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The Clothing Outfit, Rocket Ftel Handlers A/P 22P-1 Is used b7
persormi facing possible exposure to Titan II propellant In either
the liquid or vapor form. During normal operations# penomnol may
accidentl7 tear the suit on eqpos4 harware. The general objective
of this test wan to determinne tw ýrange involved to personnel war-
ing torn protective clothing while subjeated to vaporous propellants,
The test was conducted using onl~y !10 - N 0 vapors. The test was
conducted in a chamber built at the AartiR 60muz's Cold Flow labor-
ator7o The original plan v is to have n..ne runs each with a tear at a
differexr, location and control the chaluber N 0 concentration at 10%
N 0 for 16 minutes and then Increase the QoIs~tration to 50% for 16
;nKfteso Becam.e of the difficulty to obtain a concemtration and holding
it with the equipment used, this plan was changed. The N 0 tank wa
agitated and the vapors vere purged int' the toxicant ent~aircmst test
chamber continually during the test gi.-ng a continual increase in con-
centration in the test chamber. A cirmulating fan was located in the
chamber to keep the vapors mixed. By following the same procedure dur-
ing each run, it was attempted to have "Im same concentratio in the
test chamber at the correspondirng "im3 during each run- The test chm-
bar was 8 8 x 8 feet

I. Test Procedur

The clothing outfit was placed on a stazning manikin end placed
in the center of the test ch,=ber, A t jar four inches on a side was
put in the required position on the o The various tear locations
corresponding to the run numbr are cho-m in Figure I. Two tubes wre
taped inside the suit, One to the rw-t-i of the manikin and the other
adjacent to the tear approrAm•t•ly two inches above it. The tubes
emerged from the suit through the tear and terminated at two American
Systems LThorporated (AS1) ueizors loca:..ed outaide the test chamer
These wansoro give a continuov reading in parts per million of the
concentration inside the suit uY continitally pumping a sample through
the sensor. The ASI sensors ree calib.-ated and turned on., The ED-
vironmental Control Unit (ECU. in '.he sixit was turned on, and this
time was recorded as the test start tim) on the data sheet, The sip•
per was closed on the suit, and tle cri:ber door was closed. The
chamber eirculating fan was trnad on. The ASI sensor reading was
taken at time 0. The NO2 1N2 0, vapor we.; added to the chsmber with
the data chect shoving t a fI.ma initia_,ion of flow of vapors into
the chamber,

Two chamer-sampling poe,0 s Iceated on one wall at three feet and
five feet above floor level. Caxber s mples were taken 3 minutes
after the start of NO =NM 0 v.por •'10v ad than t.t about ten mimnte
intervals until the ;9d Jf 4 the rur., omaimoa.4y samples wr taken



IL ?sat ft"onuu (CNtbMed)

at both the three and five foot levels to cheek the homogety of the
atos mere Isle the olamber. Thee samples were analyzed du'ia and
after the test na using the pH method to dateram the OercG letatic
in parts per million.

Concentratiom inside the suit were moitored continuo•sly and
periodic readings were made or the data sheet. Each test run we
stopped either when the ECU waa ab~ut to run out of air or the on-
centration at one of the sensacre inside the suit reached 250 pra
the upper lialt of these snscrs. When one semor reached 250 and
the other didn't, the sensor tube was changed to insure that the
lower sensor weold agree with the reading wen connected to the *s&M
leastion. After each run, the chaMEber weB purged and the suit decon-
taminated and patched to prepare for the next run.

III.. a

Nine runs vwe conducted duri.g thts test. The test data sheets
for each run are included at the and of this report- Mre 1 shown
the tear locations corresponding to teet, mnber. Figure 2 shows the
concentration inside the suit at tlie mouth of the amaikn versus time

The data show that after t•e fii•st test run even though the suit
was decontaminated between ruzs there -as a residual concentration
inside the suit. This concentration ý, listed as the comeentratiOn
at time 0 1

mn number 2 was the onl run where smitching the ewsor lines
when one sensor reached 250 ,pu did rhot give the same results on both
sensors, The early readinga -.,n run 2 may har been high.

