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INSTRUMENTATION REQUIREMENTS FOR RADIOLOGICAL

DEFENSE OF THE U.S. POPULATION IN
COMMUNITY SHELTERS

Carsten M. Haaland and Kathy S. Gant

DETACHABLE SUMMARY

Allocation of radiological instruments was based on a computer
simulation of a Community Shelter Program (CSP) posture. This simula-
tion combined for the first time data consisting of National Shelter
Survey. (NSS) data, the Bureau of the Census 1970 count of home base-
ments, the 1970 residential population, the CRP-2B hypothetical nuclear
attack, and geographical coordinates for each of 42,000 Standard Loca-
tion Areas (SLAs) throughout the United States. This detailed data
base allowed the estimation of the number of NSS facilities and spaces
occupied within a specified radius from a given SLA.

The allocations of radiological instruments for the CSP mode were
based on a shelter posture in which all NSS shelters in the home SIA
and empty NSS spaces in adjoining SLAs within a l-mile radius could
be occupied. Home basements were shared, with up to 50 people per
basement, in areas where there were insufficient NSS shelter spaces.
Aboveground NSS spaces and those with a protection factor (PF) less
than 40 were not used in SLAs in which the blast overpressure from
the CRP-2B attack would be 2 psi or greater. In this posture, 31% of
the U.S. population was sheltered in NSS shelters, 60% in home base-
ments, and 9% in neither. Of 36 million home basements, approximately
one million were shared with nonresidents. Only 187% of the total NSS
shelter spaces were utilized because of the elimination of aboveground
spaces in risk areas and the l-mile distance restriction.

Occupied NSS shelters were categorized by number of occupants to
provide a basis for instrument allocation. Thirty-seven percent of the
occupied NSS shelters had less than 50 occupants each, and six percent

had an average occupancy of about 2300.
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The instruments necessary to provide a bare minimum of radiological
defense were 3.4 million dosimeters, 1.3 million chargers, and 1.4
million ratemeters, for a total estimated cost of about $75 millionm.
Such a deployment of instruments does not provide for the recording of
individual dose that is needed for postattack recovery. The smallest
numbers of instruments required to provide individual records of dose
were 18.1 million dosimeters, 1.9 million chargers, and 1.4 million
ratemeters, at an estimated cost of about $228 million. Costs are based
on projected mass production of thermoplastic electroscope dosimeters

and ratemeters and a piezoelectric charger, all in development at present.
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INSTRUMENTATION REQUIREMENTS FOR RADIOLOGICAL DEFENSE
OF THE U.S. POPULATION IN COMMUNITY SHELTERS

Carsten M. Haaland
Kathy S. Gant

ABSTRACT

Estimates are made of requirements for instruments for
radiological defense of the U.S. population in the event of
a nuclear attack. A detailed Community Shelter Plan posture
is developed for each of 42,000 Standard Location Areas.
Travel distance from residence to shelter in urban areas is
limited to approximately 1 mile. Sixty percent of the U.S.
population is sheltered in home basements, thirty-one per-
cent in National Shelter Survey shelters, and nine percent
is in neither. Three minimum allocations of instruments
are developed. Allocation A, one radiological defense set
per shelter, is essentially the same as the current civil
defense allocations but is found to be inadequate for about
100,000 shelters having more than 100 occupants. Allocation
B requires 3.4 million new dosimeters based on estimated
shelter occupancy and provides a minimum instrumentation
for radiological defense but not enough instruments to main-
tain individual dose records. Allocation C would require
18.1 million new dosimeters and would provide adequate
instrumentation to maintain dose records for all shelter
occupants.

1. INTRODUCTION

This report presents the results of research performed at Oak Ridge
National Laboratory for the Defense Civil Preparedness Agency (DCPA*) on
the problem of determining radiological instrument requirements for the
people of the United States in the event of a nuclear attack. It is
generally recognized that the life-saving potential of fallout shelters
in the aftermath of a nuclear attack can be negated if the occupants
have no way of knowing to what degree they have been exposed to ionizing

radiation from fallout or how intense the radiation may be outside the

*
A Glossary of Acronyms for this report is given on pages ix and x.
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shelter. Without this knowledge, people may not select the best protected
areas and may possibly receive excessive exposure, or they may leave the
shelter too early, with the same disastrous consequence. For these
reasons it is considered necessary to have instruments in the shelters
for detecting and measuring ionizing radiation.

The specific problem is defined by the scope-of-work statement from
DCPA, which is quoted as follows:

"The Health Physics Division of Oak Ridge National Laboratory
(ORNL) in coordination and consultation with DCPA, shall study and
determine the qualitative and quantitative requirements for local
radiological defense (RADEF) for the shelter-in-place mode of
Nuclear Civil Preparedness planning. This shall include but not
be limited to requirements for training of personnel, equipment,
facilities, and procedures necessary for the assessment of the
radiological hazards encountered by shelterees as a result of a
nuclear weapons attack on CONUS."

T PR L

"The work to be performed shall use, as a starting point, the
model for a local RADEF system as presented in the draft CPG, 'The
Local RADEF System.' The project shall address primarily the
Shelter Monitoring and Monitoring and Reporting subsystems, as
described therein. Relationship with other subsystems during all
operational phases shall be developed. Alternatives for providing
the necessary training and equipment, including radiological
instruments, shall be explored and presented."

The draft Civil Preparedness Guide (CPG) referred to in the scope
of work has been finalized by DCPA and published as CPG 2-6.1, Radiologi-

cal Defense Preparedness (Department of Defense, 1978). Only slight

changes in terminology and organization have been made that affect the
scope of work stated above. For example, in the CPG 2-6.1 dated April
1978, the recommended model for a local RADEF system must include the

four following subsystems (or capabilities): (1) shelter radiological
monitoring; (2) monitoring, reporting, and assessment; (3) self-protection
radiological monitoring; and (4) radiological decontamination.

A summary of the work performed, conclusions, and recommendations
are given in Sect. 2. The requirements for RADEF instruments in shelters
and the relationship of these requirements to the various subsystems are
described in Sect. 3.

The final section presents three alternate estimates of require-
ments for radiological instruments in occupied NSS shelters and in home

basements where shelter space is shared with nonowners.




Appendices A and B include some considerations and recommendations
made by the National Academy of Sciences on requirements for radiological
instruments.

An estimate is made in Appendix C of the number of home basements
which would be used as shelters and shared with people other than the
usual residents.

One of the major tasks of this project was to estimate the distribu-
tion of people in NSS (National Shelter Survey) shelters and in home
basements, as they might be distributed in the '"shelter-in-place mode of

' In this mode, also sometimes

Nuclear Civil Protection (NCP) planning.'
referred to as the CSP (Community Shelter Plan), people are assumed to
take the best available shelter against radiation from nuclear fallout

in buildings which are near their residences, not more than a mile or

two in urban areas. The preparation of the data base for the location,
size, and protection of both NSS shelters and home basements is described
in Appendix D. This data base is the first one, to our knowledge, to
combine both types of shelters in a common data base in such a way that
all shelters of both types within a specified radius (on the order of a
few miles) from a specific location can be quickly listed with a large
computer. Estimates of the distribution of people within these shelters
are described in Appendix E.

In order to obtain better approximations of the ''shelter-in-place
mode," two variations of the NSS data base were aiso investigated. 1In
one of these variations, only belowground spaces were used throughout
the nation, and in the other, the NSS data base was modified within
areas considered to be at high risk of blast damage in a hypothetical
nuclear attack. The modification consisted in deleting aboveground

spaces and all spaces with a PF less than 40.
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2. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

2.1 Summary and Conclusions

Radiological instruments, dosimeters, and ratemeters (survey meters)
are necessary to maximize the life-saving potential of fallout shelters.
Measurements of radiation intensity in various locations within shelters
and knowledge of the dose accumulated by occupants are essential to
avoid possible fatal exposure to ionizing radiation. The Penalty Table
(NCRP, 1974) sets up convenient limits for dose accumulation in terms of
requirements for medical care and possible fatalities. Data from radio-
logical instruments can be used in conjunction with these guidelines to
reduce fatalities and control radiation injury.

Numerous parameters affect the estimation of the number of instru-
ments required for shelters. Some of the more important ones are the
availability of instruments and their cost; the number, size, and average
PF (protection factor) of the shelters; the number of occupants expected
to use each shelter; and shelter management. Information was available
on all of these parameters except shelter management.

Shelter management, that is, organization of the shelter occupants
into units (generally 7 to 12 people), will depend on shelter configura-
tion, variability of PF, and the average PF of the shelter. The exis-
tence of a number of small rooms in the shelter, great variability of
PF, or a low average PF (<40) may require organization of the shelter
population into smaller units (6 to 7 members) for better control; a
correspondingly larger number of instruments would become necessary.

Data in computer-usable form were not available on shelter configuration
and the variability of PF within shelters. For this study it was assumed
that shelter units would average ten people.

In order to evaluate the number of occupants expected to use each
shelter, a shelter availability data base was prepared. This data base
combined for the first time on a detailed geographical basis the NSS
(National Shelter Survey) data base from DCPA with the home basement
data obtained by the Bureau of the Census 1970. These data were combined
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with the 1970 population and associated with the coordinates of the
geographical centroid for each of the 43,000 Standard Location Areas
(SLAs) of the U.S.

Two secondary data bases were also prepared, each involving a
reduction in the public shelter spaces available. In one case, only
belowground NSS spaces were available. 1In the other, all public shelters
outside areas at risk from blast (as determined by the hypothetical CRP-
2B attack) were included. In bliast areas, specia! facilities (caves,
mines, and tunnels) and the better belowground spaces were used. All
home basements, iiic_uding those in vacation homes, were assumed to be
available in all cases.

Establishment «f these data bases on an SLA basis enabled an
evaluation of probable shelter use. Limitations on distance of travel
outside the resident SLA allowed excess spaces in nearby SLAs to be used
by urban residents. Estimates were made on occupancy of home basements
and NSS shelters with travel allowance of 0.5, 1.0, 2.0, and 5.0 miles
(0.8, 1.6, 3.2, and 8.0 km). Spaces in NSS shelters were listed by
eight average protection factors (PFs) ranging from 15 to 2000. Home
basements were assumed to have an average PF of 25, and their occupancy
was varied from 5 to 50 persons per basement. Preference for home
basements or NSS shelters was also considered. Within each SLA, home
basements could be filled first to a set percentage of the population or
to their capacity. If the basement preference were 0%, NSS spaces were
assigned first, beginning with those with the highest PF.

In all three variations of NSS shelter use, the population occu-
pying NSS shelters varied less than 57 when the travel distance was
changed from 1.0 to 5.0 miles (1.6 to 8.0 km), and more than two-thirds
of the NSS spaces remained unused, indicating that most of the NSS
spaces are not readily accessible to the residential population.

Use of home basements varied from 35 to 87% of the U.S. 1970
population, depending on the fraction of the population preferring NSS
shelters and on the number of people per basement. Variation of the
travel distance from 1.0 to 5.0 miles affected less than 27 of the U.S.
population. Increasing the allowable basement occupancy from 5 to 50

persons per basement raised the national average number of occupants per
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basement from 3.5 to 4.8. This small change reflects the number of
basements in rural homes which are not readily accessible to the urban
residential population. About 10% of the U.S. population (in about 300
counties) will not have access to either NSS shelters or home basements,
even if the maximum number sheltered per home basement is extended to
50.

The estimates of instrument requirements for shelter occupants,
excluding special emergency personnel, were based on the shelter posture
resulting from the blast risk and nonrisk delineation of the NSS spaces,
with maximum utilization of the better NSS spaces (07 basement pref-
erence), and up to 50 occupants allowed per home basement. In this
posture, 60% of the United States population was sheltered in home
basements (PF = 25), with 317% in NSS shelters and 9% unsheltered (PF = 5),
as may be determined from the detailed profile shown in Table 2.1 by

adding percentages in the risk and nonrisk areas in the various categories.

Three basic approaches were taken, in which instruments were allo-
cated as follows:

Allocation A. One RADEF shelter set (one high-range survey
meter, two high-range dosimeters, one dosimeter charger) per
occupied NSS shelter, regardless of size, and one set to home
basement shelters shared with nonowners.

Allocation B. One RADEF shelter set per occupied NSS shelter

with less than 100 occupants, plu' one dosimeter per 50 additional

occupants and one survey meter per 200 additional occupants, and
one RADEF set per shared home basement shelter.

Allocation C. Dosimeters provided on the basis of organization
of the shelter population into units averaging ten people, with one

survey meter per 200 occupants.

Estimates for the total requirement of radiological instruments for
each of the three allocations are summarized in Table 2.2.

Allocation A is the same as previous civil defense allocations,
except that only NSS shelters expected to be occupied are assigned RADEF
sets, and shared home basement shelters are also assigned RADEF sets.

This instrumentation would provide dose records for only a very small

fraction of the occupants in the approximately 65,000 shelters which
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8
: Table 2.1. Protection Factor Profiles in Riska and
i Nonrisk Areas with Maximum Usage of NSS Shelters
3 (BP = 0.0%) in 1.0-mile Travel Radius
Risk Areas Nonrisk Areas
Percent of Percent of
Average Population Total U.S. Population Total U.S.
PF (millions) Population (millions) Population
b
5 12.3 6.1 6.1 3.0
, 15 0.0 0.0 i 2.3
I 25¢ 82.1 41.0 37.1 18.5
J 30 0.0 0.0 5.8 2.9
| 70 12.3 6.0 12.2 6.1
by
q 125 5.3 2.6 4.3 2L
‘i 200 2.5 g T 1.6 0.8
| 375 2.6 1.3 1.4 0.7
‘ 750 1.6 0.8 0.7 0.4
1 2000% 5.6 2.8 2.6 1.3
%
‘:if Total 124.1 61.9 76.5 38.1

1 aRisk areas are those SLAs with geographical centroids which fall
- within the regions of 2 psi or greater overpressure from the hypothetical
kP CRP-2B attack.

bShelter in home with no basement, or unsheltered.

cShelter in home basements with maximum occupancy of 50 per basement.

dIncludes special facilities (mines, caves, tunnels, etc.).

g
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would each contain more than 200 occupants, involving about 53 million
people. Allocation B provides an estimated minimum requirement of
instrumentation for countermeasures to radiation exposure, such as
movement of shelterees and construction of expedient shielding. It
would not be adequate for maintaining dose records for each shelteree.
Allocation C would provide sufficient instrumentation for radiation
countermeasures and also would enable a suitable dose record for each
shelteree to be maintained. This record is important for the post~
attack recovery period.

The instrumentation requirements listed in Table 2.2 do not take
into account approximately 35 million home basements which are not
shared, but serve as shelters for their usual occupants, and the approxi-
mately 18 million people for whom neither NSS shelter nor home basement

shelter is available under the Community Shelter Program.

2.2 Recommendations

2.2.1 Additional shelter information.

Allocation C could be refined if the computerized data base on
shelters included information on shelter configuration and variability
of PF. For example, if a shelter has a highly variable PF from one
location to another, the shelter unit should not have more than six or
seven members. But if the PF is uniform throughout most of the shelter
space, management could increase the number of people per shelter unit,
possibly doubling it, with substantial reduction in instrument require-
ments and little change in the accuracy of individual dose records.
Shelter configuration may also affect the size of the shelter unit.
Shelters with many small rooms, or those consisting of long, narrow
tunnels, would suggest the organization of small units (6 or 7 members).
Information on shelter configuration and variability of PF would require
a survey by local civil defense officials on a format readily adaptable
for a computer data base.

Supplementary information, which would also be useful for refinement
of allocation C, would be an estimate of the number of occupants expected
to use a shelter and how many shelter units would be organized. This

information would probably require more detailed planning than most
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local civil defense officials are prepared or willing to accomplish.

