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PREFACE 

The work described in this report was authorized under the 
Chemically Protected Deployable Medical Systems (CP DEPMEDS) 
program. This work was started in August 1991 and completed in 
October 1991. 

The use of trade names or manufacturers' naines in this 
report does not constitute an official endorsement of any 
commercial products. This report may not be cited for purposes 
of advertisement. 

Reproduction of this document in whole or in part is 
prohibited except with permission of the Commander, U.S. Army 
Chemical Research, Development and Engineering Center, ATTN: 
SMCCR-SPS-T, Aberdeen Proving Ground, MD 21010-5423. However, 
the Defense Technical Information Center and.the National 
Technical Information Service are authorized to reproduce the 
document for U.S. Government purposes. 

This report has been approved for release to the public. 
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OPERATIONAL DEAD AIR SPACE TESTING OF THE CHEMICALLY PROTECTED 
DEPLOYABLE MEDICAL SYSTEMS (CP DEPMEDS) 

1. INTRODUCTION 

1-1 Purpose. 

This report documents the results and findings of dead 
air space testing conducted on an assembled representative DEPMEDS. 
The objective of this testing was to identify the location of any 
dead air spots within the DEPMEDS. These dead air spaces pose as 
potential chemical agent vapor accumulation locations7 and threaten 
the collective protection performance of the DEPMEDS in a nuclear, 
biological or chemical (NBC) warfare environment. 

1- 2 Background. 

The DEPMEDS consisted of shelters of various sizes 
(approximately 20 ft.x 20 ft.x 10 ft. to 64 ft. x 20 ft.x 10 ft.). 
The shelters were overpressurized/chemically protected and 
connected to each other by viaducts (see figure 1) . Designed by 
the U.S. Army Natick Research, Development and Engineering Center 
(Natick), the shelters provide a clean air conditioned atmosphere 
to treat personnel wounded in a NBC warfare environment. The test 
site for these field trials was Ft. Indiantown Gap, PA, 26 Aug 91 
through 29 Aug 91. The test DEPMEDS consisting of six shelter 
units was slightly smaller than a complete fielded system with ten 
units. However, all of the various types of shelters were 
represented. The shelters assembled were in the correct 
configuration and ventilated by C100 air handling (A/C) units and 
had M20 personnel entrances (PE). The shelters were ventilated 
with an input volumetric flow rate of 1750 cubic feet per minute 
(CFM), which produced a designed overpressure of 1.5 inches of 
water (in.WG) . One of the shelter units was installed with a beige 
cotton interior liner. The liner was attached to the shelter 
support pipes by strings and was designed to provide a warmer 
atmosphere for the environment of the occupants. 

1.3 Test Theory/Methodology. 

The approach for determining the location of dead air 
spaces within the DEPMEDS was first to identify potential areas by 
observing air flow patterns with smoke, and then confirm these 
areas as dead air spots using gaseous sulfur hexafluoride (SF6) , a 
chemical agent simulant vapor. This testing was carried out while 
the DEPMEDS was operating under normal designed field conditions 
(i.e., ventilation system running at designed air flow rate and 
overpressure). A Nutem Limited, NPL-type, smoke generator 
(w/vaporization probe) was used to observe the air flow patterns in 
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each of the shelter units and connecting viaducts of the DEPMEDS. 
Close attention was given to restricted air flow areas, such as the 
viaducts and the air space between the interior lining and the 
shelter wall (for those shelters with interior linings). After the 
locations of the observed potential dead air spaces were 
discovered, miniature infrared air analyzers (MIRAN-lAs) were set¬ 
up to monitor the concentration of SF6 in these spaces. A known 
quantity of simulant gas was then introduced into the. shelter 
ventilation system. The introduction of SF6 directly into the 
ventilation system of the shelter units ensured a uniform 
dispersion of the simulant through the ducts and vents along with 
the forced air. If no significant increase in SF6 concentration was 
indicated by the MIRAN-1A for a particular location during 
dissemination, then that location was considered a dead air space. 
However, if the concentration of the simulant did increase 
significantly during dissemination, and decreased afterwards 
(indicating the dilution of SF6 with air) , then that location was 
not considered a dead air spot. Both background SF6 concentration 
within the given shelter unit and ambient SF6 concentration during 
and after simulant dissemination was determined by analyzing 
syringe samples collected in a sequential sampler^. Analysis was 
performed using an electron capture gas chromatograph (ECGC). 

