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Abstract

The primary method used for the measurement of NOx emissions by
EPA and the automotive industry is by the chemiluminescence proc-
ess. Several improvements have been made in these instruments
since the original vacuum type NOx analyzers. EPA has taken the
opportunity to evaluate some of these instruments in an effort to
refine its analysis capability.

Although other instruments have been evaluated in various degrees
by EPA and the industry, this report discusses the Beckman 951A
which has a history of wide usage and previous evaluations.

Bench testing and operational comparisons were completed in the
EPA laboratory over a period of six weeks. Although the 951A
still demonstrates need for improvement in certain areas, it met
all EPA requirements and advertised specifications. The test
results correlated to within *#0.5% of full scale to the presently
used Teco 10A. The 951A has been found to be an acceptadble
alternative to the vacuum type chemiluminescence analyzer.



II.

III.

INTRODUCTION

The NOx analyzer evaluation project on which this report is writ-
ten is the result of earlier investigations into improved state of
the art instrumentation for the analysis of vehicle NOx emis-
sions. These investigations led to the Beckman atmospheric NO/NOx
analyzer. Two Beckman versions (the 951 and the 951A,) have been
evaluated at this laboratory. Since the 951A has been tested to a
greater degree it will be the one addressed in this report.

BACKGROUND

EPA EOD has used the vacuum type NOx analyzers for Light Duty
vehicle emission testing since 1972. The vacuum pumps associlated
with the Teco 10A models have been a constant source of main-
tenance problems and a potential cause of leaks. In addition, the
use of pure oxygen for ozone generation has always been a safety
concern. These problems and concerns as well as the development
of the atmospheric NOx analyzers, prompted the search for a better
instrument to measure NOx.

In the past few years, a number of atmospheric NOx analyzers have
been advertised and considered by the EPA laboratory. However,
only a few have ever had extensive evaluation. One was the
Philco-Ford version. The report, completed in June 1974 indicated
it was an acceptable instrument for light duty vehicle emissions
testing. Inquiries to industry laboratories revealed that the
Beckman 951 had also been extensively tested and used in the
industry. These data, coupled with our limited resources to eval-
uate instruments in general, prompted us to select the 951! for a
more thorough evaluation. A Beckman 951 was purchased and was
tested for a period of time. However, during the evaluation
period the newer version the 951A, was developed. Although the
basic detectors are unchanged, the 951A utilizes improvements in
flow control and regulation. The company claimed the 951 could
not be upgraded to a 951A configuration, but provided a 951A for
additional testing. The following test plan was developed to
agsess the performance of the 95lA relative to our current
instrumentation.

TEST PLAN

A test plan to evaluate this instrument was designed and imple-
mented in three parts.

A. Preliminary Checkout
A basic analyzer checkout procedure was preformed in a speci-
fically designed equipment test rack by the following steps.

1. Stability, Noise, Speed of Response, and Repeatability
checks were made by performing the following:



a. Select 0-100 PPM range on the instrument and an
appropriate span gas.

b. Alternatively pass zero and span gas through the
instrument while in the NOx position of the converter
for a period of 75 seconds each.

c. Using a stopwatch, measure the time from a gas
input change until reading indicates 904 of full scale.

d. During these tests observe traces for noise,
stability, and repeatability.

2. Using procedure given in manual, set pots for range
attenuation compatability.

3. Perform standard procedure for converter efficiency
checks. :

4. Run a curve check on the 0-100 PPM and the 0-250 PPM
ranges and process data.

5. In order to check flow sensitivity, perform the fol-
lowing tests.

a. With the instrument adjusted for normal cperation,
pass a span gas through the instrument for 45 seconds.
b. Record reading on the chart recorder.

c¢. Adjust instrument by-pass flow up to 2400 CCM and
down to 400 CCM in 200 CCM steps.

Comparison Tests

The Beckman unit was plumbed into the auxiliary by-pass line
of the Teco 10A system in Analysis Site AQCl. A series of ten
FTP and two HWFET was run. These produced 64 sample bag com-
parisons from actual certification tests.

CO9 Interference Test

Two sets of four mixtures of NOx and CO7 were blended and
then measured on the Teco 10A and the 951A both in the NOx and
the NO modes (see Appendix C). The Teco 10A was assumed to be
interference free.

IV. SUMMARY OF RESULTS

The results of our tests can be summarized as follows:

A.

Speed of response - Time from external valve change (zero to
span) to 90% FS-Fast response switch position - 6.3 sec; Slow
response switch position - 10.4 sec. Installed in Analyzer
bench - Fast response switch position - 1l.4 sec. Slow
response switch position - 15.8 sec.
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Attenuation Accuracy —~ Ability to match measurements frcm one
range to another was less than +0.5 of full scale error.

Converter efficiency at final temperature setting (601° F)
98.15%. Converter has a fairly flat response curve within the
operating range (See Appendix E).

