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PREFACE

This textbnok presents thz engineering aspects of
habitability considerations for fallout shelters. It
has been distributed by the Architectural and Engineering
Development Division, Technical Services Directorate,
Office of Civil Defease, in the interest of providing

to the engineering and architectural professions
additional depth of techmical coverage in the field of
environmental engineering.

This volume confines itself to basic theories and
techniques of environmental control, considerations
related to fallout shelters. It is intended for use
by practicing professionals enrolled as students in
formal graduate level university courses under the
direction of professors well versed in the methods and
technology of shelter design.

The text is not intended to be used as the source of
detailed background information on nuclear physics,
weapons effects, or gamma radiation shielding. rrent
reference materials available to the practicing pro-
fessionals on these subjects are the ZIFFECTS OF NUCLEAR
WEAPONS (ENW) and TR-20 (Vol. 1), Fallcout Radiation
Shielding. Familiarity with the subject matters contained
therein is recommended in the use of this book.

This text was prepared for the Cffice of Civil Defense
under contract with the Architectural and Engineering
Development Center, Department of Mechanical Engineering,
University of Florida, Gainesville, Florida, J. A. famuel,
AEDC Director.

Acknowledgment for assistance and contributions is given
to the following:

Prefessor F. M. Flanigan, University of Florida
Professor C. A. Morrison, University of Florida
Mr. F. C. Allen, Stanford Research Institute
Mr. W. F. Spiegel, Consulting Engineer

Mr. D. A. Bettge, Office of Civil Defense
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CHAPTER [

INTRODUCTION

The civil defense program of the United States is
oriented towavd the development of a nationwide system
of fallout shelters. These shelters, in addition to
providing at least minimum protection against radio-
active fallout, must be capable of sustaining a habit~
able environment in which the occupants can survive.

This textbook attempts to summarize in one volume the
information which is presently available concerning
the problems involved in maintaining the chemical and
thermal environment within tolerable limits and pre~
sents methods of approach to the sclution of some of
those problems. It is intended for use of practicing
professional architects and engineers enrolled as
students in one of the graduate level courses sponsored
by the Office of Civil Defense and presented under the
direction of qualified experienced instructors. Every
effort has been made to present the material in a form
readily understood by the practicing architect and
engineer and the necessity for the use of high-level
mathematics has been reduced as much as possible.

It is desirable that persons using this text have a
working knowledge of nuclear physics and weapons effect
but no discussion of these subjects has been included.
The most comprehensive work available on these subjects
is THE EFFECTS OF NUCLEAR WEAPONS (3)* which is recom-
mended as a collateral text. A basic understanding of
fallout shielding techniques would also be helpful but
is not essential to an understanding of the text mater-
ial. Courses in Fallout Shielding Analysis cre presen-
ted at frequent intervals in most areas of the United
States.

*Numbers in parentheses refer to references list at
the end of the book.
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PSYCHROMETRICS

In order to contrcl the thermal environment of a fall-
out shelter, or any other habitable space, it is nec-
essary to supply air in the proper amount and at the
proper conditions to accomplish the desired result,
Normal atmospheric air is a mixture of several gases,
principally nitrogen and oxygen with traces of other
gases, and water vapor, It woula be well, therefore,
to review some of the properties of mixtures of air
and water vapor and some of the processes ianvolving
such mixtures.

The mixture of air and water vapor is referred to as
"moist air."” If there is no water vapor in the air

it is "dry air." The water vapor in moist air is
steam, usually in a superheated state, and its proper-
ties can be determined from tables of properties of
steam, for the conditions of pressure and temperature
which exist.

The mixture will follow, very closely, Dalton's law of
Partial Pressures, which states that the total pressure
exerted by a mixture of gases is the sum of the pres-
sures which each component would exert if it occupied
alone the volume of the mixture at the temperature of
the mixture, Thus, for moist air:

Ppb = P, + P, (Eq. 2.1)
Where Pp = the total pressure of the mixture
P, = the partial pressure of the dry air
Py, = the partial pressure of the water vapor

Strictly speaking, Dalton's Law is valid only for
ideal gases. Howevexr, the partial pressure of steam
in moist air is normally only a fraction of a pouad
per square inch, When the pressure is less than about
1 psia, the ideal gas laws yield reascnably good re-
sults for steam, For air at atmospheric pressures,
the ideal gas laws will yield results which are accu-
rate to within one percent or less.




DEW POINT

In atvmospheric 2ir the water vapor is present normali;
as superheated steam shown as state 1 on the tempera-
ture - antropy (Ts) diagram of Figure 2,1. At this
point the pressure is P, the partial pressure ¢f thke
vapor, and the temperature is t,, the temperature of
the moist air, If the mixture is cocled so that the
pressure rcmains constant, the temperature will ide-
crease until it reaches point ¢, At this point the
vapor is saturated and the mixture is commonly referred
to as "saturated air,”" whereas it is really only the
water vapor which is saturated.

The temperature at this point is referred to as the
"dew point of the air" but note that it is actually
the saturation temperature of the vapor for the par-
tial pressure, Py. Obviously any further cooling will
result in condensation of some of the water vapor.,

FIGURE 2.1

2-2




When some ¢f the water vapor condenses, the remaining
vapor will be saturated, but at a lower temperature,
and the partial pressure will be reduced, for example
to point b in Figure 2.1.

RELATIVE HUMIDITY

I1f the water vapor is considered to be an ideal gas, the
relative humidity, &, may be defined as the ratio of the
partial pressure of the vapor as it exists in the mixture,
Py, to the saturation pressure of the vapor at the same
temperature, Pg.

g = fﬂ (Egq. 2.2)

S

R~

Referring again to Figure 2.1, it can be seen that the
relative humidity is:

W2
6 =11

P

Q.

Still considering the water vapor to follow approximately
the ideal gas laws, then:

PV = RT; PV, = RT; PgVg = RT

6=Py=-rrVs -Vs =0uw (Eq. 2.3)
>, V,RT V, Us
Where P = partial pressure in psfa
V = specific volume, cu ft/lb
R = specific gas constant, ft 1b/1b-°R
T = temperature, degrees Rankine (OF + 460)
¢ = density, 1b/cu ft

HUMIDITY RATIO

The numidity ratio, W, of the air-water vapor mixture
is the mass of water vapor, m,, per pound of dry-air,
mao
W ="y (Eq. 2.4)

Ma

Again applying the ideal gas relationsh:p gives:

my, = PyV Pyviy m, = PyV Py VM,
R,T “XT R,T ): 53
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HUMIDITY RATIO (continued)

Where:
my = mass of water vapor, 1b
V = yolume of water vapor and dry air, cu ft
R, = specific gas constant for vapor, 85.8 ft-
1b/1b-CR
My = molecular weight of water vapor, 18,016
1b/wol
R = universal gas constant, 1545 ft-1b/mcl-OR
my, = mass of dry air, 1b
R, = specific gas constant for air, 53.3 ft-
1b/1b-°R
M; = molecular weight of air, 28,97 ib/mol
Now:

W =my = PV/R,T _ PR, _ MP, _ 18,016 P
Ta PaV/RaT TDPaRy Maba 28,97 Py

W = 0,622 ‘u (Ee. 2.5)
Py
By solving equacions 2.2 and 2.5 for Py and equating
them it can be shown that:

g = WP,
0.622 P

s
EXAMPLE 2.1: 1000 cu ft of moist air are at 14.7 psia,

(Eq., 2.6)

80CF and 70 percent relative humidity. Calculate the
humidity ratio, dew point, mass of air, and mass of
vapor,

SOLUTION: From the steam zables at 80CF

Pg = 0,5069 psia
g = 0,70 = 23
Ps
p, = {0,70) (0.5069) = 0,3548 psia

The dew point is the saturation temperature correspond-
ing to this pressure. From the steam tables this is
69,4°F, The vartial pressure of the air is:

Pp = P~ Pw = 14,70 - 0,3548 = 14,3452
psia

2-4
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EXAMPLE 2,1 (continued)

The humidity ratic is:

¥ = 0,622 "w = 0.622 0,3548 = 0,0154 1b vapor
Py 14,3452 1b dry air

The mass of dry air is:

mg = PaV = (14.3452) (144) {1000) = 71.8 1b
RaT (53.3)  (540)

The mass of vapor can be found by the equation cf state
or by the humidity ratio:

my = Pa’ = (0.3548; (144) (1000} = 1,105 1b

Ryl (85.7)  (540)
m, = Wm, = (0,0154) (71.8) = 1.105 1b

DRY-BULB AND WET-BULB TEMPERATURE

The relative humidity of moist air can be determined
by measuring the dry~bulb and wet-bulb temperaturses,
The dry-bulb temperature is the actual temperature of
the air measured with a thermometer whose bulb is dry,
The wet-bulb temperature is measured with a thermometer
whose bulb is covered with a wet wick, usually made of
cotton, If this thermometer is moved thrcugh the air,
in a sling psychrometer for example, or if air is al-
lowed to pass over it, some of the water in the wick
will evaporate, assuming the air is not already satu-
rated, The evaporation will cool the thermometer bulb
causing a lower temperature reading.

The rate of evaporation depends, among other things,

on the amount of moisture already in the air, 1If the
air is saturated, none of the water in the wick will
evaporate and the wet-bulb temperature will be the
same as the dry-bulb temperature, The less moisture
there is in the air, the greater will be the evapora-
tion from the wick, and the more the wet-bulb tempesa-
ture will be lowered, The difference between the dry-
bulb and wet-bulb temperatures is the "wet-bulb depres-
sion,"

The wet-bulb temperature is ianfluenced by heat and mass

2-.5
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transfer rates and is therefors not the same as tis
"thermodynamic wet-bulb temperature,” which is the
temperature at which water, by evaporating into =oist
air, can bring the air to saturaticn adiasbtatically
{without transfer of heat) at the same temperature,
However they are approximately equal! for air-water
vapor mixtures at atmospheric pressure and tewpera-
ture, This is not true for pressures and temperatures

that deviate significarntly from ordinary aitmcospheric
conditions.

THE PSYCHROMETRIC CHART

With the wet~bulpo and dry-bulb temperatures given, the
relative humidity, humidity ratio and other properties
can be determined most conveniently from a psychrome~
tric chart, on which the properties of air-water vapor
mixtures are presented in graphical form, These are
available in many different forms but the one to be
used here is the ASHRAE chart No. 1, developed by the
American Society of Heating, Refrigerating and Air-
Conditioning Engineers, as shown in Figure 2,2,

This chart uses ths coordinates of enthalpy and hu-~
midity ratio, with the humidity ratio lines being
horizonta: an? enthalpy lines at an oblique angle.

A dry-bulb te.._eruture scale is shown as the abcissa;
however, the dry-bulb temperature lines are not exact-
ly parallel to each other and are inclined slightly
from the vertical. The thermodynamic wet-bulb temper-
ature lines are also oblique, almost, but not exactly,
parallel to the enthalpy lines. These lines are
straight but not precisely parallel to each octher.
Relative humidity iines are shown at intervals of 10
percent, curving from the lcwer left to the upper
right., The saturation line is the curve for 100 per-
cent relative humidity. Oblique lines, again not ex-
actly parallel, are shown for volumes at intervals of
0,5 cu ft per 1lb of dry air., All values on the chart
are on a "per 1b of dry air" basis. Also shown, at

the upper left, is a protractor, whose use will be
explained later.

Note that the chart is applicable for a barometric
pressure of 29,921 inches of mercury (14.696 psia).

The use of this chart is most coanveniently explained
by resolving Example 2.1, using the chart,

2-6
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Tae eathalpy of air at 0°F isotaken as zero, Therafore
the change in enthalpy from O F to t iz:

r - ho = cp(t - 0)

h = ct = 0.24¢t (Bg. 2.8)

The i1atent neat is the heat required toc change the
pbase of z substance, In the case of moist air it is
the heat required to vaporize the water, Once the
vaporization is accomplished this energy is stcered in
the vapor and, on condensing, the energy is given up
25 heat trznsferred to the surroundings. The latent
heat changes the phase of the water but does not change
the temperature, since vaporization and coadensation
ocerr at constant temperzture when the pressure is
coastant,

Xciice that the sensible heat depends on the dry-bulb
temperature and the latent beat depends on the dew
point temperature,

The values cf enthalpy, as given om the psychrometric
chart, are the enthalpy of the mixture of dry air and
water vapor, per 1b of dry air.

Thus:
L = h, + Why (Eq. 2.9)
Whe,se:
b = erthdalpy of the mixture, Btu/1lb of dry
air
h, = -enthalpy of the dry air, Btu/lb dry air
hy = enthalpy of the vapor, Btu/lb vapor

The value of hy can be determined from Equation 2,8,
The value of hy can be determined from:

by = 0.444 t + 1061 (Eq. 2.10)

whers t is the dry-~bulb temperature

2-9
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HEATING MOIST AIR

During the process of adding heat to moist air the
humidity ratio does not change so the process can be
represented by a horizontail line on the psychrometric
chart. The bheat which musti be added is:

EXAMPLE 2,2: Heat is added to moist air at 609F and
55% relative humidity until the temperature is 90°F,
Determine the rate at which hsat must be added for a
flow rate of 2000 cfm,

SOLUTION: The process is shown on the skeleton psy-

chrometric chart of Figure 2,3, From the chart at
state 1 read the enthalpy of 21,1 Btu/lb dry air.
Moving horizontally tc the right, locate the final
state at 90°F am the same bhumidity ratio of 0,006 1b
vapor/lb dry air, At this point read the enthalpy,
28.4 Btu/1lb dry air,

From the chart the volume is estimated at 13.45 cu ft/
ib dry air. The mass rate of flow is:

m = 2000 cu £t/min = 149 1b dry air/
13.45 ¢u £t/1b dry air min
Then: Q@ = 149(28.4 -~ 21,1) = 1088 Btu/min

Note that, during this process, the relative humidity
decreased from 55% to 20% although there has been no
change in the humidity ratio,

COOLING MOIST AIR

The process of cooling moist air is exactly the re-
verse of heating, provided the air is not cooled be-
low its original dew point. If, however, it is cooled
below the dew point, some of the vapor will condense
and the humidity ratio will change, Obviously the
partial pressure of the vapor will decrease as will the
dew point, The vapor which does not condense will be
saturated at the new dew point temperature,

An energy balance for this process would be:

mhy = mhy + 1% + mb (B 2.12)

2-10
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COOLING MOIST AIR (continued)

Where:
w, = mass of dry air, 1b
h1 = initial enthaipy of the mixture, Btu/lb
* dry air

h2 = final enthalpy of the mixture, Btu/l1b
dry air

1Q2 = heat transferred during the process

m, = water vapor condensed to liquid, m,
(W, - W2), 1lb water

hw2 = Enthalpy of the saturated liquid water

in equilibrium with saturated air at
atmospheric pressure, Btu/lb water

Note that h,, is not the enthalpy of 2 saturated liquid
from the stegm tables, since the pressure is atmospheric
pressure rather than saturation pressure, It is approx-
imately the enthalpy of a sub-cooled liquid at atmos-
pheric pressure and the temperature of the liquid,
Values can be obtained from Table 1, Chapterzi, 1967
ASHRAE Guide and Data Book, or can be approximated

from:

hy = h =+ v(Patm - P)
J
Whece h = enthalpy of saturated water at the temp-

erature of the liquid, Btu/1b

v = specific volume of saturated liquid at
temperature of the liquid, cu £t/1b

p = pressure of saturated liquid at the
temperature of the liquid, psfa
atm = atmospheric pressure psfa
J = 778 £t-1b/Btu

Rearranging Equation 2,12 gives:

1Q2 = ma(hl - hy) - mwhw2

2-11
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COOLING MOIST AIR
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COOLING MOIST AIR {continaed)

1Q2

ma.(hl - hz) - ma (Wl - Wz) hwz

192

I

- - \ - -
ma[(nl h2’ (wl W2) hwz]

(Eq. 2.13)

EXAMPLE 2,3: Moist air at 90°F and 70% relative
humidity is cocled at the rate of 5,060 cfm to a final
temperature of 70°F, Find the heat which must be re-
moved,

SOLUTION: The approximate process is shown on the
skeleton psychrometric chart of Figure 2.4, From the
chart, Figure 2,2, at condition 1, h1 = 45,4 Btu/1b
dry air, W, = 0,0215 1b vapor/lb dry air, and the
volume is 3lightly over 14.3 cu £t/1lb (calculation
trum RT/P, yields 14.32 cu £t/1b).

The dew point is 79°F so the final temperature is
below the initial dew point and Equation 2,13 would

apply.

From the chart at condition 2, h, = 34.2 Btu/lb of
dry air and W9 = 0,0158 1b vapSr/lb dry air, From
Table 1, Chapter 3, 1963 ASHRAE Guide, hw2 = 38,11
Btu/1b water.,

The mass flow rate of dry air is:

ek iy

mg = 5000 = 350 1lb/min
14,3

et aaati g

iy

The heat removed is:

192

Il

350 [(45.5 34,2} - (0,0215 -~

0.0158) 38.11}

0 4020 Btu/min
ADIABATIC MIXING OF TWC STREAMS OF MOIST AIR

: In ventilation and air conditlioning it is often required
~ to mix twe streams of moist air, If the mixing is adi-
abatic the following energy balance will hold true:

myh + 1ob = m,h = (m, + m,)h

(Eq. 2.14)
2-13
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Where
"'r = m g p;{}
x &
Also:
>y = T W = KX - %
mlwl + mzﬁz = mghg {ml 3 mzjwa
(Eq. 2,13)
Rearranging gives:
hg _ hg - My _ Wg . My (g 2.16)
h - h W - W m
3 1 3 1 2

This indicates that the state point of the mixture of
the two streams lies on a straight iine connecting the
two state points of the streams being mixed and divides
the lines into two parts which are in the same ratio

as the masses of dry air in the two streams.

EXAMPLE 2.4: 500 cfm of moist air at 70°F and 45%

relative humidity are mixed adiabaticaiiy with 2000
cfm of moist air at 909F and 80% relative humidity.
Determine the conditior of the resulting mixtire,

SOLUTION: The process is sketched on the skeleton

chart in Figure 2.5, From the chart in Figure 2.2

read point 1:
h = 48.,8; W = (.0247; V1 = 14.4

1 1
b
0.0247

~10.021

0.06V7

FIGURE 2.5
ADIABATIC MIXING OF TWO STREAMS OF MOIST AIR




FIGURE 2.5 (continued)

and at point 2:

hy = 24.5; W2 = 0,007; V2 - 13.5
Then:
m = 2000 = 138.8 1lb dry air
i 14.4
m = 500 = 37 1lb dry air
2 3.5
m3 = ml + mz = 175.8 1lb dry air

The mixture point is:

M - 138.8 = 0,79
o 175.8

or 79% of the distance from 2 to 1, From the psychro-
metric chart, after scaling off this distance, the
condition of the mixture of the two streams is 88°F
dry-bulb, 80,19F wet-bulb, and 78,2°F dew point. The
humidity ratio is 0,021 and the enthalpy is 43.8 Btu/
1b dry air.

An alternate methcd of soluticu would be to solve
Equation 2,14 for h

3 L ]
h, = miby 4 molp
3 ml + mz
h = (138.8) (48.8) + (37) (24.5) =
3 175.8

43,8 Btu/lb dry air
Then enter the chart at this enthalpy to locate the
mixture point on a straight line connecting state 1
and state 2,

ADIABATIC MIXING OF MOIST AIR WITH INJECTED WATER

In many applications it is desired to humidify a
stream of moist air by spraying water or steam into
the air in order to raise the humidity ratio., If
this process takes place adiabatically the energy

2-15
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balance would be:

mahl + mwhw = mah2

The increase in humidity ratio would be determined by:

mawl + mw = maw2

m, = my(Wg - W)
Rearranging and solving for hw yields:

hy = 22 - "1 = an
This indicates that the final state point lies on a
line whose direction is determined by the initial

enthalpy of the injected water and which passes through
the initial state point of the moist air.

Referring now to Figure 2.2, it will be noted that the
protrvactor at the upper ieft has an outer scale of
enthalpy/humidity ratio which, by Equation 2.17, is

equal to h,. Thus the protractor can be used to deter-
mine the s¥ope of the process line, once hw has been
determined.

EXAMPLE 2.5:

It is desired to raise the relative
humidity of moist air from 90°F and 20% relative humid-
ity to 60% relative humidity by injecting water at
759F. What will be the final condition of the air and
how much water must be injected for each 1b of dry air?

SOLUTION: Refer to the psychrometric chart, Figure 2.6,
o1 which the process line is shown from A to B. The
enthalpy of water at 75° is very nearly 43 Btu/1b.
is h_ in Equation 2.17 and is egual to the enthalpy/
humigity ratioco. On the protractor draw a line, E~F
through the initial state, A. The intersection of this
line with the 60% relative humidity line locates the
final state point, B. From the chart, Figure 2.6

determine the final condition, 72.3° dry-bulb, 636 wet
bulb and 56.7° dew point.

This




The bumdity ratio, W;, at point A, is 0,006 and W_ at
point B is 0,0102, 2

Then:

Wo - Wy = 0,0102 - 0,005 = 0,0042 1b water/lb dry
“ air
which must be injected.

EXAMPLE 2.6: Saturated steam at 212°F is sprayed into
moist air at 75° dry-bulb and 55° wet-bulb to raise the
humidity to 75° wet~bulb, Determine the final dry-bulb
temperaturs and the amount of steam to be added.

SOLUTION: The enthalpy of saturated steam at 212°F is
1150,4 Btu/lb, from the steam tables., With this value
of h lay in the line E-G on the protracter of Figure
2.6, Parallel! to E~-G draw a line through the initial
state goint, C. The intersection of this line with
the 75~ wet-bulb line is the final state point. From
the chart read the final dry-bulb temperature at 79°F
at point D, The relative humidity will be increased
from about 27% to about 83%,

The humidity ratio, ¥,, at point C is read as 0,0047
and W2 at point D, is™0,0179,

W

o - W = 0,0179 - 0,0047 = 0,0132 1b steam/1b

dry air

Notice that in Example 2.6 the dry-bulb temperature
increased when steam was sprayed into the air, while
in Example 2,5 the dry-bulb temperature decreasod
when water was sprayed into the air, This is due to
the fact that the water must vaporize and, in doing
so, absorbs its latent heat from the surrounding air,
Thus there is a decrease in the sensible heat and an
increase in the latent heat so that the net increase
in total heat is very small, The steam is already in
the vapor phase and at a temperature well above the
temperature of the air, Consequently the temperature
rises.

ABSORPTION OF HEAT AND MCOISTURE BY MOIST AIR

In air-conditioning calculations the usual problem
is to determine the quantity, and condition, of
moist air which must be supplied to absorb given

2-17




9°'Z JUNDIJ
uoisstwrad 4Aq pe@autxday

BV AN 40 OMNOJ M4 MY (1) FTVHAND

& %

~
..'J»Ih. SN S S S S SN X =~
wy g Y T R 0 < e he e > ™o
el FAL 1 v m M , uM v ) O Q. —_. } A\ ) : R = i
=i I - B R P .Ivntlr e o ekt SO o v 3
”.J, \ & ! B Dy s H . . o -y
T s L S & [ReEn = —r - . T .
WM . ; -
-} Y S RRA W R O B s A et SR SR £\ o, ettt - gy W
. ™ T
hy haw | > = =
- - I3

= ) ._"l! 4o2217, l’u.-; ¥
) 13 ; 77{;2 f > ;
.. . .
‘
2-18

g

-'ﬁl /. llll/ (114

. -3
p i g
i Gurbe s
Pl

/[ .:L[[!II/II; 1/:::1/1[)
MR

L]
-»

'
Psfrit

Bf A
I

@

11752 )ll[';,.'[/l.n/'
. . 4 )

SIN1 *SUTINIONT DNINOILIONOD HIV ONY DHILYNIDINSTY DNuYI™ 4O ALIDOS RYOIINY

€981 1UDAASOD
@ ANDSSIN 4O SIHONI 126 62 JUNSTIve Di¥LIN0NVS

FWNIVEIINZL  TYHYON
1 'ON LHVHO OI¥LIWOUYHIASd 3VHHSY




O S gen v e v o

Z=ounts of energy aand water from a2 givem space,

¥orme:2; the comnditior of the zir lezving the space is
specified,

Energy gaips within tae s;ce may come Iirom energy
transferred across tae boumdar:’=< apd irom scurces
within the space. Those gzies shicn ~re due t0 ensrgy
addition orly. and ot due to additiom 0: ~ater, are
czilea the “"sznsible heat gzia,” W¥ater or mBaie> varor
#3y also be added across the bourndariss of the space
or froz inierpal sources., Each gound of moisture zdds
energy eguzl to its specific epthalpy., For sieady
state conditions, the epnergy balamcs is:

mahy ¥ Qg +Xmghw = m,b

Ny

The moisture mass balance :is:

naﬁl + m, = n ¥
¥here Qg = secnsible heat gain, Btu
Zm;hw = latent beat ga’'n, Btu
Z:m% = net sum of 311 moisture gains, 1b

Rearrangipg gives:

Qs *mehw = m, (hy ~ by) (Eq. 2.18)

Lm_ = m, (Hy - ¥y) (Eq. 2.19)
anpd:

h2 - hl =Qs + mehw (Eg. 2.20)

Wz - Wl Emw

This indicates that, for a given state of air leaving
the space. all possible conditions of the supply air
lie on a straight line drawn, on the psychrometric
chart, through the final state point and that the line
has a direction determined by the vaiue of the right
hand side of Equation 2.20, This line is called the
"conditien line,"

EXAMPLE 2.7: Air is supplied to a space at 60°F dry~

bulb and is to leave at 809F and 50% relative numidity,

2-19




LS UMANTA
[ U C I w
" ) HO ws gl S poyviaday
't [
. ‘ ~
T e d.(lcv- e A '1.-.-\ M{ e Y a B At B 20

wwf :-f: .“ﬂawvi;ﬂ Jt .12«» .:c iﬂu; fr 3“..».1;«’).3. i) stmpe Wa?, L ] -t.!v!nc!« LRI e «.}iu.iﬁ

, = X s ,s ¥ I 3 R SN i
c0y N oo “ <. .:...:;:#9. J— or "

_ f. ¥

[ l'cdal
, ﬁ / u-.\.lll i\:.w;(ifiz ol atand . vr t A it A S
“ A : e b - " - o »
3

v I BRI R MR 7: 353.::

Qv

— ot

e

.Ar w / !

.2
A
A!‘ElﬂH« /
£ v
\\...m‘
v
o
p
L
o
- .n. 1»-."4.711-: - 7!:';‘ - -

AT T
" v'lnh.- .r..l-.ﬂ:ﬂﬁ;t.ﬂv,nl:ﬂ.:

4

5

i

3 I

%

ol

1

4

.’;{
-20

2

« ﬂ.ufﬂd‘ * \.yﬂi ot
o) n.. Y

.zll 9/ L O P/

A;uslal o,}.!) w -.4:1{: - ,v.?Vav

o —0/ / \.
e Av.. L-cu v X
( R . ..VA, \
» 14
¢ l)o.u,/'v ﬂ-..nq ... A -laua:ucll
L N St :- 4

AR a/? -.r.vl' e sivco\ W
Y // tyrese R . e o,

w[lvﬂ»a-wﬂuld-l.; Ael.ﬁwv o ”c - .s.....:x-.f.

u-.ﬂ.l.rv .-:...IJllﬂ..éﬁrhqf.u. .71 ; L

S “ :I.»!.vpv\v .:

3 :4qa0'tv.ll

YV IR RTINS 1)

OuI IR II0ND DRIND (NI DIY ORE DN VE S = O & v

Ca 400" wes

/%/ APNDIEIN 0 SN TR A2 D0 0 Ine Vima dierave
PLIEA L RTL R TR £ LIV

1 'ON JYVHD DWILI3NOYHIASY 3VYYHHSY

DTV VUr ST PRI ERESSE S

[ P YU VP SV VOISR

Lggimee




E
|
E
E
E

tle heat gain is i0,09C Biu per nour and

€ mater vaper are added by tne occupants of
gace, D&rarxzine the *equived condition of the
eiy zir ard the mecessary voluzme raie of flon,

s@

SOLUTIQN: The moisture gaipn frosm Lhe accupants may uo
1aRen &S sztursied vapor =@ 90%Y7 sith an entbalipy of
119G, 44 DieSis, Sreom Eguatiom 2.Z20:

On the protracIor of Figurs 2,7, the directiocn ¢f the
cendition line, 4-3, is established. Then drax C-U
thycugh the finzl sizte point, D, paraliel to 4A-B,
The Ipterseciion of tnis iige zith the IO dry-bulb
tias estzablishes the conditios of tha sugply 2ir,
state poipr €. From ine zbart tae supply air saest be
2t 3%5_3FY asi-buld and 8§17 ralative humidity. The
speciiic volume ic (3.3 cu ft/lb dry air.

T2 enthalipy 2% poipt C is read as hl = 24,1 3Bru/lb
dry zir zud at D it is ﬁz 31,1 Biu,/1b dry zir., The
reguired =235 of air is, frpe Eguation 2.18:

s, = 2s +%% % L 35 000 2 4 (1100.4) = 2057 lo
. 31.1 - 4.3 hr

"
Pt
[ X
]
o

clcse zpproxzimation of the con

ery Ggit
haye been established using the ianer s¢
Cix

ior c
ale of the
Thi

Proiractoy on in® psychromeiric chart. s scale is
tse sensible heat/total heat ratia,tsﬂsﬂﬁﬁc,

Fromx the previcus data thi
GH

N
(d
'8N
o
at
1]

'3

v
A

s = 10,306 = 0,894

— = ZxatrY

AE. 14,406

t 1=

It can e seen that this clivsely approximites the line
A-B esizdiished by the entnalp, n,mtdlt» rac-o,
Under some conditions, when cooliag by ventilation
air, it iz reguired to determ: ne the neceszsary Ilaw
rate of supply air at given coanditions ito maintzin g
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desired condition of the air leaving the space. This
1s 1llustrated by the fcllowing example,

EXAMPLE 2,8: Air is supplied to a space of 70° dry-
bulb and 65° wet-bulb, The dry-bulb temperature of the
a1y leaving is not to exceed 90CF, Sensible heat gains
o tne space amount to 7,000 Btu/hr and the occupants
add 12,7 1b of water vapor per hour, Determine the
wei-buinr temperature of the air leaving and the volume
rale vi flow required,

SOLUTIDN:; The enthalpy of the water vapor is again
taken as 110,44 Btu/lb, By Equation 2,20:

4 = 7600+ 12,7 (1100,44) = 1655
FAS 12,7
or alternately:
A¥§ = 7000 = 0,333
DH 7000+ 12,7 (1100.44)

Either of these may be used to establish the condition
line, A-E, ou the protractor of Figure 2,7, Then
througib the state point of the supply air, F, draw a
line parallel to A-E, The intersection of this line
with the 9¢° dry-bulb line establishes the finmal
condition, ¥rom the chart, read the wet-bulb temper-
ature ot 80,7%F,

From the chart the specific volume of the supply air
is 13.6 cu ft/1lb and the enthalpy is 30.0 Btu/1b, The
enthalpy of the discharge air is 44,3 Btu/lb. The re-
guired mass of air is then:

m, = 21,200 = 24,5 1b/min
60 (44.3 - 30.0)

The required volume rate of flow is:

(24,3 (13.6) = 333 cfm
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2.3

2.5

2.8

PRACTICE FROBLEMS

Moist air is at a dry-bulb temperature of 90OF
and a humidity ratic of 0,014, Determine the
enthalpy of the mixture (1) from the psychro-
metric chart and (2) by the use of equations 2.8,
2.9 and 2,10,

Air is at 85°F dry-bulb and 40% relative humidity,
From the psychromeiric charti determine the dew
point, wet-bulb, humidity ratio, enthalpy and
specific vciume of the moist air.

Air is at 8CCF dry-bulb and 756F wet-buib, From
the psychromstric chart determine the dew point,
relative humidity, humidity xratio, enthalpy and

specific volume,

Air is st 939F dry-buidb and 720F wet-bulb, From
the psychrometric chart determine the dew point,
relative humidity, humidity ratio, =nthalpy and

specific volume,

Air at a dry-oulb temperature of 55°F and a wel-
bulb temperature of 509F is to be heated sensibly
until the temperature is 7597, For an iatuhe air
flow rate of 1500 cfm determine the rate at which
heat must be added.

Air at 90%F dry-bulb and 80% relstive humidity
is passed over a cooling coil which reduces the
temperature to 7EYF. For a chilled air flow rate
of 2000 cfm determine how much heat is removed,

1500 cim of fresh air at 55°F aund 50% relative
humidity js to be tempered with recirculated air
at 90OF dry-bulb and 80°F wet-pulb so that the
dry-bulb temperature of the mixture is 72°F,

How much gir must be recirculated?

A shelter containing 50 persons is ventilated
with fresh air at 770F drvy--bulb and 630F wet-
bulb, The equipment sensible heat gain is 12000
Btu per hour and the occupants add 8,65 1b/br of
water vapor, DBDetermine the rate uf flow of venti-
liation air required¢ to hold the dry-bulb temp~
erature of the exhaust air under 35°F. ¥hat zs
the wet-bulb temperature of the exhaust air?

2-2:
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CHAPTER III

PHYSIOLOGICAL RESPONSE TO THE CHEMICAL ARD THERMAL
ENVIRONMENT

The purpose of a proteciive shelter is to enable
people to survive a threat to their life or well-
being., The threat, for purposes of this discussion,
is the effects of nuclear weapons, specifically
radioactive fallout, It is, however, axiomatic that
people must be able to live in the shelter or, in
other words, the shelter must provide a habitable
envirconment, Unless this condition is met, 1o amount
of shelter is of any use.

In order to survive a nuclear attack, the popuiation
must survive in shelters for varying periods generally
up to two weeks., There is nothing in man's experience
which can be compared tc living under these conditions,
The air raid shelters of World War II protected large
numbers of people, but only for a few hours. They
required almost nothing in the way of facilities or sup-
plies and, since there was no threat of airborne con-
tamination, ventilation was not considered to be a
problem. The crews of submarines must live in closed
environments for long periods of time, but the subma-
rine is a military weapons system in which are provided
all the equipment and facilities necessary to provide
a comfortable environment., Furthermore, a submarine
operates in the ocean, which provides a heat sink of
essentially infinite capacity to aid in the control of
the thermal environment. Space capsules are also
closed systems, but no e: pense has been spared to
create in them a comfortable enviroument. Both sub-
marines and spacecraft are occupied only by thoroughly-
trained, well-conditioned, carefully-selected crews,.