Such planning could serve as a useful training exercise for local civil

defense officials, possibly to prepare them better for implementation of

the Community Shelter Program.

2.2.2 Shared home basement shelters.

Under the Community Shelter Program, one out of 35 homeowners with
basements will be expected to share their basements as shelters. Almost
60% of the U.S. population may be sheltered in home basements. Many of
the shared basements will be packed to maximum capacity, perhaps with 50
or more occupants. Several things need to be done in anticipation of
heavy home basement use.

1. The ORNL shelter availability data base should be examined to

pinpoint the SLAs in which basement sharing will be necessary to provide

M e e

adequate shelter in CSP.
2. Additional shelter space should be sought in these SLAs. The
ORNL data base should be updated as additional shelters are identified.
3. Special planning and preparation should be made for areas in
which basement sharing will still be necessary after additional shelter

has been sought. Local civil defense officials should be informed of

SN e

the need to share basements and assisted in incorporating the shared

basements into their plans. Steps should be taken to aid the homeowner

e -

and assist him or her with supplemental ventilation, sanitation, food,

RN i

water, and help in organizing the additional occupants.

4. 1In the next federal census, the number of homes with basements

T g v R

£ should again be determined, with information as to whether or not the
1 basement is belowground on all sides. A more detailed description will
enable planners to determine how many basements may be suitable for

fallout shelter, and for possible upgrading.

P T e

It would also be useful to find out whether the homeowner would be
willing to share his basement in a life-or-death situation. This type
g of information may not be appropriate for a census and may require an
¢ | independent survey. Such surveys have been conducted by DCPA on a
limited basis in the past; they generally indicate that occupants would
be willing to share.
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2.2.3 Additional shelters.

Special efforts should be made to find additional shelters, properly
located, to replace the very small public shelters (under 20-30 spaces)
and to reduce the number of occupants in very large shelters (over 1000 1
spaces). It is costly to provide instruments, supplies, and trained
management for small public shelters. A large shelter population may be
extremely difficult to manage, but may be worth the additional effort in
planning if the PF is nigh.

Additional shelters are also needed in about 300 counties where
neither NSS shelters nor basements in homes provide enough spaces. In
these areas, it may be possible to find shelter by allowing people to
travel a greater distance.

The specific areas in which additional shelters are needed and the
availability of shelter spaces at greater distances can be determined by
examination of the ORNL shelter availability data base in conjunction

with the ORNL shelter posture program.

2.2.4 Instruments.

An inexpensive, accurate, rugged, and reliable combination dosimeter-
ratemeter remains a desirable goal. Development of such an instrument
should have a higher priority than currently given. Until such instru-
ments are available, the low-cost electroscope-type dosimeters and
ratemeters now being developed are an important factor in radiological

defense preparedness.
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3. PARAMETERS AFFECTING REQUIREMENTS FOR
RADIOLOGICAL INSTRUMENTS IN SHELTERS

3.1 Introduction

In order to estimate requirements for dosimeters and ratemeters, a
systematic review was made of the parameters which affect the requirement
for radiological instruments in shelters. After reviewing these parame-
ters, it was apparent that the available data bases as described in
Appendices D and E are inadequate for the preparation of estimates which
incorporate all of these parameters or even some of the most important
ones. In spite of this failing, preliminary and rough estimates of the
instrument requirements for shelters, based on the available data, are
made in Sect. 4. Additional data could be obtained from local civil
defense directors which would enable a more precise estimate of instrument
requirements to be made.

The problems involved in providing radiological instruments for
individual citizens have been reviewed by a committee of the National
Academy of Sciences, as reproduced in Appendices A and B. Their recommen-
dations on the need for radiological instruments, desirable characteris-
tics of the instruments, and how they should be used provide a useful
basis for considerations made in this section.

The factors affecting instrument requirements are classified into
four general categories: (1) instruments, (2) shelter occupants, (3)
shelters and their environments, and (4) modes of shelter management,
operation, and organization. The detailed parameters are listed in
Table 3.1. Each of these parameters will be discussed briefly in terms
of how they affect the requirements for instruments, their relative
importance, and, where applicable, the feasibility of obtaining data

concerning them. Many of the parameters are overlapping and interrelated.

3.2 Availability of Instruments

The number of pertinent DCPA radiological instruments on hand in
the United States, as of November 1977, is listed in Table 3.2. The
distribution of RADEF sets, dosimeters, and chargers as issued to the
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United States (figures rounde

Source: DCPA Plans and Opera
(as of November 1977)

Table 3.2. Radiation Detection Instruments on Hand in the

d off)

tions

Approximate
Cost per
Instrument Type Number Instrument
(1977 dollars)
Survey Meters
CD V-715 - High Range 500,000 $ 60.00
0-0.5 R/hr 1
0-5 R/hr |
0-50 R/hr
0-500 R/hr
! CD V-717 - High Range Remote Reading 100,000 100.00
T Detector remotable to 25'
! Ranges same as CD V-715
| CD V-720 - High Range with Beta Discriminator 70,000 80.00
¢ 0-5 R/hr
& 0-50 R/hr
;: 0-500 R/hr
1
;f Total for High-Range Survey Meters 670,000
!
& High Range Dosimeters (Self-reading)
 §
by CD V-730 0-20 R 130,000 20.00
éf CD V-740 0-100 R 120,000 20.00
& CD V-742 0-200 R 2,650,000 20.00
f Total for High-Range Dosimeters 2,900,000
E Chargers
' CD V-750 - For All Self-Reading Dosimeters 450,000 15.00
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various states, as of March 1977, is shown in Table 3.3. The instruments
included in Table 3.2 but not accounted for in Table 3.3 are located in
state maintenance facilities, in a federal warehouse, and in various
training programs throughout the states. Estimates on the number of new

radiological instruments to be manufactured must take these existing

instruments into consideration.

If large numbers of additional radiological instruments are manu-
factured for DCPA within the next few years, they will very likely be a
mixture of several types being jointly developed by DCPA and the military
services. One type is a fiber dosimeter based on the electroscope
principle, identical in physical dimensions and operation to the CD V-
742, but designed with improvements to be mass-produced by injection
molding of special thermoplastics, thus reducing cost and improving
reliability. The cost is anticipated to be about $10 each in mass
production. Another type in development is a fiber-optics dosimeter
which uses the darkening of special optical fibers on exposure to high
energy photons (gamma rays) to measure radiation exposure. This design
requires no electronics or precision components and should cost less
than $3 each in mass production. A fiber-electroscope ratemeter is also
in development for mass production by injection molding and should cost
about $20 each. A piezoelectric charger for the electroscope-type
radiation instruments is expected to cost about $10 each in mass produc-
tion (Siebentritt, 1978).

According to a 1976 survey by Brashear (1977), five American
companies produce commercially available dosimeters with alarms and
digital readout; these are listed with summarized characteristics in
Table 3.4. All of these instruments use a Geiger tube as the sensor,
adding substantially to the cost and complexity of the electronic
circuit. Because of their cost, this type of instrument would probably
not be purchased by DCPA for general shelter use, although they could be
useful under many circumstances. These dosimeters, with high sensitivity
and 1 mR resolution, can also serve as accurate ratemeters when used
with a wristwatch with a second hand. With modern integrated circuits
it should be possible to redesign the digital dosimeter to display

either accumulated dose or radiation rate by using a function switch.
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The dose accumulation range would need to be extended by a factor of 10
or 20 for use in a nuclear fallout situation (see Table 3.4).

Within the next ten years a wristwatch digital dosimeter-ratemeter
may become available through the development of crystal radiation de-~
tectors, such as the cadmium-telluride crystal. These instruments could
be expected to be rugged, reliable, accurate, and sensitive and, in mass
production, could possibly retail under $20 each. They would not be
candidates for replacing the fiber-optics dosimeter, but could possibly

replace and supplement the current survey meters, such as the V-715.

3.3 Cost of Instruments

If a reliable, rugged, and sufficiently accurate dosimeter could be
mass-produced very cheaply, for example, at 10¢ each, the federal
government might well consider stockpiling one instrument per individ-
ual, for issue in time of emergency. On the other hand, if the cheapest
acceptable dosimeter costs over, say, $15 each, then the federal require-
ments for dosimeters would have to be analyzed much more carefully.

These considerations suggest a listing of various bases for federal
requirements of dosimeters based on hypothetical ranges of costs for
dosimeters, as shown in Table 3.5. At present, it does not seem feasible
to develop an acceptable dosimeter in the low cost range shown in Table
3.5. The fiber-optics dosimeter may be manufactured to sell in the
medium cost range. Commercially available digital dosimeters are in the
high price range, as shown in the last column of Table 3.4.

The listing in Table 3.5 is based on the simplifying hypothesis
that only a single-type dosimeter would be considered. In actuality a
mixture of different types of dosimeters may be more effective. For
example, in a shelter with very poor lighting, a digital dosimeter with
LED readout would be much easier to read than a fiber-electroscope do-
simeter; the fiber-optics dosimeter may not be readable at all in such a
shelter, unless a source of light such as a flashlight is available.

The costs of an injection-molded thermoplastic electroscope-~type
dosimeter and ratemeter and a piezoelectric charger were mentioned in
Subsect. 3.2. Recapitulating, in mass production these costs are expected

to be $20 each for the ratemeter, $10 each for the dosimeter and $10
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each for the charger. These estimates will be used in Sect. 4 to estimate

costs of different allocations of instruments.

3.4 Function of Instruments

If an instrument can function both as a dosimeter and a ratemeter,
then the total number of instruments required will be less. Because
such instruments are likely to be expensive (see Table 3.4), they will

not be considered for this program.

3.5 Reliability of Instruments

An extensive evaluation of the reliability of dosimeters has not
been made, and it is not within the scope of this project to make such
an evaluation. However, we note that it has become common practice for
radiation-monitoring personnel to carry two dosimeters per person or per
small group working together when they must enter radiologically contami-
nated areas. We recommend that a similar philosophy be applied in
fallout shelters and in areas subjected to fallout. We recommend that a
minimum of two dosimeters be assigned to each occupied shelter or to
each isolated group in a potentially hazardous area. If one instrument
should fail, be damaged, or lost, the occupants would then continue to
have some means for indication of their radiation exposure. This philos-
ophy has been incorporated in our estimates for requirements for dosime-

ters (e.g., Subsect. 3.17).

3.6 Number of Occupants Per Shelter (Shelter Posture)

This parameter is one of the most important ones in evaluating
requirements for instruments, and estimates on the number of people per
shelter are described in Appendix E. There we show that the shelter
posture is most strongly affected by changes in the assumed fraction of
the population preferring home basement shelters to national shelters
and by how many people are assumed to be shelterable per basement.

When we assumed that people would prefer NSS shelters (0.0% base-
ment preference) and all NSS shelters were allowed for sheltering
within the 1- and 5-mile restrictions as described in Appendix E, we

found that over 20,000 facilities would have over 1000 occupants each,

S
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averaging over 3000 occupants per facility (see Tables E.4 and E.5), and
almost 50,000 facilities would have less than 50 occupants each.

When the NSS shelter data base was modified in the risk area (see
Appendix D, Subsect. D.2.4 and D.5), the total number of facilities with
over 1000 occupants each was reduced to 13,213; but the number with less
than 50 occupants each increased to 78,345, as shown in Table 3.6. This

table will be used in the estimation of instrument requirements in Sect. 4.

3.7 Characteristics of Shelter Occupants

In some shelters there may be concentrations of occupants with
special skills who may be required to perform emergency services, such
as policemen, firemen, doctors, nurses, maintenance and utilities
workers, etc. These people will (or should) be supplied with radio-
logical instruments giving them the capability for radiological self-
protection; that is, they will need dosimeters to monitor their own
exposures if they are required to leave the shelters for emergency
services while the radiation fields remain potentially hazardous. A
number of instruments have been distributed for this purpose, as shown
in Table 3.3.

In such a shelter where there are many emergency workers, those
additional instruments assigned to emergency workers could be used to
supplement the estimates of exposure dose by a method suggested by
Gupton (1977). During the early period of shelter confinement, dosimeters
could be located around the shelter in fixed locations, mounted on
walls, posts, etc., and the dose at each location would be read periodi-
cally. When the emergency workers must leave the shelter, they would
take some of the dosimeters from the fixed locations, but a few would be
left in place. The doses at the locations where the dosimeters were
removed could then be calculated relative to the doses recorded at the
locations where the dosimeters remain in place. The positioning and
reading of dosimeters in shelters is discussed in the Handbook for

Radiological Monitors (Department of Defense, 1963).




iy i ade "
s g -

T
~

s
vy e ————

e oupesn

Table 3.6.

with 1.0-mile Travel Radius

NSS Shelter Occupancy in Risk and Nonrisk Areas

Number of Number Percent Percent Average
Occupants of of Total Number of Total Number of
per Shelters Occupied of Spaces Occupied Occupants
Shelter Occupied Shelters Occupied Spaces per Shelter
Risk Areasa
1-19 25,263 20.0 349,398 1.2 13.8
20-49 28,816 22.9 962,805 3.2 33.4
50-99 21,659 17.2 1,557,702 5.2 71.9
100-199 18,294 14.5 2,659,605 9.0 145.4
200-499 18,438 14.6 5,891,939 19.9 319.6
500-999 8,131 6.5 5,657,462 19.1 695.8
1000+ 5,381 4.3 12,571,413 42.4 2336.3
- Subtotal 125,982 100.0 29,650,324 100.0 235.4
Nonrisk Areas
1-19 9,492 10.9 131,067 0.4 13.8
20-49 14,774 17.0 525,846 1.6 35.6
50-99 14,798 17.1 1,100,977 3.3 74.4
100-199 14,588 16.8 2,141,024 6.5 146.8
200-499 16,962 19.5 5,460,296 16.4 321.9
500-999 8,348 9.6 5,897,139 17.7 706.4
1000+ 7,832 9.0 17,992,668 54.1 2297.3
Subtotal 86,794 100.0 33,249,017 100.0 383.1
Total 212,776 62,899,341 295.6

aRisk areas are those SLAs with geographical centroids which fall
within the regions of 2 psi or greater overpressure from the hypothetical

CRP-2B attack.
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3.8 Vulnerability of Shelter Occupants

Some shelters may have a greater than average concentration of
children, old and/or sick people, or pregnant women. In these popula-
tions the tolerance to radiation may be less than average, or the
potential for genetic damage greater. Such shelters should probably be
provided with more instruments per occupant than the average shelter, to
provide for greater frequency of readings and more accuracy in the
record of individual dose. We have no data on how these more vulnerable
occupants may be distributed, but the effect on the overall number of
radiation instruments required is probably negligible. Data for estima-
tion of this parameter could be obtained by a survey of local civil

defense officials.

3.9 Shelter Configuration and Size

A shelter may consist of many individual rooms inside a large
building, distributed over several stories, or it may be a single large
room, a home basement, or a long tunnel or mine. In shelters with many
individual rooms, it may be desirable to provide dosimeters for each
room, particularly if there is a variation in PF between rooms. If a
room has a fairly uniform PF throughout, a few dosimeters fixed in place
will be adequate for the room, even though there may be a large number
of occupants. These could be posted on the walls or other supports in
convenient locations where an exposure indicated by the instrument would
most closely represent the exposure of the occupants. Positioning of
dosimeters is also discussed in the Handbook for Radiological Monitors,
(Department of Defense, 1963).

In shelters consisting of single large rooms such as gymnasiums,
auditoriums, or large, undivided home basements, with variable PF
throughout the area, dosimeters should be provided for each shelter unit
leader (7 to 12 persons per unit) as described in Subsect. 3.17. Addi-
tional dosimeters should be available for those who must temporarily
leave the proximity of their unit.