2. TEST SET-UP/PROCEDURE 

2 . i Air Flow Pattern Observation Set-up/Procedure^_ 

The most critical element for this test was the smoke 
generator. Care had to be taken to allow smoke oil to run freely 
from the probe before heat was applied. This safety measure 
prevented the possibility of a flame being produced at the 
vaporization probe tip. A ribbon of smoke was produced when the 
generator fuel pump speed was set to 5,. and the heater voltage 
control was set to 23.(see appendix C) Figure 1 shows the general 
DEPMEDS test set-up and air flow observation points conducted 

throughout the system. 

The procedure for observing air flow patterns in the 
DEPMEDS with the smoke generator was as follows: 

1. Set the smoke generator controls 
- Fuel pump speed = 5 
- Heater voltage = 23 

2. Turn-on pump 
3. Let oil drip from vaporization probe (give about 2 to 

3 minutes for oil to run threw small fuel line to 

probe tip) . 
4. Turn-on power to probe once oil starts to drip from 

tip 
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5. Allow smoke to stabilize before bringing probe over 
to area of interest 

6. Place probe initially close to the floor and slowly 
raise the probe up to the shelter ceiling 

7. Observe movement of smoke plume 
8. Move probe to next area of interest and repeat steps 

6 and 7 until all areas have been tested. 
9. Turn-off power to vaporization probe 

10. Turn-off oil pump 

Figure 1. General Set-up of DEPMEDS and Air Flow Pattern 
Observation Points. 

Again, care was taken in handling the vaporization probe, 
because it was very hot. During testing, contact between the probe 
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and any materials of construction was avoided. The probe was not 
allowed to be rested on anything that could melt, unless a cool 
down period was allowed. 

2.2 SF^ Dissemination Test Set-up/Procedure^. 

The potential dead air spaces, identified in observing 
the air flow patterns within the DEPMEDS, had input sample lines 
installed to the MIRAN-1 As. Only two MIRAN-lAs were available for 
testing, so more than one dissemination test would be required if 
more than two locations were identified. One MIRAN-1A had a strip 
chart recorder to record the SF6 concentration throughout the test. 
The SF6 concentration for the other MIRAN-1A was recorded manually 
every five minutes by an operator. Four sequential syringe 
samplers were placed within the DEPMEDS at various elevations. The 
samplers had 12 syringes and were programmed to sample a 3() cubic 
centimeter syringe every five minutes. Ten minutes, prior to 
simulant dissemination, the syringe samplers were activated and 
continue sampling for a hour. At the end of a test,, the syringes 
were analyzed for both background SF6 concentration prior to 
dissemination, and simulant concentration during and after 
dissemination. Analysis of the syringe samples was conducted using 
a S-Cubed, Model 21ÒAUP, electron capture gas chromatograph (ECGC) . 
The ECGC is normally used to analyze samples for trace 
concentrations (parts per trillion to parts per billion) of S.F6. 
Because the concentration of SF6 in the DEPMEDS following 
dissemination was estimated to be in the parts per million range, 
scrthe least sensitive scale on the ECGC was used to avoid reaching 
the upper limit (off-scale response) of the instrument. Sulfur 
hexafluoride was introduced from a regulated cylinder through a 
calibrated flowmeter into the ventilation system at a rate of.2.77 
CFM (see figure 2) . The SF6 was manually turned-on for a ten minute 
dissemination period, then manually shut-off. 

