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| ABSTRACT

An enginearing evaluation was conducted on the CB Modificstlon Kit for
Structures. Environmental testing demonstrated the ablllr: of the system

to withstand extremes of temperature, dust, and rain, F.:.0r buckling and
corrosion prevented operation after humidity testing.. CB eimilant testing
demonstrated that the system meets design requirements and will protect per—
sonnel with 99.6 percent efficlency in chemical simulant (Methyl Acetoacetate)
concentrations up to 100 ng/m’ and with $9.99 percenz efflciency ir blclogical
similant (Bacillus globizii) concentrations up to 10° cells/m3, A C-123
aireraft will accommodate ths service module and three filter-blower units,
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SECTION I

INTRODUCTION

The purpose of this project was to conduct an engineering evaluation
of the UB Modification Kit for Structures, a CE defensive item.

The test objectives were to:

1. Determine the ability of the CB Modification Kit for Structures
to withstand the following extreme environments as specified in MIL-STD-810B,
Military Standard Environmental Test Methods, dated 15 June 1967:

a.
b.
c.
d.
e.

Iiigh temperature
Low temperature
Humidity

Dust

Rain.

2. Evaluate the capability of the CB Modlfication Kit to protect
personnel in & simulated CB agent environmenut.

point.

3, Evaluate the CB Modification Kit from a human factors stand:

L, Insure CB Modification Kit C-123 air transportability.

All objectives were accomplished. -
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SECTION II

DESCRIPTICH

OFERATICNAL CONFIGURATION

The CB Modification Kit for Fxisting Air Force Field Structures
(Figure 1) consists of a rervice module with airlocks and decontamination
facilities eand three filtsr-blower units which provide filtered alr tc main-
tain 0.4 to 0.6 inch of water gage (IWG) overpressurs.

e TN

; L ) :
"l—»f'ﬂ/';‘The kit provides the necessary ssaling, alr purificatlon, pressuriza-

tion, irgress/egress, and decontamination capability to incure CB protsction
for personnel in a OB agent environment. The kit 1s a removable modification
to & structure and will not inhibi{ the normal function of the structure.

The kit can be made irdecpendent of external power and water for a limited
pericd of time by use of » 15-kilowatt (KW) capacity, standard gasoline
engine-driven generator. It 1s designed to be air transportable on s C-123
or larger cargo aircraft. ‘ , .

An operational kit contains a collapsible prefabricated, tranaition
section which connects the niedification kit t: the building to be pritected
and sealing compound to reduce the building's natural lsak rate. Thise
components were not a part of this test.

The modificetion kit, as supplied with three filter-blower units, is
" designed to protect buildings with up to 20,000 cublc feet volume. By em-
ploying a maximm cf three additional filter-blower wnits, buildings with up
to 40,000 cublc feet volume can be protected.

SERVICE MODULE CONSTRUCTION

The service module is an aluminum frame, stressed aluminum skin,
structure mounted on extruded aluminum skids. Its dimensicns are: length,
12 feet; width, 7 feet; and height, 7 feet 4 inches., It weighs 3,000 pounds.
It has double-~wall construction and is insulated with 2,75-inch-thick rigid
polyurethane foam in the walls, floor, and ceiling. The interior aluminum
wall surfaces are finished with a gloss white polyurethane base enavel.

The service module 1s divided into seven compartments. They are en-
trance airlock, undressing room, shower stall, service compartment, dressing
rocm, plenum chamber, and exit alrlock.

The modification kit has a dscontsmination system (shower), an air
heating system, an electrical sgystem, a control system which rogulates psr—
sonnsl entrance, end an alr pressurlzation systenm.
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trance snd oxil siriocks elisinate in
ting peracnnel, The two alrlenky ars
lirhts in tha entrance sirlock vhich r“"“luue persan
Each alrlock 1s 3 feet long. 3 feeb uiae, gnd’ 6 fe % 6 inches high in-
gide, The inner and cuter air]ovk gors have a fibsrglass laninate skdn and

foamad-in~place polyursthane core. Pach door is seli«clou- 1z through the
g of a conventlonal o:a;hcad hydraulic door clezer.
The inner and outer daorS‘of each sirlock are mechanically intsrloecked
5o that one docr cannot be opened untll the other 1s se curo)v closed (Figure
3). ‘There are romovable plns on both sides of each airlock which parmit the

*
interlock system to be bypassed in case of emsergoncy or mﬂlaunction.

The exterlor doors are latched by walk-in cooler latches with plunger
relesses on the inside. The interior doors are pushed or pulled cpen efter
the interlock has released. v

Air flows into the alrleck frem the interior of the servics module
threuzh a damper in the ceiling., The Jamper is normally oren but closes
u*crab;;a*ly vhen the outer door opens. Alr flow through each airleck
is controlled by an outlet near the bottom of each outer airlock door vhich
is sdjusted to give a pressure differentisl of 0.4 to 0.6 inch of water goge
(I¥3). This is equal to an airflow of approximately 100 cubic feeb per
minute (CIM).

PERSONIEL CONTROL SYSTEXM

Perszonnel entry into the service moduls 1s controlled to allew purging
of contanination frem the airleck end allow encuch tims for en entrant to
clear the undressing rocn before another iries to enber. A time~dclsy relay
controls ench func ticn with WAIT and ESTER 1ights 4n the entrance elrlcclk.
Sultches on the airlock door jambs sense the c.try ond passaze of porsonnsl
snd energlze tha relays.

FERSCINIEL DECORTAMINATION SYSTEM

Upon leaving the entrance eirloeck, the entrant enters a t~foot by 3~foot
undressing compartment (Figure 4). Unless he is wearing complete safety
gttire he will discard all garments, except his protective mask, through a
elothes disposgal chute, An entrant wearing complete safely attirs will
pass through the undressing room into the shaw;r without disrobing
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Figure 2. Entrance airlock of service medule: (1) door intasrlocks, (2)
inner eirlock door, (3) personnel entrance control lights, {4) dezpor and
1ight contrel switeh, (5) light eontrol sultch, (6) 12.5 1itsr por ninute
all-glass impingers with pre-impingers (for elmulant tasting), and (7) vasw
manifcld sequencer (for aimulant testing) ' '
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Figure 3. Door interlock (1) with removable bypass pin (2)
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Thres dis-9sal chutes are provided, one each in the undrossing, shower,
and dressing conpartmonts, Each chute 1s an opening in ths tack wzll of tha
modification kit., A door with a spring-typs hinge and a rubber gaskel zeals
the openiﬁg on the inside, A plastic garbags bnp is tapad teo the cutsides
and placed in a 26~gallon (or larger) capacity garbags can.

The shower subsystem consista of a 155-gallon water storuge tank, an
electric water pump, and a 52-gallon electric water heater which are located
in the sarvics compartment, and a 4=-foot by 3~foot shower atall. The storage

tank allows the modification kit to operate independently of an external water
supply in time of emergency.

A push-type switch, located in the showr stall centrols the paomp which
supplies water to the shower head at 3 to 5 gzllons per minute (gru). The
shower will operate continucusly for a period of at least 31 .i:'*s*as. The

- showsr water temporature can be varied betwsen 60CF and 120°F «ith a kmodb -
in the shower stall. Two panels with sprinz-type hingss unfeld from ths
shower wall to contain the water in the shower. A drain in ths {loor of the
shower stsll carries effluent water out of the modificatleon kit.

A 4~foot by 3-foot dressing room is located next to the shoewer., It
containg a removahle utility cabinet for towels and clothing, an EmergInCy
lighting unit mounted on the ceiling, and the main electrical control pancl.

An entrant wearing full protective equipment over conventional clething
would shower to wash off contamination and then dispoze of the protective
garmenta by putting them through the dispozsl chute. He would then pass’
through the dressing room and into the bullding. A nude occupant would
shower and then discard his protective mask through the disposal chute before
entering the dressing room. He would then remove a towsl from tha cablost
‘and dry off, discard the towel through ths dlsposal chute, and dress, talk-
ing garments from the utility cabinet, '

AIR PRESSURIZATION SYSTEM

The air pressurization system consists of the filter-blower units, an

influent alr panel located on the side of the mcdiﬂca‘cion ld.t, and ﬁeﬁble
ducts which connect the filter-~blowers to the pazxel.

Each filter~-blower wunit iz composed of a blmr fan, 8 comierclal pro-
filter, a particulate filter, and a gas filter. The blowsr fan iz a dirsct~

drive, radial blade, centrifugal fan pawa'-ed by a l-horsepmr, 488«-220»?@1‘!:,
é0~hertz (Hz), 3-phase motor. ;

The prefilter 1s a standard cearss particulste fd*‘wz‘, mrw’& fond
in home alr conditionsys and furncess. Tho particulsis awm
standard undts davelonsd by the US Aumy Chaonlesl Carpa.
particulate filtsr ( HL-P-S12154) 49 nosd in &

filter (;viﬁ,-—’?—‘;‘lg? LA, msnwfmu 1) in order to ¢
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Cwuster, gnd

ar unlt will su
cfn. The cem

ply £iltered alr to ths medi-
ts are rmounted in serles,on

i to connect the filter~tleowsr to the influmut
tcr and supplied in 1O-TJ0u lengtha, It is
It can be

to flnﬁ”@" on thc filtorbblowar and the influent air punel with screu-typ.
ms.  The influent air ponel 1s located on the slde of the modificaticn

;&% the plenum chomber., It has six flanzes on it to which the flexible
1 tha filter-blowszr units are attached., The unused flanges ere

Guote £y
3

Ao

Tho flew of filtered alr, entering the mcdificstion kit throuch tnn
nfivent air panel, is split in the plenvm chamber. The bulk of the fil-

hzr&:b4 cfw flows into the othar cormpartments of the modificaticn kit
varforated door located batwsen the dressing room and the plenm
ihia air eventually flows through a ceiling duct into ths entrance

ptrforated door betwesn the dressing room and plemm chamber eon-
rical strlp heaters which heat air entering the modification kit.
arize of heaters vhich are controlled by a é~position selector
taﬁ ¢n the elscizical coatrel pansl, The heaters are de: 46ﬂud
he tenperature of alr enlering the medificatica kit at =25%° to

t
T

]
fim £y -

el I o
OGS SYOTEH

The madification kit remuires 208-2/0-volt, 60-Hz, 3-phase, A-wirs
=r gourss with a*““a“‘ﬁ:*ﬂly 15-kilovatt (kw) capasity at posk demand.
t@ble gosoline engine-drivon gonerator, commen to Alr Force inventory,
wifi1l this T li?’““ﬂt

Poiar s suppllied to the modiflcation kit through a standard aircraft
L8C-Hz plug et an external junction bow. Pover 1s routed to the main
eloctrical ccyt 91 panel vhere i1t 1s fed to the pressurisetion, air heating,

e o
;:5"..4 I8

3 aly flove froa the plenum chamber directly into ths building protected,
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TEST CORFIGURATION

For testing purposes a plywscd panel with three adjuststle orifices
(Firure 6) was attachad by ths centractor Lo the doorwsy which would ordinsri-
ly le2d to the btuilding to be pretected. Thiz building simlator was adjusted

7 used in coajunction with one filter-blower unit.