Linearity - -0.4%Z non-linear on 0-100 PPM range; +0.1% non-
linear on 0-250 PPM range.

By-Pass Flow Sensitivity - No change in output while by-pass
flow was changed from 400 CCM to 2400 CCM in 200 CCM steps.
Sample pressure remained the same. However, a 0.1 PSIG change
in sample pressure caused a 1.0% of full scale change in out-
put of analyzer in the same direction.

Precision -~ Zero and span settings were repeatable to less
than +0.5% of full scale.

Noise (degree of random and periodic deviations of output)
average peak to peak - noise was no greater than 0.3% of full

scale.

Stability - Zero and span drifts were less than *1% of full

scale for a period of four hours of continuous runs.

Comparison tests to Teco 10A - 64 comparisons produced a mean
difference of +0.33 PPM. These were no greater differences
than 0.7 PPM (See Appendix B). Corrected sample

(Sample-Background) values from these same tests were compared
and correlated to a mean difference of +0.04 PPM (See Appendix
B 1). A series of 10 blended SAC bag measurements resulted in
differences of less than +0.5 PPM.

Response to CO; - Response to COp was less than 1 PPN at
concentrations near the top of the CO2 operating range for
light duty emissions. (See Appendix C).

There are a number of potential problem areas with the Beckman
951A:

1. The extensive use ot miniature thin wall tetlon tubing in
the wunit, some areas in which (capillary tubing,
especially) inadvertent pinching or damage could cause
abnormal operation. Capillaries should be made of some
kind of hard material.

2. 1t is difficult to make the NO bypass flow balance adjust-
ment using the NOg-free NO gas method since opening and
closing the door cause a 0.5% difference in output. The
door must be opened and the HV interlock set to make an
adjustment with the bypass compensator valve. 1t is not
known why this door causes a difference 1in output.

TS IR WO W T L o L o o



Another area, which may be part of the problem, is that
the sample capillary is positioned sc that closing the
door presses against it. This could possibly affect
capillary flow. This has not been proven, but the design
should be improved.

3. Higher temperatures of the converter cause different
responses at different concentrations causing some
apparent non-—:inearity. It is not known why this occurs.
It is recommended to run at the lower end of the tempera-
ture operating range.

4. The NO bypass valve knob kept coming loose although it was

re-installed a number of times. Also, the NO/NOx mode
switch kept coming loose even though it was tightened
repeatedly.

5. The sample flow rate came no where near 200 CCM at 4 PSIG

as the manual recommends. It also turns out that 200 CCM
is the incorrect recommended flow as per Al Roddan of
Beckman. We recommend a sample flow rate of 160 CCM.

This should be set with a calibrated rotameter. Our pres-
sure setting turned out to be 4.35 PSIG on the gauge.

6. This analyzer also exhibits scme of the same problems as
Teco 10A.

a) Noise was measured up to an average of 0.3%7 of full
scale peak to peak, sometimes a little higher.

b) Generally, chemiluminescent analyzers have relatively
slow response in comparison to other emissions
analyzers primarily due to sample flcw. Even though
it 1is about 3 seconds faster than the Teco 10A the
951A would still slow down testing. Response time for
analyzer alone from gas change at inlet port to 90% of
full scale 1s 6.3 seconds. When 1installed in the
analytical bench, this increased to 1ll1.4 seconds as
compared to the Teco 10A response of 14.8 seconds.

c) Similiar to the 10A there are sluggish problems after
a period of non-use (2 to 3 days) for the first few
hours. 1If used continuously there are less problems.

d) There also appears to be some sluggishness when

returning to a span reading after reading a bag,
although this is not serious.

VI. DISCUSSION

The Beckman 95l1A continuously analyzes a flowing gas sample and
determines levels of nitric oxide (NO) or Oxides of Nitrogen (NOx)




(KO + NOp = NOx). 1t utilizes the chemiluminescent method of
detection. To determine NO, sample NO is quantitatively converted
into NOg* by oxidation with molecular ozone produced within the
analyzer from air or oxygen supplied by an external cylinder.
Approximately 10%Z of the NO, molecules are elevated to an
electronically excited state accompanied by the emission of
photons. These photons strike the photomultiplier uetecter, gen-—
erating a low level DC current. The current is amplified to drive
an output indicating device, (recorder and/or meter). NOx deter-
mination is identical to that described above except that, before
entry into the reaction chamber, the sample is routed through a
converter where the NO2 component is converted to NO.

After receipt of this instrument it was 1installed in a specifi-
cally designed checkout bench for preliminary tests. It was then
installed in the AOOl exhaust analytical bench as shown in
Appendix D. During these tests a number of problems and issues of
concern arose.

