachowicz - Senior Project
" . Engineer. BSME and MSME from the University of
Wisconsin system. Nineteen years of engine
‘experience; the last ten of which have been in the’
emissions Tegis1ation,'measurement;‘and reduction .
areas. ' ‘ L L :

e Technician: Dennis Perkins - Experimental Techni-
cian I1I. Associate degree in engine technology. -
Eleven years of engine experience; the last 6 1/2 -
of which have been in the emissions measurement =
area. B : o

- - Serviceman: A factory serviceman will be part of
the team. His main functions will be to assist .
with hardware operation, particularly installation
and movement of the fuel meter, and to ascertain
that each engine is properly adjusted and in good
operating condition prior to certification testing.
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T Tlyzer. adjusted

.fl.

" check (%O,D).

~-the

- Alr must contaln less than % ppmC hy-

drocarbon.. - -

{f) Oxygen Interference check gases
‘shall  contaln propane with - 3560
pemC£76 ppmC - hydrocarbon, ;The
concentration value shall .be deter- -

- mined to calibration gas tolerances by
. chromatographic anelysis of total hy.
drocarbons plus Impurities or by dy- -

* pamic blend.ny. Nitrogen shall be the
predominant diluent with the balance
- oxygen. Blends required for gasoline-
fueled and Dlesel engine testing are as

'FREZ

_ ._n.n. gum._..w_nm?m “and .Emwn_:m.nn.__ _
- vices may be used to obtain required

- gasconcentration,

(42 FR 45184, Sept, 8, 1977, as amended at

Nov.3, 10021 -

|+ ‘48 PR 50486,.Oct.’ 13, 1081; 47 FR 49807,

- systom; schemstle drawing.-

" (a) Any varlation from the .__unn_.:op..
- tlons In this subpart including per- -
i formance speclfications and emlssion

*- detection jmethods may-be used only

: Wwith prior approval by the:Administra. -

tor. . o .

- {b) Bchematic drawing. - T

.. (1) An example of a sampling an
- analytical system which may- be used

for téating under this subpart s shown -

in Flgure D79-1, All components or
" parts of comiponents that are wetted
.by the semple or corroslve calibratlon
gases  ahall be. elther chemically

mole percent, -then the oxygen Inter-
ference must be ¢hecked .and the ana-
I necessary, to meet
%l requirements. The burner

’ :::o.:-.c...

- 40.CFR Ch. I (7-1-88 Edition) -
cleaned atalnléss steel or inert materi-
-8l, e.g, ‘polytetrafluoroethylene -resin. -
. The use-of gauge savers” or “protec- -

tors” with nonreactive diaphragms to
‘reduce dead volumes is permitted. The

.5pecifle detectlon methods to.be. used

for each exhaust component can be

" found {n_§:86.316 for:CO, § 86,317 for

HC, and §86.318 for NO,. Additlonal

" valves, soletilds, pumps, switches, etc.

--cofrponents  such - as  Instruments,

may be employed to provide additional
Information and.coordinate the func-

‘tlona of the component systems.
-.- (2) The: following requirements must
- be incarporated: in -each- aystem used

for Leating under this subpart.-
(1) All' analyzers must obtain the

~.sample to"be analyzed from the same .

sample line;

- (i) “The sample transport system
from the engine exhaust pipe to the
HC analyzer and the NO, analyzer
must. be heated as ls_ indicated In
FigureD79-1.. .~ .
(1il) Carbon monoxide and earbon di-
oxlde measurentents must be made on
& dry basls, Bpecific requirements for

‘the means of drylrg the sample can be

found in § 86,309 (b)X56) and § 86.311(e), -
~(lv) All NDIR analyzers must have a
pressure - gauge Immedlately.  down-
stream of the analyzer. The gauge tap.
must be within 2 inches of the analyz-

e aeeoap exib-port, Gauge ipecitications can
analytica! -

be found i § 86.309(b)(3).

--:-{v) All'bypass and analyzer flows ex-

lting* the  analysis - system muat 'be -
measured, Caplllary flows such as In -

" HFID and CL . analyzers ara. excluded,
-~ For-each ND IR analyzer with-a flow
‘meter-located upstream of the analyz-
.- er, ahd upatream pressure gauge muat
- be used, The gauge tap muat be within

2 Inches of the analyzer entrance port,
_(v1) Calibratlon or span gases for the
NO, measurement system muat pass
through the NO,ta NO converter, -
{vll} The temperature of the NO, to
NO converter must be- displayed con-

- Environmenial Protection )n!:..«

{Cuniei Poss is Ganman). -

Bachpratus Rmpalaiorn with
il V bt B¢ Equiivabent,

= ternd Ctrol LoowSaimn

S

[ Line Prysswes Aegutaor wieh
T el Contral Lot $havel

— Werkened ey gnau-_mcamﬂ.:'.n fanl,
== g Nty 61 Equinalent - .

T
V3 Rl

errionaL

Vs‘ .

R3

“Saninl

;-5 Lo Guun :z‘--Gn.-l_ -

fid4"
* HEAVY-DUTY EXHAUST GAS SAMPLING AND ANALYTICAL TRAIN

 Figurs D79-1




§86.310-79

(c) System components lst. The fol-
lowing ls & llst of components ahown
in Fig. D79-1 by numeric ldentitler.

(1) Filters. Glass {lber filter paper i3
permitted for F1, F2, and F3. Optlonal
- {ilter F4 is o coarae fliter for large par-
tlculates. B ‘

{1} F1—FIne particulate fllter,

(li) F3—Fine particulate Illter.

(i) F3—Fine heated particulate
fliter. :

(lv) F4—Coarse heated particulate
filter. . .

(2) Fimnmeters. (1) Flowmetérs FL 1
and FL % indicate sample flow rates
‘through the CO and CO, analyzers.

(1) Flowmeters FL 3, FL 4, FL 5, and

FL 6 indicate bypasas flow rates.
_(3) Gauges; Downstream gauges are
required for any system used for teat-
ing under. this: subpart, Upstream
gauges may be required under this
subpart per §86.308(bX2)(v).

(1) Upstream gauges G1 and a2z
messure the input to the CO and CO,
analyzers. ‘

(il Downsiream gauges G3 and G4
measure the exit pressure of the CO
and CO, analyzers. If the normal oper-
sting range of the downstream gauges
1s less than 3 Inches of water, then the
downstream gauges must be capable of
reading both pressure and vacuum.

(4) Pressure gauges. (1) Pl—bypass
pressure. . _

uh) P2, P3, P4 and P5—sampie or

span pressure at inlet to flow control .

valves. . . .
(5) Waler traps. Water traps WT1,

and WT2 to remove water from the’

sample., A-water trap performing the
function of WTI and meeting the
apecifications in § 86.311(e) Is required
for any system used for testing under

thils subpart. Chiemical dryers are not .
an acceptable methoed of removing the

water. Water removal by condensation

[s acceptable, Mearis other than con-.
" densation may be used only with prior -

approval from the Adm!nistrator.
(@) Regulalars.. (I} R1, R3, R4, and

Ro—linepresaure regulators. to control
span pressure at inlet to flow control
valves. . -

{11) R2 and R3—buack presssurc regu-
lators to control sample pressure al

Imlat ta Flam naniral valvos

40 CFR Ch. 1 (7-1-08 Edition)

(T) Valves. (1) V1, V1, V8, snd Vid—
selector valves Lo select zero or callbra-
tlon gases, .

() V3—optlonal heated selector
valve to purge the sample probe, per-
form leak checks, or to perform hang-
up checks. S
. (1) V3 and Vbi—S8elector valves to
select sample or span gases,

{v) V4, V8, and Vib—flow control

- valves, -
(v} VB and Vi3—heated selector’

valve to select sample or span gases.
(vl) V10-and V1l—heated flow con-
trol valves. _

(vif) VII—Belector valve to select

NO, or bypass mode in the chemilu-
minéscence analyzer,

(vili) V16—heated selector valve to
perform leak checks,

(8) Pump. Bample transfer pump to
transport sample to analyzers.

(9) Tempergiure sensor. A tempera-
ture sensar (T1) to measure the NO, to
NO converter temperature is required
for any system used for testing under
this subpart. - . ]

{10) Dryer. Dryers D1 and D2 to
remove the water from the bypass
{lows to prevent condensation in flow-
meters FL3, Fl4, and F1L8. -

§86.310-78  Bampling  and analytical
7 aystem; component speclfications.
ta) Temperature. (1) For gasoline-
fueled engines any heated component;
() In the HC sample path muat be

maintalned above 110°C (230°F) and

shall not exceed 230°C (448°F).

Uf) In the NO, sample path must be
maintainéd above 60°C {140'F) and
shall not exceed 230°C (446°F).

¢2) For Diesel engines any healed
componeni; :

1) In the HC sample path must be

meintained above 180°C (356°F) _:.E‘

shall not exceed 230°C (446°F),

(1) In the NO, sample path must be

melintalned above 60°C (140°F) and
uupﬁ_ not exceed 230°C (448°F).

[P ——

1" Environmental Protection Agency.
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{3) The sample line outslde wall tem-
perature must be maintained at the
temperature speclfied Iln this para-
graph. An exception ls made- for the
first 4 feet of sample line from the ex-
haust duct. The upper temperature
tolerance for this 4 foot sectlon is
walved and only the minlmum Lemper-

.ature specliication applles.

(b) Sample probe. (1) The sample
probe shall be a straighl, closed end,
stainless steel, multi-hole probe. The
Inside Dlameter (1.D.) shall nol be
greater than the I.D. of Lthe sample
{line (4.010 In.). The wall Lhickness of
the probe shall not be greater ithan
.040 inch, The fitling thal attaches
thé probe Lo Lhe exhaust pipe shall be
a5 small as practical in order {to minl-
mize heat loss from the probe. "

{2) There s5hall be a minlmum of
ihree holes in Lthe prabe. The spacing

Fisdwrp .

of the radial planes for, each hole b
the probe must be Buch that the
cover approximalely equal cross-sec
tional areas of the exhause duct. Th
angular spacing of Lthe holes must b
approximalely equal. The anguls
spacing of any two holes in one plan
may not be 180° +20° .e., seclion C-
of Figure D79-2). The holes should b
sized such thal each has approximat
ly the same flow. if only three hole
are used, they may not all be In Lh
. same radial plane. See Figure D79-2.

{3) The probe shall extend radiall
across the exhbaust duct. The prot
must pass Lhrough the approximal
.center and must exlend across at lea:
80 percent of the dlameler of the duc

(c) Sample transfer. {1} The max
mum 1.D: of the sample line shall n«
exceed 0.52 inch.

(2) If valve V2 Is used, the samp
probe musi connecl dlrectly to val
V2. The locallon of optional valve V
may nol be greater than 4 feet fro
the exhaust duct.

{3) The location of opllonal val
V16 may not be greater Lthan 24 inche
from the sample pump. The leakag
rate for Lhis section on Lhe pressul
slde of the sample pump mAY ni
exceed the leakage rate specliicatic
for the vacuum slde of the pump.

(d) Venting. All vents including an
lyzer venls, bypass flow, and pressw
reliel vents of regulators should &
vented in such a manner to avoid er
dangering personnel in the iImmedial
Area. - .

(42 FR 45164, Bept. 8. 1977, a3 amended !
48 FR 50495, Oct. 12, 1881, and 47 FR 4880
Nov. 2, 1082]

§86.311-79 Miscellsneous
specifications.

(a) Chart recorders. (1) The min
mum chart speed allowed Is 3 Inche
per minute for gasoline-fueled engine
and 0.5 Inches per minute for Dlese
engines.

(2) When Llesting gasoline-fueled er
gines all chart recorders (analyzer:
torque, rpm, elc.} shall be provide
wilth Aulomatic markers which ind
cate one second inlervals. Preprinte
chart paper (one second Inlervals
may be used In lien of the automatl

equipmen
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EMISSION INSTRUMENT CALIBRATION CHART
ANALYZER: NDIR COZ2 @ 16%
 DATE OF CALIERATION REGRESSION: 4/29/91.
'DATE OF LATEST CALIERATION CHECK: 4/29/91

aMALYIER RESFOMSE VEREUS COMCEMTRATION

an

. TN =05 T.27 S0.5 .. 6.74 5.5 11,09
1.0 .12 2H.0 T.54 51,0 7.01 7E.0 11.13
1.5 .18 Th.S T.41 S51.5 7.0% 76.5 11.27
2.0 2 27,0 3.48 S2.0 7.17 770 11.38
2.5 =15 27.5 .55 s52.5 7.25 77.5 11,45
T.0 ) 28.0 T.62 53.0 7.33 78.0 11.54
I.5 L4z 26.5 F.69 . 53, 7.41 78.5 11.&3
4.0 .48 29.0 CE.7A S4.0 7.48 TRu0 11.7%2

4,5 .54 29.5 T.B3 54.5 ©7.54 79.5 11.84
S0 o &0 FL0 .70 53.0 7.84 80.0 11.%20
5.5 - TS .97 5.5 7.72 83,5 11.99
&, LTE O 310 4.04 | S5.0 7.80 81.0 12.08

8.5 TP S 31.5 4,11 58.5 7.88 81.5 12.18

TG .85 I2.0 4.18 57.0 . 7.96 B2.0 12,27

7.5 .21 2.5 4.26 57.5 8. 04 82.5 12.36
8.0 .97 IT.0 4,33 58.0 B.12 3.0 12.45
8.5 1.04 33.5 4,430 58.5 g.20 . . a3I.%5 12,55

o.0 1,10 T4.0 4,47 . 59,0 - 8.29 84,0 12.&4
F.5 1.1& 4.5 4,54 59.5 - 8.37 - 84.5 . 1Z2.74

10,0 .22 3T 0 4,581 &GLD g.45 = 85,0 12.83

10.5 .29 35.5 4.89 &0.5 - 8.53 8s.5 12,93

11,0 1.35 6.0 4.76 &1.0 8.61 86.0  13.02

11.5 1.42 36.5 4.87 - 61.5 B.&9 858.35 = 13.12

12,53 1.48 IT.L0 4,90 &2.0 8.79 87.0 13.21

12.5 1.4 7. 4,98 &2.5 g8.86 = 87.5 S 13.31

13,0 1.51 IR.0 5.05  &3.0 8.94 8.0 13,40

L.

]
[y
o

\l
e
0

S.12 &8F.5 g.02 - 88.5 13,50

—
N
Is
’ .
N 0
OO W1 e I 8] IS

14.¢ .7 9. .20 &4.0 9.11 89.0. T.&0
14.3 1.8 o 5.27 &4.5 9.19 = 89.S5 13.70
15,0 1.87 40,0 5.34 85.0 9.27 9GO 13.79 -

.5 1.93 A5.5 5.42 &65.5 .36 20.5 .89
16.0 2.00 41,0 S5.49 b&5. 0 9.44 . 1.0 1Z.97
16.5 .06 41.5 5.57 &&6.5 .53 91.5 14,09
17.0 2.1% 42,0 5. &4 67,0 ?.61 2.0 14.1%
17.5 2.17 42,5 S.72 &7.5 .70 . 2.5 14.29
18,3 2.248 430 S5.79 68.0 . 9.78 S 9T.0 . 14.39
18.5 2.33 43.5 5.87 &8.5 . - 9.87 §3.5 14,49
19.0 2.3 44.0 5.94 - &%.9 ?.95 94.0 14.59
19.5 2. 46 44,5 6.02 £9.5° . 10.04 94.5 .  14.69
20,7 2,57 35,0 &.09 70.Q0 10.12 5. 14,79
0.5 2.5% 45,5 5.17 70.5 10.21 95.5 14.8%
Zi.0 Z.&& J&. 0 H.24 71.0 10030 0 Pe.D 15.00
Zi.5 2.7E 45.5 &. 32 71.5° 19.38 9&.5 18.10
220 2.8 47.C &40 72.0 1G.47 P7 . L15.20
22.% .38 47.5 6.47 72. 10.56& - 97.5 15.2¢
2.9 2.53 43.0 6.355 7300 10.65 28, 0 15,41
2I.5 T 00 4B.3 6.87 73.5. 10.73 ?8.5 1S.Eil
24.2 10T 45 &.70 74.0 - 10.82 9.0 S.&2

L RAlE T.i4 10,3 5.78 | 74.5 10.51 FP.3 S.7%
[ RS S0. 7 £.85 . 7S.00 . 11,09 1000 5. 33

MR TR = w7 ol oSE-nnd -l [BT1IE—001) K (AR +(+4 . I7RIOE-0GA . § &R 05 -
TLTE TEew me AR T sia ) S B TE-NG K AR
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ANALYZER NOISE CHECK

~ (F.R. VOL. 42, NO. 174, 10/8/77, 86.315.79)

Daté: 4?1/@§L€2/

Operator: Ae..C.C "*_I*D‘W\eg

Analyzer: (f?z- |

Analyzer Serial No. S¥%)7

Analyzer Range: 22575%;

Span Gas Conc.: 20.94 %

Bottle NO.:AE;un /4;12

Analyzer PTP Response with Zero Gas.
Chart Deflection: 2

Analyzer PTP Response with Span Gas.
Chart Deflection: 74

Noise: 2 % FSCD

Analyzer Range: 4 %,

Noise:: Y7

Span Gas Conc.: 475 %

- Span Gas Conc.:

Bottle No.: 6242 Y/

Analyzer PTP. Response with Zero Gas.

Chart Deflection: "

Analyzer PTP Reﬁponse with Span Gas.

Chart-Def]ection;_AQ
~ Noise:

.. % FSCD Noise:

Analysis Bench: TROCK

Analyzer Range: 2 75
L1228
Bottle No.: 44?}237/’

Analyzer PTP Response with Zéfo;Gas.
Chart Deflection: '

Span Gas Conc.:

Analyzer PTP Response with Span Gas.
Chart Defilection: yo)

% FSCD

Analyzer Rangé:

Bottle No.:

Analyzer PTP Response with Zero Gas.
Chart Deflection:

~ Analyzer PTP Response with Span Gas.

Chart Deflection: -

% FSCD

1. Zero and span analyzer on all analyzer ranges.,

2. Note analyzer peak-to-peak (PTP) response: to zero and:spaﬁ gas over a ten

second intervil.

3. Noise shall not exceed 2% of full scale chart deflection (FSCD) on all

ranges used.

"Rev. ‘4/85"
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ANALYZER RESPONSE TIME CHECK

‘Date: l{/g-‘?/ e - |
O‘perator:_;__sg (.C HDJM ec

Analyzer: C:)z.

Analyzer Range: 25%

§tep Gas Conc.: 20,%_»_%

Chart'DefTection for
95% of Step Ges: /99 [(J0)

Time to Respondtq7
.95% of Step Gas: '

Analyzer Gas Flow: 4/

Analyzer Range: 4;34;

sec.
scfh

”Analyzer Range:

Stap Gas Conc.: 4, 75%

- .Step Gas Conc.:

Chart Deflection for

| 95% of Step Gas:_ 4.5/ (902)

Time to Respond to .éo i&

95% of Step Gas: sec.

scth

Anélyzer Gas Flow: 4/

1.; Set charf speed at 60 cm/min; tu record the following data:

© (F.R. VOL. 42. NO. 178, 10/8/77, 86.315-79)

Analysis Bench: 72K

Analyzer Serial No.:_3ZZ/7

- o
Analyzer ;Rangg: 2./0 :

L2%

Step Gas Conc.:
Chart Deflection for

95% of Step Gas: /%] (900

Time to Respond to é! Q;
95% of Step Gas:___&- :

sec.

- scth

Analyzer Gas Flow: ﬁf

‘Chart Deflection for
95% of Step Gas:

Time to Respond fo

SEC.

95% of Step Gas:____
Analyzer Gas Flow:

| scfh':

'y

2.  Zero/span analyzer on respective range.

3. Intféduce to inlet, step change gas of at least 60% of full scale chart
- (Step gas in W.E.D. 1ab is equivalent to span gas.)

deflection.

L L L oy N hén
4, Begin timing moment analyzer begins to respond to gas and stop timing w
anglyzer-hag responded to 95% of step gas concentration. (Chart recorder

may be used as a timer,.i.e. each cm division = 1 sec.)

S.  Analyzer response time may not_exceed:s.o.secdnds‘for‘any analyzer range

used.

6. Condensate bath may be by-passed_whén performiﬁg NO analyzer response time

"Rev. 4/85“




Date:

fj ANALYZER ZERO AND SPAN DRIFT

(F R VOL 42 NO. 174 10/8/77 86 315 79)

_fS | “ﬂl 11 l: 1. tSAnaJysis Bench:_ ¢

'Operator'e: (lf Ll UH¢J<

__Zero

_Span

Zero

Span

Span .

Analyzer- Cjz ‘~“
Ana]yzer Sema] No.. ')’?3/47
Ana]yzer Range. ZZ/Q

Bas: ;Vlfﬁf"N'feﬂf\ﬁﬂ‘ }tf} —¥e¥'29f°fAf? R

Gas-BGttIeNO. 6’2729/ - '

eéas Response: W‘;_(:): .f ‘ f _'~* ' (ZgFSCD/3DfSECa)a: . -

Zeabniftt: .2 zEcom.

‘Zeva and span analyzer on Towest range used._‘

Set chart speed at 10 cmﬂaumr A-n

period.”

Gasesponse: O @esomose)

” 0quE+ zero read1ng on chart,.1ntroduce zera gas over g 1 haur t?me |

. Determine average ze*c aas response over a 30 serand t1me 1nterva1.g

E:aluate average zero gas response for 1 hour t1me per1od tn defevm1ne
; dr1rt. I : o R ‘ _ ‘ ! LT s

.;"Revevn ana]yzer checs z=*o and Spaﬂ D01"t5--
Jr"Intrauuce span uas ove" &1 1 hour - t1me PE”TOd-

. Cont nue w1th S;EDS 3 anu 4. for SDaﬂ 035-‘._q“u L

Ret:1n chart pane* ta f11e w1th th1s paue

. Zero qas dr1rt must be ot more than 2 of;fﬁi1‘scaie;;nayagdgfjeefaén;"
: (F‘LU) over'a 1 huur tTmE Per1od-_; g‘ .‘ ‘ R

"Qev

4/85* L
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EMISSION ANALYZER CALIBRATION

Ca

Ry
o
-1

BRATICON DRTE:4/11/91

"BENCH: 4
OFERATOR™S IMITIALS: JEH
BAROMETER: 29.71 IN HG
DRY BULE: 75 F
WET BULR: 55 F

ANALYZER: OXYGEM
, FRANGE: 2% _
CONCEMTRATION % CYLINDER NUMBER: 1.9%/457901

AMALYZER RANGE LINEARITY CHECHK

REESFONEE F

AMGL Y IER ACTUAL FREDICTED FERCEMT

i % LINEARTITY
CEL 1.9 : 1.88 . .51
7L, 4 1.52 S 1.5%2 et
S&. 1.14 1.15 -.32
TE, -5 - 78 ) - 7=
=20 1. - .40 —-. 24
i.1 0, 00 .07 =110




~l

a
~

~| @

LS ]
0 a1

EMISSION ﬁhﬁt*?Ea CALIBRATION

§HgtﬁLIE TTDW “A;E 4,11/91

PER TDR‘S INITIPLS' JEH
BAROMEZTER: 29.71 IN HB

'l'uﬁv,BULH:a EF

CALIBRATION DATE: 471101

BENCH: 4 - o
ERQTQE7S TNIIIQLS"JEH
HQFDWETEn 2.7 IM HG
© DRY BULE: 73 F.