\ SULFUR HEXAFLUORIDE 
OAS CYLINDER 

Figure 2. Sulfur Hexafluoride Dissemination Set-up. 
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3. TEST RESULTS 

3.1 Air Flow Pattern Observations. 

Test Conditions: 1. Date: 27 Aug 91 
2. Time: 1200 hrs 
3. Dry Bulb Temperature: 76 °F 
4. Wet Bulb Temperature: 62 °F 
5. Relative Humidity: 44% 
6. Barometric Pressure: 29.75 in.Hg 

The following observation point comments are in reference 
to the areas indicated in figure 1: 

(2) No potential dead air spaces observed 
(3) No potential dead air spaces observed, however air 

movement was definitely restricted (air movement was 
slower) 

(4) Two potential dead air spaces were observed up 
between the ceiling of the shelter unit and ceiling 
of its interior lining 

(5) No potential dead air spaces observed, but air 
movement was slower 

(6) No potential dead air spaces observed 
(7) No potential dead air spaces observed, however air 

movement was slower 
(8) No potential dead air spaces observed 
(9) No potential dead air spaces observed, but air flow 

was restricted 
(10) No potential dead air spaces observed 
(11) No potential dead air spaces observed, however air 

flow was restricted 
(12) No potential dead air spaces observed 

Figure 3 shows the general air circulation patterns 
observed for the various DEPMEDS shelter units (i.e., (2) and (3)). 

VENTILATION DUCT 

FRONT VIEW 
(PLX TYPE SHELTER) 

TOP VIEW 
(180/LAB TYPE SHELTER) 

Figure 3. General Air Circulation Patterns Observed for DEPMEDS. 
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3.2 SFft Dissemination. 

Only two potential dead air spaces were identified in 
area (1) (see figure 1) as a result of air pattern observation 
testing. These spaces were located in the EMT shelter up in the 
ceiling area between the shelter ceiling and lining. The EMT was 
the only shelter with an interior lining. Figure 4 shows the 
location of these spaces that were monitored for SF6 using the 
MIRAN-lAs and the sequential samplers. Tables 1 and 2 show the 
recorded SF6 concentrations throughout the test. Table 3 contains 
the SF6 concentration data determined from subsequent analysis of 
the syringe samples using the ECGC. Figures 5 shows the 
corresponding plots of the data in Tables 1 and 2. 

Test Conditions: Initial 

1. 
2 . 
3. 
4 . 
5. 
6. 

7. 

Date : 
Time 
Dry Bulb Temperature 
Wet Bulb Temperature 
Relative Humidity 
Barometric Pressure : 

(in.Hg) 
Dissemination Time : 

28 Aug 91 
1100 hrs 
82/68 °F 
75.5/60 °F 
75/62 % 

29.75/29.76 

1110 hrs 

* (outside/inside shelter measurements) 

Final 

28 Aug 91 
1215 hrs 
91/80 °F 
79/64 °F 
61/40 % 

29.79/29.81 

1120 hrs 

EMT (TOP VIEW) 

LOCATION 

DEAD AIR SPOT #1 
DEAD AIR SPOT #2 

SAMPLER 
SAMPLER M2 
SAMPLER #3 
SAMPLER *4 

HEIGHT ABOVE FLOOR 

10 FEET 
10 FEET 
0 FEET 
8 FEET 
0 FEET 
3 FEET 

Figure 4. Potential Dead Air Space And Sequential Syringe 
Sampler Locations 
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Table 1. MIRAN-IA SF6 Concentration Readings For Potential Dead 
Air Space #1- 

Test Time 
(hrs) 

Response SF6 Concentration 
(volts) (ppm) 

1100 
1105 
1110 
1115 
1120 
1125 
1130 
1135 
1140 
1145 
1150 
1155 
1200 

0.00 
0.00 
0.00 

>1.10 
>1.10 
>1.10 
>1.10 
>1.10 
>1.10 
0.95 
0.60 
0.52 
0.45 

0 
0 
0 

>900 
>900 
>900 
>900 
>900 
>900 
744 
404 
334 
276 

Table 2. MIRAN-IA SF6 Concentration Readings For Potential Dead 
Air Space #2. 

