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COMMDNNhHL1H OF PENNSYLVANIA

September 7, 1990

stack Test Report Evaluation -
LMH Transmission Corporation Ve peint R RN
State Line Station . -
Genesee Township, Potter County

Plan Approval No. 53-399.004

Rick St. Louis, Chief
Source Testing Unit

o . ; I ‘ ﬂL;‘ A
Richard .. Maxwell, Jr.4"v"

Chief, Engingering Services
Bureau of Air Quality Contro)
Williamsport Regional Office

Attached is a copy of a test raport submitted for NOx, €O, THC and methane
stack tests performed wm an 1100 HP natural gas-fired compressor station
engine by ETS on June 13, 1990. Would you please have someong on your
staff review this report for Chapter 139 conformance, etc.

Also enclosed 1s a copy of my test observation memao.

The app]iwnhT@ standards for this engine were established pursuant to the
Chapter 127 best available unhmnﬂqu requirements and are 3.0 grams/HP
hour for Nnn” 3.0 grams/HP hour for €O, and 3.0 grams/HP hour for non-
methane hydrocarbons.

Scott Darling reviewed the pretest plan,
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COMMONWEALTH OF PENNSYLVAMIL

June 19, 1990
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SUBJECT:  CNG Transmission Corporation /ﬁﬂfmJQTJ
Genesee Township, Potter County I\‘ﬂ ‘dfa
Flan Approval No. %3-399-004 R 4

T0: Files

M s - 1 L’ WV

FROM: Richard L. Maxwel I,.lr"\ .

Chief, Engineering Services
Burezau of Air Quality Cantrol
Williamsport Regional Office

On June 13, 1990 1 observed the performance of three NOx, CO, THC and
methane source tests performed on an 1100 HP Ingersoll Rand KVG-104 natura’
gas-fired engine at CNG's State Line Station. The testing was performed by
Emission Testing Services, Inc. John Kinney from CNG's Clarksburg office
was present for the first ftwo tests while Ci.rl ie Alfrad from the station
was prasent for all three, Dave Curtin of Dresser Rand was also on-site
during the tasting.

The test runs were all one hour in duration. Moisture and velocity tuat*

were being conducted simult unwmuuly with the sampling (in the opposite po
from the sampling). The first test started at zuwn<)vmm<.u1y 11:36 a.m, dnd

'mmw ?mded at approximately L2u4d. The ?euu”d test started at approximately
1114 and ended at approximately 2:17. The third test startaed at

\
approximately 2:49 and ended at approximately 3

The ports were Tocated 23.5 inches prior to the stack exit, and 45.% inches
downstream of the nearest upstream cbstruction. The stack dldmetel was
15,75 inches.

The analyzers in use were a Thermo Electron model 10 chemiluminescent
analyzer for NOx, a Thermo Electron model 48 analyzer for (0, and a Meloy
Labs hydrocarbon gas analyzer for both methane nd THCs.  Instrument
calibration took place prior to the commencement of testing and at the
conclusion of each test run. The span gases used were 207.1 and 461,72 Ppm
for NOx; 60,55, 90,8 and £01.6 ppm for CO; and 89.83, 200 and 501 pom
methane for THC and methane,

CNG personnel were monitoring various engine operating parameters (RPM, HP,
etc.) throughout the tests and were additionally determining engine HP
IHd“F mdently of the regular monitoring system. [ also monitored various
operating parameters {data attached).

Ouring the first test, the NOxX concentration was 260-300 ppm, the CO

concentration was approximately 190 ppm, the THC concentration was

approximately 200 ppm, and the methane concentration was 140-145 ppm. As

the day went on, the NOx concentration dropped a Tittle, the THC went up a
'MP’ Fittle and the CO stayed relatively constant.

i e e
RILM/BTs
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#

DER-ALL GUALL FERI TR

WL LIAMSPORT REGION

Measurement of Alr-to-Huel Ration
On the Prestratified Charge Engine
State Line Station

The engine at State Line Station is naturally aspirated much
like an automobile engine. - This means that the relatively lower
presgsure  Ln the power pistons chambers during inf of alr and

fuel allows the engine to "pull” or naturally aspirate the alr

e

and fuel misxture into the power
tion.

pietons ohambers priocr to comb

However,

raefore entering the power pistons chambers, the ailr
and  fuel are mixed o a specified ratio. Separate piping leads
the air and fuel to a carburetor similar in principle to that of
ar automobile. The air and fuel are continuously mixed in  the
carburetor. Finally, the air and fuel mixture exit the carbure-
tor through a common line and are "pulled” into the power pistons
prior to combustion.

The air to fuel ratio is the differential pressure Dbetween
the air astream entering the carburet and the alr and fuel
mixture exiting the carburetor. Near the engine control panel, a
gauge shows the differential pressure. The set point of the alr
and fuel ratio is 7T.5%.
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I. THAEROIENCT T AN

Emisslion Testing Services, Inc. was contracted by CNG
Transmission Corporation to conduct emission testing on Engine
£1, located at the Stalte Line Station near Genesee, Pennsylvania.
Fmissions of carbon monoxide, owxides of nitrogen, total and non-
nethane hydrocarbons were determnined in order to demonstrate
compliance within permit limits. Limits were set forth by permit
nunber 53-398-004 issued by the Commonwealth of Pennsylvania,
Department of Environmental Resource, PBureauw of Adir Quality

Control.

Frngine # 1 1s a 1,100 horsepower natural gas fired
reciprocating engine manmufactured by Ingersoll-Rand, model KVG-
104, The engine drives a compressor used Lo boost natural gas
pressures in the pipeline.

Ernissions were determined using EPA Method TE for oxides of
nitregen, EPA Methecd 10 for carbon monoxide, and EPh Method 25A
for total and non-methane hydrocarbons. ERPA Methods l-4 were
used to determine the number and location of traverse points and

the stack gas moisture, velocity, and dry molecular weight.



Testing was conducted by the tes

ting team consisting of John
hngelloz, Chuck Dewling, and Kevin Thibodeaux. Jon Kinney
represented CNG Transwmission Corp. and coordinated testing with
facility operations. Richard Maxwell represented the

Pennsylvania Bureau of Alr Quality Control during the test.

Emissions were determined on June 13, 1990 during three test
runs while the engine was operating at maximum load conditions.
During testing, CNG personnel recorded engine operating data and

collected fuel gas samples for analysis of sulfur content.
] k ¥



1. SUMMARY

Data collected on engine #1l emissions on June 13, 1990 are

presented on the following page., All data have been reported as

nmeasured .



CHNG TRANSMISSTION CORPORATION
STATE LINE STATILON
ENGINE #1

PERMIT
PARAMETER LIMIT RUN 1 RUN 2 RUN 3 AVEG,

_____ DATE G-13-90 61390 H-13-90
T ME 11381244 1304-0417 1449-1553

CARBON MONOXIDIE
PPM 191,58 192.98 195,23 193,26
1b/hr 2.012 1,959 1,973 1,981
g/ he 9L2.6 888.6 B95.0 B98 .6
""" g/ hp-hr 3,00 0.872 0,653 0,856 0.860

OXIDES OF HITROGEN

_____ PPM 282,57 264,10 241,01 262.56
1b/hx 4,875 4,403 4,001 4,426
g/ h 2211.3 1997 .2 B14.9  2007.6
g/ hp-hr 3.00 2,112 1,917 1.736 1,922

TOTAL HYDROCARBONG
PIPM 196,26 196 .24 215,92 202.81
----- 1o/ hr 1.181 1.141 1.250 1,18l
g/ hr 535.7 5L7.6 567.0 540.2
g/ hp-hr D.512 0.497 0.542 0D.5179
----- NON-METHANE HYDROCARBONS
PPM 56,356 46,11 64,66 55,

T1
b/ he 0,339 0.268 0.374 0.327
g/ i 153.8 121,86 169 .6 148.3
g/ hp~hr 3.00 0.147 0.117 0,162 0.142

e

..... OEYGEN, test monitor, % 6.47 6,42 6,36 6,42

ENGINE
Hor sepowaer 1046 .8 1042.,0 L045.5 1044.8
Speed, rpm 328 328 329 328

STACK GAL DATA

TEMPERATURLE, 914 910 912 912

MOYTSTURE , % 11.53 12,00 12.51 12,01

VELOCITY, ft,) sec 94,18 91.33 9] .64 92,38

FPLOW RATE, MACEFM G645, 4142 T439.2 8166 .4
y DESCTM 2406 .6 2325.8 23187 2349, 4



ITI . PROCEDURE

Emissions were determined using EPA Methods found in

hppendix B, Part 60, Title 40 of the Code of Federal Regulations

oo

A brief description of each method used follows.

MBETHOD 1  SAMPLE AND VELOCITY TRAVERSES FOR STATTONARY SOURCES
Engine #1 had a stack diameter of 15,75 in. Samples and
measurements were collected at a point 1.49 stack diameters
upstream and 2,89 stack diameters downstream from the
nearest flow disturbances. Under these conditions the
method reguired 12 traverse polnts. During sampling the
stack cross-section at the sampling point was divided into
12 equal areas with the sampling point located in the
centroid of each area,

IETHOD 21 DETEEMINATION OF STACK GAS VELOCITTY AND VOLUMETEIC
PLOW RATE (IYPI & PITOT TUBE)

The average gas veloclty in the stack was determined from
the gas molecular weight, moisture content and the average
velocity head measured using a type "5" pitot tube. Dy
volunetric flow rate was determined from the velocity and
stack diameter,

METHOD 3 GAL  ANALYSIS FOR CARBON DIQOXIDE, OXYGEN, EXCESS AIR,
AND DRY ﬂ(4P<HJﬁh WELGHT

The dry molecular weight of the stack gas was determined
using an Orsat analyzer. The OQrsat measuvured the
concentration of oxygen, carbon monoxide and carbon dioxide.
The remaining gas conpenents were assumed to be nitrogen., A
gas sample was extracted from the centrold of the stack
ing a stainless st probe fitted with a particulate

234 The probe, sample lines, and orsat were purged

tly to obtain a representative grab sample for

analysis.



METHOD 3A: DFWFPBTNPW]ON OF OXVGEN CONCENTRATIONS IN EMISSTONS
FROM STATTONARY SOURCES. ( INSTRUMENTAL ANALYZER PROCEDURE )

A gas sarple was continuously extracted from the stack using
a heated probe and sample line. The sample was transferred
to a oxygen analyvezer for analysis of oxygen concentration.
Analyzer output was continuously recorded by a computer data
acquisition system. Results Ffrom the oxygen monitor were
vwsed for reference purposes only and were not used to
determine stack gas molecular weight.

METHODL 43 DETERMINATION OF MOTSTURE CONTENT IN STACK GASES

A gas sample was extracted from the stack using a heated
glass proke fitted with a particulate filter. The sample
gas passed from the probe, through a series of four
1mpl[ re Ammersed in an ice bath., The first two impingers
contained measured velumes of water, the third was ewmpty,
mud the fourth contained a known weight of silica gel. Any
water vapor In the gas stream was condensed and trapped in
the impingers. Molsture was determined gravimetrically.

METHOD TE: DETHEMINATION OF NITROGEN OXIDES EMISSIONS FROM
STATIONARY SCURCES

A gas sanple was continuously extracted from the stack at a
centroidal sampling point. The sample was transferred
through & heated sample line to continuvous chemiluminescence

analyzer for the determination of oxides of nitrogen
concentration,

METHCD 10 DECERMINATLON CF CHRBCON MONORIDE EMISSTONS FROM
STATIONARY SOURCES

A gas sample wasg

continuously extracted from the stack at
centroidal sampling point. T%e:meMLMa‘wam transferred
throvwgh a heated sample line to a coptinuous nondispersive
infrared analywswer for the determination of carbon monoxide
concentration

&

METHCD 258 DETERMINATICON OF TOTAL GASEOUS CRGANIC CONCENTRATION
USTNG & FLAME TONILATION ANALYZER,

A gas sample was continuously extracted from the stack at a
centroidal sampling point. The sample was transferred
through a heated sample line to a continuous analyzer
equipped with a flame dilonization detector for the analysi
of teotal hydrocarbon concenti on. M@Thmmanwunﬁlmrdllnn
was determined by removing all hydrocarbons from the sample
with the exception of methane.




IV,  BNALYTTCRL TECHNIQUIE

Bll sample analysis were conducted following EPA
methodology . & brief descriptiocn follows for each method
enployed.

MBETHOD TE: DETERMINATION OF NITROGEN OXIDES EMISSITONS FROM
STATTONARY SOURCES

All samples collected were analyzed using a continuous
chemiluminescence analyzer. The analyzer was calibrated

using gas standards prepared by EPA protocol number 1,
traceable to NBS standards.

METHOD 10: DETHRRMINATION OF CARBON MONOXIDE EMISSITIONS FROM
STATTONARY SOURCES

All samples collected were analyzed using a continucus
nondispersive infrared analyzer. The analyzer was
calibrated using gas standards prepared by EPA protocol
number 1, traceable to NBS standards,

METHODR 25h:  DETERMINATION OF TOTAL GASEOUS ORGANIC CONCENTRATION
USING A FLAME TONIZATION ANALYZER.

determined using a flame ionization

! r was calibrated wusing thane
standards prepared by BEPA protoceol number 1, able to
NBS standards. Non-methane hydrocarbon results were
obtained by subtraction of the methane concentration from
che total bhydrocarbon concentration.

