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I. Abgtract

The EPA Motor Vehicle Emissions Laboratory (MVEL) makes
extensive use of gas analyzers employing nondispersive infrared
(NDIR) technology for the determination of carbon monoxide (CO)
and carbon dioxide (CO2) concentrations. The analyzers, primarily
used for measurements of CO and CO2 in automotive emissions, are

also used for ambient level measurements and gas standards
procedures.

The MVEL has replaced all vehicle emission measurement system
Bendix 8501-5C CO and MSA 202 CO and C02 analyzers with Horiba
Instruments, Inc., AIA-23 CO and CO2 analyzers. A total of 30
analyzers were purchased to upgrade the Light Duty, Heavy Duty,
Evaluation & Development, and Master Sites.

This report summarizes the various evaluation and comparison
testing performed as part of the analyzer procurement and the
Equipment/Procedure Change Notice (EPCN #70) process. Included in
this report is information that has already been released in EPCN

#70, as well as additional information needed to completely
document the project. :

The Horiba CO analyzers were approved for MVEL use based on
the pre-purchase test data supplied by Horiba and on the results
of a preliminary in-house investigation of CO measurement
differences between old and new analyzers.

The Horiba CO2 analyzers were approved for MVEL use based on
the pre-purchase test data supplied by Horiba and on the results
of an in-house C02 measurement comparison study between old and
new analyzers. The significant finding of the CO2 comparison
testing indicated an average shift in CO2 measurements of -0.53%
between Horiba and the MSA analyzers (average percent-of-point
difference between corrected concentrations, Horiba reading
lower). This result was obtained from statistical analyses of
simultaneous measurements made on vehicle exhaust. Investigative
testing indicated that water vapor interference occurring on the

MSA analyzer was contributing to the observed C02 measurement
shift.

The results of the evaluation and comparison testing
documented in this report and in EPCN #70 show that the Horiba
NDIR analyzers meet the functional requirements and produce
measurements comparable to the old analyzers.



II. Executive Summary

As early as 1984, the Engineering Operations Division had
plans for a large scale NDIR analyzer replacement. Problems with
the Bendix and MSA CO and CO2 analyzers, such as out-of-tolerance
water vapor interference, electrical output noise, and other
performance deficiencies, required an increasing amount of minor
repairs. This situation, coupled with a decreasing amount of
manufacturer support (e.g., some spare parts were no longer
available) underscored the need for new analyzers. Funding for
the new analyzers was obtained in 1986.

The analyzer procurement documented in this report resulted
in the purchase of Horiba AIA-23 CO and CO2 analyzers. These
analyzers were designed specifically for automotive emission
applications and are used extensively by automotive manufacturers.
This was not true of the MSA and Bendix analyzers which were
designed for nonautomotive process control applications and
ambient monitoring of hazardous locations, such as mineshafts.

The process of approving the new analyzers for MVEL use began
with a review of results from performance testing required by the
EPA procurement contract. The manufacturer was required to
perform and document valid calibrations, water vapor interference
checks (CO analyzers only), and determinations of repeatability,
electrical output noise, curve nonlinearities, zero/span drift,
and response times for each analyzer. The test results showed

that all the analyzers demonstrated compliance with the pre-
purchase test criteria.

The EPA internal approval process called for preparation of
an Equipment/Procedure Change Notice (EPCN) which documented
significant effects on MVEL testing resulting from the analyzer
replacement. A series of comparison tests was performed on the
old and new analyzers to detect and quantify measurement
differences. The final tests compared CO2 measurements very
precisely on Range 23 (0-2.5%) only. CO analyzer comparisons were
found to be acceptable during the preliminary investigation.

The results of the comparisons indicated that the Horiba
analyzers used in the study exhibited better precision during
calibration curve generation, decreased sensitivity to known
interferants and changes in barometric pressure, reduced
electrical output noise, and less zero/span drift than their
comparison study counterparts.

The Horiba NDIR CO and CO2 analyzers were approved for use at
MVEL based on the information contained in EPCN #70. This
information was part of, but did not completely document, the
overall project work. This report documents the entire NDIR CO

and CO2 analyzer project. The EPCN #70 cover page is shown in
Attachment A,



III. Introduction

The Laboratory Projects Group was assigned the task of
coordinating the procurement of new NDIR CO/C0O2 analyzers in June
of 1986. All MVEL CO and CO2 analyzers used for bag analysis
(bench mounted) were to be replaced. The primary reason for the
procurement was that the MSA and Bendix NDIR analyzers were
obsolete and some spare parts were no longer available. A total
of 30 analyzers, including spares, were to be ordered. This
included analyzers for Light Duty, Heavy Duty, E&D, and the Master
Site. A table listing the number of CO and CO2 analyzers to be
replaced, their locations, and ranges is shown in Attachment B.

Analyzers employing NDIR technology were researched from
several manufacturers. A list of performance specifications and
required salient features was compiled for the procurement
documentation (see Attachment C). This list not only included
specifications and desirable features resulting from the research
of new analyzers, but also from CFR requirements and other EPA
performance specifications. We wished to obtain documented
verification of these parameters, so the performance
specifications were defined and written in the form of test
criteria to be met. More elaborate descriptions of the required
performance tests (see Attachment C) were included in the
procurement package to ensure valid measurements.

Beckman Industrial Corp., Horiba Instruments, Inc.,
Westinghouse/Maihak Div., and Combustion Engineering, Inc., were
listed as suggested sources. These manufacturers were sent
"Request for Quotation" documents which included our
specifications. An advertisement was also listed for 30 days in
The Commerce Business Daily to solicit additional bids. Horiba

submitted the low bid of $101,377.86 and was awarded the contract
in August of 1986.

The process of approving the Horiba NDIR CQ/CO2 analyzers for
MVEL use began with a review of results from performance testing
required by the EPA contract. Each analyzer had undergone three
sets of performance tests, one for each range setting. The
manufacturer was required to perform and document valid
calibrations, water vapor interference checks (CO analyzers only),
and determinations of repeatability, electrical output noise,
curve nonlinearities, zero/span drift, and response times. The
actual test specifications and results for the analyzers are
listed in Attachment D. The test results showed that all the
analyzers demonstrated compliance with the pre-purchase test

criteria. Horiba was authorized to deliver the analyzers in March
of 1987.



Iv. Preliminary Investigation
Summary

Once the analyzers had been delivered, a preliminary
investigation was performed to detect possible measurement
differences between the Horiba analyzers and the MSA and Bendix
analyzers being replaced. This investigation did not constitute a
full measurement comparison, but did indicate where further study

was warranted. The testing for this investigation took place in
June of 1987.

Analyzer agreement on vehicle exhaust bag sets was studied as
well as agreement on bags generated for the Sample Analysis
Correlation (SAC) process (a mixture of cylinder gases blended
together in a sample bag and then analyzed on all MVEL vehicle
test sites as a diagnostic test). The data consisted of
simultaneous measurements taken on old and new analyzers.
Comparisons were performed on all ranges that were to be
calibrated and actively used.

CO and CO2 measurement differences calculated from the SAC
bag comparison data were used to generate means and confidence
intervals on the means. In three of the five range comparisons, a
statistically valid bias could not be discerned.

The data obtained from vehicle exhaust bag readings showed
statistically valid biases. Both positive and negative biases
were observed. The following two tables summarize the results of
the preliminary investigation.

e T S e S

SAC Bag Comparison Rasults
Statistics Computed For % Diff.

% Diff = ((H.R. =~ O.A.R.)/0.A.R.] x 100
H.R. = Horiba Reading
0.A.R. = 0l1d Analyzer Reading
CO Range Comparisons N MIN MAX MEAN { SDEV {95% Conf.Interval
Horiba R18 vs. Bendix R17 |9 -2.2111.01 -1.03)0.98 -1.79 £ 4 S -0.28
Horiba R18 vs. Bendix R191{ 4 -0.961-0.04}1-0.2910.45 -1.00 € u < 0.42
Horiba R20 vs. MSA R20 1 -2.431-2.43]-2.43
CO02 Range Comparisons
Horiba R22 vs. MSA R22 9 -1.6 |0.25 |-0.23|0.59 -0.69 <= U 0.22
Horiba R23 vs. MSA R23 5 -1.1510.62 0.035]0.72 -0.87 s u < .93




e S R T e N 2

Vehicle Exhaust Bag Comparison Results
Statistics Computed For % Diff.

% Diff = [(H.C.C. - O.A.C.C.)/O.A.C.C.] x 100
H.C.C. = Horiba Corrected Concentration
0.A.C.C. = 0ld Analyzer Corrected Concentration
CO Range Comparisons N MIN MAX MEAN | SDEV |95% Conf.Interval
Horiba R16 vs. Bendix R171]6 -4.36|-1.86]~-2.75}0.93 -3.72 £ p £ -1.78
Horiba R18 vs. Bendix R19}6 -1.75|-0.53]-0.97]0.47 -1.47 £ p £ =0.48
Horiba R20 vs. MSA R20 6 -5.08|-3.68]|-4.4 0.56 -4,99 £ pu £ -3.81
CO02 Range Comparisons
Horiba R22 vs. MSA R22 6 0.04211.05 0.4 0.36 0.02 €£pu < 0.78
Horiba R23 vs. MSA R23 9 -0.094{1.55 0.61 0.56 0.18 < p < 1.05
Horiba R24 vs. MSA R24 6 -1.321-0.52 |-1.0310.32 -1.36 £ u £ -0.69
R1l6 = 0 - 100 ppm
R17 = 0 - 250 ppm
R18 = 0 - 300 ppm
R1S = 0 - 1000 ppm
R20 = 0 - 2500 ppm
R22 = 0 - 1.0%
R23 = 0 - 2.5%
R24 = 0 - 5.0%
T D \ ,

A special bench was constructed, containing a set of three
Horiba NDIR analyzers (LCO, HCO, CO2). These analyzers were
identical to those which would be installed in the certification
test sites. The bench was tied into Site A202 so that
simultaneous measurements could be made on the old and new
analyzer pairs. The sample flow rate supplied to the Horiba
instruments was adjusted to 3.0 SCFH, versus the 6.0 SCFH flow
rate supplied to the old NDIR analyzers. The ranges used on the
Horiba Low CO analyzer were R16 (0-100 ppm) and R18 (0-500 ppm),
and were being compared to the Bendix analyzer's R17 (0-250 ppm)
and R19 (0-1000 ppm) ranges, respectively. These changes were
planned as part of the NDIR replacement, and therefore became a
constraint on any comparison testing. Hardware provisions
(voltmeter, strip/chart) were made to record analyzer output, and
the Horiba analyzers were then calibrated.

Vehicle exhaust samples were generated using MVEL vehicles
and standard driving schedules. The samples were measured
simultaneously on corresponding analyzer pairs. To quickly check
agreement at other portions of the analyzer ranges, the exhaust
samples were repeatedly diluted and remeasured. The initial
background reading was used to correct the initial and
subsequently diluted sample readings. In general, agreement on
corresponding ranges of each analyzer pair was measured at six
different points, the only exception being CO2 Range 23 (0-2.5%),
where nine points along the range were compared.
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Simultaneous SAC bag readings were taken on the old and new
analyzers during the normal SAC schedule rounds. Readings from
the Horiba analyzers were compared to those from the old analyzers
but were not included in the calculated SAC statistics.

Results/Ql . Conclusi

The preliminary investigation data indicated that small but
statistically valid measurement differences existed between the
old and new NDIR analyzers. The measurement biases were observed
primarily on analyses of vehicle exhaust. One valid bias was
observed in the SAC bag analyses. The measurement differences are
documented in the tables shown in the summary.

The CO measurement comparisons performed on vehicle exhaust
during the preliminary investigation documented mean differences
that ranged from approximately -1.0% to -4.0% of point. However,
the CO comparison data set needs some further qualifying.

Two of the three range comparisons were interrange, meaning
that the comparisons were between different ranges. This
reflected the proposed CO range changes.

The largest mean difference was observed in the CO (Range
20) comparison. The MSA high CO analyzer was found to exhibit an
unacceptable amount of water vapor interference during a follow-up
test. This meant that the instrument was giving abnormally high
responses to humid samples. Since in the high CO comparison the
MSA was reading higher than the Horiba, we concluded that we could
expect somewhat better analyzer agreement between the two MVEL
high CO analyzer populations.

The primary goal of the preliminary investigation and the
subsequent comparison studies was to document measurement
differences between MSA/Bendix and Horiba NDIR analyzers. More
specifically, we were interested in the possible impact on fuel
economy determination. Since fuel economy calculations are
relatively insensitive to changes in CO measurement, it was
concluded that the results of the preliminary investigation were

fully adequate for operational approval of the Horiba CO
analyzers.

Conversely, because of the "large role" of C02 in fuel
economy determination, we felt that the C0O2 data were insufficient
to completely quantify the possible impact. We decided that a
more tightly controlled CO2 comparison study was warranted.



V. First CO2 Comparison Study

Summary

A comparison study of CO2 analyzer agreement was designed,
and the Calibration and Maintenance Group began taking data in
December of 1987. The study focused on a comparison of several
vehicle exhaust bag sets. Procedures and precautions used for the
control of the study included taking simultaneous readings
(calibrations, zero/span, sampling) on both analyzers, daily curve
checks at mid-span, and analyzer plumbing dimensions and
components as similar to production test benches as possible.

Statistically valid measurement biases between the analyzers
were again observed while measuring vehicle exhaust. This
contrasted with very good agreement observed during calibration
curve generation. We began to suspect that water vapor

interference was contributing to the change in agreement between
the two situations.

Data was taken in an attempt to discern and characterize any
water vapor interference. Water vapor interference data was taken
not only on the study analyzers, but also on several other MVEL
MSA and Horiba NDIR CO2 analyzers (total: 5 MSA and 4 Horiba
analyzers). The data indicated that the MSA analyzer used in the
first study had an abnormally high and unrepresentative response
to water vapor. This finding compromised the validity of the
vehicle exhaust data by implying that the measurement bias
observed was larger than, and unrepresentative of, the true bias.
However, an attempt was made to correct the vehicle exhaust
comparison data based on the water vapor interference data.

Correction factors were developed for each CO2 range and applied
to the vehicle exhaust data.

The data from the study were incorporated into a first draft
package for the EPCN process. The draft EPCN was then circulated
for comments. After reviewing the returned comments, we decided
that a second comparison study would have to be performed using an
MSA analyzer more representative of the MSA analyzer "population."
Portions of the study remained valid, however, and for that reason
we felt a description of the study was warranted here.

T o o

The setup consisted of a pair of Horiba and MSA CQ2 analyzers
in a special module (19" rack) tied into the analyzer bench
located on Site A002. The two CO2 analyzers were plumbed in
parallel to make simultaneous measurement possible. Care was
taken to ensure that line lengths and related components (valves,
etc.) were as similar to the production testing benches as
possible. The supplied flow rates were, as before, 6.0 SCFH to



the MSA and 3.0 SCFH to the Horiba. All calibration gas and
sample readings were taken with calibrated digital voltmeters.
All readings (calibration gases, zero/span gases,
sample/background gases) were taken simultaneously on both

analyzers. Curves were generated on all three ranges of each
analyzer.

The study compared several vehicle exhaust bag sets.
Repeated readings of the bag sets were taken on each analyzer to
estimate the precision of the instruments when measuring vehicle
exhaust. A mid-span CO02 cylinder was read daily, following
zero/span procedures, to detect curve shifts. The curve shift
data was later used to provide comparisons of accuracy and
sensitivity to changes in barometric pressure.

Data was also generated on all bench-mounted NDIR CO2
analyzers to discern and characterize any water vapor
interference. A total of five MSA and four Horiba CO2 analyzers
were included in the water vapor interference investigation. The
data was generated by routing CO2 calibration gases through a
bubbler apparatus and into the analyzers. This allowed us to make
observations over the entire curve instead of only around zero as
in the standard CFR interference check.

Results/Ql . /Copclusi
Vehicle Ex] - .

The data from the vehicle exhaust comparisons indicated that
the Horiba CO2 analyzer was giving consistently lower
measurements. Because of the results of the water vapor
interference investigation, the validity of the vehicle exhaust
comparison was suspect. However, an attempt was made to correct
the vehicle exhaust data using correction factors developed from
the water vapor interference data. The correction factors were
ratios of the water vapor responses of the "abnormal" MSA analyzer
and the average water vapor responses of the "normal" MSA
analyzers. The results (correction factors applied) of the

comparison are summarized below. This data was superseded by
later exhaust comparisons.

e

Vehicle Exhaust Bag C0O2 Comparison

$Diff. = {(Horiba Corr.Conc. - MSA Corr.Conc.)/MSA Corr.Conc.] x 100

CO2 Range Comparisons N Avg % Diff.
Horiba R22 vs. MSA R22 16 0.67
Horiba R23 vs. MSa R23 18 0.04
Horiba R24 vs. MSA R24 12 -0.18

R22 = 0 - 1.0%

R23 = 0 - 2.5%

R24 = 0 - 5.0%



Water v Inters L . ,

Data was generated to investigate the possibility of water
vapor interference occurring during the vehicle exhaust
measurements. Each analyzer's response to a given "dry"
calibration gas was compared to its response to the same gas
passed through a bubbler. The sample was assumed.to be in a
saturated state after it had been bubbled. ‘

An interference-free analyzer, when measuring a bubbled
calibration gas, will return a measured concentration slightly
less than the calibration gas's "named" concentration. This is
due to the addition of water to the sample stream by the bubbler.
Therefore, if an analyzer returns a measured concentration greater
than the original "named" concentration, it is likely that water
vapor interference is occurring. The magnitude of this
interference is at least as great as the difference between the
erroneously high reading and the true "named" concentration.

The results of the water vapor interference investigation are
shown graphically in Attachment E. The graphs show the difference
between the analyzer-measured concentration (bubbled) and original
cylinder "name" (units = %CO02) versus cylinder concentration
(units = %C02). The following observations/conclusions were made
on the basis of these data:

1. The responses of the Horiba C02 analyzers, including the
study analyzer, were tightly grouped. Water vapor interference,

if it was occurring with the Horiba analyzers, was difficult to
discern.

2. The responses of the MSA C0O2 analyzers were tightly
grouped, with the exception of the comparison study analyzer,
which returned abnormally high responses. The positive offset of

the MSA responses indicated a small amount of water vapor
interference.

3. The negative slope of the plots was due to the
concentration-lowering effect of the bubbler. The bubbler
replaced a certain, consistent percentage of each sample with
water. This percentage equated to a larger and larger absolute
C02 reduction as higher concentration gases were used.

4. The average offset between Horiba and MSA grouped

responses was consistent and was not concentration- (or range-)
dependent..

5. The MSA CO2 analyzer used in the first study gave

unrepresentative responses when compared to the other MSA
responses.

10



Anal Sensit ivi : L G

The effect of changes in barometric pressure on analyzer
readings was studied to see if any correlation existed. A mid-
span secondary cylinder was repeatedly read on each range of egch
CO2 analyzer over the 2l1-day study period. Readings were obtained
over a barometric pressure range of 28.5 to 29.25 "Hg. The
analyzer readings from each range were regressed against barometer
readings. In this way, we planned to see if analyzer readings
changed as the barometer changed.

The Horiba CO2 analyzer showed a very low cgrrelation
coefficient between reading changes and barometric changes, and we
concluded that no correlation existed at the 95% confidence level.

A correlation may have existed at lower confidence levels, but
this was not investigated.

The MSA CO2 analyzer studied did show a valid correlationf at
the 95% confidence level, between reading changes and barometric
changes. The results are shown in Attachment F.

Het P -

The vehicle exhaust samples were also used to estimate
analyzer precision. Duplicate measurements were made on each
vehicle exhaust bag. Standard deviations were calculated on the
duplicates. The standard deviations were then pooled together.1
The results are shown in Attachment G.

One other useful operational statistic was computed, and that
was relative range.2 This statistic was calculated only for
sample bag measurements generated on the Horiba C0O2 analyzer and
serves as a benchmark for future reference. The relative range
data and calculations are shown in Attachment G. The average
relative range of duplicates for Horiba CO2 Ranges 22, 23, and 24
turned out to be very consistent with values between 0.21% and
0.24% (of point). This meant that we could expect the Horiba CO2

analyzer used in the study to be capable of repeating measurements
of vehicle exhaust to within 0.24%.

o

A mid-span calibration gas was measured twice daily to flag
possible curve shifts. No out-of-tolerance curve shifts were
observed. The mid-span data was also used to check for analyzer
sensitivity to changes in barometric pressure. The summary
statistics and raw data are listed in Attachment H.

1. Formula from EPA QAMS (3/30/84), Chapter S5, page 8.
2. Formula from EPA QAMS (3/30/84), Chapter S, page 1.

11



VI. Second CO2 Comparison Study

Summary

The effort to document measurement differences between old
and new NDIR analyzers was, at this point, focused on the
comparison of C0O2 analyzers. A good portion of the comparison
data from the previous study could not be relied upon due to the
findings of the water vapor interference investigation. A second
comparison study was designed and underwent a panel review by
members of Facility Support Branch, Quality Control, Quality
Assurance, Certification Branch, and Correlation & Engineering
Services. The review group met several times and, as a
consequence, several revisions to the design of the study were
performed. It should be noted that the input from the
interdivisional panel was an invaluable tool in clarifying what
was needed for the EPCN process.

The Calibration and Maintenance Group began taking data for
the second comparison study in August of 1988. The study again
focused on a comparison of vehicle exhaust samples. Water vapor
interference data was again taken, with several refinements added
to the procedure. A controlled CO2 measurement comparison at
background level concentrations was also performed.

Procedures and precautions used for the control of the study
included representative analyzer selections, daily calibration
curve generation, and water vapor mass measurement as well as all
of the controls used in the previous study.

The second comparison study showed that the Horiba and MSA
CO2 analyzers agreed very closely when measuring dry calibration
gases. The Horiba demonstrated better precision than the MSA on
dry (water vapor free) calibration gas readings.

‘A small bias was observed between Horiba and MSA C0O2 analyzer
readings taken from vehicle exhaust bags. The Horiba analyzer
gave consistently lower readings than the MSA. The mean

difference in analyzer readings was =-0.53% (of the MSA corrected
concentration). :

The negative shift in the CO2 measurement produced a positive
shift in calculated fuel economy. The magnitude of the positive

shift was virtually equal to the magnitude of the CO2 shift
(corrected concentration).

The water vapor interference data showed a similar negative
bias (Horiba read lower), but the magnitude of this single effect
would have only accounted for one-third of the bias in vehicle
exhaust measurements. The interference data also displayed
greater variability than the vehicle exhaust data.

12



We concluded that water vapor interference was contributing
to the bias in vehicle exhaust C02 measurements but that there
were other factors involved. In addition, the nature of the
interference data suggests that the MSA analyzer, not the Horiba,
was exhibiting the water vapor interference. It should also be
noted that the measured interference effects did not cause the
analyzers to exceed the manufacturer's stated accuracy limits or
CFR interference criteria, and both the MSA and Horiba analyzer
groups could be termed "free" of water vapor interference.

The impact of the measurement shift documented in our
controlled comparison may not be detectable in future production
test results. The fact that a fuel economy determination may
require eight C02 measurements (four sample and four background
for full confirmatory), combined with the normal variability

experienced across the certification sites, will tend to mask a
small measurement shift.

The study data underwent another review by QC/QA as part of
the EPCN process. Most of the study data was incorporated into
the final EPCN #70 package. Only minor questions and comments on
the EPCN have been received at this time.

D3 . ¢ Apal ce] . for Stud

The CO2 measurement comparison study involved two individual
analyzers chosen to represent their respective analyzer groups.
This section presents data that show each of the study analyzers
is representative of its "population." Completely similar data on
both analyzer groups did not exist; however, we felt the data
presented here were sufficient to make the selections.

The information on the MSA analyzer group contains a SAC
summary of MVEL MSA CO2 analyzers over a 7-month period leading up
to the CO2 study, and the water vapor interference data for CO2
Range 23 (0-2.5%) generated during a preliminary water vapor
sensitivity study (see Attachment I). The water vapor
interference data was generated by reading secondary standards
which had been flowed through a bubbler at room temperature.

The information on the Horiba CO2 analyzer group contains the
water vapor interference data for C0O2 Range 23 (0-2.5%) generated
during the preliminary water vapor sensitivity study and the
Horiba-supplied performance test results from pre-purchase
compliance testing (see Attachment I).

The SAC data indicated that the MSA analyzer used in the
comparison study (Site A002 CO2 analyzer) was representative of
the other MSA analyzers. The mean deviations (from average) for
the three MSA analyzers screened for the study were closely
grouped over the 7-month SAC analysis period.

13



The water vapor interference data showed that the responses
of the MSA analyzer used in the comparison study were closely
grouped with the responses of the other MSA analyzers.

The performance test data and the water vapor interferencg
data indicated that the responses of the Horiba analyzer used in

the comparison study were closely grouped with the responses of
the other Horiba analyzers.

0 v I E I . ,
Background

Previous studies on NDIR instruments, primarily CO
instruments, showed that analyzer readings could be affected by
the presence of water vapor in the sample. We suspected water
vapor as the cause of C0O2 measurement differences between Horiba
and MSA analyzers observed during the previous study.

We wanted to quantify any possible water vapor interference
effect by running a controlled experiment. Because we wished to
use this information to help quantify a possible fuel economy
measurement shift, the optimum data for such an investigation
would come from actual vehicle exhaust samples; however, using
actual exhaust samples was not practically feasible. CO2 and
water vapor content are highly correlated in vehicle exhaust,
which means high C02 levels are generally observed in conjunction
with high water vapor levels. This makes the water vapor
interference statistically difficult to separate out. Also,
actual exhaust data does not contain the low-to-moderate levels of
water vapor needed to really quantify the interference effect.

C02 measurements for the water vapor interference study were
obtained by using calibration gases, and water vapor was added to
the samples by using a "variable" bubbler apparatus. This
consisted of a standard bubbler with a valve-controlled bypass
added to vary the amount of water vapor added to the samples.
This made it possible to cover much larger ranges of water vapor
and CO2 content faster and more efficiently than with actual

exhaust samples. This strategy produced a controlled, isolated
measure of the water vapor influence.

T D o

The test involved running the study calibration gases through
a variable bubbler and into the Horiba and MSA CO2 analyzers
simultaneously. A dew-point meter was put in line to measure the
humidity content. A schematic of the setup is shown in Attachment
J. The analyzers were simultaneously calibrated on a daily basis.
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The study measured the analyzers' agreement on samples that
had humidities ranging from essentially 0 grains/pound to more
than 90 grains/pound. Gas concentrations were also controlled,
and ranged from zero gas up to 2.4% CO2.

Data Handling

The matrix of data generated contained CO2 analyzer agree  2nt
at various levels of water vapor content and CO2 concentration.
Multiple linear regressions were performed to see if either water.
vapor content, CO2 concentration, or the cross-product of the two
could account for the variations in analyzer agreement. A raw
data table and analyzer agreement plot are shown in Attachment J.

Qbservations

Of all the regressions performed, a simple linear regression
of analyzer agreement versus water vapor content, with a zero
intercept, showed the best fit. Although the correlation
coefficient squared (rl) was still quite low, this regression was
used later in the study to try and account for CO2 analyzer output
differences observed on vehicle exhaust bag measurements.

Vehicle Exhaust Bag CQ2 Comparison
Summary

Exhaust samples were collected from vehicles using standard
driving cycles (2-Bag LA-4's, Highways). A total of 11 tests were
run (see Attachment K). Sample and background bags were read
simultaneously on both analyzers. The humidity of the bag sets
was measured for possible correlation with the water vapor
interference investigation data. The comparison results are shown

in the table below and graphically in Attachment K. A raw data
table is also shown in Attachment K.

VERICLE EXHBAUST CO2 COMPARISON RESULTS

Sample and Background Bag Comparison Results
CO2 Analyzer Agreement ( % of MSA Sample Pt.Diff.)
[((H - M)/Mg) * 100]

Min Max Mean 95% Confidence Interval
Background 0.0072 -0.52 -0.20 -0.33 s pu < -0.07
Sample -0.2045 -1.27 -0.69 -0.88 < u < -0.50
Corrected Concentration Comparison Results
C02 Analyzer Agreement ( % of Pt.Diff.)
(((Hoe = Mge) /Mee) * 100]
Min Max Mean 95% Confidence Interval
[ Corr. conc. -0.0226 -0.98 -0.5302 -0.73 £ u < -0.33
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A small bias was observed between Horiba and MSA COZ analyzer
readings taken from vehicle exhaust bags. The Horiba analyzer
gave consistently lower readings than the MSA. The mean

difference in analyzer readings was -0.53% (of the MSA corrected
concentration).

The negative shift in the C0O2 measurement produced a pgs?tive
shift in calculated fuel economy. The magnitude of the positive

shift was virtually equal to the magnitude of the CO2 shift
(corrected concentration).

" D o

The study required a special setup in which a Horiba CO2
analyzer was connected in parallel with the MSA analyzer located
on Site A002 (see Attachment K). The analyzers were calibrated
simultaneously each day that study data was taken to randomize the
effect of the calibration curve generation process. A special set
of gases was used for the daily calibrations; however, the initial
and final set of curves were generated with secondary standards
for curve comparison purposes.

The supplied flow rate to the Horiba analyzer was 3.0 SCFH,

6.0 SCFH to the MSA analyzer. Digital voltmeters were used to
measure the analyzers' output.

The vehicle exhaust CO2 comparison was limited to standard
lab range 23 (0-2.5% C02) only. We felt this was acceptable
because of data indicating that Range 23 is used approximately 96%
of the time on FTP and Highway analyses.?

Qther Data Handling

The analyzer agreement (C02 corrected concentration
differences) and CO2 concentration values were regressed against
each other to see if a correlation existed. This was done to

determine if changes in analyzer agreement were concentration
dependent.

4. Actual co2 Range use data compiled by D. Garter. Analysis of 385 FTP and
366 Highway tests performed between 1/1/87 and 6/5/87 showed CO2 Range 23 (0-
2.5%) used 99.5% on Bag 1, 89.3% on Bag 2, 99.5% on Bag 3 of FTP tests and

95.6% on Highway tests. ( See memo dated 5/13/88 from D. Garter to
J.T.White.)
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Qbservations

The data showed a negative bias (Horiba read lower) of mean
magnitude equal to -0.53% (of the MSA corrected concentraplon)
petween the Horiba and MSA CO2 analyzers. The observed bias was

statistically valid (the 95% confidence interval on the mean did
not include zero).

The humidity content of the sample bags was grguped between
60 and 75 grains/pound and the background bag humidities were

grouped between 40 and 55 grains/pound (agreeing closely with the
test cell measured humidity).

The variations in analyzer agreement could not be explained
by variations in CO2 concentration. In each case the correlation
coefficient was below the minimum level needed to establish that
correlation exists at 95% confidence level (rpjn = 0.602).
Analyzer agreement is simply reported in means and confidence

intervals as a result. The calculated correlation coefficients
were as follows:

Regressed Variables Correlation Coeff, (r)

Corr.Conc. % F.S.Diff.s 0.11
vs. MSA Corr.Conc. ($C02) .

Corr.Conc. % pt.Diff.s 0.48
vs. MSA Corr.Conc. (%C02)

lysis Descrinti

An attempt was made to account for the differences observed
on vehicle exhaust bag C02 measurements by calculating and '
removing the effect of water vapor interference. The calculations

were based on what we had observed in the interference
investigation.

The specific humidity raw data from the vehicle exhaust bag
comparison were used with a regression equation developed from the
water vapor interference investigation to calculate a
concentration difference "K" (see Attachment L). The "K" values
were then subtracted from the Horiba analyzer readings. New

dilution factors, bag differences, and corrected concentration
differences were then calculated.
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Once the analyzer differences were "corrected" in this
manner, new confidence intervals on the mean differences could be
computed to see if they included :zero.