Test Time 
(hrs) 

Response SF6 Concentration 
(volts) (ppm) 

1100 
1105 
1110 
1115 
1120 
1125 
1130 
1135 
1140 
1145 
1150 
1155 
1200 

0.00 
0.00 
0.00 
0.81 
1.05 

>1.10 
1.06 
0.95 
0.84 
0.73 
0.68 
0.64 
0.55 

0 
0 
0 

600 
847 

>900 
858 
742 
630 
523 
476 
439 
359 
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Table 3* Sequential Syringe Sampler #3 SF6 Concentrations. 

Test Time Syringe # ECGC Response SF6 Concentration 
(hrs) (milli-volts) (ppb) 

1105 1 
1110 2 
1115 3 
1120 4 
1125 5 
1130 6 
1135 7 
1140 8 
1145 9 
1150 10 
1155 11 

*1200 12 

0.185 
0.198 

117.49 
114.71 
114.58 
115.35 
115.02 
113.87 
112.64 
110.53 
108.63 
85.42 

4.134 X 101 
4.908 X 101 

>3.329 X 105 
>3.329 X 105 
>3.329 X 105 
>3.329 X 105 
>3.329 X 105 
>3.329 X 105 
>3.329 X 105 
>3.329 X 105 
>3.329 X 105 
4.290 X 108 

* Extrapolated value on calibration curve, not considered a 
valid value due to proximity to upper limit of ECGC. 

DEAD AIR SPACE 

SPACE *1 -+- SPACE #2 

Figure 5. Plots of SF6 Concentration Monitored for Potential Dead 
Air Space #1 and #2. 
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3.3 Calculations. 

The overall relationship for time versus SF6 concentration 
shown in figure 5 is inverse exponential. However, during the last 
ten minutes of test time, both MIRAN-1A SF6 concentration plots show 
essentially a linear relationship with almost identical slopes. 
The slopes of these plots represent the rates of SF6 dilution for 
the two potential dead air spaces monitored. The slope of the last 
ten minutes is a good approximation for the average dilution rate. 
Therefore, the average rate of dilution of SF6 for potential dead 
air space #1 (Dl): 

D1 = (404 - 276) ppm/(1200 - 1150) hrs 
= 128 ppm/10 min 
= 12.8 ppm/min 

Average rate of dilution of SF6 for potential dead air 
space #2 (D2): 

D2 = (476 - 359) ppm/(1200 - 1150) hrs 
= 117 ppm/10 min 
= 11.7 ppm/min 

4. DISCUSSION 

The observed air flow patterns using smoke suggested the 
possibility of two potential dead air spaces. However, simulant 
test data and calculated dilution rates (for these spaces) 
indicated there were NO DEAD AIR SPACES IN THIS TEST ITEM. This 
conclusion must be qualified because this test DEPMEDS was 
essentially empty of medical equipment. Equipment and other 
obstacles inside the DEPMEDS, might create some dead air spaces due 
to the restricted air movement. However, this was not the 
situation for this test, and observed air flow patterns only 
indicated two potential dead air spots, and restricted air flow in 
the viaducts. Simulant test data showed that the concentration of 
the simulant increased sharply (off-scale) upon dissemination, and 
decreased steadily after dissemination. Subsequent dissemination 
test calculations of the two suspect dead air spaces determined 
dilution rates of 12800 mg/m3-min (Dl) and 11700 mg/m3-min (D2) for 
SF6. This slight difference in rates can probably be attributed to 
D2 being approximately 15 feet further down the ventilation duct 
from Dl, the volumetric flow rate would be slightly less due to the 
line resistance of the duct. The input ventilation rate of 1750 
CFM for the C100 air handling unit seems to perform satisfactorily 
in providing both enough air movement in the shelters and 
maintaining 1.5 in.WG overpressure. In judging the overall test 
data, no dead air spaces would be available within the DEPMEDS to 
provide potential accumulation spots for chemical agent vapors 
brought in gradually by the exit/entry of personnel. A large 
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data, no dead air spaces would be available within the DEPMEDS to 
provide potential accumulation spots for chemical agent vapors 
brought in gradually by the exit/entry of personnel. A large 
amount of chemical agent vapor would have to penetrate into the 
shelter to pose a real threat. Agent detector alarms would sound 
long before this breach in collective protection became a threat to 
personnel in the DEPMEDS. 

