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FOREWORD

The collaborative study of "Method 10 - Determination of Carbon
Monoxide Emissions from Stationary Sources'" was conducted under Tasks
3 and 5 of EPA Contract No. 68-02-1098, which is Midwest Research In-
stitute Project No. 3814-C, entitled "Standardization of Stationary
Sources Emission Measurement Methods." Midwest Research Institute
acquired a sampling location and field facilities for the test, se-
lected seven collaborators to perform sampling according to its plan
of test, retrieved field data and analysis results from the collabo-
rators, statistically analyzed the results, and prepared this two-
volume report.

This volume, Volume I, of the report of test, summarizes MRI's and
the collaborators' activities. It just presents those activities that
were necessary in preparing for the field test--selection of the site,
design, construction and checkout at the field site of a manifold sam-
pling apparatus needed for the collaborative test, selection of the
collaborators and the experimental design. This preliminary work is
then followed by a discussion of the field test, a summary of the re-
sults of the collaborators, MRI's statistical analyses of the collab-
orators' results, conclusions and recommendations.

Volume II of this report contains results of the collaborators
that were submitted to MRI,

The seven organizations that participated under subcontract to
Midwest Research Institute (MRI) in the test of Method 10 are Coors
Spectro-Chemical Company, Golden, Colorado; Ecology Audits (subsidiary
of Core Laboratories, Inc.), Dallas, Texas; Entropy Environmentalists,
Inc., Research Triangle Park, North Carolina; Environmental Triple S,
St. Louis, Missouri; Interpoll Incorporated, St. Paul, Minnesota;
Scott Environmental Technology, Inc., Plumsteadville, Pennsylvania;
and TRW, McLean, Virginia.
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SUMMARY

A collaborative test was conducted by MRI at the El1 Dorado Refinery
of American Petrofina of Texas during 3 to 14 June 1974. Seven organi-
zations participated in the test of "Method 10 - Determination of Car-
bon Monoxide Emissions from Stationary Sources." All collaborators
sampled simultaneously using the integrated bag method. The sampling
manifold was connected to the CO boiler stack of the fluid catalytic
cracking unit. All runs were of 60 min duration. Each collaborator
obtained four samples per day--two in the morning and two in the after-
noon. Sixteen runs were made at each of two CO levels. MRI had an
NDIR operating in the continuous mode during each run to monitor the
CO concentration. Each collaborator analyzed six cylinders of CO in
nitrogen which had been certified by the National Bureau of Standards.

The collaborators submitted tentative readings after each test
and later sent to MRI their final results, which included the original
recorder charts. MRI checked the collaborators' results and then sta-
tistically analyzed the collaborators' results.

The collaborators' results from sampling the CO boiler stack were
analyzed to determine the precision of the method and the standard gas
results were used to determine the accuracy of the method.

Pertinent statistical results from this collaborative test are:

1., For the field data:

» The within-collaborator standard deviation (o) is about
13 ppm.*

* The collaborator-collaborator standard deviation (o.) is
about 25 ppm.

* The quantity actually estimated from the analysis of variance is
0% + a%c (35 ppm). Indirect methods decompose this sum and re-
sult in o = 13 ppm.



* In general, the collaborators' calibration curves are
suitably parallel but this is not true for all collabo-
rators,

2. For the standards:

+ The within-collaborator standard deviation (o¢) is about
4,5 ppm.

The collaborator-collaborator standard deviation (o.) is
about 22 ppm,

« Although the average bias is quite low (average overall
levels, 7 ppm), the bias definitely varies according to
the CO level. The bias is, in general, larger at the
lower CO levels (up to 24 ppm when CO = 239 ppm), but not
all collaborators have parallel bias versus concentration
curves,

The principal conclusions that are drawn from the results of this
collaborative test are:

1. Method 10 as executed in this collaborative test will produce
results with only moderate accuracy of * 87 ppm (20) on the average.

2. The procedure as written in Method 10 is not adequate because:

a. The Ascarite weight gain method for measuring CO7 content
on the sample is subject to large errors due to the difficulty of mea-
suring the small weight change obtained compared to the weight of the
impinger plus the Ascarite;

b. The use of an impinger or bottle for the Ascarite trap
causes great difficulties because the Ascarite tends to form a dense,
solid plug in and around the glass inlet tube which, in turn, blocks
the flow of the gas after a period of time;

c. Most commercial NDIR instruments have a significant
amount of curvature in the calibration curves, and many of the collab-
orators did not adequately correct for this nonlinearity of response;
and

d. Some calibration gas suppliers provide certificates of
analysis that show errors of as much as 307 when compared with stan-
dard gases.



Based upon the conclusions that have been drawn from the results
of this collaborative test, it is recommended that Method 10 be revised
to cover the following points:

1. All mention of the CO, determination by weight gain of the
Ascarite gas scrubber should be deleted. Carbon dioxide should be
done by Method 3 (Orsat-type analysis) of the Federal Register.

2, The use of an impinger or bottle type of silica gel and
Ascarite gas scrubber should be deleted. Sections of a flexible plas-
tic pipe, capped at the ends, should be used instead. A minimum in-
ternal diameter of 2.5 cm is recommended to prevent blockage.

3. More explicit instructions on correcting for nonlinear re-
sponse of the instruments are desirable.

4. Analysis procedures of some calibration gas suppliers are
clearly inadequate. Reliable calibration gases might require NBS cer-
tification or a requirement that gas suppliers follow specific guide-
lines in their analysis of calibration gases.



SECTION I
INTRODUCTION

The Methods Standardization and Performance Evaluation Branch,
National Environmental Research Center of the Environmental Protection
Agency (EPA) is engaged in a program to evaluate methods, recommended
and promulgated by EPA, for the measurement of pollutant emissions from
stationary sources. Midwest Research Institute (MRI) is working for
EPA under Contract No. 68-02-1098 to provide data on the reliability
and bias of the methods,

To achieve its objective, MRI plans and executes a collaborative
test and evaluation for each method submitted to it by EPA. Briefly,
in the execution of a collaborative test, MRI performs an in-house
evaluation of the method (which could range from a paper evaluation,
such as was the case for this test, to a ruggedness test), provides
sampling locations and facilities relative to the test and analysis
involved, coordinates the collaborative test, retrieves field data and
results of the collaborators' chemical analyses of their samples, sta-
tistically analyzes results received from the collaborators, and re-
ports results to EPA,

The work activities described above were performed by MRI under
Tasks 3 and 5 of Contract No. 68-02-1098 on the collaborative test of
"Method 10 - Reference Method for Determination of Carbon Monoxide
Emissions from Stationary Sources," which is the subject of this report
and is given on pages 9319 to 9321 of the Federal Register, 223 No. 47,
Friday, 8 March 1974. (A copy of Method 10 is given in Appendix A.)
These activities started in December 1973 with the review of the method.
Following this the sampling manifold to be used by the collaborators
in the field was designed and fabricated. Concurrently with this engi-
neering effort, the El Dorado Refinery of American Petrofina of Texas
was selected as the site for the collaborative test. The sampling man-
ifold was then taken to the field site and tested. Seven collaborators




were selected for the field test which took place during 3 to 14 June
1974, During July, the collaborators submitted their results to MRI.
These results were checked for errors and then statistically analyzed.

This report covers the collaborative test of Method 10 in the fol-
lowing order: Section II discusses the selection of the site, speci-
fying the criteria followed and gives a description of the site that
was selected for the test. Section III discusses the manifold sam-
pling apparatus that was constructed by MRI and used by the collabo-
rators. Section IV presents the experimental design of the test.
Section V discusses the 2-week field test. Section VI summarizes the
results of the test. Section VII gives the statistical analysis of
the collaborators' results. Section VIII presents the major conclu-
sions that were drawn from the results of the test., Section IX gives
MRI's recommendations. Appendices comprise the write-up of Method 10,
MRI's request for proposal that was sent to prospective collaborators,
MRI's instructions to the collaborators, and the effects of deleted
data from the principal analysis.



SECTION II
TEST SITE SELECTION AND DESCRIPTION
SITE SELECTION
The criteria for selection of a suitable refinery site are:

1. Sampling is to be done from the fluid catalytic cracking unit
incinerator-waste heat boiler, commonly known as the CO boiler.

2. Carbon monoxide (CO) emissions must be controllable at or
near the level of the EPA standard--500 ppm.

3. The site must provide sufficient area for testing and con-
venient access to the site must exist.

4. Necessary utilities, primarily electrical power, must be
available.

5. Facility should be representative of refineries in the United
States,

Sites were sought from several different petroleum companies.
The E1 Dorado Refinery of American Petrofina of Texas, which is located
in E1 Dorado, Kansas, approximately 180 miles from MRI, was the only
one that accepted MRI's request. Although the carbon monoxide levels
from the CO boiler at this facility are normally very low, approxi-
mately 30 ppm, refinery personnel believed that the desired levels of
CO could be achieved without suffering a flameout and could be main-
tained at a level near 500 ppm for the testing.

SITE DESCRIPTION

While the E1 Dorado Refinery is a fairly small operation compared
to most of the oil industry, no unusual conditions are known to exist



in the operation of the refinery that make it unrepresentative of nor-
mal industry practice. As shown in the next section of this report,
CO levels of approximately 300 and 500 ppm are obtainable from the CO
boiler stacks without causing an unstable condition in the FCCU.

The stack for the CO boiler at this site is approximately 100 ft
high and is 54 in. in diameter at the top. A photograph of the stack
is shown in Figure 1. The hot gases (500 to 900°F) from the CO boiler
enter the stack from the inlet duct shown in the lower left of the
photo approximately 20 ft from ground level. Four sampling ports are
located approximately 60 ft from ground level. The stack is located
adjacent to a refinery road and sufficient electrical power for the
sampling equipment is available at the site. Ample ground area exists
around the stack to accommodate seven collaborators and their sampling
equipment,

Figure 1. Photo of CO boiler stack at E1 Dorado Refinery
of American Petrofina of Texas, El Dorado, Kansas



Although there are adequately located sampling ports on the CO
boiler stacks, it was not believed practical to place seven collabo-
rators and all their equipment at an elevated sampling platform near
these ports. The principal reasons are that each of the seven sampling
probes would not necessarily be challenged with the same gas sample
because of their different locations within the stack, and the collab-
orators would not be able to work effectively within the space limita-
tions of a platform on top of scaffolding that would have to be erected.
Consequently, MRI decided, with approval from EPA, to run a sampling
line from one of the four existing ports to ground level and attach to
it a sampling manifold from which each collaborator could effectively
conduct sampling using Method 10 which would provide assurance that
each collaborator's sampling apparatus would receive the same type gas
sample.



SECTION III
CARBON MONOXIDE SAMPLING SYSTEM

DESIGN FACTORS

The initial field test setup is shown in Figure 2. The principal
factors upon which this manifold system was designed to provide for
simultaneous uniform sampling by a multiplicity of collaborators are:

1., Number of collaborators - maximum of 10.

2. Materials of construction - mnot critical; CO is not reactive
or readily adsorbed or absorbed by most materials at moderate temper-

atures.

3. Gas stream flow rate - sufficient to assure each collaborator
receives the same gas sample.

4, Manifold geometry - identical parallel branches and limited
length for minimal pressure drop and gas flow transit time.

5. Water vapor - Method 10 does not require determination of
water and each collaborator must have a water condenser at inlet of
train. (Therefore, line from stack is unheated and provision for a
drain made in system.)

6. Accessibility for sampling - ground-level sampling is far
superior to sampling directly from stack,

CONSTRUCTION

All pipe in the sampling system from its intake point to the man-
ifold is 1/2-in. stainless steel for heat and corrosion resistance,
since these components are permanently mounted to the stack. The
sample probe is mounted to a bulkhead fitting on the sample port. The
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probe extends to the center of the stack with a bend at the end and a
6-in., section of pipe pointed downward. From the exterior of the bulk-
head fitting, the pipe runs outward 1 ft, bends around the stack to
the steel supports shown in Figure 1 and then runs down to near ground
level.

Photographs of the sampling manifold appear in Figure 3. Figures
4 and 5 show the different components of the sampling manifold in de-
tail.

Figure 4 shows the sampling manifold and the rotameters for mea-
suring flow rates in each branch of the manifold. All components in
this section are 1/2-in. galvanized pipe and fittings. The sample
outlet connections are 1/4-in. pipe nipples.

Figure 5 shows the pump and water condenser. The pump (A) is a
GAST Model 0822-103-G27/X, carbon vane pump with a capacity of 7 ft3/
min. Control valve B regulates sample flow rate and the water trap
(C) is a 32-0z, wide-mouth bottle with matching stopper, and (D) is a
galvanized box with a 1/2-in. copper tubing coil inside. The water
trap was not present in the preliminary test manifold.

Figure 6 shows the NDIR used by MRI to monitor the CO level dur-
ing each test., The filter (Part A of Figure 6) initially consisted of
two separate plastic bottles with about 200 g of silica gel and 500 g
of Ascarite, respectively, As explained in Section V, the impingers
were replaced by the 1l-in, diameter polyethylene tube shown. It should
be noted that the needle valve had to be placed on the inlet side of
the pump (Part B of Figure 6) rather than the outlet, as shown in
Method 10, This was necessary because the pump is designed to operate
with very little flow restriction on its exhaust side. Also the
Millipore filter is needed to protect the nondispensive infrared (NDIR)
analysis cells from dust contamination which degrades the signal re-
sponse. All connections between the downpipe, manifold and pump were
made with 1/2-in. galvanized pipe.

PRELIMINARY TESTING
In February 1974, MRI installed the sample pipe running from the
stack to ground level and connected it to the sampling system shown in

Figure 2 to determine if a CO level of 500 ppm could be safely reached
and the CO concentration maintained at that level.
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Photograph A. CO boiler stack with Photograph B. Sampling manifold
sample line on left side. with MRI's NDIR on table. CO
boiler stack and cooling tower

in background.

Photograph C. Sampling manifold on table.
Pump under table, inlet line at far end
of table.

Figure 3. Photographs of equipment set up for preliminary test
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Figure 4.

Drawing of sampling manifold, Fisher and Porter type FP-1/4-40-G-6 rotameters (A) were used to
monitor the flowrate in each branch of the manifold. Sampling ports (B) were standard
plumbing fittings with 1/4-in. pipe nipples attached.



Legend: The pump (A) is a GAST Model 0822-103-G27/X carbon vane pump with a
capacity of 7 ft3/min. Control valve (B) regulated sample flowrate.
Water receiver (C) is a 32-o0z jar and water condenser (D) is a
galvanized box with a 1/2-in. copper tubing coil inside.

Figure 5. Pump and water condenser
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Legend:

Filter (A) is a polyethylene tube 1 in. in
diameter and 3 ft in length. Rubber stoppers
are used at each end and tube is packed 50/50
with silica gel and then with Ascarite. Filter
is then connected to micrometer valve on inlet
of Thomas diaphragm pump (B). Sample then goes
to Matheson No. 602 rotameter (C), a Millipore
filter (D) and then into Beckman No. 215A CO
Analyzer (E). Bausch and Lomb VOM-5 Recorder
(F) is used for readout. For calibration,
gases were run into micrometer valve on pump.

Figure 6. Continuous CO monitor




With the NDIR connected to a crude version of the manifold, the plant
operators began reducing the excess air to the CO boiler until the CO
level reached 500 ppm. This required a large deviation from normal
operating conditions, but was attained and varied + 100 ppm over a
1-hr period.

