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SUMMARY

As part of the Navy's program for developing protective techniques
against ABC warfare, the Bureau of Yards and Docks assigned NY 300 007-2
which supersaded project NY 300 01B, "Operational Test of Protection
for Bulldings under BW Attack, " to the U.S. Naval Civil Engineering
Research and Evaluation Laboratory. The project was developed by the
Laboratory with the assistarice of the Army Chamical Corps Biological
Laboratories.

A protective shelter was pressurized by the Laboratory. Attacks
using BW simulants were made against the bullding by the Chemical
Corps Blological Laboratories and ovaluated. Their data appear in
Spacial Report No. 171, "BW Evaluation of the Pressurized Building
No. 7-635 at the Naval Civil Engineering Laboratory (1952), " and
indicate that a pressure of 0.1 in. of water will give adequate pro-
tection. It Is recommended that fuither tests be conducted to confirm
this fact .

Investigations conducted by the Engineering Experiment Statien of
the University of Minnesota under contract to the Navy have produced
a group of sealing materials which can be applied easily to the inside
of structures for protection against infiltration of contaminants and for
pressurization.




Pressurized filter plenums designed by the Bureau of Yards and
Docks, the Chemical Corps E~35 collective protactor, and the clectro-
static precipitators developed by the Naval Pasaarch Labaratory wora
tasted or evaluated. Parsonnel shower raquisitss and techniquss warsn
developed at Port Hueneme. As a part of the Bureau's program of
slanting construction of buildings toward conversion to protective
shelters in an emsrgency, a nortabie air lock with shower develuped
by the Bureau of Yards and Docks was tested, evaluated, found satis-
factary ond practical. It was found practical to seal and pressurize
a 50,000-cu ft frame building.
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it is mperative that personne!, supplies,
equipment, and vitu} operations be protected from contamination
by biclogical, chemical, and radiological agents. Supplies and
equipment can be protected easily in sealed buildings. Where
personnel are involved, sealing and pressurization of shelters are
required against infiltration of contaminants. Air introduced into
the shelter from outside for pressurization and to avoid vitiation
must be relieved of harmful bacteria, poisonous gases and vapors,
and radioactive particulates. A means of filtering out the solid
and liquid particulates is employed in connection with an adsorber
for vapors and gases. This is called collective protection.

Where entrance to the shelter must be available during an attack,
air locks and decontamination facilities are provided. Previously the
Loboratory had made tests on a 20-ft wide by 50-ft long arched cor-
rugated steel temporary shelter!4. As a result of these tests it was
considered advisable to furthar study air leakage, sealing materials
for pressurization, air locks, showering techniques, relief damper
development, alr-purification equipment, decontamination techniques,
and to extend the study to include the pressurization of larger buildings
of a more or less permanent nature.

In recognition of the need for more information on the above
items end in order to extend the study to frame buildings that might be
typical of those existing in any theater of operation, the Bureau of
Yards and Docks assigned Project N300 01B, "Operationa! Test uf
Protection for Bulldings Linder BW Attack, " which was superseded by
Project NY 300 007-2, to this Laboratory. This project has been
developed by the Laboratory with the assistance of the Army Chemical
Corps Biological Laboratories. The plan of development for the program
was as foliows:

1. investigate materials and metheds of sealing.

2. Modify a 50,000-cu ft, one-story, frame building for test as-a
pressurized personnei sheiter, equipping it with relief vaives,
filtering and pressurization equipment, air locks and decontamination
showers.




2. Davalop, manufacturs . and sast a pressurizad filtar frame or pihouan

in accordance with the desic » proposzd by the Buraau of Yards and
Docks fer accommodation of Ch=mical Corps filiars and adsorls s,
Make improvamants as found necassary.

4, Datarmine prassure and {eakane characteristics of tha 55, (:0-cu fi
P i )
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5. Datarmine the effectiveness of sealing matarials and prassurizarion
by hiclogical attack at 0.8~in. waizr prassur~.

6. Tast Chemical Corps typa E-35 collactive pisinior in eonnuciion
with 50,000-cu # building.

7. Conduct decontamination-showering studies.

t. Construet and evaluaie portable air lock and shower d2vaiopad for
usz in convarting standard barracks typ2 and othar buildings into
protective shelters,

¢. Equip a 20-ft by 50-ft arch=d, stesl, temporary protactiv: shuliar
with special lectrostatic precinitators and tast with biological
siraulant.

1¢. Datermine optimum prossurization required for protaction of
parsonnal in a sealed 50, 000-cuy ft building.

wATERIALS AND METHODS OF SEALING

A study of typical frame buildings that might be found in a
thratar of opsration and might possibly require prassurization and
scaling was mode by the Engineering Experiment Station of tha
University of Minnesota' 7. This investigation revaaled that tha

: orincipal types of air leakages to bz ancountered were:

1. Continuous surfacas.

Thss' consist of unintarruntad wall, c2ilina, and Floor
surfacns of concrate, plastar, or similar construction inatia’

2. Surfaca joints,

a. Flat surface joints such as joints betwaan sheets of plywood.

b. Intersecting surface joints such as jeints between wall and
ceiling.
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3. Window cracks

4 Door cracks .

5. Wall opsnings such as slectrizal outiets, plumbing fixtures, etc..

A survey of applicable senling materials for thesa vaiious openings,
cracks, and oints was made. The materials which appeared to be of
practical value were classified in five categorias;

1. Calking compounds ond fillers.

2. Paints, varnishes, and lacquers.

3. Plastics.

4, Topes.

5. Weatherstripping and gasket material

Verlous calking compounds, plastics, and tapes were-abtalned; applied,
and tested under five aging cycles, each cycls consisting of tha.
following exposures:

48 hours to dry air at 150 F
24 haurs to air at ~10 F
24 hours to alr at 150 F and €0 to 90 per cent relative humidity

A strippable plastic material applied with high-pressure spray gun and
known as Navy " cocoon” was tested by the Laboratory. It was pluced
in o low~temperature tast cabinet and subjected to ~63 F. At this
temparature the material become so brittle that it would crack If bent
or shatter if struck.

The matarials most successfully maeting the Minnessiu rests and
retaining thelr desirable vealing and adhesive properties were:

Eglking ComEounds
Trade Name Manufacturer
Pacora Architectural Calking Compound  Pecora Foint Co.

Tita-Life Glazing Compound Truscon Laboratories
Elastic Compound Topa No. 155 Presstite Englneering Co,




Plastic Materiol:

Iﬂde Name Manufacturer

Vinyl Coating No, 311-30 American Resinous Chemical Corp.

Geon Viny! Resin No. 200x20 B.F. Goodrich Chemical Co.

G.k. Cocoon K.M. Hollingshead Corp.

Auto Paint Shield Ramsell Products, Inc.

Navy Cocoon No. 52-C-44 R.M. Hollingshead Corp.
(Manufacturer’s No. 5049)

Tapes
Trade Mams Munufocrur_e_[
Polyken Tape No. 113 Baver and Black

Permacel Metal Foil Tape No. 11 Indusitial Tape Corp.
3-M Wet or Dry Masking Tape No. 202  Minnesota Mining & Mfg. Co.
3-M Flat Back Masking Tape No. 250 Minnesota Mining & Mfg. Co.