5. RECOMMENDATIONS 

It is highly recommended that no doors be installed in 
the via ducts between the DEPMEDS shelter units. Air flow was 
definitely restricted between the shelters, and doors (even vented 
doors) would probably restrict air flow even more, possibly 
creating dead air spaces. If doors must be installed, circulation 
blowers or fans should also be installed to maintain air flow. 
Finally, it is recommended that dynamic minimum overpressure 
testing be performed on the DEPMEDS. This testing would indicate 
if the designed overpressure would preclude an exterior chemical 
agent simulant challenge from penetrating into the DEPMEDS in a 30, 
40, or 50 mile per hour test wind. 
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MATERIAL SAFETY DATA SHEET 
LIQUID CARBONIC 
SPECIALTY GAS CORF ORATION 

i r.". i_*»■;«SAiLt STFiEti * c-> *.* »- 

r*y<£ tV2 tm y. 

fex¿fJli>3rid£ 

Revision 
Feb. 19=5 

24 Hour Bmergenci' Pr»v*s Monbers: (5114)673-5831/ ŒEHI?iî2 (800)424-9300 

_SEOTICK 1—PHjDüOT' IDZMTIFlGATia.' 
CHEMICAL 1ÄME: Sulfur Hexafluoride 
Oïta; KÄME Af© SYIOTiYS: Sulfur Hexafluorida, Sulfur Fluoride 
CHEMICAL FAMILY: Inorganic Fluoride FQFMJIA: SFg 

S3CriJ4 II—HAZARDOUS SilHZDIEKTS 
î-C-jrERIAL WLLR-ÎE i C?S HO. 1988-9 AOGIH TW UNITS 
Sulfur HexafluoriS 90¾ 2551-62-4 6 Hr. TKA 1000 PPM 

to STEL (OSHA S AOGIH) 

_ SECTIOtl III—PHYSICAL I14.TA 
BOILIHG POINT^F.) Sublimes -82.8C 
SP3CIFIC GRAVITY (K.O=l) ¢1 ATK. and g 70CF - 6.4 
VAPOR PRESSURE g 70CF 
i’APOR DENSITY (AIR=1) 
SXUBILITY IN WATER 
APPEARANCE AND CDOR 

319 PSIA % VOLATILE BY VOLL3-E 100% 
g70°F 5.13 Er.7-PORATiai RATE (BÎATYL ACETAIE=1) Rapid 

Slightly 
Colorless, odorless gas 

:■ SBCliariV—FIÉ¿ AND EXPI/^ION HAZAÆ» KIA " . . 
FLASH-POINT (MÊSHCD USED) Non-flairtnable .FLAM4ABLE UXTIlS IÍL U/h ~ÆL H/A' 
ECTINGUISHIN3 MEDIA: Use media appropriate for surrounding fire 

SPECIAL FIRE F1GHTEC PROCEDURES: Use water spray to oool fire exposed 
oontalnere. Use self-contained breathing apparatus as SFg can deocnpose at 
high ten pera tures to give off toxic and corrosive fuaes. 

UNUSUAL FIRE AND DCPLOSICH HAZARDS: Vapors are five times heavier than air and 
will tend to accunulate in low places, SF^ can be an asphyxiant in enclosed 
areas. 