Observations

The calculated water vapor effect only accounted for
approximately one-third of the difference observed between Horiba
and MSA CO2 readings on vehicle exhaust bags. The data still
showed a statistically valid negative bias (Horiba read lower) of
mean magnitude equal to -0.36% (of the MSA corrected
concentration). This remaining difference could not be explained.

D i ot £ Calil s c Used in tl stud

At the Gas Lab's request, a separate set of calibration
gases, as opposed to the Gas Lab's secondary standards, were used
for the daily curve generation. Secondary standards were not
depleted, and overlap of cylinder usage between the Gas Lab and
the study was thus avoided. Cylinders for the study were procured
by the Gas Lab and named off curves generated from secondary

standards, making them equivalent to working gases,i.e., span
gases.

Printouts documenting the daily calibration curve generation
are listed in Attachment M. The printouts contain some notation
in the operator comment section that needs clarifying:

BLINE = Initial curves generated with sec. standards
WORK = Curves generated with "working" standards
ENDSEC = Final curves generated with sec. standards
ENDWORK = Final curves generated with “working" standards

~alil . - Variabili
T 0 N

Daily calibration curves were generated simultaneously on
both the study analyzers to measure response shifts and the
resulting curve shifts (see Attachment M). The same curve fit
parameters were used on both analyzers' curves. This process
measured the individual variabilities of the two C02 measurement
systems as well as the variability of their agreement to each
other. Response shifts and resulting curve shifts due to
barcometric pressure changes were, in effect, compensated for by
the daily curve generation and therefore were not considered a
factor during this study. A total of 10 curves were generated on
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Range 23 (0-2.5%) of each analyzer. In addition, Range 22 (0-
1.0%) on both analyzers was calibrated during two of the test days
as part of the background level CO2 measurement comparison. The

calibrations were generated with a special set of gases obtained
for the study.

Data Handling

For each test day, the curve-generated CO2 concentrations for
each calibration gas were compared back to the calibration gas
"named" concentration. The results are shown in the following
table and graphically in Attachment N. In addition, since the
curve generation was performed simultaneously on both analyzers,
the curve-generated concentrations for each cylinder were paired
and differences calculated. The results are shown in the
following table and graphically in Attachment N.

Calibration Curve Statistics

No. of Curves = 10

Cal. Cyl. Horiba Avg HOR - Cyl. MSA Avg MSA - Cyl. HOR - MSA

Conc ($C02) Conc (3C02) Avg.%FS Diff | Conc(%C02) | Avg.%FS Diff | Ava.%FS Diff
2.3803 2.3800 -0.012 2.3807 0.016 -0.030
1.9123 1.9125 0.008 1.9120 -0.012 0.020
1.6013 1.6013 -0.004 1.6003 -0.040 0.036
1.2088 1.2100 0.048 1.2100 0.048 -0.001
0.9515 0.9504 -0.044 0.9514 -0.004 -0.040
0.7991 0.7984 -0.028 0.7986 -0.020 -0.007
0.4959 0.4962 0.012 0.4973 0.056 -0.045
0.4060 0.4063 0.012 0.4049 -0.044 0.056

0] , C ] .

Agreement of the Horiba and MSA calibration curve
concentrations with the calibration gas “"names" averaged to within

$0.05% of Full Scale and #0.06% of Full Scale, respectively, at
each calibrated point.

The overall variabilities (as expressed by #3 Standard
Deviations) of the differences between the Horiba and MSA curve
concentrations and the calibration gas "names" were within +0.11%

of Full Scale and *0.26% of Full Scale, respectively, at each
calibrated point. :

The Horiba and MSA analyzers cal curve agreement was within
+0.06% of Full Scale, on the average, at each calibrated point.
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The overall variability (3 Standard Deviations) of the o
difference between the two analyzers calibration curves was within
$0.26% of Full Scale at each calibrated point.

We concluded that analyzer agreement during the calibration
process was excellent, and we could assume that the analyzers gave
equivalent calibration results.

These data also demonstrated that the Horiba CO2 analyzer is

quite capable of meeting CFR requirements and is much more precise
than the MSA unit.

&askmnd_hexe.l_ﬁmz_mmmmm:nn
Backgaround

The first CO2 comparison study showed greater disagreement
(on a percentage basis) of background bag measurements than on
sample bag measurements taken between Horiba and MSA analyzers.
It was not known if the disagreement was a characteristic of the
background bag measurements or if it was a calibration curve
disagreement. For this reason, an agreement check of the

analyzers on background level, dry CO2 gases was included in this
study. .

Test Description

The test involved measuring the analyzers' responses to low
level CO2 cylinder gases. Three cylinders were obtained from the
Gas Lab for the study. On the first and last testing days of the
study, two curves were generated on Range 22 (0-1.0%) and Range 23
(0-2.5%) of both analyzers, one using secondary standards, the
second using the study calibration gases. Responses to the low
level CO2 gases were taken and concentrations calculated from the
various curves. In addition, responses to cylinders were taken
daily on Range 23 (0-2.5%) and concentrations calculated from the
daily curves. Since the responses were taken simultaneously on
both analyzers, the readings were paired and differences were
calculated. The results are shown Attachment O.

Qbservations

The differences in measured concentrations between the

analyzers had an average of -0.011% of Full Scale (Range 23 or
2.5% C02 F9).

The large percent differences on background bag measurements
that were observed in the previous study were not observed in the

background agreement data or the background bag comparison data of
this study.
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VII. EPCN Process Coordination/Implementation

Equipment replacements within the EOD production testing
environment are subject to the Equipment/Procedure Change Noti-=:z,
or EPCN, process. The work documented in this report, for the

most part, was performed to address the objectives of that
process.

Initially, the first investigations and comparisons were
performed and the results, along with Horiba supplied performance
data and other details of the procurement, were incorporated into
an EPCN draft package. The package was released for comments in
April of 1988. The comments received indicated that further
comparison tests would have to be performed and, in addition, some
consensus would have to be reached among the "customers" as to
exactly what data would satisfy everyone. '

In order to address this issue, an interdivisional panel was
formed. The panel was made up of members of Facility Support
Branch (FSB), Quality Control (QC), Quality Assurance (QA),
Correlation & Engineering Services (C&ES), and Certification
Branch. The panel's review of the test plan proposed by LPG
helped optimize the plan's specific details. The second set of
comparison tests were performed and the results underwent a
follow-up review by the panel. No further testing was requested,
and a second EPCN package was drafted and released for comments in
October of 1988. Once the comments had been received, the EPCN
package underwent a final review/revision process by members of
FSB, QA and QC. The finalized version of EPCN #70 was signed off
and released in February of 1989.

VIII. Installation Chronology

Gas Lab

The Gas Lab began using Horiba high CO and CO2 analyzers as
of 7-16-87. The low CO analyzer will be replaced with a Horiba
unit at a later date.

Light Duty
Site A00l was released for production testing on 1-19-89.
Site AQ02 was released for production testing on 4-11-89.

Site A003 was released for production testing on 6-15-89.
Site A0O4 is slated for NDIR replacement in June of 1990.

Sites A202 and A203 had Horiba analyzers installed in early
1988.

21



Heavy Duty

Site A009 had a new Horiba low CO analyzer installed in early
1988.

Other Changes

Several incidental and/or related changes were made to the
analyzer benches as part of the NDIR replacement. These changes
were included within the measurement comparisons, i.e., Horiba
analyzers were operated under changed conditions, and therefore
their combined impact on testing was observed and documented. The
following sections discuss the changes.

Flow Rate

The normal flow rate to the CO and C02 NDIR analyzers was
changed from 6.0 SCFH to 3.0 SCFH. The change was made to relieve
demand on the sample bench pump. This will allow easier flow
balancing of the bench, allow the flow rate to another analyzer to
be increased if needed, and lengthen the the life of the pump.

Bench Plumbing

Although no changes were made to the fundamental schematic of
the sample bench, the actual placement of the plumbing was
modified in a "housekeeping" effort. Valves and sample lines were
moved to help standardize the layouts of the light duty benches.
An updated schematic of the light duty benches is contained in
Calibration and Maintenance Group files.

sample Analysis C lat SAC) Revisi

The CO range changes required a corresponding change in the
CO concentrations generated for SAC. The lowest CO range is now
R16 (0 - 100 ppm); this means that a larger range of CO
concentrations must be generated by the SAC blender. Several

changes were made to the SAC schedule in order to accomplish this,
as follows:

1. The CO cylinder concentration was lowered from 1700 ppm
to 800 ppm to obtain the low blended CO concentrations needed for
Range 16 while maintaining the minimum blend time of 15 seconds.

2. The SAC schedule sequence for HC and NOX was rearranged

to obtain blend time needed to generate CO concentrations for
Range 20 (0-2500 ppm).
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3. The previous SAC schedule checked CO Ranges 17, 19, and
20, a total of five, two, and one time(s), respectively. The new
SAC schedule will check CO Ranges 16, 18, and 20, a total of four,
three, and one time(s), respectively, during the 2-week SAC
period. This is in response to a request by QC for more
appropriate coverage of the CO ranges.

IX. Overall Discussion of Study Results

co

The CO measurement comparisons performed on vehicle exhaust
during the preliminary investigations documented mean differences
that ranged from approximately -1.0% to -4.0% of point. However,
the CO comparison data set needs some further qualifying.

Two of the three range comparisons were interrange, meaning
that the comparisons were between different ranges. This
reflected the proposed CO range changes.

The largest mean difference was observed in the high CO
(Range 20) comparison. The MSA high CO analyzer was found to
exhibit an unacceptable amount of water vapor interference during
a follow-up test. This meant that the instrument was giving
abnormally high responses to humid samples. Since in the high CO
comparison, the MSA was reading higher than the Horiba, we
concluded that we could expect somewhat better analyzer agreement
between the two high CO analyzer populations.

For these reasons, it was decided that further CO comparisons
were not warranted and the Horiba NDIR CO analyzers were approved
for use at MVEL based on the preliminary investigation and the
pre-purchase performance test results.

co2

During the course of the project, the focus of the CO2

investigation was narrowed to a comparison of CO2 measurements
taken on Range 23 (0-2.5%) only.

The comparison study showed that the Horiba and MSA CO2
analyzers agreed very closely when measuring dry calibration
gases. The Horiba demonstrated better precision than the MSA on
dry (water vapor free) calibration gas readings.

Good agreement was observed between the Horiba and MSA CO2

analyzers when measuring background level CO2 concentrations
generated from cylinders.
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A small bias was observed between the Horiba and MSA CQZ
analyzer readings taken from vehicle exhaust bags. The Horiba
analyzer gave consistently lower readings than the MSA. The mean
difference in analyzer readings was -0.53% (of the MSA corrected
concentration), with the Horiba giving lower results.

The negative shift in the CO2 measurement produced a positive
shift in calculated fuel economy. The magnitude of the positive
shift was virtually equal to the magnitude of the C02 shift
(corrected concentration).

The water vapor interference data showed a similar negative
bias (Horiba read lower), but the magnitude of this single effect
would have only accounted for one-third of the bias in vehicle
exhaust measurements. The interference data also displayed
greater variability than the vehicle exhaust data.

We concluded that water vapor interference was contributing
to the bias in vehicle exhaust C02 measurements, but that other
factors were involved. In addition, the nature of the .
interference data suggested that the MSA analyzer, not the Horiba,
was exhibiting the water vapor interference. It should also be
noted that the measured interference effects were within the
manufacturer's stated accuracy limits, and both the MSA and Horiba

analyzer groups could be termed "free" of water vapor
interference.

The impact of the measurement shift documented in our
controlled comparison may not be detectable in future production
test results. The fact that a fuel economy determination may
require eight CO2 measurements (four sample and four background
for full confirmatory), combined with the normal variability
experienced across the certification sites, will tend to mask a
small measurement shift.
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ATTACHMENT A

' EPCN 0. ~DATE ENTERED
EQUIPMENT/RPROCEDURE CHANGE NOTICE 70 3 / 24/ 87 |pAGE __ OF__|
1. ORIGINATOR I 2. PHONE EXT. 3. REVIEW — ENTER "FYI*
ahron' ¥€Ca 215 DUE DATE:  none AS APPLICIDLE
4. DIVISION CLEARANCE 4 5. TYPE OF FED. REGISTER LJA/Cc  LJ FORM 0 onier
CHANGE: EQUIPMENT MSAPC PROCEDURE s

6. REFERENCE DOCUMENTS (List Attachments, Forms, Procedures, FR#s, etc.)
SEE ATTACHED PAGE

7. DESCRIPTION OF CHANGE (Attach details, specifications, drawings, and implementation plan).

All Bendix 8501-5C CO analyzers and MSA 202 CO and CO) analyzers are to be replaced with
Horiba AIA-23 CO and CO; analyzers. (AIA - 23AS for LCO).

The ranges normally used on the low CO analyzers will be changedAfrom R17 (0-250ppm) and
R19 (0-1000ppm) to R16 (0-100ppm) and R18 (0-500ppm), respectively.

The CO blend concentrations used in the sample analysis cross check will be revised to
accommodate the range changes.

The normally supplied flow rate to the CO and CO; analyzers will be changed from 6.0.SCFH
to 3.0 SCFH.

Installation will begin mid-December 1988 and EOD Sites 1-4 will be complete by mid-March
1989, one site at a time.

8. PURFOSE OF CHANGE (Why is this change being proposed?)

The Bendix and MSA analyzers are obsolete and some replacements parts are no longer
available. The new analyzers will provide improvements in performance and maintenance
as well as standardize the NDIR modules to one manufacturer type.

9. PROPOSED EFFECTIVITY 4 10. DURATION OR EXTENT OF USE
(Date, MY, etc.) December 1988 & PERMANENT CJ TEMPORARY
11. AREAS OF MSAPC AFFECTED BY THIS CHANGE
x| LoT EE&D [ INST. SERV.  [] CHEM LAB. &l qc/QA [7] ecto
E‘[HDT Elcam I RTS HOMR. [ TEST VALID. ] DATA BR. [ cso
[ OTHER
_ 12. REVIEWS AND APPROVALS
__?’ D BY INT. DATE CONCURRENCE COMMENTS
A.
Jaties D. Carpepter, i 2
Facility Suppétt Branch // /T/ Es Lo
B. 7"
Oves Ono
Ovyes Ono
13. DIVISION RESPONSE (QC) DATE RECOMMENDED ACTION
Signature M‘?( (2/r5A8] APPROVE O CONDITIONAL APPROVAL L] (Comments)
Donald D. Dadyko, Mgn, QC DISAPPROVE [] REQUEST TO REVIEW REDRAFTS [T
THE REVIEWS AND RESPONSES NOTED HAVE BEEN| DATE [14. EPCN CONTROLLER REDRAFT REQUIRED [
RECEIVED AND DOCUMENTED. . QC RELEASED FOR IMPLEMENTATION []
15 AUTHORIZED BY: DATE
THE PROVISIONS OF THIS EPCN ARE , , e
HEREBY AUTHORIZED FOR IMPLEMENTATION. Ri%‘fawrence, Director EOﬂ /2~ sFE
MSAPC FORM 7.5  DISTRIBUTION: ORIGINAL (White) - EPCN LOG" COPY 2 (Blue) - EPCN INTERIM LOG

REVISED:  7/1/75 COPY 1 (Yellow) - DIVISION LOG COPY 3 (Pink) - RETAINED BY ORIGINATOR




ANALYZER LOCATIONS

ANALYZER:
MODEL RANGES: )
PIN' & QQ“‘
CELL LENGTH / W
DETECTOR TYPE &
( choppers are all 10 Hz ) o o
RANGE |TOTAL]{A001]A002]A003|A004]A202]A203]1A009|A251|SPARE
(00]
AlA - 23AS 1000 16
363053 LOW 250 17 9 1 1 1 1 1 1 1 1 1
500mm / DUAL 500, 18
AlA - 23 2500] 20
360448 HIGH 5000{ 21 8 1 1 1 1 1 1 1 1 1
30mm / SINGLE 1j0000] 22
AlA - 23 215000 23
360421 50000 24 1 1
3mm / SINGLE 100000
CO2
AlA - 23 2500] 20
360439 5000/ 21 1 1
30mm / SINGLE 1lo000] 22
AlA - 23 10000] 22
360442 215000] 23 10 1 1 1 1 L 1 1 3
6mm / SINGLE slo000] 24
AlA-23 500000 24
360449 10/0 00 0} 1 1
1mm / SINGLE 15/0000
TOTAL|] 30 3 3 3 3 3 3 1 6 5

“Each P/N Includes one
“AlA" ( detector ) and one
"OPE” ( amplifier ).
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IShaded areas are [or use of procurement office only)

ATTACHMENT C

Page of
US environmental Protection Agency 1. Name of Originator 2. Date of Requisition
Washingion, DC 20460 Aaron D, McCarthy 06-16-86
o E: PA Pgocuremen 3. Mail Code 4. Telephone Number 5. Date ltem Required
N4 Réduest/Orde EOD-15 313-668-4215 ‘

6. Signature of Ongmaxor[—/ 3 3 J, (/

"|7. Recommended Procurement Method

ﬁCompetitive D Otner than full and open competition D Sole source small purchase

8. Deliver To /Project Manager) 9. Address 7565 Plymouth Ra 10. Mail Code |{11. Telephone Number
Cerl J. Ryan EPA  Ann Arbor, liich. 48105 EOD- 313-668-4251
12. Financial Data

NOTE: hem‘lZ(c) Document Type—Comract' C Purchase

(a) Appropriation Order = “P,” IGA = “A,” Other (Misc.) = 'X
s} Document Object Amount (g)
................. FMOUse .................1 T Control Number Account Number Class
{5} (13 digrts) {c) (d) (6 digits) {e) (10 digits) {f) (4 digits) Dollars Cents:

13. Sugzeusied Source (Name, Address, ZIP Code, Phone/Contact)

See Attachment A

14. Amount of money
comminted is:

15. Contracting office is authorized 10 exceed amount shown by 10%
D Yes D No

R Original
Origina 16. Servicing Finance Office Number

O Inerease
O Decrease

17. Approvals

a. Brargh Of‘.

ZyQ g,// d. Property Management Officer/Designee Date
b. By ;-V;e Z %/ /’/) A é /} / % e. Ozh7z§peo?fy) 2 Date
ru-mcs listes ad O\é are avaulable Déte ' 1. Olhe\'"gpec‘l/y) Date
A reseived
18. Date of Order 19. Order Number-... ... . .. 20. Contract Number (if sny) ... }21.DiscountTerms . ... . .
22. FCB Point 23. Delivery to FOB Point by On or before (Date)| 24. Person Taking Order/Quote and Phone No. -
2Z. Conurazicr ‘Wame, aadress, ZIP Code) 26. Type of Order

Reference your quote rSee block 24)
& a. Purchase : N

Piease furnish the above on the terms specsﬁed on both sides of this order and or
_the aniached sheets, if any mcludmg dehvery as mdncaxed

Ub. Delivery provisions on the reverse are deleted. The delivery order is
: subject 10 the terms and conditions of the contract. (See Block 20) - .

R - :'.;T- R cD Oral.: O wrinen DConﬁrmmg“ : R 3
27. Schedule
nem Quantiry Estimated ~Unit o 7 ‘; " Quantity
Number Supplies or Services Ordered Unit Unit Price Pnce ec
{a) (b} {c) (d) {e) N lf)
0 Analyzer 19
(Horiba Model A]A-23 or equlvalent)
(132 Analyzer . 11
(Horiba Model AlA-23 or equivalent)
Reqm.red Analyzer Ranges,
Specifications and Features
See Attachments B & C .
JUSTIFICATION: Needed to replace
obsolete equipment.
$120,000.00

23. United States of America : :

"

By /&ignature) ) e

29. Typed Name and Title of Contracting Officer: .-




SUGGESTED SOURCES

Beckman Industrial Corporation
41365 Vincenti Court
Novi, MI 48050

Horiba Instruments
3001 Varsity Drive
_ Arn Arbor, MI 48104

Westinghouse Electric Corporation
Maihak AG Subsidiary

1201 N. Main

. P.0. Box 901

Orville, OH 44667-0901

Combustion Engineering Inc.
Process Analytical Division
P.0. Drawer 831

Lewisburg, W. Virginia 24901
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SPECIFICATIONS

Horiba Model ATA-23 or equivalent. The following salient features of the
Horiba Model AIA-23 will be used to determine equivalency:

T{PE: Non-Dispersive Infrared Analyzer, with optical
filter, and at least three switch-selectable
analysis ranges.

RANGES: Required ranges listed in Attachment C.

OUTPUT: 0 to +10 volts DC output.

RANGE IDENTIFICATION: Isolated contact closure; contact rating; 100 ma.
GAS CONNECTIONS: 1/4 NPT

SIZE: Amplifier/control  module 19"  rackmount or

smaller, separate zero, span and range controls
must be provided if amplifier/control module is
larger than 3.6" wide by 9.2" tall.

POWER 115 VAC, 60 Hz

CALIBRATION & INTERFFRENCE:* As per CFR 40, Ch. 1, Pts. 86.114-79, 86.122-78 &
86.124-78.

REPEATARILITY:* 12 repeated. readings shall not deviate more than

0.5% FS (Full Scale) from each other.

NOISE:* Short term variations in analyzer output shall
not deviate more than 0.54 FS on a 90% FS
continuous sample over a l-minute period.

NON-LINEARITY:* Shall be less than 10%.

DRIFT:%* Long term directional wvariations in analyzer
output shall not deviate more than 1.0% FS on
continuous zero and span samples over a 4-hour
period.

RESPONSE TIME:*- Response time to 90% final reading shall be less
than 4.0 seconds.

* The manufacturer is required to show proof that each analyzer meets these
gpecifications. The manufacturer shall complete the performance tests
described by Attachment C. The manufacturer shall submit acceptable
performance test results for each analyzer within 120 days after receipt

of order. The manufacturer will be authorized to ship the analyzers ‘only
after the Facility Support Branch has approved the performance test
results in writing. The EPA may choose to observe performance testing at
the manufacturer's facility. The manufacturer shall give the EPA ten days
6notice prior to the start of the performance testing.
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RANGE SPECIFICATIONS*

CO Analyzer Ranges

100 PPM (.01%)
250 PPM (.025%)
1000 PPM (.10%)

2500 PPM (.25%)
5000 PPM (.50%)
10000 PPM (1.0%)

25000 PPM (2.5%)
50000 PPM (5.0%)
100000 PPM (10.0%)

COoAnalyzer Ranges

2500 PPM (.25%)
5000 PPM (.50%)
10000 PPM (1.0%)

10000 PPM (1.0%)

25000 PPM (2.5%)

50000 PPM (5.0%)

50000 PPM (5.0%)

100000 PPM (10.0%)

150000 PPM (15.0%)

* 2 Switch Selectable Ranges Per Analyzer

0106e

Quantity (Analyzers)
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PERFORMANCE TESTS

A. Proof of Acceptability:

Prior to specific performance testing the manufacturer must show proof
that the analyzers have general acceptance in the market place. The
manufacturer shall provide three or more references, (with at least one
related to the automobile industry) of companies currently using these
specific analyzers.

B. After the contract is awarded, the manufacturer must submit documentation
to demonstrate their analyzers' performance. The manufacturer will not be
paid or authorized to ship the analyzers until the documentation is approved
by the Facility Support Pranch.

The documentation which the manufacturer is required to submit is strip
chart recordings of analyzer output as well as tabulated data obtained from
the strip chart recordings. The documentation must show that each analyzer
has been calibrated and tested (as defined below), and that each analyzer's
performance is in accordance with the criteria defined below. The tabulated
data must list the relevant readings from the strip chart recordings that show
compliance with the performance tests. The analyzers will not be accepted if

the documentation does not show that the analyzers meet these acceptance
criteria.

The manufacturer shall submit acceptable performance test results for each
analyzer within 120 days after receipt of order. The manufacturer will be
anthorized to ship the analyzers only after the Facility Support Branch has
approved the test results. The manufacturer will not be paid for equipment,
supplies or materials shipped prior to approval. The EPA may choose to
ohserve performance testing at the manufacturer's facility. The manufacturer
shall give the EPA 10 days notice prior to the start of the performance
testing.

Fach range of each analyzer shall be calibrated as defined in the Code of
Federal Regulations, Title 40, Chapter I, Parts 86.114-79, 86.122-78 and
86.124-78, as appropriate (see page 4). Fach range of each analyzer shall be
tested as defined below.

For each calibration or test the analyzer output shall be adjusted to
produce 10.0 volts if a full-scale concentration gas were sampled and 0.0
volts if nitrogen gas were sampled. The full-scale gas concentrations for
each range are defined above under "RANGES". The strip chart recorder shall
be adjusted to record its full-scale output for a 10.0 volt input, and zero
for a 0.0 volt input. The speed of the strip chart recorder paper shall be
written on the paper. Use of linearizing circuitry in the analyzer is not
allowed. The analyzer sample gas flow rate for these tests shall be 4.0

standard cubic feet per hour (standard conditions of 70.0 degrees Farenheit
and 14.696 psia).

1. INTERFERENCE: Fach carbon monoxide analyzer shall meet interference
criteria as defined in the Code of Federal Regulations, Title 40, Chapter
I, Part 86.122-78 (see page 4). The use of conditioning columns is not
allowed.



Repeatability: The following sequence shall be repeated 12 times; sample
nitrogen gas until analyzer output is stable, sample a nominal 90% of
full-scale sample gas until analyzer output is stable, record analyzer
output. Fach reading shall not deviate more than 0.5% of full-scale
output, from the average of the 12 readings.

Noise: A nominal ©0% of full-scale sample gas shall be sampled
continuously for one minute. The analyzer output shall not deviate more
than 0.5% of full-scale analyzer output, from minimum to maximum.

Non-Linearity: The percent non-~linearity of the calibration curve is
defined as the deviation at mid-scale of the curve concentration from the
straight line connecting zero and full-scale concentration. The deviation
is expressed as a percentage of full-scale concentration and shall be
determined as follows: find the curve concentration at half of the
full-scale analyzer output using the calibration curve found above,
subtract this from half of the full-scale concentration, divide the result
by the full-scale concentration, multiply this result by 100. The percent
non-linearity shall be less than 10%. The use of linearizing circuitry is
not allowed. NOTE: This test is not required if the calidbration curve is
a single calibration factor, as defined in the CFR references listed above.

Drift: This test shall be performed on the lowest range of each analygzer
only. Zero: Nitrogen gas shall be sampled continuously for 4-hours. The
analyzer output shall not deviate more than 1.0% of full-scale analyzer
output, from minimum to maximum. Span: A nominal 90% of full-scale
sample gas shall be sampled continuously for 4-hours. The analyzer output
shall not deviate more than 1.0% of full-scale analyzer output, from
minimum to maximum.

Response Time: A strip chart recording of transitory analyzer output,
which occurs when the analyzer samples a step change in gas concentration,
shall be obtained as follows: sample nitrogen gas until the analyzer
output is stable, sample a nominal 90% of full-scale sample gas until the
analyzer output is stable. The time duration from the start of analyzer
output transition, to 90% of the final stable analyzer output, shall be
less than 4.0 seconds.
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186.114-79 Analytical gases.

(a) Analyzer gases.

(1) Gases for t.he CO and CO- ana.
lyzers shall be single blends of CO and
CO, respectively using nitrogen as the
diluent.

(2) Gases for the hydrocarbon ana.
lyzer shall be single blends of pmpme
using air as the diluent,

(3) Gases for NO, analyzer shall be
single blends of NO named as NO,,
with a maximum NO, concentration of
S percent of the nominal value, using
nitrogen as the diluent.

(4) Fuel for the evaporative emission
enclosure FID shall be a blend of
40=2% hydrogen with the balance
being helium., The mixture shall con.
tain less than 1 ppm equivalent carbon
response. 98 to 100 percent hydrogen
fuel may be used with advance approv-
al by the Administrator.

(S} The allowable zero gas (air or ni.
trogen) impurity concentrations shall
not exceed 1 ppm equivalent carbon
response, 1 ppm carbon monoxide, 0.04
percent (400 ppm) carbon dioxide and
0.1 ppm nitric oxide.

(8) “Zero grade air” Includes artifi-
cial “afr” consisting of a blend of nf.
trogen and oxygen with oxygen con-
centrations between 18 and 21 mole
percent,

(7) The use of proportioning and

-o.sion blending devices to obtain
.2 required analyzer gas concentra.
tion is allowable provided their use
has been approved in advance by the
-Administrator.

(b) Calibration gases shall be trace-
able to within 1 percent of NBS gas
standards, or other gas standards
which have been approved by the Ad.
ministrator.

(¢) Span gases shall be accurate to
within 2 percent of true concentration,
where true concentration refers to
NBS; gas standards, or other gas stand-
ards which have been approved by the
Administrator.

(42 IR 32954, June 28, 1977, as amended at
43 FR 82920, Nov. 14, 1878)

§88.122-78 Carbon , monoxide . udym
" callbration.”

The NDIR carbon monoxide maln-
er shall receive the following lnm:l
and periodic calibrations:

(8) Initial and periodio inlerference
check.. Prior. to ita introduction inta

- service and annually thereaftey the.

NDIR carbon monoxide analyzer shall
be checked for. rupom to water, vspot
and COs.

(1) Follow the mlnu!uturer'l ln-

- structions for instrument startup and

operation. Adjust the analyzer to opti-
mize performance on the: most- sensie
tive range to be used.

(2) Zero the carbon monoxide ana-
lyzer with either zero-grsde air or
zero-grade nitrogen.

(3) Bubble a mixture of 3 percent
CO, in N, through water at room tem-
perature and record analyzer response.

(4) An analyzer response of more
than 1 percent of full scale for ranges
above 300 ppm full scale or of more
than 3 ppm on ranges below 300 ppm
full scale will require corrective action.
(Use of conditioning columns is one
form of corrective action which may
be taken.)

(b) Initial and periodic calidration.
Prior to its introduction into service
and monthly thereafter the NDIR
carbon monoxide analyzer shall be
calibrated.

(1) Adjust the analyzer to optimize
performance.

(2) Zero the carbon monoxide ana.
lyzer with either zero-grade air or
zero-grade nitrogen. .

(3) Calibrate on each normally used
opersting range with carbon monoxide
in N, calibration gases having nominal
concentrations of 185, 30, 45, 60, 73, and
90 percent of that range. Additional
calibration points may be generated.
For each range caiibrated, if the devi-
ation from a least-squares best-fit
straight line is 2 percent or less of the
value at each data point, concentra.
tion values may be calculated by use
of a single callbration factor for that
range. If the deviation exceeds 2 per.
cent at.any point, the best-fit non-
linear equation which represents the
data to within 2 percent of each test
point shall be used to determine con-
centration.

C-6

Code of Federal Regulations, Title 40

§86.124-78 Carbon.dioxide analyzer ¢
. bration.

Prior to its introduction inta serv
and. monthly thereafter the- NL
carbon dioxide analyzer shall be ¢

(a) Follow the manufacturer's
structions for instrument startup :
operation. Adfust the analyzer to o
mize performance.

(D) Zero the carbon dioxide analy
with..either zero-grade air or 2
gradenitrogen.

(¢) Calfbrate on each normally
operating range with carbon dioxid
N, calibration gases with nominal .
centrations of 18, 30, 48, 60, 18, an
percent of that range. Additional
bration points may bs genented.
each range calibrated, if the devis
from a least-squares dest-fit stra

-line is 3 percent or less of the valh

esch data point, concentration vs
may be calculated by use of s sl
calibration factor for that rang:
the deviationr exceeds 2 percent at
point, the best-fit non-linear equs
which represents the data to with
percent—of ' eacir test- point shal
used to determine concentration.



Serial No.