In long tunnels, deep mines, or caves, the PF will be so high that

no dosimeters would be required for a majority of the occupants while
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they remain in the shelter. For example, it requires only 6 ft of rock
overhead to provide a protection factor of one billion in a cave, pro-
vided there are no leaks from the cave entrance. Low-level ratemeters
should be on hand to detect contamination of the areas with high PF.

The number of dosimeters for such facilities would be determined predomi-
nantly by the number of dosimeters required for emergency and recovery
operations outside the shelter. For tunnels or mines, where there may

be only one or two entrances for a very large space, the number of
ratemeters would be based upon their need for emergency and recovery
operations after the primary shelter period.

In the NSS summary file, which we obtained from the DCPA computer
center, copied from their data as of December 1976, there are approxi-
mately 50,000 facilities with less than 20 spaces and 220 facilities
with more than 50,000 spaces each. The average number of spaces per
shelter is 819. If the facilities with less than 5 spaces are deleted
from the NSS, the average number of spaces per shelter rises to 855, and
if those with less than 50 spaces are deleted, the average rises to
1160. These averages are considerably higher than those we obtain
(Tables E.4 and E.5) for the average number of occupants per occupied
shelter, 565 and 620 for 1- and 5-mile radii respectively. These differ-
ences arise from two possibilities: (1) a number of the largest shelters
are not used because they are not located where the population resides,
and (2) a number of shelters will have more available spaces than the
number of occupants available to fill them within the range of travel
distance allowed. _

If the January 1965 federal guidelines for stocking shelters remain %
in effect, then we need not consider requirements for shelters with less
than 50 spaces. However, our shelter posture studies indicate that 377
of the 213,000 NSS shelters used in the risk-nonrisk posture will have
less than 50 occupied spaces (see Table 3.6).

These considerations indicate that the requirements for radio-

logical instruments may vary greatly from one shelter to another,

depending on individual shelter configurations and sizes. Data are not

available in computer format for evaluating the effect of configuration

on the requirements for radiological instruments.
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3.10 Variations in PF within Shelters

As noted above, shelters with fairly uniform PF over their area

will require fewer dosimeters than those in which the PF differs from

one location to another. In shelters in which radiation intensity is
higher in some locations than others, due to nonuniform PF in the shelter,
shelter managers may rotate the location of shelterees, by shelter units
(7-12 people) if possible, to equalize exposure of all shelterees, as
discussed in Subsect. 3.20. Dosimeters may be fixed in place in each PF
area, and the exposure of each unit may be calculated from the period of

time spent in each location.

3.11 Average PF of Shelter

Shelters with a very high average PF, such as caves, mines, and
tunnels, may be operated with relatively few dosimeters for a large
number of people, as noted previously. Those with a low average PF
should have a higher ratio of dosimeters per person, particularly if the
shelter is located in a high-fallout-risk area. The additional instru-
ments are required to provide more accurate dose estimation for each
individual, for two reasons: (1) to enable remedial action to be taken
if it appears that the dose may approach or exceed the level for radiation
sickness, and (2) to assess more precisely the initial time at which
individuals may emerge from the shelters and the length of time they may
remain out of the shelters.

The average PFs for the sheltered population in the CSP mode is
shown in Table 3.7. These numbers were determined by procedures described
in Appendices D and E. Ten categories of PF are listed; PF 5 corresponds
to homes without basements and PF 25 to those with basements. About 74%
of the U.S. population would have shelters of PF 30 or less. Because
this large fraction of the U.S. population has relatively low radiation
protection, no differentiation was made between shelters of low and high

PF in the final allocation of instruments.
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Table 3.7. Protection Factor Profiles in Riska and Nonrisk Areas
with Maximum Usage of NSS Shelters (BP = 0.0%)
in 1.0-mile Travel Radius

; Risk Areas Nonrisk Areas

i Percent of Percent of
i Average Population Total U.S. Population Total U.S.
z PF (millions) Population (millions) Population
3

; b
__‘ 5 ka3 6.1 6.1 3.0

"; 15 0.0 0.0 4.7 2.3
25¢ 82.1 41.0 37.1 18.5

| 30 0.0 0.0 5.8 2.9
1 70 12.1 6.0 12,2 6.1

{ 125 Do 2.6 4.3 2.1

i

{ 200 25 1.3 1.6 0.8

1 375 2.6 I 1.4 0.7

o 750 1.6 0.8 0.7 0.4

& d

k. | 2000 5.6 2.8 2.6 2l

Lt
i Total 124.1 61.9 76.5 38.1

' {

4]

-

aRisk areas are those SLAs with geographical centroids which fall

i within the regions of 2 psi or greater overpressure from the hypothetical
! CRP-2B attack.

{ bShelter in home with no basement, or unsheltered.

; cShelter in home basements with maximum occupancy of 50 per basement.

Includes special facilities (mines, caves, tunnels, etc.).
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3.12 Detailed Analysis of Shelter PF

If the radioactive fallout were deposited in a predictable manner
and remained in place after deposition on the shelter exterior and
surroundings, it would be theoretically possible to analyze the PF at
every possible location of a shelteree. The requirements for dosimeters
during the shelter period could then be reduced to only two for the
entire shelter, even in those shelters where the total exposure may
become significant. These dosimeters could be fixed in one location.
Doses at other locations could be calculated by knowing the relative
PFs. 1If there were a significant difference in PF from one location to
another, estimated doses for each individual would require that a record
be maintained of their movements throughout the shelter. The number of
dosimeters in a shelter would then be dependent on the characteristics

of the shelter occupants, that is, on how many self-protection sets have

been issued for emergency workers in the shelter.

Unfortunately, the deposition of fallout on and around the shelter
may be uneven, and wind and rain will cause the fallout to accumulate in
corners, eaves, troughs, etc. The dose calculated from a theoretical
fallout distribution and an analytical evaluation of PF may be disastrous-
ly misleading in some shelters. For these reasons, this method of
estimating dose is not generally recommended, although it might be
necessary in emergency situations where there are insufficient instruments

on hand.

3.13 Fallout Risk at Shelter Location

An examination of High Risk Areas (Department of Defense, 1975b)
shows that most of the area of the United States is not considered a
high risk for fallout. A more specific analysis (Haaland et al., 1976)
demonstrates that the same CRP-2B attack could produce fallout lethal to
over half the unsheltered people in 607 of the area of the coterminous
United States. One might assign more dosimeters per person in the high-
fallout-risk areas than in the low-fallout-risk areas. The risk areas,
however, are determined only by a probability analysis. 1In an actual

situation, a whim or error on the part of the attacker, a malfunction in
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the weapon delivery system, or a change in meteorological conditions may

subject a '"low-risk'" area to lethal radiation. Because of these uncer-
tainties, the entire population should be provided with the minimum
number of dosimeters needed to provide a reasonable estimation of their
radiation exposure, regardless of their estimated fallout risk.

This parameter will not be considered as a factor in our estimates

for instrument requirements.

3.14 Communications with Exterior World

If as a result of remoteness or because of the attack (e.g., EMP
effects) a shelter has little or no means of outside communication, such
l j as radio, TV, or telephone, a higher ratio of dosimeters per person may
| be desired by the shelter administration and by the shelterees to assure
1 everyone that their radiation exposure is being properly monitored. On
the other hand, if the shelter has excellent communications with the
local EOC and broadcasting stations, the ratio of dosimeters per person
E - may possibly be reduced without apprehension. A minimum number of
radiological instruments must, nevertheless, be retained in the shelter

regardless of the status of the communications system.

This parameter is considered to be of secondary significance and

) AP vt

will not affect our estimate of instrument requirements.

.y
st

3.15 Effectiveness of Local RADEF Monitoring

If the local RADEF monitoring capability is ineffective, additional

o i < AT

e

A S

ratemeters and dosimeters may be needed in the shelter during the emergent

period. Additional dosimeters may also be desirable during the shelter

confinement period to provide additional assurance that dose is being

effectively monitored. !
On the other hand, if there were an effective RADEF monitoring E

capability in the general area of the shelter, and good communications

to and from the shelter with the local EOC, fewer dosimeters and rate-

meters may be required for the emerging stage if the radiation fields

1 have been mapped thoroughly in the vicinity of the shelter.

This parameter is also considered to be of second-order signifi-
- cance because it primarily affects the emerging stage. It will not

affect our estimate of instrument requirements.
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3.16 Decontamination Capability

In some unusual shelters, such as in a ship on a large lake or at
sea, or in a shelter below a large expanse of paved surface, or in a
high-rise building, it may be possible to decontaminate the fallout-
collecting surfaces by various automatic or remotely operated devices
to the extent that the radiation intensity in the shelter and vicinity
is negligible. In such cases the requirements for radiologicai instru-
ments will be much less than in most other shelters. Because the number
of shelters with this special capability is expected to be very small,
this parameter will not be considered in our estimate of instrument

requirements.

3.17 Number of People per Shelter Unit

According to the Shelter Management Textbook (Department of Defense,

1967), shelter units may vary in size from 7 to 12 members. The chosen
unit size will depend on the total number of occupants in the shelter,
the shelter configuration, relationships of occupants to each other,
facilities and supplies in the shelter, and the availability of trained
shelter managers.

If there is significant variation in radiation intensity from one
location in the shelter to another, the people in a unit may be required .
to move from one location to another as a unit. Monitoring and record-
ing of the dose should be carried out for each unit. 1In shelters with
less than, say, five units, there should be two dosimeters for each
unit, so that if one dosimeter is lost or malfunctions, the dose for the
unit will continue to be monitored by the remaining instrument. If that
instrument is lost or malfunctions, the remaining dosimeters in the

shelter may be redistributed or the shelter units reorganized. If the

shelter has more than five units, it may be possible to maintain a
record of dose sufficiently accurately with only one dosimeter per unit.
In this case, if the dosimeter is lost or damaged, the dose for that
unit may be estimated by the dose of another unit which has had similar
movements through the shelter.

From these considerations, a tentative allocation of dosimeters for
occupants in shelters with significant variation in PF from one location

to another can be constructed as shown in Table 3.8. Dosimeters for
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shelter management are shown in separate columns from those intended for
use by shelter units. The ratio of dosimeters per person ranges from
0.2 (1 per 5 people) in the smallest shelters to 0.11 (1 per 9 people)
in the largest, based on an average of 10 people per shelter unit.
Instruments for emergency workers are not included in these tables.

The number of people per shelter unit may be selected to provide
maximum control of radiation exposure. In shelters with great variation
in PF or with potentially hazardous radiation intensities, it may be
desirable to reduce the size of the shelter units, thus providing both a
higher ratio of dosimeters per person and a greater number of managers
to control the exposure to radiation.

Some examples of possible breakdowns of shelter population into
units are shown in Table 3.9. In a situation where the radiation inten-
sity is not hazardous or highly variable throughout the shelter, a
shelter with 40 people could be divided into only three units, with six
dosimeters according to Table 3.8. On the other hand, if the radiation
intensity is potentially hazardous in some locations of the shelter, it

may be more desirable to divide the 40 people into as maﬁy as 8 units,

with 10 dosimeters and one shelter manager and one deputy shelter manager.

In this approach to the crganization of shelter units, the size of the
unit has been varied from 4 to 14 people, instead of from 7 to 12 as
indicated in the Shelter Management Textbook (Department of Defense,
1967).

The number of people per shelter unit is one of the parameters used
in estimating radiological instrument requirements. An average of ten

people per unit was used in the estimate made in Sect. 4.

3.18 Movement of Occupants for Life Support

If a shelter has uniform radiation intensity throughout the habit-
able space, the movement of the occupants will not require‘any addition-
al instrumentation for monitoring dose. In many shelters there will be
a significant variation of radiation intensity from one location to
another, perhaps sometimes as much as by factors of hundreds. In such
shelters the movement of occupants must be curtailed or conﬁrolled. If

there must be movement through areas of higher radiation intensity, the

B
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Dosimeter Requirements Based on

Number of People per Shelter Unit

Number of Number of  Number Required Number Ratio of
People in Shelter and Size of Dosimeters Dosimeters
Shelter Units of Units (Based on Table 3.8) per Person
5 1 1a5% 2 0.4
10 1-10 0.2
2-5 0.4
20 2-10 4 0.2
3 1-6, 2-7 6 0.3
4 4-5 8 0.4
40 3 2-13, 1-14 6 0.15
4 4-10 8 0.2
5 1-7, 4-8, 1 mgr. 6 0.15
6 1-5, 2-6, 3-7, 1 mgr. 7 0.18
7 5-5, 1-6, 1-7, 2 mgrs. 9 0.225
8 2-4, 6-5, 2 mgrs. 10 0.25
%n1-5" means one unit with five people.
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doses should be monitored. Whenever possible, the designation of areas
for eating and drinking and for personal hygiene and sanitation should
be made to reduce overall exposure to radiation. The shelter manager
may consider the alternatives of whether food and water should be brought
to the occupants, or whether the occupants should move to a serving
area. In general, movement of occupants in a shelter will depend on the
shelter size and configuration and the availability and location of
facilities for life support.

The primary factor here is the variability of radiation intensity
in the shelter; hence this parameter of movement is considered to be of
secondary importance and will not affect our allocation of radiological

instruments.

3.19 Movement of Occupants for Training and Recreation

Such movements may be possible only in shelters which are partially
filled, as may be the case in many urban areas where the number of
available shelter spaces may far exceed the number of people living
within a 1- or 2-mile radius. If purely recreational movements involve
a strong risk of increased radiation exposure, then it would seem in
most cases more reasonable not to make the movements rather than to
require additional instruments to monitor the possible increased radiation.
Movements for training may be made on the judgement of the shelter
management. Requirements for instruments for these purposes will not

influence our estimates.

3.20 Movement of Occupants for Exposure Control

In some shelters the variations in radiation intensity may require
that shelter units rotate their locations with other units periodically
to share the radiation exposure evenly. If such movement becomes
necessary, as determined by measurements with ratemeters at various

locations in the shelter, the shelter manager should very carefully plan

where people should move, based on rate measurement, and when people

should move, based on exposure measurements. Shelter management should

explain to the shelterees the reasons for such movements. An open and
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honest approach usually results in better cooperation from the public
than one in which the public is uninformed and may suspect deception.
Because the radiation decays with time as t_l'2 and will be the most
intense during the first hours after the fallout arrives, the need for
rotation of locations will be the strongest during the first day or two
of shelter occupancy. This need for early movement may conflict with
the need for organizing the shelter. Local civil defense officials
should become familiar with the shelters in their jurisdiction so they
can become aware of those shelters which may pose this problem. If
possible, plans for assignment of instruments and unit movements during
the first few days of occupancy of these shelters should be made in
advance. The initial organization may be a temporary one.

In some respects, the need to rotate the location of shelter units
may be beneficial to the morale of the occupants, because the necessary
activity of assembling their personal belongings and cleaning up their
area to make it habitable for the next unit will provide a distraction

and occupy their time.

3.21 RADEF Procedures in the Shelter

Each ratemeter will usually be assigned to a radiological monitoring

team, who will monitor radiation in the shelter around the clock, as

specified and discussed in the Shelter Management Textbook (Department

of Defense, 1967) and in the Handbook for Radiological Monitors (Depart-
ment of Defense, 1963).

Dosimeters may be deployed in one of three general ways: (1) they
may be assigned to shelter unit leaders, (2) they may be posted at fixed
locations on walls or posts, and (3) they may be issued only to members
of radiological monitoring teams, independent of shelter units, who are
dispersed throughout the shelter. Selection of the means of deployment

will depend on the shelter size, configuration, variability of PF, etc.,

as discussed above.

