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EVALUATION OF TBE SCOTT AVIATION PORTABLE PROTECTIVE
BREATHING DEVICE FOR CONTAMINANT LEAKAGE AS
PRESCRIBED BY FAA ACTION NOTICE A-8150.2

PHASE I - Original tests of the Portable Protective Breathing
Device

Introduction: A letter fr.m Scott Aviation requesting support
from the Civil Aeromedical Imstitute (CAMI) for contaminant leak
testing of the Scott Aviation Crewmember Portable Protective
Breathing (CPBE) Device, PN302300-11, was received by the CAMI
Acting Manager, in Rovember, 1987. Preliminary tests of the CPBE
were conducted in January 1988, and it was determimed that the n-
pentane test system used for contaminant leak testing pursuant to
TSO C-99, was not suitable for testing breathing devices in which
the oxygen is chemically generated. Following the development of
a new test system in which sulfur hexafluoride (SF6) serves as the
challenge gas, the CPBE were recested in August 1988.

Subjects: A total of eleven male and nine female subjects
participated in the tests. Prior to the experiments all subjects
received a medical examination, including an exercise stress test
conducted using the workload profile for compliance with Action
Notice A-8150.2. Heart rate, blood pressure, and electrocardiagram
were monitored during the prescribed l5-minute test duration. The
subjects who could not pass either the physical exam or the stress
test were removed from participation in the experiment. Physical
characteristics of the CPBE test subjects are provided im Table I.

Test Procedures: Tests of the devices for contaminant leaks,
oxygen and carbon dioxide concentrations, inhalation-exhalation
pressure, and inhalation temperature were conducted in the CAMI
test chamber using the duration and workload profile described in
FAA Action Notice A-8150.2. Two of the wale subjects for which
the CPBE passed the contaminant leak tests at ground level (about
1,300 ft in Oklahoms City) also participated in the altitude
chamber tests at 8,000 feet simulated altitude for determinations
of oxvgen and carbon dicxide levels, inhalaticn-exhalatior
pressure, and inhalation temperature.

The actual CPBE test was conducted or a day subsequent to the “_Ef—_“
physical exam and workload screen. Pr<or to testing, subjects

were fully informed about the test procedures and objectives of {1
the research, after which they executed informed consent. They 0

then practiced the donning of the CPBE while wearing the required
eyeglasses, and EKG electrodes were fitted for medical monitoring
during the test. After being escorted to the test chamber, they
wvere attached to the monitor by the EKG electrodes and a blood
pressure cuff, the bicycle ergometer seat was adjusted to the ————
correct height, the CPBE was donned and supplied with compressed Cordes
air prior to the start of the 15-minute test, the chamber door was
closed, and the level of atmospheric SF6 was brought tc about one




TABLE I

Physical Characteristics of Test Subject Population

Subject Age Height Weight Neck Cirec.

(no.) {yrs) (ins.) (1bs.) (ins.)
M-1 24 71.25 187.00 16.07
H-2 25 68.00 150.25 N/A
M-3 33 70.00 150,50 N/A
M~& 24 74.50 189.00 14,72
M-5 33 69.00 163.75 12.68
M-6 22 74.25 156,50 14,53
M-7 20 69.00 145.75 15.52
M-8 31 73.00 227.00 16.62
M-9 28 71.354Q 127.5¢ 14.26
M-10 26 71.00 169.25 14,53
M-11 34 68.00 146.75 15.24
F-2 18 61.50 122,25 12,68
F-3 35 65.12 104.75 11,58
F-4 29 63.00 153.25 14,02
F-5 29 63.36 107.590 12,40
F-6 35 69.75 128,00 12.68
¥ -7 20 56.60 135.25 12.17
F-8 35 69.35 141,25 12.68
F-9 2% 66.50 111,50 11,81
F-10 29 64.00 169.50 N/A

