








Fig. D.13. Blast door surrounded by 4 blast­
protector logs'that were notched and nailed together.
The wet, mounded soil had been compacted by the
blast but not blown away.

pictured in Fig. D.13 afforded good protection
against all blast effects from a surface explosion of a
million pounds of TNT. In Fig. D.14, note the
essential, strong tie-down attachment of the wires at
the bottom of the vertical entry, to prevent the blast
door from being yanked open by the negative
pressure ("suction'') that follows the overpressure:

Blast doors must be protected against reflected
pressures from blast waves that could strike an edge
of an unprotected door and tear it off its hinges. Note
the blast-protector logs installed around the door
pictured in Fig. D.14. When the door was closed, the
tops of these four logs were about 2 inches higher
than the door, thus protecting its edges on all sides.

The closed door must be prevented from
rebounding like a spring and opening a fraction of a
second after being bowed down by overpressure, or
from being opened and perhaps torn off its hinges by
the partial vacuum ("suction") that follows the
overpressure phase. Figure D.14 gives the details of
such a hold-down system for a blast door. Note that
near the bottom of the vertical entry the 6 strong
wires must encircle a horizontal pole that is flattened
on one side and nailed to the vertical wall poles with
at least a dozen 6-inch (60-penny) nails. Blast tests up
to the 53-psi overpressure range have proved that this
hold-down system works.'

Figure D.l5 shows a blast door made of 5
thicknesses of 3/4-inch exterior plywood, well glued
and nailed together with 41/2-in. nails at 4-in.
spacings. This door was protected by 4 blast­
protector logs, each 8 feet long and about 8 inches in
diameter. The logs were notched, nailed together,
and surrounded with earth. For protection against
ignition by' the thermal pulse from an explosion,
exposed wood and rubber should be coated with
thick whitewash (slaked lime) or mud, or covered
with aluminum foil.

An equally strong blast door and the door base
upon which it closes can be made of poles. Ifpoles are
fresh-cut, they are easy to work with ax and saw.
Figure D.16 shows the best blast-tested design. This
door also had a continuous row of hinges made from
worn auto tire treads. The pole to which the hinges
were attached was 7 inches in diameter after peeling
and had been flattened on its top and outer sides. The
two other poles of the equal-sided triangle were 8
inches in diameter and had been flattened with an ax
on the bottom, top, and inner sides. The three poles
were each 55 inches long. They were notched and
spiked together with 60-penny nails so that the door
would close snugly on its similarly constructed base
made of three stout poles. Other poles, at least 7
inches in diameter before being hewn so that they
would fit together snugly, were nailed side-by-side on
top of the three outer poles.

Many Americans have axes and would be able to
cut poles, but not many know how to use an ax to hew
flat, square sides on a pole or log. This easily acquired
skill is illustrated by Fig. D.17. The worker should
first fasten the pole down by nailing two small poles
to it and to other logs on the ground. Figure D.l7
shows a pole thus secured. When hewing a flat side,
the worker stands with his legs spread far apart, and
repeatedly moves his feet so that he can look almost
straight down at where his ax head strikes. First,
vertical cuts with a sharp ax are made about 3 or 4
inches apart and at angles of about 45° to the surface
of the pole, for the length of the pole. These multiple
cuts should be made almost as deep as is needed to
produce a flat side of the desired width. Then the
worker, again beginning at the starting end, should
cut off long strips, producing a flat side.
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Fig. 0.14. Expedient blast door that can be closed and secured in 4 seconds. Four
seconds would be too little time if the shelter is at the 15-psi overpressure range
from a 550-kiloton or smaller warhead - typical of the 1987 Soviet ICBM
arsenal. (See the last paragraph on page 255.) However, this door closure is still
the best blast-tested expedient means to secure a closed blast door.



Fig. D.15. Tire-strip hinges nailed to an ex­
pedient, 4-inch-thick blast door made of plywood,
designed to withstand 50-psi blast effects of very large
weapons and undamaged by blast at the 53-psi
range.

Fig. D.16. Blast-tested triangular blast door
made of hand-hewn pine poles, notched and nailed
together. This door closed on a triangular pole base
that is concealed in this photo by two of the three
blast-protector logs that also withstood 53-psi blast
effects.

Fig. D.17. Hewing flat sides on a pole with a
sharp ax.

To hew a second flat side at right angles to the
first side, rotate the pole 90°, secure it again, and
repeat-as pictured in Fig. D.17.

• Provide blast closures for an adequate ventila­
tion system. The following two expedient closure
systems permit adequate volumes ofventilating air to
be pumped through a shelter:

1. Install two blast doors, one on each end of the
shelter, designed to be left open until the extremely
bright light from a large blast is seen. Figure D.14
shows a door held open by a prop-stick that can be
yanked away by the attached pull-cord. While
propped open, one blast door serves as an extremely
low-resistance air-intake opening, and the other
serves as an air-exhaust opening. A large KAP can
pump air at the rate of several thousand cubic feet per
minute through such open doors.

When an attack is expected, each pull-cord
should be held by a shelter occupant who stays ready
at all times to yank out the prop-stick as soon as he
sees the light of an explosion. After the door has
fallen closed, the loop at the end of its wire bridle is
close to the upper hook of the load-binder and at the
same height (Fig. D.14). The person who doses the
door should quickly hook the upper hook of the load­
binder into the wire loop and pull down on the handle
of the load-binder. The door will then be-tightly shut.
(Sources during an emergency would be the millions
of load-binders owned by truckers and farmers.)

At distances from a large explosion where blast
wave and overpressure effects are not destructive
enough to smash most good expedient blast shelters,
there is enough time between the instant the light of
the explosion is seen and the arrival of its blast wave
for an alert person to shut and securely fasten a well­
designed blast door. The smaller the explosion and
the greater the overpressure range, the shorter the
warning time. Thus at the IS-psi overpressure range
from a I-megaton surface burst (1.5 miles), the blast
wave arrives about 2.8 seconds after the light;
whereas at the 10-psi overpressure range from a 1­
megaton surface burst (1.9 miles), the blast wave
arrives about 4.5 seconds after the light. For a 20­
megaton surface burst, the warning time at the IS-psi
range is about 8 seconds, and at the 30-psi over­
pressure range, about 4 seconds. Experiments have
shown that even people who react quite slowly can
close and secure this door within 4 seconds after
seeing a spotlight shine on the door without warning.



2. Build a vertical air shaft next to the outermost
side of each vertical entry, with an Overlapping-Flaps
Blast Valve (see Fig. 0.18) connecting each entry to its
air shaft, as shown in Fig. 0.19. These air shafts and
blast valves permit forced ventilation to be maintained
when the two blast doors are closed. Figure 0.18 illus­
trates the construction of a fast-closing expedient blast
valve, a design that was undamaged by the 65-psi shock
wave and other effects produced by the explosion of a
million pounds of TNT. When blast-tested in a shock­
tube at 100-psi, the flaps were undamaged; they closed
in 6/ 1000 of a second (0.006 sec.). This is as fast as the
best factory-made blast valves close.
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Fig. 0.18. Overlapping-Flaps Blast Valve,
made of boards, plywood, and strips cut from the
treads of worn car tires.

To withstand 50 psi, the load-bearing "2-inch"
boards (actually 11

/ 2 inches thick) of the valve should
be at least 6 inches wide, if the I-in.-high air openings
are each made 12 in. wide, measured between two
vertical poles of a shelter entry. See Fig. 0.19, that
gives the dimensions of a valve that has been blast
tested.' Note that there are 5 inches of solid wood at
each end of each I-in.-high air opening. If there are 5
such air openings to a valve, a properly installed KAP
(Appendix B) can pump air' at about 125 cubic feet
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Fig: D.19. Installation of a 50-psi Overlapping­
Flaps Blast Valve in such a way that it will not be
blown into a shelter by the blast overpressure, nor
pulled out by the following negative pressure
("suction'') phase.

per minute (125 cfrn) through a shelter equipped with
such valves. This ventilation rate is ample for at least 40
people in cold weather. Except in hot and humid
weather, a constant air supply of about 10 cfrn per
shelter occupant is enough to maintain tolerable
conditions during continuous shelter occupancy for
many days.

If a factory-made blower capable of pumping
more than 100 cfrn is available, use it. Such a hand­

operated' blower can pump against mucn': mgner au
flow resistances than a KAP can. It can pump its
full-rated volume of outdoor air through a shelter
equipped with two Overlapping-Flaps Blast Valves,
one at each end of the shelter and each with only
2 air openings-providing a total of 24 square
inches of openings per valve. Equally or more
effective is a homemakeable Plywood Double­
Action Piston Pump, made and operated as
described in Appendix E.

Remember that a pressure of 7200 pounds
pushes against each square foot of the exposed face of



a blast valve when it is subjected to a 50-psi blast
overpressure. Also keep in mind that the "suction" that
follows can exert an outwardly directed force of up to
700 pounds per square foot on the valve face and can
yank it out of position unless it is securely installed.
Figure 0.19 shows how to securely install a blast valve.
(Merely nailing a blast valve in its opening will not
enable it to withstand severe blast forces.)

Note in Figure D.19 that an opening is
shown between the back edge of the uppermost
board of the Overlapping-Flaps Blast Valve and
the adjacent horizontal pole of the vertical entry.
Both this opening and the similar opening next
to the lowermost board of the Blast Valve should
be closed off with a stout board, to prevent blast
from going through these openings and on into
a vertical entry and the shelter room.

The top of an air shaft should be a few inches
higher than the earth piled around it, as are the
tops of the vertical entries of the Small-Pole
Shelter illustrated in Figure A.3.1 on page 174.
To minimize the amount of rain that may fall
into an air shaft, a shed-like, open-sided minia­
ture roof should be placed over it, a few inches
above its top. The roof can be lightly constructed,
since it will be blown away by a severe blast.

• Minimize aboveground construction and the
mounding of shielding earth. At high overpressure
ranges, the shock wave and the blast-wind drag can
wreck an aboveground shelter entry. For example, the
5-ft-high earth mound over a shelter built with its pole
roof at ground level was moved enough by l-kiloton
air-blast effects at the 53-psi overpressure range to
break one of the poles of a blast-door frame. The forces
of a I-megaton explosion at the same overpressure
range would have operated 10 times as long, and
probably would have smashed the vertical entryways of
this shelter. Whenever practical, a blast shelter should
be built far enough belowground so that the top of its
shielding earth cover isat ground level. Avoiding above­
ground construction and earth mounds also greatly
reduces the chances of damage from blast-hurled,
heavy debris, such as tree trunks and pieces of buildings.

Dry earth, steeply mounded over a shelter which is
subjected to blast winds from a big explosion, will be
mostly blown away. However, blast-wind "scouring" of
wet earth is negligible. The blast winds from a l-kiloton
explosion at the 31-psi overpressure range scoured away
17 inches of dry, sandy soil mounded at a slope of 32°.

If it is impractical to build a blast shelter with its
roof belowground, good protection can be attained by
mounding even dry earth at slopes not steeper than 10°.

• Provide adequate shielding against initial nuclear
radiation. Good expedient blast shelters require a
greater thickness of earth cover than is needed on good
fallout shelters, for these reasons:

* Blast shelters should also protect against initial
nuclear radiation emitted by the fireball. This
radiation is reduced by half when it penetrates
about 5 inches of packed earth (as compared to
a halving-thickness of only about 3Y2 inches of
earth against radiation from fallout).

* The initial radiation, in some areas where good
blast shelters will survive, can be much greater
than the fallout radiation is likely to be.

* Initial nuclear radiation that comes through
entryways is more difficult to attenuate (reduce)
than fallout radiation. Therefore, longer entry­
ways or additional right-angle turns must be
provided.

For these reasons, good blast shelters should be
covered with at least 4 ft of well-packed, average-weight
earth, or 5 ft of unpacked or light earth. (A 3-ft
thickness gives excellent protection against radiation
from fallout.)