On the other hand, a fallout shelier must be operatea
with an absolute minimum of facilities and equipment
and be occupied by a random cross section of the
civilian population without previous training or con-
ditioning.

The determination of what is an "absolute minimum" of
fecilities and equipment will be based on the human
tclerance limits of heat, cold, humidity, carbon
dioxide And oxygen, The tolerance limits of carboa
dicxide and exygen are the governing factors in the
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control of the chemical environment, The tolerance
for cold, heat and humidity provide the limitations
on control of the thermal environment,

Control of the chemical environment implies control

of the composition of the environmental air. For the
most part this means supplying air with a sufficiently
high oxygen content and a sufficiently low carbon
dioxide content to maintain life, It also involves
the elimination or control of odorous, toxic, or
explosive constituents such as carbon monoxide, hydro-
carbon fuel vapors, hydrogen, or other dangerous sub-
stances,

The composition of atmospheric air, in percent by vol-
ume, near ground level, according to the Smithsonian
Physical Tables, is as follows:

Nitrogen.seeeeseoocoocsoccsecces 718.09%
OXYEBeNeusosvsossocsvsasessensse 20,95%
ArgO0ilecvecscoscecosancscesscsss 0.93%
Carbon Dioxide.seeessesveeessss 0,02-0,04%
Water Vapor.ceeseescesscoceosces 0.2 -4,0%
Trace amounts of other gases,

This composition will vary to some extent depending
on the concentrations of carbon dioxide and water
vapor,

Table 3.1, taken from Reference 2, shows the approxi-
mate relationship between energy expenditure, oxygen
consumption, carbon dioxide production and the rate
of breathing.

Tne values in the table are based on a representative
values of the respiratory quotient (RQ) of 0.83. The
RQ is the ratio of carbon dioxide production to oxy-
gen consumption and varies with diet and body chemis-~
try. The value of 0.83 is typical of a healthy person
on a normal diet,
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TABLE 3.1

ENERGY EXPENDITURE, OXYGEN CONSUMPTION, CARBON DICXIDE
PRODUCTION AND RATE OF BREATHING IN MAN

Carbon
Energy Oxygen Dioxide Rate of
Pbvsical Expendi~ Consump- Produc- Breathing
Activity ture tion tion cu ft/hr
Btu/hr cu ft/hr cu ft/hr
Prone, at rest 300 0.60 0,50 15
Seated, sedentary 400 0.80 G.67 20
Standing, strolling 600 1.20 1.00 30
Walking, 3 MPH 1000 2.00 1,67 50
Heavy Work 1500 3.00 2.50 75

In Table 3.1, note that ihe rate of breathing for
sedentary people is given as 20 cu ft/hr. Since air
is approximately 21% oxygen this represents abont 4.2
cu ft/hr of oxygen. Yet the oxygen consumption is
shown as only 0.80 cu ft/hr. The obvious explanation
igs that the lungs do not use all the oxygen contained
in the air, The data in this table indicate that only
about 19% of the oxygen is actually consumed. However,
in order to maintain the chemical composition of the
air it would be necessary to supply the amount of
ventilation air indicated by the rate of breathing
data, or about 20 cu ft/hr for each sedentary person.
Those who are more active would require more air and
would produce more COg. This increase might be off-
set by persons resting in bed or sleeping, For a
sleeping person the energy expenditure decreases to
about 240 Btu/hr with correspondiung decreases in
oxygen consumption, carbon diozide production and

rate of breathing,

The minimum rates of ventilation of a shelter will be

determined by the tolerance limits of low oxygen con-

centration and/or excessive CO2 concentrations., Table
3.2, from Reference 12, summarizes the effects of de-

creased oxygen concentrations,
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TABLE 3.2

EFFECT OF OXYGEN DEFICIENCY

Oxygen Content

of Air
% By Volume Effects

20,9 No effects; normal air

15 No immediate effects

10 Dizziness, shortness of breath,
deeper and more rapid respiration,
quickened pulse, especially on exertion

7 Stupor sets in

5 Minimal concentration compatible with life

2-3 Death within a few minutes

Table 3.3 also from Reference 12, summarizes the
effects of excessive carbon dioxide ~t normal levels of
oxygen,

TABLE 3.3

EFFECTS OF CARBON DIOXIDE
(Normal Oxygen Content)

Carbon Dioxide

In Air
% Bv Volume Effects
0,04 No effects normal air
2,0 Breathing deeper, air inspired per
breath increased 30 percent
4,0 Breathing much deeper, rate slightly

quickened, considerable discomfort

4,5-5.0 Breathing extremely labored, almost
unbearable for many individuals, nausea
may occur

7-9 Limit of Tolerasnce

10-11 Inability to coordinate, unconscious
ness in about ten minutes

15-20 Symptoms increase but probably not fatal
in one hour

25-30 Diminished respiration; fall of blood pre-

sure;coma; loss of reflexes, anesthesia;
gradual death after some hours
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The data from the j:receding tables must be applied with
caution since there are wide variations in individual
tolerances, Also the data given is for bealthy adults,
The literature contains almost no information on the
tolerances cf thevery young, the aged, or persons in i1l
health, It appears obvious the persoas with respiratory
ailments would have decreased toleraunce, especially to
excessive carbon dioxide. It must also be kept in mind
that the tables give the effects of decreased oxygen
with normal COg and of increased CO2 with normal oxygen
whereas, in a shelter, it would be expected that tine
CO,5 would increase as oxygen decreased.

The tables summarize the physiological effects of de-
creased oxygen and increased carbon dioxide., They do
not, however, provide information on the length of time
during which the conditions would exist. An altered
chemical composition of the air which could be tolerated
for a short period might be more dangerous if protracted
over a longer period of time since the effects of the
geses are a function of both time and the concentration,
For example, concentrations of carbon dioxide ot up to

2 or 3 perceant couid be tolerated by mosi persons for
one to two hours with sone discomfort but no permanent
harm, If, however, the exposure were continued over a
longer period of time the physiological effects would
hecome more sevare and could exceed the tolerancz level
of some peopile,

For reasons cited above, there is some divergence of
opinion concerning safe levels of oxygen and carbon
dioxide to be maintained in a shelter, for prolonged
occupancy. There is reasonably general agreement that
the oxygen concentration should not be less than 17 per-
cent by vclume. Various investigators recommend maxi-
mum allowable carbon dioxide concentrations ranging
from 0.6 percent to 7.2 percent. Experience in subma-
rines during World War II and subsequent experiments
established the necessity to keep the CO2 concentration
at or below 1 percent for continuous expoOsure.

Based on these, and other considerations, ithe recom-
mended tclerance levels for prolonged shelter occupancy
should be not less than 17 percent oxygen concentra-
tion and not more than 0,5 percent carbon dioxide
concentration,




A ventilation rate of C,4 cfr per persor ¢f fresh air
%111l =aintain tae oxyger at 17 percent: Bowever it
reguires about 2,8 cf= per persca to limit the carbor
dicxide build-up to 9.5 percent: Thus %tke envirornment
%111 reach the limiting coacentratior of carbon dioxide
before the cxygen hzs deen depleted to any great ex-
tent,

The above cornsideratioans are the basis for the present
rrjuirement of 2 m=inizus ventilatior rate of 3 cinm
per person.

In coosideration of the efiects of the chemical envir-
onzent it would be well to include carbon =momnoxide
even though the amcunt of this gas produced by the
body is negligibly s=all, It results from the incom-~
plete combustion of carbon in fuels, Ia confined
shelter spaces the prize source of CO wculd be tobacco
spoking, with pipes producing five times and cigar
glmost 20 times as much as cigarettes. It can also
come fros fuel buraning devices in the shelter, from
the exhaust gases of internal combustion engines or
could be drawn into the vertilation intake from
smoldering fires outside the shelter,

Carbon monoxide is insidious in its action since it

is invisible, odorless, tasteless, and non-irriteating.
The human tclerance to CO is very slight. For indus-
trial purposes the allowable concentration is con-
sidered to be 100 paris per millicn (ppm) which is
equivalent to 0.91 percent by volume. This is based

on an 8-hour workday, five days per week. For exposure
over lionger sustained periods lower limits are used.
For submarines the limit is 50 ppr or 9,005 percezt and
for space cabins the design level is 10 ppm or 0,441
parcent,

Table 3.4 and Figure 3,1 summarize the effects cf car-
bon moncxide on humans. {83)
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Carben ¥cncxide
in Air
% By Voluxe

ff=2cts

tss

0.01

0.02

2.04

.08

9.186

0.32

0.64

1.28

Haxipum 2llowable concentrziion for
industriai wveptilatlosn, tesed on
8~hour expesure ezchk work day

Possible zild frontzal heazdache after
fwo to three hcurs

Frontal headzcese zpd nausez afiter one
to two hours; occipital (rezr of hezd}
headacihe after two a2ad one-~-kzif to
three aad one-~-half hours

Scadachke, dizziness, zrd nausea in
forty-iive minuies; collapse and pos-
sible urconsciousaess in 1wo hours

Beadache, dizziness, ané nausea in
twenty minutes; collapse, unconscicus-
ness, and possiblz death in two hours

Headache anid dizziness in five to ten
minates; unconsciousness and danger
cf death in thirtv mrinutes

Headache and dizziness in one to two
minutes; unconsciousness and danger of
death ian ten to fifteer minutes

Immediate effect; unconsciousness and
danger of death in one to three minutes

Increased levels of carbon dioxide would require lower-
ing the acceptable concentration of carbon monoxide.

As indicated in Table 3.3, the increased COg results in
deeper and more rapid breathing which, in turn, increa-
ses the absorption of CO into the body.
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pody: the body tissues will be chilled and the body
tenperature will decrease. Conversely, shen S is
pcsitive there wiii be an increazse in stored exzergy,
2né a heal stress will be imposed; the dbody tempera-
ture wiil increase and the body tissue will be hezted.

The rate of metzbolism, M, is the rate at which ener-
2y is being converted ia the body, from the chemical
energy of food to heat and/or work. At any given time
the meiabolic rate will be determined, for a given in-
divicdual, by factors which include the amount of work
being done, the amount and type of clothing, and the
temperature of the envirommeat. In additiorn the rate
will vary between individuals on tke basis of age,
size. sex, race, a2cclimatization and habits.

Tasle 3.5 is taken from Reference 13 and indicates

she variation in metabolic rate with activity. The

values in the table apply for 2 154 pound man.
TABLE 3.5

ENERGY METABOLISX FOR VARIOUS TYPES OF ACTIVITY

Kind of ¥Work Activity ¥ Btu/bLy
Sieeping 250
Sitting quietly 400
Light York Sitting. moderate arm and trunk

movenerts (desk work, typing) 450-550
Sitting. =cderate arz= 2nd leg

mnovements (play:ng organ,

driving car in tiaffic) 550-656

¥oderate Workx Sittipg, heavy arm and leg
rmoverents 650-8C0
Standiang, light work at
marpine or bench, soze
wvalking 650-730
Sianding, moderate work at
z=zchine cor bench, sose

w21lking 750-1000
¥alkiag about with moderate
lifting oy pushing 1000-14900
Heavy Work Interrittent heavy 1ifting,
pushing or puiling (pick
and shovel work) 1509~-2000
Hardest sustained werk 2060-240C
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Metabolic rates auch higher thar those given zn the
table have bzen reported. A rate of 4885 Brus/hr has
been recordeé for rowers ik & crow vace. This pro~
duced exhzustion in 22 zmimites. A\ reporicd¥ rate 9%
15,6006 Btu/ar prcduced coeplete exhzustion iy 22
secoads.

The nighest sustained rate for an cighr-noy:r period
sould be in the order of cbour i300 2tusbr ior 2
seasoned rvorker. & traised athizite xight sustiain I50C

Rtu/tir or a 1it1le more.

Table 3.6 presents variation in ince seasible zad la-
tent keat pertions of the metabolic lossez witn Jdry-
bulb temperature, as contained in Reifsrence Z8.

The most probabie wvalues of sensiblie and fatert heai
losses applicadble to sielier design are under ipvesti-
gation by the U. S. Public Healtn Service. Pendicg the
results of varivus investigations it is recoomsnded
tbat the values in Table 3.6 be :sed.

TSBLZ 3.6

H¥ETABOLIC HEAT LOSSES FOR SEDENTAXY ADULTS

DPry -~ Bulb Sensible Lzlent Voisture
Temperature Heat ioss Heat Loss Evaporated
°¥F Btu/hr Btu/kr 1b/Ekr
50 333 65 G.052
60 230 7e 5.0667
70 300 100 9.096
80 220 i8¢ 0.173
90 115 285 0.274
100 o 400 0.334
110 ~120 520 C.499

The evaporative heat loss, E, is divided irto fwo pro-
cesses; insensible perspiration and sweating. The
insensible perspiration is the diffusion of moisture
from the deeper layers of the skin and from the moist
surfaces of the respiratory system. Even for a person
at rest in a comfortable environment about 24 percent
of the total heat loss from the body is insensible
perspiration.
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e evaporaiive heat loss izcyaas<es (o about 40 per-
of the total heatl icsz for light work and walking
¥, and tC ~boul §C percenl for heavy work.
Eraporation o1 naver (rox (k¢ surface of the skin
occure withiz a {zw millimeters of the surface so

that 211 the hea: required for yvapcrization is supplied
Ly the skin., The rzte of hezi loss, B, is proportional
to the body area involied, fhe saturated vapor pres-~
sure 3T skin (ospevatere, ihe saiarated vapor pressure
ai air» f{emperature, xnd the relative humidity of the
2ir. ¥her the rziative humidity multipiied by the
saturaied varor praszere at 2iv lemperature (¢ X P))
ix equal to the s2turated wapor pressure at skin
temperature, ihe evaporaiive heal 3035 bgcozmes zero.

In oiner words tho partizl gressure of the water vapor
in ithe 3ir is equsl 'o the vapor pressure at ithe skin

terpersture, znd there is no pressure differeatial
1o causs vaporizztion.

Radiation *ustl eschange will take pizce betwezn the

tody (or 03 thing) surrace a2ad the surrounding surfaces:
walis, ceiling, f‘aar furniture, other bedies, etc.

The rate of heat <rar sfcr is proportional to tke differ-
ence in the fourti powers of sbsolute temperatures of
the surfaces and the bady. If tne surfzces are a2t a
ioger temperature inap tie body surface, the transfer
i1l be fromx the body tc tke surface {(megative R).

I§i ihe surface is zt a Sigher te=perature the transfer
iil 2e to the body {positive R).

<

In the usuzt ca
surfaces at di !
dirvestians. 1i8 situation the radiation gain or
ioss irom each sarface must be calculated separately
or a mean radiant temperature must be determined, which
is, in effect, an average for all the surfaces. A4s

a natter of practical application in a shelter there
would be no very hot or wvery cold (with respect to

body temperature) surfaces so that the radiative heat
exchange wotld be ipmsignificant.

s the body will be exposed to several
fe t temperatures and f{ro= variocus
t

Convection heat exchange with the air depends princi-
pally or the temperature aifference between the body
surface and the air and on the air velocitv. If the
vody surface temperature is greater than the air

temperature heat will be traasferred from the body to
the air. If, on tne other hand, the air temperature
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is greater that the body surface temperacure heat will
e transferred fro= the air to the body. Note in
Table 2.6 that the sensible heat loss becomes negative
at dry-bulb temperatures over 1090F indicating sensible
heat transfer to the body. TFor thermal eguilibrium the
Jatent heat loss xmust increase to dissipate this addi-
tional heat.

ENVIRONKENTAL AND PBYSIOLOGICAL STRAIN INDICES

For many years there have been attempts to devise reli-
able indices to expiess comfort and physiological strain
effects &s single numbers. Because of fhe wany vari-
ables involved in environmental couditions and human
pbysiological reactions no index has been developed
which is reliable for all conditions, Soz=« 0of tbe
following indices indicate coafort or a subjective
reaction to environmental conditicas while others are
measures of physiological strain,

EFFECTIVE TESMPERATURE:

One of the most widely used indices, znd the cne moSt
cormonly applied for shelter coznditioers; is the effsec
tive temperature (Bl) developed bty z research teazm of
the American Society of Heatisz and Veantilatiag
Engineers (ASHVE, now ASHKRAE}., Test subjects were
exposed to atmospheres wiii different temperatures,
humidities, and air movements and were asked to =make
comparative ratings of tpeir sensatioss of warmth and
coolness. Tbe reactions were subjective and reguired
statistical anaiysis befcre the index was determined.
This index is rresected ir ibe forz of 2 noxogramk in
the ASHRAE Guide anG Dzta Book which is reprcduced 2as
Figere 3.2, From ibis nomograz the ET may be determiced
givzn the dry-bulb snd %ei-bulb temperatures ancé the
air velocity,

'

The effective temperature may also be zpproximated by
the empirical equstiocn:

BT = 6,4 (WBT + DBT) + 15 {Eq. 3.2)
Values determined by this equation will agree within

one or two degrees witn those read from the nomogram,
for air velocity of 20 feet per minute.
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The effective temperature index, like any other method,
is not completely accurate and must be applied with
care.

l. The basic observations were made with a specific
group of people, nzamel, healthby, youang, white,
Americans, and do not necessarily apply to groups
which do not conform to these specifications,

2. The observations relate only to sedentary condi-
tions.

3. The index applies to normally clothed persons.
Heavy clothing would be expected to reduce the
effect of air movement.

4., The ET index is most applicasbie to conditions
where radiation effects are negligible.

5. It does pot apply for air movements less than
20 FPX,

6., At the upper end of the scaxe, above 9% EI, e
index is not reliable since subjective sensaiioans
of heat are not very good guides under conditioms
as hot as tais,

7. The scale makes too much allcwance for humidity
a2t lov temperatures and pot enough zllowance at

1 high temperatures,

4 8. The ET is based on sensations of warmih arnd cocl-
aess, It provides no means for deter=ining the
physiological strain,

In Figure 3.4 is shown a revised ASHRAE comfort chart

which indicates the proportion of the test popuiation

that could be expected to be comfecrtable at various
effective temperatures. This chart indicates that in
the summer the maximum number of people would feel
coafortable at 71CFET with the percentage reaching

zero at 79°FET., An effective temperature of 78° is

generally accepted as the perspiration threshold.
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OPERATIVE TEMPERATURE (OT): The operative temperature
is a measure of the net thermal effects of radiative and
convective heat transfer, based on equation 3,1. It
includes the effects of dry bulb temperature, air motion,
mean radiant temperature and body surface temperature,
but does not include effects of bumidity, If the mean
radiant temperature is approximately equal to the dry
bulb cemperature, the OT approximates the air tempera-
ture,
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WET-BULB GLOBE-TEMPERBATURE INDEX (WBGT): The measure-
ment of air velocities for the deter=mination of efiec-
tive temperature is 2 difficult procedure. The ET
also does not take i:t0 account any radiant hear.

The WBGT iandex suggesis the use of a black globe in-
stead of a dry hulb thermometer since the globe
temperature il rofliect the effects of air movement
provicded that rad:au: heat is present.

The ¥BGT reading is obtained froa:
¥BGT = 9.7 %BT + 0.3 GT (Bg. 3.3)

¥here WBT is the wet-buld temperature and GT is the
globe temperature.

INDEX OF PAYSIOLOGICAL XFFECT (EP): This index is
determined by ipcrease in heart rate, skin temperature,
rectal temperature, and sweat rate. On the basis of
experimental investigations contour curves represen-
ting lines of equal physiological strain were plotted
on charts of dry-bulb vs. wet-bulb temperature. To
use these charts it is necessary to know the metabo-
lic rate. When EP is less than 200, therral equili-
brium is possible. When EP is over 250 heat is stored
in the body and when EP is over 400 conditions are
intolerable. The air velocity used in establishing
EP was 180 FPM.

PREDICTED FCUR-HOUR SWEAT RATE (P%SR): This index
uses only rate of sweating as the criterion of heat
stress in ervironments hot enough to cause sweating.
Based on experiments bv the British, empirical nomo-
grams have been constructed for predicting the sweat
rate of fit, acclimatized young men exposed to various
environments.

s

BELDING-HATCH HEAT STRESS INDEX (HSI): The HSI ex-
presses the heat siress in terms of the amount of sweat
which must be evaporated to maintain heat balance

(S = 0 in Eq. 3.1) compared to the maximum possible
evaporative heat loss at an arbitrarily assumed skin
temperature of 95°F. An HSI of zero indicates no
thermal strain.

RELATIVE STRAIN (RS): Lee and Henschel (11) propose

an index which they cz2ll relative strain. It is a
modification of HSI based on experimental data irom
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the literature. For cach value of relative strain
from zero {(nc strzin) through 1 {aximum theoreti-
cally toleradie strain), to higher values (heat
storage in the body), a straight line can be drzwn
on the psychromeiric chart and compared to the ET
lines as shown in Figurs 3.4. At the lower temper-
atures, the RS lines ar= steeper than the ET lines,
indicatinz that the RS is less affected by humidity.
At the higher temperatures the opposite is true,
indicating a greater effect of humidity on RS than
or BT. Thus, the RS index appears to answer the
objection to the ET index of not sufficient allowance
for kumidity at higher temperatures.

Reiererce il presents a chart of sigrificant effects
of RS for a specified standard condition. The stan-
daré individual is taken as a healthy male abocut 25
years of age not acclimatized to heat. Standard
conditions are taken as activity eguivalent to walking
at 2 ¥PH, in a light suit, with air velocity of 30D
FPK and wall temperature equal to air temperature.

The reference alsc presents charts showing significant
effects of RS for sose non-standard individuals. The
time of exposure to the stress is taken to be about

24 hours. The responses from these charts have beexn
interpreted in the form of Table 3.7 which has been
taken frox Reference 4.

PEYSIOLOGICAL ADJUSTHENT TO HEAT STRESS

When a heat stress is impese2 on the human body, the
blood flow to the skin is increased due to dilation of
blood vessels. Obviously the increased blood volume
to the skin miust result ir increased volume of blood
flow or restriction of flow in other areas in order to
maintain ~dequate blood pressure. Both methods are
used by the body.

The main protection against heat stress is the activa-
tion of the sweat glands, wetting the body surface and
increasing the neat loss by evaporation. The rate of
sweating varies with the individual. and the degree of
acclimatization.

3-19
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TABLE 3.7

PHEYSIOLOGICAL RESPCNSE TO ELEVATED
EFFECTIVE TEMPEKATURES

Type of Individual Zx;fegivgg %
Acclimated Cc C W W SD
Healthy 25 year old males C ¥ SD AD F
45-65 years old C Sb AD F

65 and older C 8B F

Infants C AD F

Ob3se ¢ 8D F

Limited water (lcss .3 liters) C sb F
Metabolic Disorders C W AD F
Skin Disorders cC W F

Heart and lung disorders cC s F

Stomach Disorders cC W F

Mental abnormalities C AD F

C - Comfortable

W - Warm

Si*-Some Distressed
AD-Al1l Distressed

F - Failure (a term analogous to the militzry concept
of a casualty)
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The thren »incipal effects of heat stress are heut
cramps; deat exhrustion and heat stioke., Jf thesz,
heat cramps is the least severe in that most of iz
physiological systems remain intact, It results from
salt derletion and is characterized by severe muscls
cramps acd a warm, moist skiu, The bcdy temperature
and blood pressure remain normal., It is more common
in the younger age groups but can occur at any age.
R2st in a cool environment and ingestion of salt will
usually correct the condition.

Heat exhbaustion results from the loss of vasomotor
control of the blcod vessels. The skin would be pale,
cold and clammy sud the body temperature would usually
be sub-normal, but might be norzel or elevated. The
blood pressure would be below normal., This condition
results from a collapse of the circulatory system and
is, therefore, more serious than bheat cramps, It can
occur at any age but is more common amoag the elderly.
Rest in a cool envi ument, salt and water will usually
correct the condition ilthough more extensive treatment
and medication may be uecessary in some cuses.

Beat stroke is the most serious of the three russible
effects of heat stress since it resulte from a failure
of the thermoregulatory mechanism. The subject will
have ceased to sweat and the skin would be flushed, hot
and dry. The blocd pressure would be elevated. If the
condition is continued there can be a collapse of the
cardio vascular system. The main symptoms are high
fever, delirium, stupor and coma, Treatment consists
of iced water bath or wet sheets with fanning and pro-
longed rest., If professional medical help is available
drugs and/or medication may ve administered.

Under normal circumstances, heat stroke is relavively
uncommon and strikes usually among the elderly or de-
bilitated persons, However, even under conditions
where medical help is available, the mortality rate is
probably greater than 50 percent,

Loss of water by evaporation reduces the liquid volume
at a time when an increase is needed. In order to avoid
a reduction in tolerance to heat stress the water must
be replaced., A water loss of one to two percent of
body weight will result in increased heart rate and
increase in rectal temperatures, It is to be expected,
therefore, that water consumption will increase during
exposure to heat stress.
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If the heat regulating system cannot eliminate 2all of
the meizbolic erergy, hoxt will bDe stored in the

hody, causing ithe body temperature to rise. 4

brain temperature of abcut 198CF will probakly be
fatsl, but prolonged temperatures of 196°F are consid-
ered dangsrous, A meximum body tesperature rise of iwo
to three degrees T is comsidered to be the phy: ‘clogi-
cal 1limit for healthy persons.

The physical reactions of the body to hest stress are
definitely affected by acclimatizatiox. Persons used
to living and working in hot envircaneats have a
greater tolerance fnr bheat stress due to adjustments
made by the body. FHowever a person does not &cguire
tolerance through heat exposure alore, but only if he
also performs 4ork. Im shelier tests no evidence has
beea found to indicate that heat tolerance improved
with time, This is due to the fact that work levels
of sufficient intensity and durstion to improve heat
tolerance are generally not fessible under shelter
conditions., Also th# incresse in metabolic ouiput while
performing work weuld increase the environmental heat
load and thus offset any advantage to be gained by any
improvement in tolerance.

It can be concludad that heat acclimated persons will
tolerate higher 2nvironmental condii‘ons than those
not heat acclimated before developiug heat strain but
that conditions ia the shelter will mot, of themselves,
be conducive to acclimatization,

Investigations have shown that certain healthy persons
at rest car tolerate daily exposures up to 909FET for
several hours provided they can get a good night's
sleep in a cooler c¢avironment, The higonest ET for rest-
ful sleep in warm weather was found to be 789, coinci-
ding with the perspiration threshold. Both human and
simulated occupancy tects have shown that the fluctua-
tion of shelter effective temperatures with the diurnal
cycle is only on the order of pilus or minus twc degrees
from the average. Thus there would generally be little
1ix elihood of having a nighttime effective temperature
of 78° if the daytime ET reached 90°

In summary it can be said that below 78° to 80° FVET,

but above the range where cold stress begins, there is
little probability of widespread environmental strain,
About 82° to 85OFET the problems of heat stress become
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nore severs and ridespread. &9 BY of 79°% at nigh ‘
awamodity represents the thiassasld for the incidence ot
neat ra3h. an iadicaticn ¢f the continvous pressnce oif
unevipornted perspication on rbe siln gnd the begia-
niarz of the Tver kdown of cvoiing by svepcrition,

Toz o 4.0r l.terati.c & env. on~uncal <o, Mt o ia
survival sheiters has considerea . SIPEY to Lo tre
upper tolerancz limit for bealthby persons, It nas
been, however, generally admitted that persops with
certain physical disorders, the aged 2nd the very

young woild experience difficulties, The deleterious
effucts vould include aunxiety, slzeplessness, xzausesa,
neat rasn 2ad irritabil.ty, It might be noted that
about 42 percent of the population of the United States
G is in the age groups betiw 5 years and above 45 years
iy of age and could not be classified as healtny adults,

Pe. Based or coasiderations outlined above the Office cof
IR Civil Defense has adopted the following criteria for
S environmental conditions in shelters. (4)

- 5:? "Sufficient ventilation should be provided
g ] to assure at least a 90% reliability of
;3 not exceeding 82° F Effective Temperature,™

;}~gg The "reliability" of ventilation system is the percen-
P tags - the year during which the spec.fied conditions
wili “: maintained.

. PAYSIOLOGI. .-, SDJUSTHENT TO COLD STRESS

When the bouy 1s esmosed tc a cold stress the blood
© vessels of the skin constrict, reducing the flow of
N ) biood, This decreases the heat transfer from the

‘ interior oi the body and reduces the heai loss by
radiation and convection, The evaporative heat loss
will also be reduced,

I7 the constriction of the %lood vessels dces not es-
tablish a heat balance, shivering will occur czusing

an increase in motabolism to balance the hea~ [ .-s,

e if a heat balance is stiil not attained, the boay

S temperature will begir to decresse, As the deep

S body temperature, closely approximated by the rectal

. temperature falls below 900F {from a normal temperature
of 98-993°F) the shiverivc mechenism begins to rail

and may cease at temperavures of 80-860F, Further

N reduction could be fatal if rproclonged over a long perind.
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2y prantical purposes, eople il sclust to cold
atrens Wy putiing oo aore £)3thin., 1f it is availabdble,
nad Ly sneveasing their levs: 7 uctivity to increass
thelr metabolic rate,

Fi.0 problem of coid stress in 3 survivgi shelter
vrobably will not te sericus kecauss of the crowded
conditicns., In extiremely cold weatler it xas be
aucessary to decresss ventilation rates in ordsy ic
preveat an wncomfortabliy low efisctive tempargturs,
This, howsver, sheuld cause ao diffionlty unliess ibe
rate is decreased below that necessaary for zdeguste
control of oxygen and cayion dioxide concertrations.
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PRACYICE PROBLExS

™
ot

50 persows ocoupy a sheltsr in which the dry-tulb
temperature »s 209F. How muck neai would thexe
perscis add to the sheiter environmeant il 20 of
ther wera resting in bunks, 20 wero sitting gquisr-
iv, B were moving aboui and 2 were oprraiing a
manual ventilation blower? %hat wouid be the
total oxygen consumption and carben dioxide pro~
duciisa?

3.2 If all 50 persciis in the shelter in Problen 3.1
wers sedentary, determine the tcfal heat zdded to
the apvirenpent and the sensible and latent heat
portions. iow much woistir- is gvaporatsd iato
the air?

2.3 Determirs the effective tsmperature, by use oI
Rigusrs - 2 zn¢ by equaticn 5.2, fcr each of the
foilowing conditions.

{(a) 9G°F dry-bulb and 8(GOF wet bulb
(b) 789F dry~-bulb and 70°F dew-point
{c; 859 dry-bulb and 65% relative humidity
(4) 820F dry-bulb and 7s°F wet-~bulb
(e) 659F dry-bulb and 60°F wot--bulb
(f) 100°F dry-bulb azd 50% reiative humidity

2.4 At the following dry-bulb temperatures determine
the wet~bulb temperature and reiative humidity
necessary to maintain an effective temperature of
82°F (Air velocity less than 20 fpm).

(2} 85°F
(b) 88°F
(c) 920F
(d) 103°F
(e) 970r7
(f) 108°F

3.5 Repeat Proplem 3.4 for an 80°F effective tempera-
ture.

3.6 Repeat Problem .4 for an 859F effective tempera-
ture.
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CHAPTER 1%
VENTILATION REQUIRIXENTS

Unless a method ci conticlling the physical onviron-
meuat is provided i: the shelter svstea, the transi-ant
conditions ¥i1l either anproach an equiiitrium statfe
within tis2 accepted limits ;i toleration or chey il
exceed rhose limits. Conditicss could bescmes intoi-
erable due io excessive carbon 1icxide conceniration,
low oxygen conicnt (or both) or tc excessive effective
temperature. Any one c¢f these conditions, or a
combination of the three, coulé cause a serious physio-
logical hazard reqguiring prompt remedial actioa. If
remedisl action is not possible, it would probably
reguire that the shelter ®e abandoned.

The most fundumental method of controliing the chemi-
a2l and thermal enviroament is by vencilation with
fresh air. The two aspscts of ensironmental control,
ctiowical and thermal. can be considered as separate
prouisms, although, in general, when the thermal
enviroument is under control the chemical environment
will be maintained well wiihin the tolerance limits.

CONTROL OF TUE CHEMiCAL: El.VIRONMEXNT

In Chaptier IIY it was shown that the limitiang concen-
iratiou of CQO2 for loag time periods is about 0.5
percent by volumz, with higher psrcentages permissible
for shert time exposure. Oxygen concencraticn £63
prclonged exposure «2s shown to be 17 percent or
higher. 1In general the carbon dioxide will reach the
limiting concentration before the oxygen is reduced
below safe levels.

A ventilation rate ot 3 cfm pexr person will be adequate
to maintain the chemical composition 0.7 the air within
the specifisd iolerances. Veniilation 6f the shelter
space can occur by infiltration, natur:sl ventilation
or by mechanical ventiiation. Any of the three
methods could, under the proper circumstances, provide
sufficient fresh air to control the chemical envirown-
ment. However fallout shelters would probably have

a limited amount of infiltration and oiher type:x of
protective structures might permit none at all. The
amount of ventilation by gravity circulation is, at
best, minimal for shelter areas in basements and ¢+hex
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belowground locations. Natural ventilation may,
kowever, ve entirely adequate for the midfloors of
high-rise buildings. In essence, however, this
discussion i1s concerned with mechanical or forced
ventilation.

Under certain conditions it mazy be necessary to shnt
dewn z mecaanical ventilation systex completely.
Such conditions might be (1) excessive concentrations
of carbon monoxide in the ventilatiom air due to
iires or smolderinz rubble near the air intake; {2}
chexical or biological agents in the aabient air;

or (3) excess concentration of fallout particles
which could be entrained in the ventilation air.
There is also the ever-present possibility of break-
down of the mechanical equipment, although, in this
case. the ventilation system would not be "buttoned
up” and some naztural ventilatior might be possible.