561661011

561661012

561661013

561661014

561661015

561661016

561661017

561661018

561661019

561661021

561661022

561661023

Type Range
co 1
2
3
co 1
2
3
co 1
2
3
co 1
2
3
co 1
2
3
co 1
2
3
co 1
2
3
co 1
2
3
co 1
2
3
co 1
2
3
co 1
2
3
co 1
2
3

Range Conc.s

0 - 100 ppm
0 - 250 ppm
0 - 500 ppm

0 - 100 ppm
0 - 250 ppm
0 - 500 ppm

0 - 100 ppm
0 - 250 ppm
0 - 500 ppm

0 - 100 ppm
0 - 250 ppm
0 - 500 ppm

0 - 100 ppm
0 - 250 ppm
0 - 500 ppm

0 - 100 ppm
0 - 250 ppm
0 - 500 ppm

0 - 100 ppm
0 - 250 ppm
0 - 500 ppm

0 - 100 ppm
0 - 250 ppm
0 - 500 ppm

0 - 100 ppm
0 - 250 ppm
0 - 500 ppm

0 - 2500 ppm
0 - 5000 ppm
0 - 10000 ppm

0 - 2500 ppm
0 - 5000 ppm
0 - 10000 ppm

0 - 2500 ppm
0 - 5000 ppm
0 - 10000 ppm

H20 Interference Repeatability Noise Non-Linearity  Response Time Drift (%F.S.)
Avg. Max. Dev. Zero Span
| (%F.S) | L_Fs) | Fsy | LeFs)y] | (%) ] L__(sec.s) | | Min.  Max.__ Dev. | | Min. Max. _Dev. |
1.00 90.01 0.09 0.20 0.80 5.40 -0.30 -0.30 0.00 84.00 84.00 0.00
- 94.01 0.09 0.20 3.00 5.40 - - - - - -

- 89.20 0.00 0.20 6.63 5.30 - - - - - -
-0.10 89.91 -0.21 0.40 0.61 5.35 -0.50 -0.50 0.00 84.56 84.50 0.00
- 94.04 0.16 0.20 2.80 5.50 - - - - - -

- 89.90 -0.20 0.20 6.58 5.30 - - - - - -
1.00 91.00 0.00 0.40 0.60 5.35 0.40 -0.40 0.80 87.70 87.20 0.50
- 9417 0.13 0.20 2.80 5.35 - - - - - -

- 91.00 0.00 0.50 6.69 5.40 - - - - - -
0.70 95.00 0.10 0.20 - 5.30 0.20 0.00 0.20 - - 0.40
- 94.01 0.19 0.20 3.00 - - - - - - .

- 94.91 -0.09 0.20 6.96 - - - - - - .
1.2(<3ppm) 96.02 0.08 0.40 - 5.20 0.30 0.30 0.00 - - 0.30

- 94.10 0.10 0.20 - - - - - - - -

- 96.00 0.00 0.10 6.48 - - - - - - -
-0.10 97.02 -0.12 0.20 - 5.00 0.20 0.10 0.10 - - 0.30
- 94.05 0.15 0.20 3.00 - - - - - - -

- 97.05 0.05 0.00 6.78 - - - - - - .
1.10 94.84 -0.14 0.50 - 5.20 0.00 0.00 0.00 - - 0.10
- 94.77 -0.07 0.20 - - - - - - - -

- 95.00 0.00 0.10 7.06 - - - - - - .
0.50 95.97 -0.17 0.70 - 5.10 0.70 0.50 0.20 - - 0.00
- 96.06 -0.06 0.10 - - - - - - - -

- 96.00 0.00 0.10 6.79 - - - - - - -
1.40 97.01 -0.11 0.50 - 5.20 0.70 0.70 0.00 - - 0.10
- 96.99 -0.09 0.20 - - - - - - - -

- 97.08 0.12 0.20 7.10 - - - - - - -
0.90 95.05 0.15 0.20 - 3.90 0.00 0.00 0.00 - - 0.10
- 92.00 0.00 0.30 - - - - - - - -

- 94.10 0.00 0.10 7.80 - - - - - - -
0.80 96.03 0.07 0.20 - 3.80 0.00 0.00 0.00 - - 0.20
- 92.91 0.09 0.10 - - - - - - - -

- 94.90 0.00 0.20 7.80 - - - - - - -
0.70 97.06 0.14 0.40 - 4.00 0.20 0.10 0.10 - - 0.10
- 94.00 0.00 0.30 - - - - - - - -

- 95.80 0.00 0.10 7.80 - - - - - - -
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Serial No.

561661024

561661025

561661026

561661027

561661028

5616610502

5616610503

5616610504

5616610505

5616610506

5616610507

5616610508

5616610509

Type Range
co 1
2
3
co 1
2
3
co 1
2
3
Cco 1
2
3
co 1
2
3
co2 1
2
3
co2 1
2
3
cOo2 1
2
3
cO2 1
2
3
co2 1
2
3
Cco2 1
2
3
CcOo2 1
2
3
Cco2 1
2
3

Range Conc.s

0 - 2500 ppm
0 - 5000 ppm
0 - 10000 ppm

0 - 2500 ppm
0 - 5000 ppm
0 - 10000 ppm

0 - 2500 ppm
0 - 5000 ppm
0 - 10000 ppm

0 - 2500 ppm
0 - 5000 ppm
0 - 10000 ppm

0 - 2500 ppm
0 - 5000 ppm
0 - 10000 ppm

0-10%
0-25%
0 -5.0%

0-10%
0 -25%
0-50%

0-10%
0-25%
0-5.0%

0-10%
0-25%
0 -5.0%

0-10%
0-25%
0 -5.0%

0-10%
0-25%
0 -5.0%

0-10%
0-25%
0-50%

0-10%
0-25%
0-50%

H20 Interference Repeatability Noise Non-Linearity  Response Time Drift (%F.S.)
Avg. Max. Dev. Zero Span
L (%FS) | | (%Fs) @%Fs) | | eFsy] | (%) (secs) | | Min. Max. Dev. | | Min. Max.  Dev. |
0.80 95.07 -0.07 0.30 - 3.80 0.00 0.20 0.20 - - 0.10
- 92.78 0.08 0.30 - - - - - - - -

- 94.00 0.00 0.10 8.14 - - - - - - -
0.80 96.00 0.00 0.10 - 3.60 -0.10 -0.30 0.20 - - 0.00
- 93.70 0.00 0.10 - - - - - - - -

- 95.00 0.00 0.00 8.14 - - - - - - -
0.70 97.02 0.08 0.20 - 3.60 0.00 -0.10 0.10 - - 0.20
- 94.90 0.00 0.10 - - - - - - - -

- 96.00 0.00 0.10 7.77 - - - - - - -
0.80 93.28 -0.08 0.20 - 3.60 -0.40 -0.60 0.20 - - 0.00
- 92.60 0.00 0.10 - - - - - - - -

- 93.60 0.00 0.10 8.38 - - - - - - -
0.60 94.36 -0.06 0.40 - 3.60 0.30 0.10 0.20 - - 0.10
- 93.60 0.00 0.30 - - - - - - - -

- 94.60 0.00 0.20 9.63 - - - - - - -

- 92.83 -0.07 0.40 - 3.30 0.30 0.40 0.10 - - 0.50

- 93.08 -0.08 0.10 7.73 - - - - - - -
- 94.90 0.10 0.20 - 3.30 -0.50 -0.90 0.40 - - 0.10
- 95.08 -0.08 0.10 7.91 - - - - - - -
- 93.08 -0.08 0.30 - 3.40 0.00 -0.10 0.10 - - 0.30
- 94.00 0.00 0.10 7.82 - - - - - - -
- 94.11 -0.11 0.20 - 3.40 0.70 -0.10 0.80 - - 0.60
- 95.00 0.00 0.10 7.82 - - - - - - -
- 95.08 -0.08 0.20 - 3.50 -0.10 -0.50 0.40 - - 0.10
- 96.00 0.00 0.10 7.82 - - - - - - -
- 94.00 0.00 0.30 - 3.50 0.00 0.00 0.00 - - 0.00
- 94.00 0.00 0.10 7.88 - - - - - - -
- 92.94 0.06 0.20 - 3.50 0.20 0.10 0.10 - - 0.70
- 95.00 0.00 0.10 7.88 - - - - - - -
- 95.95 -0.05 0.20 - 3.60 0.60 0.40 0.20 - - 0.60
- 96.00 0.00 0.00 7.88 - - - - - - -
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Serial No.

5616610510

5616610501

56166103

56166104

56166106

Type

co2

co2

co2

CO2

Cco2

Range

W N = WN - N = WN =

WK -

Range Conc.s

0-10%
0-25%
0-50%

0-10%
0-25%
0-5.0%

0-50%
0-10.0%
0 - 15.0%

0 - 2500 ppm
0 - 5000 ppm
0 - 10000 ppm

0 - 2500 ppm
0 - 5000 ppm
0 - 10000 ppm

H2O0 Interference Repeatability Noise Non-Linearity Response Time Drift (%F.S.)
Avg. Max. Dev. Zero

l (HF.S) | | %Fs) | (%Fs)y | LeFsy] L (%) | | (secs) | | Min. Max.  Dev. | | Min. Dev. |
- 93.86 -0.06 0.20 - 3.60 0.10 0.00 0.10 0.20
- 93.00 0.00 0.00 7.88 - - - - -
- 92.90 0.00 0.30 - 3.60 0.00 -0.30 0.30 0.20
- 93.00 0.00 0.20 8.37 - - - - -
- 95.00 0.00 0.20 - 3.20 0.20 -0.30 0.50 0.00
- 90.96 -0.06 0.20 - 3.20 - - - -
- 92.00 0.00 - 6.43 3.20 - - - -
- 90.00 0.00 0.10 - 3.70 -0.10 -0.50 0.40 0.30
- 91.00 0.00 0.20 - 3.60 - - - -
- 94.00 0.00 0.10 8.89 3.60 - - - -
- 90.50 0.00 0.40 - 3.40 0.00 0.00 0.00 0.60
- 90.90 0.00 0.10 - 3.20 - - - -
- 91.90 0.00 0.10 7.79 3.20 - - - -
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Wet-Dry Diff. ( %C0O2)

Range 22 Water Response ( CO2 Analyzers )

0.015

N

0.005 -

0.000 N

/ K|
A
1/ 7Zéd/
\

ttov s

\‘:
-0.005 . ~ ‘>
N NN

< >l

0.010 \\
Y
-0.015
0.0 0.2 0.4 0.6 0.8 1.0

Range 22 ( %CO2 )

-

A001 ( MSA)
A002 ( MSA))
A003 ( MSA )
A004 ( MSA)
Comp. (MSA)
A202 ( Hor.)
A203 ( Hor.)
Comp. ( Hor. )
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Wet-Dry Diff. ( %C02)

Range 23 Water Response ( CO2 Analyzers )

0.03
0.02
RS
0.01 \
'\
N
0.00-: \
.
S lg S
\.// L—]
.0_01 \\ \ \ \\\ }’/
\v4 *’47‘
-0.02 \\\\- /
\\\*\W
-0.03
0.0 0.5 1.0 1.5 2.0 2.5

Range 23 ( %CO02)

AN KN KN

A0O1 ( MSA )
A002 ( MSA)
A003 ( MSA)
A004 ( MSA)
Comp. (MSA)
A202 ( Hor.)
A203 ( Hor. )
Comp. (Hor.)
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Wet-Dry Diff. ( %C02)
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Range 24 ( %C02)

bt e b dd

naiyzers )

A001 { MSA)
A002 ( MSA)
A003 ( MSA)
A004 ( MSA)
Comp. ( MSA)
A202 ( Hor. )
A203 ( Hor.)
Comp. ( Hor. )



R22
Horiba

MSA

R23
Horiba

MSA

R24
Horiba

MSA

1074e

CO2 Analyzer Reading Changes

ATTACHMENT F

Over Range of Barometer Change (28.5-29.25" Hg)

Regression:

Rdg(%C02)=
m Baro('"Hg)
(%co2)
Sec.
Std. m
N T b
15 .4812 .86675E-3
45694
15 .4812 .32712E-2
.38534
15 1.3480 .19490E-2
15 1.3480 .4K397E-2
1.2199
10 2.1100 .18248E=2
2.0476
10 2.1100 .24822E-1
1.3919

min. R for

Analyzer Analyzer
Reading Reading
Change (%¥4A) Change (%2 4)
over range over +1'"Hg

of Barometer Barometer

95%. Conf. change (from change (from
+b of correlation regression) regression)
Corr. Does ZQ= TA=
Coef. Correlation (max-min)x100(max-min)x100

R Rmin Exist? max max
0.339 -0.514 no +0.13 +0.18
0.631 0.514 yes +0.51 +0.68
0.337 0.514 no +0,11 +0.14
0.518 0.514 yes +0.26 +0.34
0.108 0.632 no +0.07 +0.09
0.668 0.632 yes +0.88 +1.17



ATTACHMENT G

€02 Analyzer

Vehicle Bag Sample Data

Two repeated readings on each bag

No Barometer Changes between readings

Analyzer Readings (%C02) Bag Sample gcv
(from all readings) Std. Dev.
1 Mean 2 %C02 S$-100

Range N X ---Range ------ S pooled X
R22 (0-1%) _
Horiba 8 prs . .6520 .4984 LI577 .002332 0.36
MSA 8 prs .6551 .5015 .7599 001157 0.18
R23 (0-2.5%) :
Horiba 9 prs 1.1537 .4981 2.1924 .001796 0.16
MSA 9 prs 1.1679 .5138 2.199% .001383 0.12
R24 (0-5%) '
Horiba 6 prs 1.6348 ° ,8615 2.2448 .002625 0.16
MSA 6 prs 1.6545 .8878 2.2621 .005965 0.36
1

N = Number of Sample Bags, each bag contained a different C02
concentration, and was read twice.

2 These values represent approximate lowest and highest bag concentrations
in the bag set.

*Formula from EPA QAMS (3/30/84), Chapter 5, page 8



R22 (0-1%)
Horiba 8 prs

MSA 8 prs

R23 (0-2.5%)

Horiba 9 prs

MSA 9 prs
R24 (0-5%)

Horiba 6 prs
MSA 6 prs

C02 Analyzer
Background Bag Data
Two repeated readings on each bag
¥o Barometer Changes between readings

Background Bag

Analyzer Readings (% CO) Std. Dev.
(from all readings) % Co7
Mean x -=-=Range=--- S_pooled
. 04085 .03680 .04850 .0007115
.04673 .04180 .05390 001521
.04122 .03830 .04520 .0006916
.04864 .04270 .05770 .002256
.04123 .03650 .04320 .0009815

.04798 .04400 .05500 .0018%4



C02 Anslyzer
Corrected Concentration (Sample - Background) Bag Data
Two repeated readings on each bag
No Barometer Changes between readings

Corrected
Concentration
Analyzer Readings (¥ C02) Std.
(from all readings) : Dev. g4 Ccv
N Mean X --- Range --- S pooled S-100
X

R22 (0-1%)
Horiba 8 prs L6111 .4598 L7164 .002271 0.37
MSA 8 prs .6084 .4588 L7135 .001905 0.31
R23 (0-2.5%)
Horiba 9 prs 1.1125 .4588 2.1531 .001697 0.15
MSA 9 prs 1.1192 .4668 2.1547 .003466 0.31
R24 (0-S%)
Horiba 6 prs 1.5936 .8250 2.2016 . 002802 0.17
MSA 6 prs 1.6065 .8438 2.2108 .005442 0.34

0924e



Horiba CO2 NDIR Analyzer Wet Precision

RANGE 2 2 RANGE 2 3 RANGE 2 4
Duplicates Average Range Relative Range -Duplicates Average Range Relative Range Duplicates Average Range Relative Range
X1, X2 Xa R RR X1, X2 Xa R RR X1, X2 Xa R RR
= [X1+X2)/2] = [X1-X2|] = [R/Xa] x 100 = [X1+X2}/2] = |X1-X2|] = [R/Xa] x 100 = [X1+X2)2] = [X1-X2|] = [R/Xa] x 100
(%C0O2) {%CO2) (%C0O2) {% of pt.) (%C02) (%C02) {%CO2) {% of pt) (%CO2) (% CO2) {%CO2) {% of pt)
0.6209 0.6164 0.009 1.460 1.2451 1.2477 0.005 0.417 0.9106 0.9127 0.004 0.449
0.6119 1.2503 0.9147
0.7567 0.7572 0.001 0.132 1.1431 1.1431 0.000 0.000 1.8190 1.8190 0.000 0.000
0.7577 1.1431 1.8190
0.7492 0.7492 0.000 0.000 1.3490 1.3504 0.000 0.000 2.2397 2.2423 0.005 0.227
0.7492 1.3517 2.2448
0.6209 0.6209 0.000 0.000 0.6104 0.6093 0.002 0.378 0.8656 0.8636 0.004 0.475
0.6209 0.6081 0.8615
0.6375 0.8365 0.002 0.314 0.9714 0.8714 0.000 0.000 1.7902 1.7878 0.005 0.268
0.6355 0.9714 1.7854
0.6720 0.6720 0.000 0.000 0.8124 0.8112 0.002 0.298 2.1838 2.1838 0.000 0.000
0.6720 0.8100 2.1838
Average RR
0.4984 0.4984 0.000 0.000 0.5003 0.4992 0.002 0.441
0.4984 0.4981 0.240
0.6657 0.6652 0.001 0.150 2.1924 2.1924 0.000 0.000
0.6647 2.1924
Average RR
1.5571 1.5585 0.003 0.180
0.237 1.5599
Average RR
0.212




C02 Analyzer

Mid - Span Data - Dry Gas
Prom Different Tays
with Barometer Changes Between Readings

15
15

15
15

10
10

ATTACHMENT H

Average Bias

Analyzer Sec. Percent Std.
Reading  Std. Bias (X-T7)x100 Dev.

X T X-T T S
(%C02) (%c02) (2c02) (%) (%c02)
.48203 .4812 .00083 0.17 .00070
.48006 .4812 -.00114 -0.24 .00143
1.3480 1.3480 0.0 0.0 .00132
1.3544 1.3480 .00640 0.47 .00204
2.1003 2.1100 -.00970 -0.46 .00258
2.1081 2.1100 -.00190 0.09 .00565




A - S Crece Dara

EINGE 22
NOM, m% HOBIRA ___MSsa DiFF._FRom '
DATE [Cone. | cone,] comclDere, |conc, ] Dert.| cone. “H6 | CAL. ;@@g-m ‘
Mmmm_ﬁw Q4913 | Sb) | 0439S .30 -0.\4
= 1 = = | sop [oasos = =
12/4/87) — - s0.\ | 095 25.03 .19
— — - $03 | o< — —
22u/p2 - - 502 |O. S 0,34
= - - 499 | .49499S -~ -
1240 _ Sl o453 | Sbo | o4 2838 =006
l_un@ 510 |oRB| o3 Toadig 2925 0491
2/24 8 - — | _svo |04 | 29,03 o9
J HORIBA | SAd # | 5616610 4 SO |
MSA | SITE# [A002

"1-H



Mb-Cean Cree Data

Nom, ACIMACAe]  HORIBA _MSA 8ARo. \FE._ FROM 4
DATE  Jcone. [cong, | CoNe | Deru. | cone. | DEFL | cONC. TR Mel
1213183 [ 13480 {1399 | 13495 | 590 | 13464 | sB2 [ 13420 2830 -o.14
12/4/8% $9.1 | 13490 | B3 | 1.354¢ Z9.0% XY
- - - 582 [)3€2 - -
125/83 590 |1.349p4 | — = 28.34 =alo
12/16/83 S91 | 1.34% ] sB4 | )33 20.38 - 0.06
2/23 - 1 = $84__| 13591 2925 Q4|
= 590 | 13464 | B3 [13546 - =
12/24p 54 |134% | = — z9.01 o.19
HORIRA | S/M# [ <216610-] SDG
MSA  [Suqe# | Aoo2 ]




Mo-Soan Crece Dara

EANGE 24
NOM, JHOP CAC |MSA CALC, HODIRA - MSA GAfO, DiFs. FROM -
DATE | conc [canc. | cone | Derr. fcoue: | beR. | comne “Ha | CAL, BAD. |
12/2/83] 2.hoo | 211033 [2.109 | SO0.% | 20583] 504 | 2.10% 28.70 -0, 14
= - | s0.8 | 203z -— — — =
12/4/83 — - s0.5 12,145 290% o.\J
— — - ﬁo.‘\ . O - —
2{91C% - - 50,3 | 2:104% 28.2 4 -0.10
- s0.3 |20983] — - - - -
12/16/83 - - 502 | 2.0999 : -0.06
2 = - 0.5 _|2.0145_ 29,03 0.9
= = | — | S0 l2.n4¢ = =
HORIBA | SN # | SblbliOf SO@
M4 lcrew 4002




PERIOD OF ANALYSIS: 1- 1-88 70 8-10-88

SITE RANGE 21 RANGE 22
NO 5000 PPM v PCT
(R R3] BESESEB P BT X FF XX Lt EEEE R RREEEERERE T
N MEAN SIGMA N  MEAN SIGMA
AOO 1 0 0.0 0.0 91 -0.16 0.579
r_.)aooz 0 0.0 0.0 73 0.11 0.779
A003 0 0.0 0.0 96 0.69 0.653
A004 0 0.0 0.0 57 -0.24 0.764
A009 0 0.0 0.0 72 0.58 0.607
A202 0 0.0 0.0 90 -0.42° 0.659
A203 0 0.0 0.0 89 - -0.654 0.665
ALL 0 0.0 0.0 568 0.00 0.807
ANALYSIS OF ALL SITES AND RANGES
AVERAGE VS THEORETICAL % DIFFERENCE

FEEEBEERABERBREB BB SR EEEE RS SR 5K S S
SAC SUMMARY STATISTICS
ANALYSIS OF DEVIATIONS

FROM LAB AVERAGE FOR CO2
R T R Y N Y T N R

»
*
*

RANGE 23
3 PCT

LA E X R R EE RS EEERE R RN ]

MEAN SIGMA

0.04 0.471
0.08 0.379
0.22 0.398
0.18 0.614
0.70 0.398
-0.56 0.624
-1.02 0.59

-0.01v 0.713

SIGMA VALUE AS OF

L MSA Q, Amacyeel- USCD 1N COMPARASON STUbY

*
*
*

I EEE RS EESEEEEEEER]

PROCESSED:
RANGE 24
5 PCT
(I EEEE R EE R EREERE RN
N  MEAN SIGMA N
0 0.0 0.0 139
0 0.0 0.0 138
0 0.0 0.0 147
0 0.0 0.0 111
0 0.0 0.0 133
0 0.0 0.0 136
0 0.0 0.0 136
0 0.0 0.0 940
3-28-81
125

10:32:53

NOV

ALL RANGES

-0.
-0.

-0.

.22

SIGMA
.651
.622
.617
.724
.523
.649
.678

771

o [=] [ejal=NeloleNal

. 750

3,

1988

I INIWHOVLLV



% F.S. Diff. ( A. Response - Cyl. "Name" )

-0.0

-0.2

-0.4

-0.6

-0.8

Comparison of MSA CO2 Analyzers'
Response to H20 ( R23 Only )

0.6

0.4

0.2

0.0

0.5

1.0 1.5

Cyl. Conc. (%C02)

2.0

2.5

A001 ( MSA )

A002 ( MSA )=

A003 ( MSA )

A004 ( MSA )

STuby

ANALY %2

1-1



-0.2

-0.4

-0.6

0.8

%F.S. Diff. ( A. Response - Cyl. "Name" )

-1.0

-1.2

Comparison of HORIBA CO2 Analvzers'
Response to H20 ( R23 Only )

0.2

0.0

N

—a— Comparator[ STUD y N
ANAY L,
—— A202

—8— A203

0.0

0.5

HOBABA S/AL S
170 ' 1?5 ) 270 ) 2.5
| COMPALATOL. - SBIEEI0SO6
A202. - SLikl lOSOS
Cyl. Conc. (%C02) Al03 - SkbieLIOSOZ
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2.4120
1.8730
1.6050
1.2060
0.9696
0.8017
0.4812
0.3647
0.0000

Cyl. Conc. R23

2.4120
2.1100
1.8730
1.3480
0.9696
0.5900
0.3647
0.2550
0.0000

Cyl. Conc. R23

2.4120

2.1100
1.8730
1.3480
0.9696
0.5900
0.3647
0.2550
0.0000

Dry ( %CO2 )

2.4165
2.1078
1.8714
1.3426
0.9606
0.5812
0.3596
0.2504
0.0076

Dry ( %CO2 )

2.4139
2.1117
1.8769
1.3529
0.9707
0.5921
0.3669
0.2573
0.0060

Wet ( %CO2 )

2.4048

1.8693 -

1.6008
1.2036
0.9677
0.8017
0.4831
0.3666
0.0134

Wet ( %CO2 )

2.4042
2.0930
1.8571
1.3294
0.9508
0.5744
0:3553
0.2484
0.0057

Wet ( %CO2 )

2.3988
2.0914
1.8572
1.3373
0.9585
0.5829
0.3604
0.2530
0.0060

AC04 Wet Data { R23 )

W-D Diff.

-0.013
-0.012
-0.011
-5.100e-3
-2.500e-3
0.000
2.200e-3
2.100e-3
0.011

W-D %fs Diff.

-0.520
-0.480
-0.440
-0.204
-0.100
0.000
0.088
0.084
0.440

W-D %pt Diff.

-0.538
-0.638
-0.682
-0.422
-0.258
0.000
0.458
0.576
578.900

A202 Wet Data ( R23 )

W-D Diff.

-0.012
-0.015
-0.014
-0.013
-9.800e-3
-6.800e-3
-4.300e-3
-2.000e-3
-1.900e-3

W-D %fs Diff.

-0.480
-0.600
-0.560
-0.520
-0.392
-0.272
-0.172
-0.080
-0.076

W-D %pt Diff.

-0.497
-0.712
-0.748
-0.968
-1.000
-1.200

-1.200 °

-0.799
-25.000

A203 Wet Data ( R23 )

W-D Diff.

-0.015
-0.020
-0.020
-0.016
-0.012
-9.200e-3
-6.5000-3
-4.3006-3
0.000

W-D %fs Diff.

-0.600
-0.800
-0.800
-0.640
-0.480
-0.368
-0.260
-0.172

0.000

W-D %pt Diff.

-0.621
-0.947
-1.100
-1.200
-1.200
-1.600
-1.800
-1.700

0.000

£-1
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Cyl. Conc. R23

2.4120
1.8730
1.6050
1.2060
0.9696
0.8017
0.4812
0.3647
0.0000

Cyl Conc. R23

2.4120
1.8730
1.6050
1.2060
0.9696
0.8017
0.4812
0.3647
0.0000

Cyl. Conc. R23

2.4120
1.8730
1.6050
1.2060
0.9696
0.8017
0.4812
0.3647
0.0000

Dry ( %CO2 )

2.4102
1.8823
1.6131
1.2131
0.9733
0.8077
0.4842
0.3672
0.0019

Dry ( %CO2 )

2.4105
1.8691
1.6012
1.2020
0.9670
0.7981
0.4809
0.3637
0.0020

Dry { %CO02 )

2.4102
1.8697
1.5997
1.1958
0.9587
0.7910
0.4731
0.3595
0.0019

Wet ( %CO2 )

2.4040
1.8737
1.5966
1.2080
0.9708
0.8030
0.4820
0.3672
0.0078

Wet ( %CO2 )

2.4043
1.8634
1.5930
1.1969
0.9621
0.7958
0.4809
0.3637
0.0080

Wet ( %CO2 )

2.4059
1.8669
1.5942
1.1933
0.9587
0.7910
0.4775
0.3638
'0.0134

A001 Wet Data ( R23 )

W-D Diff.

-6.200e-3
-8.600e6-3
-0.016
-5.100e-3
-2.500e-3
-4.700e-3
-2.200e-3
0.000
5.900e-3

A002 Wet Data ( R23 )

W-D Diff.

-6.2000-3
-5.700e-3
-8.200e-3
-5.100e-3
-4.900e-3
-2.300e6-3
0.000
0.000
6.000e-3

W-D %fs Difl.

-0.248
-0.344
-0.640
-0.204
-0.100
-0.188
-0.088

0.000

0.236

W-D %fs Diff.

-0.248
-0.228
-0.328
-0.204
-0.196
-0.092
0.000
0.000
0.240

W-D %pt Diff.

-0.257
-0.457
-0.992
-0.420
-0.257
-0.582
-0.454
0.000
310.500

W-D %pt Diff.

-0.257
-0.305
-0.512
-0.424
-0.507
-0.288
0.000
0.000
300.000

A003 Wet Data ( R23)

W-D Diff.

-4.300e-3
-2.800e-3
-5.5000-3
-2.5000-3
0.000
0.000
4.400e-3
4.300e-3
0.011

W-D %fs Diff.

-0.172
-0.112
-0.220
-0.100
0.000
0.000
0.176
0.172
0.440

W-D %pt Dif.

-0.178
-0.150
-0.344
-0.209
0.000
0.000
0.930
1.200
578.900

-1
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ATTACHMENT J

% F.S. Dift ( Hor - MSA )

0.6

0.4

0.2

0.0

-0.2

Analyzer Agreement vs. Sample Spec. Hum.

Bubbled CO2 Differences

15

T g L L T T v

35 55

Specific Humidity ( grains/pound )

75

95

EEEREERE

2.3808% CO2

1.6013% CO2

1.2088% CO2

0.9515% CO2

0.4060% CO2

0.0941% CO2

0.0295% CO2

ZERO GAS



A% F.S. Diff.
[(H-M)25] x 100

Bubbled CO2 Differences

0.6

0.4

Best fit least squares regression :
A%F .S.Diff. = -0.003198 x Spec. Hum. (gr/b)
=018 n=76

0.2

0.0 -

15

35 55 75 95

Specific Humidity ( gr/lb)




BUBBLED CO2 CYLINDER DATA

Cyl. Conc. Spec. Hum. {Hor. Responsé | MSA Response | Hor-MSA Ditt] % pt. Diff. % F.S. Dif.