A 50-PSI SMALL-POLE SHELTER

This expedient blast shelter is described in detail to
enable the reader to build this model. The details will
help him better understand the design principles of
other expedient blast shelters that are capable of
preventing injuries from blast effects severe enough to
destroy all ordinary buildings and kill the occupants.
Blast tests and calculations have indicated that the
Small-Pole Shelter described and illustrated in Appen­
dix A.3 will afford protection against all weapon effects
at overpressure ranges up to 50 psi that are produced by
an explosion of 1 megaton, or larger, provided the
shelter is:

• Made with horizontal entryways each .with
ceilings no higher than 7 ft, 2 in., no wider than 3 ft,
and each at least 10 ft long-to lessen the radiation
coming through the 'entries (see Fig. 0.20). Lower
and narrower entryways would give better protection
but would increase the time required for entry.

• Constructed with a floor of poles that are 4 in. or
more in diameter, laid side-by-side, with the wall
poles resting on the floor poles. The ground shock
and earth pressures at a depth of 10 ft or more
resulting from an overpressure on the surface of more
than about 35 psi, if caused by a large explosion, may
destabilize and squeeze earth upward into the shelter
through an unprotected earth floor. The Small-Pole
Shelter described in Appendix A.3 has an earth floor.

• Installed in an excavation about 13 feet deep,
with the shelter's vertical entrances appropriately
increased in height so that the blast doors are only
about one foot above the original ground level.

To prevent possibly life-endangering cave­
in of the 13-foot-deep trench that was dug for the
blast testing of this model shelter, the trench
walls were sloped about 45 degrees. The shelter
was built as a braced, free-standing structure,
and then covered. During a crisis it would be
impractical to safely excavate a deep trench
with steeply sloping walls and then safely build
a shelter in it. A 13-foot-deep trench is usually
too deep to dig by hand-c-especta.Ily since to dig
it with safely sloping walls requires the removal
of a large amount of earth.
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Fig. 0.20. Entryway of Small-Pole Blast Shelter shielded against initial nuclear radiation. This
sketch is a simplified vertical section through the centerline of one end of the shelter.

• Made with 4 rectangular horizontal braces in
each vertical entry, in addition to the ends of the two
long, ladder-like braces. The detailed drawings in
Appendix A show such braces. The lowest rectangu­
lar brace should be positioned 31/2 feet above the
flooring at the bottom of the vertical entry (see Fig.
0.20).

• Equipped with blast doors each made of 5 sheets
of 3 4-inch exterior plywood (see Fig. 0.15) bonded
with resin glue and nailed together with 4 1/2 in. nails.
The nails should be driven on 4-in. spacings and their
protruding ends should be clinched (bent over). The
blast doors must be secured against being yanked
open by negative pressure ("suction") by securing

them with a strong wire bridle (see Fig.· D.14), and
with the lower, fixed wire strongly connected near the
bottom of the entry to all of the vertical poles on one
side, as shown in Fig. D.14.

• Provided with an adequate ventilation pump
and with ventilation openings protected against blast
by expedient blast-valves (Fig. 0.18) installed in the
vertical entries as shown in Fig. D.19, to protect the
air-intake and the air-exhaust openings. (Ventilation
openings should be as far as practical from buildings
and combustible materials. Manually closed ventila­
tion openings are NOT effective at the 50-psi
overpressure range of most weapons, because there is
insufficient time to close them between the arrival of



the warning light from the explosion and the arrival
of the blast wave.)

• Made with the roof poles covered by a yielding
layer of brush or limbs about 6 inches thick, or of
innerspring mattresses. This yielding layer in turn
should be covered with bedsheets or other strong
cloth, to increase the effectiveness of protective earth
arching. Brush or limbs should be laid in 3 layers with
sticks of the middle layer perpendicular to those of
the other two layers.

• Covered with 5 feet of earth, sloped no steeper
than 100.

• Provided with additional shielding materials in
the entryways, as shown in Fig. 0.20. Such shielding
would be needed to prevent occupants from receiving
possibly incapacitating or fatal doses of initial
nuclear radiation through the entryways at the 50-psi
overpressure range, if the shelter is subjected to the
effects of a weapon that is one megaton, or larger, in
explosive yield.

Damp earth serves better for neutron shielding
material than dry earth and can be substituted for
water as shielding material if sufficient water
containers are not available. (At the 50-psi over­
pressure range from explosions smaller than one
megaton, the entry and shielding shown in Fig. 0.20
may not provide adequate protection against initial
nuclear radiation.) .

When the shelter is readied for rapid occupancy,
the shelter-ventilating KAP is secured against the
ceiling. and the bags of earth in the doorway (under
the KAP) are removed. Persons entering the shelter
would stoop to go under the platform adjacent to the
vertical entry. This platform is attached to vertical
wall-poles of the horizontal entry and supports
shield ing water and earth. When all except the person
who will shut and secure the blast door are inside the
shelter room, occupants should quickly begin to
place bags of earth in the doorway. When the attack
has begun, the whole doorway can be closed with
bags of earth or other dense objects until ventilation
is necessary.

The entries of other types of blast shelters can be
shielded in similar ways.

• Protected against fire by being built sufficiently
distant from buildings and flammable vegetation and
by having its exposed wood covered. For maximum
expedient protection against ignition by the thermal

radiation from a large explosion, all exposed wood
should be free of bark, coated with wet mud or damp
slaked lime (whitewash), and covered with aluminum
sheet metal or foil to reflect heat. (Most of the
thermal radiation from an explosion that was
I megaton or larger would reach the 50-psi over­
pressure range after the blast wave had arrived and
had torn the expedient protective coverings from the
wood. However, as has been observed in megaton
nuclear weapon tests, the dust cloud first produced by
the popcorning effect and later by the blast winds
would screen solid wood near the ground so
effectively against thermal radiation that it would not
be ignited, provided it had been initially protected as
described above.)

PRECAUTIONS FOR OCCUPANTS
OF BLAST SHELTERS

Although a well constructed blast shelter may be
undamaged at quite high overpressure ranges, its
occupants may be injured or killed as a result of rapid
ground motions that move the whole shelter several
inches in a few thousandths of a second. Rapid
ground motions are not likely to cause serious
injuries unless the shelter is in an area subjected to 30­
psi or greater blast effects. To prevent possible injury,
when the occupants of high-protection blast shelters
are expecting attack they should avoid:

• Having their heads close to the ceiling. The "air
slap" of the air-blast wave may push down the earth
and an undamaged shelter much more rapidly than a
person can fall. If one's head were to be only a few
inches from the ceiling, a fractured skull could result.

• Leaning against a wall, because it may move
very rapidly, horizontally as well as vertically.

• Sitting or standing on the floor, because ground
shock may cause the whole shelter (including the
floor) to rise very fast and injure persons sitting or
standing on the floor. The safest thing to do is to sit or
lie in a securely suspended, strong hammock or chair,
or on thick foam rubber such as that of a mattress, or
on a pile of small branches.

In dry areas or in a dry expedient shelter, ground
shock may produce choking dust. Therefore, shelter
occupants should be prepared to cover their faces
with towels or other cloth, or put on a mask. If an
attack is expected, they should keep such protective
items within easy reach.





Appendix E

How to Make and Use a Homemade
Plywood Double-Action Piston Pump and Filter

THE :-iEED
\. entilating pumps-mostly centrifugal blowers capable of operat­

ing against quite high resistance to airflow-are used to force outdoor
air through most high-protection-factor fallout shelters and through
almost all permanent blast shelters. Low-pressure ventilating devices,
including- ordinary bladed fans and homemade air pumps such as
KAPs and Directional Fans, cannot force enough air through a
permanent shelter's usual air-supply system consisting of pipes, or of
pipes with a blast valve, a filter, and the valves needed to maintain a
positive pressure within the shelter.

Manually cranked centrifugal blowers, or blowers that can either
be powered by an electric motor or be hand-cranked, are the
preferred meansof ventilating permanent shelters from Switzerland
to China. The main disadvantages of efficient centrifugal blowers are:

I. They are quite expensive. For example, in 1985a good American
hand-cranked blower. that pumps only about 50cubic feet per minute
150 cfm) through a shelter's pipes, blast valve and filter, retails for
around $250. An excellent foreign blower that enables one man to
pump somewhat larger volumes sells for about twice as much.

2. Not enough centrifugal blowers could be manufactured quickly
enough to equip all shelters likely to be built during a recognized
crisis threatening nuclear attack, and lasting for weeks to several
months.

Therefore, there is need for an efficient. manually operated, low­
cost ventilating pump that:

I. Can pump adequate volumes of outdoor air through shelter­
ventilating systems that have quite high resistances-up to several
inches water gauge pressure differential.

2. WiII be serviceable after at least several weeks of conti nuous use.
3. Can be built at low cost in home workshops by many Americans,

using only materials available in most towns.
4. Could be made by the millions in thousands of shops allover the

V.S .. for mass production during a recognized prolonged crisis, using
only plywood and other widely available materials.

To produce such a shelter ventilating pump, during the past 20
years I have worked intermittently designing and building several
types of homemade air pumps. However, until I was traveling in
China as an official guest in October 1982 and saw a wooden double­
action piston pump being used, I did not conceive or come across a
design that I was able to develop into a shelter-ventilating pump that
meets all of the requirements outlined above. Now I have made and
tested a simple homemade Plywood Double-Action Piston Pump,
described below, that satisfies these requirements. Three other
persons have used successively improved versions of these instructions
to make this model. and several others have contributed improvements.

HOW A PLYWOOD DOUBLE-ACTION PISTON PUMP
WORKS

Fig. 1pictures the box-like test model described in these instructions.

Fig. I. Plywood Double-Action Piston Pump, with manometer
attached for tests.

Fig, 2 illustrates a vertical section through a slightly improved
model, and shows the 12x12-in. plywood piston being pushed from
right to left, causing air from the outdoors to be "sucked" down. the
open air-supply duct in the top of the pump, then down to the right
through the open valve in the airtight frame (that is above and near
the right end of the PARTITION), and on down into the lower­
pressure area behind the leftward-moving piston,

Because the air to the right of the leftward-moving piston is at a
lower pressure than the air in the shelter room, the exhaust valves in
the front end (the handle endt of the pump are held closed,

During this half of the pumping cycle, the higher-pressure air in the
partofthe pump's square "cylinder" to the leftofthe leftward-moving
piston opens the air-exhaust valves in the back end of the pump, and
fresh air is forced out into the shelter room. The higher-pressure air to
the left of the valve in the airtight frame (that is above the left end of
the PARTITION) keeps this valve closed, while the lower-pressure
air to the right of this valve helps keep it closed.

When the piston is pulled to the right, all of the valvesshown closed
are quickly opened, and all shown open are quickly closed. Then fresh
air is forced into the shelter room through the opened exhaust valves
in the front end of the pump.
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Fig. 2. Vertical Section of the Double-Action Piston Pump showing its square piston being pushed to the left.



Table 2. Volumetric Efficiencies of Double-Action Piston Pump
Operated by One Man. .

Table 1. Comparison of Plywood Double-Action Piston Pump with
Temet Oy Centrifugal Blower.'

PRES. STROKES
DIFF, PER

(in. w.g.) MINUTE cfm EFFICIENCY

4.0 36 122 84.0%
2.6 45 160 89.0%
0.7 51 188 92.0%
0.4 54 202 94.0%
0.2 55 208 94.5%

0.18

0.15

HORSE­
POWER

90

172
208

134
182

300

CUBIC
FEET
PER

MINUTE

2.0

4.3

2.3
2.3

4.9
4.3

PRES.
D1FF.

(in. w.g.)
TYPE OF

PUMP

used (as compared to the cfm pumped by this very good centrifugal
blower) is typical of the reduced effectiveness of even the best
centrifugal blowers at high pressure differences.

In areas devastated by a nuclear explosion, the typical very
dusty conditions are likely to result in filters soon becoming dirty
and higher in resistance to airflow. Then the greater effectiveness
of a piston pump for ventilating a shelter with a high-resistance
air-supply system will be even more important than when its filter
is clean.

The horsepower requirements of my pump have not yet been
measured. However, based on the calculated air pressure on the 12
x 12-in. piston of 22.3Ibs. when the pressure difference was 4.3 in.
w.g, (0.155 psi), when two pumpers were making 52 strokes
(cycles) per minute while pumping 182 cfm, the horsepower
delivered was about 0.14 HP without allowing for friction and the
losses of power due to reversals in the directions of piston
movements. I estimate that the actual horsepower delivered by the
two pumpers (I, a 69 year old with a stiff back in 1983, and a
15-year-old boy) was somewhat less than 0.2 HP. A man in good
condition can work for hours delivering 0.1 HP.