The test data shown in w,,u-e 2 3howe that the concentration in-
side the suit builds up faster and higher the closer a tear occurs to
the recirculation inlet in the MUo

In general, the concentratlcn at tue head sensor was higher than
that two inches above the tearo

IV. CoQaluslons

Under normal operation, f-he suit it pressurized to 0.5 inches of
water pressre from the ECU's air flr,4 . conjunction with the suit
pressure relief valves° When the euit ýs torn, it deflates and the
air flow escapes through th, hole. 47 xacing a source of moke Just
outside the hole, it will ba 1.o1" aay with no smoke entering that



can be seen. This test shmws that SO~ - X04 vapor* will w.t. the
suit against this air flaw out of -Khol..o "i fact, it min enter
the suit at msch a high rate that arW suit weare• who notieen his
suit has deflated because of a tear shmul go to a safe area and
get out of that sult lmedia.elly The ruit still gives snow pr-
tection to the wearer while leavlng the area but the c•ncentration
inside the suit goes above safe limits alwat i diately.

The test shows (Figure 2) that the closer a tear ocums to the
recirculation inlet of the ECI the faster the concentration builds
up in the heluet which reaeivwe moot of the air flow from the ECUo

The concentration at the tear me .ower that at the head because
of the hiSh velocity of air g.lnz out of the tear from all directions
aroud the tear. In gener&L, the ccyncntration at the tear was the
same for all tear locations witia respect to time,
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DATA Qlgj

Te•t Run O. 1 2

Tear location l & Lta - ma .
Date of Test V_27j~ & i -V6

Test Start Time 9:19 & 9t2a

Test Stop Time IO:Z3 & 10325

TN N.204 CONC ETION - PPM HEAD ASI NO. 009
TEM ASI NO. 007

Min. Tost Ce11 Head PPM Tear Losation PFM

3 3 Ft. 25,000
5 5.0 8.5
6 3 Ft, 70,000
7 10.0 14.0
9 13.0 19.5

13 19.0 28.0
15 3 Ft. 240,000
17 25,0 34.0
21 3 Ft, 255,000 26.5 40.0
25 29,0 53.0
37 3 Ft. 520,000 - 5 Ft. 44.0,000 3100 55.0

Test Rum No. 2 MW ASI NO,, 007
TEA ASI NO. 009

0 4.5 1O
3 3 Ft. 15,500 98.0 6.5
4 iA.o IL5
5 200•0 17.5
6 230.0 25.0
7 2-50.0

NOTE: C iANGED ASI SENSORS AT THIS FC'IN9 1B0.o0

U. 175.0 8at.0
3.4 3 Frt 150,000 - 5 Ft. 300,0O0 120.0 10010
8 125.0 11o.o21 14.5.0 120,0
24 3 Ft. 350,000 V'•0°0 1.0.029 V0.0o 130.0o

31 190.0 160.0
35 3 Ft. 490,000 195oO 175,0
38 2(0.0 190.0
40 3 Ft. 700,000 - 5 Ft. 620,000 2(0.0 190.0



LLATA SHEM

Test R WNo. &3 &

Tear m in Iae m yr• & ,.i~ft Sim"W•

Date of Test 1-2- - &

Test Start Time :20 & 9:30

Test Stop Tlme L2:17 & - 10:0 -

Test Fm No. 3 _
TI]M N204 COOINC TRATION - PPM HFAD ASI 90. W0

T I 2 TEAR ASI NO* 018

min. Test Con MAD Pl1 Tear a•atIon P i

0 18.0 10.0
3 3 Ft. 20,000 27.5 17.0
5 46.0 30.0
a 54.,0 34.0

10 3 Ft. 105#000 - 5 Ftr 105,000
.12 40.0 29.5

15 45.0 37°0
18 60O0 42"0
20 65.0 47,0
24 3 Ft. 250,000 80.0 57.0
28 90.0 71.O
30 1OOo 77.0
36 3 Ft. 475,000 115.0 93,0
42 130.0 110.0
45 3 Ft. 520,000 - 5 o t 85,0O0 155.0 123.0