Total hydrocarbons were
analyzen. The analy




V. CHATN of CUSTODY

Chain of custody procedures are initiated for all samples

w3
transported to the laboratory for analysis. Since all emissions
snalysis were conducted in the field using continuous monitors,

..... no chain of custody was necessary,



VIe TEST DATA & CALCULATIONS

All emission test field data, unit operations data, and

laboratory analytical data are contained in this section along

with the associated data reduction calculations.

Data from the field data sheets were manually input into a
computer for deta processing and calcoculations. Integrity of data
input is maintained by uwsing a double entry system. The computer
performed all calculations and produced the calculations and
results summary pages. Input data accuracy were further verified
by comparison of raw field data to the computer data printed on
the summary pages. Computer program integrity and calculations
verification are validated by processing a known set of data.
Further controls on the computer program are conducted by
comparison of manual spot calcoulations of the raw data input to

computer calculations results
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Tlw, T2w, I3w, welght of wat
SGw, weight of water

£

Tlwe

Pst Mw ( kC‘@ ) o lE"[ )

Testing Services, Inc.
1507% Source [
Hafun Rouye, LA 70895 Testing Date ¢ 6-13-90
8405 Run 1

Vim Y

Vw4 Vmstd ( 4.42032 + 33.91112 )

m

CHNG TRAN

client 5
STATE Llﬂ

DETHERMINATION OF STACK GAS MOISTURE CONTENT

ture fraction content

differential across meter uri.

- welght of water, 18.0 lh« 1 o
rometric pressure at |nwr‘”‘ ‘

Standard absolute pr

Ideal gas conste

Absolute temperature @L meter, deg R

Standard absolute temperature, 528 deg R

Dry gas volume measured by meter, DCEF

Dry gas vw]nmm at standard conditions, DOCE

Volume of wat vapor collected, BCF

Weight of WmLe' vapor collected, 1b

re, & :ﬂ“Hg
B85 dn-Hg £43/

collected by silica gel, ¢
Ney gas meter calibration factor

L &

Tlw + 12w + T3w + SGw ) / (453.6 ¢/Llk)

62,2 + 15,2 + 4.0 4+ 12,0 )/ (453.6) = 20635

Tai { "?Hh!:jHI¢L"H' YOo%28 )

( Pb + dH/13.6 ) Tst

Pat T
38,427 )0 .%818 )

3.911%2

Ve { 4,42032 )
- 1153

10

H ENG.,

Ib=-mole deg R

=3 (thﬂhwﬂd by dmpingers,

4.,42032

(27,740 + 1L.3000/13.6 1 ( 528
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Emission Testing Services, Inc,
P,O. Box 150785

Baton Rouge, LA 70895
504-925-8405

DETERMINATTON OQF

Md = Dry molecular weight

DRY

$C02 - Percent CO2 by volume
%02 - Percent 02 by volume |
$C0 - Percent CO by wvolume (

BN - Percent N2 by wvolume

D.280
0,320
0.440

Molecular weight of
Moleculary welght of
Molecular welght of

Md = 00,4400 %C02 ) + 0,320{( %02

Md = 0,440 7.5 ) 4+ 0,320(

9. 480

y(
M2

Client
Source
Testing
1

Run 3

! MOLECULAR

o/ Lk

(

dlry

mul

basis
dry basis
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Emission 7
P.O.

Baton Roudg

Baw 1
50492584
DETERM

A
Bwe
Cp
dap
Rp

l5i\(f!
Mes
Plhax

(el l

Ts
Tatd
Vs
3600
18.0
Ms = Md

( 29,

= 85,4

AcE = ( 60

sd 3600

Osd 3600

14

Client ¢ CHNG WRHN“.
5075 Source o STATE LINE E
e, LA 70895 Testing Date : 6-13-9
05 Run & 1

esting Bervices, Inc.

INATTON OF STACK GAS VELOCTITY AND VOLUMETRIC FLOW

Cross-sectional area of stack, €2

Moisture fraction of stack gas

Pitot tube coefficient

Bvg., scuare root of velocity head,

Pitot tube constant,

ft/sec ( 1b  in-Hg/ lh-mole

Moleculaur weight of stack gas, dry basis, 1lb/ lb-
cu "W@ith of s k gas, wet basis, 1lb/ lb-

PTPﬁnHTW at measurenent site, in-Hg

2 of the stack gas, in H20

stack gas pr ure, in-Hg

dhnmln%@ pressure, 29.92 in-Hg

Aetual stack gas flow rate, ACP/

Dry volumetric stack gas flow

standard conditions, DSCPF/Hr

Average stack gas temperature, deg R

n1mmdu1d nb UIHTP tenperature, 528

gas velocity, ft/sec

LumLum, sec to Hr
weight of water, lb/lb-mole

(in=-B20)%k0,5

deg R din H20)**0.5

S l.. & L jile:

Absolute
Standard

mui@

Luuvcxmlun
Molecular

1 = Bws } + 18,0 ( Bws )

460 ) 1 LLIB3 ) 4+ O LB.0 )0 L11B3 ) = 28,156

{ Ta )

{ Fs Ms )
( 1374, ) E
CEADO) 0 LOBBE) (e ) s G4
([ 27.702 ]l “L"]Hb 1)

L
(8] ’ {
o ,

J 0 vs DO A J= 060 D0 9400839 ) 1,3530 ) = 1

Pg

(1 -~ Bws ) Vs A
Ts mtd

4! ;0
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Erdgsion Testing
P.O. Box 15075
Baton Rouge, LA
H04~925- Hdﬂ“

7089

VER R RN T

Moisture
CIH AHGUre
M Molecular
Pl - B3
Pat Standard
R - ldeal gas
Tm Abhsolute
Tei Standard
Vi Dry ges volu
Vmstd- Dry gas volu
Ww Volume of wa

Bwes

Services,

Te

Wel

Wwe Welght of water
Tiw, 12w, 13w,
SGw, welight of

pd - Dry gas nete

e = ( Tlw + I aw b

{ 66,2 + 7.9

Wwv R Tst

Pt Mw

( Pl -+
Vi Y
Pst

( 36,945 )

32.09621

vy
Bwa
Vw ok

Vntld

T 3w

dAi/13.

L9818
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WOOF STACK
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different

welght
rometric pressure at
absolute
CONnS
Lemng
absolute
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vapor
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inc. Client 3
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Emission Testing Services, Inc, Client  CNG TRANS,

P.O. Box 15075 Source 3 STATE LINE ENG, 1
Baton Rouge, LA 70895 Testing Date ¢ 6-~13-90
504-925-8405 Fun & 2

DETERMINATION OF DRY MOLECULAR WEIGHT

Md -~ Dry molecular welght, 1b/ lb-mole
$C02 - Percent CO02 by wvolume ( dry basis )
H02 - Percent 02 by volume ( dry basis
O - Percent CO by wvolume ( dry basis
KN - Percent N2 by volume ( dry basis )
0.280 ~ Molecular weight of N2 or CO, divided by 100
0.320 - Molecular weight of 02, divided by 100

0.440 ~ Molecular welght of €02, divided by 100

Md = 0.440( ®C0O2 ) + 00,3200 %02 ) + 0.,280( N2 + $CO )

Md = 0,.440( 7.2 ) + 0.3200 6.7 ) -+ 0.28B0( 86.1 + L)

29,420



Vg = . Kp Cp AP (meeee e

Bmission Testing Services,
P.O. Box 15075
Baton Rouge, LA
504-925-8405

Inc,

70895

DETERMINATICON OF STACK GAS

area of
of stac

A - Cross-sectlional
Bws - Molisture fractic
Cp - Pitot tube coef
cp = AVg., sgquare Ic
Kp - Pi%nf tube constant,

sec ( 1b  in-Hg/ 1lb=-mo
Md - Mu]umn]ul‘weight of
Mg -~ Molecular welght of
Phar - Barol i‘:fr'gnmsiaure
Pg satic pressure of
Ps - hbauln11 stack gas
Pstd - Standard absolute pre
IS Actual stack gas f£low
Gud volumetric stack
2} 1rd mmﬂdlﬁlum””
Ts - Average stack gas tempe
Tetd Standard absolute R
Vs - hverage stack gas vel
3600 Conversion factor, sec
18,0 - Molecular welght of

o
water

Mg = Md ( 1 Bws ) + 18"0 { Bws )

( 29,420 )0 1 JL200 ) 4+ (UL

= B%.49 V(0 .B400)( . .14){

{| ”T

hof = (60 )0 Vs )0 B )= { 60 )( 81

Gsed = 3600 ( 1 -~ Bws ) Vs A

Qsd sooc 1 200 00 9Ll.3321 )

1395449 .,8
2325.8

DECEH
DECEM

15

VELOCTTY

of velocity head,

rature,

sity, ft/sec

Tat
=] l.u

Client 3
Source
Testing
Run » 2

STATE
Date ¢

AND

stack, ft2
k gas

le deg R in H20)
gas, dry basis,
‘.:I @ r

gite,
in H20
"]H
92 in-Hyg
ACE /min
low rate

P,
29

R
deg R

deg

ture

Hr
¢+ Ib/1h-mole

B,0 )0 L1200 )

L3770 . )

T4 1T 28,049 1)
L3320 )0 1.3530 )

P@

.ld
( 528
{ L.3530 ) mmeemen
( 1370,

CNG TRANS
I

VOLUMETRIC

wet basis, 1

NE ENG.
~13-90

]LA

(in-H20)s*0,!

XTI

b/ lbh-mole
b/ lb-mole
in-Hg

20,049

T414.

)( mlah/4

)ﬂ 29,92

FLOW RATE
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Vst d

Emission
BP.O. Box 15075
Baton Rouge, LA
EQ4-925-8405

Testing & Inc,

@Vl Ces, Client
Source
Tt

Run

TOEY5

DECERMINATION OF STACK GAS MOT

Bwe
dH
105

Moisture

fraction content
pPressure differential across meter
Molecular weight of water, 18.0
Pl Barometric pressure at meter, in-H
Pst Standard absolute pressure, 29,92
R -~ Tdeal gas constant, 21.85 in-Hg
Tm Absolute temperature at meler,
Tst Standard absclute temperature,
WV Dry gas volume measured by
vmstd- Dry gas volume at standard
WVl Volune of water vapor
Wewre Weight of water vapor coll ”1tﬂd,
Tlw, T2w, 13w, welight of water unmh
8Gw, welght of water collected by
¢ - Dry ges nmeter calibration factor

deqg
528
meter,

collected,

Wwe = ( Tlw + T2w + I3w + 8CGw ) /

(453.6

( 77.0 + 10,1 4 3.4 4+ 13.9 )/

"HIH
» ¥

W

R Tt { )( !l

B85 )
Vi -

( }9 92

)( li ﬂ j

{ Pb 4+ dH/lB.ﬁ ) 58

Pst T

( 27.680 <+ 1,3
L9818 ) e s o e
{ 29,92 )

34.47613

N { 4,93036 }‘

Bws

w4 Vst { 4, u;r;m s

16

ing
3

STURE

1by/
G
in-He

f3/ lh-nmole deg R

sil

54.41“]!

1 CNG

 STATE

orifice,
1h mole

1/
R
deqg R

DCF
(QHHLLIf

)H..:r ¢

'ﬁﬂ by

g/ 1)

(453.6)

) 1" H’ ]'

'“Hﬂ,lj.G

)

Date 3

l)p»'wx]’|
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H-13-
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impd

ica gel,
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9
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Emission Testing Services, Inc, Client @ CONG TRANS.

P.O. Box e Source : STATE LINE ENG., 1
Baton Rouge, LA 70895 Testing Date : 6-13-90
5049256405 Run : 3

DETERMINATION OF DRY MOLECULAR WEIGHT

_____ Mdl - Dry molecular welght, 1b/ lb-mole
$CO2 - Percent C02 by volume ( dry basis )
%02 ~ Percent 02 by wvolume ( dry basis )
5CO -~ Percent CO by wvolume ( dry basis )
EN2 -~ Percent N2 by volume ( dry basis )
0,280 - Molecular welght of N2 or CO, divided by 100
0.320 - Molecular weight of 02, divided by 100
----- 0,440 ~ Molecular welght of €02, divided by 100

M = QL4400 $COZ2 ) <+ 0.3200 %02 ) 4+ 0,280 SN2 -+ HCO )

Md = 0,440( 7.1 ) <+ 0.3200 6.9 ) -+ 0.280( 86.0 + L0

)
29,412

17



Emd
P.O
Hat

504~

ssion
. Box

Testing Services, Inc, Client

CNG TRANS .
STATE LINE ENG. 1

LH0TH Source

on Rouge, LA TOBID Testing Date ¢ 6-13-90

0258

405 Run : 3

DETERMINAYTION OF STACK GAS VELQOCITY AND VOLUMETRIC FLOW RATE

A

PBws -
Cp
ap
Kp

Md
Ma
Phar
Pg
Ps
Pstd
.'5 ‘- =

(A“ i‘sﬂ

Te

M

aAct

e d

Tyt
Vg

3600
18.0

M {

{29

Kp C

! ry £
=0 85,

p dp

Cross—sectional area of stack, f£t2

Moisture fraction of stack gas

Pitot tube : st

avg., square root of velocity head, (in=-H20)%*0.,5
Pitot tube cnns#nhT,
ft/sec ( 1b  in-Hg/ lb-mole deg B din H20)**0.5
Molecular weight of stack gas, dry basis, 1lb/ lb-mole
Molecular wvxwh1 of stack gas, wet basis, lb/ lb-mole
Barometyic ure at measurement site, in-Hg

Static pressu of the ag, in HZO

Absolute n1d1k A PIe in-Hg

Standard : 29,92 din-lg

Actual st 2, ACF /min

Dy vnlmmv llmw rate

9

ions, DSCF
; temperatmre" deg R
gmperature, 528 deg R
] Uu V@1mﬁityy £
(nuvnmujnn factor, sec to Hr
Molecular weight of water, lb/lb-mol

1 -~ Bws ) + 18,0 ( Bwa )

LAT2 00 1 = LL2BL ) o+ (180 ) LJ12B)L ) o= 27,984

T ) 0.5

Ps Ms )
( 1!i¢.
49 ) L8400 WOBBE) o

e e e L6398
([ 27.»m4 ][ 27"934 ]

C 60 )0 Vs DO A Y= ( 60 )( 91,6398 )( 1.3530 ) = T439 .2

Tetd Ps
3 (E} \[]‘ |:) 1{ ]_ - ]:! W }‘ ‘w':s; 1!. I O —
Ts Patd

3600( 1 -~ L1251 )0 9Ll.6398 ) ( 1.

