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ABSTRACT

The design details, cost analysis and performance characteristics
are presented for small, partially-underground fallout shelters utilized
as manned stations during & nuclear weapon effects test. Four men
occupied each shelter and operated radiation measurement and fallout
collection instruments.

Two types of shelters were designed to withstand predicted over-
pressures: Type I for a l-psi overpressure and Type II for a 5-psi
overpressure. The basic structure consisted of an 8-ft diameter, 10-Tt
long, l2-gage corrugated steel, multi-plate pipe. A steel entrunceway
incorporating two right-angle turns provided access to the basic struc-
ture. Depending upon the amount of soll backfill, fallout gamme radia-
tion protection factors up to 470,000 were obtained.

The overall performance of the shelters under the conditions ex-
verienced was excellent. It is suggested that shelters of this type
have application not only for use as manned stations in nuclear weapon
testing but can be adapted as well for use in residential areas as
single-family fallout shelters.




Problem

To present the design specifications, cost analysis and performance
characteristics of L-man fallout shelters used as manned stations to
obtain experimental measurements during s nucleer weapon effects test.

Pindings

Six 4-man shelters installed at the Nevada Test Site afforded pro-
tection, during fallout in a nuclciar weapon effects test, to ypersonnel
operating instruments and collectors.

The design specifications, cost analysis and performance character-
istics vere detemined. To meet the design specifications for the pre-
dicted overpressures, & Type I shelter was degigned for a l-psi over-
pressure and a Type II shelter was designed for a 5-psi overpressure.

Depending upon the amount of soil backfill, fallout gamme radiation
protection factors up to 470,000 were obtained.

Shelters of this type have applications not only for usec as manned

stations in nuclear weapon testing out could be adapted as well for
use in residential areas as single femily fallout shelters.
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SECTION 1

INTRODUCTION

Redioactive fallout collection and gross sample analysis were
recently completed by this laboratory during a nuclear weapon effects
test at the Nevada Test Site. A major obJective of the project was to
measuwre, during fallout, the deposition dynanics of the event involvirg
errival time, mazs Qormnitie= rate, ond tLi of cessation. The short
lead-tine and unavailability of adequate "on the shelf" automatic instru-
mentation to measure the dynamics of the fallout event led to the choice
of utilizing manned stations in the fallout path. From these manned
stations, personnel were able to manually control the opening and clos-
ing of fallout collectors and start gamma-mneasuring instrumentation
during the actual fallout event.

To satisf{y the objectives of the project, six k-man shelters were
designed, fabricated and instaliled at the Nevada Test Site. This lab-
oratory has had experience in the desisn and operation of the manned
shipboard stations at Operation Wigwam,l Castle® and Redwing.3 The
design and cperatiop of a manned faliout shelter was proof-tested at
Operation Plumbbob.® The laboratory has also pioneered in developing
the basic concepts of fallout shelter design,5:6 performance and manage-
ment.

It is the purpose oi this report to present the design srecifications
and construction costs of the fallout shelters, to describe their perform-
ance, and to point out the adaptability of structures of this type as
single-Tamily fallout shelters.
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SECTION 2

SHELTER SPECIFICATIONS

The fallout shelters utilized as manned stations were located as
shown in Table 2.1 tc maximize the probability of having one or more
manned stations in the fallout pattern and thus enable personnel manning
the shelters to control fallout collection and measuring instruments
located in the extensive sampling array. The shelter specifications
considered ror each location the following factors: (1) initial weapons
effects, (2) fallout effects, and (3) habitability requirements.

TABLE 2.1

Initial Weapons Effects
(Based on 2-KT Surface Burst)

Shelter Distance From Ground Maximun Thermal Initial

2ero (feet) Overpressure Prdiations
Planned installed (1v/1n2) (cal/cm?) Germe Neutron

(r)  (rem)
3 h,m 4,500 1.5 3 34 16

82 8,000 7,200 0.6 l 2 < 0.2
S3 12,000 5,900 0.3 0.3 0.2 ©
Sh 16,000 15,600 0.2 ~ 0 ~ 0 0
85 26,000 25,400 0.1 0 0 0
86 26,000 28,000 0.1 0 0 0




2.1 INITIAL WEAPON EFFECTS

Table 2.1 lists, for each planned shelter location, estimates of
blast overpressures, thermal eifects, and initial gamme and neutron
radiations. The estimates were based on data from the Effects of lNuclear
Veapors, 19627 for a 2-KT surface burst.

The gamma dose and 1-hr gamma ionization rates at exposed positions
along the downwind axis ol the predicted fallout pattern were estimated
to determine the shieldinz requirements for each shelter. The fallout
pattern wus based on a pre-publication version of a simplified fallout
nodel .Y The calculated doscs shown ln Teble 2.2 for cach of the planned
shelter locations were further adjusted to conform with J&ngle9 monitor-
inz data which led to hisher accwmlated doses than those predicted from
the model. The times of jcaik radiction and cessation were taken from
reierence. 10

A cimple estimate of ihe shielding required at the shelters, o be
cchicved by means of attenus.iun of the vamme radictions through carth,
was made by using the dose transmission curves in relercnce 7. Using
a aximun expected stay time of 72 hours and allowing shelter personnel
a total dose during cccupancy of 100 -2, the dose transmission factors
(DTF) for each sheltcr obiained by Eq. 1 arc presented in Table 2.3.
The reciprocal of the DTF or protection factors (PF) are also iven.

allowable dose
DIF = potential dose (1)

Fran the DIF curves {n refercnce 7, the thisiness of earth having
8 density of 100 1bs/ot3 that will give the necessary attenuat.on Irom
o point o redietion sowrce {5 also presented {in Table 2.2 for each
shelter location. The DTF obtained for the dose in the LO00-rt sheiter
(G1) was also used Jor the ‘000<It shelter {S2), since the "saddle effcet”
credicted by the sinplificd Tallout madel a% thic location, as shown by
‘he dose and dose retes in Tables 2.2 and 2.3, had not been verified
sor small-yield events.




