Appendix B

How to Make and Use a Homemade
Shelter-Ventilating Pump, the KAP

I. THE NEED FOR SHELTER AIR PUMPS

In warm weather, large volumes of outside air
MUST be pumped through most fallout or blast
shelters if they are crowded and occupied fora day or
more. Otherwise, the shelter occupants’ body heat
and water vapor will raise the temperature-humidity
conditions to DANGEROUSLY high levels. If
adequate volumes of outdoor air are pumped
through typical belowground shelters in hot weather,
many times the number of persons could survive the
heat than otherwise could survive in these same
shelters without adequate forced ventilation. Even in
cold weather, about 3 cubic feet per minute (3 cfm) of
outdoor air usually should be pumped through
shelters, primarily to keep the carbon dioxide
exhaled by shelter occupants from rising to harmful
concentrations.

The KAP (Kearny Air Pump) is a practical, do-
it-yourself device for pumping adequate volumes of
cooling air through shelters—with minimum work.
The following instructions have been improved
repeatedly after being used by dozens of small groups
to build KAPs—including families, pairs of house-
wives, and children. None of these inexpert builders
had previously heard of this kind of pump, yet almost
all groups succeeded in making one in less than 4
hours after assembling the materials. Their successes
prove that almost anyone, if given these detailed and
thoroughly tested instructions, can build a ser-
viceable, large-volume air pump of this simple type,
using only materials and tools found in most
American homes.

If possible, build a KAP large enough to pump
through your shelter at least 40 cubic feet per minute

(40 cfm) of outdoor air for each shelter occupant. If
40 cfm of outdoor air is pumped through a shelter
and distributed within it as specified below, even
under heat-wave conditions the effective temperature
of the shelter air will not be more than 2°F higher
than the effective temperature outdoors. (The
effective temperature is a measure of air’s effects on
people due to its heat, humidity, and velocity.) The
36-inch-high by 29-inch-wide K AP described in these
instructions, if used as specified, will pump at least
1000 cfm of outside air through a shelter that has the
airflow characteristics outlined in these instructions.

If more than 25 persons might be expected to
occupy a shelter during hot weather, then it is
advisable to build a larger KAP. The 72-inch-high by
29-inch-wide model described can pump between
4000 and 5000 cfm.

To maintain tolerable temperature-humidity
conditions for people in your shelter during hot
weather, you must:

®  Pump enough outdoor air all the way through
the shelter (40 cfm for each occupant in very hot,
humid weather).

®  Distribute the air evenly within the shelter. If the
KAP that pumps air through the shelter does not
create air movement that can be felt in all parts of the
shelter in hot weather, one or more additional KAPs
will be needed to circulate the air and gently fan the
occupants.

®  FEncourage the shelter occupants to wear as little
clothing as practical when they are hot. (Sweat
evaporates and cools best on bare skin.)
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®  Supply the occupants with adequate water and
salt. For prolonged shelter occupancy under heat-
wave conditions in a hot part of the country, about 4
quarts of drinking water and '/3 ounce (1 tablespoon)
of salt per person are required every 24 hours,
including salt in food that is eaten. Normal American
meals supply about /s ounce of salt daily. Salt taken
in addition to that in food should be dissolved in the
drinking water.

®  Pump outdoor air through your shelter day and
night in warm weather, so that both the occupants
and the shelter are cooled off at night.

Almost all of the danger from fallout is caused
by radiation from visible fallout particles of heavy,
sand-like material. The air does not become
radioactive due to the radiation continuously given
off by fallout particles.

The visible fallout particles rapidly “fall out” of
slow moving air. The air that a KAP pumps through
a shelter moves at a low speed and could carry into
the shelter only a very small fraction of the fallout
particles that cause the radiation hazard outside. This
fraction, usually not dangerous, can be further
reduced if occupants take the simple precautions
described in these instructions.

