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(DETACHABLE SUMMARY)

SHELTER UPGRADING MANUAL: KEY WORKER SHELTERS

This manual is one of a series being developed in support of the civil
defense concept of crisis relocation planning. One basic element of crisis
relocation is plant site protection of key industry people who operate
essential facilities through a crisis period. The manual is intended to
provide a framework for the practical development of key worker shelters
by any interested party.. The information contained herein was developed
under Contract EMW-C-0153, Work Unit 1128A, and is based on previously
developed structural information, but has yet to be tested in the field.

The manual is designed to be used by planners and plant personnel
in risk areas. It presents a methodology for evaluating basement areas
and expedient shelters and provides alternative methods to develop the
necessary structural upgrading for blast and fallout protection. Sections
of the manual assist in the selection and identification of potential
shelter facilities, explain the choice of upgrading methods, and illustrate
the upgrading of various basement alternatives. Expedient shelters are
proposed for industries without available basements, and upgrading methods
and the resources required for each are presented. Included are sketches
and figures that assist in the evaluation of a structure for use as a
potential shelter, provide data and charts for closing small openings,
and illustrate alternative details of shoring systems. Tables and charts
for sizing the shoring or other materials required for each alternative
have been provided to simplify applications.

The manual is in looseleaf format so that worksheets, tables, and
charts can be removed to develop upgrading plans for a specific structure.
This format also allows for the insertion of new data and techniques as
they become available.
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This report was prepared as an account of work sponsored by
an agency of the United States Government. Neither the United
States Government nor any agency thereof, nor any of their
employees, contractors, subcontractors, or their employees,
makes any warranty, express or implied, nor assumes any

legal liability or responsibility for any third party's use
or the results of such use of any information, apparatus,
product or process disclosed in this report, nor represents
that its use by such third party would not infringe privately
owned rights.
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Section 1
INTRODUCTION

This manual is one of a series being developed by Scientific Service,
Inc., for the Federal Emergency Management Agency in support of the civil
defense concept of crisis relocation planning. This concept presumes that
a period of crisis buildup or international tension would precede any
future major war. This period of crisis would allow time — a few days or
weeks — to accomplish a number of activities to protect the civilian popu-
lation and industry from attack. These activities include:

1) Evacuation of most of the population out of risk areas to
host areas where only fallout and possibly low-level blast
protection would be required.

2) Development of shelter in the risk area for a relatively
small contingent of key workers who would remain behind to
maintain necessary services — fire protection, communica-
tions, military production, etc.

3) Hardening and protection of industry.

This manual presents criteria for the selection and development of
key worker shelters and is designed to be used by planners in risk areas.
This first draft of a comprehensive shelter upgrading manual for key workers
is far from complete, and users should be aware of its limitations. The
FEMA directive was to develop shelters that would survive approximately
40 psi overpressure and to provide fallout protection equivalent to 3 ft
of earth. The 40 psi criterion was a compromise between the desire to
create shelter designs that could survive the very close-in weapon envi-
ronment and the reality of what was practical when upgrading existing
structures.
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i Essentially, the problem is to develop rational, safe measures for
upgrading a structure, which was designed to support 150 to 250 psf, to
support a blast loading of about 6,000 psf. Lack of adequate data has
restricted the number of acceptable existing structures to a few basements
with specific structural characteristics and has forced great dependency
on expedient shelters. It is hoped that future test programs and the up-
coming MILL RACE event will allow the inclusion of other structural types
as shelters and increase the survival values.

The manual in its present form essentially outlines a training pro-
cedure for risk areaplanners and presents first a methodology for deter-
mining the number of key workers and for establishing shelter requirements,
then a step-by-step process for surveying existing facilities for suita-
bility as shelter spaces, locating other structures and facilities that
can be used as expedient shelters, developing upgrading plans, and estab-
lishing stocking and management criteria.
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Section 2
ESTABLISHING THE NUMBER OF KEY WORKERS

Determining the minimum number of key workers is an essential first
step in the planning process and will require close coordination with
plant management. Obviously, the fewer key workers that are required the
better, since this reduces the number of people at risk and simplifies
the problem of providing shelters.

It is assumed that the risk area planner will be supplied a list of
the essential facilities and service organizations for which shelters will
have to be provided. It will be necessary, however, for the planner to
assist in the process of determining the number of key workers required
to maintain the operation of each facility. Most plant managers will
have little appreciation of the problems involved in preparing for and
surviving a nuclear war. Thus, it will require considerable education
and guidance in each essential facility to assist management in deciding
which functions are essential, which can be eliminated or relocated to
the host area, and how many key workers will be needed.

It is relatively easy to identify certain functions in a facility
as non-essential during the crisis period (building maintenance, sales
and bookkeeping departments are examples). It is more difficult, however,
to establish which parts of other operations are essential, and to deter-
mine the minimum number of key workers that will be required, since that
determinatior will depend on the level of production to be maintained and
the possibility that many operations can be simpiified, eliminated, or
moved to the host area.

The following examples, derived from in-plant surveys during the




development of an industrial protection manual,* illustrate the type of

thinking and planning required in a potential essential industry that is
located in the risk area.

Food Plant. — This plant is a medium size food processor. The plant
manager's first evaluation of which processes and workers were essential
included just about everything and everybody with the exception of the
office staff. After a more careful explanation of crisis relocation and
the possible needs and threat, the number of employees (about 50) and the
number of processes (about 15) were reduced to a key worker staff of about
five and only three processes. This was accomplished by eliminating many
of the special handling and cosmetic processes normally performed. The
plant owner's last evaluation was probably the most interesting, however:
In a crisis, tomatoes, which are only a condiment, would not be necessary;
his plant should probably be converted to provide more necessary products
such as meat and milk.

Electrical Equipment Manufacturer. — A supplier of large utility
transformers, this plant has 200 employees and over 2 acres of floor
space. After a couple of hours of discussion, the plant engineer's rec-
omnendation was to halt production on the long leadtime (1 to 2 years)
transformers and to concentrate on repair and rehabilitation of old trans-
formers, which was a significant part of their operation. This could be
accomplished with a very few skilled workers and a minimum of equipment;
i.e., a cutting torch, a welder, and available raw materials.

Electrical Switch Manufacturer. — This plant was considered to be
typical of many small manufacturing facilities, located throughout the
United States, that will be necessary to supply military spare parts.

An evaluation of this plant, which has 15 to 20 employees, indicated that
the best alternative would be to evacuate the entire operation to the

* Zaccor, J.V., C. Wilton, and G. Shephard, Jr., "Industrial Hardening
Demonstration,"” SSI Report No. 7828-8, prepared for Federal Emergency
Management Agency, September 1980.
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host area. The feasibility of this alternative was demonstrated when the
plant subsequently relocated to a new site, and data were collected on the
move: Four men completed the entire move in five working days, which in-
cluded setting up the facility. Estimates were made that, in a crisis
situation, eight men (i.e., half the plant personnel) could move the entire
plant in one day and be operating again in two days.

In summary, some important factors for plant management and the planner
to consider in determining the minimum number of key workers are:

o Eliminate non-essential operations
o Move part or all of the operation to the host area
o Simplify operations — e.g., ship in bulk rather than package

0 Process only the most critical items.

2-3
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Section 3
ESTABLISHING SHELTER REQUIREMENTS

In the event of a nuclear attack, key workers will need adequate
protection from the initial effects — blast, initial radiation, and the
thermal pulse — and from fallout, which begins to deposit approximately
one-half hour after the blast.