3.22 Conclusion

Numerous factors enter into the considerations or requirements for

radiological instruments in shelters. Data on many of these factors,.
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such as shelter configuration, variability of PF within the shelter, and
the planned organization of occupants within the shelter, do not exist

at the federal level. The ultimate determination of the number of

instruments required will depend on detailed assessments made by local
civil defense officials.
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4. ESTIMATION OF THE NUMBER OF RADIOLOGICAL
INSTRUMENTS REQUIRED FOR SHELTERS

4.1 Introduction

Estimates are given for the number of radiological instruments

required for shelter occupants, including shelter management. These
numbers exclude instruments required for emergency workers and post-
attack recovery operations. The minimum number of instruments required
is given under each of the three following allocations:

3 Allocation A. A minimum number of instruments for survival is

estimated, to be supplemented by instruments already provided to

‘
} emergency workers.

} Allocation B. A minimum number of instruments for survival is
estimated, independent of the number of instruments provided to

emergency workers.
Allocation C. A minimum number of instruments is estimated to

minimize radiation exposure and to provide a record of dose for

each individual.

4.2 Minimum Number with Supplementary
Instruments (Allocation A)

Lo el i

" e
e s g

In this case, one RADEF set or equivalent (one survey meter, two
dosimeters, and a charger, if required by the dosimeters) is assumed to

be supplied to each occupied NSS shelter, regardless of size, and one to

each home basement in which shelter space is shared. This allocation

mai be compared with that of the Federal Civil Defense Guide, Part D,

Chap. 2, Appendix 1 (Department of Defense, 1965), in which one ''shelter

|

radiation kit" (RADEF set) is supplied per shelter of 50-1000 spaces.

| In the shelters with many occupants, where more than one instrument
set would be needed, it is assumed that additional dosimeters and rate-
meters will become available during the shelter confinement period from
those issued to emergency workers.

'{ From Table 3.6, there are 126,000 occupied NSS shelters in risk
areas and 87,000 in nonrisk areas, making a total of 213,000 occupied

shelters. From Appendix C, the estimated number of shared home basement
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shelters is one million.

Hence 1.2 million RADEF sets would be required

with this dispersal formula. This requirement consists of 1.2 million

survey meters, 2.4 million dosimeters, and 1.2 million chargers, if the

fiber-electroscope type of dosimeter is used.

The total cost for this instrumentation would be about $60 million,

using costs from Subsect. 3.3, with the breakdown given in Table 4.1.

Table 4.1.

Minimum Instrument Requirements for Shelters,
when Supplemented by Emergency Workers' Instrumnets

(Allocation A)

Estimated Estimated Total
Instruments Requirement Cost per Estimated
(million $) Instrument (million $)
($)
Survey meters 10 20 24
Dosimeters 2.4 10 24
Chargersa L2 10 12

aFiber-optics

dosimeters would not require chargers.
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In large shelters this allocation of radiological instruments may

lead to problems, such as the following:

1. Many large shelters may not have emergency workers assigned
to them, and no supplemental instrumentation would be available. The
number of instruments in shelters with 100 or more occupants (about
100,000 shelters, see Table 3.6) would be grossly inadequate, especially

in shelters with large differences in PF from one location to another.

2. Discipline and morale problems may arise when emergency workers
remove radiological instruments from the shelters to perform their

operations.

3. Emergency workers may not wish to relinquish for general use

the instruments assigned to them for self protection.

4. 1In all shelters except those of highest and most uniform PF
and those in the smallest category, it will be impossible to guarantee
equal radiation exposure or to provide a record of dose for any except

a very small fraction of the sheltered population.

For these reasons a more generous allocation of instruments is

recommended.

4.3 Minimum Number Independent of Supplementary
Instruments (Allocation B)

In this case, one RADEF set is allocated for each shelter with
less than 100 occupants, one dosimeter is provided per 50 additional
occupants, and one survey meter is provided per 200 additional occu-
pants. Chargers are allocated at one per shelter for shelters with
less than 500 occupants, and at one charger per approximately eight
dosimeters for larger shelters. This allocation, applied to the
shelter occupancy as given in Table 3.6, results in a requirement
of 1.4 million dosimeters, 0.3 million chargers, and 0.4 million
survey meters for occupants of NSS shelters (see Table 4.2). The

requirement of one RADEF set per shared home basement is added to
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the NSS shelter requirements, producing a total of 3.4 million dosimeters,
1.3 million chargers, and 1.4 million survey meters at a total cost of

$75 million dollars, as summarized in Table 4.3.

Table 4.3. Minimum Instrument Requirements for Shelters,
without Supplementary Instrumentation
(Allocation B)

Estimated Estimated Total
Instruments Requirement Cost per Estimated
(million $) Instrument Cost
($) (million $)
Survey meters 1.2 20 24
Dosimeters 2.4 10 24
Chargersa 1.2 10 12

aFiber—optics dosimeters would not require chargers.

Although this apportionment may provide adequate instrumentation to
guarantee equal radiation exposure, there will be insufficient instrumen-
tation to provide a record of dose for more than a small percentage of

the sheltered population.

4.4 1Instruments Required for Maintaining Dose Records
(Allocation C)

In this final case, dosimeters will be allocated according to the
scheme in Table 3.7, based on the organization of shelter occupants into
units. In order to provide a fairly accurate estimation of dose for all
shelter occupants, the number of people per unit should be specified by
shelter management to be from 7 to 12 members, depending on shelter
configuration and variability of PF and in accordance with the Shelter
Management Textbook (Department of Defense, 1967). An approximate

average of ten people per unit was used in the preparation of Table 4.4.

In shelters with large rooms and uniform PF, the number per unit could
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possibly be doubled. The number of chargers, if required, was allocated
on the basis of approximately one charger per eight dosimeters. Survey
meters were estimated at one per approximately 200 occupants as in
allocation B.

These allocations resulted in requirements of 7.1 million dosimeters,
0.9 million chargers, and 0.4 million survey meters for the occupants of
NSS shelters.

It will be assumed that shared home basement shelters will be
organized into an average of five shelter units. According to Table 3.6,
11 dosimeters would be allocated to each shared home basement shelter.
With one charger and one survey meter per shared home basement shelter,
the total requirements for approximately one million shelters are 11
million dosimeters, 1 million chargers, and 1 million survey meters.

The total number of shelter instruments required is shown in Table
4.5. The necessary instruments include 1.4 million survey meters, 18.1
million dosimeters, and 1.9 million chargers, if the dosimeters are all
of the fiber-electroscope type. The total cost for these instruments
would be about $228 million.

Table 4.5. Instrument Requirements for Monitoring Dose
of Shelter Occupants (Allocation C)

Estimated Estimated Total
Instruments Requirement Cost per Estimated
(million $) Instrument Cost
($) (million $)
Survey meters 1.4 20 28
Dosimeters 18.1 10 181
Chargersa 1.9 10 19

aFiber-optics dosimeters would not require chargers.
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4,5 Conclusion

Three bases for allocating radiological instruments to shelter
occupants have been presented. The number of dosimeters required were
2.4, 3.4, and 18.1 million; survey meters, 1.2, 1.4, and 1.4 million;
and the costs, $60, $75, and $228 million. The lowest cost basis of
allocation was not recommended, because it resulted in inadequate instru-
mentation for many shelters. The costs per instrument may become reduced
in mass production; therefore, the largest allocation of instruments with

its potential for exposure control will become increasingly attractive.
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Appendix A

REPORT OF WORKING GROUP ON CITIZENS' INSTRUMENTS

ADVISORY COMMITTEE ON CIVIL DEFENSE
NATIONAL ACADEMY OF SCIENCES
NATIONAL RESEARCH COUNCIL
JANUARY 1960
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NATIONAL ACADEMY OF SCIENCES
NATIONAL RESEARCH COUNCIL

2101 Constitution Avenue, Washington 25, D.C.

Advisory Committee on Civil Defense

REPORT OF WORKING GROUP ON CITIZENS' INSTRUMENTS

At the request of the OCDM, the Advisory Committee on Civil Defense
formed a working group to consider and advise on ''the problems involved
in providing radiological instruments for individual citizens." On

January 22, 1960, the Group met at the National Bureau of Standards.

Members Present:

Chairman, Lauriston S. Taylor, National Bureau of Standards

Richard W. Johnston, Atomic Energy Commission

Harry J. Watters, White House Staff

John K. Hemphill, Educational Testing Service

A. P. Hammel, New York State Interdepartmental Committee on
Fallout Protection

Richard B. Roberts, Carnegie Institution of Washington

Victor P. Bond, Brookhaven National Laboratory

C. J. Borkowski, Oak Ridge National Laboratory

John T. Lanzetta, University of Delaware

Secretary, Richard Park, National Academy of Sciences

Others Present:

George W. Baker, National Academy of Sciences

James 0. Buchanan, Office of Civil and Defense Mobilization
Jack C. Greene, Office of Civil and Defense Mobilization
Robert B. Martin, Office of Civil and Defense Mobilization
George D. Rich, Office of Civil and Defense Mobilization
Edward R. Saunders, Office of Civil and Defense Mobilization

The discussion centered about the following statement which is
contained in the June 1953 report of the NAS Advisory Committee on Civil

Defense entitled "The Adequacy of Government Research Programs in Non-

Governmental Defense'.
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"The final effectiveness of shelter depends upon the
occupants of any shelter having simple, rugged, and reliable
dose~rate meters to measure the fallout dose rate outside
the shelter".

After briefings by OCDM on fall-out patterns and forecasts, on the
national radiological monitoring system, and on the citizen's instrument
research and development program, the Working Group on Citizens' Instrument
concentrated its attention primarily on three aspects of the citizen's
instrument problem. (It was implicit throughout the discussion that the
likely "user" of the citizen's instrument would be an average, middle
class high school graduate, with little technical training, but rela-
tively sound faculties and reasonably high intelligence.)

Aspect 1. What kind of decisions would need to be made by a
shelter occupant or by an individual who might have to seek shelter?
What type of information would be needed in order to implement

these decisions?

Aspect 2. By what means would the required information be obtained?
Since the information could undoubtedly be obtained by some means
of instrumentation, what would be the desirable techniques of the

instrument?

Aspect 3. Having obtained information from suitable instruments,

how would this information be used?

What are the problems involved in the proper interpretation of

instrument readings?

How will individuals be trained to use this information?

Information Needed

The Group considered the several possible actions that people might
take in a fall-out attack situation. These included the determination
of when and where to seek shelter, judging the adequacy of shelter,
estimating how long to stay, determining the hazard of making short
excursions, etc. The Group agreed that, since all such decisions and
actions depended on quantitative information on dose rate and/or accu-

mulated dose, instruments should measure, and be readable in, some unit

’ -~-rw.¢'””“r‘”:~‘*""'“"’ :
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from which an estimate of the degree of hazard could be derived, such as
| roentgen/hr.
| After some discussion, it was recognized that a proper civil
' defense system should include a nationwide means for warning the popu-
lation of an impending attack aud a system for informing people fol-
lowing attack, particularly concerning fall-out danger. Because it was
felt that a nationwide, official, monitoring system could not readily

R

provide information on fall-out to isolated rural regions, and could not
‘ adequately reflect the possible large local variations in fall-out
intensity, the Group agreed that it would be very important for shelter
occupants to have first-hand information as to their immediate local
i { conditions.
l Finally, the Group, in considering the type of information required,
} concluded that an instrument that provided only an alarm or 'go/mo go"
type of information was not adequate.

¢ - Desirable Characteristics of a Citizens' Instrument

On the basis of the type of information needed, as discussed above,

it was agreed that a citizen's instrument should have the following

¢ Mladama

: general characteristics:
E :
. 1. The instrument should give quantitative information. One that
;; gives only an alarm is not needed.
3!
T 2, Its dependability would be of the utmost importance.
k3 3. There should be an instrument that reads either dose or dose
rate, provided there are simple instructions or procedures for getting
one from the other.
4, The instrument should be capable of measuring both inside and
1 outside shelter.
5. The instrument should be available in every shelter.
k t 6. The instrument should be usable by '"average'" people.
k : The Working Group examined these broad requirements and discussed

them in terms of the specific characteristics desirable in a citizen's
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instrument. The Group listed the following idealized characteristics as
those which should be sought, realizing that some are probably unat-
tainable, and emphasizing that these are not put forth as fixed
specifications. They include:

No batteries (e.g. deriving energy from such sources as the

piezoelectric phenomenon)

Infinite shelf-life

Rugged

Easy calibration and maintenance

Low cost

Direct reading
Simple scale

Accuracy (to OCDM specifications of # 35%)
Energy independent

No geotropic response dependence

Simple

Positive operation test

Range 1-100 r/hr, (useful readings in the 100 to 1000 r/hr

range would be an asset)
Fail safe

Considerable attention on the part of the Working Group was given
to the development of an instrument scale having simple characteristics,
since, in the last analysis, there will be a limited number of decisions
that can be made by the relatively untrained individual. For example,
there might be ten ranges of conditions involving varying decisions.
Therefore, the scale might be divided into ten parts, (using r/hr as
basic unit) with each part carrying a certain range of decisions. At
the same time, because of the inherent inaccuracy of the decision, there
is little point in having high accuracy in the instrument readings.

No particular kind of instrument was recommended for meeting these
requirements; other than that the instrument should be quantitative in
its indicatioms.

Further, there was general agreement that serious consideration be
given to studying piezoelectric, electrostatic, or allied phenomena which

would replace batteries as the energy source for citizen's instrument.

Use of the Instrument

The problems entailed in the effective use of a citizen's instru-

ment are, in the opinion of the Working Group, very serious, perhaps.
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more so than the problem of developing an instrument. These problems
include that of persuading people in significant numbers to buy the
instrument, and the even more difficult one of how readings should be
interpreted so that they result in the proper decisions for action.

The Working Group concluded that if people, through education, are
persuaded to build shelters for themselves, they would be apt to buy the
instrument, provided the cost was reasonably low. The possibility of
making a public survey of why people do not take such independent action
was discussed and further consideration was urged.

With regard to the second problem, i.e., proper interpretation of
readings, the need for a simple scale on the instrument and for a good
manual was re-emphasized. The Working Group unanimously endorsed the
suggestion regarding format and context of the manual, i.e., for each of
the limited number of readings on the scale of the instrument and for a
limited number of time intervals (after explosion) there should be a
brief paragraph of instructions on recommended courses of action with
regard to making excursions from shelter, seeking a safer place, etc.

The Group felt that such a procedure offered the best chance of
reflecting such facts as acceptable dose levels, and dose already
received. The Group also agreed that such a manual, to be effective,
must be prepared with extreme care and preferably reflect human engi-
neering and data presentation principles as well as knowledge of radia-

tion and its effects.

Major Conclusions

1. As a supplement to the official radiation monitoring system,
each shelter group should have a radiation detection instrument capable
of giving quantitative readings in some unit of the hazard, such as
roentgen per hour. A simple alarm or '"'go/no go" instrument is not at

all adequate.

2. Several of the desirable characteristics of such an instrument

are extremely difficult to provide (no batteries, infinite shelf-life,

positive operation test, etc.). There is little doubt, however, that an
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instrument can be provided that will be satisfactory, even though it

does not meet all such criteria.

3. Perhaps the most difficult aspect of the problem is that of
ensuring the effective use of a citizen's instrument, specifically, the
proper interpretation of instrument readings, including application of
available knowledge of acceptable dose levels, and the translation of
such information into effective protective action for people to take

when under fall-out attack.