If no replasecent air from outside is available, a
closed sheltei will remain habitable for only a fuw
bours, unless som: internal metbod is providad Tox
suppiyving oxyzen and removing carbon dicxide. Sys-
tens and methods for acccmplishing this will e
discussed in Chapter X.) Ti2 permissible -~cay time
will k& determined by the time rsaquired F-.r carbon
dioxide to reach the limiting concentra.:vsn. If the
button-up period is to last no more tnan 24 hours,
this ccn~entration may be taken as 3.0 percent.

The stay tims carn be determined from a simple equa-
tion:

T = 0.04 V/N (Eg. 4.1)

¥Where:

0

T time to reach 3 percent COZ, hours

v ne. yolume oi space, cu ft

N = number of occugants
Thus, ip orcer to have a button-up capability of 24
hours, it would be necessary to provide 600 cubic
feei % space per person. Recall that the Nationsl
Stueiter Survey uses 65 cubic feei per person as one
of the criteria, and it can be seen that it is un-
likely that a sh:lter would hesve anywhere near a

X 4.2
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24 hcur closure capability, unless a life support
system is provided.

Figure 4.1 can be used to determine the stay time
for various conditions. It was taken from Refercnce
2 and shows the relationship between concentrations
of carbon dioxide and oxygen,the rate of ventilation
per person, the net volume of space per person, and
ihe time after entry. The terminal values of carbon
dioxide and oxygen concentration are charted for
various ventilation rates,; based on oxygen consump-
tion of 0.90 cu ft/hr/person and carbon dioxide
production of 0.75 cu ft/hr/person. These values
would be representative of persons in confined quar-
ters.

The example, shown by dotted lines, indicates that a
carbon dioxide concentration of 3.5 percent by vol-
ume will develop in 10 hours in an unventilated shel-
ter having a net volume of 235 cu ft/person. The
oxygen content of the air will then be 16.25 percent
by volume.

A ventilation rate of 1.5 cfm per person will maintain
carbon dioxide at about one percent and oxygen at
slightly over 19 percent. The minimum recommended
rate of 3 cfm per person, which is not much riore
difficult to attain than 1.5 cfm with forced ventila-
tion, will maintain the carbon diocxide at about 0.5
percent and oxygen at about 19.5 percent. The capa-
bility of maintaining carben dioxide at conservative-
ly low levels, with correspondingly high levels of
oxygen cortent, has several advantages.

1. A longer stay time is gained for continued
occupancy after shut down of the ventilating
system because of fire or for repair of
disabled equipment.

2. Greater physical activity in the shelter
Lecomes permissible.

3. Control of cders, and internally generated
air contaminants will be more effective.

4. Conditions with respect to temperature,

humidity, moisture, condensation, air
distribution, and air motion may be improved.
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5. Intermittent operation of a manual ventil-
ating blower may be practicable.

INTERMITTENT BLOWER OPERATION

Manually operated or muscle~driven blowers, including
the Ventilation Kits (VK), which have more than minimum
capadty can be operated intermittently to maintain the
chemical composition of the air. Intermittent operation,
as opposed to continuous operation, is not only more
convenient but also is more likely to be within the
physical capacity of the shelter occupants. Possible
operating schedules can be obtained from Figure 4.2,
which is also reproduced from Reference 2.

On this chart, the minimum ventilation rate, in cfm
per person of fresh air, is equated to the minimum
nlower operating time expressed as a percentage of an
ON-OFF cycle time, and the net free volume of shelter
space, in cubic feet per person, is equated to the
maximum blower shu down time expressed as a percentage
of the same ON~OFF cycle time.

The chart is based on a carbon dioxide production
rate of 0,80 cu ft/hr/person and a carbon dioxide
concentration which varies during the cycle from
0.67 to 2.00 percent by volume.

In the example, show by dashed lines, it is known

that the volume sf shelter space is 88 cu ft/person.
The blower may then be operated on a 2-hour ON-OFF
cycle if the installed blower capacity is 4.3 cfm/
person, with a minimum ON time of 27 percent or 32
minutes and a maximum OFF time of 73 percentv or 88
minutes. If the installed ventilating rate is greater
than 4.3 cfm/person or if the ON time iz more than

27 percznt, the maximum carbon dioxide concentration
will be proportionately less than 2 percent.

CONTROL OF THE THERMAL ENVIRONMENT

The minimum recommended ventilation rate of 3 cim

per person is sufficient to control the chemical
composition of the air within the specified limits

of tolerance. However, in most locations in the
United States the reliability of maintaining a toler-
able thermal environment with this rate of ventilation

4-5
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is very low. Therefore, in most cases, the minimum
ventilation rate required to meet the thermal environ-
mental criteria will be greater than that required to
control the chemical environment.

The governing factor, then, in determining required
ventilation rates is the control of thermal environ-
ment. It is trwe that there may be times during cold
weather when the necessity for mainftaining the chemical
composition of the air wiil require ventilation rates
greater than are necessary for thermal control. However,
the capacity of the ventilation system which must be
provided for the shelter will be determined by the
higher values of shelter temperature and humidity

during hot weather.

The temperature and humidity that will develop in a
shelter are determined by the heat and moisture
balance at any time. The sources of heat which
might be present are:

1. Heat losses of the occupants

2. Heat in the ventilation air

3. Heat from lights

4. Heat from mechanical equipment

5. Heat frou chemical reactions in life
support systems (not operating if
ventilation system is operating)

6. Heat transfer to or from the
surrounding earth or air

7. Heat from combustion processes such as
open flames for cooking, lighting, or
heating, or from absorption type
refrigeration equipment

Sources of moisture in the shelter might include:

Moisture loss from occupants

Moisture in the ventilation air
Moisture from leaks in the structure
Evaporation from open containers of
water, food or from sanitation systems

L0 DN =
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5. Moisture produced by life support systems
{not operating if ventilation system is
operating)

6. Moisture from combustion of hydrogen fuels
used in cooling, lighting or refrigeration

7. Mositure from bathing and showers.

HEAT AND MOISTURE LOSSES BY OCCUPANTS

The heat losses by the body have been discussed in
Chapter III. If thermal equilibrium of the body is
assumed, the heat losses by convection, radiation,
and evaporation must equal the metabolic rate. The
average metabolic rate for sedentary persons is
generally accepted to be about 400 Btu per hour (Btuh)
per person. The proportion of this which is sensible
heat depends on the dry-bulb temperature of the air.
When the air temperature is equal to the skin temp-
erature, neat transfer by convection and raaiation
becomes essentially zero, and the entire metabolic
heat will be dissipated by evaporation. If the dry-
bulb temperature of the air is greater than the skin
temperature the heat transfer will be vo the bedy.
This heat, in addition to the metabolic heat, must be
dissipated by evaporation if thermal equilibrium is
to be maintained.

The partition of total heat loss into sensible heat
and latent heat is given in Table 3.6 as is the pounds
per hour of moisture evaporated.

HEAT AND MOISTURE IN VENTILATION AIR

The incoming ventilation air will bring with it heat
and moisture. The total heat and the amount of water
vapor are most easily determined from the psychrometric
chart using the methods presented in Chapter II.

HEAT FROM LIGHTS

Since windows provide almost no attenuation of gamma
radiation, the number and size of window areas in fali-
out shelters will be held to a minimum and the amocunt
of natural light in ihe shelter may well be inadequate.
The application of slanting techniques with the judi-
cious use of roof overhangs, baffle walls and planters
may result in shelter areas with large window areas
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and sufficient natural light. Shelter areas on the
mid floors of high-rise buildings may also have ade-
quate window areas for natural light. However a source
of artificial light will be necessary for nighttime
operation of the sihelter and in those areas of the
shelter where daylight is inadequate. This light

may come from candles, calcium carbide lamps, kero-
sene lanterns, gasoline lanterns, liquitfied petroleum
gas (LP gas) lanterns, flashlights, battery-powered
lighting units, incandescent lamps, or fluorescent
lamps.

Candles, calcium carbide lamps and kerosene lanterns
are readily available but provide very low levels of
light. They are also open-flame combustion devices
which consume oxygen and produce heat. Therefore they
should be used only as emergency lighting.

Gasoline lanterns produce much more light than those
previously mentioned but they are also combustion
devices. In addition they require pressurization of
a highly volatile fuz2l and create a serious fire
hazard.

LP gas (propane) lanterns are also ccmbustion devices
which consume oxygen and produce heat. The fuel is
highly volatile (propane vaporizes at -40°F at atmos-
pheric pressure) but it may be piped in from a storage
tank (or oylinder) which is located outside the shelter.
The light produced is considerably greater than from

a gasoline lantern, being exceeded only by incandescent
and fluorescent lamps. A single propane lantern will
consume about 0.32 cu ft of air per minute and will add
0.013 cu ft of water vapor and 0.04 cu ft of CO, per
minute to the shelter environment. The heat ou%put
is about 2000 Btu per hour bhased on a fuel consumption
of about 0.8 cu ft per hour. (14) Eight lanterns

would be required to provide an average illumination
level of two foot-candles in a 50-space shelter, which
would mean 320 Btuh per occupant. This much heat
probably could not be handled by the ventilation
system. However, it is possible to enclose each lan~-
tern with a vented enclosure to exhaust most of the
heat and the combustion products directly to the
outside,

Although LP gas lighting systems are far from ideal
and present many design problems, they do offer a
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possible light source for shelters where no electric
power is available. The fuel has a long storage
life and the tanks have extremely good resistance to
nuclear weapons effects (see Chapter VII).

Flashlights and buttery-powered auxiliary lighting
units are probably suitable for temporary or emer-
gency lighting but battery life is short and the
shelf-1life of dry cell batteries is only about 1-2
years. They should not be depended upon as a primary
light source.

The most desirable light sources for shelter use are
incandescent and fluorescent lamps. These, of course,
require a snouirce of electric power and a wiring sys-
tem in the sheliter. They provide the greatest amount
of light and create no unusual hazards. (Most people
are aware of the normal electrical hazards.) All of
the electrical energy input to the lights will be
converted into heat. The amount of heat will be
determined by the number and watt ratings of the
lights in use (1 watt = 3.413 Btuh). A typical design
1-vel is 6 watts per person of incandescent lighting.
In this respect; fluorescent lamps would have an
advantage since they produce more light for a given
power input. A 40-~watt fluorescent tube will produce
approximately the same amount of light as a 100-watt
incandescent bulb, The initial cost of the fluores-
cent system, however, is greater than the incandescent
and the wiring is somewhat more complicated.

HEAT FROM MECHANICAL EQUIPMENT

Mechanical equipment which might be located in the
shelter includes auxiliary power generators, motor
driven fans or blowers, heating or cooking appliances.

Auxiliary power generators should not be located in
the shelter proper due to many factors, including the
problem of heat dissipation. It may, therefore, be
assumed at *this point, that the ventilation of and
heat dissipation from the compartment containing the
power equipment is a separate problem.

If an electric motor is operating in the shelter the

heat equivalent of the energy output is part of the
heat load. The heat equivalent is:
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. Horsspower Rating
Q Motor Efficiency X 2544, Btuh (Eq. 4.2)

2544 Btuh is the equivalent of one horsepower.

The motor efficiency will vary with the size of the
motor, being as low as 50 percent for 1/8 hp motors
up to 80 percent fur 1 hp motors and to about 88
percent for 10 hp a-d up. Obviously the heat input
occurs only while the motor is running so an estimate
must be made of tne percentage of time the motor will
be in use.

Strictly speaking part of the energy of the motor
driving a fan or blower is converted into kinetic
energy of the air. However, for shelter applications,
the air movement in the shelter will probably be com-
paratively low s¢ that the kinetic energy of the air
will essentially be dissipated in turbulence. The
effect will be the same as if all of the motor energy
had been converted to heat.

If electric cooking appliances are used in the shelter
the heat input will be equal to the power consumption,
which is usually stated on the appliance, normally in
watts. However, in this case, part of the heat will
be sensible heat and part of it latent heat, due to
moisture given off from the food during cooking. As

a rule of thumb; about one-fcurth of the heat may be
taken as latent heat and the rest sensible,.

If gas-burning cooking appliances are used, the prop-
ortion of latent heat will be about one-third, due to
the moisture formed by the combustion of bhydrogen in
the fuel in addition to the moisture from the food.

The foregoing is based on the assumption that the
cooking appliances will not be provided with an ex-
haust hood. Actually the nature of shelter living
will preclude cooking to any great extent.

HEAT AND MOISTURE FROM LIFE SUPPORT SYSTEMS

The term '"life support systems'" could be applied very
hroadly to include any and all systems which support
life, Tanis would include all of the systems in the
shelter and the shelter itself. However the term is
used here in ihe limited sense as being the systems
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for supplying oxygen and absorbing carbon dioxide
during periods when fresh air is not available.
Since such systems will not be in operation during
the time the ventilation system is on, they are of
no importance to the present discussion. They will
be discussed, however, in Chapter X.

HEAT TRANSFER TC OR FROM THE SURROUNDINGS

If the earth surrounding an underground shelter is

at a temperature lower than that of the shelter, heat
will be transferred through the walls of tl.e shelter
to the earth. If the earth temperature is higher
than the shelter temperature the transfer wiil be in
the opposite direction, into the shelter. For above
ground shelters the same heat transfer condition will
occur between the shelter and the surrounding air.

Although these effects can be extremely important in
the control of the thermal environment, the calcula-
tion of the heat transferred in this manner becomes
more complicated than can be covered in this brief
summary. For the moment it will be assumed that no
heat is transferred in this manner, and the method of
calculation will be deferred for discussion in the
next chapter.

In some cases, in the design of underground shelters,
the effect of heat transfer to the earth is ignored

on the assumptinn (sometimes erroneous) that the earth
temperature will be at or below shelter temperature
and any transfer which does occur will be from the
shelter to the earth. This will then be a bonus, or

a safety factor, in the environmental control system.

HEAT AND MOISTURE FROM COMBUSTION PROCESSES

The heat and moisture gains from open-flame combus-
tion processes have been discussed to some extent
under the previous headings. In most cases open
flames should be avoided in the shelter wherever pos-
sible, since they not only add heat and moisture but
also consume oxygen and add carbon dioxide and, usual-
ly some carbon monoxide. They aiso are a fire hazard.
If it is ubsolutely necessary that an open flame be
used, every effort should be made to keep it ouiside
the shelter proper (such as in a mechanical equipment
room or in the entrance passage). If it must be in
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the shelter, it should be separately vented, or at
least located near the ventilation exhaust outiet

so that the heat and products of combustion are car-
ried out without mixing in the sheiter uir.

MOISTURE LUE TO LEAKS IN THE STRUCTURE

Water may leak into a structure for any of a number

of reasons, unless it is carefully waterproofed during
construction., During tests conducted by the Univer-
sity of Florida of 17 below-ground shelters in various
parts of the country it was found that 12 showed a
history of leakage (15). The extent of such leakage
is almost impossible to determine in advance and the
effect on the thermal environmen: will depend on
conditions.

If the water, which cellects on the floor or other
surfaces, is evaporated due to heat transfer within
the shelter it will raise the hunidity but tend to
lower the effective temperature. 1If, on the other
hand, the water evaporates due to heat transfer from
the outside, the effective temperature will be in-
creased. A third possibility would be for the air
next to the wetted surface to be at the same dew point
as the water layer, in which case no evaporation would
occur and the water layer would have no effect on the
thermal environment.

EVAPORATION FROM OPEN CONTAINERS OF FOOD OR WATER

The rate of evaporation from containers of food and
water will depend on the surface area exposed and on
the difference in the saturated vapor pressure of
moisture at the water (or iood) temperature and the
partial pressure of the water vapor in the air. Since
food or water stored in the shelter will be at essen~
tially the temperature of the shelter air, and since
the relative humidity will probably be quite high,
there should be very little pressure difference to
cavse evaporation. If reasonable care is used in
keeping food and water covered (desirable also for
hygienic reasons) the amount of moisture from this
source should be very small. The heat of vaporiza-
tion during evaporation would be absorbed from the
surroundings, thereby tending to lower the dry-bulb
temperature. However the humidity would increase.
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MOISTURE DUE TO BATHING OR SHOWERS

The rate ¢f evaporation Zuring bathing activities
depends aiso on the pressure difference between the
saturated vapor pressure at water temperature and the
partial pressure of the water vapor in the sir. How-
ever, in this case, the wetted surfaces exposed are
very large and, if hot water is used, ‘he diffzrence
in pressures is enough to cause the evapcration of
large amounts of water. Practically speaking, how-
ever, the problem involved here is largeiy academic,
sincc few shelters will have a sufficient supply of
vaier to permit any ahlutions beyond face and nand
washing, If, however, provision is to be made for
such activities, the ventilation air should be ex-
hausted throi¢h the bathing areas in order to carry
away the water vznor produced and prevent its enter-
ing the living areas of the sheiter.

COOLING BY VENTILATION

An analysis of the iransient heat and moisiure flows
for any shelter can be performed if sufficient data
are available. Such data would include:

1. Ambient temperature and humidity, wind velo-
city, latitude and cloud cover;

2. Ventilaticen rate;
3. Number of occupants and their metabolic rates;

4., Physical and thermal properties of the shelter,
adjacent structures and surrounding soil;

5. Heat and meoisture absorbed by mechanical
cooling equipment, if any;

6. Heat and moisture dissipated by internal
equipment;

7. If the shelter is in contact with the soil,
the previous thermal h-.story of the shelter
and adjacent structures in order to determine
the initial temperature distribution of the
soil.

4-14
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Analytical models have been developed which numeri-
cally treat the many aspects of this comprenensive
analysis. Predictions based oa these mcdels closely
approxinmate the results of simulated occupancy tests
of shelters. However tke amount of input data re-
quired and the complexity of the analysis require
that the coxputations be carried out on an electronic
~n~mgputer,

Simpiified modeis have been developed which permit
computation by manual nethods and also yield reason~
ablv accurate predictions. These will be discussed
in Chapter V. They also require a jarge amcunt of
input data and the calculations can be very time-
consuming.

These methods are usefn’ for research purposes and

for arpliication to spe:ific design cases but they

are icpractical for use wbere the ventilation reguire-
ments for a large number of shelters must be deter-
rined such as in the National Shelter Survey or in a
community shelter plan program. 1In such cases the
detailed input data is not readily available and the
tixre requirements for computations become_prohibitive.

A sinmplified method has been dev:lnped which is based
on the fact that only a small percentage of the total
metabolic heat generated in large sheiters will be
dissipated by heat transfer tc the shelter walls
during hot summer weatker. This would be essentizlly
true for above-ground sheltevrs in the core areas of
large buildings and in most below-ground shelters
after the first week ¢f occupancy. The method neglects
any heat loss or gain through the walls, floor and
ceiling of the shelter and requires that all heat and
moisture be removed by the ventilation air. Thus the
shelter is treated as an adiabatic system and the

need fcr detailed information about thermal character-
istics of the shelter and its surroundings is elimin-
ated.

The results of this method can be shown in the simple
form of the chart in Figure 4.3. The chart is based
on the metabclic heat lnad of sedentary people snd
does not! inciude any other heat loads.

In order to use Figurz 4.3 to determine the minimum
required ventilation rate it is necessary to know the
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daily average dry-bulb temperature and the daily
average effective temperature of the outside air for

a particular day. Then select a limiting shelter
effective temperature, say 820 FET. The daily average
outside effective temperature for the day in question
is subtracted from the shelter effective temperature.
(If the result is negative, the limiting shelter ET
cannot be met by ventilation with outside air.)

Find the difference in effective temperature on the
ordinate of the chart and move horizontally to the
curve representing the daily average outside dry-bulb
temperature. Move vertically to the abscissa to read
the required ventilation rate in cfm per occupant.

The chart can be used also to predict the average

shelter effective temperature fcr a given ventilation
rate. In this case, the chart is entered from the

value of the ventilation rate on the abscissa. Then

move vertically to the curve for the daily average
dry-~bulb temperature and then horizocntally to the
ordinate to read the effective temperature difference.
This, added to daily average outside effective temper-
ature gives the predicted daily average shelter effective
temperature.

Note that the method is based on daily average tempera--
tures and results in a daily average shelter effective
temperature. The results of a large number of simulated
occupancy tests indicate that the shelter effective
temperatures do not vary more than plus or minus 20
from the average during any one day. It is probable
that these small variations from the average would have
very little effect on the physiological response of

the occupants, either by increasing the heat stress
during the hotter parts of the day or by providing a
respite during the cooler period, It is, therefore,
considered valid to use the daily average of effective
temperature as the measure of shelter environment.

Based on the results of simulated occupancy tests, the
simplified method, usihg 24-hour average inlet conditions,
usually overestimates the 24-hour average shelter condi-
tions in basement and below-ground locations, even near
the end of a two-week occupancy period. The estimate of
average shelter elifective temperature exceeds that ob-
tained by test by a degree or more even in the final
phases of the test and exceeds it by several degrees
during the firsi few days of the test. The apparent
reason for this overestimation is that most below-ground
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shelters are not truly adiabatic and there is scme
heat transferred through the walls of the shelter to
the surrounding earth. During the occupancy period

the earth temperature will increase, due to the heat
transferred to it, and therefore, the amount of heat
transferred in the later stages of occupancy will be
decreased. Thus the shelter will approach the adia-
batic condition after about 10 days and the simplified
method of analysis more closely approximates actual
conditions,

The simpiified method can be used in conjunction with
the weather history of any locaticn to determine the
expected number of days that a given ventilation rate
will produce a given shelter effective temperature or
less. The ratio of this number of days per year to
365 is the reliability of the ventilation capacity.
The procedure would be:

1. Determine the hourly coincident dry-bulb and
wet~-bulb temperatures for each day from the
weather history and average these over the
day;

2. Tabulate the number of days that have the
same gset of coincident daily average temper-
atures;

3. Determine the ventilation rate required for
each of the sets of coincident daily average
temperatures o produce a given daily average
shelter effective temperature;

4., Tabulate the number of days for which a given
ventilation rate produces a given daily aver-~
age erflective temperature or less;

5. Determine the ratio of *t4is number to the
total number of days in the weather history
available.

It is probable that there are at least ten years of

weather data available for most localities. It can

be assumed that the ratio as determined above, based
on these data, would be valid for any future year.

4-18
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Analyses of this type have been made for 81 weather

stations in the United States and curves, similar to
Figure 4.4, have been developed for these stations.

The chart in Fivure 4.4 is for Louisville, Kentucky

based on weather data from 1952 to 1962. From this

chart the required ventilation rate may be read for

any given limiting effective temperature and any de-
sired reliability.

From this chart the ventilation rate to give a 90%
reliability of not exceeding 82°FET is read at approx-
imatcly 16 c¢fm per person. It can be seen that this
same ventilation rate would give a reliability of not
exceeding 85°FET of about 98%. The reliability of not
exceeding 80CFET is only about 79% at this rate of
ventilation. It is apparent from these curves that

at the higher values of reliability large increases in
the ventilation rate are required to attain lower
values of limiting effective temperature. At the same
time, to attain higher reliability at a given shelter
effective temperature also would require a large in-
crease in ventilation rate. Although these facts are
generall; true for all cities for which the curves
have been developed, the rates at which the parameters
vary are significantly different. For cities in the
northern portions of the United Sta‘es a given rate

of ventllatlon will produce a reliatility of not ex-
ceeding 82°FET only slightly less than the reliability
of not exceeding 85°FET. In the southern part, espec-
ially in the gulf coast states, this would not be true.
Here a given ventilation rate may result in a high
reliability of not exceecding 85 OFET but the same ven-
tilation rate would produce a relatively low reliabil-
ity of not exceeding 82°FET.

When the shelter conditions as predicted by the simpli-
fied method were compared with the results of simulated
occupancy tests of basement and below ground shelter
locations, it was found that the sinplified method over-
estimated the shelter ET by about one degree. Based

on this and other considerations, the procedure wss
adjusted tc reduce the predicted ET by one degrc..

Thus the reliability curves of the type shown in Figure
4.5 were reduced one degree, the 83 degree curve
becoming a 82 degree curve, the 82 degree becoming the
81 degree curve, and so on.

The data from simulated occupancy tests suggest that
the actual environment ‘n shelters would be spread
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about this adjusted estimate, with about two-thirds
of all cases being within one degree of the estimate.
Less than 20% of all cases would be underestimated
by more than one degree.

The charts from the 91 weather stations were used to
plot contour lines of equal ventilation rates over

*he country as shcewn in Figure 4.6. In order to pro-
tect the small fraction of sheliters for which the
environmeunt might be underestimated by a wide margin,
and to further simplify the procedure, the areas be-
tween contour lines were regarded as zones of equal
ventilation rate with the rate for the entire zone
being that of the highest-value contour bounding the
zone. For example, the entire area between the 15 cfm
contour and the 20 cfm contour is taken as requiring a
ventilation rate of 20 cfm per person. In thie way
only those shelters near the high boundary would not
be given excess ventilation.

It is ¢onsidered that the number of shelters for which
the system would underestimate the ventilation rate
and which, in additioun, would be close to the high
boundary of the zone, would be quite small. Further-
more, the occupants of such shelters would have the
alternative of moving into areas of the building peri-
pheral to the shelter ars=a or &ven to another shelter
if the thermal environment became intolerable. This
alternative would not be available if radiation levels
were high enough to prohibit moving into areas with

a lower protection factor. Thus, the lives of the
occupants would be endangered only when this combina-
tion of unrelated circumstances existed.

To use the map of Figure 4.5, it is necessary only to
determine the number of occupants of a shelter and
multiply by this by the ventilation rate read from the
map in order to determine the required total ventila-
tion capacity for the shelter.

It will be recalled th:.t the method is based on the
heat i1oad of sedentary people (400 Btuh per person)
with 1o other heat loads considered. If other heat
loads are present in the shelter it is suggested that
they be treated as additional occupants at the rate
of oue additional occupant per each 400 Btuh of addi-
tional heat load.
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VENTILATION KIT

The simplified method of determining a ventilation

rate was developed by the Office of Civil Defense
principally as a means of establishing the criteria for
the distribution of ventilation kits (VKs) tc ideuntified
and stocked shelters. The National Shelter Survey has
located many shelter areas in existing buildings which
cannot be used or in which the capacity must be reduced
because of inadequate ventilation. Most of these areas
are in basements or other below-ground locations where
natural ventilation is unlikely to provide a habitable
environment.

Above~ground spaces are not considered for ventilation
improvement in this program since natural ventilation
may be capable of maintaining habitable c(nvironments in
nearly all such areas. However, it appears probable
that there could be a need for additional ventilation
capability in above-ground areas in the regions of

high ventilation raute, especially in the Gulf Coast
states.

The Ventilation Kit is a complete mechanical ventilating
systex which is portable and can be assembled and oper-
ated by untrained persons., It can be driven either
electrically or by human muscle power by means of a
bicycle-type drive unit. There are two types: either
one or two pedal drive. The number and type of VKs
stocked in a shelter will be determined by the total
ventilation capacity required.

The basic components of the VK are a 20-inch propeller-
type fan with stand and shroud, a drive module with
stand, pedals, drive chain, saddle seat(s) and handle-
bar, two rolls of 20-inch diameter, 4-mil plastic duct
(one 130-foot roll and one 90-foot roll), two plastic
duct elbows, and accessories such as duct adaptor, tape,
electric plugs, scissors, wrench, screwdriver and lubri-
cant. The VK comes sealed in two cartons, one containing
the fan assembly and the other the drive module.

The fan is arranged for use with ducting on the dis-
charge side so that the VK is used to exhaus:’ hot,
humid air from the shelter. Thus, it would be placed
as far as possible from the air inlet doors and windows
in order to obtain maximum air distribution. It should
be placed so that the plastic duct is as short and as
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straight as possible in order to miniitize friction
losses in the duct.

The plastic duct should be completely laid out before
taping to the fan shroud. The duct adaptor is used

to assist in sealing around the discharge duct where
it passes through a sealed doorway. Pieces of surplus
duct are cut for use in sealing openings which might
cause short circuiting of air to the fan.

The capacities of the one-man and two-man VK units are
shown in Table 4.1.

TABLE 4.1
CAPACITIES OF VK TNITS, CFM

Equivalent Duct One-Man Two-~-Man Motor
Length, feet Unit Unit Drive
100 2400 3000 2900

200 2100 2800 26390

300 1900 2500 2520

400 1700 2250 2370

500 1550 2000 2230

600 1450 1900 2110

800 1300 1700 1930

1000 1250 1650 1790

The capacities for pedal-driven operation are based on
a human muscular power output of 0.1 horsepower per
person. The fan motor furnished with the VK is a 1/3
horsepower, 115 volt, single phase, permanent-split
capacitor motor. The motor efficiency is about 60
percent so the output is about 0.2 horsepower, the
approximate equivalent of the two-person pedal drive.

A table can be made showing the capacities of various
numbers and combinations of one-man and two-man VK
units for the various equivalent duct lengths. The
per capita ventilation requirement from the zonal map
is used together with the number of shelter occupants,
the equivalent length of ducting, and the rated
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capacity of the VK units to determine the number and
type of units required. Both the equivalent length of
ducting and the total ventilation requirement are
rounded off to the nearest tabular entry. Thus a shel-
ter for 150 persons in a zone where the per capita
ventilation rate is 15 cfm would have a total veantila-
tion requirement of 2250 c¢fim. If the estimated
equivalent duct length is 175 feet it would be rounded
to 200 feet. The nearest tabular entry would be a
single one-man unit with a capacity of 2100 cfm. This
appears to be less than the required amount. However
the equivalent duct length was actually less than 200
feet so that slightly more than 2100 cfm could be
expected. Alsc the zonal map overestimated the required
ventilation requirement except for locations near the
high border.

There exists the possibility that the equivalent duct
length would be rounded downward giving a tabular

value less than the amount of ventilation required.

If this location were also close to the high border

of the zone there is a possibility that a deficit in
ventilation would result. The number of shelters where
both cenditions would exist is probably vary small.

NATURAL VENTILATION

It was mentioned that the 'VK program is planned prin-
cipally for basement and other below-grade shelter
areas since above-ground shelters can probably main-
tain a habitable environment by means of natural
ventilation. This means that the ventilation can he
planned to take advantage of the building contigura-
tion, openings, outside winds and circulation paths.

Natural ventilation would be most applicable to shelter
areas in existing buildings which have large openings
and passages necessary to move large quantities of air
with small pressure differentials. 1In high-rise
buildings windows could be opened at the top floors
and near ground level to provide a chimney effect for
ventilation of shelter areas on the mid-floors. 1If
the shelter areas are located in the inner parts of
large buildings with intericr partitions the windows
at the shelter level can be oupened to permit a cross-
flow of air. If the windows are open during the time
fallout is being deposited there may be some infil-
tration but the amount probably would be very small
and not reduce the protection factor of the shelter area
to any great extent.
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On the other hand, if the shelter area is on higher
floors and has no interior partition, it would probably
be best to keep the windows closed during the time
fallout is being deposited to prevent possible infil-
tration. Once the particles have ceased to fall, it
would be safe to open the window:s. Since window glass
provides almost no attenuation of gamma radiation,
whether the windows are open or closed has no appre-~
ciable effect on the protection factor. On the mid-~
floors of high-rise buildings, there wculd be no danger
of fallout particles on the ground infiltrating through
the open windows. Therefore, the windows cotld be
opened as necessary to provide ventilation.

As a general rule it can be said that the amount of air
flow depends upon the size of the exhaust opening and
the direction of the air flow depends upon the inlet
opening. 1t would thus be desirable to have as many
and as large openings as possible on the lee side of
the building in order to provide the maximum volume of
flow. On the windward side windows would be opened or
closed as necessary to provide the best directional
effect of the flow of air. It would also probably be
advantageous to open windows on the lee side floors
above the shelter area in order to draw the hot air
upward. Obviously stairwells and other vertical pas-
sages would have to open to permit the movement of air,

These same principles would also apply iu the use of
the VK units. Here the VK provides for the volume and
direction of the exhaust. The air inlet openings

would then be provided to create the required direction
of flow through the shelter. All other openings would
be sealed off to prevent short circuits in the air flow
pattern.

AIR DISTRIBUTION IN SHELTER

ST

It has been found that a series flow of air through the
shelter is more beneficial than parallel flow. 1In
other words, all of the air should enter at one end of
the shelter and exhaust at the opposite end. In this
manuer each person receives the full flow in series.
Obviously, there will be a variation in conditions
through the shelter with the lowest effectiive tempera-
ture near the inlet and the highest near the exhaust.
However, both theoretical calculations and experimental
evidence show that only at the locatiions neasx the
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exhaust will the effective teamperature be as kigh as it
would be in the :atire shelter with parallel 1:ow. (26)

If the shelter area is (oo wide to make effective use of
the series flow arrangement, it would be desirable to
erect partitions to act as baifles to direct the flow
in a serpentine path through the space. This will
create the necessary series path. However, care msust

be taken to insure that dead air spaces are not crezated.

There are several advantages to the use of the series
flow of ventilatiop in additi.a to the fact that the
average effective iecmperature of the shelter will be
Jower. The principal one is the fact that the shelter
manager will kave some flexibility in bandling the
distribution of the occupants. Those with a lower
tolerance to heat stress can be placed near the venti-
lation inlet where conditions should be most favorasle.

In most shelters thnere will probably be some variution
in protection factor in the various areas. Thne shelter
manager will probably wish to rotate the occupants to
the areas in order to equalize as much as possible the
total radiation dose received. If there are aiso
variations in effective temperature, he can use the
same technique © equalize the exposure to heat stress.

As was pointed out earlier, people can tolerate a high
effective tempersure better if they can get a restful
night's sleep. Thus, it may be desirabla to locate the
sleeping sections of the shelter near the ventilation
inlet since the conditions there would be more favorable
for restful sleep. This would be especially advantageous-
if sleeping must be done in shii'ts. 1In this case the
lower metabolic rate of sleeping persons (about 240 Btuh)
would cause a smaller increase in effective temperature
of the inlet air. The air reaching those who were awake
would then provide somewhat more cooling effect than it
would if the people near the inlet were awake and more
active.
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4.2

4.3

4.4

4.8

4.9

PRACTICE PROBLEMS

It is required that the COg concentration in a
shelter be held below 6% for ¢ hours of "buttoned-
up’" operation. What must be the volume of shelter
space per person? What would be the oxygen con-
centration?

If the shelter in Problem 4.1 must be capable of
24--hour "buitoned-up" operation, what must be
the volume of space per person?