Circumstances may require that two separate types of shelters be
provided:
0 Short-term shelters that can be used for protection from
the initial effects.

o Long-term shelters that are of adequate size and equipped
for an extended stay of two weeks or longer.

Long-term shelters are the most desirable and should be planned for
if existing upgradable shelter spaces are available at the work site.
Where such adequate close-in shelter space cannot be found, however, it
will be necessary to provide short-term austere shelters from which
personnel could evacuate either to the host area or to better long-term
shelters located some distance away. At some large key facilities it
may be necessary to provide both types of shelters.

Whatever the type of shelter, the following general criteria apply:

0 Shelters must be structurally capable of withstanding up to
40 psi and have sufficient radiation protection (equivalent
to approximately 3 ft of earth at a density of 100 1b per
cubic foot).

3-1




Shelters should be located far enough away from the expected
target point so that the expected overpressure is less than
40 psi (1% miles from a one megaton weapon and 3% miles from
a 20 megaton weapon).

Debris from collapsing buildings should not cover the shelter
and prevent escape. This consideration essentially eliminates
the use of basements of multi-story buildings and requires
that shelters be located at least one building height away
from any nearby structure.

Below ground shelters — unless they are water-tight — should
not be located in high ground water areas, or in areas subject
to_flooding from surface runoff, ruptured tanks, or broken

pipelines.

Shelters should not be located near hazardous or flammable

materials.

Two exits should be provided, located as far apart as possible.

Debris may block one exit, and an alternate escape exit should
be provided.

Shelters should be of adequate size: For long-term shelters
a minimum of 10 square feet of floor space and a minimum of
65 cubic feet of air volume should be provided per person.
Means for ventilating the shelter area are also necessary.
For short-term shelters the above recommendations are desir-
able, but not required.

Tools and equipment should be provided to aid in exiting the
shelter, to remove debris and roadblocks during evacuation,

and to rescue people from other shelters.

3-2




Specific criteria that apply to the type of shelter provided are as
follows:

A fully equipped shelter should contain:

o Sufficient 1ife support supplies adequate for a minimum of
two week stay-time. A detailed list is presented under
[ the stocking and management section (Section 7).

[=]

Ventilation equipment adequate to supply at least 3 cubic
feet per minute per person. (Larger air flows up to 40 cfm
may be required in the hot humid areas of the country.)

o

An emergency power system

o Radiation monitoring equipment

o Communication equipment

o Sleeping facilities
! o Firefighting equipment )
!
v A short-term, or austere, shelter should contain:
i o Escape vehicles, either in or near the shelter, protected
‘ to 40 psi.
P, o Minimal 1ife support supplies.

3-3
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Section 4
SURVEY AND UPGRADING OF EXISTING STRUCTURES

The most desirable and economical shelters in terms of resources and
manpower are those that can be found in existing structures at or close
to the work site, and these should be surveyed first. Rather than one
large shelter to house all of the key workers, two or more smaller shel-
ters should be sought; this would greatly improve everyone's chances for
survival, as one group could help another, should a problem arise.

The criteria described in the previous section essentially limit
acceptable shelter spaces in existing structures to basement areas.
(A few aboveground structures — bank vaults, radiation laboratories,
etc. — may be suitable for use, and these should be treated on a case
by case basis.) Because of blast-induced soil pressures, only basements
with reinforced concrete walls are considered adequate. In most cases
these will be found in structures that were for heavy industrial use (de-
signed for 150 to 250 psf) under building code requirements that prevailed
at the time.

With rare exceptions candidate shelters will need to upgraded with
regard to their blast protection. This generally will consist of rein-
forcing the floor slab over the basement (discussed in this section) and
the provision of blastproof closures (discussed in Section 6). Shelters
will also need to be equipped with the life support systems discussed in
Section 7.

UPGRADING OF FLOOR SLABS

Seven reinforced concrete construction types have been found to be
upgradable. The upgrading techniques shown in the following pages are

4-1




F designed to upgrade the various construction types to 40 psi blast load-
ings.

The techniques are of two types depending on the type of construction:
o Post shores
o Post and beam supports

Spacing for both systems is based on supports at one-quarter of the span
in both directions — width and length. For example if the span is 20 ft, i
the supports are to be placed 5 ft on centers; and if the span is 40 ft,
the supports are to be placed 10 ft on centers. The space between shores
is greater for longer spans; thus, fewer shores per shelteree are re-
quired. Long span basement areas are expected to be few, however. If
possible, areas with very close support shoring should be used only for
short stay-time shelters.

The resources used in the upgrading procedures consist of:
o Steel and wood posts
‘ o Steel beams

Wood beams cannot be used for upgrading to 40 psi because of stress lim-
itations, which cause crushing of the beam fibers.

Upgrading procedures are presented for the following types of floor

slabs: :
Two-Way Slabs One-Way Slabs
Flat plate and flat slabs p.4-4 One-way joist and one-way
slab, beam and girder p. 4-10
Waffle slabs p.4-6 Double tee p. 4-12
Slab and girder p.4-8 Hollow-core p. 4-14
One-way slab and girder p. 4-16

4-2




Flat Plate and Flat Slab

Characteristics and Construction Details

Concrete slabs are 8 inches to 12 inches thick without other detailed
engineering or construction features.

Columns are concrete and are constructed integrally with the floor
slabs in a variety of ways as shown below. Columns may be round or square,
‘ x and details refer to interior columns and columns constructed adjacent to
a concrete wall,

Drop panels are usually 2 to 5 inches thick, and column capitals vary
i in height.
E Spans between columns normally vary from 16 to 30 feet. o
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FLAT PLATE AND FLAT SLAB UPGRADING

RADIATION
Pe oePTH
& 20
Shoring

The recommended method for shoring flat plate and flat slabs is to use
post shores, as shown in the sketch above. For shore classification, see
spacing chart below, and for types of shores refer to pages A-3 to A-5.
Maximum unshored distance should not exceed one-quarter of the span.

SHORE CLASSIFICATION cl
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Waffle Slab

Characteristics and Construction Details

Concrete deck and ribs are cast as one unit. The industry standard
waffle forms are 19 inches square and 30 inches square. Top slab thickness

is usually 3 inches or 4% inches.

Ribs are 5 inches thick for 19-inch waffle forms, and vary in depth
from 6 to 12 inches.

Ribs are 6 inches thick for 30-inch waffle forms, and vary in depth
from 8 to 20 inches.

A non-waffled section is constructed around each column.

Columns are concrete and are constructed integrally with the waffle
slab. Typical details are shown below. Spans between columns normally
vary from 15 to 36 feet.

s, | corumn
© | caprtaL

ROUND oR SPUARE. L,
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WAFFLE SLAB UPGRADING
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Shoring

The recommended method for shoring waffle slabs is to use post shores,
as shown in the sketch above. For shore spacing, the posts must be placed
at the intersection of the waffle ribs. Thus, for 19-inch waffles, the
posts will be at multiples of 2 feet, and for 30-inch waffles, the posts
will be at multiples of 3 feet. For shore classification, see spacing
chart below, and for types of shores, refer to pages A-3 to A-5. Maximum
unshored distance should not exceed 1/4 the span. More shores may be re-
quired for the waffle slab because of post shore location restrictions.

SHORE. CLASSIFCATION el
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Two -Way Slab & Girder

Characteristics and Construction Details

Sl M3

Concrete slabs are 8 to 12 inches thick, and girders are cast with
the slab.

Columns are concrete, and are constructed integrally with the girders.
Columns are generally square or rectangular.

