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II. INTRODUCTION

Under the Clean Air Act of 1970, as amended, the Environmental
Protection Agency is charged with the establishment of performance stan-
dards for stationary source categories which may contribute significagtly
to air pollution. A performance standard is a standard for emissions of
air pollutants which reflects emission limitations attainable through the
best emission reduction systems that have been adequately demonstrated
(taking into account economic considerations).

The development of realistic performance standards requires
accurate data on pollution emissions within the'yarious source categories,
Sampling and analytical techniques had to be developed to acquire the data.
A method for analysis of carbon moﬁoxide.(CO) from CO boilers is needed
for the petroleum refining industry. The nondispersive infrared analyzer
(NDIR) for very low concentrations of carbon monoxide is an instrqment
that‘can be used. However, carbon dioxide (COj) interferes in this analy-
'sis. This report presents the results of the tests run at Standard Oil of
California's El Segundo plant for EPA for its determinagion of: (1) the
applicability of the NDIR to CO analysis, and (2) interference from CO2 in
the rangé of concentrations normally encountered in a CO boiler stack.

Appendix A presents a proposed method developed by EPA to sample
and analyse for CO. This method, with modifications, was applied for these
tests. MRI did not attempt to concentrate on comprehensive method refine-

ment. Rather, using mutually accepted modifications, we collected samples



persuant to the method and analyzed them. OQOur comments are limited to observa-
tions in using the method and onvpotential variations detected between runs.

On Monday, 27 March 1972, the equipment was shipped to California
and E. P. Shea (MRI) and W. E. Kelly (EPA) arriyed to transport the equip-
ment to the E1l Segundo refinery and do the test work. Tuesday, the 28th
of March, the equipment was delivered to the test site and preparations
made for sampling and analysis. A preliminary velocity and temperature
profile was obtained for reféfence with earlier traverse results, and the
NDIR was calibrated for use.

Four independent integrated gas samples were collected in Tedlar*
bags on 29 March, and again on 30 Mé;ch 1972. = The samples are identified as
Runs 1 through 8. The samples were analyzed in the field on the same dates.
An S shaped pitot tube with a thérmocouple installed on it was used for
velocity and temperature measurements.

Samples were collected from a port 55 ft above the inlet breech-
ing in a stack with an inside diameter of 13 ft 10 in. A 5-ft, glass-lined
probe was used to withdraw gas samples from the CO boile:rstack into an
intégrated gas bag. The sampling point was 42 in. from the inside wall of
the stack, and was located at 90 degrees from the‘iniet breeching.

The following sections of the report treat: (1) the summary of
results; (2) the description of sampling and analytical procedures; (3) the

location of sampling point; and (4) process operating conditions.

* Mention of a specific company or product does not constitute endorsement

by EPA.



III. SUMMARY OF RESULTS

Table I presents a summary of results from the CO and CO2 analy-
sis. There were a"total of eight sampling and analytical runs. Table II
shows the results of the velocity and temperature profiles. The following
discussion presents characteristics of each sample run. Results between
runs cannot be accurately eompared since process variations are undefined;
however, we present variations.

Table I contains the calculated values for gas volemebsampled by
the NDIR, the volume of COj trapbed by the ascarite, total sample volume
analyzed, the concentration of carbon monoxide, the percent GOy obtained
from the absorption of ascarite and by Orsat enalysis, and the concentration
of CO unscrubbed. The data are presented by run number and by date. The
volume analyzed on the first day varied from 0.168’te 0.520 dry standard¥*
cubic feet. The volume varied according.to thellength of time for analysis.
Run No. 1 only lasted 7‘min and 0.168 dscf was analyzed. The other runs

"lasted from 22 to 31 min and volume varied from 0.405 dscf to 0.520 dscf.

The volume of COp ﬁaried from 0.0036 dscf on Run No. 1 to 6.0935 dscf’en

Run No. 3. Run No. 1 was too short and the results:for €Oy, (2.1%) ilius-
trate it. Oﬁ Run No. 3, water was not put into the ice bath and the ascarite
heated up. The results for COy (18.8%) and CO (23.6 ppm) for this run show
the need for the ice water bath in.removing the heat generated in the absorp-

tion of CO, by the caustic in the ascarite.

* 70°F, 29.92 in. Hg



TABLE I

SUMMARY OF RESULTS WITH SAMPLE CALCULATIONS

Run No. 1 2 3 4 3 & 2
Date 3/29/72 3/29/72 3/29/72 3/29/72 3/30/72 3/30/72 3/30/72
Vye std dcf 0.168  0.515  0.405 0.520  0.278  0.282  0.260
Veo, std def 0.0036  0.0423 | 0.0935 0.0648 0.039  0.0649  0.0648
Vg std def 0.1716 0.5573‘ 0.4985 0.5848 0.3165 0.3469 0.3243
Cco Ppm 12.25 11.6 23.6 11.6 4.4 5.7 7.2
% COg 2.1 7.6 18.8 11.1 12.3 18.7 ~ 12.7
% COy Orsat - -- - L 124 9.4 13.6

Cco (unscrubbed
sample) ppm -- 17.6 -- . 17.4 16.2 -~ 12.2 16.0

A wta grams - 0.2001 2.4092 5.2301 3.6102 2.1789 3.6140 2.1023

Sample Calculations, Run No. 2:
Standard conditions 70°F and 29.92 in. Hg (dry).