When comparing machines powered by human muscles, what
muscles are used and how they are used are often as important as
are the horsepower requirements. Leg muscles are more efficient
and are much stronger than arm muscles. Arm muscles are used
much_more in cranking a blower than in pushing and pulling the
piston of a properly designed reciprocating piston pump back and
forth horizontally. See Fig. 3. If this double-action piston pump is
placed at a height above the floor so that its handle is approxi­
mately at the height of a standing operator's elbows, then the
operator can do most of the work with his legs. See Fig. 3. He
efficiently moves his body back and forth for over a foot, while
moving his hands and forearms horizontally for slightly less than a
foot relative to his body. To deliver the same horsepower by
cranking a blower uses less efficient muscles inefficiently, and is
much more tiring.

As shown in Table 2, the volumetric efficiency of my best model
is good for a shelter-ventilating pump. The volumetric efficiency
of a piston pump (a positive displacement pump) is found by
dividing the cfrn actually pumped by the theoretical maximum
cfm at the same pumping rate and the same pressure difference,
assuming all piston strokes are full length, that all valves open and
close instantaneously, and that there is no leakage. Table 2 shows
that the greater the pressure difference, the lower the efficiency­
as one would expect, because of increased leakage.

Double-Action
Piston Pump

one man
two men

Temet Oy
Centrifugal Blower

two men

Double-Action
Piston Pump

one man
two men

Temet Oy
Centrifugal Blower

two men

Fig. 3. Pump with Homemade Filter (20 x 20 x 8-inches inside
dimensions) connected airtight on top of the pump's 6 x 6-inch
air-intake duct.

The best centrifugal blowers that I have seen or heard about are
those manufactured by a Finnish company, Temet .Oy, (I cranked a
Temet Oy blower in an Israeli shelter used for testing ventilation
equipment; the Finnish centrifugal blower was better than Swiss,
German and captured Russian blowers also undergoing tests.) There­
fore, in Table 1 a few of the volumetric tests of my best model Plywood
Double-Action Piston Pump (powered by one and two men) arc
compared with performance data furnished by Temet Oy for its
centrifugal blower when cranked by two men. I bave converted
Temet Oy's metric units into the common American units.

In Table 1 the pressure difference of 4.3 inches water gauge is the
resistance to airflow that Temet Oy realistically gives as typical of a
well designed shelter ventilation system of pipes, valves and blower
plus a Chemical Biological Radiological (CBR) filter. Temet Oy gives
2.0 inches water gauge as typical of the same ventilation system
with only a low resistance dust filter. The much larger volume
pumped by the Double-Action Piston Pump when a CBR filter is

PERFORMANCE TESTS
The volumetric and durability tests summarized below are proof

that this homemade Plywood Double-Action Piston Pump is better
than most hand-cranked centrifugal blowers for supplying a shelter
with outdoor air through typical air-intake and exhaust pipes­
especially when the ventilation system contains a filter and/or blast
valves. The filters that give the best protection, Chemical Biological
Radiological (CBR) Filters, have quite high resistance to airflow, as
do commercial blast valves that close quickly enough to protect filters,

1. Volumetric tests, Because the rapidly pulsating airflows into
and outof a piston pump are very hard to measure accurately with an
air velocity meter, I made an inflatable cylindrical bagof2-mil (0.002
inch) polyethylene film; the fully inflated volume of this bag was 256
cubic feet. The bag was suspended on a horizontal strong cord
running through its length. A short tube 62 inches in circumference
connected the back end of the pump (that is opposite the operator's
end) to the suspended bag. Bag and pump were in a below ground
shelter that normally has essentially motionless air. See Fig. 1.

Since this type of pump exhausts equal volumes of air from each of
its two ends, the total cubic feet per minute (cfm) that it pumps equals
twice the cfm that it exhausts into the shelter from oneof its ends. See
Fig. 1. that shows the pump attached with "C" clamps to a small steel
table and being used to pump air into the 256 cubic foot suspended
bag.

I measured the pressure differences against which the pump was
operated. In a shelter these differences typically are caused by the
resistance to airflow in pipes, valves, and a filter. I measured pressure
differences in inches water gauge (l in. w.g. = 0.036 psi) with the
small-tube manometer attached to the side of the pump. To produce
various pressure differences for several tests, I nailed a piece of
plywood over the top of the air-intake duct, so as to produce different
sized openings; in most tests I placed different layers of filter:
materials in a filter box that was fitted airtight over-the 6 x 6-in.
air-supply duct on the top ofthe pump. See Fig. 3. (This low-resistance
filter removes practically all fallout particles of wartime concern, and
also most infective aerosols that may be used in biological warfare.
See "Making and Using a Homemade Filter Box and Filter", by
Cresson H. Kearny, October 1985.



2. Durability tests. Finding a homemakeable method to seal the
moving piston so as to assure at least one month of continuous
efficient pumping was the most difficult problem. Various rubber
seals attached to the edges of the piston were unsatisfactory. and
aluminum sheetmetal strips (shaped and attached like the gal­
vanized steel sheetmetal strips used in this model) wore out in less
than a week. even when oiled every 24 hours.

To save money during weeks of continuous durability testing,
the pump was operated by an electric motor that powered a pulley
drive that turned a 2-foot-diameter pulley having an attached
40-in.-Iong steel pitman with a hinged connection to a horizontally­
sliding bar connected to the handle of the pump's wooden piston
rod. See Fig. 4.

F'ig'. 4. Mechanized Drive Used in Weeks-Long- Durability Tests.

After pumping- for :380 hours (15.8:3 days) at 44 strokes per
minute ag-ainst a pressure difference of 2.:3in. w.g., the worst worn
spot on any of the 30-gauge steel sheetmetal sealing- strips on the
piston was reduced in thickness from its original 0.0155 in. to
0.0145 in. This worst-spot wear of 0.001 in. is only about a 6%
reduction in thickness. The flap valves functioned as well as when
new. and appeared unworn.

I conclude that this pump would be serviceable after several
months of continuous use-provided it is lubricated after every 24
hours of actual use. as in this durability test. In this test I
lubricated the piston. its "cvlinder's" four walls, and its rod with
Lubriplate :\10. 105, "the original white grease". This non-sticky
"grease-type lubricant" is used extensively, especially to lubricate
internal combustion eng-ines hefore first starting up. Another
builder ofthis model pump found Siloo White Lube, an all-purpose
lithium grease, the best of the lubricants that he tested. Judging
from my prior durability tests, a very light oil applied daily serves
reasonably well. Ordinary bearing grease is unsatisfactory.

MATERIALS
The following materials (that cost about $65. retail in 1985) are

needed to make and operate the best model of this pump:

Plywood, 3/4-in. exterior: one 4 x 8-ft. sheet (finished on one side,
unwarped).

Plywood, :3/8-in. exterior: 1/4th of a 4 x 8-ft. sheet (finished on one
side: unwarped). (Second choice: 1/4-in. exterior plywood).

Oak board, 3/4 x 1-3/4 in., straight, well seasoned, 4 ft. long, to
make the piston rod. (If oak or other very strong wood is not
available, use a straight fir or pine board.)

Fir or pine board, about 3/4 x 1-3/4 in., 8 ft. long, to make the
piston-rod handle, etc.

28-gauge or lighter galvanized-steel flashing (sold by lumber
yards for roofers), no thicker than 0.016 in.: or galvanized steel
or flashing no thinner than 0.012 in. Or 30 gauge galvanized
steel sheetmetal available in some sheetmetal shops. (Sheet­
metal thicker than 0.016 is not springy enough for making this
pump's near-equivalent of piston rings.) Best to go to a sheet­
metal shop and have:3 strips cut, each 3 in. wide and about:30 in.
long.

Screws, round-headed, zinc-plated wood screws:
22 each of No. 12 (2-in. long, 12/32 in. dia.), with flat washers
10 each of No. 10 (1-1/2 in. long, with flat washers)
15 each of No.6 (3/4 in. long, with flat washers)

Nails, 4-penny (1-1/2 in.), best cement-coated: 1/4 lb.
Nails, 3-penny (1-1/4 in.). galvanized: 1/4 lb.
Staples (if an oak board for the piston rod is not available), No. 17,

:3/4-in., galvanized)- 1/4 lb.
Tacks, No.6 upholstery, (1/2-in. long): a small container.
Tacks, No.3 upholstery (3/8-in. long): a small container.
Felt, weather stripping, 5/8-in. wide: 10 ft.
Tape, silver duct tape, 2-in. wide: a small roll.
Tape, masking tape, 3/4-in. wide: a small roll.
Adhesive, waterproof: "Liquid Nails", or other all purpose con­

struction adhesive: one approx. l l-oz. tube (for use in caulking
gun).

Epoxy, 5-minute: 2 tubes.
Rubber cement: a small tube.
Sealer (such as polyurethane elear finish. to reduce absorption of

oil or other lubricant of the "cylinder"): 1/2 pint.
Plastie film, transparent storm-window type (such as 4-mil Flex-

O-Glass, by Warp Bros.): 3 sq. ft. .
Grease-type lubricant, an all-purpose motor-breakin lithium

grease such as "Siloo White Lube" or "Lubriplate No.5 Space Age
Lubricant": two approx. 10 oz. tubes.

Inner tube rubber. heavy truck or auto (cut from an old tube): 1 sq.
ft.

FUNCTIONAL RELATIONS OF PARTS
Look at Figs. 2, 5, and 6. In Figs. 5 and 6, the lower, fixed partof

the front end is pictured below the piston rod. The piston rod slides
back and forth on-the center of the fixed part of the front end (as
indicated more clearly in Fig. 7). and in the notch in the removable
part of the front end.

Fig. 5. Front End of the Durability Test Pump, showing the lower
fixed part (below piston rod) and the upper removable
part, that is held by 6 screws with flat washers. Felt
weather-stripping makes the removable part airtight.



Fiz. 6. Pump Built by Dale Huber, of Lake City, Florida in his home
workshop, while guided only by the second draft of these
repeatedly improved instructions. The removable part of the
front end has been taken off, to insert the piston into the 12 x
12-in. "cylinder" under the PARTITION. The plastic flaps of
this pump's flap valves are black: transparent plastic film is
preferred.
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Note that a single plastic-film
flap covers each pair of 2 x 4-in.
valve holes, and that. as shown in
Fig. 2 Ithatgives aside view of all
six flaps), all flaps open away
from the vertical center-plane of
the pump.

In Fig. 5 the removable (upper)
part of the front end is shown in
place, secured by six round-head
screws with flat washers. In Fig.
7 note the pair of 2 x 4-in. flap­
valve holes above the piston rod.

In Fig. 6. the removable part of
the front end has been removed,
exposing the 26-;n.-long, hori­
zontal PARTITION that serves
as the top of the 12 x 12-in.
"cylinder", in which the piston
can make a 24-in.-maximum­
length stroke. Also see Figs. 2
and 7. Fig. 6 also shows the piston
while it is being removed and one
of the two rubber bumpers (made
of inner tube rubber) on its piston
rod.

The back end of the "box" is
made of one piece of plywood. as
shown in Fig. 8. The two plastic
flaps of its exhaust valves each
cover two 2 x 4-in. valve holes,
that are positioned the same as
the four valve holes in the front
end.

3/~

...
"-10

0
Z
W

.... .&z
0
a:
u,

u,

i
0

.... co
"-a: ....

<l
Q. -
W
..J ~
<D ro
;;

'"0
::IE
w

~a: eo
<!>

I PISTON ROO HOLE I

I I

I
II I~ I 0 0"' I,

"' I I
I I I
I I I
I --+------- I

_1______-- __ .l_

1'~' --rH~'~'
...-,+ 6-3/4

10

ENDS AND TOP 13-1/2

BOTTOM 17-1/2

Fig. 7. Front End (Operator's End) of Plywood Double-Action Piston Pump, The two 4 x 12-in. valve
frames are shown by dashed lines, as is the 12 x 26-in. PARTITION.