" HWET. BULE: SS‘FE

'ANaLfL~~-]nfo-M

| RANGE: sv - i
CuNCEWTFﬂTIDN & CY'LNDER MUMEEH& 4.7

‘QNQLYZERTPQMGE'LiNEARITY CHECK

ﬁc;qu B PFE::CTED . PERGENT .
. . .! " :

A A U INEAR iTV
‘ 4.72 "33
-_‘.8':5 --l"-’




CEMISSION AMaLYZER CALIERATION

CALIERATION DATE: 4711791

BENMCH: 4 , .
OFERRTORS INITISLES: JEH
BRROMETER: 29.71 IN HG
DEY BULRB: TS F
WET BULR: SE F

AMALYZER: DOXYGEN
RANEEs 7S
COMCEMTRATICON 2 CYLINDER MUMBESZ: 20.9&

AMNSI_Y TER aCTuUAL  FREDICTED FERCENT
RESFONMET A % LINEARITY
RE. 2 20,94 . 20.93 ' .12
57,2 14,76 16.78 -.10
S0, 4 12.588 _ 12.59 -.03
IT.LE §.3=8 8.3% : - 05
15.8 2,19 4,20 - 02
L2 SO, 00 0O —. 20

i
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ANALYZER NOISE CHECK

jFR VOL 42 ND 174, 10/8/77 86. 315. 79)

Date e W2na .\- U - | ‘ Anai_ysi-s Bench: IRU('K N
Operator Scf—f’ ‘\"l (mcs
Ana]yzer Co

Ana'l_yzer Ser1a1 No ‘-&Z H?@%

o Ana]_yzer Range 27- /- 75‘@/‘9‘9/”7 :-H-:Analyzer Range E-’y 5%
_ | Span Gas Conc. | .{__OCD : '\ L Span Gas Conc.. L} S"/a e
.I:.Bottle No.,_‘ 52758‘-’ | -Bottle No.. bB‘{SO

Ana]_yzer PTP Response w1th Zero Gas ‘;‘Ana]yzer PTP Response mth Zero Gas
Chart Deﬂectmn 3‘- :_‘--a/ — .. Chart. Def]ectwnf O - e

___..-.Ana]yzer PTP Response mth Span Gas _-fAnalyzer PTP Response w1th Span Gas
_'Chart Deﬂectmn 19?,5‘ 2?? _.]:Chart Deﬂect'lon""' "'75-7 75’/?‘

' -Ncnse ,L % FSCD__”” | ‘:‘No1se' ‘ , / _ % FSCD

Ana]yzer Range "Q‘_ 2“{3 _1_3_'-‘Ana1yzer Range

‘%U* DS S v Tl =V A0 S
lo ( Span Gas Conc Sy TS e Span Gas Conc.. :

Bott]e. NO __ _;;-_\ _ . i

“5f[ssott1e No.:_

B : Analyzer PTP Response w1th Zero Gas."'r: “Analyzer PTP Response w1th Zero Gas. -
o Chart Def‘lectmn c o R Chart Def'lect'lon"““ i . . s

'Analyzer PTP Response w1th Span Gas. .'j Ana]yzer PTP Response w1th Span Gas
_Chart DefTe:twn gq o-g'q / Chart Def'lect'lon' o ‘

No1se AT % FSCD N01se. AR stcp

_1}”_Zero and span ana]yzer on a11 ana]yzer ranges. , ‘
| Z.R"Note ana]yzer peak to-peak (PTP) response to zero and span gas over a‘”en
" second” 1nterva] .[mu._\w'vr I T o :.” - j
ﬁ?3.j.No1se shall not exceed 2% of fu]] scaTe chart def]ect1on (FSCD) on a
:ranges used Ly . . | c e TR



ANALYZER RESPONSE TIME CHECK
(F-R. VOL. 42, NO. 174, 10/8/77, 85.315-79)

Date: 4-30-41 _ - Analysis Bench: T2\ K
. f : o ‘ .
Operator: \=CC “HN./ WS _ _ _
Analyzer: 7, Analyzer Serial No.: ¢/32470%
Analyzer Range: 2So0 APPM - Analyzer Range: $9/
ftép; Gas Conc.: X7/ ZZ@R/)M Step-Gas Conc.:_ 4 S %
Chart Deflection for Chart Deflection for €7:
95% of Step Gas:__ 54,7 95% of Step Gas: 5. T
Time to Respond to - ~ Time to Respond to |
95% of Step Gas:__ 3.2 sec. 95X of Step Gas:__ 35 3 sec.
Analyzer Gas Flow: 6/ ~ scfh Analyzer Gas‘FTow: 9/ ~ scth
Analyzer Range: /% ~Analyzer Range:
Step Gas Conc.: < Step Gas Conc.:
Chart Deflection for _ Chart Deflection for
95% of Step Gas:___/Sip 95% of Stap Gas:
Time to Respond to ~ Time to Respond to '
5% of Step Gas:___ 4. ¢ —_Sec.  93% of Step Gas: . Sec.
Aﬁa?yzér Gas Flow: -5/ scth  Analyzer Gas Fiow: L ‘scfh
" Set chart speed at 60 cm/min. to record the following data:
Zero/span analyzer on respective rahge.; L
3. Introduce to inlet, step change gas of at least 60% of full scale chart
' deflection. (Step gas in W.E.D. lab is equivalent to span gas.) S
4. Begin timing moment analyzer begins to respond to gas andjstop;timing when
dnalyzer has responded to 95% of step gas concentration. (Chart recorder
may be used as a timer, i.e. each am division = 1-sec.) : '
5. An&]yzer response time may not exceed 6.0 secdnds for any analyzer range
used.
6. Condensatas bath may be by-passed when performing NO analyzer response time.

"Rev. 4/85"







ANALYZER ZERO AND SPAN DRIFT
(F. R VOL 42 NO. 174 10/8/77,;86f315-79)

Date: 5-?1|-°1'\ _____ Analysis Bench: L-l

Operator:_‘s\‘e__-C-C. \‘(’-o(w.ﬁ‘i
-Ahalyzer- Co
Analyzer Serial No.: 4/526/7o¢
Analyzer Range: 2500 (ol

Zero Gas: X~ N ' Zero An-
—_ _

ISban Gas -Bati_:]e No.: 52-'75 8‘1

Zero Gas Responsa: O | ) (z-F.SCD'/30 SIE‘-':-'-.)
Span Gas Response: | | _ O | | (% FsCD/30 SECa)_
Zern Orift: | , 3 . xFsom.
Span orifts .3 _ ) .-z._F.SCIJ/HR.

1. Zero and span ana]yzer an Towest range used

2. ‘.Set chart speed at 10 cm/ﬂ--ﬂ-r- b

3. O0ffset zero reading on chart, introduce zero gas over a 1 hour time
per'md - -

4. De*em'me average Zerg gas response over a 30 second time interval.
Evaluate average zero ~gas response for 1 hour time period to determine

drift.

S.. Zerg gas drift must be not more than 2% ot fu]'l scale chart deTlection
(FSCD) over a 1 hour time perwd |

. 6. 'Rezeru_,ana]yzer,- check zsro and span points..
7. lntroduce span’ gas over a 1 hour time period.
8. Cantinue with steos 3 and 4 for span gas.

9. Retain chart paper to file with this page. _ “Ray. 4/85"
/
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S NDIR NATER REJECTION RATID cuscx
(F R.. VOL 42 NO. 174 10/8/77 _86.315, 8. 318, ss 331- 79

' Date: Y- 30 c” SRR A"al.Yms Bench* SRR
' Operator _\e.'c-G H-o “MEE Barometer 233& 5'5/74/
Analyzer: (‘,o N _ o
Ana]yzer Range' @O DPK |

Analyzer Ser1a] No.._=. %3 9705 _

e Zero/span on 1owest range used

2, Bubb]e zero gas through d1st1ﬂed water and mtroduce water/gas m1xture
d1rect1y to analyzer 1n1et.v e _ e :

3. -
Record water/gas m1xture temperature. ?Z 2 F,_

4. Record ana]yzer operatmg pressure.
(gage) | |

5. Record ana]yzer response to water/gas mxture- / ‘7/ ) ? 2. ppnj'.

6. Determne the water concentratwn us1ng- :

. C. * Saturation Vapor: Pressure svp ped)
Abso ute age Pressure

. '?SVP 1s found from saturation vapor pressure N

table e water/gas m'txture temperat‘ure. .SY 0 ‘3*":'] psi.

o ‘;barometer (ps1)- 3 o . psil

ﬂ(o 03613 ps1/1nfno ;;:jfgj '
wc,23774 ' |

7. Determ'me water reqection ratw using-

HRR .—_;?::7-:' lvlater Concentratmn
Anal.. Response in ppm

8. M1n1mum wRR CO Ana]yzer - 1000 ‘
9. M"n'lmum HRR CDZ Ana]yzer - 100 1




~NDIR C0, REJECTION RATIO CHECK |
F.R. VOL. 42, NO. 174, 10/8/79, 86.316, 86.318, 86.332-79)

Date: _S -/-9) - Analysis Bench: ¢

Operator:__ 3. £L Ho_/m—s;

Analyzer: [ 0 | _ : Serial Now: - Y52 I
Analyzer Range: 2S00 PPM . .

CO Concentration: /5.2 %
2 - R

1. Zero/span on lowest range used.

2. intrdduce a Co ca_'librat'ion- gas of at Teast 10% CO to thé analyzer.

2 2

3. Record analyzer response to COZ: " 25'.3   - _____ppm.
4._‘ Cé:l(:u]ate COZ rejection ratio using:. | ’ |
CdiRR = L0, Conc. in.ppm - ‘5_%'52%9 Y
. | Anal. Resp. in ppm L '. __
5. Minimun CO,RR CO analyzer - 5000. o : | o

6. . Minimum C'OZ_RR NO analyzer - 30,000.

“Rev. 7/8
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EMISSION INSTRUMENT CALIBRATION CHART

___ANALYZER: NDIR CO 2500 ppp R
DQTEjonQALIBRATIDNQREGHESQIDN:H9/25/903 _ R R

DATE “OF LATEST-cALIERATIDN'QHEcmg 4/30/91 oL

ANBLYZER RESPONSE VERSUS CONCENTRATION

O b s i G p) b e
NMOMSWMSMS o NSOWmS W

0 0 M@ M~

0

- — o
. g -
. -'.._4. o9
! - -

-'.4- —

' N
oELY
o dmata kL

11,50

34,44
45,94

E7.47
- 68.98 .
Bo.51.
22.04
103,57
115.14 L
126070
138.27
129,835
1é61.44. +
173,040

134,464

196,26

- 207.88

C 219,51

231.1s -

o 2az.g1l

254047
R&46.17

. 277.81
289,500
301,19

312.89

324,61

—— .
(DT - IR

248,06
359.79
371.54

IBT.30

395,06
' 40é.84

418. 42

470.41 .

342,21

454,02
455.83
477.48 0 .
489.49 .
S01.34

=

. q;g.ﬁE

LI36.92

$43.30

Sed.s9
=72.52

583,45

-
s =1, 34

—_——

Es?ﬁh
2600
25,5

27.0

439

Sge.y

.90, 0

T8TE=A0T

27.5
28.0
28.5"
2.0
905
0.0
L 30,50

-1
Y- T3
QIS
410
41,5
az000
42,35~
CA4T.00

- =

44,5
4510['
45,55
CAS0
'746;5i
[ WA o B
47,5
o ag.o
- 48.5 o

AR2,04

="

885.18

921.67

933T.86

958, 2

1031, 72
1044, 00

. 1080.91

1117 .92

11T0.z8
1142,45.
1155,04

11467.43

/92013
764,19
776,35 .
788.31. L
LBO0.39
. Bl2u47
- B24.56 i
8I6.67 .
848.78 -
80,90 v
873{@4 m_

970,48
- 982.70
994,94
1007.19.
T10le.as

J10S6.29
1068.59. -

- S96.41 7
608,33
6R0.2T
632,21
644,16
656,12 -
668,09 .
680,07 .

109z, 23
-1105.57.

Cod179.g3

LS, |

1192, 2%

704,06 D
716,07
728,08 ¢

740011

L 57.0

LS80

o e1.0"

897.54
P0%. 50

L 7ILO0

. 5L.0
. 51.5

 B0.5

52,

. 8B2.5

53,9

. 83,5

58,00
S4.5
55.0
- 85.5
=T Y

56,5
57.5

558.SM
89200
- 39.3
E éO. 0 ‘
-To P

615
62.0 -
62,5
6T.0 0
T &E.5
&4.0.

: 64.5
F46.05

L e5.00

thbsigj;

54,0
€4.35.}
&7.0

. ﬁéTiS'H

‘168.0?f
1= T

 { 69.0€J
w5

70.0
- TOLS
4 T R
7.5
TR0

72.5

74.0
S 74,5

R I ) B

1204, 69
C1217,.13
1229,.59
12432, 06. -
1254,54 .
1267.03 .
1279.54 "
1292.06.
1304ﬁ59y.jv
1Z17.14
1329.70
1342.27
1354.86
1367.45
- 1280.07°

1392. &9

1405.33
1417.99

.1430ﬂééxj

1443.34
1435104;33
1468.75
1481.47
1494, 21

1519.74
1832.53

1545.33
1358.14
157a.9g. ¢
1583.82" |
1596.69 .
1609.57
1622.48

1635.37

1648.30.
1661.25 "
1674.21 .
1687.19
1700.18

1713. 20

1726.22°

1739.2

2 1752.34
. 1783.42
. 1778.82
1791.64 ¢
1804.78 .
1817.93
1831.10

=A0T) AR A

NS
RN S

NN N
41
LR=R Y HET PoR

n
o
-

72,
75.5
8.0 &

1844, 3¢

.81.0" .
gLLs
'}82;0{‘
- B2.5
83.0. -
B3.5
- 84.0
84,5
85: 00
85.5"
- 8&.0-
"'B&.3
B87.0°
B7i5 .
.88.0
B8.5.

83.0

@0, i

1857. 51

1870.74

1887, 99

189728 -
L 1910.55
1923.85
1937018

~1980.353
1963, 907

1977.29
1990, 70

12004,13
2017.58

L 2031. 05
204455
20581 06
S2071.60
2085518
;£ﬂ98a74w

i A —
112,32

2125.97 |

2‘21:.-‘-.- o

2166.99
2180071

R0L.T 0 2nag
9.0 2z
fﬂ?l;ﬁijﬁy

P 92,0

P2.5 23

9T.0
P3I.5 .
T 94, 0
94.5. 23
950 . F

9S.T
2R
L R6.5

CL97.D
L F7US
L9802
98,3 v 2a
/2.0

ee.5

10, G

Z?:QSE+QOII$(ARI+<+1.QTBECE—JﬁZ)EYfl”;)

Ty s 43 27ETAE
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EMISSIDN INSTPUMENT'CALIBRATIDN CHART"'

YT

 ANALYZER: NDIR'ED Py ik = R
'DATE OF CALIBRATION REGRESSION: 4/30/91
DATE OF LATEST CALIBRATION CHECK: 4/30/91

ANPLYZEH EESPDNSE UEPSUS CDNCENTRATIDN

36.84 . ....l. o ‘"'C"'IB 8” GO.5 4-:.69. "?.4 f 75, 5 68‘5’..~. a2
772 26.0 . ]ﬁou1_ol~~ S1.0 431,52 78,0 16950.41 1
110.70 - . 26,5 2093.34 . 51.5 4367.27. 76.3  706G7.49
147.79° .+ 27.0. 2135.78 © sz.q9 4416.17 © 77.0.  7064.74
184.97 = 27.5. 2178.34 S2.5  44s5.21 - 77.5 7122.22
222,26 . 2B.0. . 2221, 02 . 53,0 4514.40 . 7B.0.. 7179.8g
259.65. -za.uy-‘”" 3.81 . 535 4563.73 - 78.5 " 7237.73
297,14 29,0 _dué 71 . 54,0 4613.21 . '79.0 | 770%.73
I34.73 29, qﬂ‘ 349.74 54,5 46&2;85Vw;1‘79;S .f*"54 03
I72.4%. . 30, np‘._¢9:.sa-y‘~ S5.0  4712.83 0 BO. O 741247
410.23 1 30.S5  2436.14 S5.5 '4752,561]‘-‘BO;S-uL747i;11
448.1% - 3120 - 2479.5 S2 - B6.0 481245 81.0 . 7528, 54
484,173 31.5° 2523;02 . S&.5 4862.88 . . 81.5 . .738%.01
S24.24 . . 32.0 254a, &4 - 57 g ‘4913;273'];*azim”‘j7648fz
S562.45 - 32.5 2s10.3g . 57.5 493,82 82.5. 7707.71
&00.76 CO33V0. L 26547 24 . '58.0 S014.51 83.0 - 7747.37
S 639.18 . | 33,5 ﬂeqs.zzzch,;ss,Sp-‘5955.37 - B3.5  7827.2%
877.70. - F4.0 . 2742.33 L E9.0 5116.38 B84, 0 .7887.31
718,33 3405 2786, S3 00 89.5  s167.55 . g4, T 7947, 59
753.06, ngtczf‘zazo;90‘ i 60.0  5218.87  B5.9° 8008, 09
793.89 - 28.30 - 2875.37 . 60.5 sS270.3¢ . ; aq.g__geoaa'79'
- B32.BT 0 Z&.0 2919.97 . . 61.0  S5322.00 . 8&.0  igileolro
11.5  871.88 * "38.5 298a.49 Lo &1.5, s3I7T.81 W'u.eé,sl:;aiqa_s?
12.0 911,02 37.0 gunq.szpmq‘xez.o; 1 59425.78 . 87.0 “Bz=2.1g
12,35 $950.28 . 37,5 - 30S4.51 . 62.5° S477.91 87.5 ' @z 574
1300 ?89.54 . 3B.O  3099.40 . &3.0 :5530.20 88,0 ¢ u,q.q_~
13,5 1029.10 - 3$8.5. Z144.87  a3.m S9382.66  g8.5 - g3z7.
14,0 1068.68 = 3IP.0 - 3i90.18 . 64.0 5635.29 | 82.0 . 8ag9; /4‘
14,5 1108.35 . z9.5 azadﬂaa;»;‘f64;siu‘56aaaoa‘__  89;5: 78uc~.17
1500 114B.14 . - ao.n 3281.27 g 65.0@*.5741;03 Aj Q0.0 ¢ 8&73.84.
15.5  1188.93 . 40, S L 3327.040 65,5 5794_i£‘jy"90;5_f*8387;7:_
1,00 1228.0% a;4_.o‘n,337:.ea%aw‘vse.o; 3847.46 91,0 CB7350.83
14.5 1248.13% 41,5 ° 3411. 88 ' s&.5 . S900.92  91.5° @gg14.17
17.0 1308.35 42.0. | 3443, OO;‘ﬂﬁ;é7;0§3 S954.58 0 0 92.0 0 8|7 7; _
17,5 1348.67 ' 42,5 3511.. 7\ffﬁ~67;51;-6008:37-4Q *cz.ﬁmﬂ“as41 53T
le.o 1zgeL1n 43.0 . 3557. @ " 68.0 1 6062.35 tw‘i9h.o“ﬂ‘9905.ss_
18.5" 1429,84 4@,qqm¥3604.19"*ﬂgea.sﬁ; 6114, so;ﬁu;“93,5';3906ﬂ_a1 3
19.9  1470.29 S 44,0 . 3650.85 06%.0 L 6170083 4.0 21374, 29 . |
19.5 - 1511.085" 44,5 34697, 64;}:ﬂ;69.5.ﬁ &225.34 . 4.5 - 919902 .
29,0 1551.91 . 45.0 .'3744.57° ST70.0 6ﬂso_92@s“‘95.o,1 QLT /97
2&.5;-;1uq:.sc . 45.5 1 .3791.63  limolg 6334.89 955 zzo 17
21.0.0 1633.98 44,0 °3838.84 L7140 s389. P30 980 539480
2.5  1575.18 - 46.5 - '3886.1B .. 71.5 o445, 15 1 9e. ug,,94en.ha-
22,00 1718049 47.0 "393T.66° | 72.0 | 6500. 5SS 97000 a5 19
22.5 - 17ST.91 47.5 ' I981.27 72.5 . 6556013 - 97,5 CRT9R.ES
2T 1799, 34 - 4800 " 4029, 03 73.0 1 6411.90 C98u40 f{?qua./q :
23.3 18341.09 48lg S A0756.93 0 73,5 . 4667.85 . 98.5: 372539
<4.2. 1887.85 39 0 4128960 1740 0 6723.99 0 ge. D eTezlizg
24,3 1@:4.?:*,jﬁl4c.5‘pﬁ4171.14qa_* 74.5:;'6180 ¢1-f'M29°.4 9855, 4n
O5.0 . 1ossiTo LS00 &‘4::1.46 B 6876.82 1ﬁn n.,ﬁue"a 51
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e e e R ST TR RS .- Tt e —.-....-'\. [ ¢ W ‘.'.‘5---_...-‘. .. - P
_'"EMISQIDN”ANALY§§R CALIBRATIDN
CALIERATION DATE:4/30/91

BEMCH: 4. ‘ .
OFERATOR®S IMITIALS: JEH
- BAROMETER: 28.85 IN HE

DRY BULE: 74 F
WET BULE: Se F

ANALYZER: NDIR CO
RANGE: S% o
CONCENTRATION % CYLINDER MUMBER: 4.5% / S515¢

AMALYZIER FERFORMANCE BASED URON DLD,HEGREESfDN DATA OF 11!17{89

Q0
T

LD RESRESSION COEFFICIENTS

+2.15004E-008 41, 6I84EE-000 +2.79S06E-G04 =1, 9T6ITE-00E +2.46785E-00

ANALYZER ERROR TAELE .
: LD RESRESSION DATA OF: 11/17/89 _ ‘ :
ANALYIER . . ACTUAL - PREDICTED “ ERROR % ERROR OF
- A % OF POINT - FULL SCALE

e=. 7 4,50 ' 4,50 =01 -. 01
83,9 T. 50 D.39 -. 41 -.30
TI.T LT : 2. 48 -.82 : -.45
57.9 1.8 1.78 -1,01 =34

5.4 . F0 .89 —1.15 ) -.2
.10 .00

. 00 0,00 | .00

NEW REGRESSION MODEL DATE: 4/30/91
HDIR U 2 kg, o7ReIf-oie +¢+1,6?5375eou2)xcnﬁb+t+2,57za454¢m4>#aﬁﬁ+2>+
o A=l 4TTSTE-006] K LARNT) + {42, 1 16STE-008) £ (AR4)

AMALYZER ERROR TARLE
- MNEW RESFESSION DATA . OF: a4/3T0/91 N :
ANALYZER aCcTUAL FREEDICTED % ERROR “Z ERRCR QF
CRZE - R4 % OF FOINT FULL SCALE

S5.7 . aLED 4,50 =00 - 33
85,7 : Yy B T. 80 L2 B 5
TI.T 2.7 2.70 .2 —-.01
57.8 ‘ . -1.80 1.80 TL02 ‘ 01
IT.S ' . F0 © .90 -.01 ‘ =00

D.0 s .00 LO0 0.00 . : s

RIZOITION CHEoN

SIAL YZER RESFONSES: 75.7 95.7 55,4
TD.T OFTLT 9S4 = 35,7 85,3 3E, 7
FRER RAMET FREDIZION IS @ +.32% OF FULL SCALS




,fm'hﬂéﬁYZEﬁéiﬁbIh cq‘ sz - -
ATE OF CALIBRATION REGRESSION: 4/30/51
DATE OF LATEST CALIBRATION CHECK: 430,91

ANAgyzERTRESPDNSEVEESUS:CBNCENTRATIDN-

;oi.“-;zs;s L W59 503 1.47 . 75.5 f:;s:[

0 i
S02 0 2800 a0 o 51.0 1049 a0 ' 2.85
1
)

03 - 28,5 BEL-Z - T d.310 75,5 i go
.03 - z27L0 L a3 -0 t.53 77.0 2,92
-9 227.5 4 . s2ls .1.85. 77.3 2.9
0% 2B.0 IERUIT Y-S L0 11,58 L 7BLO . 2,99
.08 o285 “87 1.60: . .78.5 3.03
S 97 L0 29,00 0 Lee S1.e2 o 7500 T o3lon
-8 0 2905 70 -5 1.64.  79.5 . .z 10
090 L 3o.0 o e720 0 T B500 ¢ "1;67”1:';so;oﬁq L3l 14
W10 30.5 .73 5 1.69\,.{wac4$;g LT 1T
S 31.0. e 7S 58,0 1.7 )y o
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ANALYZER NOISE CHECK

(F R VOL 42

Date: ‘-l-Zu. =4\

NO 174, 10/8/77 86 315 79)

A Ii; %4 \h&e 4

Analysis Bench: TRuoi

Analyzer Range.