1. Gas volume

Ve = Vi | FPM <?§I%> = 17.71 - °R . <§ﬁ cu ftcPM in. §%>
ST ™ in. Hg Ty .R
Vye = 17.71 - °R 0.5235 cu ft . 29.97 in. Hg) = 0.515 dscf
in. Hg 540°R

2. Volume of carbon dioxide collected

Vcog 0.01797 Awta

0.01797 Sw £t x 2.4092 g = 0.0423 dscf
g

Veo,

8
3/30/72
0.198
0.0202
0.2182
5.4
9.3

13.6

14.5

1.124



TABLE I (Continued)

Sample volume

Vs

Vg =0
Concentrat

c

cog

L]

Ccog

Vme + VH50 + VCoz Assume VHzO =0

.515 dscf + 0.0423 dscf = 0.5573 dscf

ion of carbon monoxide

12.5 ppm X 0.515 dscf = 11.6 ppm
0.5573 dscf

Percent carbon dioxide

7 CO2 =
% COp =
Concentrat
Cco = C
Cco =1
VMC =
™M =
PM =
PgTD =
Tsp =
™ =
Vg =
Ccog =
Cco, =
Vco, =
A wta =
Ccom (U.

____YEEZ__. < 100
VMc + Veo

0.0423 dscf x 100 = 7.6%
0.5150 dscf + 0.0423 dscf :

ion of CO in the unscrubbed sample
9.0 ppm x 0.515 dscf = 17.6 ppm
0.5573 dscf '

D;;‘gas volume through meter at standard conditions cu ft (DSCF)

Dry gas volume measured by meter cu ft (DCF)

Barometric pressure at dry gas meter in. Hg.

Pressure at standard conditions 29.92 in. Hg.

Absolute temperature at standard conditions, 530°R.

Absolute temperature at meter °R. .

Volume of sample at standard conditions (DSCF).

Concentration of CO in sample ppm by volume.

Concentration of CO measured by NDIR Analyzer ppm by volume.

Volume of CO» collected at standard conditions cu ft dry.

Weight change in ascarite impinger in grams.

S.) = Concentration of CO measured by NDIR analyzer ppm by volume,
unscrubbed.



TABLE 1II

STACK VELOCITY AND TEMPERATURE*

Run AP Avg. | AP Avg; TS Avg. Vg

No. Date | in. H20 in. Hp0 °R (ft/min) qut
Special 3/28/72 0.445 0.676 1237 3,630 W
5 and 6 3/30/72 (a.m.)  0.313 | 0.555 1233 | 3,000 N
7 and 8  3/30/72 (p.m.)  0.306 0.554 1225 2,970 N
Equation

' T
Vg Avg (fpm) = KpCp ( | AP Avg)\__S_éXE "X sec/min
PcMa
: s*S

, - 1/2 )
p = 85.48 ft/sec 1 -
1b mol °© ,

=
]

Cp = 0.85 (pitot coefficient)
Mg = 27.1 1b/1b-mole
Pg = 29.93 in. Hg

* Federal Register, 23 December 1971, p. 24884, Method 2.



The values for CO in Runs Nos. 1, 2 and 4 are very close: 12.25, 11.6 and

11.6 ppm. The unscrubbed values for CO in Runs Nos. 2 and 4 show the CO2

~

contributed about 6 ppm to the CO reading on the NDIR.

The results for the second day of sampling for CO show a variation
of 4.4 ppm to 7.2 ppm CO. The CO, results from the absorpfion of ascarite
are close exéept for Run No. 6 (18.7%); they.vary from 9.3% to 12.7%. The
unscrubbed CO values are reasonably closg for the four runs on the se;ond
day with the exception of Run No. 6. They show an average COj contribution
to the NDIR reading for CO of about 10 ppm. Thé values range from approki-
mately 7 to 12 ppm. The Orsat reSults for COz,.Qith the exception of Run

"No. 6, are reasonably close. The average CO, concentration for‘Runs Nos.
5 (12.47), 7 and 8 (13.6%) is 13.2%. While performing the drsat analysis
in Run No. 6, the bag was ruptured by excessive pressure...This bag waé
discarded and a new one installed in the holder'béfore coliecting-éamples
Nos. 7 and 8.
| | The velocity of the stack gas in Table II varies from 2,970 fpm
to 3,630 fpm wifh an average of 3,200 fpm and the temperature varies from
1225°R to 1237°R with an average of 1232°R,.

. In Runs Nos. 2 through 8, the ascarite impinger_was removed after
analyzing the gas streameor CO and the gas passed throﬁgﬁ fhg rest of the
equipment to assess the effect of CO, oﬁ the NDIR results. Figures 1 through

8 are the charts from the recorder for each run. The field data sheets



corresponding to the recorder charts are presented in Appendix B. The
numbers on the chart (Figure 1), 17.0 and 17.5 are the NDIR readings from
the data sheet. .The NDIR reading in the field data sheet is taken directly
from the indicator on the NDIR. In Run No. 1 the data sheet shows that a
steady reading was reached after 3 min and the reading used for calcnlation
of ppm CO was an average taken after steady state was reached.

In Runs Nos. 1, 2, 5, 6 and 7, examination of the recorder charts
and field data sheets show that a constant reading was obtained aftér‘3 to
5 min. Run No. 8 took about 9 min to reach a constant reading, but the
rotaneter reading for this run was 8 instead of 14 and less total'sample'
was employed to obtain a steady reading. Run No. 3 was started without
purging all lines with nitrogen and withvno water in the ice water cooling
bath for the ascarite and silica gela This run, after 7 min, was stopped,
evefything purged with nitrogen and then restarted. This run gave results
that do not correlate with the data from the other runs.

| The NDIR value for Run No. 4 steadily increased for 20 min indi-
cating fhat the ascarite was not doing an efficient job of scrubbing out
the CO5. Tha calculated values for CO and CO, for Runs Nos. 2 and 4 are
comparable. Examination of Figures 2 to 8 and the corresponding field
data sheets in Appendix B shows that.with the exception of Run No. 3 all
readings without ascarite.scrubbing reached a steady state aftef 2 min.
The reading was an average after steady state was obtained. The readings

for Run No. 3 are unexplainable.
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Figure 9 is the calibration curve for the NDIR, that relates
the NDIR reading ito ppm CO. It was calibrated using nitrogen, 22 ppm CO,

41 ppm CO and 83 ppm CO for full scale deflection.
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Beckman NDIR Calibration (By MRI)
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IV. SAMPLING AND ANALYTICAL EQUIPMENT AND PROCEDURES

The CO boiler stack at Standard Oil of California's El Segundo
plant was the site chosen for sampling the stack gas to determine the
applicability of the analytical method for CO using the nondispersive

infrared analyzer (NDIR).