A sheiter has a volume of 75 ct ft/person. How
long can it be operated without ventilation if
the CO2 is not to exceed 2%7? If the COg is al-
lowed to go to 4%, how loui.z can the shelter be
operated without ventilation?

A shelter is 25' x 40' x 8' and is designed for
100 persons. It is estimated that 100 cfm of
fresh air are available by natural ventilation.
How long would it take for the CO2 concentration
to reach 1.0%?

In the shelter in Problem 4.4 how many persons
could be sheltered if the 002 is not to exceed
1.0% in 24 hours?

A shelter in Bostcn, Massachusetts, has a capacity
of 300 persons. What total ventilation rate is
required if shelter is to have a 90 percent relia-
bility of not exceeding 820 FET?

How many one-man and/or two-man PVK units would
be necessary to meet the ventilation requirement
of the shelter in Problem 4.6 if the estimated
equivalent length of duct is 475 feet?

A 500-occupant shelter is located in New Orleans,
Louisiana. How many PVK units would be required
to meet the ventilation requirements of this
shelter? The estimated equivalent duct length is
530 feet.

A shelter for 150 people in St. Louis, Mo., can be
equipped with PVK units so that the equivalent

duct length is 150 feetft. One 2-man unit is supplied
for the shelter. Will this provide adequate ventil-
ation?

~
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CHAPTER V
HEAT TRANSFER THROUGH SHELTER BOUNDARIES

The analysis of ventilation rates required to maintain

a tolerable thermal environment, as presented in the
previous chapter, was based on the metabolic heat of
sedentary perscns with no other heat loads considered
and treated the shelter as an adiabatic system. However,
the actual conditions in a shelter are not this simple
and will have a modifying effect on the required venti-
lation rates. The simplified method of Chapter IV is
adequate for use in analyzing large numbers of shelters
in order to determine the basis for deployment of VK
units or for similar programs, but for sheiter design
purposes a more sophisticated approach would be desirable.

It was pointed out that there could be some shelters
wherein the ventilation would be inadequate whean
determined by use of the zonal map of Figure 4.5,
although the number of such shelters would be small.
The number of shelters at risk is considered tc¢ be
acceptable in view of the advantages of the simpliried
method. In shelter design, however, there is only the
one shelter to be considered and the possibility of
inadequate ventilation of that shelter by use of the
simplified method is not an acceptable risk. The time,
effort and professicnal judgment required to make a
more accurate estimation of the needs for that shelter
are justified. However, it should be remembered that
even individually designed shelters involve some degree
of risk since it would be extremely expensive to build
a shelter which had 100 percent reliability.

In tests of a 100-man underground shelter, using both
human and simulated occupants, the U. S. Naval Radio-
logical Defense Laboratory (USNRDL) found that approx-
imately 69 percent of the total heat loss from the
shelter was lost in the ventilating air for both the
human occupancy test and the simulated occupancy test.
The remainin~ 31 percent was transferred to the sur-
rounding earth (16). These values would vary for other
types and sizes of shelters.

Extensive tests, using simulated occupants, conducted
by the University of Florida over a period of about

tr0o years in various parts of the United States, have
reveeled that tolerable conditions can be maintained
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most of the time by ventilation alone. The tests

were conducted under the former criterion of 85° FET

, as the tolerable limit. Under severe conditions the
-4 shelter effective temperature may exceed even this

g limit but this will occur during the hottest part of
the diurnal temperature cycle and last for a short
period of time only before dropping back to more accep-
table levels as the atmospheric temperature decreases.
This, in general, is due to the favorable influence of
heat conduction to the earth surrounding the shelter.
In only one case was it not possible to maintain
conditions below the 859 FET criterion then in use

and this occurred at a location and time when the air
temperature and humidity were both high and, in addi-
tion, the ground temperature was exceptionally high,.
This particular shelter was located below-ground i»
the downtown section of a large city in an area indi-
cated in Figure 4.5 as requiring a ventilation rate

of 50 cfm per person.

In analyzing the shelter thermal system the following
E factors would be considered as affecting, or being
affected by, the physical envirconment. Some of these
have already been discussed in previous chapters.

1. The size and shape of the shelter with respect
to surface area, volume, geometry and expcsure;

2. The number of occupants;

3. The duration of occupancy;

4., The metabolic characteristics of the occupants
in relation to energy expenditure, sensible
and latent heat losses, oxygen consumption,

R and carbon dioxide production;

‘g 5. The physiological and psychological reactions
) of the people to the immediate situation;

6. Clothing (insulating properties, absorptivity);

7. Diet (solid and liquid, including drinking
water);

8. The temperature, humidity and air motion in
the shelter space (Effective Temperature):




9, Interior surface temperatures and moisture
condensation;

10. Temperature and humidity of air leaving the
shelter;

11. Interior heat and moisture sources other than
people;

12. Heat flow from adjacent structures or heat
sources;

13. Thermal properties of the shelter and surroun-
ding materials (conductivity, density, specific
heat, aiffusivity, moisture content);

14, Thickness and thermal properties of cover and
shielding materials;

15. Weather conditions with respect to variable
temperature, humidity, solar radiation, wind
and precipitation;

16. Initial conditions of the shelter environment
and its surroundings (temperature distribu-
tion, moisture);

17. Temperature and humidity of fresh air or air
supplied to shelter space;

18. Rate and method of ventilation with fresh
and recirculated air (cooling, heating, air
conditioning);

19. Required degree of reliability.

If it is assumed that the mechanical engineer will not
be responsible for the design of the shelter structure,
but will design the mechanical systems only, several
of the preceding parameters are beyond his control.
They may, however, have been determined and, for design
purposes, will be essentially fixed. This would in-
clude such factors as the size and shape of the struc-
ture, the number of occupants, the shelter materials,
the shelter site and the surrounding materials and
structures. It is, of course, possible that the
structural engineer or architect will be able to mod-
ify some of these factors if the thermal analysis
makes it necessary or advisable.
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The duration of occupancy will be determined by the
duration of the threat. In the case of a fallout

shelter, the occupants must remain in the shelter until
the intensity of radiation outside has decreased to a

safe level. For design purposes, fallout silgters are
normally analyzed on the basis of a 14-day occupancy.

The factors affecting the stay-time required cannot be
evaluated in advance, so the l4-day period is a reasonable
compromise.

The metabolic characteristics of people cannot be
changed by the design engineer other than by the effect
of environmental conditions on the sensible and latent
heat losses. However, reasonable average values have
been established and can be used for design purposes.
During shelter occupancy, however, the shelter manage-
ment can control metabolic heat, to some extent, by
limiting activities.

The physiological limits of tolerance are beyond the
control of the designer but have been reasonahly well
ectablished to the point where criteria for design
limitations are more or less fixed. The psychological
limitations are, as yet, not defined nor are the

factors affecting these limits clearly understood. Here
the designer is faced with using the small amount of
information available and trying t¢ exercise the best
Jjudgment possible, and then hoping for the best.

The variations of atmospheric temperature, humidity,
solar radiation, wind and precipitation are beyond

the control of the designer. Consequently, there is no
control over the condition of the supply air for
ventilation. If data are available from Weather Bureau
records to establish reasonable average values of
coincident dry-bulb and wet-bulb readings, these may

be used for design purposes. Lacking these data, or
other reliable information on the local weather
history, data for design purposes can be obtained from
Table 5.1 which gives design dry-bulb and wet-bulb
temperatures for selected cities in the United States.
These data have been abstracted from Table 1, Chapter
26, 1963 ASHRAE Guide and Data Book, which gives data
on the highest 1, 2%, and 5 percent of all the hours
(2938) of the months of June through September.
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The 5 percent data means that, in a normal summer,
temperatures will be at or above those given in the
Table only 5 percent of the time, or for about 150
hours. These hours would not, of course, occur consec-
utively but would occur two or three hours at a time
during the hottest part of the diurnal cycle.

It should be emphasized¢ that the data from this table
should be used only when more accurate information is
not available. The dry~bulb and wet-bulb temperatures
given in the table are not coincident readings but are
the maximum readings. Normally the maximum wet-bulb
temperature would not coincide with the maximum dry-
bulb temperature so that the table indicates humidities
somewhat higher than would actually exist. The Office
of Civil Defense has coincident weather data for the
cities indicated by an asterisk in Table 5.1.

TABLE 5.1
SUMMER CLIMATIC CONDITIONS

Outdoor
Daily
5% Design 5% Design Temp.
Station Dry Bulb Wet Bulb Range
Ala., Birmingham 93 77 21x*
Alaska, Fairbanks 75 62 19
Ariz., Flagstaff 80 60 28
Tucson 100 71 26%*
Ark., Little Reck 94 78 22%
Calif., Los Angeles 86 70 22%
San Francisco 79 62 21*
Colo., Denver 88 63 29%
Conn., Hartford 86 74 24
D. C., Washington 90 76 18%
Fla., Miami 89 79 10%
Orlando 89 79 19
Tallahassee 91 79 20%
Ga., Atlanta 91 76 20%
Savannah 92 79 18x*
Hawaii, Honolulu 84 73 9%
Idaho, Boise 91 65 31x*
I111., Chicago 89 76 21x%
Ind., Indianapolis 89 76 22
Iowa, Des Moines 89 76 21%




TABLE 5.1

(Continued)
—outdoor
Daily
5% Design 5% Design Temp.
Station Dry Bulb VWet Bulb Range
Kansas, Wichita 96 75 23%
Ken., Lexington 90 76 21
La., New Orleans 91 79 14*
Shreveport 95 79 21%
Maine, Augusta 83 71 22
Mass., Boston 86 73 16%*
Mich., Detroit 86 74 21%
Sault Ste. Marie 78 69 23
Minn., Duluth 79 69 20*
Minneapolis 87 74 22%
Miss., Jackson 94 78 23%
Mo., Kansas City 94 76 21%*
St. Louis 93 77 18%
Mont., Butte 80 57 35
Nebr., North Platte 90 72 27*
Omaha 921 76 22%
Nev., Las Vegas 106 70 30%*
Reno 89 61 45%
N. Mex., Albuquerque 91 63 25%
N. Y. Albany 85 73 22%
New York(La Guardia)87 75 16x*
Rochester 85 72 23
N. C., Raleigh 91 77 21
N. D., Bismarck 87 71 27*
Fargo 85 72 26
Ohio, Cleveland 87 74 22%
Columbus 88 75 26%
Okla., Oklahoma City 95 76 21%
Ore., Portland 81 66 21%*
Pa., Philadelphia 38 76 21x*
Pittsburgh 85 73 21%
S. C., Columhia 93 78 21%
S. D., Rapid Citv 88 09 27%
Tenn., Knoxville 90 76 22%
Memphis 94 79 20%
Texas, Amariilo 92 70 28%*
Fort Worth 929 76 20
Houston 92 79 17%
San Antonio 96 76 23x%
Utah, Salt Lake City 91 64 32x%

v
,




TABLE 5.1

(Continued)
Outdoor
Daily
5% Design 5% Desig: Temp.
Station Dry Bulb Wet Bulb Range
vt., Burlington 83 72 24%*
Va., Richmond 92 77 21
Wash., Seattle-Tacoma 717 63 22x%
Spokane 85 €3 26%
W. Va., Charleston 88 75 24
¥is,, Milwaukee 84 73 20*
Wyo., Casper 87 61 31

Thus the mechanical designer will be able to control
only the rate and method of ventilation and the distri-
bution of air within the shelter. To a certain extent,
he can also control internal neat and moisture sources.
By controlling these factors he can, in turn, control
the temperature, humidity and air motion within the
shelter, and, within limits, shelter surface tempera-
tures and moisture condensaticn.

The dissipation of heat from the shzlter to the sur-
rounding eartk is of great importarice in the control

of the thermal conditions in an underground shelter.

In general it would be expected that earth temperatures
would be less than shelter temperatures during times

of greatest heat stress and that heat weuld be trans-
ferred through the wallis of the shelter to the earth.
Under other conditions shelter temperatures may be
below the earth temperatures and heat will flow from
the earth into the shelter. It is necessary, therefore,
to have some information concerning the properties of
the earth surrounding the shelter.

The properties of interest in heat transfer calculations
are the thermal conductivity and the thermal diffusivi-
ty. These are affected by type of soil, the density,
the moisture content and the specific heat.

The thermal conductivity (k) is a property of a mater-

ial which determines the rate at which heat will flow
through it when there is a difference in temperature
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between the two sides of the material. It has dimensions
of:

- Btu Btu - ft _
k hr - ft2 - deg F/:¥ ©F Tr - ft2 - deg F

In other words, k indicated the amount of heat, in Btuh,
which will flow through one square foot of surface for
each foot of thickness, for each degree of temperature
difference between the two sides of the material. In
some cases values of conductivity for building materi-
als are given on the basis of an inch of thickness,
rather than a foot, so that:

_ Btu - in
k = f7 = ft2 - deg T

These vaiues would be divided by 12 in/ft to obtain
values based on one foot of thickness.

The heat which is transferred through a materiai then
can be determined by:

kA (t1 - t2)

= - (Ea. 5.1)

Where:
q = heat transferred, Btuh
k = thermal conductivity as defined above
A = Area through which heat flows, sq ft
t] - t2 = temperature difference between the two

sv~aces, OF
x = thickness of the material, ft
The flow of heat will be in the direction of the lower
of the two temperatures,
This equation assumes that the decrease in temperature
is constant for each increrent of thickness, an assump-

tion which is not necessarily true. However it shoulid be
sufficiently accuratz for purposes of this discussion.
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The thermal diffusivity (oK) is a property of the
material which is defined by:

X = thermal diffusivity, ft2/hr

k = thermal conductivity Btu/hr - ft2 - deg F
per ft
€ = density, ib/ft3
c.. = specific heat at constant pressure, Btu/lb -
P deg F

The diffusivity might be considered as the ratio of the
ability of the material to conduct heat divided by its
ability to store heat.

It is apparent that it is desirable to have information
ccncerning the density and specific heat of the soil in
order to determine the diffusivity from the conductivity.
The diifusivity can, however, be estimated from Figure
5.1, which has been reproduced from Reference 17. It
can be seen that values of diffusivity range from about
0.005 to about 0.045 but the most values fall in the
range of 0.015 - 0,025,

The thermal conductivity of soils may be estimated from
Figure 5.2, which also has been reproduced from Refer-
ence 17. Notice that both the conductivity and the
diffusivity increase with increased moisture content.
Thermal diffusivity of a particular soil increases with
the moisture content up to a maximum, after which the
increase in thermal conductivity is overcome by increases
in density.

Values of thermal conductivity, specific gravity and

specific heat for several common materials are listed
in Table 5.2. The values are taken from the 1963
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ASHRAE Guide and Data Book, Chapter 65, Tables 2 and 3.

The specific gravity is the ratio of the density of a
substance to the density of water. Thus, the density
of the substance can be determined by multiplying its
specific gravity by the density of water, which is
taken as 62.4 1lb/cu ft. The céensity varies with temp-
erature. For water, the standard value of 62.4 1b/cu
ft. is taken at 39.20F. This will decrease to about
62.0 lb/cu ft at 100°F and will continue to decrease at
higher temperatures.

For gases and vapors, the variationdo density with
temperature, and pressure, is very significant. Pressures
less than about 500 psi will have negligible effect on

the density of a liquid and pressures of several thou-
sand psi are necessary to have a significant effect on

the density of a solid.

Since the amount of heat transferred is devendent on the
difference in temperatures across the substance through
which the transfer will occur, the temperature of the
earth is also of concern in the analysis of the shelter
thermul environment. The earth temperature to be expected
may be estimated from soil temperature data published

by the U. S. Weather Record Center, Asheville, North
Carolina, or by information which may be locally avail-
able for the site of the shelter. In dual purpose shelters,
however, the earth temperature adjacent to the shelter
walls will change after the shelter area has been occupied
during its normal function ane will thus be greater than
the temperature of undisturbed earth..

Figure 5.3, reproduced from Reference 17, shows the
maxinum soil temperatures for the month of July for a
range of depths for several soil stations, Figure 5.4,
also from Reference 17, shows a typical cyclic variation
in soil temperature for an area near Lexington, Kentucky.
Shown are soil temperatures at the surface, 5 ft. depth
and 10 ft depth and the mean air temperature, solar
energy and precipitation. Note that the solar energy
reaches its peak value during June and July but the soil
surface temperature does not reach its peak until some-
what later. The peak temporature at 5 ft does not occur
until about a month after the surface peak and the peak
at 10 ft does not occur until October. This illustrates
the time required for the incident solar energy to pene~
trate into the ground. Notice also that the range of
temperature variation in tl.e annual cvcle is smaller
¥ith successively lower depths as would be expected.
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The annual fluctuation of earth temperatures may
penetrate to depths of 40 ft. or more, depending on

the diffusivity of the soil. Temperatures also fluc-
tuate on a daily basis but this effect wili penetrate
only 2.5 to 3 ft below the surface in most cases. Since
a below grade shelter would normally have at least 3 ft.
of earth cover, the diurnal temperaturza fluctuation of
the eartn may be neglected.
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The thermal eavironuent of any sheiter is a balance of
the heat gzenerated in the shelter, the heat transferred
to the ventilating air, and the heat conducted to and
from the surrourding materials. Each of these may
include sensible heat and latent heat components which
vary with time. The analysis of the shelter-earth
systex is, therefore, a problea in trarsient heat
conduction.

Unfortunately, the transient heat conduction analysis

is verv complex and is best solved by the use of a
computer. Even then it is necessary to make certain
simplifying assumptions. Shelter environments have

been analyzed by use of koth digital and analog computer
techniques and thz results show a reasonable degree of
correlation witk the results of experimental measurements
using both human and simulated occupants.

On the basis of the analytical and experimental results,
some general conclusions can be stated:

1. Ventilaticn rates should be analyzed for heat
transfer as well as for control of the chemical
envircnment.

2, Sheltevs should be located as deep as practi-
cable telow grade in the desigr of new buildings,
in order to take advantage of the lower ground
temperatures. (The protection factor would also
be increased.) Tke cost of mechanical cooling
may, however, preclude goirg to the expense nf
deep excavation.

3. Shelter materials with high thermal conductiv-
ity should be used.

4. The inside surface area per person should be
made as large as possible.

From the standpoint of control of the thermal environ-
ment, shelters for a small number people will requ:ire the
lowest ventilation rates, on a per capita basis. This
is because the shelter surface area per person will be
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TABLE 5.2

THERMAL CONDUCTIVITY, SPECIFIC GRAVITY AND SPECIFIC
HEAT OF SOME COMMON MATERIALS*

Therma 1 Specific Specific
Material Conductivity Gravity Heat, cp
Water 0.330 at 320F 1.00 1.000
0.356 at B86OF .998 1.000
Brickwork 0.33 - 0.92 11.85 - 2,00 { 0.2
Cement J9.017 1.5 ~ 2.4 | 0.186
Clay |  ====- 1.28 0.224
Concrete 0.5~-0.75 (1.5~ 2.4 0.156
Earth (dry, packed) 0.022 1.5 0.2%x
Limestone 0.3 - 0.75 (2.1 - 2.8 0.217
Plaster 0.25 - 0.05 |  mm== | mmm——
Sand 0.188 1.4 - 1.9 0.191
Wood, Oak 0.085 - .125 |0.65 ~ 0.84 ] 0.570
Fir 0.09« 0.40 0.65
Pine 0.065 - 0.085/0.43 - 0.67 | 0.67
Aluminum 122.0 2.55 - 2.80 ] 0.226
Asbestos 0.09 2.1 - 2.8 0.25
{Copper (cast rolled)| 224.0 8.8 - 8.9 | me—e--
Steel (cold drawn) 28.0 7.83 0.12

*Abstracted from 1863 ASHRAE Guide and Data Book,
Chapter 65, Tables 2 and 3

**Value not taken from Reference cited.
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large and the heat conduction to the surroundings
depends on the number of square feet through which it
can be transferred. Thus, the heat conduction per
person is large and less heat has to be removed by the
ventilation air. In larger shelters the surface area
per person is reduced and hence the per capita heat
loss to the earth is less. So more heat must be re-
moved by the ventilation air, necessitating higher
rates of ventilation.

Also, in the large shelters, the large amounts of heat
transferred to the earth will increase earth temperatures
adjacent to the shelter. This will decrease the temp-
erature differential and reduce the amount of heat which
can be transferred. Thus, heat conduction effects
decrease significantly during the period of shelter
occupancy. This is not so likely to affect the smaller
shelter to the same extent.

The energy balance for a shelter can be written in the
following simplified form:

Qz + Q' =Qy +Q, +Qp (Eq. 5.2)
Where:
Q_ = human metabolic heat, Btuh per person

g

Qg' = heat generated by lights, cooking appliances,
motor driven equipment, auxiliary power
apparatus, etc., Btuh per person

Qv = heat carried out by ventilation air, Btuh
per person

Qw = conduction heat loss to surrounding media,
Btuh per person

QR = heat absorbed by cooling equipment, Btuh per
person

The equation indicates the three possible methods of
dissipating heat from the shelter are (1) cooling by
ventilation air (2) cooling by heat conduction to the
surroundings and (3) cooling while dehumdifying.
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Dehumidification without cooling, such as by the use of
a desiccant, might be considered under Method 3 but
usually it will tend to increase rather than decrease
the :ffective temperature in the shelter since the
latent heat given up by the water vapor as it is
absorbed remains in the shelter, causing an increase in
dry-bulb temperature.

In the above equation, most of the factors have both a
sensible heat and a latent heat component. 1In addition,
the heat loss to the ventilation air and to the sur-
rounding media are time dependent so that a complete
analysis of the equation becomes very complex. However,
simplified mathematical analyses have been made for
three different cases:

1. no conduction heat loss to the surrounding
media

2. no ventilation heat loss (buttcned-up
condition) with infinitely large surrounding
media of initially uniform temperature, and

d. sensible heat exchange of shelter with
ventilation air and with large surrounding
media with constant and uniform temperatures.

In all three analyses it is assumed there is no heat
absorbed by cooling equipment.

CASE 1. NO CONDUCTION HEAT LOSS TO SURROUNDINGS

This analysis might apply to an underground shelter
located in a region with high earth temperatures so
that heat dissipation through the walls would be
negligible. In this case Equation 5.2 would be reduced

to:
Qg + Qg =Q

In other words, all of the heat would have to be
dissipated by the ventilation air.

v

The human metabolic heat consists of sensible and
latent heat, the proportions being dependent on the
dry-bulb temperature of the air as indicated in Table
3.6. For a sedentary adult with a total metabolic

heat loss of 400 Btuh, the sensible and latent heat can
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be approximated by the following equations:
dg 22 10(100-t,) (Eq. 5.3)
q1> 10 t;, - 600 (Eq. 5.4)
Where t_ is the dry-bulb temperature of the alir and
is betwden 650F and 1100F. The sensible heat balance,
then is:

10(100 - ta) + Q' = Qy

The sensible heat lost fo the ventilation air would be:
Qu = macp(fa - tv)

Where mya is the mass of air and Cp is the specific
heat.

The mass of air will be the volume multiplied by the
density (or divided by the specific volume). If the
volume is given in cfm per person thern:

mg = G/Vg4

For standard air Cp is 0.244 and V is 13.5

i

macp = (G) (60) (0.244)/13.5 = 1.08 G

£t3] |min Btu 1b_ | _ _Btu
min] |hr | |16 = oF ] |{TE3]~ Br OF

Where:

G = ventilation rate, cfm per person

Cp = 0.24 Btu/lb ~ OF for air

Va = average specific volume of air, cu ft/lb
Now

10(100 - t,) + Q' = 1.08 G (t, - t.)

v
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Where t, is the dry-bulb temperature of the shelter
air and t, is the dry-bulb temperature of the ventila-
tion air. Rearranging and solving for ta gives:

Qg' + 1.08 G ty + 10600
ta = 1,08 G + 10 (Eq. 5.5)

Assuming that the heat gain from lights and other
equipment is all sensible heat, the latent heat balance
is:

10ta - 600 = mahfg (Wa - Wv)
Where:

m, = mass of dry air = 60 G/V, = 1b/hr

hfg = latent heat of vaporization of water,
taken as approximately 1060 Btu/lb

W_ = humidity ratio of shelter air, 1lb vapor/lb
dry air

W, = humidity ratio of ventilation air, 1b vapor/

1b dry air
Then:
10t - 600 = 39—9—‘-,-399-9 (Hy = Wy)~#4700 G (W, - W_)
Rearranging gives:
vy -y v 10 ta - 800 ea. 5.6

Where W, is assumed to be constant.

An example will serve to show the application of
equations 5.5 and 5.6 in the determination of shelter
conditions.

EXAMPLE 5.1: A shelter is supplied with air at 80COF

db and 700F wb at the rate of 10 ctm per person.
The heat gain from lights and other equipment is 30
Btuh per person, all sensible heat. Determine the
condition of tne air in the shelter,
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SOLUTION:
From Equation 5.5:

ta = 30 + (1.08)(10)(80) + 1000 = 91°F
(1.08)(10) + 10

From the psychrometric chart, Wy = 0.0135 1b vapor/lb
dry air. Then, from Equation 5.6:

Wo = 0.0135 + (10)(91) - 600 = 0.0135 + 0.0066
T(@700) (10)”

Wo = 0.0201 1b vapor/lb dry air

Again going tc the psychrometric chart, at 919F db and
W = 0.0201, the wet-bulb temperature is 80.4C°F and the
dew point if 77°F. From Figure 3.2 the effective
temperature is estimated at 84.52FET.

By Equation 3.2 the effective temperature is calculated
as:

ET = 0.4 (91 + 80.4) + 15 = 83.56°F

which agrees with the value read from Figure 3.2 within
one degree.

CASE 2. NO VENTILATION HEAT LOSS

The simplified mathematical analysis has been made for
a '"buttoned-up" shelter (no ventilation) located deep
underground so that heat exchange near the surface
does not affect the shelter environment. This assump-
tion will be reasonably accurate for shelters located
3 feet or more below the ground surface, except in
cases 0of large surface temperature increuses due to
surface mass fires.

The transient heat conduction equations have been solved
for three simplified shelter models in order to calcu-
late the change in shelter dry-bulb temperature and
inner surface temperature from an initially uniform
earth temperature.
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The three simplified models are:

1. Orz~dimensional plare wall model. This model
xzay be applied to large shelters where corner
heat flov effect is negligible;

2. Cylindrical =mocdel, which #ill approximate a
long tunnel;

3. Spherical model, whichb will give a good
approximation for a small, family size shel-
ter.

Empirical functions have been developed for use in
mathematical analyses for each of these simplified
molels (18, 19, 20). The first of these is a dimen-
sionless temperature rise function, values of which

are plotted in Figure 5.5 for the .hree models; f, for
the plane wall model, f2 for the cylindrical modei, and
f3 for the spherical model. They are shown plotted
against a dimensionisss tise function, T, which can be
computed from:

T =K6 /a2 (E5. 5.7)

Yhere:

time function, dimensionless

thermal diffusivity of soil, ft2/kr

« A 5
]

elapsed time, hours

2 = apprcpriate value of equivalent radius of
the shelter model used, feet

The equivalent radius of the shelter model may be deter-
mined approximately from the following:

(Plane Wali Model) a; = 'Eﬂf (Eq. 3.8)
(Cylindrical Model) a5 = jfp;/g- (Ec. 5.9)
(Spherical Model) ag = \f Sj/4m (Eq. 5.10)

Whers:

S§ = interior surface area of shelter, square
feet
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S. = cross-sectional area of shelter, square feet

c
In order to dissipate a certain amount of heat by con-
duction through the shelter walls, the temperature
difference between the interior and the exterior of the
wall must be sufficient to provide the necessary ther-
mal potential to effect the heat conduction, accordinyg
to the basic heat transfer equation, Equation 5.1. 1If
it is assumed that the earth temperature remains con-
stant and the initial inner surface temperature is
equal to the earth temperature, the rise in inner sur-
face temperature can be expressed by:

Q a
ty - to = S; K f - (Eq. 5.11)
Where:
ty = final temperature of the inmner surtace, OF

to = initial temperature of the inner surface, of

Q = total heat generated in the sealed up shelter,
Btuh

a = equivalent radius of the shelter model,
determined from Eq. 5.8, 5.9, or 5.10 for
the model being used, feet

S. = inner surface area of shelter, square feet
k = thermal conductivity of the soil, Btuh/ft - OF

f = value of temperature rise function for the
model being used from Figure 5.5, dimension-
less.

It has been found that the dew point temperature of

the buttoned-up shelter air will be approximately the
same as the average inner surface temperature and the
dry-bulb temperature will be within a few degrees of
the inner surface temperature (20). Thus the shelter
eifective temperature will be almost equal to the inner
surface temperature under sealed-up conditions.

It is probable that, under '"buttoned-up'" conditions,
the shelter air will quickly become saturated anc¢ will
vemain saturated as long as no ventilation air is
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supplied. The shelter air will probarly be at a some-
what higher temperature than the wall temperature and,
consequently, condensation on the inner surfaces is to
be expected. This is not necessarily detrimental as
far as the thermal environment is concerned, although
i» may have an adverse physinlogical or psychological
effect on the occupants. The only way to avoid conden-
sation is to maintain the dew point temperature of the
zir below the temperature of the interior surfaces.
During a sealed-up period this prowably cannot be
accomplished without some method of mechanical cooling.

EXAMPLE 5.2: Determine the effective temperature of a

shelter after 24 hours of sealed uvwp operation. The
shelter is 10 ft long by 8 ft wide by 7 ft high. There
are 6 occupants with an average metabolic rate of 400
Btuh per person. The earth temperature is 75°F and

the soil diffusivity is 0.02. The conductivity is 0.75.

SOLUTION: For this small shelter the spherical model

is used. The inner surface area is:

Sy =2 [(10) (7) + (8)(7) + (10) (8)] = 412 sq ft

The equivalent radius, by Equation 5.10, is:

a =“‘412/477 - 5.72 ft

The dimengionless time function is, by Equation 5.7:

= 0.0147

r - (0.02)(24)
T

From Figure 5.5 the temperature rise function, f3 is
0.122. Then, by Equation 5.11:

ty - t, = OHIINSID (0.122) = 5.4%F

Assuming that the initial inner surface temperature is
equal to the initial earth temperature gives:

ty = to + 5.49F = 80.4°F

The shelter effective temperature can be talen as 80.4°F,
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EXAMPLE 5.3: An underground shelter, located at Lex-
ington, Kentucky, is 100 ft long by 100 ft wide by 8
f+ high, and contains 1000 occupants with an average
metabolic rate of 400 Btuh per person. The shelter is
in clay soil with 3 ft of earth cover. Determine the
effective temperature after 48 hours of buttoned-up
operationrn during the month of August.

SOLUTION: Assume a soil moisture ccntent of 20% and
from Figure 5.1, Curve C estimate the diffusivity as
0.018 and from Figure 5.2, Curve H-C (11) estimate the
conductivity as 0.73.

The average depth of the shelter is about 7 ft. From
Figure 5.4 the soil temperature at a 7 ft depth in
August is estimated as 66°F,

The inner surface area of the shelter is:

s, = 2 ‘:(100)(8) + (100) (8) + (100)(100)] -
23,200 sq ft

Taking the plane wall model, the equivalent radius is,
by Equation 5.8:

a = 23,200 = 152 ft

(0.018) (48)

T = 0.000037

This is off the scale in Figure 5.5 so, by extrapola-
tion, f1 is estimated to be about 0.03. Now:

t (1000) (400) (252)

w - to (0.03) = 108°F

and:

ty = to + 108 = 66 + 108 = 1740F
In this example the answer obtained is obviously impos~
sible. A temperature of 174CF cannot be produced by

a heat source of only about 100°F, the occupants of

the shelter. The reason for this is the value of f
which was obtained by extrapolation. For almost any

g realistic time duration of buttoned-up operation, the

’ vaiue of T for a plane wall model will be off scale
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in Figure 5.5. Thus the values of f; will be question-
able and can lead to unreliable solutions when the
plane wall model is used. In the previous example the
only reliable conclusion which can be drawn is that the
shelter in question would have to have ventilation, or
some means of cooling in addition to conduction to the
earth long before the end of the 48 hour period.

It may be noted that the time involved, in this case,
has very little effect on the solution. A reduction of
time, even to as little as one hour, would not reduce T
enough to have much effect on fl, since, at low values
of T, the curve in Figure 5.5 becomes almost horizontal.
Thus f3 will not be reduced enough to reduce the temp-
erature rise to acceptable levels. The prublem here, of
course, is that there is not enough surface area per
person to dissipate the metabolic heat to the surroun-
ding earth.

CASE 3. VENTILATED SHELTER WITH EARTH CONDUCT1ON EFFECTS

In Case 1 it was assumed that there was no heat conduc-
ted to the earth and cooling was by ventilation only.

In Case 2 it was assumed that there was no ventilation
and cooling was by conduction to the earth only. In the
normal operation of an underground shelter the thermal
environment will probably be atfected by both ventila-
tion and earth conduction effecis. The simplified
analytical solution for this condition is developed in
Reference 18 and modifications of it are presented in
References 17 and 20.

The heat balance for this condition is:

Qg + Qg' = Qv + Qy (Eq. 5.12)

Where the symbols are as defined for Equation 5.2 and
it is assumed that there is no heat absorbed by cooling
equipment.

It may be assumed that heat from lights and mechanical
equipment will be generated at a reasonably steady rate.
However, all of the other terms are time dependent.
Equation 5.12 can be written in the form:

10(100 - ty) + Qg' = 1.08 G(ta - ty) +h Sp(tw - ta)
(Eq. 5.13)
Where Qg has been replaced by the sensible portion of
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the human metabolic heat, Equation 5.3; Qv has been
replaced by 1.08 G (tg - t_) as explained in the deri-

vation of Equation 5. Qwvhas been replaced by h Sp
(ty - t;) where:

h = surface heat transfer coefficient, Btu/(hr)
(£t<) (°F)

w
fl

inner surface area of shelter, square feet
P per person

o
It

w = inner wall temperature, ©F

shelter air temperature, °F

The last term is the heat transferred from the shelter
air to the wall due to a difference in temperature
between the air and the surface of the wall. It is
apparent that this must also be equal to the heat con-
ducted through the wall to the earth.

