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EXECUTIVE SUMMARY

This study proposes new fallout shelter options that might be imple-
mented and new shelter incentives that might be offered by the Federal
Emergency Management Agency — and evaluates those options and incentives
relative to existing FEMA shelter approaches. The study is preliminary and
exploratory in nature. I t was undertaken to establish a basis for making
rough determinations about whether FEMA should add new shelter options and
incentives to i t s program. The study evaluates existing and new shelter
options in terms of (1) an index of cost, or construction difficulty; (2)
geographic need for shelter spaces and pr'iected availability of additional
spaces from new shelter options; and (3) operational management difficulties
of different shelter options.

While the current FEMA approach can adequately meet the majority of
crisis fallout shelter needs, there are several locations in the country where
additional shelter options should be made available to local planners. It is
also suggested that slanting methods and incentives might be improved in order
to enhance the in-place shelter capabilities of the building stock. Finally,
i t is argued that organizational, social, psychological, and economic
management considerations will be nearly as important to successful shelter
operation as technical factors such as radiation protection and ventilation.
Explicit techniques of meeting the social and psychological needs of shelter
occupants should therefore be developed.

To complement existing methods of upgrading and construction, four
major additional options were found to be worthy of further development: (1)
use of barns, (2) use of boats, (3) a "modular upgrading system" (MUS), and
(4) use of a sophisticated, unusually large 256-person expedient shelter, The
study shows conclusively that each of these options can add to currently
upgradable spaces in order to more completely shelter evacuated populations in
the northeastern and southwestern U.S. Due to i ts preliminary nature, the
study was not able to evaluate al l of the trade-offs among various shelter
types. The characteristics of options that did receive detailed evaluation
are shown in Table 1. At this time, no option should be ruled out as a
supplemental method of providing shelter space. It is desirable to develop
each alternative more fully in order to increase the flexibility available to
local planners. It must also be emphasized that the new options proposed here
complement rather than replace current methods of providing shelter.

The current volume presents the above findings in summary form. The
findings in full appear in "A Preliminary Evaluation of Crisis Relocation
Fallout Shelter Optj. ns — Volume 2: Detailed Analysis."



Table 1 A Summary of the Characteristicp of Shelter Options

Receiving Detailed Analysis in This Study

Option
Economy Coat Latrine

Rank (S/Space) Facility

Positive Largest X of U.S. Need Size of Survival
Ventilation Each Option Can Meet Shelter Probability

UNDERGROUND

M i n e

Indoor nonresldentlal
basement, full upgrade

Indoor residential basement,
lean-to (earth cover)

Buried pole expedient

Indoor residential basement,
lean-to (sandbag cover)

Burled house trailer

Buried H-shaped shelter,
preconstructed expedient

ABOVE GROUND

Modular upgrade (expedient
indoor shelter)

Outdoor A-frame (one version
semiburled — same data)

Nonresidentlal building
upgrade

House upgrade

0.05 Not In cost Independent
power system

10

0.8

1.5

3.5

3.6

5.1

a.5

1.7

2.4

In building

In house

Not included

In house

In trailer;
no sewer

In shelter

In building

Not included

Manual

None

Manual

None

Possible

Independent
power system

Manual

None

3.2

3.5

In building

In building

Manual

Manual

22

30a

100b

30

100

100

>94

100

<9A

30 c

Group t o
community

Group t o
community

Family

(4 persons)

Family

Family

Group

Community
(256 persons)

Family t o
comuunity

Family

Group to
community

Family to
group

Good

Good

Good

Good

Good

Excellent

Good

Poor

Good

Good

Based on the generous assumption chat a l l hos t -area r e s i d e n t s find basement spaces i n hos t -area homes.

"Would c e r t a i n l y be lower than t h i s because of areas i n which ground water l e v e l s are h igh .
cAssumes that only hos t -area r e s i d e n t s are housed in hos t -area homes. If every hos t -area r e s i d e n t were w i l l i n g to share
h i s or her l i v i n g space wi th 2 . 3 r i s k - a r e a r e s i d e n t s , t h i s share would i n c r e a s e t o 100Z.



A PRELIMINARY EVALUATION OF CRISIS RELOCATION

FALLOUT SHELTER OPTIONS

VOLUME 1: SUMMARY

by

D.J. Santini, J.M. Clinch, F.H. Davis, L.G. Hill,

E.P. Lynch, E.A, Tanzman, and D.R. Wernette

ABSTRACT

This report, prepared for the Federal Emergency

Management Agency (FEMA), presents a summary evaluation of

various shelter options for use in the case where the

President orders crisis relocation of the U.S. urban

population because of strong expectation of a nuclear war.

The availability of livable shelter space at 40 ft^ per

person (congregate-care space) by state is evaluated.

Options are evaluated for construction of fallout shelters

allowing 10 ft^ per person — such shelters are designed to

provide 100% survival at projected levels of radioactive

fallout. The authors find that the FEMA concept of upgrading

existing buildings to act as fallout shelters can, in

principle, provide adequate shelter throughout most of the

U.S. Exceptions are noted and remedies proposed. The

authors also find that, in terms of upgrading existing

buildings to fallout shelter status, great benefits are

possible by turning away from a standard national approach

and adopting a more site-specific approach. Existing FEMA

research provides a solid foundation for successful crisis

relocation planning, but the program can be refined by making

suitable modifications in its locational, engineering, and

institutionally specific elements.

1 INTRODUCTION

This study examines the methods that the Federal Emergency Management

Agency (FEMA) will use to shelter the U.S. population from the effects of

fallout in the event of a nuclear war. The objective of the five-month study

was to evaluate the likely effectiveness of FEMA shelter options currently in

place and to suggest additional options f.hat might complement current

methods. The current approach being used by FEMA for nuclear civil protection

(NCP) is termed crisis relocation planning (CRP). In crisis relocation

planning it is assumed that there will be sufficient warning of a probable

nuclear attack to allow the President to order evacuation of all major

population centers as much as several days in advance of the attack. Once

evacuated to "host" areas according to crisis relocation plans, the evacuees

would then be housed in congregate-care facilities, which provide 40 ft^ of

living space per person; at the same time existing buildings would be upgraded



to shelter status or new fallout shelters would be built. Shelter capacity is
based on 10 ft per person and adequate ventilation. In some cases i t will be
necessary to relocate evacuees to areas where low-level blast (0.6 to 2.0 psi)
from nuclear weapons is likely. This blast effect would severely damage most
unmodified existing congregate-care facilities and many unmodified fallout
shelters housing evacueest In such areas, the upgraded and/or newly con-
structed shelters must be able to protect people both from blast and fallout,
a much harder task than merely providing protection from fallout. '

In this study i t is assumed that crisis relocation planning can move
people to the "best" locations for fallout shelter protection. The CRP pro-
cess itself is not considered. Only the potential adequacy and economy of
shelters are considered. A shelter is deemed technically adequate if i t is
designed to reduce a shelteree's expected equivalent roentgen dose (ERD) to a
maximum of 50 ERDs.* A 50-ERD exposure should assure 100% survival. When
shelters with a protection factor (PF) of 40 could not meet this criterion, i t
was assumed that the PF would be increased to the necessary value. The study
does not assume overdesign of shelters in order to allow for unexpected un-
usual wind patterns, which might cause radiation levels to be well in excess
of expected values. The study does assume that populations will be relocated
to those areas where buildings may be upgraded to fallout shelter status with
the most ease. If adequate shelters can be provided in areas far removed from
the effects of nuclear blast, the study assumes that people will be evacuated
to such locations. If adequate shelter can be provided with less construction
effort by moving evacuees farther away from targeted (risk) areas, or by mov-
ing them upwind of a risk area, the study assumes that this will be done.
These assumptions are not necessarily consistent with current CRP planning
approaches. However, CRP methods are largely up to regional planners. The
purpose of this study, then, is to provide additional options and to suggest
alternative approaches that might be usedo

