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1.0 INTRODUCTION

Environmental Science and Engineering, Inc. (ESE) was contracted by
Cities Service 0il and Gas Company to conduct emission testing on a
Waukesha 1500 HP internal combustion engine at Lisbon, Claiborne
Parish, Louisiana. ESE performed nitrogen oxides (NOx) and carbon
monoxide (CO) emission tests downstream of the engine's exhaust system.
This report presents the results of the tests.

Nitrogen oxides and CO emission tests were conducted as outlined in EPA
Methods 20 and 10, respectively. The emission test procedures are
detailed in the Code of Federal Regulation, Title 40, Part 60 as well
as proposed Subpart FF--Standards of Performance for Stationary
Internal Combustion Engines.

Mr. Milton May coordinated the test activities for Cities Service, and
Mr. Richard Bromley represented the Louisiana Department of
Environmental Quality. A complete list of all project participants is
presented in Appendix D.
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2.0 SUMMARY AND DISCUSSION OF RESULTS

Emission test results are summarized in Table 2-1. Complete emission

data are in Appendix A and calibration data are presented in Appendix
B.

Three, one-hour runs were monitored for 00 and NOx in the exhaust
gases. Run 1 (Table 2-2) was conducted at "normal" conditions at a
speed of 863 rpm and approximately 1230 h.p. Run 2 was conducted at
850 rpm and approximately 1250 h.p., and run 3 at 857 rpm and
approximately 1120 h.p. The engine timing was set at 24 degrees before
top dead center and was never adjusted.

Manifold pressure, on each side, as well as engine speed were used to
change operating conditions of the compressor unit. Attempts to
"pinch" or throttle compressor intake gas pressure were made on run 3,
but yielded poor, unstable operating conditions for the engine.
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Table 2-2. Operating Conditions: Cities Service 0il and Gas Company Waukesha
1500 HP I.C. Engine, Lisbon, Claiborne Parish, LA, April 24, 1987, *

Intake
Engine Manifold Engine Exhaust

Run Speed Pressure Timing Temperature Fuel
No. (rpm) (inches of Hg) (Deg. BTDC) (Deg. Fahr.) Horsepower  (SCF/hr.)

1 863 + 2.5 24 952 1230 9,791

2 850 + 9.0 24 910 1250 9,583

3 857 + 8.6 24 859 1112 9,250

* Source: Production Operators, Inc., 1987
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3.0 SAMPLING POINTS LOCATION

The exhaust stack of the Waukesha engine was circular and 13.25 inches
i.d. Two sample ports (2 inch diameter) were installed at 90 degrees
apart on the circumference of the stack (Figure 3-1). Sample points
were at 16.7%, 50.7%, and 83.3% of the inside stack diameter which
corresponded to 2.21", 6.62", and 11.04", respectively.
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4.0 SAMPLING PROCEDURES

EPA METHODS 10 AND 20--CARBON MONOXIDE AND NITROGEN OXIDE SAMPLING AND
ANALYSIS

A gas sample was drawn from the stack via stainless steel sample probe, a
short section of unheated 1/4-inch 0.D. Teflon® tubing, and a glass
condenser system. The condenser system, a set of large impingers with
short stems, was used to remove moisture From the sample. The condenser
was kept in ice water baths for the duration of the test. A glass wool
plug was placed in the first impinger exhaust arm to trap particulate
matter and prevent the sample. line from plugging. From the condensers,
the sample traveled through an unheated 1/4-inch 0.D. Teflon® line to a
Teflon®-1ined sample pump manufactured by Thomas Industries. Valves were
installed on the pump to control the flow rate. The pump provided the
samples at positive pressure to the Thermo Electron Model 10 and the
Teledyne 990 analyzers. All sample wetted surfaces were stainless steel

Teflon®, or glass.

A three-way valve was installed prior to the primary condenser to allow

calibration gases to be introduced to the sample analyzers..