4. The most promising procedure for solving this problem of the
proper use of a citizen's instrument is believed to be the preparation
of a manual of instructions (to accompany each instrument) that, for

each of a limited number of instrument readings and a limited number of ,

elapsed time intervals after explosion, contains a brief paragraph
| clearly stating the recommended courses of action with regard to excur-
sions from shelter, etc. Such a manual should be prepared through the

joint efforts of people knowledgeable concerning radiation levels and

& effects, decay rates, shielding, etc., and those versed in human engineer-

ing and data presentation.
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Appendix B

THE CITIZENS' INSTRUMENT

ADVISORY COMMITTEE ON CIVIL DEFENSE
SUBCOMMITTEE ON CITIZEN'S INSTRUMENTS
NATIONAL ACADEMY OF SCIENCES
NATIONAL RESEARCH COUNCIL
DECEMBER 1962
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NATIONAL ACADEMY OF SCIENCES
NATIONAL RESEARCH COUNCIL

2101 Constitution Avenue, Washington 25, D.C.

Advisory Committee on Civil Defense
Subcommittee on Citizens' Instruments

THE CITIZENS' INSTRUMENT

s

In January, 1960, the Working Group on Citizens' Instruments met

and prepared a report summarizing its views on the problem of providing
the individual citizen with an instrument for detecting radiation.

The Working Group, which was reconstituted as a Subcommittee in
April 1962, decided at its third meeting in December 1962 to revise and
reissue its 1960 report, emphasizing the three phases of the Citizen's

Instrument problem considered most important:
1. What type of instrument should be made available; 1

2 how can such an instrument be developed; and

3. what guidance to users of the instrument should go with
it.

Members

Dr. Robert D. Huntoon, Chairman - National Bureau of Standards
Dr. Victor P. Bond -~ Brookhaven National Laboratory

Dr. C. J. Borkowski - Oak Ridge National Laboratory

Mr. Jack C. Greene -~ Office of Civil Defense

Mr. Alvin P. Hammel - New York Telephone Company

Dr. John K. Hemphill - Educational Testing Service

Dr. John Lanzetta - Fels Research Institute

Mr. Robert Martin - Office of Civil Defense

Mr. Richard Roberts - Carnegie Institution of Washington
Dr. F. R. Shonka - St. Procopius College

Dr. Lauriston S. Taylor - National Bureau of Standards

Dr. Harry J. Watters - Radio Corporation of America

M Mr. Richard Park, Secretary - National Academy of Sciences

e — v sy S ——

B N Q‘\"'_ Bt T Sl el T & A ~
s . .

4



64

Desirable Characteristics of the Citizens' Instrument

It was agreed that a citizen's instrument should have the following
general characteristics:

3 8 The instrument should give quantitative information on gamma
radiation only. One that gives only an alarm is not adequate.

2. It should be at least as reliable as a good watch.

3. It should be an instrument, or pair of instruments, that reads
both dose and dose rate and indicates those readings separately.

4, The instrument should be capable of taking a wide range of
readings and thus give meaningful measurements both inside and
outside shelter, e.g., from mr or mr/hr to hundreds of r or of
r/hr.

5. Its shelf-life should be extremely long (10's of years), and

its cost, size, weight, and portability should be such as to
make it easy for every shelter to have one.

6. The instrument should be usable by "average' people, without
undue amounts of training, practice, etc.

The Subcommittee examined these characteristics and discussed them

in terms of how to provide them in a citizen's instrument. It was fully

realized that some of the requirements are difficult to achieve today.

Idealized Specifications of Citizens' Instrument

The Subcommittee agreed on the following as a list of idealized,
rather than fixed, specifications:
1. No batteries (e.g., deriving energy from such sources as
the piezoelectric phenomenon)
25 Infinite shelf-life
3. Rugged, light weight, and portable
4. Easy calibration and maintenance
5. Low cost
6. Direct reading
s Simple scale
8. Accuracy (to OCD specifications of + 35%)
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9. Energy independent (responding between 80 KEV and 1.2 MEV

to an accuracy of + 35%, and only to gamma radiation)
10. No geotropic response dependence
Pkl Simple
12, Positive operation test
162 Range 100 mr per hr to 1000 r per hr (in view of the
state of the art instruments reading between 1 and 100 r

per hr should be considered acceptable today)
14, Fail safe ]

In discussing range, it was recognized that range-changing might, 1
for the present, be by far the most feasible method for achieving the
range given above. Because of the gross errors that range changing
might introduce, it was agreed that it is undesirable, but might have to

be accepted for the time being.

Use of the Citizens' Instrument

The providing of guidance or instructions on the use of the instru-
ment remains a most difficult problem, in the opinion of the Subcommittee.
There are many variables that must be known in order to make good
decisions on such matters as duration of shelter occupancy, the need to
seek better shelter, and the making of brief excursions outside. The
Subcommittee agreed that it was inconceivable that a citizens' instru-
ment could provide readings on such vitally important variables as time
since burst, or could distinguish among multiple bursts and overlapping
fallout patterns.

There was general agreement that any guide or instructions on the
use of citizens' instrument should be strictly limited to actions based
on the information that can reasonably be expected to be available to
shelterees. Thus, with instruments only capable of giving accumulated
dose and current dose rates inside and outside the shelter, guides
should be confined to indicating courses of action that depend only on
these variables. For example, it might be useful to use a bank account

analogy in giving instructions: Thus a shelteree who is considering
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whether and for how long to leave shelter to accomplish some task, can
read how much radiation he has accumulated since entering shelter, and
what the r/hr is outside shelter at that moment; then, he could see how
much additional radiation he could accept before he used up his '"bank
balance" by reaching a total dose of - say - 200 r. There is a philos-
ophy behind this approach that recognizes that it is impossible to
foresee what factors might affect such a decision; therefore the decision
can only be made on the spot when the factors are known.

The Subcommittee urges that the OCD continue efforts to arrive at a
satisfactory guide for use with citizens' instruments that recognizes
this philosophy and that is limited to advice on actions that cén be
based on data that would be available.
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Appendix C

NUMBER OF SHARED HOME BASEMENT SHELTERS
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APPENDIX C: NUMBER OF SHARYD HOME BASEMENT SHELTERS

Home basements which are shared with nonoccupants as fallout shelters
have been included for allocation of federal radiological defense instru-
ments in Sect. 4. The number of home basements which are shared as
shelters can be estimated from data accumulated in the investigations in
Appendices D and E, by a method which will be described here.

When limits on home basement occupancy were increased from 5 to 50,
by a factor of 10 as described in Appendix D, the number of available
basement spaces increased to 1.83 billion, or about nine times the 1970
population of the United States. Yet the increase in basement occupancy
in the Community Shelter Flan (CSP) model was only about 44 million when
the basement preference (BP) over NSS shelters was 100%, as shown in
Table C.l, regardless of the NSS shelter posture. Furthermore, when the
travel distance was increased from 1 to 5 miles, the increase in basement
occupancy was increased only from 131 to 133 million (BP = 100%), less
than 27%.

One conclusion which may be drawn from these observations is that a
large fraction of the number of home basements are located where they
are too far away from populations which need shelter under CSP, and the
shelter space which they afford is not needed for sharing by the popula-
tion within range. This conclusion may be used to estimate the number
of basements in which owners share their shelters. Radiological instru-
ments would presumably be supplied by the federal government to the
owners of these homes.

In the case where the limits on basement occupancy were changed
from 5 to 50, the additional (174.8 - 130.6) 44.2 million people shel-
tered (BP = 100%, Table C.1l) could be accommodated in 44.2/(50 - 5) =
0.98 million basements, if each were filled to their specified capacity
of 50 people. But they will not all be filled to capacity because in
some localities there will not be enough people within the travel radius.
Hence a larger number than 0.98 million home basements would be shared
in actuality.

In the case where the limits were changed from 5 to 10, the addition-
al (147.1 - 130.6) 16.5 million people sheltered (BP = 100%, Table C.1)
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could be accommodated in 16.5/(10 - 5) = 3.3 million basements, if each
were filled to their capacity of 10 people. Again, these basements
would not all be filled to the limit of 10 because of insufficient
people in some areas; and, again, a larger number than 3.3 million
shared home basements must be used, if the limit of 10 per basement is
imposed.

However, the average number of people which can be sheltered in a
home basement under emergency conditions will exceed 10 (see Subsect.
E.2.3, Appendix E). When the occupancy limit is raised well above 10,
say to 20 or more, the number of basements required for shared sheltering
may drop to less than the 3.3 million estimated above, but would be
greater than 0.98 million. A detailed investigation of shelter postures
with the data bases and algorithms described in Appendices D and E would
be necessary to obtain this number more accurately, and could also
specify the areas in which on-site surveys should be made. For this
study, an average number for shared basements will be developed as
described below, following the heuristic argument given above and using
the available data in Table C.1.

We assume that a certain number, Br’ of home basements are in
areas, presumably rural, where they are not accessible or needed for
sharing in the CSP. Let K represent the total number of home basements
in the United States. Then K - Br represents the number of basements in
which sharing may occur.

Let Nj represent the total number of people (in millions) in base-
ments where the limited occupancy is j people per basement. The values
of j can then be 5, 10, 20, and 50, according to the data available in
Table C.1.

If Bi represents the number of home basements with i people actually
occupying each of the Bi basements, then the following set of equations

describes all home basement occupancy postures:

i=j

B.i =N . (1)
= 1 2
1]

B, =K . (2)
‘._'1
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The numbers Bi are indeterminable with the available data in Table
C.1l. The number of rural basements, Br’ may be assumed to remain un-
changed for all j. The average number of occupants per rural basement
will be designated by r, which will also remain fixed for all j. The
four basement postures in Table C.l, corresponding to a travel distance

of 1 mile, can then be represented by the equations

BT + B, j ) (3)

R r———

B+ Bj = (4)

Substitution of Bj from (4) into (3) results in

Brr + (K - Br)J = Nj

from which

r = [NJ. =R - Br)j] i (6)

Four solutions for r in Eq. (6) result, corresponding to the four
available values of j. Elimination of r can be obtained in six possible
combinations, resulting in six values of Br which are then averaged.

The results are shown in Table C.2. For the estimation of the number of
instruments required, as discussed in Sect. 4, the number of shared home
basement shelters was assumed to be one million. The total number of

home basements in the U.S., 36.65 million, the value for K, includes 0.5
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million vacation homes which are not normally occupied. The average
value for r, the average number of occupants in homes which do not share

basements, was about three persons.
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Table C.2. Estimated Number of Shared Home
Basement Shelters (in Millions)

BP = 100% BP = 0.07%
BG Nss® R/NR? a11 Nss©
Rural Basements 35.21 35.54 35.70 35.85
(Not Shared)
Shared Basements 1.44 TGl e 0.95 0.80

aOnly belowground NSS spaces and home basements available.

b

All NSS spaces and home basements available, except in risk areas,
where number of NSS spaces is reduced.

CAll NSS spaces and home basements available.
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% ORNL SHELTER AVAILABILITY DATA BASE
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APPENDIX D: ORNL SHELTER AVAILABILITY DATA BASE

D.1 Introduction

The number of radiological instruments required to protect people
in shelters depends on a number of parameters as described in Sect. 3.
To make first-order estimates of this number it was necessary to deter-
mine how people might be distributed within community shelters after a
nuclear attack. This determination required information on the type and
location of shelter available. Two classes of shelter were considered;
public shelters were augmented by home basements to provide a more
realistic appraisal of potential shelter. Designated public fallout
shelters were listed in the National Shelter Survey (NSS), while a count
of home basements was obtained from the 1970 United States census.

Figure D.1 illustrates schematically the steps in the creation of
the ORNL shelter availability data base. Each step will be identified
and discussed in more detail in this appendix.

Combining the NSS facilities and home basements was not a straight-
forward procedure, since each data set had a different areal basis. The
public shelters were identified with one of the 43,000 1960 Standard
Location Areas (SLAs), each about the size of a census tract. All 1970
census data were given for Enumeration Districts (EDs) or block groups.

These 256,000 census units will be referred to as EDs.

D.2 Public Shelter Facilities

D.2.1 National Shelter Survey.

In 1961 the National Shelter Survey Program was initiated to iden-
tify usable shelter space in existing structures to protect the United
States population from the hazards of a nuclear attack. 1In the early
years, structures were evaluated only on their potential for fallout
shielding. Facilities in areas with risk of blast (those with a 50% or
better probability of 2 psi or greater blast overpressure) have now been
partially resurveyed to determine their vulnerability to blast and fire.
Space is restricted to 10 ft2 (0.93 mz) per person. This area is also

considered the minimum space per occupant for fallout protection. The
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number of designated underground spaces has also been further limited
where there is inadequate ventilation (Department of Defense, 1975c).

Because of the large size of the NSS data base, other approxima-
tions or substitutions for the NSS data were considered. The data for
areas which had completed the more detailed "all-effects'" surveys were
examined. The number of these areas was small, and they were almost
exclusively urban communities. It seemed unreasonable to consider these
data to be typical of the entire nation. Without a valid representation
of the public shelters, the only approach was to use the actual NSS data
file.

Eleven reels of computer tapes comprising the NSS file as of
December 1976 were obtained from the Defense Civil Preparedness Agency
(DCPA) computer center (see block A in Fig. D.1). The seven-track DCPA
tapes, prepared for a CDC 3600 computer, were copied onto nine-track
tapes for use on ORNL's IBM 360 machines. The NSS summary file (record
type 8) was then addressed to obtain the desired shelter information.

For the benefit of others who may be transferring data from one
type of computer to another, it may be worthwhile to relate the problems
which occurred when we attempted to read binary data from the NSS
summary file; DCPA had compressed some of the numerical data into binary
form to reduce the amount of tape required to store the file. The CDC
3600 stored the data in six-bit bytes. The IBM 360 read the data byte by
byte, adding two zeros to the left of each six binary digits to fill out
its eight-bit byte. This produced an incorrect number in most cases,
averaging about four times too large. Once this problem was recognized,
the computer program was modified to read the binary data correctly.

The standard location, special facility, relative blast protection
(PV), and use and owner codes were utilized, along with the number of

belowground fallout spaces and the protection factor (PF) breakdown of
all the shelter spaces.

D.2.2 Interpretation and reduction of file.

Three sample records from the NSS summary file are shown in Fig.
D.2. These three listings are from one SLA in Auburn, Maine. Records

like these on the 11 reels of NSS data were extracted and condensed to
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fit two reels of tape. It was necessary to reduce this data base in

order to reduce the time and costs of subsequent computer operations.

Several changes were made in the condensation process. The facility

number was examined to identify sensitive facilities (those requiring

security clearance for entry). If this number began with 2, 4, 6, 8, or

9, the listing was dropped, since these spaces would usually not be

available to the general public. DCPA's protection categories 2 and 3

were combined and given a nominal PF of 70 to correspond with previous

DCPA in-house studies (Bensen, 1977). Other protection factors were

assigned in accordance with Table D.1.

Table D.l. Assignment of Pro*=ction Factor

DCPA Range of Protection
Protection Protection Factor
Category Factors Used

0 10-19 15
1 20-39 30

2 40-69

combined 70
3 70-99
4 100-149 125
5 150-249 200
6 250-499 375
7 500-1000 750
8 Over 1000 2000

The three listings in Fig. D.2 now appear as in Table D.2 (block

B in Fig. D.1l). Headings have been added to identify the information.

The detailed description of each facility has been omitted. For example,

the first entry in Table D.2 indicates the general descriptive character-
istics of the building, but does not show that it is the underground
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control center at the Auburn, Maine, airport. The coding reveals it is

an earth-covered, storage-type special facility used as a communication

facility and owned by the local government. The second entry, which the
detailed description identifies as a post office, is described in the

condensed version as a single-story industrial or commercial wall-
bearing structure, federally owned, and used as a utility. The Cushman
Hollis Company (third entry) is described as a 3-5 story, wall-bearing
building, privately owned, and used as a factory, plant, or manufacturing
facility.