These materials have been found most suitable for sealing buildings
to be pressurized, where temperatyres within the building are commonly
maintained between ~10 and 150 F. Selection depends on the particular
type of crack or opening to be seaied and upon the facilities available.
Specimen windows in the test building were sealed with the architectural
calking compound, with Polyken 113 cloth tupe, with 3-M wet or dry
masking tape and with Navy coceen. The calking compound was
applied with a gun and was quite effective for windows to be sealed
permanently, Both tapes were found to adhere poorly on dusty surfaces,
and had a tendency to tongle during the appiication. Where a suitable air
compressor and spray gun were available, the cocoon material was found
to be the most satisfactory sealing agent, :

All sealing materials showld be applied to the pressure side or
inside of the buildings, preferably at temperatures between 50 and 90 F.
With the exception of the doors which were weatherstripped, the 50,000-cy ft
test building was sealed almost entirely with Navy cocoon No. 52-C-44,
This was applied with a Binks Model 10 spray gun with a No. 66 fluid
nozzle and No. 63PB air cap. The application was inade in accordance
with the manufacturer's recommendations13. Figure 1 shows the cocoon
material being sproyed over a window crack, Figure 2 the window crack
sealed with cocoon. Figure 3 shows sealing of a large opening around
heating pipes that pass through a Celotex ceiling.




THE PROTECTIVE SHELTER

A study made by the Laboratory of the protective shelter, herein
referred to as the test building, has been described in a previous reporf1 .
The building's dimensions are: 161 ft long by 31 ft wide, 9 ft high under
the eaves and 15 ft under the ridgn. The tatal flanr aren 1s ahout 4800 en ft
and its gross volume approximately 52,000 cu ft. The net vo' me, less
construction, filter-plenum chamber, air locks, undressing room, and
decontamination showers, Is approximately 48,000 cu ft.

General Construction

The building is rectangular, one-story, and has a pitched roof
with the ridge centered longitudirnally with the building. [t is erected
oh a concrete slab on grade construction. Figure 4 shows the general
appearance of the building, Figure 5 the floor plan ' and location with
respect to the prevailing winds. The fromework is of the usual 2x4 wood
studding, and the externa! and internal walls are of 1/2-in. painted
gypsum board. Joints were made over the studding, and no sealing
tape or calking material was used on the outside, except in o few
instances where large openings existed. Qriginally, the ouiside joints
were made reasonably watertight by covering with wood stripping. No
effort was made to seal the base plate except that the gypsum board
overlaps the foundation to form a weather barrier. The roof overhangs
the walls and affords them some weather protectian. No special pro-
vision was wade to seal between the roof and walls. The ceiling in
the small rooms and corridor in the front half of the building is ¢ ft high.
The ceiling in the main portion of the building is covered with Celotex
instead of gypsum board and vaulted to a height of 14 ft at the center.
The two small rooms in the rear of tha building have no ceiling.

The outside doors are of the conventicnal wood-panel type,
single or double, are metal weatherstripped, and each contains a
single pane of glass. The windows in the wash and utility rooms are

. small, hinged at the bottom, and swing in. The majority of the

windows are the large Japanese sliding type, running in loosely fitting
wooden grooves (see Figure 6).

The roof is fabricated from T-in. gypsum board nailed to 2x6 rafters

and covered with an asphaltic roofing paper cemented at the joints. The
roof space is vented at the front of the building through a louver.

ey -




C~

Mo-Hhficationg

In ordar to utilize the building for pressurization and BW investiga~
tions, somn rapairs and alterations were nacessary. The outside walls
were repaired where damaged, and a selid closure installed to seal the
attic louver vontilatar, The interior walls warn ranairad and all alectric,
plumbing, aind haating outlats placed in good condition. lv-ry ~fort
was mode to insura tightness consistent with goad construction.

Som= intarior partitions and utilities were removed and tha spaca
made available for the pressurization fan, ducts, and test equipmant.
Partitions were erected and space was provided for the filter-plenum
chamber, air locks, showers, and other equipment.

The filter-plenum chamber was constructad for two spacially
constructed filter frames and was 15 ft 7 in. wide by 11 ft  in, deep
and was provided with air-intake, louvered, double doors. The
Chemical Corps E-35 colleative protector was also installed in this
room when it was tested.

A six-station intercommunication system was provided including
a master station in the diessing room and substations outside the build-
ing at the air-lock entrance, in the filter-plenum chamber, in the
outer and inner air locks, and in the undragsing room. A public address
system with speakers on the roof was installed and controlled from the
drassing room. A field telephone was provided betwzen the dressing
roum and the preparation building upwind in the clean area. The
butlding was also provided with telephone service and additional
elactric outlets, both inside and ouf.

PRESSURIZED FILTER PLENUMS AND FILTER FRAMES

The pressurized filter plenums used in these tests ware designed by
the Bureau of Yards and Docks™, and were medifind to facilitats fabrica~
tion. These two units, each accommodnting 21 sats of Chamical Corns
filters and carbon adsorbers, were constructed of 18-gage stee! formed

in hollow sections and electrically welded to insure tightness. Considarable

warpage difficully was experiencad during construction of the franas,
and reworking of the materials was requirad to obtain propar seating of
tha fiftars. The dasign is not considared practical for production b ycauss
of spaca, weight, and fabrication difficoltias.

LLaakage of contuminated air around the filters and through welds
on this frame is minimizod hy pressurizing the filver frome and the small




space around the filters to 4 in. of water cr more with uncontaminated
air taken from inside the buiiding, Thes, any leakage, whether internal
or external, is clean, safe air.

A test conducted on one of these units ot a pressure of 10 in. of
water indicated a total ieakage for a pienum with 21 filters of approx-
imately 5.25 cfm.

Figure 7 shows isometric sections of the pressurized filter plenum,
and Figure 8 the pressurized fiiter plenum in place.

A light-weigkt section frame2 hed been developed by the Amy
Chemical Corps. This was an integral frome, and not developed as
increments of standard units. [t was constricted of a special shape,

" H" section, extrusion of magnesium. While the frame was of light
weight, it was considered that magnesium would be in critical supply
In the event of an emergency requiring filter frame construction.

Figure 9 is an isometric view of a pressurized filter frame

_-developed under the direction of this Laboratory for wall or partition

mounting. It was designed in an attempt to meet the following require-
ments:

. Be compact and lightweight.

. Be readily portable.

o« Minimize use of critical materials.

Provide positive seal around filter mounts and frame connections.
. Provide for pressurization against possible leakage .

. Provide for ease in installation and removal of filters.

. Be suitable for installation in multiple.