MRI personnel returned to the site in April with the manifold
assembly completed for more complete testing of the system. After the
manifold was connected the downpipe from the stack was found to be
plugged. The pipe was cleared by pressurizing to about 30 psig
briefly. At the full rated flow rate of 100 liters/min the manifold
vacuum was about 250 mm Hg but the vacuum decreased to less than 80
mm at 80 liters/min total flow. After the CO level had been stabi-
lized at about 500 ppm a run was made for about 45 min. At that time
the manifold pump stalled due to water in the pump chamber,

The recorder chart from this run is shown in Figure 7. From the
weight changes of the filter traps, water was 5.0% and COy was 9.1% in
the gas stream, The average CO concentration was 452 ppm uncorrected
and 412 ppm corrected for COy content,

To protect the manifold pump from water condensate, the water con-
denser shown in Figure 5 was built upon returning to MRI. When the
bath is filled with ice water, the gas at the exit from the trap is
cooled to below ambient and all components downstream remain dry. The
trap collected 200 to 300 ml of water per hour during operation.

16
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SECTION IV
EXPERIMENTAL DESIGN
GENERAL CONSIDERATIONS

Major considerations that entered into the experimental design
of the collaborative test are summarized below.

1. Analysis Method - All collaborators would be instructed to
follow the integrated sampling method of Method 10 as it appears in
the 8 March 1974 edition of the Federal Register. Any deviations from
the method by the collaborators would be noted by the MRI test super-
visor.

2. Test Levels of CO - Two levels of CO are required. One level
is near the proposed standard limit value--500 ppm. The second level
is approximately half the concentration of the standard.

3. True Values of CO (determination of bias) - A set of six cyl-
inders of CO in nitrogen from the National Bureau of Standards (NBS)
would be sampled by the collaborators in the field. The CO concen-
trations of these cylinders ranged from 200 to 900 ppm and were accu-
rate to < 1%. The collaborators were to analyze each cylinder three
times. Three cylinders were to be analyzed on the first day of test-
ing and the other three on the last day of the field test.

Since the test is designed to measure real samples at a refinery,
and since the CO levels from the stack are not constant, a true value
cannot be assigned to each run from the sampling manifold. MRI did
have an NDIR continuously sampling the manifold concentration. The
readings from this instrument were used primarily to monitor the CO
levels during each test to ensure that the average CO level would be
within the proper range. The values obtained from this instrument
cannot be assumed to be any more accurate than any of the collabo-
rators' instruments.
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4, Sampling Time - Method 10 states that the sampling time shall
be 1 hr.

5. Test Schedule - To obtain sufficient data for statistical
analysis a total of 16 runs were made at each level. Four runs were
made each day. Thus, the field sampling was arranged for two 5-day
weeks of testing. The first day of testing was for setup and analysis
of three of the NBS-certified cylinders and the last day for cleanup
and analysis of the remaining NBS cylinders.

6. Number of Collaborators - The sampling manifold was designed
to accommodate a maximum of 10 collaborators. Seven collaborators
were deemed sufficient to obtain a cross section of the organizations
involved with CO sampling, be within acceptable project costs, and
provide sufficient data for the statistical analysis.

7. Interferences - Due to its low reactivity, carbon monoxide
can be handled with most common materials of construction--glass, met-
als, plastic or rubber tubing. Water and carbon dioxide are known in-
terferences in the NDIR analysis and these compounds are removed prior
to introduction into the instrument. The method also measures the COp
content of the sample stream and corrects the NDIR concentration to
that in the stack before COp removal.

FORMAL DESIGN
The basic experimental model is:
XiJkl =n+ Ci + Bj + CBij + Lk(j) + LCik(j) + el(ijk) ’
where
c; = ith collaborator, 1 =1, . . ., 7;

jth block of €O, j = 1, 2;

=
n

CBij = collaborator - block interaction;

_ kth h

level nested within jt
16 for every j;

block, k = 1,

Lcik(j) = collaborator - level interaction;

n = overall mean;
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e1(ijk) = measurement error in the ijkth cell, 1 = 1 for every
ijk (not retrievable);

X{ jk1 ijk1th reading of CO (ppm).

Block®™ is considered a fixed factor (since we select the values
of block), while collaborators and levels are considered to be random
factors.

The expected mean squares are shown in Table 1.

Since a collaborator never measures the same CO concentration
more than once, there is no direct estimate of o% , 1.e., no direct
measure of the repeatability within collaborators. Thus, the sum
cg + U%C is usually the denominator of an F-test, and the analysis of
variance does not partition the sum into cg and U%C .

The potential existence of a genuine LC interaction is checked
indirectly, however, via the Kendall concordance (W) method.*™ If no
LC interaction exists, then the order of the collaborators should re-
main approximately stable during all runs; that is, the ranking of
the collaborators should be nearly preserved from run to run. The
Kendall W Method provides a quantitative measure of the agreement between
runs and is used to give insight about the existence of LC interaction.

Thus, the analysis consists basically of the analysis of variance
of the model, producing F-tests for C, B, CB and L effects, and esti-
mates of the components of variance og R o% R O%B , etc., with a sub-
sidiary check on the existence of an LC interaction (via Kendall W).

* Originally, the readings within a block were to be considered rep-
licates. However, examination of the data showed that the blocks
could not be physically maintained constant, so '"'levels" were
added to the model.

%% Siegel, Sidney, Nonparametric Statistics, McGraw Hill, Inc., 1956,
pp. 229-238.
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Table 1. EXPECTED MEAN SQUARES (WHOLE EXPERIMENT)

Source

c

CB

30

180

21

o pw

ol ol

ol o

EMS
+32c%+o%c
2
+ 112 of + 16 o5y
+7oi+o%c
2
+ ULC

(not retrievable)

2 2



SECTION V
FIELD TEST

MRI personnel arrived at the refinery site on 2 June 1974, to
assemble the sampling manifold and prepare the site for the collabora-
tive test which was to begin on the following day. The sampling sys-
tem was assembled as shown in Figure 8, and able to operate at a total
maximum flow rate of > 100 liters/min.

Inlet Line Sampling | | Water —  Pump  |— Exhaust

from Stack Manifold Condenser

Figure 8. Block diagram of initial sampling manifold

On 3 June 1974, the collaborative test began with an orientation
meeting at 0800. At the meeting each collaborator received a copy of
the collaborator instructions (see Appendix C). At the meeting all
collaborators except one reported that all equipment had arrived and
they were ready to test. One collaborator's equipment had been de-
layed in transit.

The collaborators then proceeded to the refinery test site and,
except for the one without equipment, began setting up equipment to
begin sampling the check gases supplied by the National Bureau of Stan-
dards. Each collaborator was to analyze three of the gases on 3 June
and the other three gases on 14 June. The collaborators began setting
up their equipment on tables supplied at the test site, except for
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Collaborator No. 5% who had his own sampling van at the site with his
equipment set up inside the van. As the sampling of the check gases
proceeded, light intermittent rain began falling, and the collaborators
moved their equipment under shelter. Since most of the instruments
had to be kept plugged in round-the-clock for proper stability, the
field sampling was finally modified as follows: The Tedlar bags for
two tests were filled according to the method at the field site. Then
the bags were taken for analysis to the motel where the instruments
were kept in the rooms.** (Collaborators 2 and 5 kept their instru-
ments in the van parked at the test site. In this manner two samples
were taken in the morning and analyzed during the lunch break. Then
two more samples were taken in the afternoon and analyzed at the end
of the day. To accomplish this, some of the collaborators had to
borrow a second bag and sample box from MRI due to lack of equipment.

Figures 9 to 11 show the test site and photographs of the collab-
orators at work.

Run No. l--the first sampling run from the CO-boiler emissions--
at the A level (~ 250 ppm) began at 1018 on 4 June 1974. All seven
collaborators were ready for the test. The date and time for each
run is given in Table 2.

Due to water condensing out in the two rotameters of the mani-
fold, all collaborators sampled at a constant 400-cc/min rate during
Runs Nos. 1 and 2. Heavy rain during the afternoon of 4 June forced
the postponement of Tests- 3 and 4 until the following day. To elim-
inate the water condensation in the rotameters the ice-cooled con-
denser was moved to a point upstream from the rotameters as shown in
Figure 12,

During the first three tests it became apparent that the card-
board drums--which most of the collaborators had--could not withstand
the negative pressure of about 50 mm Hg at the sample ports with a
flow rate of 20 liters/min through each branch of the manifold.

* Hereafter the collaborators will be referred to by randomly assigned
designations: Collaborator 1, Collaborator 2, etc.

#% Since the refinery had no protected area of sufficient size where
the collaborators' instruments could be set up for the duration
of the test schedule, and there was inclement weather, this pre-
cautionary step was necessary.

23



{4

Figure 9.

Photographs of the test site

- CO collaborative test,

El

Dorado, Kansas



T4

Mike Hartman
(TRW)

Roger Johnson (Interpoll)

Figure 10,

Collaborators at work

C.

Maynard Johnson (Scott)



A. Bill McClarence (Envirommental B. Joe Schiappa (Entropy Envi-
Triple S) ronmentalists). Dan Briggs
(Coors) in background

No photograph available of Sam Humphries (Ecology Audits)

Figure 11. Collaborators at work

26



Table 2. CO EMISSIONS SAMPLING SCHEDULE
Run no. Date Start Stop Comments

1A 6/4/74 1018 1118 Sampling flow constant at 400 cm3 /min,

2A 6/4/74 1146 1246  Sampling flow constant at 400 cm3/min.

3A 6/5/74 0939 1039 Approximately 400 cm3/min sampling rates
proportional to total flow, Hy0 con-
denser now ahead of manifold,.

4A 6/5/74 1139 1239 Pump now between condenser and manifold.

5A 6/5/74 1458 1558 Manifold flowrate decreasing during run,

6A 6/5/74 1616 1716 Cloudy--no rain.

7A 6/6/74 0851 0951 Manifold flowrate still decreasing.

8A 6/6/74 1005 1105 Manifold flowrate still decreasing.

9A 6/6/74 1315 1415 Change to ~ 600 cm3/min proportional sam-
pling.

10A 6/6/74 1430 1530 Manifold flowrate now stable.

11A 6/7/74 0856 0956 Variable weather conditions 6/5-7.

12A 6/7/74 1015 1115 Little rainfall.

13A 6/7/74 1336 1436

14A 6/7/74 1450 1550

15A 6/14/74 0840 0940

16A 6/14/74 0957 1057

1B 6/10/74 0903 1003 Fair weather during second week of test.

2B 6/10/74 1019 1119

3R 6/10/74 1327 1427

4B 6/10/74 1448 1548

5B 6/11/74 0906 1006 Power loss after first attempt to start run.

6B 6/11/74 1024 1124

78 6/11/74 1317 1417

8B 6/11/74 1436 1536

9B 6/12/74 0848 0948 Run deleted - CO concentration too high.

10B 6/12/74 1010 1110

11B 6/12/74 1133 1233

128 6/12/74 1439 1539

13B 6/12/74 1552 1652

14B 6/13/74 0842 0942

158 6/13/74 1002 1102

16B 6/13/74 1256 1356

178 6/13/74 1411 1511
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Inlet Line Water Sampling
from Stack Condenser Manifold ' Pump #= Exhaust

Figure 12. Block diagram of sampling manifold
used for Test 3A
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The collaborators also had difficulty maintaining air-tight sys-
tems under these conditions. Any leaks that appeared in one collabo-
rator's sampling lines would then allow ambient air to enter the mani-
fold and affect other collaborators' results as well. To alleviate
the problem, the manifold system pump was moved to a point upstream of
the manifold as shown in Figure 13. This change was carried out be-
fore starting Run 4A. All runs from this point onward used this mani-
fold system with a slight positive pressure maintained at the sampling
ports.

Sampling

e
Manifold Exhaust

Inlet Line o Water > Pum ——
from Stack Condenser P

Figure 13, Block diagram of sampling manifold used
for all tests after 3A.

The condenser protected the pump from water and the carbon vane
centrifugal pump was well sealed and contained no oil or other sub-
stances which might contaminate the sample stream. Thus, the sampling
ports of the manifold could be maintained at positive pressure without
causing any bias in the results or unreliability of the sampling sys-
tem components. All collaborators could then sample a uniform gas
stream with no possibility that a leak or other malfunction in one
collaborator's system could affect anyone else's results.

By the end of the day of 6 June, the high winds and heavy rains
which hampered operations earlier in the week ended. During the week-
end of 8 to 9 June, very high winds and heavy rains overturned the
tables supporting the manifold but caused only minor damage to the
equipment which did not delay testing. Hot, fair weather existed
throughout the second week of the test.

As the first sets of preliminary results were reported in the
field to MRI's test supervisor, potentially serious errors appeared in
the results of the 002 analysis by the Ascarite weighing method. The
weight changes of the Ascarite traps were varying widely. The weight
of the impinger with its charge of Ascarite was simply too great com-
pared to the slight change in weight due to the CO, absorbed.
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Furthermore, a serious design fault in the Ascarite impinger system
also appeared. As the glass inlet tube was inserted into the bed of
Ascarite in the impinger, it became plugged with Ascarite. Carbon
dioxide from the sample gas then converted the Ascarite in and around
the end of the glass tube to a rock-hard plug after a period of time
which varied from a few minutes to about 2 hr of operation. The inter-
ruptions in the gas flow could be alleviated by one of two methods.

I1f a long, flexible tube packed with Ascarite was used instead of the
impinger, solid plugs did not form if the tube had an I.D. of = 25 mm.
Instead, the Ascarite was progressively exhausted along its length.

The second method of preventing Ascarite fouling was to place the sil-
ica gel and Ascarite as separate layers in a single impinger, With

the Ascarite layer above the silica gel the glass tube could penetrate
the bed without plugging and the gas stream then contacted the Ascarite
over an area sufficient to prevent flow interruption.

By the beginning of the second week of testing, all collaborators
had adopted one of the two methods of COy removal and no further prob-
lems were reported with plugged CO, traps. Also, all collaborators
used only Orsat-type CO, analysis during the second week of testing
after the decision was made, with the approval of the EPA project mon-
itor, to abandon the Ascarite weighing method for CO, determination.

During the first 3 days of testing the sample stream flow rate
repeatedly decreased by as much as 50% over the 1l-hr period of a run.
Tests made between runs showed no decrease in the maximum flow rate
when the control valve was opened fully. However, a heavy buildup of
rust and fly ash particles was found in the valve. By 7 June, the flow
had stabilized and remained reasonably constant for all subsequent tests.
The flow changes were probably caused by partial blockage of the con-
trol valve by the rust and fly ash which had accumulated in the pipe
running down the stack during the period before the collaborative test
began.

Beginning with Run 8A the collaborators were allowed to increase
their proportioned sampling rate to ~ 600 em3/min after it was deter-
mined that all collaborators had sufficiently large Tedlar bags to ob-
tain a larger sample volume.

To regain the two runs lost due to rain on 4 June, the test sched-
ule was modified slightly by having the collaborators sample the NBS
check gases whenever they had time during the testing so that the morn-
ing of 14 June, the last scheduled day of testing, could be used to ob-
tain two additional runs at the A level of CO for a total of 16 runs at
each level. By 13 June, all collaborators had sampled and analyzed all
six cylinders of check gases in triplicate.
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Testing at level B (~ 500 ppm) was carried out during 10 to 13
June. Run 5B was started at 0848 on 1l June, but a power loss occurred
3 min after the test started on one of the circuits used for the test
equipment,

The power failure was caused when refinery personnel accidentally
tripped a circuit breaker. After power was restored, the run was re-
started after all collaborators had reevacuated their sample bags.

During the first half of Run 9B the MRI CO monitor showed > 1,000
ppm CO. When the refinery control room personnel attempted to correct
the CO boiler excess air, the CO boiler went briefly into a state of
incomplete combustion. The control room instruments showed combustible
gases in the CO boiler exhaust for about 2 min before the process was
brought back under control. When Collaborator 5 analyzed his sample
immediately after the end of the run, he reported the CO level was far
above 1,000 ppm. The collaborators were then instructed to delete
Sample 9B and, if necessary, pump out the sample bag for that run so
that two samples could still be taken before breaking for lunch.

