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1. Intreductlon

uc

The Clothing Outfit, Rocket Pusl Handlers A/P 22P-1 is used by
personnsl facing poesible exposure to Titan 1I propsllarts in either
the liquid or vapor fom. [luring normal operations, personnel may
accidently tear the sult on e:poee’ hariware. The general objective
of this test was to detemmine thu cange - involved to personnel wear-
ing torn protective clothing while subjescted to vaporous propellants.
The test was conducted using only 40, - K,0, vapors. The test was
contucted in a chamber built at the fart 's Cold Flow Labor-
atory. The original plan v1s to have nine runs each with a tear at a
differem: location ard control the charber M, 0, concemtration at 10%
N,0, for 16 mimites and than increase the coficintration to S0% for 16
n¥rifites, Because of the difficulty to obtain a coneentrstion and holding
it with the equipment used, tkis plan was changed. The N,0, tank was
agitated and the vapors were rurged into the toxicant ent test
chamber continually during the test giv.ng a continual increase in con-
cemtration in the teat chamber. A circulating fan was loeated in the
chamber to keep the vapors mixed. By fnllowing the same procedure dur-
ing each run, it was attexmptec to have “he same concentration in the
test chamber at the corresponcdinrg timz during each run. The test cham-
ber vas € x 8 x 8 feet.

Test Procedurg

The slothing cutfit was placed cn a standing manikin end placed
in the centsr of the test chamber. A tiar four inchea on a side was
put in the required position on the auii. The various tear locations
corresponding to ths run muzbor ara chom in Pigurs 1. Two tubss were
taped inside the suit. One t¢ the mout. of the manikin and the other
adjacent to the tear approxdnm:ztely two inches above it. The tubes
emerged from the suit through the tear and terminated at two American
Sysiems Locorporated {iS1; seiszors locaved outsids the test chamber.
These wonsors give & continmai s reading in parts per million of the
concentration inside the suit oy continually pumping a sample through
the sensor, The ASI1 sensors yere calibrated and turned on. The En=
virormental Control Unit (ECU. in the snit was turned on, and thie
times was recorded as the test stzrt tim> on the data shest. The sip-
per was closed on the suit, ard the chaiber door was closed. The
chamber circulating fan was tirmad on: The ASI sensor reading was
taken at tims O, Ths NO =N20 7apor wa.; added to the chamber with
the data shect showing tSmo>fiva initiaiion of flow of vapors into
the chamber.

Two chamber-sampling pors.s lccated on ones wall at three feet and
five feet above floor level. Charber simples wers taken 3 mimtes
after thoe start of NO-N,O, v=por {lcw ind then ¢t about ten mimite
intervals until the e%d the rur. C::asionally samples were taken
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Tegt Procedure (Cokiinned)

at both the thres and five foot levels to check the homogeneity of the
atmosphere inside the chamber. Theee samples were analysed during and
after the test run using the pH method to determine the cancentretion
in parts per million,

Concentrations incide the suit were monitored contimously and
periodic readings were made or the dala sheet, Fach test mm was
stopped either when the ECU was about to run out of air or the oon-
centration at one of the eenscrs inside the suit reached 250 ppm,
the upper 1lirit of theose sanscrs, When one semsor reached 250 and
the othsr didn't, the sensor tubs was changed to insure that the
lower sensor would agree with thae resding when comnected to the same
location, After each run, the chamber wms purged ard the suit decon-
taminated and patched to prepzre for ths next rwn.

Nine runs were conducted during %hu tost. Tue test data shests
for each run are included at the end 3£ this report. Pigure 1 shows
the tear locations corresponding to tes’, mumber. Figure 2 shows the
concentration inside the suit al t'ie mouth of the manikin versus time.

The data shows that aftei the first test run even though the suit
wves decontaminated between runs. there '‘ms & residual concentration
inside the suit. This concentration wa: listed as the concentration
at time O,

Run mmber 2 was the only run whsre switehing the semsor lines
when one sansor reached 250 pre did ot giwe the same results on both
sensors. The early readings ¢n run 2 may hawve been high,

The test data shown in Figure 2 zhows that the concentration in-
side the suii builds up faster and highar the closer & tear occurs to
the recirculation inlet in the ECU.