A. Sampling Equipment and Procedure

Figure 10 is a schematic -of the equipment used to obtain an
integrated gas sample. A glass-lined heated probe was ipserted through
a cover plate fastened to the port. The probe was cqnnected.with<Tygon*
_tubing to an air cooled condenser, a rate meter and the Tedlar* gas bag.
Flow was controlled by use of a mic;ometer adjusted needle valve; A
vacuum pump was connected to the bag holder and.the resulting vacuum
used to withdraw the sample from the stack. The bag was_ieak checked
priorvto obtaiping a saﬁple.

Figures 11 through 14 are colored photographs showing the equip-
ment and arrangement of this equipment in sampling. Fiéureili shows thé
probe inserted throdgﬁ the port cover into the stack. Thé érobe and the
method of connecting with the Tygon* tubing is showh in Figure 12. The
condenser ‘and gas bag holder appear in Figure 13. Tﬁe'flowmeter, microm-
eter needle valve, the gas bag hblder, and'the VaCuﬁm pump are diéplayed

in Figure 14.

* Mention of a specific company or product does not constitute endorsement
by EPA.

20
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Figure 11 - Figure 12 -

Port Cover - Probe Probe and Connector
Heater Cord

Figure 13 - Figure 14 -

Condensor - Bag Holder Rate Meter - Micrometer Valve -
Bag Holder - Vacuum Pump
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B. Analytical Procedure and Equipment

The schematic of the equipment used in analyzing the stack gas
for CO and COy is shown in Figure 15. Everything but the gas bag was purged
with nitrogen before and after sampling. Purgingwith nitrogen sweeps out
entrained air or other gases. A Bechman*VInfrared Analyzer.(NDIR) Model
215°Awitha 15.25 in. CO sample cell and a 15.25 in. referenée.cell with
optical filters (for removal of interference from NH3) wég used. The
range of the instrument is from 0-150 ppm CO. A Hewlett Péckard* Model
No. 680 sérip chart recorder was used with th¢1NDIR; The NDIR was zeroed
by using 1007 nitrogen and the span was set by using an 83 pém CO in
nitrogen.

Figures 16 through 20 are colored photographs of the setup used
in the analytical brocedure; Figure 16 shows the nitrogen cylinder being
used to purge tﬁe tubing and tﬁe equipment and to zero the NDIR. Figure
17 shows the 83 ppm CO (épan gas) used to establish the.ﬁpper limit of the
analytical instrument. Figure 18 is an oVerali view‘of tﬂe equipment used
in analyzing the stack gas. Figuré 19 is a close-up of the impingers con-
taining silica gel and ascarite in the ice water bath'with.the NDIR and dry
gas meter in the background. Figure 20 is a close-up'showing more details
of the hookup with the Tygon* tubing from the gas'bag to the impingér,
through the flowmeter, the drying tube, the filter, the NDIR with recorder
and the dry gas meter. Figure'il shows thé Orsat Being used to analyze

for CO, and 0;.

-

* Mention of a specific company or- product does not constitute endorsement

by EPA.
23
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Figure 15 - Analytical Apparatus For Carbon Monoxide



Figure 16 - Figure 17 -
Setup With N, Cylinder Analytical Setup With co,
Span Gas

Figure 18 -
Overall View of Equipment
Analytical Setup
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Figure 19 - Figure 20 -
Impingers in Ice Water Bath Close-Up of Analytical Setup

Figure 21 =-
Orsat Analysis
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After purging all lines with nitrogen, the line to the gas bag
was connected to the impinger containing silica gel. Air pressure was bled
into the gas bag holder forcing the sample gas out of the bag through the
impingers containing silica gel and ascarite; through the flowmeter (the
rotameter reading for the test.was set at 14 on a Matheson* Model No.
620PBW603 flowmeter witheu;R-Z-lSB tube) a drying tube containing glass
wool and silica gel; a filter, furnished with the NDIR; the NDIR, equipped
with an external recorder, and finally thrdugh the dry gas meter (an
American Meter Company¥* Charcoai test meter MédelvNo. AL-110, where tempera-
ture and total flow were meaSured). The sample gas was fun.throﬁgh the
system until a steady reading was obtained én tﬁe NDIR., After the reading
 stabilized on the NDIR, the flow was stopped and the-ascarite removed for

weighing. The weight gain provides CO, collected volume.. The flow of sample

2
gas was restarted and continued until a steady reading was again obtained on

the NDIR. This reading is the effect of interference (primarily C0,) and CO.

C. Observations

The geometry of the stack must be carefully considered in select-
ing a single sample point. The carrier gas must be thoroughly mixed at
the sample point, otherwise a sample traverse would be necessary.. On
negative pressure stacks; sealing of the pdrf around thé prébe_is essen-

tial. If the opening is not properly sealed, there is a possibility of

* Mention of a specific company or product does not constitutée endorsement

by EPA,
27



diluting the sample with air. A single-point sample should be located
well into the stack.