Runs 15A and 16A were made on the morning of 14 June. All equip-

ment was then dismantled and the site cleaned. After a final meeting
the site was vacated by 1500 on 14 June.
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SECTION VI
RESULTS OF ANALYSES

This section discusses the results which the collaborators sub-
mitted to MRI after the field test. Significant variations from
Method 10 are also noted. The last part of this section contains the
measurements obtained by the MRI monitoring device. Results from col-
laborators are contained in Volume II of this report.

COLLABORATORS' RESULTS

A summary of the results which the collaborators submitted to
MRI is shown in Tables 3 to 5 and Figures 14 to 16. Table 3 and
Figure 14 show results for Level A (200 to 300 ppm) and Table 4 and
Figure 15 show results for Level B (400 to 600 ppm). The two sets of
data overlap on some runs due to the difficulty in maintaining a con-
stant level. Table 5 and Figure 16 show the collaborators' results
from their analyses of the NBS-certified standard gases, and the values
MRI obtained from reading the collaborators' recorder charts.

The large errors found in Collaborator 7's results for the NBS
standard gases were traced to inaccurate span gases. The consistently
high results on the NBS gases were noted during the test. 1In an
effort to identify the cause, another collaborator's span gases were
analyzed on Collaborator 7's instrument. Using the other collaborator's
span gases, the NBS gas results agreed with the predicted values. From
the NBS gas data, the span gases used by Collaborator 7 were approxi-
mately 30% higher than the certified value. Since such an error would
not have been detectable if all collaborators were operating indepen-
dently, Collaborator 7 could make no correction in his results.
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Table 3. COLLABORATORS' RESULTS FOR LEVEL A (200-300 ppm CO)
Run Number

el 2437 387 4a A 6A 1A 8A 94 10A 1A 124 13A A 15A  l6a

()% Instrument reading (ppm CO) 235 885 640 330 300 350 295 263 298 355 325 290 295 305 295 270
MRI readingsS (245) (885) (650) (335) (305) (350) (320) (270) (305) (363) (335) (290) (300) (310) (295)  (275)
Percent COp measured 12.2  15.5 14.0 15.0 13.5 15.5 13.5 13.5 13.0 150 14.5 13.0 14.0 14.0 15.0 14.0

Stack CO level {ppm) 207 748 550 281 260 296 255 228 259 302 278 252 254 262 251 232

2) Instrument reading (ppm CO) 342 324 540 295 302 345 345 280 335 365 310 330 325 315 335 341
MRI readingsS/ (346) (328) (541) (297) (298) (350) (342) (257) (333) (367) (307) (333) (324) (315) (333) (34l)
Percent CO, measured 13.6 9.0 12.2 12.7 12.2 12.5 13.5 12.5 13.6 12.3 13,7 13.2 14.4 136  14.6  15.2

Stack CO level (ppm) 295 295 474 258 265 302 298 245 289 320 268 286 278 272 286 289

(3) Instrument reading (ppm CO) 335 418 - 325 300 330 340 290 357 370 290 323 310 318 309 313
MRI readingsS: (323)  (404) - (335) (305) (335) (332) (292) (359) (374) (285) (320) (304) (314) (294)  (304)
Percent CO, measured Neg.  Neg. - 12.6 13.2 13.9 14.9 14.2 1.2 1.8 14.2 15.1 13.0 13,5 151 15.0

Stack CO level (ppm) - - - 284 260 284 283 249 107 315 249 284 270 275 262 266

(4) Instrument reading (ppm CO) 71 212 247 286 249 291 244 210 177 204 194 207 125 119 308 332
MRI readingsS/ (53) (216) (251} (289) = (260) = (296) ~(251) = (212) = (184) (210) ~ (198) ~ (213) (129) ~(123)  (314) (333)
Percent COp measured 2.88/ 8.8/ 508 14,0/ 12,78/ 12,08/ 7,59/ 4,54/ 7.4/ 888/ 8.3/ 10.68/ 6.29/ 6.8d/ 13.7 14.8

Stack €O level (ppm) 69 194 234 246 228 253 226 181 164 186 178 185 117 111 266 283

(5) Instrument reading (ppm CO) 416 406 - 273 272 311 315 257 281 315 270 280 286 283 300 300
MRI readingsS (415)  (405) - (273)  (270) (315) (315) (255) (285) (315) (270) (280) (285) (285) (300)  (300)
Percent CO, measured 13.68/ .88/ . 1638/ 1439/ 2058/ 1588/ 504/ 12.54/ 7.0¢ 12,04/ o 7.6d/ 1379/ w4 149

Stack CO level (ppm) 359 378 - 234 233 247 265 242 246 293 238 280 264 244 257 253

(6) Instrument reading (ppm CO) 380 379 820 319 280 319 300 250 295 320 265 285 260 266 250 256
MRI readingsS (380) (379) (820) (319) (280) (319) (300) (250) (295) (320) (265) (285) (260) (266) (250)  (275)
Percent CO, measured 16.0 16.2 15.4 13.6 13.0 14.2 14.6 14.8 14.5 147 14.7 15.2 14.6 14.4 14,1  14.7

Stack €O level (ppm) 319 318 694 276 244 274 256 213 252 273 226 242 222 227 215 218

¢)) Instrument reading (ppm CO) 430 430 1,184 320 - - 370 240 350 400 40 50 450 290 340 360
MRI readingsS (448)  (456) (1,185)  (380) - - (390) (253)  (380) (428)  (40)  (50) (472) (305) (355)  (400)
Percent CO, measured 26,39/ 29,19/ sd/  ad/ - 0.68/ 0.68 o0.69/ o0.6d/ 04/ 04/ 12.49 879 1.0 15.0

Stack CO level (ppm) 317 305 1,125 311 - - 347 225 328 375 40 50 394 265 292 306

/ These runs were made under negative pressure.

/ Collaborator.
c/ Readings MRI obtained from collaborators' recorder charts.
|/ Value obtained by Ascarite weight gain.
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Table 4.

COLLABORATORS' RESULTS FOR LEVEL B (400-600 ppm CO)

L/

)

(3)

%)

)

(6)

7)

Instrument reading (ppm
MRI readingsS

Percent CO9 measured
Stack CO level (ppm)

Instrument reading (ppm
MRI readings&

Percent CO, measured
Stack CO level (ppm)

Instrument reading (ppm
MRI readingsE/

Percent COp measured
Stack CO level (ppm)

Instrument reading (ppm
MRI readingsS.

Percent COp measured
Stack CO level (ppm)

Instrument reading (ppm
MRI readingsS

Percent CO, measured
Stack CO level (ppm)

Instrument reading (ppm
MRI readingsS

Percent CO, measured
Stack CO level (ppm)

Instrument reading (ppm
MRI readingst/

Percent COp measured
Stack CO level (ppm)

co)

co)

o)

co)

co)

Co)

co)

Run_Number

lp 2B 38 4B 5B 6B 8 88 losa/ 118 128 13 148 L 168 17z
400 170 450 460 495 420 435 510 745 655 492 390 576 39¢ 515 580
(405) (175) (460) (470) (500) (420) (440) (510) (745) (665) (490) (400) (580) (395) 1530) (540,
14.0 7.0 14.0 14.0 15.0 14.0 15.0 15.0 14.0 14.0 15.0 14.0 150 14.0 13 0 15 0
344 158 387 396 421 361 370 434 461 563 418 335 490 335 L438 %99
425 425 510 615 495 470 450 580 770 640 535 400 550 445 640 €50
(427) (422) (505) (617) (496) (475) (453) (582) (737) (643) (490) (495) (548) (445) 1633) (-3,
13.6 12.5 14 .4 14 .4 13.6 15.2 15.4 15.6 14,1 14.8 14.2 14.6 i3.2 15.2 14 7 1L 9
367 372 437 526 428 399 381 490 661 545 459 342 477 377 546 533
430 365 545 600 538 455 443 565 745 695 505 440 611 428 625 6535
(420) (355) (535) (600) (535) (450) (437) (561) (742) (692) (505) (440) (609) (418) (629) (625)
13.0 13.5 13.5 14.0 14.4 13.8 14.5 14.2 14.0 14.0 13.5 13.5 14.2 15.2 13.7 13.5
374 316 471 516 461 391 379 485 641 598 437 381 524 363 539 345
307 293 456 474 455 404 447 546 515 513 498 256 596 424 647 629
(313) (279) (475) (484) (464) (443) (454) (554) (541) (540) (507) (265) (605) (435) (663) (642)
13.1 13.5 12.4 7.8 13.6 12.8 12.1 10.6 13.8 13.8 13.6 7.6 13.8 13.2 13.7 12 4
267 248 399 437 393 352 393 488 444 442 430 241 514 368 588 551
372 362 478 526 441 397 410 510 660 606 445 408 540 385 603 564
(370) (360) (460) (530) (440) (400) (410) (515) (660) (608) (450) (412) (535) (385) (594) (594)
13.6 12.0 13.6 13.4 14,3 14 .4 15.0 14.6 14.1 14.8 15.0 14.4 14.0 14.6 1..° 14 9
321 319 413 456 378 340 349 436 567 516 378 349 464 329 514 50%
360 380 479 580 445 404 509 507 685 640 440 400 575 385 619 390
(360) (380) (479) (580) (445) (404) (509) (507) (685) (640) (440) (400) (575) (3851 (6191 1590Y
13.4 15.2 14.7 14.6 14.8 14.7 15.0 14.6 14.9 14.5 14.6 14.3 14.5 14.8 15.0 - o
312 322 409 495 379 345 434 431 583 547 376 343 492 328 523 50~
360 330 620 780 610 540 540 710 - 840 580 520 710 510 830 8.0
(385) (355) (632) (795) (615) (561) (556) (671) - (844) (590) (538) (735 (531) (830) {8a5
13.5 13.5 14.1 14.0 14.6 14.5 14.5 14.2 - 13.6 13.5 13 0 13 8 14 0 131 12 0
311 285 533 671 521 462 462 609 - 726 502 452 612 439 721 722

a/ Run No. 9B was deleted - CO level > 1,000 ppm.
b/ Collaborator
¢/ Readings MRI obtained from collaborators' recorder charts.
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Table 5.

COLLABORATOR RESULTS OF NBS STANDARD GASES

(nY

2

3

(4)

1))

(6)

€)

Run 1

2

3
Average

Run 1

2

3
Average

Run 1
2
3
Average

Run 1
2
3
Average

Run 1
2
3

Average

Run 1

2

3
Average

Run 1

2

3
Average

Gas cylinder no.

1 (517 ppm) 2 (734 ppm) 3 (903 ppm) 4 (480 ppm) 5 (258 ppm) 6 (239 ppm)
MRI's MRI's MRL's MRI's MRI's MRI's
Reading value2/ Read ing value a/ Reading value a/ Reading value a/ Reading value2/ Read ing value
522 535 730 735 900 900 490 495 275 275 270 265
522 535 734 740 900 900 490 495 275 275 270 260
522 535 735 745 900 895 492 500 275 275 270 260
522 733 900 491 275 270
540 538 740 716 930 930 510 506 295 294 290 286
540 538 750 738 920 920 520 513 300 298 280 281
540 538 750 738 915 915 523 513 295 294 275 277
540 747 922 518 297 282
537 518 760 768 903 912 510 507 268 278 270 264
537 518 760 768 902 911 510 507 267 278 270 264
536 517 760 768 902 911 510 507 268 278 270 264
537 760 902 510 268 270
542 520 740 770 871 895 506 528 289 294 265 269
542 520 756 770 875 895 508 528 285 290 265 271
538 520 758 770 872 895 520 533 287 295 264 271
541 751 873 511 287 265
494 493 686 695 800 815 450 470 252 245 241 245
489 490 695 700 790 800 464 465 251 245 245 245
489 490 675 680 790 800 464 465 264 250 248 250
491 685 793 466 256 245
510 510 740 740 910 910 490 490 250 250 250 250
510 510 745 745 910 910 485 485 250 250 245 245
510 742 910 488 250 248
730 708 1,010 1,010 1,200 1,200 685 659 370 344 332 305
730 708 1,015 1,015 1,200 1,200 685 659 370 339 332 305
730 703 1,015 1,020 1,200 1,200 685 659 370 339 332 305
730 1,013 1,200 685 370 332

a/ Readings MRI obtained from collaborators' recorder charts.
b/ Collaborator,

a/
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Figure 14.

Collaborators' results for Block A (200-300 ppm CO)
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Collaborators' results for Block B (400-600 ppm CO)
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COLLABORATORS' INSTRUMENTATION AND DEVIATIONS FROM METHOD 10

The instrumentation used by each collaborator is noted. Devia-
tions from Method 10 are also recorded. Comments with regard to the
methods of calibrating and reading the instrument charts are based
upon an analysis by MRI of the strip chart recordings which each col-
laborator supplied after completion of the field testing. Where the
procedure used was unclear, MRI requested further information from the
collaborator.

Collaborator No. 1 - Gas sample went from inlet to rotameter to
water trap and then into a Universal Electric diaphragm pump. The
pump forced a sample into a 3-£t3 Tedlar bag. One bag was contained
within its enclosure, which was a large cardboard shipping barrel. A
second bag and enclosure was borrowed from MRI. The enclosure was a
1-ft x 3-ft x 4-ft aluminum case. Since the cardboard barrel leaked,
a sample could not be pulled into bag as per Method 10, A Beckman 315A
analyzer was used for analysis. The calibration gases used were sup-
plied by Scott and certified as 807 ppm, 515 ppm, and 236 ppm CO. COy
was analyzed by the Fyrite analyzer. Impingers were used for COp and
H,0 removal traps.

Only high span (807 ppm CO) and zero gases were generally used
before and after each run. Manufacturers' calibration data were used
to correct nonlinearity.

Collaborator No. 2 - Sampling was done by Method 10. A 96-liter
Saran bag enclosed in a 55-gal, steel drum was used by this collabo-
rator. He borrowed a second bag from MRI--same construction as that
borrowed by Collaborator 1. An MSA Lira 303 analyzer was used for CO
analysis. Calibration gases of 591 ppm and 324 ppm CO supplied by
Air Products were used. CO, was analyzed by Orsat. COp and HyO fil-
ters were clear plastic cartridges 5 cm in diameter and 10 cm long.

This collaborator did all analyses on-site in another collabora-
tor's truck, ran both span gases and zero after each sample, and
assumed a straight line between calibration points.

Collaborator No. 3 - Sampling was done by Method 10. This col-
laborator used 2.5 ft3 Tedlar bags. One bag was used with a 2-ft x
3-ft x 2-ft fiberglass shipping case and the other was a similar rigid
wooden packing case. An MSA Lira 200 CO Analyzer was used. Calibra-
tion gases used were supplied by Air Products and were certified as
258 ppm, 609 ppm and 965 ppm CO. Gas traps were made from 8-o0z wide-
mouth bottles. CO, was analyzed by the Fyrite analyzer.
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A linear response was assumed. The 965- and 609-ppm standards
were usually used with each set of two samples. Usually only the 965-
ppm gas reading was used to determine results.

Collaborator No. 4 - After Run 3A, all sampling was done by Method
10. This collaborator used 1.5-ft3 Tedlar bags in a 23-gal. cardboard
drum. The analyses were done using an MSA Lira 300 Analyzer. Calibra-
tion gases used were supplied by Linde and were analyzed as 310 ppm,
520 ppm, and 690 ppm CO. Large impingers were used for CO, and H20
filters, but finally a single impinger with separate beds of silica gel
and Ascarite was used. A Fyrite Analyzer was used for Co,.