*H H M H-M 500 bolow soe bolow
Date ( %C02 ) ( gr.fib } ( %CO2 ) (%€02) | (%c02) [ (%Mpt) | (% R23)
8/18/88 2.3803 30.88 2.3733 2.3783 -0.0050 -0.210 ~0.200
1.2088 30.26 1.2075 1.2048 0.0027 0.224 0.108

0.4060 31.00 0.4039 0.4060 -0.0021 -0.517 -0.084

0.0941 30.88 0.0981 0.0999 -0.0038 -3.804 -0.152

0.0295 30.51 0.0298 0.0317 -0.0019 -5.994 -0.076

2.3803 44.33 2.3673 2.3753 -0.0080 -0.337 -0.320

1.2088 43.32 1.2048 1.2074 -0.0025 -0.207 -0 100

0.4060 44.16 0.4039 0.4081 -0.0042 -1.029 -0.168

0.0941 43.82 0.0961 0.0959 0.0002 0.209 0.008

0.0295 43.99 0.0318 0.0317 0.0001t 0.315 0.004

2.3803 58.29 2.3583 2.3598 -0.0015 -0.064 -0.060

1.2088 55.93 1.1975 1.1972 0.0003 0.025 0.012

0.4060 56.99 0.4018 0.4038 -0.0020 -0.495 -0.080

0.0941 56.14 0.0961 0.0999 -0.0038 -3.804 -0.152

0.0295 55.72 0.0318 0.0337 -0.0019 -5.638 -0.076

8/24/88 2.3808 34.23 2.3738 2.3635 0.0103 0.436 0.412
1.2088 33.42 1.2047 1.2041 0.0006 0.050 0.024

0.4060 33.69 0.4061 0.4053 0.0008 0.197 0.032

0.0941 33.69 0.0971 0.0988 -0.0015 -1.5214 -0.060

0.0295 33.69 0.0321 0.0340 -0.0019 -5.588 -0.078

2.3808 49.19 2.3647 2.3666 -0.0019 -0.080 -0.076

1.2088 47.52 1.1996 1.2041 -0.0045 -0.374 -0.180

0.4060 48.81 0.4018 0.4053 -0.0035 -0.864 -0.140

0.0941 47.71 0.0951 0.0986 -0.0035 -3.550 -0.140

0.0295 48.07 0.0301 0.0380 -0.0079 -20.789 -0.316

2.3808 65.22 2.3558 2.3835 -0.0079 -0.334 -0.316

1.2088 63.08 1.1945 1.2041 -0.0096 -0.797 -0.384

0.4060 64.98 0.4018 0.4119 -0.0101 -2.452 -0.404

0.0941 66.44 0.0951 0.1027 -0.0076 -7.400 -0.304

0.029% 68.94 0.0301 0.0400 -0.0099 -24.750 -0.396

8/25/88 2.3808 33.44 2.3680 2.3816 -0.0136 <0.571 -0.544
1.2088 32.26 1.2021 1.2099° -0.0078 -0.645 -0.312

0.4060 32.91 0.4037 0.4111 -0.0074 -1.800 -0.298

0.0941 32.78 0.0048 0.0992 -0.0044 -4.435 -0.178

0.0295 32.65 0.0300 0.0403 -0.0103 .25.558 -0.412

2.3808 54.71 2.2559 2.3691 -0.0132 -0.5587 -0.528

1.2088 52.88 1.1970 1.2023 -0.0053 -0.441 -0.212

0.4060 53.89 0.4015 0.4090 -0.0075 -1.834 -0.300

0.0941 52.68 0.0968 0.1012 -0.0044 -4.348 -0.176

0.0295 52.68 0.0300 0.0382 -0.0082 -21.466 -0.328

2.3808 64.36 2.3529 2.3536 -0.0007 -0.030 -0.028

1.2088 61.77 1.1970 1.1947 0.0023 0.193 0.092

0.4060 62.94 0.4015 0.4046 -0.0031 -0.768 -0.124

0.0941 62.01 -0.0948 0.1012 -0.0064 -6.324 -0.256

0.0295 62.24 0.0300 0.0382 -0.0082 -21.468 -0.328

8/31/88 2.3808 36.98 2.3706 2.3807 -0.0101 -0.424 <0.404
1.6013 37.71 - 1.5936 1.6011 -0.0075 -0.468 -0.300

0.9515 18.01 0.9453 0.9518 -0.0065 -0.683 -0.260

0.4060 36.26 0.4048 0.4105 -0.0057 -1.389 -0.228

0.0000 37.12 6.0020 0.0040 -0.0020 -50.000 -0.080

2.3808 52.09 2.3615 2.3621 -0.0006 -0.025 -0.024

1.6013 51.30 1.5882 1.5875 0.0007 0.044 0.028

0.9515 51.50 0.9429 0.9445 -0.0016 -0.169 -0.064

0.4060 52.29 0.4004 0.3996 0.0008 0.200 0.032

0.0000 53.69 0.0000 0.0000 0.0000 0.000 0.000

2.3808 92.42 2.3404 2.3590 -0.0096 -0.407 -0.384

1.6013 90.78 1.5801 1.5875 -0.0074 -0.4686 -0.296

0.9518 80.14 0.9356 0.9396 -0.0040 -0.426 -0.160

0.4060 91.44 0.3983 0.4018 -0.0035 -0.871 -0.140

0.0000 92.42 - 0.0020 0.0079 | -0.0059 -74.684 .0.236

8/12/88 2.3803 0.00 2.3798 2.3802 -0.0004 S0.017 -0.016
Calibration 1.9123 0.00 1.9125 1.9128 -0.0003 -0.016 -0.012
Dat 1.6013 0.00 1.6014 1.6010 0.0004 0.025 0.016
1.2088 0.00 1.2098 1.2088 0.0010 0.083 0.040

0.9515 0.00 0.9510 0.9489 0.0021 0.221 0.084

0.7991 0.00 0.7975 0.8024 -0.0049 -0.611 -0.196

0.4959 0.00 0.4967 0.4955 0.0012 0.242 0.048

0.4060 0.00 0.4081 0.4057 0.0004 0.099 0.018

8/18/88 2.3803 0.00 2.3793 2.3814 -0.0021 -0.088 -0.084
Calibration 1.9123 0.00 1.9141 1.9128 0.0013 0.068 0.052
Data 1.6013 0.00 1.6002 1.5958 0.0044 0.276 0.176
1.2088 0.00 1.2100 1.2125 -0.0025 -0.206 -0.100

0.9515 0.00 0.9501 0.9532 -0.0031 -0.325 -0.124

0.7991 0.00 0.7984 0.7975 0.0009 0.113 0.036

0.4959 0.00 0.4967 0.4981 -0.0014 -0.281 -0.056

0.4060 0.00 0.4060 0.4038 0.0022 0.545 0.088

%pt.Diff. =[(H - M)/M]x 100

%F.S. Diff. ={(H - M)/2.5]x 100
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CO2 Comparison Equipment Set-Up

HORIBA Test Module

t
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Dump
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Means & 95% C.l.s for
Vehicle Bag CO2 Diff.s

0.2 0.2
Background Bags
n=11
0.0 -0.0
1
-0.2 Corr. Conc.s - -0.2
n=11
Sample Bags ( 3
] n=11 % pt. Differen
% ( of sample pt. ) Diff. 04 04 ’ ? see belowc)e
( see below )
T [ 4
-0.6 -0.6
1 i
-08 -0.8
1.0 - -1.0
Corr_ Cone. %ot. Ditf. = {{Hee - Moo ) /Moo 1x 100

Rarknrniind 9/ Qam N o trtl. Al V84 Y. enn
eyt sUNTCAINE LTI, = |\ WIQ JVIG JA TUY

Sample %Sam Diff. [(Hs - Ms)/Mg]x 100
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A% F.S. Diff.
[(H-M)257] x 100

0.2

-0.0

-0.2

-0.4

-0.6

-0.8

Vehicle Bag CO2 Differences

Specific Humidity ( gr/lb )

95




Corr. Conc. Diff. ( %C02 )
( Hece - Mcc )

Corr. Conc. %pt. Diff.
[( Hcc - Mcc )/ Mcc ] x 100

%F.S. Diff.

[( Hce - Mcc )/2.5] x 100

Corr. Conc.

Corrected Concentration Differences

'MSA Corr. Conc. ( %C02)

HORIBA - MSA
0.02 .
0.01
0.00 -
; s $o .
®
-0.01 e
° ®
-0.02 T v r ' r . :
0.0 0.5 1.0 1.5 2.0 2.5
MSA Corr. Conc. ( %CO02)
0.2
J
0.0 )
-0.2
4 L ]
-0.4 a9 S
-0.6
p ® ®
‘0.8 . A 4
-1.0 2
-1.2 T T T v T Y T
0.0 0.5 1.0 1.5 2.0 2.5
MSA Corr. Conc. ( %C02)
0.2
0.0 ¥
®
[
-0.2 ) e 4
[
¢ L ]
-0.4
®
[ J
-0.6. T T Y v T v T
0.0 0.5 1.0 1.5 2.0 2.5



Backgrnd

Test Test HORIBA| MSA Specific |HORBA| MSA Hor-MSA | Hor-MSA | Bacagrnd Sample Sample HORBA MSA Corr. Conc. { Corr. Conc.
Cais Tyee 85 Cone, Conc. Humidity jOilutionCilution] Dilfersnce [ Cillersncay %F.S. Ol 1 %Sam Oilfl %F3 Giii %Sam Difi  [Corr.Conc. [Cun.Concp %rS Gill Yopi. Ot
H M H Factor | Factor H-M H-M see below see below see below see below Hee Mcc see below see below
(%C0O2)|(%CO2)] (gr/Ib) DFh DFm (%CO02) (ppm) |} (%FS RA23)|(%MSA Sam) | (%FS R23) | (%MSA Sam) | see below | see below | (%FS R23) | (%MSA CC)
_(see below ) {%C02) | (%CO2)
8/18/88]2-bag LA-4] Bt ]0.0378|0.0377 43.985 9.80 9.70 0.0001 1.00 0.0040 0.0072 1.3341 ] 1.3473 -0.5291 -0.9817
Van St 1.3660]1.36811 64.928 -0.0131 -131.00 -0.5240 -0.9485
B2 [0.0398]0.0397 44.160 13.31 (| 13.21 0.0001 1.00 0.0040 0.0099 0.9698 | 0.9777 -0.3166 -0.8096
S2 |1.0066]1.0144 66.386 -0.0078 -78.00 -0.3120 -0.7689
8/25/88|2-bag LA-4] Bt ]0.1440]0.1485 §3.963 6.54 6.52 -0.0045 -45.00 -0.1600 -0.2191 1.9277 1 1.9282 -0.0174 -0.0226
REPCA S1 2.0497]2.0539 72.163 -0.0042 -42.00 -0.1680 -0.2045
B2 0.1152]0.1156 §2.154 6.72 6.69 -0.0004 -4.00 -0.0160 -0.0200 1.8970 | 1.9056 -0.3455 -0.4532
S§2 ]1.9950|2.0039 67.534 -0.0069 -89.00 -0.3560 -0.4441
8/31/88f2-bag LA-4] Bt ][0.0339{0.0358 48.710 11.88 | 11.81 -0.0019 -19.00 -0.0760 -0.1675 1.0974 | 1.1016 -6.1710 -0.3882
REPCA St 1.1284]1.1344 67.008 -0.0060 -60.00 -0.2400 -0.5289
B2 ]0.035910.0358 48.896 17.66 | 17.54 0.0001 t.00 0.0040 0.0131 0.7248 | 0.7300 -0.2083 -0.7134
S§2 10.7587]0.7638 65.099 -0.0051 -51.00 -0.2040 -0.6677
2-bag LA-4] Bt ]0.0339}0.0398 49.287 11.90 | 11.81 -0.0059 -59.00 -0.2360 -0.5201 1.0948 | 1.0980 -0.1248 -0.2843
REFCA S1 1.1259]1.1344 65.320 -0.0085 -85.00 -0.3400 -0.7493 .
B2 10.0339]0.0378 50.426 17.61 ] 17.38 -0.0039 -39.00 -0.1560 -0.5060 0.7290 | 0.7352 -0.2460 -0.8364
§2 jo0.7610]0.7708 65.078 -0.0098 -98.00 -0.3920 -1.2714
Hwy B3 ]0.0339]0.0378 50.218 7.44 7.38 -0.0039 -39.00 -0.1560 -0.2148 1.7709 | 1.7891 -0.4907 -0.6880
REPCA S3 1.8002}1.8158 71.831 -0.0158 -156.00 -0.6240 -0.8591
9/23/88 [2-bag LA-4 B1 0.0359}0.0398 44.532 8.30 8.26 -0.0039 -39.00 -0.1560 -0.2403 1.5837 | 1.5881 -0.1757 -0.2766
W. Nova St 1.6153]1.6231 74.199 -0.0078 -78.00 : -0.3120 -0.4806
B2 ]0.0359]0.0398 41.212 11.06 | 10.98 -0.0039 -39.00 -0.1560 -0.3197 1.1793 ] 1.1838 -0.1791 -0.3781
S2 1.2120]1.2200 77.601 -0.0080 -80.00 -0.3200 -0.6557
SIDDEV STDDEV STDDEV SIDDEV SIDDEV STDDEV
0.0880 0.1945 0.1331 0.2848 0.1541 0.2943
AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE
-0.1018 -0.1879 -0.3447 -0.6890 -0.2549 -0.5302
95% C.I. 95% C.I. 95% C.I. 95% C.L 95% C.\. 95% C.l.
(-.04,-.16)1(-.07,-.33) I(-.26,-.43)| (-.50,-.88) (-.15,-.36)}(-.33,-.73

Background %F.S. Diff.

Background %Sam Diff.
Sample %F.S. Diff.
Sample %Sam Diff.

[(Hp- Mp)/25]x 100
= [(Hp- Mp)/Mg]x 100
[(Hs- Mg)/25]x 100
[(Hs- Ms)/Mg]x 100

Horiba Corr. Conc. (Hege ) =

MSA Corr. Conc. (M )

Corr. Conc. %F.S. Diff. -

Corr. Conc. %pt. Diff.

Hs - Hp( 1 - 1/OF)
Ms - Mp(1- 1/DF)
[(Hee - Mog)/2.5)x 100
[{ Hoc - Mcc )/ Mcc ] x 100

Dilution Factor ( for study ) = 13.4/%CO2
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ICorr.tor_K Corr. for K] Corrtor K | Corrtor K I Corrtor K | Corrfor K | Corrtor K | Coirfor K | Corrfor K | Corrfor K | Corrtor K
Test Test HORBA MSA Specific | X-T calc from HORBA HORBA MSA Hor-MSA | Hor-MSA Backgrnd Backgmd Sarrple Sample HORIBA MSA Cort. Cone. | Comr. Conc.
Date Type Bag Conc. Conc. Humidity [ Regr. Formula | Corr. for “K* | Dilution | Dllutl Diff Dt %F.S. Dt | %Sam DIt | %FS Dt | %Sam Ditt | Conr.Conc. | Corr.Conc. %FS D %pt. Ditt
H M ] K He = HK Factor Factor He- M Hc-M seo below se0 below 800 below soe below Hee Mcc seo below see below
(%CO2) 1IXCO2) L (grith} 1 (A %CO2) (%C02} o DEm [ {%C02) (Pem) ] %S RI2;eaics S (NFS R2Z) (WMCA Samp sesbelow | sssSelow ) {(WFS RIS)) (WMSA CT)
{%CO2 {%CO2)
8/18/88}2-bag LA-4] B1 | 0.0376 ] 0.0377 | 43.985 }-0.00351660}0.041316860] 9.76 9.70 0.0036 36.17 0.1447 0.2619 1.3361 1.3473 -0.4471 -0.8208
Van S1 ]| 1.3e80 | 1.3811 64.928 |-0.00519090}1.373190909 -0.0079 -79.09 -0.3164 -0.5727
B2 | 0.0398 | 0.0397 | 44.180 |-0.00353059[0.04333059] 13.24 13.21 0.0036 36.31 0.1452 0.3579 0.9718 0.9777 -0.2342 | -0.5990
S2 | 1.0066 | 1.0144 | 66.388 ]|-0.00530756]1.01190756 -0.0025 -24.92 -0.0997 -0.2457
8/25/88J2-bag LA-4| B1 | 0.1440 | 0.1485 | 53.963 [-0.00431434]0.14831434 6.52 8.52 -0.0002 -1.86 -0.0074 -0.0090 1.9299 1.9282 0.06898 0.0904
REPCA S1 | 2.0497 | 2.0539 ] 72.163 |-0.00576943]2.05546843 0.0016 15.69 0.0628 0.0764
82 | 0.1152 1 0.1156 ] 52.134 ]-0.004160271]§0.11938071 8.70 6.69 0.0038 32.70 0.1508 0.1881 1.8988 1.9058 -0.269% -0.3536
S2 | 1.9950 | 2.0039 | 67.534 |-0.00539934]2.00039934 -0.0035 -35.01 -0.1400 -0.1747 |
8/31/88]2-bag LA-4] B1 | 0.0329 ] 0.0358 | 48.710 |-0.003808436{0.03779436] 11.82 11.81 0.0020 19.94 0.0798 0.1758 1.0992 1.1018 -0.0988 -0.2242
REPCA S 1.1284 | 1.1344 ] ©67.008 |-0.00535729]1.13375729 -0.0008 -6.43 -0.0257 -0.0567 R
82 | 0.0359 | 0.0358 | 48.896 ]|-0.00390924|0.03980924] 17.54 17.54 0.0040 40.09 0.1804 0.5249 0.7264 0.7300 -0.1470 -0.5035
S2 | 0.7587 | 0.7638 | 65.0890 |-0.00520467]0.76390467 0.0001 1.05 0.0042 0.0137
2-bag LA-4] BY | 0.0339 | 0.0398 | 49.287 |-0.00394030(0.03784050] 11.85 11.81 -0.0020 -19.60 -0.0784 -0.1727 1.0965 1.0980 -0.0597 -0.13860
REPCA S1 | 1.1259 ] 1.1344 | ©5.320 |-0.00522233}1.13112233 -0.0033 -32.78 -0.1311 -0.2889
B2 | 0.0339 ] 0.0378 | 50.4268 }-0.00403138]0.03793138] 17.49 17.38 0.0001 1.32 0.0053 0.0171 0.7304 0.7352 -0.1894 -0.6439
§2 | 0.7610 | 0.7708 | 65.078 ]-0.00520299}0.76620299 -0.0048 -45.97 -0.1839 -0.5964
Hwy B3 | 0.0339 ] 0.0378 | 50.218 |-0.00401493]0.03791493 7.42 7.38 0.0001 1.18 0.0046 0.0063 1.7731% 1.7831 -0.3994 -0.5589
REPCA $3 ] 1.80021 1.8158 | 71.831 |-0.005742689]1.80594289 -0.0099 -98.87 -0.3843 | -0.5429
9/23/88 |2-bag LA4| B1 | 0.0359 | 0.0398 | 44.532 |-0.00356033][0.03946033| 8.27 8.26 -0.0003 -3.40 -0.0136 | -0.0209 1.56865 1.5881 -0.0630 | -0.0992
W. Nova S1 ] 1.6183 | 1.6231 74.199 |-0.00593221]1.62123221 -0.0019 -18.68 -0.0747 -0.1181
B2 | 0.0389 | 0.0308 | 41.212 }-0.00329480]0.03910490] 11.00 10.98 -0.0008 -8.08 -0.0242 -0.0498 1.1826 1.1838 -0.0494 -0.1043
$2 ] 1.2120 | 1.2200 | 77.801 ]|-0.00622019]1.21822019 -0.0018 -17.80 -0.07212 -0.1459
STDDEV STDDEV STDDEV STO OEV STDDEV STD DEV
0.0864 0.2056 0.1344 0.2364 0.1565 0.2870
AVERUGE AVEVWGE AVERAGE AVERAGE AVERAGE AVERAGE
0.0518 0.1163 -0.1245 -0.2408 -0.1716 -0.3603
5% C.l. 5% C.L 5% C.. 85% C.L 95% C.L 95% C.L
{.11,-.01)1(.25,-.04) }(-.03,-.22){(-.07 - 41) -.06,-.28)1(-.15,-.55
Background %F.S.Diff. = [(Hp- Mp)/2.5]x 100 Horiba Corr. Conc. (Hee) = Hg- Hp(1- 1/DF) Dilution Factor ( for study ) = 13.4/%CO2
Background %Sam Diff. = [(Hp- Mp)/Ms]x 100 MSACorr. Conc. (M) = Ms- Mp(1- 1DF)
Sample %F.S. Difl. = [(Hs- Mg)/25])x 100 Corr. Conc. %F.S. Diff. a [(Hoo- Mcc)/25])x 100
Sample %Sam Diff. = [(Hs- Mg)/Mg]x 100 Corr. Conc. %pt. Dift. = [(Hoc- Mg )/ Mec]x 100

T INFWHOVLILV



Means & 95% C.l.s for
Vehicie Bag CO2 Diff.s
( corr. for H20 vapor )

0.4 0.4
0.2 0.2
¢ Background Bags
n=11
-0.0 -0.0
" Corr. Conc.s
n=11
% ( of sample pt.) Diff. .1 02 % pt. Difference
( see below ) Sf‘,’f‘_ﬁ'? Bags 1 ( see below )
. . * L P
-0.4 ¢ 3 -0.4
-0.6 ’ -0.6
-0.8 -0.8
Cortr. Conc. %pt. Diff. = [(Hee- Mce )/ Meclx 100

Background %Sam Diff.
Sample %Sam Diff.

[(Hb- Mp)/Ms]x 100
I(Hs' Ms)/Ms]X100



A% F.S. Diff
[( He - M )/2.5 ] x 100

0.2

-0.0

-0.2

-0.4

-0.6

-0.8

Vehicle Exhaust Bag
CO2 Differences
Corrected for H20 Vapor

15§ 35 55 75

Specific Humidity ( gr/lb )

95

¢-1



Corrected Concentration CO2 Differences
HORIBA - MSA ( Corr. for "K")

oLmé Niff

- IU"‘- [ Z 12X
[( Hee - Mcc )/ Mcc | x 100

Nave NPanna
WUl WUIIW

-
o swfe WFRIR

Carr, Cone, %4F S  Dits
[( Hce - Mcc )/2.5 ] x 100

- we s

0.02

0.01

0.00

-0.01

-0.02

0.0

0.2

0.0

-0.2

-0.4

0.2

0.0

-0.4

-0.6

0.5

™ T . T

1.0 1.5
MSA corr. Conc. (%C02)
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2.5

) 1.0 ' 1.5
MSA Corr. Conc. (%C02)
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MSA Corr. Conc. (%C02)
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T EQUIPAENT 1D ¢ ! 789463 s PR ah  an 22 22 5n i
CALIBRRATION NAMES CO2A-CK22 888 ANALYZERK CALIBRATION CURVE ANALYSIS 8% AR hA 22 55 1111
CALIBRATION & ! 880811-104630 sss ses AR hA 22 555555 11
TEST BITE 1 A251 SEEREEEREENERSNNLREEEERRESALAREEERRARIALONN AAAAAAA 22 ss 1
CALIB DONE AT § 14:12 08-10-88 AaanRal , o 3 1

aa  as 2222222  5555S ERES

OPERATOR COMMENT! EFA-MSA-R22-BLINE

Imsemescsccazc=masc=a=z KNOWN OR MEASURED INFUTS s==c:cusszzc:assssszs] Jemzssssureos.22z222 CAIRVE COMFAKISONS =-sccosssizzz=====
SHIFT FROM FREVIOUS CURVE

1 EPACYLS® VENDBOR CYLID VyYCODE DATA NEAS NOMINAL ACTIVE 1 1 FIT QuUAaLITY OF NEW CURVE 1
1 OR OKR OR POINT DEFL CONC EFS CONC 1 1 DEFL CONC Y ZFOINT ] BEFL CONC Y ZSHIFT
1 BLNCODP ELENDER RNG ELNRT  TYPES 1] ™ YE 1 1 XC YC (M-C)/C 1 XS YS% (s-c)/c
I someoe mrmmrccccen dieee mmrme e mcea- e T B et T P ] ---=-= smmemme- mee----
I 1355139 2”1 [} CURVE 95,40 0.9519 " 1 1 95.40 0,9516 0,01 1 4 (L] (L)
1 33470 (] " CURVE 81.40 0.7991 " 1 1 R1.,40 0.7987 -0.05 1 " 4 L 2]
i 163287 " ”" CURVE 71.40 0.8925 " 1 1 71.40 0,4929 0.06 1} 0 L L (£
1 B1103 " (] CURVE 41.90 0.3947 [ 2} 1 | 61.90 0.5947 0.01 1 4 24 (L]
1 P442 L ] (2} CURVE 52.10 0.4959 " 1 1 352.10 0.4957 -0.04 1 44 4 44
I B1375 " "1 CURVE 43.00 0.4060 " 1 1 43,00 0.4057 -0,08 1 4 84 8A
I B916 " [ CURVE 23.30 0.2344 ” I 1 25,30 00,2351 0.30 1 84 44 4
1 337743 [ 31 [ 2] CURVE 15.10 0.1396 [ 3] 1 1 135.10 0.1392 0,27 1 4 84 4
1 T I MEAN OF (ABS 2) - 0.10 1
1 ) . 1 1 1
1 B2386 1 [ 21 NARED 97.00 0.94964 1 1 1 ?7.00 0.9694 -0,02 1 (B 12
1 $2211 ” " NAMED 81.70 0.8017 " 1 1 81.70 0.6020 0.03 1 " 12
I B1434 " [ 2} NAMED - 74.40 0.72280 [ 3} 1 1 74.40 0.7244 -0.22 1 ” "
I a-221 " " NAKED 41.30 0.5900 "t 1 1 41.30 0.3884 -0.24 1 " "
1 Bi1184 " " NAMED 30.60 0.4812 " 1 1 $50.40 0.4808 -0.,09 1 " 3
1 157434 " " NAMED 38.90 0,3647 [ 3] 1 1 30.90 0.36548 0.28 1 " ”
I 204391 " [ 3} NAKED 27.30 00,2550 (3 1 1 27.30 0.2%41 -0,386 1 9" "
1 065349 " (21 NAMED 13.00 0.1202 (3] 1 1 13.80 0.1271 -0.85 1 " "
1 244214 " 4" NAMED 10.460 0.0941 81 1 1 10,60 0.0974 J.41 1 [ }] 1
1 391339 (3 [ 3} NAMED 4.40 0.,0806 " ) S | 6.60 0.,0609 -0.18 1 [ 3] [ 3]
1 46207 " 1 NAMED 3.20 0.0293 [ 2] 1 1 3.20 0.0293 -0.81 1 [ 3] ”
| R bl e b e aahabadet Dt et T Lt 1 | R it il ettt bt I---------mmmm e
NOTE #1313 CYLINDER NOT DEFINED IN THE EQUIFMENT FILE SYSYEN. I NCAL= 3.,0000 FCAL« 0.000 1 NS := BS =
PO I CFC=1 287=1 WFC=2 DGF=3 1 CFC~ 281= WFC= DGF =
I NEW.CALIB.NDO= 8806811-104430 1 FRV.CALIB.NO- -
NOTE 9#4: NO FREVIOUS ANALYZEK CALIBRATION ON FILE IN THE EFS. I XNL= 2.669 SINF 01 - -
IOTE 8t ¥YS FOR NAMED CYLS 1S FREVIOUS EFS CONC (UNSHIFTED), o e e e I--- EFF  DO/T --- INEFF D/T -
EQUATIONS AND COEFFICIENTS DEGREF F11 v oo
1 333332133322 0223333383873 18
4 3 2
X = (MCAL & X ) & EBCaAL B ASEX + AAX 4+ ATEX  + A2%X + AL ¢ FCTY CO02 /N2
c M C C Cc C
NCAL = 0.1000000E 01 Al EE 0.0000000E 00
BCAL = 0.0000000E 00 A2 = 0.9126383E-02
A3 = 0.57235509E-05
Aq4 = 0.3321407E-07
AS = 0.0000000E 00

W INIWHOVILIV



PROD PROCESSED ! 10:54:s51 08-11-88 122222 2Y HABTER E1TE 2333222 AAAAA 22222 5555555 11

Y EQUIPHENT 1D & I 789443 188 133 AA h4 22 22 S5 111

CALIBRATION NAME! CO2A-CR22 888 ANALYZER CALIBRATION CURVE ANALYSIS 898 AA hh 22 55 1111

CALIBRATION #» { B880811-105451 s s AR AR 22 5355555 11

TEET SITE ! A251 SEEEEBESREERREUEAERENLERREKERLEBENNAIELNNRS AAAAAAA 22 55 i1

CALIR DONE AT i 14212 o08-10-88 . AA AR 22 2 55 55 1
2222222 35555 11111

OPERATDRK COMMENT! EPA-MSA-R22-BLINE ‘ AA AA
2=sszzzroouw: 2uzzzz2 CURVE COMFARISONS =r:i:==s===z=cs=ssz=z==z==:z

Izcx=zxrsxcs==zsza==== KNOWNN OR MEASUKEI INFUTS =-=zr=szzzsis==zsuzzaz==z] o
I EPACYL® VENDOK CYLID VCODE DATA MEAS NOMINAL ACTIVE 1 1 FIT OQUALITY OF NEW CURVFE 1 SHIFT FROM FREVIOUS CURVE
1 OR Ok OR POINT DEFL CONC EFS CONC 1 1 DEFL rONC Y ZFOINT 1 DEFL CONC Y XASHIFTY
1 BLNCOD BLENDER RNG BLNRT TYPES XN ™ YE 1 1 XC YC (R-cHr/c 1 XS YS& (s-Cr/C
I soccen memmmmmcten s rmeme smmen ememem memmeeen mmemeee I 1 ~---==- sremmeme cmmmeee I ------ —v-rmmmn e
1 B2384 21 " CURVE 97.00 0.96%76 L 3 1 1 $7.00 0.9700 0.04 1 44 44 44
1 B2211 " " CURVE 61.70 0.8017 (21 1 1 81.70 0.8023 0.07 1 4 4 '
1 B1434 " " CURVE 74.40 0.7240 " 1 1 74.40 0.7247 -0.18 1 4 2 4
I A-22% " 2 CURVE 61.30 0.5900 (31 1 1 61.30 0.5891 ~-0.15 1 04 (2 04
1 B11B4 " ”" CURVE 30.40 0.4812 (B3] 1 1 50.40 0.4814 0.04 1 4 (2 L L
1 1357654 (2] L2 CURVE 38. 90 0.3447 (21 1 1 38.90 0.3664 0.46 1 ¢4 " "
1 286591 " (3 CURVE 27.30 0.2550 (B 1 1 27.30 0.2548 -0.06 ] 4 L L) (X
1 0485349 " " CURVE 13.80 0.1282 " 1 1 13.80 0.1277 -0.41 1] 84 (L) 4
1 I 1 MEAN OF (AES X) : 0.18 1
1 ) 1 1 1
1 15513¢9 L L 2 NAMED ~ 95.40 0.9515 L 3 1 1 95.40 0.9521 0.06 1 [ 3 1
1 33470 " (2 NAMED 81.40 0.7991 " 1 1 81.40 0.7991 -0.00 1 " (]
1 163287 " " NAMED 71.40 0.6923 " 1 1 71.40 0.46933 0.1t 1 L3 "
1 B1103 " " NAMED 61.90 0.5947 ”" 1 1 41.90 0.5932 0.09 1 " 41
1 B442 " ” NAMED 32.10 0.4939 " 1 1 52.10 0.4963 0.08 1 (2] .
1 B1375 " ( 3} NANMED 43.00 0.4040 [ 3 1T 1 43.00 0.4064 0.09 1 (3 "
1 B914 : (2 " NANMED 23.30 0.2344 (3] 1 1 23.30 0.23358 0.61 1 (2] 2
1 337743 1 2] (2} NAMED 15.10 0.13%94 " 1 1 135.10 0.1398 0.16 1 L 2 "
1 244214 " 1 2 NANED 10,40 0.0941 " 1 1 10.460 0.0979 3.87 1 (2] (]}
1 391339 L 3] " NANED 6.460 0.0406 ” 1 1 6.40 0.0408 0.35 1 (3] (2]
1 44207 " (2 NAMED 3.20 0.0293 " 1 1 3.20 0.0294 -0.23 1 " "
R i et e DR 1 s e ) e it i T
NO’Etgsz CYLINDER NOT DEFINED IN THE EQUIFMENT FILE SYSTEM. 1 WCAL= §.,0000 BCAL= 0.000 1 NS = kS =
. 1 CFC=1 287=1 WFC=2 DGF=3 1 CFC= 2S71= WFC= UWGF =
1 NEW.CALIK.NO= 880811-103451 1 FRV.CALIB.NO= -
NOTE 04: NO FREVIOUS ANALYZER CALIERATION ON FILE IN THE EFS, T XNL= 2.637 SINF= 01 - -
NOTE 8! Y8 FOR NAMED CYLS IS FREVIOUS EFS CONC (UNSHIFTED), | R e bt Db LD b L e I--- EFF  D/7T --- INEFF D/7T -
HUITUNRN UL ' &
EQUATIONS AND' COEFFICIENTS. DEGREE FIT ¢ 3
ERRRSEERBERRARENEE RN RREAREE A s N
X = (MCAL & X ) + KRCAL ASEX + AARX 4 A3xX {4 A2%X + Al = FCT CO2 /N2
Cc L c C c c
NCAL = 0.1000000E 01 Al = 0.0000000€E 00
BCAL = 0.0000000E 00 A2 - 0.9182639E-02
A3 = 0.44708B0E-05
A4 = 0.4077645E-07