1

(528 M i)

(1372, )( “U WH )
18944,
AJlpr




Emission Testing
Box
Baton Rouge, LA TOBIS5
5049258405

P.O.

ENOR

T

NOXms

Ol

ENOK

ENOQXK =

BENOX

ENOX

NO2

CNG TRANS .,
HSource STATE LINK
Testing Date s 6-13
Run ¢+ 1 - 3

Ine., Client

Garvices,

15075

QKIDES OF NITROGEN EMISSION RATE

Oxides of nitrogen emission rate as NOZ,
conv, factor, 1.1948 ¥ 10-7
NOY concentration as measured,

Dry volumetric

1o/ hr
(lb/f63),/(PPM)

PEM

stack gas flow rate, DSCF/hr

!

NOXmse )0 B )

RUN 1

282.57 ) 1.1948 X 10-7 )( 144395.,3) 4,875

RUN 2

264,10 )0 1.1948 %X L0~-T ) 139549.8) 4,403

RN 3

245,01 00 1.1948 X L0~ ) ( 138944.3) 4.001

19
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Emission Testing Services, Inc, Client @ CNG TRANS.

PO, Box 15075 Source s STATE LINE BENG. 1
Baton Rouge, LA TO0895 Testing Date & 6-13-90
504-925-840% Run 1 - 3

CARBON MONORIDE EMISSTION RATE
BCO -~ Carbon Monoxide Emission Rate - Lb/Hr
I? - 0 ¢ : o TLRT2T X OL0-8 (1b/ER3) /S (PPM)
COms — Conce of carbon monoxide PEM
Qsd = Dry volumetric stack gas flow rate, DSCF/Hr

---- BCO = ( CoOms (B )( Qsd )

---- erme e e RN 1

BCO = (0 191,58 )0 7.2727 X 10-8 ) 144395,3 ) = 2.0L2

RUN 2

----- BCO = (192,98 )0 7.2727 ¥ 10-8 )( 139549.8 )

1.959

--------------- e RUN 3

ECO = (195,23 )0 7.2727 ¥ 1L0-8 ){ 138944.3 ) = 1,973



Emission Testing Bervices, Inc, 3} v CNG TRANS .

P.C. Box 15075 Source 3 STATE LINE ENG. 1
Baton Rouge, LA 70895 Testing Date ¢ &-13-90
504-925-8405 Runm ¢ 1 -~ 3

TOTAL HYDROCARBONG EMISSTON RATE
and
----- NON-~METHANE HYDROCARBON EMISSION RATE

HTHC - Total hydrocarbons emission rate as CH4, 1lb/hr

IENMHC -~ Non-methane hydrocarbon emission rate as CH4, 1b/hr
P - CH4 conv. fac
CHAms - CH4 concentr lon as meas a,

HMHECG - NMHEC con don, by sul action,
THCms -~ THC concentration as measured,
Oad = Dry volunetric stack gas flow

MMHCe = { THCms ) -~ { CHdms )

ETHC = THCms )0 F )0 Qsd )

EMMHAC = ( NMHCo YO B J{ Qsd )
RUN 1

NMHCe = ( 196,26 ) -~ ( 139,89 ) = 56.36

BEOHC = 196,26 )0 4.1670 % 10-8 )( 144395 ,3 )

\

1.181

ENMHC = 56,36 )C 4.1670 X 10-8 )( 144395.,3 ) = . 338

RUN 2 e e
_____ NMHCo = ( 196,24 ) - ( 150,13 ) = 46,11

ETHC = (0 196,24 Y0 4.0670 X 10-8 )( 139549.8 ) = L.141

""" ENMHC = | 46,11 )0 4.1L670 X 10-8 ) 139549.8 ) = 268

_____ I 1)

MMHCe = ( 215,92 ) - ( 151,26 ) = 64,66

ETHC = 0 215,92 )0 4.1670 X LOo-~8 ) 138944.3 ) = 1.250

ENMHC = 64.66 )0 4.12670 % 1L0-8 ) 138944.3 ) = 374

21



Test analyzer response, Method 3a, 72, 10, and 25A was
recorded by a computer data acguisition system. One minute
average data were printed as recorded and served as a hardcopy

record of the test data. Presented on the following pages are

the computer print outs of the test data.

Fach test analyzer is calibrated before and after each test
run by challenging the analyzer with a set of certified
calibration gases. Analyzer response is recorded by a computer
data acquisition system. Calibration data sheets are manually

’

completed as the calibrations are performed serving as hardeopy

records of the calibration. Calibration results are taken £rom
the computer system to avoid any date acquisition bias. Analyszer

calibration data sheets are presented following the test data.

22
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METHOD TH naw®TNMN B H BB

COMPANY _ CNG -8 THTE LS . BOURCE # gugwe | DATE

”

RUN NUMBER |

PARAMEBTER Ao, LONDE

CALILITHRRAATION BwarTreETLCE

: il
Gy Linder Value Analyrar Response  Absolute Difference & Delfk

hyv plm v ppm pL]
Rowo P60 -4 ;ﬁndf Ar Sl
Mig o zehlo, PN /] WY Salle,  EL443 Qeduid,
High  qpiio 4.0 L 45948 4 14 A 2o

Callbent lon aurves  ppm . (nmmmmmmmnﬂmﬂﬂhﬂummfl-r lntaraapk

glope 99

Intnroopt - Hpan Rangs €95

Anamlyrer Cal  Tnlt. Analyser Resp. Plnak Analyger Rasp.
IMW Py Bluw hmy Ppm Blaw Doelf
' 5 LA
Cone, 0,74 08 3. i L. 3eps.. th4n 0D

fiyw, Cal. mL“”"'ﬂMﬂLEEﬂmHMMMﬂlﬁL““mkym@w amb. {ppm} X Lo@
Bpwe Tppm) '

el o Ploal syn, resps (ppm) = Inlblal aya, wesp. (ppm) K L0
BN | ppm)

Twm e D aTM

gravt tlwe Finlal time Mlnutes pow polnt
Tont Polnt  mv . Hamp le povt
L 11 S 2
2 L2 2
3 13 2l
4 14 a4
5 15 2
G 186 A6 Ava, mw
7 17 %
i 1@ a8 Ava,  oona.
, 9 19 a9 PPm
» e b KE

COMMIBNTES o
.o | o000

[¢ 9 0 AR e g .
RS Md gl i»anlm.1¢w,uT5

Birs Wl Gns w20 Vs



| vy (LTI ||”“"'
"IIIII ] I

o ‘Ilmlll’
METHRHOD 1o on 1A 8 H B ET

COMPANY o)y = O T Tl Cin/E., BOURCE ¥ epge ) DATE OGla%54

PARAMETER GO LoaD® 95 RUN NUMBER |

CALIBRATILON BT ATI &P CS

Cylinder Inftial Analyzer Final Analyzer whrifte
Value ~Regpponpe ‘Rempomae
v Epim v Plom

zero  pNa Qoo 3.64 000 Jafed .00,
Low 085 Lol g4, Lol 5.4 e
Mia - 0.k Ll B 10 128 B8 2o oo
High 40LGo s 4ok db Bid3 qeioto g 20
Calibration curves ppm = {(response MV)tmlopﬁ) + intercept
Slope mjt&jﬁm&. Intercept 3,435 Span Range ARG 94
$Dwlft = Fipal vesponge (ppm) - Initial response (ppm) X 1e0

Span (pom)

TEH&HT oA T A

Start time Pinish time Minutes per point
Test Polnt  mw ) Sample port ,
L S aL
2 1R a2
3 13 23
4 14 24
5 15 25
] 16 286 Ave . mv
! 17 0 TUTCL T
8 18 s Ave . conc.
] 19 29 Prm
TN 21 g

COMMENTS



r EIIIIII [nangrany { oy
l| o |.
EMISSION TESTING SERVICES, INC,

MBETHOD 2 5 A DATA B HEBEYT

COMPRANY NG = STATE . (il BOURCE | Evgni. | DATE
PARAMETER THe. LOADS 9§ RUN NUMBER
CALIBRATION grAaTILBsTICHS
Cylinder Value Analyzer Hﬂmﬁmmmm Absolute Difference % Hpan
v PR mv ppm +34
taro 0:0° i [ 41 G, e ..
tow 8483 b to §r L Los bIR% -t | &
M4l 2l 20734 2ulla. 20 5,41 0 L@
Hign %0l L | 490,52 S0 445,53 =8 | G

Calibration curve: ppm = {rmmwwnw=
i Ll

fov) (alope) + Lntercept
Slope  §G9.3571 Intercept - :

Span Range 984 7

Analyegr Init. Analyzer Pinal Analye8r Re ﬁ)
v Ppm Bim? - . P Hiﬁa Egmm Delft
L 460 Lod s “MJ#’ IMJF: hhnﬁ Gun 0 ‘ﬂmﬂﬁ
Mid 2 1A Loz poldd <06l pefaes 2o G030 003
Syw, Cal, Blas = Sys. cal. (ppm) - mmmizng; cal. (ppm) X 189

Bpan (popm)

$Drift = Final sye. resp. (ppm) = Inltial sys. resp. {ppm) X L8
span (ppm)

Rasponse Time Test--Stabilize with zero gas and swith to hilgh
‘ concentration., Record time for 95% change.

Times 1) 2) 1) Avarage

TE ST DATA

gtart time Flnish time Minutes per polnt
Test Polnt  my Sample port
T 11 ) 21
2 T i 22 T
Y 13 53
4 14 24
5 15 25
& 16 26 Ave. mv
7 17 27 )
£ 18 28 Ave, cone.
9 19 29 B
1L pa ] 3@

COMMENTS «

R 0.999 %



M &ETHOD 3a DA T A 8

COMPANY  rug-STHTE  LinE

£ N .
&y, Loaps G5

PARAMETER

CAL TBRATILION 87T ATT

SOURCE | Eypig [ DATE __ of

H B & T

RUN NUMBER |

1T race¢s

Cylinder value Analyzer Response Absolute Difference %

v % v %
zero  Nw ] Poae @0l ek £:08
Mia ARl 441 Lo 18 4,92 2.8 S fh
High o 20,0 8,10 A Belle 2ol Ak 4
Calibration curve: ppm = (responsge vw){alepe) + intercept

Slope § Intercept mQLQﬁﬂﬁﬂm. Span Range .
analyzer Cal Init, Analyzer Resp. Final Analyzer Reap,
v P Bilas Ul ppm Bilas Span Drift
15 +5 +3
Conca (0, L9 . 2l R e e OulB. cewd Ul

Sys, Cal, Bias = Sys, cal. (pom) - analyzer cal, {(ppm) x 104

Span (ppm)

Dl = Final sys. resp, (ppm) - Initial ays., resp. (ppm) X 100

apan  (ppm)

TE & " D AT A

Start time Finksh kime

Teat Point W Sampl
1 11 21
2 12 22
3 13 23
4 14 24
) 15 25
[ 15 26
7 17 27
B 18 28
9 19 29
16 20 39

COMMENTS ¢

w0094

Biks mid Gas STwrT s .08 v

Bins  wop Gas

Minutes per point

@ port

Bve, conc.
3

7

G = 4,93 v



MOETHODD T® nn®n g HE BT

QOMPANY Ca = STATE  LINE BOURCE #Ewewe ) NATE AEREE

RUN NUMBER feer

PARAMBTER N LOMDS

CALI®BRALNTION BP AT CHTTCBR

I
Oy linder Yalas Anmlymor Rewpomnea Mgoluke DLEferenas % Delfb

v P iww ppm A D
nuro Gl et e 1,1 0.1
Mld e, ekl Lok 200, 51 0o
High <ﬂﬂli. ﬂmﬂhﬂﬁl 4,11 Aoy P .3 o

Callbent lon ouewes  ppm e (eaoponse dv) (slopa) + Lntercept

glope 47, 2987 Inkoroept - Bpan Ranges %7/ 25

Aunamlymer Col  Inlte. Analymeor Reomp. Plosl Analyeer Resp.
mv' pPpm Blam |WW Bpm Blms  Delft
i &l ‘ 5 4l