The location code places all three shelters in the same SLA. The
first four characters of the location are the region, state, and area
code (RSAC) for the area. An RSAC, with the exception of some parts of
New England, corresponds to a county-type unit. The code "1211" iden-
tifies the RSAC as the Lewiston-Auburn SMSA part of Androscoggin County,

Maine. A new condensed file of the nonsensitive NSS shelters, containing

characteristics and locations, was created in this way.

D.2.3 Belowground NSS shelters.

A second NSS file was prepared to include possible changes in the
use of shelters due to the blast threat from nuclear explosions. This
data base further reduced the original listing to one reel of tape by
removing all spaces not designated as belowground. When the total
number of spaces exceeded the belowground sum, the excess spaces were
deleted, and the remaining basement spaces were assumed to have the
highest PF values. The third listing in Table D.2 would be modified to

read as follows:
1211 0001 - 36 61 4 808 0 O 514 172 61 61 0 O .

If the total in the PF categories were less than the belowground number,
the PF value was considered correct, and all spaces were assumed to be
below ground level. This procedure, as we later discovered, omitted
listing some caves and tunnels. These facilities would provide excellent
blast protection, but their spaces had not always been characterized as

belowground in the NSS summary file.
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D.2.4 Risk-modified NSS File.
The risk-modified list of NSS shelters was created in an attempt to

encompass blast protection for the threatened population, while making
as much NSS space as possible available in nonrisk areas. All SLAs with
geographical centroids within an area subject to 2 psi (13.79 kPa) or
greater overpressure from a detonation in the hypothetical CRP-2B attack
(Department of Defense, 1975a) were considered risk areas. The location
of these blast zones is shown in Fig. D.3. All nonsensitive NSS shelter
spaces were included in the nonrisk area and divided into the same PF
categories as before.

Within the risk SLAs, the number of available NSS shelter spaces

was reduced. Spaces in sensitive facilities and those designated in the

P T

‘ file as aboveground, except for special facilities (caves, tunnels,

LR

etc.), were again deleted. Any remaining spaces in DCPA protection

§
Ei J categories 0 and 1 were also removed. Permissible shelter in the risk
:
3

areas consisted of special facilities and shelter spaces identified as

{ underground with an average protection factor of 40 or greater.

D.3 United States Census Data

D.3.1 Summary tapes.

Housing units with basements were enumerated April 1, 1970. Struc-
tures were considered to have basements if they had accessible enclosed
space below all or part of the structure, deep enough for an adult to
walk upright, and belowground on at least part of its perimeter. The
United States Bureau of the Census had created two files of summary
tapes from the first count from the complete-count files used to prepare

the tables for the Census of Population and Housing, vol. 1, Chap. A

(block C in Fig. D.1). File A was used to obtain data for smaller areas
such as enumeration districts and block groups not included in the
printed reports. This file contained information on race, sex, age,
household composition, marital status, and housing charcteristics,
including value, rent, facilities, tenure, and race of household head
(Bureau of the Census, 1970). Basement and population data were extracted
from this file (block D in Fig. D.1l).
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D.3.2 Master enumeration district list.

The Master Enumeration District List (MED list) was extended with
geographic coordinates by the Bureau of the Census to form the MED-X
list (block E in Fig. D.1l). This list includes the population and the
geographic coordinates of the population centroid of the district for
each of the 255,627 enumeration districts (EDs) covering the entire area
of 50 states.

An ED may range in size from a block group to an entire county.
The criterion for defining an ED is based on the number of pcople a
census enumerator could survey during the designated period (approxi-
mately 1000). Both population and geographical considerations affect
this size. Each ED is identified by a 1l2-character code.

D.4 Preparation of the ORNL Data Base

Combination of the population and basement figures with the NSS
shelter totals presented the greatest problems. The public shelters
were identified by the SLA in which they were located. Census data were
accumulated by ED. The SLA, averaging several times larger than the ED,
was the most convenient areal unit for our analysis; the data for each
ED were then assigned to an SLA after comparison of its relative proximity
to all other SLAs in the same state.

The location of a particular ED was represented by the geographic
coordinates of its population centroid. Using the 1l2-character identi-
fication code, each set of population and basement data from the first
count census was tagged with the geographical location from the MED-X
listing (block F in Fig. D.1). EDs for which there were no coordinates
given on the MED-X tape forced the elimination of about 1% of Alabama's
population. Basement data for Venango County, Pennsylvania, were never
found. Some data from Warren and Union counties in Pennsylvania (next
to Venango on the tape) way also have been lost from our copy of the
census file.

DCPA supplied a data file giving the coordinates of the geographical
centroids of each SLA (block G in Fig. D.1). Part of the SLAs within
seven RSACs did not have coordinates listed and had to be neglected.

Seven of these SLAs were in Virginia. The number of shelter spaces lost
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was not considerable except in Virginia Beach and Salem (20,893 and
25,832 respectively).

The distances between the centroids of each SLA and each ED within
a state were calculated. The population and basements associated with
each ED were assigned to the nearest SLA (block H in Fig. D.1l). Several
EDs could be assigned to one SLA if it were closer than any other.

As a validity check, an ED was eliminated if its centroid were 100
miles (161 km) or more from the nearest SLA within the state. Although
this process may have unwittingly eliminated one or two EDs in the
Aleutian Islands, map verification showed almost all the EDs eliminated
had incorrect coordinates. Only Minnesota, New York, and Virginia (Table
D.3) lost more than 0.1% of the total basements in the state, and their
losses were still small. Population lost through this process is assumed
to be equally negligible.

The difficulties encountered in merging the NSS and census data may
affect the total shelter available for certain individual counties, but
would not be expected to have a noticeable effect on the state or national
totals. Some of the difficulties in Virginia were undoubtedly due to
the increasing number of county-type units resulting from the creation
of independent cities. When possible and within the limits of our data,

some of these changes were incorporated.

D.5 Shelter Availability

Shelter availability files were prepared using the home basement
counts and the entire NSS file (block I in Fig. D.1l), the belowground
NSS file, and the risk-modified NSS file. For each of these assumptions
on the suitability of NSS facilities, the number of public shelter
spaces in each PF category and the number of home basements could be
found for each SLA. In this study, all home basements were considered
to provide possible shelter.

A state-by-state sum of all public shelters and spaces, home base-
ments, and population, as well as national totals, appears in Table D.4.
The national total of spaces rated with a PF of 40 or greater exceeds
the population. A closer look at the state summaries demonstrates the

uneven distribution of these spaces; some states have excess spaces with
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‘, | | Table D.3. Basements Lost by Eliminatig EDs More Than
i 100 Miles from the Nearest SLA
é Percent of
i State Basements Lost Remaining Basements
; AK 63 <0.1
| | ‘ Cco 45 <0.1
- FL 16 <0.1
F GA 47 <0.1
i . IL 244 <0.1
KS 3 <0.1
MA 25 <0.1
MN 16,189 <1.5
NJ 13 <0.1
4 NY 8,090 <0.2
‘r" PA 94 <0.1
% N 5 <0.1
" TX 90 <0.1
{ VA 4,506 <0.7
f f WI 185 <0.1
3
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PF of 40 or greater, while others are deficient. Basements are also
distributed unevenly. There are 5.5 people per home basement nationally,
but this varies from 65 per basement in Florida to 3 per home basement
in South Dakota. The location of the shelter is as important as its
existence.

The public shelters listed in the NSS file are concentrated in
large structures in urban areas. National totals of shelter facilities
and available spaces in each NSS data base and home basements are shown
in Table D.5. Elimination of all aboveground spaces reduces the total
available shelter capacity from about 349 million spaces to less than 83

million, to about 24% of the total capacity. This process, however,
reduces the facilities to 767% of the total facilities. Rejection of the
aboveground and low PF (<40) in areas considered to be at risk of blast
damage reduced the total available spaces to 138.6 million, a loss of
60% of the total spaces. These data show that much of the shelter
(throughout the nation) is aboveground, and that many of the aboveground,
low-PF spaces are located in risk areas, where better shelter would be
needed.

The shelters in the National Fallout Shelter Survey inventory in
1972 were sampled and surveyed by Tolman et al. (1973). The facilities
investigated were limited to those containing 50 or more spaces, and the
sampling procedure was statistically biased toward large shelters; that

is, a facility with a large number of shelter spaces had a higher proba-

bility of selection than a facility with a small number of spaces. Over
one-third of the spaces (35.57%) were estimated to be in basements or %
sub-basements; this number excluded spaces in special facilities. Our
data, based on computations using the entire NSS data base, minus sensi-
tive facilities, found that 23.6% of the 1976 NSS shelter spaces were
belowground, as may be calculated from data in Table D.5.

Tolman's study also concluded that over 21 million spaces could
have been added to the 1972 public shelter inventory if ventilation were
improved. The study estimated that almost 11 miilion of these could
have been adequately ventilated using only Kearny pumps (Kearny, 1972)

and minor building modification.
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D.6 Conclusions

Possible fallout shelters, both in facilities available to the

general public and in home basements, were located and identified.

find much of the public shelter located in very large facilities.
Neither NSS

the nation.

is actually accessible to the residential population must now be
approached.

We

shelters nor home basements are evenly distributed across

The question of how much of this potential fallout shelter
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APPENDIX E: SHELTER POSTURES

E.1 Introduction

Once the population and the number and description of the available
shelter spaces were known, the pattern of use had to be estimated.
Several factors in shelter use were identified; these included the
following: travel distance, type of shelter preferred, number of occu-
pants per home basement, protection value of shelter, and the action of
civil authorities. All three shelter availability data sets were exam-
ined through variation of some of these parameters. The analytical

process is described in this appendix.

E.2 Factors in Shelter Use

E.2.1 Allowed travel distance.

We assumed that residents of an SLA would have access to all shelters

in that SLA. The shelter postures were created for a residential popula-

tion using community shelters; no relocation of population was involved.
For some people, for example, those located near the border of an SLA,
shelters in a neighboring SLA might be closer to their homes and should
not be excluded. It was then necessary to specify a distance to the
available shelter in some manner in order to include spaces in adjacent
SLAs while restricting the travel distance sufficiently to maintain a
community shelter posture.

The distance that community residents can travel depends on the
attack assumptions, the amount of advance warning, and the travel means
available. If the warning were based on a confirmed ICBM launch, only
about 25 min or less would be available until some areas are affected by
blast. This would limit a walking population in risk areas to shelters
within 1 mile (1.6 km) or 2 from their homes. These distances are
consistent with those found in other studies of shelter travel and
arrival times (Haaland and Heath, 1972).

A travel radius was defined to specify the distance traveled to
shelters in terms of the distance between centroids of SLAs. A travel
radius of 1.0 mile (1.6 km) means that all shelters within SLAs which

have centroids within a distance of 1.0 mile from the centroid of the
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SLA in which the people live are considered available to those persons.
To study the effects of this distance, the travel radius was varied from
0.5 mile (0.8 km) to 5.0 miles (8.0 km).

E.2.2 Shelter preference.

When both home basements and NSS shelters are available, some
residents may prefer a home basement to a public shelter. Thisg preference
is hard to predict, since it may be the result of a quick, irrational
decision.

The choice of the type of shelter may be based on the public
perception of the shelter ccnditions at each place. More than half of
the participants in a limited survey by Warner and Christiansen (1972)
saw living conditions at the public shelters as chaotic, bad, or crowded,
but a majority thought food, water, medical help, and leadership would
be available there. Most did not know where the nearest shelter was,
what fallout protection their basement offered, and had no emergency
supplies stored.

Despite their lack of preparation, a slight majority of the respon-
dents (Warner and Christiansen, 1972) preferred shelter in a home basement.
Other surveys quoted by Nehnevajsa (1976) show a slight preference for
public shelter. In any case, it seems there will always be a sizable
percentage preferring home basements. In our study this percentage was
varied from O to 100%.

E.2.3 Basement density.

The number of people that can be sheltered in a home basement
varies with the size and nature of the basement. Sociological factors
such as kinship, friendship, and desire for security and privacy may
also influence home basement use. Nehnevajsa (1976) has assumed that
only 10% of homes with basements are considered "suitable" as shelter,
and that only 50 to 80% of the residents would be willing to participate
in a home-sharing program. We placed no such restrictions on the use of
basements. However, we found that urder the Community Shelter Plan only
about 37 of the home basements would be required for sharing (Appendix C).
Five people per basement were chosen as a minimum sharing population.

There are slightly less than 5.5 people per home basement, averaged
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nationwide (200 million people in 36 million basements). In 1976 there
were 2.9 people per household, or 3.4 people per family (U.S. Bureau of
the Census, 1977). Five people could be a family, an extended family,
or two families. The average number of occupants per home with a base-
ment was estimated to be approximately three in Appendix C.

The highest basement density chosen was 50. This was obtained from
using Nehnevajsa's (1976) approximation of 1000 ft2 for the average

nationwide basement area. Half of this area was assumed to be suitable

for shelter; hence, 50 people could be sheltered using DCPA's standard ]
of 10 ft2 per person. Fifty people would probably include strangers or
acquaintances, in addition to family, friends, or neighbors. Supplemental
ventilation such as that provided by the Kearny air pump (Kearny, 1972)
would be necessary for this number of people to survive for any period
greater than a few hours in a single home basement during certain periods
of the year.

Several surveys, reviewed by Warner and Christiancen (1972,, suggest
that willingness to share a basement does not extend to an unlimited
number of strangers. While they may take in strangers in a real emer-
gency, people want to have a choice in this matter and will favor friends
and relatives as sharees. Nehnevajsa (1976) assumes that five households,
on the average, would be sheltered in each basement. He concludes that
no specific packing factor for home basements should be set, since 95%
of his respondents agree to put as many people in their basement as it
will hold if it is a matter of life or death.

E.2.4 Protection value of shelter.

If there are equally attractive choices available, the publ.. way
choose what they feel is the best shelter. Their idea of 'best" may
differ from the actual protection factor (PF) estimates and may reflect
their opinion as to probable targets. The spaces in public shelters
have been identified by PFs; this information could be distributed to

the general public. The importance of shelter quality in determining
use wiil also depend on the public perception of the degree of threat.
1f the fallout threat is thought to be light, the comfort of a '"poorer"

shelter may prove more appealing.
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The PF of NSS shelters ranges from 15 to 2000, as listed in Table
D.1. Home basements were assumed to have an average PF of 25 based on
the assumption that various measures to upgrade the protection factor
would be taken during a crisis period preceding the arrival of fallout

(Department of Defense, 1976).

E.2.5 Attitudes and actions of authorities.

Instructions and information can be the most important factor in
shelter use. Any information the public receives prior to the attack
will influence their choice of shelter. Specific information on the
attack’will also influence their choice of shelter. Specific information
on the best-shielded public shelters or instructions on upgrading base-
ments may change the decision. Local emergency plans may be the dominant
factor. In an emergency, most people will follow instructions from
civil authorities if they feel those in positions of leadership are
qualified and can be trusted.

The actions of the authorities may vary throughout thie country;
this factor is impossible to use as a parameter in postulating national
shelter postures. It may, however, determine which shelter posture will

be assumed.

E.3 Shelter Assignment

For each of the three shelter availability bases, shelter assignment
was made by SLA within an RSAC area. To complete this procedure, each
SLA was examined twice. The first attempt dealt only with the residen-
tial SLA, while the second considered excess spaces nearby.