During initial checkout we found very poor sensitivity and occa-
sional loss of zero. It was found that the ozone and exhaust
lines were reversed on the reaction chamber fittings. This
apparently had been done by the Beckman service man. We also
found that the high voltage was 100 volts higher than nominal. He
had also raised this to increase sensitivity. When we corrected
the reversal, the sensitivity problem was corrected. The higher
than necessary voltage created excessive dark current. When we
lowered the voltage to nominal, this corrected the zero (dark cur-
rent) problem.

We found that the recommended sample pressure of 4 PSIG only pro-
duced 138 CCM of sample capillary flow rather than the 200 CCM
that the manual indicated. After additional investigations with
GM and the Beckman design engineer, John Harman, it was finally
decided to run at the 160 CCM flow rate that was the originally
recommended value since no one seemed to know where the 200 CCM
recommendation originated. GM is running at the 160 CCM rate
also. We set this flow from a calibrated rotameter and marked it
on the pressure gauge. It reads approximately 4.35 PSIG. Bypass
flow was set at 2 liters per minute.

It was found that after running a few converter efficiency checks
that the pressure matching method for NO bypass flow balance was
inadequate since some readings were higher in the NO mode than the
NOx mode. This was corrected by using a known NO9 free cylinder
of NO and setting the flow balance until the readings were the
same in both modes.

Initial curve checks on the instrument on ranges 0-100 PPM and
0-250 PPM were less than 1% non-linear. Checks on 0-50 PPM were
-1.2% non-linear and on 0-5000 PPM were 67 non-linear. However,
gases on these ranges are non-dependable and no emphasis was
placed on these checks. However, after installing the instrument
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VII.

in the analytical bench and during a series of converter tempera-
ture adjustments to find the best converter efficiency it was
found that the higher temperature settings near the top end of the
recommended range resulted in some abnormal curve plots, primarily
on the 0-100 PPM range. It was really never determined why these
higher temperatures caused more non-linearity on that one range.
Possible causes could be NOj in the cylinders with some unknown
reaction occurring in the converter. This same phenomenon was
encountered in an EPA evaluation in March 1973 of a Ford modified
Teco 10A and is discussed in excerpts from that report in Appendix
G. These problems were not investigated since time did not
allow. Since the higher temperatures 650° - 700°F not only caused
this negative response but affected the stability to some degree
it was decided to run the converter on the low end of recommended
operation (605°F) that would give 98%+ converter efficiency and
still result in acceptable curve linearity. It should be noted
that each time the converter temperature was changed it was neces-
sary to re~adjust the NO bypass balance.

During our check out previous to the actual comparison tests. The
converter heater blanket element opened. The Beckman service rep
was contacted. He then brought out a new one and it was installed
and worked satisfactorily.

A final converter efficiency of 98.1% was accepted with a tempera-
ture of 607°F. Although it was found that 100% efficiency could
be achieved at 691°F, 997 at 689°F and 98.4 at 697°F that the low-
er setting was more acceptable for all-around operation. More than
sixteen settings and efficiency checks were made (See Appendix E).

The bag comparison tests were completed by the Light Duty team on
actual certification tests. (Results are on Appendix B and B-1l.
Although the one to one comparisons of all bags, sample and back-
ground indicate a slight bias for the 951A to read in the positive
direction (Mean difference of +.33 PPM with a standard deviation
of 0.168), the ccrrected samples (sample minus background) corre-
lated to a mean difference of +0.04 PPM with a standard deviation
of 0.152. All readings were on 0-100 PPM range. The definite
positive bias of the 951A could not be explained. However the
magnitude is so small that it is not considered significant.

CO; interference checks were made by C&M personnel with blended
bags ot CO9, NOx and air. (See Appendix C tor results.) The
different results of the two tests can be explained by the fact
that the interference 1level 1is ©below standard 1instrument
variability.

CONCLUSIONS/RECOMMENDATIONS

A. The Beckman 95lA is an acceptable instrument to measure light
duty vehicle NOx emissions. It meets all EPA requirements and
Federal Register specifications. However, for testing on
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VIII.

ranges above 0-1000 PPM, in order to achieve the required
linearity, different combinations of sample and ozoné capil-
lary flow plus the use of oxygen for ozone may have to be used.

B. Since, (a) the 95lA uses the less expensive and safer air
rather than oxygen for ozone, (b) it is an atmospheric type
analyzer thereby eliminating the need for a vacuum pump, (c)
it provides a slightly faster response than the 10A, (d) its
NOx emission measurement results correlate satisfactorily with
the presently used Teco 10A, (e) 1its configuration and
plumbing requirements are compatible with our analytical
benches, and (f) there is a significant amount of historical
data available on these units from other laboratories, it is
recommended as an equivalent, 1if not an improved alternative
to the vacuum type NOx analyzers and could be used to replace
them in Light Duty Certification and E&D Light Duty analytical
benches.
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APPENDIX A-1

Differences in Beckman 951A and 951

In the Beckman 951A:

1.