*This shelter-design research is based on the TR-82 attack scenario. In many
respects, the "expected" fallout and blast levels in this scenario are
conservative. Estimates of blast overpressure are based on the assumption
that a l l weapons are air-burst, while fallout estimates are based on the
assumption that al l weapons are ground-burst. Fallout winds were calculated
for each of four seasonal wind patterns, with 100 trials per season. For
each geographical point during each of the four seasons, a midpoint radiation
value was selected (50% of t r ia ls above, 50% below). The worst of these was
selected as the "expected" value of radiation. This value, according to Dr.
Leo Schmidt of the Weapons Systems Evaluation Group of the Institute for
Defense Analysis, was perhaps 10-20% above the mean of the four seasonal
runs. The calculated dose was a theoretical infinite plain dose predicted by
the WSEG-10 model, as explained in "Methodology of Fallout Risk Assessment,"
an Institute for Defense Analysis paper, No. P-1065, Jan. 1975. The dose
estimate does not take into account terrain effects (ground roughness,
variation in elevation, weathering of fallout particles, mutual shielding of
buildings, e tc . ) . Actual outdoor doses should be far lower than those
estimated, by as much as a factor of four.



2 THE EVOLUTION AND CURRENT STATUS OF CRISIS RELOCATION PLANNING

Crisis relocation planning is one of two elements in NCP planning. The

other element involves the protection of people in place — i.e., within or

near their places of residence. In-place protection was developed in the

early 1960s. Since 1961, the National Shelter Survey (NSS) has identified

more than 240 million shelter spaces that provide a relatively high level of

protection from fallout.^ These spaces have a fallout protection factor (PF)

of 40 or more, which would reduce radiation exposure to no more than 1/40 of

that experienced by a theoretically unprotected individual.* Protection is

equivalent to the inverse of the PF value — i.e. , PF 40 reduces radiation to

1/40 of its unprotected level. In addition to these high-quality fallout

shelters, other shelters offering less radiation protection have been

identified. These other shelters have PF ratings of from 10 to 39. Including

all shelters with a PF of 10 or more, there are almost 400 million spaces

across the country that would provide a substantial reduction of exposure to

radiation from fallout. Considering that the U.S. population in 1980 was 227

million, this number of spaces seems to be more than enough space to protect

the population from fallout, especially when it is recognized that many people

could rapidly build acceptable fallout shelters in their home basements.

While NSS spaces provide some inherent protection from the blast of nuclear

weapons, they tend to be concentrated in the massive buildings found in

central business districts of cities and near likely targets for nuclear

weapons in the event of a full-scale nuclear war. Thus, great numbers of the

NSS spaces would be useful in nuclear war only when they are not in or near a

targeted area. In a war confined to military targets only, these shelter

spaces would be extremely valuable.

Nuclear civil protection planning must recognize the possibility of a

war involving both industrial and residential targets. Research conducted by

FEMA, the Defense Civil Preparedness Agency (DCPA), and their predecessor

agencies evaluated ways to protect the U.S. population from such an attack.

Figures 1 and 2 illustrate the basic findings of that research, as presented

in Ref. 4. Three general civil defense approaches were evaluated in that

research: (1) use of NSS shelters already identified, (2) relocation of

populations away from areas likely to be attacked, and (3) construction of

blast shelters for protection in place. The complete absence of civil defense

preparedness was also evaluated in that study. Altogether, five civil defense

alternatives were evaluated, as shown in Figs. 1 and 2. These five are

actually variations on evacuation and protection-in-place approaches. Briefly

summarized the results of the defense-preparedness study indicate that use of

*A theoretically "unprotected" individual is defined in CRP research as one
who stands on a smooth, infinite, flat plane contaminated uniformly through-
out. In reality, features such as hills, adjacent buildings, ground rough-
ness and fallout particle degradation (incorporation into the soil) all act
to lower the true outside exposure of an individual below that of the
theoretically unprotected individual.
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11935

63025

* Based on Ref. 4 ("Candidate U.S. Civil Defense Programs")

Fig. 1 Cost-Effectiveness of Alternative NCP Programs
Evaluated in 1978
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Fig. 2 Expected Survival Rates as a Result of Alternative
NCP Programs Evaluated in 1978

(see also Fig. 1 legend)

existing shelters is the least costly approach while the use of blast shelters
provides people with the greatest chance of survival. However, when one
combines the criteria of cost and population survival, i t is found that the
most cost-effective alternative is a crisis relocation program that would move
populations from areas of high risk to rural "host" areas. Very few of these
host areas are likely to be. subjected to fire and blast effects in the event
of nuclear attack. Program C in Figs. 1 and 2 represents the host-area
alternative.

2.1 THE CRP SURVEY AND UPGRADING

Because of i t s cos t - e f f ec t iveness , FEMA has been developing c r i s i s
re locat ion as the primary element in NCP planning. The CRP concept is f a i r l y
young in the his tory of NCP. I t was recognized very quickly that the NSS
fal lout s h e l t e r spaces previously i d e n t i f i e d in rura l areas would not be
adequate to s h e l t e r a large f ract ion of the relocated U.S. populat ion. Con-



sequently, two approaches were developed in order to make up the shelter

deficit in host areas: the upgrading of existing buildings and the construc-

tion of new expedient shelters. In the upgrading concept earth is placed on

the roof of a building and is built up agains't the outside of its walls in

order to place added mass between the fallout and the building occupants. One

difficulty in this approach is the problem of assuring, through upgrading, the

structural adequacy of the building to accept earth loads sufficient to

provide the desired PF.* In some areas, the building would have to be able

to accept both earth loads and low-level blast loads (less than 2.0 psi).

Blast pressures of as low as 0.6 psi can cause walls and roofs of some

unreinforced buildings to collapse. Because of difficulties in lifting ea h

or holding earth in place, high roofs and steeply sloped roofs are not

considered upgradable.

A promising option developed in this study is the modular upgrading

system (MUS); in this system, a small structure is built inside another build-

ing to avoid overloading the outside structure's roof with earth. The roof of

the inside structure is about 5-6 ft above the floor, allowing earth or

sandbags to be placed between the interior room's ceiling and the second,

"inside" roof. This method avoids the problems of getting earth onto the

existing building's roof and the danger of overloading that roof to the point

of failure. Among several other advantages of the MUS, it can be worked on

readily in inclement weather. Even in the worst weather, anything available

to place mass overhead can be lifted onto the second, "inside" roof.**

It was recognized by DCPA and FEMA that implementation of the upgrading

concept would require that a sufficient number of upgradable buildings be

available. Consequently, it was decided that a new survey should be under-

taken to supplement the NSS survey. This new survey is intended to answer two

questions. First, can adequate congregate-care space be found in host areas

simply to house the relocated population as buildings are being upgraded for

use as fallout shelters? Second, can upgradable buildings in sufficient

quantity be found to shelter the relocated population? The new crisis

relocation planning survey was about 68% complete at the end of this study

(end of fiscal year 1982 — September 30, 1982).5>6>7 For each building

capable of providing shelter for 10 or more people, the CRP survey provides

information on the characteristics of the building necessary to estimate how

*If the structure of the building cannot be readily inspected, then there
will be a great deal of uncertainty with respect to methods of structural
modification. If the building is old there may also be uncertainty about
the present strength of the structure. The expectation of weak roof
structures prevents buildings; from being classed as upgradable.