Since the method does not allude to sample point criteria, the
above observations were incorporated to project a sample point 42 in. frdm
the inside wall and at 90 degrees from the inlet breeching at approximately
4 diameters downstream from the breeching.

In the analytical procedure there are two very important pre-
cautions that must be taken.

All of the equipment and tubing used in the analysis must be
purged with nitrogen before the sample is introduced to ensure that none
of the tubing or équipment is contaminated Qiﬁh fhe previous sample. The
silica gel and ascarite impingers must be in an ice water bath, or the
caustic iﬁ the ascarite might react with other compohentsvof the gas stream,
particularly SO2 and SO3, if present. Also, excess heat céuses water to
be formed from the reaction between COj and NaOH.

The procedure 'Gas Analysis for Carbon Monoxide' (dated 10
February 1972), as furnished by EPA is inéluded in this report as Appendix
A. We made some changes and additions to this procedure for thié test.
These changés are:

5.3.5 - Used 25-30 grams of pfeweighed ascarite ins;ead of 200 grams to
improve the accuracy in determiniﬁg the weight change of the ascarite.
7.3 - The silica gel tube was not weighed becausé this would only giVe,

the percent moisture in the bag. The sample was passed through a condenser

28



before filling the Tedlar* bag. Thé volume of the water condensed from
the sample and the volume of gas sampled would have to be measured before
the stack moisture could be detefmined. The percent moisture was not a
test objective.

9.4 - Assume Vyo0 = 0.

- The additions are:

5.3.6 - Ice water bath for ascarite and silica gel.

5.3.7 - Needle valve to adjust and maintain constant flowrate.

5.3.8 - Span gas for NDIR.

5.3.9 - Flowmeter to measure flow rate.

5.4.0 - Dry gas meter with thermometer.

5.4.1 - Recorder for NDIR.

The lines and equipment must be purged with nitrogen before the
gas is analyzed.

7.3

* Mention of a specific company or product does not constitute endorsement

by EPA.
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V. LOCATION OF SAMPLING POINTS

Figure 22 shows the location of the two ports used in sampling
for CO analysis and for temperature and velocity profiles at the boiler
stack. The samples were collected at an elevation of 55 ft (about four
stack diameters) above the inlet breeching. The inside diameter of this
stack is 13 ft 10 in. The CO samples and the first velocity profile were
taken from the port at 90 degrees from the inlet breeching. The other

two velocity profiles were taken from the port above the inlet breeching.

30



SAMPLING LEVEL

55 FT ————-|-26 FT-o
-]

g———o — |3 FT 10 IN."

150 FT

SIDE VIEW OF
BOILER STACK

Figure 22 - Location of Sampling Station
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VI, PROCESS OPERATING CONDITIONS

This section is to be. furnished by EPA.

32



APPENDIX A

The following represents the suggested method of sampling and
-analyzing for carbon monoxide. This method was furnished by EPA. Observa-

tions on the method are tabulated in Section IV-C.
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1.2 Applicability. This method should be applied only when spéci—

¥

2-10-72
Gas Analysis for Carbon Monoxide '

Principle and Applicability

1.1 Principle. An integrated or grab gas sample is extracted from v
a sampling point and analyzed for carbon monhoxide content using
a nond1sperswve 1nrrared analyzer or equ1va1ent : '

fied by thre test prccedures for determining compliance with the
new source perforiiance starncards. The test procedure will
indicate whether a grad or an integrated sample will be used.

. Range and Sensitivity.

2.1 Range. 0-100 p.p.m.

2.2 Sersitinity. Hinimum-detectab]e sensitivity is 4 p.p.m.

Interferences 3 L - .

3.1 Any substance having a strong absorption of infrared energy
will interfere tc scue extent. For example, discrimination
ratios for water and carbon dicwide are 3.51 Ho0/7 p.o.m. CO
and 10 CCp/iC p.p.m. CO, respectively, for dev1ces easur1ng
in the 1500 to 300G p.p.m. range. For devices measuring in
the 0-100 p.p.m. range, .interference ratios can be as high as
3.5% Ho0/25 p.p.m. CO and 10% CO0»/50 p.p.m. CO0. The use of
silica gel and ascariite traps will aleviate -the major.inter-
ference precblems. The measured gas volume must be Corrected
if these traps are used. .

. _Precision and ACcuracv

P

4.1 Prec351on The precxs1on of most NDIR analyzers is approx1mate11
+ 2% of span The prec1s1on of the overall method 1S unknown.

4.2 Accuracv The accuracy of rost NDIR analyzers1s approximately
+ 5% of span after calibration. The accuracy of the overall
method is unknown. : .

Aggaratus

| 5.1 Grab sample (Figure 3-1) Federa1 Regiéter, 36, 24886, Dec. 23, 1971.

5.1.1 Probe. Stainless steel or Pyrex g]ass. equ1pped w1th a
filter to remove particulate matter

or equ.valént or leakless

5.1.2 Pump. {ne-u Y. 530 s
r » tC transport gas sample to

iU
d‘*"‘r"“,’.‘"‘“" C

analyzer.



5.3

5.2.1

5.2.2

[3>
s
b

5.3.2
5.3.3
5.3.4
5.3.5

-2 -

5. 2 Integrated samole (Figure 3-2) Federal Register, 36, 24886,
Dec. 23 .

1971.

Prbbé. Stainless steel or Pyrex glass, equipped with
a filter to remove particulate matter.

Air cccled condenser or equivalent - to remove any
excess moisture. - -

Needle valve - to adjust flow rate.
Pump. Leak-free diaphram type, or equivalent to pull gas.
Rate meter. To measure a flow range from 0 to 0.035 C.F.M.