TABLE 2.2

Planning Values for the Manned Stations
{2 KT-Surface Burst, 15-MPH Wind end No Shear)

51 Se S3 sk S5 g6

4,000 8,000 12,000 18,000 26,000 26,000
£t £t £t £t £t It
Time of Ariival (min) 3 6 9 13 20 20
Time o. Peak (min) 6 12 13 27 Lo 40
Time of Cessation (iin) 37 60 80 106 138 178
Max Field D. : Rate 4,700 110 310 %2 63 63
(r/nr)
Field Dose Rate at 2,900 75 212 100 L6 L6
Cessation (r/hr)
Field Dose Rate at 1,650 75 305 21k 150 150
H+1 hr (r/hr)
Dose to Cessation (r) 2,100 & 290 172 o7 97
Dose to H+l (r) 3,000 8 207 75 23 23
Dose to H+72 (r) 7,700 296 1,070 640 360 360
Dose to o (r) 11,200 455 1,700 1,060 630 630
TABIE 2.3

Dose Transwission and Protection Factors Required at
Shelters and Inches of Ecrth {100 lbs/ft3) to Provide Required FPF

— o e migm e e =t e = — o I e R N e e R e R o ey e e M oapaiase g oy grs s yr g caqund

Skelter

Potential

Allowsble Dosge

DIF PF Inches of
Dose to During Shelter Earth
H+72 {r) Cccupancy 100 1b/ft3
(r)
51 7,700 0.1 1.3 x 1072 77,000 120
s2 296 0.1 3.0 x 104 2,960 90
s3 1,070 0.1 9.k x 1072 10,700 95
St 40 0.1 1.5 x 0% 6L00 0
S5 360 0.1 2.3 x 104 3,600 85
s6 360 0.1 2.3 x 0% 3,600 8




2.3 HABITABILITY REQUIREMENTS

Habitability has to do with the maintenance of suitable environ-
mental conditions within the shelter during the period of occupancy.
The occupancy time in each shelter is also dependent upon the exterior
field gamma dose rate whiclii shelter occupants can enter and traverse
without overexposure to rediatica. In this cperation, personnel were
excluded from any rauiation field in excess of 10 r/hr, and an evacuation
dose of 1 r was permissible. The maximum H+]l hr garma dose rate pre-
dicted at any of the chelter locations as indicated in Table 2.3 is
1650 ¢/hr. The reduction by radiocactive decay of this dose rate to
10 r/hr would take approximately 72 hours. The 1 r evacuation dose
aliowed sufficiert time for evacuation in the 10 r/hr field. Habita-
bility requirements for the shelters were ccnsequently based on a mini-
men shelter cccupency of T2 hours.

Durirng this period, temperature, humidity and air purity must be
maintained a2t levels consistent with human endurance. Shelter occupents
must also be provided with food, vater and other living necessities,
such &s sleeping and sanitation facilitles, for the desired length of
occupancy. Detailed information on habitability requirements and accom-
modations can be found in references 5 and 6.
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SECTION 3

DESIGN DETAILS
3.1 PROTOTYPE SHELTER

A prototype sheiter was fabricated and installed at the USNRDL
Field Test Station at Camp Parks, Califomia, prior to the production
of the six shelters required for the weapon effects tesi., Direct
measurements (described in Section 4.1) were made of the shielding
afforded by the prototype shelter and entrance design. In addition
the proposed manually opersted sample collecting system was evaluated.

Experience gained in the fabrication, installation and operation
of the prototype was incorporated into the final design of the field
shelters. These are discussed in the following sections. To meet the
design specifications for the predicted overpressures, a Type I shelter
was designed for a l-psi overpressure and & Type II shelter was designed
for a 5-psi overpressure. Type II shelters were installed at S1 and S2,
Type I shelters were installed at S3, S, S5 and S6. Specifications
for the shelter are indicated on the applicable drawings in Appendix A.
A cuteway view of the shelter is shown in Fig. 3.1.

3.2 BASIC STRUCTURE

Pregtous experience with gsemi-circular underground fallout shel-
tersh:5: led to investigations for using similar circular structures.
An evaluation of various tubular sections was conducted. The Armco®*
corrugated multi-plate pipe was selected.

¥Armco Drainage and Metal Products, Middletown, Ohio.




Fig. 3.1 Cutaway View of Shelter




In the final design (Figs. A.1 and A.2, Appendix A), the basic
structure consisted of an 8 ft diameter, 12-gage corrugated steel multi-
plate pipe. In the Type I shelters the 10-gage rear bulkhead was heavily
reinforced by two vertical 6 in. I-beams and transverse headers of the
same slize steel. The forward bulkhead was also 10 gage and stiffening
was provided by the entranceway. In the Type II shelters, 3/16-in.
bulkheads were used.

The 4 £t wide x 3 £t long floor was 3/k-in. plywood supported on
2-in. x b-in. Joists resting 7 in. from the bottom of the multi-plate
pipe. Plywood benches 2 ft wide x 8§ ft long were installed with angle
bars on the sides of the circular pipe. A 4-ft aisle was left for
working spece.

A simple 26-in. x 75~in. standard wood door equipped with a simple
latch was installed in the bulkhead of the basic structure at the en-
trance end. Since the main access door was designed as a blast-resist-
ant door, no attempt was made tc make this internal door air-tight.
Figure 3.2 is an interior view of the shelter area showing access door
and benches.

3.3 ENTRANCE

The entrance design considered the following factors: (1) two
right-angle turns to provide the necessary gamma attenuation, (2)
shallow placement of basic structure and (3) ease of access for instal-
lation of equipment.

The entrance was made in two pleces for ease of handling and ship-
ment., One rectangular piece, 3 ft wide, 7 ft high and 6 f£t, 9 in. long,
vas welded directly to the end bulkhead of the shelter structurc (Fig.
A.1l). The end jJoints of each entrance section were drilled for 1/2-in.
bolts, 6-in. on center on all four sides. Gasket material was used to
make the assembled entranceway water-tight. The sccond section (Fig.
A.3) of the entrance formed a right angle on the horizontal plane with
the fixed section and angled upward at approximately 30 degrees. GSteps
were fabricated from raised steel plate for this section and were welded
in place. Type I shelters were tabricated out of 1/3-in. steel plate
end the Type II shelters were fabricated out of 3/16-1n. stecl plate,
Structural stiffening was accomplished with 3 x 3 x 1/b-in. angles in
Type 1 entranceways and L-in. I-beams in Type II entranceways.