The data from the coatinuous analyzers was recorded continuously on strip
chart recorders. A dual-pen recorder was used to record the NO, and CO
concentrations. Oxygen concentrations vere recorded manually. A

schematic of the sampling system is shown in Figure 4-1,

Nitrogen Oxide Monitoring
EPA Method 20, as described in 40CFR60, Appendix A was followed to

measure the actual concentration of NOy in the stack gas. A Thermo
Electron Model 10 NO/NOy Analyzer was used to determine the NO,
concentration. Stack gas samples were analyzed continuously with this
instrument for the duration of the sample run., Technical specifications

for the analyzer are presented in Table 4-].
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Table 4-1. Technical Specifications of the Thermo Electron Model 10

NO/NO, Analyzer

Sensitivity : Each instrument is equipped with the
following ranges:
0 - 2.5 ppm
0o - 10 ppm
0 - 25 ppm
0 - 100 ppm
0 - 250 ppm
0~ 1,000 ppm
0- 2,500 ppm
0 - 10,000 ppm
Accuracy . Derived from the NO or NOy calibration

gas, *+1I of Eull scale.

Response Time (0-90X) Typical 1.5 seconds - NO mode -
: . 1.7 seconds - NO, mode

Output 0 - I0mV and 0 - 10v
Zero Drift Negligible -after 1/2-hour varm-up,
Linearity +1Z of full scale to 2,500 ppm with air

as 0y supply

+1% of full scale to 10,000 ppm with

compressed 0j

Input Power Requirements 115 VAC/60 Hz

Source: Thermo Electtron, 1985.
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Carbon Monoxide/Oxygen Monitoring

The carbon monoxide concentration ia the staek gas was monxtored with a
Teledyne 990D Carbon Monox;de/Oxygen Analyzer (Serxal Number 58780).
Performance test results of this analyzer as compared with EPA Method 10
specifications are presented in Table 4-2. 'This instrument utilizes
electrochemical cells for carbon monoxide and oxygen measurement, It

also.incorporates a scrubber to-remove acidic gases,

The gas sample for this analyzer qu:drawn from the stack,vwith a Teflon®-
lined sample pump manufactured by Thomas Industries. The gas Elowed from
the stack through Teflon® tubing to a glass condenser where the ma;orxty
of the water vapor was removed, From the condenser, the gas flow rate

was reduced by a valve before entering the pump, -The gas then was pumped
through the analyzer at a constant rate and pressure. The internal pump
in the analyzer was bypassed during monitoring, since the internal pump

cannot be operated for longer than one-half hour at- a time without damage
to the pump.
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Table 4-2. Teledyne 990D CO Analyzer (Serial Number 58780) Performance
Test Results Compared with Method 10 Specifications

Method 10 Teledyne Test

Specification Resultsl

Minimum Range 0-1,000 ppm 0-1,000 ppm
Minimum Output 0-10 mv 0-1v
Minimum Detectable

Sensitivity . 20 ppm 1 ppm
Maximum Rise Time, 90% 30 seconds 23 seconds
Maximum Fall Time, 90Z% 30 seconds 23 seconds
Maximum Zero Drift 10Z in 8 hours 0% in 8 hours
Maximum Span Drift 10% in 8 hours 8% in 8 hours
Minimum Precision +2Z of full scale 0.5% of full scale
Maximum Noise #1Z of full scale == of full scale
Maximum Deviation from '

Linearity 2% - of full scale 1% of full scale
Interference Rejection ' ‘

‘Ratio : C0y~-1,000 to 1 *

Hy0--500 to 1

7Electrochemical analysis is not affected by COy or H0.
lin-house Test Results, :

Source: ESE, 1986,



Appendix A-- Emission Data and Sample Calculations
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RESPONSE TIME DATA SHEET
e ———— 7Y

PLANT: Q"(LéSS(W @ O:\SEGQS L(QSLM
DATE: fb?-hl 2/\(( (387

ANALYZER TYPE: T ofs 990 Co /O).
SIN: SE£7¢0

SPAN GAS CONCENTRATION: & (,,9 fom Co -
ANALYZER SPAN SETTING: | oD

UPSCALE: |
1__ 2377  seconps
2 23Y%  seconos
s 25%9 SECONDS

AVERAGE.__ 3/ SECONDS

DOWNSCALE:
. 2¥2 SECONDS

o Y2 seconps
3, 2€Yf SECONDS

averace_ 2¥Y  seconps

SYSTEM RESPONSE TIME = SLOWER AVERAGE TIME:

7 ’{q SECONDS

ANALYZED BY: (M(AV_

( (e, {mfb\@tds\ LA



RESPONSE TIME DATA SHEET

PLANT: Q“\ng;(/\& o9 G (,&S LM‘C@B«JMPM}L/ (4 -

pate: Apeil 24 (987

ANALYZER TYPE: Teco  mudel 10 QO/IOO %
SIN: (o AR 10972 (21

SPAN GAS CONCENTRATION: {2, PP~

ANALYZER SPAN SETTING: lo{ s0D

UPSCALE: |
1 1'7  seconps
2. (12 seconos
3, 109 seconps
AVERAGE.__ (- SECONDS
DOWNSCALE:
11> seconps
2127 seconps
3. ( SECONDS
AVERAGE:__ 1 2.3 SECONDS

SYSTEM RESPONSE TIME = SLOWER AVERAGE TIME:
123 SECONDS

ANALYZED BY: W



PLANT: QL'A(S Q{V(c:‘ Q, ' 'QC,QS

CALIBRATION DRIFT DETERMINATION

SAMPLING LOCATION: C/.Séﬂ\ C(a-* ’00\/“ Q‘X L@UN

DATE:

ANALYZER TYPE: '_—EC,O '/I/\GCL«Q

Al 24 108

(—32

(o ;Oa/,\)ox

Calibration | Monitor Percent
Day Time value value Difference | of span value 5‘;
v.rrd
a | 120p AbeiEAd] 0.0 | 0o <0l
G (810 | = 0.0v
'E -
\ F
¢
& | 0) | 13 | (3204 S 20,0/
ﬁ«' (g1s 13“#.%%’5?-5%.,5

High-Tevel

HIGH:

LOW: ppm/%

ppm/%

Qo = Lo

Spur~

SPAN GAS CONCENTRATIONS ;K On\p' —_ Q,Ea’o “mmx (6



SAMPLING LOCATION.(ASén’\; C—QMJMVM P

CALIBRATION DRIFT DETERMINATION

PLANT: Cb—é\eg S'V(/IUL Or‘ SQ@”S

(d\\u) -

Qm ’2‘( (967

Co ¢-

(-2
ANALYZER TYPE: MQ‘«‘-GN., @Qo Co.m....'_*/ On
o ol
Calibration | Monitor Percent
Day | Time value value Difference | of span value
v | 3280, 390] o O. !
. Tt
G’( , I %95 ' 3?-0
O 11239 | $CIppmlfr0pe] © o
6 L) X £2 o .

High-leve]

HIGH:

LOW:

ppm/%

ppm/%

SPAN GAS CONCENTRATIONS * D’\ﬁ A *‘Q ZSO(M?-? M“‘mﬂ sz

kcat



N0y TO NO CONVERSION EFFICIENCY

Procedure: A mid-level NO in N2 calibration gas is added to a leak-tight

Tedlar bag. A mixture of purified air at 20.9 percent 02 was added to

achieve a gas mixture with an approximate 1:1 dilution. The bag was
immediately attached to the calibration.valve assembly and the sampling
system was operated for IO minutes. Stable repsonsé was.gaenerated at the

“highest peak value observed.

Specification: 3J0-minute response decrease of Sz'percent of. peak value.

Conversioanest,Resuit by ESE_on November 24, 1986:. No appreciable

downward drift from peak response for 35 minutes,



INTERFERENCE RESPONSE

Procedure: 'IntroduCe the giseous components into the measurement system,
Record the interference response. . _ '

Sbecificatidn: Interference <2 pércent of span,

Interference Test Result for TECO Model 10 Analyzer

Gas Gas "Analyzer . Percent
Type Concentration Response : of Span
co 500 ppm 0.1 o <0.1
509 201 ppm <0.1 ' <0.1
- . t
o(o]] 10 percent <0.1. <0.1

0, . .20.9 percent - <0.1 <0.1

The only interference possible for the Teledyne 990 is from oxides of
nitrogen, oxides of sulfur, hydrogen, and hydrogen sulfide. These are
all removed in. a scrubber system furnished by Teledyne,.