P'on&’.ﬂctss‘n { 09105310 08-11-88 stsesRRt HMASTER 81TE 1213323 ¢ AAAAA 22222 §355555 it
m Y EQUIPMENT ID ¢ | 789433 ses 11 AR AA 22 22 55 11
.e’HMMmN NANES CD2A-CR23 888 ANALYZER CALIBRATION CURVE ANALYSIS S8t hh bk 22 55 1
: BRATION @ ! 0680811-090310 e '8 hA hh 22 555555 11
n TEST SITE ! A231 SRESOBERSERRERARAKELREEBERRBERESLAAAESEESA AAAAARAA 22 53 11
CALIB DONE AT 1 0910S po-10-00 "AA AA 222 2 55 55 11
- OPERATOR COMMENT! EFA-NMSA-R23-BLINE AR hA 2222222 555599 ttet
Jsesssacs=csnansaz=sy KNONN OR MEASURED INFUTS :-=zrasimucsessassszec] I=smzzzzwzuuzuzsexz CURVE COMFAKRISONS s=zzs=sassizzzzzusazx
I EFACYLS VENDOR CYLID VCODE DATA HEAS NOMINAL ACTIVE 1 1 FIT OQUALITY OF NEW CURVE I SHIFY FROM FREVIOUS CURVE
o 1 OR OR OR FOINT DEFL CONC EFS CONC 1 1 DEFL CNNC Y YFOINT 1_ DEFL CONC Y XSHIFT
I BLNCOD RLENDER RNG BLNRT TYFES XM ™ YE 1 1 XC YC (M-Crs/C 1 X5 YSs (5-C)/C
I =—=--- mremese—mmes ccesee e;mece mmmmms mermemmes —mmmeee 1 1 ---ems mmmcmees memeee- 1 ---+-- —-ccmee— cemceee-
. I B14440 [ 3 " CURVE <30 2.3803 81 1 1 ?3.30 2.3803 o.01 1 93.50 2.3805 0.00
I 144293 [} "1 CURVE 79.70 1.9123 1 ] 1 1 79.70 1.9125 0.0t 1 79.72 1.9275 0.79
I B752 (2] (2] CURVE 60.460 1.64013 " 1 1 68.60 1.4008 -0.0% 1 AR, 49 1.6207 1.24
‘ 1 B18O ( 3 " CURVE 33.70 1.2088 [ 3] 1 1 93.70 i.2081 0.06 1 53.42 1.2282 1.66
1 13535139 [ 3] 1 CURVE 43.40 0.9313 (2] 1 1 43.40 0.9527 0.13 1 43,00 0.9692 1.74
I 33470 #1 (] CURVE 34.90 0.79%91 " 1 1 34.90 0.7978 -0.16 1 36,42 0.8110 1.65
‘ 1 Ba42 [ 3] 1 CURVE 23.80 0.4959 " 1 1 23,80 0.4993 0.72 1 23.17 0.5032 0.75
I B157S L 3 1 2 CURVE 19.40 0.4040 [ 3 | S 19.40 0.40132 -0.69 1 18.72 0.4032 -0.00
: : I 1 MEAN OF (ARS X) 0.23 1 MEAN OF (ARS X) == 0.98
! 1 1 1
1 348730 [ 2] [ 3] NANED 94.50 2.4120 ()] 1 1 96.50 2.4180 0.23 1 [ 3] (3]
1 343923 { 3 " NAMED 78.30 1.8730 " 1 1 78.30 1.8723 -0.,04 1 (] [ 3]
' 1 242947 81 ( ] NAMED 48.80 1.640350 " 1 1 408.80 1.4043 0.08 1 " [ 2]
1 b17780 (2} (]} NAMED 33.40 1.2060 (] 1 1 33.60 1.2036 -0.03 1 [ B ] "
1 B2386 L ] 1 NAMED 44.00 0.9696 " 1 1 44.00 0.9672 -0.24 1} " ( ]
! 1 B2211 ¢l " NANMED 37.00 0.8017 ” 1 .1 37.00 0.8002 -0.19 1 [ ] 2]
1 31184, 1 " NAMED 23.00 0.4812 " 1 1 23.00 00,4819 0.14 1 [ B L 2]
1 1374836 . 0 " NANED 17.40 0.3647 [ ] 1 1 17.60 00,3644 ~0.0% I [ ] L B ]
! I 244214 " [} NANED 4.80 0.0941 ( ] 1 1 4.80 0.0947 2.69 1 ]| [ )
1 391339 " " NAMED 2.90 0.0606 (] 1 1 2.90 00,0382 -4.,13 1 [ 2] 2]
, : 44207 " [ ) NAMED t.90 0.0293 [ 3] : 1 1.90 00,0381 22.47 1 [ B} 81
__________________________________________________________________ g e e b
NoTB §1: cvLINDER NOT DEFINEDR IN THE EQUIFMENT FILE SYSTEH. I MNCAL= 1.0000 BCAL= 0.000 1 HS = 11,0116 kS - -0.905
1 CFC=1 2S87=1 WFC=2 DGF=3 1 CFC=1 257=1 WFC=2 DGF=3
w 1 NEW.CALIR.NO= BBOB11-090310 ) PRV.CALIK.ND= BBOBO9-1465450
I XZNL= 3.909 SINF= 0 1 880809-170322 9935 AC-TIVE
c NOTE %! YS FOR NAMED CYLS IS FREVIOUS EFS CONC (UNSHIFTED). ) e it itttk b oDt 1--- EFF D/T ~--~ INEFF D/T -
EQUATIONS AND COEFFICIENTS DEGKEE FIT s 3
ERXRRRRIRNXRERKENEERERRNSR
. 4 3 2
X a (MCAL & X ) + RCAL ASEX 1 AARX + A3KX + AKX + A3 = FCT CO2 /N2
c N c c c c
HCAL = 0.1000000E 01 Ay = 0.0000000E 00
BCAL = 0.0000000E 00 A2 = 0.1994883E-01
Al = 0.,4040335E-04
A4 = 0.1277333E-06
AS = 0.0000000E 00
(
c



PHOE 2

PROD PROCESSED | 09112149 0B-11-BB  SEEEXE&S : TNT o
Y EQUIPNENT ID § 1 789433 aae it MAETER ST e aphfb o Pe2IZ DDSISSS H
CALIBRATION NANE! CO2A-CR23 888 ANALYZER CALIBRATION CURVE ANALYSIS 8&8 AR hh 22 55 i
CALIBRATION @ | B880811-09124% s ses AR hh 22 5555355 "
TEST SITE :  A251 SREIEEEEREERRERORONBERRRERRRREAsssirensEnss AAAAAAA 22 “ss 1"
CALIB DONE AT ¢ 09105 08-10-88 aA A4 222 2 S5 55
OFERATOR COMMENT! EFA-MSA-R23-BLINE aa A 2222222 95353 11if1

Ieesmascs==casnnnzax KNOWN OR MEABURED INFUTIS rxassmssuszsscauvusucm=] Jzazssczcazusxrzzazza CURVE CONFARISONS osesacicucssazzaaszzs:

1 EPACYL® VENDOR CYLID VCODE DATA  MEAS  NOMINAL ACTIVE 1 I FIT QUALITY OF NEW CURVE I EHIFT FROM FREVIOUS CURVE
1 OR OR OR POINT  DEFL CONC EFS CONC I 1 DEFL  CONC Vv ZFOINT 1 BEFL  CONC Y XSH
: BLNCOD  BLENLER KNG BLNKT  TYPES XM ™ YE 1 1 xc YC (N-C1/C 1 XS YE$ Setrre
—————————————————— B - ——- —————— —————-———- LR T T L | 1 —————— —— - —— -———————— 1 - ———— e ———— ————
1 368730 " ”" CURVE 96.50  2.4120 0 I 1 96.50  2.4122 0. . .00
1 343923 o " CURVE 78.30  1.8730 4 1 1 78.30 1.8714 -o.g; : ;g.gi f:::gi g‘g:
1 262947 o " CURVE 48.80  1.4050 1 1 1  48.80  1.4048 0.11 1 6B8.62  1.4244 1.09
I B17780 " " CURVE 53.40  1.2060 ¢ 1 1 33.60 1.2068 0.07 1 53.29 1.2250 1.51
1 2386 " " CURVE 44.00  0.9496 4 1 I 44.00 0.9684  -0.13 1  43.41 0.9842 1.63
1 82211 ’" 0" CURVE 37.00  0.8017 M 1 1 37.00 0.8011 -0.08 1 34.54  0.8139 1.40
I B1164 " " CURVE 23.00  0.4812 M I 1 23,00 0.4821 0.19 1 22,42  0.4843 0.87
I 157656 " " "CURVE 17.60  0.3647 0 I I 17.60  0.3844 -0.00 1 16.97  0.3644  -0.00
: : : MEAN OF (AES X) - 0.09 1 MEAN OF (ABS X) = 0.93
o 1
1 816660 o 0" NAMED 95.30  2.3803 ot 1 1 95.30 .37 -0,
I 146293 " " NANED  79.70  1.9123 M 1 1 79.70 f.::?: Toloa : :: o
1 8752 o1 " NAMED 48.40  1.4013 0 1 1 48.40  1.4013 0.00 1 0 "
1 91680 o o NAMED 53,70  1.2088 o 1 1 53.70  1.2094 0.05 1 o "
1 155139 " " NAMED 43.40 . 0.9315 0 1 1 43,40 0.9538 0.24 1 o "
1 33470 an " NAMED 34.90  0.7991 0 1 1 34,90 0.7987  -0.05 I " "
1 Bas2 - " 0" NAMED 23.80  0.4959 o I 1 23.80 0.4998 0.78 1 0" ot
1 91575 ’ o NAMED 19.40  0.4060 1 1 1 19.40 0.4033  -0.46 1 " o
1 244214 o " NAMED  4.80  0.0941 ¢4 1 1 4,80 0.096s 2.57 1 " "
I 391539 " " NAMED  2.90  0.0606 0 1 1 2.90 0.0581  -4.28 1 " o
: 46207 " " NAMED  1.90  0.029% M 1 1 1.90  0.0380  22.3% 1 " ::
..... O S S-S
NOTE 013 CYLINDER NOT DEFINED IN THE EQUIFMENT FILE SYSTEM. 1 HCAL= 1.0000 BCAL= 0.000 : NS = 1.0088 BS = -0.782
1 CFC=1 28T=1 WFC=2 DGF~3 1 CFC=1 Z5T=1 WFC=2 DGFw=3
: :::.CALIH.N0= 880811-091249 1 PRV.CALIB.NO= BBOBO9-16%450
» . = -
NOTE #i Y5 FOR NAMED CYLS 1S FREVIOUS EFS CONC (UNSHIFTED). I-mmm e .73 MM 2 120088 ‘;g¥23-39?N2§;';g$
WEAUNIANLU FrALIUN LUVEC s &£
EQUATIONS AND COEFFICIENTS' DEGREE F17 ¢ 3
SEESAERAESENBAREERELRALS A 3 )
X = (NCAL § X ) + BCAL ASSX + A4BX 4+ A3ISX 4+ A2EX 4 Al = FCT CO2 /N2
c » c c c c
MCAL = 0.1000000E 01 Al = 0.0000000€ 00
BCAL = 0.0000000E 00 A2 =  0.1991130E-01
‘ . A3 = 0.4345426E-04
At = 0.9577380E-07



~

X  EGQUIPMENT 1D o 789433
CALIBRATION NAME

TEST SITVE
CALIP DONE AT

A2351

-~ 20 VO

CD2A-CR23

09:05 08-11-886

!
H

CALIBRATION & { 880816-090155
H

OFERATOR COMMENT:

Isesarrcszz=m=cro=o=n KNOUWN OR HEASURED INFUTS ====s:zz=z=s=z=a==
1 EFACYL® VENDOR CYLID VCODE DATA MEAS NOMINAL
1 OR OR OR FOINT DEFL CONC

1 BLNCOD ELENDER RNG BUNRTY TYFES xH A4,

J mccmce ettt mtret | emmer ,mmeme emem—————
1 18440 " " CURVE 95.30 2.3803
1 144293 L )] " CURVE 79.80 1.9123
1 8752 " " CURVE 68,70 1.4013
1 9180 " " CURVE 53.80 1.2088
1 1535139 " " CURVE 43.20 0.93515
I 33470 (2 2] CURVE 34.90 0.7991%
1 B4a42 ” " CURVE 23.70 0.495¢
: BP1375 " " CURVE 19.50 0.4040
1 .

1 244214 ( }) " NAMED 4.80 0.0941
1 391539 " " NAMED 3.00 0.0806
} 66207 3 " NAMED 1.60 0. 0295

EPA-NSA-R23-UORK

N

-~

. PR

rervrese

HHNMHN Ll VU ULIY

ses s AA AR 22 22 55

$49 ANALYZER CALIBRATION CURVE ANALVSIS $t& Y Y 22 355

a8 s AR AA 2 555555

SEORENNRREEEESARAREUNSAREERRERLEARARELE0ESE ARAAAAA 22 S5
AA AR 22 2 55 55
aa  ap 2222222  G55SS

YE

NOTE @1: CYLINDER NOT DEFINED IN THE EQUIFMENT FILE SYSTEH.

NOYE &1t YS FOR NAMED CYLS 1S FREVIOUS EFS CONC (UNSHIFTED).

[ 1 20

EQUATIONS AND COEFFICIENTS.
(3333333333333 Y3332 3333330

X = (MCAL % X ) + BCAL
c )

HCAL = 0.1000000E 01
BCAL = 0.0000000E€ 00

ACTIVE
EFS CONC

St gmf b bt Gut Smd Imd Gmd Pmt Gud Gud Daf Gub Pumg Gmg G g B

ASEX

Bk Gl bt Gug Gt Pug Gt bt Pmt W Gt Wb but e bl (g St bt Snd g et

4

c

== CURVE COMFARISONS

FIT QUALITY OF NEW CURVE

DEFL CONC Y ZFOINT
XC YC (H-C)/C
95.30 2.3788 -0.06
79.80 1.9140 0.09
é8.70 1.6025 0.07
53.80 1.2103 0.12
43.20 0.9479 0.38
34.90 0.7981 0.13
23.70 0.4978 0.38
19.50 0.4059 -0.02
HEAN OF (AHKS %) 0.16
4.80 0.0969 2.92
3000 0.0604 ‘0038
1.60 0.0321 8.13

HCAL= 1.0000 ECAL= 0.000
CFC=1 2287=x1 WFC=2 DOF=3
NEW.CALIPB.NO= B880816-090155
XNL= 3.8%90 SINF= ]

3 2
+ AdKX 1 A3AX  + A2xX  + AL
C c Cc

Al = 0.0000000E

A2 - 0.2000664E -

A3 = 0.3883405E-

A4 = 0.1380222€E

as = N . NONNONNE

-

3
- s s e e
1 e - - -

1 SHIFT FROM FREVIOUS CURVE

1 NEFL CONC Y ZSHIFTY
1 XS YS& (5-C)/C
, ______________________
! 95.44 2.3788 -0.00
1 79.78 1.9292 0.80
1 68.36 1.62264 1.26
1 %3.50 1.,2304 1.66
1 42.79 0.94643 1.73
] 34.42 0.8110 1.482
1 23.08 0.5013 0.720
I 18.84 0.4059 -0.00
I MEAN OF (AES %) = 0.97
1

1 L B "
¥ (2] (B}
1 ( B L ]
) (U NP

HSs = 1.0105 BS =
WFC=2 DGF=3

CFC=1 1251=}

‘0086

880809-170322 995 AC-TIVE
--- EFF  D/T --- INEFF D/1

1
1
1 FRV.CALIR.NO= BB0B09-1465450
1
1

P aNTL VU S WY LU

NEGREE F17

= FCT CO02 /N2

00
ot
04

_06

an

P

3



PROD PROCESSED

Vb g pug Wt Pup W bmd bued Pt el Pud Omd b PG dmd Bub Dud P

$
X EQUIPMENT ID &

09108235
7869433

08-14-88

CALIBRATION NAME! COD2A-CR23
CALIRRATION ¢ ! 880816-090835

TEST SITE ! A251

CALIB DONE AT $ 09105
OFERATOR COMMENT! EFA-MSA-R23-WORK

06-12-88

ssumpscesz=c=mezexasx KNOWN OR MEASURED
EPACYLS® VENDOR CYLID VCOLE DavTaA
Ok OR OR FOINT
BLNCOD BLENDER KNG RUNRT TYFES
B146460 41 " CURVE
144293 [ 3 . " CURVE
B752 " [ 2] CURVE
F180O [ ] [ 3} CURVE
155139 [ D) " CURVE
33470 " R 2 CURVE
DAaA2 " ( B CURVE
B1575 " " CURVE
244214 41 [ B NAMED
- 391339 [ 3] " NAMED
44207 $1 a1 NANED

- - P "= = —— G a= = = - A = = - - A - A R . e - - -

NOTE #1: CYLINDER NOT DEFINED IN THE EQUIFMENT FILE SYSTEM.

NOTE 8! YS FOR NAMED CYLS IS FREVIOUS EFS CONC (UNSHIFTED).

.»..n

EQUATIONS AND COEFFICIENTS
SXANRRBERERERERERNNRKRRREKAR

X = (MCAL % X ) + ECAL

c "
HCAL = 0.1000000E 01
BCAL = 0.0000000E 00

Al
A2
A3
Al
AS

LU T L

0.0000000E 00
0.1952421E-01
0.5351349E-04
0.3878352E-07
0.0000000E 00

SREREEES HMASTER S1T1TE IR 7%) AAAAA 22222 5555955 11
" 188 AA AA 22 22 5% 111
$88% ANALYZER CALIBRATION CURVE ANALYSIS $%% AA AR 22 55 1111
[ §1 1 2 1] AA AA 22 555555 11
SARNREEBARENRNEBERER AR AR RRA AR A KA AEASNIRK AAAAAAA 22 59 11
AA AA 222 2 58 55 11
AA AR 2222222 55555 11111
INFUTS =s=szssg=su=z=zzzunazz==s] J==zssz=zzsz=cuzvzszrnae QURVE COMFARISONS co=zzoz==z===c=-ssuzos:z
NEAS NOMINAL ACTIVE 1 1 FIT QUALITY OF NEW CURVE 1 SHIFT FROM FREVIOUS CURVE
DEFL CONC EFS CONC 1 1) DEFL CONC Y ZFOINT 1 NEFL CONC Y ZSHIFTY
XM Y YE 1 1 xC ¥C (n-crsc 1 XS YS% (8-Chr/C
————————————————————— 1 1 ------ —-o--oor cmceeen ] smmmes cememmee amee oo
95.30 2.3803 $1 1 1 95.30 7.3802 -0.,00 1 925.49 2.3802 -0.00
79.40 1.9123 " 1 1 79.60 t.9128 0.02 1 79.57 1.9234 0.56
68,50 1.6013 41 1 1 68.50 1.6010 -0.02 1 48,31 1.6161 0.94
33.70 1.2088 2 1 1 53.70 1.2088 ~0.00 1 33.31 1.2254 1.38
43,30 0.§515 " 1 1 43.30 0.9489 -0.,28 1 42.76 0.9635 1.55
37.20 0.7991 " I 1 37.20 0.8024 0.41 1 36.58 0.8144 1.53
23.80 0.4959 (3] 1 1 23.80 0.4955 -0.08 1} 22.99 0.4991 0.73
19.70 0.4060 [ 3] 1 1 19.70 0.4057 -0.08 1 18.83 0.4057 -0.00
1 1 MEAN OF (ARS %) = 0o.11 1 MEAN OF (akS %) = 0.83
1 1 1
4.90 0.09414 1 1 4.90 0.0970 2.95 1 " "
3.00 0.0606 (B} 1 1 3.00 0.0591 -2.62 1 (3} (B
1.60 0.0295 ” ) S | 1.60 0.0314 5.98 1 [ 2] ¢t
1 ¥------emm e e | R ittt
1 HCAL= 1.0000 HCAL= 0.000 1 MS = 1.0140 KRS = 1.144
1 CFC=1 2S57=1} WFC=2 DGF=3 1 CFC=1 2S571=1 WFC=2 DGF=3
1 NEW.CALIE.NO= 8B0814-090835 1 FRV.CALIB.ND= BBOBOS-165450
1 XNL= 5.871 $INF= 0 1 8B0B09-170322 995 AC-TIVE
- e §--- EFF DB/7T --- INEFF D/Y
DEGREE F 1) F |
4 3 2
ASEX + A4AX  + A3%X 4 A2%X + Al = FCT CO02 /N2
c c c Cc



LU

G S S e et bed G Wt G bt e Pt gt B G sy e e e b

- - e wu s u Lo XY IR L H"ASsS 1EEFE S 1 1t P EEEEY] ARAAA : o i
X  EQUIFMENT 1D & ¢ 789433 s Y AR fh T2 22 %% 1
CALIBRATION NAME! CO2A-CR23 088 ANALYZER CALIBRATION CURVE ARALYGIG 488 an an 22 5 1L
CALIKRATION ¢ ¢! 880816-125641 100 Y1) Y'Y R SRS 1t
TEST S1TE A3 SERAAEIRORRARNNAARIA SN RnRadsintdistiidiieg AANAGAAA nz LY 1
CALIE DONE AT ! 09:05 08-16-88 Ab AR oo . . o2 '
OFERATOR COHMENT:! EFA-HSA-K23-WORK aa  aa 222002 . Y NRRN
I==sas=zzz===s======x KNOWN OR MEASURED INFUTS =---==zss=zss--2zis-s=-] [Jsz=3s-sc-_. .c._s:3 CURKVE (OMFARISOMS - --zzs--z.. 22 i
1 EFACYL® VENDOR CYLID VCODE vava HEAS NOMINAL ACTIVE 1 1 FIT QUALITY OF MEW CUKYF 1 SHIFT FKOM [R&UIUUS LIRVE
1 oR OR OR FOINT BEFL CONC EFS CONC 1 1} DEFL € ONS v ZFOINT 1 DEFL CONC Y ESHIETY
1 BELNCOP  FLENDER KNG BUNKRT TYFES XM 1] YE 1 1 Xt. L (H-cr/c 1 %S Y54 (8-01.C
e o e amea 1 1 - T TP T - N
1 R168660 " " CURVE 95.30 2.3803 " 1 1 §5.30 2.3R06 0.02 1 95.51 2.3808 ~0.00
1 144293 B ] " CURVE 79.50 1.9123 Y] 1 1 79.50 1.9094 ~0.15 1 79.50 1.9215 0.63
1 8752 " e o£URVE  48.560 1.6013 (1] 1 1 68.60 1.6034 0.13 1 48.46 1.6199 1.03
1 #180 " " CUKVE  53.80 1.2088 8" 1 1 53.80 .2118 0.25 1 53.44 1.2294 1.45
1 155139 0" " CURVE 43.30 0.9515 Y] 1 1 43,30 0.9501 -0.15 1 42.82 0.9651 1.58
1 33470 0" " CURVE  34.90 0.7991 " 1 1 36.90 0.7948 -0.2 | 34,34 0.80%90 1.53
1 BaA2 " s CURVE 23.70 0.49%9 'Y 1 1 23.70 0.4952 -0.14 1 22.97 0.4986 0.69
1 B1375 3 " CUKVE 19.70 0.4040 " 11 19.70 0.4076 0.38 1 18.91 0.4076 -0.00
1 T 1 HEAN OF (ABS %) - 0.19 1 HEAN OF (aKS %) 0.87
1 1 1 1
1 244214 7 'Y NANED 4.%90 0.0941 ' 1 1 4.90 0.0977 3.721 1 $ sl
1 391539 " " NAMED - 3.00 0.0604 " 1 1 3.00 0.0595 “1.76 1 " 'Y
: 86207 0: " NAMED 1.50 0.0795 0" 11 1.50 0.0297 0.6 1 " (¥
-------------------------------------------------------- , l--..---..-_____.-___-___-______-‘-___-____-.-___----A-..-_---_...
NOTE 081 CYLINDER NOT DEFINED IN THE EQUIFMENT FILF SYSTEM. 1 MCAL- 1.0000 ECAL= 0.000 I MS = 11,0132 BS = -1.045
1 CFC*1  IST=1 WFC-2 UBGF=3 1 CFC=1 2S1=1 WFC=2 DGF=3
1 NEM.CALIEK.NO- BBOB16-1254641 1 FRV.CALIB.NDO= 810BO9- 165450
. 1 INLs  5.Bé4 SINF= 0 1 BB0OBO9-170322 95 AC-T1IVE
NOTE #: YS FOR NAMED CYLS IS FREVIDUS EFS CONC (UNSHIFTEL). I-~~ EFF DJT --- INEFF D/1

WEIGHTING FACTOR COULE P2
EQUATIONS AND COEFFICIENTS NEGREE F1IT ¢ 3
FERSLAEBERRKSIRRRANESRNNRR
4 3 2

X = (MCAL % X ) + ECAL ASEX + AASX + AZEX ¢+ A24X ¢ A) - FCT CO2 /N2
Cc H c C C C
HCAL = 0.1200000E 01 AL = 0.0000000E 00
BCAL = 0.0000000E 00 . A2 - 0.1970352E-01

A3 = 0.4840388E-04

At = 0.712568i5E-07

AS = 0.0000000E 00



F

1

RS Gt Nt Gt O PR G O Mu% Sme SRS PuS et Gmg Gmt N WG Wb

FAGE 2

KOD FROCESSED i 10:29:34 08-17-8RR 884248 HASTETFR S 1 TE [EERRRE S AAAAA 22222 5055555 [N}

X EQUIFMENT I ¢ ¢ 789433 (¥ 3 " AA na 22 22 4% it
CALIBRATION NAME! CO2A-CK23 $5¢ ANALYZER CALIERATION CURVE ARALVESLS 688 AA héh 22 55 el
CALIRRATION ¢ { 880817-102934 s 84 AA hh 22 555559 11
TEST SITE ! A25) 122322 RS R RSS2 RRRS RSN R RN Y X AAAAAAA 22 5% 11
CALIR DONE AT ! 09:05 08-17-88 AA anh 222 2 nh 55 11
OFERATOR COMMENT! EFA-MSA-K23I-WORK AA NhA 2222222 55555 11t

sesxss=z-======z==x= KNOWN OR MEASURED THFUT SSimimsSas=s=z=ssaz=zax] I=s=z==szc-2-:x.—_-z=22=2= CURVE COMFARISONS =:zzs=zsszs=z=z=====z=_..=z:.

EFACYLS® VENDOKR CYLID VCODE DATA MEAS NOMINAL ACTIVFE 1 1 FIT QUALITY OF NEW CURVFE 1 SHIFT FROM FRFVIOUS CURVE
OR Ok OR FOINT DEFL CONC EFS CONC T ] DEFL CONC Y ZFOINT 1 DEFL CORC Y ASHIFT
BLNCODR HLENLER RNG EUNRT TYFES XM Y YE 1 1 xC YC (N-CHY/C 3 XS YSs (S-rY/cC
------------------------------------------------ 1 1 ------ e i T B it T
P16640 4 " CURVE $5.30 2.3803 (2] 1 1 95.30 2.3815 0.05 1 95.53 2.3815 -0.00
1446293 1 2] (2] CURVE ?9.40 1.9123 " 1 1 79.480 1.9071 0.7 1 79.64 1.9235 0.86
87352 (2} (21 CURVE 68.70 1.4013 (1} 1 1 é8.70 1.602 o.08 1 48.461 1.6241 1.34
9180 " " CURVE 53.80 1.2088 L ] 1 1 53.80 1.2097 0.08 1} $3.53 1.2312 1.70
155139 " " CURVE 43.50 0.9515 " 1 1 43.50 0.9545 0.3 1 43.11 0.9721 1.84
33470 " " CURVE 34.80 0.7991 " 1 1 346.80 0.7950 -0.51 1} 14.33 0.8088 1.22
Pa4d2 1 2] " CURVE 23.70 00,4959 1 I 1 23.70 0.4973 0.2 1 23.07 0.5%010 0.75
B1375 (2} 4 CURVE 19.50 0.4060 s 1 1 19.50 0.4055 -0.13 1 18.82 0.405% -0.00
I 1 MEAN DF (AKS Z) - 0.20 1 HEAN OF (ABS Z) - 1.04
1 1 |
244214 [ 2 " NARED 4.80 0.0%41 " 1 1 4.80 0.0968 2.81 1 " [} ]
391539 (2} [ 3] NAMED 3.00 0.0406 " 1 1 3.00 0.0603 -0.48 1 (3] (2
646207 " " NANED 1.50 0.0295 " 1 1 1.50 0.0301 1.8 1 " [ 3]
................................................................... l l..—-_----__._...--_----—._------_—l_—_——-——-_—_-—_---—.—_—_----.._
NOTE #1: CYLUINDER NOT DEFINED IN THE EQUIFMENT FILE SYSTEM. 1 HCAL= 1.0000 #CAL= 0.000 I HS - §.0120 ES = -0.913
’ I CFC=1 1§71=} WFC=2 DGF=3 ] CFC=1 281=1 WFC=2 DGF=3
I NEM.CALIB.NDO- 880817-102934 1 FRVU.CALIE.NDO= 880809-165450
1 ZNL= 5.975 SINF= 0 1 BR0OBOP-170322 995 AC-T11VE
NOTE %! vS FOR NAHED CYLS IS FREVIOUS EFS CONC (UNSHIFTEI), | R el i e et I---- EFF I/T1 --- INEFF /7
WEAUMIENUL FALIUN LULLE v &
EQUATIONS AND COEFFICIENTS DEGREE F17 ¢ 3
SEAEASSERAREEABARERERERNRAK A 3 2
X = (NCAL # X ) 4 KCAL ASEX  } AAEX b AZAX ) A28X 4+ A1 = FCT CO2 /N2
C C C C
c "
NCAL = 0.1000000E O1 Al . 0.0000000E 00
BCAL = 0.0000000& 00 LY 2 0.19984164E-01
A3 = 0.3840703E--04
Ad = 0.145B347E-06
AS = 0.0000000E 00

SN b pet G Gt G bt W G Bt B S e beg G et
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789433

X EQUIFNENT D ¢
CALIBRATION NAME! CO2A-CK23
CALIKRATION @ { 880818-15
TEST SITE i A251
CALIF DONE AT i 09:05 08
OFERATOR CUMMENT! EFA-KSA-R

=s=z=sx=z===xz=z==zxzz=== KNOWN OR MEA

EFACYLS VENDOR CYLID VCOBE
OR Ok oR
KLNCOL HLENDER KNG EUNRT
k16660 (2] [}
146293 " 12
BR?252 (2} §1
P180 2] L ]
155139 [ 3] (3}
33470 ’” [ 3]
BAa42 [ ] "
K1375 [ 3] s
244214 (2] "
3?1539 (3] "

86207 " (B}

NOTE #1: CYLINDER NOT LEFINEDR
NOTE ! Y5 FOR NAMED CYLS IS
EQUATIONS AND COEFFICIENTS

(2 ESR YRR RS2 RSS2 Y 8

X = (MCAL & X )  ECal
C L]

neaL = 0.1000000E o1
BCAL = 0.0000000€ 00

co rvereraes HKHod 1K 5 1 1 ¢t I ZETSN Y] ARAAK 22222 LOLLNSY 1
st LA R AA hA 22 22 5% 1il
88 ANALYZER CALITHRATION CURVE AMALYSIS 44 LY N 22 55 1t
2113 sss s8s ad QA o2 SULLGLY i
PERABARENN ORI R UREARAROOsRItRsRdtitititis AAAAAAA 22 5% 1
-18-88 AA 7Y 2 an o5 1
23-WORK aA WA ZZ283002 AN tetn
SUREN INFVWTS :-crow_cas=ssmzzzses=z]  J=z.nzza-s=x_s.:...-5= CURVE CONFARISORS - = =.=2.: .332..
BATA WEAS NOMINAL ACTIVFE. T J FIT QUALITY OF NIW CUREVE ] SHIFT FKOW fRLVIOUS CUIRYE
FOINT UEFL CONC EFS CONC T 1 DEFL corc v ZEOINT 1 neEFL conc Y ZSHIFY
TYFES XH L] YE 1 1 e vC (n-cHsc 1 X5 YS# tS-Cr/C
___________________ -_— - —— ' l - —— - - . - ——— - i a .- l - . . - - - - =
CURVE 95.30 2.3803 s 1 1 95.30 2.3814 0.05 1 $5.53 2.3814 -0.00
CURVE 79.60 1.9123 L2 1 1 79.40 1.9128 0.03 1 79.63 1.9250 0.64
CURVE 68.30 1.4013 1 ] 1 1 68.30 1.5558 -0.35 1 é8.18 1.4125 1.05
CUKVE 53.80 . 2088 " 1 1 53.80 1.2125 0.30 1 T3.4A9 1.2301 1.45
CURVE 43.40 0.93515 L B 1 1 43.40 0.9532 0.186 1 42.96 0.94683 1.58
CURVE 36.90 0.7991 st i1 346.90 0.7975 0.720 1 36.37 0.8097 1.53
CURVE 23.80 0.4959 " | B | 23.80 G.4981 0.43 1 23.10 0.5017 0.73
CURVE 19.50 0.4060 " 1 19.50 0.4038 0.55 1 18.74 0.4038 -0.00
1 I HEAN OF (AbLS %) 0.26 1 MEAN OF (AEKS %) 0.87
1 1 1
NAMED 4.80 0.0941 " I 1 4.80 0.0959 1.7 1 (N [ )
NAHED 3.00 0.0608 " 1 1 3.00 0.0597 1.%56 1 (R (]
NANED 1.50 0.0295 (2} | B | 1.50 0.029 0.76 1} " (R
___________________________________ ‘ ‘_._----____.._.. _-__-_--___-_-_l_..._-___-_-__,._----_.-_—--—---
IN THE EQUIFHENT FILE SYSTENM. I nCaL- 1.0000 HCAL= 0.000 J HS = 1.0130 s = -1.008
1 CFC=3 12S1=% WFC=2 DIDGF=3 1 CFC=1 2S71=1} HFC=2 [DGF=3
I NEW.CALIE.NO- 600818-152113 1 FRV.CALJE,NO= 880809-1635450
’ 1 XNL-= 5.0848 GINF = 0 | BB0BO9-170322 995 AC-T1IVE
FREVIOUS EFS CONC (UNSHIFTED). J-wmmmemmmr o s i eeem e - -~ EFF /T --- THEFF D/T
WEIGHTING FACTOR CODE P2
IMEGREFE FI7T t 3
4 3 2
ASEX  + A4RX I A A28 X I A1 = FCY CO2 /N2
C C c C
Al 0.0000000€ 00
A2 - 0.1974611E-01
A3 = 0.4781195E--04
A4 = 0.7556153E-07

=
b
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reucr £

FROD PROCESSED

X EQUIFHENT 1D &
CALIFRATION NAME
CALIRRATION @
TEST SITE
CALIER [NONE AT

*e e s e ve ve

OFERATOR COMMENT!