Fig. 10. Fixed Part of Front End, Unfinished. Only the plywood
is shown.

and note that this TEMPLATE outlines the right half of the 3-3/4 x
11-1/2-in. plastic-film flap.) Also transfer the dashed tack-line and
mark the ends of the 4 horizontal stop-string lines. Drill 8 small holes
through the cardboard at the ends of the 4 stop-string lines, so that you
can use a pencil to mark these points on plywood. .

b. Use your TEMPLATE to mark around the 2 x 4-in. valve holes
in plywood parts: (1) the positions of the ends of each hole's 8 stop­
strings, (2) the right side-edge and the bottom-edge of each flap after
it is attached, and (3) the tack-lines.

c. Drill a 1/16-in. diameter hole through the plywood at each
point marked for an end of a stop-string.

d. With nylon kite string (or other nylon string about 1/16-in. in
diameter, such as 50-lb-test nylon fishing line) and a big enough
needle, string the "four" stop-strings across each 2 x 4-in. hole, (Use a
string long enough to make "four" uncut stop-strings.) Start on the
unfinished, back side of the plywood, on the opposite side from the
future valve flap. To secure the starting end, wrap the string around a
half-driven tack, and then drive it in. Keep pulling the string tight as
you thread it through the' holes and as you wrap its finishing end
around a half-driven tack. Finally epoxy the string in all of the holes,
on the back side of the plywood. (An equally strong nylon string can be
made by twisting together 4 pieces of waxed nylon dental floss.)

(Stop-strings also can be positioned by using No.3 upholstery
tacks in place of the 1/16-in. diameter holes. Drive a tack partly in,
wind the string around it while pulling the string tight, and drive the
tack completely in, to hold the string securely. Finally, coat the tack
heads and the adjacent plywood with a smooth coveringof adhesive, to
provide a smooth seat for the valve flap.)

e. Cut out 6 plastic flaps of transparent 4-mil plastic film (each
3-3/4 x 11-1/2 in.). The easiest way to accurately cut a flap of thin
plastic film is to make a cardboard template 3-3/4 x 11-1/2-in.. place it
on the film, and cut around it with a very sharp knife.

f. In preparation for attaching a flap over each pair of 2 x 4-in.
valve holes, cover the plywood above each pair of holes with masking
tape, up to the straight "tack line" that you already have drawn 1/2 in.
above each hole. Use your cardboard TEMPLATE. The masking
tape will prevent the adhesive (that will be used to attach each valve
'flap) from being applied too near the 2 x 4-in. holes, where adhesive
would keep a flap from opening fully.

g. Position each of the 6 flaps properly in its closed position, with
its lower edge on the line that you already have used the TEMPLATE
to draw 3/4 in. below each flap's pair of 2 x 4-in. holes. Position its
right side-edge on the line already drawn 1 in. from the right side of
the right hole of each pair of 2 x 4-in. holes. Then put masking tape
over the lower edge of each flap and the adjacent plywood, to hold the
flap temporarily in its closed position.

h. Gently fold down the upper part of each flap, so that the
plywood above its pairof2 x 4-in. holes is uncovered (except where you
have placed the protective tape), and place small pieces of masking
tape so as to hold each flap temporarily in this folded-down position.

i. Quickly apply a thin coat of all-purpose construction adhesive
(such as Liquid Nails) to a 1/2-in.-wide plywood area above the
protective masking tape that covers the plywood up to the "tack line"
1/2 in. above each pair of 2 x 4-in. valve holes. Then promptly detach
the small pieces of masking tape holding the flap in its folded-down
position, and turn the flap (the lower part of which is still being held in
its proper closed position by masking tape) into the whole flap's closed
position. Press the upper part firmly against the approximately 1/2­
in.-wide coating of adhesive, to secure the valve in its proper closed
position. Allow several hours for the adhesive to harden before
removing the tape and using the valve.

j. Drive small tacks (No.3; 3/8 in.) on the "tack line" (see
TEMPLATE), to make sure the flap stays securely attached after
long use. (Very small tacks are easily driven if held with tweezers or
needle-nosed pliers.)
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Fig. 9. Removable Part of Front End, Unfinished. Only the plywood
is shown.

CUTTING OUT THE PLYWOOD PARTS
1. The four parts of the "cylinder" (its bottom, two sides, and the

PARTITION; see Fig. 7) should be made with the wood grain of the
plywood running in the same direction as the lengths of these parts.
This reduces piston friction.

2. Outline on a sheet of exterior 3/4-in. plywood all of the plywood
parts-except for the 12 x 12-in. piston and the two 12 x 12-in.
construction forms, which are made of 3/8-in. exterior plywood. (If
:318-in. plywood is not available, use 1/4-in.) Do not assume that the
corners of a sheet of plywood are truly square. Also check the width of
the sawcut of the saw to be used, and allow for this width when
drawing adjacent outlines of parts on the plywood. Be sure to make all
corners square.

3. If you do not have a table saw that saws accurately, or a heavy­
duty saber saw, you will do well to pay a professional carpenter or
cabinet maker to saw out the plywood parts-and also the piston rod if
you are making it out of an oak board. A professional can accurately
saw out all of the plywood parts and the 10valve holes in about2 hours,
provided you have accurately outlined all saw lines.

4. Make the following plywood rectangles with tolerances of + or ­
1/32 m.:

PARTITION, 12 x 26-in:
Two sides, each 16-3/4 x 32-in. (If your "3/4-in. plywood" actually is

less than 11/16-in. thick, make the height of each of your sides
16-3/4-in. less the difference between 3/4-in. and the actual
thickness of your plywood. See Fig. 7.)

Bottom, 17-1/2 x 32-in.
Top, 13-1/2 x 32-in.
Two valve frames, each 4 x 12-in.
Piston, 12 x 12-in. (of 3/8-in. plywood).
Two construction forms, each 12 x 12-in. (of 3/8-in. plywood).

5. Make the following plywood rectangles with tolerances of + or­
1/16 in.:

Back end, 13-1/2 x 17-1/4-in. (See Fig. 8.)
Removable (upper) part of front end, 13-1/2 x 10-7/8 in. (See Figs. 7

and 9.)
Fixed (lower) part of front end, 13-1/2 x 6-3/8-in. (See Figs. 7 and 10.)
The four parts of the air-intake duct: two each 6-1/2 x 6-in.; two each

6-112 x 7-1/2-in. '
Two spacers (to be nailed to the bottom) each 3/4 x 3/4 x 32-in.

6. Saw out the 10 valve holes; a tolerance of + or - 1/8 in. is good
enough. (See Figs. 7,8,9, and 10.)

7. Saw a square 6 x 6-in. hole in the center of the top, as shown in
Fig. 2 - if you are going to install the homemade filter (described in
separate instructions) directly on top of your pump. (To connect your
pump to a round air-intake pipe, cutan appropriate round hole in the
top.)

8. Sandpaper the finished sides of the PARTITION, the two sides,
and the bottom, to reduce friction on the reciprocating piston. Use fine
sandpaper.

9. Make and attach the 6 valve flaps, to complete the flap valves,
that are the lowest resistance, quickest acting type tested.

a. Make a 3-3/4 x 5-3/4-in. cardboard TEMPLATE, using carbon
paper to transfer lines of Fig. 11 to cardboard. (See Fig. 11on page 7,



PUTTING THE PUMP "BOX" TOGETHER
1. The following procedure is the best tested construction method

for persons who lack experience in putting parts together so that all
corners are exactly square. or who do not have the big clamps and
other glueing equipment used by cabinet makers. This procedure is
best carried out by two persons working together.

2. On the finished side of the top. draw two parallel lines exactly 12
in. apart and parallel to the top's 32-in.-longedges. Each of these lines
will be 3/4-in. from an edge. Alsodraw a line 6 in. from and parallel to
each end of the top. to mark the positions of the two valve frames. See
Fig. 2.

3. Build the pump's "box" upside down; start by placing its top on
the floor. as indicated by Fig. 12.

Fig. 12. Parts of the Pump "Box". with Dimensions in Inches. The Roman numbers give the best tested order for
attaching these parts to each other.

4. Attach the two valve frames II and III to the top I with
'construction adhesive. positioning each of them 6 in. from an end of
the top 1. Make sure that each frame's flap valve is upside down and
facing away from the center of the pump. Remove any adhesive
that is on the top beyond the ends of the valve frames. .

(When using construction adhesive to make this pump, it is best to
apply a rather thin coat to only one of the two plywood surfaces to be
joined. Then promptly rub one plywood part slightly back and forth
against the other. while pressing them together-thus making sure
that both surfaces are coated and in close' contact. Wait until the
adhesive sets and bonds adequately before attaching more parts.)

5. Draw two parallellineson the unfinished sideofthe PARTITION,
each ;] inches from one of its ends. Adhere the two 12-in.-long
unattached edges of the valve frames to the PARTITION on these two
lines. as illustrated by Figs. 2, 7 and 12. Allow time for the adhesive to
set.

6. Before permanently attaching side V. position it vertically with a
long edge resting on the top. and with a side-edge of the PARTITION
and ends of the two valve frames I and II in contact with the finished
side of side V. See Fig. 7. On the unfinished (outer) side of side V draw
lines showing the positions of the PARTITION and of the two valve
frames in contact with the finished side of side V.

7. Preparatory to attaching side V to the PARTITION and to the
two valve frames. drill 4 slightly oversize screw holes (for your 2-in.
roundhead screws) through side V. Drill these holes so that a screw
will go into an end of each valve frame about 1 in. from its adhered
edge. and the other 2 screws will go into the side-edge of the
PARTITION. at points above the valve frames. Next. with side V
temporarily in its final position, drill with a smaller diameter drill
through the 4 holes in side V. into the PARTITION and into the two
valve frames. Then with the 4 screws temporarily connect side V, the
PARTITION. and the two valve frames, and, while checking with a

carpenter's square the squareness of the angle between the PARTI­
TION and side V, adjust the two pairs of screws to attain squareness.
Remove side V.

8. Apply adhesive to the 3/4-in.-wide area along the long edge of the
top, and if necessary a thicker coating of adhesive than normal to
unattached edges of the PARTITION and of the two valve frames.
Then promptly position side V, and by again screwing in and
adjusting the 4 screws, make the angle between the PARTITION and
side V square. Allow the adhesive to set.

9. Use short pieces of duct tape to temporarily attach the two 12 x
12-in. construction forms to the PARTITION and to side V. (Before
using these forms, drive 4 small nails into each form, near its corners,
to serve as handles for removing them from the completed "cylinder"}
Attach a construction form near each end of the PARTITION.

10. Adhere the finished side of side VI to the top, to the unattached
side-edge of the PARTITION, and to end-edges of the valve frames,
while keeping side VI pressed against the two square construction
forms. To keep side VI pressed against the construction forms until
the adhesive sets, use small nails to temporarily nail two small boards
horizontally across the ends of the sides, at each end of the "box".

11. On the finished side of the bottom IX. draw two parallel lines
13-1/2-in. apart. making each line 6-3/4-in. from the center line of the
bottom, as shown in Fig. 7. Nail the two 3/4 x 3/4 x 32-in. spacer
boards VII and VIII to the bottom. 13-1/2-in. apart.

12. To attach the bottom, first place it (with its finished side down)
on the exposed long-edges ofthe sides. Ifyou find that the bottom rests
on the construction forms and is not in contact with the long-edges of
the sides, in effect increase the heights of the sides by coating with
adhesive both the edges of the sides and the 3/4-in.-wide area of the
bottom to which the sides will be adhered. Then adhere the bottom
onto the edges of the sides. Before the adhesive hardens, remove any
that has been squeezed into the corner of the "cylinder".
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Fig. 11. TEMPLATE for Positioning the Stop-Strings of each of the 12 valve holes, and for attaching each of the 6 valve flaps.

TRACE THIS DRAWING. TO MAKE THE WORKING
TEMPLATE, TRANSFER THE TRACING TO A PIECE OF
CARDBOARD. CUT OUT THE 2 X 4-INCH HOLE IN THE
CARDBOARD, AND MAKE SMALL HOLES SHOWING
THE POSITIONS OF THE STOP-STRINGS AND TACKS.



Fig. 14. Plywood Piston with Sheetmetal Sealing Strips Attached.