NO-Or W N -

The prototype shown in Figure 10 meets most of these requirements.
It is constructed basically of a standard 6x4-in,, 8-1/2-pound, lightweight
stes| joist16. Based on the prototype a complete frame including 21 filters
would weight approximately 2800 pounds, which compares with 2640 pounds
for the 21 filter Bureau plenum. [t is compact and portable, can be
assembled into large sizes from standard uaits and fastening plates, and
can be pressurized. its greater versatility offsets its slight waight dis~
advantage, which could possibly be improved by further development.,

Two types of filter clamping devices were developed. Both appear
to be superior to ordinary nuts fof quick action in changing filters. One
type employs an Acme screw, * U" clamp and wing nut, the other a

i
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cam-operated laver clamp. When the nut is loosened, the "U" ciamp
which is unbalanced assumes a vartical position so that all vertical
fastenings are clear of the filters. It is not necessary to remove the
clamps or wing nuts. The horizontal ones have to be turned to clear
the filter. The othor clamping device shown in F'gure 11 makes use
of a quick aciing cam und lever with the "U" clamn. Sema additional
miner modifications are in progress which will furiher expadi
seating and clamping of the filters.

The Laboratory prototype frame was tnst e for air taakap: at
10 in. of water pressure. Leakage was found to be 0,09 cfm par
filter or 1.89 cfm on the basis of 21 filters.

This filter frame can be arranged in straight line, U, Z, or other
offset shapes as desired, to create a large filter area within a limitad
space .

PRESSURIZATION AMND LEAKAGE CHARACTERISTICS OF
THE TEST BUILDING

Tha natural leakage ventilation of a closed building depends
primarily on the type of construction, the state of repair, the temperature
difference between cutside and inside air, the wind pressure er velocity,
and the orientation of the building with respect to the prevailing winds.
These factors affect the nature and extent of sealing required for pres-
syrization and the amount of forced or additional ventilation required
for a given occupancy. The test-building construction and state of
repair has been described previously under the caption THE PROTECTIVE
SHELTER, and the orientation with raspect to the prevailing winds is
shown in Figura 5.

Climatic Data

Wind valociiies and diraction, and air tamperatura and humidity
were daterminoed by weather station instrumentation at the building.
Figurs 12 shows the equipment installed adjocent to the test building
1o obtain outsida weathzr data. Figure 13 shows indicators and rcordins
within the building for outside wind velocity and direction, o hyqgro-
thermograph for inside temparaturs and humidity, and a microbarograph
for barematric data,

During the tests tha pravailing winds wera froin tha northw ~st
and veind velocity rangad from 4 to 8 milas per hour. The outsida




temperature for these periods ranged between 55 and 69 F and the
inside temperatuie between 70 and 82 F. The owtside humidity varied
between 56 and 90 per cent RH and the inside humidity between 52

and 74 per cent RH. The barometric pressure ranged between 29.79 in.
and 29.98 in. of mercury.

[P [ IR 20l .0 ~1 x 8 _ou
Narurai vemiiarion Lnaracrerisrics

Under these climatic conditions tests were mac'e on the natural
leakage-ventilation characteristics of the test building before and
after sealing. The method selected to determine the natural ventila-
tion of the closed building utilizes the helium tracer gas techniquel0.
The equipment employed is known as the Cambridge Helium Analyzer
(Figure 14). The tracer gas is injected to about 2 per cent concentra~
tion and thoroughly mixed with the room air by means of fans. lis
subsequent rate of decay in concentratior: is then measured. If there
is a complete mixing between the replacement air and the mixed air
and gas of the rosm, the number of air changes in a unit time can be
determined from the relationship:

_ |Oge Co - Ioge_ C
t

R

where R =number of air changes per hour
t =time, hours,
Co =initial concentration of gas, per cent by volume
C =concentration of gas at time 5, per cent by volume

By plotting the natural logarithm of the concentration against
time, the rate of air change is obtained from the rate of dilution of
the helivm,

In order to compare feakage ventilation of the unsealed and
sealed building, the resvlts were corrected for differences in wind
velocities, the airflow being directly proportional to the wind
velociry‘é » Corrections for temperature difference were riol made
in accordance with the prevailing assumption that airflow varies as
the square root of the temperature difference.
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With a wind velocity of six miles per hour, and a temperature
difference of 10 F, the natural- 'eakage ventilation rate of the unsealed
48,000-cu ft test building was 0.240 air changes per hour or 208 cfm.
The cealed-building-lrakage air-change rate was 0.141 per hour or
103 c¢fm.

Occupancy

As has been shown in a previous reporfis, the test building can
accommodate 280 persons engaged in light sedentary pursuits, or
230 persons engaged in moderate activity if 5000 cfm of fresh air is
provided. This is a rate of 17.8 cfm per person at rest, an occupancy
of 171 cuy ft per person, and floor area of 13.6 sq ft per person.

For a limited period the population could be doubled, but hady
odor levels might become nauseating after an extended period. With
a loading of 600 persans, 8.35 efm per person would be supplied by
the 5000 cfm fresh air unit. But while the carbon-dioxide content
would be below 0.6 per cent and the oxygen supply ample for existence,
still, under these conditions, an excessive amount of lung actien or
fatigue would result.

Building Pressurizaticn

Pressurization with purified air to avoid vitiation and infiltration
of contaminants is a desirable protection that has become standard
practica, Pressurization is also an advantage in reducing contamination
by p rsons entering the shelter through air locks from a contaminated
area.

The amount of pressurization would appear to be a function of
the wind velocity or pressure that might be expericnced in the area.
Ideal pressurization would be such that the building pressure would be
equal to or greater than the highest wind pressure to be expectad in
the area. Pressurization to 0.6 in. of water is the currently accepted
design figure. This pressure is applied to the main shelter area. Re-
duced pressures of 0.5 are used in the shower and undrassing rooms,
0.4 in the inner air lock, and 0.3 in the cuter air fock.

An airflow of 400 cfm is considered desirable through the air
locks. This alr exhausts overboard carrying with it a certain amount
of contamination picked up by shake-off from persons antering the
air lock from the outside. In the pressurization tests conducted by
the Laboratory the air-lock relief valve shown in Figures 15 and 16
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and designed by the Amy Chemizal Corps, was adjusted for a flow of
approximately 400 c¢fm. An ociitional 250 cfm was exhausted through
the shower-room ventilation duct which helped control humidity.
Airflow between the dressing room, showers, undressing room, and

air locks was regulated by wall valves of the type shown in Figure 17.
In addition a small relief valve was provided in the extericr wall of
the contaminated clothing room to relieve and conirol the pressure in
that compartment. Figure 18 shows the entrance to the outer air lock,
the air-relief-valve housing and the back~draft elbow and airflow
measusing duct. Two larger air rzlief valves, of BUDOCKS and
Chemical Corps design, were installed at the ends of the building

and adjusted to maintain the required air pressure and flow in the
building.

A pressure of 0.6 in. of water within the building is equivalent
to an external wind pressure of about 35 miles per hour (Figure 19),
and would protect a poorly sealed building from infiltration due to
winds of that magnitude. A pressure of 0.4 in. would afford protection
by infiltration from a wind of 29 miles per hour.