Fiz. 3.2 A View of Shelter Area Showing Access Door and Benches (looii-
ing Jorward). The reclangular aperature on the right is the ventilation
intai.c; the exhaust duct is to the left of the door.
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At the top of the entrence steps, a metal blast- and fire-resist-
ant door ves fitted 30 degrees to the horizontal. Because
of this mounting angle, the metal door had to be lightweight to allow
a person of average strength to open it. To obtain the lightness and
strength required, an aircrall fabrication technique was employed 1n
vhich two 16-gage black iron mating pans were glued over an aluminum
honeycamb core with a high tensile strength epoxy cement. Design speci-
fications of similar doors using 18-gage plate are given in reference 6.

The door was lung with marine-type loose pin hinges. Closure
against a metal coaming covered with a formed rubber gasket was effected
by dog clamps. Because of warpeges resulting from incorrecc fabrication
processes, sponge rubber adhesive weatherstripping wvas added to the door
to insure an air-tight fit. Figure 3.3 is a view of the entrance assem-
bled to the basic structure.

3.4 BIAST ARALYSIS

Since a fallout shelter requires a considerable thickness of material

for shielding against gamme radiation, substantial protection against
air dblast is provided at small additional cost. Protection against the
overpressures anticipated at the shelter locations was readily achieved
by providing adequate strength at entrance and ventilation openirgs.
The maximum anticipated overpressure, as indicated in Table 2.1 was 1.5
pel for the closest shelters, Sl and S2. These shelters vere therefore
designed for 5-psi overpressure to provide a safety margin, and the
remaining four were designed for 1 psi.

The blast analysis was approached in two ways. The basic structure
vas ed as a pressure vessel under a simulated hydrostatic pressure
under (1) inelastic and (2) elastic conditions. Results varied widely
due primarily to the fact that there was no direct formula to account
for the corrugations vhich unquestionadbly added to the strength of the
structure. The analysis of the structure wes resolved by taking actual
load test results with combined dead and live loads. Using the recom-
mendations offered by the AASHO* "Standard Specifications™, the H-20
type road losiing wvas adopted as the criteria of strength. PFurther
data for approved maximum loads wag secured from the Armmco Co. Total
safe loading was then converted to actual pressure upon the structure
using & fidber strength velue of 20,000 pei.

¥American Association State Highway Officials.




Fig. 3.3 The Assembled Entrance and Basic Structure




Table 3.1 presents the maximum overpressures as derived from the
analysis that the shelters are capable of absorbing with no deformation.
The calculated resistance values using standard formulae, are for the
following conditions:

sa) shelter burial depth - 5 ft 6 in. (see Fig. A.6)

b) compacted backfill of 3 ft on Type I shelter, 5 £t on Type II
shelter

éc) soil density - 100 lbs/ft3

d) angle of repose of soil - 45°

The reflected pressure was calculated from the equation in reference 11.
Pr = Po (2 + Po/20)

where Pr = reflected overpressure in Ilbs/in2
Po - amhient overpressure in lbs/in®

In solving for the end bulkhead resistance, *he problem reduced to
the case of a flat plate with edges fixed under unilorm loa? pressure
over the entire surface. The addition of stiffeners was solved jointly
by superposition. Greatest stress was obtained at the restrained edge.
where the radial stress was the governing factor.

The entrenceway vas handled in a similar manner, except that the
structure was designed to the minimum allowable overpressures. This
kept the cost to a minimum and provided a lighter weight unit. Reduced
veight was aided in the rigging and assembling of the bully components
in the field.

3.5 VENTIIATION

The ventilation system (Fig. A.5) was designed to provide a totsl
air flow rate of 200 cfm, or 50 cfm for each of the four people manning
the shelter. The exterior ducts (Fig. 3.4) were of 4-in. standard vipe
ard the interior ducts were of 20-gage sheet steel. Both intale and
exhaust ducts led into the shelter space proper via the entranceway and
terminated on the {orward bulkhead {Fig. 3.1). This design resulted in
an entranceway which was unventilated but free of contamiration.

The intake bonnet (Fig. 3.k) was 19-1/2 in. in diameter and fixed
to the intake vent. The bonnets of the Type II shelters (51, S2) were




TABLIE 3.1

Summary of Blast Analysis on Shelter Components

Component Material Calculated
Resistance
(psi1)
Shelter Type I
(For 3-ft earth ccver, l-psi Overpressure
and Frontal 2.05 Reflected Pressure)
Shelter 10 ga. steel 132
Front Bhd. 1/C in. steel 16.6
Entrance 1/3 in. steel 2.3k
Door 16 ga. steel 35.0
Shelter Type 11
(For 5-ft earth cover, 5-psi Overpressure
and Frontal 11.25 Reflected Overpressure)
Shelter 1C ra. stecl 132
Front Bhd. 3/1C in. steel 19.6
Entrance 3/16 in. cteel 5.09
Door 16 ga. steel 35.0




Pig. 3.0 Ventilation Intake and Exhaust Vents
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made retractable and self-sealing as required for the predicted over-
pressures. A monual pull chain and latch was used to retract the bon-
net. A fiberglass filter was installed in the bonnet to pre-filter the
large quantities of dust generated by vehicular traffic near the shelters.

An absolute-type filter* was employed in the duct system to exclude
radioactive particles from the interior of the shelter. The filter was
encased in a removeble transition plece so it could be readily changed.
The location in the entranceway provided easy access to the filter hous-
inz and was so chosen that earth shielding was available between the
filter and chelter occupants. In addition, in event of blockage of the
intake system, the blast door could have been cracked and air adnitted
to the filter at the transition. Had this happened during fallout some
radicactive particles would have been carried down the entranceway, but
clean air still would have been delivered tc the shelter proper.

A lvyi-volume, 200 cfm high-pressure centrifugal fan was used to
overcone the high head loss in the duct system due to the pressure drop
across the absolute filter. In addition, a by-pass wvas pro-
vided to allow the use of an 30 cm auxiliary hand-powered ventilation
fan, adequate for the four occupants, in case of electrical power failure.
Although the air intake ard exhaust vents werc in proximity, adequat_:
shelter-air mixing was obtained by intake baffling when the power-
driven blower was utilized. During use of the hand-opcrated fan,
better air-mixing could have b»een provided by directing the intake air
to the rear of the shelter via an inexpensive canvas duct.

Tests with the prototype ventilation systems showed that the bulk-
head upon which the fan was mounted acted as a sounding drum in spite
of liberal use of rubber bushingc and gaskets. The noise level was
finally reduced to an uncbjectionable level by spraying the interior
of the bulkhesds in the bagic structure with a l-in. coating of vermi-
culite acoustical material.