CAUTION

Before anyone starts to build this unusual type
of air pump, ALL WORKERS SHOULD READ
THESE INSTRUCTIONS AT LEAST UP TO
SECTION V, INSTALLATION. Otherwise, mis-
takes may be made and work may be divided
inefficiently.

When getting ready to build this pump, all
workers should spend the first half-hour studying
these instructions and getting organized. Then, after
materials are assembled, two inexperienced persons
working together should be able to complete the 3-
foot model described in the following pages in less
than 4 hours. To speed up completion, divide the
work; for example, one person can start making the
flaps while another begins work on the pump frame.

II. HOW A KAP WORKS

As can be seen in Figs. 1 and 2, a KAP operates
by being swung like a pendulum. It is hinged at the
top of its swinging frame. When this air pump is
pulled by a cord as illustrated, its flaps are closed by
air pressure and it pushes air in front of it and “sucks”
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Fig. 1. Section through the upper part of a
doorway, showing operation of a KAP.
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Fig. 2. KAP indoorway (with flaps open during
its return stroke).

air in back of it. Thus a KAP pumps air through the
opening in which it swings. This is the power stroke.
During its power stroke, the pump’s flaps are closed
against its flap-stop wires or strings, which are
fastened across the face of the frame.

When a KAP swings freely back as a pendulum
on its return stroke, all its flaps are opened by air
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pressure. The pumped air stream continues to flowin

the direction in which it has been accelerated h\/ the
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power stroke, while the pump itself swings in the
npngc1fp direction (see Fio. 2). Thus the flane are
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one-way valves that operate to force air to flow in one
direction, where desired.

The KAP can be used: (1) to supply outdoor air
to a shelter, (2) to distribute air within a shelter,
and/or to fan the occupants.

1. To force outdoor air through a shelter, an air-
supply KAP usually is operated as an air-intake
pump by pulling it with a cord (see Fig. 1). (Only
rarely is it necessary to operate a KAP as an air-
exhaust pump by pushing it with a pole, as described
in the last section of these instructions.)

2. To distribute air within a shelter and/or to
fan the occupants, air-distribution K APs may be

hung overhead and operated as described later.

II1. INSTRUCTIONS FOR BUILDING A KAP

In this section, instructions are given for making
a KAP 36 inches high and 29 inches wide, to operate
efficiently when swinging in a typical home basement
doorway 30 inches wide. If your doorway or other
ventilation opening is narrower or wider than 30
inches, you should make your KAP | inch narrower
than the narrowest opening in which you plan to
install it. Regardless of the size of the KAP you plan
to build, first study the instructions for making the

36 X 29-inch model.

In Section VII you willfind brief instructions for
making a narrower and even simpler KAP, one more
suitable for the narrow openings of small trench
shelters and other small expedient shelters. Section
VIII covers large KAPs, for large shelters.

A. Materials Needed for a KAP
36 inches High by 29 inches Wide

The preferred material is listed as first (1st)
choice, and the less-preferred materials are listed as
(2nd), (3rd), and (4th) choices. It is best to assemble,
spread out, and check all your materials before
beginning to build.

1. The pump frame and its fixed support:

® Boards for the frame:

(Ist) 22 ft of 1 X 2-in. boards. (A nominal
I X 2-in. board actually measures about
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Y% X 1-Y4 in., but the usual, nominal dimen-
sions will he given throughout these instruc-
tions,) Also, 6 ft of 1 X 1-in. boards. Soft wood
is better.

(2nd) Boards of the same length that have
approximately the same dimensionsas 1 X 2-
in, and 1 X l-in. lumber.

(3rd) Straight sticks or metal strips that
can be cutand fitted to make a flat-faced KAP
frame.

®  Hinges: (1st) Door or cabinet butt-hinges; (2nd)
metal strap-hinges; (3rd) improvised hinges made of
leather, woven straps, cords, or 4 eyescrews which
can be joined to make 2 hinges. (Screws are best for
attaching hinges. If nails are used, they should go
through the board and their ends should be bent over
and clinched-—flattened against the surface of the
board.)