PISTON ROD
SIDE OF PISTON

A SIDE
SHEETMETAL
STRIP
01-3/4 IN. LONG)

A TOP OR
BOTTOM
SHEETMETAL
STRIP
(11-13/16 IN. LONG)

h. Bend the other "T or B" strip, and similarly bend each of the
two "S" strips.

4. Attach the four sheetmetal sealing strips to the plywood piston
with No.6 tacks (l/2-in. long). Place on a solid metal surface the part
of the plywood piston opposite the spot to which part of a strip is being
tacked, so that when a tack is hammered in its point is clinched (bent
over) on the far side of the 3/8-ln.-thick plywood piston, by being
hammered against the solid metal surface.

a. First tack a "T or B" sheetmetal strip to the top of the piston,
and a "T or B" strip to its bottom.

b. Then tack the two "S" strips to its sides. The strips should fit
together soas to make square corners. Ifadjacent ends of two strips do
not fit neatly together, cut bit by bit a very little off the end(s) of a
strip(s) so that the two adjacent ends fit together neatly at their
corner.

c. To prevent air leakage between the ends of the sealing strips,
put rubber cement in the four corner "cracks" between strips. (This
was not done on the test pump's piston.)

Fig. 13. Piston Sealing Strips, each made of a springy sheetmetal
strip 3 in. wide.

g. With the sheetmetal strip held sandwiched between the two
12-1/4-in.-long boards by the two "C" clamps and the vise, so that the
bending line for the almost 90-degree bend is barely visible, bend the
exposed part of the strip 90 degrees, in the same direction that the
3[8-in.-wide part was bent. See Figs. 13 and 14.

1/4 IN. ~ '1/4 IN. PLYWOOD

PLYWOOD f! -.'# 3 TACKS !t ~ #3 TACKS
~ ~ 1-1-1/2 IN ~ J: ,rH/2 IN

.!. 1 I APART - 1 If APART X
!~ ~l-f~~:!>\~T'bo
t~H/8--1~I'O j...7/8~

MAKING THE PISTON, THE PISTON ROD, AND ITS
HANDLE

1. Have a sheetmetal shop cut three 3-ft-long, 3-in.-wide strips of
galvanized steel sheetmetal that is no more than O.016-in. thick and
no less than 0.012-in. thick. (Most galvanized steel valley flashing used
by roofers and sold by many lumber yards is less than 0.016-in. thick;
30-gauge galvanized sheet metal sold by some sheetmetal shops is
about 0,015-in. thick.) Steel sheetmetal thicker than about 0.016 in. is
not springy enough and is unsatisfactory.

2. With a tolerance of +or -1/32-in., cut from these strip's two strips
each 11-13/16-in.long, and two strips each 11-3/4-in.long. (These four
strips first must be bent and then tacked to the four sides of the
plywood piston; these piston-sealing strips serve rather like piston
rings, by making close, sliding, low-friction contact with the sides of
the plywood "cylinder". Steel strips resist wear and if properly
lubricated make the pump serviceable for months of continuous use.)

3. Preparing the four sheetmetal sealing strips:
a. Since the strips to be tacked to the top and the bottom of the

piston must be bent differently from the strips to be tacked to its two
sides, mark "Tor B"on each of .he two strips that are 11-13/16 in. long,
and mark "S" on each of the two strips that are 11-3/4 in. long.

b. On each of the two strips marked "T or B", draw an ink line
along which to make the approximately 30 degree bend, and another
line for the approximately 90 degree bend. (See the left halfof Fig. 13
for the distances from the edges of these two "T or B" strips to their
bends.) Also draw two ink lines along which to drive tacks, spaced as
shown in the left half of Fig. 13.

Likewise draw four lines on each of the two strips marked "S",
as specified in the right half of Fig. 13,noting that some of these lines
are spaced differently than corresponding lines on the strips marked
"Tor B".

c. Using a small sharpened nail for a punch and placing one strip
of sheetmetal at a time on a s..iooth board, punch 2 rows of tack holes
in each strip. The tack holes should he about 1-1/2 in. apart.

d. From a nominal 1 x 2-in. straight board, make two boards
each about 3/4 x 7/8 x 12-1/4 in., for use in bending the sealing strips.

e. Securely sandwich a "T or B" strip of sheetmetal between the
two 12-1/4-in.-long boards placed exactly on top of each other, by
tightening two "C" clamps on the ends of the two boards, so that the
bending line 3/8-in. from one side of the strip is just visible along the
straightedge of a board. Then hold the two clamped boards in a vise so
that the 3/8-in.-wide part of the sheetmetal strip is uppermost and
vertical.

f. Bend the exposed part of the strip about 30 degrees off the
vertical, away from the side of the strip where the holes have been
indented by the punch. To bend evenly, hammer gently and repeatedly
on a 3/4 x 3/4 x 18-in. board held against the exposed 3/8-in,-wide part
of the strip.

13. Permanently attach the fixed part of the front end X (see Fig. 7,
10and 12)with adhesive and small nails to the sides and to the bottom.
Be sure that its flap valve is upside down and is facing away from
the center of the pump, and that a long edge of this part is level with
the outer side of the bottom. Remove the construction forms.

14. Paint the interior of the "cylinder" with sealer-after removing
all adhesive that may be in its corners.

15. After the sealer dries, sandpaper the interior of the "cylinder"
with fine sandpaper, and paint it again with the final coat of sealer.

16. To attach the removable part of the front end XI, stand the "box"
on its completely open end and drill slightly oversize screw holes (for
your 2-in. screws) clear through the removable part of the front end,
as indicated by Fig. 9. With the flap valve facing outward,
temporarily attach this part with afew small nails to the end ofthe top
and to ends of the two sides. Then with a smaller-diameter bit, drill
the screw holes deep enough into the top and the sides so that the 7
screws will hold securely.

17. So that it will be unnecessary to tightly screw on the removable
part of the front end in order to make its repeated temporary
attachments airtight, tack felt weatherstripping (best 1/8-in. thick
and 5/8-in. wide), or strips made of two thicknesses of flannel, to the
contact edges of the top and the sides. No.3 (3/8-in.) carpet tacks
serve well. Then with a razor blade carefully cut the felt covering the
screw holes in the edges, and remove these small pieces of covering
Mt .

18. Attach with screws the removable part of the front end.
19. To prevent damage to the front-end valve flaps when you stand

the pump on its front end, epoxy a small piece of 3/8-in. plywood to the
front end, near each of its four corners, as pictured in Figs. 3 and 5.
Before standing the pump on its front end, use small pieces of masking
tape to temporarily secure its valve flaps in their closed positions.

20. Attach the back end XII, using only screws. See Fig. 8. (For
repairs. the back end may have to be removed.) To make the
attachment of the back end airtight, coat its attachment "crack" only
with rubber cement



5. For the piston rod, saw from a straight, well-seasoned oak
board a 3/4 x 1-3/4 x 36-1/2-in. board. Sandpaper it smooth. (A piston
rod made of well-seasoned oak is less likely to break if abused, but
necessitates using screws, in place of nails and staples, for attachments.
Piston rods made of nominal 1 x 2-in. fir boards were undamaged in
the tests.)

6. To complete the piston rod:
a. For the handle, use 4 pieces of a nominal 1 x 2-in. board cut to

the lengths shown in Fig. 15. Also see Fig. 16. Round all edges and
corners, to minimize the chances of the operators' blistering their
hands.

b. Paint the piston rod and its handle with sealer. When dry,
sandpaper. Then apply a final coat of sealer.

c. Use adhesive, screws, and nails (or adhesive and nails if your
piston rod is of soft wood) in making the handle iIlustrated by Fig. 15.
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Fig. 15. Piston Rod Handle Made of 3/4 x 1-3/4-in. Boards.

Fig. 16. The Pump Handle of the Durability-Test Pump, showing
how one man best holds it when two men are pumping.

d. To reduce friction on the piston rod and resultant enlargement
of the piston-rod hole with long use, coat with epoxy all four sides of
the piston-rod hole. See Figs. 7 and 16. Be sure that the piston rod
slides snugly yetfreely in its hole when the removable partofthe front
end is screwed in place.

e. From a piece of thick truck-tire inner-tube rubber, cut a 2-in.­
wide strip 12-in. long. To make the 2-in.-wide rubber bumper (see
Figs. 15 and 16),connect one end of this rubber strip to the center of a
3/4-in.-wide side of the piston rod. Do not place any screw or staple in
the strip closer than 1 in. from the strip's forward edge, that may
repeatedly bump into the front end. Wrap and attach the strip quite
tightly around the piston rod next to the handle. (If you have only a
piece of passenger-car inner-tube rubber, then to make a 2-in.-wide
bumper use a 4-in.-wide strip of this thinner rubber folded double
lengthwise.)

7. Attaching the piston rod to the piston:
a. On the back of the 12 x 12-in. plywood piston, mark lines to

enable you to attach the piston rod as pictured in Fig. 14.Note that the
lower side of the piston rod is exactly 5-1/2 in. above the lower edge of
the plywood of the piston, and that the center line of the piston rod
intersects the vertical center line of the plywood of the piston.

b. To the end of the piston rod (see Fig. 14) adhere and screw (or
adhere and nail if your piston rod is not oak) two pieces of nominal 1 x
2-in. boards each 3 in. long. Each of these two small boards and the end
of the piston rod are in contact with and securely connected to the
plywood piston, and form a perfect "T" at the end of the piston rod.

c. Connect the piston rod to the piston, best with epoxy (or
adhesive) and small screws. Make sure that: (1) the four piston sealing
strips overlap the piston's plywood in the direction of the piston rod, (2)
the 1-3/4-in.-wide sides of the piston rod are parallel to the top and
bottom of the piston, and (3) the piston rod is perpendicular to the
piston. See Figs. 2 and 14.

d. Make and attach to the piston rod a 3-in.-long rubber bumper,
positioned close to the piston as shown in Fig. 2.

OPERATING THE PUMP
1. Check to see that the four sheetmetal strips on the four sides of the

piston all make even contact with the walls ofthe "cylinder" when the
piston is moved back and forth. If the piston does not slide back and
forth quite easily even when not lubricated, carefully bend a strip or
strips so that they press less against the "cylinder" walls. If while
someone is shining a flashlight through a valve opening in the other
end of the pump you observe that parts of a sheetmetal strip do not
make close contact with a "cylinder" wall, gently bend outward that
part of the strip.

2. Lubricate all four walls of the "cylinder", the sheetmetal strips
that slide against the walls, and the piston rod. Use a very thin
motor-breakin white lithium grease (not an ordinary bearing grease,
that is too sticky). Or use a thin oil. The pump should be lubricated
after no more than each 24 hours of use, and before being used again
after days of disuse. .

3. Install the pump at a height above the floor so that most of the
persons who are going to pump can push and pull with their hands
moving at about the same height that their elbows are when they are
standing. See Fig. 3 for an example of a pump-supporting table raised
to an efficient height for operators who are the height of the pumper
pictured. .

4. To save work and to minimize wear on the pump, usually operate
it with a length of stroke a little shorter than the distance between its
two rubber bumpers. To save energy especially when pumping air
through a high resistance ventilation system, move the piston back
and forth by using mostly your leg and body muscles.

PROLONGED STORAGE
Wipe off all grease and other lubricants if you do not plan to use this

pump for months. All lubricants-especially those on wood-tend to
become gummy with time.

Keep your supply of pump lubricants taped to your pump.

REQUEST
Suggestions for improving this pump and/or these instructions will

be appreciated, and may contribute to improvements likely to save
lives.

Cresson H. Kearny

Copyright © 1986 by Cresson H. Kearny

No part of this work (except brief passages that a reviewer may
quote in a review) may be reproduced in any form unless the
reproduction includes the following statement: "Copyright © 1986 by
Cresson H. Kearny. All or part of this information on the Plywood
Double-Action Piston Pump may be reproduced without obtaining
permission from anyone."



FILTER BOX AND FILTER

PURPOSES

The primary shelter ventilation requirement is to supply enough
outdoor air to maintain endurable heat-humidity conditions.