Girders are usually 12 inches wide or more and may be up to 36 inches
deep in heavy, long-span structures.

Span between supports normally varies from 16 to 30 feet.

4-7




TWO-WAY SLAB & GIRDER UPGRADING
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RADIATION
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Shoring

The recommended method for shoring two-way slab and girder is to use
post shores, as shown in the sketch above. Two lengths of shores must be
provided for shoring the beams and the slab, respectively.

For shore classification see spacing chart below, and for types of
shores, refer to pages A-3 to A-5.

Maximum unshored distance should not exceed 1/4 the span.

SHORE CLASSIFICATION Cci

DI TANCE BETWEEN SHORES
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One -Way Joist & One-Way Slab, Beam & Girder

Characteristics and Construction Details

Concrete slabs are poured monolithically with joist ribs or beams,
and girders.

Slabs for one-way joists are 3 to 4 inches thick. Joist ribs vary
from 5 to 7 inches thick, from 10 to 20 inches deep, and are tapered.
. Spacings between ribs are usually 20 inches or 30 inches. Span length
' varies from 16 to 26 feet.

Slabs used in slab, beam and girder construction are generally
6 inches and thicker. Beams are generally not less than 10 inches wide,
and girders not less than 12 inches wide. Depth of beams and girders
vary and generally are not greater than 30 inches. Spans vary from 20 to
36 feet.

Columns are generally rigidly tied to girders and can be rectangular
or square.

4-9
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ONE-WAY JOIST & ONE-WAY SLAB, BEAM
AND GIRDER UPGRADING

Shoring

The recommended method for shoring one-way joist and one-way slab,
beam and girder is to use post and beam shores. It should be noted that
posts and beam shores are to be placed under the joist and beam portions
of the basement area. Post shores must be used under the main girder
members.

For shore classification, see spacing chart below, and for types of
shores, refer to pages A-3 to A-6.

Maximum unshored distance should not exceed 1/4 the span.

ST
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Double Tee

Characteristics and Construction Details

Concrete double tee construction are precast units, transported and
erected at the site.

Girder beam supports are often inverted tee beams set in place, or
cast with the columns.

Slab thickness usually is not less than 4 inches. Thicker slabs
occur with deep, widely spaced tee stems.

Stems normally range from 16 to 32 inches deep, and double tee spans
range from 18 to 30 feet.

Columns are usually square or rectangular and are usually tied to the
girders.




DOUBLE TEE UPGRADING

RADIATION
PE  DEFPTH

o000 2.5

Shoring

The recommended method for shoring double tee concrete construction

is to use post and beam shores, with post shores under the supporting
r girders.

For shore classification, see spacing chart below, and for types of
shores, refer to pages A-3 to A-6.

Maximum unshored distance should not exceed 1/4 the span.

SHORE. CLASSIRCATION cl

DISTANCE BETWEEN SHORES
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Concrete Hollow - Core

Characteristics and Construction Details

Concrete hollow-core construction is fabricated as precast slab units,
with reinforcing in the longitudinal direction only. Individual slabs are
placed side by side, and the deck is usually surfaced with a thin layer of
concrete. Slab thickness is usually 8 to 10 inches.

The slabs are supported on girders and columns. The girders may be
precast or cast-in-place. Columns may also be precast or cast-in-place.

Hollow-core spans normally range from 18 to 28 feet.

4-13
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CONCRETE HOLLOW-CORE UPGRADING

RAD AT ION
PF_ PEPTH

V2 2 g 25

Shoring

The recommended method for shoring hollow-core construction is to use
post and beam shores under the slabs, and post construction under the
supporting girders.

For shore classification, see chart below, and for types of shores,
refer to pages A-3 to A-6.

Maximum unshored distance should not exceed 1/4 the span.

SHORE ZLASSIFCATION (o]




One-Way Slab and Girder

Characteristics and Construction Details

Concrete slabs are 8 to 12 inches thick, and girders are cast with
the slab.

Columns are concrete and are constructed integrally with the girders.
Columns are generally square or rectangular.

Girders are normally 12 inches wide or greater, and may be up to
36 inches deep in heavy, long-span structures.

Spans between supports along the girders normally vary from 20 to
30 feet. The width between girders is usually one-half the span length
or less.




ONE-WAY SLAB AND GIRDER UPGRADING
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Shoring

The recommended method for shoring one-way slab and girder is to use
post and beam shores under the slab, as shown in the sketch above, and

post shores under the girder. Two lengths of shores must be provided for
\ shoring the beams.

For shore classification, see spacing chart below, and for types of
shores, refer to pages A-3 to A-6.

Maximum unshored distance should not exceed 1/4 the span.

SHORE. CLASSIFICATION cl
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Section 5
SURVEY AND UPGRADING OF EXPEDIENT SHELTERS

Because of the limited number of existing structures that have been
found to be upgradable, it will be necessary in many cases to use expedient
shelters. There are many options that should be considered, including
adapting onsite facilities such as tanks, storm drains, utility vaults,
or alternatively obtaining a structure that can be used as a buried shel-
ter. These structures that can be buried and used as shelters include
railroad cars, tanks, or specially designed shelters.

Expedient shelter options discussed are as follows:

Buried tanks page 5-2

Railroad cars page 5-3 to 5-8
Storm drain systems page 5-9 to 5-12
Other shelter types page 5-14 to 5-16

Two expedient shelter worksheets (Worksheets 7 and 8) are provided in

Appendix A as an aid for implementing expedient shelters. These worksheets
are designed to assist the industry planner in shelter selection and

upgrading.

The shelter options discussed herein are only a few of the potential
possibilities for key worker shelters. Each plant superintendent and/or
planner should survey his plant and immediate area for the best choices.
The formation of mutual aid pacts with other nearby essential industries
to jointly develop key worker shelters should also be considered.
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EXF .DIENT SHELTER FACT SHEET

BURIED TANKS

Buried tanks provide ideal shelters and, dependent upon size, can be
used for both long and short stay-times.

(1) Pressure vessel type tanks, such as newly manufactured
liquid propane or LNG type tanks, do not require upgrading.

(2) Many other types (non-pressure) can be easily upgraded.
Detailed upgrading schemes have not yet been developed.

Limitations

(1) Do not use tanks that have been used previously for fuel
storage, toxic chemicals, or other hazardous materials.

(2) Do not bury tanks in areas where high ground water is
present, as the tanks may rise cut of the ground owing
to fluid uplift pressures.

(3) The number of people that can be sheltered in pressure
vessels in most instances will not exceed ten.

Typical Installation (Any Burijed Tank)

Note: Entry can be fabricated using 30-inch diameter corrugated metal,
concrete pipe, or wood framing. See section on closures.




EXPEDIENT SHELTER FACT SHEET
RAILROAD CARS

Certain types of railroad cars can provide ideal shelters without
upgrading for 20 to 30 people for long as well as short stay-times. The rail-
road car options discussed are limited to those fabricated of structural
steel components, as described, and would not ordinarily require upgrading:

D A A S

Rail tank cars
Hopper cars, both open and closed

Gondola type cars

Notes

(1) A1l cars would have their undercarriages, couplers, and
miscellaneous non-essential frame materials removed.

(2) Rail tank cars have access hatches on the top. Thus, the
cars could be buried upright or on their sides.

(3) Closed hopper cars have two compartments, and thus, two
separate shelters can be provided from one car. Cars could
be buried upright or on their sides.

(4) Open hopper cars can be buried upside down, and the hopper
gate modified as a shelter entrance.