Egczn: 13¥3W4e

Operator:
Ana]_yzer _'Elh HCJ
| Ana]yzer Ser1a1 No. L@\Z"\Ot&
) Analyzer: Range m CZD PH“L
Span Gas -Conc % c\ ?o"s VPM
| Bottle No.: \\- Eﬁi_jygﬁ

\Span Gas Conc _3%17 (%’%7 PFM\
BottTe No.. 220 3 ( ‘

Analyzer-

Chart DefTect1on

0% - ﬁoB

PTP Response w1th Zero Gas,

Ana]yzer

‘PTP Response w1th Zero Gas
Chart Def

- Ana]yzer PTP. Response w1th Span Gas.'?'

Chart Deflect1on : f\f‘-—-cﬁ

1ect1on.¢, q:‘- x}‘e,

Ana]yzer PTP Response w1th Span Gas

Chart Def]ecti

'33N01se Qo

| 'i'Anaiyzer’Rangea

o FSCD

CJ CD <LJ(J

No1se % FSCD

Ana]yzer Range"'zﬁﬁ

'Span Gas Conc

Span Gas Conc..-

'Bott]e No

: CAna]yzer PTP

Chart DefTect1on

Response w1th Zero Gas.fg

.faff Bott]e No..‘

Ana]yzer PTP Res

ponse w1th Zero Gas ‘
Chart Deflection: “”'~ ‘ _

,;Analyzer
- Chart pef

PTP Response w1th Span Gas

Ana]yzer PTP R

esponse w1th Span Gas
Chart Def1ect1 S ‘ .

1ect1on

5-No1se. %

Zero and span ana]yzer on al]

:_second 1nterva1

‘Noise sha]] not exceed 27 of f
ranges. used. - ‘

. “Note ana]yzer ‘peak- to- peak (PTP)

u]Tgstafeﬂchart defTectiﬁni(FSCD)ﬁpnpa1jmwh

FSCD No1se, ‘ Jﬂﬂ

Cxrso

ana]yzer ranges.;_ -

response tovzepo:and Span~§aS”QVer;§VCEn i

C‘"Rev 4/85"



ANALYZER RESPONSE TIME CHECK

(F.R. VOL. 42, NO. 174, 10/8/77, 86.315-79)

Date:_U-2Y *‘7\ - \ " Analysis 'Ben'cih:. TEUQK _

Operator: Kg-f-f 'H'Qim_r__s _ | _ -

Analyzer: EID  tlC _ Analyzer Serial No.:_4X[ZOR
Analyzer Range: |O00 PPM ) ~Analyzer Range: 3000  PFM _

Step Gas Conc.:_ 303 Step Gas Conc.:_ Y%7

Chart Deflection for Chart Deflection for

95% of Step Gas: (4 95% of Step Gas: X

Time to Reépond to . - Time to Respond to | ' - .
95% of Step Gas:___ O sec. 95% of StepGas:__ 3.0  sec.
Anaiyzer Gag Flow: LJ scth Analyzer Gas Flow: L%‘ | _scfh.
Analyzer Raﬁge: | - Analyzer Range:

Step Gas Conc.: _ . Step Gas Conc.:

Chart Deflection for _ Chart Deflection for

95% of Step Gas: ‘ _ 95% of Step Gas:

Time to Respond to Time to RESﬁOHd to |

95% of Step Gas: : sac. 95% of Step Gas: ; ___ sec.
Anﬁ]yzef Gas Flow: - scth  Analyzer Gas Flow: o . scth

1.7 Set chart speed at 60 cm/min. to record the following data:

2. Zero/span analyzer on respective range.

3. Introduce to inlet, step change gas of at least 60% of full scale chart
deflection.  (Step gas in W.E.D. lab is equivalent to span gas.)

4. Begin t‘im*fng moment analyzer begins to respond to gas and'stnp timing when
 analyzer has responded to 95% of step gas concentration. (Chart recorder
 may be used as a timer, i.e. each cm division = 1 sec.) o

5. Analyzer respanse time maf{ not- exceed 6.0 .'secﬁn‘ds for any anaiyzer ra'n_ge
- _used. . : ‘ -

8. Condensate bath may be by-passed when performing NO analyzer response time.

"Rev. 4/85"







~ ANALYZER ZERO AND . SPAN DRIFT

(F R _VOL. 42, NO. 174, 10/8/77 as 315 79)

Date: S - |-:_¢H | ___ Analysis Bench: o
uo\pera'tc'r'-":: Jr_(-c l—/o/ms-":

Analyzer: =l

Analyzer S'er'ia'l No.: L5/2906 %

Ana]yzer Range. lo::o PPM

Zero Gas:. K N . - — Zlero Air
» C 2 .

Sp;m Ga§ -Bo_tt]e -No.:; N" B'fm

Zero Gas Response:_ O -— (%:_-:F.SED/BU- sﬁf-)'
Span Gas vRe;span-se: . '.D — ) .(%FSCD/30 SEC.--)-
Zero brifts_ L2 % FSCD/WR.

Span Drift: . 2 - % FSCD/HR. .

1. .Zero and span analyzer on lowest range used.
2. Set'thart' speed at 10 cu/wife b~ - .' |

3. 0Offset zero reading on chart, introduce zero gas over a 1 hour time
period. ‘

4. Determine average zero gas response over a 30 second time interval.
Evaluata average zero gas response for 1 hour time period to de+m1ne

drift.

§. Zero gas dritt must be not more than 2." of fu]'l sca]e chart deﬂectwn-
(F\L.D) aver a 1 hour time period. ‘ .

- Rezerq ana‘_iyzer, chec;c zero and span points. -
7. Intraduce span 'gas over a | hour time period.
+ 8. Continue with steps 3 and 4 for span gas.

g. Re:ain chart paper to file with this page.  ngay, 4/85"




HYDROCARBON ANALYZER 02 INTERFERENCE
(F R.: VOL 42 NO..174, 10/8/77 85 331 79)

Date: 4. 2}{ ¢1\ ) fffx"”; ;;;.Aha1yzer~sench:c4 'CTiﬂéguﬁfﬁ'f"ff
o Operator \Jeegﬁ: t& ‘m«c-s. . Co TR TR o
Analyzer S-er1-a1 ‘No.: L& \2"1'08 '

jType‘of Samp]ing' i D1ese1 | Gaso]1ne X Gaseous

FID Temperature _‘5‘30 ‘ '. Fuel Botﬂe No.:- S 92/JX

Regu]ator Air Press - L; - Burner A1r Bott]e No.. GC' 29035»

02, CHC oy S ‘
Conc, - - Conme. - Bottle AH= HC conc., PPMC of span
(%) | ~(PPMC) “No. - 7 'gas used in Step 3 .

oz
' .

2099 | 9u=~ o lea LS ".;
2039 _‘9/"/‘43'2‘ L gs ; = HC conc., PPMC of 02 1nter—
QS | 230 .:'_L‘ L EAL -2 | ference gases used. in Step 5

S0’ [ RYn e AL - guzs ]

Analyzer Response (ARPPM} A X % OF FSCD due to B -

% of FSCD “due toxA ''''
_ (FSCD Fu]] Sca]e Chart Def]ect1on)

% 02 Interference (%0 I)---B ARPPM X 100

CFUEL | At | - PASS S T B S
 PRESS. | PRESS. - PRESS FSCD"| FsCD | ESCD - ;AR'PPM5 ARPP"'HQ %02
(kg/cm?).- (kg/cmz) ] A tBsr J310 1

1198 [bpsz |3, 990 '%'.'of_;'%‘ﬁ\"\'._z Cioo. 18 2'7

Connect "Shop A1r" to bench sample 1n1et (to s1mu1ate samp]e f]ow)
ero analyzer. ';1.
Span ana]yzer with 21% Ozlpropane b]end for d1ese] gaseou;,;gz 0y for."
gasoline. L T
Record mv" output for 21% 02 or 0% 02 span gas.'*“'
Introduece s and 10 02 interference gases. :
ecord Fyll Scale Chart Deflection for 5 and 1C
eterm1ne ana]yzer reSponse 1n PPM (ARPPM) for

LE0 I\, ey

O WO~ !

is not within spec1f1cat1on vary a1r‘f10w then fue] f1ow, and
thereafter samp]e by-pass flow repeat1ng Steps 1 through 7 for each f1ow

"Rev 4/85"
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- ANALYZER NOISE CHECK

(F-R. VOL. 42, No. 174, 10/8/77, 86.315.79)

Date: -‘Liﬂ-ﬂ\

Operator: __\_cg,f ("(‘c!'m.c:<

Analyzer: NDVIP — Co-

Analyzer Serial No. HQYGR\[2

Analyzer. Range: £i23 /.4

- Span Gas Conc.: /D O/g

~ Bottle No.: éQ;AZQA

Analyzer PTP Response with Zero Gas.
Chart Deflection: T2 - D

‘Analyzer PTP Response with Span Gas.
Chart Deflection: e talc Pl

Noise: =~ O % FSCD

| ‘Analyzer Range:

Span Gas Conc.:

‘Bottle No.i

"~ Analyzer PTP Response with Zero Gas.
Chart Deflection:

Analyzer PTP Response with Span Gas.

Chart Deflection:

Noise: .

% FSCD Noise:

Analysis Bencﬁ;'*ELkLkL_

Analyzer Range:.

Span.Gas-ConC;:

Bottle No.:

Analyzer PTP Response with Zero Gas.
Chart Deflection:

Analyzer PTP Response with Span Gas.
Chart Deflection: .= -

Noise:

% FSCD

Analyzer Range:

Span Gas Conc.:

Bottle No.:

Analyzer PTP Response with Zero Gas.
Chart Deflection:

Analyzer PTP Résponse with Span Gas.

Chart Deflection:.

% FSCD

1. Zero and span analyzer on a11-ana1yzer‘ranges._‘

2. Nofe.analyzér peak-to-peak (PTP) respohééfto zerg and‘Span:gas over a ten

- second interval..

3. Noise shall not exceed 2% of full scale chart deflection (FSCD) on all

ranges used.

"Rev. 4/85"
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ANALYZER RESPONSE TTME CHECK
j__R VOL 42 NO 174 10/8/77 86 315 79)

Date: 4 2‘7-9/ N . Analysis seach:ﬁrzr.mf;‘;

:_Operator’ ;3 .QC

Analyzer*

Ana]yzer Range- E% : C%; o irifﬁ_‘AnaIyzar Range‘f:f*

Step Bas Conc -r

Ana]yzer Ser1a1 No.? 64?0947/

?7C>_t‘3 :StEQ Gas Conc.;rf"?“"‘

Chart DefTectvcn far -‘;W\ fj _ }‘d"Chart DefTectvan‘far ;5;§&ﬁ;ﬁ'Q;g: o
5% of Step Gas-‘ 3ﬂf?§3$44 . 5% 0f ep GaS" — \?fﬁ, — —"

- Time tp Respond to‘ ol ;}.;fTﬁme to Respond to
95% of. Step Gas"“ é =

- Analyzer Gas*FTow:fEf.L%'-v'-i?;édfh;.Aﬂa]yzer Gas F?aw"' -:f :_‘¢_?jscfh

._Sec. ' 95% of Step Gas:_ _A':iﬂw; fﬁ}.sec;

| Step Gas Conc.-g ”'3..?34‘ \ ?“'75;}4~5tEp~Gas-chd;.“ R

Chart DefTectuon for ‘t‘r.  ; - thart DefTect1cn for_

T1me ta Respond to *K-?[“- '-fﬁ”“ﬁ"f~T1me to Respond tp
95%

AnaIyzer Gas FTow-bff'f7rf' | ."SthilfAnalyzgr Gas FTaw-‘”_‘; .

f'ZEPO/Span ana]yzer on respective range. r;r

of Step Ga5° #"-::wwli-;‘”if“f'-; ‘95% of Step Gas-*“

sec.

. ?fSth

of StepGas: ___..sec. 95% of Step: GaS'

';=Set chart speed at'SO cm/m1n. to record the foi]ow1ng datai_'}ﬁfqﬂj:“iek

_f Introduce to. 1n]et step change gas of at least soz of fu]T sca]e‘chart
"defTect1onb. (Step -gas in W.EXD."lab is eQU1vaIent to span gas.z Rt

-u.Beg1n t1m1ng mament ana]yzer beg1ns to respond to gas and stop t1m1ng when )

dnalyzer has: responded to 95% of step Jdas concentration. - (Chart recorder

- may be: used as a t1mer, i.e.- each - diV1sion 1 sec.).r

?'Analyzer respanse t1me may not exceed 6.0 seconds far any analyzeri"ange
used. . R : : Coe D

Condensate bath may be by-passed when perform1ng NO: ana]yzer respanse t1me




Date:

ator: . 55('5 HQ&MCS-

‘Anal_yzer" CO-;_ . ' ‘ R

Oper

lero

Span

lgro.

Span
Zero

Span

~ ANALYZER_ZERO AND SPAN ORIFT

{F.R. VOL. 42, NO. 174. 10/8/77. 86.315-79)

L. l.9) Analysis Bench: 4

Analyzer Serial No.: 95?9@%?//2L
Analyzer Range: \o%Y»

Gas: . N2 | ‘. ____ Zerg Air.
' Bas -Bo.tﬂe No.: H Zl?Qé
Gas Response: - O - | ._(:‘.F'scu/:éu_séc.’).
Gas Response: =~ (Y - . o (Z FS#D/:DVSEc;) |
Drift: . 2 _ % FSCD/HR. ”
Drift: RN . % FSCO/R.
Zerg andspah_aninZEr on iowest-tange ﬁséd.-‘ g

Set ch.ar.ta speed at 10 cmiwine 4~

Offset zero reading on chart,' introduca Zerg gas gver a 1'haur time
period. ' T

'De*erm1ne dverage Zero gas response over a 30 second time interval.

Evaluata average Zeru gas response for 1 hnur tzme period to detarm1ne
drift.

lero gas dr1rt must be not more than 2% of fuIT scale: chart derTectwon
(FSCD) aver a 1 hour time per1od. B | .

Rezerg . analyzer, checx zero and span. po1nts.
'Introduce span -gas over a | hour time period.

- Continue with steps 3 and 4 for span gas.

Retain chart paper to file with this page. "Ry, 4/85"




NDIR WATER‘REJECTIDN RATTO CHECK

(F R VOL 42 NO 174, 10/8/77 86 315 86 318 86 33_

o Date‘:‘_ 4. 76[‘-‘-“’:1'\ L o A"aUS'is Bench .
Oper.'ator' . e.-‘;—@ Flo (mes Barometer- 2290

Analyzer- hg&g TZ. (fCD:L S
Ana]yzer Range _}3—2 AL /Q (2)2 T
Ana]yzer-Ser1a1_No,, 44?4{2322&1_ ;-

1.-'Zero/span on lowest range use¢

2. Bubb]e zero gas through d1st111ed water and 1ntroduce water/gas‘mixture
_‘d1rect1y to ana]yzer 1n1et.;t;d- : _ -

3. Record water/gas m1xture temperature. TCZ TL

* ?ecor? a"alyze" OPE"at’"Q PressurE°- ' Hl In. HZO /‘/d..f “") Cpst
gage _ . _ - —r>

: r-St Record ana]yzer response to water/gas mixture ;792§ :*‘]t L- bpm;

6. Determ1ne the water concentration us1ng

W, C Y Saturat1on Va‘or Pressure (SVP' 'f-'*£L1u§f‘:f;fff‘ sy
~ Abso ute’ ‘age ‘ressure 1) - SR

g fSVP is found from saturation vapor prESSUre o
3 ,table e water/gas mixture temperature ? {‘4(1 ps1.

uﬁ}'AGP is’ the gage pressure (psi) + the
" barometer (ps1)'~ _ _

o j_,;“,f(o 03613, psmn H, o o 4912 psi/in. ) 3
wezyw

‘7-_-Determ1ne water reaectfon ratio us1ng.‘].!w:'

wRR 5 Water: Concentration ':1"=ﬁ |
Anal. Response 1n ppm_ o

8. M1n1mum NRR €0, AnaTyzer - 1000 1

9. 'M1n1mum HRR COZ Analyzer - 100 1.;;;4;_

100 Min1mum NRR NO Analyzer - 5000 1.‘_-,; : ‘ .Haﬂif-fskﬁf'EVWV
o o P " "Rev. 7785




e

JSR/L *A3Y,

*s3{}4 40) aaded ukn;u

“(%00L 1% 138 J3p|A1p) Jujod ueds umw,a_mzo_;mgn m:-ab_;u>

‘340d uejjesq)ied eja sazfjeue 03 1ndyno J3pLAagp aanpoajuy ¢
"sa.nssaad pajjyioads je s3ajuy Japjajp o3

341D 1013084400 2] Jgapialp mmm a8d sanjea 2p) 3384403
- . * 'pasn abued 4aea a0y p-) sdays jeaday
aAes ‘aaoqe yndjno Aw Jazfjeue pioday -
MO ) sseddq JapyAap ysnfpe *3asbe jou op sbujpeas veds 4

=

seb ueds pue ¢y aonpoaqup -
*y40d uofjedqyied eypa aazfjeue uveds pue oxaz -

bl o ¥ o |

(@) 9]

qTT 70T

(57 | Z7%

ATZ F7Z7
L6 2%/
(Aw) 1t0§ 1047133107 (M)~ uojqesjuasuoy { Aw) uojediadia) ~ {Am) uogqeaquaciong
asuodsay seg asuodsay - sep asuadsay \ seyg .asuodsay _ sey
sabuey Jazf|euy nmm:az_kmua_nuﬁ mm.waJmm=u= J9z£ | elty :aBuey Jazfyeuy
—i'oj 311708 :*0j 313708 .uﬁum_MWm_ 1*ON 8]3109 ] 'Ol 317109
Jo S0 AMd AND 4. corigme 1M CNGLK VIO WIS uITAWNY .Nﬂuuuuw COIMIZATIVIY

ol
o

(K A7+ v113H0uve mu_s_ﬁ# u\,wu_mn 20 1VAIdO

SEXTAL HOiIm STSAWNY:

Ao~ Z-\7 3

(6/-0£C° 90 7178701

VIl CON 2y TA0A W d)

HOT V0T W

bR L LT TN 1T



P : A_'f'¢ o ANALYZER NOISE CHECK
o ” 1__R VOL. 42, No. i, 10/8/77, 8. 315 79)

Date: _‘:l - ct\ ‘fi]‘.‘ _ ___ ,_éAna].YS-is'Ben_ch: TDUQH
. Operator ._Xe-ﬂﬁ {‘\b‘m&e“‘ R | S
‘Analyzer _C,L(E;‘M‘_c 5

Ana]yzer Sema] No _\_D_p._tl: l%&h{o-i.uo'j'_

Ana]yzer Range: 25—0 S i S Aha1y2éf"Range: ;_' o -
R Spa” Gas Conc.: _%L‘Q . _ Span Gas_Conc.;_:' _'2;@ Wi
N Botﬂe No %90‘(‘3 . ) . f—Bott]e No CC ‘/920(6 B

: ‘Analyzer PTP Response w1th Zero Gas s ‘-:'.'_-Analyzer PTP Response wﬂ:h Zero Gas
Chart Def]ectw 1 (3 S - Chart Def'lect'lo : 0 L

Ana1yzer PTP Response w1th Span Gas -::-Analyzer PTP Response mth Span Gas
Chart Deﬂectw f e \ ___ - Chart Def'lectwn AR L

Nmse. j ',:4//‘/,,_ L B %FSCD _‘ ‘:‘,Nmse o, / 5 | ‘:_Q'-;z FSCD

Ana]yzer Range _/cra-o ST ;‘ ‘f“A:"n-aT-yzer *Range*_L@;_ Ty
Span Gas Conc __?g_?, R “Span Gas Conc.: 9629
'Bmuem Ceo ¢Vﬁ3 fﬁ”'f%nmwo ccqqmﬂ

Analyzer PTP Response w1th Zero Gas. . 'Analyzer PTP Response mth Zero Gas
Chart Deﬂecm : .0 i S Chart Def]ectwn /-) , e

_Ana]yzer PTP Response w1th Span Gas. '_"‘Analyzer PTP Response w1th Span Gas o
Chart Def'lectwn ?53-— /“ :‘;_“Chart Def'lectwn > A

Voise o %Fsco Mefse o 73'. zFSCD

1.7 _Zero and span analyzer on aH anaTyzer r'anges

o "Note analyzer peak to peak (PTP) respd_nSé to ze;ro and: span gas overaten oy
...second 1nterva1 o S0 L A




ANALYZER RESPONSE . TIME CHECK

(F R VOoL. 42, NO 174 10/8/77 86 315 79)
Data:_¢-/3- 9/ | _ Analysis Bench: FRYcK —

| Operator:”__').,_-‘-(:f ”6(&«:'\ , - g
Analyzer: ~yemT . Y‘ | Ana]yier Séria] No.: 1088 -1264d) /40
Analyzer Rangnggsg) | Analyzer Range: 25@;; "' _ —
Step Gas Conc.:_ 24 ___ StepGasConc.:_20py
Chart Deflection for : . Chart Deflection for o :
95% of Step Gas: 973, 95% of Step Gas: 7/ & —_
Time to Respond to ' ”_Tﬁme.to.Respond'tu L )

- 95% of Step Gas:___ 2.7 __sec.  95% of Step Gas: NP} sec.
Analyzer Gas Flow:_ BN scfh Analyzer Gas Flow:_2.¢ scfh
Analyzer Range:_ /opr Analyzer Range: /5000
Step Gas Conc.:__ 943 | Step Gas Conc.:_9539
Chart DefTectioﬁ for Chart Deflection for .