Source: ESE, 1986
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. SAMPLE CALCULATIONS
FOR EMISSIONS FROM
INTERNAL COMBUSTION ENGINES

) Client ‘{'\ gQNl:.Q@” $Ga3

[y

Plant | 54‘ &%: &Qﬁ é Cd (Soo h.p. (L_)QA((-C;LA.
. ' L— L

Locat ion na A N

Date of Test 2\-Pi |C)€'7 /

) Calculated AM[LM,M:;Q / { 87
Checked By ‘ Date [ O) n
} U

FROM RUN NO. L (FOR NO, EMISSIONS):

1. Determine corrected Nox'emiss’ions, in ppm, by the equation:
NOx corr = NOy opg (FDA) (K)
Where:
NOy corr = NOy emissions corrected to reference ambient

conditions,
NOy obs = Observed NO, emissions,
FDA = Ftactioﬁ of dry air in gas stream, and
K = Correction Factor,
Defined ;s
K = (Ky) (Kp)

Where:

Ky = 0.844 + 0.151 éH/lOO) + 0.075 (H/100)2

Kp = 1 - (T-85) (o.{ms)

and : -

H = Observed humidity, grains of Hy0/1b of dry air,

T = Inlet of air temperature, °F.



2.

D-AR87.1/ICE.2
03/18/87

Example:

NOx obs ™ ELS&__O ppm
Inlet Temperature = 2@ °F, dry
- __é_é °F, wet
Humidity = K !
roa = 0,98

Therefore,
NOy corr = NOy obs (FDA) (K)
= (4SS0 (0.9%) (Ll
= S

]

Determine NO, emissions, in TPY, by:

NOy Tpy = NOx corr X C x f-factor x 20.9/(20.9 - %Z05) x GCV x Q x
Time x Ton/z’zog 1b

Where: ‘
C = Conver.si;on factor, 1.194E-7 1b/scf/ppm,
f-factor = Oxygen based f-factor, sc £f/MMBTU,
GCV = Gross caloric value of fuel, MMBTU/scf,
Q = Fuel flow rate, scf/hr, and
Time = Operat'mlg time for engine, as specified.

i

Example:

|
NOx corr ™ _ﬂi ppm

C = 1.194E-7 1b/scf/ppm
f-factor = & ZIO sc £/MMBTU
0, = 11 056 %
cov =0, 00105 MMBTU/scf
Q= _ﬂ_jl_ scf/hr

Time = — (as specified)
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NO, Tpy = 5l¥_3ppm x 1.194E-7 1b/scf/ppm x 8 ZIO scf/MMBTU x
(20.9/209-1.050)X 0.c00S WMBTU/scf x G791 scf/hr x.
2—':& hr/day x 6-.77 days/week x 52, wveeks/year x

ton/3 200 1b = 22_2-_‘1‘-&95

FROM RUN NO.' i (FOR CO EMISSIONS):

Determine corrected CO emissions, in ppm, by the equation =

COcorr = COobs (FDA)

Where:
COcorr = CO emission corrected for moisture, '
CO,ps = observed co emissions, and
FDA = fraction of dry air in gas stream,
Example:

COobs ™ ______.._.ZLO ppm
roa = 0,98

Therefore,
COcorr ™ COgbs (FDA)
- (220 (0.28)
=_216

Determine CO emissions, in TPY, by:

COpyp = COcorr X C x f-factor x (20.9 /(20.9 - %0p)
x GCV x Q x time x ton/2,200 1b

Note: variables defined above.
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Example:
COcorr ™ __b_.Z[ ppm
C = 7.268E-8 1b/scf/ppm
f-factor = §§"7l0 &c £/MMBTU
0, = 1,056

.6ev = 0,0pL0S MMBTU/scf
Q= 9791 sct/nr

Time = (as specified)

COrpy = 2—”‘ ppm x 7.268E-8 1b/scf/ppm x a ZIO sc f/MMBTU
x (20.9/20.9-!.@*000105}3481'0/3&)x 222/ scf/hr
x Zf hr/day x G 77 days/week x S2  weeks/year

x ton/2,200 1b = Sufp] dey



ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

ESE

NITROGCEN OXIDE AND CARBON MONOXIDE
EMISSION DATA

PLANTW DATE WZ‘/ 1987
Cishmn . LA

‘ SOURCEM JSoOHP 1C UM NO.
[ TIME - R0y (ppu, dry) ! co (ppm, dry) OXYGEN (%, dry) ; COMMENTS
" L3es | 4500 230
[ 310 45506 Zdﬂ
T3s | H45D 205
I n,, | 4450 230
T _31s | #4506 L 00