(5) Gondolas can be buried upside down, and access may then be
provided through the side walls.

(6) Heavy crane or other 1ifting equipment is required to
place cars in excavation.

5-3




Advantages of Implementing Railcars

(1) Railcar types suggested for expedient shelters are all
constructed of steel sheet plate with heavy steel frames,
hatches, and reinforcing.

(2) Railcar bodies are readily available from car dismantler

companies.

TYPICAL RAILCAR ANNUAL RETIREMENT

Total No. 10% of Car 20% of Total
Type of of Cars Bodies Usable Car Bodies Potential
Car Retired Without Estimated Car Bodies
Annually Repair Repairable Usable
{ Tanks 128 13 26 39
Hopper 11,382 1,138 2,276 3,414
(closed)
Hopper 23,271 2,327 4,654 6,981
(open)
Gondolas 12,559 1,256 2,512 3,768
4,734 9,468 14,202

L, TOTALS 47,340

Details of railcars buried as expedient shelters are shown on the

following pages.
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HUMIT OF EXCAVATION
Typical Buried Railroad Tank Car

Railcar undercarriage and frame are removed from tank to
the extent possible; otherwise bury with frame components.

Interior floor may be constructed with plywood and
2-inch dimension lumber for framing.

Access to car hatches may be fabricated with 30-inch
corrugated metal, including elbow at hatch. A wood-framed

entry may also be used. It may be necessary to remove
hatches, to provide access.

Entry structure can also be used for ventilation.

Temporary closures are required for radiation protection.

Tank must be steam cleaned prior to burial. DO NOT USE
tank cars that were previously used for fuel storaage,
toxic chemicals, or other hazardous materials.

Typical Buried Railroad Tank

Car — Alternate Entry Configuration {On Side)
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Notes:

(1)

(2)

(3)

(4)
(5)

Typical Buried Closed Hopper Car

Railcar undercarriage and miscellaneous frame components
to be removed prior to burial.

Interior of car must have floor constructed over sloped
hopper bottoms. Area below floor to provide shelter
supply storage.

Access to hatches to be fabricated of 30-inch metal pipe
or wood framed. Double entry to compartment hatches for
ventilation is recommended.

Alternate hatch can be provided through side of car.
Temporary closures are required for radiation protection.

Hoppers to be cleaned prior to burial.




i act MINIMUM
"DLaMETER BENTRY
STRUICTURE. (2 REP D)

Typical Buried Open Hopper Car (Upside Down)

Notes: (1) Railcar undercarriage and miscellaneous frame components
are removed prior to burial.

(2) Burial is upside down; earth floor is proposed; wood or
i other floor optional.

(3) Access is through hopper bottoms, or alternatively, through
side of car.

(4) Temporary closures on entry are required for radiation
protection.

(5) Hoppers to be cleaned prior to burial.
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Typical Buried Gondola Car — Upside Down

Notes: (1) Railcar undercarriage and miscellaneous frame components
1 are removed prior to burial.

1 (2) Burial is upside down; earth floor is proposed. Wood or
. other floor is optional.

(3) Access is proposed through end or sides of car.

(4) Temporary closures on entry are required for radiation
protection.

(5) Car interior to be steam cleaned prior to burial.

5-8
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EXPEDIENT SHELTER FACT SHEET
STORM DRAINAGE SYSTEMS

Major storm drainage facilities and their components can provide
shelter in key worker areas for long and short stay-times. Two components
of a typical drainage system are analyzed for shelter purposes:

0

0

Notes:

(1)

(2)

(3)

(4)

(5)

(6)

Storm drain manholes (short stay-time)

Major conduits — % feet and larger (long stay-time)

Manholes should be a minimum of 4 feet in diameter and
6 feet deep.

Manholes are often located in high volume street traffic
areas and therefore, access to them may not be available
in these locations. Manholes located in street medians,

parking, or low-traffic areas may be more easily implemented.

Large closures are necessary at conduit ends to provide
blast protection, and these closures probably cannot be
fabricated ir less than 72 hours without some preplanning.

A1l open drain inlets must be sandbagged to provide blast
protection.

Some storm drainage conduits may have censiderable depth
of flow or be located in areas subject to tidal action and
thus, would not be available for shelters.

Utilizing storm drain conduits with a minimum depth of
water flow may necessitate construction of false floor
systems. (See sketch of box culvert type of conduit.)




Advantages of Using Storm Drain System Components as Expedient Shelters

Manholes (short stay-time):

(1) Storm drain manholes are numerous. On any major drainage
system they are located from 500 to 1,000 feet apart.

(2) They require no upgrading and are easily adapted to use as
as short-stay-time, one- or two-man shelters, with addition
of a temporary wood floor and modifications tc manhole 1id
closures (see page 6-5).

(3) Special ventilation equipment is not required, as ventilation
naturally occurs through drain pipes at base of manhole.

(4) If storm drains are not available near the key industry, man-
hole sections, as shown in Figure 5-3, may be obtained from
manufacturers, and one- or two-man shelters can be buried
at the key worker site. For sma1l key industries with fewer
than five key workers, this may be a viable option.

— e e t— —— — o — —— — — —

(1) No radiation or fallout shielding is necessary because of
depth of burial.

(2) Vventilation equipment is not needed, as the systems have
natural ventilation at all inlet locations. Fabrication
of blast resistant closures must be implemented also.

(3) Long drain systems are large enough to provide shelter for
more than one industry or industrial plant.
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10'X 10' CONCRETE BOX CULVERT

Fig. 5-2. Box Culvert Key Worker Shelter With Low-Flow False Floor.
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EXPEDIENT SHELTER FACT SHEET
CONCRETE UTILITY VAULTS

The adaptation of prefabricated underground utility vaults (the types
used by telephone and electrical utilities) for key worker shelters is

recommended as a valuable, practical, and easily implemented shelter option.

The implementation of precast utility vault components for a shelter has
been previously tested, and placement of a six-man vault and entrance
structure, including covering the vault with earth radiation protection,
required less than 10 hours using three men and heavy equipment.

Figures 5-4 and 5-5 show the burial of a utility vault shelter and
the upgrading of various components.

C.E.M.0. MARK IT SHELTER

Previous experiments have been conducted to determine the use of a
corrugated thin-walled fiberglass type cylinder structure for shelter
purposes in the Dial Pack tests in 1971. The shelter survived a 40 psi
blast with only minor structural damage, which was attributed to poor
backfill operations. A1l equipment and supplies in the shelter were
usable.

Figure 5-6 shows the C.E.M.0. Mark II shelter.
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Fig. 5-4. Utility Vault Shelter.
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Section 6
SHELTER CLOSURES AND ENTRY ALTERNATIVES

Shelter entry structures and closures are key elements in the develop-
ment of 40 psi blast-resistant key worker shelter spaces. For the upgrad-
ing of existing basement areas, the main concern is with blast-resistant
closures for existing entryways and other existing openings. Expedient
shelters require, in addition, consideration of shelter entry structures.

SHELTER ENTRY STRUCTURES

The use of expedient shelters requires fabrication of novel structures
and efficient use of available resources. A typical wood construction

entry structure is shown in Figure 6-1 and a suitable closure is shown in
Figure 6-2.