The cxhoust system (Fig. 3.4) was simply a L-in. pipe duct that
wos run Jrom the forvard bulkhcad of the shelter to the outside. It
teradnated in an inverted U-gheped loop. Alr exhaust wes effected by
positive pressure in the shelter (supplied by the intake fan) and the
naturel rise of heated air.

#lirm-aire, monufactured by Minc Safety Appliance, Minneapolis, Minn.

licte: In order to insure camplete safety, absolute fi{ltration was em-
played in the intake system. Whether such hervic &ir cleaning
neasures ver: necessary is the cubject of a current study for
the Office of Civil Defense by this laboratory.
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3.6 PMER AND LIGHTING

Electrical power was provided from an external 12.5-KW €0 cycle AC
gasoline-driven motor generator mounted on a 2-wheel trailer. The power
cables were run through a 4-in. standard pipe to the generator contrcl
penel located at the base of the stairs in the entranceway. Provision
vas made {or remote starting, stopping and voltage regulation. The
cenerator was equipped with a 250-gal fuel supply, sufficient for 72
rours of' continuous operation.

Two C<ft fluorescent lamp fixtures (four 40-watt laups) were mounted
over tle worl benches. One incandescent fixture was provided in the
entrance near the generator control panel. Convenience cutlets were
provided on eacn side ol the main working area.

3.7 INSTRUMETATICON PACKAGE

- A periscope, located in the approximate center of the shelter was
installed ifor external viewiny by shelter personnel. Consultation with
optical monulfacturers resulted in the selection of a 7 £t long periscope®
fabricated {roa 1~1/2 in. diu. aluminum tubing. This periscope was
equipped vwith two wrisms and an eye-piece with e magnification factor
of 1, The field of view cf this simple but adequate periscope was 17
degrecc.

Crizinally tre periscope was designed so that it could be rotated
and retracted. lHowever it was concluded in prototype tests that retrac-
tion was unnecessary. A simplified design to hold the periscope in
place vith: the rotational tfeature consisted of an exterior pipe casing
uilti an ordinary pipe coupling attached to the periscope tube. The
xrhernal prism was located 12-10 in. above the earth £ill., In the
shelver o portable stand enabled personnel to use the periscope. Grabv
ran;s vere attached to the shelter on each side of the periscope to
provide the viewer stobility.

The e:xterior jeamma radiation dose rate was measured with a self-
raudlng dosineter and a remote-~reading radiasc. A dosimeter tube of

¥lanufactured by Tlnsley laboratories, Inc., 6th and Pwight Sts.,
Berlcley, Calif.
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l-in. pipe led from the interior of the shelter and terminated 3 f't
above the earth f111 over the swelter. When used to obtain an external
dose rate reading, a dosimeter attached to the end of a rodi was run up
to the measuring position for & timed interval. The upper end of the
dosimeter tube was capped to prevent cortaminant from entering the work-
ing area. The remote-reading radiac (AN/PDR-39) was specially modified
to allow direct readout in the shelter of the exterior dose rate, *

3.8 RABITABILITY PACKAGE

Equipment and supplies necessary for the planned TZ-hr occupancy
are itemized in Table 3.2. A chemical toilet was located in the corner
of the entranceway behind the entrance door to the shelter proper. The
exhaust vent of the chemical toilet was connected to the main exhaust
vent of the shelter. In areas of significant overpressure (shelters S1
and S2) provision was made to connect the toilet exhaust vent to the main
exhaust vent after passage of the blast wave. The bulk of the equipment
and supplies was stored on shelves heneath the work benches in the shel-
ter area.

3.9 INSTALIATION SPECIFICATIONS

The excavation plan for the shelters is shown in Fig. A.6. The
shelters were buried to a depth of 5 ft, 6 in. and backfilled so that
they were covered with the minimum earth cover indicated in Teble 3.3.
Selection of the depth of burial was controlled in this case by a 12 in.
dia. pipe attached to the rear bulkhead of the shelter and leading out-
side to a fallout collection platform. This pipe was for the manual
operation of fallout collection equipment on the platform by personnel
in the chelter. The height of the opening for the pipe in the shelter
had to be compatible with ease of operation.

The backfill requirements were based on the specifications outlined
in Section 2.3 and listed in Teble 2.4. To minimize the height of soil
over the shelters and still maintain the attenuation requirements, the
backfill was compacted with pneumatic tampers and water. Core samples
vere cbtained periodically during backfill and compaction operations to
¥P. A. Covey. A Remote Reading Radiac. Technical Report in preparation.

17




TABIE 3.2
Equipment and Supplies Purnished for 72 hr Occupancy by 4 Men

Quantity Description of Item

Adjustable chairs

Sleeping begs

Air mttresses
cases, 24 C-rations
rations per case

DEED

St

Hot plate

Ice chest

10-gal water can

Misc. cleaning supplies (wash & dri, hand
cleanser, tissue

Chemical toilet and supplies (chemicals,
toilet paper, deodorant)

Electric clock

8-day mechanical clock

Flashlight

Hand lsntern

First aid kit

Tools (shovel, crowbar, sledge hemmer)

e W I A
]

]

TABLE 3.3
Results of Backfilling and Campaction at Shelters

Shelter Minimum Depth* Densi Achieved Equivalent Degth

(in) (1w/rt3) at 100 lb/ft
, (in.)
s1 53 126 67
g2 58 126 13
2 51 126 52
: 43 126 53
% 85 43 103 L
| 86 L3 103 b
Wenter Tine Thickness.
:




insure the proper soil density. The results of the backfilling are
given in Table 3.3 along with the required depth of backfill from Table
2.4. The backfill depth was measured directly over the centerline of
the shelter; hence it was the minimum thickness. This provided an aver-
age equivalent thickness that exceeded that shown in Teble 2.h.

Before installation, the shelter and entrance were bolted together.
The complete assembly was placed into the excavation (as one unit, a
procedure greatly simplifying the field installation.