Zero and 690-ppm gases were used with each sample. A linear re-
sponse was assumed. The apparent CO concentration from a least-squares
fit of calibration on five different days was used rather than the
manufacturer-supplied value.

Collaborator No. 5 ~ Sampling was done by Method 10 with a 50-ft
length of polyethylene tubing connected between the water condenser
and the 36-liter Tedlar bag, which was enclosed in a Plexiglass case.
A Beckman 315 AL CO Analyzer was used. Calibration gases were supplied
by Liquid Air, analyzed at 827 ppm, 594 ppm, and 83 ppm CO. Large im-
pingers were used initially for the CO, and HyO traps. This was changed
to a plastic bottle with 2 hole in the bottom for the exit tube after
Test 14A. The Ascarite weighing method for CO, was used for the first
14 runs. The remaining runs were by Orsat.

This collaborator ran calibrations for each run and plotted a
smooth curve through the points.

Collaborator No. 6 - Sampling was done by Method 10. One hundred-
liter Tedlar bags were used with a 2-ft high cardboard drum. All bags
for each day were analyzed together each evening. An Intertech Ana-
lyzer was used for CO analysis. Calibration gases were supplied by
Matheson. Concentrations of 315, 660, and 1,050 ppm CO were used.

An impinger was used for the silica gel and a length of plastic pipe

for the Ascarite. An Orsat was used for CO2 analysis.

This collaborator had the only CO analyzer with a linear response.
The instrument had special linearizing circuits. Response was very
linear over the entire range. All three standards were run once for
each set of bags analyzed.
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Collaborator No. 7 - Sampling was done by pumping the gas from
the manifold into a 2-ft” Tedlar bag with a Universal Electric dia-
phragm pump., An MSA Lira 300 CO Analyzer was used. Calibration gases
of 285, 600, and 1,000 ppm were supplied by Linde. A Fyrite Analyzer
was used for COy. Testing began with separate small drying tubes for
Hy0 and COp absorption. This was later changed to a single impinger
with separate layers of silica gel and Ascarite. All three span gases
were measured with each set of samples but only the zero and 1,000-ppm
gases were used in calculating results. Samples were calculated using
a manufacturer-supplied calibration curve but the standards were done
by assuming a linear response.

General Comments - As can be seen from the preceding pages, the
equipment and procedures used in Method 10 are far from being stan-
dardized at this time. A wide variety of sampling bags and enclosures
were used by the collaborators. Due to the unexpected difficulty with
the Ascarite, CO, traps, many different methods were used to allevi-
ate the problem. Also, only one of the collaborators had a CO analyzer
which had a linear output. The linearizing circuits increase the
price of a CO analyzer significantly and have only recently been
available from commercial sources. Thus most of the analyzers now in
use will have a nonlinear output. However, many of the deviations
from Method 10 had a small effect on the results of this collaborative
test. While the Fyrite Analyzer is not capable of as high a precision
as an Orsat Analyzer under controlled conditions, the Fyrite's simplic-
ity and superior ruggedness make it more suitable for field work. The
results by Orsat analysis were slightly more precise during this test
but difference was small (~ 0,5%).

Most of the variations in sample bags, enclosures, and pumping
arrangements would be expected to function as well as that specified
by Method 10. Since the sampling lines must operate at ambient or
slightly lower pressure, leaks are a severe problem in Method 10 and
in the various modified methods used.

Some of the methods used in reading the recorder charts and cal-
culating the CO levels leave much to be desired. Where the instrument
output is nonlinear, a smooth curve drawn through several calibration
points is probably the best method, although it is subject to errors
in drawing the curved line. Use of a manufacturer-supplied curve can
lead to trouble, since the shape of the curve does change with time.
Assuming a straight-line relationship between calibration points can
lead to very good or very bad results, depending on how far the sample
reading is from the nearest calibration point.
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A further problem was that the method does not state limits of
accuracy for the rate meter used to monitor the sampling rate. The
collaborators used a wide variety of meters for this function with
accuracies of calibration and readability of from < 1% to + 50%. Since
the CO concentration of the gas stream did change very rapidly, impre-
cise control of sampling rate may have been a major contributor to the
poor precision of the results.

MRI'S TEST RESULTS

The results from MRI's continuous monitor are given in Table 6.
These results were obtained by assuming a linear response and measur-
ing the areas under the curves which comprised the analog results of
each run with a planimeter. The instrument's response is linear to
about 400 ppm. Above this concentration response becomes increasingly
nonlinear.

The results are in general agreement with those of the collabora-
tors. No exact comparison is possible, however, because the analyzer
went off scale frequently and because a leak was later discovered in
the sampling pump which caused dilution of the sample gas to occur to
some extent. Also the continuous method is simply a time average,
while the integrated method is a weighted average. The pump leak error
was partially cancelled, since the flow rate was held constant through-
out the test, and the calibration gases were run using the same ar-
rangement and flow rate. However, the true flow rate of the sample
was so low that a significant delay time appeared in the instrument
response. Due to temperature changes of the exposed instrument, the
instrument drift was sometimes very high (about 50 ppm over 3 hr).
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Table 6.

SUMMARY OF RESULTS, MRI'S CONTINUOUS CO MONITOR

Run

Run

Run

Run

Run

Run

Run

Run

Run

Run

Run

Run

Run

Run

Run

Run

2A

3A

4A

5A

6A

7A

8A

9A

10A

11A

12A

13A

14A

15A

16A

T

330 ppm
314 ppm
222 ppm
282 ppm
292+ ppm
262 ppm
320 ppm
279 ppm

290 ppm

329 ppm
309 ppm
321 ppm
275 ppm
266 ppm
286 ppm

236 ppm

Ascarite problems

Off scale 4 min

Ascarite problems
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Run 1B

Run 2B

Run 3B

Run 4B

Run 5B

Run 6B

Run 7B

Run 8B

Run 9B

25 min

Run 10B

Run 11B

Run 12B

Run 13B

Run 14B

Run 15B

Run 16B

Run 17B

451 ppm
398 ppm
489+ ppm Off scale 7 min
540 ppm
569+ ppm Off scale 5 min
527 ppm
476 ppm

520 ppm

off scale

507+ ppm Off scale 8 min
653 ppm
484 ppm
463 ppm
664+ ppm Off scale 4 min
429 ppm
681 ppm

615 ppm



SECTION VII
STATISTICAL ANALYSIS OF COLLABORATORS' RESULTS

SAMPLING DATA

Although the basic design was not altered during the field test
(see Section IV - Experimental Design), some of the data were neces-
sarily discarded as discussed below.

Collaborator 7 demonstrated much less stable results than all
other collaborators. This was not due to one or a few outliers, but
instead to a genuinely more erratic performance than the other collab-
orators. Therefore, this collaborator was eliminated from the data
analysis® after it was shown that the variance of his readings was
significantly greater than the variance of other collaborators

(F28,31 = 2.43).

The first three runs (Block 1) were under negative pressure, and
the results reflect this undesirable fact. So the main analysis of
variance deletes these three runs (they were analyzed separately); i.e.,
there are now 13 levels of L within Block 1, and 16 levels of L within
Block 2.

Finally, on Levels 4 to 14 (Block 1), Collaborators 2 and 5 used
a CO, correction method that was subsequently abandoned. Therefore,
these 22 observations of corrected CO were calculated using the aver-
age CO, readings of the collaborators who made an Orsat-type analysis
for COy. (In the uncorrected data set, this was, of course, not nec-

essary.)

The analyses of variance (corrected and uncorrected readings) are
shown in Tables 7 and 8.

* TFor completeness, the analyses of variance with Collaborator 7 in-
cluded are shown in Appendix D.
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Table 7.

AOV UNCORRECTED CO READINGS (ppm)

Source daf
c 5
B 1

CB 5
L 27
1C 135

ss
142,487 .49
1,893,348.15
17,652.38
970,660.48
196,295.11

42]

28,497.50
1,893,348.15
3,530.48
35,950.39
1,454 .04

1=t

19.60
49.79*
2.40

24,76

* These are‘pséudo F-tests, since no direct F-ratio is available for
testing the significance of B.

Table 8. AOV CORRECTED CO READINGS (ppm)
Source af ss MS F
c 5 96,909.06 19,381.00 15.52
B 1 1,400,344 .43 1,400,344 .43 50.09*
CB 5 16,010.33 3,202.07 2.56
L 27 702,166.37 26,006.16 20.82
1C 113 141,128.11 1,248.92

* These are pseudo F-tests, since no direct F-ratio is available for
testing the significance of B.
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The results are quite similar whether uncorrected or corrected
readings are used. There is a significant collaborator effect, and
the CB interaction is also significant but small in magnitude. The
“nuisance'" variables, block and level, are, of course, highly signif-
icant.

The components of variance are shown in Tables 9 and 10. Thus,
we see that (with + 2 ¢ limits):

1. Uncorrected data

« A collaborator will read within + 76 ppm of his average;

Collaborator averages will be within + 61 ppm of their
average; and

+ A set of collaborators will read within + 98 ppm of their
average.

2. Corrected data

A collaborator will read within * 71 ppm of his average;

Collaborator averages will be within * 50 ppm of their
average; and

A set of collaborators will read within + 87 ppm of their
average.

Table 9. COMPONENTS OF VARIANCE (ppm), UNCORRECTED DATA

Source o
£ + ofg 38.13

o2 30.54

Vob + g + o2 48.85
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Table 10. COMPONENTS OF VARIANCE (ppm), CORRECTED DATA

Source o
ot + o2 35.34

oc 25.00

V& + o + o2, 43.29

2 .
As mentioned previously, the error variance O and LC interaction
variance are inextricable. The Kendall W Method was compared at each level
for the uncorrected and corrected data sets (see Table 1l1).

Table 11. KENDALL W METHOD (collaborators versus level)

Data set w Significant?
Uncorrected, Level 1 0.656 Yes [X2(5) = 42.64]
Uncorrected, Level 2 0.458 Yes [X2(5) = 36.67]
Corrected, Level 1 0.658 Yes [X2(5) = 42.77]
Corrected, Level 2 0.293 Yes [X2(5) = 23.45]

All the concordance values are highly significant, i.e., the rank
order of the collaborators is significantly preserved from level to
level. However, the W values are not very close to 1, especially at
the higher CO level. Thus, a significant IC interaction may very well
exist.

e . 2 2
An indirect method of decomposing Oy + OI; and achieving an esti-

mate of o, alone is shown on pages 50-51.
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STANDARD ANALYSIS

Six standard samples were measured three times each by all collab-
orators.* Thus, the straightforward factorial model

was executed, where:

L; = ith (standard) level, i =1, . . ., 6;

C. = jth collaborator, j =1, . . ., 7;

1C; . = level-collaborator interaction;

e, ,..\, = measurement error of kth observation in ijth cell,
k(ij) .
k=1, 2, 3, for every ij;

B = overall mean;

X -

ijk = ijkth bias (collaborator reading - true).

Collaborator 7 produced results quite different from those of any
other collaborator. In this case, unlike the field results, Collab-
orator 7 did not generate data with an anomalously large dispersion;
in fact, with one exception Collaborator 7 produced identical readings
at all levels of CO. However, the magnitude of this collaborator's
average bias is very much larger than anyone else's; the average
(overall CO levels) bias of Collaborators 1 to 6 is + 7.2 ppm, but
the average bias of Collaborator 7 is + 200.9 ppm.

Therefore, Collaborator 7 was deleted from the main analysis and
results are discussed in terms of Collaborators 1 through 6 only.**

The analysis of variance and components of variance estimates for
the standards data are shown in Tables 12 and 13.

* For some reason, Collaborator 6 only measured the samples twice.
Thus six "missing values'" were replaced in his results.

%% For completeness, the standards analysis of variance including
Collaborator 7 is given in Appendix D.
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Table 12. AOV STANDARDS DATA

Source af £ el F Bs

2 2 2
Level 5 20,797.27 4,159.45 3.86 oo + 3opc + 180
Collaborator ~ 5  43,128.82  8,625.76 422.12 o> + 180g’
LC 25 21,630.45 865.22 42 .34 0,2 + 30702
Error 66  1,348.67 20.43 02

Table 13. COMPONENTS OF VARIANCE (ppm), STANDARDS DATA

Source o

Error 4,52

Collaborator 21.86
J 2 2

o, +0, 22.33
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All the F-values in Table 7 are highly significant. Thus, the
collaborators differ in the bias exhibited, and the (average) bias
does depend upon the CO level (see Table 14). In general, a sizeable
positive bias is shown at the lower CO levels, but a negative bias
exists at the highest CO level. However, not all collaborators have
parallel bias versus concentration curves (see Table 14).

Table 14. AVERAGE BIAS VERSUS CO CONCENTRATION

CO level Collaborator

_(ppm)__ c1 2 €3 ¢ ¢ c6 Al
239 31 43 31 26 6 8 24
258 17 39 10 29 -2 -8 14
480 11 38 30 31 =21 8 16
517 5 23 20 24 -26 -7 6
734 -1 13 26 17 -49 8 3
903 -3 19 -1 -30 -110 7 -20
All 10 29 19 16 =34 3 7

The measurement standard error (o) is only 4.5 ppm; i.e., a col-
laborator produces readings within about * 9 ppm of his nominal value.
However, the standard error of collaborator averages is 21.9 ppm; i.e.,

a set of collaborator averages will be about % 44 ppm about their cen-
ter. Thus, most of the imprecision in CO readings is due tocollaborator-
to-collaborator variability, very little attributable to lack of repeat-
ability.

Although the average bias is quite low, five of the six collabora-
tors showed positive bias (in general), and the bias is definitely var-
iable according to CO level.

COMPARISON FIELD DATA VERSUS STANDARDS DATA

In general, the standards data are more precise than the field
data (see Tables 9 and 13). The 'total" standard error (db% + 0%5—4 og)
is about 1-1/2 times as great in the field results as in the standards
data (43.29 ppm versus 27.93 ppm). However, the standard error of col-
laborator means (0.) is about the same size in both cases (25.00 ppm,
field, versus 21.86 ppm, standards). Thus, almost all of the "loss" in
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precision when going from the standards data to the field data is due
to increases in oy and/or increases in o%c . Unfortunately, the field
data only allow the estimation of the sum of o% and 0%5 . In the stan-
dards data, o% is very much smaller than Oic (20.4 ppm“ versus 281.6
ppmz); that is, collaborators reproduce their own readings quite well
at a given CO concentration, but their (average) values depend heav-
ily on CO concentration.

A working rule of experimental design will allow us to roughly
estimate of from the field data even though no replicates exist. If
two runs, ry and r.» Say, apparently exist at the same CO level, then
the variance of their difference is theoretically Zog . In practice,
many pairs of runs in the field experiment do have virtually the same
CO value, because the average reading of all collaborators was nearly
the same. Thus, Og can be estimated from the field data from analyz-
ing these paired results. Logically, of course, it is circular to
simultaneously "believe" the collaborator results in order to con-
struct pairs and then use the pairs to evaluate the reliability of the
collaborators. Statistically, however, this method has produced sat-
factory results in many instances and has been applied to the CO data.

The result is that o, = 13,06 ppm (field data); i.e., the Og +
o%c term is 73% LC interaction.

In summary, then, the best available estimates of components of
variance are shown in Table 15.