As an alternative to wood construction, concrete pipe or corrugated
metal pipe entry structures may also be fabricated. Figure 6-3 shows
such a typical structure, and Figure 6-4 is a suitable closure for a
circular entry structure.
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Fig. 6-1. 40 psi Entrance Structure to Key Worker Shelter (Wood
Construction).
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Fig. 6-2. Closure for 40 psi Entrance Structure to Key Worker Shelter
(Wood Construction).
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Fig. 6-3. 40 psi Entrance Structure to Key Worker Shelter
(Concrete Pipe Construction)
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SHELTER CLOSURES

The majority of shelter spaces will require some form of closure in
addition to entry closures. Any basement upgraded for a key worker shel-
ter will probably have a stairway, windows, doors, ventilation ducts, or
access openings.

These openings can be bridged by using a number of readily available
materials, such as wood or steel. Examples of wood that may be used are
fence posts, power poles (cut up) railroad ties, solid core doors, and
wood beam and plank pieces. Steel plate and rolled beam sections may also
be used. Table 6-1 lists alternative materials that may be considered
for closures.

The use of wood products for closures requires that material variations
affecting wood strength be considered. Wood fence posts, power poles, or
railroad ties may be spiintered or may exhibit rot or other defects. Gen-
erally, poor timber is utility grade when new, and may have loose knots
or knotholes. Poor timber may have checks, shakes, or splits. These
features are illustrated in Figure 6-5.

TABLE 6-1: CLOSURE MATERIALS

Steel doors Telephone or power poles
Wood doors ({solid) *Filled sandbags

Toilet doors and partitions *Filled paper bags

Steel cover plates *Filled paper boxes

Desk and table tops *Filled plastic garbage cans
Railroad ties Brick or concrete block
Plywood *Filled o0il or paper drums

Wood, steel, or concrete

*f3 :
fence posts filled with sand or earth
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Fig. 6-5. Factors Affecting Wood Strength,
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Comparison of various materials that may be used to construct closures
is shown in Figure 6-6. This figure indicates the maximum opening width
that may be spanned without intermediate support for various materials.
This chart can be used in two ways:

1. Enter the chart with the minimum opening width, and 1ist
the type and thickness of materials that could be used
for closures. The 1ist could then be used to determine
the most available materials.

2. Enter the chart with a known available resource and deter-
mine the width of closure that may be accommodated. This
alternative will indicate if a further search for closure
resources is required.

As an example, assume a basement shelter has two openings — one that
is 18 inches in diameter and the other, 30 inches by 40 inches. The
shortest dimensions are 18 inches and 30 inches, respectively. Entering
the chart from the left with these dimensions yields the follewing list
of alternative closure materials:

18-inch Diameter 30 inches by 40 inches
6-inch wood post 10-inch wood post
%-inch steel plate 3/4-inch steel plate
2-inch timber (good) 3-inch timber (good)
4-inch timber (poor) 6-inch timber (poor)

With these Vists, available resources can be compared and determined.

It must be remembered that all shelter closures also require radiation
protection. The most straightforward approach is placing earth over the
closure if it is horizontal, or piling earth against the closure if it is
vertical. The earth placement may require significant personnel time or
earth-moving equipment, particularly over basement floors enclosed by

6-8
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structural improvements. One expedient method is to place the earth (or
sand) in containers such as sandbags, paper bags, cardboard boxes, or
other containers.

Figures 6-7, 6-8, and 6-9 illustrate different types of basement
closures and placement of earth radiation protection.
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Section 7
SHELTER STOCKING

Provision for emergency food, medical, and other supplies must be
made, since warning of an impending nuclear attack may notallow for last-
minute purchases. Each key worker shelter established for long stay-time
should be provided with a minimum of two weeks food and water for each
key worker.

WATER

An adequate water supply is even more important to survival than an
adequate food supply. An individual can survive for four weeks without
food, but could not survive more than a few days without water or similar
fluids. Moreover, tests completed on groups Tliving under shelter condi-
tions have shown that limiting fluids even to the amount necessary for
survival can cause considerable discomfort and is more critical than
crowding, heat, or boredom.

The minimum water each individual should be provided for survival is
one gallon per day — one-half gallon for drinking and one-half gallon for
other purposes. The water can be stored in containers in the shelter, or
connected to an external storage source independent of municipal supply
systems.

FOOD
The most important factors to be considered in providing an adequate

food stockpile are nourishment (food value in relation to volume), long
shelf life, and ease of preparation. Of less importance are palatability




and cost. A balanced diet is not necessary, since the stockpile is intended
to be used for only a limited period of time.

Foods that require little space for storage, that keep for months
without refrigeration, and that require little or no cooking are best.
Cans and jars sized to meet requirements for single meals are best, as
some foods deteriorate rapidly after a container is opened. Foods canned
in metal or glass will stay in good condition for six or more months if
kept in a dry, cool place (preferably, not above 70°F or below freezing)
and protected from sun. Replace canned foods with a fresh supply at least
once a year and foods in paper boxes without added protection at least
every three months.

Table 7-1 1ists foods that are best suited for shelter supplies. The
table is designed to specify foods necessary under three different stay-
times. The quantities shown in the 1ist are sufficient for one adult and
supply 2,000 calories per day.

OTHER SUPPLIES

In addition to food and water, there are a number of other essential
supplies that should be stocked in the shelter. The requirements for
these items are listed in Table 7-2 for three shelter stay-times.

RADIO

An operating battery-powered radio is an essential part of an effective
shelter. Since radio reception is cut down by the shielding necessary
to keep out radiation, as soon as the shelter is completed a radio re-
ception check must be made. It will probably be necessary to install an

outside antenna to receive CONELRAD broadcasts, which are much weaker
that normal broadcasts.
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WASTE DISPOSAL

If stay-times in shelters exceed 72 hours, all stored garbage and
human wastes should be buried under a minimum of 12 inches of earth to
discourage insects and animals from disturbing the wastes. Burial should
take place when safe shelter emergence is possible.

FIRE EXTINGUISHERS

Fire extinguishers should be easily accessible and available in the
vicinity of the shelters.

7-3
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TABLE 7-1: REQUIRED WATER AND FOOD SUPPLIES FOR KEY WORKER SHELTERS

Long Stay-Time Short Stay-Time
up to 2 weeks 24 to 72 hrs 24 hrs or less
Food Item Total Daily Daily Daily
Weight Amount Amount Amount
Water — Stored in a dark 7 gals 2 qts 2 qts 2 qts
place in clean containers
with tightfitting lids.
Rinse and refill containers
every 3 months
: Milk - Nonfat, dry 20 oz 1/3 cup 1/3 cup 1/3 cup
% Evaporated 14 oz 1 oz 1 oz
Juices — Tomato, grape, 64 oz 1/2 cup 1/2 cup --

apple. In crown capped
bottles only. Store upright

Fruits — Applesauce, pears, 112
peaches. In glass jars,

glass lids only. Store

0z 1 cup 1 cup --

upright

Vegetables ~ Corn, peas, 112 oz 1 cup - --
beans, spinach

Soups — Canned or de- 112 oz 1 cup 1 cup 1 cup
ﬁyﬁrated (in can)

One-Dish Meals - Canned 208 oz 2 cups 2 cups 2 cups

goods including chicken
and rice or noodles,
pork and beans, baked
kidney beans, chile con
carne, and beef stew

Spreads — Jam, jelly, 14 oz 1 tbs -~ -~

marmalade
Peanut butter 14 oz 1 tbs 1 tbs 1 tbs
Crackers — in glass or 56 oz 25-30 25-30 25-30
cans
Beverages - Instant 4 o2 3 tsp -- -
cofree or tea, cocoa
Sugar 4 oz 3 tsp -- --
Hard Candies 16 oz 1 oz -- --
Salt 4 oz 1/4 oz 1/4 oz 1/4 oz
Sterno 4 cans 1/4 can 1/4 can 1/4 can
7-4
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TABLE 7-2: KEY WORKER ESSENTIAL SUPPLIES