10:28:5
789433
co2a-CK
880824~
A2351
09105

08-24-R8

23
102859

08-24-88

EFA-HSA-R23-WORK

stskinss HMASTERK S$11E¢E LAvEKgARX
st ek
$88 ANALYZER CALIERATION CURVE ANALYSIS i
[ 2] ] s

SERBRARENEARSANAARARARRRERRREERRRIRN NG A RONL

AAAAA 22222 o}
AQ ap 22 225
AA AN 22 )
AA hA 22 b}
AAARARA 22
Al an 222 2 L3

AN 2222022

Ah

CURVE COMFAK]ISONS

[ANL EARA )

1

Cn
o
1

]
A

(4]

I====2==s=s============ KNOWN OR MEASUREIlI INFUTS ::=zzzuimssssss=z=ss===] Sz=iwizozmueri_o_zzZo==z ZS==Sz.=z-s=zs=zzzss.==x= ;o
I EFACYLS VENDOR CYLID VCORE [ATA MEAS NOMINAL ACTIVE 1 1 FIT QUALITY OF NFW CURVE I SHIFY FROM FREVIOUS CURVE
 { Ok OR OR FOINT DEFL CONC EFS CONC I 1 DEFL CONC Y ZFOINT | NEFL CONC Y ZSHIFT
I BLNCOM  KLENDER KNG  BULNKT  TYFES i YE 1 1 XC ve (M=C)/€ 1 XS YSE  (§5-C)/C
1 mmmmmm mmmmmmmmmme mmee cmee mmeen e e e T B e S L e
1 B1446460 " 81 CURVE 95.30 2.3803 [ 3] 1 1 95.30 2.378¢% -0.06 1 95.44 2.3789 -0.00
1 146293 " 1 CURVE 79.80 1.9123 " | I | 79.80 1.9158 0.18 1 79.78 1.9292 0.70
1 R752 " 1 CURVE 68.50 1.6013 L 2] 1 1 48.50 1.5991 -0.14 1 68.35 1.6171 1.12
1 B1BO &1 " CURVE 53.70 1.2088 (R I 1 53.70 1.2092 0.03 I 53.39 1.2275 1,352
I 135139 (R} st CURVE 43,210 0.95135 " 1 1 43.30 0.9511 0.0% 1 42.88 0.9663 1.41
1 33470 (B} [ B CURVE 36.90 0.79%1 [ ]| 1 1 34.90 0,.7984 0.09 1 346.40 0.8106 1.53
I RA442 [ B} " CURVE 23.70 0.4959 (R I 1 23.70 0.4774 0.29 1 23.06 0.5008 0.68
I RIS7S5 " [ 3] CURVE 19.30 0.4060 (3] 1 1 19.50 0.4053 -0.16 1 18.01 0.4053 -0.00
I ) 1 1 MEAN OF (nkS %y - 0.13 I HLAH OF (ARS %) 0.89
| 1 1 1
1 244214 (2] 41 NARED 4.80 0.0941 " 1 1 4.80 0.0966 2.56 1 (B} "
I 391539 (X} 2 NANED 3.10 0.0404 (2] 1 1 3.10 0.0621 2.48 1 " L 3
1 66207 [ 3 s NANED 1.50 0.0295 " 1 1 1.50 0.0300 1.553 1 4 [ B
e e e b I I1----------- - mmmeso e —e—- | e e
NOTE #1: CYLINDER NOT DEFINED IN THE EQUIFMENT FILE SYSTEN. I HCAL= 1.0000 RCAL= 0.000 1 MS = 1.0110 BS = -0.899
1 CFC=1 257=1 WFC=2 WGF=3 1 CFC=1 25T1=1 WFC=2 DGF=3
1 NEW.CAL1E,.NO=- 8B0B24-102859 I FRV.CALIK.NO= 880809-165450
I XNL= 5.828 SINF= 0 1 BBOBO9-170372 995 AC-TIVE
NOTE %! YS FOR NAMED CYLS 1S FREVIOUS EFS CONC (UNSHIFTEN). I mmmmm e e 1--- EFF /7 --- INEFF Dh/7 --
WEIGHTING FACTOR COUE P 2
EQUATIONS AND COEFFICIENTS UEGREE FI1T s 3
CRERXIRARBRXRARNRDRRARNRLY
4 3 2 .
X = (HCAL % X ) + BRCAL ASEX ¢ AAEX 4 AKX+ A2EX  + Al = FCY CO2 /N2
C ] c Cc c [
MCAL = 0.1000000E 01 Al = 0.0000000E 00
BCAL = 0,0000000E 00 A2 0.1991259E-01
a3 = 0.4271625E-04
AA = 0.107B24BE-06
AS = 0.0000000E 00
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ivevaiss VO .o wW YTy M ASTERK 81 1 E Kekbsdad LYY Yy, 22222 5555557 11
X EQUIFMENT LD & ¢ 789433 s s Y 4a 22 22 SG 11
CALIKRATION NAME: CO2A-CK23 298 ANALYZER CALIKKATION CURVE ANALVSIS #44 Y Al 22 55 1t
CALIKRATION ¢ ! 880825-105111 ses Y1) 'Y 'Y 22 133388 1
TEST SI1VE 1 A231 ARRASRANNB NN EREAREE RN EEARRENA KA M RN AL ARANAAA 22 55 11
. CALIE DONE AT t 09:05 08-25-88 a8 A 222 2 55 55 11
OFERATOR COMMENT: EFA-MSA-K23-WORK AA AR 2223E0CC a5555 11t}
J=m=z=zzszzzz======2=z= KNOWN OR MEASURED IHFUTS -~—--sz==z=z=zz=ss===zs==z=:] J-zsszz-=s_=~==z_z=zz2= CURVF. COMFARISONS tsz===zsszs=F_uv_sa.==5"7
1 EFACYLS VENDOR CYLIB VCODE BATA HEAS NOMINAL ACTIVE 1 1 FIT QUALITY OF NEW CURVE I SHIFT FROM FREVIOUS CUKVE
1 OR oK ok FOINT VEFL CONC EFS CONC I 1 DEFL CONC Y ZFOINT 1 DNEFL CONC Y ZSHIFT
I BLNCOD ELENDER KNG ELNRT TYFES xM ') YE 1 1 xe Ye (H-cHr/C : xS YS# (s-tHst
g U I ] =-==r= mmememan mmem—ee ] mmeme e oo e -
1 B16640 st (31 CURVE 95.30 2.3803 s 1 1 $5.30 2.3816 0.05 1} 95.5 2.3816 -0.00
1 144293 s 'Y CURVE 79.60 1.9123 ' 1 1 79.60 1.9110 -0.07 1 79.46 1.9259 0.78
1 B752 '3 (3] CURVE 68.50 1.6013 Y] 1 1 68.50 1.59964 -0.10 1 68.43 1.6193 1.23
1 B160O 41 * CURVE 53.70 1.2008 'Y 1 1 53.70 . 206§ 0.09 1 53.47 1.2295 1.62
1 155139 ] st CUKVE 43.30 0.9515 '3 1 1 43.30 0.9522 0.07 1 42.95 0.948> 1.68
1 33470 " * CURVE 34.90 0.7991 'Y 1 1 34.90 0.7997 0.07 34.48 0.8123 1.58
1 pa42 " 1 CURVE 23.60 0.4959 9" 11 23.640 G.4967 0.15 1 23.03 0.3001 0.48
1 k1575 '} (Y] CURVE 15.40 0.4060 'Y 11 19.40 (.4046 0.34 1 18.78 0.4046 -0.00
I 1 I MEAN OF (AKS %) - 0.12 1 KEAN OF (AKS %) = 0.95
1 1 1 1
1 244214 3 'Y NAMET 4.80 0.0941 " (S | 4.80 0.0972 3.1 v $ t
I 391539 " " NAME 3.00 0.0606 'Y 1 1 3.00 0.040% -0.15 1 0" '}
1 66207 81 " NAMED 1.40 0.0295 0" 1 1 1.40 0.0281 -4.80 1 ’ $1
T L LT T e I e
NOTE 81! CYLINDER NOT BEFINED IN THE EQUIFMENT FILE SYSTEM. 1 HCAL= 1.0000 ECAL= 0.000 1 HS = 1.0112 ES - -0.R3%
1 CFC=1 251=1 MFC=2 DGF-3 1 CFC=1 2S51=1 WFC=2 UGF=3
1 NEW.CALIE.NO= BB0BZ6-105111 1 FRU.CALIE.NO= BBOBO9-1654%0
1 INL= 5.855 SINF= 0 1 BBOBO9-170322 995 AC-11VE
NOTE %: YS FOR NAMED CYLS 1S FREVIOUS EFS CONC (UNSHIFTFI), T 1--- EFF  D/T --- INFFF /1
EQUATIONS AND COEFFICIENTS DECREE FIT : 3
EESARRERARANRRERRRARNREKRK '
4 3 2?
X = (MCAL & X ) 4+ RCaAL ASEX  + AAEX  + A3EX  + A2RX 4 Al = FCT CO2 /N7
c M c c C C
MCAL = 0.1000000€ 01 a1 0.0000000E 00
BCAL = 0.0000000E 00 a2 = 2005121E-01
A3 = 0.3890154€-04
Aq = 0.1356052E-06
aAS = 0.0000000E 00
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[T RVE VR

FKOD FROCESSED ¢ 09:18:27 0%9-01-88 I LRSS R HASTER S 1 T1TE I FRRRE IR AAAAA 22222 SOL0555 [N}

X EQUIFMENT ID & I 2789433 e s AR hiv 22 225G i1l
CALIBRATION NAME: CO2A-CK23 s$8% ARALYZER CALIEKRATION CURVE AHANRNALYSTC 448 AR hih 22 o0 111t
CALIRRATION & ¢ 6880901-091827 ' s AA OO 22 05505 1
TEST SITE : A251 EESAAREEREEERNRERRNARARRRERARIRREN R IRNINIA AAAAALAA 22 S5 1
CALIE LONE AT i 09:05 08-31-88 AA htr 222 PR 50 [
OFERATOR COMMENT! EFA-MSA-R23-WOKA AA 2222022 DLL05 1t

I=x==z==z=z=z=zc==z======= KNOWN OR MEASUREIll! INFUTS ====-===.=z==z=zzzz=zz== Is=s====rz=s=:2=..2222 CURVE COMFARISONS =cc-:i-=z=- .. =.=z__ z2::
I EFACYLS VENDOR CYLID VCOLE DATA HEAS NOHINAL ACTIVE 1 1 FIJ1 QUALITY OF NEW CURVE I CSHIFT FROM FREVIOUS CURVE
1 OR OR OR FOINT NEFL CONRC EFR tONC T 1 DEFL CONC Y ZFOINT 1 DEFL CONRC V OZSHIFT
1 RLNCOD HLENDER KNG KELNRY TYFES XM YH YE 1 | xC (C (n-C)/Cc 1 XS YS# (5-0HKr/C
I -==-=--- e ——— ————— -————— —————— —e s ——— —,m—————— ] 1 -o= - i J —emmme mmememm s —mem - -
I R16660 41 [ 3 CURVE 95.30 2.3803 ' 1 1 $5.30 2.3R07 0.02 1 ?5.50 2.3807 0.00
1 146293 " L 3 CURVE 79.70 1.992 (] ] 1-1 79.70 1.9131 0.04 1 7%.71 1.9273 0.74
1 B752 " 1 CURVE 4R. 50 1.6013 " 1 1 68.50 1.5984 -0.18 1 68.37 1.6175 1.20
1 g180 L3 1 CURVE 53.80 1.2088 " 1 1 53.80 1.2103 0.12 1 53.48 1.229¢% 1.62
I 155139 L] (2} CURVE 43.40 0.9515 L} 1 1 43.40 0.9518 0.03 | A42.95 0.9682 1.73
1 33470 (3] [ 3 CURVE 37.00 0.7991 " T 1 37.00 0.7989 -0.02 ¢ 316.47 0.8122 1.66
I K442 ¢l [ 2 CURVE 23.80 0.4%59 " 1 1 23.00 (. 4980 0.43 | 23.11 0.5018 0.76
1 k1575 LB 81 CURVE 19.50 0.4060 L ] 1 1 19.50 0.4049 0.%0 1 18.75 0.4040 0.00
1 1 I HEAN OF (akS %) 0.17 I MEAN OF (AKS %) 0.96
1 . 1 1 I
1 244214 41 [ B NAHED 9.10 0.0941 41 1 1 5.10 0L L0202 7.9 1 (N} LA
1 391539 s (B NANMED 2.%0 0.0606 (2} 11 2.90 0.045%78 4.77 1 L R sl
1 66207 " &1 NAMED 1.90 00,0295 [ 3] 1 1 1.90 .0378 21.98 1 H LR
e i i e it ol I e | B e R TR I
NOTE #1: CYLINDER NOT QREFINED IN THE EQUIFMENT FILE SYSTENM. 1 HCaL= 11,0000 BCAL- 0.000 1 MS = 1.0125 KRS - -0.992
1 CFC=1 7S1=1{ WFC=2 ©DGF=3 I CFC=1 12ST-1 WFC-2 DGF=3
I NEW.CALTIK.NO- BB0901-091827 1 FRV.CALIK.NO= BB0OG09-14&5450
1 ZNL= S.931 VINF = 0 1 BB0BO9-170322 995 AC-11VE
NOTE %! ¥S FOR NAMED CYLS 1S FREVIOUS EFS CONC (UNSHIFTEW) ., | I -— EFF  D/T --- THEFF D

CWUATIUND ANL LUEFF LILILIENIDS BEGREF F 1T L

SERBERRRARRREEXNTAZRARRERK s 3 "

X = (MCAL & X ) + ECAL ASEX + AAxX  + A3xX + A2%xX ) Al = FCT CO2 /N2

c " c c c c
HCAL = 0.1000000€ 01 21 g-?gg?gggg g‘;’
= 2 : . ] e
HeaL = 000000008 00 A3 = 0.4411709E-04
A4 = 0.1058008BE-06
AS = 0.0000000E 00

WS RS MR em omm e om em e e e e e e gt P SR e bt e S Gme et
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PABE 2

rkon FPROCESSED ! 09:06:07 09-02-88 #sx&88¢% N A S T E K S 1 T E  s444sass AAAAA 22222 5555555 1
EQUIFMENT ID 0 ! 789433 s 1198 AA hwh 22 22 55 111
CALIBRATION NAHE: CO2A-CR23 888 ANALYZFR CALIERATION CURVE ANALYSIS 8¢ AA hh 22 55 1
CALIRRATION ¥ ¢ BBO%02-090607 " (22} AA HA 22 5350500 11
TEST SITE ! a2s51 ERRRNRARAEEERERORERERRARRURNRRINLIIIDNNENY AAAAAAA 22 35 s
CALIR DONE AT 1 09105 09-01-80 AA AA 272 2 55 S5 1
OFERATOR COMMENT: EFA-NSA-K23-SEC AA  AA 22220202 55555 11

l=mssc=zzz====cz=z====z KNOWN OK MEASURED INFUTE c==z=szzz=xs=z==z=z=zz===zz] Iz=szs=secsuszz=zz22 CURVE COMFARISONS =====zzre=__wzsz==o=s:

I EFACYLS$ VENDOK CyLID VCOLE DATA HEAS NOMINAL ACTIVE 1 1 FIT QUALITY OF NEW CURVE 1 SHIFT FROH FREVIOUS CURVE

1 OR OR OR FOINT LEFL CONC EFS CONC 1 1 DEFL {UNC Y XFOINY U DEFL conc Y ZSHIFT

: RLNCOD ELENDER KNG ELNRT TYFES XM 04, YE 1 1 XC YC (#-cHr/c 1 xS YS$ (S-CH/C

__________________________________________________ 1 1 fem——— e e r—cim . —— 1 P P R

1 N34920 " [ 3] CURVE 95.R0 2.3950 [ 2] 1.1 95.80 2.3963 0.05 1 96.03 2.3963 0.00

I 343923 " " CURVE 78.20 1.8730 " I 1 768.20 1.87207 -0.12 1 78.23 1.8863 0.83

1 262947 " [ 3} CURVE 68.70 1.6050 " 1 1 68.70 1.6049 -0.01 % 68.62 1.6244 .22

1 B1778 [ 3] (3] CURVE 53.60 1.2060 [ 2] 1 1 33.60 . 2064 0.04 1 53.35 1.2266 1.67

1 BR2386 [ 2] " CURVE 44.10 0.9696 (X} I 1 44.10 0.9701 0.05 1 43.75 0.9874 1.81

1 B2211 [ 2} " CURVE 37.10 0.8017 [ B3] 1 1 37.10 ¢.8026 0.11 1 36.67 0.08168 1.77

I B1184 [ 2] (2 CURVE 23.00 0.4812 " 1 1 23.00 0.4814 0.04 ] 2.41 0.4860 0.96

1 157656 (2] [ 3] CURVE 17.460 0.34647 " 1 1 17.60 0.34638 -0.23 1 16.95 0.3638 -0.00

: | 1 HMEAN OF (AEKS Z) - 0.08 1 HWFAN OF (AKS %) - 1.03

1 1 1

1 K148660 (3] (2 NANMED 95.30 2.3803 0 1 1 $5.30 2.3807 0.02 1 [ B (B}

1 1446293 " (2} NANED 79.350 1.9123 " 1 1 79.50 i.9080 -0.22 1 " "

1 B752 (2} 1 NAHED 48.50 1.6013 " 1 1 48.50 1.5994 ~0.12 1 [ B (B}

I k180 " [ 3 NAMEDR 53.70 1.2088 [ 2] I 1 33.70 1.2090 0.02 1 ¢l (2]

I 155139 (3 " NAKED 43.30 0.9515 [ 3 1 1 43,30 00,9506 -0.09 1 (3 [ 3]

1 ba42 " " NANMEL 23.70 0.4959 " 1 1 23.70 0.4969 0.19 1 "t "

1 81375 [} " NAHED 19.40 0.40460 (2] 1 1 19.40 = (.,4027 -0.82 ] " 81

1 244214 " " NAMED 4.70 0.0741 (B I 1 4.70 00,0944 0.31 1 " "

1 391339 | 3 BN " NANED 2.R80 0.0404 " 1 1 2.80 0.0560 -B.22 1 [ 2] [ 2]

: 66207 [ 3] [ 3] NANED 2 0.0295 [ 3] 1 1 1.2 0.0239 ~23.3% 1 " [ 3]

____________________________________________________________________ 1 T ) [k b T T T
NOTE #1: CYLINDER NOTV DEFINED IN THE EQUIFMENT FILE SYSTEMNM. I HCAL= 1.0000 HCAL= 0,000 I HS - 1.0113 BS - -0.852
1 CFC=1 2S71=t WFC=2 DGF=3 1 CFC=1 7ST1=1 WFC=2 ULGF=3
1 NEW.CALIE.NDO= 8B0%02-090407 1 FRV.CALIE.NO= 8B0B0OS-165450
1 %NL= $.8726 SINF = 0 1 BBOBO09-170322 95 AC-T1IVE
NOTE %! ¥YS FOR NAMED CYLS 1S FREVIOUS EFS ((INC (UNSHIFTED) . | R it I -- EFF 7 -- THEFF b/

WEILURNIINO FrHLIUR LULC . o
EQUATIONS AND COEFFICIENTS DEGREE FI1 ¢ 2
[ 33373322333 333 ¢ 33288332133
L] 3 2

X = (MCAL * X ) + ERCAL ASEX { A4SX 1 A3&X  + A2xx 4t . FCT £02 /N2
[ M c C C c
MCAL = 0.1000000E O1 .3 B 0.0000000E 00
BCAL = 0.0000000E 0O a2 = 0.1987737€-01

A3 = 0.4333516E-04

Ay = 0.1072521E-06

AS = 0.0000000E 00

TN e S P e G b bt N Gt bt Bt bt Bt tmd Ul Pt Gt G e M et e G R S e et ey

1=k



PROD PROCESSBED ! 10324151 08-11-88 S5588248 HASTEK §171TE shdkssis AAAAA 22222 5555505 11
2QUIPHENT ID & 1 787443 (144 (21 AA hah 22 22 53 111
CALIBRATION NAME: CO2A-CR22 888 ANALYZER CALIBRATION CURVE AHALYSIS s¢s AN hh 22 55 1111
CALIDRATION ¢ i B680011-10243} " L 22 AA AN 22 355555 1t
TEST SITE ! A231 SEERASEBERREEEERARESRRERNEEBRARAANISEANBERE AAAAAAA 2 55 11
CALIEB DONE AT ! 14112 08-10-88 AA hh 22 2 55 55 11
OPERATOR COMMENT: EPA-HDR-R22-BLINE AR AR 2222222 55555 1111

Ismme=zc=c==xz=====a KNOWN OR MEASUREDI INFUTS sz:zassmroresuuesss=zzz] I==sz====2zzusciszsrz-xz CURVE COMFARISONS ==s=zza2zozi=zcz=sasss:

1 EPACYLS® VENDOR CYLID VCODE DATA NEAS NOMINAL ACTIVE 1 I FIT QUALITY OF NEW CURVE I SHIFT FROM FREVIOUS CURVE

1 OR DR OR POINT VEFL CONC - FEFS5 CONC 1 ) DEFL CONC Y AFOINT 1 DEFL CONC ¥ XSHIFTY

I BLNCOD HLENDER RNG BLNRT TYPES XN ™ YE 1 1 XC Yc (n-cysc 1 xS YS& (8-CHy/C

I m---== mmmmdemmmmee mmmme edmel cccme cccmmen - R B I —-m-o- mmmeme—m ceeeen

1 B238¢4 (21 " CURVE 97.00 0.9696 " 1 1 97.00 0.9499 0.03 1 84 o4 4

I 2211 L ] ” CURVE 81.720 0.8017 " 1 1 81.70 0.8024 0.09 1 L L) L L) { 2]

I B1434 L ] 1 " CURVE 74.40 0.7240 L ] 1 1 1 74.40 0.7244 -0.19 1 44 L L] 04

1 A-221 12 1 2] CURVE 41.40 0.3%900 (3] I 1 61.40 0.5893 ~0.12 1 L L) 44 L 2

1 BP1184 " " CURVE 30.80 0.4812 " 1 1 %0.080 0.4819 0.14 1 L L) (L L L)

I 1374836 12 1 CURVE 39.00 0.3647 1] 1 1 39.00 0.3452 0.14 1 44 (L) 4

1 286391 " L 2 CURVE 27.40 0.2350 1 2] 1 1 27.60 0.2553 0.14 1 L L] (2] (2

1 063349 " " CURvVE 14.00 0.1282 L} 1 1 14.00 0.1277 -0.3% 1 4 0 L L

1 . : 1 1 MEAN OF (ABS X) - 0.15 1

1 1 1 1

1 1535139 L 2 [ 3] NANED 95.40 0.9515 (2] 1 1 95.40 0.9521 0.04 1} 3 L 3]

1 33470 L] L ] NANED  B81.30 0.7991 1 ] 1 1 61.50 ¢.8003 0.15 1 1 2] 1 2

1 1463287 1 2 " NAMED 71.40 0.6923 ] 1 1 71.40 0.6930 0.00 1 ” *H

I B1103 2 " NAMED 62.00 0.3947 1 ] 1 1 42.00 0.5955 0.12 I " "

1 BA442 ”" " NANED 52.30 0.4939 (2 1 1 52.30 0.47%49 0.20 1 " (1

I B1373 L 3 ¢t NANMED 43,20 0.4060 o 1 1 43.20 0.4064 0.10 1 (3 (2}

I B914 o " NAMED 25,40  0.2344 1 ] 1 1 25.40 0.2344 0.02 1 * "

1 337743 " " NANED 15.30 0.1394 " 1 1 13.30 0.1398 0.11 1 $1 "

1 244214 n " NANED 10.40 0.0941 1] 1 1 10.480 0.0964 2.34 1 " 12

T 391339 1 1 2} NANMED 6.60 0.0404 (2} 1 1 6.60 0.0598 -1.42 1 "t (2

1 64207 . " NAMED 3,20 0.0293 1] 1 1 3.20 0.0289 -2.17 1 " L 2]

R e e b b ket Rt 1 l--------eorcccrreme e ec e Jommmm e e e e

NOTERa®1! CYLINDER NOT DEFINED IN THE EQUIFMENT FILE SYSTEN. 1 MCAL+ 1.0000 BCAL= 0.000 1 HS = kS =
1 CFC=1 157=1 WFC=2 DGF=3 ] CFC= 1571= WFC= DGF =
1 NEM.CALIB.NO= 680811-102451 I FRV.CALIB.NO= -
NOTE 94! NO FREVIOUS ANALYZER CALIBKATION ON FILE IN THE EFS. I ZNL= 2,776 SINF= 01 - -
NOTE &! Y8 FOR NAMED CYLS IS FREVIOUS EFS CONC (UNSHIFTED). | R e b ,eme o m e 1--- EFF  D/T --- INEFF D/7 -
. ' MEIBHTING FACTOR CODE $ 2

EQUATIDNS AND COEFFICIENTS DEGREE F17T 3

SEEELREARE R AR AR BAERRRAREEK s 3 \

X = (MCAL % X ) + BCAL ASEX + A4%X 4+ A3xX 1 A2%X + A) = PCT CO2 /N2

c " c c c c
HCAL = 0.1000000E 01 Al = 0.0000000E 00
BCAL = . 0.0000000E 00 YR 0.8994130E-02
A3 = 0.8922240E-05
A4 = 0.1478682€-07
A5 = 0.0000000E 00
C

E1-R



PAGE 2

FROD FROCESSED ! 10:32:39 08-11-88 sssssss8 M A S T E K S 1 T E  ssrssnns AAAAA 22222 $555559 11

Y EQUIPHENT 1D & 1§ 789443 ses 1Y AR AA 22 22 GO 111
CALIBRATION NAME! CO2A-CK22 888 ANALYZER CALIBRATION CURKVE ANALYSIS $88 AA AA 22 5% 1111
CALIBRATION & : ©B0811-103239 s s AA AA 22 555555 11
TEST SITE i A231 Y I I T T I I I I RTINTILICIN Y AARAAAA 22 sS 11
CALIE DONE AT ¢ 14212 08 $5-85 AA  AA 222 2 55 55 11
OFERATOR COMMENT: EPA-HOK-R22-KLINE AR AKk 2222222 55555 11111

suessssszssizizcss= CURVE COMFARISONS ==-=z=sssssszsss==s=

Izzss=s=====za===cx= KNOWN OK KHEASURED INFUTS ==:suacssssszsesusuesz] Juwo:
: EPSSYLO VENIOR CYLID VUCODE  DATA MEAS NOMINAL ACTIVE 1 1 FIT QUALITY OF NEW CURVE 1 SHIFT FROM FREVIOUS CURVE
Ok OR POINT  REFL CONC EFS CONC 1 1 DEFL CONC Y ZPOINT 1 IEFL CONC Y ZSHIFT
: ELNCOH BLENDER RNG  BLNRT  TYPES XM ™ YE 1 1 xC YC n-crsc 1 xS YS% (s-C)/C
': -------- e mmemem e mEmEmEmE 00 S m e et e o o e o ——— e o l l ...................... ‘ _____________________
1 155139 1 " CURVE 95.40 0.9515% " ) I | 95.40 0.9514 -0.01 1 0 (7 'Y
1 33470 " 'Y CURVE 81.30 0.7991 " 1 1 81.50 0.7994 0.04 1 4 (Y} 84
: ;:2327 9" ‘T CURVE 71.40 0.4925 0" 1 1 71.40 0.6922 -0.05 1 " (Y 04
s " CURVE 42.00 0.5947 " 1 62.00 0.35%946 -0.01 I 04 (Y 04
: ::;3. L ]} " CURVE 52.30 0.4939 " 1 1 52.30 0.4942 0.07 1 04 4 84
I 0916, 0" " CURVE  43.20 0.4040 0" 1 1 43.20 0.4059 -0.03 1 Y] 84 24
1 71 " CURVE 25.40 0.2344 7] 1 1 25.40 0.2343 -0.06 1 'Y 'Y 'Y
: 337743 '3 0" _ CURVE 15.30 0.1396 " 11 15.30 0.1397 0.07 1 Y Y (Y
I 1 I MEAN OF (AHBS %) - 0.04 1
1 1 1
1 K23Bé " 'Y NAMED . 97.00 0.9696 T 1 1 97.00 0.9693 -0.04 1 * '
1 B2211 " 'Y NAMED 81.70 0.8017 " 1 1 81.70 0.8016 -0.02 1 'Y "
1 B1454 ' ¥ 7] NANED 74,40 0.7240 '] 1 1 74.40 0.7237 -0.31 1 " "
1 A-221 81 " NAMED  61.40 0.5900 " 1 1 41.40 0.5885 -0.26 I '} "
1 B1184 " ’" NAMED 50.80 0.4812 " 1 1 50.80 0.4812 0.00 1 'Y 0"
1 157656 ‘1 " NANER 39,00 0.3647 'Y 1 1 39.00 0.34648 0.02 1 " s
1 284591 " " NANEDR 27,60 0.2550 " 1 1 27.60 0.2551 0.05 1 s 'Y
1 065349 " '] NAMED 14.00 0.1282 X 1 1 14.00 0.1277 ~0.42 1 'Y '}
1 244214 -9 " NANED 10.40 0.0941 " 1 1 10,60 0.0943 2.32 1 '] (Y]
1 391539 'Y " NAMED 6.80 0.0606 " 1 1 4.60 0.0598 -1.41 1 'Y 'Y
: 46207 01 " NAMED 3.20 0.0295 'Y 1 1 3.20 0.0289 -2.15 1 ¥ "
e i e e I T e R R
NOTE’'$#1: CYLINDER NOT DEFINED IN THE EQUIFMENT FILE SYSTEM. I MCAL= 1.0000 ECAL= 0.000 I NS = kS =
1 CFC=1 25T=1 WFC=2 NGF=3 1 CFC= 2s51= WFC= 0GF =
1 NEW.CALIK.NO= BB0B11-103239 1 FRV.CALIK.NO= -
NOTE #4: NO FREVIOUS ANALYZER CALIERATION ON FILE IN THE EFS. 1 ZNL= T.R1A $INF: 01 - -
NOTE %! Y8 FOK NAMED CYLS 1S FREVIOUS EFS CONC (UNSHIFTED). T 1--- EFF  B/y --- INEFF D/%
WEIGHTING FACTOF CODE’ HE
EQUATIONS AND COEFFICIENTS. : DEGREE FIT ¢ 3
SEERARRERAERRENRARESERERNS
4 3 2
X = (MCAL % X ) + BCAL ASEX 4+ AAKX 4 A3KX + A2¥X 4 A) - FCT CO2 /N2
C M c ( c c
HCAL = 0.1000000E 01 Al - 0.0000000E 00
BCAL = 0.0000000E 00 A2 = 0.8997887E-02
A3 = 0.8354270E-05
Y 0.,1954350E-07
AS = 0.0000000E 00

]
?1-R



PAGE 2

FROD PROCESSED ¢ 13:44:28 o08-10-88 (3322828 H"ASETERK s 1 TE [ 2233 32% ] ARAAA 22222 5555550 11
EQUIPHENT ID & ! 789433 s s AA han 22 22 55 111
CALIBRATION NAME! CO2A-Ck23 688 AHALYZER CALIBRATION CURVE ANALYSIS &s% AA hh 22 [3) 1111
CALIBRATION # § ©8B80810-1344264 ses 1Y YY) 22 555555 1"
TEBT SITE I A251 SERENEERALERUREASAERNNREBERREREERRRNNXAAINARS AAAAAAA 22 55 i
CALIB DONE AT t 09:05 08-10-88 AA AL 222 205 55 11
OPERATOR COMMENT! EFA-HOR-R23-BLINE AA AR 2222222 35555 111t

{ssassz==sz====saz=a= KNOWN OK “E“SUR‘“ lNF’U"S SmzzssziSsTusSszussaazs] les=zz=czczu=zco=zz===~-= CURVE cn"f‘ARISnNS LTSy ESSTEm=LSo=SSS==:.