95% of Stap Gas:__ 9/, < 95% of Step Gas: 9.6

Time to Respond to | | Time to Respond o ~

95% of Step Gas: - //).0 . sec. 95% of Step Gas. 2/ sec.

Analyzer Gas Flow: =, ¢/ ~ scfh Analyzer Gas FTQW' ;i‘/'. — .  scfh
T | :- '

1.7 Set chart speed ati§0 cm/min.' to record the following data:

-

Z.f'ZErd/spah ana]yzef.on respective rangé.

‘3. Introduce to inlet, step change gas of at least 60% of full scale chart
~deflection.. (Step gas in W.E.D. lab is equivalent to span gas.)

4. Begin timing moment analyzer begms to respond to gas and stop t'mnng ‘when 37
 analyzer has responded to 95% of step gas concentration. (Chart recorder
may be used as a timer, i e. each am division = 1 sec.) |

: ,"SQ- Analyzer response t1me may not exceed 6 0 secdnds for any ana]yzer range
- usad.

6. Condensate bath may be by-passed when performirig NO ana]j'zerre\spon_se' time.

"Rev. 4/85"




: Date

~ Oper

ANALYZER ZERO AND SFAN DRIF-

LF R VOL 42 NO.‘174, 10/8/77 86 315 79)

_*_- I~ ‘ﬁ\ C i"'""@--A‘n_am.n;n's BEﬁch:iL#':'”I]'“;:f' ;f.: IR

ator' AP

o f_--ﬂAnaTyzer- HD

AnaIyzer Ser‘:a'l No..lOAQ—)g b‘/o -/‘7‘0 -

. Anal yzer Range- ZSO PPM

ZEro

‘Zero

- Span

-Zerg

 "Span
:Hf;
| 2.
3.

Gas. : K N ‘f'-"‘?i. ' -._.. Zerg Air
I .z_ Ry _u; IR e

Gas Bott}e Na.. (ZJ:- E??(\LIC?

———

Gas Regponsa,;y”{:;ﬂcD-‘i «f-‘ff*tﬁ;-‘.;(- FSCD/30 ssc )  “’“”"”

Gas Responsez (D SR “cz FSCD/TBGI-‘ ssc) L

nfﬁftr"%ff'??1?7*f; ff; :f_ ;¢ "‘; i“ 'istcn7HR;‘;} ']: e

Ze*o and Span analyzer an Tcwest range used o 5 -"

Se* chart speed at’ 10 Cﬂﬂ#H%p L-—.“n _'

' pev1od

- Evaluate: average zero. gas response far 1 hour time. pe91od
. dr1rt e _ - ‘ TR

Re’nvo anaiyzer checx 2=Fo and span po1nts

. Intrcduca span gas ovev a T haur t1me pev1od
477Cont.nue w1th sueus 3 anu 4 for span aas

Rerzin chart paper to F11e w1th th1s paae

Qftset zero read1na on chart, 1ntroduce zerc gas aver e 1 hnur t1me ‘

. De te"m1ne average ze"a aas responsa over a 30 serond t1me 1ntavva1.

tn de*arm1ne f

“Qev

" Zerg | gas drxrt mus; be nat mare than 2? of: fuIT scale.chart derTeft1cn f
o (F3 CD) ovev a T haur t1me pe“10d : ST e SR

4/a='f



CHEMILUMINESCENT ANALYZER 'QUENCH CHECK

(F.R. -VOL. 42, NO. 174, 10/8/77 86. 327 79)

Date: U-20-F\ B Analysis Bench: TRUCK
Operator: \o£C {-((g(mq ;-Barometer':Z‘?..l\x | | In. Hg.
Wet Bulb:__ S&§ °F. Dry Bulb: 2§ °F.

Analyzer Serial No. ]ggg e yd -4 N
Analyzer Range: 2SO ~PM

€0, Cal. Gas Conc.: |5.2 Yo NO Cal. Gas Conc.:__Z¥(,
Bottle No.:_ 42/ ¢ | Bottle No.: (C - ¥90 ¢9
C0, Anal. Response: AN\ 3@ ppm e e
Blend Ratio = €0, AR = __ (00 Zuvd

| €0, Gas Conc. o o o '
Calculated NO Conc. = NO Cale. Gas Conc. X (1 - Blend Ratio) = __77.¥ ppm
Chemi. Anal. Response:___Q") '{ ppm |

% Response D1fference =Calculated NO Conc. - Chemi AR X 100 j %
Full Scale NO Conc. \

784 . 925
| | TSP |
1.- Zero and span analyzer on lowest range used.

2. Blend COp cal. gas and NO cal. gas usipg divider.

3. Analyze CDZ/NO mixture for c02 conc.

4. Determine true NO concentrat1on._.

5. €0, concentrat%on of blended mixture'shou1d'eqdallapproximatefy 12%.
‘ 6. Reédrd'Chemi..énalyzér response. .

7. Recheck zero and span if changed more than + 1% df full scale, repeat
Steps 1-7. _ A

8. Determine % response difference.

9. % response difference must not be greater than 3%.

"Rev. 4/85"




iENOX CONVERTER EFFICIENCY DATA

iFf_re OLZ 42 NO.-174, 10/8/77 _86.332- 79)

"Date H 22/9/ : e ‘ Bench No.. 7/?&{'/(
- Operator: Je-[—f 7L7/n/m:<: = ] e
- ND Ana]yzer Range ZEEZD '? Converter Temp ;j?ﬁﬂatbf:T.t
NO _Bott]e._,Conc. 24&: ,‘ o BottTe Conc.. C\G

NO Bottle No..: CA ,?Qo qq *::5.;{ -

1. SuPpTy 100% 0 to "DRY AIR" 1nput an- NO generator..* R
X

12, Select. most common NO ana]yzer range not over 1000 ppm.j Suppiyﬂiéés
' and span gas to: rear of the bench (span port) e e

3., Set up as’ fo]1OWS°;}h y _ S

A. Bench sw1tched to "COND BYPASS“ ("BATH BYPASS")

B, Bench-snitched o "BYPASS CONVERTER" L o
C;,pBench "o Generator" soTeno1d sw1tch on.

~D.  Bench NO ana]yzer ma1n and bypass f1ow contro1s fu]] open.

~ E. - Adjust zero and span f]owrates to 8 scfh us1ng the NO generatorv
- "NITRIC OXIDE" flowmeter - ‘Switch between “NOX ":and "NG" mode:
(converter bypassed) ba]anc1ng flows w1th bypass need]e va1ve.

F. Set nox generator "DRY AIR",and "ozons BYPASS" f1owmeters to o S
- (off _ _ _ S

G.‘iVer1fy that the}"OZONE & AIR SHUTOFF“ valve is closed
H. Turn on temp contro]]er for converter and NO samp]e 11nes.__‘vw
X

4. With NOy generator "PONER™ switch OFF, zero and f.ovM”f. " ppM:{}

span -the analyzer (ana]yzer is now 1n "NO" mode) _ TR
Record ‘NO read1ng R '_ ﬂ? L[ 24/-_/;_

5. Open the "OZONE & AIR SHUTOFF“ va]ve. o

6. Adjust "DRY AIR" flowrate so “that the N
indicated by the analyzer is about 10% less - S
than that in Step 4. Record the concentrat1on TR Ry SN
of this NO +0 m1xture. _ L 1 S'X.L,

Y :
7. Turn on: the NO generator "POHER" sw1tch
X

8;-'AdJust "OZONE BYPASS" to about 1 scfh AN
' : . "Rev.. 5/g85"



10.

11.

12.

13.

Adjust "OZONE FLOW" need]e valve so that the NO

measured by the analyzer is about 20% of that

in Step 4. There must be at least 10% S
unreacted. NO at this point. Record the N '
concentration of NO. ) o /’62 I

Switch the bench to the "NO," mode ( NO converter
NOT bypassed), and measure %ota] NOY; record
this value.

“Turn off the NOx_generator "POWER". The _
“analyzer will now indicate the Total NOy in the é;

NO + 0 mixture. Record this value.

76

‘Close the "OZONE & AIR SHUTOFF" valve. The

analyzer will now indicate the NOx in the
original NO/Ny mixture (span gas). This value
should be no more than 5% above the value in
Step 4. .

Calculate the efficiency by substituting the
appropriate concentrations (ppm) into the

fo]lowing‘equation:

eff1c1ency 1+10-11x100 = ?é? %

‘/i 3
:;:gjjg. | 21!?.3
219

6 -9

The efficiency must be at 1east 90%. - If not recheck ahd/or‘adjuste

converter temperature. .

See HORIBA NO .generator manual.
oy |

a3 2
— 43

Z22h =

XW'?

"Rev. 5/85"
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EMISSION ShNalLYZER CALIBRATI

=EMNCH: 4

OFERATORTS INITIALS:
BARIMETER: 29.18 I
nRY BULE: 7S F
WET BULE: S5 F
aNaLYZER: CHEMI
mANGE: 250 FFM

COROESMTR&TION 7 OYLINDE

st YVIER RGMNGE

2445000
19&. 807
147 .40
8. 30
49, 2f

0, DD

LIMESRITY CHECK

FREDICTED

 FFM
245.07

197.00

148.19
?9.12
49.81

.00

& MUMBER:
98.&

SCALE

PERCENT
LINEARITY
.37

—-. 08
-.z24

- T
- e

bl —d
el

.00




EMISHIDN ANALYZEP CALIHPATIDN
DALIBFQTIDN DATE 4/18/91

" BENCH: 4
OFERATOR’S INITIALS: JEH
' BAROMETER: 29.18 IN Hm -
DRY BULE: 75 F
WET BULB: 535 F

ANALYZER: CHEHI
x . RANGE: 1000 FEM . |
CDHCENTFATIDN % CYLINDER NUMBER: 963 / cc—497n

'rnEPI"TDN CHE“V ANALY7EP PESPUNSES-:?é.q 96.¢ 96 4
96,4 G4, 96 4 96-u 9& 6 96 =3 96 6 ﬁ

ANQLYZER FANGE PFECISIDN IS ' 7/ DF FULL SCALE

_‘:. ANALYLER RANGE LINEAPITY CHECF

- ANALYZER o ACTUAL o  :FREDICTED Lo PEFLENT
RESFONSE - ppm . . FFM | LINEAFIT%
946.3 Lol 96T, 00 S 940,18 . .;~ 28 0
77.4. . - 770040 0 g7yl 73 S .1::,
S8. 1 - 877.80 s 579,30 R ‘,+.1qﬁm;

ze.q . - R o B 3B8&6.86 )
1o a . y 132

Lo i

o eslas
o R Q. GO




. EMISSION ANALYZIER CALIBRATION
CALIERATION DATE:4/18/91

EENCH: 4 |
OFERATOR®S INITIALS: JEH
EAROMETER: 29,18 IN HE
DRY BULB: 75 F
 WET BULE: 55 F

" AMALYZER: CHEMI
RANGE: 2500 PEM.
CONCEMTRATION % CYLINDER NUMBER: 2409 / CC-49506

FREEDIZION QMHECH SMNaLVIER RESPONSES: 24.4 96.4 2&.4
FL.od FELT FELDT FELZ PLE.D QL2 96.2 o
AMALYIER FAMNGE PRETISION IS & 0 +.24% OF FULL SCALE

ANALYZER RANGE LINMEARITY CHECK

YIER - ACTUAL FRERICTED FERCENT

BHALYTER

RESFONSE FFEM FFM LINEARITY
Fa.d 2409 ,00 2409.90 T —.04
77.2° 1927.20 1929.92 - 11
7.8 1445, 40 1444.94 . CL0z2
T8.4 26T, 60 259, 94 ' ' .13
19,0 431,380 474,99 « 27
ISPy Q.00 : : 0. 00 : _ 0,00




F IBFF“TTDN

fcﬁLIdF ATIO N DATE: 471 18/91

- B:mc~‘“yh . g3 
‘OFERATOR S /INITIALS: Joy e
CBAROMETER: 20,18 IN Hg . o
" DRY BULE: 75 F -
WET BLL*- ISS:F‘

ANQLVZPﬁ CHEMI P N
. ' . RANGE: 10000 PR T '
_“DC:HiFRILDh % P¢LINDE~ NUMBEF 7939 / CC-493

ﬁmgvaE=f pua: LINE&FIT{ EH:CK -'

R ALTL“l -;?__‘-FHEDIQTED
g _PFvaﬁg-',] N
SR ?53?;ﬂn;w”:f-_"-_?693;24
TEILLZE0 L O 7640,31
STERILAC. L Ees7. IR

IBIZ &0 3744066
120780 0 . igs0.29
olsn L T g A

ATERC
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A
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ANALYZER NOISE CHECK

jf R VOL 42, NO

_Date LJ %- 1\'

1245 10/8/77. 85,3t5;7§o :

| Operator jcf—f’ H (M¢<

:Analyzer _C?o

-‘_Ana1yzer~ Ser1a1 No M7ﬁg

"Ana]yzer Range

?— : ?5‘@@% -
Span Gas Conc.. -;.-"“OO o
52752‘1

'“_SA"a1yzer PTP Response w1th Zero Gas.‘
- Chart Deﬂectwn . -3 = .-,/_ \

Ana]yzer PTP Response w1th Span Gas.ﬁ
' Chart Def'lectw 9?3 - S’? L

_ Bott]e No:@:

O 05 = L

uELAX5 Ana]yzer Range
;Ullftvf"‘

o( Span Gas Conc

;P“ 1.t.e
38%

—

Bott]e No ~o - ;'*‘ .

Analyzer pTp Response with Zero Gas
Chart Def]ect1o No V-

-art Deflect1on

8LICD-

/

Noise:

1. Zero and span ana]yzer on aIl ana

2. Note ana]yzer
second 1nterva

q Fscp},”

'7i‘Ana1yzer Range
i;;‘Span -Gas Conc..3 }
.T?‘_Bott]e NOa.

g R_Ana]yzer PTP
Analyzer pTp Response with Spa7 Gas.ﬂ ?

- % FSCD Notse:

3 Ana]ysfs-Bench:ojlzaﬁkgfi"

_PAnalyzer Range_j?-’, fSﬁ%; oulu\;:‘f

44 GS?%&

HfSpan GaswConc..

Bott]e No _bZ(SO

‘Analyzer PTP Response wwth Zero Gas
‘CD : L

Chart Def]ect1on'*

-Analyzer PTP
‘;Chart Def]ectwon

Response W1th

95’7

Span Gas
25 A?

1No1se'

./

% FSCD

Chart Defiect1on

Response w1th Zero Gas

_Chart Def]ect1on'

'Ana]yzer PTP Response w1th

lyzer ranges. 52“'

%S0

peak to-peak‘(PTP) response to zero and span gas over a ten T

3 “Noise sha]Tndtaexceed'Zifof'tpll_soa]e;chart def1ect70nn(ESCD)jon.allsgi{

ranges used

"Rev

4/85"*”"



ANALYZER RESPONSE TIHE caecx SR .
(FR vm_. 42, NO. 174, 10/8/77 ss 315-79)

Date:4:30-1  Analysis Sench:TRboK
Operator: A;QC 4—(«5»«&5 . v | .
Analyzer: n | _ Analyzer Serial No.: YE2H705
Analyzer Range: 2500 AFPM - Analyzer Range: 5%.
'.étep Gas‘ccnc,: _ 33,7 2Ot} Step Gas Conc.: 6/§'
Chart Deflection for Chart Deflection far
95% of Step Gas: ¥ 6/7 : 95% of Step Gas: QK- T
Tfme'ta'Respond to . _ Time to Respond to -
95% of Step Gas:__ 3.2~ . sec. 95X of Step Gas:_ S, 3 _ sec.
- Analyzer Gaé Flow: 5/ _____scfh Analyzer Gas Flow: ﬁ/ .scfh
Analyzer Range:_ /% ~ Analyzer Range:
Step Gas Conc.: .J< o Step Gas Com:..
Chart Deflection for Chart Deflection for
95% of Step Gas: /.glp 95% of Step Gas:
~ Time to Respond to Time to Respond to
95% of Step Gas: r-’/é - sec. 95% of Step Gas: ‘ _____sec.
Analyzer Gas Flow: -ﬁ/ scfh  Analyzer Gas Flow:__ scth

1." Set chart speed at 60 am/min. to record the follawing data: -

Zero/span analyzer on respectwe range. -

.Introduce to inlet, step change gas of at least 60% of full scale chart

deflection. (Step gas in W.E.D. lab is equivalent to span gas )

Begin t'xmmg moment analyzer begins to respond to gas and stop timing when
analyzer has rasponded to 95% of step gas concentration. ~(Chart recorder
may. be used as a timer, i.e. each am division = 1 sec.)

Analyzer response time may not exceed 6.0 secdnds for any ana]yzer range
. used. _

Condensata bath may be by-passed when perfo‘rmin'g NU analyzer response. time.

"Rev. 4/85"
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Date:

Oper

ANALYZER ZERQO AND SPAN DRIFT

(F.R. VOL. 42. NO. 174, 10/8/77. 86.315-79)

5-1- 9\ Analysis Bench: 4

a.tor:. Ae-C-C Hﬁ(w i

Analyzer: CO
Analyzer Serial No.: 52 &' T0<

Zero

Span

Zero

Span

Zera

Span

Analyzer Range: 2500 ERM

Gas: XN — Zero Air
2

Gas -Bot'tle u‘o.:-_52'788‘1

Gas Response: O - (% F;CD/BU SEC.)
Gas_Requnse: O | (% FSCD/30 SEC.)
Drift.; .3 | % FSCO/HR.
Drift: , 3 | % FSCD/HR.

Zerq and sﬁan analyzer on lowest range used.

Set chart speed at 10 cm/wmiA Ao,

Offset zero reading on chart, introduce zero gas over a 1 hour time

: per1od.

Determine . average zero gas response over a 30 second t1me interval.
Evaluate average zerg gas response for 1 hour time period to determine
drift. . o : -

Zero gas drift must be not more than 2% of fu]] scale chart derTect1on
(FSCD) over a 1 hour time period.

Rezerg .analyzer, check zero and span'poihts.

fntrodune span gas over a 1 hour time period.

Continue with steps 3 and 4 for span gas.

Rétain éhart paper to file with this page. "Ray. 4/85n
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NDIR WATER REJECTION RATIO cnecx
(F.R. VOL. 42 NO. 174, 10/8/77, 86.316, 86.318. 86.331- 79

Data: -3¢~y = “NI | '_ | Analys-:s Bench- _I'EUCK ”
Operator: .le.'c-@ Ho-l\meﬁ : Barometer*ZB?é 5é/79/

Analyzer' CO
: Ana]yzer Range SQD DP&

Analyzer Ser1a1 No.:_ ¢82 ‘/705'

1. Zero/span on 1owest range used.‘_‘

2. Bubble zero gas through d1st111ed water and introduce water/gas m1xture
directly to ana]yzer 1n]et. o _

3. - |

Record water'/gas mixture temperature. ?Z l  oF, o |
4. RECOI‘d ana] zer.o erat‘m pressure- | _ ‘ 2_ T
5. 'Record ana]_yzer response to water/gas m1xture- / </) 92 ppm

6. Determme the water concentratwn using:

Saturat'lon Vapor Pressure SVP _psi )

Abso ute Gage Pressure

W.C. "x 105

" SVP is found from saturation vapor pressure
: _tab]e e water/gas mixture temperature‘- SY0Y 3 psi.

- ‘AGP is the gage pressure (psi) + the
“harometer (psi):

}(o 03613 p51/in H,0, 0. 4912 ps1/in.\Hg)

7. Determme water re.]ecticm ratio us'mg.

WRR' = Water Conceniration = 06 o
Anal. Response in ppm o

8. Minimum WRR' CO Ana]yzer - 1000:1.
9. Minimum WRR COZ-Ana_]y_z_er - ..‘I-QO':J. -
10, Minimum WRR NO Analyzer - 5000:1. . R
I el - R | | Rev. 77880



_NDIR CO, REJECTION RATIO CHECK
F.R. VOL. 42, NO. 174, 10/8/79, 86.316, 86.318, 86.332-79)

Date: S-,/-9/ ) Analysis Bench: ¢/

Operator: jg-(-(- Ha/he—g

Analyzer: /" 0 | Sertal Noo: U229
An‘a'ly_zer Ranée: 72<00 PP _ o

CO0 Concentration: /S.2%
2

1. Zero/span on Towest range used.

2. Introduce a CO calibration gas of at least 10% CO to the analyzer.

2 2

3. Record analyzer response to COZ: ‘ 25,3 ‘ ppm.

4. Calculate CO rejection ratio using:

2 o |
CORR = C0; Conc. in.ppm = - ‘Sgs,'_ T ool

Anal. Resp. in ppm —

5. Minimum CO,RR CO analyzer - 5000.

6. Minimum CO,RR NO analyzer - 30,000.

“Rev. 7/85"
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 EMISSION INSTRUMENT CALIBRATION CHART
__ANALYZER: NDIR CO 2500 ppM |

DATE OF CALIBRATION REGRESSION: 9/25/90

DATE OF LATEST CALIBRATION CHECK: 4/30/91

ANALYZER RESFONSE VERSUS CONCENTRATION

_ A GBS ) e

NSO 0 b

0 m .