**With an indoor overhead platform, books, newspapers, water jugs, cans and
bags of food, rocks, and even earth dug by dismantling the floors of
buildings could all be used in the event that frozen ground would prevent
digging up earth out of doors.



much earth must be moved in the upgrading process. However, structural

characteristics of the building are not evaluated in this survey. Conse-

quently, there is no way of knowing how much earth can be sustained by an

upgradable building without a resurvey. But this survey does provide a bench-

mark, with which the feasibility of the upgrading concept may be evaluated. It

also gives a good estimate of the congregate-care space available.

Ventilation characteristics are not noted in the survey. Ventilation

plans have to be developed at the time upgrading occurs. If available, pedal

ventilation kits (PVKs) can be used; if not, hand-built punkah pumps are to be

substituted. Temporary power-assisted ventilation is not presently part of

the upgrading concept.

2.2 EXPEDIENT SHELTER

At the time the CRP survey was designed, there was undoubtedly some

uncertainty concerning the number of upgradable buildings that would be

ultimately available in host areas. In the absence of adequate building space

for upgrading, DCPA suggested that expedient shelters could be used. Such

shelters are relatively small, being designed for families or small groups.

While NSS fallout shelters across the nation would average more than 400
7 8 9

occupants each, expedient shelters are designed for 2-60 people. '

Expedient shelters are built outside with whatever construction materials are

available. They may involve digging a hole and covering it over, or building

a wooden structure above ground and covering it with earth. Air circulation,

when provided for, is to be provided manually with a hand-built punkah pump.

The feasibility of the expedient shelter concept has been demonstrated to the

extent that expedient shelters have been built from instructions provided to

people of average intelligence and have been occupied on a test basis for a

period of a few days.

This study examined several of the existing FEMA' expedient shelter

concepts, based on earlier FEMA documentation. Beyond that, four simple

expedient shelter concepts were developed and costed by an engineer on the

study team.

2.3 PRECONSTRUCTED SINGLE-PURPOSE SHELTER

The most costly form of shelter studied thus far by FEMA is the

underground blast shelter. It has been ruled out (see Fig. 1) as a national

option simply because of cost. An underground fallout shelter can be

somewhat less expensive than a blast shelter, since it does not have to stand

up to blast effects. However, construction of such a shelter would still

require ventilation and the use of durable, waterproof materials because it



has Co "stand ready" for an indeterminant length of time. Material costs per

unit of space in such a shelter are far in excess of the costs of an upgraded

shelter and are also greater those of an expedient shelter. Preconstructed

public shelters are also very costly to the government because they must be

built and paid for before a crisis warranting their construction occ\.-s. In

short, the "expected" cost of preconstructed shelters is far in excess of

those of upgraded or expedient shelters because the probability of nuclear war

is relatively low and the costs of expedient and upgraded shelters are not

likely to be incurred.*

While this study did not actually estimate costs for any preconstructed

single-purpose shelters, it did examine a rapidly erectable expedient buried

plywood shelter for 256 people as well as burial of a house trailer. These

shelters would be sufficient for protection from fallout immediately after

their construction, but they would net stand up well to underground conditions

over a period of years. For these shelters to be made permanent, substantial

additional costs would be necessary. For a number of reasons (exclusive

function, necessity of being built, cost of being made permanent), it is

obvions that preconstructed single-purpose shelters constitute the highest-

cost option evaluated; it has therefore been considered unnecessary to go

through a ritual exercise of estimating their exact unit costs.

2.4 PRECONSTRUCTED MULTI-PURPOSE SHELTER

The NSS inventory includes existing buildings which, in addition to

their normal function, can also act as fallout shelters in the event of a

crisis. These are effectively preconstructed shelters, but their cost as

shelter is far below that of buildings designed as shelters only. They are

fallout shelters only incidentally. In order to make even better use of nev

buildings as shelters, FEMA and DCPA have developed the concept of slanting.

In this concept, minor design modifications are adopted in order to increase

the square footage of a building that can serve as shelter space. This

concept is inherently different from that of shelter construction or

improvement durir<* a crisis. It is discussed in more detail in Sec. 5.

*Expected costs of an expedient upgraded shelter are equal to actual costs of
construction (if built) times the probability that the structure will be
built. If there is a 5% probability of nuclear war in the next 10 years and
if preconstructed single-purpose shelters cost the same amount as expedient
or upgraded shelters, then the expected costs of preconstructed shelter space
would be 20 times as great as those for expedient or upgraded shelters,
assuming the nation chose preconstructed single-purpose shelters as the only
option to be implemented.



2.5 OTHER SHELTER CONCEPTS

While FEMA's prior published research has emphasized the four a l t e rna -
tives mentioned above ( iden t i f i ca t ion of ex is t ing buildings that can serve as
she l re r s , iden t i f ica t ion of exis t ing buildings that can be upgraded to she l te r
s t a t u s , construction of expedient she l t e r s , and construction of new s ing le -
purpose she l t e r s prior to a c r i s i s ) , there are numerous other a l ternat ives
that have been considered and rejected by FEMA — or considered but given
re la t ive ly less emphasis than the four emphasized a l t e rna t i ve s . The use of
homes as she l t e r s for evacuees has been considered in previous FEMA research
but was ruled out in the current study. (The use of homes by host-area
res idents , however, is s t i l l a pos s ib i l i t y . ) The National Shelter Survey
includes mines, tunnels, and caves, and the current study includes use of such
f a c i l i t i e s . Mine shel te r cost estimates by FEMA are included in Sec. 3 of
this repor t .

Barn shel ters are examined in this study for two reasons. F i r s t , such
shel ters might provide the agr icu l tura l sec tor with extra labor necessary to
prepare farms for fal lout protect ion. Second, in some areas of the country,
a l l other in-building she l t e r options might be exhausted and barns might be
the only nonresidential buildings ava i lab le . The study found that the
upgrading of sturdy, enclosed livestock barns would not be necessary in most
of the s t a t e s where such barns are abundant (compare Figs. 3 and 5). The only
clear exception to the finding was the s t a t e of Pennsylvania.

Surprisingly, we also found that the most promising special-case use of
barns might be in Maine and Delaware, where an extremely large number of
enclosed poultry barns, with lofts is located (Fig. 4). I t was discovered that
modern poul t ry-ra is ing methods require a carefully controlled environment for
the poultry. Modern poultry barns are therefore heated and cooled in order to
maintain idea l growing condit ions. Since Maine and Delaware are near s ta tes
with severe upgradable she l t e r defici ts (Fig. 5) , i t may be desirable to
invest igate the poss ib i l i ty of upgrading enclosed, climate-controlled poultry
barns for use as fallout s h e l t e r s . * On the whole, however, there proved to be
l i t t l e need to consider adding barns to the CRP shel te r inventory.

*Those familiar with poultry raising recognize that the odor in these barns
is extremely unpleasant. There would be almost no chance that these barns
could be used for congregate-care purposes. I t is even conceivable that
people would refuse to occupy such she l te r space. In India, s tarving people
once refused to eat donated r ice because the par t icular s t r a i n of r ice had a
reddish t i n t . Nevertheless, poultry-barn space is well placed with respect
to severe upgradable space shortages. FEMA should not attempt to predict the
rejection of shel ter space on the basis of soc ia l or psychological charac-
t e r i s t i c s . People should be given the opportunity to US'- any type of space
that provides the technical capability to improve their survival opportuni-
ties.
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Another option that received consideration was the boat option. In

this option, people would move offshore and away from blast areas in boats.

Because fallout sinks in water, the major problem would be from fallout

deposited on the boat. In areas of very heavy fallout, exposure during

fallout deposition could be a problem. The former problem could be addressed

by regular washing. Boats could be organized into flotillas with several

capabilities (e.g., medical, radiological monitoring, water and food supplies)

made available on larger vessels in the flotilla. It was roughly estimated

that as many as four million people (four persors each on an estimated one

million boats) could be sheltered by such a method in those areas where

upgradable shelters are inadequate, and that a national total of about 18

million boat spaces could be available along the U.S. ocean coastlines.