&3
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SECTION III

INSTRUMENTATICH

CARGO FIT TESTING

Cargo fit testing‘was cenducted at the Huxlburt Field flightline uvsing -

a C~123 cargo gireraft and 4674 cargo-handling equipment, including wheel
conveyors, & 108=inch by €8-inch pallet, and e Rough Terrain Loader with
10,000~-povnd capacity, The forklift was equipped with roller conveyer forks. v

AN R STtk antie l | WoCTTIN
ENVIRCIIZETAL TESTIRG

211 environmental teotinz wos ace. uplished utilizirng facilitles of the
Eglin Air Force Bass Climatle Laboratory.l

Low temperature testing was conducted in the Main Chamber. The high
teaperature and dust tests wore accomplished in the All-Weather Room.
Bumidity testing was conducted in the Salt Spray Chamber. The rain test was
conducted utlilizing a portable rain facility and wind machine. :

The temperatures at various points within the modification kit (Figure 4)
were mensured with ten copper Constantan thermocouples connected to a strip
chart recorder. The alir pressure in the compartments of the medification -
kit was measured using differential pressure gauges calibrated in inches of
water and connected to the medification kit with plastic tubing. The voltage,
current, and power requirements of the modification kit were measured with
en industrisl snalygzer.

STULANT TECTING

The chemical and biological similant tests utilized 'a "C'generator
end tiwo nebulizers to generate and maintain the simulant c¢loud and an in~-
fiatsble rubber shelter to contain the cloud. Aerosol samples were collect-
ed at varlous points inside and outside the modification kit (Figure 6),
using 12,5-1iter~per-ninute, ell-glass impinger (AGI-30) samplers, connected
to a vacuum manifold which could be remotely sequenced. During the bio-
logical simmlant test the impingers wers equipped with S5-micron pre~lmpingers,
Temperaturs and pressure within the modification kit were monitored in the
sam2 manner as during envirommental tests.

W S pT Tl

Suo iy Proving Ground Center Technical Foeilltiss Vel. I, Anrdl 1997.
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SECTION IV
TEST PROCEDURES

Two complete modification kits were provided as test items. The first
nodification kit was used for cargo fit testing snd all envlironmental tests
except the rain test. The second modification kit was used for the simulant
challenges and the rain test.

CARGO FIT TESTING . | | ‘ .

The service module was placed on a 108-inch by 88-inch standard cargo - ;
pallet and strapped down (Figure 7). Two rows of double conveyor were g
placed on the floor and ramp of the alrcraft, and the parachute statle lines
were partially removed. The service module was plcked up at one end by a
forklift and secured with carge tie-down straps to prevent it from tipping

off the end of the forks. The service module was maneuvered into the cargo
hatch of the C-123 aircraft {Figure 8). .When the botiom of the service module
was even with the conveyors on the ramp of the aircraft, the tie-dowm straps
were removed and the unit was pushed off the forklift onto the conveyors.

The three filter-blowsr units wsre loaded behind the service module. ‘

13
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ENVIRONMMENTAL TESTING

Availability of rescurces in the Climatic Laboratory dictated the
following order for MIL-SID-810B snvircamental testing:

Method No, R

502 Loy temperature
501 - Procedure I High temperature
510 Dust .
507 = Procedure I Humidity

506 Rain

FUNCTIONAL TEST. Before ahd after each environmental test, the follow-
ing systems were functioned to Insure proper nperation:

Door latches Air heater

Door interlocks Filter-blower unit
Disposal chutes ‘Lights
‘Shower (water pump) ‘ Dempers

Water heater

During or followirg each envirommental test, the modification kit was
operated by test personnel for a speclfied number of cycles. Each 2rcle
" consisted of the following operations:
1. Enter service module through entrance alrlock.
2. Operate one clothes disposal chute. | “
3. Operate shower for 1 to 2 minutes.
4e Leaie service moduls through exit airlock.

The follcwing data were recorded before, during, and at'ter each
cycle:

- Differential pressure between each service module compartment
and the test chamber in inches of water gage (IWG).

2. Temperature In each service module compartment and the test
chamber in degrees Fahrenheit (°F).

3. Voltage (volts), current (amperes), and power (KW) requirements.
4. Shower water temperature in °F,

15
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snd malrtalned untdl five minutos h“forﬁ the end of thn

n rain, Two ponse
through cyeles wﬂrﬂ conducted durlng the § in./hr rain, one with the 40 =rh
wind, and cne after the wind cource wqﬁ turmnsd off,

This test was yopoatad four tisas so t‘at enck glda of tha sarvise
module was subjfogted to the 4D mph wind., Ten pa 3"~th*%ug eyelee werae

cenducted at the end of the tea

SIMULANT TESTING

FILTER CHALLELEGE., Bofors slmlant testing of tho mo
attenpted, the three filter-dlorsr units wore challenged uwrl
logical simulant Bacillus ¢lobicii (EG) end tnc uam451& g
Acetoacetate (MAA). AT least two B3 challer
conducted using each filter unit, Each siwm

the Intske of the blowsr, znd scxples were C3ll@yﬁad af th
filter. '

BIOLOGICAL SIMULANT TESTIRG. Two bloleglesl slwulant challemgs:
conducted. Pefeors tosting began, the mmﬁificaticn kit waz funetionsd to
insure proper cperation of gll zystems, Twsnty-flve aveas vore marits
on the insids end outsidae of the modificatlon kii, dscontaminated, end
sampled with swaba. The simulant, EG, was diszeminated insiéa the inflatatle
shelter to obtain en ssrosol clotd of epproximately 1 x 10° viatle colls par

<

cubic meter (cells/m3). A mors corplets dascription of these procedurss is
contained in Appendix I. '

During the first blolegicel simulant challenge, the modification ziﬁ
was operated for a one~hour holding porled with no entrles or exits con
ducted, Samplers at all statiﬁns, b@fh incide and outzids the &»ﬁifl”“*"ﬁ
kit, were sspirated for flve minud ¢ 20~minuts intervels., At the end of
the holding perled, &ll sevplers u@re cha g4, ' ' :

Bofore the first pass-through eyele, samplers at all statisns wors
aspirated for £ive minutes to oblain a backzround rezding., A test subjact
wearing an M=-3 CB protasctive sult and gn o-17 protsctive mask finmeticned
the medificatlon kit durlng the pass~through eycles., During the first bio-
logical challenge, & pass~through cycle consisted of the followings:

1; Sampler in enirance alrlock was aspiratsd for fivs mimutss.

-Test Subject entered entrance eirlock efter sampling was initiated and

walted until sampler stopped.

& o
¥y

2. Yhan sarpler dn @****

120 airlwcﬁ s ﬁﬁ, #amplers 12 dvosne

five rlnutss.
operated elothea ¢~
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X horsoles yoro o A% tho engd
o n at the 25 arcosg swabbod befora the
4 LYOs5Urn wWors ﬂﬁﬁiiar»ﬁ during the
1 emvironmantal tests

chollenre was conductsd In the same manner as
&&Quptimns:

1. The helidin:
wery 20 minutes,

hours long with five-ninute samples

2. TShe timer cn the WAIT-ZNTER lights was set for 10 sacords,
seler in the entroncs sirlosk vas aﬁuirstrd for 30 seconds., Afier
ter wzs turned on, the tagt subjoct entersd the &*mloc and when

ek flashcd from ¥AIT to ENUIR, ho entorszd the undr iﬂ? rocm. Wasn
tho 3ﬂf31¢L in tha wedrozsing room was turned on, he ccﬂtiﬂuﬂd with the cyele

J

nflatahle smal ar, wa;nlers
a to obiain a bsck“”c“td reading as regulired
1 £0Hn

0 - I1). Tho podificeticn kit was fune-
DOT ti@ﬁ of alx gystems, and swib samples wers

d reas vhich had been dacontazinated. The chemical
wis dlssc¢i rated Into the inflatsble sholter to obtaln an
‘wﬁtLOW of arprozimately 100 grams psr cuble meter (gm/m3)
=thronsh cyu*vg, the modification kit was subjected to a hola~
5T 883 c.zing the blolozienl challenzes. Posse
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During tha first chomleal slmdlant challenss the i
hours leng and six pass~through evelos wars cenduated,
not teken durdr 2 the second Ca.&llf}!’gf due to ihe results
end ths holdirg paricd wns deloted duo 40 a shortags of e"w ant,.
through eyclesz were cond ucm& during the gecond chenical challexngs

HU?.HP

i
id.

2 human faétbra evaluation was conducted on the me ﬁ‘icaticr Wt Curdeg
- testing to recommand possible improvements to the msn/mechine dnterfucs,
study is included es Appendix I1I.
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Tha C3 Modiflcatlion Kit for Strusturss was loaded en a C-123 eircraft
4530 handling equipment., The parachube static linos were partlally
2 end maung oub of the way In ordsr o load ths medification kit.

PREIE RN

+ pamewvorsd 1

2170 hntoh service module cleared
r by 2 inch@ﬂ i 23 on eanveyors end pallet, the

vared tha _; 7 inches end cleared the
] s by fnches on ninars closroncs spocified in
7.0. i0~1233-9, Tecknieal u”t Lesding and Unloading, 1s
£

6 inshoa on pash sids

Tho vaicht end balance of the slrcraft could not be copputed beause
-.r:.*%, end welrht data were not stenciled on the units as re-
ai““t?u.spﬁrta%1a 1tena,

n the ”lcvz-r and tuwo on the e mp) so they would be jettisonable (Figure 4).
s} a medule 1s not airv-jettivmﬂble.

cts 1n the skids of the filter-bleowor wnitas are too small ahd
her to faclilitate forklift handling,

Structurss pazisd the lew temperaturs, high
ust, an:i mm tems,, bubt falled the hunddity tost.

i cetion kit for o*ac-mtion gt «25%F after the /E~hcur scak et
not censidersd major and wors mainly conmcerrned with features
2d for c}zmgew Ths flexible dueting was 53120 and had to

it ccn 13 be at‘?.wwu to t s flanzoo c‘*z tho f;.lt@w-blmar

ne thres filter-blover units wors losded bohind the service module {one

WTURE TEST.  Although seversl 1:*0’“1%‘3 vera encountered in pre-
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The intsks slr daliv

service medule,
bstwesn 300F and 40°F.
reached 8 maxlioum of 30CF.
and 120C¢F during the test,

e e S R R 2 A 8

The electrical strip hoators for hinting incoming au‘ f:‘
ered frem ths filtartlowsr
throvshout the low terpoeraturs feunctlenal test. 7 2} T

stabilized betuwacn 10°F and 2007 whenm the shower wms not in ammtiw (Ta

Opsrating the shover produced clcouds of waler vapor and
Alr tempevatures iu the dressing
Flocr temperatures, exc i’m
Shower water temperaturs wns

Ths gvoregs differentisl pressu
during the test are givon in Teble II.

and undres
irg tha 3!
TRT

w‘%

vara encountersd i

cveles ars plvan In T

HIGH TEMFERATURE TEST. No spoelal problens

E; high tezperature test. All systems oparated satisfaech 01‘"’1,;"«
5 tenperatures recorded durlng the pass~throuzh

-2

[

DUST TEST.

satisfactorily.

the pass-through cycles.
Table I,

Table I.