A type J thermocouple output of converter temperature
is provided.

Pressure settings and flows are visible thru the new
front panel window.

Trim pots to separately trim each range have been added.
The span and zero solenoids are removed.

An led indicator showing converter cycling has
been added.

Converter temperature adjust is now from front panel.

Improved flow balancing thru use of needle valve.
The use of a needle valve has improved flow balancing.

Internal ozonator on/off switch has been added.

Internal changes of flow configuration and pressure
regulation have been made. '




APPENDIX B

1-25-81
NOx EXHAUST SAMPLE BAG COMPARISONS BECKMAN VS. TECO
Diff, = 951A - 10A READINGS = PPM
DATE TEST # BAG 1 and & BAG 2 and 5 BAG 3 and 6
BG SAMP BG SAMP BG SAMP
951A 10A [DIFF | 951A 10A [DIFF | 9514 10A |DIFF [951A 10A [DIFF |}951A 10A |DIFF | 951A 10A |[DIFF
11-20-80 80-6816 0.7 0.6 |+0.1 27.9 27.9710.0 0.8 0.2 |+C.6 9.7 9.1] +0.6 |0.3 0.1 1+0.2 19.5 19.1[+0.4
11-20-80 80-6823 0.7 0.2 |+0.5 60.3 60.3} 0.0 10.6 0.1 |+0.5 13.8 13,1} +0.7 J0.3 0.0 {+0.3 | 43.7 43.6|+0.1
11-20-80 80~6819 0.6 0.1 |+0.5 2.5 2.21+0.3
11-20-80 80-6820 10.8 0.3 [+0.5 21.9 21.6{+0.3 (0.7 0.3 {+C.4 7.1 6.7] +0.4 10.7 0.3 [+40.4 11.3 10.9}+0.4
11-21-80 80-6825 0.6 0.1 {+0.5 22,0 21.64+0.4 (0.6 O 1. +0.5 4.3 3.8} +0.5 {0.3 0.0 {+0.3 12.4 12.1}+0.3
11-21-80 80~-6833 0.7 0.1 }+0.6 13.5 13.3}+0.2 10.5 0.0 [+0.5 5.1 4.6} +0.5 0.3 0.0 |+0.3 11.6 11.31+0.3
11-21-80 | 80-6830 0.5 0.2 j+0.3 16,5 16.31+0.2 | 0.5 0.2 {+0.3 7.1 6.8 +0.3 {0.3 0.1 {+0.2 17.9 17.8 +O.lj
11-21-80 80-6828 0.5 0.2 4+0.3 14,7 14.41+0.2 | 0.5 0.2 }+0.3 4.1 3.71 +0.4 {0.32 0.1 }+0.2 5.7 5.6 +0.1§
11-20-80 80-6824 0.6 0.1 {+0.5 80.8 80.1)+0.7 %
11-20-80 80-6864 0.4 0.2 {+0.2 u26.4 26.2{+0.2 1 0.4 0.2 ]+0.2 i 8.5 .41 +0.1 i0.2 0.1 {+0.1 12.9 12.8 +0.l§
11-21-80 80-6869 0.7 0.2 p+0.5 41.7 41.41+0.3 0.4 0.2 ;0.2 ‘;10L3 9.9 +0.4 10.6 0.2 {+0.1 18.1 17.9 +O.2j
11-21-80 80-6865 0.7 0.2 {+0.5 2.3 1.8{+0.5 0.5 0.3 {+0.2 0.8 0.6f +0.2 |0.6 0.3 [+0.3 2.1 1.9 +0.2:

MEAN DIFFERENCE + 0.33 PPM or
0.33% of
FULL SCALE ON 0~100 PPM RANGE

STD DEV.

0.168
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CORRECTED NOx SAMPLE COMPARISONS
951A (SAMP. - BG) - 10A (SAMP -BG)

DATE TEST # CORRECTED SAMPLES
BAG 1-4 BAG 2-5 BAG 3-6
" TRANS COLD STABLE COLD TRANS. HOT
9514 104 DIFF S1A 10A DIFF 951%8 T0&A | DifF
11-20-80 [8&0-6816 [27.2 27.3 |-0.1 8.9 8.9 0.0 19.2  19.0 [+0.2 READINGS = PPM
11-20-80 {80-6823 159.6 60.1 | -0.5 13.2  13.0 |+0.2 43.4 43,6 {-0.2
11-20-80 180-6819 1.9 2.1 }-0.2
11-20-80 |{80-6820 j21.1 21.3 }-0.2 6.4 6.4 0.0 10.6  10.6 0.0
11-21-80 |80-6825 i21.4 21.5 {+0.1 3.7 3.7 0.0 12.1  12.1 0.0
‘11-21-80 180-6833 12.8 13.2 |-0.4 4.6 4.6 0.0 11.3  11.3 0.0
11-21-80 |80-6830 §16.0 16.1 1-0.1 6.6 6.6 0.0 17.6 17.8 [-0.2
11-21-80 |80-6828 1{14.2 14.2 0.0 3.6 3.5 {+0.1 5.4 5.5 |-0.1