Ventilation and pressurization air was drawn into the building
through two pressurized filter plenums (Figure 8), with a total capacity
of 6300 cfm. The pressurization fan laking its suction from the filters
is shown in Figure 20, The size, weight, and cost of this particular
equipment are not to be considered typical as the equipment was for
general laboratory use and was oversized. The manometer panel
mounted on the discharge duct, Figure 20, serves to determine the
pressure drop across the filters and airflow of the fan. Figure 21 shows
the fan discharge and air measuring duct. A pitot-venturi tube is
utilized to measure airflow. The electrical power requirements of the
rniotor were determined with instruments shown in Figure 22, The small
centrifugal blower on the floor was usad to pressurize the hollow frame
of the filter plenum with purified air from the building. Pressure dif-
ferentials were measured with inclined manometers connected through
a valved manifold to tubing as shown in Figure 23.

The pressure drop across the filters in the plenum was determined
for various rates of flows (Figure 24). At the rated capacity of 3150 ¢fm
or 37-1/2 fpm, for a plenum, thc pressure drup was found to be 4.6 in.
This data was taken after about 500 hours use. New filters would have
given lower resistance

With air discharge valves and relief dampers closed, the building
was pressurized unsealed ond with various amounts of sealing. It had




been deteimined by survey and sstimatasS, that 80 per cent of the
naiuial 1aakane of the building was through the large visible cracks
around the sliding windows. 't was also considered tnat interior
surfaces of the building would not allow sufficient leakage to warrant
further painting or sealing. The doors had alrsady been weathar-
stripped, so furthar sealing was davoted to surface cracks, utility
outlets, and window cracks.

The results of the prassurization studiss ara shown (see Figure 25)
for the unsealed building with 298 ft of window crack; for the partially
sealed building with 217 ft of crack; with 117 ft of crack; and
completely sealed: Note that for 500C efm, a pressure of 0.3 in.
was obtained in the completely unsealed building, and that for
5000 cfm in the sealed building a pressure i1 excess of 0.8 in. was
obtained. Thase tasts ware made with inside temperatures from 72 fo
76 F, outsida tanpargtura from 60 to 66 F, and a barometric pressure
of 30.1760 to 30.11% in. mercury., Westerly winds prevailed at 4 to
8 mph. Since it was desired to supply a total of approximately
5000 cfm with 400 ¢fm exhausted through the air lock and 250 cfm
through the showar vant, the building raliaf valves were adjusted to
exhaust the excess air.

Puring the tasts using simulatsd contaminants and 0. 6+~in,
pressurization with approximataly 5000 cfm, the air was disposed of
as follows:

Air lock 400 cfm
Showar vent 250 cfm
Building relisf valve 500 efm
Building leakage 3850 cfm

Total A000 ¢fm
This is equivalant to 6.25 air changes per hour.

The large amount of leaakage under pressurization after all
vicible cracks and openings have been sealed indicates that the
minute cracks and pores, negligible around atmospheric pressures,
become important as the prassure is increasad.

SIMULAYED Bw ATTACKS ON TEST BUILDINGS

The BW evaluation of a prossurized protective shelter, Building
No. 7-5635 and re-evaluation of a temporary protective shelter was
conducted by the Chemical Corps Biological Laboratories, Camp
Detrick, Frederick, Maryland. Tne complete report on tha BW evaluation
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and the conclusxons arc contained in Special Report No. 171 issued
by Camp Detrick” .

DETERMINATION OF OPTIMUM PRESSURIZATION

Since a properly constructed unpressurized building affords o
relahvely high degree of prorechon agamsf a biological attack that
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expensive pressurization fans and aii purifiers or collective protectors
may be questionable for some applications. Alss, since the power
required for pressurization increases with the degree of pressurization,
and since a pressure of more than 0.1 in. does not appear necessary
from these tests, the question may be asked what is the optimum
pressurization?

In order to obtain more information and thus verify or discradit
the above hypotheses, further pressurization tests were made at 0,6 in.,
0.4 in., 0.2 in., and at a pressurization approaching zero with a very
small quantity of air. As in the previous tests, the simulated BW attack
was performed by personnel from the Biological Laboratories at Camp
Detrick. The results and conclusions of these tests are reported in
Special Report No. 171

Conclusions from Optimum Pressurization Tests

The results of the tests show that when little or no wind is
blowing, a pressure of 0.03 in. of water will give satisfactcry pro-
tection against BW attack. The maximum wind velocity in which a
BW attack is practical is assumed to be 15 mph and for this wind
pressure, pressurization to 0.1 in. water will afford protection against
infiltration. About 1000 cfm is required for the protective shelter
tested, if ne air is discharged out the relief valves, the air locks, or
the vents. For the 0.6-in. pressurization with 5000 cfm, 7 kw of
power were required by the 7-1/2-hp molor on the fan. For 1000 cfm
at the lower pressurization, less than one-holf that power would be
required.,

As a shelter for a larger number of people, rather than as a work
space or control center, it hos already been indicated under Occupancy
of THE PROTECTIVE SHELTER section, that 400 persons could expect
safe shelter without ventilation for over 3 hours in the building when it
is hermetically sealad. The 1000 cfm would improve conditions ap-
preciably over minimum requirements and also make possible the use
of air locks for entrance and exit during attack., These air locks
should exhaust at least 200 and preferably 400 cfm. The effectiveness




ot air lacks at pressurized stages below 0 1 in. has not bean invastigatad,
but it is considered that resulis would be favorable as long as the locks
are cont'nuously washed by or least 200 cfm of purified aii.

CHEMICAL CORPS TYPE FE-35 COLLECTIVE PROTECTOR

As previously indicated undar SIMULATED BIOLOGICAL
ATTACKS ON TEST BUILDINGS, the 48,000~cu ft test building
was tested and. pressurized by a fan and Chemical Corps filters and
adsorbers in a pressurized filter plenom of the Bureau of Yards and
Docks design. Since the initiation of the piojact, the Chemical
Corps had developed a new 5000-cfm collective protector consisting
of a 5000-cfm axial flow fan with 7-1/2-hp motor and a plywood
enclosed filter and adsorber unit. This unit, known as the E-35 col~
lective protector weighs approximately 3000 pounds and can be
enclosed in a space 14 ft by 5 ft by 5 ft high and minimizes space,
weight, and critical material requirements. It is shown on Figurs 26
mounted on a whee! truck and rails, ready to be connected to the
forced air duct. Changeover was made with the building under pros-
surization through one plenum while the collective protector waus put
in place and connected. The pressure drop across the collective
protector was measured by inclined manometer shown mounted on the

side of the unit.

The pressure drop through the E-35 collective protector is shown
on Figure 27 for various airflows after approximately 200 hours' use.
It is to be noted that its rasistance at o rated load of 5000 cfm after
200 hours was about 3.2 in. water as compared to 4.6 in. at 3150 cfm
for 21 Chemical Corps filters and adsorbers mounted in the pressurized
filter plenum (Figure 24).