3.10 COST ANALYSIS

The specifications and costs for the construction and outfitting
of the fallout shelters are given in Tebles 3.4 and 3.5. Excluded from
the cost analysis are the installation costs, i.e., assembly, excavation,
and backfilling. The prototype shelter was installed at Camp Parks,
California, using station labor. The costs of installing the shelters
at the Nevada Test Site are atypical. Information on installation costs
can be found in references 5 and 6 where a summary of typical costs of
excavation, backfilling, and hauling are given. A brief description of
each item is also listed. The shelters were designed, prefabricated
and installed in less than four months. For this reason, some of the
prices in Tables 3.4t and 3.5 are not necessarily the most econamically
available. To speed up the fabrication of the shelters, two separate
contracts were issued, one for the basic structure and the other for
the entranceways. In addition, premium peay for overtime work added 15
to 20 percent to the production costs. The costs are on a "one off"
basis.

The costs of the Type I shelters, which would be the most commonly
employed are given in Table 3.h and the costs for the basic structure
and entrances given in Table 3.5 are for the Type II shelter having
heavier plate and stiffening members.
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SECTION 4

PERFORMANCE

k.l GAMMA ATTENUATION MEASUREMENTS

A camplete set of shelter gamma attemmation calculations, supported
by on-site radiation measurements, was made to assure that the entrance
design and backfilling of the shelters were sufficient to provide the
required protection factors listed in Table 2.k. The estimates vere
based on the comprehensive procedures outlined in reference 12 for cal-
culating protection factors of typical structural types and fallout
geametries. The procedures also include calculations of the scattered
radiation that enters through entrancewvays. The various steps in the
calculations, the.equations, constants, etc., used, and the intermediate
and final results, are given in Appendix B.

The on-site rediation tests vere conducted using & traveling Cof0
source.X3 The encapuslated 70-curie source vas hydraulically pumped
at a constant speed through 1000 feet of polyethylene tubing placed
over the backfilled shelters. Pencil dosimeters, located 3 f't sbove
the backfilled shelter and at various locations inside the shelter,
measured the accumilated gampm doses.

The calculated and measured protection factors for each shelter
are compared in Table 4.1. It is seen that in all cases except one,
the minimm calculated or measured protection of factor is equal or
better than the required protection factor.

4.2 ENVIRONENTAL STUDY

An envirommental study vas conducted® in ane of the installsd
shelters at the Nevada Test Site to demomstrate that short-tem

¥Ry TG C. V. Kelly, IXI, BuYards & Docks Progrea Officer, MRDL.
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TABIE 4.1
Calculated and Measured Protection Factors at Shelters

Front End ____ Back End Required
Calculated Measured  Calculated Measured  (Table 2.4)

81 70,000 * 70,000 » TT 000
82 70,000 * 470,000 * 3,000
:a 50,000 50,000 130,000 140,000 10,700

63,000 71,000 190,000 140,000 6,400
85 3,000 32,000 48,000 48,000 3,600
86 30,000 (no data) 48,000 (no data) 3,600

#Date indicated faulty measurements; an investigation rcvealed that con-
taminated soil from a previous GZ site was used for backfill. It pro-
vided a background of approximately 0.2 mr/hr inside the shelter. This
vas sufficiently hrggoto negate all attenuation measurements with the
available 7T0-curie Co™W source.

occupancy wvould have no adverse physiological or psychological effects
upon the occupants. Similar studies had been conducted in a series of
long duration tests (5 days to 2 wetksg in the USNRDL 100-man Fallout
Shelter at Camp Parks, California.l%,15 However, it was deemed desir-
able to conduct an environmental test prior to occupancy during & weapon
effects test because of differences in soil composition, temperature,
and lmmidity between Camp Parks and the Neveda Test Site.

Accordingly, four subjects entered one of the shelters in the
early morning and spent 10 continuous hours in the shelter. The motor-
generator vas activated and all equipment that could contribute to the
interior heat load was turned on. The ventilation blower was continuously
operated and every half-hous measurements were taken of CO, COp and Oo
concentrations, of wet- and dry-buldb interior air temperatures, and of
dry-bulb ventilation air temperature.

The results of the measurements are summarized in Table 4.2, These
may be interpreted by camparison with established shelter standards.
The shelter occupants experienced no discomfort amd fourd the shelter
to be acceptably habitable.




TABLE 4.2

Sumry ol Envirommental Study

Gtandard¥* Manned Shel*er Staticn

Mozcimmun Permissible Concentration

co 0.015 % Trace xiounts orly
olo% 3 % 0.1 ¢ - 0.4 &

Mini:a Perniissihle Concentration

On i 4 17 % - 19.k

[

AN ¥al

Yaimum 1BrTective Teuperature (Teaperature-Hunidity Index)

9201" (Poin‘c at which heat prosiration 79°F**
corriences)

059 (Occupant expericnces sone
d:scoutort)

* [iz established at the Shelter Sympociwt held at the llaval Medical
Research Institute in December 1901.
#¥Established {rom following reasured values:
lioxiam Dry-3ulo Temperaiure 70°7
viariaun Wet-Bulb Tenperaturc OCF
Resulting Eflective Teuperature  TOOF
Maximum Terperature ol Intake Alr I7°F

h.3 OPERATIGIAL PERFORMANCE

The six shelters werc renned during a recent uveapon effects test.
Faur men occupled each shelter and operated {cllout collection inztru-
nents and acasuring devices. The length of occurancy ranced {ron o
howrs to 16 hours. All shelier equipment operated as nlanned. The
blust wave wos Jelt at the closest sheller but caused no duange. Inftial
elfects at the otier Zive shellers were nesli—stble.

Three of thedx shelters were in the path of ei-nilicant Jallout.

The interior dose rate inside ol the shellers wes not reporied since
fallout sanples were brought into the shelter for radicactive decay

e




measurements, and the resuiting radiation levels produced by the samples
although in the low mr/hr range obscured the interior dose rate produced
by the fallout on the exterior surroundinzs. The performance of the
shelters under the conditions experienced was excellent.




SECTION 5

SHELTER MODIFICATIC!S FOR A PAMILY FALLOUT SHELTER

The manned shelter stations described in this report, with certain
design modificaticns and outfitting requirements, could be utilized as
single family fallout shelters. Hcme shelters fall into two classes
based on the protection required. 1In strictly rural areas, sufficiently
distant from target areas, fallout protection alone is required. 1In
metropolitan areas or near military target areas, shelters have to pro-
vide blast and thermal protection along with fallout protection.