Although the analysis of this option is superficial, these rough estimates do

indicate that the planned use of boats as shelters might warrant further con-

sideration in a few states. If expedient shelters were not used, the use of

barns and the boat option would both be alternatives that could provide needed

supplemental shelters in FEMA's northestern and southwestern ocean coastal

regions (see Figs. 3-6).

> 0.70

0.30-0.69

0.10-0.29

| I 0-0.09

Head of Livestock Per State Shelteree

(in Upgradable Barns)

Fig. 3 Relative Abundance of Suitable Animal-Barn
Shelter Spaces, by State
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20.0-8O.0

5.0-20.0

1.0-5.0

Head of Poultry Per State Shelteree
(in Upgradable Barns)

Fig. 4 Relative Abundance of Suitable Poultry-Barn
Shelter Spaces, by State

The barn option could theoretically handle a total of 37.5 million
people. However, in those parts of the country where supplemental shelters
are most needed, about three million animal tarn shelter spaces and seven
million poultry barn shelter spaces would be available.* These numbers are
put into perspective by our estimate that a total of 193 million shelter
spaces will be needed in host areas in order to evacuate 80% of those living
in U.S. metropolitan areas.

*This assumes one shelteree per animal space and one shelteree per 10 head of
poultry. In animal-barn shelters there would be space for both animals and
people under the assumption used here. If some or all of the animals were
not housed in the barns, then there might be as many theoretically available
shelter spaces in animal barns as in poultry barns, or even more. Poultry
barns do not have as much extra space per head as do animal barns.
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Severe Shelter Deficit

Shelter Deficit

Fig. 5 Upgradable Shelter Deficits, by State

Fig. 6 FEMA Regions
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3 EVIDENCE OF THE ADEQUACY OF UPGRADING AS A CONCEPT

This and prior FEMA research shows that the major advantage of expe-

dient shelters is their low labor cost. In our cost-estimating procedures, we

have assumed that the average person will be willing and eager to provide low-

skilled labor at no cost for construction of a personal or family shelter.

Since expedient shelters are designed to be built by persons of average intel-

ligence, they have an advantage in this respect. Counterbalancing this

positive feature of expedient shelters are numerous disadvantages, not the

least of which is a doubt that the majority of individuals could and would

successfully build and use the expedient shelters that have been designed to

date.^ Furthermore, relative to other shelter options, expedient shelters

require the most materials — substantially more, for example, than upgraded

shelters require. This is easily understood. Most expedient shelters require

the construction of new walls and a roof for the sheltered group. Upgrading

makes use of existing walls and roofs, thus lowering materials needs

drastically. Because upgraded buildings will generally be able to shelter far

more occupants per unit than newly constructed expedient shelters, they will

use far less wall area per shelter occupant than the expedient shelters.

This reduces the amount of earth and wall-reinforcing materials that must be

used per space, contributing to the lower materials needs of upgrades compared

to expedient shelters (Table 2 ) .

The least-cost, most easily constructed shelters that were examined in

this study were underground shelters. The space cost per occupant of mines

and caves was the lowest (Table 1). Such spaces are included in the NSS and

also included in our estimates of available shelter. However, mines and caves

represent only a small fraction of the total necessary shelter space. Other

"underground" shelters are basement shelters. The entire basements of

nonresidential buildings can be upgraded, and this approach constitutes the

least expensive upgrading method. The next lowest-cost expedient shelter was

the family lean-to against a basement wall. This type of shelter might be

preferred by some host-area families, those that choose not to leave their

homes, but it would not effectively use the full space available in a base-

ment. A program of upgrading whole basements would use far less material than

one consisting of many more basement lean-tos, but it would require more

skilled labor.

To estimate the kinds of shelter space likely to be used under the

present NSS and CRP programs, the following order-of-use and protection-factor

assumptions were used: NSS PF 40+ shelter spaces would be filled first;

second, NSS PF 10-39 spaces would be upgraded and filled; third, upgraded CRP

basements would be filled; and last, above-ground CRP upgrades would be

filled. Under these assumptions, 30 million NSS PF 40+ spaces, 34 million NSS



Table 2 Relative Costs per Shelter Space Provided by
Several Shelter Options8 ($/Space)

Option (ID #) a

ANL
Indoor expedient (//I)
Indoor expedient (#2)
Outdoor expedient (#3)
Outdoor expedient (//4)
Buried H
MUS

FEMA
Upgrade
Upgrade
Upgrade
Mine
Pole expedient
Buried trailer

(#5)
(#6)

(#1)
(#2)
(#3)
(#4)
(#5)
(#6)

Cost of
Materials

3.6
1.5
2.4
2 .4
5.0
1.0

0.1
0 .1
0.1
0.02
2.2
3.0

Cost of
Skilled Laborb

0
0
0
0

3.5
0.7

3.1
0.7
3.4
0.02
1.3
2.1

Identifying
& Planning0

0
0
0
0
0
0

0.04
0.03
0.02
0.01

0
0

Total
Costd

3.6
1.5
2.4
2 . 4
8.5
1.7

3.2
0 .8
3.5
0.05
3.5
5.1

Rank

#8
#3
//5
#5
#10
#4

#6
#2
#7
#1
in

aSee legend, next page, for shelter-option descriptions — options are identified in
legend by ID// in table.

"Unskilled labor is assumed to be abundant and donated. Its cost here is therefore
zero.

cIdentification and planning costs are those associated with identifying building
and location characteristics to allow advance planning for the shelter type.

Total dollars per space do not necessarily indicate what would be paid in a crisis.
Costs here are useful as a means of aggregating the difficulties in obtaining scarce
materials to construct shelter spaces. These should be thought of as average national
costs. Local costs could differ appreciably, depending on availability of various
materials and/or skilled labor. As specified, the shelter options also vary greatly
in their ability to withstand blast effects.



Table 2 (Cont'd)

ANL Options

Expedient Upgrade
#1 Indoor family (4-person) basement //I

shelter using lean-to against basement
wall. Purchased sandbag cover. No
ventilation, lighting, or latr ine, but
available in building.

#2 Same as above using locally collected #2
earth cover. No vent i la t ion, l igh t -
ing, or l a t r i n e , but available in
building.

Outdoor family (4-person) A-frame on it 3
the ground surface — earth cover. No
ventilation, lighting or latrine.

Outdoor family (4-person) A-frame //4
partially buried — earth cover. No
ventilation, lighting, or latrine.

Buried box-frame, plywood-based, H- Expedient
shaped shelter with separate lighting, //5
ventilation, and latrine facilities
included — 256-person occupancy.

#4

#5

Upgrade
#6 Modular upgrading system (MUS).

Indoor expedient shelter in which a
roof 5-6 ft high is built inside.
Earth cover inside, on new interior
roof. Earth against outside walls.
Ventilation, lighting, and latrine not
included but may already be provided
by the building. PVK, punkah-pump
ventilation possible.

FEMA Options (Ref. 8)

Above-ground upgrade of a small non-
residential building. Lighting,
ventilation, and latrines as available
in the building. PVK, punkah-pump
ventilation possible.

Basement upgrade' of small non-
residential building. Other
conditions as above.

Above-ground upgrade of a private
home. Other conditions as for FEMA
#1.

Upgrade of a drift enetry mine.
Lighting and ventilation are primary
costs.

A small, buried, expedient shelter
constructed of poles and using a
punkah pump for ventilation. No
lighting or latrine — 60-person
occupancy.

A buried trai ler with independently
powered lighting and ventilation
possible; latrine facility also
possible.
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Fig. 7 Estimates of Host-Area Shelter Capabilities
and Needs: Total U.S.