¥
GHA

Tha

The sverage differcntlal preossurses recordsd are given in Table I,

The siliéa dust did not penotrate the ssrvics module,
ths filter-blower unit was first turned on, the circuit br

er kickheod oub.
Whon the switch wss turned on a sucond time, the filter-blover unit fun

Internsl temperature data during specified tests

oyt £
A1l modification kit systems fumectioned satisfactorily &

The average temperatures recorded ars con uaim.,d in
The average differential pressures are contalned In Table II,

Temporatura (OF)

Low bempora= igh tenperad Dust
“turs test ture tost  |tesh

Entrance airlock air 16=20 # 114 g7
Undressing room air 10-30 ® 110 95
Undressing room floor 2=-30 * 100 87
Shower floor 27-90 # 100-115 * | 85-100%
Water storage 66 87 g5
Pressing room floor 12-20 * 96~109 * | 82
Dressing room air 15-40 * 109 196
Intake air from filter-blower ~19 104~110 94
Exit airleck alr L G185 ® 14 97
Charbor air -2;2 ' 120 A 93
*Temperathm varic,ﬁ dwa to shaver o*a«*ation.
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L pross rares during specificd tchws

1. e .
ul vn"\qvt . “j ol

T Proasrn

h1

Low lemperature lest

0,49
0.55

0.5

.37 0 0.51
56 | 0.5 0.55

o QO

0.48 0.52

High Temperature Test !
; ‘ I»...hu‘v,u w“ i”n ck

cpun 0.45
§ Static . 0.59
Exlt edrlock ' '
open o 0.

.48 o - 0.45
.61 0.58 0.59

Q OQ

0.42 0.43

Dust Test

Fatyznee airlock '

© open - _ 0.49 0.50 0 0.47 ,

Static 0.58 0.6C 0.56 0.57

1 Exit alrlock o

% opan o 0.44 0 0.43 0.44

gonditlions are 0.4 to .6 TIG i
; § ¥ IR, '1‘}19 bolaivy t gt severely dograded thoe podification

: a atzd sieel

s vers nilitary specif icu\t"cz items, unzo
: were soverely eorroded. Those fitlings which
ve ﬁi‘s wore L‘l“"‘nCGw‘S}ﬁa The plxzr;ez&-type door releasss on the

¢ the outor airleck Goors had to bs broken logse with & hammsr befors
24 fupotion (Figure 9). The suliches on the door jams of the ocuter
doors, walch combtrol the dempors, were frozen. This means that the
2tion kit vould loos overpressure whanever an eirloeck door was opensd.
alvo controls the WAIT-ENTIR lights in the entrance airlock. The
wor wag buckled upward o that the side panels eould not
Mrs use of the showsr (F.:“u Y 10) ‘I}*& intsa rior aimcn‘
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Figure 15. Paint on ceiling of seivice module bliste

‘The water pump, the blower, and the lights still i‘umtioned. o attempt
was made to function the water heater or the air hester. After a tmﬂ.
period, the buckling in the plenum chamber floor had gone down 2o thel

perforated door could be opensd. Teating on this wnit wag terminate

; and
the rain test was conduetsd on ths other unit after ooy ﬁdm of & ”xls,_f:
testing ’ :

RATH TE.s-T; A1 modificaticn It systems functlensd eatlefe
ing the rain test. Satisfactory overpressure (Tsbhle IID) was matntaized & ring
& 12-in./hr rain while a 40=mzh wind wag directed et sach side eA tr sorvica
module. Raimmter running down the side of the service mofule entemﬁ
the airlecks via a 1lip on t.he top of the outer deors.

Modification kit power consumption wes measured dur:hg tes

tirz at 10 kw
maximm and distributed as follows._ SE

- Lights and blower 2 kw
Hater hzatsy LY by
Alr hootern 3.5 kw
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The sampling and assay teubnﬂ;ve“ vsod are ernapl

quantities eqaivalent to 0.2 maﬁu3 of air. The es ‘culw*
was greater than 99.7 parcen

e

BIOLOGICAL STMULANT TESTING. Thy ef

i modificaticn kit wss ealewlated from ats o wd durlng $he Blelszlesd o - -
1 i similant challenges. (83 Teble V.) Conplete a Froot $he aloatont eia0d ' -

£ are presented in Appondixz I, Thse filter
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modification kit efficiencics exse
(59.97 pereent), the modification ‘hﬁ.v

efficlency ohtaingble for $he modiflcs

Biclesleal Simmlent Chollensn Ho. 1. Test
P 3 2

i through cycles remained 1n ths entrance alvlock
i = the service module. The asirlock purged ecrmlelely dur
1 & taken in the undressing and dressing rocms durdng th
i showed no increase ovar baﬂkground sar“lcz taken bebw
¢ . EXAL VI P H
: not. build up within the service module durdng the test. ]
) e
3 Swab samples indicated ccﬂgaminmtimﬂ was ra&tri"' ad to the ¢ 3
; " exterior of the service module. Only cza csll was dlscoverod in ¢
i of the service module (on dressing ruud_"ﬂlﬁ)
it - :'Bielo~ieﬁl Simulant Challersa Ho, 2, During the hwluixr sydod, b -
: simulGnt Goncentration 1nsids the ssrvice mefule was higher than tus BTETIT
> of baskground samples taken bolwsen pass~throush eyeles durin? tha reost of
5 the test, The cause of this was not deteminsd. Baclkgromnd ummxles takao
2 between cycles wers comparabls to thoss of the first simulent challenge.
The higher simulant concentraticn recorded in the entrance elrlock ims
due to ths shorter sampling time (30 sesonds), VWalting time in the entram:

byt

airlock was reduced to ten ssconds in order to obtain more realistic interlor

contamination data. Shortening the timo rosulted in scme contaninsiion rzmv

ing the interior of ths service module throuvgh tzm alrlook. Tm glzmalant
v concentraticon in the undresalny room wase syoy ,

ing reom. Rcuaf3w§ the 23 a&ili

cczzma of the tM 1 evales ths
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1@3 irateated contsninailon on the cuteide of the sarvice
\ the entrance sirlock, end dn the shower rtall (4 cslls).

Tha remilts of tho w0 ehonical sisulsnt
de VI, Corplete duts fyom the ,JMJ“:'

tcndix 1T, Fnos-thro
second blologlenl &

4
=h eyzles were condunted
=unt challensne, The

e £

i &. lta; eould 1ot be held constant dus to a
g g _\a:e o nd avt digsipation of the simulant cloud.
A
.
i Chemtonl Sbmulant Challerze No. 1. During the first chenical similant
g ehalienz?, DO conbemination wag found in the undressing room or dressing

reon.  The entranes sirlock purged satlsfactorily, but slight contanm ﬁaticn

: rr/n3) wan r““owﬂ“i in the exit airlock. Svsb saxwples ware
rosuwlte wore inconclusive dus to the prssenco of other

For this roszon sumb samples wers dslcugi in the second chollernge.

z1llen7s Ho. 2. Durlng the sa*cnd chemlcal simulant
) qéiv*t contonination was recorded in tha undressing room on thres
eng (1.1, 0.6, 273 0.4 my/m3). Two of these szmples wore taken be-
yclc? viaon previcus data indicated that the eirflow would have hed
purge the aroes. Contanination of ths inpirgsrs during handling or ' .
] ) szay iz the gucpected csuse. Neo contamination was faund in the dressing £ i
& <oz, The eirlosks pargsd satisfactorily, , i

Ths majority of impingers contained no dstectable contaminat ion, glvirg ¢
en efllciency eomparable to that obtained during the filter challengs. The ‘ 3 :
sceurssy of the modification kit's calculated SyotGW efficiency was limited g«
by ¢he minlmm quantity of MAA detectsble (0.2 mg/m?) using the assay pro- g
codures in Apn@ﬁ‘xx I1I. Analysis of the data indicated that tho modifica-

-0 tlon BAV paszed the chomicsl ﬂimnlﬂnt challengs.

PSRRI

Tuping the procoza of testiny, several minor mechanical defivawuviez
‘ arant. Thers 1o a f ting on the fromt of the service module i
s hose I8 atlochsd ta £111 the water ﬁﬁnv 29 tark, This is a % b

tting, end the garden hoss must ba eercwed into 4t by twlst : 1

OSSN

wings around the top of the servies muéule vare ugsd during
test and during movin g oparationg. The capacity of the
of the 14ft rings 4= nﬂrginal ¥hile they did not pull out,

!
é:)
o
o
[e]
W
4]
-
3

By the ex? of testing, the handles on the inside of the interior air-
lecks Lw@—bﬁﬁc ae loose from repeated use.

) A

,*loﬂk 1atch”° chﬂinqlly bmé two=channel catch on the daora.
: ned ylth the i wherlocka en the door Jaxbs, Tho
s > £ g‘iigﬁ e g =t E ol

<3 Wuhis Ll -d“:’»v»*.é.'hhs A el #
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Setdtayrrany

Avorage aerosol congentratlen during
pass-throuzhs (ng/nd)

Service medule Interlor concentraw-
ticn between pass-throvghs (mg/m3)

System Interior concentration
Efficiency\:~ = 1

Acrogol concentraticn
(psrcent)

Averare entrance airlock concentra=
tion (occupled) (mg/m3)

10.18

Average undressing room concentration
(occupied Y{rz/n3) '

<C.2

Average dressing room concentration

(occupied) (mg/m3)

<0.2

Figure 16,
£ilsd of2.
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Py tho end of astivo tesling the invariooks were feulty. Thoy ero too fragile
for continuous use.  The catch pictured (Figure 16) would not maintain align
mont, and the interlock had to be bypassed.

Tha ghs

5r nozzle Jn medification kit no. 2 (used for simulant testing)

m or decigned improperly. The pusp did not provide encush
rrosours to melia it function proverly. A spacer had to be inzerted in the
nnotle so that water wonld spray rather than pour from it.

Mﬁ FAGTORS EVALUATION

A human factors evaluation of the CB Modification Kit for Structures was
condusted by the Hiuman Factors/Biomedical Division (ADHZ) and is included
e Ar naix I3I. The following deflclencies wers noted during the human
feotors evaluation. .