N/A indicates that the measurement was not available

percent {1%) of the test chamber volume. At this time the subject
was told to pull the pin to start the internal flow of oxygen
within the CPBE and begir pedalling the bicycle ergometer at the
beginning workload level. Once this was accomplisbhed, the external
air supply to the CPBE was interdicted and the test begun. The
test continued for the next 15 minutes at the workload prescribed
in Action Notice A-8150.2, i.e.:

to 05 minutes at 0.33 watts/1lb body weight
to 07 minutes at 0.66 wetts/1lb body weight
to 12 minutes at 0.50 watts/1lb body weight
to 14 minutes at 0.66 watts/lb body weight
to 15 minutes at 0.33 watts/1b body weight

—
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In an effort to creste hezd movements gnd talking ae directed by
TSC C€C-99, subjects moved their heads slowly from side to side (as
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though scanrping instruments) during the seventh minute, moved
their heads u; and down during the tenth minute, and recited the
English alphabet aloud during the 13th minute of the test.

Heart rate and EKG were monitored continuously, and blood pressure
periodically, for subject safety. Air from inside the CPBE was
sampled at six sites orn the visor via tubes attached by "Swage-
lok" ccaonectors. Rubber gaskets sealed these conmections on both
the inside and outside of the visnr. On the left side of the CPBE
visor, one sample tube was placed near the top and cune near the
bottom for sampling SF6 within the CPBE. In the center near the
nose and mouth were three sampling sites; the top site held a
probe for measuring internal oxygen and carbon dioxide levels, the
bottom site had a transducer for measuring inhalation-exhalation
pressures, and the center site housed 2 copper-constantan thermo-
couple used to measure temperature. There was no measure of
relative humidity; therefore, only dry bulb temperatures were
obtained.

Two Perkin-Eimer Medical Gas Analyzers (MGA/mass spectrometers)
were used to measure the SF6, oxygen, and carbom dioxide levels.
One was used to monitor SF6 concemntratioms; the test chamber S¥é6
level was monitored during the first 45 geconds of each minute,
then upper visor, outside labsratory, and lower visor samples were
obtained for 5 seconds each during the final 15 seconds of each
minute. The oxygen and carbon dioxide 1levels within the CPBE were
measured continuously using the second Perkin-Elmer MGA.

Results: Initiz’ tests of the CPBE proved successful <for 106 of 11
male subjects; the CPBE on subject M-5 failed the test by
exceeding the 5% contaminant leak testing criterion. However, as
shown in Table I, subject -5 had the smallest neck size of all
the male subjects. 1In addition, for only omne of the nine females,
subject F-8, did the CPBE pass the contaminant leak test. Except
for subject F-4, the females all had neck sizes as small as M-5
(see Table I), thus, the size of the CPBE neck opening proved to
be the most significant factor in the leak tests. These results
prevented the CPBE from attaining the overall success required for
certification. The graphs of individual CPBE SF6 1leszkage levels
are presented in Appendix A, pages A-2 through A-12.

The oxygen levels within the CPEBE were greater than the 212
ambient air concentration during the first minute of the test and
increased thereafter. Thes: data are available, but are not
presented, because all of the values exceeded the requirement
substantially.

The carbon dioxide levels within the CPBE were also consistently
within the prescribed limits. Although these data were more
variable than those for oxygem, the required l5-minute ground-
level mean of 4%, and the 5% maximum for no more then 2 minutes,
were not exceeded. The results of the carbon dioxide measurements
are provided in Table II as percentages, and for two subjects,
graphs are also presented which show the carbon dioxide values in
both percent (page A-14), and partial pressure (page A-15).



TABLE II

Percent Carbon Dioxide for Ground Level Tests

Miaute Subject No.

M-1 M-2 M-3 M-4 M-5 M-6 M-7 M-8 -9 M-10

1 0.90 1.24 1.04 1.39 0.93 1.16 0.81 0.75 0.88 0.99
2 0.98 1.21 1.09 2,23 1.13 1.40 0.83 0.81 0.96 1.04
3 1.01 1.24 1,05 2.48 1.91 1.55 0.93 ©.91 1.27 1.1%
4 1.24 1,35 1.98 2.53 1.31 1.46 0.91 1.05 1.07 0.98
5 1.64 1.38 1.06 2.49 1.11 1.44 0.86 .88 0.88 1.24
6 1.63 1,48 1.25 2.28 1.54 1,61 ---- 1,14 0.95 1.34
7 1.74 1.706 1.55 2,51 2.10 1.63 ---- 1,28 0.96 1.56
8 1.89 1.89 1.30 2.75 2.14 1,63 =--=- 1.39 1,03 1.69
9 2.08 1.9 1.25 2,63 1.64 1.94 =~~~ 1.32 0.98 1.46