PF 10-39 upgraded spaces, 40 million upgraded CRP basement spaces,* and 89
million above-ground CRP upgrades would be used to house 193 million host-area
shelterees (see Fig. 7). These totals ignore problems in getting people to
shelter spaces and ignore state and regional variation in space availability
(see Fig. 8 for an indication of variability in basement space availability).
To successfully accomplish this, some shelterees would have to pass through
two or more states to get to an upgraded CRP space. While all basement spares
are used under these assumptions, only 27% of the theoretically possible
above-ground CRP upgradable spaces would be used. If standard above-ground
upgrading methods are made available for building types that represent, say,
60% of the buildings listed as potentially upgradable, then most areas of the
U.S. could easily implement upgrading and s t i l l be selective. Further, for
those areas of the country where a l l buildings must be upgraded, the modular
upgrading system (MUS) could, in principle, be used in cases where unique
problems or uncertainty about structural integrity existed.

*A reasonable fraction of these basement spaces might not actually be
upgradable because of water seepage problems. Many areas of the country
depend on electrically driven sump pumps to keep basements dry. After a
nuclear attack many such basements would flood without back-up power.
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> 75%

50-74%

25-49%

I | 0-24%

Share of Upgrades Possible in Basements

Fig. 8 Availability of Basements for Upgrading, by State

In terms of our cost ranking method (Table 1), the modular upgrading

system proposed in this research ranks between a basement upgrade and an

above-ground upgrade using previously developed methods. Its materials needs

are greater than those of other upgrading methods but less than those of

expedient shelters. It requires more skilled labor than does a system based

on expedient shelters but less than other upgrading methods. It could be used

in any upgrading situation. Where materials are scarce, the MUS would be less

desirable than previously developed upgrading methods, but where structural

engineers are scarce and materials abundant, its standardized design would

enhance a shelter's safety.

The most costly shelter options examined in this study are those that

require a new (though inexpensive) building to be constructed and placed

underground. These shelters would rely on walls and roofs made of standard

materials to be purchased from a building supply store. They would not make

use of existing walls of buildings or of scavenged materials prepared by

unskilled labor. Heavy equipment would to be used to excavate the spaces for

the shelter. Toilet facilities were included as part of the cost of the

shelter. Electrical lighting and ventilation systems were designed into the

shelter, with generator sets independent of the local electric utility system

included.
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While newly constructed, underground shelters proved to be more costly

than the others considered in this study, their chararacteristics illustrate

that more features and higher quality come at a price. Expedient shelter

designs have very crude toilet and lighting facilities, if any. Ventilation

systems, if present, are manually operated and hand-built. Upgrading offers

the possibility of adequate toilet, lighting, and power ventilation facilities

if the local utilties are not decommissioned by blast damages or electro-

magnetic pulse (EMP) effects. Alternatively, upgraded shelters can be

designed to include independent power systems for ventilation and lighting if

failure of local utilities is expected. The 256-person underground H-shelter

prepared for this study suggested the need for a 12-volt system that could be

adapted to upgrading situations. Our study did not examine the probability of

utility system survival and the implications of that probability for shelter

design, although concern over lighting and especially ventilation problems in

upgraded shelters was raised by the analysis. The buried H-shelter might

prove particularly attractive in areas subject to blast overpressures greater

than 1.0. Proper design could allow this shelter to be blast-resistant. Its

independent closed ventilation system might be very desirable in areas of

moderately high blast (causing utility destruction) and high fallout (in which

case the filtering of particles would be extremely important). Otl.er areas

where such a system might be very attractive are those in the deep South with

high ventilation requirements — power ventilation may be essential in such

locations.

3.1 THE BLAST CLOSURE PROBLEM

For those shelters located close to risk areas, there are especially

severe total dynamic and static loads that will be placed on the shelter as a

result of combined earth and blast loads. Furthermore, blast overpressures

can propagate through openings in a shelter, potentially causing a building to

fail and/or creating high-speed projectiles. Either effect can of course

result in fatalities and casualties. Shelters in the vicinity of risk areas

must therefore be reinforced and securely closed. Unfortunately, the point at

which blast overpressure effects become inconsequential is not presently

known. ' ' However, past research does clearly show that a problem exists

between 1.0 and 2.0 psi. The 2.0 psi line is the theoretical boundary outside

of which host areas (and relocated shelterees) are located. Furthermore, some

types of major structural failure have occured at blast overpressures as low

as 0.6 psi. There is no doubt that blast-closure techniques will have to be

developed for use in many areas of the country. On the other hand, there are

also vast areas of the country where such closures will not be necessary.

3.2 AN ESTIMATE OF THE POTENTIAL FOR UPGRADING

The upgrading cost estimates prepared for this study have been based on

an assumption of upgrading to PF 40. However, if it could be expected that
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survival would be assured with a protection factor of less than 40, certain
trade-offs might be considered. Construction effort might be directed toward
getting more space per shelter occupant rather than a greater PF — once a
certain PF level has been reached. In some areas of the country, extra space
per person could greatly enhance survival probabilities by easing ventilation
problems. While shelter upgrading should always be directed toward ultimately
achieving FEMA PF 40+ standards, both PF and ventilation requirements need to
be met to assure survival. Currently, FEMA ventilation requirements are
sensitive to expected outdoor conditions (heat and humidity), while radiation
protection requirements are uniform throughout the country (PF 40) and do not
vary according to expected outdoor conditions (radiation levels).* In this
study we estimated the number of spaces for which the PF 40 standard would be
more than adequate to assure 100% survival and the number for which i t would
be less than adequate. Since the lowest PF of any space included in the NSS
is 10, we took state-level data based on the TR-82 attack scenario and cal-
culated the proportion of the host-area population (population living where
blast is likely to be less Chan 2.0 psi) in areas with an "expected" outdoor
radiation exposure of 500 ERDs or less and 1.0 psl or less overpressure (see
rote on page 2). In areas occupied by those persons, the provision of shelter
with a PF of 40 will be more than adequate for survival — because a PF of 10
would reduce exposure to 50 ERDs or less, an amount that should allow 100%
survival. Further, blast closure should not be a significant problem in most
of these areas. (The 1.0 psi value was selected because of limitations in the
TR-82 attack scenario, not because i t is known to be a boundary beyond which
blast overpressure problems cease to exist.)** It was assumed that the first
priority in evacuation would be to get people to these areas. Evacuees were
assumed to cross state boundaries within FEMA regions, but not regional
boundaries, in order to get to these locations.

Shelter spaces were assumed to be distributed in direct proportion to
host-area population. With chese assumptions, i t was determined that more
than half of the expected shelter occupants (51.2%) could theoretically be
housed in shelters with a minimum but adequate PF of 10 and with an ability to
withstand blast pressures up to 1.0 psi. On a state basis (not allowing for
crossing of state boundaries), i t was estimated that 13 states could house all
of their evacuated populations in such shelters and s t i l l have space left over
(Table 3, Fig. 9). Upgrading to the standard PF of 40 in these areas will
provide a margin of safety and reduce residual radiation doses.

*In fact, the ventilation standard is a survival standard, while the radia-
tion protection standard is not. If the radiation protection standard were
set in such a way that every fallout shelter occupant was to receive a
maximum of 50 ERDs, then PF levels would have to vary with the expected
level of fallout. One major reason for this difference is the fact of
greater predictability of weather conditons than fallout levels.