(3 % 4500 Z/0
T (335 | HSeo 230
3% | 44 R00_
" 13gg | 4550 /85
T_13 S0 H550 ]380

(3 S5 4550 |70
T ideo | 625 188
; (¢ | 4S50 Alé
|8
_ ANALYZED BY W




ESE

ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

NITROGEN OXIDE AND CARBON MONOXIDE

EMISSION DATA

0. ol o v Oprll 2%,

/987

PLANT
LA

SOURCE ; Jsoo HP ’C%M UM NO. @
[ toe | @0« (opm, ary) || co (pem, dry) | oxvcEN (%, dry) ! COMMENTS
_lpoo | lloo 390
| lbos | Jo4o 360
L/(oro [0¢40 240

(b5 (166 378
[l 1090 370
ks | 1oke 385
| %o 10640 3706
1le% /|66 S84

(b ¥o [050 ?0'1‘
T (bt (060 290
b | 10kO Y60
" foes | (06O 39¢
T (700 [o40 408
T

—  ANALYZED BY{W—




5 ENVIRONMENTAL SCIENCE
= = AND ENGINEERING, INC.

NITROGEN OXIDE AND CARBON MONOXIDE
EMISSION DATA

(L o, 8, . DATE W 7~$6/¢Z7
_ Uisvon, LA
SOURCEM_LW RUN NO. g
e | 20y (ppw, dry) || CO (ppm, dry) OXYGEN (%, dry) COMMENTS
(11 | _4vo 356
| nsa| ¢ 333
T D67 370 | 320
"W oa| Hoo 335
(then | 380 233
(312 466 350
(% 17 390 345
 tY2tr 280 347
1314 J50 350
T t§%| 350 340
(§ 32| 3¢o 2¢o
|__(§¢2 39¢ 360
T f( 7 _3%0 360
|

— ANALYZED BY ( ).ﬂ\-v

L
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i G A

===

—

ESE SNamEmG R
‘ 1627

NITROGEN OXIDE AND CARBON MONOXIDE
EMISSION DATA

PLANT Q;'{'\QS SJV‘_(;N DATE 4{4"‘ :\ (%K_'

"

SOURCE L,“Sbm uh‘p‘.‘k&'}‘ﬁ‘ | RUN NO. { i

WET_puLp _ DRY BUL %
TIME %0, (ppm, dry) .| CO (ppm, dry) OXYGEN (%, dry) COMMENTS
|3:30 4 73
(3445 6 70
1 1400 JLH; 7L
[4s L2 75
[4:30 Ay 7¢
445 bs N7
|50 bs 78
515~ L5 1 g
J5i30 s kS
|S: 45 L5 Zs
[Choo L5 (S
i | Hs | 19
[L:30 | L5 19
iLds | G 20
[Tie06 kL. 79
[7:15 e g
ML




-1

____.T"

ESE

PLANT /i«jf; cum
. L.t 2

. Vol aleon

ENVIRONMENTAL SCIENCE

AND ENGINEERING, INC.

NITROGEN OXIDE AND CARBON MONOXIDE

EMISSION DATA

Q7429
DATE Rfrf! ﬁthY

RUN NO.,

SOURCE r»wv’-.ma m

OXYGEN (%, dry) '

. TIME %0y (ppm, dry) || €O (ppm, dry) COMMENTS
1130 1 14

ey L 1%

Ser | Ll 11

lgi<| (5 17

[ 30 (5 77

|45 LY 17

- -—_-T-- ::_..:{ ‘_:..( q :..-'—'_«{ ———— — t———

ANALYZED BY




Appendix B-- Calibration Data
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Appendix C-- Engine Operating Data
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Appendix D-- Project Participants




C-BRLS.5/CS-LOR.1

07-31-87
LIST OF PARTICIPANTS

Cities Service 0il and Gas Company

Milton May Representative
Louisiana Department of Environmental Quality

Richard Bromley Inspector
Environmental Science and Engineering, Inc.

Parke Moore Project Director

Mark Kimball Technician

Ray Spann Technician