1. The zir heating system in the modificatlon kit is inadequate
for opsrating environments dowm to -25

. 2. The tivers for the WAIT and Ei"I‘ER ngm (Figure 14) had to
bs adjusted by trizl and error since they were not labeled as to specific
funution or scalsd for adjustment.

3. Upon entering the service module for the first time, test
subjects became confused about the opsration of the inner airlock door.
Althouzh there is a handle on the door which may be pulled, the door is
cpencd by pushing. This handle 1is necessary to insure proper operation of
the interlock sy:tam, but the door should be labeled FUSH TO OFEIN.

4. The showor temperature control knobbwas not labcled,
necassitat in" adjustment of the water temperature by trial and error.

O e S e s ST N SR




SECTICY Vi
CONCLUSIONS
1. The CB Modification Kit for Structures tested met the requirements

of MIT-STD-310B, dated 15 June 1967, for high temperature, low temperature,
dust, and rain, ' ' :

2. The CB Modification Kit for Structures failed humidity testing
under MIL-STD-310B due to floor buckling and corrosion, :

3., The CB Modification Kit for Structures meet design requiremsnts and- A'(QF
will protect personnel with 99,6 percent efficiency in chemical simulant
(Methyl Acetcacetate) concentrations up to 100 mg/m® and with 99,99 percent

g efficiency in biological simulant (Bacillus glebigii) concentrations up to
102 cells/n".
4, The air heating system in the CB Modification Kit was inadequate, ) éi,'

5. Controls in the CB Modification Kits were not ali lzbeled properly
or positioned for efficient use.

6., Testing revealed design deficiencies in the interlock door handles,
1ift rings, and the shower nozzle,

T. The CB Modification Kit for Structures will fit on a C-123 atfreraft
with sufficient clearance to satisfy air transportsbility regquirements,

 (The reverse of this page is blank;}j
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PENDIX T

BIOLOGICAL STMULANT TESTING OF THE CB
MODIFICATION KIT FOR STHUCTURES

INTRODUCTION

The CB Modification kit for Structures was challenged with the b;01cn*cal
agent simulant Bacillus globigii (BG). Two sepsrate cva.lenges wers condust~
ed in a BG aerosol of approximately 1 x 10% viable cellc/m3. The modifica-
tion kit was allowed to operate in the simulant cloud for a periocd of 1 to
2 hours before pass-through cycles were conducted.

DESSEMINATICN

The "C" generator, containing one liter of 50 x 107 viable cells/ul,
slurry was placed midvay the end curtsin and was sctivated until g”ptf. Two
De Vilbiss no, 841 netulizers, contalning 300 rl each of 150 x 10 viuble
cells/ml slurry, were sst to deliver 0.2 ml/min. The nebulizer and "C
generator slurries were made from a heat-shocksd BG slurry vith a viability
of 125 x 108 viable cells/ml, Each nebuligzer was placed in fromt of a fan

on opposite sides of the CB modification kit, and the fans were blowing in
opposite directions.

The aerosol cloud was generated by first turning on the fans (high
speed), then each nebulizer. The "C" generator was activated from outside

the shelter immediately after turning on the nebulizers., Sampling begzn one
minute after the "C" generator was emptied.

SAMPLING

A11 serosol samples were taken with 12.5 litér/binute all~-glass impinger
samplers with plastlc uncoated pre~impingers attached. Unless othemddse

stated, all samplers were aspirated for Tive minutes. (See I'"zure I-1 for
samplsr locations.)

Aerosol samplers are identified as follows: Example: IIT C~4

1. The Roman numeral (III) designates the cycle during which the
sample was taken.

2. The letter (C) deaignates the_sampling station.

3. The number (4) designates the cempling position on the vacuum
manifold. ‘

N
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Figure I-1. Sampling staticns

Swab samples were taken from marked 3~inch by 3-inch areas with sterile
cotton swabs. (See Tabie I-1 for lecation of marked areas.,) Pre-mission
swab samples wers taken after the marked areas had been decontaminated with
15 percent hydrogen peroxide and allowed to dry. At the completion of the
challenge, the areas wers syabbed egaln.
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£ eiab empling erens en Service Hedule
£ CB Medlification Tt

Location
Sarmpling
erca ~Inslide Service Module
> - : : o A
: 1 Entrance asirleck, uppor right-hand wall
2 Entrance airlvrk, lowor left=hand wall
3 Entrancs eZrlock, imner door
4 Undressing rocm, upper right-hand wall (vhen f&cing cornteminated
arparel outlet)
5 Celling
6 Undreseing rocm, directly left of contenlnated apparel ocutlst
; 7 Shower stall, directly bencath shower knob
i 8 Shower stall, directly left of mask cutlet
i 9 Dressing roem, directly left of towel outlst
! 10 Dressing rocm, inside door of control pansl
} 11 Dressing room, front of water heater
| 12 Dressing room, upper rear wall sbovs water storage tank
! 13 -Dressing room, left of perforated door
i 3 14 Plenum chamber, ceiling
P 15 Plenum chamber, exit door
: 16 Plenum chamber, on wall at lower left-hand side of exit dvo.
i 17 Exlt airlock, center right-hand well
i 18 Exit airlock, inner door
i 19 Exit airlock, center left-hand wall
: 20 Exit airlock, outer door near exhaust port
g Outside Servics Module
'E 2 Right~hand side of exit door
,3 22 Laft-hand side of entrance door
; 23 Directly right of contaminated apparel ocutlet
! 24 " Left of towel outlet
25 Right center of panel next to influent air panal
BIOLOGICAL SIMULANT CHALLENGE NO, 1: MISSION 2063, 4 March 1969,
1. Pre-mission swab samples taken at 25 predetermiﬁed points
# b 2. Dissemination (4 1/2 hours)

1 H ' Heyulizer no, 1 disseminated 50 ml of slurry at the rate of £ 0.18
U ' ul /min |

4
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1zer no. 2 dlroanfrated 05 12 of lursy st the rete of 0.24
) 5

Tha 07 ganorator dlazeninsted opa 1ltar of test agent elurry

o ene onterod the modificetlon kit during this
v Indltisted oo nlaute sfter dlanwsinstion was bepun.

[

s
N

eonlers wars espiratsd socording to ths follewlnz outiline:

Tira (In wimites) Sarnlers oparatad
0-5 A-1, B-1, C-1, D-1, E~1, F-1
25-30 A=2, B~2, C~2, D-2, E~2, F-2
50~55 4~3, B~3, C=3, D»3, E~3, F~3

(For results sos Table I-2,)

4. Pass~Through Cycles, After the holding pariod was completed, six
prag~throush eyeles were conductsd. Impingera wars changsd after every
gsecond eycle., Samplors were asplrated sccording to the followlng outline:

8. Time (in minutes) , Operation

0 - 5 ‘ Sarplers IA-1, IB-1, IC-1, ID-1, IE-1,
and IF=1 pulled (bLackground).

5 - 10 Sarpler IC~-2 pulled, Voluntesr entersd
g eharder C and remained until impinger
IC-2 stoppad,

10 - 15 Sieniety l4w2, IB=2, ID-2 gnd IE-2

‘ pulledse YVoluntesr entersd chamber D,
end simuletod doesult, Volumteer tock
Zemirute chousy; then progresssd to
chanber F vhon impinger 1E~2 stopped.

15 - 20 Ssrpler IF-2 pulled. Volunteer exited
: chamber F vhen impinger Ip.p stopped.

(Clock stopped for 30 sacends while voluntesr exited shelter)

20 - 25 Samplers I~11A-3, I-11B~3, I-11C-3,
: I~11D-3, I-11E.3, and I-11F-3 pulled
(post-cycle background for pags~
through I and pre-cycle background
for pass~through II{.

42
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’ Tina (in ninutes) ~  Oparation
25 - 30 Sawpler I10-L pilled, Veluntany
’ atersd chanbar G a*’*! rernined untdl
v inpinger 1iC=4 & A
i 0 - 35 Sorplers I1A-4, 1154, IID-; 30d |
g 118~4 pulled.  Volustear entered ]
oL chamber D and simulsted do~ a‘t. : ‘ ;
o Voluntesr took 2-minuts shower; then :
' progressed to chamber F whon 1:“ inger R AP
I1E-4 steppad. ;
35 - 40 Sempler ITF~4 pulled. Voluntecer :
L exitod chamber F vhen impinger I1F-4
\ " gtopped.
: (Clock stopped for 30 seconds while voluntoer exited sholter,) | b
‘ 0 - 45 Semplera IIA-S, IIT-5, I10-5, IID-5,
| - IIE-5, end IIF=~5 pulled (gov‘-ﬂ-m’a
: background for pass-throvgh II), b
b. Pass-through cycles I and II completed, ‘ :
, ¢. Impingers for cycles I and IT were replaced by impingors for next . 4
; two cycles. .
d. Test continued until six pass—thmgh cycles wore corpleted, (For ;
: results, see Table I-2,) L
4§ =)
h i e. Post-mission swabs were taken. (For results, sea Table I-3,) .
A ;
5
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Tablae I=2. Aeromol eloud end ssrvice module

interior concentration datas

chellenge no, 1

Sarpler
ddentifiention

Total colls
per i=zpinger

Cells per cuble
neter of alr

A-1 1.56 x 105 2.50 x 100
A2 6,20 x 104 1.00 x 106
A=3 2.75 x 104 4.40 x 10
-1 1.61 x 105 2.57 x 10
Eeg 5,88 x 104 9.40 x 10
B-3 3.43 x 104 5.8 x 105
c-1 6 9.6 x 101
c-2 0 0
c-3 2 3,2 x 10¢
D-1 10 1.60 x 10°
D-2 2 3.2x1
D-3 6 9.6 x 10*
E-1 10 1.60 x 102
E-2 0 o
E-3 6 9.6 x 101
F-1 2 3.2 x 10t
F-2 0 0
F-3 4 6.4 x 10t
IA-1 1,77 x 104 2.82 x 105
TA-2 2,88 x 104 4.60 x 105
I-ITA-3% Sampler change
TIA-/n% 4.38 x 104 4.3% x 105
(Sampled 8 minutes)
11A-5 2.95 x 104 4.72 x 105
IIIA-1 2.21 x 104 3.53 x 105
IIIA-2 1.96 x 104 3.13 x 107
III-IVA-3 2.22 x 10 3.55 x 105
IVA-, 4.35 x 10 6.96 x 105
IVA-5 2,05 x 10 3,28 x 105
L
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t Table I-2, (COWTINUED) j
| .-t
.f
L - Sampler Totel colle Cells par cuble :
L idantification por irpinger moter of sir ’
L va-1 2.19 x 104 3.50 = 105
VA-2 2,07 x 104 3.3 x 10 S
V-VIA-3 1.69 x 104 2,70 = 105 C
VIA-4 1.62 x 104 2.59 x 105
VIA-5 1.67 x 104 2.67 x 105 )
IB-1 2,11 x 104 | 3.37 % 105 o
IB-2 2.0/ x 104 3,26 x 165
I-11B~3 2,09 x 104 3.3L x 105 3
IIB~4** 3.65 x 104 3.65 x 105 ;
{Sarpled § minutos) 4 ‘
1IB~-5 - 2.11 x 104 3.37 = 105 :
IIIB-1 1.87 x 104 2.99 x 107 -
IIIB-2 1.96 x 10 3.13 z 107
11I~1VB-3 2,10 x 10 3.36 x 107 q
- IVB~4 1.93 x 10 3.08 x 10° :
IVB-5 2.35 x 104 3.76 x 10° 7
VB-1 2.04 x 104 3.26 x 105 ;
VB-2 2.01 x 104 3.21 x 10°
V-VIB-3 1.77 x 104 2.83 x 105 4
VIB~4 1.87 x 10 2.99 x 105 :
VIiB-5 S 1.78x1 2.8/ x 105 g
* L
1c-1 1.40 x 10} 2.2 x 102 g
Ic-2 4.00 x 102 6.4 x 103 © 3
I-I1C-3 2 3.2 x 101 IR
1IC-4 6.80 x 102 1.09 » 104 ~; i
IICc-5 2 3.2 x 10t
E
41 L
8
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2.72 2 10
1.98 x 104
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Teble I-2. (CCWTINUED)