To keep the concentration of respiratory carbon dioxide lowenough
for survival, very little fresh outdoor air is required. Even for an
infant or an infirm person remaining in a crowded shelter for days, 3
cubic feet per minute (3 cfm) is adequate. For a healthy adult or child
1.5 cfm is enough. Too much carbon dioxide, not too little oxygen, is
the initial cause of unendurable conditions in inadequately ventilated
shelters in which the air does not get unendurably hot.

In contrast, up to 25 cfrn of outdoor air per occupant may be needed
to maintain endurable heat-humidity conditions inside a crowded
shelter occupied for days during a heat wave in a hot, humid part of
the U.S. Hence the need for a large-volume ventilating pump, best
with a low-resistance filter.

Ifoutdoor air flows into ashelter through-a hood,gooseneck pipe, or
other air-supply opening that causes all but tiny fallout particles to
fall out before the air reaches shelter occupants, breathing this
unfiltered air will not result in short-term radiation casualties.
However, a very small fraction of the occupants of a shelter supplied
with unfiltered air in an area of heavy fallout may contract cancer
years later as a result of breathing shelter air containing tiny fallout
particles, that a properly designed filter could have removed.

Air that has been in contact with fallout particles before being
filtered is not radioactive.

The homemade filter illustrated below, if used with an efficient
"suction" pump such as the Plywood Double-Action Piston Pump
described separately, will remove practically all fallout particles
likely to cause casualties even decades later. This filter also will
remove most infective aerosols, the air-borne tiny particles used in
biological warfare - an unlikely type of attack on the United States.
It will not remove poisonous gasses, an even less likely danger to
Americans if all-out war befalls us.

CONSTRUCTION

Filter Box
If 20 x 20-inch furnace filters are available, use plywood or boards

to build the filter box shown in the illustration. To make permanent
connections airtight, first use waterproof construction adhesive or
glue, and then tape. (If only smaller filters are available, reduce the
horizontal dimensions of the box accordingly, except for the top and
bottom openings.) Check to be sure that your filters will fit snugly in
the box of the size you plan to build.

The square frame on the bottom of the filter box should fit snugly
over the square air-intake duct on the top of your Plywood Double­
Action Piston Pump. Tape the cracks to make the connection airtight
and to permit easy removal of the filter box.

Make the illustrated 4 supports of the hardware cloth no thicker
than 3/4 inch, thus providing enough space 'below the filter for low­
resistance airflow. (Hardware cloth is a stiff, square-mesh, molten­
dipped galvani-zed wire.)

Make the square top of the filter box so that it covers the upper
edges of the box's sides and can be easily removed. Then cut in its
center a round hole slightly smaller than 4 inches in diameter. File the
hole's edges so that a 4-inch-diameter can (such as a coffee can with its
top and bottom cut out) fits snugly in this hole. To connect the can
securely and airtight, first use waterproof construction adhesive or
epoxy, and then tape. (If construction adhesive or epoxy is not
available, cut a 2-1/2-inch-diameter hole in the center ofthe bottom of
the 4-inch-diameter can. Then make radial cuts spaced about one-half
inch apart, out to the full diameterofthe can. Bend these tabs outward
180 degrees, preparatory to tacking them with small tacks to the
bottom of the filter box top. Tape airtight.)

So that the top of the filter box can be easily removed, tape it onto its
box. A roll of duct tape should be kept with the filter box and pump at
all times.

To connect the filter box to the shelter's air-intake pipe, the best
widely available air duct is the inexpensive, 4-inch-diameter flexible
duct used with clothes dryers.

SEALED WITH
DUCT TAPE)

-- -- - - --------::...---

DUCT TAPE

SEALED WITH
DUCT TAPE'

20.20 IN
REMOVABLE TOP

SUPPORT
3/4.3/4.20 IN.

TWO 20' 20<2 IN. "1:~=r--------'''
FURNACE FILTERS

TOWEL

GALVANIZED-WIRE
HARDWARE CLOTH

Homemade Filter To Fit On Plywood Double-Action Piston Pump, and To Be Connected to a 4-Inch-Diameter Air-Intake Pipe.



Filter Materials
Furnace or air-conditioner dust filters, those made of oiled fiber­

glass fibers. will remove practically all but the very smallest fallout
particles. Filters that are sold in box-like housings can easily be
installed so that all the pumped air will pass through them. by taping
them to the inner sides of the filter box. The illustration shows two
plain mats of furnace filter material. each taped around its edges. (If
commercial dust filters are not available, bath towel cloth will serve.
However, in very dusty areas a cloth filter may become overloaded,
thus seriously reducing the rate of airflow much sooner than if an
oiled fiber filter is used as a prefilter.)

To filter out most of the tiny particles that may pass through one or
more furnace filters, place two thicknesses of bath towel on top of the
filter-support made of hardware cloth, and tape them around their
edges to the box. See illustration.

Tests by U.S. Army specialists have shown that filtering air
through two thicknesses of bath towel removes about 85 percent of
even microscopic aerosols as small as 1 to 5 microns in diameter. (See
"Emergency Respiratory Protection Against Radiological and Bio­
logical Aerosols", by H. G. Guyton et al., A.M.A. Archives of
Industrial Health, Vol. 20, July through Dec. 1959.) This is the size of
most infective aerosols used in biological warfare. In most of an area
subjected to a biological attack, if 85 percent of this size-range of
infective aerosols and practically all larger particles are removed,
then most persons breathing this filtered air will not receive enough
infective agents to infect and sicken them.

Persons who are especially desirous of protecting their shelter's
occupants against biological warfare aerosols, but who can not afford
or obtain expensive High Efficiency Particulate Air filters (HEPA
filters), should consider using disposable pleated air filters that meet
official ASHRAE standards. One 2-in. pleated air filter, measuring
19-1/2 x 19-1/2 in., will remove over 90 percent of particles in the
1.0-5.0 micron range, yet when clean its resistance to an airflow of200
cfm is only about 0.2 in. water gauge (about 0.007 psi). Its cost is about
twice that of a good ordinary furnace filter of the same size. However,
it has approximately three times the life of a standard panel type filter
before becoming overloaded. Disposable pleated air filters are avail­
able in larger cities.

USE

The illustrated homemade filter has such low resistance to airflow
that, when up to about 200 cfm is being pumped through it by a
Plywood Double-Action Piston Pump, the air volume is decreased by
only about 10 percent, as compared to the volume pumped with no
filter in the ventilation system. With a homemade Plywood Double­
Action Piston Pump, up to approximately 200 cfm can be pumped
through this filter even when the total difference in air pressure
(caused by the ventilation pipes, a dirty filter, etc. that restrict
airflow) is high, about 5 inches water gauge (0.18 psi).

Even if the United States suffers an all-out Soviet attack, only a
small part of its area will be subjected to blast effects severe enough to
injure the occupants of fallout shelters. (Fallout shelters are not
designed to withstand blast, but especially typical earth-covered ones
afford consequential blast protection.) In contrast, an installed filter,
unless protected by an efficient blast valve, will be wrecked by a quite
low-pressure blast wave that comes down its open air-intake pipe
-even if the small part of the blast wave that would enter the shelter
room through its open ventilation pipes is not nearly powerful enough
to injure the shelter occupants. Thus unprotected installed filters will
be wrecked in an area several times as large as the area in which
occupants of fallout shelters will be injured by blast.

To be sure of having a filter in good condition, you can:
1. Make and keep in your shelter an extra complete filter, ready to

replace your installed filter if it is damaged, or if it becomes
overloaded with dust and its resistance to airflow becomes too high.
Furthermore, if your filter is installed in your shelter room and
becomes so radioactive with retained fallout particles that it is
delivering a consequential radiation dose to shelter occupants, it is
advantageous to be able to remove it, pitch it out, 'and install a
replacement filter. (To be able to supply your shelter with unfiltered
air in peacetime or after the end of consequential fallout danger, you
should make and keep ready a duct with appropriate fittings to
connect your pump directly to its air-intake pipe.)

2. Ifyou have only one filter, do not install it before you need to filter
the air supply. Connect your pump directly to the air-intake pipe,
using an appropriate duct and fittings. Then before the attack and
before the arrival of fallout (revealed by your fallout-monitoring
instrument), keep your shelter well ventilated with unfiltered air.
Whether or not your filter is installed, stop ventilating your shelter for
a few hours while heavy fallout is being deposited outside - unless
heat-humidity conditions become unbearable. If before shelter ventila­
tion is stopped the shelter air does not contain an abnormally high
concentration of carbon dioxide, then no outdoor air need be supplied
for about 5 hours to prevent building up too high a concentration of
respiratory carbon dioxide - provided there is about 70 cubic feet of
shelter-room volume for each occupant.

AN ENCOURAGING REMINDER

Persons making preparations to improve their chances of surviving
an all-out attack should realize that if the United States is hit with
warheads the sizes of those in the 1987 Soviet intercontinental arsenal,
the fallout particles of critical concern will be much larger than the
extremely small particles (l to 5 microns in diameter) which are not
completely removed'by this filter. Fallout particles this small produced
by large nuclear explosions do not fall to the ground for many days to
months after the nuclear explosions, by which time they have become
much less radioactive. Essentially all of the larger particles can be
removed merely by filtering the air through a few thicknesses of bath
towel cloth.





Appendix F

Means for Providing Improved Natural Ventilation and
Daylight to a Shelter with an Emergency Exit

THE NEED

Survivors in areas of heavy fallout can
greatly reduce the radiation doses that they will
receive, and thus decrease their risks of con­
tracting cancer, if they sleep and spend many of
their non-outdoor-working hours inside good
shelters during the first several months after an
attack. (See Minimizing Excess Radiogenic Cancer
Deaths After a Nuclear Attack, by Kathy S. Gant
and Conrad V. Chester, Health Physics, Sep­
tember 1981.)

A permanent family shelter can serve quite
well for months as a post-attack temporary
home if it is designed to provide adequate
natural ventilation most of the time, to have
adequate and easy forced ventilation by a KAP
when forced ventilation is needed, and to have
daylight illumination. A shelter dependent on
ventilation laboriously pumped through pipes
and on artificial lights even during daytime is
much less practical for use as a post-attack
home.

The following instructions should enable a
family having an earth-covered shelter with an
emergency exit to make it much more livable
for months-long occupancy. The means de­
scribed below for providing improved ventila­
tion and daylight illumination also will supply
guidance to survivors who will build shelters
post-attack to minimize continuing radiation
exposures, especially to children and pregnant
women.

BUILDING AND USING A MULTI-PURPOSE
EMERGENCY EXIT HOUSING

Build a multi-use emergency exit housing
of the design pictured in Fig. F.l and detailed in

Fig. F.2. Size your exit housing to fit snugly
over the top of your completed vertical exit
shaft. This exit housing is made of 3/4-inch
exterior plywood, four 2 x 2 x 36-inch boards,
and four 16 x 16-inch window panes of 1/8-inch
Plexiglas. Plated screws and waterproof ad­
hesives are used to assure sturdiness and
durability.

Fig. F.1. Multi-Use Emergency Exit Housing
Installed Over the Square Emergency Exit
Described by Figs. 17.1, 17.2, and 17.3.

The adjustable top of this exit housing
measures 4 x 4 x 1 feet, and can be tilted to make
different sized ventilation openings in any of
four directions. The top also can be raised
straight up to make various sized openings all
the way around, or it Qan be completely closed ­
as explained by Fig. F.2 and the following
descriptions of its uses.
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Fig. F.3. The Top and Four Walls of the
Multi-Purpose Emergency Exit Housing, Nested
Together to Save Storage Space.

Fig. FA. View from Below the Exit, Looking
Up the Multi-Purpose Emergency Exit Housing.
The top is shown supported in a tilted position
by two 6-inch-wide boards placed between a
wall and the top.

The illustrated housing over a vertical exit
provides:

* A means to regulate shelter ventilation,
and to increase natural ventilation when the
wind is blowing. If, for example, the shelter's
opened exit is to the north of its opened entry
and a north wind is blowing, shelter airflow will
blow in through the exit and out through the
entry. This natural ventilating airflow, often
inadequate, is increased if the adjustable top of
the exit housing is not simply raised 6 inches on
all four sides, but is tilted as shown in Fig. F.l,
with its south side closed and its north side
tilted up 6 inches to provide a 6 x 26-inch
ventilation opening between the upper edge of
the entry housing's north wall and its top. Then
a north wind striking the north wall produces
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Fig. F.2. Plan and Side View of Multi­
Purpose Emergency Exit Housing, on a Square
Emergency Exit with 34 x 34-Inch .Croes­
Sectional Outside Dimensions.