The design specifications to meet the requirements for blast, ther-
mal and fallout protection in metropolitan areas and near military ter-
gets are more stringent than those ocutlined in Section 2. A discussion
of the design specifications along with the necessary modificaticns and
outfitting requirements to adopt the shelters as single family shelters
follows, along with a revicsed cost estimate reflecting the changes.
There 1s no discussion however of the various furniture and sleeping
accommodations possible.

5.1 BLAST PROTECTION

Orinary engincering techniques allow us to design shelters for
slmost any given resistance to blast rressures. Costs however, rise
teeply beyond the 35 psl limit, so that most shel’er studies have cone
ciunded that a 35 pei deusign recistance probably reprosents the best
compromise detween cost and number of people protected.

8helters having & higher degree of blast protectian would survive
very close to the firctall «f the vespon, vhere initial vadiatioi effacts
vould be very great. This would force the sheltes deeper into the ground
for protection, and at this point a design other timn the cut-and-f11l
type described here would become preferable, i.e., tunnel type structures.
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Improved blast protection for the shelter described in this report
can be obtained in two ways: (1) increasing the strength of the entrance-
vay and (2) increasing the depth of burial. The basic structure, as
described in Section 3.k, provides adequate blast protection for the
specific deci n application.

Increasing the strength of the entranceway would involve increasing
the thickness of the side and top plates to quarter inch steel and in-
creasing the size of the I beam stiffeners from 4 to 6 in. These changes
would bring the calculated resistance up to that of the door, i.e., 35
psi. No changes in door design would be necessary.

Increasing the depth of burial, making the top surface of the
shelter flush with the grade line, would result in a lower earth-fill
profile and consequently & lower side-on overpressure load on the buried
structure. Also the additional material from the excavaticn would mini-
mize the requirement of providing additional maeterial for backfilling.

Blast protection requires complete sealing or severely restricting
openings to the outside atmosphere during the period of blast passage.
This is accomplished in the described shelter by providing a mechanical
closure device for the air intake bonnet and a pipe cap to fit over the
exhaust vent in the interior of the shelter.

5.2 THERMAL PROTECTION

Thermal radiation can be an important cause of personrel ianjuries
to exposed people, however virtually any shelter at alldffers complete
protection from direct thermal radiation. Shelter design specifications,
however, have to consider the protection against mass fires (fire storms)
that may occur over oxr near the shelter. The primary concern is the
possibility of carbon monoxide poisoning. Ilarge quantities of carbon
monoxide are formed when fires continue to smolder or burn for prolonged
‘times. Of secondary concern is the possible increase of temperature
in the shelter, although generally the earth cover required for radiation
protecticn offers considerable insulation.

The shelter must therefore be capable of being sealed and have
either sufficient air or air-regenerating equipment for & period of
time ranging fram 4 - 24 hours. Submarine experience indicates that
1f 300 cubic feet of air is available per person, no atmospheric modi-
fications would be necessary for a )5-hour stay under sealed conditions.
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As pointed out in the previous section, the described shelter has
provision for complete sealing. The volume of the shelter, including
the entranceway, is 930 cubic feet and provides adequate air for four
persons for a period of 12 hours under sealed conditioms.

5.3 FALLOUT PROTECTION

The problem of protection against radiation is simply one of get-
ting the required amount of shielding material between the obJect to be
protected and the radiation source, Various asuthorities5,16 have stated
that fallout shelters should provide s protection factor of between 1000
and 5000. In any event, the radiation exposure in a shelter should be
limited to a nominal amourt to permit allocation of most of the allowable
dose to the post-shelter phase.

The protection factors measured and calculated for the designed
shelters, as pointed out in Section 4.1, range from 30,000 to 470,000,
adequate to provide virtually no-dose protection even in extremely high
rediation fields. For example, a l-hr radiation intensity of 50,000
r/hr 3 £t above the ground would lead to an unprotected infinite dose
of 200,000 r; the poorest shelter described would limit exposure to
200,000/30,000 = ~ T r which is of little significance.

5.4 INCREASED ACCCOMMODATIONS

The shelter, as it is now designed, can accommodate up to four
people for & period of 12 hours under sealed conditions. The basic
structure, hovwever, cculd be lengthened with no significant decrease in
strensth and rigldity. To meet the air requirements under sealed con-
ditions, 5 It of length can be added for each additional occupant, or
tne diameter of the basic structure may be increased. Present costs
indicate that the basic structure could be increased in length for
approximately $50.00 per lineal ft. The entranceway is sufficiently
large to accommodate a large increase in shelter habitants.
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5.5 RELOCATION OF CHREMICAL TOILETS

Yor any prolonged occupancy of the shelter, the present location
of the chemical toilets behind the shelter door entrance should be
changed. This can be accomplished by extending the existing shelter
entrance portion an additional 2-feet to form an end coampartment which
could be curtained for privacy.

5.6 EMERGENCY EXIT

Emergency escape from the besic structure in event of blockage by
debris cor structural damage to the normal entranceway can be provided
by the incorporation of a "soft patch", a bolted slieet of corrugated
iron installed just forward of the periscope. In emergencies, exit
from the basic structure would be accomplished by removing the "soft
patch" from the inside and excavating through the earth f£ill, allowing
the £11]l material to enter the shelter.

5.7 POWER SUFPPLY

A 12.5-KW gasoline-powered motor generator was provided to supply
the necessary power for the shelter when used as a manned fallout station.
This amount of power was required to operate the various measuring instru-
ments. A much smeller power supply can be substituted when this shelter
ic adapted for home use. A 1.5-KW to 2-KW portable gasoline-powered
motor generator would supply adequate power for both lighting and venti-
lation. The unit should be installed in & separate, blast-protected
enclosure near the shelter to minimize noise and exhaust fumes. Blast
protection can be provided by burying the enclosure in a pit and cover-
ing it with a layer of earth. Air intake and exhaust vents can be provided
in the form of standard l-in. pipes. Remote starting capebility is avail-
able for most commercial generators of this type.




5.8 COST REDUCTIONS

The cost anslysis presented in Section 3.10 pertained to the fabri-
cation and outfitting of the shelters as manned fallout collection sta-
tions in a weapons effects test program. Adaptation of the shelter for
a family fallout shelter would result in savings in overall cost. The
principael cost however, is in the fabrication of the basic structure
and entranceway and this cost would not be affected by the conversion
for general use. Savings in overall cost however can be effected by
the following methods:

Elimination of Periscope. Besides the cost of the periscope proper
beirg saved, several auxiliary items in connection with the installation
of this Xem can be omitted. These include the periscope gland supports,
the special aluminum protective cap, and the grab rungs.