- 11-20-80 80-6824 20.2 80.1 +0.1

11-20-80 80-6864 20.2 26.0 0.0 8.1 8.2 ]-0.1 12.7 12.7 0.0
11-21-80 80-6869 41.0 41.2 ¢-0.1 9.9 9.7 }+0.2 17.7 17.7 0.0
11-21-80 80-6865 1.6 1.6 0.0 -0.3 -0.3 0.0 1.5 1.6 -0.1
MEAN DIFF -0.12 " MEAN DIFF +.04 MEAN DIFF. -0.04
STD DEV. .18 STD. DEV .10 STD. DEV. 0.11 TOTAL TESTS

MEAN DIFF =.0.043 PPM
STD DEV = 0.152



(NOx ANALYZERS BECKMAN 9514 vs. TECO 10A)

CO2 INTERFERENCE

APPENDIX C

RANGE 0-100PPM

CALC. MEASURED OFFSET BIAS INTERFERENCE
BLEND - PPM 9514-104A @ 0% COq OFFSET - BIAS
9514~104
PPM NOx CO9q% C09% NOx NO NOx NO NOx NO NOx NO
951A 10A 951A 10A
BAG 1 52.3 0 0 51.6 50.8 41.9 40.9 +0.8 +1.0 {+0.8 +1.0 0 0
2 52.3 1.5 1.47 51.9 51.2 41.2 40.4 +0.7 +0.8 -0.1 -0.2
3 52.3 2.5 2.45 49.6 49.5 34.0 33.9 +0.1  +0.1 -0.7 -0.9
4 52.3 4.81 4.77 51.1 50.8 38.9 38.6 +0.3 +0.3 -0.5 -0.7
5 52.3 0 0 51.1 50.2 41.6 41.3 +0.9 +0.3 {+0.9 +0.3 0 0
6 52.3 1.5 1.45 51.2 50.5 40.7 40.6 +0.7 +0.1 -0.2 -0.2
7 52.3 2.51 2.47 30.9 50.2 40.2 39.9 +0.7 +0.3 : ~0.2 0.0
' i
8 52.3 4.81 4.77 51.3 50.7 41.3 41.0 +0.6 +0.3 i -0.3 0.0
NOTE: Bias is defined as the difference between the 951A and the 10A readings at 0% COp. 104

is considered with no interference.

Offset is defined as the difference between the 95lA and the 10A with interference and
bias combined.

Interference is calculated by subtracting the bias from the offset at various levels of

CO,.
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APPENDIX C-1

1-25-81

wW/w 338

sua
It .
H H 1
i
44444 4.4 -+ 4
gabs 3 siee
11 2884 3 3
sseagusgpun mee . . u.
4 11 H L 48
tH 441 H4
(111 8 a9an
nag e T
LEELE {4 2948 3
4-1-4-4 4344 $-: a8 [
[ e84 3 Sasaand ngb a8 e uige 4 13 11 ad dunl
as age pags agsas . ¥ TIRER ]
1
1L
ase
R
Wnndisee sae
SOEDS| -
gagen 18 |
u“ j
sess + 5
Tl 1888 1
}- 4441 113
] H:
T
- jusl
414 A
1
M Tt
suke SEagrInas o
sieainatass H .
IR
] St
T HNRH 1
HH A T
44441 -4 ]
aees ] e 584
H H HH 4 f
ssse 1 aen ' H 1
1 ]
sae8 1 »
FHH sk 11
sau ¥ sRpa T g
288 1y 2884
111 -4 sas
it H : tHH
==am as
anandi of tus 11
-+-44-4 131
nae
R a8
save T 11
H-444 388 B
sees
you asu u 11
us e 113 11T H
smes
seamai vl wesn HHH H
F a8 anbs s H
1t
s 1041 FH 1
it 22
» m.. ¥ T
sans 1
1zae 1
meax { eaws o
sase T [T ¥
snune aus
pest 544 et el
o= e T » ye
1] T H
3 1 AAg
st 31
e ase
H 1 H44
aee
-4 -4+-4-1 ) & +
tHH asd 53 ‘ H
$-3-1-4-1 4 -
N t ands
g8k ot
ugas
4+ . 4
sem
» o 4+
b
b8 ¢ agagnunis
Hi 1143 b4 -4
b+ +f
BB 8
444 4 H
suw L esus
aum
. » auu e
HH %
i\
E I
] qaguiddse agsagepisey 23 Saten H
'
{86 s e s
(1]
sa
gengassyle E ¥
11 FHHHHTE I
e8aggRdegeagelatnas. 1
agge gighnsysingesel 11
L §8
13 s | 8 3 ] s -
I L RESRe - Hue agggaiis
H gs T ORI HHT H
441 P
F] -4 28 H T t 11
[ . LT s - 5 uu as
H Seagsssnsndty 1t T H 1t 28488 11 R 3t
1 44 dgas pians w4
speanspatyn : o%.L 38
3 HETH 1T 4 - H H5
[1it B8 Wi =1
11 —Lr—wr
¥ 1
4441 = _. | y rl T 208 ._ 1 3!
bt + ¢ - ] # 444 §-$-¢ . L] {11
# L
2998 e [ L nagn T
H H H H : - HiTH - ) 4
HH R : H 4 HitH RN
STITH ugegnane » L : ge
b : 141 g ' wned L1 1
2833 LI T 11T 43348 1 H i3
1] & ] 8 . gaue iy
aggReantd . ] : RS T3
s 4 ] 4
41 g - 144 1 i
T ne angasaun
H T .
H H HY 1 p . L
L L e8ne LI I ke
4 { 414 . 3 1
¢ . , §

