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FOREWORD

This document contains the thoughts of the
authors with respect to an important national
problem. Much of the work represented has been
carried out on the authors' own initiative and time.
The detailed design of the survival module repre-
sented here has been carried out with Convair
sponsorship under REA 8701. The authors wish
‘0 acknowledge the extersive contribution of
Mr. A. Mattia in performing the detuil design of
the survival module described in this report.

Insofar as we know, nc classified information
1s represented in the document. We are, however,
maintaining very strict control of the distribu-
tion so that a high classification can be established
if this is deemed to be wise.

A. E. 5. Green
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A MODULE FOR NATIONAL SURVIVAL

A. E. S. Green
E. J. Priltin
A. vampols

ABSTRACT

A plan is proposcé for ensuring the survival of the American
population in the even. »f arn sll-ocut nucleasr war. The plan involves
the large-scale use of survival mcdules, each unit capable of handling
81X persons. Each module zonsists of three compcnents, (1) a low cost
blast and radiation resistant survival hole, {2) a segmented survivael
capsule which when assembled is l1ike :he body of a camping trailer,
(3) a trailer frame. Design features of the survival hole include
cylindricel-spherical geomeiry for blast resistance, a minimum of 4
feet of earth cover for radiation attenuastion. The arrangement would
provide good probability of sarvival to within 1-1/2 miles from a

ltimegaton blast. Support facilities for the capsuvle provide for
two or more weeks of cortinuous havitetlon. Design features of the
capsule include provisicns for simple disassembly to permit passage
through a 3-f¢ x 7-ft operiug and essemtly for outdoor recreacionsl
purposes &s a camping trailer. Varicus alteruvative modes for using
the modules are discussed. A module when produced to take fulles*
advantage »f America's mass production techuclogy ~an be fabricated
for less than $2,000 per module. In ~lew of tre pussibility of
utilization as a recreational device i+ i3 likely that the urnit will
have wide appeal and that tre putlle will be williing o bear a large
portion of the —~ust of ~he uni's on a veluitary basis.

Consideraticn 1s given to +le ulternative moudes of utilizing
the elements of a complete malule. By inscertins adilitional segments
a module can be cxpanded o cerve o snoclement Inoa comnunlty shelter
program. The farct that L. ~e-hnol zlcal strength o7 the country
~ould then be brought tn Year o o ool w0 b abvant e

fenture of +<hieg type -8 program compared oo convenllonal o munlhy

i,

sSneLter programns.
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From a political standpoint, this is probabiy‘not the best moment

for initiating the large-scale production of such survival units.

Possibly international affairs will take such a favorbale turn that the
moment will never arise. However, taking cognizance of the fact that
human affairs oft go in unwanted directions, a proposal is made which
would make i1t possible to quickly implement this survival plan in the

event circumstances warrant. The lmplementation of the survival plan
is broken down into the Tollowlng phases:

Phase 1. Preliminary and aubscquent detalled design of survival
modules. Counstruction of several prototypes. Preliminary
design of machinery for the mass production of survival units.
Analysis of utilization and impact of sur?ival system as well

as utlilization and impact of its recreational features.
(approximate cost $200,0C0)

Phagse 2. Final design and test of basic module. Construction
of prototypes of machine tools for mass production of the
modules ($2,000,000)

Phase 3. Ilarge-scale production of specialized machinery and
adaptors for fabricating suiyivaL units (estimate requirement,
2,000 units at 350,000 each).

Phase 4. In the everﬁftheApolitical situstion warrants, full-
scale production and Iinstallation of survival modules by
utilizing the entfre technoliogical resources of the nation.

(estimated cost, T0 million units. $2,0C5 each)
. ] .
Political, psychological, and economic ramif’ cations of ‘the pro-

rosed program are discussed. It {5 believed that the possible short-
run hazard thot - the progran Qauld uanstabilize the present precarious
deterrence balance, is avoldable, uadmthnt the long-range impact of the
proposed system wlll be toward ensuving world stability snd the control

of armaments.
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INTRODUCTION AND STATEMENT OF PROBLEM

In the event of an all-out nuclear attack on the continental United
States, a large portion of the American population would become casual-
tles unless an adequate shelter program had previocusly been instituted.
The casualties will be of two types: (1) those due to the prompt effects
of blast, heat, and radiation, primarily among the urban population in
close proximity to the nuclear detonations, and (2) those due to resid-
ual radioactive fallout among the suburban and rural population. The
residual radiation would reach an approximately uniform level over the
entire nation within a day and endanger all who have not taken precau-
tionary measures. The consensus of opinion of the military and civil
authorities who have studied this problem, is that protection can be
afforded a family from excess radiation exposure by living in a shielded
area until the radiation levels have declined to physiclogically accepta-
ble values. An adequately shielded area cannot normally be found in the
average home. Hence, for protection in the event of an attack, a radi-

atlion shelter must be provided in advance.