In Figs. F.2 and F.3, note the eight bevelled
plywood guides, two on the inside of each side of
the top. These guides are needed so that the top
can be tilted in the position desired, merely by
using a stick to raise it from below. To hold the
top in a tilted or raised position, spacer boards
are placed between the raised top and the upper
edges of a wall or walls, as illustrated by Fig.
FA.



increased air pressure over and above this wall,
forcing more air into the exit and on through the
shelter. In contrast, if a south wind is blowing,
natural airflow will go in through the shelter's
entry and out through its exit. And if the ad­
justable top still is tilted open to the north as
illustrated, then reduced air pressure over and
above the downwind north wall will "suck" an
increased airflow out of the exit and through the
shelter.

The measured increases in airflows through
a small shelter resulting from the top of this exit
housing being tilted were only 40-50 cfm when
an 8-10 mph breeze was blowing. These rather
small increases in airflow, however, often would
make it unnecessary to supply forced ventilation
to a family shelter by intermittently operating a
KAP. .

* Exclusion of rain, snow, and larger dust
and fallout particles. The four 12 x 48-inch
vertical sides of the adjustable top overhang the
exit housing's walls by 6 to 12 inches. Thus the
top serves as a large ventilation hood over the
exit, preventing rain, snow, and larger dust and
fallout particles from entering while ventilation
is continuing. (To prevent entry of flies and
mosquitoes, an insect SCreen panel, made to fit
over the bottom of the emergency exit, should be
kept stored in the shelter until needed. A SCreen
door for the inner entry doorway also should be
stored. Remember that installing screens greatly
reduces natural ventilation airflows.)

* A reliable source of daylight. The four 12 x
12-inchwindows of this exit housing let enough
daylight into the exit shaft, that is painted
white, to permit a person on the shelter floor
below to read, even for several minutes after
sunset. See:Fig. FA.

* A way to observe what is going on all
around the shelter, without having to go outside,
and with lessened exposure to fallout radiation.

* Quick installation post-attack, after fallout
decays sufficiently. In an installation test, dirt
was dug away to expose the upper 12 inches of
the emergency exit shaft. Then in just 8 minutes
the author and a boy carried the 5 parts of this
exit housing 80 feet, positioned its four walls
around the already exposed upper 12 inches of
the reinforced concrete emergency exit, nailed
its walls together, and placed its adjustable top
in the tilted position pictured in Fig. F.1.

BUILDING AND USING AN ENTRYWAY
COVER THAT PROVIDES A LARGE,
PROTECTED VENTILATION OPENING

Build a shelter entryway cover that keeps
out rain, snow, and the bigger dust and fallout
particles while providing a large, protected
ventilation opening both for natural ventilation

and for easy forced ventilation by a KAP when
needed. For an example of One type of entryway
cover, see Fig. F.5. This photo shows a 4-piece
cover, that two men in a little less than 5
minutes carried out of this shelter and installed
over the 4 x 6-foot opening above the shelter's
opened stairway doors.

Fig. F.5. A Quickly Installable, 4-Piece
Entryway Cover That Provides Easy Access
and a Large, Protected Ventilation Opening.

This cover is made of 4 pieces of 1/4-inch
chipboard, each 5 feet wide, and short lengths of
nailed-on 1 x2-inch boards. These 4 pieces can
be tied quickly with their attached nylon cords
to inner parts of the two 2 x 6-foot steel entryway
doors, which are pictured in their opened, up­
right positions.

The lowermost of the 4 chipboard pieces has
a groove near each end. The grooves are each
made of 2 nailed-on lengths of 1 x 2 lumber
spaced apart to fit the lower ends of the doors
and hold them in their upright positions 4 feet
a part. The upper edge of this lowermost piece is
8 inches below the lower raised corners of the
doors, so that an 8 x 48-inch ventilation opening
is assured when the lower of the two large
covering pieces (pictured being held open) rests
on the doors. (This step-over piece of chipboard
illustrates a way to reduce the quantity oflarger
fallout particles that will be blown into many
types of shelters, because most sandlike parti­
cles and coarse dust are blown along close to the
ground. They are not blown upward and over a
vertical obstruction by most winds. If an entry­
way has an inner, ordinary doorway, even more
fallout particles can be kept out of the shelter
room if an 18 x 18-inch ventilation hole. i.s.e.ut..-L",-



OTHER ENTRYWAY COVERS TO PROVIDE
LARGE PROTECTED OPENINGS FOR
NATURALANDKAPVENTILATION

The owner of a permanent shelter with an
emergency exit may be able to improvise cover­
ings over its entry and exit after fallout decays
sufficiently to permit work outdoors - provided
that he understands natural ventilation and
low-pressure forced ventilation requirements,
and has the boards, nails, pieces of chipboard or
plywood or canvas, tools, etc. needed. But ifyou
own a permanent shelteryour pre-crisis prepara- .
tions surely should include making and storing
ready-to-install entryway and exit coverings of
whatever designs you decide will best meet
your anticipated needs for high-protection­
factor sleeping and living quarters during weeks
or months following a nuclear attack.

The most practical hinge that the author
has devised is illustrated by the drawing. This
flexible hinge is much less likely to be broken
than are conventional hinges, and makes it
easier to build the two large covering pieces to
fit over the opened doors. Note that the upper
edge of the lower large piece goes under the
rainproofing, 6-inch-wide rubber flap, which is
nailed only along the lower edge of the upper
large covering piece. Then the two large pieces
are held and hinged together by first stretching
each of 2 strong, 2-inch-wide rubber bands (or
rustproof springs) attached by cords to the
upper large covering piece, and then hooking
its attached bent-wire hook onto a nylon cord
loop connected to the lower large covering
piece. Each strong rubber band (cut from a truck
innertube) and its attached hook and nylon
cords is 5 inches from an opened door. Thus
hinged, the lower large piece can be easily
raised to permit a person to step out of or into
the stairway entry. When this hinged lower
large piece is closed and tied down, a 2.7 square
foot protected ventilation opening with a 10­
inch overhang results.
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To keep the two large pieces
from moving sideways, one 1 x
2-inch board is nailed near each
of their side edges, spaced so as
to lie against the outside of each
opened, upright steel door. To
strengthen the hingeline edge of
the upper large covering piece,
a i x 2-inch board is nailed along
its lower edge.

The lower of the two large covering pieces
also has a reinforcing 1 x 2 nailed near its
hinged edge.

the door near its top. Then air entering the
shelter room will have to rise at least 4 feet
above the entryway floor, and most of the larger
fallout particles will be deposited on the entry­
way floor.)

The chipboard piece attached
to the upper ends of the doors
also has two 1 x 2 boards nailed
near each end, forming grooves
into which the upper ends of the
doors fit. The doors are thus held
in their upright positions and
rain, etc. is kept from falling or
being blown through the upper
end into the entryway.

The uppermost of the two
lar~e covering pieces of chip­
board (or exterior plywood) rests
on the opened doors and is kept
from slipping down by a 1 x 2­
inch board nailed 4 inches from
its upper end. This small board
"hooks" over the upper edge of
the piece of chipboard (or ply­
wood) attached to the upper ends
of the steel doors. (See the draw­
ing on the side of this column.)
This large piece of chipboard is
securely tied to the doors.
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Abnormalities from radiation. 16. 43. 44
Aerosol filters for biological warfare. 272
Air burst. 15. 16
Air pumps. see KAP. also see Ventilation'
Air-slap of an air-blast wave. 259
Alpha radiation (or particles). and protection against. 44
Anhydrite. 26. 219
Atoms. radioactive. 12. 43. 44
Attack Warning Signal. 23
Attenuation of radiation. 14.39
Auroras. artificial. 20

Batteries. conserving. 26. 100. 101
Beliefs, false re nuclear 'war, 5
Benches and bunks for shelters

expedient, 117. 118
permanent. 144. 145

Bequerel (Bq), 96
Beta burns. and prevention of. 43. 44. 130. 131
Beta radiation (or particles). and protection against. 43. 44.

130
Biological warfare aerosol filters. 272
Biological weapons. 8
Blast

areas. 29. 31. 213
doors. 252-255
effects, 15. 16. 28. 64
effects at distances from GZ. 28
injuries to eardrums and lungs. 252
negative phase (or negative pressure). 254-25'1'
positive phase (or overpressure). 16.65.252
protector logs, 253-255
tests. 61
valve. expedient. 256. 257
wave. 24
wind. 63. 64
wind erosion. 245

Blindness. flash. 44
Bodies, disposal of. 105
Bombers. enemy, 25
Bq (bequerel), 96
Bucket Stove. 79-82
Burns

from beta radiations (or particles). 43. 44,130
from heated air. 45
from the popcorning effect. 44, '45
from thermal pulse (heat rays) causing flash burns. 43. 44
of the eye. 44

Bursts. nuclear
air. 15
high altitude. 20
surface. 11

Cancer from gamma radiation (ray) doses
from trans-Pacific fallout. 152
risk estimates. 110. 111. 152-154

Candle-lamps. 149
Candles. 149
Canopies over entries. 41. 158. 159
Car. loading for evacuation. 34
Carbon dioxide, dangers from

fires, 61
respiration (exhaled breath). 53. 56

Carbon monoxide. dangers from
candles. 149
fires. 56. 61.64. 65. 138. 148
smoking. 53

Cesium. radioactive. 76
cfm (cubic feet per minute) of air needed. 51-53. 59. 60
Chair. Bedsheet. 119-124

Chemical weapons. 8
Chernobyl disaster. 112. 152-154
Chimney effect (for ventilation). 51, 52
Chinese test explosion's worldwide fallout. 151. 152
Civil defense

American (budget only). 6
Chinese. 58. 63. 71. 248-252
Russian. 6. 7.18.56,57.65
Swiss. 6

Clothing and footwear. expedient
beta burns. protection against. 43. 44. 130. 131
cold weather. 125-127
keeping warm without fire. 129
mask, fallout. 130. 131
rainwear, including rain chaps. 129
sandals, 129. 130
winter footwear: 127. 128

Cooking and heating in a permanent shelter. 148. 149
Cooking. expedient

Bucket Stove, 79-82
Fireless Cooker. 82.148
grain and beans. 82. 83
wheat balls and corn balls. 148. 149

Crater of explosion, 11. 12
Crisis

evacuation. 6. 31
preparations made during. 6
simulation during field tests, 36

Cuban Missile Crisis. 5
Cutting trees and poles. 157. 158

Decay. radioactive. 12. 13
Defense Nuclear Agency blast tests. 68. 244
Diarrhea. 77
Diets. see Food
Digging with pick and shovel. 156
Directional Fanning (ventilation)

importance of. 58
instructions, 59. 60

Distillation of water. 72
Doors. blast. expedient. 252-255
Dose. radiation. 12.30.39. 110. 111
Dose rate, radiation. 12. 13
Dose rate meters (survey meters). 12.94

commercial sources. 96. 97
homemade. see KFM
war reserves of. 95

Dosimeters. 12, 94. 95
commercial sources. 96. 97
war reserves. 95

Dragging logs and poles, 157
Dresden firestorm. 65

Earth arching. 42
Earth rolls (earth-filled rolls). 156, 157
EBS (Emergency Broadcasting System). 23
Effective Temperature (ET). 52, 53
Electric power vulnerabilities. 23. 24. 47. 72
Electromagnetic pulse (EMP)

effects. 23. 24
NAWAS. unprotected against EMP. 22
protection against. 23. 26

Emergency Broadcasting System (EBS). 23
Emergency Operating Center (EOC), 23
EMP. see electromagnetic pulse
End of mankind propaganda. 5, 11. 16-19
Entrance (entryway) cover. 275, 276
Entries. vertical. for shelters.

expedient. 41.174,175.249-252
permanent. 142-144,273-275



ET (Effective Temperature). 52. 53
Evacuation. 27-35

by car, 34
check list. 32. 33
during crisis. 6. 31
spontaneous. 31
whether to. 31. 32. 47

Exit. emergency. 142-144
Exit housing. multi-purpose. 273-275
Exotic weapons. 8
"Expedient". definition of. 5

Fallout
attenuation (by shielding) of fallout radiation. 16. 39
beta burns from fallout. 43
clouds. 28. 55
clouds. stabilized. 27. 28
decay (of fallout radiation dose rate). 12.43
deposition. times required for, 12. 13. 55
extent of. 25
high-risk areas. 29
highest-risk areas. 29
local. 15 .
origins of. 12
particles. 12. 43. 54. 55
patterns. 27
Trans-Pacific. 113. 151-154
weathering of. 13

Fallout masks. expedient, 130. 131
Fallout (radiation) meters, see Dose rate meters. also see

Dosimeters
Famine relief by trucked grain, 74
Fear. 20
Federal Emergency Management Agency (FEMA). 6
FEMA (Federal Emergency Management Agency). 6
Fertility after nuclear war. 16. 76
Field tests (families building expedient shelters). 35. 36-42.