Long Stay-Time Short Stay-Times
up to 2 weeks 24 to 72 hrs 24 hrs or less
Cooking & Serving Equipment:
Frying pan X - -
Cooking unit X - -
Cups X X
Napkins X - -
Bottle opener X - -
Plates X X -
Matches X X b3
Can opener X X X
Double Boiler X - -
Eating utensils X X X
Measuring cup X - -
Pocket knife X X X
Clothing & Bedding:
Towels X X -
Sleeping bags X X X
Spare clothing X - -
Sanitation Supplies:
Soap X X -
Toilet tissue X X X
¢ Paper towels X X -
: Disinfectant(chlorine, X X -
: bleach)
1 Insecticide X - -
' Garbage can X X -
Human waste can X X X
i Emergency toilet X X -
- Plastic bags with ties X X X
First aid kit (large) X X _
Tools & Miscellaneous Items:
Candles b X -
: Harmer X X X
: Wrench X X -
4 Bucket X X X
Shovel X X X
Pliers X X -
Screwdriver X X -
Brooms (small) X X -
3 Batteries X X X
Flashlight X X X
Calendar X X -
Clock or watch X X X
Axe X X -
Crowbar X X X
7-5
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TABLE 7-2: KEY WORKER ESSENTIAL SUPPLIES

Ltong Stay-Time Short Stay-Times
up to 2 weeks 24 to 72 hrs 24 hrsor less
Emergency Generator, x X
fuel oil, and oil with -
necessary cords, plugs,
Tights
Radio X X X
Radiological monitoring X X X
equipment
Evacuation Supplies:
Gasoline X X X
Tent X X -
50-mile map of area X X X
Small motorcycle X X X
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3 APPENDIX A

Upgrading Tables and Worksheets
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UPGRADING TABLES AND WORKSHEETS

This appendix supplements the upgrading techniques described in the man-
| ual. The tables, worksheets, and lists are intended to provide additional
data and details to facilitate upgrading. The techniques outlined in the
manual are straightforward, and are intended to be simple to implement.
Below are a number of important facets of the upgrading methods presented.

Shelter Upgrading Details

o Manual placement of some shoring systems will be difficult
because of weight problems.

Wood posts larger than 10 inches by 10 inches and lengths
greater than 8 feet will weigh more than 200 1b per post.

Nearly all steel posts 12 feet in length exceed 200 1b per
post, with maximum weights to 350 1b.

¢ Post lengths are limited to 12 feet, since most basement areas are
not expected to exceed this height.

o When using post and beam upgrading methods, use steel beams only.

Wood beams cannot be used for upgrads: ,, -..use of crushing
of the beam fibers.

: Steel beams will require a forklift or other equipment to

hoist the beams and hold them in place for placement of the
post shores.
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Steel bearing plates are required on all steel beams where
floor loads are transmitted to the beams by tee-beam or
one-way joist types of construction. Bearing plates are
not required between the beams and hollow-core slabs.

Steel bearing plates should be tack welded to the steel
beams/columns as shown in Figure A-2. Bearing plates should

! be as wide as the beam flanges, and minimum lengths as
specified in Table A-2.

g o Details of post shores and post and beam shores are shown in Fig-
i ures A-1 and A-2. Additional information is given below.

Steel shores will require bearing plates welded on both ends
of the shore.

The length of the steel shore should be carefully measured

and cut with bearing plate thickness allowance considered.
Total length should allow for placement of wedges to pro-
vide a tight fit.

A1l posts will need to be placed in vertical position, moved
laterally into place, and held vertically until wedges are
placed.

Steel post shores require steel wedges, and wood post shores
require wood wedges. Two wedges are required at each shore
in order to provide a tight fit and assure uniform bearing.

o Worksheets, tables and lists are provided on the following pages,
including an example using them.

A-2
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TABLE A-1:

SHORE DESIGNATION

STRUCTURAL. TYPEL.

MAXIMUM  SHORE. LENGTH - FEET

AND T™VPE A TYPE TYPE
DIMENSIONS e <
Al AZ Bl az Pt
HoR= * w 4'x4' + sxs5'r | 6 xo' 7' X'+
smauo(:> 4 x4' ! Pt P L to
& S xe
WD POST (NOM.)
&' x & NN 8'
2 x o" - 14' "'
2" x " 2’ 1o’
1e* x 10" FA
'ZI x 'zl ‘z—l
STEEL PIPE
STANDARD STRENGTH
4" x 0.237" @ 8’
5" x o.ze2" 12'
& x o.2e0" 12!
8" x o.322" 12! '
EXTRA STRONG
Yz" X o.318" 10'
4" x o. 337" 12
5" x o. 375" 2'
& x o. 432! 12!
VBLE BXTRA STRONG
3" x o.wo0" 10
4" x o.074" 2’ '
5 x o. 70" 12'
SIRLCTURAL STEEL TUBE
4" x 4" x Yo" 1o’
4" x4 x ¥a" D 12!
4" x 4" x He A 8'
4' X 4! x yb" lzl ‘al
4! X 4" x yz“ ‘2' 9'
5" x 58" x %" 12!
B x5" x K" 12!
‘5' x 8" x %pu |2_' ,l
5 x&5" x 12!
5 x 5" x Va2 12 10!

*..

minimum ahore spacing should not be lex Hhan 20'(2.5') on conters under most auwster. vditions
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| TABLE A-1: SHORE DESIGNATION (contd)

STRELTURAL TYPER MAXIMUM QURE LENSTH - FEET
AND
DMENSIONS ™VFE A T™VFE B TYPE <
Q Al AZ Pl ez <
SHORE ::> # 4o 4' x &'+ 5 x8'r G'Xo't AR
“ . o +o 10
; BPALING 4 x4 5‘125' PR > x7 o xo
‘ STRUCTURAL STEEL TUBE
F‘ (cont.)
b ("' xb"x 34(’" |2|
( " xe"'x KW' 12 10!
G x&''x W' 12
E bﬂ x 6. X %ll 'Z'
6" x o'x Y2 10'
_’n X ,7u o) Mw" '2' el
7" x 7" x gt 1z
T x 7" x ' 12
8" x 8" x " 12
4" x 3" x%p r s'
5" x 3" x ¥ &'
5" x 311 x mu 'ol
‘ 5“ K 3. x %" .0'
5‘ x 3u x ’bn Ia. a,
5 x3 x ¥ 12 '
o x 3" x WS s'
&" x 3" x 4" =
o x 3" x %o a'
&" x 3" x FA -
@'x 4" x B z'
&"x 4" x K 12! 10!
6" x 4" x Fo" FA e'
0n x 411 x weu Ia'
" x &4 x Yz' 12! a'

P e N A

A-4

* inimum ’”"”P“"ﬁ shoud rot be less than 20" (2.68') on aorley unde most Auskere conditions .
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TABLE A-1: SHORE DESIGNATION (contd)

{ STRUCTURAL. TYPR MAXIMUM  SHORE. LENGTH -FEET
AND
DIMENSIONS TYPE A VPE B TYPE <
U Al A2 [ ¥} B2 <)
SHORE * P 4' x4+ & x5'r &' x o'r Tx1'r
, e 4o 4o +0
mawD 4 x4 -] &' x o 7'x7 e xe
STRUCTURAL. STEEL TUBE
(cont.)
7"x 8" x Mo 1z
7" x 8" x V4" 12 10'
7' x 8" x %' 12/
7" x5 x % 12! 1o'
' 8" x 4" x @«" : 12" e'
’ 8" x 4" x &' (2
8'x 4" x 2 12 &'
&l x @ll x “u 'zl
2 x &'x %o 12!
STERL. WMDE RANGE BEAMS

M5 -89 ! a'
& wide by 5" deayp ﬂ

Mo -20 12 '
& wide by ©" desp

WE- 1 (2!