For an initially unoccupied shelter it may be reason-
ably assumed that the air temperature and the wall
temperature are very close to being the same and that,
furthermore, they will be very close to the temperature
of the earth. As occupants and mechanical equipment
dissipate heat to the shelter air the temperature will
rise. The increased air temperature will cause a
transfer of heat to the walls, and through the walls
to the earth. At the same time ventilation air will
remove some of the heat generated in the shelter.
Obviously the shelter air temperature will vary with
time and the solution of Equation 5.13 becomes quite
complex.

In order to arrive at a method of solution certain
simplifying assumptions must be made, in addition to
those made previousliy.

1. No temperature gradient within the shelter air;

2., No condensation of water vapcor on the inner
wall surface;

3. The body heat loss 1s linear with respect to

air temperature, as indicated in Equations
5.3 and 5.4;
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i

Then:

5

2

The surface heat transfer coefficient is
uniform for the inner wall surface;

. The temperature of the ventilation air is

c

onstant.

With these assumptions the solution can be obtained in
terms of parameters which have been empirically deter-

The rise of the shelter air dry-bulb .empera-

of a

the cyling
tively.
5.7 and ¥3 in Figure 5,8.
redrawn from Reterence 20.

ter model being used.

ture and inner surface temperature is determined in

imensionless temperature rise function,

3 corresponding to the plane wall model,
rical model and the spherical model respec-
1 is plotted in Figure 5.6, Y2, in Figure

a 1.08G + 10

r ]
N=h [—]
k L1.08 G + 10 + hSp

t
w

t
o

Uo is defined as:

Uo

Qz' + (10)(100-t,) + 1.08 G(ty -

AlY three figures have been

In these figures, ¢ is plotted as a function of T and
N. The dimensionless time function, T, has been pre-
viously defined as being equal to
appropriate value of a would be inserted for the shel-
The second parameter, N, is
also dimensionless and involves the heat transfer
characteristics of the shelter.
pant, it is evaluated by

@/a2, where the

For a 400 Btuh occu-

(Eq. 5.14)

Where all the terms are as previously defined.

With values of T and N having been determined. enter
the appropriate chart to find 4.

(Eq. 5.19%5)

= firal temperature of inner surface, oF

= initial temperature of inner surface, OF

1.08 G + 10
5-29
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Each term in the numerator of Equation 5.16 has dimen-
sions of Btuh per perscn. The denominator has dimen-
sions of Btuh per person per degree F. Consequently
U, has dimensions of degrees F, which is required for
Equation 5.15 to be dimeusionally consistent.

Now another Jlimensionless parameter is defin:d as:
= h Sp
7T TO08T S 10+ B S,

The rise in dry-bulb temperature of the shelter air
may now be couaputed from:

(Eq. 5.17)

t, - t, = [‘1 - n) + nd] Uo (Eq. 5.18)

Once the dry-bulb temperature is known, the effective
temperature can be determined if the humidity ratio

is known. Since it was assumed that there was no con-
densation of water vapor, the latent heat traasfer

can be assumed to be small, and the humidity ratio can
be approximated by Equation 5.6:

10 t, - 600 (Eq. 5.6)
v ¥ 77T (Repeated)

FXAMPLE 5.4: Use the shelter as described in Example
5.3 and determine the effective temperature at the end
of 14 days occupancy if the ventilation rate is 10 cfm
per person, and 30 Btuh per person is added by lights
and mechanical equipment.

SOLUTION: From Example 5.2, &£ = 0.018, k = 0.73, 8§ =
23,200 sq ft, a = 152 ft, and t, = 660F. From Table
5.1 the 5% summer climatic condgticns at Lexington,
Kentucky are 90OF dry-bulb and 76° wet-bulb, which can
be used as the condition of the supply air.

_ o e _(0.018)(14)(24) _
T -ffz 53350 C.00026

Sp = 23,200/1000 = 23.2 sq ft/person

The surface heat transfer coefficient, h, is assumed
at 1.5 Rtu/(hr) (sq ft) (OF). Then:
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NS T = 116.7 1f0.60026 = 1.88
From Figure 5.6, 6 = 0.67
304(103 (100 - 66> + (1.08){10)(SG ~ 66)_

o ~ {1.08)(10) + 10 3¢.2
ty - t, = (3.2)90.67) = 20.3CF
ty ~ 66 + 20.3 = 86.30F
_ (1.5)(23.2) _ o 525
N IITeEYI0) + 10 + (L33 -
ta - to = [(1 - 0.625) + (0.625)(0.67)] 20.2 = 24°F
t, = 56 + 24 = 9OOF

Yrom the ASHRAE psychrometric chart:
¥, = 0.0162
and by Equation 5.6:

. (10) (90) - 600 _

Then, from the psychrometric chart, at 909F dry-bulb
and humidity ratio of 0.02259, the dew point s 80.3OF
and the wet-bulb is about 82.5°F. From Figure 3.2, the
effective temperature is about 85OF.

Checking the results of this example against the curves
of Figure 4.4 (the conditicns at Lexington, Kentucky,
should be very closely the same as at Louisville) shows
that a ventilation rate of 10 cfm would give a relia-
bility of not exceeding 859FET of about 95 percent.
This is read from the 86° curve in Figure 4.4 since

the figure is based on the unadjusted method. Since
the 5 percent design data were used in the example
problem this is about what would have been expected.
Actually the 5 percent design value is based on only
the four summer months 30 that the reliability based on
365 days would be about 98 percent.

In order teo have a reliability of 90 percent of not
exceeding 820FET Figure 4.4 indicates a ventilation
rate of about 13 cfm per person. When a rate of 1%
cfm per person is used in Example 5.4, however, there
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is no sigrificart iaprovement in the shelter effective
temperature. This is due to the differenze in the
condition of the ambient air for the two methods. 1n
the example problem, the values from Table 5.1 of 90°
dry~-buldb and 760 wet-bulb give a still-air effective
temperature of 82¢. Using this value of outside ET
and an inside ET of 82° also, Figure 4.3 indicates
that the ventilation rate would have to be infirite.

This illustrates the danger of using the data from
Table 5.1 for design purposes. If, however, they are
used the error involved should be on the safe side

since ventilation rates, in ganeral, would be over-
estimated. For aa underground shelter in contact with
the earth the ventilation rate determined by a Case 3
solution should be less than that given by the simpli-
fied method of Chapter IV due io the effect of heat con-
duction to the earth, provided that the inlet air condi-
tions are the same in both methods.

The preceding methods of calculation are based on
simplified models and therefore, can be relied on only
for approximations of the thermal conditions to be
expected in a shelter. However the solutiorns ¢btaired
by using them have been shown to correlate very clesely
with the results of both human and simulated occupancy
tests (22).

¥rom the discussion it is evident that the therral
conditions in the shelter will be influenced to a large
extent by the thermal properties of the soil surroun-
ding the shelter and the initial earth temperature.

The length of time the shelter is occupied (stay time)
will also affect the temperature rise ts be expecteg.
Both the thermal conductivity and the diffusivity vary
with the moisture content of the soil. It is very
improbable that the actual moisture content of the

soil at the time the shelter must be occupied can be
predicted with any degree of certainty. Also it is
pcssible only to make an estimation of the probable
eerth temperatu.e and tke conditions cf the ambient

air which might exist at the time the shelter is needed.
Furthermore, although a shelt-r may be designed for a
certain capacity, there is no assurancz that the number
of occupants will be exactly the number anticipated.
For these reasons an approximation of the thermal
conditions to be expected, is the best that can be

done at the design stage and the methods presented here
snould be adequate for the purpose.
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The precediryg discugsior Zas shown that the ezrth
conduction effect may be azdequate, in cc inzmction wita
sufficient vestilatieon air, to mmicziain i olerable
ther=21 envirczamert a2 ¢ below grad:s gkeiter. There-
fore, iz locating relow grads shelters, evary eofford
skould be xade to seic:t a2 Vocation whick will provide
a relatively loy sartb texperature, and advastage
sionld be taker of any avaiiable sbade ur grass cover
iz ordar o reduce tke L:at gain from the surface of
ths &xsth.

¥hen the esrth conduction 2ffect and veatrilation by
gutdoor air is cot sullicient to mzintain 2 toleradbie
tkermal enwirorxeant, or when ventilztion air is not
availzable, it may be necssesars to grovide sowe fora

of supplemental coolirg. Iz tkis case the method of
estimating the shelter corcitions presented previously
can 5till Ge applied by using the coznditions of the
supply air frox the cooling sysiem, instead of axzbient
air corciticms, 25 thke ventilation dry-bulb terperaturs
ard humidi‘y rztio in the previous equaticx>.

In this conzection it sboald Te mentiored that the
coafigurztion of the ventilaticen air intake syvstem car
affect the conditions oi toe supply air so that the
condition of veptilaticn 2ir entering the shelter

is significantly differert from the condition of the
atmospheric air. Relzarively long runs of duct work
from the ventilztion intake fixture to the skeiter may
result in ccolirg tke supply air, if ¢he ground teap-
eratures are low epougnh. If the supply air duct is
brought in through the shelter entrance way it is pos-
sibie that the conditions in tane entrance way can have
a warming effect on the supply air, especially if there
is an aux.liary pov:r unit or other mechanical eguip-
ment located in the entrance passage. Such equipment
will dissipate part of its heat by radiation to the air
in the passage and some of thiz heat may be picked up
by the ventilation air.

HEAT CONDUCTION TO BELOW GRADE SHELTERS FRC¥ MASS FIRES

When the surface of the earth, or roof slab, above an
underground shelter is covered with burning or smolder-
ing material, as might occur cdue to a mass fire, the
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tenperz2ture of tie lower slal surisce wiil slowly rise
azd uay coatizue to rise for severzl hRors after the
fire has burved out due to tke time regymaTed to conduct
Eeat througz the ocerburden ~r slab. Tka2 temperature
rise of the cefling can be ectismated by the metbod
presented in Reference 20, usiasg Figure 5.9 wshich kaz
teen redrawn from this referesnce.

The netnod is tased o2 a hspothnetical fire curwve 3Gich
assunes 3 sudden oatside s=rface texmperzture riss to
five temperature (i} at time, o, followed by 2 lisear
return to iritial suriace temperature before the fire
(ty). 7The time required for this tc occur is tkhe fire
period, o . The texperature of tke lower surface {t:,
can be ccggated from the dimercsiozless teaperature sriss
fonction, &y, plott2d as tee ordipate in Figure 5.5,

for azy time, 6, 2fter the staxt of the fire. Tke ratio
of tine, e, to the Iire sTiocd, o,, is the dimensionless
time fuunction. Y, plotted a5 the akscissa.

¥ = G/Qo {Bg. 5.12)
t-t
O
é—n = 7——-——— ( » 5.20)

The leagta of time rsquirec for the heat tc¢ be conduc-
ted through the e2rth, or slab, will depend on the
thermal Giffusivity of the materiai, the length of the
fire period, and the thickness of the material. These
factors are exprassed by the dimeisionless function T°
as folicws:

Tl P 490
i2 (Bg. 5.21)

¥here o = thermal diffusivity, ft2/hr

90 = fire period, hours

L = thickness of material, feet

Curves for various values of T' are plotted in Figure
5.9. To find the ceiling temperature of the shelter
at a time, O, aitgr the start of a fire, determine Y
from Equation 5,19 and determine T'. Then, entering
the figure at Y, locate the intersection with the T’
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‘uv 371 .22 woriacs temper.: .. | ot oskg five

teape v, ty, soclve f---

EXANPLS 5.5: Deterrine the ce.:za8 tewmperaturs of a
“hbeiter with 3 feet 0.’ e2>th over at 2 tim+ 12 hours
a’ter the start of 2 su:face fire. Assuse a fire per-
1od of & Ddours and an initial strface tesmyerature 8:
TSOF. The naximus temperaturs of ke five is 1600
and the Jiffecivity of the eart: i= O_023.

SMXiJN: Frog Equaiiom 5.13c
Y = 12/8 =13.5

T' is detersmined froe ignation 5.21.
T' = (5.045)¢8)/3% =~ 0.04

Entering the tigure 3¢ Y = 1.5 determine ¢ =~ 0.0066.
By Eqtation £.20:

t - 78
-7

2.006 =

= (C.026)(1600 -~ 75) + 75 = 9.15 + 75

wr

t ~ R&.15°F

EXAYPIE 5.6: Us.bg ~%e aata from Exaample 5.5 deteraine
the zaximum ceil .ng temrsrature and the time after the

5ia7T of the fire at xhics it occurs.

SOLTCI0N: Tne cyest of each curve for T’ cceuwrs at the
tine vhen the ceiling temperature is a maximum, The
crest of the curve for T' = (.04 occurs st about ¥ =
4.%. ‘The corresponding value of ¢ is about 0.G38.
Then:

=_t =70
0.033 1600 - 75

t = (0.038)(1600 - 78) 4+ 75
t = 57.95 + 75 = 132.98° U

The time at which this occurs 1is:
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8~ (8)4.53) =~ 36 boure -+ ize scart of the fire.

The uctsiod prezented abote will poowvide o= estimate of
the c2iling texs-rature st any givea time butr it will
proasakly oversetiaate {58 temperziure. Limited sxperi-
wes 537 evidenc: svailstle indicstes this celling Somp-
eralures will mot increzse toc the extsnt indicxms.2
the x thematicz! sciutizs. This may dbe due; is paré,
o the zssumpiicon of a straight lime 2ivz curvs, since
it secas probable that the five tesparstuce »iil deiresae
expozestially rather tham liuwariy. Wowever, faereé s
;wo imporinnt conclusicis to be draun from these cxico~
atinoas:

1. They demonsiviis the benefits to be derives
from heawy serth covsy. T4, in tis example,
two feel of eirth cover dad dSeea used, iustesad
of three feet, the value of T wouléd have
been 0.C3 and the maximus calculated temperatire
wciild occur sooner, at stout 20 howrs rather
than 36 Sours.

Z. Taey indicate that tke miximn temperzture
#1311, in mcst cases, occur well aftor the
surliis2 temperature has returnee to normal.

If a time, O, equzl to the fire period is
sclected, it can be seen from Figure 5.9, at
Y = 1, that a value of T' greater than ¢.04
will be necessary before there will be any
increase at all in tne shelter cciling teep-
ersture. This would require &z iong fire
serica, shallow earth cover, o> 2 high thermai
diffusivity, or a combipztion of !%5cse factors.
Present opinion, therefore, is that the hext
conduction effects from a surface fire to a
sielter with at least thres Ieet of earth
cover (or equivalent) will be negligible
while the fire is burring.

The major problems connecta2d with large scale fires
are high temperature air and excessive carbon monoxide
concentrations. Either or both of these condtions will
require that the ventilation system be shut down unless
a reliable source of zir can be assured through a re-
mote intake system. It is fortunate that the heat
conduction etfect will, in most cases, be insignifi-
cant during the time ventilation zair might not be
available. By the time the shelter
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i czilipg tesperature Tise Uscumes significent it will
< srubsbly e vossible to resume ner—zxl ventilation.

Lowever iv ~,;uld be tiat pilies of rodbdlie arcund the
ventilation iztase could smoulodr io - many houss, oy
even days, usneing xcessive oxrdon xenoxide. In thix
cage the sheii«r may s2il} Rave (0 L2 butfonesf up at
the 1{Ss the conducted Lkeat yexches the shelter. iIn
this situatfics 1l mar Pecocme necessary iz coasider the
possibiiity 2f venturing cutside the ak=itcy ig order
to clear ths SShris fyom avotpd Zie intakxe Tixture.
Tuiz F=esidilily indicates ‘=a¢ Lhe veaiilation iniske
shonld dbe iocated as far as possibie fvo=m 3.7 struc~
tayes Or other coacsstfaticons of Joaistivis materiai.

Anc s> possibie 2parancl iz €o use ins rethods and
gzta for zir corditiomizg cileomiaticssE &8 esceild i
Crapters 25 and 268 of iha 1952 F53RAE Guide aud Daia
Bocy. Care sisi *z sxorcised, hovever, meczucz the
apalyeiy {7 a g _ier differs frox a sorzsl air oondi-
tioning prodlem in two important respects:

i. 7Tune conditiens of the air in the siiciter
2pace are not known ~r predetermined, as
is ihs case in air concéitioning calculations.

2. In a shelter tke major source of heat and
moisture comes Irca the ceompants and thus
*21% vary witik tha ncmber of cccupzuts azni
#ith the dry-bulb temperature of ti:c shelter
air.

A possible appicsch would be to assume 2 saximum cfiec~
tive temperature which would not be exceeded, grobably
82YFET, and then a2ssume dry-bulk 2.4 wet-bulb tempera-
tures whick are likely to occur in tie shelter to
pirodice this effective temperzcure. With cooling by
ventilation only, the shelter dry-bulb temperaturs is
unlikely to bte less than che suppiy air dry-bulb unless
the supply air dow point is very low. Once this assump-
tion is made tike calewniations can be carried out to
determine the ventiiation rate necessary to maintain
these conditions. $S:nce the maximum tolerable shelter
conditions were assumed, the ventilation rate determined
would be the minimum rate necessary.
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VENTILATION OF ABGYR-GROUND $RELiTTRE

The sinplific methods of cilcolatlon fo. btolow
grade shelters . oresented = ithe provious secizii:s
kave Seen develoged over a pericd of msreral vears ard
have baen proven to provida solutions wiiiis sccaptadle
limits of accuracy.

Tke determinztion <of refired veciilsticr rates ios
above-ground sheltera is coxplicated by the wids varazl;
cf possible configurations of thne sheiters. &i:h ghel-
ters are located ia exicting buildirgs, or will 2»
izzludes in new coustruchinm, and moet o2 tass veTe nOt
desiyned with their shelter sapabiiity in xist. Essen-
tis1l1y escu one is a unigue preblew 3ng »ust be analyzed
op <r individual vasis. A4lsmo th2y are szposed to solar
heav Z2ins. whick were poi imcizdad in the cziculation
procegares f6r undergroiund shelterx.

In these sheltere theie we::ld be no suryounding earth
to provide a =ink for tike dissipation of heat. Ju the
contr ry. the surrounding media is atucospiesic air
=hich, under zuxser conciticns, may be at & teerature
greatar than thc shelter wall temperature acd thus be-
come 8 sGiurce ol kest gain. The mass of building mater-
1zls wi 11 hswa small capacity tc absorb Leat but this
viii not ‘bc sufficient to have any significant effeet on
the therx:l conditions in the shslter areaz after the
first few bours of occuzxaney.

Sigziscad occupancy iesig of abeva-ground shelters in
the core aress of large huiidinss have sheen tiat very
nearily adiabatic conditions exist after tho firs. Icw
hours of occupancy. Therefore ths simplified methed of
Chapter I7 couid be used for a auick approximsti-y: of
tiue ventilation rates requirea. 2 somewhat more precise
determination could be asde using Casse I solution since,
in this case;, any sensibl. hest loads in addition to
the metaboliic load can be included in the Qg’ term in
Equation 5.5.

Reference 23 presents a method of determizing minimu:
ventilation rates for above-ground¢ shelters which is
basically an iterative solution, It 4as been checked
against test results for simulated occuypancy studies
and has been shown to piedict minimum ventiiatics retes
with a reasonable degree of zccuracy. Predicted ratgs

5-42

gt




»xye o€k in the vange of 1 to 2 cfm/person higher than
Yhe aTIvsl sdis veguires. The method predicts only the

ainimun ventilstion capzliiy vouwirsd for crliiesl
suzasT conditices snd will coassgics’ly reresiimEi.

the regu:iroments for Told zaacr > venftilaticr. Zowes
the occtgests 6f i shelter cap decid=soe the veptilatipn
rate as tke cua2iticss dictate. This meibed is the
simplified xmetkod discussed on page 4-135.
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PRACTICE PROBLEMS

A shelter is supplied with fresh a2ir at 869F db
and 73°F %b at a rate of 15 cfm per person. Tae
sensible heat gain from lights and mechanical
equipment is 20 Btuk per person. Deternine the
effective temperature in the shelter if there is
no corduction heat loss to the surrcundings.

A shelier 10" x 106’ x 8' has 100 occupants with
an average xmetabolic rate of 406G Btuk per perscn.
it is leczted underground ip clay soil at ax
average itemperature of 55°F. The thermal diffu-
zivity is 0.017 ard the thermal conductivity is
0.06. Determine the e2ffective temperature after
24 hours oi "buttcned up” operaticn usikg a
cylindrica: .,odel.

¥ar a2 shelter in Proizlem 5.2, what would be ~aswu
eIlective temparature a.’er 14 dayvs zf the .rn-
tilation rate were 5 cfm pers persen and 2 “tuh
per psrson were added by lightx =nd mech. :.cal
equipzent. The average comditica ouf ti.. ventila-
ticn air is 8790F dry-bulb and 75%F wei-t-:1b.

An undergrownd shelter is 257 x 20" x &' and is
ventilated a2t the rate of 10 cfm per person with
fresh air having ar zverage dry-bulb temperature
of 840F and an average <aw point of 72CP. There
are 50 occupants with an average metabolic rate
of 400 Btuh per person and the equipment load is
30 Btuh per person. The initial ground tempera-
ture is 680F and the diffusivity is 0.018 ft2/hr.
The tx<7:2l conductivity is 9.7 Btu/(hr) (£t) {OF).
Tre sur "ace “=xt transfer coeificient is 1.5 Btu/
(hr) (ft2) {5 Txirg a plane wall model and a
Case 3 solution, determine the effective tempera-
ture at tke end of 7 days.




CHAPTER VI

AN

MECHAXICAL COOLING

g
.
ig.

E
-
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The 2.2cafi:32a in the preceding chapiers hac been
resened <ith copirol of the thermal enviroament hy
7 ventilation only. In many shelters this can
v pe accomplished but there are situations where

orz of supplemsntal cooling will be necessary.

Taz question of wiaen to provide supplemental ccoling
zzzability is ore which does not have a siaple answer.
it can be said that some fora of cooling should be
supplied wherever the financial consideraticns permit.
This, however, does not answer the question of when
mechanical cooling is justified as a2 matter of survival,
even at the expense of some other aspect of the shelter
design. 1In other words, when 1s a supplemental ccoling
system absolutely esseniial?

Any time that ventilation alone will nct be safficient
<o maintain the desired conditions in the shelter it
%111 be necessary to provide suppleaental coolirg.
Thus, a combination of high ambient temperature and
humidity, combined with inadequate earth conduction
efiect, would be one condition where ventilation alone
might not suffice to maintair a tolerable thermz2l en~
vironment. 1Inadequate earth conduction effect might
mean {1) high earth temperature, (2) low conductivity,
(3) insufficient wall surface area or (4) an aboveground
shelter.

Anotuer possiblity might be that the high rates of
ven.llation necessary would require large intake open-
ings which would bhe difficult to shield from fallout
radiation. If the shielding integrity of the shelter
would be reduced by providing these openings, it would
be necessary to reduce the size of the ventilation
inlet and resort to some form of mechanical coolirg to
maintain the desired environment.

It is alsu possible that high vent:lation rates could
result in increased equipment costs for larger blowers

and motors, ductwork, dampexs, grilles, etc., to the

extent that it would be cheaper to provide for a smail-

er capacity and add supplemental cooling. Only a de-
tailled cost analysis will show the point at which this
might occur but as a general rule of thumb, the possibility
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shuuld be comsidered if the calcelated ventiiation
rate exceeds 29 cfm per persce.

fyan though the probedility of buttomed-ud operatiecn is
low, it is likely that the lherzal exmvirocment carnot

Ye castrolled withie acceptadle limits withsut scme
me2ns of mechesical cooiicg. 2 Case 2 amalysis, as
ouatlined iz Chapter V, will skhbox whetbher tke possibility
exicts, Ip auy case it would b2 desirable to cozsider
providieg 2 ccoling systenm in any shelter wbkich 1s to
bave button-up capability sicce the sizpie Case 2 ama-
iysis coes rot include at Least two factors which might
affect this coxditioz cf shelter operation, The first

of these is the bkeat produced by eguipment for generating
oxygen and absorbing (0p wmhick wiil probably be neces-
sary o Tustrol the chemicai ccomposition of tke air, The
second factor is that buttop-up operation ¥ili mnst
likely be necessary due (o mass fires which coniéd pro-
duce extremely high Intake air temperatures and high
carbon mozoxide cozcentrations., The beat fron these
fires could (ause a risz i» ceiling temperatures in

the shelter wbich would mke the assuxmpticens for the
Case 2 ana:ysis invalid,

Apother possibi:.ty would be where arzlysis shows that
the capacity of the shelter could be ircreased by pro-
viding some form of mecbanical cooliog. In many cases
the nuzmber of cccuparnts will be limited by thke “fhermal
environzent rather tb2n spece ara it is possibie to
increase the oumber if a2 cooling systex is instalied

and thereby actually reduce the per capita cost of the
syste=. In this regard it should be kept in mind that
the number of persons wmbo seek to use the shelter at the
tiee of an attack may excesd the pumber for vhich the
shelter sas designed. This is esspecizlly true if the
attack cczes before the shelter develcpzeat progran

has had time to creare the total number ¢f shelter spaces
needed. A& cooling systerm would belp tc provide some
capabiliity for overcrowding whicb =might be worth the
additional cost.

In general it cap be said that there are rary conditions
which might justify inclusioz of some form of mechanicsl
cooiing in the envi:cnmental control system, Whether or
not it will be included is a matter of epgineering judg-
ment based on a thermal analysis and the cost-effective-
ners factors. It alwmo involves the degree of calculated
risk which appears to be acceptable,
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Assuming that a system fcr coolicg or debumidifying is
to be icstalied, there are severx: possible metheds to
be cocsidered. These might incicde:

i. Dehomicificatiorn by means fo a chemical desic-
cint or absorbeat, or Dy mechanical reans;

2. oraporative coolirpg;
3. Cooling with well water;
£, Meckanicazl xir copditiocsers.

At e present Cime it is probably pot worthwhile to
consider the more exotic methkods of ccolieg, suck as
taermoeleciric devices, since they have not been de-
veloped to the point where tbey are of practical value
from the standpoint of cost, capacity or reliabilizty.

Detiomidification: 3icce a large part of the problem
in contrnlling the thermel environmert of fallout shel-
ters is associated with bigh humidity, the use of de-
humidifiers ias been cecasidered as a2 means of reducing
bumidity., A brief comsideration of the therodyraxic
processes irvolved will show tkhat this is not a practi-
cal solution to tre problen.

i1f the desiccs _ing device isto be whelly containred
witbin tke s3elter, the so-called "black box" method

6f analvsis may be used. In this method, the details
of construction a2nd operation of the device are ignored
and only the cverall energy balance is considered.

Thus the analysis will apply to any form of device
whick removes m»oisture from the air,

As an example, consider tbe case of shelter air at an
initisl state of dry-buld temperature and dew poiLt.
For one poiand of dry air with its associated moisture
there would be specifiic enthalpy, h; Btu/lb dry air.

A dehumidification device is allowed to operate fer
the length of tige necessary to remove some of the
moisture from the air, thus reducing the dew pcint.

It is assumed thac the device is wholly contaimed
within the shelter and has po capacity for storing
energy within itself, Under these conditions no energy
will enter or leave the shelter air and, consequently,
there will be no change in tie enthalpyv. <“hus the pro-
cess line from the :anitial to the final state follows
a constant enthalpy lire on the psychrometric chart.
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This process is illustrated in Pigure 6.1 where the
process is plotted on the psychrometric chart of
Figure 3.i. State 1 is shown at 85°F db and 75°F dp
and State 2 at 2 de¥ point of 720F., Note that the
process line slopes downward tc the right, following
a ccnstant entbalpy of 41 Btu per 1b dry air. The
relative huzmidity has decreased from about 72% to
just over 30% but the dry-bulh temperature has >isen
from 830F tc 93°F. The net result has been that the
effective temperature has increased from about &0,35°F
to about 83,35°F. 1nus the conditions in the shelter
are worse rather tuan better.

An exapinatiorn of Figure 6.1 will shcw that any de-
bumidification process, following a line of constant
entha 1py, will result in an increase in effective
temperature,.

it bas been assumed that no energy input was required
to operate the debumidification device which, of course,
would not be true in the actual case since the mois-
ture in the air will not condense spontaneously. Thus
the energy required must be put into the device (as,
for example, the electric energy to operate a refrig-
eration machine), or it must be stored in the device
(as stored chemical energy for chemical desiccants).
in either case this energy will hecome part of the
shelter system, since it was assumed it would not be
stored in the dehumidifier. Therefore the drying
process will result in an increase in enthalpy and

the effective temperature will be increased more than
was indicated for the constant enthalpy process.

During the debhumidifying process the moisture which

is removed condenses and gives up its latent heat of
vaporization, This latent heat becomes sensible heat
in that it raises the dry-bulb temperature of the air.
Thus it can be concluded that, in order for dehumidi-
fication to be an effective method of reducing the
effective temperature, the latent heat given up by the
condensing moisture must be removed from the shelter,

Evaporative Cooling: If dehumidifying tends to increase
the effective temperature of the shelter air, it fol-
lows that increasing the moisture content of the air
would tend to reduce the effective temperature. This

is true, provided that the energy to supply the latent
heat of vaporization comes from inside the shelter,
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If this erergy is supplied by tae surrxoundings xhe
energy cont=2nt of the sbelter will be increased with
2 consequent increase ip eifective temperature.

e process involved in evaporative cooling is the
reverse of the dehumidifyirng process and could be il-
Justrated in Pigure 6.1 by starting at state 2 and
proceeding to state 1. Again it is assumed that ko
energy is transferred to or froz the surrouadings.
Thus the evaporative process iIs one in which the dry-
bulb temperature will decrease while the dewx point
temperature increases and the wet-bulb temperature
remains essentially constant.

A pound cf air can pick up only a limited amount of
morsture. For example the air at state 2 in I-’igurgF
6.1 could be cooled to a temperature of about 77.5
before it becomes saturated. During the process it
would pick up moisture equal to the change in numidi-
ty ratio. This would be, from the figure, 0.0204-0.017,
or 9.9034 1b of moisture per 1b of dry air. Table 3.6
shows that a temperature of 85CF {(the apprcximate av-
erage dry-bulb temperature ior this process) the
average sedentary man will evaporate 0.223 1lu/hr of
moisture. It would require 0.223/0.0034 = 65.6 1b/hr
of air to pick up this moisture. At a specific volume
of about 14.2 cu ft/1b (from the chart) this is (14.2;
(65.6) = 932 cu ft/hr or 15.5 cfm to pick up the mois-
ture for one man. If, now the moisture is added by
evaporative cooling, the air no longer has the capa-
city to absorb the moisture produced by the man. The
man's body, however, has the ability to evaporate the
moisture since his skin temperature will be above the
temperature of the air. Therefore, the moisture will
be put into the air causing the air temperature to
increase along the 100% relative humidity curve, and
increasing thes effective temperature.

Thus it can te seen that evaporative cooling would be
limited in its effectiveness. This is not to say,
however, that it can never be used effentively. There
are areas in the United States, principally in the
Southwest, where the normal atmospheric air conditions
are hot and dry. Supply air with a very low relative
humidity may make evaporative coonling feasible for
reducing the shelter dry-bulb temperature, at the
expense of iacreased ventilation rates. As pointed out
in the example, any moisture which is added by evapor-
ative cooling reduces the capuacity of the air to
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absorb the metubolic latent hezt. Thus additional
ventilation air will be necessary, For a sheiter
¥ith xanvally operated bilowers tnis increase in ven-
tilation rate may increase the power requirements
beyond the muascular capacity cf the occupants.

Tte conclusion is that ewaporative cooling may be uszd
in some localities and shculd probably be considered
as a possibiiity in thke preliminarv design. But the
conditions with regard to increased ventilation rates
and power requirements should be carefully analyzed
beiore it is selected as the most desirable method

of coolirg.

Cooling ¥ith Well Water: The possibility of dissipa-

ting the 2eat generated in fallout shelters by the use
of ground water from non-thermal wells* is worth ser-
ious corsideration. In fact many shelter designers
would consider a water well one of the most useful
facilities which could be installed in a shelter,
since a reliable supply of water is useful for many
purposes including drinking and food preparation (if
the water is potable), sanitation, fire fighting,

and decontamination, as well as heat dissipation.

Ground water can probably be located at most locations
in the United States and obtained from wells of rea-
sonable depth. Figure 6.2 indicates the approximate
temperatures of water which might be expected from
non-thermal wells at various locations.

In order to dissipate the heat from the shelter it is
necessary to transfer the heat from the shelter air

to the water and then discharge the water outside of
the shelter enclosure. It is necessary, therefore, to
have some method of pumping the water from the well

to the shelter and a method of circulating the shelter
air to bring it in contact with the cooling water.

The most effective methed is to pump the water through
a coil suspended in the shelter area and provide a

fan to circulate air across the coii.

By using large fiows and high velocities of the cool-
ing water in order to obtain uniform temperstures in

*A non-thermal well is one that produces water at
the same temperature in winter and summer.




the coii, and by using low air wveiscities in order to
prolong the time that the air is ix contact with the
coel surfaces of the coil, and by using the counter
fliow principle of heat transfer, it is possible for the
air temperature leaving the coil to approach the
temperature of the cooling water entering the coil.

If, in the process, the air were cooled below its dew
point temperature, moisture would be condensed from the
air so it would be necessary to provide a drip pan
under the coil to collect the condensate.

In tests conducted by the University of Florida (15)
thic method »f heat dissipation was tried in a 12-
person, partiailyv buried shelter, using simulated
occupants. Water was obtained from a 75 foot well
equipped with a jet-type pump which delivered thke
water at the st "ace at 40 psig. The water was at
71.5%F which con ~es favorably with the value of 720F
predicted from Figure 6.2 for the area of Florida where
the test was conducted.

The we‘er was routed through a serpentine coil which
was 13.5 inches high by 20 inches long by 5 inches
deep, with a face ar=sa of 1.87 square feet. Air was
forced through the coil in a counter flow pattern to
the water flow by a 1/12 horsepower, propellor-type
fan and left the coil at an average face velocity of
450 ft. per minute.

Ventilation air was preconditioned to follow a cycle
typical for a summer day at that section of Fiorida
ard was supplied to the shelter, by an extermnal fan,
at a rate of 3 cfm per occupant. The 12 sirulated
occupants (simocs) were set to deliver 200 Btuh of
scnsible heat and 200 Btuh of latent heat.