10 1.76 1.71 1.29 2.25 2.46 2.46 =~-—- 1.18 0.98 1.39

11 1.88 2.03 1.41 2.26 2.10 2.48 0.93 1.21 1.00 1.4l

12 1.80 1.86 1.16 2.24 3.70 2.78 0.94 1.20 1.04 1.44

13 2.14 1.82 1.52 2.45 2.03 3.08 0.96 1,21 1.16 1.20

14 2.48 1.98 1.78 3.15 2.55 3.00 0.86 1.64 1.64 2.08

15 2.75 1.84 1.79 3.30 2.50 3.09 1.32 1.74 1.44 2.87

M-11 F-2 F-3 F-4 F-5 F-6 F-7 F-8 F-9
1 1.13 1.14 .74 1.00 1.63 1.65 0.81 1.51 0.84
2 1.33 .84 1.23 1.04 0.80 1.61 2,15 1.19 0.90
3 1.25 .84 1.54 1.21 0.86 1.68 2.36 1.23 0.95
4 1.11 1.19 1.61 1,25 0.8% 1.70 1.86 1.23 0.98
5 0.82 .96 1.75 1.05 ---—- 1.86 1.74 1,06 1.09
6 0.81 1.69 1.71 1.16 =---—- 2.30 1.75 1.29
7 1.03 2,40 === ocoue oo acme 2,10 1.51 e---
& 1.53 2.51 === weee aeen —mee 4,72 1.58 me—-
9 1,23 2,73 ==oc cooe —mee coee 4,82 1,66 ~e=-

10 1030 —===  —mcm emee mmom mmce cmem 1,71 —eee

11 1,25 ==r;e  cmoe mmee mmem cmom coee 1,73 —mee

12 1.04 «omee —mce mmee ecen cmee ccoe 1,80 —---

13 1023 c=-=  mmee cmee emmm aim ciim 1,55 eeee

14 1,38 —--- ccce mmee mmee el mmen 2,00 -m--

15 1063 <=mm-  mmce mmee cmme ol mcen 2,23 oo



The maximum and wmipimum imtermal CPBE pressures at grcund level
were well within the prescribed limit of 3.3 inches ¢f water of
breathing resistauce. These data are presented in Table IXII for
all subjects except F-10.

TABLR 111

Maximum and Mipimum Internal CPBE
Pressure in Inches of H20

Subj. Max, Min. Sudbj. Max. Min.
M- 1 0.8 -0.6

M- 2 1.0 -0.3 F- 2 0.5 -0.2
M- 3 0.2 -0.3 F- 3 0.4 -0.1
M- 4 0.5 -0.4 F- 4 0.4 ~0.4
M- 5 1.0 -0.6 F- 5 0.8 -0.4
M- & 0.9 -0.3 F- 6 0.7 -~0.3
M- 7 1.2 -0.5 F- 7 0.4 -0.2
M- 8 0.8 -0.6 F- 8 .5 -0.4
M- 9 0.6 -0.4 F- 9 0.2 0.0
M-10 0.8 -0.7 F-10 N/& N/A
M-11 0.7 -0.3

N/A indicatee that these date are not available

Since oply dry-bulb tempersture mezsurenents were obtained, no
assessment of compliance with the 500 [ wet-bulb temperature
requirement of A-8150.2 42 <could be made. The internmal CPBE dry-
bulb temperature data are presented in Table IV. Recall that tweo
subjects were tested at both ground level and 8,000 feet altitude;
the temperatures at altitude were lower than at groumrd level.
Graphs of the interral CPEE temperature for those two subjects are
presented on page A-13 in the appendix.