= +2,836387E-002 +(+7, 29205

FmZL ATRTHAE-MDY KHAR T 240 2TTTAECA0T) ¥ AR 4

E+Qﬂ1)!téﬁ)+€+1.5788€EeQGZl£iAJﬁ

1B44. 30

1937.18

= 11,350 28.8  S9s6.41 50.5 120449 7E.S

0 22.98 26.0 . &08.3T Sl.o 1217.13 76.0 1857.5;1
S 34,46 26.5 8227 S1.8 1229.59 . 76.3 1870.74
0 45,94 E7.0 632,21 7 82,0 1242.06 77.7. . 1883.99
5 S7.47 L Z7.5 644,16 - =25 1254, 54 77.5 . 1897.24
£ 68.98 S=8.0 656,12 S3.0 1267.03 0 7g.0 - 1210.55
5 8G.51 28.5 . 648.09 . 53,5 1279.54 ' 78.5 - '1923.85
0 2.4 29.0 - &80.07 4.0  1292.06 79,0

5 103.59 29,5 692,06 . 54,5 1304.59 . 79.5 1950, 87

Q9 115.14° 30,0 704,08 S SE.0 0 1317.14 B0.0 198390
= 126,70 30.5 716,07 - 3555 1329.70 80.5 " 1977, 20

0 138.27 » I1.0° 728.08 S6.0 1342.27 . B1.0. . 1999, 7u

5 149.85 ‘31.5 740,11 S56.5  1333.88 81.5 " 2004.17%

s 161.44 . 32.00 0 752015 S7.D  13467.45 82.0 - 2017.s8

= 173.04 S2.35.0 764,19 37.5  1380.07 ~B2.5 " 2031.03

0 184.64 3307 778 25 9B.0 1392.49 8I.0  2044.55

5 196.25 33.5 . 78B:31 . =g,y 1405.33 83.5 - 2088.06

0 =07.88 -~ 34.0° 800,39  s59.9 1417.99 84.0. 2071.40

5 219.51 _34.5 B12.37 - S%.5  1430.6&54 B84.5 .. 20835.1s

0 2T1.16 S T5.00  824.sg | 60.0  1443.34 85.0 | '2098.74

S 242.81 "33.8 . BZ&.47 60.3  1455.04 B3.5 . 2it2.3%
9 254.47 . Fh.0 848.78 ' 1.0  1468.7% 86.0 ' 2125.97

S 266,13 - F&.5 B&D. 90 - 51.5  1481.47 B&.5 213942

0 277.81 . I7.0 00 873.04 . - 2.0 1494,.21 87.0  215T.30

5 289.30 . . 3I7.5 885.18° - s2.5 150&.97 B7.3  "21446.99

Q- 301.19 ° | 38,4 897.34 - &63.0  1519,74 88.0 ° 2180.71

5 T12.89 Z8.5 90%.50 S 63.5 1532.53 88.5 . 2194.a5
Q. Z24.61 I2.0. P21.47 &4.0  1545.33 89.0 - 2z208.22

g 336,33 39.5. P33, 84 - 464.5 1538, 14 - BR.3 2222001

0 348.06 30,90 P44, 05 65.0 1570.98 PO . 2RTS5.87

s 25%.79. 0 40,5 gsg. 7 &5.5°  1583.82 F0.5 . 2249, 84

o) 371.54 41.0 - 970.ag 6.0  1595.4% 91.0 223,52
5 383,30 41.3 982,70 66.5 14609.57 - RL.5 2277.41

0 295.06 42,07 994,94 67.0 1&27.44 92.0 © 2291.32.
5 i046.84 42,57 100719 67.5 ' 18635.37 ?2.5 2T0S.2s

0 418,582 .00 1019.45 68.0  1648.30 - 93.0 23(9.23

5 470,41 43.5° 1031.72  s@8.5 1661.25 @ 93.5 2333.22

0 442.2. 44.0 . 104400 69.9  1474.21 94,0 2T47.23

S . as3.02 44.5° 1056.29 &69.5 1687..19 4.5 23s81.27

0 . 465.83 43.0  1068.5% 70,0  1700.18 95.0. 2I75.34

S ATT .46 . 43.5 1080.91 70.3  1713.20 - 93.50°258%9.4%
0 489, 49 46,0 10930 2T 71.9  1726.22 . 94.0 - 2403, 5%

= 501,34 46.5 . 11085.57 71.3  1739.27 92,5 2817.70

3 S137.19 47.9° 1117.9% 2.0 1752. 34 97.0 2431.87

= S25.03 . 47.5 0 113028 72.5 1765.42  97.5 . 244s6.08
o ST6.92. . 48.0 . 1142,45 73.0 1778.52 - 9B.9 . 2460.31
5 548.89 . 48.5 | 1155.04 73.5 . 1791.&4 8.3 2474.58

o S60. 69 C47.0 0 1167.43 74.0 1804.78° = 99,0  24gg.s85
= 272.59 . 49,5  1179:8a. . - 74,5 | 1817.93  99.5 " ‘2503, 14

) 584.45  S0.0 ¢ 1192,74 73.0  1831.10 CA0DLn . 2S1TLS)
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HQNGE:

CONCEMTRAT !

AR AL T e e e g e — —
Suael YIER PERFUREMAGNCE QASED UFDN

TERATION DATE: 4/

YZER CALIERATION

Tosel

OLD RESRESSION DaTe

=9, 5142TE-004

L2, +TLLABGSEFO0T 42, Té:E—”ﬂl
QNQLYZER ERROR TABLE -
] GLD RESRESSION DATA OF: 11/17/89
; SMELYIER A&CTUAL FREDICTED % ERROR % ERROR OF
RESTONGSE S =FM CF POINT FULL SCALE
 Fa. @ DEOG, G4 PEOT. L .04 et
21,4 7HE9.71 -.53 - L0
&4.5 5649, 24 -.89 -.51
4=, 4 T761.63 -1.01 -.32
T4.2 1873033 1,40 -.Z7
s L02 D00 Ry
fEW REGSRESSION MODEL DATE: 4/30/91 -
SEMONDIR DR = 4. ARSIGE-GOR +(+7.T4S47EF001) ¥ (AR + (+2. 029 TTE—00 T

L krd =1

. ; (+i.051 —'10*»;#"1-’55"‘3--—’%-& 4277

DE-0D6) X LAR™S)

E
09/21

ANALYZER ERROR T&
ERESSION DATA OF:

EL
MEW RE 4!

ANALYIES ~CTuAaL FEEDICTED ERROR % ERRCR OF
?aEFQNSE B FEM _ CR ROINT FULL SCalE
e o3 =g LI Q437,79 —. 00 ' — M
Bi.5 LT E00, 00 o000, 234 .01 BRES
Sd A STO0, D Z698. 66 —.02 =Ll
4. & SE00. O 2801 .07 -3 H
Zd, 7 1500, 0 1859.28 02 =00
T Q,ﬁﬁ wiidy $FEels] : -

e oSmmNeES . =4 s m oqg =
RE=SFQHEES: S4.2 24,2 84,2
= h i g
; 24.1 84,1
L TANNTITT O mmmmoorme e T . 4t mE Ty —_—
T Pat ey SCIETOM I w0 OF TULL ZCAalE
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DATE UF LATEST CALIBP

J6.84

EMISSIDN INSTRUMENT‘CALIBR

" ~?maﬂ

NDIR co - T Sl
REERESSIDN. 4/30/91'

ANALYZE
DATE oF. CAL

ANALYZEP F

Rs
IBRATION

'_."_q" .33" i aaie g

ATIDN CHART

ATIDN CHECHK 4/30/91 -

ESPUNSE VERSUS CONCENTRATION

o . 2008 g0
7I.72 --  u”Oql _
110,70 26.5 .fﬂoqu.34.-~
147.79 27.00  2135,7g.
184.97 278 T 2178.3a
222,26 2B.0 _:zzi;oﬂfgp
289,65 _ 28-5 . 6-4-81 o
297.14 29,0 - 23T06.71
334,73 2908 2349074
I72.47 I0:0 |, 2392,
410023 - V3005 2436.14
448,13 =1.0. 2479 52
484173 31.5 2523.02
S24.24 3200 2564.64
- 562.45 S2.5 0 2610.328
600,78 33,00 2654.24
639.18 33.5  2698.22 )
&677.70 34.0 2742,33
715,37 34.5 2786.55
- 7ES. 08 35.0°  2830.90
793.89 IS.5 0 2875.37.
8I2.8% Téa0 2919.97 .
871.88 35.5 7964'69‘
211.02" 37.0 3009

S0, 28 “ 37. L] -.)0\.44 ql'

98R.84 . FB.A 3099, 50
1029.10 . 38.5  3144.83%

1068.68 © 39,0 319018 ,

1108, 35 ;aﬁgsv;;zzzs;aa-v

1148.14 40,0 81“

1188.03 = 4o

1228.03 - ¢ -a1.,

1268.1% a1

1308, 35 42,

1348.67 420

1z89.10 ‘a3z,

1429.84 . 473, :
C1470,29 44,077 3650.85
1511.05 44.5 . .34697.863 -

1551.91 45.0 374457

592.89 45.5 . 3791, &4

1633.98" 46.0.. 7 3828.84 .
167187 46.5“”_“886”18
1714.49 A7.0 - 393T.66

178791 47.5 " 3981.27

1799.44 - . 480 .- 3029, Q3

1841.09 48.5  4075.973

1882.85 49.0 . 4124, 9g

1924.72 42.5 .3173.1a

1945, 70 S, 0

'.'T}i4zzr.4a

01

88

4269 .92

4318.52

367.~/-

441617

44465.21

4514, 48

4563.73

4561371

4662.85

4712.63

47462.54

4812. 465

4862.88 -

4213,27 .

4943.82

S014.51
I0635.37 .

5114.38
S5167.55

5218.87

5322.00
5-‘7-\_\‘ 8 1

S270.3&

5425 75‘

q477‘?1'

S930.20

5954.5¢6

' S5B2.64
S4635.29
. 94688.08 -
S741.03
5794018
5847.46
5900.92 -

6008.37

6062, 35

&170. 83

&itb, 50“”

6225.34

$280.02

&334, 89"
6u89 guuﬁv
644515
6500.55

6556. 13

6611.90
-T-Y- v 85 L
L &T2T. 99h¢J
6/80 uivlf
68“6 8"_ﬂﬁ

75.5  &B9I.52.
78.0 5950, 41
76.5 . 7067.49 .
77.0.  7064.74
77.5 . 7122,22
78.0  7179.88
78;5 7~J/“7q
9.0 729578 .
79.5 . 7354.073
80.0 7412.47
8O0.5 - 7471.11
B1.0 - 752994
BliSf\.7489.01
82.0. - 764B8.24
B2.3. 7707.71
3.0 77e7.37
8.5  7B27.73
B4.0 . 7887.31
84.5 . 7947.59

‘ge.sS
S e0.0
90,5
910
?1.5 .
B = s R
- 9R.5
Q3.0
PILT
FaLDi T
Fa.39
95.0.
9=, 5
25.0 .
96.5
7.0
97,5
qaib,gq
9B.5
B L= By SR
“QQ.SQ?
hW"‘ :

E—”UIJ* AF

2" Bo08. 08
' B0&8.79

8129.70
8190.83

- 8252.18
. 8F13.74
L B3I7S.SR
S .8437.52
©.8499,73
ﬁ85é2@i7
- 8624.84

8&87.72
B7S0.8%

8814.17

8877.73

8941.53
9005, 55

" 9059.81

134,29

J°1°9 02
_f92c3‘97
“f?::Q 17
Hf9u94 60‘
946'.1 '
‘geﬂg lg

-.- -.'&-




+2. 150G E~Q0S

AMAL Y IER
RESFINEE
F=.7
83.9
TIE.T
37.2
IT. &

.0

-

i = IO,

=l AEE

ANALYZIER
RESFONGE
-

Tt F
85,7
7347
S7.8
ZE.8

L5 Iy

+1.433658E—-002

ACTUAL

e I e L R

EMISSION ANALYZER CALIBRATION
CALIBRATION DATE:4/30/91

BENCH: 4 ‘
OFER&TOR'S IMITIALS: JEH
BAROMETER: 28.8& IN HG
DRY BULLR: 74 F '
WET BULEB: S5& F

ANALYZER: NDIR CO
: RANGE: S%
CONCENTRATION

OLD REGRESSION COEFFICIEMTS

+2.79TOLE-C04 —1.9T60F
ANALYZER ERROR TABLE .

D RESRESSION DATA OF: 11/17/89

; FREDICTED % ERROR

: 2 'OF POINT

4, 5 4,50 -.01
PRI 5. S7 -.41
2.7 : 2.48 -.82
1.80 1.78 -1.01
. PO -89 -1.15

« D0 Q.00

NEW REGFESSION MODEL DATE: 4/30/91

ANALYZER ERROR TABLE-
NEW RESRESSICOM DATA OF: 4/350/91
FREDICTED % ERROR

R % OF FPOINT
a._So

[ TV R

—-206&

. S0 4,50 . =00
T 40 3.0 .02
.70 2.70 -.02
1.80 .02

- ?.::)

06

~a 01
Q.00

JER RESFONSES: 7.7 95.7 95.4
5.7 $5.3 35.7
I3M IS : To% OF Full SCALE

% CYLIMNDER NMUMBER: 4.3%. / S8150

LYZER PEQFGHMANCE.BQEED UFON OLD REGRESSION DATA OF 11{1758?

% ERRCOR OQF
FUL.L SCALE
=.01
-0
—-.45
-.36
-2l

« 24

SIE-0UE +i+l.6FBITE-DUZ) K (AR) +(+2.S7T204E-004) K LAR2) +
SIE-00&) K (AR™T) +{+2, 1 16T7E-00B8) X (AR™4)

‘% ERROR OF

FULL SCALE
- i

.01

—.a1

.01

- 00

i uls)

+2 0 A48TETE—
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EMISSJDN;INSTRUMENT\CALIBQATIDN“CHART

- ___ANALYZER: NDIR'CO sy - ... o
. . - DATE OF CALIBRATION REGRESSIONS 4730791
| - DATE OF LATEST CALIBRATION GHECH: 4/30/91

IANAvaER.RssaowssfvsasusCUNCENTRATIDN*;

.59 50.5 1.47 - 78,5 L 2.82
&0 S1.0 T 1.49 TE&0 T 2.gs
P 265 61 5= 1.31 " 76.5 . o go
L03 27,0 W &3 S2.0 - 1,33 0 77,0 L 2,92
204 - 27,5 IR -7 Sz2.5 L 1.85 77.s 2,98
.05 C2B.0 T g 53,0 1.=8 - 7B.0° . 2,99
=060 o R8LE . g7 83,8 1.60 78.5 3.0
07 29,0 .89 . B3 9 1.62 79,0 3.06 .
COB7 280 - T mg S4.5 1.64 = 79,5 3.10
.09 3OO0 .72 =30 1.47 80.4 I.14

10 Ce30us. U7 55.5 1,69 BO.S A b
11 0 31,0 <75 56.0 .71 81,0 3.3
=121 31,5 R A 56.5 1.74° . gi.s - - 3.2%
«13 0 3200 .78 .76~ 82,0 3. 50
.14 a;~:$2:5;-%.'ﬂ”qao'“' 1.79 . ga.g . 3.33
15 3300 w81 .81 ' gz.0 3.37
<16 Il .83 1.8 gz.§ 3.41

Y17 - 34000 T uBT 1.86 - 84.0 . .45
.18 ‘34.5 88 1.88 ~ B4.5 . 3. 49
19 0 3500 - o888 1.1 - 83.0 | 3.5%

-1.94 . B&.0 - S 3. 581

L2 26

EAWARUUNL -
CUSUSCUSUDMo W
o

>7

0.0 OMmN o
SCUSWMSUmoW

W o
0 00
CUuouwmowmowm

-
-~
Pl |

(AP
e D
»
e

e

.["_I

o~ O O
)

P22 36,0 9y B & ‘
-Z3 0 36,5 led 61.5 1.99 - 86.5° - 3.3
2.0 23 37.0 095 . galg 2.01 B7.0° . 3.49%
2.5 =25 7 -37.5 94 2.5 .04 87.5 . 3 7a
13.0 C o s26 - 3.9 -?8 - &3.0 2.07  BB.O - z.5g
1.5+ .27 | 3.5 -1.00 . e3.5 L 2.09 88.5 . z.l@z
4.0 29 . 39.0.- 1002 - a4.0 2.12 ge.0. - . =z_g7
14.5 o «30.. . 39.5° - 1.04 44,5 .13 - 89.5 . 3,91
15.0 .31 AOLO s s 65.0  1.'2,17'{_‘ 0.0 - 3.eg
1s.s .323-ﬂ3u40;3{f{'f:1;07 65.5 - 2.20 90,5 4. 00
16,0 z3: 410 1,09 66.0 2.23. 91,0 4,05
6.5 . ,3m i R T 5 S VNS 226 . 91,5 4,00
17.0 .36 1L 670 - 2.29° 2 92,0 . 4.4
k| 17.5 1 .37 1:15 0 a7.5 L2432 - 92.5 4.19
i 18.0 = .33 ¢ o 1.16  ag.0 »+2.35 93,0 4,27
i 8.5 -~ - L40 . az.y o 1.18 48.5 - 2.38 . 93,5 .. 4.2
12.0 . © l4ar . aa g 1,20 6%.0 . 2,41 94000 4,33
9.5 . .az  aa5 1022 ge. 5 2.44 . 94,5 4 =g
20.0 - 443 45,0 1.29 70.0 . 2,47 5.0 4,33
205 - a5 . g5.5 . 1.26 70.5 2.50. 95,5 | 4lag
1.0 R R Y T . 1.28 7 71,0 2.53 95,0 Y- T v
21.5 C .47 0 46,5 0 i 1.300 71.5 2.36 = 94.5 “4.58
22,0 .49 a7.0 0" . 1.32 7200, 2.3% 97,0 a.ex
225 - im0 475 1.34 - 72.5 2.62 1
2T.w o lsa 48.0° - 1.38 73.0 . 2,65
2I.5 .93 48.5- - 1.z8 73.5 - 2.69
24.0. -S4 49.0° . 1,40 73.0 2.72 ¢
=4.5 . . Z& . a9.5 1:42 74,5 - 2.75
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XE%#; 0 XEsEX BAS FUEL ANALYSIS #xkxx-
ggf%: " C L MO WITH ASTH CORRECTIONS %k

:NfMDuE*FﬁAéTidmsgf

CH4: 0O.Sa00 . ? Lo NZ: Q.0510
CoHS: O 0000 o C2H4AT 9.00000 - DZ: 0, 0008

—

 CIHB: O, 0000 - C3H&: ©.o000- - GIR: . 0000
IC4MI0: O Go0d -~ - CHZ: o0 20 CEZ: O.4040
NCAHID: 0. 0000 HZSs: . L OHZO: 0. 0000 -
ICSHIZ: O, 0000 - Co: .00 o He: ©.0000
MCTHIZ: O.Q000 . CET e Ay QL0000

CoHig: O, 0004
CTH1&: O.0000 .

THE SUM OF THE FUSL MOLE FEACTIDNS 180, 99940

THE QPFQFENT FUEL MDLECULAP NEIPHT Iéf28;63941
xw*wﬁ*$*ﬁ*#>a**g#ﬁi#i*i# *xx#;LE#*#************#**#*xk*#**wfﬂiﬂwi*

THE FOLLOWING MASS *EHF‘jFﬁncFAM-
CALCULATIONS., THEY. LNCLUﬂE THE CAREON 1N coﬂ ﬁmn THE HYDRG s:u u
IN HZO IN THE FUEL CAFRRON AND HYDFEOBEN VALUES.

#vw**»xww**wx**wwﬁiwxwh*wmxx#:**wz*4x&#wwv*#ﬁ**ﬁ*x*x###ﬁw*#zx**www}- ‘
THE .TOTAL FUEL :AFBUM PﬁPCENTAer ISf‘*f-4v. &51 %
THE TOTAL FUEL HYDROGEN FEFCFNTﬁGE 18 7.798 %,
THE FUEL OXYBEM FERCENTAGE ‘IS - ' 7 44.452 %
TS CFUEL CNITROGEN FEDPENTABE IS : S H.098 %
. FUEL -SULFUR FERCENTABE IS . di_n uﬂn 4
11E FUEL ‘He AND Ar iMrFT FERCEMTAPE IS SIS lVIE

THg'sumrﬂTIGN DF Mﬁsq FEFCENTHCEE Ic'- 1nu unu'x=

#***#*#&h*********i*##*#****#*k###****&*Y‘#¥¥$¥*#*#**#***#ﬂ*#i$$*#
THE FOLLOWING MASS PERCENTABES ARE TO BE USED FOR SPINDT AIR/FUEL
RATI0 CALCULATIONS ONLY. THEY DO NOT  INCLUDE THE CAREON IN .COT
OF. THE HYDROSEN IN HZ0 IN THE FUEL. CEREON AMD HYDROGEM VALUES. .
*****ﬂ###»wr***iww**r*xx*#**#*%r*mv*##**x:*xt#*u*ﬁ#%***~**x*#*trw$

THE BURNAELE CAREON FERCENTAGE ‘IS ::.:49
THE BURMAELE HVDEGEEN FERCerAGE s 7. /98

THE HTGHIP HV“FDG:NfCARﬁDN RHTID OF THE EUFNQELE FUEL FRHCTIDQ IS 3 1

THE STC iCHIDMETnIc SFTNDT qrp IS'TS' T5i1 BYAM S

THE-U”SATUEATE“ HIC“ HEATING VALU: IS 449.5 BTU/FTS
THE UNSATURATED LOW ”:ATING VAILUE IS . 4”4.8‘RTU;FTT:.
THE SATURATED Low- “EﬂTINu VﬁLUr IS5 486.; ETU{FT&”

rHE-FUEL QFE“IFIC GFAVITY IS ( °7ﬂ1"

THE FUEL .DEMSITY ‘IS L0742 LEBAFTI: . L '

THE‘MOTDR OCTAME MUMEBER. OF THE FUEL 18 119.7 o o
I IDEAL - =TDICHIDHET=IC FLAM: TEMFEFPTURE IS 3386 DEG F.. -




‘-" JUN 24 ‘91 89:19 IGT CHICAGO IL

.. . _ P.5/8
Page ¢ IOTMALYTIGAL ~  REPORT Work Order ¢ $1-08=031 -
Receivad: 08/12/91 T ~ Results by Sample
| “PLE ID Rhode Ialand Gas Sample $3 FRACTION Q3A  TEST CODE QAS1. . NAME GAS ANALvwYs =~ .