Srempley

jdentification

Total celle
rer lrpincor

Colls par cuble
neter of alr

-1 0 0
ID-2 ) ‘ 0
I-1ID-3 .2 3.2 x 10%
TID-4%* 1.10 x 1072 1.1 x 103
(Sanpled 8 minutes)
1ID-5 ) | 0
117D-1 A 6.4 x 101
IIID-2 2 3.2 x 10!
11I-IVD-3 0 0
IVD-4 ) )
IVD~5 é 9.6 x 10!
VD=1 0 0
V-2 2 3.2 x 101
V-VID-3 2 3.2 x 10t
VID~4 0 0
VID-5 0 )
IE-1 - 0 0
-2 ) 0 .
I-IIE-3 6 9.6 x 101
TIE-/%# 0 0 -
(Sampled 8 mimutes
112-5 0 0
IIIT=1 0 0
1102 2 3.2 x 10%
11TIVTm o 0
INTed 0 0
IVE-5 0 0
YE-1 0 0
VE=2 2 3.2 x 10
V-YIE~3 0 0
VIE-, 0 0
VIE-5 0 )
IF-1 1,00 x 10} 1.6 x 102
IF-2 4 6.4 x 101
1-I¥3 2.02 x 102 3.23 x 103
45
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Table I-2, (CONCLUDID)

Sampler
identification

Total cells
per impinger

Cells par cutle
moter of gir

IIF-4
ITF-5

2
2.5¢ x 102

| 3.2 x 1ol
4.13 x 103

IIIF-1
IIIF-2
III-IVF-3
IVF-4
IvF-5

2

0

5.04 x 10°
4 2

7.7, = 10

3,2 x 10t

0

8.06 x 103
6.4 x 1
1.24 x 104

VF-1
VF-2
V-VIF-5
VIF-4
VIF-5

0

0
4.90 x 102

0
L.4b x 10°

0
0

7.14 x 103
0

7.84 x 103

* Sample I~IIA~3 was omitted because station A
sequencer was changed during the 20~ to 25-minute time
period of cycle II, ‘

#*Samples IIA-4, IIB-4, IID~4, and IIE-4 were aspirate-
ed for 8 minutes.
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Tabdle I-3, Pre-mission and post-misaion svmb gsmplest Challenge No. 1

Station Pro- Post~ Station Pro- Post=-
no, niszlen mission no. miesion Wrrf.saisnﬂ

1 0. 0 17 0 ‘_o
2 0 1 14 0 0
3 0 2. 15 0 0
4 0 0 16 0 0
5 0 0 17 0 0
6 0 0 18 0 0
7 0 0 19 0 3
8 o 0 20 0 3
9 0 1 21 2 2
10 0 0 22 0 4
1 0 0 23 0 4
12 0 0 24 0 2
25 0 0

_4‘,...&..




BIOTOGICAL SDMULANT CHALLENGE NO. 2: MISSION 2074, 11 March 1969,

1, Prw-nission swab aamples takan at 25 pre»dete*ﬁined pointsa
2. Dissami*mtion (6 hours)

‘Nesulixsr no., 1 disseminated 85 ml of slurry at the rate of 0.24
- ml/min ‘

Ne7plizer no. 2 disseminated 112 ml of slurry at the rate of 0,31
ml/zdn

Tae "C" ganarator disseminated one liter of test asgent slurry.

) 3. Holding Poriod, No one entersd the modification kit during this
time, Sampling was initiated one minute after dlssemination wms begun.
Semplers were aspirated according to the following ocutline:

Time (in minutes) Samplers operated

0-5 A-1, B~1, C-1, D-1, E~1, F-1

25-30 -2, B~2, -2, D~2, E~2, F-2

50-55 | 43, B~3, C-3, D-3, E~2, F-3

75-80 A-4, B~4, C=4, D~4, E~4, F~;
(Impingers changed, stations A and B) |

100105 A=5, B=5, C=5, D~5, E-5, F=5

125-150 : | A6, B-6, C=6, D-6, E=6, F=6

(For results, see Table 1-4.)

4. Pass-through cycles. Elght pass-through eycles were conducted.

Impingers were changed afier every second cycle. Samplers wers aspirated
according to the following outline: '

A, Time (in minutes) Operation
0-5 | Semplers IA-1, IB-1, 1C-1, ID-1,
, IE-1, aund IF-1 pulled (backgrmmd).
5-5 1/2 . V Sampler IC~2 pulled, Volunteer

entered chamber C, remained for

10 seconds, and them entered
chamber D,
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Tims (4in minutes)
5 1/2 - 10 1/2

101/2 - 151/2

(Clock stopped for 30 seconds whil

16 - 21

A -211/0

211/2 - 26 1/2

261/2 - 31 1/2

(Clock stopped for 30 seconds whil

Operation

Samplers JA-2, IB-2, ID-2, and

IE~2 pulled, Voluntesr simulated
de-suit in Chamber D. Volunteer
took 2-minute shower; then pro-
gressed to chamber F wvhen inmpinger
1E-2 stopped. :

Sampler IF-2 pulled. Voluntesr
exited chamber F when impingsr
IF-2 stopped.

e volunteer exited shelter,)

Samplers I-IIA-3, I~IIB-3, I-IIC-3,
I-IID-3, I-IIE~3, and I-IIF-3 pulled
(post-cycls background for pass-
theough I end pre~cycle background
for pass-through II). .

Sampler IIC-4 pulled, Volunteer
entered chamber C, remained for 10
seconds, and then entered chember D.

Samplers ITA~4, IIB-4, IID-4, and
ITE-4 pulled. Volunteer simulated
de~suit in chamber D. Volunteer
tock 2-minute shower; then progressed
to chamber ¥ vhen impinger IIE-4
stopped.

Sampler IIF-j pulled. Volunteer
exited chambor F when impinger IIF-4
stopped.

& volunteer exited shelter.)

32 - 37 o Samplers IiA-5, IIB~5, IIC-5, IID-5,

B, Pass-through cycles I and II ¢

I1E-5, and IIF-5 pulled {Post-cycle
background for puss-through II).

ompleted.

C. Impingers for cycles I and II were replaced by impingers for next

two cycles.
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D, Test continued until eight pass-through cycles wers completed, (For

results, soo Teble I-4.) :
E. Post-nigsion swabs were taken., (For results, sea Table I~-5,) ,
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1
Table I-4. Aerosol cioud and service module interior concentration
data: challenge no. 2
e Sampler Total cells Calls per cublc
; identification per impinger reter of air
‘ } A-1 1.93 x 105 3.09 x 109
B i A-2 8.63 x 104 1.38 x 106
; A-3 4.68 x 104 7.49 x 105
E : A-4 3,75 x 104 6.00 x 105
' A-5 4.08 x 104 6.53 x 105
’ A-6 3,5% x 104 5.73 x 105
A ! —
A B-1 1.85 x 107 2.96 x 100
i i B-2 9.10 x 10 1.46 x 102
B B-3 5.43 x 104 8.69 x 102
< B~/ 4.85 x 10% 7.76 x 10°
S.o ¢ B-5 3.53 x 104 5.65 x 102
/} e | g B-6 2.10 x 104 6.56 x 10
A c-1 2 3.2 x 10
C-2 0 0
c-3 2 3.2 x 10t
C-4 2 3.2 x 10t
c-5 0 0o
C-6 1.60 x 10t 1.6 x 10°
D-1 2.00 x 10t 3,20 x 107
D-2 4 6.4 x1
. D-3 2.60 x 10t 4,16 x 107
; D-4 9.6 x1
: D~5 1.60 x 103 2.56 x 10
D-6 1.80 x 10t 2.82 x 10
E-1 L 6.4 x 1012
E-2 2,60 x ’.LO1 4.16 x 102
E~3 1.40 x 10 2.2/ x 10
E-4 0 0
E-5 0 0
E-6 1.20 x 10% 1.92 x 10°
i F-1 2 3.2 x 10%
g F-2 5.40 x 10% 8.65 x 132
i F-3 6.00 x 101 9.6 x 10
: F-/, g 1.28 x 102
5 F=-5 6 9.6 x 101
] F-6 JA 6.4 x 101
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Table I-4. (CONTINUTD)