Flexible bag. Tedlar, or equivalent, with a capacity of
2 to 3 cubic feet. Leak test the bag in the laboratory
before using. :

Pitot tute. Type S, cr equivalent, attached to the
probe s0 that the sempliing rate can be regulated pro-
porticnal to the stack gas velocity when velocity is
varying with time or a sample traverse is conducted.

Nundlspet ive infrared analyzer, or equ1va1ent
éa range-0-100 p.p.m. -
b output (minimum)-0-10 mv. ' .

| S

(c) minimum cetectable sensitivity-4 p.p.m. .
éd) rise time (maximum)-30 seconds to 90% response.
e) fall time (maximum-30 seconds.
(f) zero drift (maximum)-1G% in 8 hours.
(g) spen drift (maximum)-10% in 8 hours.
(h) precision-= 2¢.
(i) noise (maximum)-- 1%.
2j) linearity-2. of scale. _
k) Interference rejection ratio-CO2 - 1000/1, HZO - 500/1.
Drying tube. Approximately 200 g. of dry preweighed
silica gel. '

Calibration gas.
Particu]ate'fi]ter. As recommended by NDIR manufacturer.

CO, removal tube. Approximately 200 g. of preweighed
astarite. |

35



6.

Reagents

6.1 Calibration gas. Krown concentration of CO in N, for instru-

ment span, prepurified grace of Ny for zero. Three concentra-

tions corresconding to span, 60% span, 30% span. The span

concentration shall nct exceed 1.5 times the applicable source
- performance standard.

6.2 Silica gel. Indicating type, 6-16 mesh, dried at 175°C
(350°F) for 2 hours. :

’\ R
6.3 Ascar1te (xﬁx*~b‘ v obeen Gt} :

Procedure

7.1 Grab sampling.

7.1.1 Set up the equipnent &3 shown in Figure 3-1 (Federal
Register, 36, 24826, Cec. 23, 1971) making sure all
. conrections are jeax free. Place the probe in the
cstack at a sempling zoint and turge tho sasdling line.
Connect the analyzer »rd crow sanple into the oh3]y28r.
Allow five minutes for ths systas to stzbilize and
record the aralyzer readirg. (See Sections 7.3 and 8.)

7.2 Integrated serrling.

7.2.1 Evacuate the flexiti» Zag. Set up the equipment as
- shown in Fiqure 3-2 (Federal Register, 26, 243586, Dec. 23,
1971) with tihe bag discormectad. Place the aréhe in the
stack and purge the savsiint line, (eonnect the bog,
making sure that all connections are iight and that
there are no leaks. Sample at a rate propcriicnal to
the stack velocity. ‘

7.3 Analysis. Assemble the acparatus, calibrate the instrurent, and
‘ ~perform other regquired operaticus as descrived in Section 8.

" Direct the sarple stream tnrcugn tre instrument for the test
period, recording the rezdings. Check the zero and span again
after the test to insurc that any drift or malfunction is
detected. Record the samnle volume passed thrcough the system.

Remove and carefully weigh the (E??Tca and ascarite tubes.
T et snecessary

Calibration. Assemble the apparatus accor31ng to Figqure 1. Care-
fully weign the silica gel and ascarite tubes before assembly.
Generally an instrument which is started up cold requires a warm-up
period tefore stability is obtained. Follow the manufacturer's
instructions for specific procedure. Allcw a miniwum time of one
hour for warm-up. Turirg thic tire chec! the camziz conditizning

. ~ M Pulbng I P - - ey e . ~r .o - .
apravetus, i.2., Tiltor, concoriesy Cocden ko, (D oreoval wne
+ YNECven fp.\t ~ A coamemraand o S ol 7 -
CO Ynovea TTOC2TH O CTTMIUNIRT N5 N Gl \,_1u\.|lu_; CONaiTion. 2310

“and calitrate the instrusant according to the manufacturer's procecures

using nitrogen and the calibration gases respect1vely
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~—39. Calculat1ons |

9.1 Volume of water vapor collected.

. . o, o\ RT o
| . . ",0/ \"sto -
) = 0.0474 cu. ft. (awt)
.9.
where:
VHZO = Volume of water vapor collected at standard cond1~
'tions, cu. ft.
6wt = Weight increase in silica gel tube + we1ght of 11qu1d
‘ water collected in air-cooled condenser g.
Pho ° Den51ty of water, 1 g./ml.
2 -
M0 = Molecular weight of water, 18 1b./1b.-mole. |
R = Ideal gas constént, 21.83 inches Hg-cu.ft./1b. mole-°R.
:TSTD = Absolute temperature at standard,conditions, 530°R |
,‘ PS1D' = Absolute pressure at standard condltlons 29 92 1nches Hg
9.2 Volure of carbon dioxide collected. i L
s ewt) 224179 mle 1
vC02 (2 Wty . 44 g./moie 28.32 T./cu.ft.
= 0.01797 s wt, S - |
where: ) . B
Vco = Volume of CO2 collected at standard conditions, cu. ft.
2 . : .
& wt, = MWeight increase in ascarite tube, g.

5.3 Gas volume,

v. (Pu Tsto
Mo\p T
sto/ \'y
o V., P
7.7 5 M Py
Tn

Ve

Tt



10.

’ Y.

s

vMc = Dry gas volume through meter at standard conditions,
cu. ft. v

1

= Dry gas volume measured by meter, cu. ft.
PM = Barometric pressure at dry gés meter, inches Hg.

Ps1p Pressure at standard conditions, 29.92 inches Hg.

TSTD = Absolute température<at standard conditions, 530°R.

TM = Absolute temperature at meter, °R.