In general, the conceniraticn at tie head sensor was higher than
that two inches above the tsar,

Cogelusions

Under normel opsration, the suit i; pressurized to 0.5 inches of
water pressure from the ECU's air flow .n conjunction with the sumit
pressure relisf valvee. When the suit (s torn, it deflates and the
air flcw escapes through ths hole. 3By jlacing a scurce of smoke Just
outside the hole, it »ill ba llowr avay with no smoke sntering that



IV. Gonslusions (Coptipued)

can be seen. This test shows that HO nuzo‘npomunmcun
suit against this air flow cut of thoohols® *In fact, it will enter
the suit at such a high rate that any suit wearer who notices his
suit hes deflated because of a tear should go to & safe area and
get out of that suit immediately. The euit still gives some pro~
tection to the wearer while leaving the area tut the concemtration
insids the suit goes above safe limite almost immediately.

The test shows (Figure 2) that the closer a tear occurs to the
reeirculation inlet of the ECU the faater the concentration builds
up in the helmet which rezeives moct of the air flow from the ECU,

The concentration at the tear was .ower that at the head becanse
of the high veloeity of alr gring out o the tear from all directions
around the tear. In genorul, the concentration at the tear was the
same for all tear locations witi respect o time.




Notes

1, Tear 7 & 8 are on
back of suit directly
behind 5 & 6.

2, Eaeh tear is & in,
on a side.

3. Sensing tube in he .-
met vill be taped
to rmouth on maniici:.

To Sensor Outside
of Chamber

FIGJRE I

Tear Ly)zatiors
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DATA SHEET

Test Run No. 1 & 2

Toar Location Bight Leg _ & Loft Thish
Date of Test 12-27-63 & _12-30-63
Test Start Time 9:19 & __9:32
Test Stop Time _ 10:23 & 10325

Bo, 1

uzok CONCENTRATION - PPM

HEAD ASI RO, 009
TEAR ASI RO, 007

T
TIME
Min, Test Cell Head PPM Tear location PFM
3 3 Ft. 25,000
5 5.0 8.5
6 3. 70,000
7 10.0 14.0
9 13.0 19.5
13 19.0 28.0
15 3 R, 240,000
17 25,0 34,0
21 3 Ft. 255,000 26,5 40,0
25 29,0 53.0
37 3 Fto 5m'm - 5 no M}o,w} 3100 5500
HEAD ASI NO, 007
Teat RuniNo. 2 TEAR ASI NO, 009
0 4.5 1.0
3 3 Ft. 15,500 98,0 6.5%
4 160,0 11,5
5 200,0 1705
6 230,0 25,0
7 20,0
NOTE: CWG@ AST SENSORS AT THIS FOINT
9 180,0
n 175.0 84.0
1 3 Ft. 150,000 « 5§ Ft. 300,000 120,0 100,0
18 125.0 110,0
21 15,0 120,0
2l 3 Ft. 350,000 10,0 140,0
29 10,0 150,0
kS 190,0 160,0
35 3 Fv. 490,000 195,G 175,0
38 20,0 190,0
40 3 Ft. 700,000 - § Ft, 620,000 200,0 190.0
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DATA S

Test Run No. 3 & e

Tear Loestion Right Wrist & _Rieht Shoulder
Date of Test _1-2.54 & _=3-64
Test Start Time 11320 _ & _ 9330