g
(>

2

4
g.
<

&
B

i

:
o

Sampler Total cells Cells per cubic
identification per impinger meter of gir
IA-1 4.68 x 10% 7.49 x 102
TA-2 3.80 x 102 6.08 x 102
I-IIA~3 3.93 x 10 6.29 x 10
TIA~/, 4.75 x 10~ 7.60 x 10°
1IA-5 4.15 x 10% 6.6/ x 10°
ITTA-1 4.38 x 104 7.01 x 10°
ITIA~2 4.13 x 10 6.61 x 10°
III-IVA-3 445 % 10 7.12 % 10°
IVA-/ 3,80 x 104 6,08 x 107
IVA-5 3.30 x 10 5.28 x 107
VA-1 3.20 x 104 5,12 x 107
VA-2 3.38 x 10 5.41 x 107
V-VIA-3 3,30 x 10 5,28 x 107
VIA-4 3,18 x 104 5.09 x 102
VIA-5 3.45 x 10 5,52 x 109
VIIA-1 3.55 x 104 5,68 x 109
VIIA-2 3.35 x 104 5,36 x 109
VII-VIIIA~3 4.08 x 104 6.53 x 107
VIIIA-/ 3.18 x 104 5.09 x 105
VIIIA-5 4.63 x 104 7.41 x 10°
IB-1 3.85 x 10% 6.16 x 107
IB-2 3.h5 x 10° 5.84 x 102
I-11B-3 3.2¢ ¥ 104 5,25 x 107
IIB-4 5.05 x 104 8.08 x 10°
1IB-5 4.48 x 10% 7.17 x 10%
IIIB-1 3.15 x 104 5.04 x 102
IIIB-2 3.00 x 104 4.80 x 105
III-IVB-3 4.03 x 104 6.44 x 105
IVB-4 3.75 x 104 6.00 x 105
IVB-5 2.95 x 104 4e72 x 105
VB-~1 3.68 x 104 5,89 x 105
VB-2 4.20 x 104 6.72 x 105
V-VIB-B 3. 65 x 104 5084 b4 105
VIB-4 3.30 x 104 5,28 x 105
VIB-5 3.43 x 104 5.49 x 105
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Table I-4. (CONTLNUED)
Sampler Total cells Cells per cubic
identification per impinger meter of air
VIIB-1 3,30 x 104 5,28 x 105
VIIB-2 3.18 x 104 5.09 x 10°
VII-VIIIB~3 3.33 x 104 5.33 x 10
VIIIB~/ 3,50 x 104 5,60 x 105
VIIIB-5 3,78 x 104 6.05 x 10°
1c-1 1.80 x 10% £.88 x 102
1c-2 1.76 x 10 2.82 x 10
(Sampled_30 seconds)
1-1IC-3 4 6.4 x 101
1IC-4 1.52 x 102 2.43 x 104
(Sampled_ 30 seconds)
1IC-5 2 3,2 x 101
1TIC-1 5.00 x 10}2 .00 x 102
11IC-2 3.16 x 10 5,06 x 10
1 (Sampled 30 seconds)
III-IVC-3 6.60 x 10 1.06 x 103
IVC-4 1.44 x 10° 2.30 x 104
: 1 - (Sampled 30 seconds)
IVC-5 ‘1,40 x 10 2.24 x 102
VC-1 2.22 x 102 3.55 x 103
VC-23# 2,82 x 102 3.01 x 104
(Semp.ed 45 seconds)
V-VIC-3 0 )
VIC-4 3.10 z 102 4.96 x 104
(Sampled 30 seconds)
VIC~5 2 3.2 x 101
VIIC~1 1,40 x 101 2.24 x 102
VIIC=2 3,96 x 102 6.3, x 104
(Sampled 20 seconds)
VII-VI1IC-3 8 1.28 x 10
VIIIC-/ 3.72 x 102 5.95 x 104
(Sampled 30 seconds)
VIIIC-5 4 6.4 x 101
1D-1 2 3.2 x 101
ID-2 3.00 x 101 4.8 x 102
I-1ID~3 8 1.28 x 102
IID-4 5.80 x 101 9.28 x 102
I1ID-5 1.70 x 102 2.72 x 102
54
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Table I-4. (CONTINUED)

Sampler Total cells Cells per cubic
identification per impinger neter of air
IIID-1 - 0 0
IIID-2 | 4.20 x 101 6.73 x 102
III-IVD-3 2 3.2 x 101
“IVD~4 1,40 x- 101 2.2/ x 102
IVD-5 2 3.2 x 101
VD-1 0 0
VD-2 1.20 x 10t 1.9/ x 102
V-VID-3 0 0
VID~4  4.20 x 101 6.73 x 102
VID-5 0 0

. VIID-1 0 0

© VIID-2 3.40 x 101 5,44 x 102
VII-VIIID~3 0 0

. VIID-4 6.00 x 101 9,6 x 102
VIIID-5 0 0
IE-1 2 3.2 x 10t
IE-2 A 6.4 x 101
I-IIE-3 2 3.2 x 101
IIE-4 1.60 x 10t 2.56 x 102
"ITE~5 6 9.6 x 10t
IIIE-1 0 0
IITE-2 1.00 x 10t 1.6 x 102

- III-IVE-3 ° 2 3.2 x 10
IVE-4 6 9.6 x 101
IVE-5 0 0
VE-1 . 0 ' 0
VE-2 2.40 x 10! 3.84 x 102
V-VIE-3 ) 0
VIE-4 2.60 x 101 4.16 x 102
VIE-5 4 6.4 x 101
VIIE-1' 0 0
VIIE-2 1.40 x 10! 2.2, x 102

. VII-VIIIE-3 I 3.2 x 101
VIIIE-4 3.20 x 101 5,12 x 102
VIIIE-5 0 0
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Table I~-4. {CCNCLULED)
Sampler Total cells Cells per cublc
identification |- per impinger meter of air
IF-1 . 1.00 x 101 1.6 x 102
; IF-2 : 0 0
L : I-IIF-3 " 1.44 x 103 2.30 x 104
- o IIF-4* ) : 0
‘ 3 (Sampled 2 ninutes)
: 1IF-5 1.67 x 103 2.67 x 10
! IIIF-1 , 4,00 x 103 6.4 x 102
; IIIF-2 0 . 0
, | . III-IVF-3 1.04 x 103 1.67 x 10%
; IVF=/% 0 0
Q | : , (Sampled 4 minutes)
| | o IVF-5 11,37 % 103 2.19 x 104
VF-1 6.00 x 10! 9.6 x 102
VR=2it 1.20 x 103 1.92 x 104
V~VIF~3 7.00 x 101 | 1.12 x 103
VIF-4 ’ 0 0
VIF~5 1.55 x 103 2.48 x 104
VIIF-1 3.28 x 102 5.25 % 103
VIIF-2 0 0
VII-VIIIF-3 1.31 x 103 2.1 x 104
VIIIF-4 6 9.6 x 101
VIIIF-5 1.84 x 103 2.94 x 10
; f * Samplers IIF-/ and IVF-4 were aspirated for 4 minutes.
o] ; > #% Sampler VC~2 was aspirated for 45 seconds.,
T b ##%*While sample VF-2 was being .aken, volunteer exited chamber F
¥ '3 ! early. . ‘ ‘
% ]
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Challenge No, 2

Pre-mission and post-mission swab samples:

Table I-5,
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APPENDIX II

CHEMICAL STMULANT TESTING OF THE CR MODIFICATION KIT
FOR STRUCTURZS

SUMMARY OF DISSEMINATION, SAMPLING, AID ASSAY PROCEDURES

“ Two types of disseminators were used to produce and maintain the re-
quired concentration of Methyl Acetoscetate (MRAA). Approximately 500 grams
of MAA were disseininated by the "C" generator to produce the initial con-
centration, 'Two Devilbus nebulizers dlsseminating approximately 2 grams per
minute were used to maintain concentration. Since this was not sufficient
to maintain the required 100 milligrams per cubic meter, the "C" generator
was used to disseminate 250-gram quantltlea of MAA at twc-hour intervals
throughout the test.

Al glass impingers were aspirated at 12.5 liters per minute. These
contained 20 milliliters n-octyl alcotol as a collecting fluid. Pre-
impingers were not used. All samplers were aspirated for approximately five
minutes with the exception of even-numbered samplers at station C, which
were’ asplrated for 0.5 minutes.

Following sampling, impingers were returmed to the laboratory for analy-
sis. Additional quantities of n-octyl alcohol were added to bring thLe total
volume of each impinger to 30 milliliters. The contents of eacii implnger
vere trensferred to a 10-centimeter cell and observed on the TK2A spectro-
photometer, Observations were conducted at a wave length of 245 millimierons,
the absorption peak for MAA in n-octyl alcohol, and at 300 millimicrons, where
MAA does not absorb. Absorbance readings at 300 millimicrons were attributed
to dust and were subtracted from the 245 reading to cobtaln net absorbance due
to the presence of MAA. Net readings were compared with those obtained by
the preparation of a cslibration curve. Based on thils comparison, absorbance
reading was converted to quantity of MAA per impinger. The quantity of MAA
per impinger was divided by the fractlion of a cubic meter sampled to provide
an estimate of MAA concentrations in milligrams per cublc meter,

Additional impingers, aspirated prior to the introduction of MAA into
the shelter, were used as backgrounds. ‘

The contents of these impingers were observed on the spectrophotometer.
Background readings were converted to equivalent quantity of MAA per iwpinger.
The average background was equivalent to 0,015 milligram of Methyl Acetoacetate
per impinger + 0,015 milligram of Methyl Acetoacetate per impinger,

The chemical simulant challenges were conducted uslng the same procedure
as the second bioclogical simulant challenge, and samplers were labeled in the
same manner (see Appendix I). Results of the first chemical simulant challenge
are contained in Table 1I-1l, and the results of the second chemical simulant
challenge are contained in Table 11-2,
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Swab samples were taken during the first chemlcal simulant challernge.
Due to inconclusive resulils the requirement was deleted from the :zecond
challenge, and the results are nct included in this report.
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Table 1I-1, Aerosol cloud and service module interijor
concentration data: Challenge no, 1 '

Station mg MAA/impinger Sampling tine L MEA/m3 |
{(min) -
-1 11.2 5.33 - 17
B-1 10.3 5.33 15k i
c-1 Contaminated 5.33 Contaminated
E : D-ll < 0,015 5.33° <0.2
E-1 < 0.015 5.33 <0.2 _
F-1 <0.015 5.33 . <0,2 i
A-2 ‘ 7.86 5.0 : 126 | ]
B-2 4.91 5.0 . 78.6 "
c-2 < 0.015 5.0 <0.2
D-2 0.020 5.0 0.3 | ;
E-2 < 0.015 5.0 . <o0.2 ' :
F-2 < 0. 015 5.0 <0.2
A A
A-3 3.49 5.0 55.9 §
B-3 3.39 5.0 54,2
c-3 < 0.015 5.0 |  <o0.2
£-3 < 0.015 5.0 <0.2
E-3 < 0,015 5.0 ' <0,2
F-3 . <0.015 5.0 ' <o.2




Table II-1. ({Continued)

Station mg MAA/impinger ' Sampllng time I ng MAA/m3
{min) .
A-4 © 3.06 5.0 : 45,9
B-4 . 3.06 5,0 | 8.9
c-b <€.015 5.0 ©o<0,?
D-1 ' <0.015 5.0 <oz
E-4 <0.015 5.0 <6.2 ‘
F-U <0.015 . 5.0 <0.2 'f
A-5 | 2.89 . 5.0 16,3
B-5 3.00 5.0 I 18,0 E
c-5 y <0.015 5.0 : C <02 ,
D-5 < 0,015 : 5.9 <0.2 :
E-5 , <0.015 5.0 ' <0.2 4
F-5 | <0,015 5.0 . : <0.2
. . ) . u
a6 | 2.78 5.0 | 1h,5 :
B-6 - 2.67 : 5.0 , b2.8 ;*
c-6 © <0.015 5.0 <02 "
' D-6 < 0,015 | 5.0 - | <o0.2 §
E-6 . <0.015 5.0 - <o.2 :
F-6 <0.015 5.0 ' <0.2 %; )
3
!
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Table II-1, (¢

ontinued)