While much has been written and said about the importance of shel-
ters, relatively little has yet been accomplished toward the protection
of the American population. Until the present time, the primary encour-
agement toward building radiation shelters has been through the medium
of information pamphlets distributed by the Office of Civil Defense
Mobilization. These pamphlets point out the danger and show how these
dangers can be mitigated, particularly for regions outside the blast,
heat, and instanteaneous radiation zones. The pamphlets include diagrames
vhich 1llustrate how radiation shelters may be constructed in basements
of buildings and underground with wood, brick, cinders, concrete block,
poured concrete, and dirt. While some of the more primitive shelters
can be constructed by the average homeowner, the most effective types
would require the assistance of a general contractor. Despite the fact
that the costs of the shelters are relatively modest, the response to the
encouragement of the OCDM and other federal agencies has been, unfortu-
nately, quite small. Currently, the average family does not regard the

R FRERATY 7
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investment as essential at this time, and very few shelters are being
built or planned. The difficulty is prcbably due, in considersble part,
to the great reluctance of the American population, as a whole, to

think of such unpleasant possibilities as nuclear war. Furthermore, there
appears to be a reluctance on the part of top officials in the govern-
ment to very aggressively and openly pursue an all-out civil defense pro-
gram, despite the generally conceded importance of such a program to the
survival of the country in the event of an attack. The reasons behind
this reluctance will be discussed later and in the context of curreut
affairs; we will agree that it 4s probably Justifiable. On the other

hand, in the long run, it would appear that an adequate national system
of shelters is an absolute necessity, and hence the questions arise:
"What kind of shelter designs will best serve the nation's needs from
the broadest aspects? How should we go about instituting such a shelter

program?"

To answer the question of what i1s an optimum design, one must know
the relative importance of each of the casualty-producing effects associ-
ated with a nuclear detonation. Extensive studies by the RAND Corporation
and other agencies indicate that with no warning, the initial salvo of
nuclear warheads would cause the death of 3% of the population. Om
succeeding salvoes, with 30 to 60 minutes of warning, the fatalities will
build up to 904 4if no precautionary measures have been taken; to 504 1f
a system of fallout shelters with arrangements for tactical evacuation
has been instituted; to 22% 1f strategic evacuation bas been accamplished
and a system of fallout shelters exists; to 15% 1f a system of blast and
fallout sheiters existe; and 3% fatalities 1f strategic evacuation has
been accamplished and a system of blast and fallout shelters exiats.
These studies indicate that 40% of the population would be fallout vic-
tims, and 35% of the population would be victims of initial blast who
could be saved by a national system of blast-fallout shelters.

Since the greatest portion of our urban population would fall victim
to the initial blast, any shelter design for urban use must not only
protect against fallout, but also be highly blast reristant. In addition,

O/
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there will be a need in most instances for mobility to escape from areas
of lethal radiation densitles to areas of lower fallout concentration to
permit long-term habitation after a nuclear war. In this report, we

present a design for a shelter module which satisfies a number of impor-

tant design requirements:
1. medium or high blast resistance,

2. adequate radiation attenuation, even in areas of highest expected

fallout concentration,

3. habitability for a two-week period,

S5+ an important means of mobility following an attack, and
€. an attractive secondary purpose for the survival unit.

The proposed survival unit might not represent the least expensive module,

but it 1s believed to represent a module thut
1. will have a broad appesal,
2. will handle most possible situations,
3. can best be handled by American technology, and

L4, can be instituted in a manner which will not upset current deli-

cate negotiations on armesments control.