**Because of a decision to keep computer running costs manageable, those areas
of the country where blast overpressures are expected to be less than 1.0
were not evaluated for blast effects.
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Table 3 Shares of She l t e r Space That Could Be Provided by Risk-
Sens i t ive She l t e r Upgrading and CRP Planning

Upgradable Spaces

in Risk Category a

Total Spaces
(.million)

98.55
61.66
10.84
4.13
4.59
2.12

Percent of
U.S. Shel ter

Occupants

51.2
32.0

5 . 6
2 . 1
2.4
1.1

Host-Area Risk. Category
in Upgradable

Expected Outdoor
Radiation

(ERD)

< 500
500 - 2,000

0 - 2,000
2000 - 10,000
2000 - 10,000

> 10.000

PF
Needed

10
40
40

200
200

> 200

of She l te r Spaces
Buildings

Expected Blast
Overpressure

(ps i )

< 1.0
< 1.0

1.0 - 2 .0 b

< 1.0
1.0 - 2 .0 b

2 .0 b

1O.72C

192.62°

5.6C

100.0

aIncludes for purposes of completeness the number of shelter spaces that are
not provided by this program (10,720,000 or 5.6% of a l l the spaces that
ideally should be provided in upgraded host-area buildings but cannot be
provided because of the finite supply of upgradable buildings). See also
notes c and d below*

Blast closure c1early needed in a l l shelters.

^Represents the nonserved part of the evacuated population.

This total is based on 80% evacuation of the U.S. metropolitan population
plus the nonmetropolitan population — 20% of the U.S. metropolitan popula-
tion (15% of the total) is not served by this program. People in the
nonserved category are not necessarily assumed to be casualties. Some
spontaneous evacuation is expected. A separate shelter program for key
workers also exis ts .
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The next category of desirable shelter is the one FEMA is presently

best prepared to provide instruction for, namely, a shelter designed to

provide a PF of 40 but with little preparation for blast effects.16"2" Esti-

mates of upgradable shelter spaces in areas with 500-2000 ERDs of expected

fallout and less than 1.0 psi of blast overpressure revealed that another 32%

of evacuees could be provided adequate shelter of such types. Another eleven

states could provide adequate shelter for all state evacuees by use of some

shelters with a maximum PF of 40 and moderate blast-closure measures. (In many

areas of these states a PF of 10 would be adequate.) In total, about 83% of

evacuees could be sheltered by methods combining use of shelters designed for

a PF of 10 or a PF of 40, each with limited blast-closure problems.

Sheltering of the last 17% of evacuees would be far more difficult.

Provision of blast closures for overpressures from 1.0 to 2.0 psi could house

another 6% in shelters with a PF of 40. Another 4% could be housed in

shelters designed to withstand up to 1.0 psi and provide a PF of 200..

However, even if every needed and theoretically adequate upgrade were made

(and many could not be), about 6-7% of the evacuated population could not be

adequately sheltered in upgraded buildings. At least eight states would find

it impossible to provide adequate shelter by upgrading. It is these states

for which FEMA must continue to provide shelter options other than upgrading.

Index of Difficulty in Providing Shelter

Fig. 9 Difficulty in Providing Shelter, by State
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Fig. 9 (Cont'd)

Index Value

1 Shelter space could adequately be provided by shelters with a PF
of 10 in areas where blast overpressures are less than 1*0 psi.
There are also adequate congregate-care facilities for each
relocated person.

2 Shelter space could be adequately provided by shelters with a PF
of 40 in areas where blast overpressures are less than 1.0 psi.
There are also adequate congregate-care facilities for each
relocated person.

3 Shelter space could be provided by shelters with a PF of 10 in
areas where blast overpressures are less than 1.0 psi. However,
there is less than one congregate—care space per upgradable (and
other) shelter space in these areas.

4 Shelter space could be provided by shelters with a PF of 40 in
areas where blast overpressures are less than 1.0 psi. However,
there is less than one congregate-care space per upgradable (and
other) shelter space in these areas.

5 To be adequate, some shelter space must be provided by shelters
with a PF of 200 in areas where blast overpressures are less
than 1.0 psi. In some cases, congregate-care facilities in
these areas amount to less than the number needed.

6 While no upgrading above PF 40 is necessary, blast closure and
blast upgrading must be provided for shelter to be adequate.
Shelter space is provided up to the 2.0 psi boundary.
Congregate-care facilities are inadequate.

7 To provide adequate shelter, blast closure and blast upgrading
up to the 2.0 psi boundary in PF 40 shelters must be comple-
mented by upgrading to PF 200 in areas with less than 1.0 psi
blast overpressures. Congregate-care facilities are inadequate.

8 Even if all theoretically upgradable buildings are upgraded,
there will not be enough shelter space for relocated persons.
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4 THE CONGREGATE-CARE PROBLEM

Since congregate-care facilities require 40 ft per person, while

shelter space requires only 10 ft per person, cases could obviously arise i\

which it would be possible to provide minimum shelter space for every evacuee

but not minimum congregate-care space. About two upgradable 10 ft spaces per

person were found in the combined NSS and CRP inventories for each 40 ft per

person of congregate-care space. Thus, overall, upgradable shelter spaces

should outnumber congregate-care spaces by slightly more than two to one when

CRP surveys are complete. Put in a more negative light, there will be fewer

than half as many congregate-care spaces as upgradable shelter spaces. Con-

sequently, many more states are estimated to have a congregate-care deficit

than an upgradable space deficit.

As one would expect, the same eight states that have upgradable shelter

deficits also have severe congregate-care deficits. However, another seven

states also have moderate congregate-care deficits (Fig. 10). These

congregate-care deficits occur even though host-area residents do not occupy

congregate-care facilities, which are merely housing facilities to be occupied

as fallout shelters are completed.

Severe Congregate-Care Deficit

Moderate Congregate-Care Deficit

Fig. 10 Congregate-Care Deficits, by State
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5 ADVANCE PREPARATION OF HOST-AREA SHELTERS

As the s e v e r i t y of the s h e l t e r problem i n c r e a s e s , the r e l a t i v e benefi ts
of de ta i led advance preparat ion in host areas inc rease . For example, pro-
viding s h e l t e r i n zones of high fa l lout and high b l a s t overpressure requires
advance s t r u c t u r a l analysis of new and ex i s t i ng bu i ld ings , for t h e i r possible
modification, and upgrade planning. One approach already used by FEMA is the
s lan t ing method, in which buildings are designed in advance to have the capa-
b i l i t y of ac t ing as fa l lou t s h e l t e r s . 2 1 A complementary approach suggested in
th i s research would encourage s lan t ing- for -upgrading . In this approach, plans
are developed i n advance for upgrading should i t eventually become necessary.
While a l l of the measures necessary to provide adequate fa l lout protec t ion may
not be taken i n the o r ig ina l bu i ld ing , at l e a s t some inexpensive modifica-
t i o n s , such as s e l ec t i ve s t r u c t u r a l improvement, might be taken. Such an
approach would be less cost ly than s l an t ing , poss ibly making i t more readi ly
accepted.

Most laws requir ing considerat ion of s l a n t i n g have cost loopholes or
are not enforced. They often apply only to publ ic bui ld ings , a category which
can provide only 20% or less of the needed s h e l t e r spaces. No present laws
dis t inguish between r i sk and host areas , thus encouraging s h e l t e r spending

22 23where i t is expected to be i ne f f ec t i ve . '

In add i t ion to encouraging new-construction s l an t ing and s l a n t i n g - f o r -
upgrading in nonres ident ia l bu i ld ings , some s t a t e s might want to encourage
re s iden t i a l s h e l t e r construction by host-area r e s i d e n t s . The fewer host-area
residents needing space in upgraded public s h e l t e r s , the less d i f f i c u l t i t
w i l l be to provide an adequate number of s h e l t e r s for evacuees from metro-
pol i tan a reas . In some s t a t e s and regions where s h e l t e r de f i c i t s e x i s t , there
are enough upgradable spaces to house metropolitan evacuees only. Thus, if a
program encouraging r e s i d e n t i a l she l te rs for host -area res idents could
successfully be developed, i t would e i ther a l l e v i a t e or el iminate the problem
of she l t e r ing metropolitan evacuees.