Cona, ~&. 14 Gpd 2alh {30 0.0, D23 0. -p RO

Bywo Cnle Blan m wvﬂu anloe [ppm) = analywer osl, (ppm) X LO8
Hpun (ppm] \

anelft o Ploal syse resp, (ppm) = Inbkial eys, resp, (ppm) X 1e8
W | i)

TH Y nnmTAM

favt time Pinlal ®lme Mlinntes per polnt
Tant Bolnt  mv s Bample pors .
1 1) 21
2 S ¥
3 13 23
i 14 ad
] 14 28
] 18 26 Avao, ww
7 LT 2
8 Y a Avn, aone,
9 1 29 P
LN 20 KT

COMMENTS
C= loeog

Baks wmoup o HBEAET = 2 s

Baiis Ty (o 8 A e N T Ve &



METHOD

COMBANY GG o D TATE

‘..‘ A‘-"‘E'

LW D AT M

PARAMETER Gt

LOADS 98

SOURCE # gygue ) DATR

BT &

BHEET

RUN NUMBER -2

CALIBRMAMTILIOWN BT ATIISHTIICS
Cylinder Initinl Analyeer Final Analyzer ENrift
Value Rawponse Response
1@0 Prm Mv pom
dero M1 o 600 143 0.0 433 000
Low Gl S8 XY 59,08 K S9em 0,00
Miad - G do Lol g8 LM e B9, Gl R
High 4ol fo Boas gL odp Bzt foi BB e
Collbration curves ppm = (response MV)(mlmp@D + lntevcept

Slope 45, 4856

Intevcept 33344

@pan Range 488.1%

BOrift = Final vesponde (ppm) - Indtial response (ppm) X 108

Span (ppm])

TEe T

Start tlme Finieh time

Teat Polnt mw

3
\El
TR

COMMENTS:
(% 0.9994

oA 1A

__________________ Mioutes per point
Hample port .
11 21
12 22
13 23
14 24
1% 25
16 20 Ave, mv
1 27
18 28 Ave, conc.
19 29 PEm
al 30




“III:" '“ ‘IIIIIIIE;

METHIOD 25 A D AT A oo EET

COMPANY CMNG- STITE L IAJE SOURCE

 DATE

PARBMETER TH LoaDs 9 RUN NUMBER &

CALIBRATION gTaTIETICS

Cylinder Value hnalyser Response Absolute Difference % Span

A ppm i ppm +3%
pero M k0. bt fune. s @08
Low lio S g5, 15 g8 Q5,495 oo
Mid N 0 4L ol 204,43 6, 4.0
High sab 4920 S 490,63 ) G

Calllk

ation curves ppm = (rasponse mv)(ﬁlmpw) + Intercept
f Imtercept o 5. ?‘ Span Range
Infit. Analyzer Final Analy

H ’

Xl -
: Resap.

o ppm Blas MV Ppm Blas Span Drift
. : . k5 : _ UL
rov 6595 e 263 aln e 802 efe et
Mict  ZetAl  2a0 L 194 <0490 .pBe

16

Sya. Cal. Blas = Sys, cal, {ppm! - analyzer cal. (ppm) >
dpan (ppm)

A0edfe = Final sys. resp. (ppm) - Inltial sys. resp. {ppm] X L@@
span  (ppm)

Response Time Test--Stablllze wlth zero gas and swith to high
‘ concantration. Record tlme for 95% change.

Time: 1) 2) 3) Averace

TR & D AT A

Start time Findsh time Minutes per polnt
Tegt Foint my Sample port
S L1 21
2 12 2l
3 13 23
4 14 24
5 1% 25
& 16 26 Ave . mv
"t 17 e
8 18 g T Ave . Conce.
¢ 19 29 ppm
14 20 3y

COMMENTES ¢

ﬂ': g”qh%qq,



M & THOD 3 A DATA &8

COMPANY NG STATE (W

-y ey 1 75y - e
PARAMETER . LA LoARS 4%

CAL T BRATLON 7T ATI

HE BT

L. DATE

RUN MUMBER

ST 1L CS8

Cylinder value Analyzer Response Absolute Difference % Span

W % v % 2%
Zero mJHﬁ: _____ T 6,11 00 ] 019 gega
mid VAL 4.49¢ 120 4,54 1208 pUEAN
Hiah 2009 Bl PAT | .14 2044 ]
Callbration curve:s ppm = (response v){slepe) + intercept
Slope 7. 84940 Intercept Q@185 span Range L5:%94
Analyzer Cal Init. Analyzer Resp. Final Analyzer Reap,

v ppim Bias ] ppm Biae Span Drift
+5 +5 +3

conc. 0,94 0.0 ¢ -0l .0 TN oo 0.0B

Sys. Cal., Blas = Sys, cal, (ppm) - analyzer

cal, (ppm) » 106

Span (ppm)

¥Drift = Final sys. resp, (ppm) - Initlal svs, resp. (ppm) % 160

apan (ppm)
TR S 1 DA T A

Start time Finiah time

Teat: Point w Sampl
L . — 21
2 12 22
k! 13 T 23
4 14 T 24
3 15 25
G 16 26
7 17 27
& I 18 28
9 19 29
10 T 2w T 30

COMMENTS ¢
£ 0694 .

Biks Mo Grs  STRET = g.g3

Bins  wal Gaes VLR N Y VR

Minutes per point

e port

---------- Ave, W

Ave, cona,
%

s

)



COMBANY

CNG= STATE

HETHOD T ®

Lo\ p3EE

FARAMEBTER

Gy Linder Valua

ALY H]

ML

Callbent lon aoucve s

o

Anm Ly e Col

Cona, 7907

|~!\1::’ ,

bt oLl

me.mmwuuLmu"-ﬂvﬁﬂmnmu

AL LB RMAETTETON

gy Ppm
" oo 4...’=;‘h--!|‘
2L ki
4.1 Hea, 5|

p

Interoept -

v ppm Bl
&
....... feih JodS Qb

r

"TEHe T

_____ geart tlme  Flodah b looe
Tant Paolnt  wv
1 Lo
2 12
K] 13
1 14
4] 18
6§ 16
[ 17
H 16
B 19
_____ vl a0
CROMMEENTE )
_____ mt heopo
s Mrp GRS STRLT
Bipey M GpS Ep

(U | N LY

ppm ow (eaeponss my) (olope) +

AifeaB,

Talts Analymor Raop,

[ 0 O

----- J[]b I.L"[Ilii RLTTTITTEETITITTLLY

RAUN NUMBER

Br AT TETLCH
I
Analyser Responss  Absolute DLfferenae & Delfk
v PRpm el .
.00 w0 ey B

el 23y e Lt

4.8

4l 35 0y 2e

it aroapt

Hpan Range 7 ]

Plonal Analyzer Rewsp.

g PR Blaw Dl
R
L, Foie . 040 G 2.0

[ppm) = wnalywer oal, (ppm) X La@
Hpun (ppm) '

woelft w Plonl sys, reap, (ppm) oo Inbklal eyae, resp, fppm) X Lee

apan | gppn)

D ATM

Mlnutes pot

Bamg La port

el
ad
23
24
ah
26
ry
28
29
ey

Avaoe mw

Ava, Qonc,

PRm

T0 WS

LTS
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METHOD @ DaATAM 6 HE ET

COM BPRANY CMNE = STATE Lol BOURCE # gpgaeg | DATE

PARAMETER [ LOADS 94 RUN NUMBER

CALIBRATLON BTATISTECS

Cylinder Indtinl Analysaer Final Analyzer SDrdft
_____ Value . Responye Response
v ppm v ppm
(3
Zoro | Na_. Q.00 il 142, Sudd e
o Ly s SR e L dla 59, 44 Wl
Mia Jode Asd. bls 8410 - te
""" High  dolifed. fodz  dogede b Awl.gd MR

Calibration curver ppm = (mmmpunuﬂi@w)(ummpm) + dntercept

..... Eﬂxmms“ﬂW$,ﬁmnua Intercept 3., il Span Range 468.774

Bhrift = Final response (pem) =~ Initial response (ppm) ¥ 100
Bpan {ppm)

B D L TR DATA

Start time Findsh time Minutes per point
""" Test Polnt mv Sample port y ,
1 11 21
P 1o ng
_____ 3 13 "3 S
4 14 24
5 15 25
[ 16 26 Bve ., mv
7 17 gy T e
& 18 28 Ave. conc,
LA 19 ay T ppPm
¢ 10 an 3

COMMENTS ¢

/A W



T o

EMIGSICON TESTING SERVICES, INC.

METHOD 25 M DaTA B HERET

COMBANY  Cadey = STATE  LIn 6 BOURCE # gyowes | DATE _ @6ya&n
PARAMETER Tk LOMME RUN NUMBER 3

CALIBRATILEOMN grTATISTICS

Cylinder Value Analyzer Response Absolute Difference $ Span
iy ppm v ppm +3%
mero  Na .00 =h Al R0, =gl
Low 84,83 Les. Held Lefle Glged
Mid - Zeo L4 0k Yo 2. 20k 2T Op.
Hlgh  So| ok 4 49 508 49843 020
Calibration curve: ppm = {(response lgv)(slopa) + lntevcept
Blope Jap. 571479 Intercept - § Ly Span Range ¢qd 3
Analyzer Cal  Inlt. Analyzer Resp. Final Analys: r
mv Prm Blas mv PR Biag Span Drilft
o - n LY . »
A5 i E :!:."l
Low Gl b Lo, el use L0 ap.o4.  Qepr L3O
Midl ELok. 2.t el f9%e 0 2o ll Tod a4 <030 U A

Sy, Cal, Bias = Sys, cal. (ppm) = analyzer cal. (ppm) ¥ 129
Span (ppm)

$DeLft = Plnal sya. resp, (ppm) - Initlal sys. resp. (ppm) X 1949
gpan | ppm)

Response Time Tegt--Stabilime with zero gas and awith to high
' concentration. Record time for 95% change.

Times L) 2) ) Average

TR & T mwa'™TaA

frart time Flnish time Minutes per point
Test Polnt wv Sample port
1 11 21
” Ly na
4 13 e ng
4 14 a4
5 15 25
6 16 26 Ave . mw
9 17 37— o e
8 18 28 Ave . conc.,
9 19 29 PEm
1 T k]

COMMENTES 1

:. . 1‘1’ ¢ ‘:il ‘:' 1:’ 1iL.



M ETHOD 3 a D AT A H BB T

COMP ANY CA e STATE i E SOURCE & Eugw | DATE g o

PARAMETER & Loaps 98 RUN NUMBER _3

CALITBRATIONR STATISTICS

Cylinder Value Analyzer Response Abscolute Difference % Span
W % v % 2%
Zero &0 014 ol @1 Lo
Mid  Am R 4, 44 12,03 . 57 (L6 B
igh 204 T T B.1¢ 20,08
High  zZeA.. fald:. el Bl Lo
Calibration curve: ppm = (response v){alope) + intercept
Slope &.Goid:. Intercept gigjeld . Epan Range h, el
Analyzer Cal Init., Analyzer Resp. Final Analyzer Resp,
' ppm Blas W Pom Bias Span Drife
ucs U &
conc, 014 TN | o, 14 g0 o0 TN, 0.0 0.0 9

Sys, Cal. Blas = Sya, cal, {(ppm) - analyzer cal, (pom) ¥ 1@
Span (ppm)

trift = Pinal sys. reap. (ppm) = Initial sys, resp, (ppm) ¥ lo@
apan (ppm)

T B & 17 D AT A

Stavt time Finiah time Minutes per point ]
Teat Point w Sample port
1 11 el
! 12 22 T
3 13 23
4 14 24
L) 15 25
G 16 26 hve, v
7 17 20 T T
& 18 28 Ave, conc,
2] 19 20 T %
e 20 30
COMMENTS ¢
- 0 aae
LN VN “1' ] e
Bos  mio Gas  START = 4 §1 TS

Biws M Gk s Brud = 4 84 gy



Presented on the folleowing pages are engine operating data

collected by the control room computer during emission testing on
A | . ul

June 13, 1990. Following these data are fuel gas analysis on the

fuel gas samples collected during the emission tests.

23



EMISE TON 'PESTING SERVICES, TNC.
INTERNAL COMBUSTION BENGINE
OPERATIIONAL RECORD

. . O ‘ T AN Tev
company Name (p“gd.ﬂﬁdﬁdw %Mﬂq(“7\ (1o [[m;nﬁwusg[py\(ﬂwinuihh\

1 o -
PP L - 3 "‘.\‘4 - k ’ l - \[“‘l. i ] ) (h..‘“" ‘\] L ] .)
----- Company Location  ™Sylote VW\f,3+aith
Brg lne Wame Lo |ode Traersol | - B
]

Engine Sourvce T. D. No. E}nMyma “‘[
J

Daslgn Speclfications

. . o o T |
Manufacturer'a Name LNUWI&HH ----- khwnim
L

Modal Wo. fve - [ Sacial No.

Paramater Speclficatlons

A, Fuel Type bMeboval Cias B, Fuel Supplier pMNo T
C. Fuel Plow Unﬂhalﬂﬂj}J Mmaa.l%mﬂwxﬂ(mmimgﬁ
----- D, Ta unit equipped for waste heat cecovery? b )

Describe

E. Does unlt use water or steam injectlon? MO

Tt 80, describe measurement. method (continuous flow, starte

Flnlah volumesa, alo)

Fo Manlkfold Pressure unite {(psla, kpa, etc.) [\ — “ﬁlﬂﬁ: Vol - PST

G. Manifold Tewp.{“F, “C, atc.)

Ultimate FPuael Analysis

C 5 H hah

Trace Maetalas Na Va X

..... ‘ Fuel elements added

Puel elements added for smoke suppression




IV Engine
b ogine RPM

Turbo RPM

£ Comp.