The proposed unit consists of a survival hole made of a corrugated
steel culvert pipe capped by two hemispheres of formed sheet metal buried
to a minisum depth of four feet. A segmented survival capsule containing
most of the expensive living accommodations assoclated with the shelter
1s pleced within the baeic steel underground structure. This survival
capstle 1s designed so that it can be disassembled and ralsed above the
ground and reassembled on a trafler base. In th's form 1t would serve
as an efficient camping traller and would look, in many respects, like
a typical recreational traller which now markets in the neighborhood of
$1000. The additional components of a survival unit would be a trailer

bed and & 11t mechanism. A number of optional arrangements of the

PRI
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components of the unit are possible. These will be discussed later. We
will now describe in more detail the components of the survival module.

THE SURVIVAL EOLE

Since initial blast effects would be responsible for a large portion
of the expected casualties, any system of shelters must include maximum
protection from blast effects as well as radiation effects. A shelte~
incorporating *he structural advantages of eliipsoidal or spberoidal
geometry provides the maximum blast protection for a given wall thickness.
Unfortunately, the problem of efficiently utilizing the enclosed volume
of an ellipsoid or spheroid 1s difficult and as a compromise, a cylindrical-
spherical geometry in which the basic structure is a cylinder and 1is
capped with hemispherical ends 1s suggested. This geometry provides great
strength in all directions, except longitudinally. In this direction the
shelter 1s somewhat weaker, but the component of blast pressure in this
direction will be small unless the shelter 1s very close to ground zero
and has its horizontal axis polnted toward ground zero. The proposed
design makes survival possible almost to thz crater lip in the event of
a surface turst. The proposed design could withstand any overpressures
which d1d not produce excessive plastic deformation of the ground itself.
The prompt neutron snd gamma radiation will determine the minimum survival
distance for an air burst. Table 1 contains the valuee of expected dis-
tances from ground zero within which personnel and vehicles could be
expected to survive for various warhead ylelds. The table includes both
surface- and alr-burst conditions, tebulating Lhe more stringent 2ase ir each
instance. Table 1 elso contalns data pertaining to the distance within
which an asutomobile can survive as a function of warhead yield. This
factor is of importance if the family automobile 1s to be used in conjunc-

tion with the trailer for evacuation.,

In the first detalled design configuration the survival hole 1s con-
structed of a corrugated C-gauge steel cylinder, l"-l/2 ft long and
$-1/C £t in diamete~ cuch as is used in culvert comstruction. The cylin-
der 18 capped by twe speclally fabricated cpherical ends. Two vertical
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columns Intersect the metallic structure, one near each end. One column

is a 30 in, dlameter, corrugated steel tube which is used as an emergency
escape hatch in the event that the main entrance becomes blocked. This
accecs tube 1s filled with sand for radiation protection and 1is capped by
a concrete blast door. Egress could be accomplished by draining the

sarid 1nto the shelter und lifting the blast door by utilizing a counter-
baianced lever system. The main entrance 1s an oval-shaped concrete
structure large enough to permit an opening of 7 ft x 3 ft at the top
through which the sections of the survival capsule are passed. The open-
ing 1= protected by a sliding, re=inforced, high-density concrete blast
door, & ft x 4 £t with a minimum thickness of 1 ft. The main horizontal
cyiinuer is buried to a minimum depth of 4 't to provide adeguate radi-
ation attenuation. Bins uare provided in the culvert for the storage of
water and food. The particular design chown represents a structure which

1s telieved adequate for most concelveble situations.

An zlternate shelter design provides a completely sealed atmosphere
for a perlod starting at the time the shelter is entered and ending ap-
proximately L2 hours after the detonation of the warhead. At that time,
a ventilation pipe 1s forced up to the surface through 6 in. of earth
by means of a hand-powered Jack. Ventilation of the shelter through
filters to prevert contamiration by radiocactive, biological, or chemical
agents 1s then accomplished. Alternstively and at additional cost, suf-
ficient oxygen regeneration chemicals could be stored to provide a sealed

atmcsphere for a period of two weeks.