In a t l e a s t two s t a t e s , Nevada and Rhode Is land, a property tax
deduction has been granted on property that includes a fa l lout s h e l t e r . The
deduction i s not for the s h e l t e r i t s e l f but for the en t i r e property value.
These deductions now have a r e l a t i v e l y low value ($1000 in Nev., $1500 in
R . I . ) . In most s t a t e s , the e f fec t of the property tax is to discourage the
construction of a fa l lout s h e l t e r because the s h e l t e r i t s e l f may be taxed. A
more powerful tax incentive than those used in Nevada and Rhode Island would
be to exempt tha t portion of a residence used as a fa l lout s h e l t e r from the
property tax . Such an approach would be b e t t e r than the Nevada and Rhode
Island approaches because the value of the exemption would increase with

*According to the Wall S t ree t Journal (Nov. 18, 1981), Nevada grants a $1000
annual property tax exemption for home fa l lout s h e l t e r s of Nevada r e s iden t s .
Rhode Island grants a $1500 exemption for any buildings (see a lso Ref. 24).
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property values. The exemption might be tied to capacity of the shelter and

normal occupancy of the house. As with nonresidential buildings, it might

also be possible to encourage host-area residents to plan for possible

upgrading of their homes.

The authors of this study briefly examined some methods of providing

encouragement for slanting of buildings, though not for slanting to prepare

for upgrading. Several approaches are clearly possible to encourage both

methods of advance preparation of shelters. Our research indicates that

emphasis on particular states and regions may be more effective than trying to

encourage state legislation in every part of the country. Further, it

suggests that federal legislation would have to be carefully drafted if it

were to selectively encourage slanting, shelter construction, and planning for

upgrading in areas of greatest need.
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6 ORGANIZATIONAL, SOCIAL-PSYCHOLOGICAL, AND
ECONOMIC MANAGEMENT CONSIDERATIONS

In addition to the evaluation of technical feasibility and desirability
of various shelter options, this study also briefly considered organizational,
social-psychological, and economic management difficulties during shelter con-
struction and occupancy. While the demonstration of technical feasibility is
the first of a series of steps necessary to make a shelter option fully
operational, these other areas quickly come into play after technical feasi-
bility is demonstrated. The upgrading approach requires more skilled labor
per space provided than the expedient-shelter approach previously emphasized
by the Defense Civil Preparedness Agency. It also results in a larger number
of occupants per shelter. Thus, the current emphasis is on a community type
of shelter ratner than a family type of shelter. Organizational complexity
increases with group size, but the odds of finding needed skills are also
greater in a large group than in a small group. The probability of

including sub—groups with somewhat incompatible needs becomes greater as group
size increases. Young children and poorly educated shelterees are unlikely to
understand the technical need for the uncomfortable shelter conditions, while
the elderly simply may not be willing to tolerate such conditions. There will
be interactions between the technical characteristics of the shelter — light-
ing and especially ventilation — and the behavioral patterns of the occu-

28 29pants. ' In states where i t is possible, there might be great advantages
to constructing more shelter space than is needed in order to alleviate crowd-
ing and improve ventilation. The process of constructing an upgraded shelter
could lead to a sense of group cohesiveness and pride valuable for the period
of shelter occupancy as well as post-attack reconstruction. Because group
management problems and advantages are so clearly different from those of
expedient shelters, future FEMA research might usefully be directed toward the
management of large upgradable shelters.

While i t is not a part of this study, the crisis relocation planning
process is clearly linked to the successful management of congregate-care and
fallout shelters. Evacuation plans and host-area evacuee-distribution plans
could both take into account the need to distribute persons with needed
skil ls , including social/cultural compatibility, to various shelters in an
area. Shelter management techniques, on the other hand, would '.ecus on the
proper spatial and organizational distribution of people by skill and social/
cultural class within a shelter. As group heterogeneity and the potential for
social conflict increase, the value of this type of management also increases
greatly.

The shelter will not be isolated from the rest of the world except
during the early weeks after an attack. During the preparation phase, many
normal economic activities will continue to occur and will be necessary to
support the shelter manager's construction effort. Food will be served and
stored. Skilled workers will be allocated to perform needed tasks. Both of
these functions will require the successful maintenance of a money and banking
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system. If the money and banking system should be a coupon or ration system,
this system must still be able to function properly in order to allow the
shelter manager and occupants to concentrate on the rapid and effective
construction of the fallout shelter space. Hungry workers will be less
effective. Skilled workers might be prone to abandon work on behalf of a
system that seems destined to fail, in terms of providing the resources
necessary to make their work successful. For purposes of food distribution
and high quality shelter construction (with skilled labor), the larger
upgraded building shelters have an advantage over more numerous, widely
distributed expedient shelters. Inventory controls could more easily be
developed and monitored to assure that food, water, medical supplies,
ventilation kits, instruction manuals, and radiological monitoring equipment
are all fairly and evenly distributed. Furthermore, fewer radiological
monitoring kits and instruction manuals will have to be produced to serve a
smaller number of large shelters. Finally, because of the attenuation of
radiation by t!ie human body, large shelters will have a higher effective PF
than their design PF implies.
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7 CONCLUSIONS AND RECOMMENDATIONS

7 . 1 UPGRADING

The authors in their preliminary evaluation of shelter options have
reached eight conclusions with respect to upgrading possibilit ies.

1. In a number of cases i t would be possible to achieve indoor exposure
of less than 50 ERDs even if upgrades do not achieve a PF of 40. In
many cases blast closures would not be necessary. In many states i t
should be possible to eliminate blast-closure problems altogether by
moving CRP sites beyond a specified blast overpressure line (a
presently unknown value probably somewhat less than 1.0 psi). To
accomplish this, FEMA blast-overpressure estimating techniques need
to be modified to provide more detailed spatial information on
expected blast overpressures. The minimum value presently simulated
by FEMA is 1.0 psi. Further study of building survival at blast
overpressures up to 2.0 psi is needed to provide information on
where damage probabilities decline to zero by structure type.

2. Regions 1 and 9 have the worst problems in providing adequate
shelter (see Figs. 6 and 9). Region 2 and then Region 3 have the
next worst problems, in that order. With occasional CRP
modifications, the rest of the country appears to have the ability
to provide shelter by means of upgrades to a PF of a maximum of 40
in locations subject to less than 1.0 psi blast overpressure. Put
another way, i t appears that as much as 83% of the shelter space
needed can be provided by upgrading shelters to a maximum PF of 40
in areas subject to less than 1.0 psi blast (see Table 3). This
assumes a maximum allowable in-shelter exposure of 50 ERDs and 80%
evacuation of risk areas. These optimistic results cannot in all
cases be achieved by present methods of crisis relocation planning.
Specifically, congregate-care facilities measured by the current 40
ft /person standard are inadequate (see Fig. 10). However, if this
problem is solved by methods suggested later in our conclusions,
then adequate shelter could theoretically be provided within every
state in Regions 4-8 and 10. In other words, interstate agreements
would not be necessary in these regions.

3. The severe problems of Regions, 1, 2, 3, and 9 require additional
study and analysis of upgrading and alternative sheltering
methods. These regions have relatively few upgradable shelter
spaces per resident and relatively few basements for relocating
residents (see Fig. 8). To make maximum use of upgradable shelters,
problems of blast closure must be solved in these regions. (Because
of uncertainty over blast problems below 1.0 psi, the existence of
some blast-closure problems in other regions cannot be ruled out,
even though blast-closure problems should be small in those regions.
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Future analysis should be directed toward more precise definition of
the environment where blast upgrading must occur). Use of rela-
tively blast-resistant NSS spaces within the 2.0 psi boundary should
be considered in these locations. Use of the barn shelter concept
should be considered (though i t will not be effective in Region
9). Interstate compacts are necessary (and already in use) in most
of these regions (1,2,3). Because these are coastal regions, the
use of the boat option should be examined. Even if every
possibility mentioned above were to be implemented, i t is doubtful
that adequate shelter could be provided in California. In this
single state, congregate care might have to be provided by tents,
recreation vehicles, and expedient outdoor shelters. Rapidly
erectable, somewhat blast-resistant expedient shelters near urban
^reas (such as the H-shelter suggested in this report) may prove to
be desirable in the four problem regions. At this point, none of
the options can be specifically recommended for these regions.