: Date & Time Collacted Q8/08/81 =~ Catsgory
COMPONENT JMOLEX Db, _MEIGATY.
Polium ND
Oxygan & Argan 0.08 0.0 .08
Nitrogan 5.10 2.0 5.08
Carbon Dioxige 40.8 0.01 3.8 _
Methane 54,0 . 0.0% !@.l
Ethane ' L 0.0
fropars BEDL 0.01
{=Butane BOL - 0.01
n~Butane : EDL - .01
nec-Pantane oL . Q.1
{~Pentarm - BbL 0.01
n=Pentane BOL 0.01 _
€~8 & Heavier 0,04 a.01 o 0.1
Hydrogen sultide )

Tatal 100.0 ‘ 100.0
CALCULATED PROPERTIES at 60 F / 14.73 paia (ASTM 3588)
Specific Gravity . 0.870 ' : : e
Compresaibility [2] : 0.9%74 ’
~ ‘Gross Heating Value (BTU/SCF) Net Heating Valua (ETU/BLP)
: - Py == } 50 ' = dry — ¢ 498
-— fgt.— ! 341 - gat,~= ; 457

AnRlyst : Joff Lander

NOTES: BOL = below detection Timit (D.L.) 0.01 molek if net specified
ND = Component not detersined by this analysis

L .+ MNOTICE: Neither IGT nor any pir-nn acting on behalf of IGT assumes any
Tiability with respect to the use of, or for damages resulting from
the use of, any inforaation presentad in this report. ‘ ‘



_AREXX BAS FUEL ANALYSIS  K¥kin.
R WITH ASTM CORRECTIONS ¥¥3

CH4: 0.5400 -*‘ Y S NZ: 0.0454

CZH&:r QL0000  C2H4: o udu“ o U2y D.001n S
TCIEHB: 0. 0000 CIHS 'f”‘éIR: N Hqu\r'Hudw
ICAHIG: 0. 0000 S COZ: 0. 4090
NC4H1IG: Ol 0000 HZ0: U.Ufnn
ICSMHLZ2: O 0000 s _ ; HE:‘U;QUUu;
HCSHIZ: 0. 0000 N - VPt

CeH14- '{_. iaTaty)
C7HIS: O.0000

l-!__

THE SUM OF THE FUEL MOLE rwﬁ:Txnwa~' 0.59970

I—I N
S

THE QFPQEENT FUEL“MGLEPULﬂH N:IPHT y _28?1Q441'

**w*wxkx*xiw*www¢»*f**##x***x**v*-“tﬁ*xswwx***&imwh*‘ ¥
THE FOLLOWING MASS. FERCENTAGES ARE TQ BE USED FOR "EAF' FROBRAM
CALCULATIONS.  THEY TNCLUDE THE CARECN IN COZ- GND THE HTDPDF~N
IM HZQ IN THE FUEL 'CAREON &ND HYDRUGEM WALUES,

v**‘P*?!*i*?#iﬁ%*ﬁ1**#**1#%*3*5 ##**#K*h#*****##***h*##k*r*ﬂa#h**$

THE TOTAL FUEL CARZON :::C:u

CE‘iS 45,598 Y
THE TCTAL FUEL WYDROGEN FER SNTAGE 138 T.7g0 %
THE FUEL CXYGEN CF”CEMTHPEwTS 36,695 7
THE FUEL NITROBEN FPERCENTAGE 1S 4.828 %
I FUEL SULFUR PERCENTAGBE ‘is. A DO Y

£ FUEL He aNMD Ar ;mszs FERC 00

THE SUMMATIDON DF‘NQSS‘FEHCENTRGEE qu S100.000 %

‘-****#X***R*#*###*****#*#ﬁ#*?‘#?****X*#**#*#******#Iﬁ*#*$*¥i#*#** ﬁ

{
1
i
:
!
i

iTHE QTDICHIDW:TFIF SFINDT @ﬁP Iah'5 3451 BRY MASS

THE FOLLOWIMG MASS. FERCENTAGES ARE TO EE USED FOoR SFINDT AIFR/ FUP
EATIC CALCULATICNS OMLY. 'THFV 03 NMOT INCLUDE THE CAREDN IN CO
CF THE HYDEOGEN IN HZ0 IN THE FUEL CAREON AND HYDROGEN VALUES.

THE BURNAELE CAREOM FERCENTAGE 15 2TLIITE %
THE BURNABLE HYDRD

CEN FERCE NzACP s 7.780 %

THE Arahzc'HyDRQGENICHREQN:Rﬁxxagapyrygﬁauﬁm ABLE FUEL PqCTIDN I—-;

- THE UNSQTUFATED HIPH HEPTING VQLUE 18 So0.0 BTYU/FTS
- THE UNSATURATED LOW HEATING! VA'UE I5 . 47 .1 BTUSFTT

T, S =

CTHE EQTURAT:P LOW HEQTIHu VALUF IS 48a.5 ﬁTU’rT*

THE‘FUEL qFEFIFLF GquITY IS “.97“4
THE FUEL DEMSITY 1S -0744 LE/FT3 Eeotoen _
THE MOTOR OCTANE NUMEER. OF THE FUEL 1S 119 7 _ L
I IDEAL QTDICHTUMETRTC FLAME TFMPEPATurE IS "58* DEG F.“

FEEERRE

*ﬂ****!u*s*x&wwru»*a»t*##rykx#ﬁmxvxxtxww%*ﬁ**x*»vr*;*xaaxﬁtaamxxml=




Page 3 TGT_ANALYTZCAL REPORT  Work Ortur § $1-08-037
Received: oanuﬂ ' ) flasults Dy Sampie : . :
WPLE ID ,;__M;_Is.!l_ﬂ!“_“M FRACTION Q24 TEST CODE GASY . NAME ___.ﬂ!—.___——-—-
Date & Time Collectsd M___ - Category ___________

COMPONENT ‘ MOLEY N - VI MEIOHTE

Holium . ) o

Hydrogen ‘ . G.08 . 0.0% 0.01
. Oxygan & Argon 0.10 0.01 -0.1%

Nitrogen 4,84 _ 0.01 .82

Carpon Dioxide 40.% 0.0% 84.1

Hathans 54.0 0.08 30.8

Ethare 8DL 0.01

_Propane ‘BOL o.0

1=Butane ' _ a0L 0.0t

n-Butane 8DL 0.01

nac-Pentars BDL 0.0

i=Pentare . BDL : Q.01

n=Pantans . DL 0.0% !

C-0 &k Heavier : 0.03 0.01 - 0.18

Ryorogan sulfide _ ND :

Total ‘ 100.0 S 100.0

CALCULATED PROPERTIES at 80 F / 14.73 psia (ASTH 3338)

Spacific Gravity: H 0.872
Comprassibility [2] : 0.8974
. Gross Heating Value (BTU/SCF) Net Heating valus (BTU/3CF)
-—dry — : 851 ' - dry -- : 438

- SAL,== | S41 N - sat.e= U 487

Anatyst : Jeff Lander

NOTES: BOL = below detection Mmit (D.L.) 0.01 mcles if not specifiea
ND = Componant not Getsreined by this analysis

NOTICE: Neither IGT hor any person scting on behalf of IGT assumes any
1iab{Vity with reapect to the uss of, or for damages resulting fros
the use of, -any inforsation presanted {n this report.

¢ . JIN 24 ’91 89:18 IGT CHICAGO IL ‘ - P.as8 -



”:;#ﬁxwi BHE FU:L ﬁNHLYSIs .*m*xm'

CUkEE WITH pGTH CD==ECTIDNS ***

TUEL CDMPQSLTIDNrszhuugﬁsﬁﬁc71Qw53ﬂ‘_:

CH4: 0.5520 D L

C2HE: G, 0000 L C2Har 0. uﬁﬂa-_'

CIHB: o.o0o0 - CZU5.~: o
IC4Hi{ G 0y, Qi : HZ: O, r)(‘.l"‘, _ _ _
HNCaMioe 0, 0000 S H28: 0.0 H'h )_‘" S HRE: 0. 0000
IC3HIZ: O.0000 . g0s G. CHe: Dooo0g
MNESH1Z: Q.0000 o ‘ Ar: Q0000

C&H14: G.onoz
C7HiA: QL0000

THE SumM OF TH: FUEL MG'E FWPCTT”MS IS G qﬁQQQ-

THE AFPAHENT-FUz' MGLELULHR NETCHT I ?7'Q97“4‘

**ﬁ&v***xrisw#*#wxr*#***wxx#*x&»*mx#xx*s#x*sﬁxxAﬁwAW*;**********,jiﬁ‘

HE FOLLOWING MASS FERCENTRBES ARE TO 2E. USED FOR "EAP" PROSRAM
CALCULATIONS.  THEY" INCLUDE - THE CARBON IN COZ AND THE "HYDROGEN
IN H2O IN THE FUEL.CARBON AND HYDROGEN VALUES, A
ﬁ*»»&;44*m*;#*$1A$' ;s#*:sas*-h%*ax**;p»%*ia*m#%#*#é**#w***y*w*;*i"
THE TOQTaL rU:L CoAREQN - PERCENTAGE. ‘ig at, 45T 3
THE TOTEL FUEL HYDROBEM: FERCENTAGE 15 .. 7.971 7
THE FUEL OXYGEN FERCENTASE IS ' 47,273 %
THE FUEL NITROSEN FERCENTAGE IS . IT.I9T %
I FLEL SULFUR r='E£'=CE'\"¥'::‘J“I-‘ 15 - Lo B, 000 %

SUEL He AN ar IH:FT” “EFCEU TAG E-IS- Ut a Aty T4

THE EUMMPT‘ﬂM DF FQ”" FEF"ENTﬁuEQ‘TSq_ 100000 %

*#*##*#?‘*#*#*&?r**t**#i*$¥*$**i¥*i**#********Kﬂ***##$$#*x#tﬁx**** 
THE FOLLOWING HHSH.,:ECEWTQJ:S ARE TO BE USED FOR SFINDT AIR/FUEL
RATID CALCULATIONS: DNLY. *H"Y oo NE! IHZLUDE THE Cark BaON IN Co2-

DR THE HYDROGEN IN H2Z0 IN THE  FUEL C&RECN AND HYDROGEN val Urs. _ .
#**#ﬁ##*%*iki***%&ii*#***%##**i**##**#***K*ﬁﬁ*****i*$**##$¥x$*X*ﬁ#

-+t
f “ m

BURNAEL E CH:EQN EKECENTQFE TS el 74ﬂ =

TH
THE RURMAERLE anFDSEM r:EF-C"--"\JT"QC-E‘: IS r °71:ﬁ

THE ATOMIC hYdRDGEN/CAFBDN FATID OF THE BURNAELE FUEL. Eapcfzﬁm~15:¢g;m¢1_

} THE STUICUIDNETFT“ SPIND: AFR I:_ q.45 1 BY MESS.

. THE UNSATUPATED stu HEAT;NG VALUE IS S60.9 BTU/FTS
| THZ UNSATURATED LOW.-HEATING VALUE IS "G04.9 BTU/FTS
;THE.qATUFpTED Low HEATIPB vﬁrur Is 4~c 1 BTU/FTS

1 ' .\. - .
‘{THE-FU?L SPECIFIC GRAVITY zs QéBé -44

" THE FUEL DENSITY IS 10741 LBfFTa G

. THE MOTOR OCTANE  NUMEER OF -THE FUEL IS 11¢ 7 '
i T IDEAL QTDICHIDMETRID FLAME TEMF EnATUFE 1S 3394 DEB F.
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Page 2
Receivea: 08/12/91

‘PLE ID Mhode Island as sawsle §1 FRACTION 018  TEST CODE Qust  MAME -

Catescry

- NOTES: SDL = below detsction limit (D.L.) 0.01 molex if
ND = Component not determined by this analysis

NOTICE: Neither IGT nor SNy perscn acting on benalf of 1aT assumes any’
anility with respect o the use of, or for dusages
the use of, any inforsation presentss in this report.

JUN 24 ’S1.835:18 IGT CHICAGO IL
' IGT_AMALYTICAL

REPORT

Results by Sample

Date & Time Collectad D8/04/91

ONENT

" Helim

Hydrogen
Oxygen & Argon
Nitrogen
Carbon Dioxice
Wethane
Ethana
Propare
$-8utana
n-Butans
mo-Pentane
i-Pantane
n-fantans

C-8 & Heavier

. Hydrogan sulfide

Total

Specific Gravity

Compressinility [z] :
Gross Heating value (BTU/SCF)
— dry -
- BRT.== !

Work Order ¢ $1-06-031

MOLEX D. L,
ND
0.13 0.01
0.08 6.01
.29 0.0
41.3 0.01
85,2 0.03
L 0.01 -
2DL 0.01
BOL 0.01
ROL 0.01
BDL 0.01
ROL 0.01
BDL 0.01
0.062 0.01
ND

100.0

0.980
0.9974

61
552

0.01
ol”
3.29
86.0
31.8

CALCULATED PROPERTIES at 80 F / 14.78 Paia (ASTM 3328)

N6t Heating Value (BTU/3CK)
-—dry - ; 508
= sat.== 497

Analyst

: Juff Lander

resulting from

not apecified

P.3/8
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Page 1 S m_mumml. . REPORT . ~ Work Order 8 31-08-031

Received: OS/12/81 - 08/24/91 08:4§:18 o

“CPORT. Eﬁgm !ng'ln' Division nsnnsa c_r-_-_-_ima_@_s,_r_n_u_!_

7o presser !ndmrhs, ;55, BY Institute of g;s Tacnnology
looa West Saint Paul Avenue _ _3_4;5 3. Btate Street :
| Waukesna, w;, s3188-4890 - g_g, :!, s0816-3836 ' GERTIFIED BY
ATTEN Mr, Scb Alyea = ATTEN 8 iBupiness Phene.
-' PHONE 31 -;gv-s;as i 312-567-3650 . CONTACT KONCAR 3815

CLIENT WAUKESHA ENG ' SAMPLES _3 _

COMPANY Waukesha Engine Division {For irional informati tho CONTACY w.

FAGILITY El‘lmr Ingdustries, Inc. NE;THER IGT NOR ANY PER‘!ON ASTING AN EEHALF OF IGT Assum g Ay

muegm, W, 5315;-4239 0 THE USE OF, OR FOR DAMAGES RESULTING -
. gam 'rug g g, u ;uroau&nou PRESENTED IN THIS REVORT,

WORK :omzsnnamy_.g v o

TAKEN _ . FAX & gopy of The reports to Bob_Alyea at :414=348-28901

TRANS o .

TYPE

P.0. & J25% g - B )
IWOIGE Mg nurag Qo_v

. SAMPLE :nemncxrxnu : TEST CODES and NAMES usad on thu verkoratr

. Rhode land Ga: e 81 [7.L ) GAS ANALYSTS

P.2/8
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m._m“mu gy
L R , N B B A R S T e,
T ij\.ﬁumﬁ I T Ly e
e 777 B RZZ = PRz WY A X B2 [ 7 poe o
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" emonin amlym

it

| ‘A:B‘STRAC"I"._. —_—

‘lhe corn aoaiu.n. of a bumed mu:ture of nr and hydm- o

' carboas. st ‘reflce; rhr air-fuel rauo of the original r
.. mixture, Thrs paper. anu».."‘rh-t the: ajr- -fuel rario. can be
calculated by an equatica that. involves only - fue! pomposz-
-tmn and ‘exhaust g.a _compositiou.
L hydm.a-bor. content of e combusted mixture: has been
-measured wi:h a ﬂame mmzanon detecu:r
’ crwmter».

o ENGNEERS KAVE be;.n Awl..e :mce the days of the ﬁ.m-as- :
" oline. mg.a-c a1 the | cﬂmposmon of u,e ¢xhaust pas teflects
: Ibe compom'rn of fuel .nd air tharis mducted ioto the en-.

: the ongmal gnnum, nweu 2 light eracked pmducu are
- also, present, Only undet good combunion conditions doe.s
_methane. occus at 3 larger concentration’ thad any other sin-. ‘

'g!ne Since air-fuel fatio is ve.r) impomm 0 e.ngme per-~.
' fomnnce and exhausr gas ..nalysis is. deccpuvely nmple. a
comrclation of exhaust gas analy

‘the eompmem caocwvrmom md it is not u:nsxuve r.o smnll

" One of the figir u::'c: sive n.udu-.s lu co'rel:nc air fuel TR
tie with exhous: gas acalysic was reponed by D' Anc\a and

. Llovell (2).* I the dissussion of lhu paper, H. c. Dxckcn-‘ o
- 8on (1) cautioned that the rezults rcpom.-d were' accurate and, '

usable only whea cuxr.busuon is complete; tha is, the fucl
is bumed 10 equhhr.mn products.: When ‘misfiring orin-

o complcte conbusuon vscrrred, no meanmgful results: couid

be-obtained. - Assumiztions ‘ade by thcse a.ul.hozs we:e I:har.
1. Combrsticn was cemplere, -

‘ 'pnaze.
3. -0.16 mole of mc!.‘unc was formcd per mole o!' fuel.

‘Even az thit time, other hydrocarbons were: known to be

o ﬁme.nt inthe ext au_t out ihei: analym was difﬁcu!t. S
- L. S. Leonard () U: a3 d—-n.nbe.! a system for cvaluaung
- &ir-fucl saiio fron: eanav 3L gas. zm!yus ‘He assunes com-

plete csembustion and ay, e:npmc:u correlation of hydrogm S
#ud nicthune conzen: traiions with: carbon mauoxxde concen-
tration. The fucl- stmc'uumeuy ncccssary for a study of fuql_'- .

d::mbuuou ,.robl..m. can be ca.culated f-om his chatts

However, wh Ten comh.-:t‘oq is not complete erroneous te- g B
!nr-o'npleze comhusuon occurs undc.r -

‘ mus will oe obuu.cd
sore common ccnd"mn:

It 1ecent years: e sm:!y of cxbaust gasu for t.hcu hydro-
carbon’ eont=ar s Legome very unpomm for’ undcmandmg__g
thlc. mclhanc is an im-

o thigdr eoniiibution o air pulluuon
 pottant cxhawst c..mm..lcm nhx 3 all l.h(. constituents jn
* . R )

hun.bcu m parenthy

s dcq;,n.;u. Ra.feruu:cs at end of

For this calculnuon the 3

as & carbon SRE

sis and air-fuel rario has long-
- “been sought. This: Daper prusents yet. :mo!.her way. of come- "

- lating these compo.nicm The method is based on ratios. of - ﬁhydroca_'rbons r:semble ,ho,e of the origius

figures were obtained by. gas, duomnogn‘ph‘y‘ i.sm;: “ capu-
lary colurn coated with sqiialene. '”

exhausr from a nngle-cyhnd
fuel . rauo 1800 pm,

2, A w:uet-gas e.quuxbmxm cousta.nt of 3. 8 was a‘pprd- ‘-

Alr-F u?-‘;!.:."\Ratio..Q fro’m.

R _i]‘.s Spmdt |
Gulf Research & De_‘e!opment Co

- Figs. 1.3 {lustrate hbw the’ exhaust pa;
‘r‘ ..H‘Y" '

Fig. 1'is obtained- from the onginal fud r:g 24 !."!..._

ditions é;cept av 20 n. Hg manifold vacuum . vamvl\? L
the exhawst gas 7contams ngmﬂuut ammnu of- uuhumed o
Cfwed, 3

C andithaey seave .
o
1

i

._.l e e
s : ) ‘ '_:I . H

Flg l- Chromamguphic reco:ﬂ n!’ hydmuboa compo-
: nents =~ original fuel
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Fig. 2 - Exhaust gas cruise copditions -

While methane and ethylenc (unresolved components of
the first peak from the right in Figs. 2 and 3) are majorcon-

- stituents, they represent-less than 50% of the total unbumed

hydrocarbons present under any conditions studied (3). Fut-
ther, thermodynamic comsideration of combustion processes
(4) shows that methane should be a minor product of com-
bustion present in concentrations less than 0.01% of the mix-
ture under the most favorable conditions. Under many con-
ditions of use, much more unbusned fucl may be present.
The exhaust gas, however,-still reflects the input charge
1o the engine and its analysis should permit air-fuel ratios
w be calculated indcpendent of the extent of combustion.
This paper suppory this hypothesis and maintains that com-
bustion is complete in the flame. All unburned hydrocar-

. boos arise from incompleté passage of the flame through the

mixture. Methane and other products are formed from com-
bustion intermediates reacting by undefined processes in the
quench zone (5) next to the combustion chamber walls.

The theory shows that air-fuel ratio can be calculated
wsing only ratics of the exbaust component concentrations,

. that fs, petcentofCOCO O and bydrocarboos. Fuze

ther, no mwuwwwns .
Cazall

Mww:m:__

tiog.

THEORY OF THE CORRELATION OF EXHAUST

‘COMPOSITION WITH' AIR-FUEL RATIO

~ Let 100 moles of air react with X atoms carbon and Y-

moles of hydrogen fiom a Lydrocatbou C “m' The general

ARTRARTY BEALL

-
1
Fig. 3 - Exbanst gas motored conditions (attennation 10X)

eombu:tinn equmon then will be:

20.99(0 )+X(C) +Y(H )-—iA(COZ)Q-B(CO) .
Q)

+C(H )+D(H2)1-E(02)

where A, B,C.D reprc.l-cm moles of prodoct and E repre-
sents moles excess oxygen, if any. (Nitrogen from the air

~ (19.01 moles) has been excluded from Eq. 1.)-

The following equations give the m:chiomeuy of the
system:

X‘=A+! Carbon Ralance  (2)

- Y=C+D Hydmgennahhce )
2099 = A +8/2+C/2+E Ch'ygenhhnce )

' Carbon monoxide and water ate known to equilibratewith -
carboa dioxide . md hydrogen in fixed proportions w yield 2
constant called the water-gas equilibrium constant. This is |
defmed as: : '

. _CxB S
K= x D S ®
“This constant is temperature dependent but an average
value (3.5) bas been deduced that is satisfactory for the pur
poses of this correlation.® - Quiu: hxge vaxiatiom in value

*The value of the constant K way chosen by txeatmg it
as an ad)ustable parameter and chowng the value that gavc .
the bemt fit to the data.