Removal of Benches. At present,work benches extend full length
on each side of the shelter. These can be excluded almost entirely
with a small section left for food preparation, working area, etc.
Several folding type benches for sitting could be supplied as required.

Lighting and Power. The work done in the shelter required good
lisghting, hence 4 hour 4O-watt fluorescent lamps were employed. A sav-
ing can be effected by installing two 100-watt incandescent lights as
a substitute. Power outlets should be reduced to one or two duplex con-
venience outlets.

External Piping. The majority of the present pipework can be omit-
ted: all pipework for sampling equipment; one large power conduit, and
reduction in size of that remaining.

Ventilation. The need for an absolute filter was not demonstrated
during the recent field experience. The absolute filters described in
this report were removed following their use in the manned stations,
and subsequent analysis showed no radiocactivity detectable above back-
ground. The pre-filter installed in the bonnet probably retained most
of the radioactive particles entering the intake system. It is not pos-
sible at this time however to extrapolate the results of this single
example to the case where fallout intensities hundreds of times greater
may be experienced.

If after further study, substitution of a less efficient filter
vwith a lower pressure drop proves acceptable, a lower cost squirrel
cage-type blower or the auxiliary electrical/hand—cperated fan described
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could be substituted for the expensive centrifugasl-type fen, a substan-
tinl savings in cost. To obtain proper air mixing however, the intake
ventilation ductwork should be extended toward the rear of the shelter.

Insulation. With the low-pressure-type ventilation fan installed
as recamm, the vermiculite sound-insulating material can be eli-
minated. The primary sound problem resulted from using a high-rpm fan
in the originmal design to overcome the high pressure drop loss across
the filter. Under the revised ventilation system, this requirement
would no longer be necessary.

Miscellaneous. As shown in Taeble 5.1, a considerable number of the
accessories have been eliminated. The cost estimate, although consider-
ably reduced from the costs as shown in Table 3.4, still reflect the
added cost of adequate blast protection up to 35 psi. If lower blast
protection is required, additional savings can be made in the weight of
the steel structures.
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TABLE 5.1

Cost Estimate for Hame Fallout Shelter

Item No.%* Quantity Description Cost

Basic Structure

1 1 Shelter (12 GCa.) $1,900.00
2 1 Elec. Work 65.00
$1,965.00

Entrance
3 1 Entranceway $1,980.00

Ventilation Sy_:stem

L 1 Vent Duct Work $ 100.00

5 1 Blower % .95

6 1l Vent Cap 30.00

7 2 Filter 10,00

95

8 1 Chemical Toilet (w/duct) § 26.00

9 1l Water Container 13.00

10 1 Clock, Manual 3.95
1 i First Aid Kit 9.50
12 1l Shovel 3.95
13 1 Tool Box/Misc. Tools 15.00
1% 1 10 ft ladder 27.00
15 1 Coil Rope 15.00
Sub Total: 3 103.40

Total Cost: $4,263.35

¥See Table 3.0.
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APPENDIX A

ENGINEERING DRAWINGS OF SHELTER COMPONENTS
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APPENDIX B

PROTECTION FACTOR CALCUIATIONS

The methods for the calculations are taken from reference 12 "Desgg
and Review of Structures for Protection From Fellout Gamme Radiation™,

A. CAICUIATION METHOD FOR REDUCTION FACTOR, OVERHEAD CONTRIBUTION

List of equations used:

n= 22/L (1)
n = normality ratic
Z = perpendicular distance between horizontal plane and detector
L = length of structure
e=W/L (2)
e = eccentricity ratio
W = width of structure
w = f(n,e) (Chart 3) (3)
W = solid angle fraction
X, = UT (%)
Xo = mass thickness overhead
U = unit weight of barrier

t = barrier thiclkness

Co = fe(w,xo) (Chart L4; also (5)
see example 3c)

Co = reduction Tactor for combined shielding effects, roof
contribution
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Z Co = RFO (6)

RFb = reduction factor, all components of roof.

CAICUIATION METIIOD FOR REDUCTION FACTOR; ENTRANCEWAY SCATTERED
CONTRIBUTION

Step 1.

Step 2.

Step 3.

Step k.

Step 5.

Step 6.

Step 7.

Step 3.

Determine W

Wl =

1l
solid angle fraction (entrance)

RF, = f3 (W. case 1 - Ah) (Chart 10)

1

RF, = reduction factor (at pt. 1)

1

Determine W2 and W

W

3

o & W, = solid angle fraction from pt. 1 to pt. 2 and

3 pt. 3 respectively

Determine X_ (Chart 4)

bl
"

3
#

(¢2]
"

RF, =
RF, =

RFé =

%

=

G

mass thickness of wall between passageway and shelter:
f), (Xe) (Chart 7)

fraction of emergent radiation scattered in wall barrier
A, xW,x0.1x 8w (see Section Tb)

reduction factor at pt. 2

Ah X w3 x 0.1 x Sw

reduction factor at pt. 3

Re +8 ). )
22 3| x W, x 0.5 (see Section Tu)

reduction factor at shelter center




Be

= R,
4
Step 9. RFe -—515-—-3) X We x 0.5

i}

RF reductlion factor at far end of shelter

e
PROTECTION FACTOR FOR SHELIER

it

P, = l/(RFO + RLS)

P} = protection factor

RFO = overhead reduction factor
RF = scattered reduction factor

NUMERICAL VAIUES USED AND OBTAIINED

z= 301t

I, = 10 t (shelter center calculation)
L,= 20 Tt (shelter end calculation)

W=2037~t

U = 126 1b/:t3 (shelters S1, 52, S3 and Sk)

Wl = 0.07
W2 = 0.01
W3 = C.00375
W = 0.2

c
We = 0.C9

Xe = 5 lo/rt”
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t values in ft