While the gas life and weight of charcoal per «fm of filtered air
is not as favorable as that of the M8 carbon units installed in the pres-
surized filter plenum, its adsorber air resistance is only 1 in. as compared
to 5 in. for the M8 at capacity ratings®. The lower power requirements
and ample gas life, together with the compactness and portability, make
ita ery suitable unit.

The power requiraments »f the E-35 collective protector at o flow
rate of 5000 cfm and 0.6 in. pressure, was 7.0 kw. The prassure drop
across the filter and adsorb sr unit was initially 2.9 in. of water  This
increased to 3.3 in. after two days and vemained neci this value to the
conclusion of the test. These figurse may be compared with 7.1 kw for
the 15-hp taboratory variable-speed fan and a drop of 3.7 in. across
the pressurized filter plonums, The comparison is not abselute, as the

e




Laboratory fan was eperating through a relatively inefficient drive,
and at about one-half its rated capacity. Alsc the filters were only
about 79 per cent loaded . in the case of the E-35 collective pro-
tector, the duct resistance was excessive for normal applications.

As far as performance was ascertained during these tests, the
E-35 collective protector appears to be a development in the right
diraction, and a unit of desirable capocity, space, weight, and
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ere a high degiee of prolection or "absolute” filtration is desired.
SAND AND SOIL FOR AIR FILTRATION

Background literature studies made by the Laboratory revealed
that some possibility of using natural soil for air filtration existed. A
field test setup, for filtering air through a natural soil depth of 3 ft
was improvised by the Laboratory. This indicated that a very high
resistance to flow existed. Subsequont laboratory testing showed that
a dry sand would be the only type »f soil that would allow a reasonable
airflow. The effect of moisture in the sand was advarsa, incraasingly
so with smaller particle sizes.

The laboratory experiments using various sizes of sand indicated
that o sand made up of 0.2 - 0,4-mm diamater particles was the finest
material allowing reasonable airflows. With a filter constructad of
this sand an airflow rate of 4 cfm per sq ft of filter surface would re-
quire a 5 in. water-pressure drop through 12 in. A 5-in. pressure drop
is required for a 36~in. deep filter to produce a flow of 2 cfm per sq ft.

No attempt was made to determine the filtration effectiveness
of the sand. For practical applications a prepared bed of sheltered
dry sand would be required. Additional information on the afficiency
and reliability of sand as an air filtration modium is required before
it can be used for the purposes of this project.

SHOWER TESTS

Test results of parsonnel showers at the simulated BW test on the
temporary protective sheltar at Port Hueneme in 1949 indicated that
the showsring technique was inadequate!4. In order to determine the
most offective techniyue for the cooperative tests with Cemp Detrick,

a study of the factors influencing the efficiency of showering was made .

The variables influencing showering efficiency include water
pressure, temperature, flow rate, spray pattern or particle size, the
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method of scrubbing and rinsing, and the time available. Since the »
availability of water in many noiential operational areas is limited,

special consideration was given *n developing low-water-consumption

methods . In many cases showering time is an important element.

Techniques that would be effective in four minutes were assumed

adequate .

Two preliminary sets of tests were made on various showar
arrangomonts fe dotormins the most suitable nozz

nozzies, iocarion and arrangement, prassure, temperature, watar
consumption, and scrubbing techniques.

PR G !A. bne =&
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The first preliminary set of tests was made with the subjects
coated with dark Karo syrup. The time required to remove the svrup
with various tempsraturas and prassuras was determinad . The amount
of water fequired, finz and coarse sprays, and washing mothods were
evaluated and compared.

The results of these tests indicated that shower water temperaturas
as measured in the supply pipe just hefore the nozzle should be between
25 F as a minimum and 102 F as a maximum with 95 F the desirable -
temperature for a comfortable shower, Reasonably warm water was
found desirable for adequate quick cleaning. The temparatura of the
shower spray siriking the body was found o be 5 to 15 dagress lower
than the temperature at the nozzle, dapending on the distance of the
parts of the bocy from the nozzle, as shown in Figure 28,

A coarsy spray with water pellets at a relatively high valocity,
as shown in Figure 29, was found to be most effective. The flow pres-
sura at the head should be at least 20 psi, which is required for satis-
factory oparation of most spray heads. Special low-pressurs heads are
available and should ba obtained for conditions whaere the static pres-
sure is 15 psi or less,

With tha proper spray, 3.5 gpm per shower head is satisfactory
for daconfaminating. When one head is used, it shouid be shoulder to
& ft high with an angle 30 degrees from the wall. If water can be .
spared, o second nozzle is halpful at waist height., When three nozzles
are ic ba usod, the most effective location for the third one is diractly
overhead, us shown in Figure 30. A washeloth or brush was found to b=
mora offactive in removing th2 contaminant than hand washing.

A maximum claaning tima of 4 minutes und 23 seconds was taken
for a test ranardt-ss of ¥ nozzl~ or claaning mathods used,

-
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The genera! approach in all thess tests was to prograssively test
the factors thought to affect tha affiziency of bacterial removal, and
to eliminate the least effective mathods. This was done in order to
docraase the number of variables involved. For instance, as soon as
testing showed that the use of a brush was more effective than hand
scrubbing, all subsequent tests were run using a brush.

Spot Contamination Tests

The next test was to davelon a mathod using bacteria without
contamination by an cerosol to reduce the control problem. The
method developed used a spot contamination of the body with a suspen~
sion of A, aerogenes in buffered dilute nutrient agar. It is thought that
this method Tesults in a tenacious contamination at least as difficult to
remove as an gerosol contamination.

in this second set of studies, a saries of tests was run using spot
contamination on the chest and one lag. Bacterial counts were obtained
from the contaminated spots bafore and after showering. The after-showering
samples were taken before drying to eliminate the toweling variable.
Anoiher series was run using a single spot contamination on the center
of the chest, with bacterial counts being obtained at the contaminated
area and on three uncontaminated areas at various locations an the upper
body. These areas were located at a point five inches to the left and
above the center of the chest; five inches directly below center chest;
and twelve inches below and to the right of the center chest,

The single spot contamination series was much more valuable as
this test method showed whether contamination had been effectively
loosened and rinsed away or had been merely spread around.

, Bactorial counts ware obtained by swabbing the selacted skin areas
with starile cotton swabs which then were placed in sterile water bottles,
The bottles were shaken thoraughly and samples plated in nutrient agar
ond incubated at 30 C for 24 hours bafore counting. Counts racorded
were the total count for the area swabbed which was approximately

235q in.

Duplicate tests of each shower technique were run. Although this
gave insufficient data for confirmed conclusions, the results were indicative
and the more complate tests made during the simulated BW attack were
based an these results.

The following saquance of scrubbing and rinsing was used for all
showering tests. The entire body was soapad and scrubbed, starting
with the head hair and working down. Each body area was completely
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serubbad before moving to the next area so that there was no opportunity 2
for missing any parts. Rinsing was deferred until seap serubbing was

completed. The same sequen. « was followed during rinse scrubbing

and each area being rinsed was turned directly toward the water stream

and the area thoroughly scrubbed with the hend, washeloth, or brush.