In the first allocation, people who prefer home basements are
assigned to home basements within the SLA in which they live. Basements
are filled at the chosen density, that is, 5, 10, 20, or 50 people per
basement, until either the basement spaces are exhausted or the chosen
fraction of the total population of the SLA has been assigned. The
remaining people are placed in NSS shelters in the same SLA, filling the
spaces with the highest PF first. 1If there are not enough spaces in the
NSS shelters, people can then fill in remaining home basements in the
SLA. This procedure is followed for each SLA within an RSAC. Excess

spaces, their type, and the number of unsheltered people are recorded.
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On the second search through each SLA, shelter for the unsheltered

people is sought in nearby SLAs. The number of accessible SLAs is

reduced by specifying the maximum travel radius between the centroids of
the two SLAs. Assignment is made to excess spaces in NSS shelters
(highest PF first). When these are filled, the unsheltered people are
placed in remaining home basements within the specified distance.

The assignment process can be illustrated with Fig. E.1. A map of
part of a city (Detroit, Michigan) with NSS shelters and SLA centroids
is shown. Since there are no NSS shelters in the center SLA, the
population of that SLA would be placed in home basements within the same
SLA until they are filled to the preset density, such as five people per
i basement. If the acceptable travel radius were 0.5 mile (0.8 km), the

remaining unsheltered people from the center SLA could be placed in
extra spaces in any of the four NSS shelters in the three adjoining SLAs
with centroids inside the first circle. If the NSS spaces had previously
been exhausted, remaining home basement spaces may be filled in those
. three SLAs. 1If the travel radius were doubled, extra spaces in any of
the allowable 17 SLAs containing 19 public shelters could be used for
unsheltered people from the home SLA.

E.4 Shelter Postures

Sums of people in each type of shelter and each protection category

:
-4 were obtained for each SLA, RSAC, state, and the nation. The total
.{ population unsheltered was also accumulated. The effects of changing

’ the maximum number of people allowed in a home basement, increasing the
distance outside the residence SLA in which shelter might be sought, and
altering the percentage of people who prefer home basement shelters were
also studied. A shelter profile was created for each set of conditions
to show the distribution of the population among the three shelter
categories--NSS shelters, hcme basements, and unsheltered. This was
done for each of the three NSS data bases.

The profiles resulting from the variation of the percentage prefer-

ring home basement shelters when the travel distance was 1 mile (1.6 km)

are shown in Figs. E.2, E.3, and E.4. A detajiled description of the

T 1T Do e T b, T L A
> £, ALx wd N > 32 1
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results displayed in Fig. E.2, where the entire NSS shelter data base
was used, will serve to clarify the other two figures.

In Fig. E.2, consider the shelter profile when the basement prefer-
ence is zero; that is, people are assumed to prefer NSS shelters; they
would fill all the public shelters within the 1l-mile radius before being
assigned to home basements. The shelter profiles for this case are
given on the ordinate of Fig. E.2, at the left edge of the graph. The
four profiles shown at this position correspond to four maximum popula-
tion levels allowed per home basement, namely, 5, 10, 20, and 50 people
per basement. With a limit of 50 people per basement (curves indicated
by "X") and maximum usage of all available NSS shelter space in SLAs with-
in 1.0 mile of the home SLA, Fig. E.2 indicates 47% of the U.S. popula-
tion in home basements, 457% in NSS shelters, and about 8% unsheltered.
The relatively large percentage in home basements under these assump-
tions emphasizes the inaccessibility of many NSS shelters under the
1.0-mile travel restriction.

Now consider the shelter profile in Fig. E.2 with a maximum of 50
: people per basement when 507 of the population is assumed to prefer

shelter in home basements; the other 507 is assumed to prefer NSS

shelters if space is available. The same curves indicate that, in this

S &

b o 3 e~
e AT R i e 48

case, 63% of the population would be sheltered in home basements, 297%

in NSS shelters, and, again, about 8% would be unsheltered, that is, in

neither home basements nor NSS shelters. The percentage ''unsheltered"
remains constant, with variations in the percentage preferring base-
ments, because the total number of shelter .spaces provided by both NSS
shelters and home basements is constant within the radius of travel.
Regardless of shelter preference, people would be placed in any remain-

ing spaces in NSS shelters or home basements before being designated as

B —————————————————————

"unsheltered."

pormm—

Finally, when the basement preference is 1007%, the curves in Fig.
E.2 for the case of 50 people allowed per basement indicate a shelter
profile of 877 in home basements, 57 in NSS shelters, and about 8%
unsheltered, as before.

In a similar manner, shelter profiles for 5, 10, and 20 pecple

allowed per basement can be read from Figs. E.2, E.3, and E.4 for any
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percentage of the population who might be assvmed to prefer home basements

as shelters.

In Fig. E.3, only belowground NSS spaces are used. The number
forced to use home basements (0% basement preference) has increased, but
the percentage using home basements when they are the shelter of choice
(100% basement preference) is about the same. The decreased number of
NSS spaces available causes a lowering of the number of NSS occupants,
with a corresponding increase in population left unsheltered.

The risk-modified NSS data base produces shelter postures (Fig.

L I PR S DS Ty cep e

E.4) similar to those of the other two data bases. Since fewer public
shelter spaces have been eliminated than in Fig. E.3, the percentage of
the population in each shelter category generally falls between the

other two postures. Home basement usage approached the same value in

all cases as the percentage preferring home basements increases.
i Even at 50 people per basement, part of the population remains
unsheltered when the 1.0-mile (1.6 km) travel radius is used. Table E.1

shows the RSACs in which, under these restrictions, more than 50, 100,

or 200 people would need to be placed in each home basement in order to

shelter everyone. In other words, there will probably be people with no

e

know how many basements there are in the nation, in a state, in a county

: readily available shelter in these RSACs. The average number of people
;; per basement necessary to absorb the unsheltered population over the

't entire state when all accessible NSS spaces are used is also shown.

i These averages are all less than 50 per basement. This supports

g Nehnevajsa's (1976) contention: "It is of little help to a planner to
o

(parish) or in a city . . . the planner must determine the actual location
of each basement."

Tables E.2 and E.3 present similar data when the travel radius is
increased to 2.0 miles (3.2 km) and 5.0 miles (8.0 km). These increases
reduce the number of counties with insufficient shelter spaces (basement
density >50/basement) from 503 in the case of a 1.0-mile travel radius,
to 299 in the case of a 5.0-mile travel radius. An increase in travel
radius will have a significant effect only in those highly populated
areas where the SLAs are closely packed. If the distance to the nearest

SLA centroid were greater than 5.0 miles, changing the allowed travel

AN =St~ it
A L B 0 TR St P il T, R e

.
g s gt .LAM'A“_.L‘_‘,AA!AMA“) AR TRV




Y T P T

!
! £
Bl
b9
“ ki
6°1T 0 0 0 €2€°809°1 SH0GS9°T €88°2T1Z°1 V1 _ w~m
8°C 0 0 0 0£5°S8.°2 168°T0L°S €69 ‘¥0€ ‘T NI wmu
9°2 0 0 0 %99°607 ‘L €0L‘TLE‘OT  60L°L89°C y mM
%°T 0 0 0 8zs Ty TSE6SE 6€0°067 ar w&
v 0 0 i 886 ¥1¥ 6LL°ET6 LE0TSE IH wJ
8°¢ 1 6€ 99 8770581 885°€L9°8 €9%°669°C Vo 1.
762 0 9z Sy 6€0°0T0 € 9€€°G08°0T  L6L°¥99°¢€ 1d wq
10 0 0 0 989°/2 T8L°LTY9 L00“€ETL oa g
1% 0 0 0 vEY ‘%97 €09°8S. zL5°8LT ad ‘M
9°T 0 0 0 TLE°ESE'T  TYO°T8LY  862°TS9°T 1D 2
9°C 0 0 1 657 96T T 8TT12ZE ‘T 0€0 ‘966 00 4 4
© 1°0T 0 0 Y 99T6€9°TT  €6S°0S6°¥T  ¥¥E“TS0°8 VO km
o L°ST '/ 0z €€ 88L°LLT‘T  8S8°vT8‘T  SEvH¥9 v &
Aot 0 0 € 020°LE6 v67°879°T €09°€78 YA 4 i
i (4 T z € 99L°612 It Cee 0T LL AV ;
'3t 0 Z 9T 879°6%6°T 98€°L2Z°¢E S06°“wSY ‘T v
m 23e3g 2aT3UY IdA0 INSE/002< INSE/00T< IWSg/06< sjuaweseq saoeds SSN $12372YS _
Juauwaseg aad A31sua@ Jusweseg YITM SHYSY JO Iaquny O3jul pad10g pesnup SSN ur 23®e1s 3
19quny 23eaaay uotjerndog Jo aaquny uot3jerndog i
: 9TIW 0°T :I93T2YyS 03 aouelstqg ajewrxoaddy
k (%0°0 = a49)
” S193T9YS SSN jJo 98es wnuwixel Y3iTMm 23elg iad Surpeo] jJuswaseg °T°d 9[qel




VAR 0 0 0 LYT°88T 66L°TSY YIS 62¢€ an

L9 1 1 8z TESLT9‘T 95.°90€°s LLS°G9E°“T ON

v 1 0 0 0 TL6°ESY L 960°0Z€°‘SE  86£°6EV 0T AN

1°8 0 0 Y 0T6°20S LOS“9%6 LTV TTS WN

6°1 0 0 0 6T0°T9G‘¢E TIZ‘168°L T8S“vSS ‘e N

g 0 0 0 T79°1LT £89°LS8 6S0°99% HN

1°¢ 0 0 0 & A L06°%0L T TTv 19T AN

81T 0 0 0 968°2SL SLTYTT 798°%89 AN

ST 0 0 0 GL8°%6T 9€0° %69 v€S “66€ IN

£°Z 0 0 T T90°895°C 8%TZ0T‘9 809°180°C OW

LT z (014 (49 6T%°82€°T v€8T9T ‘T ¥99°/88 SH

T 0 0 0 LT0°%8Z°T 655 ‘00T ‘9 €8€°80Y°C NK

el 4 0 0 0 6%6°€SS‘S £09°909 ‘L YOL“L6T E IN
= ST 0 0 0 LY6°18G°T 600°%88°‘8 €T LY0°E VI
Z ¢ 0 0 0 LY9°T€0°T 099°€6€E°“S %8°6T8°1 an

&*% 0 0 0 88T°COY 68L°006 098 ‘885 W

€°9¢ ST 8y 09 L6L°%0E°T 9%0°‘€LE‘T €89°%7€°T V1

(A 0 0 0 T90°188°T LOZ %0Y € €99°062°T b

i 0 0 0 8T€“06L L0z°szL T 8€S‘CTH T s

93el§ 21TIUY IdAQ LWSE/002< LAS9/001< LWSd/0S< sjuawaseg sadedg SSN s19373Ys
juowaseg iad K3Tsusq Jusweseg YITM S)HYSY JO Iaquny 03uT pad10yg peasnuf SSN Ut ajels
w aaquny 23eIdAY uotlerndog JO Iaquny uorjerndog
(penut3juod) *1°d 3Tqel




N

9"" s\? ALY g

6°¢ 865G 90T %0S“LSEEST €ZE°T96°C6 TEIOL |
“
S°T 0 0 0 069°191 TLE60T 9ZL‘0LT M M4m
9°1 0 0 0 1969661 GSE68L°S 0S9“8¥E°‘T M | vw
%% 0 0 0 L92°960°T  79E°0ZI‘T  TO0‘S%9 AM , ,m
R 0 0 0 0€Z°€S0°T 657 TOS ‘Y #00°€TE‘T VM HM
g€ 0 4 S 66%°T6€°T IATARCS AL wLLT0T°T VA "
%1 0 0 0 S60°207 66€°1TE ceTTne LA WM
L1 0 0 0 0TY‘sTYy 09€ “H#%S°T 866 ‘%19 In ,_
(L €T S8 1sT 859°650°L SY0°9LT 0T  96£°6T0°Y XL
99 0 1 Y 67S°8TS‘C  %2Ss00°E L9T S8E°T NL
= ST 0 0 0 LSLESTE 80%“T9¢€ 0SL“6%¢ as
A 6°T1 0 L L1 VLY 9LT'T  897°6ET T Zv0“YIE ‘T oS
6°0 0 0 0 STh %9z YTz v88°T L8Z ‘089 L
8°'1 0 0 0 259°160°9 G9GOZI‘ET  THY 9%y °S vd
6°€ 0 0 0 9T0°€0Z ‘T 90%“€TT E 89978 40
, Lk 0 T 9 760°€00°T %19°€80°S 66%°0%S ‘T 0
(AN 0 0 0 TT1°€T9°S TIY ESLOT  %%0°928°% HO
23B3g 2aT3uy I3A0 IWsg/00z< LWSE/00T1< IWsd/06< Sjusuaseq sadeds SSN S$123T34S
juswaseg aad A3Tsuag juswaseqg YITM SOVSY JO Iaquny 03Ul Ppadi1og pasnup SSN ur 23e3g
Iaquny d3er24Y uorjerndog jo 1aquny uorlerndog
(penutijuod) °71°d 9[qel




L2 0 0 0 889°¥0L‘C 6%0°T29°S  ¢ecgge‘e NI
: L 0 0 0 956°G8T ‘L S66°LYE0T  LTY°TIL E 1
m v 0 0 0 8es ey TGE“65€E 6€0°062 ar
9h 0 0 0 LES ‘0SE 8Z€“6%8 88Y9TY IH
€°S 11 6€ S9 0SE°689°T  0TS‘ZTIS‘8  T¥9°098°% Vo
G €T 0T 6T A 6LY°0TY T 9LL°SOZ 0T  LSE“Y9Z°Y 14
1°0 0 0 0 989°LT T8L°LTY 9 LO0“€ETL oa
T*T 0 0 0 0€1°95T 66Z°0SL 918987 ad
9°1T 0 0 0 YL TSE‘T ZIY 08L Y LT6°T59°T 12
9°2 0 0 T 06T E6T T 6¥8°LTET 667 “666 00
. v°8 0 0 Y ¥S5°0TL 6 TI86°TE0°€T  956°696°6 V0
% Syl z 61 1€ z€8°08T T T06°LTL T T6€“THL av
S'6 0 0 -/ o%L LL9 %T0“69€ ‘T €88°C80°T YA S
%°Z T z £ £29°902 TL6°80€ EVE“06 A
6°6 0 4 ST v6SLEL T ZSESTO ‘e 6€6°999°T v
23315 2aT3ug IdA0  LWSE/00Z< IRSE/00T< INSE/06< sjuswaseq saoeds SSN  sS193T?YS
Juoweseg 1ad K3Tsue(Qq jusWASEY YITM SJVSY JO I2qUAN  OJUT Padiog pasnup SSN urt 23e38
1aquny a8e19Ay uor3erndog 3o iaquny  uorlerndog

S3TIW 0°C
(%0°0 = ag9)