At the sturt of the test, the dry-bulb temperature in
t:e shelter was 81°F, the relative humidity was 87%
and the eifective temperature was 790FET. Water en-~
tered the coil at 71.59F at a rate of 1915 pounds per
hour and left the coil at 74.86°F. This represented
a heat absorption of 6440 Btuh whiie the 12 simocs

added 4800 Btuh.

At the end of 48 hours conditions in the shelter appeared
to have stabilized at 79°F dry-»ulb and 88% relative
humidity, giving an effective temperature of 77.5°FET.
During this time, 76.6 pounds of condensate were collect-
ed from the coil, which represented 73% of the water
evaporated by the simocs.
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In order to determine the effect of the water coeil,
the resuits may be compared with a test of the same
sacltor, with the same ventilation rate and the same
nreconditicned supply zir, but without the coil. 1In
this case the shelter dry-bulb temperature was $0.5OF
and tihe relative humidity was 92 percent. The effec~
tive temperature was 88.5 FET. Thus the coil lowered
the effective temperature by eleven degrees.

The power consumption to operate the coil was 1/12 hp

for the fan and 1/3 iip for the pump or a total of 5/12
hp. The water flow rate of 1915 pounds per hour rep-

resents an average flow of 3.83 gallons per minute.

A similar test was conducted in a 100 occupant shelter
using a larger coil and fan and a greater amount of
zround water. This test was not as successful since
the coil appears to have been undersized for the load
imposed upon it. However it was found that the supply
water at 72.20F absorbed 3.45 Btu per pound as com-
parz6¢ with 3.36 Btu per pound in the first test. The
power consumption was 0.83 horsepower for 20,700 Btuh
of cooling effect in the second test as compared to
0.42 horsepower for 6440 Btuh of cooling in the first
test. Thus the second test shows 25,000 Btuh per
horsepower as compared to 15,400 Btu per horsepower

in the first test.

It was estimated, in the second test, that it would be
necessary to double the size of the coil which was 35
inches wide by 18 inches high by 9 inches deep with

a face area of 4.25 square feet. If a second unit were
added similar to the first the power consumption would
be about 1.7 horsepower. In order to obtain the same
heat removal by electrically driven, compression re-
frigeration it would require about 3.5 horsepower to
drive the compressor alone plus about 0,8 horsepower
for the blower drives to c.irculate air across the con-
denser and evaporator coils, Thus the compression
refrigeration system would require about 4.3 hp com-
pared to 1.7 hp for the water coil (15).

Although firm conclusions cannot be drawn on the basis
of these two tests alone, it appcars that the use of
ground water in a water coil offers an economical
method of reducing effective temperatures in shelters.
Figure 3.2 indicates that the 72CF water used in the
tests is the highest ground water temperature to be
expected any place in the United States, except in

6-10




extreme south Florida., Thus it mav be concluded that

tLis method of cooling would be evea morzs effective

in most other lccations where the lower water temperatures
would provide better heat transfer chrracteristics ia

the coil.

The method is, of course, dependent on the availability
of grounc water and irvolves the cost of a well, In
Florida, where the tests were conducted, it is possible
to cbtain water from wells 60 to 80 ft in depth, In
other locations it may be necessary to go nuch deeper
to get a dependable supply of water. The deeper wells
wall, of course, cost more to install arnd will require
larger 2nd more costly pumps which will need a source
o! power for operation.

The cost of a well depends on many variables including
size and depth of the well, the geological formation,
the type of «<rilling rig used, ease of access to the
site, local ‘fabor conditions, and the operating methods
of the contractor. It is possible, therefore, to indi-
cate only the probable range of costs.

For rock wells not equipped with screens, the cost of
drilliag the well and installing the casing can be
estimated 2t $1.50 to $2.00 per inch of diameter per
foot depth to 600 ft. For greater depths the raage
would be from $1.50 to $3.00 per inch of Piameter per
foot of depth (29).

The approximate diameter requirsd can be estimated from
Table 6,1, from Reference 29.

TABLE 6.1
Pumping Rate Minimum Case Size
g£pm Inches
120 6 ~ 8
300 8 - 10
600 10 - 12
1200 12 - 14
2000 14 -~ 16
30060 16 - 18

The approximate cost for the pump installation, includ-
ing pump, motor and controls can be estimated from Table
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6.2, also 1ron Reference 29, The :osts in this table
do rot include the zost for driltling 2nd installing the
casing,

TABLE ¢€.2

COST OF WELL-PUNP iXNSTALLATIONE

icTec2power of Pump Cost of Installatice

Pt
N
[\

$ 225
280
350
475
690
875

106¢
1260
1350
1600
1750
2200
2500

36 3000

3750

420C
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The power required for the pump is determined by the
sum of the gravitational head, the velocity head and the
pressure head, Since very little power is required to
move water horizontally for short distances the velncity
head is negligible. Therefore the power requirement is
made up of the gravitational head and the pressure head,
The sum of these two terms is known as the static head,

The pump work can then be determined from:

P
w="2_ 714 g (Zy - Z;) ft-1b/1b  (Eq. 6.1)

[y

~

Where:

J
i

9 discharge pressure, lb/sq ft absolute

o
it

suction pressure, lb/sq ft absolute

fi

density, lb/cu ft
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Zy - Z, = total lift, ft

2
g = local acceleration of gravity, ft/sec”

€, = couversion comstamt, 32.174 lbm ft/1bf sec?

The workx as obitained from Equaticn 6.1 would be multi-
plied by the total mass of water pumped per unit of
time o obtain the powmer rzquireme. ¥*. Obviously this
would have %t be divided oy the puxy efficiency to
determine the power ipput required. The efficiency
will vary with pumping conditions and must be deter-
mined from the efficiency curve for the pump selected.

The pressure head for the pump will deperd on the
pressure required for the cocling water system. Nost
public water supply syste=s have a delivery pressure
of from 20 to 40 psi and many w%ell pumps are supplied
already equipped with storage tanks for this pressure
range.

Some storage capacity for water may be desirable in
the saelter installation if the wate" is to e used
for purposes other than cooling. The cost of wzter
storage facilities =may be estimated from Table 6.3
which is alsc taken rrom Refeorence 29. The costs are
estimated on the bacis 09I the fac?lities in place
and ready for use ard includes valves, footing, pipe
inlets and ocutlets and drains, all completely in-
stalled.

The total cost of a well-pump assembly, completely
installed can be estimated from Figure 6.3 whick has
been redrawn from Reference 29. The costs include

the well and casing and the pump. They do not include
a water sterage tank or the water coils, fan or

other cooling components.

The quantity of water required icor cooling purposes
wili, of course, vary with che grouné water and
ambient temperatures. Reference 29 estimates a2 de-
mand of 0.1 to 0.15 gallons per minute per person
to maintain an effective temperatur-e of 859 FET.
University of Florida tests shcwed a rate of about
0.312 gpm per person in the 12-occupant shelter,
but this mairtained a 77.59 FET. 1In the 100-occu-
pant shelter the University of Florida test showed
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TARLE 6.2

APFROXI¥ATE TOST OF WiTIR STORAZ: FACILITIES

Incunt of Storage

galloss Pressare Frnetmatic Elevatad
sz $ €0 $ 360 ——
20 i35 330 ——
1,020 15 €30 —
1,500 Z45 735 ——
2,560 420 1,200 —
5,000 550 2,360 3,000
7,550 1,296 3,006 4,200
10,909 1,600 4,002 5,200
15,690 1,859 4,800 16,000
20,060 z,800 6,000 12,005
25,060 3,759 7,500 15,500
39,000 4,800 -— 18,000
40,900 7,200 — 21,000
50,000 10,00C ——— 26,002
80,005 13,260 — 35,000
75,650 19,500 — 42,000
109,000 28,3800 —— 43,000

a rate of abcut 0.12 gpm per person snd the effective
temperature in the snzlter after 48 hours waa B4CFET
(15). This tends to coniirm Paiero's estimate.

If 2 well-water cooling systex is instslled it wilil
be necessary to nrovide scme means of disposal of
the water. There are several pocssible metheds which
uight be considered.

1. 7he water may ve pumped into a diffusgion or
reci:arge ¥eil in order to return it to the
grcound water ieservoir. 1If the well i3 to
be used on a day-to~day basis this is prod-
adly the best solution gince it not only
disposes of the water but alse it helps to
majintain the water tablse.

2. It could te pumped into an sxisting recharge
hasgin. These are in use in some areas for
disposal ¢f rain water.
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3. A drain field may be instailed such as is
ugsed for the effiuent fromx septic tanis.

4. Tos mater may de discharged intc existing
storx or sanitary sewers,

5. The water could be pumped into a muricipal
water aystem (assuming that it is of suffi-
cicrt purity) and could thus become available
for use in other shelters which do not bave
'ﬂiho

6. The excess water ¢ould be pumped into stor-
age facilities for post-shelter use. Such
facilities woculd, of course, hgve to be
developed by the community.

Water which has been used for sanitatior of decontamipa-
tion wculd kave to be disposed of separately. Tais
water could go to &8 covered pit and thas be pumped irto
an existing sewer lire., It could also be stored in the
pit for later disposal if the pit bas sufficient capea-
city for the entire period of shelter occupancy.

The henefits to shelter perform&nce that might be possi-
ble, in addition to ccoling capability, could be consi-
dered as part of a feasibility study in the design of
new facilities. Although other sources of water may be
availabis, auch as trapped wmatar in the building or a
usable municipal system, the savings in other systems
or iicreased capacity of the shelter may be sufficient
to justify the cost of the well and pump.

1. ¥ater for drinking, ccoking and washing:
With an adequate supply of well water it
would not be necessary to limit the con-
sumption of water. The physiological and
psychological benefits of unlimited drink-
ing wmater are difficuvlt to assess but could
be impurtart. The hygienic benefits
of having adequate water for personal clean-
liness should help to reduce some of the
health probiems in the shelter.

2. Space n2tilizeticn: The use of well water

reduces the requirements for water storage
facilities, Elimination of the need for
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the storage containers makes the space
availables for other uses and could reduce
the structural requirements for the floor.

Sanitation: An adequate supply of water
permits the use of standard fixtures and
svstems, This should reduce costs and provide
a more efficient system.

Fire Fighting: The control of fires in a
shelter can be extremely difficult and haz-
ardous if adequate water is not available.

Hand fire extinguishers are very limited in
their capacity and some of them create hazards
in addition to the fire. Both COg and the dry
chemical types extinguish by smothering the
fire with carbon dioxide and should not be
used in confined spaces. The carbon tetra-
chloride type produces a toxic gas when exposed
to the heat of a fire and also should not be
used in confined spaces., The chemical foam
type is an effective extinguisher (except on
electrical fires) but the foam residue is very
difficult to clean up., It would be almost
impossible to remove this residue without large
quantities of water. The common soda-acid type
is probabiy the best choice for shelter use but
it has only a 2-1/2 gallon capacity. Its ex-
tinguishing action is the same as plain water.
In addition this type requires annual recharg-
ing as does the foam type.

An adequate supply of water permits the use of
fire hoses with either stream or fog spray
nozzles or could permit the installation of a
sprinkler system,

Cooling: In addition to environmental control,
well water can be used for cooling of engine-
gencrator units and air conditioning conden-
sers, This reduces the requirement for a
supply of cooling air. In general water cool-
ing is more effective than air cooling for con-
densers and engine cooling systems, For en-
vironmental control well water offers a pre-
dictable, constant temperature source of

heat absorption which simplifies the design
analysis,
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6., Shelter performance: A well-water supply
increases the potepntial of the shelter for
overcrowding or extended occupancy.

MECHANICAL AIR CONDITIONING: The most positive control
over the thermal envircnment in tho shelter can be at-
tained by use nf a mechanical air-conditioning systemn.
Within the coouling capacity of the system the shelter
occupants can have almost complete control over the
coaditions within the shelter and vary them to suit
their neelds, While a mechanical air-conditioning
system mey well be the most expensive type of cooling
system which might be instalied, and have the greatest
power demand, there are some situations where it can
be justified, In some shelters where well water is not
available in sufficient quantity it may &. the only
means of providing the necessary cooling capability.

In emergency operating centers or in strategically
sensitive military shelters it can often be just.fied
as necessary for the operating efficiency of the
personnel or for the protection of important machines
and equipment,

Once the analysis has been made and the decision reached
to install mechanical air-conditioning equipment, there
is a multiplicity of possible commercial units from which
the selection may be made. It is probable that it will
be most desirabie to select from standard units, rather
than specially designed components, since the standard
units offer the cost savings of mass production methods,

The most common method of securing a refrigeration
effect is the vapor-compression system, The usnal
method of driving the compressor for this type of
system is an electric motor, The compressor may be of
the reciprocating type, rotary cr centrifugal, depend-
ing on the required capacity and the type of refrig-
erant used., The type of refrigerant will determine the
required suction and head pressures on the compressors,

The condenser may be air cocoled, water cooled or of the
evaporative type., In the evaporative condenser, cooling
is accomplished by air passing over the wetted surfaces
of the condenser tubes. The principal cooling effect
comes from the evaporation of the water from the wetted
surface, If the condenser is air cooled an adequate
supply of cooling air is necessary while the water
cooled type requires a supply of cooling water.
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The air nay be cooled by passing it directly acrcss
the evaporator coil or the chilled water systsm may
be used wherin water 1s chilled by the evaporator

and pumped to coils in the conditioned space; the air
is cuoled by blowing it across the chilled water coil,
The chilled water system may be desirable for shelter
applications since the compressor, condenser and avapo-
rator may be located outside the shciter enclosure
and only the chilled water supply and return pipes
pen<irate the shielding barrier, If the shelter is
alsc designed for blast protection the elimination of
refrigerant lines between serarated components of the
cooling system would be pariicularly advantiageous,

Most commercial air handling uiits deliver saturated
air to the conditioned space &t about 600F dry bulb
temperature. The coil and fan are designed to deliver
about 400 cfm per tnn* to the conditioned space.

Power requiremesnts can be estimeted on the basis of
about one kilowatt elecirical input to thbe compressor
per ton of cooling effec:, plus about one-quarter
kilowatt to operate the fans to move the air across
the cooling coil and condenser, The actual power
requirement will, of course, have to be determined from
the specifications of the equipment selected,

The power requirement car be reduced by use of
absorption type urnits. This eliminates the power
requirement for the compressor but the need for power
to operate the fans still remains., Nowever, under
emergency conditions, power for the fans may be within
the muscular capability of the shelter occupants so
that system may be operated independently of an ex-
ternal source of power,

There are two commonly used absorption systems; the
ammonia system and the lithium bromide system, 1In
the ammonia system, amronia is used as the refrigerant
and water is used as the absorbent, In the lithium
bromide system, water is used as the refrigerant and
the lithium bromide salt solution is the absorbent,
The ammonia system can maintain lower evaporator tem-
peratures but is somewhat less efficient than the

*A ton of cooling is equal to a cooling effect of
12,000 Btuh,
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Jithium bromide system due ¢ unavoidable evaporation
of the absorbent water in the generator. Since am-
monia vapor is both toxic and flsmmable, the lithium
wromide sysiem would probably be preferable for shelter
use,

Both ammonia and lithium bromide absorption air condi-
tioning units are commercially available in capacities
of about 3 tons and larger, At the present time they
are not teing produced in sizes smaller than 3 tons.
Most of ihe units are designed for heat input frem the
combusticr. of natural gas or liquified petroleum gas.
Some large installations are desigu..i for heat input
to the generztor from a steam coil, This would have
1ittle spplication for shelter use since steam will
probably not be available and could not be generated
«conomically,

An interesting system is the total energy concept
which has been successfully applied in some large in-
stallations and may have some application in a large
shelter. In this system an engine-generator is used
to provide power for lights and other electrical
equipment and the waste keat from the engine is used
in an absorption air conditioning system to provide
cooling. Such a system would have to be carefully
analyzed and balanced since the electric power demar?
may be too small to create sufficient load on the en-
gine for the waste heat to be adequate for the neces-
sary cooling effect., However, for some more sophis-
ticated installations it may offer some advantages,

Another variatior. which has been used with some success
is the internal combustion engine drivon air condition-
ing unit, In this unit a compression type air condi-
tioning unit is used, with the compressor driven di-
rectly by an internal combustion engine. In most of
the commercial units available the engine is equipped
to use liquified petroleum gas as the fuel but any

kind of engine fuel could be used, This system is an
attempt to take advantage of the somewhat better coef-
ficient of performance of the compression cycle, as
compared to the absorption cycle, and at the same time
make the gvstem independent from a source of electric
power, The mo:t successful installations have been
those where the waste heat from the engine could be
used for water heating or similar application, For
shelter use, this system does not have the flexibility
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of an eagine-generator and does not provide any elec-
tric pcwer for lights., There may, however, be some
situations where it migkt be considered.

¥ith the wide variety of possible system configuratiouns
it is difficult to preseut any specific data on equip-
ment costs, Reference 29 presenis cost anslysis data
for four of the most common systems which may be used
for estimation purposes and for comparative cost pur-
poses. The reference gives detailed cost breakdowns
for each system, Table 6.4, 6.5, 6,6 and 6.7 summar-
ize these data.

Table 6.4 gives the total cost per person for an ali-
alr veatilation system for a 100-man, 250-man and
500-man equipment package, The equipment includes
ventilating and recirculating fan; engiie-generator set
anc¢ fuel tank; lights, conduits and controls; ducts,
piping, supports and partition walls,

TABLE 6.4
COST SUMMARY FOR ALIL-AIR SYSTEM

Outside Air - cfm Per Person
5 10 15 20 25 20

100-man, cost/person 40.9 41.5 42,1 50.5 58.4 59,2
250-man, cost/person 24,6 25.2 25,8 26,8 31,1 32

Table 6.5 gives the total cost per person for a mechani-
cal cooling system using well water. The package includes
ventilating and recirculating fan; well and water pump;
well-water coil; engine-generator set and fuel tank;
lights, conduits and controls; ducts, piping, supports
and partition walls,

Table 6,6 gives the per capita cost for a compression-
type mechanical cooling system with an air-cooled
condenser., The equipment includes ventilating and
recirculation fan; refrigerant compressor and air-cooled
condenser; direct expansion coil; engine-generator set
and fuel tank; lights, conduit an. controls; ducts,
piping, supports and partition walis,
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TABLE 6.5
COST SUMMARY FOR WELL W-TER-COCLING SYSTEM

Tons Per Ferson

w015 .025 .035 .045 .055

100-man, cost/person 68,2 69,8 71,8 73,8 75.8
250-man, cost/person 3Y%.1 40,7 41.8 42,8 44.3
500-man, cost/person 24,5 25.6 26,5 27.2 27.9

TABLE 6.6

COST SUMMARY FOR COMPRESSION COOLING SYSTEM
WITH AIR-COOI ED CONDENSER

Tons Per Person
,015 .025 .035 .045 . 0585

100~-man, cost/person 63,3 68,7 70,8 81.2 81,8
250-man, cost/person 36.8 41,8 45 46 52.4
500-man, cost/person 24,6 28,3 31.2 34.8 38.6

Table 6,7 gives the cost summary for a comp.ression-type
mechanical cooling system with a water-cooled condenser.
The equipment includes the same components as for the
air-aooled condenser system except that the condenser is
water-cooled and a well and pump are added.
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TABLE 6,7

COST SUMMARY FOR COMPRFSSION COOLING SYSTEM
WITH WATER-COOLED CONDENSER

Tons Per Person
.UIS .025 0535 0645_ .Oﬁ

100-man, cost/person 75,3 79.6 91,1 103,2 103.8
250-man, cost/person 44 45,8 51.2 54 54,3
500-man, cost/person 28,9 3C.5 34,4 36 39.6

It should be emphasized that the preceding data should

be used only for very generalized estimation purposes
since actual costs at any given location can vary sig-
nificantly from these figures, The data for well water
systems are based on an assumed 200 foot depth at a coa-
struction cost of $10 per foot, Actual cost will probably
differ from this, No attempt was rade to credit the well
water systems with the possible savings which could be
realized from the other capabilities possible with the
well-water supply,

An examination of the data reveals an interesting possi-
bility., In Table 6.6 the cost of providing 0.045 tons
per person of cooling in a 250-nan shelter is only one
dollar per person more than for providing 0,035 tons per
person, 0,035 tons is 420 Btuh of cooling effect, just
about enough to remove metabolic heat and some of the
heat from lights, 0,045 tons is 540 Btuh of cooling
effect, which would probably provide almost comfort
conditions, Thus for one dollar per person additional
cost the shelter could be designed to provide condi-
tions which are considerably better than the bare survi-
val conditions which are usually assumed due to economic
necessity.

Similar small cost increments can be found at other
points in the tables, as for example, in Table 6.5
there is only a $3,40 per person increase for the entire
range of capacities given for the 500-man package.
Although these small incremental increases will not
necessarily occur at the same points which are shown
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in the tables,; they are typical of the cost variations
which can occur when standard units are employed,
Consequently, when using mechanical cooling systems,
it is often possible to design on a comfort basis, or
at least moderate conditions, rather than on the basis
of maximum tolerable conditionms,
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6.2

6.3

6.4

PRACTICE PROBLEMS

For Las Vegas, Nevada, the 5% summer climatic
conditions are given in Table 5.1 as 1C6CF dry-
bulb and 70°F wet-bulb. How much moisture must

be evaporated into this air to cool it to a dry-
bulb temperature of 85°F? What would be the finai
condition of the gir? Would evaporative cooling
for a shelter be desirable in this area?

Estimate the cost for a water well and pump for

a 1000 occupant shelter if a rate of flow of 0,15
gem per person is reguired for cooling purposes.
The well must be Z00 feet deep and the pump must
deliver the water at the surface at 40 psig.

In a 500-man shelter at what ventilation rate
does it appear that it would be less expensive
to use a well water cooling system than an all
air system?

For a shelter in Problem 6.2 what would be the

effective temperature at the end of 14 days if

a mechanical air conditioner supplied fresh air
at the rate of 3 cfm per person? What capacity
air conditioner would be required?




CHAPTER VII
POFER SYSTEMS

As soon as itne nesd fcr mechanical syste.ir in a protec-
tive shelter has been established, the requirement for
some type cof power system has been deterwsined. Since
many shelters wili require mechaniczl systems, though
they be simple or complex, it follovxs that these shelters
will need a source of power if the mechaniczl systems are
to be used. Power may be required for lighting. cooling,
communications, or pumping in addition to he renuirements
for environmental control. Consequently, the well-being
oi the occupants of the shkelcer wili dependéd directly on
the capability of the power system provided.

Given sufficient money, it is not difficult for an
engineer to design a power system that will provide the
utmost in capacity, reliability and safety. However,

as is the cass with all shelter componexnts and systems,
cost iimitativns will necessitate zume compromises with
the theoretically ideal power system. The first require-
ment must be that the system be justified economically
and come within allowable budget for fthe shelter. Again
the designer is faced with determining the minimum system
which is compatible with survival, and then providing
anything in addition which can be managed within the
finances which are available.

The possible sources of power for shelter use can be
summarized in three main categories:

i. Existing public utility services.

2. Power produczd by the muscular activities of

the occupaats.

3. Auxiliary power syvstems.
Each of these should be investigated to determine if it
will supply adequate, reliable power to the shelter.

EXISTING PUBLIC UTILITY SERVICES

The most convenient source of power for a shelter would

be to use existing public utilities. This would supply

an essentially unlimited amount of power with nc capital
investment other thar running the necessary service wiring.

The effects of a nuclear explosion consist of thermal
radiation, initial nuclear ixadiation, blast anc shock,
and residual nuclear radiation. 1In addition, there are
electromagnetic effects which accompany the explosion,
involving an electromagnetic pulse of short duration
from the explcsion itself (or from the disturbed region
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iz 21s 7icinity) and altzratiocs to the electricsl
preperiiss of toe atwxsphere due to cianges iz the nsrael
ionization. Thz stady of the clactromagretic xlse and
its effscic is x highly specisiized field. For cosavni-
caticons cewlers apd similsr faciiities gpecial siudles
2nd desigas are zecsssarys,

Thore have beer sevarzl stadies sade of ¢he pozsible
eifects cf zunciecar welpors vk geeersting and distrihation
Zacilities 31, 32, 33;. 7Thass studias zre snzlyticzal ia
sature sipce thzre is very liftie expearimerntsl evidence
avzilable. Tae damage 2t Airoshims snd NMagazaki ass
vieldsd some inforzation on the effzct cf low yiszld {(iS-
22 XT) seapoas, 33 have some of the stomic fests conducted
in tais couniry. Eowsver, there are nc data on the sZfecis
ci high yielé »eapons or on the effects of sultipie bcab
attacks. The Ifollowizg izfcraiiticn fe comnilad from the
thyee raferesces Cited.

The tkermal radiation can cause ignition of vzrious types
of combustible materials. However, such matsrials are
ustially 2ot commcr arocuad g= electric gezerating plaat

s0 it may be assumed tzat the thermal radistion will kave
a2 negligible effect con the generating facilities. The
same a2y be s2id of the sibstations. Experience with
forest firss has indicated that high voitage ‘ransaission
lines, which are usually carried cn steei towers, are
seldom cdamaged by the fire. However, transzmission and
distribytion lires carried on wooden poles could be exten-
sively damaged by fires started by the thermal radiation.

It would require extremely bhigh intensity of initial
puclear radiation to have any significant effect on the
generating plant or distribution systea. These effects
would occur only in arezs of high pezk overpressures
from the blast effoct. Since the blast effects will
cause the greater damage, the effect of initial auclear
radiation on the system compcnents may be neglected.

The =most severe camage to the electiric utility syster
would come from the blast and shock effects of the nuclear
explosion. Since no two generating plants are exactly
alike, it is possible cnly tc make some generalized
assumptions concerning the pature of possible damege

which probably would occur at various levels of overpres-~
sure. Table 7.1, which has been taken from Reierence 33,
summarizes these probable effects on an electric generat-
ing station.




TABLE 7.1

OVERPRESSURE~-DANAGE RELATIONSBIPS FOR ELZCTRICAL PO¥ER
GENERATING STATION SUBIECTED TO THE EFFECTS CF
SMALL NUCLFAR (20-30KT) WEAPONS

Overpressure
item Description of Danage psi _
Air and Flue Boiler, przheater, breeching 2 - 3.5

Gas Systea ducts, econcmizer. and fap-
bousing are caved-in, inter-
rupting the draft

Feedwater & Debris damage to turbine 2 -5
Steam System coatrol paneis, condensate
and boiler feed pumps, feed-
water znd steam piping and
dezerating hkeater

Circulating Screens clogged, pumphouse 2 - 4
Y¥ater System ard crib damaged

Electrical Meters, disconnect switches, 2 - 5
Syster bushings, insulators, con-

trol panels damaged by debris

As a generalized conclusion it may be stated that a
steam electric generating plant subjected to blast over-
pressures of 3 psi or greater will probablv be out of
service and could ncet be put back in service without
major repairs,

It is interesting to note that much of the damage would
be from debris and from "“missile damage'" due to defor-
mation or failure of the enclosing structure. For this
reason, open air plants, which are common in the South
2nd Southwest, could probably withstand somewhat greater
overpressures than could the usual enclosed plant. How~
ever the possibility of damage to the air and flue gas
systems would remain 2bout the same.

Hydroelectric plants, by their very nature, should be
able to withstand somewhat higher overpressures than

can a steam plant. However the rossibility of defor-
mation or failure of aboveground structures is about

the same. Consequently the possibility of debris or

missile damage to the electrical system is very much

tae same., Structural damage to the dams and locks
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probably would not occur urder about 15-20 psi but
building walls and roofs could fail at overpressures
as low as 3-4 psi.

The possible effects of blast overpressures on internal
combustion engine plants have not been as extensively
investigated as have thermoelectric and hydroelectric
generating facilities. The engine-generator set would
probably resist overpressures almost as great as would
a steam turbine-generator, but this is not the critical
factor. A typical diesel generating plant is usually
housed in a structure with relatively large window areas.
The windows could be expected to fail at about (.5 psi
overpressure, and power production could be interrupted
by flying glass. Again debris damage to the electrical
system could he expected to occur at from 2 to 5 psi.
Thus, it can probably be ccncluded that the plant would
be out of service if it experienced 3 psi overpressure.
It might be out of service at pressures as low as 0.5
psi, depending on the results of flying glass from
broken windows.

The foregoing summary is very generalized and can be
used only as an indication of what night occur. Fea-
tures of construction or location of the individual
plant cculd result in either greater of less resistance
to blast effects.

The effects of blast overpressures on transmission
and distribution is summarized in Table 7.2, also taken
from Reference 33.

The values in Tables 7.1 and 7.2 appear to be fairly
well documented for small (20-30 KT) weapons. For
large weapons, it is known that the damage at any given
overpressure will be greater due to the longer dura-~
tion winds. It is, however, difficult to qualify




TABLE 7.2

OVERPRESSURE~-DAMAGE RELATiIONSHIP FOR ELECTRIC POWER
TRANSMISSION AND DISTRIBUTION SYSTEM ELEMENTS
SUBJECTED TO THE EFFECTS OF SMALL NUCLEAR
(20-3C KT) WEAPONS

Overpressure
Item Description of Damage psi
Transmission Poles broken, tilted, 5 to 8
iine lines down
(wood pole)
Transmission Towers collapsed, buckled, 4 to 5
line lines down
(steel tower)
Cables, Wires Separated from supports 3 to 6
Substations, Broken control instru- 5 to 6
Qutdoor ments, batteries, etc.
in metal cubicles
Substations, Broken control instru- 3 to 4

Housed ments and batteries
(unreinforced masonry
house with wood roof
assumed)

this information. In view of the lack of specific
data, it is recommended that the overpressure values
in the tables be reduced to three-quarters of those
shown when considering weapons in the megaton class.

It is estimated that the transmission lines would prob-
ably be down at about 4 psi; substations would be out
of service at about 4 psi; and local distribution lines
on wood poles would be down at about 2 psi. These
local lines are usually on poles about 100 feet apart
and the required clearance from other objects is less
than for the high voltage transmission lines. These
lines are, therefore, subject to debris damage such as
falling trees (33).

The conclusions itrom the above summaries are that al-
most any generating plant would probably be out of
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service after receiving blast overpressures of 3 psi
or greater and that local distribution lines would
be down at 2 psi or greater.

Table 7.3 shows the distance from ground zero to which
overpressures of 2 psi and 3 psi would extend, based
on information from Figure 3.66 in the Effects of
Nuclear Weapons (3).

TABLE 7.3

RANGE TO WHICH 2 FSI AND 3 PSI PEAK OVERPRESSURE WILL
EXTEND FOR SURFACE BURSTS OF VARIOUS YIELDS

Distance From Ground Zero-~-Miles

Yield 3 Psi 2 Psi
1 KT 0.38 0.47
20 KT 1.00 1.3
50 KT 1.4 1.74
100 KT 1.67 2.2
500 KT 3.00 3.8
1 MT 3.8 4.7
10 MT 8.2 10.2
20 MT 10.3 12.9
50 MT 14,0 17.4

For generating and distribution systems outside of

the area affected by blast and thermal radiation the
only hazard will be from the residual nuclear radiation
or fallout. The radiation intensity of fallout prob-
ably will be low enough to have no effect on matrrials
or equipment so the only consideration is the effect

on personnel.

It is apparent that if power is needed in an occupied

fallout shelter it will also be necessary that the
operating personnel for the electric power system be
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sheltered. It is also necessary that the plant can be
operated by the personnel in the sheltered areas.

It is probable that most thermoelectric generating
stations have areas in the plant which would provide
adequate shelter from fallout. However not many
plants are provided with operating and control systems
which would permit the plant to be operated from these
areas. In some of the newer plants this may be pos-
sible with relatively minor alterations or additions
to the control systems. In most older plants it prob-
ably cannot be done without major remodeling of the
system. Consequently some plants have adopted a pro-
cedure for shutting down if attack is imminent.

If the plant continues in operation cduring the fallout
period scme fallout particles would probably be taken
in with the combustion air. Some of these would be
deposited in air preheaters, on furnace walls, boiler
tubes and flue gas passages and some would be exhausted
with the flue gases. There would, therefore, be some
degree of contamination of the steam generator. A
sheltered location for operating personnei would be
required until radioactive decay reduced dose rates

to safe levels but there would be no other adverse
effect on the operation of the plant. Therefore,
whether or not a plant remained in operation wculd de-
pend on the availability of shelter for personnel and
the emergency policies and procedures adopted by the
management of the particular plant.

Hvdroelectric plants can be operatcd more easily during
fallout than can steam plants. By virtue of their con-
struction they provide excellent shelter for the
personnel in most cases. Inspection tunnels in the
dam, for instance, may offer a protection factor of
almost 10,0006. In general it is not too difficult to
provide for remote or automatic operation and, in fact,
some plants are already set up for automatic operation.
Since air requirements are minimal there would probably
be no need for shutdown daring fallout. As a conse-
guence, it is very probably that a hydroelectric plant
could stay in service if it received no blast damage.

Internal combusion engine plants probably provide
little in the way of fallout protection for their per-
sonnel, but such protection can be added at reasonable
cost. Because of the air requirements it probably
would be best te shut down during fallout, especially
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in the case of a gas turbine plant. However, restartins

is comparatively simple in most cases and prcrisica
for remote operation can be made at modest cost.
Therefore, an IC engine plant can probably remain in
service, assuming no blast damage, if some advance
planning is done to provide for coperation during oi
after fallout.

Substations will present no particular problem, assuming
there is no blast damage, since their operation, zin
almost all cases, is automatic. Normally no personnel
are required to be present; consequently, there is no
reason to believe that they could not operate normally
during or after fallout.

The high voltage transmission lines and the local
distribution lines probably will not be affected by
fallout radiation although the possihility exists

that the radiation intensity could be sufi.ciently
high so0 as to cause ionization of the insulation,
resulting in high voltage shorts. However, there is
the problem c¢f routine maintenance, especially on the
distribution lines. These lines normally require
almost constant repair work due to natural occurrences
such as falling trees or branches, lightning damage
to transformers, burned out transformers, or broken
lines due to snow or ice. Interruptions of service
from such causes are common and are usually handled
so as to restore service promptly. Under fallout
conditions, however, repair crews could not work on
the lines or could work only for a very limited time.