4. Several areas with shelter problems worse than the norm (southern
California, Arizona, and Florida) have resident populations (many
retired people) that may find i t difficult to construct shelter
spaces. Areas of these states also have severe ventilation require-
ments , which are made even worse by unusual ventilation requirements
to assure survival of the elderly.

5. CRP planners should pay careful attention to soil conditions in host
areas. Soil availability could dictate the relative desirability of
sheltering options — some options demand more soil than others. A
high water table could create problems in excavating soil for
expedient shelters and affect the techniques used for upgrading. If
basements are likely to flood because of electric pump failure and a
high water table, many basement upgrades would probably be ruled
out.

6. Basement upgrades, nationally, could provide less than 30% of needed
upgraded shelter space at best. In contrast, potential above-ground
upgrades exceed the needed national number of upgrades by almost
100%. Therefore, relatively greater attention should be given to
above-ground upgrading.

7. While existing upgrading concepts are generally adequate,
feasibility problems under certain circumstances have been
identified. The modular upgrading sytem (MUS) suggested in this
report can, in principle, solve several problems of upgrading.
While there is no reason to abandon existing upgrading concepts that
have been demonstrated to be highly workable, i t is desirable to
pursue the MUS concept to the design stage in order to augment
upgrading methods. The advantages and disadvantages of the MUS
relative to existing upgrading methods should be carefully assessed.
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The biggest technical problem in a majority of shelters will be
ventilation. A 12-volt ventilation system is suggested in this
report. It would have advantages of safety and of the ability to
accept parts and power sources (batteries) scavenged from
automobiles. This concept should be pursued further. Existing
manual ventilation syscems should be more extensively tested under
conditons that will exist in shelters — i.e., with human occupancy
and operated over a period of several days. If these devices work,
in such conditions, then they may be used in the majority of shelter
spaces (those not subject to blast problems). If not, then power
ventilation methods must be provided or shelter space standards (and
thus the whole CRP process) revised.

7.2 CONGREGATE CARE

In a significant number of states, there is a sufficient number of
theoretically acceptable upgradable shelter spaces but an insufficient number
of congregate-care spaces to house each ultimate occupant of the shelter
spaces (see Figs. 5 and 10). In such states some revision of standard CRP
procedures may be helpful. Space required for congregate-care might be
reduced. Alternatively, plans to bring to the host areas recreation vehicles,
tents, and/or mobile homes might be developed.

7.3 ADVANCE PREPARATION

A program to encourage new-construction slanting and slanting-for-
upgrading could greatly enhance the ability of host areas to provide shelter
in the long run. Not only should institutional-legal methods be developed to
encourage slanting and upgrading planning but institutional-legal methods
should be pursued to prevent the discouragement of such measures. For
example, instead of fixed property-tax deductions for shelter-capable space
(Nevada, Rhode Island), there should be legislation to prevent property tax
assessments on the proportion of property that will be used for the provision
of shelter. Methods of encouraging shelter planning in host areas (but not in
risk areas) should be developed. In some areas of the country the adequacy of
the CRP program could be greatly enhanced if host-area residents were able to
shelter themselves in the residential structures of their communities. Thus,
selective encouragement of residential shelter programs for local residents of
some host areas deserves consideration,;

7.4 ORGANIZATIONAL, SOCIAL-PSYCHOLOGICAL, AND ECONOMIC MANAGEMENT
CONSIDERATIONS

1. Upgrading of existing buildings to shelter status differs
significantly from having each family build an expedient shelter.
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While upgrading whole buildings uses far less material per space

provided, it demands greater skill by those managing the construction

process (Table 2). The high skills of those managing shelter

upgrading for large numbers of other people offer the opportunity for

a high degree of quality control in construction (especially in terms

of achieving a standardized PF) and operation of the shelter at the

expense of a far more difficult group management situation.

Shelter management studies should be reviewed to determine the

adequacy of existing training methods for the kinds of problems that

may be anticipated in large groups requiring 10 ft^ per person for two

weeks. The complexity of group shelter management problems will

depend in large part on the homogeneity and characteristics of a group

of occupants. Groups containing above-average percentages of

children, elderly people, and those whose behavior is likely to be

unacceptable to an average group of shelter occupants may present

special problems to shelter managers. Deficiencies in current

training methods should be assessed and a program developed for

redressing those deficiencies.

This study has focused almost exclusively on shelter characteristics.

It has assumed that other aspects of CRP would adequately support the

shelter population. While that is a useful assumption for the

purposes of this study, many of the recommendations marie here could

not be implemented without dropping this assumption and considering

necessary adjustments in other CRP areas. Such areas as money and

banking (or coupon rationing), supplies distribution, and population-

relocation choices would all have to be reexamined in light of changed

shelter policies. While upgrading methods clearly offer the potential

for an adequate fallout shelter program when compared to older

expedient-shelter methods, they just as clearly demand more careful

management within and without the shelter.

7.5 GENERAL CONCLUSION

In summary, there appear to be great benefits in moving away from a

standard national approach to a more site-specific appoach. Existing FEMA

research provides a solid foundation fo- successful crisis relocation

planning, but the program can be refined by making suitable modifications in

its locational, engineering, and institutionally specific elements.

7.6 RECOMMENDATIOrS

The study has clearly shown that the current reliance of FEMA on

upgrading is warranted. Current efforts toward the compilation of an

upgrading manual that incorporates methods of accomplishing blast closure are
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appropriate. Since upgrading cannot fulfill all of the needs for shelter
space in host areas, development of additional shelter options is desirable.
The boat option, barn option, modular upgrading system, and buried H-shelter
all appear to be worthy of further evaluation and possible development. The
buried H-shelter and modular upgrading system could both be developed to the
detailed design stage. The ventilation system of the buried H-shelter is of
special interest for other applications. The barn and boat options might both
benefit from further conceptual analysis before proceeding to the design
stage. Each of the four options should receive further analysis in terms of
the conditions under which they might become superior to existing upgrading
methods. Such analysis should be conducted jointly for the recommended four
alternatives because they are, in a sense, competitors with one another for
the position as the next best alternative to upgrading. It is doubtful that a
consistent winner would result from such study. Instead, the best alternative
would probably be a function of local conditions, including building (or boat)
availability, materials availability, expected blast, and expected fallout
levels.

To improve the in-place shelter capability of the building stock in
host areas, new slanting-incentive programs, including slanting-for-upgrading,
should be developed.

In addition to instruction manuals on how to assemble talent to con-
struct shelters, FEMA should also work toward development of instruction
manuals on how to assemble and quickly train talented people to operate
shelters. In addition to traditional physical management techniques
(radiation monitoring, occupant rotation, dose estimation, water and food
rationing, etc.), FEMA should assemble knowledge on techniques and skills
needed to meet the social and psychological needs of a sheltered population.

Finally, although congregate-care space shortages have been identified
as a problem for certain states, this study does not recommend that the
congregate-care situation be reevaluated until the new shelter options are
more completely developed. Because it is necessary to have congregate-care
facilities in the immediate vicinity of shelter spaces, the ultimate
congregate-care solution will be very much a function of the shelter option
adopted.
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