_ Comp.
H End
CEnd

¢ Comp.
I End

. End

™ Comp
..... I End

C End

FOTAL
2l HP
v L85

Water Pump

330

21,195

lst Run

2nd Run

June 13,

STATE LINE STATION

Pivue Test

Engine Cil Temperature In i72°

Engine Oil Temperature Out 178

1990

141,
FES,

140,
P

byl

]1 4 ':] “
[

18,

10315

1085,

P o+ 17,5 =

~fotal BP

1H03.

|
116,

W

140
115,

137,
7.

139.¢

5
S,

137.
Pi7, ¢

LS

1066 .

1084 .

3rd Run Adth Run 5ch Run Grh Run Jth Run 8th Run 9k B
137.8 137.8 136, 2 134.5 133.7 133.2 134,
[12.9 14,3 1i2.2 P13, 2 112.3 1.9 [

139.0 135.6 133.6 133.1 131.7
6.2 115.3 F12.9 LI 4 FEE3

137.8 136 .4 149 .4 133.8 132.5
1%, 113.9 125, 4 Ir.i 110.5

135.0 134,60 134.8 132.0 13,7
16,7 115.4 b1a.2 113.9 112,

1000, 5 FO03.3 1016.7 984 .0 9758

1063.6 1056, 1 1070, 2 1035 1025

1081.1 O3, 6 ay.? 1053, 2 1044 .6

131,
112,

132,

I

131,
[§2.

976,

1028

104 5.

132.
NN

974 .

1026.

1063, ¢



o June 13, 1990

STATE LINE STATION

Second Test

't Engine

Engine RFM 330 Engine 0il Temperature In 1727
..... Turbo RFM 21,190 Engine 0il Temperature Qut 178°
..... st Run 2nd Run Jrd Run dth Run S5th Run Gth Run

A Comp.

H End 132.4 134.5 133.0 133.0 133.5 134.1
C End 111.0 1. Y.l 1.8 1.6 [ I ]

B Comp.

H End 130.6 1321 132,33 132.7 132.8 132,73
¢ End 112.3 1104 2.1 112.2 i lid.2

""" C Comp.

H End 132.4 132.5 132.6 131.4 130.4 131.9
C End 109, 2 F10,7 110.3 1107 1102 0.2

0 Comp

H End 130,02 130.9 130.6 131.0 130.0 132.3
'''' C End LId.9 ITo3 Thn. 4 112.2 12,1 112.6
Total 9392 973 r2.? 95 9r2.a Q7.1

Mech HEP
O ] 102,31 1024 .7 1023 1026,3 1023.4 FO28 .5
----- Water Pump
HE + 7.5 =

Total HP 1040 . 6 10462.2 10413 10438 1040, 9 104 6.0



June 13, 1990

STATE LINE STATTON

Third Teast

il Engine

Engine RPM 330 Engine 0il Temperature In 1727
----- Turbo RPM 21,190 Engine Oil Temperature Out 1787
""""" lsr Run 4nd Run drd Run 4th_Run sth Run bth Run

A Comp.
H End 134 .2 134 .6 133.0 133.7 1341 136 .1
C End 109.7 [ [RR na.7 b3 a2,y
B Cowmp

H End 131.9 132.1 131.7 133.8 133, 1 134, 1
C End 1.9 2.3 1140 P14 .4 a.7 F13,4

C Comp

H End 132.6 131.0 132.4 132 .4 136.6 13354
_____ € End 1039.7 10%.9 IO 4 1.1 110,86 s

I Comp

_____ H End 131.4 130.3 130, 2 130.9 131.7 130,03
C End N A 113.0 1124 [12.8 113.8 112,98

Total D74 b a9r4 .S 9758 981,86 981 .8 983,06
Mech HP

4+ L85 = 1025.8 10257 1027 .1 1033, 4 1033, 1035, 8

4

Water Pump
HP + 17,5 =
Total HP 43,3 1043, 2 (LT ] 1050.9 050, 9

1053.0
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Test 3

EMTEHEESTON TESTING SERVICES, INC.

ENTERNAL: COMBUSTLON  BNCG TINE
----- TERET RUN LOG

[GAS BRGTNES)

/1
Company  {

. | |
4N - | N i PLT U \ g - 41 /V “ reo ..‘«-w “"« P e . . . /:‘ . , [ S 4 A P o
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i
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g lne Y “.l 1| { 1‘ YAy '!h'l_ ‘l 1Y\ 4!"1&'\10: L) P ] "

..... Operat.or
- e e " - ) )0 ) g N v -
Dater ¢ /140 Tast Tlmes Stact 2./48 CEnd &4y
& ’
M lent Temperature, at tlme of test 408
Engine Load Condition %
DATA LOG TIME 7:00% 4 96 7
e . ) EUAL o T fITT R ot o A (A,
(1% minute Lntervala)
Fual Feed (FLow) e e, SO
Intake Manlfold Temp.
Tntake Manlfold Pressure
..... Fuel Neader Pressure Ay ey
fie to. T, -~
it [ 1y g8 4 o2 PR [ A
Engine Speed (rpn) A40_. r e
Spark Tonition Tlnlog f6° l6e . Iy
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or [ e Ve Pkl « ol 4
llorse Power Y A )
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VIE. APPENDIX

Contained in this section is & copy of the dry gas meter
calibration, pitot tube calibration, gas standard certifications
and resumes of Emission Testing Services, Inc. personnel who
performed the testing. Also contained at the end of this section
are excerpts from the operating manuvals for each of the
continuous analyzers used. The excerpts describe the principle
operation of the instrument, analytical technigue, performance

characteristics, etc..
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John R. Angelloz, Jr.
Project
Bml&sslon

Baton Rouge,

'=3tlng Services,
Lowisiana

EDUCATION

B.&.,
Louisiana State

Qfficer Advanc
Belvoir, Vi

Engineer
Fort

Engineer Officer Basic

Fort

Participates in Air-Pol

ITnstitute Courses

SOCTETIES

ed Cour

Belwolr, Vi

Incorporated

Engineering Technology
Unidwves

ity

se, 1988
raginia
Course, 1983
roginia

lution Training
(APTIL)

Source Evaluation Soclety (SES)

Society of

LeU Alumini Associatior

The National

FXPERIENCE

1990 to Present - Dmis

respongsible for performing
ﬂl(ﬂ 800, NOy, CO,
rrojects, ‘FeuMLLbiJ;Lty
modifications,
and crew preparation, and
heen observed

Emiss
emission
anﬂ]iux

1986 to 1990
experienced in
alr moenitoring.
Ferformance Test
sampling and testing using
standard testing procedur
report preparation.

Amnerican Military Engineers

Guard Association of the United

sion Testing
Qo and C

coordinating
in 8 states c

lon Tﬁﬂfinw

ProCe dures.,

( SAME)

g

States

AR T n
Enginee:r

Services - Project
continuous emission monitoring for
Vo logistics for sampling and testing

studies for proc 5 coperation

plant start-up operations, equipment
crew development ., Mr., Angellozs has
oordinating various engineer projects.

Leader
ambient

@

Services -~ Testing Team
esting, fugitive emissions and
with all routine US EPA New Source
Routinely performed actual source
Reference Method test as well as non-
Proficient in data reduction and

BE .
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John R. Angellosz, Jr.
Continued '

1965 to 1986 -~ Remron Envirconmental Services - Sanpling
Specialist experienced in emission testing, monitox
certifications, calibration and valr of source sampling and
continuous monitoring eguipment. Cross-trained as a laboratory
testing assistant responsible for standard solution preparation,
water sampling analysis, total organic carbon analysis, total
g0l

prepatration,

ds and suspended solids analysis and GC/MS sample

MITITTARY

Lovwigiana National Guard - CPT. - bdetive duty includes tours of
Ft.. Riley, Kansas; Ft. Belvoir, Virginia, the Republic of Panama,
and the United Ringdom.
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Kevin Thibodeaux

Sampling Specialist

Emission Testing Services, Incorporated
Baton Rouge, Louisiana

BEDUCATION

High 8chool Graduate
U.8.

EPA Round Robin sample integrity sudits

Emission Testing Services Air Sampling

Seminalr

Comnpleted
Technigues

Participates in on going Air-Pollution Training Institute

Courses (APTI)

EPR certified opacity reader (Method 9)

EXPERITENCE

1987 to Present
Specialist in
and non rout
certif

Emission Testing Services, Inc,
amission testing., Performing BEPA Ref
ne source evaluwations. Crew leader
icaticns and varicus other source evaluations.

Responsible for the calibration of pitot tubes, control

and thermocouples.

27
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Gentlemen:

Thank you for choosing Scott for your Speclalty Gas needs. T
reparted by our laboratory, are listed below, Results are in volume
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Accuracy
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Analytical
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ﬁ |Jmmm|..J%NmmJil y -Jmn.mm Scolt Environmental Technology, lne.
i

i 714 LAPAS DRIVE, HOUSTON, TEXAS 77023, [713) 644-4320, FAX 644-0244
§

SEPTEMBER 28, 1988

--------- . I . Date:
EMMIGSTONS TESTING SERVICE | o
103689 MAMMOTH DRIVE Our Project No.: LA
BATON ROUGE, LA 70814 Vour PO, Nos _BR09 4=

Gentlemen:
Thank you for choosing Scott foryour Specialty Gas needs, The analyses for the gases ardered, as reported
by our laboratory, are listed below. Results are in volume percent, unless othenwise indicated.

ANARYTICAL REPORT

Analytical Analytical

ADL1B436

Cyl No. Accuracy Cyl No. LYo ] Lor —
----- Component Concentration Component (<HmumHWdHH“
_ METHANE, 501 PEM
ALR BALANCE
)
""" “:’t\.
1 N '
!lllil !31;
'||||I| s
e !'!In,
"""" .ba
T T

Analyst N Approved By e

The vnly Bability of thiy Conpany forr gan which fails to comply with tbis anslyolo aball be veplucement thereo! by the company withows sxten cont

CERTIFIED REFERENCE MATERIALS EPA PROTOCOL GASES
ACGUBLEND® CALIBRATION & SPECIALTY GAS MIXTURES FHWW:m‘ﬁlm
ACCESSORY PRODUCTS GUSTOM ANALYTICAL SERVICE

TROY, MICHIGAN / SAN BEANARDING, CALIFOFNIA / HOUSTOM, TEXAS / BATON ROUGE, LOUISTANA  AUSTIN, TEXAS
SOUTH PLAINFIELD, NEW JERSEY / FREMONT, CALIFORNIA S WAKEFIELD, MASSACHUSETTS / LONGMONT, COLORADO




ETS
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EMISSION TESTING SERVICES, INC.
PO, BOX  TSOTE o BATON ROUGE, LA 7OBSN

Companys Scokt

Cylinder & AAL-

Tnstrument s O

Trial

specialty Gases Analyst: Brad

188886 “Date: 5/26/89

aal halysls

o1

20,9
20,9
2,9
e, 8
el 9
20,49
40,9
20,9

2R 9

Mean @, = 208,9%

Latham

&, 0
.6
.
@.a
()
@.e
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POy BOX S EHOTE o BATON  ROUGE,

Company s
Cylinder

Inabrument

QXY GEN

Quality Gas

CeB3916

LA

PCHRIE

CYLYINDER

Orsat Analysis

Tredal

Mean

(73N
2

13

-:,

Q?