The power requirements for a shel ter will be most
critical during the summer months when excessive
effective temperatures are most likely t~ occur.
Unfortunately, this .s also the time of year when
thunderstorms are most prevaleut, with their associ-
ated gusty winds and 2lectrical disturbances which
wreak havoc on electrical distribution lines.
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Froa the preceding discussion, a conclusion is that
electric utility power may well be xvailable at the shelter
but there is a possibility that it may not be available.
The designer might, therefore, consult the vwner of the
facility to determine his desires in regard to the
provision of auxiliary power.

GAS UTILITIES

Any analysis of the availability of public utility
services should include 2 consideration of both natural
gas and liquefied petroleum gas (LP gas) services,
since gas can provide a source of energy for use in

a shelter. Even though it may not be as versatile or
convenient as electric power, the indications are that
it may be more reliable.

Gas, as a source of energy, can be applied for shelter
use in twe ways. The fivst, aud probably most versatile,
method would be to use the ges as a fuel for an engine-
generator. The electr*~< output of the generator then
supplies the necessar .ower for the shelter. Engines
equipped to burn naturai gas are available both in
spark ignition and compression ignition types. The
compression ignition engines generally use the dual
fuel principle in which a mixture of gas and air is
taken in on the sucticn stroke and a pilot charge of
furl oil is injected near the end of the compression
stroke to initiate the combustion. Such engines
operate with about the lowest brake specific fuel
consunption (bsfc) of any internal combustion engine.
LP gas engines are readily available in almcst all
sizes since they are all converted gasoline engines.

A natural gas engine would eliminate the necessity

of storing a supply of fuel in or near the shelter
since the fuel would be taken from the pipe line as
needed, provided there was reisonable assurance that
the supply would not be iuterrupted. If a dual fuel
engine :were used, it would, of course, be necessary to
storé a supply of fuel oii for the pilot Ffuel.
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Fuel for LP gas engines would be stored in tanks
outside the shelter. These tanks may be either above
ground or buried and are necessarily pressure tanks.
Since LP gas for engine fuel use is principally propane,
the tanks will have a pressure of about 100 psi.

The second method of appli +ttion would be to use the
gas directly for the various sheliar services such as
cooling, water heating, absorption air conditioning,
and even gas lignts. This may be suitable for a

small shelter where the ventilation blowers can be
manually operated but in larger shelters it will be
necessary to have power for the fans and blowers.
Although it may be possible to provide some sort of

gas turbine drive for these, it would probably be more
simple and less expensive to go to the engine-generator
application. In some c¢ases it may be desirable to use
gas for heating, cooking and air conditioning and
provide a smaller engine-generator for lights and power
for the ventilation blewers.,

Stadies of damage at Hiroshima and Nagasaki and the
series of tests made in Nevada in 1955, indicate that
the underground gas mains are little affected by the
blast. However, there would be a serious problem of
breakage in service connections even out to overpres-
sures as low as 2 or 3 psi.

In an LP gas installation, the fuel supply is stored on
the premises and would be continuously available.

Since the tarks are under pressure, no pump is necessary
to cause flow from the tank to the appliance or engine.
In the last days of the shelter occupancy, it may be
possible to receive delivery of additicnal supplies;

fuel from tank trucks which can be filled at builk

storage plants, provided radiation levels permit. It
would require only a few hours exposure of the truck
driver to deliver fuel supplies to several shelters.
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It may be concluded that natural gas and LP gas would

- s offer a more reliable source of energy for a shelter
than would electric power. but that the application
of gas for shelter use would be more complicated and
probably require more expensive equipment.

POWER FROM HUMAN MUSCULAR OUTPUT: The ore source of
power which will alwavs be available in an occupied
shelter is that which cz2n be produced by the muscular
effort of the occupants. The ability of humans to
produce power should, therefore, be considered in
relation to the power requirements of the shelter.

4 The amount oi power which can be produced by a human

being depends on age, sex, physical condition and

3 general level of skill at the task being performed.

: It will also vary with psychological motivation and
with environmental conditions.

The power output will depend on the portion of body

muscles being used. 1In general, when only a small

part of the muscles are used in work or exercise, the

: power output is small and fatigue sets in rapidly.

4 ¥hen larger muscle masses are used the power output is
greater and the effort can be continued for a longer
period of time.

One of the simplest methods of utilizing muscle power
is hand cranking. However, in this method only the
hand, arm and shoulder muscles are used and the power
output is small. The person doing the cranking will
tire rapidly and the power output will decrease quick-
ly. Since the cranking is done at chest level the
person must assume a fairly rigid, uncomfortable pos-
ture and discomfort soon sets in.

The method which uses the greatest number of muscles
is rowing, using a sliding seat. This is the method
used in crew racing shells. In & c¥rs¥ race g work
rate of 1140 Btuh, or about 0.45 horsepower, has been
recorded. This led to exhaustion in 22 minutes (10).
The complexity of the movements involved require con-
siderable training to master the necessary level of
coordination. This, plus the bulky equipment required.
make it an undesirable method for shelter use.

~"m ""m'*m< - :

Probably the most effective method of applying muscle
power in a shelter is by pedaling. The large leg

aaee @ TN
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FIGURE 7.1 - Relationship Between Energy
Expenditure and Work Load in Cranking and

Cycling. (Abridged and Redrawn from
Reference 38.)
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muscles offer a more constant level of output and,
since the legs are relieved of tke body weight, tke
duration cf output can be expected tc be longer. An
additional advantage is that most peorle ar=2 trainead
in pedaiing a bicycle and can perform the task more
or less autoezaticaliy.

Figure 7.1 shows the relztionship bketween pos2r cut-
put and energy =zxpenditure for crarkirg ind pedaling,
the two most common methods of utilizing muscular
energy. It can be seer from the chart that a given
energy expenditure will result in z greatzr power out-
put by cycling than by cranking. Conversely, z given
power output can ce attained with less expenditure of
energy bz pedaling.

Figur: 7.2 shows the the maximum work capacities for
fit young men. A5 the power output increases the
length of time {nr which the effort can t= sustained
decreases rapidly. A power cutput of .1 horsepower
can be sustaiced for about 8 hours, bu*t an output of
0.2 horsepower can be sustained for only zhout 40
minutes.

The curve shows the work capacity for young men who are
physically fit. The average person probably cannot
sustain an output of more than about half of the values
iven. Reference 38 states that 0.1C horsepower can
probabty be sustaired for 3 to 4 hours by a large pro-
portion of the individuals in a cshelter: i.e., females
of avrerage physical fitness from 13 to 50 years of age,
2nd aales of fair or better physical fitness from 10
to 50 years of age. If a device requires an input of
0.15 hp it could be used, for sustained periods, only
by males between 16 and 30 years of average or better
titness.

It shcuid be noted that the metabolic rate of the per-
son doing the work increases sharply From Figure 7.1
the energy expenditure for an output of 0.1 hp is
about 1560 Btuk for the cycling operationr and approx-
imately 19G0 Btuh for the cranking operation. Thus
the person working on a manually operated blower will
produce 4 to 5 times the metabolic heat of the average
sedentary occupant.

If it is assumed that half ¢f the shelter occupants
would be capable of producing one~tenth horsepower for

7-13




-~
o0
(3]
g w
e B a0
o - VY TSI TR - s Lane m u c
- \N ~ D R;
. - K DO
- Fp— e - | © &« ft
» vyt Puspaeig Tevey . e FRRRTE R P VY nim e 'y g p-v.”&“.ﬁ.-w
I il S TR I
s fasnie  vaesfrmefiar nchens e N o am reaio < p'ﬁ efR
o is o b <
o’ e € w N o8 -
rxries JLa Y 1 .Bf.“!nl, “X 0. m. Q % n m n-
“~
...\\:\\: oY b QO
2 N ERaTg
i : PTA e s Eniny e N - [
, ‘xf\t\_\ © = _ mm
.\LT.\\. Zw 83
S’
‘\ (L) Ly Q
i . > QM
1 T ! 1 e © M -
T I S | )] @OG & @ (-] \) o N ~ bt b S
I A ™ . v e . N N .%50 Q
o S - - oo < o (=) e 8
WO R RALI ALY L e.“

Ldoddait 40 NG LA




i

T

e
»
B

2 period of 2 20 4 hours it is possible tc determine

the power available fromz the occupants of a shelter.

This poser is. of course, iaput power to the skaft of
the device being operated. The output power available
will depend on the efficiency of the device.

A theoretical calceulation is given for the horsepower
reguired tc move a cubic foot of air against a resis-
taace of 0.1 imch of water, assuming a fan eiriciency
of 100 percesnt.

(62.4 1b/cu ft)(1 cf=) (0.1 in) -
hp = {T%7 in/T%) (33,000 ff 16/hp - =in) ~ ©-00001573

(Eq. 7.1)

The efficierncy of tne fan depeids on the shape of the
fan blade, zrd vpon the speed of the blade tip. The
best efficiency that can be expecied irom fans opera-
ted 2t design speec¢ falls in the raage of 70 to 80
percent. This relatively high efficiency occurs when
the fan is delivering from 40 to 62 percent of its
maximaen capacify, apd if the capacity of the fan is
increased by iacreasing the speed of the fan blade,
the efficiency falls guite rapidly. For a forward
curved blade operating at 89 percent capacity, an
efficiency of 20 percent might be expected. 1If a
plentiful supply of electricity is available, it is
only necessary to oversize the fan motor in order to
increase zir flow, with the caly penalty being an
iacrease in power cossumptior. Therefore, it is not
upcoznon to find a2 major poriion of fans in commercial
applications operating in the raange of 20 percent er-
ficiency.

¥cr failout shelter use, where there may be limited
power available, aad especialily if the fans are to be
driven by the muscular activity of the occupants, this
practice should be avoided. Fans should bs selected
and sized to operate z2t maximum efficiency in order t{o
conserve the erergy of the occupants. This would mean
that in most cases fans would dzliver 40 to 60 percent
of rated air delivery capacity, but would operate at
70 to 80 percent efficiency.

EXAMPLE 7.1: Determine the hcrsepower input required

Ior = manuxlly operated fan for a 100 occupant sheiter
with a ventilation rate of 20 cfm per occupant, if the
fan efficiency is 70%. The fan must overcome a resis-
tance c¢f 0.25 inch of water.
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SOLUTION: From Equation 7.} ihe horsepower required

is 0.00001573 hp per cfm per inch of water. There-
fore:

. _ {100) (20) (0.00001573) (2.5)
ity 0.70

0.1125 hp

If one-half of the occupaats <ouid produce 0.1 hp each
for a 3 hour period, the power requirement appears to
be within the capabilities of the occupants.

A single one~man VK can supply the necessary 2006 cfm
if the equivalent length of duct is 200 ft. This is
due ‘o the fact that 200 ft of 20-inch round duct has
a friction loss, or resistance, of only about 0.12
inches of water whereas the example was computed for
0.25 inch of water.

The power required to operate a pump for well-water
cooling can be estimated from the following equation,
assuming that 0.15 gpm per person is required.

_ (0.15 gpm)(8.33 1b/gal) _
kP = “E5006 Te-Th/hp-min - 00000379 hp per

person per
ft of head

(Eq. 7.2}

The head will comsist of the gravity head, depending
on the depth of the well, plus the equivalent head of
the pressure loss through the piping and coil. I. &
toial head of 100 feet is assumed, the power require-
ment for a 100 occupant shelter will be 0.375 hp for
a pump with 100 pevcent efficiency. If a positive
displacement pump with an efficien.y of 50 percent is
used, the power input becomes 9.758 hp. This would
require the combined effort of 8 persons.

It would still be necessary to operate a fan to supply
ventilation air and to move it across che coil. If a
ninimum veutilarion rate of 3 cfm per person is assumed
and thke wafer coil adds 1 inch of water to thz resis-
tance, the required horsepower is:

(3} (160 (.00001573) (2.5)
.79

hp = 0.017 hp
if a fan eificiency of 70% is assumed.
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The total power requirement is thus 0.775 hp which
would require a mechanical or electrical power source.
There is no manually operated device available which
would permit the simultaneous input from eignht persons.

Other than the VK units and a few types of small,
hand-cranked hlowers, manually operated devices to
meet the requirements for shelters are not available.
Generalliy it would not be feasible to design and fab-
ricate a special system for a specific facility.

AUXILIARY POWER SYSTEMS: The previous discussion has

indicated that it might be desirable to provide an
auxiliary power system for many shelters. It is nec-
essary, then, to consider the various tvpes of systems
which are available in order tc determ-ne which would
be most suitable for use in the shelter.

The possible systems which might be considered are:

1. Storage batteries

2. Internal Combustion Engines
3. Gas Turbines

4., Steam Engines or Turbines

There are many other power producing devices which
might be considered, such as solar cells, thermoelec~-
tric desvices, fuel cells, magnetohydrodynamic (MKD)
generators, thermionic generators, and nuclear power.
These may be eliminated from consideration, at the
present time, since they have nol yet been developed
to the stage where they are competitive with more
conventional power generators in terms of cost, effi-
ciency or reliability. Of those mentionegd, the fuel
cell has probably teer developed to the greatest
extent and is very close ito being competitive with
internal combustion engines in cost and exceeds them
in efficiency. Howevers they are not yet reliable
enoigh to merit sericus consideration for shelter use,
althecugh thkis could change witbin a few years,

In considering an auxiliary power system for shelter
use, some of the factors which must be taken into
account, not necessarily in ordser of importance, are
listed below:

1. Availubility
2. First cost
3. Opecrating cost




Reliability

Fase of starting and operating
Maintenance reguirements
Storage characteristics

Safety

Air and water requirements
Auxiliary equipment reguired
Space reguirements

O D 0T =M N
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A brieft review of these criteria would tend to indicate
that steam engines and turbines could be eliminated on
the basis of the large amount of auxiliary eguipment
needed (boiler, pumps, condenser), the space reguired
for this equipment, the high first cost, the large
amounts of water required (about 40 pounds of coudenser
cooling water for each pound of steam), the large
amounts of combustion air required, and the fact that
trained personnel are required to operate a steam
plant. In addition, it is generally considexred that.
for capacities less than about 5000 kw, a steam plant
is lessg efficient than a diesel generating plant.

Storage batteries can be eliminated c¢x the basis of
high first cost, the need for auxiliary battery char-
ging equipment, large space requirenents for a given
capacity, poor storage characteristice, and the fact
that the acid used as the electrolyte constitutes a
safety hazard, as do the expliosive fumes produced
during the recharging process. However, it would
probably be desirable to have batteries available,
p2rhaps of the so-called dry-charge type, for starting
the auxiliary power system and for emergen. v lighting.
It would also be desirable to have a supply of dry-
cell batteries for flashlights aand lanterns. These
would have to be replaced at lezst once a ywzar during
the standby period since they have a very short shelf
life.

This, then, leaves internal combusiion eagines and gas
turbines to be considered as the prime mover for the
power system. These may be considered under tavree
main headings; compression ignition engines, spark
ignitica engines, and gas turbines.

COMPRESSION IGNITION ENGINES: Compression ignition
engines, commonly referred tc as diesel engines, are
available in many different forms: air cooled or
water cooled, iwo cycle and tour cyclie, vaturally
aspirated, supercharged, or turbocnarged. They are
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generally low-speed, heavy-duty engines, relatively
large and heavy for their power output. They operate
either on No. 1 or No. 2 fuel oil or, in the dual
fuel type previously mentioned, on natural gas. ‘The
dual fuel engines are not readily available in the
smaller sizes and, therefore, should be considered
only for very large shelters.) They are built in
very large sizes, but only the sizes of 500. hp or
less will be considered here.

Reference 41 lists the power ranges of industrial
diesel engines, operating at rated speeds from 1200
to 2400 rpm, as follows:

Two cycle, water-cooled, supercharged 33-500 hp
Two cycle, water-coolad, turbocharged 140-500 hp

Four crele, air-~cooled, naturally
aspirated 6-23 hp

TFour cycle, water-cooled, naturally
aspirated 4-500 hp

Four cyele, water-cooled, turbo-
charged 70-500 hp

Diesel engine~generator sets are available in power
ratings from 1 kw up. although they are not produced
in gquantity as are engine-generator sets using spark
ignition engines. The ccst of a 1 kw unit is approx-
mmately $1,000, but tre price per kilowatt decreases
for larger sizes, At £ kw the price is about $300/kw
for an air-cooled diesel-generator set.

Diesel engines normallv provide rugged, reliable,
economical service but are guite sensitive to varia-
tions in intake air temperature and pressure. An
increzse in temperature and/or a decrease in pressure
#ill cause a reduction in density of the air, resul-
ting in a decieased mass of air being taken in on

the sucrion stroke. The decreased air limits the
amcunt of fuel which can be burned and causes a de-
crease in power. A naturally aspirated engine is

also quite sensitive to exhasust back pressure, especial-~
ly the two-cycle model. Supercharged and turbocharged
modsls are relatively unaffected by exhaust pressure.
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Because of their higher compression ratio and more
massive components, diesel engines are somewhat harder
to start than spark ignition engines, especially in
cold weather when the fuel o0il does not vaporize
readily. However they can be started with standard
battery~cperated starting mechanisms. In cold weather
they are often primed with a small amount of highily
volatile fuel, such as ether, for starting purposes.
Engines up to about 5 hp can probably be started man-~
ually with a rope starter. Larger engines would re-
quire some sort of energy storage system for manual
starting.

Compression ignition engines offer some advantages
from the standpoint of safety. The fuel is not highly
flammable and does not vaporize at nermal atmospheric
temperatures so that the danger from fire or explosion
is negligible. The exhaust fumes from the engine are
obiectionable from the standpoint of odor but have a
lower CO content than those from gasoline engines.

Since any engine-generator set for auxiliary power
service must stanca idle for long periods of time the
storage characteristics are important. For shelter
use the storage period is usually taken as ten years,
to be followed by two weeks of continuous operation.
The equipment must be capable of sitting idle for long
periods of time and still be readily started and oper-
ated when needed.

Any engine is susceptible to rust, corrosion, rotting
and mold when it is sitting idle. In addition there
would be fouling due to gum, sludge and sedimentation
from fuels and lubricants stored in the engine and ioss
of liquids due to leakage or evaporation. A further
prcblem is the deterioration of fuels during storage.

It is necessary to set up a maintenance procedure dur-
ing the storage period to insure that the power system
will be ready when it is needed. In general this will
mean "exercising'" the engine at frequent intervals

and replacement of the stored fuel as needed.

The compression ignition engine is somewhat less vul-
nerable to the formation of gum and sludge in the fuel
since the fuel filter will remove it before it reaches
the injectors. However, the injectors will clog very
casily if the impurities pass the filter. In fact,
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the injectors are the most likely source of trouble

in the engine. If they shoulid become clogged the only
remedy, under shelter conditions, would be to replace
them. Consequently a spare set of injectors should

be provided, along with the instruction manual for the
engine and tne necessary tools.

Fuel o0il for compression ignition engines does not
deteriorate during storage as rapidly as gasoline, but
the =storage life is still relatively short. It can be
stored in an abeve-ground vented tank for appreximately
one year and in an nnderground vented tank for about
three years (41). The lconger storage life in under-
ground tanks is due to the lcower temperature expected.
If, in addition to being underground, the tank is sealed,
the storage life can be extended to approximately four
years.

The amount of fuel to be stored will, of course, depend
upon the size of the engine and the specific fuei con-
sumption. The specific fuel consumption will vary with
the type and size of engine, with the smaller vngines,
in general, showing a higher speci:fic fuel consumption
than the larger engines. Air-cooled diesel engines in
the size range of 20 hp or less can be expected to

show a specific fuel consumption of approximately 0.5
up to about 0.65 pounds per horsepower hr, the fuel
consumption inereasing as the power rating decreases.
Water-cooled, naturally aspirated, engines can be
expected to show a fuel consumption of about 0.75 1b
hp/hr for the smaller sizes, ranging down to about 0.5
for an engine of approximately 100 hp and somewhat less
than this, perhaps about 0.45, for engines of 200 hp or
greater. Water-cooled, turbocharged, 4 cycle engines
can be expected to show a relatively constant specifi
fuel consumption regardless of the power rating. A
typical value would be approximately 06.45 1lb per hp-hr
(41).

SPARK IGNITION ENGINES: The automobile engine, which is

relatively familiar to most people, is the most common
example of the spark ignition engine. Although most
such engines operate on gasoline they are also avail-
able for operation on natural gas or liquefied petroleum
gas. For auxiliary power generation anrn industirial type
engine which is more conservatively designed, would he
preferable to an auvtomotive engine. Spark ignition
engines are available in many different forms; there are
water-cooled and air-cooled, two and four cycle, natur-
ally aspirated, supercharged or turbocharged. Two cycle
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spark ignition engines are generally limited to the
smaller sizes, about 10 hp cor less, because of their
chort service litfe, scmewhat lower efficiency, and
poor speed regulation. The short service life and
lawer efiiciency may not be tos important for the
short term application in a shelter, and, therefore,

a two cycle engine may be suitable in the small sizes,.
principally because of its somewhat lower first cost.
Supercharged and turbocharged spark ignition engines
are not commonly used for industrial service, because
of the high temperature problems. There are, however,
2 few engines of this type, using LP gas, ava.lable

in the larger sizes.

Industrial gasoline engines 1in sizes up to about 5G0

hp are zvailable and are designed to cperate at speeds
from about 1200 to 3600 rpm. Air-cooled, four cycle
engines are available up tc about 70 hp and water-
cooled, four cycle engines are available from about

3 hp to about 500 hp, using gasoline as fuel. Engines
using LP gas as the fuel are basicallv gasoline 2ngines
which have been modified and consequently are available
in approximatiely the same sizes. 1In addition there

are available two cycle and four cycle water-cooled,
supercharged engines in the size range from about 225
hp up to about 3500 hp.

Spark igniticn engines are generally smaller and
lighter than compression ignition engines of the same
power output, and operate at somevhat higher speeds.
Engine-generator sets using spark igniiion zngines
are readily available in sizes from 1 kw and up. A

1 kilowatt set can be purchased for as little as one
hundred doilars but this would be a unit for inter-
mittent duty only. For continuous service it would
be necessary to pay approximately two hundred dollars
for a 1 kilowatt unit. As is the case with the diesel
engines, the cost per kilowatt will decrease feor the
larger sizes, dropping to about one hundred dollars
per kilowatt for a 5 kilowatt engine-generator set.

Spark ignition engines show approximately the same
sensitivity as compression ignition engines to varia-
tions in intake pressure and temperature and exhaust
Lack pressure. When using stored gasoline as the fuel
the engine is subject to malfunction of the carburetor
due to the gums and residue formed by deterioration of
the tuel. The igpnition system is also subject to mal-
function due to corrosion or moisture which could form
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dering the storage. Thus the standby maintenance
procedures becowe xzere imporizpt in the case of the
spark ignition engine.

From the standpoint of safety, a2 gasoline fuel unit
leaves sonething to be desired. Casoline is highily
volatile and forms 2 vapor which is heavier thar a2ir.

A ieak ip *he fuel system could releass the vapors into
the shelter where ihey couid form sn expliosiye mixture
which could easily be ignited. The exhaust gasez from
a gasoline engipe have a high carbon ooroxide conient
which would be a potential nhazard to the hezlih of the
occupants if the exhaust is not adequately vented to
the outside.

An epgine using LP gas as the fuel would be even more
dangerous from the standpoint of the volatility of the
fuel since the principal constituent of a2 liquefied
petroieun engine fuel is propane, which vapcrizes at
approximately -40Q0F¥ at atmosphberic pressure. The vapors
are heavier tham air apd will cclilect in low spoils in
the terrain. This fact has caused some doubts concer-
ring the suitability of LP gas fuels for an underground
shelter.

The specific fuel consumption of spark ignition engires
will be somewhat higher thzn for compression ignition
engines. For gasoline. air-cooled engines the fuel
consumption czn be expected to be from about 0.7 to 0.8
b per hp-hr. A water~ccoled engine of comparable

size will probably show a fuel consurption somewhat
higher than this for power ratings of about 350 hp or
less, decreasing to approximately 0.65 ior engines of
200 hp or over. LP gas engines will show a somewhat
more favorsble fuel rate for power ratings of 30 hp or
greater, with a rate of about 0.5 1b per hp-hr being an
average value (41).

The storage characteristics of gasoline are the poorest
of any of the fuels while, on the other hand. LP gas has
probably the best storage characteristics. Gasoline, as
purchased from a service station, is normally not stored
more than 6 months but may be stored up to one year if
loss of some of the more volatile _omponents can be
tolerated. This would affect the starting ability but
probably would not otherwise affect the usefulness of
the fuel. 1In an underground tank the storage period can
be extended to about two years and if the tank is sealed
the storage period may be as much as five years.
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stored in z sealed tark since it must

5

pe urd pressure to remazin a liquid. The storage

l1te 15 corsidered to be a: least 10 yezrs and probabiy
torrer. Some sources claip that it mzy be stored in-
deef:inite-ly mrthout detlzsrioration.

Gas fTurb:ines

The theoret:ical concept of tae gas turbine engine is
not now, but 11 Kas been only in comparatively recent
vears inat techrological advances have made 1t possidle
to build a practical engire. The chief advantage of
‘%e gas turbine is the large power output from a szall
ergine which is basically simple and reliable in its
operation. The princioal applications have been as
large prime =overs Ior power generation and pumping
services and for aircraft use. At the present time
ihe automotive gas turbine rust be considered as being
s*itl i. the developzentzl siage.

There are very {zw small gas turbipes in produciion at
the present time and post of theose wshick are in produc-
tinn are intended for sp.cific military applications.
U-its as small as 235 hp are listed 2s available and
nany units of over 302 hp are .ctualliy in service.
Since the availabiiity of a unit which mould be suit-
able fnr shelter application is questionable, it wmould
not 2 very meaningful to discuss the operation char-
acteristics and econemic factors in any detail. Because
of the limited produciicn it is ve., probable that the
cost of gas turbipe units would not be competitive with
other types of engines. Also it might be pointed out
that the combustion air requirements for a gas turbine
would be from 5 to 8 times as much as for reciprocating
engines. This would require large intake air and ex-
haust ducts which could create serious problems in
maintaining the shielding integrity of the shelter.

In summary it can be said that the compression ignition
engines would be superior from the standpoint of de-
pendability. operating cousts, and safety and that the
fuel would have beilter storage characteristics than
gascline. The spark ignition engines would be superior
irom the standpoint of availability and low first cost
and that LP gas would have the best storage character-
1stics of any of the fuels. Since LP gas engines are
modified gasoline engines, their first cost wculd he
essentially the same as the cosc of the equivalent
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gasoliae engine, plus the cost of the modification which
woculd prcoably be between 25 and 50 dollars. The gas-
oiine ergine would have ope additioral advantage in

that it :s the most common type of engine and is most
familizr 1o the average person. In case of operating
difficulties it would be more likely that the occupasnts
of the shelter woulid include one or more persons whe
would he capable of performing the necessary repair
work. Gasoline is also the m=ost readily available fuel
and could be obtained from avtos or service stations
near the shelte: if nxcessary. LP gas ergines are
probably the least fawailiar of any of tl~» engines and

it wouid be very uniikely to find a2 peoson in the
shelter who was familiar with their opsration and cap-
able ¢of doirg any necessary repair work. Although the
basic engine is ithe same as the gascoline engine, the
carburetion system for an LP gas engine is significantly
differernt and would be very unfamiliar 20 a person who
had not had experience with this type of engine.

deat Released by Internal Combustion Engines

The total heat input to an engine can be determined
from the specific fuel consumption and the heating
value of the fuei. The product of ihese two factors
will give the heat rate in Btu/ho-%r. The heat rate
multiplied by tke power output w.ll give the total hreat
input to the engine in Btuh.

Only a portion of the heat input will be converted into
power, the exact amount dependaing on the thermal effi-
ciency of the engine. The thermal efficiency can be

as low as 20 percernt, or even less, for a2 two stroke,
air-cooled gasoline engine or as nigh as 35 percent

for a four stroke. water-ccoled, turbocharged diesel.
Typical values for a four strcke, water-cooled, gasc-
line enginz would be about 25 percent and about 30
percent for 2 naturally aspirated diesel engine.

The heat whicn is not converted into power must be
removed from the engine. Part of it will leave in the
exhaust, part will be removed by the cooling systemn,
and part will be radiated to the surroundings. The
exact proportion of heat removed by each methecd will
depend on the type of engine. Table 7.4 taken from
Reference 41, shows iypical heat balance ard heat
rejection rates for various prime movers. The data
are representative only and there may vbe wide vaiia-
tions in engines of the same type. Also the heat
balance will vary with the load on the engine.
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tieat Loss

Btu/bhp-ar 2,900 1,800 1,590 z 160
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fleat Loss

Biu hp-hr 2,100 3,100 2,102 2,500

Exhaust Gas
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Heat Loss,
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For a2z 2ir-cooled engire 21! of .« heal pot converred
into power or rejected sz the exhurst mast be ramoved
ty the cooiing 2ir. In 2 liguid-cooled exgipe part of
this 2e2i is rejected to the jzcket coolaail zs3d must
then be disposed cf 5y som2 Other means. Hetaods b5y
¥2ich tels mey be accomplismed iamclude:

1. rgice Wounlod radizior
2. 2ezaotz radiator
2. Direct mrke-up
4. 231 erohapger

an emgzﬁe matatea radizlicr sysiem MoRig recuire ccoling
air and woeid, thereiors, veressitate a2boul the sams
toezl Quartily of ?eh.zlat’ng zir for the po¥er sysStemn
=axlcsure as wowrid a2z alr-cocled saogine. The sSysiem
roq:ires oe supply of water WLsyood that reguired ior
the ircitial £illimg excepi for possizie small amounls
cf naSe-up wzter. Of course oze of the nop-agievus
coolants coulid be uzec insicad of mater. This might
kave sooe advaaiages for imbibit:img rust curipg the
storage period.

Iz order o raduvce tke guaptiry of vemiilziior 2ir
regaired 2 remote radiator caz e used. The radiator
cze thep te loczted cutsice of fxe chelter saclosure
where z frze circalation ¢f air can be zssured. Tais
zoulid fequire addiriczal piping znd, probsbiy. a cir-
gulating pung However tkis =mighkt weli 52 less costly

than gr091d;pg adlizional vpnt*zatzse capaczity for the
power systex enclostre. Obvicusly if the skelter is
tc provide blast profectiosn. the réxote rzaiator would
2lsc reguire protz<tion against plast and stock.

3ir aiso can o2 redaced
ng systea. Here the

: ré a temperature-
g 2rections o
r is circulated

requiresent for ventiia

by ©sing 2 direct make-up cocl
radiator is replzced by n
coatrolied valve widh ap
the ergipe and wmazer sup
through tihe engins by 2n
teapsrathre sensing elexen
line froz the engine contral of mske-up
water. Hot water overfiows frcm th tardpipe at o
same rate as the coid make-up water is supplied. Thais
system would proubably provide the best <ooling chasrac-
teristics of any of the systems but it recuires very
large quantities of water. It could not be used where
water supplies are limitfed. 1t might »cll bz considered

if an adequate water weil is incorporated in the siolter
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desiga. For normal isstellations, the sxater should be
“softened” beiore entering tée enzine in order to reduce
tie tate of cGopoxition 6i dissolved or suspeaded sclids
since these deposits will reCuce the 2ffectiveness of
the hear (T3asfer suyrisnes. 7For shel tzr ase. hswever,
toe sysiom counld probzbhiv fuvnction foay txz0 deons ¥ithout
sericuas loss of oOsiing capacity. Tohus, it should pot
be neczEse2v 16 provids fee s2rgs an€ CcoStiv water
ireaiment eqQuiimsat,

T sysier romoves the =as‘e hezt of
zasfer from ine ccolant circuiating
exclanger. The circulziing w2ier thexn
BE towar or spray poné where it is
poration and zizr circuiation, This systea
weizld require less make-up sater than thi direct xake-up,
the exact amoupt depeading on £he iypz of cooling zower
or pond used, Ia a bias: prowected skel fer the cooling
tower #ovld Be very susceptiblie to bDizsi damage mbich
zight make the system unsuiftatle 10y use.

)

The direct maXXe-~up systex is cczntained comp
thke? shaiter and iz, :(jereiors, not z=u

irom the diast wave, but 2 biast wvalve
on the water discharge 2nd supply iinses. Ir any Iype of
system the eguipment mist de mouveted to protect against

grousd skock if the shkelter is fo irmclude blast profectior.

In zey cf the sysiexs, waste heat =ay be recoveresd Ircom:
the 2xbautst zZas or the engime coclant, ©F mezns of
suitarlc heat exchzngers, Ior vse Zm temperikg fhe
shelter ventilation air durirng <5id wezther, Ix =any
installiaiicns $hisz may be ths only scurce of heat fer
this purpose and in the oglider zecticns cf tcs counizy
couid be an izmporiaanit censideration ir the design.

the heat which must be rezoved from the engize rooz
includes the heat produced by the gensrator. This
wili, cf course, depcnd on the efficiency -f itke geu-
erator, which may vary frox zbout 63 tc 80 percent.