Discugsion: The results from these tests inmdicated that except
for contaminant leakage, the Scott Aviation CPBE (PN-802300-11)
met the performance requirements of Action Notice A~8150.2. Oxygen
and carbon dioxide levels,; as well as inhalatiom-exhalation
pressures were all acceptable, and the dry-bulb temperatures
suggested compliance with the wet-bulb requirements, as well.



TABLE 1V

Internal CPBE Temperature (deg C)

Minute Subject No. .

M-1 M-2 M-3 M-4 M-5 M-6 M~7 M3 M-9 y-10

0 23.6 31.2 27.0 28.2 27.6 27.0 28.4 29.6 29.0 27.6

1 28.6 31.2 27.6 29.2 27.8 27.6 28.6 29.6 29.6 28.0

2 31.2 32.8 28.0 30.4 29.2 28.8 30.2 32.0 30.8 29.0

3 33.4 35.0 31.4 32.4 30.6 29.8 31.8 33.6 32.2 29.6

&4 36.0 35.8 33.4 34.8 31.6 32.4 33.0 36.0 34.0 31.8

5 38.2 37.0 35.2 36.6 33.0 34.8 34.6 37.6 35.2 33.6

6 39.0 38.2 36.0 38.4 34.8 36.2 36.0 39.6 36.4 35.6

7 40.2 39.0 38.2 40.4 36.2 38.4 37.5 40.6 36.6 36.8

8 41.2 39.4 39.6 41.& 38,0 39.0 38,8 41.4 35.8 38.6

9 41.4 39.8 40.4 41.6 38.8 40.0 39.6 42.4 39.6 39.6

10 42.6 40.6 41.0 42.6 39.6 40.2 40.4 42.8 40,2 40,4

11 43.4 40.8 42.2 43.2 40.0 40.2 4l.4 43.6 41.8 41.0

12 43.6 42.4 42.8 43.6 &41.4 40.4 42.6 &4.& 42.4 41,4

13 44.0 41.6 43.0 44,8 42,0 40.6 43.6 44,46 43.8 4&1.4
14 43.6 43.0 44.4 46.0 41.6 41.4 45,6 45.4 446.0 42,6
15 44.6 43.4 45.4 47.4 43.6 41,0 48.4 45.2 45.4 42.0

M-11 F-2 F-4 F-5 F-6 F¥-7 F-8 TF-9 F=10

0 30.9 27.6 27.6 27.4 28.2 29.2 28.4 27.6 28.0

1 30.0 28,0 28.0 28.0 28.6 29.4 28.4 28.2 27.8

2 31.6 29.4 29.8 29.6 30.0 30.6 3I.2 29.0 28.6

3 32.8 31.6 31.0 30.4 31.0 31.4 32.6 29.6 29.4

4 33.6 32.4 33.6 32,0 32.6 33.0 34.2 31.0 30.6 R
5 34.6 34.0 35.6 ---- 33.2 33.6 35.8 32.2 ——-m }
6 36.0 35.6 37.6 ---- 34.4 35.2 37.4 —e-- —-e-- |
7 37.6 37.0 we=es ——oc ———- 37,0 38.6 w~wn= ——-- :
8 38.4 38.4 ~=-= o———— —ooe 38,0 40.6 ==—= c-—- §
9 39.0 39.4 —--= -——= ———— 38,8 41,8 ~-—-= —-an ;
10 39.2 mmme mmme meee mee meee 42,6 —mm= —m-m
11 40.4 mmwm  mmme cmem mmom ceee 43,0 mmem mee ;
12 40.8 -—--r —mmm mmen cooe ceee 84,6 mmme m—ee
13 42,0 =mm- mmme meme mmee ceoe 46,4 mmmm eeee
14 42.0 47.0 =-== cmm= —ooo  cmee mmme meee meen
15 42.0 48.0 =—=== mmee oo cmee ooom oo el



The contaminant leakage problemsz for persons with smaller neck
sizes indicated that & general reduction in the size of the CPBRE
neck opening might prove beneficiel, although the male subject for
which the CPBE failed reported that at szpproximately the time of
failure he had shrugged his shoulders and felt a rush of cool air
on the right side of his face. This suggests a problem with the
ability of the neck seal to return to its original size and shape
after the neck seal is stretched when donaning the CPBE, further
suggesting that the neck seal material was not plisble emough-

These considerations led Scott Avietion to redesign the CPBE,
incorporating changes in mneck seal waterial and opening size, to
overcome the contaminant leakage problems.