_SECTICtl V—HEALTH HAZARD DATA_ 
THRESHOLD LIMIT VALUE: TOA is 1000 PPM 
EFFECTS OF CVEREKPQSURE: Sulfur hexa fluor ida is non-toxic. Bcvrever it can act 
as an asphyxiant in high concentrations. Synpbcms are headache, dizziness, 
labored breathing and eventual unoonciousness. Persons in ill health where 
such illness would be aggravated by exposure to Sulfur Bexaflouride should 
not be allowed to work with or handle this -product. 

EMERGENCY AND FIRST AID PROCEDURES: If inhaled move to fresh air and obtain 
prcrpt medical attention. Administer oxygen. Give artificial respiration if 
not breathing. Rescue personnel should be equipped with self-contained 
breathing appartus. In case of contact with Liquid SFg, flush affected areas 
with lots of warm water to reduce tissue freezing. 

Sulfur Hexafluoride is not listed as a carcinogen or potential carcinogen by 
NIP, IARC Monographs, and OSHA. 
E 
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caoma.s io a'.’oid: m/a 

r^OMP^ilLlT'i ORTEFŒALS 70 AVOID) : None 

F.-ZHCCfss D2XK?CSmCN PRXüOTSs Lo>Ær fl^móas of sulfur 

HAZÁPOaíS FOIYHEPJZATI(3): yxi OOCUR ( ) WCfî'I OCCUR (X) 

ootcmaö to avoid i n/a 

SECTIO,' VII—SPILL OR LEA-: PROCSXJRR^ 

pps TO EE TOJE) in CASE KATEEIAL IS RELEASED 0?. SPILLED: Evacuate cecs™! 
..Lan electee area. Avoid high ccncentrations ir. confined spaoe, PrJrife 
vantilatia-.. Do rot re-enter área vitheut apprccriate protective eruicrent. 

“eDœsphere- ^ •* -»■■**» “*». 

SECTia.- 11-—SPECIAL PROTECT ICTJ INFORMATION 

RESPIRATORi" PiOTECTlON« If reguirec - self oor.teirod breathing apparatus. 

Va/TILACICN: LOCAL EXHAUST { J 
PSDCHANICAL (G3,UiAL) (X) Provide adequate ventilation in low areas 

to be below allowable TLV. 

PROTECTIVE GLOVES: Leather EYE PROTOXTIOf,": Goggles or safety glasses 

OTOER PRCTBCrrVE ECÜIPMQíT: Safety shoes reoemnended for cylinder handling 

SBCTICN DC—SPECIAL PRBCAUTICÑS 

PRBCAOTICte TO BE TAKEN IN HAILING AND STORDG: Protect cylinders fron physical 
oairage. Score in cool, ary, well ventilated area. Cylinders should not be exposed 
to temperatures over 13ö F. Follow nomel carpressed gas storage practices. 

stored 011(3 firmly secured to prevent falling over. 
Sulfur Hexafluoride exposed to electric arcs ray contain toxic by-products 
Keep valve caps and plugs tight and in place. 

OTHER PRECAUTIONS: Use only DOT or ASME coded storage containers. Use a check 
wvfi°r ^ Hexafloroide discharge line to prevent hazardous 

^ recharged except by or with consent of Liquid 
bulletln 33-2 “«ygen Deficient Atmospheres’ and panphlet 

P-1 Safe Handling of Carpressed Gases in Ccntainers. * ^ 

No guaranty is made as to the accuracy of any data or statement contained herein. While this material 

OR OTHERW.sl?^ mahf' tk° éPñPS 0R ,MPLIED' 0F MERCHANTABHJTy'fTtSeSS 
5 ^A?E‘ Thlin?a,0rlal 18 oRefed only for your consideration, investigation and veri- 

- “ “• sps“'' ~ 5SÄ 
No.223 
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CHEMICAL/PHYSICAL/ENVIRONMENTAL INFORMATION ON SULFUR 
HEXAFLUORIDE1 

Environmental Fate and Effects: Sulfur Hexafluoride. CRDEC Data 
Management System, U.S. Army Chemical Research, Development and 
Engineering Center, Aberdeen Proving Ground, MD, 1990, 
UNCLASSIFIED Report. 
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