13,2
13,2
13,2
13,2
13,2
13,2
13,2
13,2

13,2

L

Analya

Dates

CBRIYTFICATION
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@)
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@,
@, @
(@,
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@, @

Kewvin Thibodeaux
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For Use on 153 CUole, 30/60 Ms Bupply C400%)  Dacdon Shippads 12/15/88

KTA
e Glo-No  Fose In Conbeoal Undl

Type of Sensow Stack Oag-T( - Type of lmanLwl Unde Combinat | on
Caldbration HWWMWHWmtmwmm‘mmﬂﬁﬁmemm "o Gmﬂﬂhrn&lmMMKMMwwm Cado BOO-10O .
METER © MBGDADER JEG, PUTRUE

Range 1 N oto 108 0 - 0 Gol 10w My ” m 4 o 20mA Toal, Lin,

Range 2 N owe 25 0y : 0 En.25% Ny w4 to 20mA Taod, Lo,
4 e & Y '

APPLYCABLE DRAWINGE v

" Internal Wirding ' AT 2400

Goed Cage Layout " ATV 2470 .
CONTROL o ' )
UNLT Dimena Lony . L ALDA-0RS

Sdgnal Atrenuatfon Goed Wielag a1 7-017

“Internal Wiving WAL =0 TR -5
Toternal "Flow Hﬂﬁdwm?ﬂmﬁ
SENSOR { ‘
”I" i T Mosin | ng na ‘-M) (3T - ‘SI
LIlmens oo “ NAOH-DTR-~5
OVERALL qrﬂntnwmmmmmnmIMW‘N%wimu C ALDI=071-1

SYSTEM

OFTLONS THGLUDED WITH THIS SYSTEM
DESGRIPTION THETRUGTION SHEET HO. IEPLACEMENT BART MO,
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Taolated Linearizer ﬂuwﬂ‘ DOO-%11 : BN2LS
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¢, Anclllavy Bl pment

TE any recorder and/or control davice, not nmwm”ﬁumumpmd by
Thermox, has besn spaclfled se ancll lavy aqulpuenl, wu@mr ;1
spoc lfle dngteuctlons provided by bthe wmowuboclurer of wuelh
gl puenk,

THE SUCCESSEUL OPRERATTON OF YOUR AMALYARR DEPLENDS
T A VPHW LARGE NEGREE ON THE PROPER THETALLATTON
OF CFUE SENSOR,  SENSOR XINSTALLATION T8 COVERED LH
SMCTIUM ILK” (e

FT. BASTCG PRYHCTPLES OF OPERATTOH

Tt 18 etrongly recommanded thet all peresonnel who will regularly
wpe chis dwebvumant hecome Ffamiller with the Followlng brief
axplanatlon of haw Lhe Instroment workse, what dle 4o 18, and what
ot owo o weony o wlho

Ao How Tt Workas
1. The Electrochaemlenl Call

The working alement of the gee sensor lo a clogsed-and tube
mode of o ceramlc owlde, Zlreonlum Oxdda W”hmmmumﬂ. Wiran
e Ja how, L6 hecomas @ conductoy of electrlclty becausw
ol the mohllity of the oxygen louas dn litw crysbael
atructure, Rlectrodes of porvous pletlouwm are coated onto
the doalde end ovecelde of the cel)d and srve normal ly
conpected ta o panel wmater,

T, Call Ontput

When the senaging cell 1o hot, a voltage 48 produced that
La proportional (logaedthmlcally) to the ratio of the
axygen cobcaoenbtratlon on Lhe referance sldae of the call
(ugwpl ly nwhlant mLuJ antd the axygen concentraklion of Lthae
avmp e, AL of chie volwage (or v poviloo In the cewe aof |
gxpanded scnles uwadng o voltage oflfset powaer supply) da
ddaplayed an the psnel meter as o logacithwic dlaplay of
tha concaentration of oxygen, Optlonslly, the dleplay may
v leumxlhmd" The napedng sall 4w a partial Preagura

deviee, ond regpenda  CIEEEETY o Telanges T0 aawple

n, What Yo In T - Three Simple Sysbkems

I, he Plumhinge ALL dnlet and oveclet tublong, the senslng
cell, and sensing cell £lttloge and Elow black assemhly,

1f
2



For meassurloug oxygen dn anmmmmmwmuﬁbﬂm Haaaon,
uf Humlwmﬂuwmmr.Hmnﬂ“mﬂNmmtlhmmnﬂ%m formulanl
' T Lon. . oA0,8
Pav w AT Log .Jh&; ........
' ‘ o 30a
A ow 48,0 sl GO%C {1mmmmW}
AT ow S0,0 ot 73500 C1A55%F)
o » m oy 0] 9\
AT w 51,7 at PTOMO (h&lH“WJ
AT w 53,8 et BL2°C LLADATE)

Lhe callhratlon

Where A 1ls & constant, T din the call temperature in degraes

Kalvin (deg ¢+ 273) and @?W iw the oxygen conc
gne Lo he gnelyeed, The curvaes below show Lhe
aukput. reletlonabhlp.

CELL VOLTAGE Wi, QU00uN COneRTIAT IO AT VAREOUE BELL TEMEERATUNL
L. GEOPELCLENL AL YARE D GELY TRICEEATENRD

Invvesotng Uuu“uuuuuuu N

Inttcoooon alllivolen

gntratLton of the

tmmmmwmmmwm/nmkl

for onp paciiculag \
Duygon conconteak lan ‘
140 -
! Iope divestly prapoetional \ e
b sbooluln Lunpocitoee | e t,d“gauf
0 --m N [ ‘.l
) .
AT, ! e ‘
o) o Bhbe (Llustvocan sha Ehepry .\“‘ .- ‘“,llﬂ:»:;‘l ‘
% wod vealbey ol a1l Frwe \‘ \ [
W abastsochenieal calby Inoluding \ e |
4|‘|:)..N[.. M ol geurte tho cogambs on ypen ” l ,,,,,,,, L
o coll, P e [Ty LS
e (B
; 1F' (H06AE)
Blb - ren !
i
) -
400
m
0. ﬁ’ Dongonnbag Eamptpabure o, -
‘ u doagoanon whiblvalty Lor
any posebaular snpgen
AONGDAREABA
- [Ap—— A5 F——— ..'r .
) e Rooponse ta Abe mmdnaf
-l allvedya voua
AQ l
E |
.60 4 |
Oy pon Gonpamkeotion .
“w | LR I anunn aBes wm mp amm e wim § cemmmmmmanEet mrma—mes e | SdnsmmENan A auae R wmr b e || aun 4 eeREmammm—-
_______________________ Ce e | | n | “ |
A0OE) 5l 20 1¢] [ i | (IN] [t ] o)

T e

The sansing cel l dossn not produce o gl gnel when aly da on both

gldea, anml the voltage fneronnan pe the owxygen
the sample decreaset, raletive to alr,

&

concentratdon In
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INSTRUMENTS DIVISTON

cireutlt which may need Lo have a particolar non-lineav chavaclerisiic
(as 18 the case Ffor the effect of pressore and Lenpers tire chianges on
Infraved absorption measurements), Mo lay diaguostic  Functiong  also
requive wore circuitry thereby increasing batl compledity and cost whila
decraasing veliahility, Data averaging in analog syslems is Hsual ly
done al considerable extra cost with a sepavale insbrumenl connecled Lo

the outpul of Lhe basic analyzer,

In conlrast, the Model 48 has been designed o Fevforn & Jarge
vardely of tasks hy otilizing appropreiate ioformalion stoved in L
system's program memory,  For example, he micracompatey Ty oused L
process signals from hoth a pressure il lewperatuve Dransduocer Lo make
corrections o the Anstroment aukput, resulbing o U0 concentration
measurenenls which are unaffected by changes in the Lgmperalurg o
pressure  of  Lhe  gas  belng  sampled, Bolh Tinear  and  non-1inear
corrections are handled with equal ease., In addibion, many diggnostic
functions can be selected through the wse of Front panel  peshbu o
switches  (Figure  T1-1Y, User selectalile  program apitens include;
setlahle Clme vesponse for data smoothing, o hour averdged value whicl
may he sel for continuous output al oa slandavd secondery pa e af ootput
terminals, ov can be sel to Interupl the (rbmary anlpul briefly every
howre, o can be de-activated,  These oplions dre standad wi e wvery
instrument amd are selectad hy setting switehes on the frond panel of
Lhe  Tosrtnnen,

Thevmo Electeon 18 pleased ta have suppl bed yon will o Moded 40,
Weare commibied Lo Che manufactore of sl rumenls gabibiting Lyl
standards of qualtty, performance, and wortwanship, e Al preperdd i
vager Lo be o) seevice Lo oyou i Lhe use of this s bvouwn .,

A PROGETEUE OF OPERATION DF THE GAS FTE i COIREET ALTON SPECTROMET ER

fhe  technlgee of Gas F{Yter Corvelolion (BFCY  urrers Fpasinvd
spectflcity and sensttivity aver conventiong] none-disparsive  infrarad
(INIRY techniques.,  GFC spactrascopy s bascd upon conpavisen of the
munﬂmuﬁumJMm1W‘Mﬁ1”“M%ddhmwﬂwmmmwmmmmrIm:mmmmw
gas Lo thal o olher gases also present o sample batuy analycad,
The technique bs fnp)emanted hy using a high conizentval bon sample ol Lhe
measured  gas, e, G0, as & FITLae For Uie Jofrared ol falion
transmitted Cough the analyzer, hence Che lerem GFEC,

The basic componants of the GFC OO spectromeler are shown i Figunr
-2 Radiation from an IR sonrce Bs chapped wnd Ehen passed Ulrough a
gas Filter allernabing hetween CO amd 12 oo (o vatalion of the Filtenr
wheel,  The radlation chen passas thvoigh i v rab bandpass inlarference
Fileer and enters a multiple optical pass coll wher abisurplion by Ly
sampie gas occurs,  The TR radiation then exits the sap e cell  and
falls on an TR delector,

Thae €N ogas FITLer acts Lo Prodoce a v terence bean wiilol cannnt lia
Further attenmated by G o the sawple el b The B2 sade of - (e il e
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Neba 1

wheel 18 Lransparent to the IR radlation aml Cherefore produces  a
measure beam which can ba ahsorbed by £0 0 the cell.  The chopped
detector signal s modulated by the aliernalion belween Che Lwo gas
Filters with an amplitude related vo 1he concenlral jop af 0 odin the
sample .cell, . Other gases do not cause wodulalion of P detector signal
since they ahsorh the reference and meeasioee beams aqually,  Thus the GFC
system responds specifically to €0, .

WILh the fmproved rejection of inlerferences affordaed hy he
GFC o technique, it s passihle o dncrease (e sensitivity of 1 he
analyzer,  This is achieved hy the maleiple pass oplics (Mhite Call)
used in the sample cell which leads to a Vo path Tength, and Chus an
Improved  sensToivity , din & smal) physical space.  This allows  full
scale sensibivily down to 1 PPM with o lowmer detwetabile Vimie (1D of
BL020 PPH Lo be achieved,

B THSTROMENT BESERTPTON

The instrument can he most cmnvﬁudunnluw<disﬂu&5qu by separat fng it
fnto the followling aperational components (Iigura 1-3);

by Oplicel hench

2) Correlation wheal and choppay e bay

1) Souvce and source Power supply

4 Detector, preanplifier, and bias supplies

5) Tupot signal condi ttoning board

B) DL power supply

D) Hicrocompuater

B) Temperature control bar

) Flow components (pomp, valves, Flosmie Gy amal polomb g )
1“)'Hmmwrnummzandqnmmﬁumﬂquwmhnmrb

1Y Optica! Bench (Flgures T-2 amd ) D aptbcal beneh s of (e
White Cell design.,  The use of the Whi L Cul b mnd ipass aplbcal beneh
allows one Lo achieve a long path length, with o Huuyme¢nnnum4unug‘nmm]ﬁm
ina small physical package, The bench las heen designed for easy
disassembly o cleaning., The source, detector, correlal fon vihiew b, and
chapper  motor  moant rlgfdly to the bench. [ Vaal bgoment shao b g
necessary afler voutline cleaning,

) Corevelabtion Wheel and Chopper Hotor - The corralalion wheel
consisls af two hemlspherics) Cells, one Filled with 0 apd e tlher
With 20 Integval with the correlation wheel b the chopper patier
necessary ta prodoce the hlgh frequancy (160 He) chop necessdry for (g
infrared dotector.,  The correlation wheel §u votaled Iy a0 mynchromaus
nma o, '

1) Sowrce and Power Supply « The Anfraved sonce 1§ a speclal wire
wound resistor, 1L is heated by passing o highiy regulated DCovol Layge
through Lhe resistor,  Replacement, whe, Becausary, bs s braight Forad,
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-
L, SPECIFICATIONS '
Rannges 0n-1, 2, %, 10, 200, 50, 100, g
200, GO0, 10NN PRH i
Moise . 0,06 PPH RAS ~ with Clme .
' constanl = 30 secands ﬂ
MAntmom Detactahle Limdt 0,10 PPH
Tero Deift, 24 hours 0,2 PRM ‘
Span Deift, 24 hours i 1% Full Gcale -t
fise, Fall Times (0-95%) I minute
(at | 1pm Flow, 30 second
FESPONSE tiwmwi
Praecision e 0,1 PPN
Linearfity /- 1%
Flow Ral.e 0.6 - 2 Tp .