Approxir?utely one minute was devoted to rinsing., Hexachloraphene

bar soap’ was used throughout the test whenever soap was used.

The shower stall used during the tests was approximately 34 in. sq.
While this is ample for normal use, it proved annoyingly small when
used for detarmined scrubbing. A 36" x 42" stall is recommended as
minimum size.

Of the spray nozzles tested, all were of 1/2-in. pipe size,
except the Speakman "Emergency" head which was 1-in. Flow-pressure
characteristics for most of the shower heads and spray nozzles were
obtained and the results are plotted in Figure 31. On this Figure the
spray nozzles tested are indicated as follows:

A - Logan Standard "Wizard" ~ fine spray

B - Repcal "April Shower" B~1147 - medium spray

C - logan Standard "Wizard" - coarse spray

D - Chicago Faucet "Brownie" 620~B - medium spray
E ~ Logan Low Pressure "Wizard" - fine spray

F - American-Standard "Boyd" B--266 - medium spray
G - Repcal "Presto" - medium spray

H - Crane 9-221 "Economy" -~ medium spray

J ~ Crane 9~238 "Rainbeau" - coarse spray

K - Wizard "Low Pressure" - coarse spray

L - Price~Pfister "Perfect Spray" - coarse spray

M=~ Speakman *Anystream" - coarse spray

N - Speakman "Emergency" - deluge type (1-in. IPS)

*

The Price~Pfister "Perfect Spray" is shown in Figure 32, the Speakman
1-in. IPS "Emergency" head with spray is shown in Figure 33. Figure 34
shows the Spackman "Anystream" with coarse spray patterr.. The Logan
Standard "Wizard" 1s displayed with coarse spray patterss in Figure 35.

The instrumentation for the shower tests is shown on Figure 36.
It includes integrating and indicating flow meters for three showers,
a hot-and-cold-water mixing valve, a prassure regulator, thermometerss,
and indicating and recording pressure gages

{1
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Results of Spot Contamination Tests

Figure 37 indicates the approximate effects of various methods
of soaping and scrubbing at various water pressures and flows with
continuous and intermittent operation.

These tests indicated that contamination was not properly removed
from the legs when a single, shoulder-high, shower head is used and that
a serub brush with soap isithe most effective way to cleanse the body .

No final conclusions may be drawn regarding exact water tempsaratures,

pressures, or flow rates, although certain mintmums are discernible.
It is felt that, although no decisive results were obtained, it is important
that the water temperature be warm enough for comfort. It is also

. ‘concluded that at lsast 4 minutes Is required.

The sponge and bucket method was fairly effective but required
a longer time and savas only about 1,5 gallens of water. It Is awkward
and requires greater care in execution.

During the spot contamination tests, the following shoulder~high
single shower heads produced the best results with soap and brush washing,
95 F water, and a coarse, high-velocity spray:

Logan "Standard, " 3.5 gpm at A0 psi, continuous operation.

Crane "Rainbeau, " 4.8 gpm at 20 psi, continuous operation.

Logan "Standard, " 4.4 gpm at 60 psi, continuous operation.

Logan "Standard, " 3.5 gpm at 40 psi, intermittent operation,
wet-down period - 15 sec, rinse period - | min.

W —

Since the performance ratings of the shower heads and spray nozzles

are not based on a particular design but on flow~pressure characteristics,
shower nozzles of other manufacturers which have similar flow rates and
spray patterns may be equally acceptable.

PORTABLE AIR LOCK WITH AND WITHOUT SHOWER

The Bureau of Yards and Docks has developed a portable air lock
designed to be attached to the entrance of a standard barracks or other
building designated as a protective shelter under the Slanting Construc-
tion Program for protective shelters, A portable collective protector,
installed to pressurize all or part of the building, will complete the
protection of such a building.
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The air locks both with ¢nd without shower are made of plywood
and mounted on skids. Figure 3u shows a portable air lock wiih shower
connectad to the test building by an adjustable canvas and frame con-
nection. This canvas connection is shown in Figure 39. Figure 40
shows the air tock antrance, while Figure 41 shows personnel entaring
the portable air lock during tha simulated BW attack. The manner in
which contaminated clothing was discardad from the outer air lock is
shown in Figure 42, the air reiief valve can be seen above the
¢lothing door and the hose drain is shown on the ground. Power,
water, and sampling connections were also provided. Detaijls of the
consiruction features may be obtained from the drawings 7,

The Test

The portable air lock with shower was used for entrance of
personnel to the pressurized building in the same manner as entrance
was made through the permanent air-lock system during the previous
tests. Building pressure was 0.6 in. water and the pressures through ‘
the portable air lock were successively reduced to 0.3 in. water in
the outer chamber, Air was exhiausted through the air lock at the :

rate of approximately 350 cfm. Little difficulty was experienced
with this structure , .

The BW evaluation of the portable air lock was conducted by
Comp Detrick personnel. The results of these tests may be found in
their report, but it can be stated that the tests were favorable.

Caustruction Recommendations

The prototype was constructed to evaluate its performance and
design prior to final approval and quantity production. The following
parcgraphs !ist o number of recemmendations for improvement:

The hinges and socket for the anti-back~draft pressure-relief
valve should be spot welded in order t» minimize buckling ef the door
p|afe6. The hood should be designed for a 30-dagree opening of the

door. This would provide ample capacity and decrease back-draft
problems.

The clothing pass-daor frame should be redesignad to mount the
spring catch on the wall and the keeper on the dooi. A handle sheuld
be provided on the door for positive closure. The clothing pass-door
in the inner air lock can be eliminated as it Is not required in the
decontamination process.

R P — L — e I ———
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The air regulators, shown in Figure 39, between the inner air
locks and the shower have metal wing screws threaded into a fiber-
beard frame. These would not hold. It is suggested that the fiber-
board frame be replaced with a metal frame.

The air-lock doors hq}d a 1-in. lap door stop, Detail DCC,
Elevation F on the drawing’ . It is recommended that this overiap
ba reduced to 1/2 in. which is stondard, os the 1-in. overlap
interfered with the operaticn of the door knob and necessitated a
cutout as shown in Figure 40. Weatherstripping of the exterior door
only is required, and could be eliminated on the inner doors as a
matter of economy if the doors are well fitting.

The air locks were designed to use a standard 8-ft length of
plywood. This provides greater weight and bulk and because of the
increased size, fowers the air velocity through the locks which is
undesirable. The structure would be more effective if its height were
roduced by 12 inches. This would still pemmit the use of 6~ft 8-in.
doors and a canvas frame and connection o a building door of
7~ft height.