Test Stop Time __J2:17 & _J10:04

Test Ram No, 3
m

TIME r_;zol. CONCENTRATION - PPM HEAD ASI NO, 007
TEAR ASI NO, 018
Min, Test Cell HEYAD PPM Tear loeation PFM
0 18,0 10,0
3 3P, 20,000 27.5 17,0
5 46,0 30,0
8 54,0 34.0
10 3 Fto 105,@ - 5 F‘to 105,w0
12 40,0 29,5
15 45,0 37.0
18 60,0 42,0
20 65,0 47.0
24 3 Ft. 250,000 80,0 57.0
28 90,0 7.0
30 1000 77.0
36 3 Ft. 475,000 115.0 93.0
42 130.0 110.0
45 3 Pt, 520,000 - 5 Fyv. 485,000 155.0 123.,0
HEAD ASI KO, 020
Teit RuniNo., 4 TEAR ASI NO, 007
0 2.5 3.5
2 ‘ 4.0 3.9
3 3 M., 17,000 5.5 5.0
5 9.5 8.5
8 17.0 1.5
10 3 Ft, 65,000 = 5 Ft, 62,00 22.0 20,0
12 29.5 28,0
15 43.0 23.0
18 49.0 0
20 3 Ft. 142,000 69,0 88.0
24 132.0 155.0
28 250,0 220.0

29 3 Fu, 175,000 ore 250,0
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DATA SHEET
Test Run Mo, 5 & -
Tear Location _ Jaft Hip & Trot Chest
Date of Test _ 1-6-64 & _i~7-64
Test Start Time 8156 & _9u5
Test, Stop Time _ 9:01 & 9336
Tost Buy
TR 3204 CONCERTRATION - PFM HEAD ASI KO, 020
TAAR ASI NO. 007
Min, Test Cell Hisad PPN Tear losation PPM
0 2,6 2,0
3 3rm., 175,000 2.0 2,0
5 48,0 4.0
8 9%.0 9.0
10 3 Fto ‘05.@ - 5 Ro 103,@ B6¢° 11090
12 20,0 2.0
14 250,0 1.0
16 3 Ft. 105,000
HEAD ASI NO. 020
Test Run{No. 6 HEAD ASI NO. 007
o 3.k 2.0
3 3 Ft. 4,400 8.0 2,0
5 ar, 7,500 22,0 3.7
7 50.0 7.0
10 105.0 12.0
12 3F. 44,000 50,0 15,0




DATA SHEET
Test Run No. -1 & ___ 8
Tear Location Back-Below &  lack, %
Back Peck of Back

Date of Test 3-19-64 & _]1-9-64
Test Start Time _9:25 & _1:03

Test Stop Time _ 10108 & _ 1120
Test. Run No, 7
TIME uzoh CONCENTRATION - PPM HEAD ASI NO, 020
TEAR ASI NO, 007
Min, Test Cell Yuad PPM Tear Location PPM
o] 0.5 0.5
3 3 Ft. 6,800 6.5 1.4
s nOO 2025
lo 3 Fto a)’m - 5 Fto 20,0@ 890 690
12 31.0 7.5
15 47.0 13,0
17 72,0 21,0
20 3 F. 73,000 92,0 29,0
22 105.0 35.0
25 135.0 46,0
27 170.0 48,0
30 3 Ft. 150,000 00,0 61.0
32 235.9 85.0
33 250,0 250,0
35 3 Ft. 186,000
Test Run|No. 8 e o o g%?,
0 2.0 2.0
1 17.0 9.0
3 3R, 33,50 37.0 15,5
5 50.0 23,0
7 86,0 32.0
10 3 Ro 35,@ = 5 Fto Slusw ]3500 45.0
12 180,0 60,0
15 225.0 78.0
163 3 Pt, 131,000 250,0 92,0




(ke

DATA CHEET

Test. Run No. ___i_____.
Tear locetion Back of Begk
Date of Test _ 1-10-64 Teet Start Time 2109 Test Stop Time _9:29
T.sE M‘ N—Qo 3
TIME NZOh CONCENTRATION - PFH HEAD ASI NO. 007
TFAR ASI NO., 020
Min, Test Cell Bead PPM Tear location PPM
0 2.5 2.0
3 3 Ft. 20,600 29.0 13.0
5 75.0 2,0
7 105,0 50.0
10 3 Fto 105.@ - 5 Ft. m‘m 250,0 + 250,0 +