P~
o
+

Q Q
’ L]

o
Q
!

>
N
|

PO T T N L 2z

-0.6

-~0.7




. > APPENDIX C-2
LS & 1-25-81

Ry

PEPOTPTS SOPOPIIPUS B 3 1SP0RSSE 2 SO PERRS PRTSE SPORRINOEA PN ey . =T ; z oge
N E Seecgoge s [EISUPGSPUSE PEPPY PO RHSSPEN] 4:.:1:...:::!: g d et ”{ -t ? 58 8% by SEEH e oee! . " : e L -
Sopat ShenaseEny B9 basp 64 TILIPITIIINN VST £ : . s 1
T T DI T T I I I ST T SRS PRSOSS ? Hal 113
IS SU PSS SUSIRSERES SOP: T 18 Sugeg Taes i 25 5
3 L : 8 SHu
T $og T u
T oty pess
3 S Ssagspnng # et g - T o Bbgun 4] @
Sote OGS R 004 £ S0 pond jae : : .
Seee 2 o8 sanze feasd bagwd o1 5 rrh 1
i o0 Suei e ogs [osnsngn
PONTYSPOUREPSS PPN Sy : : 1220 SISRs S HRER S e
PESES Sl E St SPapdes pat oG 1 ¥ 1424 =
[PRPS Soats el Pt te SO0 Sughi Sudud S 41 . p- : :
T toms
IPRTS SQUDE SSDOS SRV SESY + L o
Frgen e 2s jan
ooty e T
T s 3
ppadd i b
1 T
: : T -
3 It
PUAGPOE SRDaS SEAEE Dus ul i i
. . - i ; ;
= : >y 44y
pors: = i + :
) P S ; 7 oa: =
- - e o ol
: ) 1 : — . i P et e + + T
jases : pEat Bases s R Sats Suabssetol 160y sopasenteysiuns JEgants : !
T “+3 T PROSEPERR S 2P TS 1 eensetel b ;
: : T : t ol pire: - SEDEE A pas
+ b B i 1 .
4§ sgwes: : ; 1 : :
Py l/ I 58 o1 T " t T ys t : :
v L" Speny + 4-ig : ' : T, b ; T 3
: : : 11 > i ons :
SUmER SR : : ! il 3 s 123 ISP va s :
- 4 8 h 1 T 16 881 19 S EPeS:
—ne e o {87 ou : S ;ﬁ v i bl s
.3 e L ¥ +
b e y 2w 54 AL {-Sousaly 7 ot t
2 3+ > & I~ St 2 oD £ o 5 3o o
40 B EHE : : El F=h : =
’ 35 s >t e oy
3 T IBaa 31 LR D04 B RS PuEn! T T 8 S84
I < ¢ : t + + T : : o
+ i : 1 1 e + +4-+ +
i < + : e »e1 g p83 3 + ? T o v sone:
: = : esesares : : : - =i = as seons oxi : : ; T
- ~ 1 1 ot e
! : : + T o e i1 : lanaoass 1 " e i, ' T
+ 0.\ : - tesssut! : + ; a2 : : - 2 :
\ > S S e ++ : : : it - Suws ows y e
.~ T : : . s ! : s T : :
- 1 - - - =5 " : re evese oowe: : pe
d J ¢ 1S SRn — + T = : +
+ L : ~ T T Tt 1 T
+O./ e: = : T : : : eeesreaaatass Seseisas: :
‘ ? : 7 " - T T +
ooy : 5 B3 T ? + E SREe - - 3 T e T
T > — T : : + T Y t 1—Ff
= T T T =t o saw = : o, , - Y.
+ A‘ + + + 1 1 e b . + i o] e
Tt : + g : rmet rceied i z
N > e T Ty o T - i =
. y 1 i -
- r -~ T Y 1 13 i8R0 SRR
- : Tt YRO0 #~ B we! t + : T e T 1 ' t 4 :
o> S 33 Rer sy + t T 5 e T 7o EeausE: : 3 : i :
3 s s 3 + e 83
N : : 3% : : 1 ess sone! : : roe
S : 58 et : : : T ; t o i as: i
N / Iesauty SHEE: = o : 7 - .
& - : 5 : : -
L, O- : o —+ Sosaass : T - : : :
- : , fseeszens : i s : s ; = : = : =
' e T : Enes £ : : 3 =: : i
. tt T : 3 ot T : T sSess s sasy :