Table 15. FIELD DATA VERSUS STANDARDS: COMPONENTS OF VARIANCE

Standard deviation

(ppm) Field Standards
oe 13.06 4.52
o 30.54 21.86
oL 30.13 16.78
Vo2 + a2 38.13 22,33
Vo 2 + a2 + og? 48.85 27.93
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SECTION VIIL
CONCLUSIONS

This collaborative test comprised 16 l-hr runs at a high level
nominally 500 ppm of CO, and 16 l-hr runs at a lower level nominally
300 ppm of CO, where seven different collaborative organizations sam-
pled simultaneously according to the integrated sampling procedure
given in Method 10 of the Friday, 8 March 1974 (Vol. 39, No. 47) issue
of the Federal Register. These samples (two to four daily) were ob-
tained from a manifold apparatus that was located at ground level and
connected via piping to the CO boiler stack at an elevation of approx-
imately 60 ft. In addition each collaborator took three samples from
each of six cylinders of CO in nitrogen that had been supplied by the
National Bureau of Standards. Several of the collaborators did not
come adequately prepared to sample from the test setup. Moreover, the
first few days of testing were done under extremely adverse weather
conditions where heavy rains were experienced, with tornadoes in neigh-
boring areas.

The major conclusions that can be drawn from the results of this
collaborative test are:

1. Method 10 as executed in this collaborative test will produce
results with only moderate accuracy of * 87 ppm (20) on the average.

2. The procedures as written in Method 10 are not adequate be-
cause:

a. The Ascarite weight gain method for measuring CO2 content
on the sample is subject to large errors due to the difficulty of mea-
suring the small weight change obtained compared to the weight of the
impinger plus the Ascarite;
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b. The use of an impinger or bottle for the Ascarite trap
causes great difficulties because the Ascarite tends to form a dense,
solid plug in and around the glass inlet tube which, in turn, blocks
the flow of the gas after a period of time;

c. Most commercial NDIR instruments have a significant amount
of curvature in the calibration curves and many of the collaborators
did not adequately correct for this nonlinearity of response; and

d. Some calibration gas suppliers provide certificates of

analysis that show errors of as much as 307 when compared with standard
gases.
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SECTION IX
RECOMMENDATIONS

Based upon the conclusions that have been drawn from the results
of this collaborative test, it is recommended that Method 10 be revised
to cover the following points:

1. All mention of the CO, determination by weight gain of the
Ascarite gas scrubber should be deleted. COy analysis should be done
by Method 3 (Orsat-type analysis) of the Federal Register.

2. The use of an impinger or bottle type of silica gel and
Ascarite gas scrubber should be deleted. Sections of a flexible plas-
tic pipe, capped at the ends, should be used instead. A minimum inter-
nal diameter of 2.5 cm is recommended to prevent blockage.

3. More explicit instructions on correcting for nonlinear re-
sponse of the instruments is desirable.

4, Analysis procedures of some calibration gas suppliers are
clearly inadequate. Reliable calibration gases might require NBS cer-
tification or a requirement that gas suppliers follow specific guide-
lines in their analysis of calibration gases.
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APPENDIX A

METHOD 10 - DETERMINATION OF CARBON MONOXIDE
EMISSIONS FROM STATIONARY SOURCES
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m\ed representative grab saump’e uf the
~ludge can be obtawned.

‘lhe general rationale for the change
i the opacity standard 1s presented
m the discussion of opacit7z above
The three factors whuch led to this
henge are (1) the data, summanzed
1in Volume 3 of the background informa-
tion document, which, in the judgment
of the Administrator, show that the pro-
posed opacity standard was too restric-
tive 1nd that the promulgated standard
15 not more restrictve than the mass
standard, (2) the separately promulgated
1egulations which provide evemptions
from opacity standards dunng periods of
startup, shutdown, and malfunction (see
FeperaL RxcIsTer of October 15 1973, 38°
FR 28564), and (3) reevaluation of data
and collection of new data and informa-
tion which show that there is ro basis
for additional time exemptions

Minor changes to the proposed version
of the regulation have been made to
clarifs meanings and to exclude repeti-
tive provisions and defimitions which are
now included in subpart A, General Pro-
visions, and are applicable to all new
source performance standards

Test MerHoDS

Test Methods 10 and 11 as proposed
contained typographical errors that are
now corrected in both text and equations.
Some wording is changed to clanfy
meanings and procedures as well

In Method 10, which is for determina-
tion of CO emissions, the term “grab
sampling” is changed to “continuous
samplung” to prevent confusion. The
Orsat analyzer is deleted from the list
of analytical equipment because a less
complex method of analysis was judged
sufficiently sensitive. For clarification, a
senterce is added to the sectlon on re-
agents requinng cahbration gases to be
certified by the manufacturer Tempera-
ture ¢f the silica gel is changed from
177°C (350°P) to 175°C (347°P) to be
consistent with the emphasis on metric
units as the primary units A technigue
for determining the CO, content of the
gas has been added to both the con-
tinuous and integrated sampling proce-
dures This technique may be used rather
than the technique described in Method
3 Use of the latter technique was re-
quired in the proposed Method 10

Method 11, which is for determunation
of HS emlssions, is modiled to require
five midget impingers rather than the
proposed four. The fifth impinger con-
tains hydrogen peroxide to remove sul-
fur dioxide as an interferant. A para--
graph 1s added specUying the nydrogen
peroxide solution {o be used, and the
procedure description is altered to in-
clude procedures specific to the ifth im-
pinger. The term “iodme number fask” is
changed-to “lodine fiask” to prevent con-
fusion

Dated February 22, 1974

" RussilL E Tramv,
Admunstrator.

RULES AND REGULATIONS

Part 60, Chapter 1, Title 40, Code of
Federal Regulations, is amended by re-
vi>1ng subpart A, by adding new subparts
IJKLMN, and O, and by adding

EH

Subpart A-—General Provis ons

1 Section 602 ls amended by revisug
paraeiaphs (1) and (1) and adding para-

Methods 10 and 11 to the Appendix, as g;ﬁg::: (s). (©). (W, (v), and (W) as
follows A )
Subpart A—~General Provisions §602 Definmons
Sec . . L] L] L]
602 Definitions 1 "Commeuced” means, with respect
o0 3 Abbretiations to the definition of “new source” in sec-
604  Address tion 111¢a) (2) of the Act, that an owner
606 Reviewof plans or operator has undertaken a continuous
:g; :::"::;ﬂ::e“;: :"“""‘“P‘“g proinam of construction or modification
6012 Circumvention or that an owner o1 operator has entered
et e _ . nto n contractual obligation w under-
pa ards of Performance for Aspl :nke and ct:mplct.e, within a'rensor:nble
o ime, a continuous program of construc-
6090 A p e ‘(‘::l’“:;‘d of 8- ¢10n or modification
8091 Definitions . . . . .
60952 ¢ for part matter (1) *Standard conditions” means a
6083 Test methods nnd procedures temperature of 20°C (68°F) and a pres-
St J—Stand of P for sure of 760 mm of Hg (28 92 in of Rg)
Patroleum Refinesies . . . . .
60100 tected }l::f":;'d lon of af- (s) “Reference method” means any
60101 Defnitions method of sampling and analyzing for an
60102 Standard for particul air pollutant as described in the appendix
60103 d for carbon to tnis part
gg :g: ;‘ h:‘ d for sxu:;g d ) * Equvalent method” means any
mission monitol method ol sampling and analyzing fo1 an
$01068 Test methods and procedures arr pollutant which have been demon-
K—Standards of P for Storage  strated to the Admunistartor’s satisfac-
Vessels for Petroleum Liquids tion to have a consistent and quantita-
60110 Applicabllity and of tively known relationship to the refer-
affected facility ence method, under specified conditions
gg}:; D’“““'“’“ (ttgogﬂtematllve me;hod" mean!s any
4 me! of sampling and analyzing for an
60 1;3h’h::nlwrmzorope rations. tor air pollutant which is not :ly reference or
ul equivalent method but which has been
Secondary Lead Smelters demonstrated to the Administrator’s sat-
60120 Applicability and designation of isfaction to, in specific cases, produce
60121 m‘:‘ﬁ:::"""’ results aie.quate for his determination of
122 dara for part ¢
60123 Test mathodlmdprocedures. (v) "Partrculate matter” means any

M-St for See-
ondary Brass snd ann Inm Production Plants

60130 Applicabllity and of
affected facility

60131 Dellnltlonl

60132

60133 Test mel.hoda and procedures

Subpart N—Standards of Performance for Iron
=nd Steel Plants
bility and

“nffectea facility

Defipitions

Standard for particulate matier

60143 [Reserved|

60 144 Test methods and procedures

Subpart O—Standards of Parformance tor
Sewaga Trestment Plants

Applicabllity and designatlon of

affected facility

Definitions

Standard for particulate matter

Monitoring of operailons

Test methods and procedures

APPENDIX—TEST METRODS
Method 10—D

60140 A of

60 141
60 142

60150

60151
60152
60153
60154

of man=
oxide emissions from ata=
tionary sources.

finely divided solid or liquid material,
other than uncombined water, as mens-
ured by method 5 of the appendix.

{w) “Run” means the net period of
time during which an emission sample
is collected Unless otherwise specified,
2 run may be either intermittent or con-
tinuous within the limits of good engi-
neering practice

2. Sectlon 603 s ievised to read as
follows

§ 60.3

The abbreviations used in this part
Iave the following meanings*

AS T M—American Soclety for Tesl.lng wid
Matertals

Btu—British thermal unit

*C—degree Celaius (centigrade)

cal——calorle

CdS—cudmium sulfide

clm——cublc feet per minute

CO-—carbon monoxide

CO —carbon dioxide

dscm-—dry cublc meter(s) at standard con-

ditions
dscl—giry cublc feet at standard conditions
eq—equivalenta

Abbreviauons.

fethod 11--D tion of hy gen sule
fide from v 'F—degr(e:) Fahrenheilt
sources guf-_;luon(a)
Avutuoarry* Secs. 111, 114, Pub L. 91-804 geq—gram equivalents
(42 US C. 1857(c) (8) and (9)). Er—grain(s)

FEDERAL REGISIER, VOL 39, NO 47—FRIDAY, MARCH 8, 1974
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comoliance with the standaids prescribed
in § 60 92 as follows

(1) Method 5 for the concentiation of
patticulate matter and the assoclated
moisture content,

(2) Method 1 for sample and ‘elocity
traverses, -

(3) Method 2 for velacity and volu-
metne tlow rate, and

(1) Method 3 forgas analysis.

fb) For Method 5, the sampling time
for each run shall be at least 60 munutes
and the sampling rate shall be at least 09
dscm/hr (0 53 dscf,min) except that
shorter sampling times, when necessi-
tated by process variables or other fac-
tors, may be approved by the Adminis-
trator

Subpart J-—Standards of Performance for
Petroleum Refinenes

§ 60.100 Applieability and desiznation
of affected facibty.

‘The provisions of this subpart are ap-
plicable to the following affected facil-
ities in petroleum refineries. Fluid cata-
lytic cracking unit catalyst regenerators,
Auia catalytie cracking unit incmeratar-
v aste aeat bollers, and fuel gas combus-
tion dewices.

§ 60.101 Definitions.

As used in this subpart, all terms not
defined herewn shall have the meaning
given them In the Act and in subpart A

(a) *Petroleum refinery” means any
facility engaged in producing gasoline,
kerosene, distillate fuel olls, residual fuel
olls, lubricants, or other products
through distillation of petroleum or
through redistillation, cracking or re-
forming of unfinished petroleum
derivatives

(b) “Petroleum’ means the crude ofl
removed from the earth and the oils de-
rived from tar sands, shale, and cosl

(¢) “Process gas” means any gas gen-
erated by a petroleum refinery process
unit, except fuel gas and process upset
gas as defined In this section

(d) "Fuel gas” means any gas which
is generated by a petroleum refinery
process unit and which is combusted, in-
cluding any gaseous mixture of natural
gas and fuel gas which is combusted.

(e) “Process upset gas” means any gas
generated by a petroleum refinery process
unit as a result of start-up, shut-down,
upset or malfurction.

() “Refinery process unit” means any
segment of the petroleum refinery in
which a specific processing operation is
conducted. - - -

(g) “Fuel gas combustion device™
means any equipment, such as process
heaters. boilers and flares used to com-
bust fuel gas, but does not include fluid
coking unit and finid catalytic cracking
unit incinerator-waste heat bollers or fa-
cilitles in which gases are combusted to
produce sulfur or sulfuric acid,

(h) “Coke burn-off” means the coke
removed from the surface of the fluld
catalytic cracking unit catalyst by com-
bustion in the catalyst regenerator The
rate of coke burn-off is calculated by the
formula specified in § 60 106.
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Standard for  purticulne

(a) On and after the date on ahich
the performance test required to be con-
ducted by § 60 8 is completed, no owner
or operator subject to the provisions of
this subpart shall discharge or cause the
discharge Into the atmosphere from any
flud catalytic cracking unit catalyst 1e-
generator or from any fluid catalytic
cracking umt 1ncinerator-waste heat
boiler

(1) Particulate matter in excess of
10 kg/1000 kg (10 1b/1000 1b) of coke
burn-off in the catalyst regenerato:

(2) Gases exhiblting 30 percent opac-
ity or greater, except for 3 mnutes in
any 1 hour Where the presence of un-
combined water is the only reason for
failure to meet the requirements of this
subparagraph, such failure shall not be n
violation of this section

(b) In those instances in which aux-
illary liquid or solid fossil fuels are
burmed in the fluld catalytic cracking
unit incinerator-waste heat boiler, par-
ticular matter in excess ot that permit-
ted by paragraph (a) (1) of this section
may be emitted to the atmosphere, ex-
cept that the incremental rate of partic-
ulate emisslons shall not exceed 018 g/
nullion cal (0 10 1b/million Btu) of heat
:nput attributable to such liquid or solld

uel

§ 60.103 Siandard for earhon monoxide,

{a) On and after the date on which
the performance test required to be con-
ducted by § 80.8 is completed, no owner
or operator subject to the provisions of
this subpart shall discharge or cause the
discharge into the atmosphere from the
fluid catalytic cracking unit catalyst
regenerator any gases which contain car-
bon monoxide in excess of 0050 percent
by volume,

§ 60 104 Standard for sulfur dioxide.

(a) On and after the date on which
the performance test required to be con-
ducted by §608 is completed, no own-
er or operator subject to the provisions of
this subpart shall burn in any fuel gas
combustion device mny fuel gas which
contains H.S in excess of 230 mg/dscm
(010 gr/dsct), except as provided In
paragraph (b) of this section. The com-
bustion of process upset gas in a flare,
or the combustion in n flare of process
gas or fuel gas which is released to the
flare as g result of relief valve leakage, is
exempt from this paragraph.

(b} The owner or operator may elect
to treat the gases resulting from the com-
bustion of fuel gas in o manner which
limits the relenss of SO, the atmos-
phere U it is shown to th{ satisfaction
of the Administrator that this prevents
80, emissions as effectively as compll-—
ance with the requirements of paragre=h
(a) ofthis section. - .

§ 60.105 Emission monitoring.

(a) The owner or operator of any pe-
troleum refinery subject to the provisions
of this subpart shall install, calibrate,
maintain, and operate monitoring instru-
ments as follows*

§ 60.102
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(1) A photoelectric or other type
smoke detrctor and recorder to continu-
ously monitor and record the opacity of
gases discharged Into the atmosphere
from the fiuld catalytic cracking wnut
catalyst regenerator

(2) An mstrument for continunusly
monitoiing and recording the concentra-
tion of COxin gases discharged iInto the
atmospnere from flmid catalytic crack-
Ing unit catalyst regenerators, except
where the requirements of paragraph (a)
(3) of this section are met

(3) Instruments for continuously
monitoring and recording firebox tem-
perature and O: concentration in the
exhaust gases from any iIncinerator-
waste heat boller which combusts the
exhaust gases from a fluld catalytic
cracking unit eatalyst regenerator ex-
cept where the requirements of para-
graph (a)(2) of this section are met

(4) An instrument for continuously
monitoring and recording concentrations
of HS In fuel gases burned in any fuel
gas combustion device, except where the
requirements of § 60 104(b) e met Fuel
gas combustion devires havirg a ermmon
source of fue: gas mav be mon-tored at
one location if samplhing at this loca-
tion produces results representative of
the HS concentration in the fuel gas
burned i

(5) An nstrument for contlnuously
monttoring and recording concentrations
of SO, in the gases discharged Into the
atmosphere from the combustion of fuel
gases except where the requirements of
§ 60 104(a) are met

(b) Instruments and sampling systems
Iinstalled and used pursuant to this sec-
tion shall meet spectfications prescribed
by the Administrator and each instru-
ment shall be calibrated In accordance
with the method prescribed by the manu-
facturer of such instrument The instru-
ments shall be subjected to the manu-
facturer's recommended zeto adjustment
and calibration procedures at least once
per 24-hour operating period unless the
manufacturer specifies or recommends
calibration at shorter intervals, in which
case such specifications or recommerda-
ttons shall be followed.