Statlon i ' ng MAA/impingar Sazrling tine rg MAA/m3
| ’ (min)
e B A e T I e e ==
I A=l k.91 5.0 78.6
I B-1l 4,86 5.0 77.8
IcC-1 Contaminatcd
I D-1 <0.,015 5.0 <o0,2
I E-1" < 0. 015 5.0 <0,2
I F-1 <0.015 5.0 <0.2
I c-? 0.045 0.50 6.3
1 A-2 4,58 5.0 73.4
I B-2 L.48 5.0 71.6
I D-2 <0.015 5.0 <0.2
I E-2 <0.015 5.0 <0,2
1 F-2 < 0,015 5.0 <0.2
I IT A-3 L4.97 5.5 72.3
I II B-3 L.o4 5.5 58.5
I IT ¢-3 < 0,015 5.5 <0.2
I II D-3 <0.015 5.5 <0,2
{
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Table I1-1,

{Continued)

Station

ng MAA/impinger

Sampling tine
(min}

I II E-3
I IT F-3

< 0,015
0.155

5.5
5.5

II c-4

J.0%40

0.50

II A-4
II B-4
II D-4
II E-4

II F-4

4. 42
3.93

- < 0,015
< 0.015

0.035

5.0
5.0
5.0
5.0

70.8
62.¢
< 0,2

<02

0.5

II A-5
II B-5
II Cc-5
II D-5
II E-5
II -5

3.82
3.11
<0.015
<0.015
<0.015

0.128

5.0
5.0
5.0
5.0
5.0
5.0

61.2
4s.8
< 0,2
< 0.2
< 0.2

1.9

III A-1

50.7

&




Table 1I-1, (Continued)

Staticn ng MAA/impinger Samplirg time cg Maa/cd
; 1 (min) _
g III B-1 2.73 5.0 h3.7
‘i IIT C-1 ' <0.015 5.0 <0.2
; % III D-1 Sampler malfunction
L IIT B-1 <0.015 5.0 <0.2
Z III F-1 <0.025 5.0 | 0.4
§
III C-2 ~ 0.035 0.5 5.5
%‘ ,
III A-2 3.06 5.0 48.9
IIT B-2 2.67 5.0 42.8
III D-2 Sampler malfunction
III E-2 <0.015 5.0 <0.2
IiI F-2 0.020 5.0 0.3
: III IV A-3 3.00 5.0 48.0
?z IIT IV B-3 2.51 5.0 40.2
‘ III IV C-3 <©.015 5.0 <0.2
IIX IV D-3 Sampler naifunction
f, IIT IV E-3 . «0.015 5.0 <0.2
3
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Table 1I-1., {Continued)

vy

: Station g MAA/impinger Sampling 4time m MAA /22
. min
. ¢ III IV F-3 0.115 5.0 1.9
g* - » IV Cc-4 0.035 : 0.50 5.5
i —
5 IV A-4 3.06 5.0 ‘ 48.9
% IV B-4 Sampler broken
IV D-4 | Sampler malfunction v ,
: IV E-4 '<0.015 5.0 <0.2
3
] .
; IV F-4 0.015 ‘ 5.0 0.2
i IV A-5 2.95 ’ 5.0 .2
‘ ' IV B-5 2.62 5.0 .9
]J . Iv 0‘5 <00015 5.0 } <002
IV D-5 Saempler malfunction
| IV E-5 < 0.015 5.0 < 0.2
IV F-5 0.080 5.0 ‘ 1.3
| V A-1 Missing .
A v B-1 0.97 5.0 15.6
? .
: v C-]. 0095 5.0 1592 4
£ f
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Table II-1. (Continued)
Station ng MAA/inpinger Sampling time ng HAA/m3
: (min)
v D-1 <0.015 5.0 <0.2
'V E-2 < 0.015 5.0 < 0-.2
V F-1 20,015 5.0 0.2
V C-2 0.90 | 0.5 144 #

V A-2
"V B-2
Vv D-2
Vv E-2

V F-2

1.04%*
2.62
< 0.015

5.0
5.0
5.0
5.0

5-0

Vv VI A-3
V VI B-3
v VI ¢-3
V VI D-3
v VI E-3
Vv VI P-3

6.33

' 6.61

0.983 -
20,015
{0.015'

0.215

5.0
5.0
5.0
5.0
5.0
5.0

16.6
41,9
<0.2

<0.2

<0,2 g

101
106
15.7*
< 0.2
<0.2
3.5

..
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Table I1-1,

(Concluded)

Station

mg MAA/impinger

Sampling tine
_(min)

wg MAA/23

VI -4

0.172

0.5

27.6 »

VI A-4
VI B-4
VI D-4
VI E-4

VI F-4

5.35
"5.51
< 0,015
< 0,015

< 0.015

5.0
5.0
5.0
5.0

5.0

8.6
83,2
<0.2

< 0.2

<0,2

VI A-5
VI B-5
VI Cc-5
VI D-5
VI BE-5
VI F-5

4,31
3.98
1,06
< 0,015

<0.015

0.180

5.0
5.0
5,0
5.0
5.0
5.0

69.0
63.8

17.0%#
<0.2
< 0.2

2.9

** Volume loss

+ Sampler contaminaticn suspected
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‘ P ' Table 11-2. Aerosol cloud and service module interior concentraticn:
‘ , ﬁ challenge no. 2
: Station " mg MAA/inpinger Samp%ing)time mg MAA/m3
i min

; IA-1 v 6.33 ' 5.0 101
I B-1 6.88 5.0 110
Ic-1 <0.015 5.0 <0.2
1 D-1  <0.015 5.0 <0.2
I1E-1 . <0,015 5.0 <0.2
IF-1 . <0,015 5.0 : <0.2

R g g e

I N

1 ‘ Ic-2 0.067 ' 0.50 10.7

§ I A-2 5.46 5.0 87.0

I B-2 5.2L 5.0 83.6
I D-2 . <0.015 5.0 : <0.2
I E-2 < 0,015 5.0 <0.2
I F-2 <0.,015 5.0 < 0.2

I II B-3 3.38 5.0 53,8
B I II C-3 < 0,015 5.0 < 0,2
j .‘ I II D-3 < 0,015 5.0 < 0.2

; , -l rIza- 3.60. 5.0 57.4
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Table II-2.

(Continued)

mg MAA/impinger

Station Sempling time rg MAt/m?
{min) )

I IT E-3 < 0.015 5.0 < 0..2

I II F-3 0.023 5.0 2.0
II Cc-4 0.052 0.5 8.2
IT A-4 3.06 5.0 48,7
II B-4 3.28 5.0 52.2.°
JI D-4 Sampler malfunction '
1I E-U4 < 0,015 5.0 <0.2
II F-u <o.015 5.0 <°.2
II A-5 2,28 5.9 36.4
I1I B-5 2,60 5.0 41.7
IX C-5 < 0.015 5.0 < 0.2
IT D-5 <0.015 5.0 <0.2
II E-5 < 0.015 5.0 <2
II FP-5 < 0,015 5.0 <02

III A-l ho57 500

73.2
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Table I1-2. (Continued)

Station ng MAA/impingor Smnpiing time mg MAA/m3
: (nin) . '
III B-1 4,56 5.0 72.6
III Cc-1 <0.015 5.0 <0.2
III D-1 <0,015 5.0 <0.2
III E-1 <0,015 5.0 <C,2
III F-1 <0.015 5.0 <o0.2
III Cc-2 0.077 0.5 12.3
III A-2 4,02 5.0 64.4
III B-2 3.47 5.0 55.6
III D-2 0.070 5.0 1.1
TII E-2 <0.015 5.0 <0,2
111 F-2 < 0,015 5.0 <0,2
IIX IV A-3 2.44 5.0 39.1
III IV B-3 2.12 5.0 33.8
ZII IV C-3 <0.015 5.0 <0.2
III IV E-3 < 0,015 5.0 - <0.2
70
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Table 11-2. (Continued)

‘Station

mg MAA/impinger

Sampiing tima
{min)

ng MAA/m3

IIT IV F-3

0.076

5.0

- 1.2

IV c-4

<0,015

0.5

B A P L s BT g

< 2.0

IV A-L
IV B-4
IV D-4
IV E-4

IV F-4

1.79
2,00
Sampler malfuncticn

<0.015

<0.015

5.0
5.0

5.0

%
28.6 .
32,0 ;
<0.2
<0,2

IV A-5

IV B-5

IV C-5
IV D-5
IV E-5
IV F-5

1,78
1.57
<0.015
< 0,015
<0.015
0.063

" 5.0

5.0
5.0
5.0
5.0
5.0

28.5
25.0
<0.2
<0.2
<0.2
1.0

V A-1
Vv B-1

u.uo
4,90

5.0
5.0

70.5
78.3
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Table 11.2.

(Continuea) .

Station

mg MAA/impinger

Sampling time
(rdn)

mg MAA/m3

vV C-1
VvV D-1
V E-1
vV F-1

<0.,015
<0.015
<0.015

<0.015

5.C
5.0
5.0
5.0

<0,2
<0,2
<0.2

. <0,2

v Cc-2

0.082

0.5

13.2

V A-2
V B-2
Vv D-2

'V E-2

vV ¥-2

2,59
3.35
< 0,015

<0,015 -

© <0.015

5.0
5.0
5.0
5.0

L7.8

53.7
<0.,2

<0.,2

0.2

V VI A-3

V VI B-3

V VI C-3
V VI D=3
V VI E-3

V VI F-3

2.38

1.98
6.015
0.030
<0,015
0,025

5.0
5.0
5.0
5.0
5.0
5.0

38,2
31.8
<0.2
0.
<0.2
0.4
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Table I1I-2. (Continued)

Station mg MAA/impinger Saxpling time mg MAA/m3
(min)

VI c-4 Sampler malfunction

VI A-4 1.90 5.0 30.3
VI B-U 1.59 5.0 25.4
VI D-4 <0,015 5.0 <0.2
VI E-4 20,015 5.0 <0,2
VI F-4 Sampling time unknown

Vi A-5 Sampling time unknown

Vi B-5 Sampling time unknown

Vi C-5 Sample missing

Vi D;S < 0,015 5.0 <G.2
Vi E-5 < 0.015 5.0 < 0,2
Vi F-5 Sampling time unknown

VII A-1 0.93 5.0 15.0
ViI B-1 0.94 5.0 15.0
VII C-1 0.015 5.0 0.2
VII D-1 <0.015 5.0 <0.2
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Table II.2. (Concluded)
‘Station . ng MAA/irpinga™ | Sarpling time ng MAA/n2
(min}
VII E-1 < 0.015 5.0 <0,2
ViI F-1 0.963 5.0 1.0
ViI C-2 Sampler malfunction
VII A-2 0.8 5.C 4.0
VII B-2 Ol 5.0 15.0
VII D-2 < 0.015 5.0 <0,2
Vil F-2 0.125 5.0 2,0
VII VIII A-3 Contaminsted
T
Vil VIII B-3 0.72 5.0 11.5
VII VIII C-3 <0.015 5.0 <0,2
VII VIII E-3 <0.015 5.0 <Q0,2
VII VIII F-3 0.635 5.0 10.2
T4
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HOAN FACTORS EdGINTIRING EVALUATION OF THE CHIMNICAL

AND BIOICCICAL (CB) MODIFICATICH KIT FOR SITTCTURES

by

- Charles V, Durham, Capt, USAF

INIRODUCTION

The Air Force Armament Laboratory, through Projec reotive 2000
requested that this Divisicn evaluate the CB Nodification Kit for Shrustursa
from a human factors standpoint, The data for this evaluaticn was collects
during the Eglin t.st of the systenm, B

The evaluation is divided into four parts:

1, CB Modification Kit Design
2, System Controls —- Design and Lecation
3. Equipment/Control Labeling

4, Biomedical (Porsonnsl Safety) Aspects of tho Syoioa.