PHASE II - Tests of the Redesigned Portable Protective Breathing
Device

Introduction: It was determimed in Phase 1 testing that the Scott
Aviation Crewmember Portable Protective Breathing {CPBE)} Device
(PN 802300-11) did not provide adequate protection against inward
contaminant leakage for individuals with small neck cirecumferences
{eight of nine female and one of eleven male test subjects). At
the request of Scott Aviation, we conducted another test of the
same device, modified only by the installation of a new mneck seal;
this modification changed the Scott part number (PN 802309-14).
After concurrence with the FAA Aircraft Certification gffice im
New York, only a 1limited number of devices were testad, using
subjects with small =neck circumferences similar to those who
fsiled with the criginal neck seal. Scott Aviatica also requested
that we test, in the ©presence £ their project emgineser, &two
devices with the original meck seal to assure them that the device
was, in fact, ineffective ©because of inward contaminant leaksge
arouné the neck seal.

Subjects: All subjects were medically screened and informed about
the procedures and purposes of the research prior to the tests im
a2 manner identical to that for the Phase I tests. At thkeat time
they executed informed consent. Again, those who could not pass
either the physical exam or the exercise stress test were aot
allowed to participate in the actusl tests of the CPBE. After tkhe
screening, each subject was then scheduled for the experimental
tests on a subseguent day. The physical and respiratory
characteristics of tke subjects who participated i=n this phase of
the study are sho—n in Table ¥.

Test Procedures: Tests of the devices for contaminant leaks,
oxygen and carbom dioxide levels, inhalation/exhalaticn pressure,
and iphalation temperature were cenducted in the CAMI test chamber
2t the duration and workloaéd profile prescribed by FAA Agtion
Notice A-8150.2 in a manner identical to that used for phase I.

amf



Although 311 the data for all parameters tested are available uponm
request, only the results of the contaminant leak portiorn of the
test are reported here, since only that parameter was left ip
question from Phase I. All tests were conducted at ground level
(2bout 1,300 ft), since the szltitude chamber itests were conducted
successfully during the origiral experiment (phase I). Recsll that
heart rate and EKG were monitored continuowvsly, and blood pressure
periodically, during the tests for subject safety. The woerkload
schedule for the 15-minute duration progressed as prescribed in
the Action Kotice, i.e.:

te 05 minutes at 0.33 watts/1lb body weight
to 07 minutes at .66 watts/1lp body weight
to 12 minutes at 0.50 watts/1b body weight
to l4 minutes at 0.66 watts/1b body weight
to 15 minutes at 0.33 watts/1p body weight

f o R
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TABLE V

Physical Characteristics of Test Subject Population

Subj. Age Hgt. Wgt. HNeck Cire. FVC z FEVI -

{(No.) (¥rs) {in) {1b) (im} (1) {13

M-1 31 73 228 le.62 6.2 106 5.2 10§
M-2 33 62 163 13.07 3.7 16 3.7 52
¥-3 25 68 150 15.95 5.7 112 4.6 110
F-1 36 69 1390 12.68 4.5 118 3.3 1G5
F-2 19 67 i42 12.68 L3 112 3.4 97
F-3 24 59 109 11.81 3.4 10s 2.8 103
F-4 32 65 122 12,17 4.1 113 3.2 1906
F~5 19 67 i48 12.76 4.5 112 3.9 107
FVC = Forced Vital Capacity;

(Z) = Pred FVC (Percent of Predicted)

]

FEV1 Forced Expiratory Volume ip First Second;
() = Pred FEVI {Percent of Predicted)
FV¥C & FEV1 based on age, height, and weight
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Results: The original CPBE neck se2als were comstyucted ef 0.003%
polyurethane film with 2 3.25" diameter neck opening, whereas the
new neck scals were constructed of 1/16™ neoprene foam with a
2.75" diameter neck opening. The initial test subject sample
consisted of the on¢ male for whom the original device <Zfailed,
five females with neck circumfercnces ranging from 11.81 to 12.76
inches, and one male witkh a large neck circumference (16.52 in.)
to test for comfort and ease of donning.