A standard shelter unit wculd require a hole 13 ft deep, 9 ft wide
and 20 £t long. To expand the shelter capacity for families larger than
the norm, one simply ailde addlitional center sections. Sections interlock
and the entire structure 1 coated with a rust inhibitor and the seams
waterproofed. The ctructure can be enlarged at any time by separating
one end from the center cection und by lnce:rting additional center sections.
Top arnd end views of the survival hole are shown in Sketch 1 with the
outiine of the survival capoule in place. Also shown 1s the winch struc-

ture used for lowering and litting the segmented survival capsule,

aiibisiesll
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THE SURVIVAL CAPSULE

The survivul hole, as depict-d thus far, represents the bare minimum
of structure necessary tc¢ achicve the tecireq blast and radiation resist-
ance to ensure survival., 1In addition, a2 complete shelter must embody
life support functions for extended periods. The novel feature of the
propoesed shelter decign 1s the posu!b*lity of utilizing the major por-
tions of the life support structure ar a removable unit which can be
made to serve recreational purposes by onversion into a camping trailer.
The small camping tralier p:obably reprecents the highest achievement in
compactness anc eccno in the englneering of Iiving gquarters. There-
fore, a modern, efficiently designea camping trafiler 1s used ms a proto-
type for the proposed survivsl capsule. Such trallers are currently
available on the market ir the price range from $850 to $1500. They
are designed to accommodate & farlly of two adults and three to four
children. However, in view of *he dual purpose of the proposed unit,
several significant departures frox ordinary treiller construction must
be maie.

In the first place, the capsule must be of segmented construction
sO0 that i1t cen Ye inserted through the comparatlively small blast door.

In the form first visualized, the ipsule e cegmented Iinto four 3-ft
sectionc, Thecge s-cticrne can =agily be Ineorted into the survival hole
by lowering one :ection at a time, with the alil of 2 collapeible winch,
through the blast docr. 1In the ae:ign chown in Sketch 2, each sectlon
would welgh approximately 7.2 1r, Wik the exceptlon of the aft sectlion
which wo1ld weigh approvimat-lr L o (v, ‘The sectlons latch together
easily and when sse=mblei are wit.r “ight. Conctructlon techniques
utilize Fiberglae walls for strength, Lightneco and durability, aluminum
beams for wirdow and door frumec, an. steel locking pins, latches, and
roller assemblies for maximum wear recictance, Doors are provided at

both ends to permit ac~rre Lo the cutor curvival bhole and to the storage

area, chemical tollet, alr ‘ondtticoning uyrtem, and power source. Access
ta the storage bin 4n the floor «f “he (hedll 1o made by ceparating the
capsule at any of it ‘ofnt: o .pecing the floor 4t that Jjoint. This
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15 possible because the survival shell is longer than the capsule and

permits a 3-ft separation of the capsule segments.

To insert a trailer into the survival opening, the tension latches
are released, and a segment of the traller body is rolled off the
trailer frame and lowered with the winch. It would probably be neces-
sary for a second person to be within the shelter to guide the capsule
segment down into the hole. The segment would then be rolled to the
rear of the hole and the next section lowered. The completely assembled
unit would be relatively airtight. Installation of an air-conditioning
system would maintain a slightly positive pressure in the capsule with
respect to the outer survival hole to forestall the possibility of any

odors or contaminants reaching the living ares.

To be used as a camping trailer, the segments would be raised in
the reverse order from their inmsertion into the shelter and would be
latched together on the trailer frame which is stored above ground. As-
sembled on the trailer frame, the capsule appears in most respects like
a modern camping traller and can be used for the same purposes. The
fact that the survival hole would serve to store the camping traller
between periods of use would be a decided advantage to middle-class
people living in restricted residentlal areas where the storing of a
camping trailer above ground 1s generally frowned upon or restricted by
local ordinances. Storing the trailer below ground and out of sight
could create no objections fram neighbors.

An alternate purpose for the survival capsule would be as a part of
a houseboat. In the simplest form one might have a set of pontoons to
which the trailer frame could be attached, and on which the survival
capsule could be mounted. This type of houseboat would be very useful
in lake country for vacation periods. Alternatively, one might insert
the capsule into a large hull to provide the carefully engineered accom-
modations usually associated with a very expensive boat.

The over-all concept in the embodiment in the survival capsule of
the maximum degree of expensive life support features 1s an attempt to

move the most attractive features of the shelter module into a unit which

o )
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has an alternative recreational use. This might be appealing to many

people who have resisted the family shelter concept for psychological
reasons. The survival shelter has not been accepted widely in America,
probably because most people dislike thinv.ng about the horrors of
nuclear war. In view of these horrors, as they have been portrayed,
people are dubilous as to whether they really would wish to survive in
the post-attack period. At least they are dubious enough to be unwilling
to invest money which could be spent on other comforts. By attempting
to embody as much of the cost of the shelter into a unit that has a very
desirable purpose in itself, we feel that the public might ultimately
accept the unit and bear an appreciable fraction of its cost.