N anes: : T T+ + : T : % ww: T
LY ] e : ve e ; = 2 3 - o r ——r
- e r ey H . 4 & et % .
Ay : : + : T $ ’ 2 NESENEs = e oo + : vt
- : s < * b1 T T T ¥ b BY B
s s aTau: e 1 z HED pe 4 : 3 : : ba: i e 4 et
_e3 : i s . e e
o T T T T T = " ; : o 2
D : + T T t i T T T - T 1+ .
‘ 4+ + + + + pums 1 4 IRORE B : b
s : ; : ? T T o ; ; Tt T bea a1 : e 2o
T s sans: : =ses : :
: : : ! T et T 282 t
i/ ' t ; + ros e nn - ey
- (. T : + $ r T : o
O b4 T - t - ae - + bt * it i T " - < rans T
- i t + At + - +
8 &1 ISR PER 0 81 : Inae: 5 s : : =
- e -~ T tas S 801 + : :
+ = aus 11 2 jas T 1 ¢ T ¥ 3 + + 3 * 1
- T e seus: TR 8 a ! > pus -
.o a reee: : : : : sseos z
— e + 1 + > et
! : = T -t ? ? T o o e $e ¢ 52" cue, =3
s 4+ + M ? o I EEm ot 15w EB1 : - T "
: oo - - st + + , - ve 3 r I T + T A b 11 I N 3
: I : : 100 BABCERS” SaDS o1 o ans B R o0 8 o4 : : - o
> ; ene e > o Tt T t : 3 = asas - z + T
+ T ot T $ - 1
T : : : S :
) s - 1T Tt voe + + 1 T s
(/l % = + a4 - orttrs T 3+ 1 bon D + 3 ST by = o T
+ + + - ++ L + : : 7 + : 3
+ . : : s ooas : St
: + + T e + - e 1 T
smaas Z + + + + ¢ et T+ + 1 T 1 1 1 1 3 S raEs.
1 7 bt * ran + + gt ¥ t 1 :
3 2 v ’e 3 > T
1 ue s b= :
+ - Ve T =T + it T t T
~+ o + ? v 1 et + v + =t T :
e : aasas: : 15 : — : $s e 3 : : ;
< i’ + * (94 T - -
Lt ot BoaBe sot T 1 + ot 1984 T + ' 13T 1 T : :
" e o T T 1 + be + +
. T ¥ : T )
bus 3 +. - + * T T RS s < 3
% = : : : I
T b v
~n T T : it
Y samon: ; o 3 : T
—i{Yy £ ! + e > ;
: : 3 : : : 3 T s 4 ' +
IR T + 4+t 3 eeave: + + T e T T o Y : T T e “ e > T
- T+t T 13 " e 120 200
b = : Y e ~++ P breaider et ead ¥ yeans oot Ty sest t 1 T st T jmuzus:
: <y : HH HHr 8 B 3 o 18 seasE IORDYS Iopue 1 12 I 3 3 1 + t 1t +
C‘ 1 1t It 1 1 St 1 )seaneEs Bt re 1
—La/



1-25-81 ) L  FROM APPENDIX D
LINEAR MODULE
| i HC
' =)
0
G AEL DD )
PR 4
gag i e
78
% Pag PUMP
l L CONVERTER -
Q ..‘:I.T
2
3
» 1 INexb—pkp——e
Y 2
¢
|
[
| —~
| CH4
—CH4 ’ >
" FL® Ne R -
{ . L
CH4 FUEL
e e O -~
_ - — |
po | -
\ T 1O — > TO ATMOSPHERE
J/“ ACCUMULATOR
TO ATMOSPHERE
: NOTE :

. VACUUM PUMP P2 LOCATED IN BC
2.ACCUMUL ATOR LOCATED (UNDEF
FLOOR ON SITE

3 ENCLOSURE DENOTED AS -

o~

4. ANALY ZER DENOTED AS [HC | (TYR




687 L9 696

75

670

659

b 00 (o7 6 33

57/

T T T BT T T T
w.; : T ___:_Tmt m‘_:“f
T TR e : i %iiﬂ.
- - - —t i .o 3 ._". F

f:;_.: ERRERERE

LT | et i

o P e L
s ] RS nn, R I IR _ J o
S mugNl P T T e SSSAEENE
= T T KRR EEEES RAREEREN
o - - | m o ,.‘......_.
&y . AL g . - L I I
—j—t —f - Bt Gt o Bt Sl S et ~ -4 ﬂ.,“a‘ b 4 L R e,