Reject lon Ratio

Operating Temperature

Povier Requirements

Physical Dimansions
Wedqght

Mial Outputs (Standard)

Hegligible interference
Froom wa ey and CO2,

Pavformance specifications
maintginegd aver Che range
PE-360C (inay b upera Led
sately over L raoge

A »

106 - 128 VAC, 60Hz
pen - 240 VAC, &0z
OO Halils

P79 O 374" o 2aArD
95 Ths,

Tndividually selectable to
O~ 10y, O-100my, -1y, 0-8V,
O-100; digital display; 1
Bome dnteqrabed valie,

Othee oulpuls availahla upon
vedquest (4-20ma, [EEEIA8)
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SRECTION I

INTRODUCT TON

The Meloy Laboratoriles, Inc., Model HCS00-2C Hydro-

rarbon Analyzer is a self-contalined system for monitoring
ambient concentrations of non-methane hydrocavbons (NMAC) ,
methane and total hydrocarbons.,

Che FID
which is

Sample alr ls first introduced
detector to yield a total hydrmnuxbc
stored in an electrical clroult. The
is avtomatically switched so that
through a catalytic converter bhefore
the detector., The catalytic convert
stantially all the NMIC to a non det spaclies, There-
fore in lhln mode only the methane p anbk in the sample
will be detected, The methane Pwnﬂinq i stored in another
lectrical holding cdrcuit. A d ntial amplifier sub-
stracts the methane reading from the total hydrocarbon
reading to provide a NMHC reading as the output signal.

it is lnuludu¢pd 1nﬂ
: oy guly-

The hydmomarhnn detection aystem utilizes the well

@ & slished technique of flame lfonization., Hydrocarbons

e sing through the hydrogen wloh flmmw are converted to
iong., An electrostatlic fleld in the burner causes these
fong to migrate aud collact on an electrode., aAn eleclric
current is produced which 1s proportional Lo the concentira—
don of dons collected,

The des

lgn of the Meloy HCS00-2C was lmpﬂvmzmtud with
the emphasis focused on obtaining stable and reliable
performanc and ease of service and mmiuLmnamuem 1 Lsa
pneumatic and thermal control of oritical elements and the
utilization of proven solld state aclrouicry contribute to
the performance characterlstics of the instrument,

I
o meet

Ire addition to the baslc HE 500-2C Meloy Laboratories
Tne. provides a variety of optlons and accessorles
most uger's rpquiromemtmu Por @numplup flow contraol,
automatic relgnite, and actomatlc zero-span check Sy stem
are soms of 1m.¢uﬂAMan




SECTLION IT

PRINCIPLE OF OPERATION

The Meloy Flame Tonization | Petector (FIN) is based on

the lonization of hydrocarbon molecules in a hydrogen
hyperventilated flame, Hydrocarbons are mented by the
flame to carbon radj als, e.g, PH'" These radicals react
with oxygen radicals to form positive carbon fons and eleat-
rang., The positive lons can undergo further reactions with
Water molecules to pludum@ hydeonium ifons.,

The lnllmw1nq aquations summarize some of the possible
reactions:

‘:‘}M H!i.’ .................. 0 CH»
CHo A (o= oot 0 57
CHOT o+ Hap0edw Hy0t 0o

A B4 volt battery is used to produce an m]nt trostatic

Field between the lnnl.d$1nm probe inslde the burner chamber

and the burner block, This causes the pnthﬂwnlg charged
lons to migrate te the negatlvely charged praobe and the

negatlve lons to tha burner bloolk. The resulting current

s proportional to Thﬁ lons ecollected. ap elaectromne '

ﬂmp1ifiﬁr converts the current to wwlquw which ig
the amplifier output recorder Jacks .,

The Meloy FID detector is deslgned to optimize tha
sensitivity dHﬂ & LLity of these reactions. Sample air i
drawn into retor blook by means of a vacuum pump,

Hydrogean is s Led under a ﬂllqh préessure from a cylinder
or hydrogen generatoy, Both these gas streams are controlled
and regulated to provide stable flow ratés to the burner.

The catalytic oxidizer 1s qnlﬂd substrate in which

ﬂm1unnum1(Hmmndu.mmTme1w.
pond. with the pip, The
18 held at 8 point where no

carbon compounds are conver
Heither of these campound
Lemparature of the conver

methane is converted while nearly 99% of ambient NMHC com-

pounds are converted,



SECTION TLI

""" SRECTETOALONS

Performance Speciflcations

Hydrocarbon
FID Detector

Ranges:

0 - 10 ppm
0 = " 50 ppm
0 = 100 ppm

...... O = 500 ppm
- 0 = 1000 ppm

Minimum Detectable _
Sensitivity: 0,1 ppm CHy

Nolse: 0,05 ppm CHy
Lag Time: Less than 15 secq,
...... Rige Time to 90%: Less than 30 sec,

Fall Time to 90% Leg

s than 30 seco,
v Updating Time
(Switching Time)

5 min,
------ Total aycle time: L0 min,

Precision: 1% P8

varo Drife. 2% P8/day

3% FE/3 days

Span Drift:

F&/day

______ +3% FE/3 days

Lineaxdlty: +1% B8

Selectable Time
Constant: 1 second or 10

) gseconds



Operational Specifications

----- - Unattended Operation: T days
(No adjustment of

flow or electrilcal

gystams)

Sample Flow Rate: Approx., 200 ml/min
------ Hydrogen Flow Rate: Approx. 140 ml/min

Power Reguirements: LS o+ 10 wAl (50

...... 60 fHz) 250 watts

lecorder Cutputs 0100 mv
(for each of Lhe O=-1 v
three channels) 4-20 ma (optional)

Relative Humidity: 0 to 99%
ambilent: Temperature 10 40°C for specilfied
Range spacifications

Conflourational Speciflicatlions

Waight 10 1bs

Case Dimensiong: L7 W ow 20" 1 ox 12
1/4"

Mounting Available: Hencah
Rack (Optional)

""" Sample Pump: Internal
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Lo INTRODUCTION

Therma Electron's Madal TﬂﬂmFknﬂwmhhmmnhwd'ShmwmﬂhmmhmmmmmufWﬂf}mrmclm'ﬁmm
Analyzer (Figure 1) s o ve rsabile Instrogment that continues to Fill the need for o
sumsh1vm'mnd’ucmummmnwm@mnﬁcﬂ’mummmm1ngrnﬁhTm«mm$dm(HWMD}cwmﬂwhm tavterl i de

of nitragan (NO 4 FNCRN»Lm:nmm$wwmmmJMmﬂrmmcmmﬂumMcwmthu -emi §5ic |11MIHHWL

TTumﬁnmhwmmmmm‘wmu\Hmvnhnwmmmedihim;pnmdumtuwmr“ﬁy of the highest praise in

sharacterishics of rey

lmmmﬁthmefmmwmwnmn«mmJ1mmw“%yy with superb performance o PG

rumm" um:ummmqr‘wnlwmmnulmm'mnnumnHM|hla

W%m»nhmwmﬁhmmhnmwumnrlwmumﬁmm\mWIMHThnmmmhmammmﬂmmmmmmih;meImmmrrmf

Thermo Elechran's Madael NO'&@WHMlLmammmmmmhmmenmmmMWunmmnnwwmmmu|mnrnnmlW J (O om
Fﬂ()m\wiﬂwuﬂmﬁmrlhmmmr,Ilﬂlwmmmhnwmwmmw:MNmmwHm"imJ Hﬂﬂﬂﬂﬂipawhipmwlmﬁﬂhmmnmppmﬂﬁ
Tha serfes 10 instrumean iy unLhHLHIM|INM“"w4mw4WMJ Convarter for the thermal convepe-

sion of NIHnnmmn<hmummhﬂIMwuﬁhlmmmmMMufwrutdwv1NNM|Inuwmuumnnmmkvwhnihm chemi -

luminescent process.,

Campared to other available hmﬂMmhmwms,cﬂmmwﬁlunﬂrmmmmwn’mncﬁywh;mfIﬂmlmmﬁdMn

cﬂ’nihtuwmnmemwd@:mnmmmﬂlMmmmw1mnrtmﬁwmmkmgﬂm;
Swnﬂkhdhy:|]JIppmwwiwlnwmmmmﬁWDwQILJﬁPPWL‘Orm 10 ppm, O ta 25

ppm, 0 1o 100 ppm, 0 1o 250 ppm, 0 o 000 ppm, 0 1o 2500 ppm and O to
10,000 ppm;

Selective delectian of NC with nmﬁﬁhgﬂmhmﬁntewﬂmwwumaf%mntvmnhm'vm$mm
‘ nnrcn+mm'ﬁmnmmun¢hwewummmnhmmm1mﬂmmmmmmﬂ:wmwuhm;

Chm”nmmm;mwﬁkwhmwwmhmwﬂdrm

[ACHS @

Mdmmx;nuHmMnnm1ﬂllunqwlmndlrmwnwunyﬂhmmumqm

Excellent stability,
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GRAPQRATICIN

I PRINCIPLE €

FOPERATION
‘Whm‘uhmmﬂﬂmmﬂrummmnmrWmmmrhmnmﬂ’T¢ﬁ)¢mmdl$@|pwmvidmmlﬂm:hmmdnfhm‘ﬂﬂm
nproved group of Tnstruments, SpaciFlaally,
NO Qg i N + Q2 + hy.
Light emission results when m%umhmnﬂkmﬂWy'mmcihmiI\NjggmmﬂhnthuswwvmwkIm‘Mmmw

graund state,

To maasurs MNDIc@ncﬁqukanmn.rhm gas sample to be analyzed is blendad
MNWH‘KM3ir|urmmmmlhm1tﬂumW¢mm‘UWhmmmmﬁﬂm The resulting chamtluminescence Iy

lmmnfknﬂmfﬁhmmughlmm(n

pﬂkmﬂiWﬂﬂmwlmvmnPﬂg&wﬂmmmiMMﬁﬂyiphmhmmmﬂ%hpl

for positonad

1 r o ] / N o ] » 1
at ane end of the chamber, Hmul%lhmvﬂﬂunhmmmﬁﬁmﬂ%&r1mmm¢nmmnmmnlnmmmmmisﬂm

“gﬁﬂ'hwmnWMMvawmmcnumhwuamlhmumﬂumﬂkﬂmnlmMwwnﬂbmvu»nmumfkn1(hmmumn,lu»inﬂme
hwmmwﬁh.'HmamunmﬂrhnnmMwmphmwmmﬂHHﬂWM'h;Hmmmﬂpwmmmmrwmmmlﬁmlhmlﬁﬁ)

concentration,

To measure NO,, concentrotions (T.e., NO plus NO 2, the sampl

o gay Flow

ls diverted thraugh an N e by

MO converter, 'va<ﬂ%mwﬁ|umﬁnmmumwn'wmmmmmmnHn
NW&!%NMmeT;uTmtherIM)fhm:cmmwmemw1MW1umm¢]h;Mhnmmﬂy'pmmpmrﬂknmnlfm the MO,

cancenlration mnlwﬂhuylhe:mmwnum%ﬁr.
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b4f’ﬂmmwnu
I den ElECIPCIN

o S W NP W o W Y

Fbw«:1NHWMWW|u4'|n.uM¢MWu the mmemnmmmd:muwmnmmLun,lmlmnHHm‘mqummagmm
may prave useful, Depending upan the concentration 1 ba measurad and the
leval of NO in Huﬂlmmrzmmmn,irlmmvammvm:mmmmwmﬂﬁmu'MnlumzrmmnncﬁrrmiIhﬂ zera

gos,

In addition to the Modal Hlm_ﬂmmﬂhmnmy,rhm‘ﬁnﬂnwvhuy:unnmmmmh4HMTﬁmhmd

wquipmant Ty recommendeds

o, Pressurized mylhmiercd’h$ﬂhﬁhﬁ2wVHW|mwnPﬂC)¢mmmcmmrnnﬁmwumfnmppmmmﬂw
mately 90% of HmaltwmwaIm'hmzummd,4mnd‘m|mnmmuwm‘nmwmhmMn'muHmﬂﬂﬁ
me:mﬂhﬂﬂing‘HMH4;V“FNMM'WW@MMM%I£WNW\T ke 20 paig.

b. anmmmimmdlcyWhmdmraﬂ’mmmxunu(dhy*w'HH‘"‘%JFnuﬁIyim satisfactory) or
memmnﬁmﬁmfcﬁw{fwmmtuum&mm1ammﬂ&nmhﬂmmﬁw%kmm)y<mwd1n}mﬁmmuwu|wmw1kmmm
mwﬂmﬂﬂhzFormmiﬁuﬂhng‘uymwuimrpwmmmummwm 10 psig, VP desirad, room aiy
muHm&MM'fﬂhmrmd‘mnd!drhwlmwmnlmnummlhtmiiul|uwmmuf;uismuﬂmemlmmqqmﬂm
or afr for aperation up to 2300 ppe,

G, I%mﬂiclmIﬁlmmrforrﬁmﬂﬂknommmfrlnﬂmt(ﬁhﬂhhnn‘hhnmiNWwwﬁWnﬂmedu Coala-
ment or equivalent is satisfactory), |

o, WhﬁwnmlﬂeuhnmlﬂmdelTUOHIWC%(CMMWHWMMH

The following steps must be taken o prepare the Instrument for aperatian;

1. Connect the ozone serubber 1o Wunfmpm¢|mmﬂ'0fnhn:pummnﬂ as shawn in

Figure 4, .AmnduNm%%@hhwmuﬁmmwMWTEHQNfhmwMthﬂinpmywwlmf

1ancmmmnm:wumm%mmn

2, Assemble stbmodmﬁ‘H)immMMmmmnﬂﬁm.m 19 -inc

h‘cmtmmuﬂcn'pmﬁfﬁmwni#mnsm

“wark bench mnItmn'Hmm|%MM'pummﬂﬁtmnmcummmmﬁhlmm

CAUTION

MNWEF]UHINMB'H%EIhﬁHWKMMﬁPWTCDNIA.TABLEWCWH THE BOTTOM
[WWWWR1AIMIY£WE FECTIONN)

: QFMMJLF'FM?WIMEFULK“’EMTEPMNHU
LI

85 IT HAS PRC JPER SUPPORT,
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Vo TECHNICAL DESCRIPTICON

Themo Electron's Madel 104 Raek=Mounted Chemiluminescent MO - MNO,, Gay
Analyzer is packaged for console mounting where easy access Is desirable. Bolh

the analyzer and control units are sarviceoble from the front,

Ay CONTROL UNIT

Thm‘mhmmﬂﬂmmﬂfummmuwrmhmmm"WmuﬂTmlwmmmNmrnnhmmmbewix<ﬂmmwuhmdlmy«nfﬁﬁmnmmmm

sitivity photomultiplier ruba, Jﬂy|mmmmmrsm|mmlhmmeFHhm\HﬂmmrHnmmmwihkwmmaﬁphmhnm

cmnhmmhmrmmpmmmm‘uhammmLWHMIhmh.ﬂhnedmrmmlhmuls Hnﬂnunlhn‘nwmmmmmu\wmwﬁ:emgmh

hmnd|wmduumdmwﬂylwwMm&"ﬂﬁ%&jﬂwwmmﬁnm«

' ¢ q » n Ll "
Hhm1phmhmnnﬂMMpHnm‘pmuvhﬂmn«mcmMTmnrgmwhu|MIMHm¢memrm¢ T 109, However,