The shower~head cutlet is shown on the drawing at 6 ft 1 in.
above tha floor. This should be specified at 5 ft 8 in. for mere
efficient showering. A soap dish and brush hook should be provided
in the shower,

The portable air lock with shower in other respects appaars
well=constructed for the purpose intendad. lts field of application
Is extensive and it chould be effective in the accomplishment of its
objective,

ELECTROSTATIC PRECIPITATOR TEST

The electrostatic precipitator is especially well adapted for the
ramoval of small particulate matter from air streams. It offers advantages
of high capacity, high efficiency of removal of small particulates, and
low cleaning and replacement casts. High efficiencies are obtainad hy
allowing suitable time fer contact in the collector zone, and by proper
ratio of alrflow velocity to that of transmission velocity of the negatively
charged particles toward the positive-charged collector plates. Com-
mercial designs available were not intended for absolute filtration, hut
some have givan efficiancies as high as 99 par cent at velocities of
about 100 fam using special cleaning mathods 17+
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The Naval Research Lotoratory, in cooperation with the
Westinghouse Corporation, developed a prototype high-performance
electrostatic filter based on commercial design!!. Through arrange-
ments made by the Bureau of Yards and Docks, two modified Westing-
house V-22 vertical~type precipitators were obtained for tests at this
Laboratory. These units, when used separately and without the modifica-
tions, have o commercial rating of 1330 ofm o 20 per cent efficienay.
The cross-sectional area is 4 sq ft. The rating is, therefore, at a
velocity of 332 fpm. The modification consists principally of sponge-
rubbar packing intended to reduce or eliminate bypassing of the air
stream around the ionizer and plate sections. No prefilters were
provided for the units.

The building selected for the field test of these units was a
20x50-ft Armco Ammunition Hut, modified for use as a temporary
prohecﬂves‘sheli’er1 . It is shown in Figure 43, The sealed building
was to be pressurized to 0.6 in. of water at airflow rates of 800 and
1200 ¢fm, corresponding to 200 and 300 fpm. Figure 44 shows the
installation of the double~inlet, double~width centrifugal blower
mounted over a variable-spaad motor drive.,

This blowar delivers air io a duct and control valve within the
building, as shown on Figure 45, To this duct is connected a 9-in.~
diameter measuring section equipped with pitot tube and inclined
manometer for measuring airflow in accordance with ASME and ASHVE
standards. Beyond the measuring duct are the two electrostatic filters,
connected in series and discharging into the shelter (Figure 46). The
over-all length of the duct from the fan, and including the precipitators,

is 25 ft. A type S power pack is shown on the stand with the manometer .

All controls were loecated within the building.

Since the air-lock system was inoperative for these tests, it was
necessary to install Chemical Corps anti-back-draft relief valves to
discharge the air in excess of the normal building leakage. it has been
Jetermined by previous tests'4 that the air leakage of this structure was
cpproximately 200 cfm.

During the test, the ionizer voliuge was 14,000 and the plate
6,000. Evary effort was made to seal around high-tension extarnal-
cusing bushings and between the filters to prevent leakage. The
collector plates were sprayed with Type F adhasive in accordance
with the manufacturer's recommendations.
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Two simulated BW attacks were canducted on the building
pressurized to 0.6 in. water at airflow rates of 800 and 1200 cfm,
with the protective features, as described above, in operation. This
work was completed by Camp Detrick personnel. Their comments and
the results of these tests are recorded in Special Report No, 1717,
The pressure drop across the precipitrons at various airflows is given
in Flgure 47.

It is recommended that for practical purposes of maintenance and
application of the adhesive, this type of precipitator be installed for
vertical airflow. It is further recommended that any installation in-
clude prefilters to protect the electrostatic filters from overloading by
larger dust particles.

RESULTS AND DISCUSSION

The scope of the tests and the results obtained were much more
extensive than those of the original tests on the temparary protective
shelter. A number of comparisons can be made and conclusions drawn.

Sealing

A selection of sealing materials suitable for various applications
have been tested and found suitable for sealing requirements. The
results obtained from these tests proved that strippable plastic cocoon
material is the most satisfactory sealing agent, and can be applied by
inexperienced personnel in the shortest time.

The tests Indieated that almest any semipermanent or permanent
typs building, even of relatively large size can be sealed effectively,
Sealing was not found necessary over surfaces or normal construction .
joints, but was required around loosely fitting windows, utility piping,
and wiring outlets.

Pressurization

The results obtained from pressurization studies showed that under
prassurization, the whole structure acts somewhat like a sieve or
strainer and air is forced out through fissures and crevices not visible
to tha eye. The higher the pressurization, the higher the leakage.
Even with no pressurization and with cracks and joints sealed, there
is @ considerable air change by leakage ventilation amounting to
about one~half an uir change per hour for normal: frame construction.
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This value depends on wind pressure and temperature difference. The
leakage 15 sufficient to provide the necessary air for considerable
personnel in a building closed for the short periods of an attack.

Optimum Pressurization

These tests wers unique (former tests were confinad to pressuriza-
tion of 0.6 in.) and indicared rhat pressurizarion of considerabiy iess
than 0.6 in. of water would provide the desired protection with a saving
in operating and fan and filtering equipment cost. The optimum pres~
sure is probably about 0.1 in. unless future tests determine that a higher
pressure is required for operation of the air locks. '

Filter Frames and Collective Protectors

The Bureau of Yards and Docks pressurized filter plenum is dif-
ficult to construct, requires too much space, and is too heavy.

The filter frame developed by the Laboratory has these advantages:
space, flexibility, and fabrication.

The Chemical Corps E-35 collective protector, delivering 5000 cfm
at approximately 3.0 in. waier pressure drop, equipped witha 7.5 hp,
L.J. Wing Form 15A45 axlial fan, proved satisfactory and preferable for
the pressurization of the 50,000~-cu ft test building. It afforded the
desired protection under the simulated BW attacks. Some further minor
developments and product design may be desirable for quantity production.

Decontamination Showers

A definite technique of showering, soaping, brush scrubbing, and
rinsing has now been developed and proven effective. Suitable shower
heads and spray patterns have been determined together with desirable
water quontifies, temperatures, pressures, and nozzle arrangemants,

Generally a 4-minute shower from a single coarse spray head
located at shoulder height in an angular position, and delivering @
minimoem of 3.5 gpm of water at 40 psi and 95 F is necessary, together
with brush scrubbing and antiseptic soap.

Pertable Air Locks q_r)dﬂShowers

The prototype portable air lock with shower that was tested was
found generally acceptable and effective. A number of minor construction
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features have been recommended for chunge before distribution of plans
for manufacture in quantities.

This equipment should be most effective in the program of slanting
new permanent type construction toward emergency cenversion to person-
nel shelters for ABC defense and for the adaptation of existing structures
for that purpace,

Electrostatic Procipitator

The electrostatic precipitator tested was the result of development
initiated by the Mayval Research Laboratory. 1t represents an improvement
over commercial designs, with particular emphasis on the sealing of air
passages which bypass the elements, Simulated BW tests were run at
800 and 1200 cfm and confirmed the fact that adequate protection against
particulate matter or bacteria could be obtained with equipment of this
type If velocities were not over 200 to 300 fpm.