S1 S3 sh 85, 86
ty 4 3.4 3.55 3.62
to .1 3.510 3.9 3.72
t3 h.32 3.75 3.93 3.97
t, 4,65 4,1 4.28 4,32
i ts 5.05 h.72 !"09 ll».g#
Co and Wo valuec
Center End
CQ = 0.2 wo = Ood‘ Co = 0.1 WO = 00027
c; = 0.b W! = 0.08 cé = 0.2 wé = 0.060
c§ = 0.6 Wo = 0.12 Co = 0.3 W, = 0.085
Co = 0.8 W' 0.15 c;'"= ok W' o0.m2
" (111 1] 1"
Co = 1.0 wo = 0018 Co = 005 w = Oth
RF_ values (over all
° values x m-gﬂd’
81,82 S sh 85,56
Center End Center End Center End Center End
co("o:xo)
1.55 .28 5.7 by 3.9 3.0 15 n
Co(WosXg) ~Co(Wo,Xo)
0.4 0.46 2,0 2.2 1.35 1.5 6.3 6.6
ColWgsXg)-ColWl,Xo)
0.1 0.1 0.65 0.7 0.35 0.35 2.6 2.1
ColWg sXa' Y =ColWosXo )
- - 0005 0006 Ool 0-07 006 0.7
Continued
hé&




RF, values (overhead, all
values x 10-0)

§1,82 53 sh S5,86
Center End Center End Center End Center End
tett 14114 nt ntt
Co(wo ) xO )"Co(wo ’xO )
- - - - - - 0.05 0.07
RFo(x 10-6)
2.05 1.75 RN 7.36 5.7 4.92 .55 20.47
RF; values (scattered, all shelters)
RF, = 1.25 x 1077
2
RF, = 3.75 x 1o‘6
3 .
RF, = 0.01x 10™°
(o4
RF, = 0.36F x 10’6
e
Pf values
Front End Center Back End
(Pos. 2)
P.(s1, s2) 70,000 350,000 470,000
Pr 535 50,000 110,000 130,000
Pp(sk) 63,000 150,000 130,000
Pp(S5, s6) 30,000 40,000 43,000
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Chief, Bureau of Ships (Code 320)

Chief, Bureau of Ships (Code 362B)

Chief, Bureau of Ships (Code 685C)
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CG, Fleet Marine Force, Atlantic

CG, First Marine Division

CG, Second Marine Division
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Chief of Research and Development {Atomic Div,)
Chief of Research and Development (Life Science Div.)
Deputy Chief of Staff for Military Operationms
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CO, BW Laboratories
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CG, Qusrtermaster Res. and Eng. Command
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CO, Chemical Corps Field Requirements Agency

Combat Developments Experimentation Center, Fort Ord
CG, Engineer Res. and Dev. laboratory

CG, Arxy Engineer Center, Fort Belvoir

Asst. Commandant, Army Engineer School, Fort Belvoir
Commandant, Air Defense School, Fort Bliss
Commandant, Comnand and General Staff College
Superintendent, U.S, Military Academy, West Point
Commandant, Army War College
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CG, Military Construction Supply Agency

Board of Engineers for Rivers and Harbors

CG, Army Air Defense Command (Engineer )
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CG, First Army (Engineer)
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CG, Fourth Army (Engireer)

, Fifth Army (Engineer)
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, Military District of Washington (Engineer)
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, U.S. Army Caribbean (Engineer)
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Naval Radiological D:fense Laboratory
USNRDL-TR-647 1. Shelters.
THE DESIGN AND FPERFORMANCE OF A FALLOUTH{ 2. Underground
TESTED MANNED SHELTER STATION AND ITS SUIT¢ structures.

ABILITY AS A SINGLE-FAMILY SHELTER by J. D. 3. Radiation protection.
sartor, P. D, LaRiviere, H. Lee and J. 1. Pond
T3 April 1963 51 p. tables illus. 16 refs. I. Sartor, J. D.
UNCLASSIFIED II. LaRiviere, P, D.
The design details, cost analysis and per ormance | 11, Lece, H.
characteristics are presented for small, V. Pond, J. L.
partially -underground faillout shelters V. Title.

atihzed as manned stations during a

nucicar weapon effects test, Four UNCLASSIFIED

(over)

Naval Radiological Dzfense Laboratory
USNRDL -TR-647 1. Sheiters.
THE DESIGN AND PERFORMANCE OF A FALLOUTA4 2. Underground
TESTED MANNED SHF . TER STATION AND ITS SUIT4 stuctures.

ABILITY AS A SINGLE-FAMILY SHELTER by J. D. 3. Radiauon protectuion.
Sartor, P. D. LaRiviere, H. Lee and J. I. Pond
23 April 1963 ©1 p. tables 1llus. 16 refs. 1. Sartor, J. D.
UNCLASSIFIED II. LaRiviere, P. D.
The design details, -ost analysis and performance | lI. Lee, H.
characteristics are presented for small, Iv. Pond, ]J. I.
partially ~underground fillout shelters V. Title.

utilized as manned stat:ons during a
nuclear weapon effects test. Four
(over)

UNCLASSIFIED

inen occupied each shelter and operated radiation m-:asurement and fallout col-
lection insguments.,

Two tvpes of shelters were designed to withstand predicted overpressures:
Tvpe I for a 1-psi overpressure and Type U for a 5-psi overpressure. The basic
structure consisted of an 8-ft diameter, 10-ft long, 12-gage corrugated steel,
multi-plate pipe. A steel entranceway incorporating two right-angle turns pro-
vided access to the basic swucture, Depending upon the amount of soil backfill,
tailout gamma radiation protection factors up to 470,000 were obtained.

The overall performance of the shelters under the conditions expericnced was
excellent. It is suggested that shelters of this type have application not only for
ust as manned stations in nuclear weapon testing but can be adapted as well for
use 1n residential areas as single-family fallout shelters.

UNCLASSIFIED

men occupied each sheiter and operated radiatic.: measurement and fallout col-
lection instruments.

Two types of shelters were designed to withstand predicted overpressures:
Type I for a 1-psi overp.essure and Type H for a 5-psi overpressure. The basic
structure consisted of an 8-ft diameter, 10-ft long, 12-gage corrugated steel,
multi-plate pipe. A stecl entranceway incorpcrating two right-angle turns pro-
vided access tc the basic stucture. Depending upon the amount of soil backfill,
fallout gamma radiation protection factors up to 470,000 were obtained.

The overall perfor marce of the shelters under the conditions experienced was
excellent. It is suggested that shelters of this type have application not only for
use as manned stations in nuclear weapon testing but can be adapted as well for
use in residential area as single-family failout shelters.

UNCLASSIFIED

Bt

i il W0 7