® A board for the fixed horizontal support: (1st) A
1 X 4-in. board that is at least 1 ft longer than the
width of the opening in which you plan to swing your
pump; (2nd) A wider board.

® Small nails (at least 24): (Ist) No. 6 box nails,
about ', in. longer than the thickness of the two
boards, so their pointed ends can be bent over and
clinched); (2nd) other small nails.

2. The flaps (See Figs. 1, 2, 6, 7, and 8):

®  Plastic film or other very light, flexible materi-
al—12 square feet in pieces that can be cut into 9
rectangular strips, each 30 X 5/, in.: (1st) polyeth-
ylene film 3 or 4 mils thick (3 or 4 one-thousandths of
an inch); (2nd) 2-mil polyethylene from large trash

bags; (3rd) tough paper.

®  Pressure-sensitive waterproof tape, enough to
make 30 ft of tape */4 in. to 1 in. wide, for securing the
hem-tunnels of the flaps: (1st) cloth duct tape (silver
tape); (2nd) glass tape; (3rd) scotch tape; (4th) freezer
or masking tape, or sew the hem tunnels. (Do not use
a tape that stretches: it may shrink afterward and
cause the flaps to wrinkle.)

3. The flap pivot-wires:

(1st) 30 ft of smooth wire at least as heavy and
springy as coat hanger wire, that can be made into
very straight pieces each 29 in. long (nine all-wire
coat hangers will supply enough); (2nd) 35 ft of
somewhat thinner wire, including light, flexible
insulated wire; (3rd) 35 ft of smooth string, preferably
nylon string about the diameter of coat hanger wire.
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4. The pull cord:

(1st) At least 10 ft of cord; (2nd) strong string;
(3rd) flexible, light wire.

5. The flap-stops:

®  (Ist) 150 ft of light string; (2nd) 150 ft of light,
smooth wire; (3rd) 150 ft of very strong thread; (4th)
600 ft of ordinary thread, to provide 4 threads for
each stop-flap.

® (Ist) 90 tacks (not thumbtacks); (2nd) 90 small
nails. (Tacks or nails are desirable but not essential,
since the flap-stops can be tied to the frame.)

B. Tools

A hammer, saw, wirecutter pliers, screwdriver,
scissors, knife, yardstick, and pencil are desirable.
However, only a strong, sharp knife is essential for
making some models.

C. Building a KAP 36 inches High by 29 inches Wide

A 36X29-in. KAP is most effective if operated in
an air-intake or exhaust opening about 40 in. high
and 30 in. wide. (If your shelter might have more than
25 occupants in hot weather, read all these
instructions so ‘you will understand how to build a
larger pump, briefly described in Section VIIL)

NOTE THAT THE WIDTHS AND THICK-
NESSES OF ALL FRAME PIECES ARE EXAG-
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a. Cut two pieces of 1 X 2-in. boards, each 36in.
long, and two pieces of 1 X 2-in. boards, each 29 in.
long; then nail them together(see Fig. 3). Use nails
that do not split the wood, preferably long enoughto
go through the boards and stick out about '/> in. on
the other side. (To nail in this manner, first put blocks
under the frame so that the nail points will not strike
the floor.) Bend over nail points which go through.

Next, cut and nail to the frame a piece of 1 X 1-in.
lumber 36 in. long, for a center vertical brace. (If you
lack time to make or to find a 1 X 1-in. board, usea
1 X 2-in. board.) Figure 3 shows the back side of the
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(the opposite) side.
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Fig. 3. KAP frame (looking at the back side of
the frame).

b. To make the front side smooth and flat so
that the flaps will close tightly, fill in the spaces as
follows: Cut two pieces of 1 X 2-in. boards long
enough to fillin the spaces on top of the 36-in. sides of
the frame between the top and bottom horizontal
boards, and nail these filler boards in place. Do the
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of that used for the center brace) as a filler board for
the center brace (see Fig. 4).