—i—1 -t -1 b S U et e b T ‘._ .,*..u“w. . ,v”.ﬂw -t

i T T o 5 O - A4 - - 4 _ iﬂ..w R

. —~1 -=-t—1—1 - Sl el il S IR S Wqﬁﬁ A

JL G S T (O - R TR e Sl S S M [ A Cr e e e e e s
T L S TR T j Mfti.. L

N - TP T e RERRERRRRRE _%_ AR CRE NN

4 H A ' -1 R e T

2 EERBRERS A R e e e

Q T INANEEED INERR _ i ] w | EEERRNAR T
PR N S - - -~ -1 Y O RS T S . - A —h IR S A U S N O Loe .

w SRgNs I T T A S L e L‘-Mi_l

ﬂ X 110 ” AT T e Ty : H.ﬁ-r.;ﬁ

TTTT = - 11 - IERENEE N A

Z e TVl e i o J i

aA A ERENEEREN 1 11 1T 1T 111 LS M‘“‘M_

ﬂ. NN RN i i.._:ﬁ
O S 6 - ’ ,_w

Y bl

CRRERE . il

W nigel : ” D

Q : S R R e e ﬂ:

EREERR A, : i "1 LI

C -1 . _ O

AT S LR L L UL LRt INER RN N

HLI e ’ |l] - |||. -1 y - ’ .*.. - .W. w N “'

A4 A , Iy

1] e i 2R .

. : . LY P ¢m \ R ' ) | ,w m PRI S - R,

_ - .- - - | i - B PR PO N . .

_ | b R il .

«M_ . i wfl;f P

_ i m“ ‘ ' _w_.““.“‘_ [N PR N

1 e AR NI R RS

III ' ﬂ ‘__,._“__ b m. Mhp._Aw“‘ . ”....
//.n ‘ “Wm_.._ ~ ,.. ....M,”WM toe o b +
—fen , _ 3 “ .Mm« “ : _,.,.. B

N | . TM___;_: | ?“::Li::?;:
. ' i ' .ﬂﬁ_.w_ *# [ I [

1/» ! _ w.4~_<”.“ [ b Py, [ Poeoe e e

owi . A _H md .m.,_.%ﬂV Dy .

n N L - N R Pl .

PRNREEN P R

TS . of S RERERERE . EAEEENEES RS |

N SRRl . A DDA S I A R
5 vl ; h# { . h f ;:;,L;.:.-f
THITH I8 | HEri I
L | A | SARSEERSSREY ;
| e | s
1L e ALLLLL L L ,_&p SEREEHE LS

N A\ O~ WS O~ (S

VM NG HLLL

HINL LT



oman Bh o SR g%, S 48

1-25-81

v APPENDIX F

TEO 0504 ETludirian) OF B IPLY 4G ED TEC
SO g, HARCH 5T

the back pressure with precision during the measurement
period.

The converter temperature and flow were studied to
assess their affect on measured values. A valve 1is posi-
tioned in the bypass line of the converter to simulate the
pressure drop of the converter and thus achieve balanced
flows and resultant equivalent readings as per above dis-
cussion. See Fig. 1lC.

One perplexing characteristic conceraning the converter
was the lower values obtained for the span gas in the con-
vert mode than in the bypass mode. Initially it was thought
to be a flow unbalance, but tests showed increased loss of
NO reading as the converter temperature increases. There
are a series of reactions which may occur to produce this
cffect:

a) 2NOp —* 2NO + O

b) 0, + 2C — 2CO

c) 2NO + 2CO —~ Ny + 2CO;
Reaction (c¢) requires a reducing atmosphere and is enhanced
in the +400°C temperature range. In the case of bag analy-

sis from CVS, the absence of the reducing atmosphere makes
this reaction unlikely. These reactions are speculative,

" but theoretically could cause the effects; however, opera-

tion at the recommended temperature of 475°C produces neg-
ligible losses as well as high conversion efficiency. See
Fig. 1D. '

E. Several miscellaneous aspects of operation are
mentioned here as areas of possible improvement. In this
particular instrument, the sample pump bypass valve, Njp,
was teed to the sample pressure regulator bleed off tube,
both connected to the exhaust fan. The influence of the
pump backflow on the regulator changed a span valye from
90.7 to 88.5, or -2.5%. This effect simply reflects a
change in sample flow. The bypass, bleed off, and reaction
chamber exhaust should all be independently vented to the
exhaust fan. See Fig. 1C.

A gage to monitor the sample capillary back pressure
to ¥ .5"H,0 and a finer control metering valve should be
installed in the sample line to assure flow equivalence
during all measurements.
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