50. 155
Filter, and homemade filter box, 271, 272·
Fire

carbon dioxide. fire-caused dangers. 61
carbon monoxide. 53. 54. 56. 61
causes of. 64
dangers. relative. 61. 64
easily ignitable materials. 14
forest and brush. 61
homes. 48. 62
oxygen depletion by, 61
protective measures. including whitewashing. 61. 63
secondary causes after blast. 61, 64
thermal radiation (ignition from fireball), 61, 62
urban. 61. 65

Fireball. 11. 15.44.61,62
Fireless Cookers, 82, 148
Firestorms, 14,61.65
Flash blindness. 44
Flash burns. 44
Food

baby foods. emergency. 89-91
basic survival ration to store. 88. 89. 147
contamination by fallout. and decontamination. 16
expedient processing. 77-79
flotation. of grain hulls, 78
grain and bean diets. 83-85. 88. 89
loss of animals. 75
meat. precautions post-attack. 75
minimum needs. 75. 76
multi-year storage. foods for. 88
nutrients. essential. expedient ways to provide

animal protein. minimum requirement. 87
fat, 87
iron. 87
niacin and calcium. 86. 87
vitamin A. 86
vitamin C, 84-86
vitamin D, 86

Food (continued)
one year supply. 146-148
requirements. daily. 84. 85
reserves in U,S,. 87. 88
salt requirements. 53. 66. 83-86. 92
sieving husks from flour and meal. 78
sprouting. 85. 86
storage. 88-92. 105. 146
survival ration. basic. to store. 88. 89. 147

Footwear. expedient. 127-129
Furnishings for shelters

Bedsheet-Chair, 124
Bedsheet-Hammock. 119-123
benches. seats. and bunks. 117, 118. 144

Gamma radiation (rays). 14.38-40.94
Genetic damage from radiation. 16
Glass windows, dangers from. 24. 25
Grain mills

expedient. 77
hand-cranked. 148

Grains. grinding with farm machinery. 78
Gray (Gy) (unit of absorbed radiation dose). 96
Ground zero (GZ). 15 .

Halving-thickness of shielding material. 13. 14
Hammock. Bedsheet-. 119-123
Hvbomb, 43
Help from fellow Americans. 21
Hewing flat. square sides on logs, 253. 255
Hiroshima. 15. 16.44.61.64.244

survivors. 21
warning. inadequate. 22

Hot-spots of radiation. 55

ICBM (Intercontinental Ballistic Missile), 23-25
sites. 29. 30

"In Time of Emergency". 45. 57
Infection prevention. 103-107
Initial nuclear radiation (from fireball). 15.257-259
Insects. control by screens. etc.. 51. 101. 104. 106. 141
Intercontinental Ballistic Missile (ICBM), 23-25
Iodine. tincture of. as prophylactic on skin. 116
Iodine. radioactive. 60. 72. 111-115, 152-154

KAP (Kearny Air Pump). expedient
advantages proven by tests, 50-54
instructions. complete. for making and using, 193-212

KFM (Kearny Fallout Meter). expedient dose rate meter
advantages proven by tests. 97-99
instructions, complete with patterns. for making and

using. 213-239
instructions. with tabloid layout sheet. for tabloid repro­

ductions of the KFM instructions. 241-242
needed materials and tools: only those found in millions of

homes. 97,218. 219
untrained Americans who have made KFMs. 97, 99. 194

Kearny Air Pump. see KAP
Kearny Fallout Meter. see KFM
KI. see Potassium iodide
Kiloton (KT). 17

Lamps, commercial. 101
Lamps, expedient. 101. 102
Life-support equipment for shelters, 45
Light for shelters

candles, 101. 149
electric. with batteries and bulbs. 100. 101
daylight. through exit housing. 275
for permanent shelter. 149. 150
lamps. expedient. 101. 102
minimum needed, 100

Log dragging. 157

MAD (Mutual Assured Destruction). 6
Mask. expedient. fallout and dust. 43. 54. 130. 131



Megaton (MT), 14
Midgetman, 55
MIRV, Multiple Independently-targeted Reentry Vehicle,

27
Mutual Assured Destruction (MAD), 6
Myths about nuclear war, 11-19

l\1agasaki,13,15-17,21,44,243
National Academy of Sciences, findings and recommenda-

tions, 16, 53, 54, 110
1\1ational Shelter Survey (I\1SS), 47
National Warning System (I\1AWAS), 22
l\1ausea,65
Navy shelter-occupancy tests, 52, 53
I\1AWAS (National Warning System), 22
Neglect, benign, 108, 109
Neutron warheads, 8
I\1SS (National Shelter Survey), 47
Nuclear attacks, types of, 7
Nuclear explosions, limits on destructiveness, 15-17
Nuclear weapons, accuracy and targets, 7
"Nuclear winter" theory, 17-19

Occupancy field tests of expedient shelters, ;;;1, 52,117-119
Occupancy field tests of permanent shelters, 52, 53, 66, 106
Overkill, 16, 17
Oxygen, lack of, 61

Paralysis, emotional, 20, 21
Pellagra, 86
PF (protection factor), 14,29,42; 134
Picocurie, 154
Plutonium, 43
Poles and logs, cutting and dragging, 157, 158'
Popcorning effect, skin burns, 44, 45
Population relocation (crisis evacuation), 6, 31
Potassium iodide (KI)

doses for thyroid protection during and after nuclear war,
113,114,116,

doses for thyroid protection during and after peacetime
nuclear accidents, 111-113, 116

expedient ways to prepare and take, 115, 116
FDA official patient information, 112, 113
prophylactic use for protection against Trans-Pacific

fallout, 152, 153
ways to obtain, 114

Protection factor (PF), 14,29,42, 134
"Protection in the Nuclear Age", 45, 57
psi (pounds per square inch), 15
Psychology ofSurvival, 20, 21
Public shelters, 47, 48
Pump, Double-Action Piston, instructions for making and

ventilating shelters with, 261-270
Punkah (fan), 50

R (roentgen), 94,110
Rad,ll0
Radiation doses

delayed effects, 13
genetic injuries from, 16
lethal, 13, 94
lifetime risks from, 110, 111
non-incapacitating, 13
whole-body, 13

Radiation meters for measuring fallout
commercially available models, 96
critical need for, 94
KFM (expedient), see KFM
maintenance and calibration of factory made meters, 97
war reserves, 95
warnings to buyers, 95

Radiation sickness, 110, 111
Radiation world wide effects, 110
Radioactive decay, 12
Radios, how to keep operating, 26
Rain-outs (of fallout particles), 29, 55
Rainwear, 129
Rem, 110
Respiratory diseases, control of, 107

Risk areas, high, highest, 29-31
Roentgen (R), 94, 110
Runways, long, targeted, 24
Russian civil defense, 6, 7, 18,56,57,65

Salt requirements, 53, 66, 83-86
Sanitation in shelters, expedient

disposal of corpses, 105
disposal of excrement and urine, 104, 105
disposal of vomit, 105
food, 105, 106
insect control, 104, 106, 141
personal possessions, 106

Scavenging of fallout particles, 55
Screens, insect, 44, 106, 141
Scurvy, 84, 85
SDI (Strategic Defense Initiative), 5
Seeds to store, 92, 93
Shelter Survey, National (I\1SS), 47
Shelter types, advantages and disadvantages of, 47-49
Shelters

as post-attack homes, 273-276
needs often overlooked, 150
practice living in, 150

Shelters, blast, expedient, 7, 49
construction principles, 245-255
doors, 252-255
entryways, 242-252
increasing importance of, 243
tests of, 244-246, 248
ventilation, 255

Shelters, blast, permanent, 7, 49
Shelters, fallout, against beta and alpha radiation (particles),

43,44
Shelters, fallout, expedient, 7

basement, 45, 46 ,
building experiments, 36-42
building instructions, general, 155-159
Car-Over-Trench, 54
earth-covered (shielded), 35, 36, 47-49, 65
instructions, detailed, for six types, see Contents page
snow-covered (shielded). 48, 158

Shelters, fallout, official civil defense (FEMA) instructions,
45

Shelters, fallout, permanent, 7
Shelters, fallout, permanent family, 134-150
Shelters, fallout, public, 47, 48
Shielding -

barrier, 39
geometry, 39, 40

Shielding materials, halving thicknesses, 13, 14
Shock wave (blast wave), 44
Sievert (Sv) (dose equivalent), 96
Skin diseases, prevention of, 106, 107
Skyshine, 39, 41
SLBM, targets of and arrival times, 23-25, 31
Snow for shielding, 158
Snow-outs (of fallout), 55
Soviet nuclear strategy, 27
Star Wars, 5
Stove, expedient, for cooking and heating, 79-82
Strategic Defense Initiative (SDI), 5
Strontium, radioactive, 76
Submarine launched ballistic missiles (SLBMs), and targets

of, 23-25, 31
Surface burst, 11
Survey meters (dose rate meters), 12,94,96,97
Surviving without doctors (self-help), 108-116
Sv (Sievert) (dose equivalent), 96
Swiss civil defense budget, 6

Tactical warning, 22, 24
Targets, probable, 16,29,31
Television and EMP, 23, 24
Temperature, effective, 52
Terror, 20
Thermal (heat) radiation from fireball

ignitions by, 14,61-63 '
other effects, 44
protective measures, 61-63



Thirst. 66
Three Mile Island accident. 152
Thumb-test for stable earth. 155
Thyroid abnormalities. damage to

Marshall Islanders. 111
by other exposures to radioactive iodine. 111. 152

Thyroid abnormalities. prevention of
by means other than prophylactic potassium iodide. 115.

116
by prophylactic potassium iodide. see Potassium iodide

Toilets. expedient. 103. 104
Toxins. bacterial, 75
Transistors; EMP damage. 26
Tree felling. 157
Trench digging. 156
Tunnel shelters at Nagasaki. 15

Ultraviolet. post-attack. exaggerations of dangers. 17
Urination and water. minimum needs. 66

Ventilation. shelter. safe times for stopping. 272
Ventilation/cooling of shelters

cold weather. 53
cooling before occupying. 54
filtered air. 54
forced. by expedient air pumps. seeRAP. alsoseeDirectional

Fanning. also see Appendix E
hot weather. 52. 53
inhalation dangers. 54. 55
natural. 53
need for shelter air pumps. 193. 194
requirements. 50-53. 56
through multi-purpose exit housing. 273. 274
warnings re official instructions. 56-58
without filters. 54

Vitamins. expedient ways to provide
niacin. 86. 87
vitamin A. 86
vitamin C. 84-86
vitamin D. 86

Vomiting. 104

Warnings of attack. 22-25
given by the attack itself. 23-25
how to respond to. 25
NAWAS. 22. 23

. types of. 22
Water. 66-74

bags. expedient. for carrying and storing. 66-66
bail-can for wells. 71
disinfecting

boiling. 70
chlorine bleach. 69. 70
tincture of iodine. 2%. 70

filtering. including removal of radioactivity. 71-74
minimum needs. 66
permanent shelter. supplies for. 145. 146
requirements. 66
salt needs with. 66
siphoning. 69. 70
sources. 71
storage pits. 66
storing for years. 145
storing in expedient containers. 67-69

Weathering effects. reducing fallout hazards. 13
Windows. dangers from shattered glass. 24. 25

X rays. 12..13