In addition to the others parameters tested, the mew meck seal was
effective in providing contamimant leak protection for subjects M-
i, ¥-1, ¥-2, F-3, and F-5 (Appendix B pages 2~-6). However, 1t was

pot effe tive for subjects H-2 and F-4 {(Appendix B pages 7 and 8),
although both ¢f these subjects had larger mneck sizes than subject
F-3.

The apparent reason for comtaminant leakage for these two subiects
was related more to anatomical structure rather than size. Both of
these subjectis had significantly protruding larynxes, which cassed
small channels alongside the iaranyx through which the SF6 could
enter. To overcome this problem, Scontt decided to reduce the size
of the neck seal opening to 2 2.3" dizmeter. Sirce the 2.73%
diameter CPBE opening had already passed the leak test omn the
subject with the smalliesat neck circumference, only those two
jndividuals for whom anatomically-related failures were recorded
were retested for contaminant leakage, although subject ¥-3, with
a large neck size (15.95 in.), was tested for the impact tke
smaller meck seal opening had on comfort and fit. These last tests
were conducied using idemtical procedures to those used before.
The results of these contamimant lesk tests are provided in
Appendix B (pages 9, 10, and 11). As indicated, redpcing the neck
seal vpeming to 2.5™ was adequate o provide comtamipant ieak
protection for these last subjects, but subject ¥--3 did indicatse
that the neck seal felt tight and uncomfortable, =lthough not
unbearable.

Discuesior: The results from the Phase I tests indicsted that the
Scott Aviation CPBE (PN-802300-11) with the redesigned meck seal
met sll the pexformance reguirements of Action Notice A-8130.2. as
tested. Contaminant leazkage, oxygen and carbon dioxide levels, and
inhalation-exhalation pressures were all acceptable. and the dry-
bulb temperatures again suggested compliance with the wet-buld
requirements.

The contzminant leakrge problems for persons with smaller neck
sizes were generally aileviated by the gelection of the peoprense
foam neck seal, with the 2.75" opening, which hsd a better
"memory"” for its original configuratiomn, glthough the perticular
apatomical copformation of the larymx in a smalil neck made the
further reduction in meck opening size to 2.5" s mnecessity.

It is concluded that the Scott CPBE with the neck seal made of

1/16" neoprene fozm with a 2.3" diameter opmning is adeguate
tc perform as reguired in FAA Action Rotice A-8150.2.
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Atmospheres. Air Transport Crew Members," June 1980.
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Appendix A

Description

Contaminant Leakage (SF6 levels) During
Level for Subjects M-1 and M-2

Contaminant Leakage (SF6 levels) During
Level for Subjects M-3 znd M-4

Contaminant Leakage (8F6 levels) During
L 2vel for Subjects M-5 and M-§

Contaminant Leakage (8%6 levels) During
Level for Subjects M-7 and M-8

Contaminant Leakage (5F6 levels) During
Level for Subjects M-9 and M-10

Contaminant Leakage (SF6 levels) During
Level for Subject M-11

Contaminant Leakage (8F6 levels) During
Level for Subject F-2 and ¥-3

Contaminant Leakage (8F6 levels) During
Level for Subjects F-4 and F-5

Contaminant Leakage (8F6 levels} During
Level for Subjects F-§ and F-7

Contaminant Leakage (8F6 levels) During
Level for Subjects F-8 and F-9

Contaminant Leakage (8F6 levels) During
Level for Subject F-10
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the

the

the

the

the

the

the

the

the

the

Test Period

Test Period

Test Period

Test Period

Test Period

Test Periad

Test Period

Test Period

Test Pericd

Test Period

Test Period

Interna. Hood Temperature at Both Ground Level and 8,000
Fr Altitude for Subjects M-3 and M-11