The proposed design in Sketch 1 represents an initial effort. Much
further study is needed before deciding upon one or two designs for con-
slderation as a protctype for mass production. One alternate possibility
would be to use five segments, each small enough to permit access through
a standard doorway. This would further reduce the size of the blast door
and would alsc permit the assembly of the survival capsule in house base-
ments far removed from target areas; in this case the capsule might be
used primarily as a protection against radioactive fallout with relatively
minor modifications to the home. This might gy atly extend the sales
appeal to many persons. We should also give : ansideration to the possi-
bility of disassembling the capsule into pane.s. If a design could be
evolved which had the requisite strength and fluild sealant properties
and which could be assembled with relative speed, then many aspects of
the survival hole could be simplified. The blast door could then be made
much smaller and the winch would be unnecessary for ralsing and lowering
the panels. The feasibility of such a design should be considered in
any future study of this type. While such a design might not be the
simplest, 1t might well be the most attractive varlation of the segmented
capsule technique and should be examined from this polnt of view.

Detaile of the sealing and latching mechanisms and the entire unit as-
gsembled in the survival hole are ghown in Sketches 3 and 4. The estimated
weights and materials used in the survival unit are listed in Table 23
also included are estimated welghts and materials for a supplementary
3-ft section which would provide foed storage space and sleeping space

for additional persons at a cost of approximately $200.

W
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Additional
Trailer Frame and Running Gear Material Weight-1b 3 ft Section
2 Longitudinal Hatsections Steel 200 None
2 longitudinal Roller Tubes Steel 80
5 lateral Channel Area Steel 135
2 Wheel Ass'y (wheels, tires, etc.) Steel, Rubber 80
Axles and spindles Steel 45
Jack {at Hitch) Steel 15
Total 55%
Underground Shell Installation
Corrugated Drum
Cylinder Steel 4750 855
Ends Steel T30 --
End Ribs Steei 235
End Flanges Steel 450
Floor
Plywood Plywood 90 30
Lengthwise Angles Steel 116 19
Crosswise channels Steel 190 27
Pipe tracks Steel 150 30
Escape Hatch
Cylinder Steel 380
Upper and lower flanges Steel T
Lower Door Steel 100
Upper door and Recess Reinforced Concrete 1200
Mair Entrance
Support I beams Steel 430
Walls Steel 1500
Roller beams Steel 360
Door Reinforced Concrete 6150
Door raile Steel 180
ladder Steel 10
Rollers, crank drive, etc. Steel 150
Miscellaneous
Water tank Steel 170
Alr inlet pipe Steel 33
Blover Steel Lo
Filter (blast proof) Steel, Coucrete 50
Exhaust Duct Steel 30
Exhaust head Steci 5
Toilet {Wood b
Steel 20
Hoisting Equipment
Collapsible Structure Aluminum 40
Misc. brackets, pulley, etc. Steel 20
Winch, Cables, etc. Steel 20
Totals  Steel 10,100 931
Wood 9k 20
Concrete 7,400
Aluminum 4o
17,640 961
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TDAITEP WRAME, LIFT MECHANISM AND OTHER ACCESSORIES

In the form now visualized, the trailer frame utilizes two longi-
tudinal tubes as a support for the capsule segmente. Roller mechanisms
in the capsule sections mate with these tubes and permit positioning of
the section overlocking pins. These prevent lateral or longitudinal
movements of the sections with respect to the frame when the capsule aad
frame are used as a trailer. Extensions to the longitudinal tubes per-
mit positioning of the segments over the shelter access hole for lowering
without necessitating parking the traller over the hole. The trailer
will be designed to permit it to serve other functions such as moving a
boa*, furniture etc.

The 1ift mechanism consists of a collapsible aluminum framework
which, stored neatly on the ground, 1s anchored to concrete blocks. A
hand winch permits easy railsing and lowering of the sections. If smaller
capsule assemblies are used, then the possibility of simple jack lifts
or a simple elevator device can be considered. The construction of a
prototype would be extremely helpful in determining an optimum design
for the purpose envisioned.

As mentioned previcusly, an additional accessory which might have
great appeal in certain regions, would be a pontoon structure onto which
the trailer could be assembled for use as a houreboat on relatively calm

bodies of water.