-

- el this constant have ouly a small effect on'the éi@tulatédf- ‘ . ? b
. Mrefuelnade. o o P =—r—. . ay

Now, air-fuel ratio is defined as Ib air/1Ib fuel, There- ; . o .
fore, - - S S L ‘ L
' . 28 :-97 ':x:\IIO‘B‘ | : whc.-.re:_:"
A/F = G om + 2.016Y S VR

. ‘ ST : PCH= Per cenz:cgyffi?oﬁ.*in;hydr-n@ubom on a pc.r‘carbon
- Also; the fractions f:f carbon .‘_(f":")'_"ax;:&.hydrogcu_'(E'tj’) ina lf_?sxs-. U IR S S

h)’dmlﬁén' fuel are ‘defi_xiéd as; i

R T TL A EPE Y L e T —— ., @)
F B e —— e, E =}_.—-—-—_-—__.___ ('7) ) i coT D "l
¢ 120X+ 20167 12.00x + zo6y -

O other elemeats are preseat ia the fuel, Eas. 6 and 7 can
‘be readily adjusted without affecting the analysis.) Egs. ¢ o
- #0d7.can be wived for Xand Y:' A
- ”zssn'pc ST A
T Euamt im0 @

i (16)

- an

Y'i—r——-—é81437-0'-——- ' T () A oo R S
T e ol of b g el e moleor
. ¢ the original charge. times 8. the - fraction ‘unbuiued plus the s R _x"Fu R
! . moles of the combustion pmduct:"ﬁme‘slme fraction burned. SRR L L Y
Abo, IfF, = fraction bumed 204 F ' fraction unburhed - 0y e
- Poge Do = Fux Hm.‘s-rtl-am e _Fj” Meus Fncn_«;a;ts' o e e
: . :Fb: “F.ow1 - (10) ' . Thercfore, from Eqs, 10 and 18: -

The ol moles o cxhaas ga per 100 mols of s e,
ﬂ!mfﬂlgg-_-: . ) o 5_'_"'._=:z_75; B T

THROR X/ R s G p ket

- X/n = Number of moles of fuel presest per 100 molesof -
. "7 la the 1otal moles of exhaust produced by combiustion
- Pes 100 moles of air. T s not necewarily equal tothe ac- - Y
vual sumber of moles in the exhaust analyzed siuce wates | |
_ may be condensed from dic gases. In‘any event, it is not
" mecessary to know T, since. air-fuel ratio will be’calculated: -
by ratio measwements from the relative concentrations usu- |
ally expressed asa percear. - PR
By definition the following perceatage relations hold:

an




Y

Ao

Substituting Eqs. 21. 22, 23, 24, awd 4, gives:

X XxR/f KxY?2 XxQ
WBETR TR KR IeR
_ : . . (235)
- 20.99F /F,

Suhn:imuug Eqs. 5, 8, 9 md 30 inw Eq. 25 and solving
for A/F gives;

AfF= RBYE (1 .p2.q) KO
‘_ 20. 99 12.01 ) 1+R TR
= F |11.492F 1+R/2+0Q . 120th (26)
bi " . el 1+R TE R |
: N

The air-fuel ratio is caleulated only from ratics of the
percentage components. Therefore, iljs not negessary to
fmoy the cxient of water condensed fram the gystem nor the

compleleness of combustion as such. ™. '
: R o

EXPERIMENTAL

~ Data required to solve Eq. 26 are the percentage concen-
tations of CO, C02. CH' (per carhon atom), and 0_2. In-
struments ate available for.cnminuou_s measurement of each

of the cdmponwt; (6). Carbon monoxide and earbon di-
oxXide werc measured using Beckman nondispersive infrared

- analyzen with 1/8 in, thick sample cells and quanz win-

dows. Oxygen was determined using a Beckman F-3 pata-
magnelic analyzer. Hydiocarbons were determined ou a per
carbon basis with a hydrogen flame detector.

To verify the use of the proposed equation, data were
collected from 2 modified CFR engine. The engine was run
at 1800 tpm, with 1 variety of air-fuel ratios and manifold
_pressutes and with several fuels. Since fuel composition is
very important, four hydrocarbons of widely varying carbon
contemt were wsed: isooctane, diiscbutylene, toluene. and 3

8060 blend of isooctane and toluene. In addition. four ex-
perimental commercial type fueh were also tested. Their
carbon coatent varied from 84.55-87.03 weight %. Test
parametens are given in Table 1.

Dara were tecorded ona Vmcorder. an optical galva-
pometer. Chart width was 5-1/2 !n. and readings wese
taken 10 the closest 0.02 in. b

The data were collected at 4-8 diffen-.nt air-fuel ratios
for each fuel and tianifold pressure. ' No attempt was made
to select any pamcular air-fuel ratio so long as a range from
atleast 10/1 10 15/1 was covered. Fuel was measured:
directly by timing the consumption of 0.1'lb. Airflow was
measured by three techniques. Above 20 in. Hg MAP a

. calibrated orifice was used. For low MAP (11-12 in. Hg)
. 43 well as at highet MAP. of 28 in. Hg a dry gas metcr and

a Meriam lamipar ﬂow mc!cr we:e wed in scries. Sinec

_ CFR engine with RDH hcad

Table 1 = Test P_mméu.u

- 8:1 Comprestion Ratio

Coolant, temperalute. F 210
oil lempcramre._F 180 .

. Speed”’ b ‘ ' 1800 rppm .
Spark advance, deg bic - (20) (25) (35 )
MAP, in. Hg Absolute® 12/ 20 28, 30
Air-fuel ratio .. Variable '
Total number of A/F :

ratio observations 243
Fuels C ~ . booctane
o Diisbutylene
Toloene
Isooctane o
Toluene } I_ qual Parsy

4 Cdmmemia!-’type fue’l:
* One et of nu’-fm:l ratios were run at 900 1pm, 12 in.
Hg MAP with dmobutylmc.. '

bOng: set of air fuel ratios we.re . st 900 pm, 28.7 in.

-Hg MAP with diisobutylene.

€One. set of air-fuel ratios were TR ar 1800 pm, 11 m
Hg MAP with fsooctane.

absolute airflow is not an easy ﬂz!.ng to measure accnrately
the three devices used provided a system for self-checking.
.Experimentally, the engine was rom undes. specifred con-

‘ditions. While the fuel and airflow were being measured,

exhaust gas analysis data were cbtained. Air-foel ratios

were computed from both the measured air aod foel flow

and the exhaust gas analysis. The darz were analyzed by

taking the difference between clk:uhtcd and measured air-

fuel ratio. ' Table 2 gives some typical results. These data

were chosen to show the effect of foel cubon-hydrogen -
tio and opeudng condmons :

’ RESULTS

This study, of necessity, compares air-foel ratios meas-
ured direstly with those calculated from exhaust gas compo-
sition. Fuel flow was measured by one method while ais-
flow was measured by three techniques. All three methods-
gave very pearly the same results telatlve w the valve cal-
culated from exhaust lnalysh with th: Meriam meter per-
haps most accurate.

Table 3 gives the average deviation between calculated
and measured air-fuel ratios for the three methods of air
measurcment. The Meriam and dry gas meter were used
simultancously while the orifice metes was ued with a dif-
ferent set of measurements. :

The siandard deviatiou of an obserntlon with the Mer- -
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" 10.64

©13.06
- 13.08

. '8.99
12,78

473, 1,
13 o
s

gm0 o
435

BS54

- 1385 417 0
ae
‘13.85 T

: _';""2.14'
3 044

915 osr9.
634 ‘0.621
181 0.438

10.36
: 4.52 033

' H.!d}d- ‘ S Wl
 eatbon. O _"-_100'-1::- . Calc

Fnel Taluc.ne -‘MAP 2’in Hg

10.69
12.20
12.62-

i 3-,_"_.}

.554;
0.421
2.98  0.350.
0.67 -__..0412 L1140 255 - 1378
0.23 0.8 3.77 479" 15.50

 Fuel¥’ 'rolue.ne MAP 20 i.n 1!3

.54 0,518 049 ‘_;‘2 53
s.'z:-_-'--'oaa-t 063 .97
032 . 080 177 1
012 0.126 ‘2561 ‘o 834 1532
0.57 "0.09 . A ¥ .x;o.css 1617
. Fuel: hooctaue - MAP 12 in Hg
€.88 0587 ‘192 ‘3_.41 12.39
(6.13° 0408 0657 2w 1252
2260366 131 2.‘33:\*' 14.47
0.77 - 0.719: .. 217 _" ;4.194 1544 -
+-_Fugli Iooctane - MAP 20 in. _g |
0.250 0.0 146 _11.94
J0.2100 0.0 128 1296
0.158° 70,15 -'-13._'__1.04 1420
0.116 ?_‘5- 045 0.83 . 15.07
o.oso'{;_- ‘3,54 f:*‘wo.sa . 17.88
e _1_§Fuel A . MAP 12 m Hg‘:
1067 320 1831

‘073
0.72
0.75

10. 69
11,51
12;33
-14.66
*"16.32

_‘12'."35
-"14‘;06
14.82

. os

0.30
0.

Fuel A - Muzsm.aj_
:"o.ssa 00 20 .

Mc.as- ot
..; uu.d‘ -

: ) 10‘.46'
118
"12.50
C13e8
°15.29.

10 o6
: 11.27 '
12,02

?1146.1' o

2 10.69
. : 12.‘38 v
~14.29
15.24
11682

_‘c0‘

. 618
-+ B89
10.31

12,93

23.26

“7 .82

; 10.85
12.08 .
14.11
123

9 .18 -
12 40

©13.26

1239
1333 -
1441 0 00T
| R § .99
1544 1
17.98 .

‘.:.:‘ va‘75 .
11.59

-

933\‘__;}: -

- 10.83 .. 6
12070
.- 13.88" Bt Rt

1544 o204 O,
17 22 1

657 11
852 ..

911 :
1194 276 .0

© 9.85

8,70

» ‘.35354,
1.91

013

10.85
Bt

0.07

o~

A
172

11.31

961
536 0.690.
212 063

: _'jFuelB Mapmm_i _

2638 ;]
0,760 - 1.
0,400

0.213' "0

043*" ‘

Foel €M 1210 g
150 785
095 5.08
086 4.00

pomt In ea:h c.ue the. tuding: of uc.h componenr e
arbur:mly mcrened or decreased by 0:08 io.ina sumttcal
paticm 10 give s 2x2x2x2 onhogoml amay. ‘The'net
ch:mgc in rc.admg of 0.1 in. for:any one. compom:m glve 1

maxxmum devuuon m m-fucl ratio of '0.08 ‘and of allcom- -

_hm gage and the dry gu me:ex is zo 23 au-fuel rauo umu
“This measure of error, however, contais: s l.he ertor in lhe

amlym of exhaust compusmon and the chror in’ “true au
and fuel-flow. A brief study of the dfcct of rudu.g crors
‘was madc using some of the. cxp«.nmcnui rr.-sul:s asa b.ue




CONCLUSIONS

~ Table 3 - Analysis of Data
Air-Fuel Ratio

Aveiage Deviation  Standard Deviation

Alr Measure- Measuied- Measured-
. ment Calculated Calculated
Orifice meter 0.134 0.177
Meriam meter -0.023 0.228
-0.134 0.231

Dry Gas meter

~ ponenn of 0.21 under the most extzeme conditions (each

componcm in the direction of maximum crror). Since the
readings are not likely 10 be in error by more than 0.05 in.
of chart, air-fuel ratios from exhaust gas analy:is are about
as accuraic as those from direct measurement of air and fuel

. flow. This analysis shows that small errors in measurement

do pot significantly affect the air-fuel ratio determination.
The apalyses so far discussed arc for tesulis obtained with
good combustion, 857 complete or better. This equation

" will give rcasonably accuraie results even with poor com-

bustion.

Table 4 gives some resulus of operating the engine at 11
in. Hg.- Even under conditions where only 65% of the mix-
ture burns the equarion gives a reasonable mcasure of the
afr-fuel ratio. While these results do not appear 1o be as
good as those obtained with better combustion, they are bet-
ter than can be obtained with any other method of calcula-
tion. For cxample, the first result of Table 4 calculates w
20 air-fuel ratio by ahe Leanard method and is completely '
ambiguous by the D'Alleva charts.

The principal error in these measurements, and this is
troe for all of the data, may be in the hydrocarbon results.
Hydrocarbons were measwed with a. flame ionizazion de-
tector which is a earbon counter, nearly independent of the
type of hydrocatbon burned. This detector gives low resulus
in the presence of axygen. With low hydrocarbon concen-
trations, this hat little infiuence. o the calcnlated ait-fuel

.Tatio since the hydmcarbon concentration coters nu!y in the
. fraction burned caleulation.

In the case of poor combustion with large concentrations

" of unburned hydrocarbon, there is a consistenily large oxy-
gen concentration.  The effcet of the oxygen is to underesti--
* mate the amount of hydrocarbon present which resulu in a

caleulated air-fuel ratio leancr than measured.

The use of an equation as complex as the one proposed,
does not lend fself readily to hand computation. With the
increasing use of computers for the analysis of exhaust gas
daza, calculation of air-fuel ratio can be simply another

computer step 10 give more complete and nu.amngful inter-
pteuuon of the dau. :

“The analysis of exhaust gases can givc a reliable mecas-

ure of air-fuel ratio. The method can be applicd to exhaust
gases without regand o the degree of combustion encoun-

Tablc 4 - Exhaust Gas Analysis with
lncomple.lr. Combumon

Per Cent Air-Fuel Ratio

H‘Zdro- ) Mcas-

CQ2 co carbon: O2 100 F Cale. pred

Fuel: looctane - MAP 11 in. Hg

4.89 6.97 6.40 ~7.50. 85.05 .- 10.91 1047
7.96 6.85 216 8.28 12716 . 12.16 11.62
1023 4.61 143 25 879  13.35 11256
1163 148 147 386 1020 1546 14.55
7656 017" 3,55 9.85 31.32  18.54 16.79

Then:

tered in the engme It i3 pot sensitive to :mzll errent in -
analyzis,

In summary, to caleulate air-foel nﬁo determine the
percentage concentrations.of CO, C 2 and hydrocar-

bons (per carbon arom). With these pen:g_mg_u and the -
known fraction of carbon in the fuel E‘ ). calculate the fol-

_lowing ratioz

R= P/ 'cba

Q= o/’co

F""c:o ’/‘co °°s =

- e . woa-F)]
- . 1+R/2+¢Q [
A/F B [1.%‘?”:( TR )* XY ]
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EMMISs

_ SN
FILE NAME: JLF, No.2=n7oo
ENGINE MODEL: V17RT2JGL :
REF.LOG.NUMEER: ~
TEST NUMBER: UNIT 2
LOG. SHEET NUMEER: -
OPERATOR: HOLMES

&

DATE: &6/6/91

BENCH‘NUHBEP' TRUCF

TEST NAHE. UNIT ‘NO. 2 JDHNSTDN LRNDFILL g

RAN‘DATA PRINT‘UUT:I

DATA
POINT .

' “SPEED
RDH

BMEP .
PST BHP
2404
2404

'196;2_'
196.2 -
196.2
196.2 .
1962

900
200
200
Q00 .

- 2404
200

Mh N -

© NOX

NOC NI
S PPM

CPPM

co-
PPMC

DATA
POINT

- .85
a3
93
a8l
83

30

- .50
- 54 -
53 -

- 47

442
185
180
187
842

Ul U

EMISSIONS Aﬂnpvsiél”" N

.BGFC
POINT LBS/BHP—HR DRY A/F

ﬁje 68:‘___
RN - -1 R
..8.93
L B.e9
'f9+¢7' :

1.129 _

1.129 -
S 1.129
S1.129

1.129

'm.&prw+*

§FE SPECIFIC EHISSIDNS FDR DRY EXHAUST GRS

ERAMS/BHP—HR_

‘Fﬁbﬂ#ﬁL_‘fESZECT F*FRCJESFRF%Pﬂ‘

HUMIDITY
"BR/LB

| . 57 7 a5,23
2404 L

HEASURED “SPINDT
,‘A/F

'fﬂB;75. :N
‘B.76
EUB;74

EPA‘HUM.ik‘

EErdF“Z[PdEI I}]:k)]:ESJ:E3PJ

{

‘CFUEL DESCFIPTIUN.‘LANDFILL sns

WEIGHT FRACTIDNS

23231 HYDRDGEN
.0010¢

"caasow:

] .o7789
~ OXYGEN:

CAPBUN DTDYIDE"_Q"

85

*fCNITRDGEN-..04352 oy i
. HYDROGEN TO CARBON RATIO: 3.995
STDICHIDMETRIC AZF: 5.331 ‘

BSFQ
BTU/BHP-HR

FUEL FLow

AR FLOW

LB/MIN

57 - 45,24 '7386“;.
7386
7386
7386
7o86‘,.‘

. 395.71
. . 396.53.
. A407.4%
- 396.44"
395.3100

57
57
57

45,24
- 45,24
45,24

NMEE
PPM

THC: W

‘coz
b PPM-

02
2 %
30y
og
30
29 "

'1650 n
14620 -
1935
1635

o 16200 -

8.68
.8.68"
© .08,
. B.&8
S B.650

11.21
L1.21
10. 87.
11.2
;1;21;

”WETCEXHZH
" “DRY EXH -

LAMBDA
(SPINDT)

CUMBUbTIDN
EFFICIENCY

‘ -982 ‘
.983 - -

.980
:‘98¢;fﬁ
-983 .

1,129
- 1.129
11,123
1,129 .
11,129

1. 64'_
1.64
© 1,69
1.44
1;64"

- CORRECTED
~TO!15% OXYGEN'




DATA , . COR. TOTAL U NON - NO- NG

POINT COo #'NO - - NOX NOX HMC METHANE METHANE PFM. PRt
1 1.93 - .22 .61 .58 4.63 0.00  0.09 14 4
2 .B1 .36 .60 .57 4.56 0.00  ©.08 24 4
3. .81 40 .69 - .66  5.57 °  0.00 ' 0.10 27 4¢
4 .82 .38 .&3 60 4,60 0.00 0.0%9 26 - 4z
] 1.93 .34 . 60 .57 4.4 0.00 0.08 23 -1




wHquEHm.rmexmc DIvISIDN jﬁfFLLL“
EMIESIGNS:ANALVSIS FRQEHQM;&* R

FILE NAME: JLF NO.3: D?GG o e -

. ENGINE MODEL: V12AT2SGL . Qm- S FUEL DESCRIPTIDN' LANDFILL GAS
REF.LOG.NUMBER: — ﬂ_u,i~1 o -

TEST NUMBER: UNIT 3 =~ . ST WEIGHT FEAETIQNS i
LOG SHEET NUMEER: - o o CQRBDfo.~:740  HYDF:OGEN:. . 07971
OFERATOR: HOLMES -~ . ‘o . OXYSEN: .00057 _“ACARQQmTDIDxIDEe-.e4¢3
I - o T ‘ SRR R
DATE: &/4/91 0 00 ' _NIIRDCEN' . 03293 S R T
EENCH NUMEEP' TnUCF- : ﬁ  u_ o  HYDROGEN TO CAREON’ RA 10: 4.G01

' Rt ' STOICHIOMETRIC A/F: 5 444?1"

TEST NQh::-UNIT ND-u JDHNSTDN LANDFILL

RAW DATAgPRINT dure.

| DATA  SFEED mMES 0 HJMIDITY FUEL FLOW = BSFC - AIR FLOW
POINT FPM:- FSI.: BHP . GR/ALE - LB/MIN  BTU/EHP-HR LEB/MIN .

FoO0 - 195.5 2396 . . 7& . 43,932 7367 396.71
700 195.5 - © 23946, .- 76. - 43.932 7367 . . 397.15 .

. 200 195,57, 2396 7& - 43.932 7367 . 405.18
900 - 195.5 23967 - 761 ' 43,932 73677 . 398.46
00 195.5 0 2396 76 43.932 - 73&7 - 398.90

s B e

THC = NMHC -
Mo peM

DATA -~ €O NO. . NOX oz -
POINT  PPM-. ° PPM °~ " PPM - %

NO
R

442 38 = 93 11.09 - 8.83 1710 . 27
100 75 - | 94l S 11.12 8.83 1680 27
’8 .~ &9 . 85 10.85 | 9.11 1950 . 31
98.. 68 .82 - 11.09 - 8.88 - 1725 - 28
‘440 - 33 841 11.00. 8.90 . 1785 ' 29.

AddNR

Enrsszons‘ANéLYsis}i

DATA = BSFC MEASURED SPINDT_ LAMBDA  WET EXH/ - ‘COMBUSTION
POINT LES/BHP-HR DRY A/F - ' 'A/F.. (SPINDT) DRY EXH EFFICIENCY

1.100 -**}:48 9¢;;_¢g9;03 : 31;663 ©1.132 *[_Jﬁ‘.9aﬂg--
- 1.100 - - B.94 . e9004 - 1l6& 1,132 .983
1,100 - 9,12 9.2 1.69 L1.127 0 0980
1.100. . B.97.. Q.07 . 1.&8 1,131 Lo.982
1.100 tj;ﬁa;99‘ 1}59;08”'7; 1;65c Cr1ai31 0 T .98 .

b LAN -

SKE SPECIFIC EMISSIONS: FOR DRY EXHAUST GRS .
. GRAMS/BHP-HR | S . CORRECTED
‘ EPA HUH.-q E o o ‘p”_-' TD 14/ DXYBEN




i Y @ R | . : ) NON .- NO i
POINT co NO.-  NOX NOX HC METHANE 'METHANE  PFM
1 1.94 .27 .67 .67  4.83 L 0.00. 0.08 S 19
2 .44 .54 .68 -68° 4.75 = 0.00 0,08 37
3 .44 .51 .63 b3 S.42 0.00  0.09 - 35
4 .43 .49 .59 .60 4.89 - . 0.00. o0.08 33
5 1.94 .23 b1 61 5,07 - 000 0.08 16




‘ F%LJFLE: F%F%“
EZFﬂ]:EEEBJ:CJPd‘:'

- FILE NAHE:‘JLF ND 4 D700

- ENGINE MODEL: Vl’ﬁT“SEL

- REF.LDG.NUMEER: -
- TEST NUMBER: UNIT 4

“LOG SHEET NUMBER: -. .-
OPERATOR: HOLMES -

3 | -

'DATE: &/4/91 -
BENCH' NUHBER- TRUCK -

TEST NAHE. UNIT ND 4 JDHNSTDN LANDFILL

RAW DATA-PRINT-DUT:}

DATA SPEED BMEP =~
POINT  RPM  PSI' - . BHP .