1 EPACYL® VENDOR CYLID VCODE DATA HEAS NOMINAL ACTIVE I 1 F1T QUALITY OF NEW CURVE ] SHIFT FROH FREVIOUS CURVE

1 OR OR OR FOINT REFL CONC EFE CONC I 1 DEFL CONC Y ZFOINT 1 DEFL CONC Y ZSHIFTY

1 KLNCOD ELENDER RNG BLNRT TYFES xXn ™ YE 1 1 XC YC (H-cHrsc 1 XS YS«%& (s-cy/C

1 ~-===s rememcccee—n cmmme | emees mmemes mmmemmes cmmem—eo I 1 -—---- —---omm ememe I === - imwms—s se—e—-

1 368730 1 2 [ 3] CURVE 94.50 2.4120 2 1 1 96.50 2.4112 -0.,03 1 96.54 2.4112 -0.00

1 343923 ot ()] CURVE 78.20 1.8730 " 1 1 78.20 1.8744 0.07 1 78.09 1.8823 0.42

1 262947 " L ] CURVE 48.350 1.6050 L ]| 1 1 48.50 1.6054 0.03 1 468.31 1.6160 0.66

1 R§72700 " [ 3] CURVE 93.30 1.2040 " 1 1 53.30 1.2054 -0.05 ] 52.99 1.2174 0.99

1 B2386 " (2} CURVE 13.80 0.969%96 [ G | 43.80 0,9483 -0.13 1 43.41 0.9794 1.14

1 BR2211 1 " CURVE 34.90 0.8017 (2 1 1 34.90 0.8023 o.08 1 36.45 0.8117 1.17

1 k1184 $1 L B CURVE 22.90 0.4812 " 1 1 22.90 0.4R12 -0.01 1 22,34 00,4845 0.49

1 157636 1 " CURVE 17.40 0.34647 (B 1 1 17.40 0.3450 0.08 1 17.00 0.3630 -0.00

1 I 1 MEAN OF (ABS %) = 0.06 1 MFAN OF (ABS %) - 0.63

1 1 1 I

1 B16660 1 2 [ 2 NAMED 93.40 2.3803 (3] 1 1 95.40 2.3779 -0.10 1 " [ 3]

1 146293 L 3] " NANMED 79.50 1.9120 " 1 1 79.50 i.9112 -0.04 1 (X (21

Y B7352 " (3] NANED 48.30 1.6013 B 1 1 48.30 1.4000 -0.08 1 (B [ 2]

1 B18O " [ ] NAMED 33.40 1.2088 { 3] 1 1 33.40 1.2079 ~-0.07 1 $1 L ] ]

I 1353139 " 1 2] NAMED 43.00 0.9315 (3] 1 1 43.00 0.94886 -0.28 1 [ ] 2]

1 33470 (31 " NAMED 34.70 0.7991 " I 1 36.70 0.7976 -0.1% 1 1 "

1 B442 - L} " NANMED 23.50 0.4959 L 2} 1 1 23.50 0.49435 -0.28 1 " 1 3}

1 B1375 L 3 " NANED 19.40 0,4060 " 1 1 19.40 0.49041 -0.47 1 " 1

1 244214 " (2] NANED 4.70 0.0941 " 1 1 4.70 0.0744 0.28 1 (B "

I 391339 " L 3 NAMED 2.90 0.0606 " 1 1 2.90 0.0580 -4.,533 1 " (2

1 64207 L 3 (B NAHED 1.40 0.0293 [ 3 1 1 1.40 0.0279 -5.83 1 [ B} [ B ]

| G I i ittt bt e it D DD Bl Bt 1 J----ssmemmmrmcrrrr e e R

NOTEJ.IS CYLINKER NOT DEFINED IN THE EQUIFMENT FILE SYSTEM. I MCAL= 1.0000 KCAL= 0.000 I NS = 1.0081 kS -0.744
1 CFC=1 2S57=t WFC=2 DGF=3 1 CFC=1 2S7=1 WFC=2 DGF=3
I NEW.CALIEK.NO= 880010- 1344"6 I FRV.CALIK.NO= B8B0B09-1654%0
I XNL= 5.451 $INF= 1 880809-170322 995 AC-TVIVE

NOTE %! YS FOR NAMED CYLS IS FREVIOUS EFS CONC (UNSHIFTED). | e e I--- EFF /T - - INEFF L/7

EQUATIONS AND COEFFICIENTS. NEGREE FIT H

SESRERANRRERARARERXNERERES A 3 2

X = (MCAL & X ) + ECaAL ASEX + A48X 1+ A3EX 4 h28X 4 AL = FCT CO2 /N2

c c c c
c L)

HCAL = 0.1000000€ 01 A1 - 0.0000000E 00
- 0.0000000€ 00 A2 0.1983948E-01

BCAL A3 =  0.5050839E-04

A = 0.2934626E-07
AS = 0.0000000E 00
c

S1-R



LI, 11 9 r 3
PROD PROCESSED ! 08:41:44 08-14-88 ssssesss HAaSTFK €1 71E TTINYIL YY.Y.Y? 22222 5555555 1
SQUIPHENT ID ¢ | 789433 " sss AR Ap 22 22 5% 11
COLIBRATION NAME! CO02a-CK23 988 ANALYZEK CALIBRATION CURVE AMNALYSIS 88& 'Y 'Y 22 S0 1111
CALIBRATION ¢ ! ©8B08146-0B4144 sss s AA AA 22 SOL5Y0 1
TEST SITE. $  Aa22s) SESEBLEEEBAEEDUBOBEUSERNERNNEERAENIENERUNRS AAARAAA 22 sS 1
CALIB DONE AT ! 09:05 08-11-88 AA hh 222 2 5% 55 1
OFENRATOK COMMENT! EFA-HOK-R23-WORK AN Ah 2222222 55555 11111
J=s==zs====z==zz==zzz=zz=== KNOWN [e] ”E“SURED ]“FUIS EXS E LR RS R IO FEEE ) | Jess=s=szsszazssaszzza (‘URUF (‘n”[“kl YONS ==z==z=z=s==z=z=z=zazzsouo=:2
I EFACYLS® VENDOR CYLID VCODE PATA HEAS NOMINAL ACTIVE 1 1 FIT QUALITY OF NEW CURVE 1 SHIFT FROM FREVIOUS CURVE
1 OR oK (1] 1 FOINT DEFL CONC EFS CONC I 1 DEFL CONC Y XFOINT 1 NEFL CONC Y XSHIFT
: BLNCODD  BLENDER KNG EI NKTY TYFES XM '] YE 1 1 ) {» YC (N-CH/C 1 xS YS$ (§-Cr/C
__________________________________________________ l l -——-—- o .- - ——— e = l - - - - — - - -— - -
1 B16460 ¢ " CURVE 95.40 2,3803 " 1 1 95.40 2.3800 0.0 1 95.48 2.3800 0.00
1 144293 " " CURVE 79.50 1.9120 " 1 1 79.50 1.9123 0.02 1 79.44 1.9197 0.39
1 k732 " " CURVE 68.30 1.6013 " 1 1 46,30 1.4000 -0.03 1 468.13 1.8113 0.43
1 p18O '3 " CURVE $3.50 1.2088 " 11 53.50 1.2112 0.20 1 53.20 1.2227 0.95
1 155139 " " CURVE 43.00 0.9315 0" 1 1 43.00 0.9498 -0.20 1 42.40 0.9%98 1.06
1 33470 " 01 CURVE 34.70 0.7991 [} 1 1 34.70 0.7984 -0.08 1 34.25 0.8048 1,03
1 B442 " " CURVE 23.30 0.4959 " 1 1 23.50 0.4953 “0.02 1 22.93 0.4978 0.49
1 B157S 0t 7] CURVE 19.50 0.4060 " 1 1 19.50 0.4071 0.26 1 18.89 0.4071 -0.00
: 1 1 MEAN OF (ABES X) = 0.11 1 MEAN OF (ABS X) = . 0.57
1 1 1
1 244214 " 0" NANED 4.80 0.0941 [} 1 1 4.80 0.0947 2.67 1 " "
1 3913239 o1 3] NAMED 3.00 0.048048 (3 | B | 3.00 0.0602 -0.73 1 01 "
: 84207 " " NANED 1.50 0.0293 (] 1 1 1.5%0 0.0300 1.57 1 (¥ "
_____________________________________________________________ PR | l______-______,-_-__-.._.._.-----._. | R ittt Rt
NOTE 01! CYLINDER NOT DEFINED IN THE EQUIPMENT FILE SYBTEM, 1 HCAL= 1.0000 BCAL= 0,000 1 MS = 1.00%1 BS - -0.785
1 CFC=1 1287»1 WFC~2 DGF-3 1 CFC=1 2ST=% NFC=2 DGF=3
1 NEW.CALIB.NO= BBOB14-084144 1 FRV.CALIB.ND- BROBOY-1435430
1 XNL» 5.464 8 INF« 0 1 8808B0Y-170322 995 AC-TIVE
NOTE ! YS FOR NAMED CYLS IS FREVIDUS EFS CONC (UNSHIFTED), | b R 1--- EFF /T --- INEFF D/ -
o
: MEIGHTING FACTOR CODE 1 2
EQUATIONS AND COEFFICIENTS DEGREE F1T1 H |
SREEBSBESLEREEEEREEEENNNER
4 3 2
X = (MCAL 8 X ) + BRCAL ASEX 4 AASX 1 A38X + A28X + Al = PCT CO2 /N2
c (] c c c c
HCAL = 0.1000000E 01 al - 0.0000000E 00
BCAL = 0.0000000E 00 A2 = 0.1990647E-01
A3 = 0.48864S4E-04
Y 0.4184999E-07
AS = 0.0000000E 00
c

91--R



"

c

DEBSED I 08130323 O0B-14-RR 88888st. M A B TER €1 T E ssesssss AAAA
PHENT 1D & | 789433 s 11 Ad za 2%22232 ggsssss l::
ATION NAME! CO2A-CR23 888 ANALYZER CALIBRATION CURVE ANALYSIS 888 YT 22 S5 111
ATION & | ©880816-083023 ses _ sse AR AA 22 S55555 1
TEST SITE 1 A2%1 S8002880R8REE0EEERRREEERNSRRNRERREREERAEELR AAAAAAA 22 ss 11
CALID DONE AT t 09303 08-12-88 : AA MM 222 2 55 3% 11
EPA-HOR-R23-WORK AA AA 2222222 55555 11111

OGPERATOR COMMENT!

jmonascnssswcmnnnsse KNOUN OR MEABURED

I EFACYL® VENDOR CYLIP VCODE DATA
1 OR OR OR POINT
1 BLNCOD . RLENDER RNO BLNRT TYFESB
§ c-c-es cmmceacmcec cceces emewa
-1 916440 " " CURVE
I 144293 " " CURVE
1 9732 "’ o CURVE
1 9180 1 2} 2 CURVE
I 133139 ”" " CURVE
1 33470 o " CURVE
1 9442 " ] CURVE
1 B1373 " o CURVE
1 .
1
1 244214 " " NANES
1 391339 " " NAMED
1 66207 " " NAMED
¢

NOTE 01!

NOTE !

»- -

OFERATOR COMMENT |

EQUATIONS AND COEFFICIENTS.
SXUNAEERELSERERBREREEN0ERS

X = (MCAL & X ) + BCAL

c H

HCAL = 0.1000000E O1

BCAL = 0.0000000E 00
C

-WORK

NEAS
DEFL
XM

NONINAL
CONC
AL,

0.4040

0.0941
0.0606
0.0293

ACTIVE
EFS CONC
YE

e - g = - > = Sh = e - ML e T S o G Sm e R AR e -

CYLINDER NOT DEFINED IN THE EQUIFMENT FILE SYSTEN.

YS FOR NAMER CYLS IS FREVIOUS EFS CONC (UNSHIFTED).

ASSX

INPUTS zrcctucacsuasszassossan]

St up tmt oat Gub 0 Gup Gut Gw) Gmd Do Smt bmd GOS0 NG Gnt ud Omf

4

c

Jusmeszzuruvssazas=zs CURVE COMPARISEONS scic-rronsmas-srass:

J FIT QUALITY OF NEW CURVE 1 SHIFT FROH FREVIDUS CURVE
1 DEFL CONC Y XFOINT ) DEFL CONC Y XSHIFT
: xc vC (H-C)/C 1§ %S vs8 (S-Chr/C
..................... 1 —————— -——————- . —————-
1 93.40 2.1798 -0.02 3 95.47 2.3799 -0.00
| 79.30 1.9123 0.03 1 79.44 1.9199 0.3¢9
1 48.30 1.4014 0.01 1 48.13 1.6117 0.464
] 33.40 1.2098 0.0 I 33.13 1.2210 0.92
1 43.00 0.9510 -0.05 1 42.64 0.9407 1.02
| 34.40 0.72973 -0.20 1 36.19 0.8055 1.00
] 23.30 0.4967 0.1 1 22.98 0.4990 0.47
1 19.40 0.4041 0.03 1I 18.83 0.40461 -0.00
1 MEAN OF (ARS X)) - 0.07 1 MEAN OF (ARS X) = 0.5¢4
1 1
1 4.80 0.0971 3.10 1 " "
1 1.50 0.0301 2.040 1 " "
R e e e e R
1 MCAL- 1.0000 BRCAL= 0.000 I ME == 1.0082 BS = -0.710
1 CFC=1 2ST7=1} WFC=2 DOF=3 } CFC=1 2571=1 WFC=2 DPGF=3
1 NEW.CALIR.NO= 880814-085023 ] PRV.CALIR.NO= BBOBO9-145450
1 XNL~> 3.4193 SINF= 0 1 8B0BOY-170322 995 AC-TIVE
B m e e I--- EFF /T --- UNEFF I/T -
LTV ST nny 10 A W L4 -
MEIGHTING FACTOR CODE 1 2
DEGREE F17 ¢ 3
3 2
+ AARX ¢ A3BX + A28X + Al = FCT €02 /N2
c c c
al = 0.0000000E 00
A2 = 0.2000804E-01
A3 = 0.4405111E-04
a4 = 0.5164974E-07
AS = 0.0000000E 00

L1-K



FROD FROCESSED ! 12144310 08-14-88 TTYIS Iy HMASTFEK S171E ITYITIRY. AAAAA 22222 5555555 11
X EQUIFNENT 11 8 ! 7B9433 1Y e 'Y na 02 22 54 1t
CALIRRATION NAME: C024-CK23 488 AMALYZER CALIBRATION CURVE ANALVSIS ¢¢4s 'Y AA 22 55 it
CALIKRATION » ¢ 8B0816-124410 e see AA AR 22 55LLLY 1
TESV SITE ! A25t SORALISSENERERNBEIENNNBLESRRNNENRLEtNNIAY ARAARAA 02 s 11
CALIE LONE AT ! 09305 08-146-88 ’ LY CY A RSN 59 1
OFERATOR COMMENT: EFA-MOR-R23-UGARE AA en 2222222 L0559 1y
Is=s==s=zzz==z=z=2====- NNOWN OK MEASURED INFUIS ==zzizzz=zs=szccwvzszzasx] J.zssszzisozo..s:2s= CURVE COMFARISDNS =s=s=z=z:sss=zszszsso.=o:
1 EFACYLS VENDOR CYLID' VCODDE DATA HEAS NHOMINAL ACTIVF 1 1 FIT QUALITY OF NEW CURVE I SHIFT FROM FREVIOUS CURVE
| OK oK oK FOINT DFFL CONC EFS CONC 1 1 DEFL CONC Y ZFOINT 1 NEFL CONC Y ZSHIF
: KLNCOD BLENDER KNG KLNKRT TYFES xn \7,) {3 1 1 xC Ve tn-ry/c 1 xS YSK (s-€r.¢C
-------------------------------------------------- | S B e S etk I Tk
1 B16640 'Y ot CURVE 95.40 2.36803 61 1 1 95.40 2.3800 -0.01 1 95.48 2.3800 0.00
1 144293 #1 " CURVE 79.50 1.9120 " 1 1 79.50 1.9123 0.02 1 79.44 1.9192 0.39
1 B752 " [} *CURVE 48.30 1.64013 [ 3} 1 1 48,30 1.4008 -0.03 1 48.13 1.6113 0.45
1 8180 (¥} " CURVE 53.50 1.2088 " 1 1 53.50 1.2112 0.20 1 53.20 1.2227 0.95
1 155139 " " CURVE 43,00 0.9515 (7] I | 43.00 0.9496 -0.20 1 42.60 0.9596 1.08
1 33470 1 sl CURVE 34.70 0.7991 " B | 36.70 0.7984 -0.08 I 34.25 0.8048 1.05
I B442 ¥ ] CURVE 23.50 0.495¢9 o | B | 23.50 0.4953 0.12 1 22.93 0.4978 0.49
1 B1S75 '3} ' 3 CURVE 19.50 0.4060 " 1 1 19.50 0.4071 .2 I 18.89 0.4071 -0.00
: 1 1 NEAN DOF (ABS %) - 0.11 1 MEAN DF (ABS ) 0.57
1 1
1 244214 7 0l NANED 4.80 0.0941 '] I 1 4.80 0.0967 2.67 1 $i 'Y}
1 391539 " " NANED 3.00 0.0606 " 1 1 3.00 0.04602 -0.73 1 (Y] "
: 64207 " " NAMED 1.50 0.029S " 1 1 1.50 0.0300 1.57 1 " "
----------------------------------------------------------- I B ittt e el T
NDTE #1: CYLINDEK NOT DEFINED IN THE EQUIFMENT FILE SYSTEM. I NCAL= 1.0000 BCAL= 0.000 I NS - 1.0091 kS - -0.78%5
1 CFC=1 2ST=i MFC+2 DGF=3 1 CFC=1 7ISTs=\ WFC=2 DGF=3
1 NEW.CALIEB.NO- 8B0816-124410 | FRV.CALIR.NO= 8B0B09-165450
. I XNL= 'S5.4644 QINF= 0 1 880809-170322 995 AC-TIVE
NOTE & YS FOR NAMED CYLS IS FREVIOUS EFS CONC (UNSHIFTED). | R e PP 1--- EFF  D/T --- INEFF D/Y
WEIGHTING FACTOR COLE HE
EQUATIONS AND COEFFICIENYS LEGREE FIT 3
SESERRNBSANRBEBRRIBNEEEERS
4 3 2
X = (MCAL $ X ) + KCAL ASEX  + AARX  F A3EX  + A2EX 4 AL = FCY CO2 /N2
[ ] ( ( C c
NCAL = 0.1000000E 01 Y T 0.0000000E 00
BCAL = 0.0000000E 00 a2 - 0.1990447E-01
A3 = 0,40B84434E-04
A4 = 0.4164999E-07
AS = 0.0000000E 00

S Gt omg b emb Gut et tmt U Gmy emt Smt W0 W S M W R em

B1-K



FAGE 2
FROD FROCESSED : 10014:13 08-17-88 (IR ES FRY) HASTER S 1 7TE [SXERERE AAAAA 22222 LLL LD 11
EQUIFMENT 1D @& ! 7689433 '8t ses AA AR 2 22 5O [N
CALIBRATION NAME! COD2A-CK23 $88 ANALYZER ChLlRRAIlON CURVE ANALYSIS 484 AA NA D2 ) 1111
CALIEKRATION ¢ i 680817-101613 s [ 22 AA hA 22 LOLLLN 11
TESY SITE I A251 SERNRA A AARRASEAARRARSRERAREREBENEISIIINRUN AAAAAAA 22 5S4 1
CALIR [ONE AT it 09:05 08-17-88 AA AN D22 20U 55 11
OFERATOR COMMENT! EFA-HOR-KR23-WORANE . AA Ak 2227002 3L5L5 ti1tn
Iz=s======z==z==z=s====== KNOWN OR MEASURED INFUTS - .=---iz=zs=szszsizz=z2=2] Jr=zz=zce-=c-- -2 =2 CURVE (COMFARTSONS --=-.:==s==saz.3=. e
1 EFACYL® VENDOR CYLID VCODRE LaTA MHEAS NOMINNL ACTIVE 1 1 FIT QUALLITY OF NEW CURVE 1 SHIFT FRON FREVIOUS CLURVE
1 OR Ok OR FOINT hEFL CONC EFS CONC 1 1 DEFI LONC Y ZFOINT 1 DEFL CONC Y ZSHIFT
I RLNCOD BELENDER KNG BUNRT TYFES XM ™ YE 1 1 xC Y€ (M-CHr/c. 1 x5 ¥YS% (S-Cyr/C
I --===~  —r-crccccnnr msces evees mommms mmmmmees —eme—ee - 1 I ~----- i ik I ---=--- === e
1 B16660 [ 31 [ 3] CURVE 95.40 2.3803 " 1 I 95.40 . 3807 0.02 1 95.50 2.3807 -0.00
1 144293 " [ ] CURVE 79.40 1.9120 " | 1 79.40 n.9|06 -0.0R ] 79.36 1.9127 0.38
1 B752 L 2} [ 2] CURVE 48.30 1.4013 [ 3] 1 1 48.30 1.4021 0.05 1 6R.17 1.6322 0.63
1 B180O { 21 [ 3] CURVE 33.40 1.2088 " 1 1 53.40 1.2102 0.12 1 53.14 1.2212 0.91
1 155139 [ 3] " CURVE 43.00 0.9515 "” I 1 43.00 6G.9512 -0.03 1 42.65 0.9608 1.01
1 33470 (] s CURVE 36.40 0.7991 [ 3] 1 1 34.60 0.757¢6 -0.19 1} 36.19 0.80SS 0.99
1 B442 L 3] " CURVE 23.50 0.4959 [ X} 1 1 23.50 0.4%66 0.13 1 22.98 0.4989 0.47
1 k1575 [ 3 [ 3 CURVE 19.40 0.4060 " 1 1 19.40 0.4060 -0.00 1 \8.84 0.4060 -0.00
1 I 1 MEAN OF (ABS %) 0.08 1 MLAN OF (ABS %) - 0.55
1 1 1 I
1 244214 [ 2] 1 NAHED 4.80 0.0941 " 1 I 4.80 0.0970 3J.o2 1 [ 3] 41
1 391539 " " HANED- 3.00 0.0604 [ ] I 1 3.00 0.0404 -0.36 1 (2] [ 3]
1 66207 [ 3} [} ] NAMED 1.50 0.0295 [} 1 1 1.50 0.0301 1.94 1 (2] 81
e bt bt I I-------emmm e rr e oo - I mmmmr e e e e
NOTE #1: CYLINDER NOY DEFINEDL 1IN THE EQUIFMENT FILE SYSTEM. 1 NCAL= 1.0000 HCAL= 0.000 1 HS == 1.0087 BS = -0.7235
1 CFC=1 7IS87=}) WFC=2 DGF=3 1 CFC=1 12ST=1 NFC=2 NGF=3
I NEW.CALIB.NO: 8B806817-1014613 1 FRV.CALIK.NO= B8B0B09-165450
I XINL= 5.415 $INF= 0 1 BROBOY-170322 995 AC-TIVE
NOTE ! YS FOR NAMED CYLS IS FREVIOUS EFS CONC (UNSHIFTED). ) e et el dehsie I---- EFF D/T ~ -- INEFF D/Y
N ¢+ 3
EQUATIONS AND COEFFICIENTS LEGREE F17
CASABASRRRERNEERRERARAA NN A 3 >
X = (MCAL % X ) + HCAL V ASEX + AAKX 1 A3xX I A2%X + Al = FCT CO2 /N2
c Cc Cc C
c "
. . 00
wn = o.oamo00e o sy - o:oomganor oo
BCAL = 0.0000000E 00 a3 = 0.4770664E~04
Ad = 0.4407861E-07
A5 = 0,0000000E 00
Cc

61-K



rauve <
FROU FROCESSED H
X EQUIFMENT 100 8 ¢
CALIBRATION NANE!
CALIBRATION ¢ :
TEST SITE :
CALIEK DONE AT H

DEERATON CURRENT

1501282
789413
C02A-CK23
BBOR1IAR-151221
A251

09:05 08-18-88

08-18-

(I EASS SN
s

s8R

$44 AllALYZER CALIKRATION CURVE ARALYOITY

s

SEEAKBAARARINBERALARA NN ERRIERBANGIRTVITIITdD

EFA-HOR-R23-WORKE

lz=======z=====z=z=== ANOWN 0K MEASURED
I EFACYLS® VENDOR CYLID VCODE LATA
| Ok OR OR FOINT
1 ELNCOD ELENDER KNG ELNRT TYFES
S
1 k14440 [ 3} [} CURVE
1 144293 8t L R} CURVE
1 k752 " " CURVE
1 E1BO L ] ] " CURVE
1 15513¢% " " CURVE
I 33470 " L B CURVE
I K442 " t CURVE
I k1575 L] " CURVE
i
I
I 243214 [ B " NAMED
I 391539 3] " NAKE L
1 66207 " sl NAHED
1

NOTE #1: CYLINDER NDT DEFINED

NOTE %! YS FOR NAMED CYLS
EQUATIONS AND COEFFICIENTS
ERENSREREAREEANERAREA SRR
X = (HCAL & X ) + EKCAL
o M
MCAL = 0.1000000E 01
BRCAL = 0.0000000E 00

Al TRRATTINAN TAWF

IS FREVIOUS EFS CONC

INFUTS ====z=s::==
LEAS NOMINAI
HEFL CONC

XM YH
95,40 2.3803
79.50 1.9120
68.20 1.6013
53.40 1.2088
43.00 0.951%5
36.70 0.7991
23.40 0.4959
19.50 0.4060

4.80 0.0941

J.00 0.0606

1.60 0.0295

ACTIV
EFS CONC
YE

IN THE EQUIFHENT FILE SYSTEMN.

(UNSHIFTED).

HASTEFRK

e

et g Gt et Gt St bt gt Gt gt et G bt

xX

4

C

FERCFNT FHL L ~-GralF CHART NBFFIFCTINN VS FOT 02 /N2

St 1

KAadad i AAAANA Q2222
14 fh ah D2 2z
[ X2 aAh (A 22
44 Al HA o
AANNAAA 22
AA AA D222 2
AA ANH 222020202

AUAL 1TV 0OF NP

S CURVE COMFARTSONRS - - -

FREVINUS CORVE

FIT W CURVE I SHIFT FROY
DFF CONL Y ZFODINT 1 NEFL conc Y ZSHI1F1
xC Ye (8-CH/C 1 XS YS# (5-€)/C
______ - . = e - l — - — . ——— - - - - e e m me
?5.40 2.3793 -0.04 1 §$5.46 2.3791 0,00
79.50 1.9141 0.11 1 79.41 1.91%90 0,25
68.2G i.&002 0.07 1 48.00 1.6)78 0.47
53.40 1.2100 0.10 1 53.04 , 2193 0.77
43.00 G,.5501 0.14 1 A42.57 0.9%8R 0.91
3s8.70 (.7984 -0.09 1 6.2 0.8059 0.%94
23.60 G.4967 0.1% 1 22.98 0.4990 0.48
19.50 0.3060 0.01 1 18.85 0.4060 0.00
HEAN OF (ALS ) - 0.0?7 U HEAN OF (AKS %) - 0.48
1
.60 w0261 2.1 1 [N [N}
3.00 0.0598 1.36 1 " [ N
1.40 0,0318 72.13 1 [N [ B}
_____________________________ l‘—-—_-""_"‘"""" -
HCAlL= 1.0000 KCAL - 0.000 1 HS - 1.00%94 HS = 0.817
CFC=1 2S87=1 NEC=2 DCF=-3 I CFC=1 2S57T=1% WFC=2 IDGF=3
NEW.CALIE.NO- 1B0OB18-151721 1 FRV.CALIEK.ND= BBOBO? 165450
ANL = S5.349% S INF = 0 1 880809-170322 995 AC- 11VE
------------------------------ }--- EFF  0B/7 --- LHEFF D/Y
DEGRLF FIT H §
3 2
A4RY,  + AJEX 1 AKXt AY = FEY €02 /N2
[ C c

Al
A2
Al
A4
AS

0.0000000€E 00
0.31976748E-01
0.5409156E-04
0.,1414909€-08
0.0000000E 00

wow onoo

P M e e et o b e Gt bt St bt bmt e bt e S et e et b b

0Z-K



¥

- -

P et gt Gmt et et et bag W Bt bk bt M G Gt

FAGE 2

ROl FROCESSED : 10:122:32 08-24-88 [ 1333 2393 HAaSTERK S1 T E (232222 8 AAAAA 22222 GTL5000 i1

X EQUIFMENT ID ¢ : 789433 s " AA (v 22 22 55 ikt
CALJERATION NAME! CO2A-CKR23 848 ANNLYZER CALIKRATION CURVE ANALYSIS #8¢% AA AA 22 S5 NN
CALIEKRATION § i B880B24-102232 L2 1] ‘s AA A 22 LLLLLL 1M
TESY SITE ! A251 SRS EESEERRA AU NLAREANKORERA A ARSI EIONSS AAARAAA 22 50 11
CALIE DONE AT t 09:05 08-24-88 AA AA 222 2 5L S5 1t
: AR Ak 2222202 3L50L5 11111

OFERATOR COMMENT?