CONCLUSIONS

A number of conclusions may be drawn as a result of fhasd Invastige-
tions and tests:

1. Framed structures not originally intended to be used as protective
shelters can be converted for this use when sealed and pressurized. Sealing
materials are available for the various applications and can be applied
readily with unskilled help at low cost. Collective protector designs
are available in various sizes up to 5000 cfm for supplying uncontaminated
pressurized air. They are compact, lightweight, and flexible, for use
singly or in batteries as the need demands.

2. Where pressurization of structures is to be accomplished by the
use of separate filters and fans, the partition-type filter frame, using
materials low on the critical 1ist, has been developed to give negative
Isakage around the filter.

3. Considerably less alr is needed for prossurization as the pres~
surization requirement is lowered: less air and lower prassurization
meun o saving in power and equipment cost, Many installations using
low ventilation rates and selected commercial filters can now be de~
signed or converted to provide protection, for round-the-clock opera-
tion, against hazardous particulate matter. Since attacks are usually
of short duration, alarm arrangements could be 'nade to shut down and
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close the ventilation system during an attack, or to bypass ventilation '
air through a gas and vapor adso per. Such a system would be of

particular advantage in critical government offices or military head-

quuiters of a permanent nature, and would afford limited protection

against a sneak chemical or biological attack by filtration through

commercial filters currently on the market.

4. Pressurization in the order of 0.1 in. of water was effective
in the protective sheiter fested. This pressurization may be udequaie
for other applications.

5. Evaluation tests of the portable air lock indicate that a
satisfactory design, subject to minor modifications, is ready for
standardization and production. These air locks may be used for the
ready conversion of buildings into protective shelters in the slanting
construction program for ABC defense.

6. Results of the shower tests indicate that effective showering
techniques and shower equipment for decontamination purposes have

been developed.

7. The electrostatic precipitator as developed and tested for
protection against solid and liquid particulates is effective. Although
tests within the scope of this report were made only with a BW simulant,
the statement made relative to narticulate matter in general should hold.
Liquid particulates of high vapor pressure may be expected to vaporize
and pass through the precipitator. This device affords a means of filter-
ing a relatively large quuntity of air in a small cioss-sectional area and
gives commensurate performance to that of the Chemical Corps paper
filter. It has low resistance and power requirements, and has an
efficiency of 992.9 or more at velocities of 200 to 300 fpm, depending
on the humidity and arrangement of the precipitators. It should, how-
ever, be used with o commercial prefilier to remove coarse material
and lengthen the perind between cleaning

RECOMMENDATIONS

it 1s recommended that the program of slanting design and con-
struction of new military bulldings toward later canversion into person-
nel shelters be emphasized.

The prototype poriable shower and alr lock should be modified in
accordance with suggestions contained herein, and the portable air focks
ot the plans for them made available to all interested activities.
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It is recommended that approximately four air changes per minutz
be provided In the entrance air locks.

The Chemical Corps E-35 collective protector, capacity 5000 cfim,
should be developed in a series of sizes and standardized for production
with either motor or engine drive. A commercial prefilter of the coatad
impingement type, or equivalent, should be provided in the device.

N fefa . o_a.Be_ . b0 d i e . K. alrl S I RO N | DAY Ry W YR
TSR 3IVUIED JVUIU VO HIUUG 1V 111D U [01IWIUW wWITGwi YD Hivize:

Additional research to test the electrostatic precipitators with
radioactive tracers, and to investigate and determine the most suitable
prefilter for this equipment, is indicated.

An investigation shouid be made to determine the effectiveness
of commercial impingement and self-charging electrostatic filters for
use in ABC warfare. This should be done with a view to substituting
a commercial, lower-efficiency fiiter for continuous use in liou of an
absolute paper filter or collective protector, sither of which is suitable
only for limited operation during periods of imminent biolegical attack.

Research relative to sealed, closed shelter occupancy and effects
on subjects over periods should be undertaken to study various methods
of oxygen supply, carbon-dioxide removal, and odor control.

Tests should be conducted on various ather types of buildings to !
prove or disprove that pressurization to 0.1 in. of water effective in
the bullding tested, is valid.

Subsequent editions of the U.S. Navy Biological Warfare Defense
Manual, NAVDOCKS TP-PL-4", and similar publications, should
include the recommendations on sealing, pressurization, and showering.
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Figure 3. Sealing around pipes passing through celotex
ceiling.
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Figure 4. General appearance of the test building.
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Figure 6. Sliding type window construction.
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Figure 7. lsometric view of pressurized filter plenum.
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.o Figure 8. Pressurized filter plenum in place.
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Figure 10, Construction of unit type pressurized
filter frome.

Figure 11, Quick acting cam and lever filter-retaining
device.
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Figure 18. Entrance to outer alr=lock and flow~
measurement duct of air-lock exhaust.
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Figure 19. Wind pressure chart,

Prossure (P) ~ Lb per sq #




Figure 21, Pressurization airflow-measuring duct.
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Figure 22. Instrumentation for the determination of
electrical power input to pressurization
fan motor.

Figure 23. Inclined manometers and valved
manifold for measuring pressurization.
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Figure 24, Resistance to airflow of 21 filters and adsorbers in plenum.
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Figure 26. E-35 collective protector.
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Figure 27. Resistance to airflow of E--35 collective protector.
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Logan Standard "Wizard" shower

head and spray.

Figure 35.

Figure 34. Speakmon "Aaystream" shower

head and spray.
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Figure 36.

Instrumentation used in shower tests.




COMPARATIVE CONDITIONS RESULTS

USE OF SOAP |
without soap Bl

wirh soop JRES
USE OF BRUSH

soap only
soap and brush
WATER PRESSURE AND FLOW §
20 psi - 2,4 gmp
40 psi - 3.5 gmp
60 psi ~ 4.4 gmp
WATER SAVING METHODS

continuous 15 gal

40 psi - 3.5 ;
psi amp iwef and rinse 5 gal 8 -

sponge and bucket 3 gal iR

WATER FLOW
20 psi - 2.4 gmp

20 psi ~ 4,7 gmp

10 15 20
Bacteria count x 1000

Bacteria count Is sum of average residual count on contaminated spot and
average of count increase on three uncontaminated areas, sach 2 sq in,, be~

fore toweling. Initial contamination - 300,000 to 500,000 bacteria per 2 sq in.

Figure 37. Evaluation of shawer techniques.
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Figure 38.

Portable air lock and shower connected to
test building.

.
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Figure 39. Portable air lock from shower end,

showing canvas connection te building.




k under test.

Figure 41. Portable air lox

Figure 40. Portable air lock from outer air

lock end.
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Figure 42. Portable air lock in use during test,
showing discarded contaminated

. clothing.

Figure 43. Temporary proiective shelter equipped with
electrostatic precipitator,

-




Figure 44. Air intake fan mounted on temporary protective
shelter.

Figure 45. Air duct and flow control valve in
temparary protective shelter.,
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Figure 46. Electrostatic precipitators installed
in temporary protective shelter for
test.




o, PO el N A

61

Airflow - x 100 cfm

0 0.1 0.2 0.3
Pressure drop - In, water

Figure 47. Resistance to airflow of two electrostatic precipitators.
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