If the frame is made of only one thickness of
board /4 in. to 1 in. thick, it will not be sufficiently
heavy to swing back far enough on its free-swinging
return stroke.
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2. The hinges

Ordinary door butt-hinges are
best. So that the pump can swing
past the horizontal position, the
hinges should be screwed onto the
front of the frame, atits top, in the
positions shown in Fig. 4. (Pick

screw mnto the nail hole.

<

i
one of the 29-in. boards and call it : I%
the top.) If you do not havea drill | %~
for drilling a screw hole, you can ' 'rﬂf
make a hole by driving a nail and l :?5
then pulling it out. Screw the NE
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3. The pivot-wires and flaps

a. Make 9 flap pivot-wires. If you have smooth,
straight wire as springy and thick as coat hanger wire,
use it to make nine 29-in.-long straight lengths of
wire. If not, use wire from all-wire coat hangers or use
strings. First, cut off all of the hook portion of each
coat hanger, including the twisted part. If you have
only ordinary pliers, use the cutter to “bite” the wire
all around; it will break at this point if bent there.
Next, straighten each wire carefully. Straighten all
the bends so that each wire is straight within '/sin., as
compared to a straight line. Proper straightening
takes | to 5 minutes per wire. To straighten,
repeatedly grasp the bent part of the wire with pliers
in slightly different spots, each time bending the wire
a little with your other hand. Then cut each wire to a
29-in. length. Finally, bend no more than ', in. of
each end at a right angle and in the same plane—that
is, in directions so that all parts of the bent wire will
lie flat against a smooth surface. The bent ends are for
secure attachment later (see Fig. 8).

b. Make 9 polyethylene flaps that will be the
hinged valves of the KAP. First cut 9 strips,
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Fig. 4. Completing the frame.

making each strip 30 in. long by 5'»-in. wide (see
Fig. 5). To cut plastic flaps quickly and accurately,
cut a long strip of plastic 30 in. wide. Then cut off a
flap in this way: (1) draw a cutting guideline on a
wide board 5'/; in. from an edge; (2) place the
30-in.-wide plastic strip so that it lies on this board,
with one of the strip’s side edges just reaching the
edge of the board; (3) place a second board over

ORNL DWG 71-70044

SECURE END OF TAPE

TO BACK SIDE



170

the plastic on the first board, with a straight edge
of this second upper board over the guideline on
the lower board; and finally (4) cut off a flap by
running a sharp knife along the straight edge of the
upper board.

To form a hem along one of the 30-in. sides of
a 5'/2 X 30-in. rectangular strip, fold in a l-in. hem.
This makes the finished flap 4'/, in. wide.

To hold the folded hem while taping it, paper
clips or another pair of hands are helpful. For each
hem, use two pieces of pressure-sensitive tape, each
about 1 in. wide and 16 in. long. Or make the hem
by sewing it very close to the cut edge to form a
hem-tunnel (see Fig. 5).

After the hem has been made, cut a notch with
scissors in each hemmed corner of the flap (Figs. 6
and 8). Avoid cutting the tape holding the hem.
Each notch should extend downward about '/ in.
and should extend horizontally from the outer edge
of the flap to 4 in. inside the inner side of the
frame, when the flap is positioned on the frames as
shown in Fig. 6.
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Fig. 6. Sizes of notches in flaps.

Also cut a notch in the center of the flap
(along the hem line) extending '/, in. downward
and extending horizontally '/, in. beyond each of
the two sides of the vertical brace (see Fig. 6). The
notch MUST be wider than the brace. [However, if
you are building a pump using wire netting for
flap-stops (see Fig. 13), then do NOT cut a notch in
the center of each flap.] :

c. Take the 9 pieces of straightened wire and
insert one of them into and through the hem-tunnel

of each flap, like a curtain rod running through the
hem of a curtain. Check to see that each flap
swings freely on its pivot-wire, as illustrated by Fig.
7. Also see Fig. 8.
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Fig. 7. End view.
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