EFA-HOR-R23-WORKE

tzuizmozo—oo-~o..-=> [UKVE COMFAKI1SONS

==z=z=sz===z===z=z==== ANOWN OK HEASUREl INFUIS —--zz=z==s=zz=zz.czzsz===z=z] === ==
EFACYLS VENDOR CYLID VCOBE DATA HEAS NOMINAL ACTIVE 1 1 F1T QUALITY OF NEM CURVE 1 SHIFT FROM FREVIOUS CURVE I
OR OR OR FOINT DEFL CONC EFS CONC I 1 DEFL CONC Y ZFOINT 1 DEFL CONC Y XSHIFT 1
KLNCOD BLENDER RNG HLNRT TYFES XM \4, YE I 1 xe YC (n-c)/c 1 xS Y54 (s-crsCc 1
-------------------------------------------------- 1 1 ------ --ie-mmme m-eeee- 1 e i |
BE16660 8 " CURVE 95.40 2.3803 [ 2} 1 1 95.40 2.379R 0.02 1 95.47 2.3798 -0.00 1
1446293 1 " CURVE 79.50 1.9120 L B 1 1 79.50 1.9125 0.03 1| 79.44 1.9199 0.39 1t
Br752 4" " CURVE 68.30 1.4013 " 1 1 48.30 1.6014 0.0 1 68.15 1.6117 0.64 1
kK180 1 (X} CURVE 53.40 i.2088 [ 2] 1 1 53.40 1.2098 0.08 1 53.13 1.2210 0.92 1
155139 (B} (2 CURVE 43.00 0.9515 (3] I 1 43.00 0.9510 0.0 1 42.64 0.9607 1.02 1
33470 " 81 CURVE 34.460 0.7991 " | 1 3b6.60 0.2975 0.20 1 3J6.19 0.8055 1.00 1
Ba42 [ 2] (2] CURVE 23.00 0.4959%9 " 1 1 23.350 0.A547 0.16 1 22.98 0.49%90 0.47 1
B1575 L 3 [ B} CURVE 19.40 0.4060 [ 2] ) B 19.40 0.4061 0.03 1} 18.85 0.4061 0.00 1
1 1 HEAN OF (AKS Z) 0.07 1 HEAN OF (akS %) 0.%6. 1
1 1 y 1 1
244214 1 41 NAMED 4.80 0.0941 [ 2] 1 I 4.80 G.0271 J.10 1 [ 2] 1 I
391539 81 " NANED 3.00 0.0604 " 1 1 3.00 0.0604 -0.26 1 41 " I
66207 " [ B} NAMED 1.50 0.0295 " S | 1.50 0.0301 2.04 1 L B [ 2] I
------------------------------------------------------------------ S
NOTE #1: CYLINDER NOTY DEFINED IN THE EQUIFHENT FILE SYSTEM. 1 MCAL: 3.0000 KCAL= 0.000 1 WS = 1.0082 BS = -0.710 1
1 CFC=1 2S7=1 WFC=2 DGF=3 1 CFC=1 25T=1 WFC=2 DGF=3 1
I NEW.CALIB.NO- 68B0824-302232 ] FRV.CALIK.NO= 3R0B09-165450 1
I XNL= 5.415 $INF = 0 1 BBOBO9-170322 995 AC-TIVE 1
NOTE &: YS FOR NAMED CYLS 1S5 FREVIOUS EFS CONC (UMSHIFTER). | R e il ek 1--- EFF /T - - INEFF OL/7 --1
EQUATIONS AND COEFFICIENTS DEGREE FI7 + 3
ERERRAZRENEREEERRRARRRRRNE
4 3 2
X = (MCAL & X ) + KCAL ASEX + AAEX 4+ A3EX 4 AREX 4 A} = FCT CO2 /N2
C M C C C Cc
MCAL = 0,1000000t 01 Al 0.0000000E 00
BCAL = 0.0000000E 00 A2 0.2000804E-01
A3 = 0.4685111E-04
A4 = 0.5144974E-07
A3 = 0.0000000E 00
~te vemavYaMm TATa© CELACMY CINY LQrALE FHART BFFLFCTTIAN US FCT CO2 /N2 -
[

1Z-R



e e

FROU FROCESSER H 10145117 08-04- BY (I XXX ) . o V¥V EKR [ B A § XS AN Y] ARAHA de202 BULLLLS tt
X  EGUIFMENT I ¢ : 789433 ses b4 AR A D2 2L 05 11
CALTERKATION NAME! CO2A-CK23 844 AMALYZER CALTERATION CURVE ARALYSLS 448 Y o o NRR
CALIKRATION # ! 860826-104519 e . YY) 'Y ot K SRR 1t
TEST SITE t A2S) SRR IRARAR ARSI BENERRANKAL L it Rabik ARANLAA 1y 4 t
. CALIE DONE AT ! 09:05 08-25-88 an A& oo 2Ln 1) i
OFERATOR COMMENT: FFA-HDE-EDI-UOKWE ARk D022 IRARN it
‘:==:=======:="'==”=:= ANOWN OR MEASUFED INFUJS —<-=—.zzz=z=z=zzz2=cwezz.] Jomcosmozsecace. ooz 22 LOFYE COMFARTISDNS -szz-z=22:- R |
: “QF'L' VENLOR CyLIn VCORE  [DATA HEAS NOMINAL  ACTIVE 1 I FIT QUAII1Y GF NEW CURVE 1 SHIFT FROM FREVIOUS CURVE 1
K DK Ok FOINT DEFL CLONC EFS CONC 1 1 DEFL (I v ZFDINT NEFL corc v OuSHIFT I
: HLNCOD BLENUER FNG HLNRT TYFES »H M 1E 11 xr vr (H-C)/C 1 xS 1S (5-CrsC 1
———————————— fremmm e mmm U | 1 —— - . R [ 1 J e — e e - )
1 K16640 " 7 CURVE  §5.40 2.3803 1 1 1 55.40 7. 3800 0,01 1 55.48 2.3800 ~6.00 1
1 143‘93 ' s CURVE 79.40 1.9123 " 11 7%.40 1.9124 0.00 1 79.35 1.91/72 0.25 1
1 6752 s '3 CURVE 6B.20 1.6013 'Y 1 1 6B.20 1.4018 0.03 1 48,05 bawiv0 6.45 1
I kiBO " ’" CURVE 353,30 1.2068 ' 1 1 3.0 1.2097 0.07 1 53.03 1.2163 o071 0
J 155139 L} ’" CUFVE 2,90 6.9515 8 1 1 42,90 0. 9500 Go1a 1 42.54 0.7.81 0.6a |
I 33470 T 'Y CUKVE 36.60 0.75%1 " 1 34.60 0. 758y G.0/7 1 %6.18 0.8001 0.9 )
1 9442r " ' CURVE 23.5 0.4959 s |G | 23,50 DLASA? 0.16 1 22.97 0.4948 0.43 1
1 EK1575 41 " CURVE 19.40 0.34060 " 11 19.40 0.305% 6.6 1 18.84 0. 4059 6.00 |
: 1 1 HEAN OF (akS %o 0.06 1 HEAR OF (AES 2 G.49 1
. 11 1 1
T 234014 ' (X Haht b V.89 L5 Al ¥ 1 1 .67 Dt e N t i X 1
1 391539 " 'Y NAME [ 3.00 0.06G6 " 11 3,00 D.0601 NPT | 8 1
: 64207 L 3] " NAKED 1.5 0.029% t 1 1,50 G.0300 t.67 1 1 ' {
------------------------------------------------------ 1 R T S - {
NOTE 81! CYLINDER NOY DEFINED IN THE EGQUIFHENY FILE S/STEM. 1 HCAL- 1.0000 KLA = 0G.G00 1 KS - 1.00B4 133 PRI |
] CFC=1 757=1 WFEC=2 DGF-3 1 CFC--1  i5T=1 WE- - DGE=3 )
] NEW.CALIE.ND  GBOB26- 104515 1 FRVU.CALIE.ND- LEGEDY 16%3%0 )
1 ZNL:= 3.5us s1NF = 6 1 LROGOT- 175322 9&t ~C 11w !
NOTE #: Y5 FOK NAMED CYLS IS FREVIODUS EFS (OHC (UNSHIFTED). S B Wil - = daldl hiot )
EUWUATIUND ANL LULETE JLAIENIDS VEUREE F 1) [
EERRARABANERERERRRRRRRRRER
q 3 2
X = (MCAL % X ) + ECAL ASEX b AARX b A3KX 1 A2FX 1 Al FCT €02 /N2
c N ( C C C
HcaL = 0.1000000E 01 Al - 0.0000000E 00
KCAL = 0.0000000E 00 a2 = 0.1992400E-01
A3 = 0.5119225E-04
A4 = 0.1536426E-07
as = 0.0000009E 00

[A4m’N



FROD FROCESSED ! 09:09:54 09-01-
X  EQUIFMENT 1D ¢ : 7894313
CALIRKATION NANE: CO2A-CK23
CALIEKRATION ¢ H BB0901-090954
YEST SITE ¢ a2s1
CALIE DONE AT ¢ 09:05 08-31-88

Gt g

g bt ot put e e et i pmg pue e bt b

FAGE 2

DFERATOR COMMENT

88 L XXE2 2R 8 HASTER S 1 1€ I ESERER Y
(234 (R 3]
888 ANALYZER CALIKFATION CURVE AHALYSIS #k&k
140 L R 2

SEEAACREEEREBRERARRNRERI RSN RANIRI YU NN AL ANEK

EFA-HOR-R23-WORNE

AAALG 22222 5O55LO0 (]
AA ha 22 22 55 111
AA NhA il nh rttt
AR hn o2 SO R
AAARAAA 22 . [N}
AA hA 202 2L 55 1
AA AR 2222022 SLLLYS N

s====szssz=sz====== KNOWN OK MEASURED INFUTS ===ss=ssszss_-z2sszuszs] l.zsssisses_o. -.x--.= CUKVF COMFARISONS =s<u=-sz=...=_:_ . =::
EFACYLS® VENDOK CYLID VCODE  DATA HEAS NOMINAL  ACTIVE I I FIT QUALITY DF NEW CURVE 1 SHIFT FROH FFEVIOUS CURVE
OR 0K (13 FOINT  DEFL CONC EFS CONC I 1  DEFL (onc Y ZFOINT 1 DEFL CONC Y ZSMIFT
KLNCOD  KLENDER KNG  BLNRT  TYFES XM 0 YE 14 Ye (M-C)/C 1 Xs YS# (5-£)/C
__________________________________________________ ' l - ——— -~ _——— - - l -—-—— ——— - ———— - -———-—— -
116660 " '3 CURVE  95.40 2.3803 M 1.1 §5.40 2.3797 “0.03 1 95.47 2.3797 0.00
146293 " " CURVE  79.50 1.9123 1 1 1 79.50 i.9130 0.0 1 79.43 1.9195 0.34
8752 " ] CURVE  68.30 1.6013 1 1 1 48.30 1.6017 0.03 U 48.13 1.6110 0.58
K180 " " CURVE  53.40 1.2088 L 1 1 53.40 1.2095 0.064 U 53,09 1.2200 0.87
155139 ’" " CURVE  43.00 0.9515 1 1 43,00 9.9502 -0.14 1 42.60 0.9596 1.00
33470 " " CUKVE  34.70 0.7991 M 1 1 3s.70 ¢.7988 -0.04 1  34.24 0.8067 0.9
Ba42 3 " CUKVE  23.50 0.4959 1 1 1 23,50 0.4953 0.1 1 22.92 0.4977 0.47
#1575 " " CURVE  19.50 0.4060 M 1 1 19.50 ¢.4070 0.25 1 18.89 0.4070 -0.00
1 1 HEAN OF (AKS %) 0.09 1 HEAN OF (AKS %) 0.5
: 11 1
244214 1 . NANE D 4.90 0.0941 M1 3 4.90 0.0986 .59 1 Y "
391539 7 " NANED 3.00 0.0404 st 11 3.00 0.0601 0.84 1 s 8"
86207 ¢ " NAHED 1.60 0.0295 M 11 1.60 0.0319 7.63 1 7] "
_______________________________________________________________ -———-1] l-""“'““""'""'""""""‘"'l"“""""‘""""‘"‘ e e - n
NOTE #1: CYLINDER NOT DEFINED IN THE EQUIFMENT FILE SYSTEM. 1 MCAL= 1.0000 BLAL- 0.000 | MS = 1.0090 kS -0.786
1 CFC=1 2ST-% WFC:2 UOGF=3 1 CFC=1 2ST=1 WFL-2 DGF=3
1 NEW.CALIE.NO= 5B0901-090954 1 FKV.CALIK.NO- BBOHOY- 185450
1 XNL=  $.423  SINF= 0 I BBOBO9Y-17032Z 995 AC-TIVE
NOTE #: YS FOK NAMEDL CYLS IS FKEVIOUS EFS COHC (UNSHIFTEL), Bommmm oo m e 1--- EFF  D/T --- INEFF O/T
EQUATIONS AND' COEFFICIENTS DEGREE F17 P 3
EEIANNAAIERRIRIRERRRNRERRN . , X
X = (MCAL & X ) { KCAL ASKX 4 AARX  F AZEX 1 A28X + a1 = FCT CO2 /N2
c " c c c c
HeaL = 0.1000000E 01 Al : 0.0000000E 00
BCAL = 0.0000000E 00 a2 0.1987993E-01
A3 = 0.5030848E-04
Al = 0.2907089E-07
AS = 0.0000000E 00
c -

€T



FAGE 2

FROL FROCESSED 13152132 09-13-B8B #¥avkeRy M A S T E R S 1 T E  sEbdaihs AAANA 2000 BESLLYY 1
Y  EQUIFHENT ID & ! 789433 PP Y AA AR D22 20 ug XL
CALIFRATION NAME: C(O02A-CK23 $8% ANALYZER CALTERATION CURVE AHALYGIS $#% Y'Y 208y 1!
CALIERATION ¢ : B880913-135232 PN Yea AR AA a0 RARRRS |

TEST SITE LI Yed- 3 P R L Rt st tysvIsRaSI LYY AAGAARA 22 u 1
CALIE [ONE AT ! 09:05 09-01-8R AA AR D22 DL ol 1

: AR AA 222000 SLLLS SREE

GFERATOR CUMMENT! EFA-HOR-R23-WORN

LURVE COMFARISONS == ::

Is==z======:-s==zz=== NNOWM OK MKEASUKED INFUTS =z=z===z=z=z=x=z==s-z-=z=zzx Z=-=zszss-Fax =sz2zsx
1 EFACYLS VENDOR CYLID VCODE baTa MEAS NOMINAL ACTIVE 1 1 FIT QUALITY NF NEW CURVE I SHIFT FROM kavluus CURVE
1 Ok OR (1] 3 FOINT DEFL CONC EFS cOMC 1 1 DEFL conc Y ZFOINT 1 NEFL COHC ¢ ZSHIFM
{ HLNCOI KLENDER RNG ELNRT TYFES XM ™ YE 1 1 xC Ye (H-CHr/C 1 xS YS9 (5~ C)/C
————————————————————————————— — ————— —_——— e —— - e = ———— l l —_—————— v ——— - ———— ] - ———— ——————— - - —— -
1 K16660 11 " CURVE 95.40 2.3803 21 1 1 95,40 2.3802 -0.,00 1 95.49 2.3807 -0.00
1 146293 3 " CURVE 79.50 1.9123 " 1 1 79.50 1.912% 0.01 1 79.45 1.9201 0.40
1 B752 " " CURVE 468,30 1.6013 " 1 1 468.30 1.6012 -0.01 1 48,15 1.6118 0.66
1 &180 [ [ D] CURVE 53.40 1.2088 [ B} 1 1 53.40 1.209% 0.05 1 $3.13 1,220% 0.9%
I 155139 & 3] CURVE 43,00 0.9515 " 1 1 43.00 D.,9507 0.10 1 42,64 0.9405 1.05
1 33470 $ ([} CURVE 36.70 0.7991 s 1 1 36.70 0.7964 0.04 1 346.28 0.8076 1.03
1 kaa42 [} ¢l CURVE 23.50 0.4959 ' I 1 23.5 0.4%63 0.08 1 22,97 0.4567 0.48
1 B1S75 (3] L] CURVE 19.40 0.4040 t 1 1 19.40 0.400.8 -0.06 1 18.83 0.4058 -0.00
: I 1 HLAN OF (abS %y = 0.04 I KEAN OF (AKS %) = n.4u7
1 1 1
I N36920 (X 3! NAME It 95.%0 2.3550 st 1 1 95.50 R LAY ] 0.0 1 41 i
1 343923 (3 sl NAHE It 78.10 1.8730 (2] I 1 78.10 1.8728 -0.01 1 " X
1 262947 L 3 L 3 NAMED 68.40 1.6050 81 1 1 68.40 1.603% -0.07 1 $ 3]
1 k1778 81 [ 3} NAMED 53.30 1.2060 [ ] 1 1 53.30 1.2048 0.07 1 " [}
I E2386 31 [ 2} NAMED 43.70 0.,9696 . [ 3] | S | 43.70 0.9676 -0.21 1 $1 [ 3]
I B2211 41 41 NAMED 34.80 0.8017 [ 2] 1 1 34.80 0.8018 0.01 1 $1 "
I R1184 41 " NAMED 22.%0 00,4812 [ 3] 1 1 22.%0 0.4829 0.36 1 [} [§}
1 157656 [ 3 [ D] NAMED 17.460 0.3647 4" 1 1 17.60 0.3666 0.51 1 [ 3 [ B
1 244214 41 [ 3] NAMED 4,70 0.0%941 " 1 1 4,70 0.,0950 0.91 1 1 "
I 39153¢% 31 [ 3} NAMED 3.00 0.04606 [ B} 1 1 3.00 0.0604 -0.38 1 1 [
: 646207 [ 3} " NAMED 1.50 0.,0295 " 1 1 1.50 0.0301 1,93 1 $1 [ B}
-----_T.- ——————————————————————————————————————————————————————————— l l ______________________________ l _________________________________
NOTE #1: CYLINDER NOT DEFINED IN THE EQUIFMENT FILE SYSTEM. 1 MCAL= 1.0000 ECAL= 0,000 1 MS = 1.0086 KBS = -0.733
1 CFC=1 ZST=1% WFC= M6F=3 1 CFC=1 Z57=1 WFC=2 DGF=3
I NEW.CALIR.NO= £B80913-135232 1 FRV.CALIE.NO- &BO0H09-1654%0
I XNL= S.442 SINF= 0 1 B88B0B09-170327 965 AC-TIVE
NOTE #! YS FOR NAMED CYLS IS FREVIOUS EFS CONC (UNSHIFTEI). ) B e et I--- EFF  L/7 --- INEFF D/1
EQUATIONS AND COEFFICIENTS FEGREE FIT T 3
ERXRERRRRRNRENERRAREKERERAK s 3 .
X = (MCAL & X ) + ERCAL ASEX + AAXX + A3XX + A2XX + Al = FCT €02 /N2
c N c c c - C
MCAL = 0.1000000E 01 Al = 0.0000000E 00
BRCAL = 0.0000000E 00 A2 = 0. 1998198E-01
A3 = 0.471586B8E-04
A4 = 0.5149988BE-07
AS = 0.0000000E 00
c

P g B gt G et P md e et wm mm e e e e e mm gt g e S Gmi (et S
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rAauve £
FROD PROCESSED ! 13144126 08-10-068 (3232333 ) HASTERK $ 1 TE (2222288 AAAAA 22222 SU355595 11
Y EQUIPHENT ID & § 7089433 s 123 AR han 2 22 55 111
CALIBRATION NAME! CO2A-CR23 888 ANALYZER CALIBRATION CURVE ANALYSIS s8$& AA hh 22 S5 1111
CALIBRATION § ! 080810-134424 s s AL hh 22 555555 1t
TEST SITE 1  A251 SERESEEAESBEAEESEERRULEERERERRENEBLLELEESS AAAAAAA 22 35 11
CAL1IB DONE AT { 09803 o08-10-886 AR Ak 222 2 55 59 11
OPERATOR COMMENT! EPA-HOR-R23-BLINE hA AR 2222222 955535 11111
Inssnasescasrassxzwszaz KNOWN OR “E“SURE[‘ INFUTS =ccessczmsisiscsussuasns] Jrameaczczuz=sozsazcn QURVE CONMFARISNNS =>sx=zzssazogsz=szsas:
1 EPACYLS VENDOR CYLID VLODE DATA HEAS NOMINAL ACTIVE T 1 FIT QUALITY OF NEW CURVE 1 SHIFT FROM FREVIOUS CURVE
OR OR OR POINT DEFL ‘CONC EFE CONC I 1 DEFL CONC Y XFOINT | DEFL CONC Y ZBHIFT
1 BLNCOD RLENDER RNG BLNRTY TYPES XM M YE 1 1 xt YC (#-c)/c 1 X8 YS¢ (8-cH)/C
I =---me s Tomm= eemse=  scsec- sccesccs esceee-- | D e } - S semeesees —eemeee-
1 368730 (2] " CURVE 94.50 2.4120 " 1 1 94.50 2.4112 -0.03 1 94.54 2.4112 -0.00
T 343923 " " CURVE 78,20 1.8730 [ }] 1 1 78.20 1.8744 0.07 1 78.0% 1.0823 0.42
1 262947 (21 L 2} CURVE 48.30 1.40350 (2} I 1 48.50 1.6034 0.03 1 48.31 1.4140 0.446
1 B17780 " 2 CURVE 53,30 1.2060 " I 1 33.30 1.2054 -0.05 1 52.9¢% 1.2174 0.99
1 B2386 " (21 CURVE AX.R0 0.9696 " I 1 43.680 0.9683 -0.13 1 43.41 0.9794 1.14
I B2211 $1 (2] CURVE 34.90 0.6017 (2] 1 1 346.90 0.8023 0.0 1 34.45 0.8117 1.17
1 F11864 " " CURVE 22.%0 0.4812 " 1 1 22,90 0.4812 -0.01 1 22,34 0.4845 0.49
I 1576356 " (1} . CURVE 17.60 0.3647 " | B | 17.60 0.3450 o.08 1 17.00 0.3650 -0.00
| I 1 MEAN OF (AEKS %) = 0.06 1 MFAN OF (ABS %) = 0.63
¢ 1 1 1
1 B16660 (2} " NAMED 95.40 2.3803 41 1 1 95.40 2:.3779 -0.10 1} " [ 2
T 1446293 " ”"” NANMED 79.30 1.9120 o 1 1 79.50 §.9312 -0.04 1 " "
1 B732 " " NANED 48.30 1.6013 [ 3} 1 1 48.30 1.6000 -0.08 ) (2 "
1 B180O (2] " NANED 33.40 1.2088 " 1 1 33.40 1.2079 -0.07 1 (3] (2}
1 133139 " " NANED 43.00 0.9313 " 1 1 43.00 0.9488 -0.20 1 (B "
1 33470 " " NANED 36.70 0.79%1 " I 1 356,70 0.729726 -0.19% 1 [ 2] "
I b442 - " " NANED 23.50 0.4939 (2] 1 1 23,50 0.4943 -0.28 1 " (21
1 B1S73 (21 " NAMED 19.40 0.4040 (2] 1 1 19.40 0.4041 ~-0.47 1 L2 "
1 244214 B 3% " NAMED 4.70 0.0941 " 1 1 4.70 0.0944 0.28 1 4 1 31
1 391339 1 2 NANED 2.90 0.0604 (]} 1 1 2.90 0.0580 -4.535 1 " (2]
1 44207 " (B NAMED 1.40 0.0293 1 1 1 1.40 0.027¢9 -5.83 1 " "
S S T UE RO R
NOTEJ.II CYLINDER NOT DEFINED IN THE EQUIFMENT FILE SYSTEMNM. 1 MCAL= 1.0000 BCAL= 0.000 I HS = 11,0081 kS = -0.744
1 CFC=1 2S7=1 WFC=2 DGF=3 1 CFC=1 2871=t WNFC=2 DGF=3
I NEW.CALIR.NO= 680810-134428 1 FRV.CALIK.NO= BBOBO09-145450
I XNL= %.451 SINF= 0 1 880809-170322 9935 AC-TIVE
NOTE %! YS FOR NAMED CYLS 1S FREVIOUS EFS CONC (UNSHIFTED). | R i ettt b Rt R b 1--- EFF /T --- INEFF Q/T -
EQUATIONS AND COEFFICIENTS. DEGREE F1T 23
SEEREERREAREREERBBARERRRER 4 3 2
X = (MCAL % X ) + BCAL ' ASEX + AASX { A3KX & A28X { AL = PCT CO2 /N2
: € Cc c (o
c H
MNCAL = 0.1000000E 01 Al s 0.00000005-00
A2 = 0.1983946E-01
BCAL = 0.0000000E 00 B & 0.3050859E-04
Ad = 0.2934626E-07
AS = 0.0000000E 00
Cc

€T-N



°% F.S. Diff. ( H. Curve - M. Curve )
% F.S. Diff. ( H. Curve - M. Curve )

% F.S. Diff. ( H. Curve - M. Curve )

ATTACHMENT W

Means & 90% C.l.s for Daily
Cal. Curve Differences

0.10

I # of curves = 10 W
J |
0.05 T

TN
.o,os; — 1 !

'0.1 0 v T T T v T v T v

0.0 0.5 1.0 1.5 2.0 2.5
Range 23 (% CO2)

Means & Statistical Variability
for Daily Cal. Curve Differences

0.4
4 Error Bars = +/- 3 Std. Dev.s
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0.2 = o
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4 L
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i i \ e
-0.1
< L
-o 2 Al J L )
0.3
-0.4 Y T v T M T Y L v
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Range 23 (%C02)
Std. Deviations of Daily
0,09 Cal. Curve Differences

N VAN

0.05
é \'4 S
0.03
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Range 23 ( %C02)



% F.S. Diff. { H. Curve - Cyl. Conc. ) % F.S. Dift. ( H. Curve - Cyl. Conc. )

% F.S. Diff. { H. Curve - Cyl. Conc. )

Means & 90% C.l.s of HORIBA

Daily Calibration Curves
0.10

J #of curves = 10
0.05 - A\
] H / \ -
0.00 {,,/‘ —
: \}\/
005 -

-0.10 v .

v ™ T T M T v
0.0 0.5 1.0 1.5 2.0 2.5
Range 23 ( %C02)
Means & Statistical Variability
of HORIBA Daily Calibration Curves
0.4
1 Error Bars = +/- 3 Std. Dev.s
0.3
0.2
0.1 I T
-o,o :———-——%.\1. T /\% +
-0.1 r\t/ ,
-0.2
)
-0.3
-0.4 M T Y T v L v 7 o
0.0 0.5 1.0 1.5 2.0 2.5
Range 23 ( %C0O2 )
Std. Deviations of HORIBA
Daily Calibration Curves
0.09
0.07
1
0.05
0.03 /_—_____\/‘\/A
ﬂ \
0.01 v Y ' ' ’ y - r —
0.0 0.5 1.0 1.5 2.0 2.5

Range 23 ( %C02)



% F.S. Diff. { M. Curve - Cyl. Conc. ) % F.S. Diff. { M. Curve - Cyl. Conc. )

% F.S. DIiff. ( M. Curve - Cyl. Conc. )

Means & 90% C.lL.s of MSA
Daily Calibration Curves

0.10
; # of curves = 10
0.05 .
. \ T /1
-0.05 j_ .|. l
'0.10 Y | v | oy ] M i v
0.0 0.5 1.0 1.5 2.0 2.5
Range 23 ( %C02)
Means & Statistical Variability
of MSA Daily Calibration Curves
0.4
1 Error Bars = +/- 3 Std. Dev.s
0.3
) T T T T
0.2 ’
A - 1-
0.1
-0.0 ) 1{ V—" \
-0.1 -4
0.2 ]
L L - 1
-0.3
-0.4 — T v —— v T v T g
0.0 0.5 1.0 1.5 2.0 2.5
Range 23 ( %C02)
Std. Deviations of MSA
Daily Calibration Curves
0.09 e
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0.07
J \/ \/ \
0.05
o
J
0.03
0.01 r T : . v T ' T .
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TABLE
Range 22 Background Level
Agreement Data

TABLE D
Range 23 Background Level

n
nylLcco

Curv Cylinder HORIBA MSA HORIBA-MSA
Date Code Conc. Conc. Conc %FS Ditf
8/10/88 S 0.0941 0.0964 0.0979 -0 1500
) 0.0606 0.0598 0.0608 -0 1000
S 0.0295 0.0289 0.0294 -0.0500
w 0.0941 0.0963 0.0974 -0.1100
w 0.0606 0.0598 0.0605 -0.0700
w 0.0295 0.0289 0.0293 -0 0400
9/8/88 w 0.0941 0.0960 0.0955 0.0500
w 0.0606 0.0592 0.0595 -0.0300
w 0.0295 0.0300 0.0301 -0.0100
S 0.0941 0.0960 0.0951 0.0900
S 0.0606 0.0592 0.0592 0.0000
S 0.0295 0.0300 0.0300 0 0000
AVERAGE
-0.0350
STDDEV
0.0678

Curve | Cylinder | HORIBA MSA HORIBA-MSA
Date Cae Conc. Conc. Conc. %FS Ditt
8/10/88 S 0.0941 0.0944 ]| 0.0966 -0.088
S 0.0606 | 0.0580 | 0.0581 -0.004
S 0.0295 ] 0.0279 } 0.0380 -0.404
w 0.0941 | 0.0950 ] 0.0967 -0.068
w 0.0606 } 0.0584 | 0.0582 0.008
w 0.0295 ] 0.0281 ] 0.0381 -0.4
8/11/88 w 0.0941 | 0.0967 | 0.0969 -0.008
w 0.0606 | 0.0602 ] 0.0604 -0.008
w 0.0295 ] 0.0300 | 0.0321 -0.084
8/12/88 w 0.0941 ]| 0.0971 ] 0.0970 0.004
w 0.0606 | 0.0604 | 0.0591 0.052
W 0.0295 | 0.0301 ] 0.0314 -0.052
8/16/88 w 0.0941 |} 0.0967 | 0.0977 -0.04
w 0.0606 | 0.0602 | 0.0595 0.028
w 0.0295 | 0.0300 1 0.0297 0.012
8/17/88 w 0.0941 {1 0.0970 | 0.0968 0.008
w 0.0606 | 0.0604 | 0.0603 0.004
w 0.0295] 0.0301 0.0301 0 -
8/18/88 w 0.0941 ] 0.0961 | 0.0959 0.008
w 0.0606 | 0.0598 | 0.0597 0.004
w 0.0295] 0.0318 ] 0.0297 0 084
8/24/88 w 0.0941 | 0.0971 | 0.0966 0.02
w 0.0606 | 0.0604 | 0.0621 -0.068
w 0.0295 | 0.0301 0.0300 0.004
8/25/88 w 0.0941 | 0.0968 | 0.0972 -0.016
' w 0.0606 | 0.0602 | 0.0605 -0.012
W 0.0295 ] 0.0300 ] 0.0281 0.076
8/31/88 w 0.094% | 0.0986 | 0.1022 -0.144
w 0.0606 | 0.0601 | 0.0578 0.092
W 0.0295 ] 0.0319 ] 0.0378 -0.236
9/1/88 w 0.0941 | 0.0950 | 0.0946 0.016
w 0.0606 | 0.0604 | 0.0561 0.172
w 0.0295 ] 0.0301 | 0.0240 0.244
S 0.094% | 06.0943 § 5.0944 -0.004
S 0.0606 | 0.0599 |} 0.0560 0.156
S 0.0295 ] 0.0298 | 0.0239 0.236
AVERAGE
-0.011
STDDEV

0.133
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