The possibility of providing a small engine and drive system which
could move the traller in the event the family car 1s destroyed shauld
also be considered. Perhaps the engine utilized in the air-conditioning
and power generating system could double for this purpose. A small prime
mover in disassembled form could be stored in the shelter to insure 1its

survival.

ALTERNATE MODES OF USE

faving designed and engineered a basic survival module for six

people, consisting of a survival hole, a survival capsule, and a traller

oA AT




i

body, we might consider simple variations which would enable the funda-
mental elements of the desisn to be utilized for broader purposes. One
possibility that warrants further study is that of using extended ver-
slons of this shelter for community shelters. There must be an optimum
size for a commnity shelter, dictated to a certain extent by the number
of people that can be supported by such basic facilities as a sink, a
tollet, air-conditioner, etc. Since these basic supporting units are
avallable in a family shelter, the principal modification to a module

for community shelter would involve a simple extension of the length of
the shelter with the insertion of additional segments, both to the basic
shell and to the capsule. Since such a module for a community snelter
would be bullt by mass production techniques, 1t 1s gquite possible that
its cost would come within the cost realm of speciaslly designed > mmunity
shelters. From the psychological standpoint, it would appear that control
of the population in the event of an attack would be more simple if
people were subdivlded into smaller groups. Every school could have a
battery of underground uuits matching the capability of the classrooms.
Factories and industry could have such units underground matching the
organizational structure of the working establishment. With the cost of
the door, the 1lift mechanism, the toilet, sink, and other basic life
support units amortized over a larger group of people, it is quite possible
that protection could be provided at a cost of about $200 per person.

In many areas of the United States the blast resistant feature of
this survival module might not be a sigrificant asset. Furthermore,
there might be natural shielding arrangements which could possibly be
completed for much less cost than the module proposed here (e.g., base-
ments, caves, et:). In this case one might, nevertheless, wish to adapt
the unit to permit installation of the survival capsule and other auxil-
iary gear. With mass production, this might be an inexpensive method of
achieving a reasonably comfortable shelter by taking advantage of the
careful englneering which will go intc the fundamental survival capsule
and support equipment.

The basic shelter itself, cun serve most of the functions of blast
and raciation protection. Should funding be a problem, one might
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establish a system in which families who have the type of gear utilized
in camping might simply purchsse the basic survival hole. This could
save approximately $1,000 for the typical family or permit them to post-
pone the purchase of the complete installation for a later time. Of
course the capsule would be a highly desirable augmentation to the basic
shelter and would, in the post-attack perind, have a variety <t possible
uses in addition to that of rendering survival within the basic shelter
more comfortable. F.r example, f.llowing the attack, after radiation
levels have declined, ore might wish to use the survival capsule as a
h.me ab.ve ground should -ne's hume be destroyed by fire or blast.

Thus, by bringing the capsule ocu.side the shelter, cne effectively has

a twomroom, two-story, living accomodation instead of a single underground
room. To minimize the cumulative burden of radiation, one might, for
example, use the outside capsule for daily living and working, but sleep
in the survival hole, at least until the rediatico~ levels decrease to
approximately normal levels., Alternatively, it might be necessary to
evacuate an area of extremely high radiocactive contamination to a more
physiologically acceptable area; use of the traller and capsule com-
bination would provide a means of transporting the personal effects and

the living quarters of the family unit.

To transport the capsule to a remote location one must have access
to some prime mover, such as a family car. This means that some
attention must be pald to the problem of increasing the probability of
survival of the family car. Several approaches are possible in view of
the automobile's intrinsic resistance to disabling blast damage. One
could extensively alter the family garage so that it in itself has a
certain degree of blast resistance. A number of possibilities of this
type have been explored. While these appear quite feasible they seem
to be, for the most part, quite costly. A simpler system would be to
simply reinforce the garage structure with tubular steel braces. The
garage, itself, would serve as a shield against thermal radiation from
the detonation, which is the principil danger to an automobile at
distances up to three times that at which the blast would disable the
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vehicle. The overpressure might then destroy the garage, but leave the
tubular framework intact. This might permit one to enter the vehicle
through the rubble of the garage and attempt to drive it out. Where the
principal danger to the family automobile is contamination, & protective
plastic covering could be utilized. Decontamination of the automobile
would then merely involve the removel of the covering. The survival of
the family automobile is important for many reasons. An all-out attack
undoubtedly will destroy all means of mass transportation. Accordingly,
the automobile might well represent the one major mode of transportation
which remains intact. The automobile is also, in itself, a life
supporting unit capable of proviling many services through its battery,
lights, radio, generator, air filter, and tools. For this reasoan it is
believed that the survivel module should be built in close proximity to
the storage position of the family automobile wherever possible.