900  195.8 2400
P00, 195.8 2400
200 195.8° 2400
700 -~ 195.8' - 2300
900 195,88 -2400\

Wb~

DATA.  co. '3de“_-_ 'NOX

- POINT- = PPM - . PPM . PPM

435 .38 ; ‘éé

68 - &9 83
.68 &4 g3

Ubh ik

EMISSIDNS_ANALYSIS{“

DATA . - BSFC HEASURED SP
POINT LBS/BHP-HR = DRY A/F ' A/F ,_‘(SPINDT) 'DRY EXH  EFFICIENCY

1.095 :lf‘a aaTh

.U'I-hHMIH

 1.095 ‘i".8a90@‘=518

&9 - .68 - B

419 35 93

EZHJESJ:PJEE ‘I?Z[\JI[ESZECJPJ :
F&hﬂ#ﬁL_H’EBI[ES F*FRCJESFRF%Pﬂ

”FUEL DESCRIPTIDN' LANDFILL EAS

e WEIGHT FRACTIONS . F T
~.CARBON: .23740 HYDRUCEN:‘QO???I |
gDXYBEN:‘.OOOS? Eh .CARBQN&DIDXIDE{

‘fNITRDFEN. .0329¢ o Ly ‘
" -HYDROGEN TO CARBON- RATID-~4 001
‘STOICHIQHETRIC A/F"q.444 A

'HUMkaTY*quUELfFLow' . BSFC g AIR FLDN
- BR/LB- . LB/MIN BTU/BHP—HR ‘ LB/MIN

63 43.794 ;7331‘v -g‘¢91 &5
63 . 43,794 7331 380,95
&3 43,794 7331 406,19
L83 43,794 7331+ 393,38
&3 - . 43.794 7331 - 393023

t‘J .': .

. coz . @2 THC - NMHC
o PPH,;‘L "PPM

11.20  8.68 1520,.;';22~;
11,25 . 8.65 1710 ¢ - 23
10.82 9.18 1860 1 25
~+11.18  B.73. 1710, - 23"
11.15 .. 8.75 1710 0. 23

INDT . LAMBDA  WET EXH/ - CDMBUSTIUN

. 8.94 -1 64 - 1;131'_;>g ,,_933,‘
4‘8;93”5‘ i &4 1.130yiﬁgj_ ”-98;;'&1
1.095 . 94199 - f9:27g&w.41+70‘ o 1.124 . Ty
1.095 - B.90. - -8.98 " 1.5  1.1430 983

,9a:Q ‘1ﬁ65L‘ 130 ez L

IKE SPECIFIC EHISSIDNS FGR DRY EXHAUST BAS S S ,ﬁ‘_g;, S
: GRAMS/BHP—HR . o SN _“ CUnRECTED
" EPAHUM. o e TD 1SA‘DXYEEN




B fetiie U IAL . NON . NO
NOX - NOYX " OHEC METHANE METHANE PPM

1.84 .27 .59 -57 4,51 0.00 0.06 18
Ll 30 .48 -60 . .58 4.75 0.00 0.07 33
-31 .51 .61 .59 5.34 0.00  0.07 35
.30 - .46 .59 -57 4,77 - 0.00 . 0.07 31
1.82 <25 .66 .64 4.77 1 0.00 0.07 17

U'l-l-ﬂ@w




NON~O 752

wauhESHﬁﬁENGIN:'Dzv;sxmm“ 
EMISSIDNS QNQLVSIS PHDERQH

FILE NAME: JLF NO.5:D700 S | o | |
ENGINE MODEL: V12AT2SGL U FUEL DESCRIPTIDN- LANDFILL GAS
REF.LOG.NUMBER: —

- TEST NUMBER: UNIT 5 _.ﬁ Do)  WEIGHT FRACTIDNS

LOG SHEET NUMEER: — o . ., 'CARBON: .23231° HYDRGGEN' .07789
CFERATOR: HDLHES ST : 'rﬁvcxstNf .0010¢ - CARBDN DIDXIDP . 46388
& . S SO K 1
DATE: &/7/91 E L ‘}NITRDSEN- .o49¢2 : o
BENCH NUMBER: TRUCF‘_‘?_~,W S .. HYDROBEN 1D CARBDN RATIO: 3. ?95
L L - ' "STDICHIOMETRIC A/F: 5.331
TEST NAME: UNIT NO.S JGHNSTDN LANDFILL . o ;

RAW DATA FRINT QUT: -

DATA ~ SPEED BMEP = . . . . HUMIDITY = FUEL FLoW BSFC AIR FLOW

FPOINT ~ RPM  PST - BHP . GR/LB o LB/MIN BTU/BHP—HR “LB/MIN .

200 192.5  42¢59 : 48 45.991 7651 '397.78
200 - 192.5 = 2359.. - a4g. - 45_991 7651 . 401.69
200 192.5 ' 2359 . 48 ' 45,991 . 7651 T 402, 79!
200 . 192.5 .. 2359 - 48 | 45,991 7651 . 394,99
/900 . 192.5 ' - 2359 . 48 45,991 7651 3 97 09

U1 e A B e

2 THC‘.:NMHC‘
CPPM PPN

N

DATA €O . NO. - . NOX . e
FOINT  pPPM PPM._ . PPM -

U<
NO

501 45 gy 11.30 .. 8.58 " 1920 | 27
104 71 . 105 . 11,210 08,68 0 1965 27

100 1100 121 11.18- - 8.75 . 2100 . 29
‘o 89 - 105 i1.36 - &8.50 ig1s 25
500 - a4 101 11031008.55 0 1920 227

th & G R

EMISSIONS ANALYSISf’

DATA  BSFC MEASURED‘_SPINDT -LAMBDA nWET-éXH)- CDMBUSTIUN
POINT LBS/BHP-HR DRY A/F . a/F ~ (SPINDT) . DRY EXH. EFFICIENCY.

1. 170 - S?['gf‘8.65 L .1 62” 1;1 126 - fﬁjﬂ,9QOW‘

1.170 . 8.47 . 8.73 . 1. &4 ;‘-5-1_125'_._:.':;-.'-980._T g
- 1170 18.70 . L 8.76 1.64 .;.1.123'_%_“~‘“-979F[%
. 1.170 o B.T37 - Bue3 T 162 1,127 ST aeBRI

1.170 ‘- 53;57a;. ﬂs.ss gf~_1 62' C1.126 00 980 L

m.ﬁarmrw

‘AFE SPECIFIC messrnms FDR DRY EXHAUST EAS‘ ) @[_.g‘_'j :f ? o
B - GRAMS/BHP-HR - = : A CDRRECTED K
. EPA HUM. ' o | ;g;h TD 15/ OXYGEN




UhUN

R S ey ) L L i M BT L RS

co

«47

.46
.49

2.24

NO

C .33

-93
.75
« &5

L e32

0.00

0.00

0,00
0.00

NON
METHANE METHANE

0.08

O-OB N

0.09

- 0.07
0.08"

- ND
PPM

22

34
49
42

21

LHorarenen s




LHPH_H- EHA-'E!’\JEINE DI“JISIDN
:MISSIDNS _QNF%L_VSIE F‘RDGF-T:QM

FILE NAME--JLF NO- 6 DTOO _ B T
. ENGINE MODEL:. I”AT”SGL S o U FUEL DESCRIPTIDN- LANDFILL GAS
- REF.LOB.NUMBER: = - lc;;N- : : S
TEST NUMBER: UNIT- 6 =~ . .- o WEIGHT FRACTIDNS S
LOB SHEET NUMBER: - . | V'L_-"CARBDN:‘.2o2o1 'HYDROGEN: * .07199 T
DPERATDR- PDLHES SR s ‘;oxYGEN. .0010o i CARBDN DIQXLDEr-;éssa
é} L . . . - v v ‘ , . . _" " ) |
DATE: 6/6/91 .'-f R "NITRDGEN-‘.04962 .
BENCH NUMBER: TRUCK = . . L ~ HYDROGEN TO CARBON' RATID._S 995
S Y STDICHIDMETRIC A/F- 5.¢¢1 |

- TEST NAHE:-UNIT_NOLé:JDHNS?ﬁN‘LAND?ILL

'RAW DATA PRINT OUT:

DATA SPEED. BMEP . . . HUMIDITY FUEL FLOW  BSFC - AIR FLaw¢;: I
POINT RPM “'PSI ' "BHP °. GR/LB - LB/MIN BTU/BHP-HR LB/MIN ;@' o

1 900 T193.5 23710 43 . 745,561 = 7542 ;¢95 52
7900 0 1935 2371 - 430 - as.s581 - 7542 - . 395.15. .
L 900 1935 2371 43 | 45,561 7542 . . 804,54
900 193.5 - 2371 43 45.581 7342 7 393,65
S 900 .193.5 2571 43-w‘\.3‘45 561 . 7542 394.06

L

DATA . co NOC O NOX - coz . o2 ‘rHc NMHC
POINT  PPM .. PPM . PPM %o % UPPM - PP

442 - 24
53 =55
53 . 554,

53 57
442 ‘25;

11.27 B.&0 :1800 24
11.34 8.50 @ = 1500 ' =20
11.03 '8.85 . 1800 . 24
11.36 8.45 = 1560 = 21 |
11.29.  8.55 1860 25

Uh W=

EMISSIDNS PNALYSIS. _7

DATA = BSFC ] MEASURED SPINDT LAMBDA WET EXH/ - CUMBUSTIUN
POINT LBS/BHP~HR DRY A/F . AsF (SPINDT)  DRY EXH EFFICIENCY

_1.15a'-  ‘ﬁﬂB,63‘*.”j8.68- ;'\1 601 "1.125 _“N. .981jj”gn R
1.153 Bl .B.87 U 1.63 0 1.128 R - S
‘1.153 - -:-8.82° - ‘B.B8 SRICE Y-y 4 14123 9820
1.153 © .8.59 = 'B.&4 . . 1.62 -i.128° . .98

‘11.153w 3“ 8;60‘ ;ﬁfB;65V;}'fI 62; 14125 0 o981

Jb R e

”nﬂﬁrs SPECIFTC EMISSIDNS FDR DRY EXHAUST 6as I ?_‘3“
| BRAMS/BHP—HR R : % . CORRECTED
o CEPA’ HUM.- . o - T0 15% OXYGEN




COR. TOTAL  NON - NO N

co ~ NO NOX NOX  HC - METHANE METHANE PPM Pt
1.96 -18 .45 - .42 S.11 . 0.00 0.07 12 :
.23 .40 .44 .42  4.25 0.00 0.06 26 N
.24 .42 .47 .43  5.21° 0.00 ' 0.07 27 :
.23 <41 .48 .43 4.41 0.00 Q.06 27 z
1.96° .19 .48 = .44 5.26 0.00 0.07 12 z




wHu»ESHmeNGINE DIvIQIDN,L
EMISSIGNSLANALVSIS PHGGHAMW

FILE NAHE-'JLF NO. 7 D7oo N . ' '
'ENGINE MODEL: v1ﬂAT755L S FUEL DESCRIPTIDN? LANDFILL an
REF.LOG.NUMBER: ~ =~ . - ' ‘ '
- TEST NUMBER: UNIT 7 . . o o WEIGHT FRACTIDNS o
LOG SHEET NUMBER: - o '/ CARBON: .23231 HYDRBGEN- .07789
 OPERATOR: HOLMES & - ' j“‘]n-ansEN= - 00103 CARBDN DIDxIDE- . 638
 DATE: &6/5/91 | o " NITROGEN: .04962 L ;
B¢NCH NUMBER- TRUCK _Vf }[..q_.HYDRDBEN TO CAPBDN ‘RATIO: 3 99u
| ' ’STDICHIDHETRIC A/F: 5.¢31
TEST NAME- UNIT ND.7 JUHNSTDN LANDFILL - :

RAW DATA PRINT 0UT=

DATA  SPEED BMEP HUMIDITY = FUEL FLOW . Bspc AIR FLow
FOINT RPM  PSI  BHP'  GR/B ~ LB/MIN BTU/BHP—HR “LB/MIN

900 - 192.5 -°¢59 e D4 450268 _75;11' _ jyﬂo93 24
200 192.5 - 2359 = sS4 - 45.268 7531 . 393.74
%00 192.5 2359 54 . g5.268 - 17531~‘_\“u‘a415.1s

900 192.5 jLJSQ 54 - 45,268 C 7531 ., 394,10

900 192.5 = 2359 -:54'~g; 45.268 7531 __-.“¢94 28

TR X2 I

DATA €O NO- NoX . coZ oz THC © NMHC
POINT PPM  PPM . uPPM % S 4 PPM . . PPM.

419. 18 50 . 11.22  B.48 2220 0 32
58 400 . 52 11,25 0 8.&8 2220 . 32 0
58 - 40 . a4 . 10.63° 9.40 2490 . - 3& -

&0 43 RN REE § -3 O 8.70 . 2340 1 3400 -
419 ,515;\:.*¢}47- ~ 1118 B.75 . 23B5° - 34

U Gl b))

EMISS I DNS ANALYS I S s

DATA  BSFC MEASURED SPINDT ‘LAMBDA f‘wET”ExH/‘f}chBUSTIDN AL
POINT LBS/BHP—HR. 'DRY &/F  A/F ..  (SPINDT) . DRY EXH. EFFICIENCY .

1.151 g.e2 S 8.68;_),}1163 o 1.125 *,_;”.977“gﬂ,‘r-
1.151 - - 'B.63 - 8.70 © 1.63 . 1.125. - 978 -
1.151 9u10 T 917 172 S li116 S 0 w974
1.151°  © 8.64 . B.70 1.63 Lo 1.124 0 o 977 -
1.151 - ]s;geﬁ;i; 8.7151”‘;1;53 ©ola2s o 975 ST

SIS

 BRAKE SPECIFIC EMISSIONS FOR DRY - EXHAUST GAS oA
'GRAMS/BHP-HR 'CORRECTED

‘:EPA HUM. ﬁ‘ 3_3” S 5_*' TB 1S% OXYGEN -




DATA S " COR. .TOTAL " NON NO

POINT  CO. ~ NO ~ NOX  NOX . HC  METHANE METHANE  PPM

1 1.B6 - .13 - .37 - .35  &.31 0.00  0.09 9

2 .24 .29 .38 .36 &.32 0.00  0.09 19

3 .27 .31 .37 .35 7.43 0.00 0.11 21

4 .27 .32 .36 .38 6.66 0.00  0.10 21

5 1.87 . .13 .34 .33 &.B0  0.00 . 0.10 9
v.a

KRR BY R




NQUFEEHQ
:mrqsxmms“

- FILE NAME:
- ENGINE MODEL:
REF.LOG.NUMBER: -
- TEST NUHBER:‘UNIT 8
LOG SHEET NUMBER: .
' DPERATDR. HULMES_‘
6 )
' DATE: 6/5/91
- BENCH NUMEER:

TEST NAME: UNIT NU E JUHNSTDN LANDFILL

RAW DATA PRINT OUT:

DATA
POINT - RPM  PSI
90
L 900
P00
‘QQQ
900

193.0
193.0
193.0.
193.0
193.0

UK

DATA
POINT |

co
PPM

407
150
150
152
404

. 49
.45

(F - VN

TPUCF‘

SPEED BMEP = - .. ;

‘~2¢55

'.J7o65
~2ébu

"NO
" PPM
23

“47“ﬁ
22

JLF NO. 8: D706
V12AT258L

‘EthESJZFJH; Iﬁ]fkf]:ESJ.CJPJ .
.hﬁhdﬁ%L_HfESJIES F?FKC]ESF?ﬁ%Fﬂ ‘

l LFUEL DESCRIPTIDNf LANDFILL GAS

"?ceashm:

. ”NITRGGEN' o
"HYDRDGEN TO CARBDN RATID'
‘STDICHIDHETRIC A/F' 5.o41

-
By

2365
2365

””-FNDx~
"PPM ..

EMISSIONS' ANALYSIS.“:.5=E7[T

DATA . BSFC

1. 105‘\'?‘
1,105
. 1.105
1.105

1.105

b -

QB_6Q “&T
v B.65,
:AI.BJB7HIJ
If‘=8;6? K
6.7

MEASURED SPINDT
- POINT LBS/BHP*HR %DRY A/F ‘

A/F

;8169,'
D BL72

S BaTI
'ﬁ:ﬂ 9;76f.I

 HUMIDITY
" BR/LB

sz
92
.52
-82

52"

B o -}
S .IC‘

o 11.27
11,27
- 11,00
S11.
11018

25

LAMBDA
(SPINDT)

f“1,63_
L 1.63
1.88
.'1164 .
‘]1;64'_ x

wEIGHT FRACTIDNS
‘ - 23231
DXYBENr‘.OOIOa

..64962

: BSFC 'i A

FUEL ‘FLOW |
 BTU/BHP—HR

LE/MIN

37727'
7227
LTERT
N?2271L
'7227w

43.548 =
43.548.
43.548
43;548'
43;548

THC
PPM -

02
%

B.&65.

8.65
?.00
8.68

8.75

1830, - 34
1800 33
1890 ' - 34
183¢ . 33 -
1890 . 34

k NETVEXH( i . COMBUST.
' DRY EXH .

1;1277"“
1.127.- .
1,123
1.127
1.124

BRAKE SP:CIFIC EHISSIDNS FDR DRY EXHAUST GAS i
ERAHS/BHP—HR o : 1

EP

a HUM

HYDRDGEN'
CARBUN DIDXIDE'

‘Nﬁ1Hcf‘,
CPPM.

N -.980-5
';_.932‘4,
‘I”(QBI‘&

... 982 ¢
0 .9807

\3. ?qs

IR FLDW-‘
LB/HIN

Q?B 61 B
379, 65

389,14
'““QBO-QU:
'V¢81 57

34

ION

EFFICIENCY

“a7789 | -

638

. CORRECTED

TD 1S5% ox

YGEN -



- DATA - . 'gorR. TOTAL. - NON N NOX
" POINT. . CO. . . NO  NOX . . NOX  HC. . METHANE METHANE  PPM _ PPM

1.73 .16 44 .42 S.16 0 0.00 . 0.09 1 30
54 .34 .46 . .43 4.92 0.00  0.09 24 31
L6600 W32 .45 .43 . 5.29 0. 00 0.10 .. - 22 - 31
.65 .33 .44 .42  s5.01 - 0.00  0.09 23 30

1.74 - .16 .43 .41 5.19 Q.00 0.10 11 - 30

Ul-hb-ll'\]l-‘..




PREPARED sY - :
STAcHowlc?_ .
CHECKED BY _ P | ‘; ENG'NEER[NG CALCULAT'ON FQRM

gt ? |
s ' | 1;?'; o suu:t:'r IR s ’ IOH’”%TO'J
| TEHMITREXNQ g“AMPLE CALWLATIO'J DATE

;. _;J‘u:.\/ql

SAMPLE CALC.LLLATIDAL FoR FL&EL cousuupnod AMD
BEAKt: SPECIFLC CHlSSlOM RATES. QALcuLATzooJ
Wil.  BE FOE URIT 3 , Line “l -- PrRE" CATAL\/JT'
coumuood SEE APPEND:X C I'—'oR ?Aw 'DATA

No‘rc. To SlMPuF —rms emuhe ITERATHJE'
‘cALe.uLATmu LIl NoT Bc: SHOWA/
IMSTEA’D L FIRNAL RESULTS FROL.{ -rHE
coHPLm:'R PEzu‘rouu‘ WlLL BE L»LSE'D

o A) BEAKE SPECIF(C FaE'L CousuHPTtou 'Bs::c

AUERAGE H‘DESC.POUJER 3 23qq Bt-\-P

FueL PeofeRTiES : Con e
o SATuEATED l_ou.) HEAT VALuE' 486 B

SPEClFlC aemzm/ - 9686

FuEL G:AS ’DENSIT\/ P 94,5(, % 074,5’ LB/,-.-H‘ :
H _ - o | =, O7"H LB/FT 1

BSFC -/O‘-l'0.0 &HU)( FT ) RAR. 'p + PGAS )
S BrP MIN T&As- + 4‘90 :

WHEEE loqo D
SLH\/ SP«TURATE‘D L-ow H-E‘AT VALLLE'

e AVERAGE BRAKE - Hﬁasemwcfﬁ

FT L MEASURED CUBIC FeeT
01— FUEL. GAS |

FORM NO. §76-8177







- VT"RGPAn:n-v‘ . 1 S .
STACHONm:L |

CHECKED By .

. @ (resseid| 29. 9

ENG]NEER[NG CALCULATK)N FORM . ‘PRQGRAH IuPRb.IIHC‘r‘F‘N:I ‘

e 3 ,;u.,m | Tornston
_ TERMATREX NG, S SAH PLE CALQMLA»T{OM ‘ .

- f 'DATE

"--__ | :’ 2 :ruL\/ CH

O MEN | MIMU.TES To Flow FT ;

T BAR P BAIZOHETRK. PRESSURE | Tl H
- Paas ~ MEASURED FUEL GAS Pe-ess‘uae ;
| Tems_ ; S MEASHRE'D FUEL @;As TEHPERATUE'E

FDQ uurr *l , QeAD(wCss a AND 4 A-P.t: DtSQARDED

S Per THE ’I'EST' PEOTDCDL 'BASED oN 'PQE:L!H(MAR\/
_ C,ALCJ.LLA-TIOMS - -

f?E AD: mG,

29 83 -+ 45'5':__5 S
/o;." '+t/éo

BSFC = (\040)(48%) <
o o g3q4 / ae7

7,24,4 3 5 :_-j 'Bﬁﬁ-me

QE&DJ mq | ‘“3

Lo#o)(c%ae) ‘200
&394 /-'“7/2

BS F.L

) 2983+ S5 )
/0¥ #Hos )

o 73891:1 7871(._\' é’/ﬁo-/,ée
Kern f-wc;z‘ S-S

B.S__F'C.,_

(/osfo)(48<-.,) (aoo ( 29.83 + g5 ) |
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