TEST PROCEDURES

The human factors engincer assigned to this project cbeerved test su’-
jects as they were required to utilize the modificaticn kit, Subsequent to
actual shelter pass-throughs, test subjects were interviewsd concerning anmy
problems encountered during their use of the system, Pertinent commuents
made by teat subjects and on-the-spot data, recorded by the humsn factirs
engineer, were used in evaluation of the eystem, Project perzomnal othoe
than test sudbjects also weve interviemd and contxiluted €o the subes
data ponl.
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TLST RESULTS AND DISCUSSION
HODIFICATIC! KIT DLSIGH

Considoring the limited amount of space available in a shelter of

the type being tested, allocation of space and compartmentalization are
adequate, Test subjects and project personnel working with the shelter are
well plecsed with its roominess for the tasks that must be performed,

From the human factors Vle”“?lni {i.e., primary consideration being
given to the ":2a" in the man/machine interface process), the allocation of
gpace and the pevaonnel/perforrance flow reguired by the system is very well
organized, However, the modification kit doss present a few minor, but
neverthaless, important problems.

Consider 1nitiuiiy, for example, the selection of an area for |
set-up of the modification kit. Iocally, geographical placement of the |
unit was not difficult since relatively level ground was readily available, f
Becanse of this, the question of whether the unit needed to be leveled
befcre operation was not important, Project persomnel have stated, however,
that the kit is primarily fabricated from aluminum for durability without
veight, Contractor persoanel have stated that, because of ite lightweight
construction, the unit must be erected on relatively level ground (i,e,, kit
weight must be uniformly distributed on its base) or the framework of the
unit way distoxt and ceuse the doore of the kit to become inoperabdle, As
far as can be dc»@r&zn :d, even though there is a requirement for a level
area for kit emplzcement, no guidelines are available for this reguivement,
Specific limite in this xerard should be available for operator personnel
in a field situation, This would prevent confusion, reduce kit erection
time, and insure proper kit erectionm, '

The CB modification kit has incorporate? an emergency lighting
unit near the exit airlocks (unit faces the shower stall), This unit has
not been used during the testing phase at Eglin AFB, It is considered a
necessary unit, however, and consequently should be installed correctly,

As presently attached, the small meter located on ui unit to
tudicate battery cha is on the underside of the outer casing, oriented
xd the modlfien? 1»?@@ fl@@x. In ethor wf~éﬁ, a p*zamﬁ d931 ng to
: 13 ”‘x‘t.
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The kit Leater unit iz located in a perforated door which separates
p I

the sexvice module from the exit pussageway (eee Figuve I¥I-1), Tk

heater is go located to enable rapid convective heating of the modi

kit by the acticn of tiie blower units which port into the exit paszsszeway,

During decontamination procedures the kit heater sheuld mointain
the inner temperature within a specified comfort range, KIL-§ID &034.2,%
page 37, states: - :

"Temperature should be varizble according to the

worker's physical activity and clothing, For per-

sonnel engaged dn light work, the ambisunt terpors- ‘ ;
ture should be between €8°F and 82°7, with wmoderate

relative lumidity (approximately 45%), and &ir move-

ment of 15 to 25 feet per minute,”

— REATER GiT
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Figure III-1. CB Modification Kit floor plan (reproduced frem Fhazs I g

Design Evaluation Report, 22 January 1968)
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It is irperative that the heater within the kit be of sufficient
size to allow the waintenance of terperature at least up to the 82°F point,
This is necessitated by the fact that persconel could be xeguired to remove
21l thely eclothing for decontamination {which wale include a shower) prior
te entry into a decontwminated structure,

During environmental testing of the modification kit, it was
p]“cei inzide the Climatic Laboratory chasber and the temperature was lower-
ed to -B2°F. At this terporature, the internal heater at full operation,
with eofficient tima to heat the kit, prg*zq d the following temperatures
ia the ghalter, (Sze Figure I(II.1 for location of modificatioen kit compart-

rents listed In Teble I1T.1.)

Table 1II-1, Tewperature readings tsken in compartments within the modifi-
cation kit, . Auhlent {chamber) temperature was -22°F,

Compartmant 9ype of readings taken | Temperatures (°F)*
Entrance airleck - Air +16 to +20
Undressing room ‘ Air +6 to +24
Floor +2 to +30
Shower Floor +27 to +78
Dressing room Air ’ +15 to +30
Flcor +8 to +12
Ecit afxlocsk Air +8 to +12
# Temperature fluctuation wag caused by the heating action of the chower,
CONTROL DTESIGH AND LOCATIC!
There are a limited munber of controls which must be operated by
 individuals utilizing the modification kit., They may be divided into two
grcmp ‘t:‘mse reqmrim opa:a“icn cfminﬂ a deemtminaticn exarcise {i.e.,
og rmzmg,
76

g
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The control is designed and located asppropriately but when it wes inctalled
in the kit a hole waa drilled through the contrel szale and a screw pass
through this hole to attach the upit to the wall,

The control and seale

E now appear ag shown in Figure I1I-2, WIL-85TD 1472,% page €8, states that
{3 the primary purpose for scales of the type boing discussed is %o eunabla v
=1 L .
;% quick, easy gettings of the control and to eliminate confusicn, These pur-
"o pose3 are not fulfilled by the present heater control secals,
*9'1}‘ . .
: 3 Cf the pre-set shelter coutrols, the most poorly dasdaned are the

rotary selector knobs used to sct the time delay for the ENILX VTR

it a das CERE PR Y
located in the entry airleck, These controls are lecated in Junction bo

no, 1 near the water heater within the service area of the shaltor.
test personnel have stated that the contrel scales are not

ol
Projost

PP
¢ SLTTICVC .

. €
1

E Figure III-2, Modification kit heater control
: knodb as presently configured (Note secrew head
{ located near seale no, 2,)
' X
% anfom Crlteris For MILitnre

4 3. Thesa contrd
3 ' - B t Cm.,,.tlﬂ A :.JQC-,‘.'."&
§ i guired In the &
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The two centrols (one for each of the lights) are not marked, and
it ig impensible to tell which control services which light, Also, their
prazont location prevents easy access, With the shelter in operation a
ehrlf unit is affixed in front of this particular junction box and control L
stment would reguire corplete removal of this unit for access,* MIL- - e
TR 1472, page 67, states in regard to the above points that,

2

oy M
t'

"Controls, displays, and other items of equipment
that must be located, identified, read or mani-
pulated shall be appropriately and clearly (marked)
labeled to permit rapid and accurate human per-
formance,”

The inner door of the kit entry airlock has no man-operated access
tch (di,e., no hand-actuated access device), The inner door is mechanically
interlocked with the outer door, however, and when the airlock is entered,
tha inner door will not become operable until the outer door is closed, The
F~3h$ﬂi€dl interlock is then released, and the inner door may be opened by
push, (Reference Figure III-1,)

Y

Located on the inner door is a small (approximately 8 inches by 3
inches) metal push panel which may be used to gain entry, when appropriate,
into the service area, This push panel, howsver, is designed as though it
shculd be pulled to allow entry into the service srea. At its base is a
curvad 1ip which implies that the hand is to be inzerted and the door is

to bz pulled open.

There is no labeling in the access airlock which indicates correct -
door rovement, Personnel consistently attempt to pull the deor open on
their first and, occasicnally subseguent shelter paes-throughs,

4, It is realized that these controls are pre-set and are not to be mani-
pulate d ty personnel passing through the ghelter, However, when changes
are regiirved, they should be effzoted az quickly as
ont lecaticn of thens contyolsz provonts eulck, esny

&
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. 3, The modification kit heater is not of sufficieat size to wurn
the shelter as required,

4, The heater/temperature control scale is not designad to &llww
efficient adjustment and reading. :

5. The modificatlion kit ENTIR and WAIT light controls ds not have
proper scales, are not marked as to their respective functicns, end &re not
located for easy access,

6, The access door leading frem the entry airleck futo the sgor-
vice module is not marked to indicate entry procedure,

. 7. The modification kit shower controls are not labrzlﬂc;0

RECCHMENDATICHS

1, level limitations oxr contour requirsments for the ground on which
the modification kit is to be installed should be placed in the eppropriats
section (i, e., system erection/installation procedures) of the technical
manual published for this system, Also, if any special tecls (i.e,, levol
indicators, ete,) are needed to determine oxr effect theses reguircment
they should be issued as part of the kit ecuipment, . (The level indicator
could be permanently mounted on the ghelters, as in other systems such &s
the 40TL Tactical Air Contrcl System,)

2. A special bracket sheould be bullt for the
The bracket could be constructed so the unit cculd be mo
enabling efflcieni check readings of its incerpornted eta

3. The kit heater should be Increzsed in size to incure gdes
ternal temperature ranges for perscnnel use during ineclement weath

4, The modification kit heatex/temperature control should be affixed
to the wall in a manner which eliminates the need to obliterate & pcr‘icn
of the control scale,

5. The modification kit EKTZR and WAIT Light contrels @*cnld b2 mﬁ‘i-
fied as follows:

&, The cenlen ghould be pedonisned For vae in contmel;
eztting tim2 ”ﬂicatl 2 in scoanda, , -

&3 ' -
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b. Each of the two contrals sheould be marked to irdicate which
light (EWIER or WAIT) it services, :

c. The controls should be mounted for easier access, A simple
correction mlight bLe to cut an opening in the rear of the shelve unit (large

encugh to enable sccess to junction box no. 1) to preclude removal of that
unit when setting the conirels,

6, The access door from the entry airlock to the service module of the

+ kit should be labeled PUSH TO OPEN,

7. The modification kit shower controls should be labeled according

to their functicns and directional movements required for alteration of water
tainperature, '

8., A dual—ddoriconfiguration (similar to that recommended in the Phase
I report, page 23) should be incorporated in the contaminated clothing dis-

posal chutes, It ie realized that the original design (as in the Phase II

report) could not be incorporated because of specifications as to overall
ghelter size, A similar configuration should be arranged, however, to
eliminate the possibility of modification kit contamination,
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