& wide by 5" deep

wW5-iq 1z a'

5" wide by 5'¢" desp

Wo- o &

4" wide by " desp

Wo ~ B 12!

&" wde by &° deep

W -20 . i2' '

& wide by G deasp

wer - 25 , '
@%" wide by 6V cleep 1 &
we - 24 12! 2
@z" wide by 74" deep

we- 2 A

& wide by &" desp

% mnimum  srore cpx'uﬂ should not be less than a5° (2.8') on centers undev most austere. ondihons.
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{ TABLE A-2: BEAM REQUIREMENTS, POST AND BEAM SHORING

%—T—\ BEARING PLATE.

d

]

e

LIMITING BEAM DIMENSIONS

LENGTH (N

STEEL MINIMUM o
BEAM  DEPTH — INCHES
QHORE BEAM BEAM RLANGE| BBARING

cLies PESISNATION [\ Nimom. o | PN o | WIOTH iNcHes | PLATE (WINIMUN

Al wWB X 35 se a 8 vz
Al WO x 22 a% " & ek
Al wiz x 27 12 14 % 6h2 7
Al Wit X 2" 137% “ % 5 5'%
Al Wi X 2 % % 1o % Yz 5%
AZ WIO x GO 10 Ya % 1oYe 7%
AZ WIZ x 80 12 % 12 % 2% 8%
Az Wi4 X 42 12 % M % -] Hid2
AZ wie x ao* ) i % 7 1z
AZ wig X 40 17 7% e Yz @ "%

. [vE_& — — — 1

% B Wiz x 84 1zvz 1 % 1z ava

F Bl wia x 74 14'4 “ 3 0Ye 10'%

' B! Wi x 7i i Yo w Ye % a'

}* B Wi X @O 12 Ya sV 7% 1z

¥ Bl wzi x s5 ¥ 20 % 21¥z 8l %
Bl W24 X &5 z2 Yz 2% 7 12 %%
ez Wi X A e Yo 1o% 1% 13 Y4
B2 w2i X a0 21% 2172 a i
ez wza x 70 * 22 % 24 % - Ko
22 w27 X 84 2 % 27 o "

LoYPE ¢ ]

cl w2l X 127 FIRZ 212 Y PR D
ci W24 X 11O 2% 24 " iz 17 %
c! wW2Z7x% 102 z7 % 27 4 10 17 Yz
c) w30 x ad 29 Y 30 Yo oYz 17 g

* optimum section bemed on weignt  per foot.
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BEARING PLATES d
STEEL BEAM

1F

NOTE: BEARING PLATES MUST BE USED BETWEEN BEAM AND SUPPORTED FLOOR
MEMBERS ABOVE, AND AT BOTH ENDS OF POST SHORES.

Fig. A-2. Post and Beam Shoring System Details.
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Radiation Protection

The most readily available resource to protect a sheltered population
against the long-term effects of radiation is a mass of earth. Two feet
of earth in conjunction with an 8-inch thick concrete slab will provide
a protection factor of 1000.

Movement and placement of earth around the perimeter of a building
area selected as a Key Worker shelter may be a significant task. 1In order
to provide an adequate estimate of time for earth radiation protection,
Figures A-3 and A-4 are provided.

Earth quantitites for the 5-man basement shelter shown in the Example
(see pages A-24 to A-33) may be analyzed as follows:

For the ceiling area, the earth radiation protection should extend
beyond the shelter area a minimum of one-half the shelter dimension
on the building interior, and should be bermed around the exterior
perimeter area.

Floor Area

(16 ft + 8 ft)2 x 2 ft + 27 = 43 cubic yards of earth on
the concrete slab.

(3 ft high x 1} ft wide) + (3 ft x 4.5 ft + 2) = 11.25 ft2
of berm area.
11.25 x 24 x 2 + 27 = 20 cubic yards

Total: 43 + 20 = 63 cubic yards

Placement of the material using hand labor would take 20 man-hours :
(Figure A-3) or three men nearlyghours (Line 5, Worksheet 6). For shel- !
ters where earthmoving eqdipment may be used, use Figure A-4 to calculate
the time requirements.
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WORKSHEET LEGEND

The worksheets supplied in this appendix are designed for multiple
use; i.e., basement and expedient shelters.
Vopkeheet  peseription et Egedion
1 Shelter space requirements v/ Y
2 Shelter stocking space allocation % v
3 Upgrading basement structures v
4 Building sketch v v
5 Upgrading analysis v v/
6 Upgrading sequence priority v/ v
7 Expedient shelter checklist v/
8 Expedient shelter burial priority v
9 Resource list - Post and Beam v v
10 Resource list - Posts v/ v/

: A-12




WORKSHEET 1

KEY WOPKER SHELTER — SPACE REQUIREMENTS

Company Name:

Address:

Shelter Space Needs:

1) Floor Space:

2) Allowance for Shelter Stocking and
Equipment Storage (from Worksheet 2)

3) Air volume:

4) Ventilation: 3 cubic feet per minute

per person:

* Provide for additional capacity in

10 x Total Key Workers

65 x Total Key Workers

3 x Total Key Workers

Total floor space

humid areas, up to 40 CFM per person

Minimum Shelter Size must be:

Total Key Workers to be sheltered:

square feet

square feet

square feet

cubic feet

CFM*

square feet




WORKSHEET 2

KEY WORKER SHELTER STOCKING SPACE ALLOCATION

Shelter stocking requirements for two week stay time:

Equivalent Floor Space
{square feet)

1) Total the space required in the shelter(s) 1
for water, food and supplies, including
additional space for personal items brought
by workers. These supplies should be
accessible without leaving the shelter.

2) Identify special foods, supplies, or special
dietary needs for any of the key workers. '
Provide a 3-week supply for such persons and
make necessary designations on supplies to
indicate their shelter destination and
proposed use.

_ 3) Provide a radio for each shelter, and test it
“ inside the shelter for performance under
. shelter conditions. Provide extra batteries.

i 4) Provide sealed cans for food and human waste
] 5) Provide radiation detector in each shelter
6) Provide ventilation equipment
7) Provide fire extinguishers

8) Provide emergency power equipment

Total Floor Space Allowance: *

* Total to be entered on Line 2, Worksheet 1.