9.4 Sample volume.

Ysppe  Yiic * Vw0t Voo,
where: _ -
VSAMPLE = Volume of sample at stancard conditions.
9.5 Concentration of CO.
C =C V..o N\
COSIA - CO"',‘ ’_-r'l'c- R )
-~ Q
Pt SAMPLE
where: . _ ' -
CCO Concentration cf CO in stact, p.p.m. by volume.
STACK .,
C = -Concentration of 0 measured by NPIR analyzer,
COM b .
p.p.m. by volure.
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Continuous CO Monitoring System, Model A 5611, Intertech Corp.,
Princeton, N. J.

Bendix--UNOR- Infrared Gas Analyzers. Ronceverte; W. Va.
— :

-
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APPENDIX B

The Field Data Sheets are contained in this appendix.
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VELOCITY TRAYERSE FILLD BAVA

P]@I]t 51‘]/ o)

L[ DEC updO

Test SPEC, S L

Location C o Bz/ ,/<’V S THe

| Date 3/;&{/7 2~

Operator Shép + /\"/f LL 1?7 p

Feter all

[% PoﬂT

Clock ' (1)

; . () (i) -
Tiie | Point AP, 1 H20

/AP A0

o e
Stack Tenpt.F |

Iy} I

R T

2= i

\5-" ;4@ S 1 97(

718
279 | |

?I/ ‘ ,ig Iéq& .
. ‘5—0. If}@é

V77294

14? :700

e b7

Y/ o b %J

(pYze, . o A\'erazle__éj,é;_z_@.,__.._

Conments:

5 42
NCAD-2¢ (12/67)

89 |t/ e 269 ||
- j ! 4‘5/ ! __._“__,!
(1) 2P, in. 1,0 Average 0. 4 LS | 0
Tify 7771 °



- |III. SAMPLE DATA Project ( 0 ;) & 4, Sample Date 3 Zgz[7 2
TEST Test Team&'z‘t_x-st}a-l Test NO. '/
-6 20 ,
Eﬁf%éﬂ% = 3 (O ASchriTE W
RAC |Sample R +°W’ilf NoiR) Meter Stack [S—GellProbe |
138 0
[Port | Point [Filter| Time |Start | Pitot-| Prebe | Vacuum Metgr Temp, "F |[Temp.| FempriFemp.
No.j No. No. Min. |Time |ia+H-OfinsHro4 in, Hg| T left |Right F /—’}mf‘:"fjr, G%;aa}?_gzt
l!s : _ /0.9/9, _
wi s 0 8] / 4'0 / §0 Y08, 2023/ 08,6090, 2 ocf
i o
4 / | 1>
2 | 17
3 l s
J 17,8
rd ’
o /17,5
7 /.59 /.0 Lo705|
01707
MeomeTiR/C | PRESE LA
/o oolfmi- 3P.PO
/00 P 29, 9|77
|
|
|
1
L
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II1. SAMPLE DATA Project (O AwA [ Sanple Data 3/>5/7 2
TEST Test Team /ALY -Shea Test NO. 2
ﬂSCﬂﬂ (TE WT
RAC |Sample )(ovfom, MDik Meter Stack|S< 'Probe
Port | Point |{Filter] Time ([Start | Pibes- Vacuum |Meter| Temp. °F Temp. | Fempr—{Temp:
No.| No. | No. | Min. [Time |in—loGlinsHs0 |in. Hg| £t° |Left|Right| °F e \TE ., et
A _ [l 0%
w g o ;ﬁ« ¢ | 80 J/0kt 21 Vet Loy | BT 4egR]
b’ / 7
IV 2 g
3 /40
Y L0
CHl /2.0
A (2.0
7 /2.0
8 /7.3
7 17,2
/O | -
/1 7.9
xS /7.0
NEs /7. F )
2D 23> 1172.9 116140
: ) R @ i 2’2 / b — J
L REmodcd pdcmp e {17 0,5235
| / 230
K 2.0
3 2.0
K 25.¢
- 5 ).b: e
e 5.7
7 24.0
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III. SAMPLE DATA Project ( O, A#/H/, Sample Data 3/.19/7 2-
EMISSION TEST Test Team j\/e[/’,(-j/;ea. Test NO. = R
[AscA R W
RAC |Sample /eo Mt% oI, , Meter Stack|S~ Probe-
Port | Point [Filter| Time |Start | Bitot7| Vacuum |[Meter| Temp. °F |Temp.| Remp—iTomp-
No.| No. No. | Min. {Time :'bn-:—-I'I;_:G-_iJrr.‘HECH‘in. Hg 3 |Tert Right | °F ,/!"E‘:—E;-lf—z c%%g
: h | T 1/35%7 |
"U_ 8 O 4§ /4 O 77 J1M4613 Yok 292157) 30/ |
. -'\D » / . . )
53/0' 4> / /6. 3
H'/
W la 4.0 ,
i$ 22,5 |
5 1250 |
7 2.8 |14o750| oips/
SToP 7T& Polke & \WitH A,
9 |es|id |200 (9{3/5 -
q. 2.0 s
/O 1300
/1l 33.0
/> - Izgzl
/3 37.0
| 7% 0
| Ve
B (5 3%.0
/6 | 3%.0
i 320 1 |
. BEee| | /4 03330 0,441
Vo Ascarm= | O d 135 |
. / /6.5 | R
5 /0,0 T2
45




TII. SAMPLE DATA : Project ( O ak/. Sample Data 3/;9/7;

EMISSION TEST _ Test Team Sj ga!@' é“ Test NO. A

7

ASCARITE

RAC |Samplej Retemeter| /DI Meter Stack |S+——Gel-Rrobe~

Port | Point [Filter| Time |Start | Riked | Rrcbe | Vacuum Metgr Temp. °F (Temp.| Pemp—ifemp—
" No. . in, |Ti i i . ft° |Left |Right| °F | _ ep—1—2r—