(¢) The average coke burn-off rate
(thousands of kulogram/hr) and hou:s of
operation for any flud catalytic ciack-
ing unit catalyst regeneratnr subject to
§ 60 102 o1 60 103 shall be recorded daily

(d) For any fluld catalytic cracking
unit catalyst regenerator which is subject
to § 60 102 and which utilizes an inciner-
ator-waste heat boiler to combust the
exhaust gases fram the catalist regen-
erator. the owner or operator shall 1e-
cord daily the rate of combustlon of
liquid or solid fossil fuels (Uteis/hr or
kilograms/hir) and the hours of opera-
tion during which liquld or solld fossil
fuels are combusted in the incinerator-
waste heat boller

(e) For the purpose of reports pur-
suant to § 60 7(c), periods of excess
emissions that shall be reported are de-
fined as follows:

(1) Opacity All hourly peilods In
which there are four or more 1-minute
periods during which the avernge opacity
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o the gases discharged into the atmos-
phiere from any Buid catalytic craczing
umub  catalyst regenerator subject to
1 60 102 esceeds 30 percent.

12+ Carbon monoride All howly pe-
riods during which the average carbon
I anoide concentration in the gases dis-
charged into the atmosphere from any
d1d catalytic cracking unut eatalyst re-
vaeraior subject to $60103 exceeds
0339 per-ent by volume, or any hourly
ienod 1n which O, concentration and
firebox temperature measurements indi-
cate that the average concentration of
CO in the gases discharged into the at-
mosphere exceeds 0050 percent by
solume for sources which combust the
exhaust gases from any flud catalytic
cracking unit catalyst regenerator sub-
ject to § 60.103 in an incinerator-waste
heat boiler and for which the owner or
operator elects to monitor in accordance
with § 60 105(a) (3)

(3) Hydrogen sulfide. All hourly pe-
r:ods during which the average hydrogen
sulfide content of any fuel gas combusted
in any fuel gas combustion device sub-
Ject o {80104 exceeds 230 mg‘d<cm
10 10 gr./dscf) except where the require-
ments of § 60 104(b) are met

(4) Sulfur diwoxude All hourly periods
during which the average sulfur dioxide
emissions discharged into the atmos-
phere from any fuel gas combustion de-
vice subject to § 60.104 exceed the level
specified in § 60 104(b), except where the
requirements of § 60 104(a) are met

§ 60.106 Test methods and proredures.

(a) For the purpose of determning
comphiance with § §0 102fa) (1), the fol-
lowing reference methods and calcula-
tion procedures shall be used

(1) For gases released to the atmos-
phere from the fluld catalytic cracking
unit catalyst regenerator.

(1 Method S for the concentration of
particulate matter and moisture con-
tent,

114 Method 1 for sample and velocity
traverses. and

(ut) Method 2 for velocity and volu-
metric flow rate.

(2) For Method 5. the sampling time
for each run.shall be at least 60 minutes
and the sampling rate shall be at least
0 015 dsem/min (0 53 dscf/min), except
ihat shorter sampling times may be ap-
proved by the Administrator xhen proc-
ess variables or other factors preclude
samphing for at least 60 minutes

€3) For exhaust gases from the fluid
catalyic cracking unit catalyst regenera-
tor prior to the emission control system*
the integrated sample techn:ques of
Method 3 and Method 4 for gas analysis
and moisture content, respectively;
Method 1 for velocity traverses: and
Method 2 for velocity and volumetric flow
rate

(4) Coke burn-off rate shall be deter-
mined by the following formula*

RULES AND REGULATIONS

Ri=0262 Qas (%4COHHCON420 Qn u=0 w2t Qus

R =008 Qni {7 COA5C0)40133 Qaa-00m2 Qry (S

where
R.menke bumn-oft rate kethr (Engh-h unite tbhr)

5’.5.‘.'1 I ITEA 01) {Metdc Uniw)

C*1 Corknin ) (Bnean Unit

0 2 2ametric units :innterial bulunce fmtor di vlel by 100 L, in 'h'-u’ll
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0= Fnalnh nnite matens Ml bolanes taetor dive
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cantml ~svstem 8 delernunad by methe
" Co apogernt carbon dinshile by vomms dry 1
o C DY mpercent curbon moaoxide by voluine «dry s,
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]
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€ U —percent oxyRen by volume dry basit adeternur el by Mothut 3

2 v ametric units materiol halance factor wivided by

0 123 = Fnglish units material balance L tor idivditad by 1

Qicv=alr tate to Nuid entaly tic cra Kime umt ¢ walvst
control rooin {nstrumentation Jd~ m,nui

unit
0 0Nbemetric uuits materal halance (s tor divided by U

0 v Eoglish units material balance Mctor divided b

1 A

[4 1 deterimnad from funl catalytic or whing
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(5) Particulate emissions shall be determined by the following equation.
Re=(80X10-9)QrvC, (Metne Luils)
Ra= (857 X10-)QrvC. (Faghsh Lnits)

or
where
60X 10-¢= metrie unita converdon lactor, min-he he-ny

Re=particolate emusaon nite l.'_‘hr {Fuagh-h unts 1b/hr)

x

8.537X 104« English units convercion Lactor min-ibhrgr
Quy =yntumetric flow mies of gaces dischrreed lato the stmasphere from the Ruld catly tie eracking noit

enl.-l{st R the
(English units ds.Umin)

cutitrol sy~teru, o dotermined by Method 2, dicm/inin

C.wparticulate smissian conreutralion (s hargsd intn the itmnsphere, as determinad by Method 3,

mgfdsem (Englsh uts grpdw I}

(6) For each run, emissions expressed n kz 1000 ha +Engllsh units 1671000 b
of coke burn-off in the catalyst regeneiator snall be determined by the lollowing

equation

n,.mm:' (Metr or Faghsh Unrts)
.

where
R,=purticulate emission rate, Lg/100 kg (Encksh iini
ing unit catoly st regenerutor

ta 1b 10681 1) uf coke burn-off in the Nuld cat dyti eruk-

1MD= ronvenion [actar, Kg to 1000 kg (Engh<h uiats 1b to 1a) 110

R «=particulute emission rite, bgbr (Enghi<h umis b

R,=coke burn-off rate, kg, hr (English unlta b hr)
(' In those instances 1n which auxilia;

br)

ry hqud or solid fossil fuels are burned

in an inclnerator-waste heat boiler, the rate of particulate matter emissions pe:-
mitted under § 60 102(b) must be deterrmined Auxihaiy fuel heat input, expiessed
in millions of cal/hr (English unuts Millions of Btu/hr) shall be calculated for
each run by fuel flow rate measurement and analysis of the liquid or solid auxihary

fossil fuels For each run, the rate of

particulate emissions permitted under

§ 80 102(b) shall be calculated from the follow ing equation

Rl oy'l'I:_—" (Verrhs Lint)

Rt

where
JR=allownhle particniste emivdon rate ke/IUN0 kg
fluidl cataly tic crnehing nrut cataly st regenerato

Fugh-h Uints)

{Farlish wwts b, 1000 1b) of coke Lurn-off in the
r

1 0=emixaion standard, 10 kp/low kg (Enghish ums 10 1b1000) 1b) of enkks bumn-off 1 tise Rukd ¢ty tie
«

Turking unit qlhll)ll rezenemntar

ol units
0 10= F nglish units

il rate of particnl ste amissiony, g/milllon ¢l
Fate of particulate emntssions, Ib/milllon Bin

F =hent input from solid ne Hauld faechl el million ¢ 8 %2 {English unita million BtuMrn)
)

Re=coke burn-oll rate, ki hr ( knelish tunts th e,

(b) For the purpose of determining
compliance with § 60 103, the integrated
sample technique of Method 10 shall be
used The sample shall be extracted at a
rate proportional to the gas veloclty at a
sampling point near the centroid of the
duct The sampling time shall not be less
than 60 minutes

(¢) For the purpose of determining
compliance with § 60 104(a), Method 11
shall be used When refinery fuel gas
lines are operating at pressures substan-
tially above atmospheric, the gases sam-

pled must be introduced into the sam-
plung train at approximately atmosphetic
pressine This may be accomplished with
a flow control valve If the line pressuie
15 high enough to operate the sampiing
tramn withuut a vacuum pump, the pump
may be eliminated from the sumphng
train. The sample shall be drawn from a
point near the centroid of the fuel gas
line The mummum sampling time shall
be 10 minutes and the minimum sam-
pling volume 00! dscm (035 dscf) for
each sample The arithmetic aveiage of

FEDERAL REGISTER, VOL 39, NO 47—FRIDAY, MARCKH 8, 1074

58



W necessitated by precess wvariaoles
v o er factors, may be aoprosed by the
A\Cr strator A e cle shall «tart @i the
hesinnung of either the scrap prereat
o= the ovigen blow and shall termimate
1 nmediately prior to tauping

Suapart 0—Standards of Performance for
Sewage lreatment Plants

L6030 \ppliabihity anil desizn i
of alteoved Faciine.

t.e atected tacdity to v 1ich tre pro-
vistuns of this suopart applv 1s each
ircinerator which burns tne slucge pro-
cuced by municipal seaage treaiment
sacditles
§ 60151

As used 1n this subpart all terms not
deaned herewn shall have the meaning
given them 1n the Act and 1n subpart A
of this part

§ A0 152
fer

(a)» On and after the date on shich the
performance test required to be con-
aucted by § 608 1s completed, no owner
or overator of any sewage sludge 1acin-
eraior subject to the provis.ons of tnis
subpart shall discharge or cause the dis-
charge 1nto the atmosphere of .

1) Particulate matter at a rate in ex-
cess of 065 g/kg dry sludge mput (130
1b/ion dry sludge wnput)

(2) Any gases which exihubit 20 per-
cent opacity or greater. Where the pres-
ence of uncombined water is the only
reason for failure to meet the require-
ments of this paragraph, such failure
shall not be a violation of this section

§ 60.153 Monitoring of operahons.

1a) The owner or operator of any
sludge incinerator subject to the prosi-
sions of this subpart shall

(1) Install, calibrate., ma:mntain and
operate a flow measuring devire which
can be used to determine either the mass
or volume of sludge charged to the incin-
erator The flow measunng device shall
have an accuracy of +5 percent over its
operating range

(2) Provide access to the sludge
charged so that a well-muxed represen-
tative grab sample of the sludge can be
obtatned.

§60 154 Test Methods and Proredure.

13) The relerence methods anpended
to tlus part, except as provided for i
$60 8b), shall be used to determine
comphance with the standards pre-
scnbed in § 60 152 as follows.

(1) Method 5 for concentration of
purticulate maiter and associaied mMow-
ture content

(23 Method 1 for sample and velocity
traverses,

(3) Method 2 for volumetnc fow rate,
and

«4) Method 3 for gas analysis.

(b) For Method 5, the samphng time
for each run shall be at least §0 min-
utes and the sampling rate shall be at
least 0015 dsem/mun (033 dscf/mun),
except that shorter sampling times,
when necessitated by process varables
or other factors, may be appioved by the
Administrator

Definttions

Swndard for parhiculate mat-

RULES AND REGULATIONS

fc) Dry sludge charging rate »hall be
determined as follons

(1) Deletmine the maws (S.) ot vol-
urne ¢S\) of sludge charged to the in-
cinerator dunng each run using a flow
measuring device meeting the require-
ments of §60153(a)l) II talal 1aput
dining o run 1s measured by a flow meas-
uning device, su h readings shall be used
Otherwnise, 1ecotd the tlow measiiing re-
vice readings at 5-minute interv s dur-
117 a run Determine tne quuantity
charged during each interval by aveiag-
g the flow rates at the beginning and
end of the interval and then multiplying
the average for each interval by the time
for each interval Then add the quantity
for each interval to determine the total
quantity charged during the entire run,
(Su) or (&)

t2) Coliect samples of the sludge
charged to the incinerator in non-porous
collecting jars at the beginning of each
1un and at approximately 1-hour in-
tervals thereafter until the test ends and

NSy

Sp= QX107 7

e 3y

Snep vl

whrte
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determuine for each sample the diy sludee
content ttotal sohids residuer i woaned-
wne with 221 G Methad Jor Solid and
Stmioud Simples® Standuard Sethod
for the Ercomnation of Waler and
Wa tewalcr, Thartesttth Fdition, Ameit-
cn Public Health Assouation, Ing, Nuw
Yore Y, 1071, pp 239-11, except thit

1y Pvaporating dishes hall beagaitod
Lo al 1Aast 103°C rather than the 6550 ¢
shecafiern step 3o d

e etsrnunation of volatile cesidue,
ste s 3vbr may be aeleted

. The quantity of div sludgze per
unit stludee charged shall be deternined
in terms of either R.v fmettic units me
dry sludge,lite1l sludge chatged or Eng-
lish umts Ib’ft) or Rew tmetric units
mg dry sludge/mg sludge charged o1
English units 1lb/1b)

€3) Determine the quantity of dry
sludge per unit sludge chaiged in terms
of either Ru. o Rpu

(1) I the volume of sludge charged ls
used

= Oletric Lint)

(F ngush ( jatal

Speeaveroge dry ~hudge ol anging rate dunes the mun ke he (Faddh umts Ibhe)
Rpveaveinsrs quantity of dry sludgoe per umit vetume of shulzs churged to the mnemerstor, me § (Fugh h

undts ibhfe)

8y =sludge charged to the incinerator dunng the run, i (Foulish urats gab

T =duration of run, min (Faglish unuts min

6X10-3mmetiic unuts ronversion [ tor, 1-Ky-anin/im! mg-hr
dO2t E_ncllsh units conventun lator, fitmin'gal hr

O If the mass of sludge charged 15 used

(3
Spw=(s0) “—",‘I:‘-‘-' (Met
when
R sn overge dry shudge chnang rate danng the run
i

units bl

b or Faslish Cmita)

At hr (Foghsh walts thr)

aver yza 1o of quantity of dry shudge Lo quuniity of ~luedze Chonzed to the 1o nerstor, iy, a1 (1 neltsh

b)
Swy=slndge charged dunag the ren Lg (Enclish nuts 1)

T =duration of mn min Metns or Engliah nnity)

60 rconversion fwtor, min hr (Metne or Engli~h wnis)

(d) Partlculate emission rate shall be determined hv
» c'w =psQs (Metiic or Engush Uidly)
" ‘-l':' -parth ulate matter mass emisdony, me/hr (Eaglish anlts Thhr)

«* ~particnlate matier concentrtion, m{ ms (knelish
¢ wolnmetric stack tas Row rute, d~emyhr LEngnsh
2 and 3, respetlively

(e) Compllance with § 60 152(a) shall be

Crw

unita 1h da )
Mte sl hr) @ and eoJdill bedetuanunud v Ing VMethivls

dete: mined as follows

Cu U l,w-' (Metne Umits)

Com

Ca -1.“-»; (Em'ish Lans}

where
C o, | wlnubteemz st
13 Metne convy tr 5 e
2 3 Enzhsh conveiston facter 1 ron

g8 Nethods 10 and 11 a1e added to the
appendix as follows

MsT1t0D 10——DETERMINATION OF CARBON MoOv-
OXIDE EMISSIONS FROM STATIONARY SOURLFS

1 Pnineiple and Applicability

11 Principle An integrated or contlnuous
g6s sample is extracted from n sampling point
and analyzed for carbon monoude (CO) con-
tent using a Luft-type nondispersive infra-
red analyzer (NDIR) or equivaient

12 Applicadbility This method is appll-
cable for the determination of carbon mon-
ovide emlissions from stationary sources only
when specified by the test procedures for
determining compliance with new source

Miehuge g he Iy Shides (En'i=h s 1 ton day ke

P > murce <tindards The test procedure
will ndicite whether a continuous or un
integrated sumple is to be usec

2 Penge and sensilinity

21 Range 0 to 1,000 ppm

2.2 Sensitwrity Mimmum detectable ron-
centration 1s 20 ppm for n 0 to 1,000 ppmn
span

3 Interferencrs Any substance having a
strong absoiption of infrared onergy will
interfere to some extent For example dia-
erimination ratios for water (H O) and ear-
hon dioxlde (CO) are 35 percent HO per
7 ppm CO and 10 percent CO_ per 10 ppm
CO, respectively, for devices measuting in the
1500 to 3 000 ppm range For devices mens-
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inthe 0 to 100 pom ranyg~, interference
105 ran be as high as 3.5 percent H O per
2y ppm CO and 10 percent CO. per 50 ppm
0. The use of si.lca gel and ascarite traps
plleviate the major interterence proo-
s. The measured pus volume must bhe
cutrected if these traps ave used.