A-14
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WORKSHEET 3 ;

UPGRADING BASEMENT STRUCTURES f*
| 1) Available basement area? Is it upgradable?
1
t Use of space
i 2) Space Upgrading: Length Width Height i
; Area = square feet Volume = cubic feet

E 3) Type of Construction

| Two-Way Slabs One-Way Slabs
( Filat plate and flat slabs One-way joist and one-way
3 slab, beam and girder —_

Waffle slabs - Double tee

Slab and girder Hollow-core

One-way slab and girder

4) Type of Upgrading

Two-Way Slabs One-Way Slabs
Post shores Post and beam shores
Fig. ___ page Fig. _ Page

5) Determine Shore Spacing

One quarter span (length)

One quarter span (width)

Shore spacing grid = by *

Use Type ___ Post Shores (Table A-1) by

Use Type ___ Beam Shores (Table A-2)

* For waffle slab, post must be placed at grid intersections.

if A-15




WORKSHEET 4
BUILDING SKETCH
Building Name Scale

Facility No. or Address

Building Sketch Checklist

External dimensions Aperture locations
Wall height (to roof or 2nd story)_____ Aperture dimensions sill/ht/width
Construction materials Nearest distance to soi)
Floor to grade Slope of grade
Interior dimensions Placement of nonbearing partitions
Location & dimension columns ___ Bearing walls ____ Beams
i Indicate joist direction ___ Joist spans —___ Joist centers
Indicate joist type & dimensions




WORKSHEET 5

UPGRADING ANALYSIS

1) Determine shore size and availability (Tables A-1 and A-2)

Availability | Structural How Shore
Qur Local Type & Size Many? Type
lant | Supplier

POSTS |(Table A-1)

Length Remarks

BEAMS |(Table A-2

I\-/

2) Number of exits, windows, and other passages for closures required?

Dimensions: X

3) Ventilation equipment

Is shelter adequately ventilated?

e s

Can shelter space be adequately ventilated ?

Are ventilation resources available ?

£ A-17
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WORKSHEET 7

EXPEDIENT SHELTER CHECKLIST
(Refer to Section 5)

1) Is an expedient shelter available?

a) Existing buried structure: Onsite

Adjacent off site

; b) New option to be buried:  Tank
Railcar
Vault

Other

] 2) Transportation to site:

Easily relocated

Special transportation required

3) Type of transportation equipment needed:

(a)
(b)

-, T

4) 1Is burial site available?

a) Is potential debris pileup a problem?

b) Is high ground water a problem?

A-19
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EXAMPLE OF USE OF
UPGRADING WORKSHEETS,
LISTS, AND TABLES
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| WORKSHEET 1
KEY WOPKER SHELTER — SPACE REQUIREMENTS

Company Name: WIDGET WOoRKS , INC .
Address: 321 THING ~-A-MoPrB RD.

Total Key Workers to be sheltered: %5

Shelter Space Needs:

r 1) Floor Space: 10 x Total Key Workers S0  square feet

2) Allowance for Shelter Stocking and
Equipment Storage (from Worksheet 2)

2% square fee!

Total floor space 72  square *-

3) Air volume: 65 x Total Key Workers = 5. i1 feet

4) Ventilation: 3 cubic fee® .-
per person:

ey Workers = 1% CFM*

. sdartional capacity in
areas, up to 40 CFM per person

Minimum Shelter Size must be: & by 10 = B8O square feet

A-24 l




WORKSHET®

KEY WORKER SHELTER STOCKING SPACE ALLOCAT IO

Shelter stocking requirements for two weet .. ' e

Equivalent Floor Space
(square feet)

1) Total the +. s+ equired in the ShE]ter(S)
for wate *.~a end supplies, including
PR +. space for personal items brought
t. wmraers. These supplies should be
accessible without leaving the shelter. 10

2) ldentify special foods, supplies, or special
dietary needs for any of the key workers.
Provide a 3-week supply for such persons and
make necessary designations on supplies to
indicate their shelter destination and
proposed use. 2

3) Provide a radio for each shelter, and test it
inside the shelter for performance under

shelter conditions. Provide extra batteries. 1
4) Provide sealed cans for food and human waste _ﬁ_
5) Provide radiation detector in each shelter [
6) Provide ventilation equipment _2_
7) Provide fire extinguishers _
8) Provide emergency power equipment 2

Total Floor Space Allowance: 22 *

* Total to be entered on Line 2, Worksheet 1.
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WORKSHEET 3

UPGRADING BASEMENT STRUCTURES

1) Available basement area? VY®sS Is it upgradable? YES

Use of space STORAGE

2) Space Upgrading: Length ' Width llp' Height O' (S22 WORKSHEET 4)

Area = 2%¢p square feet Volume = 204 cubic feet

1
3) Type of Construction
Two-Way Slabs One-Way Slabs
Flat plate and flat slabs One-way joist and one-way
Waffle slab slab, beam and girder -
attie slabs —_— Double tee -
Slab and girder Hollow-core

One-way slab and girder  Pae 4-1%

4) Type of Upgrading

Two-Way Slabs One-Way Slabs
Post shores Post and beam shores FAGE 4-lo
Fig. ___page Fi. A-l, PASE A-7

FlG. A-2, .
5) Determine Shore Spacing A-2, PAGE A-®

One quarter span (length) = 4.0'
One quarter span (width) = 4.0’
Shore spacing grid = 4’ by 4 *

Use Type Al Post Shores (Table A-1) 4-0" by 4'-0"

Use Type Al Beam Shores (Table A-2) 4'-o"

* For waffle slab, post must be placed at grid intersections. ]
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WORKSHEET 4
BUILDING SKETCH
Building Name WIDGET WORKS . INC - Scale 1" = 12"

Facility No. or Address BOSEMENT AREA (PORTION)

ONE -WAY o128 £
SIRCER.

SLB = B THICK

e’

-

-1

— [ |
4
} &1
3 L A
[ |
¢ ¢ o
o
J—‘¢¢ 4

I

BUSTING ZOLLUMN 12" x 12"

8’ waus iNmiLL

L 12" x 20"

;

.

Building Sketch Checklist

External dimensions 17' ¥ 17’ Aperture locations SIAJRWAY ONLY
Wall height (to roof or 2nd story)_g;_ Aperture dimensions sill/ht/width
Construction materials CONCRETE  Nearest distance to soil 250

Floor to grade 7' Slope of grade FLAT

Interior dimensions 16'x ito’ Placement of nonbearing partitions NONE
Location & dimension columns _ v/  Bearing walls ExT. Beams i2'yw 20"
Indicate joist direction NONE Joist spans NA  Joist centers __NA
Indicate joist type & dimensions NA




UPGRADING ANALYSIS

WORKSHEET 5

1) Determine shore size and availability (Tables A-1 and A-2)

Avai

lability

Structural

How

Shore

Dur Local | Type & Size | Many? | Type Length Remarks
Plant | Supplier
POSTS (Table A-1)
v wWooD &'xe" | 12 sacH| MR AeTs -5 NeED 15
ovaL
v STANDORD 10 macH | STREL ' NEeED 2
5" x o.zm8" ey oAl
BEAYS [(Table A-2)
v > 00 LF | sTEEL NEEO 3
WIO X 100 L
16’ LONG

2) Number of exits, windows, and other passages for closures required?

Dimensions:

4 x

FA USE |/4" STEEL PLATE

| STAIR WELL

OR B" THiICk TIMBER (6o0D)

3) Ventilation equipment

Is shelter adequately ventilated?

Can shelter space be adequately ventilated ? YEe THROUGH STAIR WELL

N

Are ventilation resources available ? No-

A-28
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WORKSHEET 7

EXPEDIENT SHELTER CHECKLIST
(Refer to Section 5)

1) 1Is an expedient shelter available? YEo,

a) Existing buried structure: Onsite No

Adjacent off site No

b) New option to be buried: Tank
Railcar
Vault v/

Other

2) Transportation to site:
Easily relocated Yes

Special transportation required

4 3) Type of transportation equipment needed:

{ (a) TRUCK AND TRALLER

j (b) FoRKLIFT, CHERRY PICKER

4) 1s burial site available? s
a) Is potential debris pileup a problem? No
b) Is high ground water a problem? No
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