Graphs of Percent Carbon Dioxide Levels at both Ground Level and
8,000 Ft Altitude for Subjects M~3 and M-11

Graphs of Carbon Dioxide Levels in mmHg at both Ground Level and
8,000 Ft Altitude for Subjects M—~3 and M-il

o

To determine
the percentage of the 1 % chamber concentration, multiply the concentration by
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APPENDIX 3

Pigure 1, Graph of Contaminant.Leak Test for Subiecta M-1 and 311
Figure 2, Graph of Contaminant Leak Test for Subjecte F-3 and P=5
Figure 3, Graph of Contaminant:Leak Test faor Subjecta M-2 and F=4
Pigure 4, Graph of Contaminant Leak.Retest for Subjects M-2 and.F-4

Pigure 5, Graph of Contaminant Leak Test for Subject M-3 with the
Smaller Neck Seal

SF6 levels are presanted as the concentration within the hoads. To deter—

mine the percertage of the 1X chamber concentration, multiply the coacen-
tration by 100.

B~1




w. Ot

[ o B [

= o'Wt

™ S

CORTAMINANT LEARAGE

- EYBJECY M-}
0.012
0.01¢—0—6—6—0—0-—0—0——0—0—0—G——0—06—
0.008 |
0-006"
0.004 F
0,002+
G § 2 § ] 1 1 1 N '] ]- ) ] |1 3 §
0 1 2 8 4 5 6 7 8 9 N B 13 WUIW
TIME
2,756 INCH NECK SEAL
CONTAMINANT LEARKAGE
SUBJECT F-l
0.025
0.03 F
0.015}
001}
0.003
o [ § I 2 [} L 18 Il ] § & £ [] ]
Pre | 2 3 4 6 6 7 & 9 W N 12 18 M i5

TIME
.76 INCH N¥CK 33AL

B-2




a Oue

g inge

= O

d - L[ o

0012

CONTAMINANT LEAKAGE
SUBJECT P-3

e0lr

0.0C8 |-

0.006

0.204

0.0021

(] 1 —r 1 L L 1 b, i ]

0.03

I 2 3 4 6 6 7 3 9 10N 1215 W I8
TIME

2.76 INCH NZCIK 2RAL

CONTAMINANT LEAKAGE
SUBJECT F-§

] H H | 1! ] ] 1 i

I 2 3 4 6 6 7 & 9 1011 1213 M 15

TIME
226 INCH MICK SEAL

B-3



s Ov"gom

L. L (o

e OWw

(L L

CONTAMINANT LEARAGE
SUBJIECT M2

0.2

0.35 i

o.1f

0.08

L [] L] 3 L i L 1 'l

0 1 2 3 4 5 6 7 & 9 W0 N 18 13 M W
TIME
2.6 INCH NECK 38AL

CONTAMINANT LEAKAGE
SUBJECT F-4

0.1¢

0.12

8 |

0.08

006

0.04

0.062

0 I 2 3 4 6 6 7 ¢ 9 K D 12 13 MWK
2.75 INCH RECE SBAL

By



o'

o

et

s Og

(Lo

CONTAMINANT LEAKAGE
SYBJECY M-2

o i ] k. 1 i i J A i A ] ’1 4 2
9 ! 2 3 4 &6 6 2 8 9 10 N 12 13 M M
TIME
2.5-1NCR NECK SEAL
CONTAMINANT LEAKAGE
8UBJECT F-4
0.028
803
00161
0.01¢%
0.005 -
o L i 1 ] ] L k ] 1 i ] [} ] H
¢ § 2 3 4 6 6 7 6 9 B I 12513 M I5
TIME '

3.5 INCH NECK 3BAL

B=5



*» O

(od - L

CONTAMINANT LEAKAGE

SUBJECT M-3

0.025

0.02

olo!a

i L 1 &

»

4 5 6 7 8 9 10 M 1313 415
TIME
2.5 INCH KECEK SEAL

B-6 #U.5. GOVERNMENT PRINT NG OFFICE: 1989-761-020/00464