4. Precision and accuracy.

41 Preciston. The precision of most NDIR
wnalwrers 15 aporoximately =2 percent of
0

Accuracy. The accuracy of most NDIR
rers 1s approximately =5 perrent of
iter calibration.

Anparaliug.

51 Coniinuous sample (Figure 10-1).

0 1.1 Probe. Stainless steel or sheathed
Purex © ylass, equipped with a filter to remove
parziculate matter.

312 Air-cooled condenser or equivalent.
TO remove any excess molsture.

52 Integrated sample (Figure 10-2).

5.2.1 Probe. Stainless steel or sheathed
Pyrex glass. equipped with a filter to remove
pariculate matter.

522 dir-cooled condenser or equivalent.
To remove any excess moisture.

523 Valre. Needle valve, or equival'ent, to
to adjast flow rate.

524 Pump. Leak-free diaphragm type, or
eauivalent, to transport gas.

5 2.5 Rate meter. Rotameter, or equivalent,
to measure a flow rarge from 0 to 1.0 liter
ser min. (0.035 cfm).

52,9 Flenible bao. Tediar, or esquivalent,
witn a capacity of 60 to Y0 liters (2 to 3 ft ).
Leak-test the bag in the laboratory before
using by evacuating bag with a pump fol-
lowed by a dry gas meter. When evacuation
is complete, there should be no flow through
the meter.

y BCeS
PRIER GLATS w00 j@\l)_ Vuve
[ 1

Fzoni™t, Coriae.s sampbiam

0]

F el = 12 A8 B plng L,

527 Pitot tube. Type B, or equiralent. at-
tached to the probe so that the sampling
rate can be regulated proportional to the
stack gas velocity when velocity is varying
with the time or a sample traverse is con-
ducted.

5.3 Analysis (Pigure 10-3).

1 Mention of trsdc names or specific prod-
ucts does not constitute endorsement by the
Env 1 tection Agency.

Pr

RULES AND KEGULATIONS

H.3.1 Carbon monorid* anaiyzer. Hondizper-
sive Infrared spectrometer, or equivalent.
This lustrument should be demunstrated,
preferably by the manufacturer, to meet or
exceed  manufacturer's specifications and
those described in this method.

532 Drying tuhe. To contain
mateiy 200y of silica gel.

518 Culibrution yas. Refer to paragrapi
6.1.

534 Futer. As recommended Ly NDIDL
manufacturer.

535 CO_removal tube, To contain approxi-
mately 800 ¢ of ascarite.

5.8 Iee water bath. For ascartis and silien
721 tubes,

5.3.7 Valve. Needle valve, or equivalent, to
adjust ilow 1ate

approxi=-

5.1.8 Rate meter, Rotaneter or equivalent’

to measure gas flow rate of 0 to 1.0 liter per
min. (0035 ctm) through NDIR.

53.9 Recorder (optional). To provide per-
manent record of NDIR readings.

6. Reagents.

f}'ﬁ_‘»‘
s

#l }

B
~
-;-73 L Sog
O
Figwa 103, Ancyiiel spmed,

6.1 Calibration gases. Known concentration
ot CO in nitrogen (N.) for instrument span.
prepurified grade of N, for zero, and two addi-
tional concentrations corresponding approxi-
mately to 60 percent and 30 perceni-span. The
span concentration shall not exceed 1.5 times
the applicable source performance standard.
The calibration gases shall be certified by
the manufacturer to be within -2 percent
of the specified concentration.

6.2 Silica gel. Indicating type, 6 to 16 mesh,
dried at 175° C (347° F) for 2 hours,

6.3 Ascarite, Commercially avallable.

7. Procedure.

7.1 Sampling.

T Continuous samplinn Letoup the
carupment nn shown in Freare 10-) manig
ali connections are leak free. Place bae
i the stack at o campline peent arsd
purge e sampling hine, Conpect 1he L.
lyzer and bewin drawineg sainpie into tae
analvser. Allow 5 minutes for the syotom
illze, then record the aualvzee read
ing as required by the test procedure (*oe
772 and 8). CO. content of Lthe ;jas may b=
deterniiued by using the Method 3 Inte-
prated siompie procedure (U6 FR 2i884G), or
Ly wephing the nscarite CO, removal tibe
and comnuting CO, concentration tram it
win volume sampled and the T\ b S AR LN
of the tube

7.1 Integrated samplhimg, Lvacuate tie
Jdexible bug Set up the equipment as shost
in Figure 10-2 with' the bag disconnected
Place the probe in the stdck and purge tne
sanipling line, Connect the bag, making s
that all connections are leak free. Sample ui.
a rate proportional to the stack velocit:
CO. content of the gas may be determined
by using the Method 3 integrated sample
procedures (36 FR 24886), or by welighiny
the ascarite CO. removal tube and comnput-
ing CO, concentration from the gas volume
sampled and the weight galn of the tube.

7.2 CO Analysis. Assemble the apparatus as
shown in Figure 10-3, calibrate the instru-
ment, and perform other required operations
as described in paragraph 8. Pnrge analyrer
wrth N prior o Intrnduciion of »ach sapipe
Mirect the sample stream thranan the wserv-
ment for the test period, recording the read-
ings.'Check the zero and span again after the
test to assure that any drift or malfunction
ts detected. Record the sanple data on Table
10-1. . )

8. Calibration. Assemble the apparatus ac-
cording to Figure 10-3. Generally an instru-
ment requires a warm-up period before sta-
bility is obtained Follow the manufacturer's
instructions for specific procedure. Allow a
minimwn time of one hour for warm-up.
During this time check the sample condi-
tioning appatatus, i.e., filter, condenser, dry-
ing tube, and CO: removal tube, to ensure
that each component is in good operating
condition. Zero and calibrate the instrument
according ta the manufacturer's procedures
using, respectively, nitrogen and the calibra.
tion gases.

—Field data

Comments:

Clock time

Rotameter setting, liters per minute
(cubic jeet per minute)

9. Calculation—Concentration of carbon monozide. Calculate the concentration of carbon

monoxide in the stack using equation 10-1.

Cen
where:

wiack C"“":.nm(l . F“":)

equalion 10-1

Cm_mk=conccntrutiun of CO in stack, ppm by volume (dry basis).

Ccomm=60ncen'trntion of CO mee<urcd by NDIR analyzer, ppm by volume (dry

" basis).

Fco,= volume fraction of CO; In sample, Lc., percent CO; from Orsat analysis

divided by 100.
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An 1,7er Instruction Baok, Mime Safet?
App! wices Co, Technlial Products D -

ANA'Y ef Porscited at 11 e I viuon Tittsburgh 'y

Confererce on A\ Pollut oin L n era® s 104 Madels 2§34, 31584 and 415% Infrared

of Ciltlorn v D" eley La! Al 1 Anslyzers Deckman Instruments Inc,

179 Hechman Instructiond 1635-B, Fuller-
112 Jucobs M B, et o Continunts De er- ton Cullf Octoher 1967

m 1atidn of Casnon Vanoxde *d H - 1985 Cunttunious €O Monitoripg  Systan

d ocirbans 11 Aur by o Madi“sd Infra- \odel A\5611 [nterteeh Corp Firinceton

red Anplvz-- J A Pollirun Coir.rol I

Acgwlation Y:) 1'0=1.4 \ug.3r 1709 105 UNOR Infrared Gas Apals.ers DBeadix
10 ' M33 LIRA In‘rared G atd Taqud Coip Ronceverte West Virginia

ADPDZTNDA

4 Pe-,0rmance Socceficat ons jor YNIR Carkon “lovnrude analyzers

RAlZE (M.DUTUM) .n..

Qu-put (mummiimn) ...

MiniTum deteclable sens.uvity.

Rise time 90 percent (MATIMUM) ccaem .on
90 percent (ma<imum)

0- 1000ppm

O-10mVv

20 ppm

30 sevonds

30 .econds

10~ in 8 hours

10 - In 8 hours

=- 17, of tull acale

= I'~ of full scale

27= of [ull seale -
CO—1000tol H O--500to 1

B Definitions of Performance Soscifica-
Hony

Srqge—The miumum
T ottt mieut Lmits

Cutpuc—-Elec ric sl 4igna) whicn 18 propor-
tional 1o the messurement, intended for con-
nection ro readout cr data processing devices
Usually expressed as millivolts or mil'tnmps
full scale at a given Impedance

Full scale—Tbe maximurm measuring limit
for n given range

Minimum  detectable  sensitn *ty—The
smailest of 'nput ation that
can be detected as the conceniration np-
proaches zero

4ceuracy—The degree of agreement be-
txeen a measured value and the true vilue
ususliy expressed as =~ percent of full scale

Time to 99 percent response—The time .r-
teria! from o step c-ange In the {nput con-
centration at the wistrument in'et (0 2 read-
ing of 90 percent of the ultimate recorded
concentration

Dse Time (90 percent)—The 1ate-val he-
twxeen 1nitial resporvce time and time to 90
Fercent responss after n step increase in the
inlet concentrat'on

Fa'l Time (90 percent)—The Inter al be-
teen iritlal response time and time to 90
percent response after a step dec-ease 1n the
inlet concenirarion

Zero Drift—The char 3¢ Ininsi-ument out-
put owver a staled time petind  usunlly 24
hours of unadjusted contnLOu3 Opera’ on
\ hen the tnput conce~rrauon Is zero ususliv
expressed as percens full scale

S in Drift—aThe ~hants 17 i0s.1menr nat-
Put o.ec 0 otated Ue pettod asually U4
howss, of unadjusted conrinuous operation
when the input concentration is a ststed
unscale value, usuaily expressed s percent
full scale

P-ecivon—The degree of s#3m#am=n” be-
taeen rapeated mieisuremel‘s of the same
concentration etpIsssed 1s th~ a e age de-
wiation of the single results {rom the Tesa

Iowe—Spontaneous detiations from a
mean output not chused by tnput conren-
t-atton changes

Linearity—The mauimum de Intion be-
tween an actunl instrument read'rg and the
reading predicted bv a strmight line drawn
betaeen upper and lower calibration points

waid pas a

AIETHOD 1 1—DETTAaMINATION OF HYDROCEN SUI1 -
FIDE LMISSIONS FPOM STATIOVARY

impinrers and reacted with alkaline cad
mium hvdroude |[CA(OH),| to form cad-
ruucn sulfide (CJISs The prercipifared LdS
is thea dissalsed in hgdrochone w e cd
absuroed in a known volume ot 10dine &olu-
tien The lodine consumed is o measuve of
the H S content of the gas An impinger con.
taining hjdrogen peroxide is included to re-
mo e SO, ns an interfering species

12 Apphicability This methed is applica-
ble for the determination of hydrogen sul-
nide from 4 only
when specified by the test procedu<es for
deternuning compllance with the new source
performance standards

2 Apparatus

21 Sampling train

211 Sampling ine—6- to T-mm ('4-inch)
Teflon ' tubing to connect sampling tra:n to
sampling ‘alve, with provistions for heating
0 prevent condensation A pressure reduc-
ing valve prior to the Teflon sampling liae
may be required depending on sampling
streain pressure

212 Irmmngers—Flve mldget impingers
euch wilth J0-ml capacluy or equivalent

213 Ice bath container—To malotaln ub-
snrbing solutlion at n constant temperature

214 Silica gel drying tube—To protect
pump and dry gas meler

215 Needle valve or equualent—Stainless
steel or other ~orrosion resistant material to
adjus® s Hinw rate

216 Pump—l.eak [ree diaphragm type or
eqiuvalent to transport gas (Not required
1f nampling stream under positive pressure )

217 Dy ges merer—8aficientls awcLurae
Lo e sute  unp e volume to within 1 per-
cent

2 1 8 Rate meter—Rotameter or equivalent
10 measure n flow rate of O tn 3 l.ers per
minute (01 ft3/min)

219 Graduated cyhinde»r—"5 ml

2110 Barometer—To measure atmosphernic
pressure within =25 mm (01 In) Hg

22 Sumple Recorery

22 | Sample rontainer —500-ril g'a-s-stop-
pered lodine flask

222 Pipette—50-ml volumetric type

223 Beakers—250 m!

224 Wash bottle—Glnas

23 Analysis

231 Flask—500-ml glass-stoppered lodine
Rask

1 Principle and azolwcadbility
11 Principle Hydrogen sulfide (HS) I
collected from the source in o series of mdget

1 Mention of trade names or specific prod-
ucts does not constitute endorsement by the
Eunvironmental Protection Agency

i1

"31%h ¢

I cegriy

areplivg

thernra ¢ dmium  hyg-
e (Cdifatfy Y= A 1§ cadiin tal
e 1 adrrle (8 GO BHLO; and 071 ¢ ot
catrun hoden fde (MOH) ) L are ol die
Llled sater il O Mixewdt

IMe ewdmiun hgdiocde formed B

sndal o

thrs o atuse WL TGRS s b WHETY Sl
p son Lo retars Cie olinhion st he
Ao 0y et el ore i to r owm

e 1 dis rthuton of tne cadi i by deovid

212 M, lronen peenrule 5 p mrent—=Dilut e
30 peret 1t hydrogen perovade (n 4 pertrnk
r,n eiled Prepary fresh daly

37 wmple rreorrry

21 Mudroealornie ecd olxrlion (HCH L0
peresnt by uctght—\hix 210 ml of roncen-
ated FICT (specit ¢ grivity 1 19) and 770 mi
o disti'rd H O

322 lodine solutinn 01 N—Ihsulve 24 ¢
pota~sium todide (KI) ln 3 1l of di.tillen
HO in 2 1-lwer graduated cyltnder Weorsh
12 7 i of resublimed tevdine (I ) Into o welzh-
12 bottle and add to the pots ‘tum indide
solution Shike the mictnre until the lodine
1a completcly dissolved Slowly dituie the so-
lution to 1 liter with chstilled 11O with
swirting Filter the <nlution tf clmidy 2l
“fare 11 TMAaLV Y 19 el e tea )
LTI L YL R T I RS 1T
wmt oL .re 03 N andine wlution 1) o
titer with disttlled