S193T9YS SSN JO 98es( wnuixel YjTM 23e3g 13d Burpeo] jusueseg

$193T9YS 03 9duelsT(q 93ewrxoaddy

‘24 919l




L

[ &3
il
Y1 0 0 0 Y288 66L°TSY Y1S “62€ an w i
€9 1 Z1 8¢ GST 887z 08E‘L9T‘S £56°%05°T ON . ,m,
Y1 0 0 0 LT9°TSH L TGLELTIESSE  €HL°TvY 0T AN w ww“
el 0 0 Y 796 ‘¥hy 191888 £92°69S WN | wmw
6°T 0 0 0 SLECLYS‘E L9S°LL8¢L GTT895°¢ rN ...
& 0 0 0 2T LT £89°LS8 65099% BN LR
€2 0 0 0 SHE“6ST SE6°TH9‘T  €6€°6T€ AN i
81 0 0 0 £Ec TaL 627 THI T ¢81°S89 aN .
[ 0 0 0 GL8%6T 9€0°%69 vES ‘66€ IN
€2 0 0 T £08°CES‘C  068°690°9 998°CTI T OR
] L% z 61 139 826°TTT 1 E¥6°950°T GGG €66 SH
1 0 0 0 TT6°€8T ‘T %GH00T‘9  88¥°80%°T NI
= 6°Z 0 0 0 TO% ‘925 ‘S 6S0°6LS°L (AT AL T4 A I
= €1 0 0 0 €88°T8S‘T  S%6°€88°8  LITLY0°E Vi
i 0 0 0 T29°1€0°2 %€9°T6E°S 898°978°T @
S'1 0 0 0 820°€0Y 629°006 020 ‘685 TN
VAR E ¢T Yy 09 TOZ“S66°T  0S%°€90°C 6LT°9E9°T Vi
1% 0 0 0 GLL*6G8°T 126°28€°¢ 646 “TTE T ol
9°1 0 0 0 €ILTLL 209°L0L T YT ey ‘T sA
w 231§ 21T3UY I9A0  LWSH/00Z< IWSH/00T< LWSE/05< sjuoweseg  SIdedg §SN  SIIITAUS
juawaseg iad A3Tsus(@ Juswaseg YITM SJVSY JO Iaqumy 03U Ppa2104g pasnufn SSN Ut 23e3s
Iaquny 23eI2AY uor3erndogd jo zaquny uorierndod
(penut3uod) -z°g ITqel
—— e—— SR— —— . - -

L B e . | .«.  | e

- g e e b et B inn- < e A e it . - - S—
e = 5 . il e s Eik

L e i Ah i DU st N S s -




T P T TP AT S = o

LT TYS88% 00T £8S°98Z°L%C 0%Z‘Z€0°00T Te3IoL
ST 0 0 0 069 °19T TLE 60T 9ZL°0LT AM

9°1 0 0 0 T96°966°T GSE“68L S 059°8%€‘T M

[ 0 0 0 0%8°L80°T GE6 TTIT T 8T%°€S9 AM

€°¢ 0 0 0 06€ “600°C 6T9°LSY Y y98°9GE ‘T VM

e 0 ' g ZIL TIT 09%°0LZ°9 196°€8€“T VA

w1 0 0 0 S60°20T 66€°‘TTE ceT TIvT IA

£t 0 0 0 TLT TTY TTTINS ‘T 9€T“8T9 in
rAL €1 LL A/ T LE6 S TI8°LST 6 0€9“LETS X1

°9 0 T Y 270°89€°T LTOSY8°T VL9 GHS T NL

(A 0 0 0 TIZ°0TE 798°6S¢E 967 GS€E as

T EE 0 L 9T 760°98T°T 9%0°6%0°C VLA (I AR oS

6°0 0 0 0 8€L°19C L25°188°T v16°789 1

81 0 0 0 T7€‘€80°9 YCTTIT ET  €SL°%vSH°S vd

L€ 0 0 0 9Z6°6%1°T 9TE“090°¢ 8GL°S06 ¥0

L9 0 T 9 €LL €98 C6T w6y 8T8°6/9°T p:(0)

&% 0 0 0 T00°009°S T6T°0EL0T  #9T°6%8°Y HO

23e3g 2aTIUY IdAQ LWSE/00Z< LWS4/001< LWSE/06< sjusuaseq saoeds SSN S193T3Ys
juswaseg iad A3Tsue(Q Jusuweseqg YITM S)HVSY Jo Iaaquny 0o3juT padaog pasnuf SSN Ut 23e1s
1aquny 3a3eiaay uotlerndog Jo Iaquny uotrjeyndog
(ponut3juod) °z°y 3Tqel

-

s s bl s i A R i -




6°'T 0 0 0 06S‘709°T TIETS9 ‘T 9T9°9TZ‘T V1
L2 0 0 0 9/6°6£9°C LEE9GS S LHT°0S% T NI
(4 0 0 0 (L TAR %A &) 6L7°G8T°0T  €ETI*WLL S 11
%'z 0 0 0 €90°02Y 188°9G¢E %06 “Z6¢ a1
L€ 0 0 0 TSL%8T €vse8L €L T8y IH
9°y 1 6¢ €9 THG6vh T T0LTLZ 8 0S%°00T“E 6]
VA | (0} %2 8¢ 9T%°9LE‘T €TLTLT 6 0T%“86Z°S 1d
T°0 0 0 0 989°LC T8L°LT%°9 LOO“ETL oa
12 0 0 0 #8% 967 €69°06¢ 7765 98T 4a
9°1 0 0 0 86L°TGE‘T 89%“6LL Y TL8°ES9°‘T o)
ST 0 0 T 6TZ 6LT°T 8/8°€0E‘T 0LZ°ET0°T 02
| s G'9 0 0 £ L66°CLY L HwTHG8L0T  E€TS9TZ°CT v
.m 7 €°€T rA 61 1€ 6%6°%80°T 6T0“ZE9°T 1T LE8 ¥y
w, 'L 0 0 z TET 8IS G0S°60Z°T T6E°THT T VAL
Eele T z € L8L°96T TET 66T £€8T1°00T b\
9°8 0 r4 €T 6L9°CTS T LEVCT6LT %G8068°T v
931els arjuy I3AQ IWS9/002< IWSE/00T< IWS9/06< sjusuwaseg saoeds SSN S123T3YSs
jusuwdseg aad £3Tsua@ juswaseg Y3lTMm SOVSY JO Iaqunpy 0JuTr po22ao4 pasnuj SSN urt 23els
a2quny 28eiaay uotlerndog Jo aaquny uoT3erndog
|
‘ SOTIW 0°G :I33T3Yyg 03 3duelsyq 231eurxoaddy
W (%0°0 = d9)
i §193T9YS SSN JO 23es] wnuwixel Y3iIm 23e3§ aad Surpeo] jJuswaseg °¢°d a[qel




115

T ———————"

i

| fhaaiaVieriinatoctsh oo o SRR, i et

v 0 0 LYT 88T 66L°2SY ¥T16 “62¢ an
6°S 1 1t 6E%°0TE T ¥99°686 ‘Y 699°789°C ON
L A 1 0 0 0TT LYY L YHEETESE  0ST 9% ‘0T AN
8°9 0 0 €86 °TCY 086 ‘598 %€ ‘265 N
6°1 0 0 6%0°6TS ‘€ Z6%8°L TSS 966 ‘€ rN
€T 0 0 TT9°1LT L89°LS8 650 “99% HN
0°¢ 0 0 G€9°807 STTT69°T €0T ‘082 "IN
8°T 0 0 S6%°TSL T6E“THI‘T €22°689 an
65k 0 0 0€6°€6C 160°€69 6L% ‘00% In
€°C 0 0 €97°L25°C 0S€°T90°9 90%°Z21°C OW
: g ¢ 8T 9LS 18T T T66°120°T L0S°820°T SH
A 0 0 6%5°€87° 1T T80 ‘00T ‘9 198°80%°C NK
6T 0 0 0SS “s6%°‘S 807 ‘8%S ‘L €0T°95Z°¢ N
9 § 0 0 L66°LLS T 650°088°‘8 €9T°150°€ VR
% 0 0 6€9°000°C 759°19€ S 0S8°LS8°T @
ST 0 0 820°€0% 629006 020°68S k1
v LT 6T z €ES6ELT T8L°L08°T Lv6°688°T V1
0% 0 0 y91°88L T 06Z°TTE € 08S ‘€8 ‘T hv'|
9°1 0 98 °“1SL S19°989°C 0L0°%9% ‘1 S
233§ 2aT3uy aI3A(Q H.zmm\OONA HZwm\OCaA sjuluaseg mwomﬂw SSN S1937T9YS
jusweseg aad A3Tsusq jusweseg YITM SOVSY JO Iaquny o3ur paldaog pasnuf SSN urt ?je3s
Ioquny 93eidAy uotrjerndog Jo aaqany uorjeyndog
(penurjuod) °g°d °1qel

e —

Sk

——



116

S¢

€8C°0TLC6

62€ “80G “6€T

86%°0T18°L0T Te3IOL

S°T 0 0 0 %191 721607 SL6°0LT M
9°1 0 0 0 TTL966°T 90T°“68L°S 668°8YE‘T M
ol 0 0 0 697°780°T %9€ ‘90T T 666 °859 AM
1°¢ 0 0 0 €68°158°T TTT00E Y TYE“HY1S‘T VM
s 0 z S 020°910°C 89L°¥L0°9 €ST°6L5°T VA
71 0 0 0 $60°Z0Z 66€ ‘TTE SETTYT IA
9°1 0 0 0 6TTTTY 690°0€S ‘T 687629 1n
9°87 At gL €€t 88G°8TC Y SL6°8YY L 99% ‘989 X1
LS 0 | Vi 9L£°8STC TLESE9‘T 0T€°SSL T NL
A | 0 0 0 THo‘eTE €69 ‘85S¢ S9%°Z5¢€ as
0°6 0 L €1 TET896 GTI TIE8 T c8€°279°T oS
6°0 0 0 0 STH Y9z YIZ°%88°T L8T 089 1
8°1 0 0 0 S%7°950°‘9 8STGB0°ET  6%8°T8%°‘S vd
€°¢ 0 0 0 G68°9T0°T G8T°LT6T 68L°8€0°T ¥0
0°¢ 0 1 9 08T°6%9 0L 6TL Y TI%“v68°1 0
T°¢ 0 0 bl 6%L€95°S 8€0°¥69°0T  LT%‘S88°Y HO
93e1S 2aTIUY IAAQ LWS™/00Z< LWS9/001< LWSH/06< sjuswaseg saoeds SSN s193TaYs
juawaseg iad A3TSuaq Jusweaseqg YITM S)YSY JO Iaquny 0juT pad104g pasnuf SSN ur 23e3s
Jaquny a3eaaay uotrjerndog JO Iaquny uotrjerndog
(penurjuod) gy ITqeL




117

radius from 1.0 mile to 5.0 miles would have no effect. A detailed
investigation of all 299 RSACs in which the basement density is shown as
greater than 50 per basement in Table E.3 would be necessary in order to
determine whether people in these RSACs could be sheltered in neighboring
RSACs. If not, it may be necessary for people in these areas to construct
expedient shelters (Cristy, 1973; Kearny, 1976).

When the home basement population density is set at five and the
travel distance is varied, the shelter posture curves can look quite
different. 1In Fig. E.5 one finds little change in home basement usage
when the travel distance is increased from 1.0 mile (1.6 km) to 5.0
miles (8.0 km). The increase in people in NSS shelters and the correspond-
ing decrease in the number of people unsheltered are more pronounced.

The distribution of home basements approximates the residential population
distribution much better than the NSS shelters do. Increasing the

travel distance by a factor of 5 adds less than 4% of the more than 347
million NSS shelter spaces to the available pool.

Only the belowground NSS spaces are considered in Fig. E.6. The

differences in NSS use are less dependent on travel radius now, since

there are fewer NSS spaces to consider. Overall usage is lower than in

the preceding graph for the same reason. Home basement shelterees are

]
i
1
]
i
4
&
o

more numerous and only slightly more dependent on travel distance. A

larger proportion of the population will be placed in basements farther
from their homes, since fewer NSS spaces in neighboring SLAs are avail-
able for the overflow of the residential SLA.
Shelter postures prepared under the same assumptions from the risk- i
modified NSS shelter data base are shown in Fig. E.7. Use of each type
of shelter and dependence on travel radius fall between the two previous
graphs. Home basement use is again very similar as the preference for
the private shelters increases.
If everyone prefers public shelter, the home basements are used at
five per basement, and travel is limited to 1.0 mile (1.6 km), the
distribution of shelters used when all NSS shelters are available (not
risk-modified) is shown in Table E.4. Shelters are categorized here by
occupants instead of rated number of spaces. We find the number of

shelters fairly evenly distributed among the use categories. Still,
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almost 70% of the people are found in the larger shelters. When the
travel limitation is raised to 5.0 miles (8.0 km), 14 million additional
spaces are occupied, and 12 million of these are located in shelters
having an occupancy of over 1000 persons (Table E.5). The average
number of occupants in the category of largest shelters exceeds 3000.
When the risk-modified NSS shelter data base is used, everyone
prefers public shelter, home basements are used at five per basement,
and travel is limited to 1.0 mile (1.6 km), the distribution of shelter
occupancies is that shown previously in Table 3.6. Modification of the
risk-area NSS shelter data base reduced the total occupancy of 94.0
million (Table E.4) to 62.9 million, from 27% to 18% of the total
number of 347 million NSS spaces. The percent of total occupied spaces
in the largest shelters (i.e., >1000 occupants) in both risk and non-
risk areas has been reduced from 69.47 (Table E.4) to 48.6%. The total -
number of shelters used has increased from 166,393 (Table E.4) to 212,776
(Table 3.6, sum of risk and nonrisk) because many more small shelters
are used in the risk area when the large aboveground shelters are removed

from the data base.

The protection factor profile for the nation was shown in Table 3.7.

It has been assumed that people in homes with no basements are able to
improvise protection which would give them an average PF of 5. Two-
thirds of the risk area population of 124 million, that is, 82 million,
would require shelter in home basements, with many packed at 50 people
per basement.

The disparities in the number of shelter occupants introduce some
shelter management problems. Very large shelters will be impossible to
administer unless they are highly organized, well-supported, and make
full use of the skills, training, and talents of the occupants. The
small shelters may require less organization, but the resources of the
shelterees will be severely limited by the small population sample.

More effort per person will be required for these shelters. It would be
more efficient if medium-sized shelters could be developed where neces-

sary to replace shelters in the smallest use categories. These shelters
could also help reduce the sheltered population iu the biggest facilities

to a more manageable figure.
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E.5 Conclusion

Because of the sociological and situational factors discussed, it

is impossible to predict accurately the pattern of shelter usage. Well-
organized community plans and an informed public could reduce the guess-
work for some counties, but some aspects will always be uncontrollable.

With current shelter inventories, some fraction of the people will

never find shelter near their residence. The NSS spaces are not always

located where they are needed. Use of home basements (even with 50 }
people per basement) does not appear to be the total solution. Efforts

should be made to locate or construct more public shelters in areas that

are deficient. Expedient shelters may, in some areas, become a necessary

consideration in protecting the U.S. population from fallout.
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the NSS shelter requirements, producing a total of 3.4 million dosimeters,
1.3 million chargers, and 1.4 million survey meters at a total cost of
$75 million dollars, as summarized in Table 4.3.

Table 4.3. Minimum Instrument Requirements for Shelters,
without Supplementary Instrumentation
(Allocation B)

Estimated Estimated Total
Instruments Requirement Cost per Estimated
(million $) Instrument Cost
($) (million $)
Survey meters 1.4 20 28
Dosimeters 3.4 10 34
Chatgersa 1.3 10 13

aFiber-optics dosimeters would not require chargers.

Although this apportionment may provide adequate instrumentation to
guarantee equal radiation exposure, there will be insufficient instrumen-
tation to provide a record of dose for more than a small percentage of

the sheltered population.

4.4 TInstruments Required for Maintaining Dose Records
(Allocation C)

In this final case, dosimeters will be allocated according to the
scheme in Table 3.7, based on the organization of shelter occupants into
units. In order to provide a fairly accurate estimation of dose for all
shelter occupants, the number of people per unit should be specified by
shelter management to be from 7 to 12 members, depending on shelter
configuration and variability of PF and in accordance with the Shelter

Management Textbook (Department of Defense, 1967). An approximate

average of ten people per unit was used in the preparation of Table 4.4.

In shelters with large rooms and uniform PF, the number per unit could
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