For areas close to possible target complexes where neither surface
structures nor vehicles could survive (a distance of about 12 miles
from a 20-megaton blast) it will be necessary to tramsport survival
trallers with trazsport from outside the damaged area., In the national
survival plan, provision must be made for special survival teams to move
into such areas to evacuate famlliies and to provide them with basic

necessities, should their stores be exhausted,.

Ar. interesting mode of use for the survival module would be in
connettion with space exploration. In effect, the proposed sarvival
module 1s e means of providing life support 1n a very hostile environment,
hostilie from the point of view of radiation levels, as well as possible
blast and thermal stress. The unit proposed in many respects is like
a compiete seif-rontained 1ife support system although 1t does tave a
few communicating links to the external world, e¢.g., the wir intake and
the toilet drain. Apart from these connections with the external world,
the survival unit is almost a closed 1ife support system. To convert

it intn a compictely closed system would require some process for taking

the exhausted air and returning it t.. the intake after purification
and also tor taking the body waste and returning it to the storage
tanks for reugse after purification and reconversion.
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M:w let us assume we wish to establish a colony on the moon. While
in the later stages of such a colony one might run into community
arrangements, nevertheless, for the initial establishment of colonies
and for initial exploration a unit quite akin to the survival module
might be quite close to ideal. One could, for example, place on the
moon many survival shells buried under an appropriate amount of earth
(or rather moon dirt). The explorers would spend many of their hours
in their survival capsules, particularly during the solar flares when
the radiation intensities might be expected to become excessive. Further-
more, this type of insulation might protect them from the intense heat
of the sun, since the moon lacks a protective atmosphere. If one wished
tc Journey from capsule to capsule, one might ralse the survival unit
onto a trailer base provided with its own motive power. This unit could
then convey the explorer, his personal effects, and tlie scientific
instrumentation associated with his measuring program to any desired
position. This possible use of the survival unit may Justifiably be
regarded as guite fanciful but it does serve to illustrate the possible
extensive versatility of the module concept in the space exploration
corntext.

INCORPORATION IN A NATIONAL SURVIVAL PLAN

A national system of family shelters would be only one facet of a
total national survival plan. To be effective such a plan must of
pecessity include survival shelters for personnel at work, protection
for industries vital to the recuperation of the economy and provisions
for stockplling of food stuffs, machinery, and essential material which

would expedite national recovery in the post-attack perlod.

In the event of total nuclear warfare, it 1is gquite likely that at
1=ast a full year's agricultural output will be unfit for consumption
vecause of contamination. To overcome this obstacle, one must plan
the utilization of the surplus stocks ot commoditics row owned by the
federa. gove;nment. A national shelter program must provide a means
tor nationwide disbursal of such food stocks. First, surpluses should

be converted into packaged form and {nto a form capnble of direct
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rresently functioning well below its capacity. Thus, the family shelter

sys*em proposed lhere can readily te handled by the national economy,
prarcicularly if the final prase of the program were spread out over
several years. Indeed, if the construction of family shelters for the
2ntlire nationel popu.ation were spread out over several years, the cost
T tte program could be balanced out by the added productivity of tne

later force empluyed.

The orntire program of naticral survival after & nuclear war might
utilize surplus abor and productive capacity alone (unless conditions
warrant a crash program). Trus the program could serve as & work reser-
volr to maintalin a steady level of employment. Since the plan proposed
invoives the distribution of machirery for producing survival shelters
trroughout the =ountry, one might utilize this productive capaclty *to
vrlante seasoral drops in the output of a particular community. Large
metine=tool Industrics could utilize surplus labor periods to produce
machinery for stock piling in blastproof locations for use ir national
recovery after a nu~lear war, Sales of shelterc could be encouraged

by wvarious means such as requiring the incorporation of u federally
gprroved tlast-~fallout shelter in any new home construction for wrich

an FHA 1oan is required,., The tremendous boost to recreational activities
zffordcd by the trailers and houreboats could serve as a tremendous
stimilus to t