Mnma&qmul'mﬁﬂ\wuqumuwifmrmuM'ummpHImLNMRHWummlmmurv1'ﬂmwnhu‘mnhmmwﬂmmiﬁrlmavmm

@y HlmnnhnnmﬂmmHHM'mmmmHFlmr(ﬂHWLInmm the schemaric, Figura 9) provide

natonly the current-to-yeo gwrmwnwmwnmmm bt alss additienal gain, This gain 13

mﬂhu:mmﬂhmwhhmewmmmm:mwhhﬂusuwwwmymmmﬁ\mmﬂﬁm hwmtmpmmmsm‘ﬁﬂmmMancﬂ’Hhhimﬂﬂﬁng"

T%m;mmmnﬁfimrmwmthwachmmM'mupwihmnshgnmlﬁFhrinmnmuhm‘uﬁwnuﬂlcwwﬂﬂhm

nmmuniurcnﬂmnuh

Tﬁmlanmﬂﬁmmmmﬂcﬂ’menmmmhmﬂ?mm@@:mmwnmmn the range swirch for selection of

ﬁmmmhﬂwﬁryihmmn¢MMHmrmnmﬁ|mhlm1HMTmmmmlm|mmuwmﬂ(ﬁhfh.]T,.““u,]ﬂﬂl 230, 1000,
2300 and 10,000 ppm) mndiﬂmnvarﬂmmTlpwamdﬂkwnanﬁwnimanﬁW'mdﬁfﬂurmmwﬁuwwlhm
|Fuhhnmmwwx:lhlmme:mle‘wm"mMM|Ihm voltoge applied to the phatomultiplier, A
1amuMmllwn-lnwm|nm4mwﬂumnﬂlwrwm|nwmmMMN|Imm suppression of thermally gensratec

<Lm%:uummwmlTQW|lethNMnuMthMT.
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The mater on the contral unit has o dual scole which allows Hhe direct reading

af NGO ar NQ,, concen trations in parts per million (ppm) .

Maunted within the control unlt are the phatomultiplier high-voltage W &r
supply, the printed efeeuit (PC) card containing tha autput clreuit, and the dual

EVTVDC pawer supply for the PC card, Ses Figura 7 far their locations,

Located on a bracker within the contral unit are: a three-position toggle

th to select "¢ J'W " "MEDIUMY and “HIG " voltage ranges for calibrotion

contr ul, the "CAL QOUTPUT" tast Jacks; "Hl-LO» Suppression toggle switch; and

- CALY potentiometer, These components, shown in Figures & and 7, are

|r'|an:u:i‘i|\;,' aceessible by sliding the fron) panel and chassis Forward fram the housing.

The rear of the contral unit (Figure 6) has connectors forg
d. the main AC pawer Tnput

bo the analyzer interconnect cable

G, the photomulti plier high~ye ge aulpul "LV OUT

d. the phatomultiplier signal input "SIG 1IN

a. ane sel of recarder autput jocks,

B, CONTROL UNIT CALIERATICHN

During factory adjustment of the contral unit, the polentiometer on the FC

aord g

properly set. This should pot require readiustment when the instrument [s

received, However, if recallbration §s fndicated v fallow the procedure listad
b law ¢

T. Slide the unit Forward ta pravide access o the Internal chassis,

2. Connect an aceurote v hmater (20, 19 ar he ter) ta the "CAL O UTPLT™

jacks within the contral wnll,
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Set the range selsctor switch to the "ZERO" pasition,

IF necessary, adiust the amplifler zer potentiometer mounted on the front

panel (see Figure 1) to obloin a zero Indication on the external voltmeler,

lsee

Set the range selector switch to the fullscale position,

Adjust the fullscale potentlometer, if necessary, to ablain a ten valt aupe

put an the external voltmeter (see Figure &),

.&ﬁhﬂrwhw'WWETERllmL"FMM@HHmmeerIm:ﬂﬂnLWC|hﬂhmmﬂmﬁndhnwhmnmn

the contral unit mater (see Figure 7).

Cannecl an accurate millivaltmeter (£1% or batter) to the O « 10mY

recorder output (rear panel of the analyzer in the case).

With the ronge selector switeh still in Ihe fullscale position, turn the
10mY Rmcmwdur‘deustFmﬂnwﬂ+mmeMH'mm\lelmﬂ‘cmwd ta obitain a 10mY oute

put,

TTmncmnMWmllmnﬂ*mﬁrmww4nhmnmmmmﬂhymthMHnLL

o ANALYZER UNIT

The analyzer unit contalng such ley system components as tha reaction chambar,

Hm&;ﬂunhmmmﬂthnHﬁW‘hﬂmm, Numcnummmhmh,I%mzoznmmMMn‘pmvwmrﬁupydyy the owygen and

gas sampla NWumn,cmqﬁﬂlmﬂmn;mmclpwwmmmw;rmgmﬂmhmnn

A flow diagram of NMﬂmumnhmmmerﬁrim‘MMWWW|in‘Fhwmna‘H)m The heart of the

mmmﬂymmm‘hithe‘chHWdNNMMIwwmmfhmnlﬂwmmmmn'ﬁFhwmna&Mu whare sample gos contaipe

g h“ﬁinunhmumkmmnnhmmlvﬂhﬁuC)mlmmlmmnﬂmwIﬁmﬂnITm;mmmumnMuu Electronically
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excited NO4 malecules are craated which emir light (chemiluminescence) os

the orbital electrans decay to their ground states,

The chemiluminescenca is monttored through an eprical filter by a high sen=
Y « i b " - ro /
sitivity photomultiplier tube positioned ot ane end of the chamber. The Filter/

Mwﬁmmm"ﬁn“mrmumbhwﬂhwmnmwmw%iMlNMMﬂiwclnmmmmvwmwmhwmhhkmmd
‘ § e :

uniqua to the desired electron decay, Sample flow 15 controlled so that the output

From the pholemultiplier tbe i linsarly proportional fo the MO concentralion .

Q2 enters the analyzer unit at the rear-pane| connection labeled "DRY A

lst 1]
(Figura 5), 4NFMmranmme:anmmﬂ1clqummmnavngmﬂmﬂmw|Wmnrhsnmﬁmlhwnwuw$knﬁ

the flow rate, the Q9 enters the ezonator, A fraction of the Og is converled o
3, and the mixtura passey thraugh an 0,008 inch diometer glass capillary 1o the

reaction chamber,

EWy'uirrmmy\bmwmmmﬁ4ﬂ“%ﬁmwmﬂwmmmn|mwnmuwm¢mrfnnmlm‘pwmmmmﬂmemlmy%hm&wrsmr

at 10 psig for the O supply for the ezonalar., Howaever, when using alr as the

sovrce of axygen, the instrument will mnﬂy%maIinmmrlm'ﬂﬁmmlpmwn. In order o mafne

lain linearity o 10,000 ppm, oxygen Faed to the axonatar iy necasary

Sample gas enters HmanmlanmwN%mnI%mrerWwpmrmﬂ connection labelad

e LT LA i U "V a y . . 5 H i
SAMPLE" (Figure 5)., Afrer ymmﬁhMJIluunmﬂlc|ﬁht“ﬂmmmiluhmmmnhu'ngMicmyn“hmyq

a hthTmmmeﬂhuxmmmmﬂﬂxhi%ﬂﬂdiﬂffﬁhmmug%nm 0,005 inch diometer glass capillary

1 " v : - » s .
into a line leading to the reacHon chamber, That partion of the entering samp e

ot directed hnlhm:wmmmfhmm1ﬂwmmmmm'pmmwmﬁI%wmumdlIhm‘ﬁtnmrpmwmﬂ‘FknwmmHﬁW1umd

out to the bypass pumps  The externag) bywmms;mymmvhﬁnmﬁmlhm4nuNILhm:mmmplm
thraugh the instrument, IF exaussive molsture or particulate matter is present fn

the sample, o particle ﬁ$mmrcmmﬂamﬂkllnmnrnmw'hnzn@cmm@mryirnthm‘mmm@m@ infat.,
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'ﬂhm|miﬂmmrlmF1Wmmewuﬁwhmggwmusmmunhmcﬂwmmh&d tbawards the reacton chambaer
kaﬂiNwmughaw|mmundIMHrWMDRHMWWﬂﬁDﬂmnvamL,dhpﬂmdhuympmml+m miada
solactad, "NC, or "NO", respactivaly, fﬁmsmwwphskuumnhwwﬂhulmﬂmwon
chamber, whera the NCO reacts with O, giving the characteristic chemiluminag-

aent light output,

ﬁ\rmmmﬁknwmﬂmmm&mm’pwwmmmﬂ:QMMQMwmppwmwer|ﬂh@‘ﬂmmmyTFNWHTwu'pmnmlfhw
the purpose of manitoring it the pressure In the reaction chamber, Tha gauga should
indlcale pressures between =29 and =90 inches Hg. I the pressure exceads -28

inches Hyg, checl all connactions for possible leaks.
) I

Prassures have been adjusted ot the factary so that the gauge an the analyzer

[ d!

“fﬂW\”“dl~P'1ummn|hwl\Md”ﬂilIhm‘mnﬂlvwml}wnrnh.|‘ pii (see Figure 10), These

Front pane! label

lad "SAMPLE" raady 5 i Inches Hg, and the gauge lale

settings assure proper gas flows. Prassure readjustment, should it become necas-
sary, con bae wmmunwﬂuﬁmwllnwmlhhhM|Ihm'mnuluJMI<Junmrwlhnvwmnllw axpoiae the

serewd v H:ledlmdiuMTWPHWmhuflﬂﬁllm- wessure control regulatar,
F

A sample byposs Flowmeter is lacared In the middle of the analyzer unit front
panel. The sample flaw NmJhﬂrhmmmmmmmn#s%mmdclhm;mmﬁuahmﬂ1mnhm%mﬂ”y’unl“

1hhiﬂmmWMMHFWmmdmﬂﬂmnFHﬂ

Tmﬁ."(DPJm(}FF“fnwﬂmﬂnﬁmrlhﬁrmmmmeWW'thhmwmﬂmmwm|mmw%m'mnppmylﬁlmcmmmd
mnnlhnu:wﬂu)lumurluwm*amnﬂL. Mluwu|nunnmﬂu1mrmﬁmnﬂ the oxanator switch
should be in the "OIN" pouitian,

i

Huu4|uva(uy'hu|dﬂ|»hmnwuIlmnnhwmwum'mmeilnw4m1nu1n|unu.h:lﬂuwtﬂumh«uwm

larfes, These seals are designed For normal Finger tightaning; iF overtightenad,

the glass capillary could ba damaged.,
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D, NOTO-MNO COMNVERTER

The baste chemilumtnescent analyzer Is anly sensitive ta NO molecules,
To measure NOy (Toae, NOg plus NOY, tha NG9 must First be converted te NO

pawsing the sample gas through a thermally
d I 2| 9 )

The conversion Is accomplished
Insulated, resistonce~heatad, staliless stesl coll. With the applicatian of heat,

Mg moleculas in the sample gos ore reduced ta NGO molecules,

A temperature controller I wied lo mainloin o consiont eoll temperature ko

withinX3°C. The con ar Is adjustad ta the proper temperature at the fuste rys
nowever, readfusiment may become necessory. This can be accomplished by pushe
Ing In and turning the knob an the temperature contraller o seleat the dasired

value, The recommended temparature s $50°C,

Cne three-way salenald valve located near the converler elther directs the
:Illlll1rl|;1w||i! o] I’I'Ilfl::q.lg;)lh the converter to mecsora ||‘~1Vl:1l.,‘ wr by YRS ]rhu: carnvartar o
meagura MO Tha operation of this mode valve Is controlled from a switch 1 on Lhe

aontral unit,
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VI, SPECIFICATICNS

[ Ty
danltvity mmhlwﬂuwmmmlumwmwwmhwﬂhkhm
______ falltovg rangeds
() 2.5 ppm
______ . B w10 ppm
I "
LR ¢ 25 ppm
%v 0w 100 ppm
L A
_____ 0w 250 ppm
S0 e 1000 ppm
. o wm‘“..'WMFH PRm : '
_____ O = 10000 ppm '
] ' .
_______________ iﬂuﬁﬁy ) Darived fram the NO or NO9 aolibras
tlan gas, !I'.n.. of fullscale,
R . ! e O LYY T d grogen 1 ” “ " I
Response time (0-90%) Typlcal I o8 sweonds = NGO Mada
----- [ soconds = NO, Mads
Cutpu ' ) o 0 1Y .
____________ put W 0w 10mV and O = 10V standard, Other
mmmmmum1mvmlhﬂmﬁnmmmmuruquemh
. [ , .

IWMmegMbW#¢MWur1bﬁ14hmuwvwmmn“upm

Linsartry 1% of full scala,
it b o ey ol m \ o b . " 1 q g oo .
Input Power Requirements dtondards 115/ 50 ;1150 60 Ha
; V Cptlonals  220v/50Hx;  2200,/60 He