No.| No No Min. |[Time [iA—H-Olinta0 {in. Hg g ot —1-_—“27 %

/2 /2,1855
58 |1t |0 17 2213 jJo 14|24 &

<
S

N
oa

-~
<

~~

W
vy

\
N
S
~
V

-

~
T
-~
v
o

/6,0
/7.0

~
o

ey o]
53{”; ‘ (0 N b o5 >ED

| 4 180

23,0

260

2.5

26,/

= ;~?z C; =

‘E’U
0

2b6./

26 S

26./

= :
.S 46
36>

poppinielwly [~ o ¥ |




II1. OSAMPLE DATA Projectco . N /AL, Sample Data 3/3(.)/7 2
EMISSION TEST Test Team /- » < Test NO, 5
U .
AScARTE W
RAC |Sample D stemefer| MOjR Meter  [|Stack|S+—GeitPrebe
Port | Point |Filter! Time :|Start | Pibot Prove | Vvacuum [Meter| Temp. °F |Temp.| Pemp-—Ffemp—
No.| No. | No. | Min. |Time |rrr—H50|imeHs® |in. Hg| £t° |Left [Right| °F | ° L e
/w VA A Y
A , yin 4 — _
wl 8 o |ra%| jho| o 75 24227\ /04 748520787
42//'/ / : /,() '
Y 2 3,0
-
3 5.5
o L/
5 2.0
b 6.5 |
7 7.0
9 b.§
g 7.0
/0 72,0 JboT7L0) p, A800
Wo Asear e | j o 2.0
[T /9.0 [l /010osm = 30.04
/4 22.0 Pal i00FPm |= 3d8.0¢4
| /G 2,6 Pa | didwpm|= 29.98
- )17 ‘g,z,{
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- Location %M/w/ 5”&3%

ORSAT FIELD DATA

Comments:
Date J/p0/2 2
Time_ | %o
Operator il:a,'c}fw
]
Test '(COZ), (02) R _(CO)
Reading 1 ~ Reading 2 Reading 3
45 ol ue—Lupyy | o
- 2 — |
/2.3 ;E: / 10 O
@ |
/2.7 123 ds| O

NCAP-31 (12/67)
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111.

SAMPLE DATA
EMISSION TEST

Project (O 4l Sample Dat&. 3/30/7 2
Test Team ge/lv-Shca » Test NO.

é

ASchr e VE

RAC |Sample k,,nm‘m ,,/p//e» Meter |Stack|S~Gel-Rrebe

IPort | Point |Filter| Time |[Start | Bited— | Prebe | Vacuum [Meter| Temp. "F |[Temp.| Temp—ifemp.
No.| No. | No. | Min. |Time |in—HsQlinsH~6 |in. Hg| £t5 |Left [Right| °F et Copment
W B O > 1¢ |y Lo 77 0759051 /03368/| 3, €19y
PANN / d,/
0% 2 2,0

3 g, >

Y §.5

5 5.9

& £ 3

7 g5

g g s

9 g, 0 |

10 J] 32 /0,0 /60131 O, LY 5D . |
We B¢ perAE /O 16,5 |

/2 20,5

A J0.5

S VE>, 20,5
i A [Boley

|
|




ORSAT FIELD DATA

7 ' :
Location Jm:gf {/J_éowwé Comments :
. / ‘/
Date 3/35»/7 2 '
Time / %

Operator %m ,,LZZ?,’

Bir LEAK  ilos £ ) 6AS BAE Dupmlo

Test (o) (0) (€0 | 0/9_5_/’2’;7_
Reading 1 »Re}ading 2 Reading 3 /?U
D T
g | 180 g O

E)| s.2

50
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P]cnt

/“.
=

. VELOCITY

4l

GM O

TRAYERSE FIELD DATA

szz/z)/

Test =4 5 ¥6

| Location 00 'Bo//é//‘ \Sfd,J /Vm,Z/ fm/'

Date

3750/7&

Operator és/fzzé7vr/4<§ /(f?y/i o

leter alf ) N .
[ B ’ '
Clock | (1) (i) (2) (2) Stack Tempt,©F
Time | Point | &P, ¥’ H20 RPN AP, din. WO NS A R G

f

qys | 5

H’j’

n

9”

g

VL

30

/7"

3¢

2

3¢

33

4 b”

3d

gE

Al

(1) AP, in, HZO

Average

0393

(*){AP. in, ﬂ25 Average

Comments:

NCAP-29 (12/67)

D, E55
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III. SAMPLE DATA project (L) Ank/, Sample Date .2/ 30/7 2
EMISSION TEST Test TeanSpeg-ffelly Test No.___7
| Aschl1TE  QF
RAC |{Sample Rot:Wetery M/Di R Meter  [Stack|[S—6et{Probe
Port | Point [Filter| Time [Start | Pitot | Probe | Vacuum|Meter| Temp. °F (Temp. | Temp<ifemp:—
[No.| No. | No. | Min. |Time [tm—Hy6{in.Hy0 |in. Hg| £t° |Lelt [Right| °F s T i
wig . o & [ [ e 70 1 0034900 (04, 2353| ). 1023
329 |42', J — |
400 2 . ¥
3 9.
4 2,0
5 /3,0
6 (3,3
7 /3.2
§ L3, b
9 /3.3 e
170 ¥ /33 | __ligdadp| 0,354
Aic/)scmp/ﬂ" /O 14,0 B 5
172 28,0
14 2%.0
/ 5 o2¢. /
L /7 [ 28,0
[zl=1-42F