HEAD ASI NO, 02
Tet Run No. 4 TEAR ASI NOo 007

0 2.5 3.5
2 4.0 3,9
3 3 Fn. 17,000 5.5 5.0
5 9.5 8.5
8 17.0 14.5

10 3 Ft. 65,000 - 5 Fto 6',,C'X 22.0 20"0
12 29.5 28.0
15 43.0
18 49.0 2:.0
20 3 Ft. 142,000 69.0 88.0
24 132.0 155.0
28 250.0 220
29 3 Ft. 175,000 Off 250.0



DATA SWE~

Test • h No. 5, & -6

Tow Imcation 120ji & Cl

Date of Test 1-6-67 &

Teat StarTime 8%56 & 291 ,

Teot Stop Tim - 9:& & 9s

t R o. 5 Ran so,5

TB Y0 4 cQ(CWMT'f N - PM I= ASI NO. 0
TZAR SI 50. 007

Kino Test Cell HiAd PM Tar Loation PPM

0 2.6 2o
3 3 Ft. 75,000 21.0 2,0
5 48.0 400
8 %9. 900

10 3 Ft. 45,00- 5 Ft. 43,000 136.0 14,0
12 210.0 22,0
14 250.0 31.O
16 3 no 105,000

Test &M No. 6 HUD ASI NO. 0•0
MD ASI NO. 007

0 3.4 2,0
3 3 n. 4,400 8.0 2.0
5 3 n. 7,500 22.0 307
7 50.0 7.0

10 1L05.0 12.o
12 3 Ft. 4,000 L.50,0 15.0
16 3 n. 100,000 - 5 nt, 105,0o0 ;,50.0 + 24.0



DATA SA]HT

Test bnm No. --7...-.-....m &

Tear Lootion _agk-S,,Lo- &
Back Peck of ) k pai

Date of Test -1J-%4 , &

Te•t Start Tims 9:2g & - i,03

Test Stop Time 10:08 &.1 ,20

Teot Ran No, 7
TINE N204 C0INCWMRTIC1I - PI') HEILD ASI NO. ~02TIAR ASI No. 007

- .. .-.... ....-.-- i

Te Tot Ce U Id PPM TeIIow Ir atIU PPH

0 0.5 0.5
3 3 Ft. 6,80o 6.5 1.4
5 11.0 2.25

10 3 Ft 20,0(-) - 5 Ft. 20,00 23,0 6.0
12 31.O 7,5
15 47.0 13.0
17 72.0 21.0
20 3 Ft. 73,000 92.0 29.0
22 "D5°0 35.0
25 135.0 46.o
27 170.0 48.0
30 3 Ft. 150,000 -;00o,0 61.0
32 :35o, 85.0
33 250.0 250,0
35 3 Ft. 186,000

Test Run No. 8 HEAD ASI .O0
HMAD ASI O. 007

0 2,0 2.0
1 17.o 9.0
3 3 Ft. 33,500 37.0 15.5
5 50.0 23.0
7 86.0 32,0

10 3 Ft. 85,000 - 5 F". a-,500 335.0 45.0
12 3 o800 6O.0
15 425.0 78°0

3 Ft. 131,000 j 50.0 92.0



DATA nSHM

Test Run No, 2

Tear Location Bugk of- ,gk

Date of Test ,L.-1L0-644 Teat Start; Time 20_9 Test Stop Tiwa 9:J2

TIME Ni2 0, CCHC EWTIOU - PFA MHAD AsI NO. 007
-__ TMAR ASI NO. (•0

min. Test Cel j w Ppm Tear ITio PPM

0 2.5 2.0
3 3 n.o 20,0oo 29.0 13.0
5 75.0 42.0
7 105,0 50.0

10 3 Ft. 105,000 - 5 Ft. 50,00C- 250.0 + 250,0 +