T e
lure
olumet-ic fmdk to 1
water

Standardice daily 1s follows Mipette 25 mi
of the 00! N jodlac solntwn Inte a 125-ul
conleal flask Titrat: #ith stancddad 00U N
thiosulfate solution (see pararraph 42) un-
t4l the solution is a light yellow Add n few
drop~ of the starch solutlon nd continue
titrating until the blue rolor Just disip-
pears From the resulls of this Litraition < il-
culate the exact normality of the lorline
solution (~ee piragraph 5 1)

324 Duseelled do onteed haler

30 Anaiys:s

331 Sodiuem thiosuifate snlutiwon standa:id
01 Md—For each uter of soluluy, diw-nhve
21 8 g of sodlurn thicsulfite (NA SO, SHO)
i distilled water and add 001 & of abydious
~ndium carbonate (N2 CO)) and 04 ml of
chtorefo m (CIHIC1) to ctabiltse MixX thor-
ouuhly be sdnaiIng or by Aerating with nitro-
gen for approsimalely 15 minutes, and s'are
1 o glass-stoppered gluss bottle

Standardize frequently 2. follo vy Welgh
into n $00-ml velum:tric flask anhoul 2 ¢ of
potnssium dichromase (KurO) weighed
to thy noares. aubll ram ard cdidnte to the
00-m1 prarkk waith distilled O Uw -
chromate whicn hiw beenn er tall ~edd from
distilled «water a el vren-rdrird v
139°C 34 T to W0 ™) Disiol »

FLES AR YN T RETTPRT QLT L RN ST}
ot distiled water ln o wl tse-sfuppe red  Stor-mt
conienl Ao X then add 5 ml of Jh-pereent
hydrocrlorie neld solution Pipette 50 mt of
the di hromate -solution to i, mikture
Gently swirl the soluton nicy a4
tn stand n the cark for 5 mumues
e el son wWidh 16 o 10H) ml ol dntuled
wnater vashirg down t' e sidés ol *he
w'th part af the witer Swirl the wa'ution
«lawly And uLrnte wita the thormifare soli-
tion un:ud the solncion s hght yel'n'y  Add
4 ml of starch soluiion and continue with a
slow titration with the rthiostulfate until the
nright blue color Ias disapprared and only
the pale green color of the chinmic fon re.
mnmins From this titratlon cidenlate the ev-
b normaltty of the souium thiosulinte solu-
tion {see paragraph 52}

332 Sodinm thisulfate solution standand
09! N—P'putte 100 ml of the standud ¢ 1 ¥
thiosulfata solution Inlo & valwmetric I a.X
and d-lute to one hier with ditilled water
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APPENDIX B

REQUEST FOR PROPOSAL SENT TO CANDIDATE COLLABORATORS
FOR THE METHOD 10 COLLABORATIVE TEST
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SCOPE OF WORK

1., Purposc

The purpose of this task is to provide the Environmental
Protection Agency (EPA) with data on the reliability and bias of "Method 10,
Determination of Carbon Monoxide Emissions from Stationary Sources." (A
copy of a write-up of this method, pages 9319-9321 of the Federal Register,
Vol. 39, No. 47--Monday, March 8, 1974 is attached.)

I1. Statement of Work

A collaborative test program will be undertaken to achieve the
purpose given in Section I above. Midwest Research Institute (MR1), as
prime contractor under Contract No. 68-02-1098, will coordinate the test-
ing, analyze the results of the collaborators, and report findings to EPA.
Testing will be done simultaneously by all collaborators at the same sampling
location at a specific test site. This testing will be done according to a
specific experimental design made by MRI.

T1II. Collaborators

A, Qualifications

Each collaborator is required to provide MRI with it qualifi-
cations to do the required testing and reporting. These qualifications
include:

1. Capabilities and experience of personnel who do the work;
2. Management's interest in the work;

3. Field equipment that will be used in the field on this pro-
ject; and

4. Past and current programs or jobs of your company in which
Carbon Monoxide (CO) was measured from stationary-source emissions and
in the ambient air.

B. Project Personnel

The people who will be assigned to do this work should be iden-
tified by name. A biographical sketch of each should be given that
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includes capabilities and experience that is directly related to the work
task. Fach person's function on the project should also be given, as well
as his position on your staff.

C. Managements Intcrest

This should include a statement by management on its ability
to furnish all the equipment that is required and that it can meet the
work requirecments.

D. Equipment

Each collaborator is to furnish all ecquipment (Figures 10-2 and
10-3 on page 9320 of the above-referred Federal Register) that is required
to perform the field testing in accordance with Method 10, using the
integrated gas-sampling procedure. The type (manufacture and model) and
amount of this equipment that will be taken to the field for use there on
this test should be identified. The recorder (Section 5.3.9 on page 9320
of above-referred Federal Register) will be required to provide permanent
records of NDIR readings. Preconditioning equipment requirements specified
by the NDIR instrument manufacturer must be met.

E. Company's Experience in CO Measurement

Information given should be that which is directly related to
the work task of the program (current and past preograms). The summary
of cach program cited should include the names of those project personnel
(Section II1.B of this RFP) who worked on it.

1IVv. Plan of Test

A. Number of Collaborators

Ten collaborators will be needed for this test--five to use the
continuous-~-sampling techniques (Section 7.1.1 on page 9320 of the above-
referred Federal Register), and five to use the integrated-sampling
technique (Section 7.1.2 also on page 9320). However, each collaborator
should be prepared to sample according to the integrated, gas-sampling
procedure. The recorder (Section 5.3.9 also on page 9320) will be required
to provide permanent records of NDIR readings.

B. Test Site

The test site will be the El Dorado Refinery of the American
Petrofina of Texas, which is located in El Dorado, Kansas.
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C. Test Location

The test will be conducted at ground level from a sampling mani-
fold that is connected to the CO boiler emissions stack. A representative
system is shown in schematic form in Figure IV-1, which is attached.

D. Experimental Design

The goals of the test are to determine: (1) accuracy--the devia-
tion of an individual measured value from an accepted reference level; and
(2) precision--the spread between individual measured values, specified by
repeatability and reproducibility. It is desirable to execute Method 10
in according to each of the two procedures stated in the Method write-up--
the continuous sampling procedure and the integrated sampling procedure,
and to have a design so that occasional missing data will not affect the
results significantly. The design in summary is:

1. Five block of tests;

2. Two blocks in which each collaborator samples from the sam-
pling manifold for two different levels of CO--Ljand L,;

3. Three blocks in which each collaborator samples from
"standard tanks" (Prepared by the National Bureau of Standards) for three
different levels of CO--Lj, L, and L3;

4. Sampling times: 60 minutes per run. The experimental pro-
cedure will be for each of the ten collaborators to determine the CO con-
centration at L; four times a day; five collaborators using the continuous-
sampling procedure, and five using the integrated, gas-sampling procedure.
After four days of testing, a second level of CO will be generated, and
four days of observations at L, will be collected.

Three observations will be made by each collaborator from each
of the three levels (Ll’ L2 and L3) from the "standard tanks" both before
and after the CO observations of levels L, and L, of CO from the CO boiler
emissions.

E. Test Schedule

The test period in the field is to be ten, 8-hr days, assuming
no delays due to process operation, weather or other possible contingencies.
The general tentative schedule is:
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Stack port
‘/O/ Intake located
in CO stack

Direction of
o' stack gas flow
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Moisture
Flowmeter ﬁ drain valve
Pressure Pressure
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collector —¥-Ground level
*— —eo
*— —e
Sampli i
pling Sompling
ports ports
- e
> —o

Flowmeter

Exhaust
Pump

Figure B-1. On site general test setup
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Monday

Tuesday

Wednesday

Thursday

Friday

Monday

Tuesday

Wednesday

Thursday

Friday

V.

Date

06-03-74

06-04-74

06-05-74

06-06-74

06-07-74

06-10-74

06-11-74

06-12-74

06-13-74

06-14-74

Activities

Orientation of collaborators, collaborator
preparation for test, "standard tank'" ob-
servations at levels L, L, and Ij.

Runs 1-4: sampling from manifold with CO
boiler at L.

Runs 5-8: sampling from manifold with CO
boiler at L.

Runs 9-12: sampling from manifold with CO
boiler at Ll'

Runs 13-16: sampling from manifold with CO
boiler at Ll'

Runs 17-20: sampling from manifold with CO
boiler at LZ'
Runs 21-24: sampling from manifold with CO
boiler at LZ'

Runs 25-28: sampling from manifold with CO
boiler at L2.
Runs 29-32: Sampling from manifold with CO
boiler at L,.

"Standard tank" observations at levels L1,
Ly, and Lg; dismantling of test set-up.
Test completed.

F. Field Data Sheets

These forms will be furnished by MRI for recording all pertinent
ficld data.
be given to MR1 after the completion of a day's testing.

Summary Report

A copy of each completed data sheet of a collaborator is to

Eight copies of a summary report are to be submitted to MRI
attention Paul C. Constant, Jr., within 3 wecks f{rom the completion
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of field testing. This report should not be claborate in any way, but
should include: (1) field data, (2) calculated results, (3) a discussion
on how these results were obtained, (4) a discussion covering problem areas
encountered in testing, explanations of data and procedures that you be-
lieve are germane to a reader's understanding of your work, and pros and
cons on the write-up of Method 10, (5) a description of the field equip-
ment you used in field sampling, giving type, manufacturcr, model ctc.; and
(6) identification of the project team, including cach person's responsi-

bility and areas of participation.
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APPENDIX C

INSTRUCTIONS FOR COLLABORATORS
CO COLLABORATIVE TEST
EL DORADO, KANSAS
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GENERAL INFORMATION

1. Calibration, sampling, analysis, etc., should be done explic-
itly as stated in the 8 March 1974 version of Method 10 analysis for
Performance Standards for Petroleum Refineries. A permanent recorder
output is required for this test. The probe and Pitot tubes will not
be used. Connection of the sampling lines shall be made directly to
the sampling manifold.

2, Each collaborator will be assigned a port number.

3. Code numbers for each sample will be assigned by the test
supervisor. The code numbers will consist of a run number (1-2), fol-
lowed by port number (1-10), followed by level designation (A or B),
terminated by a collaborator number (1-7). These code numbers should
appear on the recorder charts for each sample.

Collaborator I.D
Scott Research
Interpoll, Inc.
TRW
Environmmental Triple S
Ecology Audits
Coors
Entropy Envirommentalists, Inc.
4. The results for each day's runs should be given to the test

supervisor at the end of each day.

5. Each collaborator should work independently of each other
collaborator.

6. The morning of 3 June will be spent setting up equipment and
during the afternoon a series of check gases supplied by the National
Bureau of Standards will be analyzed by all collaborators. For these
tests only the continuous mode test will be used.

* Omitted on purpose for this report.

72



7. Within 1 month of the end of test a report containing the fol-
lowing items shall be submitted to MRI: (a) original recorder charts,
(b) calculated results, (c) a discussion on how these results were ob-
tained, (d) a discussion covering problem areas encountered in testing,
explanations of data and procedures that you believe are germane to a
reader's understanding of your work, and pros and cons on the write-up
of Method 10, (e) a description of the field equipment you used in
field sampling, giving type, manufacturer, model, etc., and (f) iden-
tification of the project team, including '‘each person's responsibility
and areas of participation.

TEST INSTRUCTIONS

1. Prepare your equipment. The Tedlar bag with the other com-
ponents of the assembly shown in Figure C-1 of Method 10* may be placed
on the ground beside the sampling port. The NDIR and other equipment
in Figure C-2 may be set up on the tables provided. Power outlets for
both areas will be available.

2. Obtain a code number for the run.

3. Upon notification of "Start testing" from the test supervisor,
connect your integrated gas train to your port and sample according
to the March 1974 version of Method 10.

4, Test duration for each run will be 60 min.

5. At the signal to "Stop testing" terminate sampling and pro-
ceed immediately to analyze the sample obtained according to the method.

6. The initial flow rate with the integrated gas train shall be
identical for all collaborators and will be determined by the capacity
of the smallest bag. During each test you will be required to sample
at a rate proportional to the flow reading from the rotameter connected
to your side of the sampling manifold. A calibration curve for these
meters is supplied at the end of these instructions.

7. During sample analysis the sample stream should be connected
to the NDIR until a straight line of zero slope is obtained, usually
no more than 10 min.

* See Appendix A for Method 10 write-up.

73



8. Data for each test should be recorded as shown in Table 10-1
of Method 10, All pertinent analytical data should appear on the re-
corder chart for each run.

9. When analysis is completed, the next run will be started after
everyone is ready.

10, The tentative schedule of testing is for four runs to be made
on each day. Measurements at Level A will be made 4 to 7 June, and

Level B will be measured 10 to 13 June.

11. After the first day, the initial run for each day should
begin at 9:00 a.m,
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APPENDIX D

EFFECTS OF DELETED DATA
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From the field data, one collaborator (Collaborator 7) and three
levels (Runs 1 to 3, run under negative pressure) were deleted from
analysis, Collaborator 7 was also deleted from the standard data.
This appendix examines the reasons for these deletions and presents
the analyses including the deleted data.

FIELD DATA

The pertinent changes in results arising from inclusion of Levels
1 to 3 and Collaborator 7 are shown in Table D-1. (The complete AOV's
are shown in Table D-2.)

Table D-1. EFFECTS OF INCLUDING RUNS 1 TO 3 AND
COLLABORATOR 7 (FIELD DATA)

w/o Runs 1-3 (w/o

Collaboratory 7) WR 1-3
I-A. Level mean square 26,006 38,473
Error mean square 1,249 3,549
w/o Collaborator 7
(w/o Runs 1-3) we?
II-B. Collaborator mean
square 26,006 57,270
Error mean square 1,249 6,058
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Table D-2. FIELD DATA ANALYSES OF VARIANCE

II-A. w/o Collaborator 7, w/o Runs 1-3

Source df ss ms F
C 5 96,909 19,381 15.52
B 1 1,400,344 1,400,344 437.32
CB 5 16,010 3,202 2.56
L 27 702,166 26,006 20.82
1C 113 141,128 1,249

II-B. With Runs 1-3 added

c 5 146,244 29,249 8.24
B 1 1,170,001 1,170,001 95.88
CB 5 61,013 12,203 3.44
L 30 1,154,186 38,473 10.84
1C 122 433,019 3,549

II-C. With Collaborator 7 added

C 6 343,619 57,270 9.45
B 1 1,524,765 1,524,765 26.21
CB 6 84,579 14,096 2.33
L 30 1,745,452 58,182 9.60
IC 133 805,732 6,058

As seen in Table D-1, the inclusion of either Levels 1 to 3 or
Collaborator 7 significantly increases the residual variation and the
pertinent components of variance. In fact, the variance within Col-
laborator 7 is about three times greater than any other within collab-
orator variance. Also, 12 of the 21 observations taken on the first
three runs could be labeled outliers, and two values are missing.

STANDARDS DATA

Collaborator 7 was eliminated from the standards analysis simply
because Collaborator 7's bias was so great. Collaborator 7's average
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bias was 30 times as great as the average bias of the other six collab-
orators, and an order of magnitude greater than the bias of the next
most biased collaborator (see Table D-3).

Table D-3., ANALYSES OF VARIANCE (STANDARDS DATA)

III-A. w/o Collaborator 7

Source df ss ms F
C 5 43,129 8,626 422 .12
L 5 20,979 4,159 4,81
CL 25 21,630 865 42 .34

e 66 1,349 20.4 -

IITI-B. With Collaborator 7 added

c 6 621,749 103,625 5,921.4
L 5 5,047 1,009 <1
CL 30 146,236 4,875 278.57
e 78 1,365 17.5 -
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