>Z



ORSAT FIELD DATA

Location ST 2. 5./ @/, S}G‘a/y‘po Comments: £.O Be./er

. S 7T K
ate__3/50/7 2 ’ LEsT PR T
Tie__ 4L /50 FPA |
Operator Shex ¥ Auw [leey,

Test (o) | (o) | (co)
Reading 1 | Reading 2 Reading 3
7 /12,6 | 16.# 39 O
74 3.6 | Jje933] ©

T , T 6
/

~ NeAP-31 (12/67) . 53



11I. SAMPLE DATA | Project S héh - KestySanple Data -4 3[50472_,
EMISSION TEST ‘ Beetmoar £ () Test NO. 2
'As_,_' FFh 7 it
1 RAC |Sample Retanety ik | Meter |Stack|B el |Prove
Port | Point {Filter| Time |[Start | Pitot | Beebe | Vacuum [Meter| Temp. °F (Temp.| Temp. (Zemp.
No.| No. | No. | Min. |Time [|im—ti56|imstin® |in. Hg| £t° |Left [Right| °F L | B Cgment
' 3o 54
W g2 7P @ | |8 |ap alr
W | | ‘
! / ( 2.0 07703 05931 /. (24
8 A -
3 i 2:0 -
4 2,/
5 40
é A
7 -
g _
9 g, 1
/8 g, 2
R | 185
/4 8.5
B 7.0 |85 /8 Top
vedsoam | 1 | |9 legs|
L ] /7.5
3 2SS | |
/ pss| || | PA=200¢
b 238 |
8 1 a0
- / D_ 720 &/ [23.0
/1 /&~ 122,/
/ Z 22.0
/3 22,0 |
1 72 22,0 54 k




ORSAT FIELD DATA

_ Locatwn.%ﬁoz 8& ?éﬁﬁ . Comments:C O 73@ //@/"S?‘/-)c/(/

Date 5/30/77—-—' - weESsT PorRT .

Time 2D 2 M CLASS Arv E fo’aﬁ’é’
//;uz?/f(ﬂa/ d/éc*t—cf

Opérator Shea v A2 éﬂ. - | 9{4 Lo STACK
rest NC I N I
Reading 1 | Reading 2 Reading 3 .
i 15.8 _/7, o
S /124 | {Z',s/z/.d 2
v A i ] 7 1.7 v = A
| O

55
NCAP-31 (12/67)



/

VELOCITY

Plent _ocal e &;MWZV

Test

7%8

Location

Date

Co Bodn ack /k/ /QWLf

3]30/?2—

Operator

Meter all

S

+H«J&_ﬁ%’

TRAYERST FIELD DATA

E&ﬁltﬁ

Clock . (1) '( ) = (2) - (2) Stack Tcm;t."??
Time | Point A?, Tt H20 SRy g’g AP, in. H?O; ORI Hgn_-"\{L::it:Igl"W
3.'17;/0 5 i L2 e /4[58/ | D60 : G
| a5 S0 2
L3l 565 s
/7[, i .‘ 32— ’576 '7é’9 :
240 .36 L 60 } W) 5

A ] LSl dves i
) . 7 ) i
S}y ’ s 38 ! é /b - _._?.ig_--—~ -—--fg
(]) P, in. Ave\uoe 305 ﬂ/;:
,/u s in, i, 0 :

powmknts

rl ) 2(\

(12/67)

Av

e 5
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APPENDIX C

“The sampling and analytical logs make up this appendix.
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Elapsed

Analytical Log ' ' Time
Run Pollutant Date Began Ended min
1 o, €O, , 3/29/72 1:52 p.m. 1:59 p.m. 7
2 co, €0, 3/29/72 2:13 p.m. 2:40 p.m. 27
3 co, co, 3/29/72 5:45 p.m. 5:52 p.m.
©6:15 p.m. 6:25 p.m.
6:27 p.m 6:32 p.m 22
4 co, co, 3/29/72 5:10 pam.  5:30 p.m.
5:31 p.m. 5:42 p.m., 31
5 co, co, 3/30/72 12:08 p.m. 12:18 p.m.
12:20 pom, ~ 12:27 p.m. 17
5 €0y, 0, 3/30/72 " 1:40 p.m. 1:50 p.m. 10
6 co, o, 3/30/72 . 11:22 p.m. 11:37 p.m. 15
6 c0y, 0, 3/30/72 1:50 p.m. 2:00 p.m. 10
7 co, co, 3/30/72  6:14 p.m. " 6:41 p.m. 27
7 ‘ C05, 0, 3/30/72  6:50 p.m. 7:00 p.m. 10
8 co, co, 3/30/72 6:54 p.m. 7:24 p.m. 30
8 €0y, 0, 3/30/72 7:30 p.m.  7:40 p.m. 10
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6G

Run

1A

Sampling Log

Location

Stack
Stack
Stack
Stack

Stack

Staék

Stack

Stack

‘Stack

Stack

Stack

(W)
(W)
(W)
(W)
(W)
(W)
(M)
(W)
(W)
(M)

(W)

Pollutant

Velocity and Temp.

co,
co,
co,
co,

co,

Velocity and Temp.

co,

co,

Velocity and Temp.

Co,

002
C02
CO9

€0,y

C0y, 0y
co,, 0,

COZ’ 02

Date
3/28/72

3/29/72

3/29/72

3/29/72

3/29/72

3/30/72

3/30/72

3/30/72

3/30/72

'3/30/72

3/30/72

Began

: 00
:30
:15

: 00

:00
:45.‘.
:45
:00
145

115

:00 p.

Ended

10:

11:

10:

10:

: 30

15

00

:00

: 00

:45

00

45

:15

:00

: 30

Elapsed

Time
min
30
45
45
60
60
45
15
60
75

15

75