If more specific ipiocrmation 1is nst availeble, an

efficiency »f 70 percent way be used for estimstieon
purposes. Thus, tke ocutput of tae gencrator will be
only 70 perceut of the snaft power i the engine and

3¢ percent of (ne shaft norsepower will be dissipated
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&€ hwzai fo the surroundings. This axounis fo zdoul
7583 Brv per hp~hr. Since ike capreity of the zngine-
genarator set is aormaily cxpressed in terms of ree
gereTaloyr quiput, iy zay s xore convenient 10 compute
ihe heat iozxs from 1ae ouiput. This can de obtaired
from-

C = 3413 (100 - 2)/z Diusku-pr (g, 7.2

Enere 3413 is the Btu 2guivalent ¢f a X3iloszts-houyr
zac 2 1s the fenerater cfficiency in pe:
efficicacy of 706 psrcent, ¢ wouid
¥a-hr O7 gumerator ouvlpuc.
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Ai2 FILTRATIOX REQUIREMERTS

cerning the nszed for filters 1o exciuvde Iallioutr par-
ticles from the ventilation 2ir, <Consegient:

worthashile to discuss the pozsibpilitiss of en
of radicactive particles im the alr sireas az
possible effecis on the occupants of the she

The pature and charactaristics of falleet are covered
ir detail in Reference 3 but <an de briefly sumszirized
here. It comsists of particlies wkich rarnge in size
from a fine dust 1o severzl hundred microns in mean
diameter. A nmicros is 2,001 == or aboetr G.0094 inchses.
The fallout material is racdioactive because of tke
radioactive fission products which adhere 1 the par-
ticles of earth, or other materizis, wkich have b2en
pulverized or vaporized by the deicnmation, The greai-
=cunt of faliout = surface or
subsurfzc les zre car-
¥ ard 312
the

- s
it Ir

e pa
of

of
¢
)
4
peed
Y
"0
/)
u

-

\
0

o

1))

o

TR )

nom

Wy M
tr

Q

3

e O
o)
(M

b:'h

BB

[#]

Wil OF dsh
R
0
%

]

£ p=
[T o
)
s U,
™t

-3

I

L]
L 2 1N
o
W

™
Q
w o
[y
LA T\ S+
m oy e
DU e B
QO et Q

o
Q
0N e o
) QW
8
8
&
w2
Q
)
wh
Yo
[N

{1

Buring the
carried by
the time requir
rate at w¥hich a
weight aac the chzr
erally spezaking, tre larger pa

zre less affected by the winds., The sz
fall ocre slowly and are carried 1o grezter dis
fros the point of origin before reaching the ez
Consequently the particies which settle to the
at any given distance frorm ground zerc will ¥&rs
a rather parrow range of sizes with the average
size decreasing as ithe distance increasses,
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The time of arrival cof the varigus sized particles
c¢epend on the height of the clouds from which they
anc the size 2f the particle., For example, a particle
wiith an effective diameter oI 100 microns would require
about 10 hours to fall from a height cf ¢0,060 feet z2and
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reach the ground with a termipnal velcecity of about

120 feet per minuteg. If the effective wind speed were
15 miles per hour it would be azposited 130 miles from
the point of origin. At this location particles 1arger
than 100 microns would not be deposited since they would
have fallen to the earth before reaching there and
smaller rarticles would remain aloft, to be deposited
farther downwind.

This sisplified analysis does not take into accourt
the possible effects of rain or snow which would tend
i0 "wash” particles cut of the air and cause the= to
he deposited soorer than ortherwise would occur nor
does it consider the effects of dowsndrafts or updrafts
in the atmosphere. Ip addition it dces not coasider
the effects of possible multiple bursts of various
types, sizes, altitudes and locations which car pro-
duce fallout patterns which overlap and reinforce
each other,

The radioactive componerts in fallout from land surface
bursis are associated with the particlies in such a way
that the activity increases approxircately as the square
cf ine particle dizmeter. Thus the kighest levels of
radicactivity would be asscciated with the largest par-
ticles which would fall close to ground zerc and would
diminish progressively with smailer and smaller par-
ticles reachinog the ground at greater and greater dis-
tances frox the poiat of origin. The smaller particles,
remaining aloft loager, would also undergs considerable
radioactive decay before reaching the ground.

¥athepatical podels used to compute fallout distribu-
tion and radiation levels gemerally do not consider
particlies less than about 40 microuns in diameter since
particles smaller than this do not contribute signifi-
cantly to a standard radiaztion level greater tham 1
roentgen per hour. (The standard radiation density

is defined as the observed radiac dose rate 3 feet
above a uniiormly contaminated open area produced by
the total deposited fallout corrected for decay to 1
hour after detonation). ¥hen it is considered that
particies this size may take 15 hours or longer to
tali and, in that time, will have decayed by a factor
of 25 or more, it can be seen that they do not con-
stitute a serious threat. Thus the danger of exposure
to gamma radiation is associated with particles greater
than about 40 micreons in diameter,
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There are, however, other poteantial hazaruas from
rzdioactive fallout which must be considered: (1)
inhalation of particulate matter with resulting ragdi-
ation exposure to interaal organs and (2) contact of
contaminated matter 1ith the skin and ite resulting
radiation exposure.

Inhziation of particulate matter would result im its
being ceposited in the lower respiratory tract from
where soluble material is taker up by tne blood. 2u-
thorities substantially 2gree that the hazard is liait-
ed to pa2rticlies less than about 5 micrens in diameter
since the naszal passages act as zn effective filter

for larger particlies. Particles larger than 3G =microns
seidom enter the respiratory tract and 10 micrors is
considered the largest size of any real importance in
normal inbalation exposurz. From the preceding dis-
cussion it is apparent that there is littie seed for
concern about particlec this small and there is no

need for filtering ventilation air io drozect against
tke possible inhalation bhazard.

The contact hkazard is concerned alzmost complerely with
teta radiation from falloutr material depcsited onr %he
skin. Exposures of 500 to 1900 rads are reguired to
cause redmess and ipflammation 9f the skin ard several
times Bat for more serious burss. ZExposures of thies

nagnitude would be expected only Irom handling concen-
trated sources of radiation or being sxposeé directly
during the time failout %as being deposited in arezs
where a disabling dose of gamma radiaiion wculd aiso

e expected. Without the gaama sxposure tihe dDetz burns
would be painful but probably not lIxcapscitating. Thke
zmost importani factor here 1< the gamma radiaiicn since
the teta hazard would be minsr except in the presencs
of the more serious gamma radiaticn hkazazrd. In a shel-
ter, fallout particies entering with the ventilation
air might constitute a gamz=a radiation kazard but, if
this were conirclled, the beta hazard would be of no
serious concern. Conseguently there is no need to
filter the ventilation air to protect against the con-
tact hazard.

There remains tc be considered the hazard from ga~ma
radiation associated with particles greater thar about
40 microns. This could be of concern if sufficient
material entered the shelter so as to cause a signifi-
cant recuction in the protection cifered by the shelter




against gamma radiation. It is necessary, therefore,

to estimate the effect of fallout particles entrained

ir the ventilation air oa the proiection factor of the
shelter.

There are tv¥o main methods by which fallout particles
=ight enter the shelter. The first is through wiandows
which have been opened tc permit ventilation or which
have been broken by blast effects. The second is
through the operatior of powered ventilation systems,
cither those pormally sncountered in building con-
sirvction or those provided in a single-purpose shelter.

The first method is of corcern principaily in the
wvtilizatior of above-ground arcas of existing buildings
as fallout snheiters. It has alrcady been stzted that,
in mu=i Tzses. these areas will depend on natural ven-
tilatiovn 2nd_ therefore, it is to ve expected that
windows wili be open. Such facilities are also ihe
ko5t vuinerable to glass breakage due to blast effects.

The velocity of air eutering through windows on the
wiandward side of the building will be less than the
incident wind speed because of the orifice effect of
the windcss. The effec: varies according to the frac-
tiop ¢f the wall osccupied by windows and the angle at
whichk the winds strike the wall and for mcst buildings
would be quite large. Reference 27 gives ap effect-
iveness facter of 0.2 to 9.25 and Reference 55 gives
an experimental ccefficient cof 0.2, although there
was coasiderab:e variation around this value. Air
velocities through the windows varied froa about 180
fpa to about 230 fpm when the wind velocity was from
6 to 10 mph {328 to 880 ipm).

®¥hen these flow rates zre compasred with average terminal
velocities of particies fall:ng in heavy fallout areas
(120 to 800 tpm, according to Reference 54) it can be
seen that those particies which enter at the wiadows
may be expected o be depesited in the immediate vi-
cinity of the openings.

This conclusion was verified bty experiments performed
by the U, S. Naval Radiclogical Defensc Laboratory

using the naturai fallout from the voicano, Mt, Irazu,
in (gsta Ricza. The particle sizes were ia the smaller
size ranges, with nearly ail of them having a diameter
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less tharn 139 microns. About one-third of the depos-
ited mass was in particle sizes less than 40 microns.
It would, therefore, have been expected that infiltra-
tion of particles should have been at a maximum, Ai-
was drawn in tbhrough ar open window of anp otherwise
sealed test house at a constant average face velocity
cf 425 fpn by mears of an exhaust fan.

It was fournd tha: most of the falliout drawn in was
confined in an area of about 200 square feet with the
bulk of the material in %the immediare vicinity of the
wipdow. The average density of tbe fallout over the
200 square feet was abocut 2% of the deposit ia the
open. If the volcanic #2iligut had been radioactive
it was calculated that the exposure in the center of
the deposit in the house would have beea about 1/250
of the exposure that would bave existed in the open
{46).

These data have been applied iz the analysis of the
possible effect of falloui ingress or the protection
fzctror afiorded by large buildiags. Calculations
were periormed for two sizes of beildings, 2000 sg.
ft, ard 15,000 sq. ft., wit> and without interior
partitions, with varicus sized window opcnings aand
witk faliout ingress densities of 2¢ and 20% of gut-
side level, Of the various variations studied it was
fournd in about three-guarters of thec cases that the
protzction factar was reduced by less than 10%. This
is rwuch less thap the possible error involved in ihe
calculation of the protection facter by the engineer-~
ing method. However. in two cases the reductior ia
protection factor was found to be about 55%. This
occurreu unuder tne assumption orf 20% fallcut depsity
spread over the entire floc ' of small buildizngs witn-
out interior partitions. Iz these same buildings,
assuming 2% fallout ingress, the reductiocn in protec-~
tion facter was only 10%.

These analyses indicate tkhat the effect cf fallout
ingress through open or broken wisdows is nct serious
pariicularly if shelter areas are located in the inner
parts of lzrge buildings naving interior partitions.
They also show thkat natural or improvised ventilation
is unlikely to draw significant amounts of fallout
into shelters provided the shelter areas are not im-
mediateiy 2djecent to open windows. I% is on this
basis that the development ¢f vackaged ventilaticn
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kits for use in group shelters in the United States
does rot inciude a requirement for air filters.

The entrainment of particulate matter in thiz air stream
of a powered ventilation systez bas z2lso been studied.
In 1957 the U. S. Naval Civil Engineering La»oratory
{(USXCEL) made testis on a conventicnal ventil.tion sys-
len using an aeros?l with particle sizes mainly smaller
than 10 micrcas. 1t was fcund that the system had
iittle or no =2ffect or particles smaliler than about 3
Ricrons but larger particles were trapped or impacted
fairly effectively by the systex components scch as
blowers or ccol.pg coils. Essertially no particles
larger than about 7 microns passedl through the systesm.
Cormercial filters of the type normaily used ir vep-
tilatirg systems sere effective in removing particles
larger than about 19 microos.

In 1904 experikents were performed by USNCEL in which
particuiates in the size range appropriate to fiallout
were drcepped past an inlet fixture fitted witkh a nor-
=al type of copical cup. The volume of flow through
the fixiure was 600 cfm with an inlet velocity of
about 200 fpm. It was found that no particles larger
thar 60 microns were taken into the fixture., In the
size range of 30 to 60 microns about £0% of the par-
ticles were taken in and z21lmost all of the particles
smaller than 30 microns were captared, The capture
area for this particular experiment was about 5 sq.
ft. surrounding the inlet fixture (48). Calculations
were alsc made of the radioactivity level which would
result from the captured partiicles if collected on a
filter or passed into the shelter. In all cases the
ievels were much less than the amount reaching the
occupants through the walls of the shelter even as-
suming outside levels of 10,000 roentgens per hour.

These and other studies suggest that filtration for
fallout particles is generally unnecessary unless the
intake velocity is quite high and the intake is un-~
protected by a hood. The intake should be protected
to preveuat downward or sideward entry of the air., 1In
other words, the air should enter the intake in a ver-
tically upward direction,

For shelter areas in buildings with an existing ven-

tilation system, even with unprotected intakes, the
blowers, coils, and standard commercial filters will
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be adequate t« eliminate 211 but zp insignificaot
portion of the f21lzut particles,

These considerations have led ic the statemwert in
Office of Tivil Defense Technical Memorandem,
Tecknical Pequirements for Fallout Shelters; "™No fil-
ters are required on meckanical veatilation systiers

other thar thcse necessary for the normal daily uvs:
of tae space.™

The discussion above hzes GCeen ¢ocacwaned wits the pos-
sibility of icfiltrazion or ertriinxent of Tallout
parricies during the tiwre thke radiocactiive particles
are actuzlly fallirng. Once tkhe fallout has eaded and
the particles k2 se beer deposited on ibe ground and
other surfaces there is 1itile lixkel:zhocd that they
will be picked up by the veptiiation. Particles de-
posited oo a windew s8ilil covld b2 blewz in through
the open window bur this would e a very insignificart
amount ir mOSt cases.

Protected ventilation intakes skhouid e lccated with
at least 24 inches between the bhorizontal surface
benezth thea 22d the bottoz of the protective cap.
Under tkese corditiorns no particles of 2uy significarce
will be picked up.

Fhus the period duricg which thore would be 26y possibie
hazard is only during the fime the fallout is being
deposited, 2 matter of caly a iesw bours ip most cacses.
If necessary tne windews could be closed (if they were
not brokea) or thc ventilatiop rate reduced during

this comparatively orief period in order to minimize

the bhazard. The occupints could probably tolerate tise
resulting increase ia 2ffective temperature for the
short tize involved,




CHAPTER IX
WATER AKD SAXITATION ZHQUIREMENTS

dater 3. psseantial %o hvman life. It is an established
fact £ a4t bosan beings can sarvive much longer withsot
tocd .. ther bave sufficient water tdan they cCan wiih-
ocu: sazzr., It is, therefore, nmecessary that sSome CoOx~
sidemation b giver to mater requircmenis ard sources
ot water for survival shelters.

The availabality of water areé recovery of water supglsy
systems is a major coocern in thze civil defense sfruc-
tuare in the posi-attack period. However, this discus-
sion is concernel oaly witn ix-sheiter aspects of the
problem and does not attexpt to cover the many important
problems whick xust T2 solived in the post~shelter pericd,

In comsidering water reguirezesnts, as well a2s other
criteria, it is probable thi. a distiaction sbould be
made betweea shelters lice:nszs, marked and stocked

un\ler the Matiozal Fallout Shelfter Survey ancé facilities
whick bhave been designed to serve as shelters. In most
cases shelters identifieé in existing buildimgs by tae
Shelter Survey were not intentiopalliy designed into

the structure. They exist more or less by hanpensiance.
It is uzoreasoneble, therefore, to expect such facilities
tv meet shelter criteria which were established long
after consiructicn was completed, However, as long as

a shelter deficit exists, such facilities are required
to offer the population atf least z wminimum chance for
S survival. The criteria for such snelters are, thereifore,
: the zinimum which is consistent with scrvival,

oL,

Over a periocd of time, the shelter development progran
is expected to create more and better shelters to re-
piazce existing minimal facilities in the shelter inven-
tory. The design objectives 0f such new shelter may be
considerably different from the bare survival criteria
applied to existing spaces., The new facilities should
1 be designed on the basis of the bassc and latest infor-
E mation available. As research develops more reliable

3 information and better design techniques, the design

1 cbjectives for new facilities may change. This would

; not necessarily result in a change in the minimum
criteria applied to existing shelter spaces although

it is possible that new information may reveal that
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those aiagipum criteria are not compatibie with survival.
In this usze, consideraticz would hzve to be ziven ton
changing the criteria.

Under te E¥SS program, shelters which mset the minimusm
criteria aye stocked with food, wveler, saritation kits,
raGciclogical noaiioriuy instrusmenis, medical supplies,
and ir some cuses, ventilation kigfts, Ia referencs to
szter supply, the Federal Civil Deferse Guide statss:

"The requirement Ior a supply cf poiable wa:ier
necessary for survival coastfitutes cane of the
fundamental problens in ackizving shzlter habita-
bility. A minimum of 33 gailons for sack shelter
space stocked shouid be 2vailadle. fhis amsent
must be farnished either from sovzces availiable
10 the shelter or from water stocragze containers.”

Zorrces available tc the shelter =might iccliude wmelis,
tznks, gravity-flce comxurnity systems., entrapped water
iu Building systems, or a coabipatiorn of tliese socurces.
¥ater siovage coctairers cften wovrid be furnished as
part of the sihalier steck but, 64 course, other types
of suitabl: cor*ainers ~nuid be used.

Building systems which might contain either potabkle or
ponpotable trapped sater could incluie:

Fire contrs: tanks

Spriukier sSysteEs

Hot water neaters

Supply pipes

Boidizng or gevavity tanks

Water closet flush tanks

Air couditicnipg or chilled water syscens
Heaticg tanks and systems
Indoor swimming pcols

Hydraulic slevotors using water
Reflector p-.ols within building

Before trapped water ¢ 1 be inciuded in the shelter pian
certain »asic conditicas must be met:

1. The potability of the water i- established
initialiy by a determination that the water
is part of the supply normaliy furnished from
an approved sourcz, or that tests have been
conducted to assure a safe level oi bacteria
and chemical content.
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2. A zutoff waliry §
iz place} to aveid adaittance of waie: aleh
might Ze impursa in's the system. ¥ase turpsd
of?, thiz valve »5i! ilse provant syphoning
of water ir the syeisfe sk inte the mip
w ier conditicns whare 13 Sressure in the
zain is greatiy lJeduasd.

& instalilee (if nat uileady
3

3. Zhe water i. pot ccatamipafted i shoemiculs
tdded for inhibitiny corrosisr v iowsriny
the freezipg roint.

4. Suitable devices and servires Zoxr Jdispeasicz
weter within tke shelier se ~-~"lable inclu-

ding a valze or faucet woich me3 ! © gpeped
2%t the to> of the systex (o vermii drainags
belov,

¥
[ ]

Yater 28 availa>le without dependence upon
eleciric povered pumss, unless emergency powar
is available to 2rive such pumps.

6. V¥ater is available throughout thke rear under
extreme weather cosditrions, cossidering z2lsso
the posgibiiity of fre=zing du~ fe =zzx:iiug
system faiiure caused by power loss or other
failure.

7z zome tuildings the water supply is frox separate
w1tz Pather thap from 2 municipal system. In this case
a dei-r=minatior should be made that the required quzn-
t1iz 55 wmter will be avaiiable to the shelter under
cenaitice= ~I electric power failure and during all
seasons Or ixs vear. 1: is assumed that, 3f this is

the norEal s~ < sSupply, the water is of potable quality.
If, however, puiac-liity depeuds upon treatacsnt of the
water, a detera.natiorn sust de pade that the treatment
zaolities will remain iz speration.

Is: communities which have a c2rtral distribu:zion sysiem
of the gravity-flow type, this source of water may pe
availadle for shelter use. A determination should be
mzde that continued operation and protection against
bacteriological contamination is assured before inclu-
ding water from this source in the shslter plan.
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¥ater fautin .omer furnished for »s2 in fallsul =hellers
#re IF3iisd 21 the zmsifisr site. FPilling instruwcrtisos
ToNEiry -

1. ¥ziexr 1S3G be Irow a i L Zzooved by State
08 local health departms "ix-

. The greatest ¢ars ke exercised duriey ite
fillipy opcration 1o zssure sanifary canfitions;

3. The £3i3Vipg operaz:os be uerder the care of 3
Siate or iocal healith demuirtmont ssniigvian;

4. As an added precaution, cae to iwp txblespoon-
fais of houseroid liquid bleack (activs
ingredient 5.2%% sodiss hywochlorite: 83.735%
inert ingredieuts) shou:d bde added to each
dran,

-

£ is pgrovided that the egquivalent to the liguid bleach
ip s0iid form may be used where approvea =y locail
keallt authorities. Chlorine tablets are readily avail-
able ané zay b= orsferable to the liquid bicach due to
ease of handling azu better consistency in measuring
the amount cf disinfectant added. The pumber of

tabl~ts to be used should, of course, be determined by
the hexith authorities.

The steel drums wiiich have been used to stfocl many
existing shelters hold 17% gallons of watar and vary
somewhat in size from 2 minimum of :Si" ¢c 3 maximunm
<7 16 1/8" inside diameter and a minimum of 21 5/8”"
to a maximum of 23 3/8" inside height. They weigh
10 1bs. empty and 156 lbs. when filled with 17}

gallons of water. The number of drums to be stocked
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= for sster storzge is determin.d i.o= -he following
E: - formula:
e
E -
3

3.5 x4 - B = C

-~ z . 5
P B

A = z.mber of spaces s'ocked

B <= Quartity of potable we2isr estimated i0 e
[ =4
E zvatizbie fromx exicting faciiiiiezs, gailicms
E
§ C = Eurber of drusms reguired £fi:- potabizs zater
E
E The warer drums caucse sam: ssoblems In provisicning
: =nxiterg. They avorage adudi 3.8 cu. fi. areh aac
3 prﬁside water fc? five psrsoms. 5is iz U.75 cu. £E.
- per :=rscs. THl, :t i3 considered thzit sicssge Space
: is deternised or “a€ basis O 1.3 cu. fi_ por shelfer
1 space, it cin e zwen that about haif of the sisrage
4 space iz taken ap by the water drums. in faot, if the
3 water drums are not rzguired, the storage space is

determined at §.6 cu. ft. per parson.

In addition to the space problem, the watser drums can
oroate » prﬂhlea of Tioor loading. Xach drum when

filleda has & :lead load of absut 112 1b. per sq. ft.

It is sometimes necessary to stack the drums twc or

three tiers high in order to attair maximum utilization
of storage areas. Thus, floor lozds, thus creatad,

could well exceed ths maximum safe load for the structure.
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In considering the design chieciivzes for a new structure,
which will incorporate a falisut shelter, or for a

facility specifically designed as a shelter, a different
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apgsz. @ to the problem cf water regnirexents z«2 sunply
can 2 jusiified. A logical starting peoint is to ¢on-~
<*der the ESistur: evaporaited from the body Dy Dersg:-a-
ti1cs. Takbla 3.5 zivsn the poisture evaporated by sedeni.vv
adulta for variyis ¢7y »uid iempera2tures. 7This data is
extractea from Tadle 3.8 ans vepcated in Table 9.1 with

ti » figures converted %o in/dRy and 4i/day. 7The conver-
siocy irom poands 10 quaris iy based ox ¥.33 iifmal fer
waier.

TABLE 9.1
SOISTURE TVAPORATED BY S¥DENTARY ALwL TS
— |
Dry Bulb ioisture Evaporated )
I Temp. - N
I of ib/ar 1b/day auslay
50 0.082 1.488 0.714
§9 0,667 1.698 0.772
70 5.G36 %.304 1.10¢
80 0,173 4.i52 1.953
Q0 G 274 6.52¢ 3.15¢%
100 0.324 2,216 4.424
110 v 0.499 11.976 ;.748
It

The moisture evaporated by the body, ard the requirement
for water intake to replace this ioss seems to be more
a function 6f the dry bLulb temperature than of the
effective temperature. The environmental criteria is
90% reliability of maini:iaing a 24-hour average of
%.9F effective tempsraiure. From the standpoint of
minimir. oary buiv ienperaturs the best condition to mset
this criteria would be a Zu-:zur zverage cf 820F dey
bulb z2nd 82°F wei bulb (1999 relative himidigy). 4ny
other combination «f wet iwu:1lb and dry bulb temperatures
to yield 820 FET would result in 2 dry Lulb greater
ihan 8ZOF.

Using & siraight 1ine interpclation of tha data of Table
9.1 gives a moisture loss of 2.226 qt/day at 820F dry
bulb.

The data in Table 9.1 give the evaporative heat loss
only. This would include insensible perspiration and
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sweatirg. Not included is moisture loss in tke urine
and feces ox for any othezr reason. ¥hen these los3zes are
inciuded the total xcis*wre loss is much groater trap
itidicsted in the table. Refereace 29 gives a chert
skowing itk daily water requirements to avoid dehydration
in man st resi., Thig curve is redrawn in Figure 9.1

¥ii% the dzfas ftrex Tawle 9.1 plotied as z dotted line

$or comparises. A F3%9F g-vr bulb the water requiresment
ic igdicated at zbout 3% gisuxy.

The availnbls daix or »=ter coosaruti 2 duriag shelisr
occupancy tesis appears tc iadicate ast the actuai
water consumpiion will tepd to follow *“he cvaporative
heat loss curve. Iz these tests the czcupanis were
allow=d all tke =atar they wanted but a cortain azanunt
of cortrol was exercised by the manper in which water
was diepensed. In faci, in those tests where controis
were pot used the water usage was significantly higher
and the amount of waste watcer was zls<e muck higher.
This would temd to irdicw iz That occupants will waste
water when n¢ controls are exercised but will coasume
sbtout the amount required to replace ths evaporative
hest loss when allowed all tke water they want usder
reascnable controi. Os this bzasis, Figure 9.1 would
sugge=t that there might be soze dehvdration since the
water consumption is less thzr the total mcisture loss.
A very limited amount of evidence from the occupancy
tests seems to confirm that this is the case. The evi-
dence is, however, far from conclusive. It is probible
thet this dehydration weight loss would not be great
enough to be of serious physiological sigrnificance.

Dehydration of thne body tissues czn ke a Serious prcblem
if it is prolouged. The operational exrfectiveness of the
Lody is impaired if the ioss of body water exceeds ©
percont of body weignt and survival is unlikely if ize
loss ozceeds 20 percen: of body weight. While it is

not unusual for an athleic to jose 10 pounds or more

due to sveating during a game, tuis loss does impair

his efficiency and the water is, of courss, replaced
very soon arter the game s over.

Under shelter conditions the dehydration wouid progress
from day to day if a serious water deficit exlsts and
there would be no way of replacing this moisture in

the body. Under these conditiors over a period or ten
dsys to two weexs 1. is possible that the loss of body
tluide could prove fatal to some occupants of the
shelter ana tnat most occupants would suifer impairment
21 their physical efficiency.
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For taose roascus, it is imperative that shelter occu-
pavris he given 7ater to dripk whenever they ask for i,
r.gardiers . Lae water supply available in the sheltex.
£t w18 e peszssarz, of course, to control the dis-
vensiag, of wnter to prevent waste when supplies are
Zizitad in.t inis control pust not be extended to the
poist cf 1iziting the wate intake of the occupants.

Zven 1f Sne rate of consup;icn should indicate :hat
availizLle water supolies worild be exhausted before the
ers of ine anticipated occupancy period., the water snould
not =¢ ratizned helow thati reqguired to main.ain the

tody mcisturz content. It is quite pessible that the
reduc’iosn in rzdiation levels duz to decay would allow
rersone to leav~ the sheiter for short periods to obtain
ESTe %2%Zer. Lt wnulé even be permissible fo 6rink water
whaich 1s +uztaminated with radioactive fallout since the
izceriion ¢Z some failout wouid not necessarily be fatal.

O the basis of this discussion, it is suggested that

a 5&5 iga cbjective would be to provide as much potable
1 s possible within the limits of available budget,

zpzce 2nd other design criteria.

Tae requirement for potable water other tham for drinking
and food preparation cannot be determired with any preci-
sion since it will vary with the circumstances and the
type of shelter facility.

it would be highly desirable to have water available
for wasbing hards after using the toilet facilities in
order to prevernt the possible contamination of the
stored water supply. This nesd mighkt be met by use of
a waterless hand cleaner followed by immersion in =
disinfecting solution and thus eliminate the need for
water,

Some water of potable quality should be available for
medical purposes. Although medical care in the shelter
will normally be limited *o first aid treatment, it is
still necessary to have water available for the first
aid attendant to wash his hands and to cleanse body
areas before treatment.

Shelter areas in hospitals »or other facilities where

professional medical care would be available would have
a Treater requirement for water. Office of Civil
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Defense Technical Xemorandum €5-1, "Technical Require-
wents for Fallout Shelters irm Hospitals,™ gives z sinisum
of S galloms of water for eac2 patient 2=d one-half
gallon per persca for patient czre staff for Jaily con-
ssimption. This is imtemded to provide water for all
purposes, includieg drinking, cookirg and sanitary pur-
poses.

The waier requirement for mediczl purposes and for per-~
sonal bhygiene may thus vary frox ore-half gallon per
person per day to as much as five gallone per person

per day depexding oz the facilities availabie in the
shelter. A suggested minimum criterion ior potable
water might be ore gallon per person per day for drink-
ing, Jood preparation, personal hygiene and medical
reguirements. This wculd be increased when ar evaluation
of the shelter facilities indicates 2 need for a greater
supply of water.

NON-POTABLE WATEK REQUIREMENTS

It is not possible to establish criteria for a supply
of non-potable water since this would be ccmbpletely
dependent orn the facilities and equipment in the shel-
ter. In many NFSS shelters there would be no require-
ment for non-potable water since tkere wculd be no
special facilities included in the shelter. 1In soz=e
specially designed shelters the requiremeats for non-
potable mater could be very extensive.

Some of the needs for non-potable water =might include
the following:

1. Water ifor bathing or showers. Very few fallout
shelters will provide bathirng faciiities but
some more soptisticated installations such
as emergency operating centers or military

shelters may include decontamination showers.

2. Cooling water for auxiliary power systems.
The amount of water regquired would be deter-
pined by the size and type of system instalied
and the type of cooling system used on the
engin«.

3. Wwater for mechanical cooling systems. This
would include water for air conditioning con-
densers, cooling towers, evaporative cooling
systems, or well-water cooling systems. The
amount of water will depend on the type ard
size of the installation.
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4. Water for fire fighting. It most cases it will
protatly be impractical to dfepend on water
fer fire figitirg wnless ap almost umlimited
supply is availabie.

3. Wwater for waste disposal. The amount required
%311l depend cr the type of sanitation system
used. 1f the municipal sewer system is func-
tioning axd flush toilets are used the water
requiresent cculd be 25 galloas per person per
day or more. Tais would probably not be
feasible unless the xmunicipal wa2fer system
were functionirg or the shelter facility in-
cluded a well.

¥ith the large variatiop in possiblie requirements for
non-potable water it is recessary to evaluate each shelter
facility on an irdividual basis to determine the mini-
mua sepply which must be available. This woutd bde
impractical for NFSS shelters baczuse o9f the time and
expense involved. For stiructures where shelter is to

be inciuded in the design tbis evaluation would be a

part of the design procedure for the mechanical systems.

Water which is poiluted or contaminated can be used

for many of these applications, as long as the pollution
is pot such 2s to clog piping, valves or other parts of
thke systea. Even in this case the pollutants can often
be removed by filtration. Water which is contaminated
by radioactive falliout can also be used if precautions
are taken tc shield the egquipment from the occupants oi
the shelter anG the equipment operators. Radioactive
contaminated water should not, however, be used in san-
itatior systems sirce it would be inside the shelter in
clese proximity to tne occupants.

SOURCES OF WATER

In NFSS shelters it is necessary to provide for the
vater raauirements from sources which already exist or
Ly storage in containers in the shelter. For facilities
where shelter is incorporated in the design it 3s some-
times, possible to make provision for a water supply as
nart of the design.

The most desirable source would be the normal water
supply system c<ince this would provide an almost un-
limited supply of potable water. 1f the normal supply
is a municipal system it is necessary to make some

© e w——
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evaluation of the probability cf the system remaining

in operation under fallcut conditions, 1f it is assumed
that there is no damage from blast or fire the system
should be operable. Y¥hether or noct it can rem:in in
cpexacion will depend on whether there is shelter for
the operaztors and whetber the plant cam be operated from
the shelter area. Power will be necessary to operate
the pumps. cilorinator and controcls so that emergency
power equinpment would be necessary to assure contiaued
operation.

forvee
P

Many water supply systems alreadv have emergoncy power
installations to keep the system in operatiorn in case
of power failure. Some have provided fallout protection
for the operating personnel. Shelters served by such
systems quite possibly would have water available under
fallovt conditions. In some localities the water supply
system is gravity operated and might well remain in
operation even without power to operate the pumps.

In some buildings the normal water supply is from their
own wells, In this case, the only requirements to
maintain water supply is to bhave power to operate the
pumps and to keep any treatment system in operation,
Even if the water is wot of potable quality and the
treatment system is not operatimng, it could be possible
to purify the water by filtering and boiling or by the
use of chenrical disinfectants.

Boiling water to purify it would probably not be
suitable for use in a shelter because of the large
amount of sensible and latent heat whica would be re-
leased to the shelter atmosphere., It would aisc
require a large supply of fuel.

Chemical disinfectants which could be used would be
liquid chlorine laundry bleach, chlorine tablets,
tincture of iodine or iodine tablets., Most household
laundry bleaches have instructions on the label for the
amount to use for water purification. Chlorine or
iodine tablets may be purchased at most drug or sporting
goods stores with instructions for use. Two percent
tincture of iodine is added at the rate of 5 drops per
quart of clear water or 10 drops per quart of cloudy
water, followed by a 30 minute settling period before
the water is safe to drink,

Neither boiling nor chemical disinfectants will remove
radioactive contaminants from water. Filtering the
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water through s bed of sand or earth will remove most

{ ] of the suspended particles but will not remove the
dissolved radioactive materials. It may be, however.
that the dissolved radiocactivity would be low enouga
to permit drinking the water. Removal of any large
portion of the dissolved radicactivity would requirs
rather sophisticated ion exchange treatment.

The advantages of having well water available to a
she’.cer have been discussed in previous chapters and
need not be repeated here. If the cost of the well
and pump installation can be justified it should
certainly be fncluded in the shelter design.

If neither the normal water supply or a weil can be
relied upon %o provide the required water for a shelter
it will probably be necessary to provide for storage

of water in the structure. In the case of a building
being slanted to include shelter this might be done by
incorporating a storage tank in the water system or
deliberately increasing the amount ot trappecd water in
the building.

A water storage tank in the system sbould be located at
the roof level or high point of the system. The main
supply would feed into this tank with a check valve in
1 the line to prevent draining the tank in case of loss
of pressure in the main. Water would be distributed
from the tank to the building by normal piping. 1In
this manner there would be a full tank of fresh water
available at all times. The only additional reguire-~
ments would be appropriate outlets in the shelter area
and a valve or vent at the top of the system which could
be openea to permit gravity flow from the tank to the
shelter areas.

It should not be overlooked that in many ouildings there
would be a sipnificant amount of liquids stored in the
building. This would be in the form of canned or bottled
carbonated beverages, frait juices or other beverages.
Canned fruits and vegetables also contain large amounts
of liquids as do some other canned foods such as stews.
Such foods and beverages might be available in dispensing
machines, focd service facilities in commercial buildings
or in the kitchens in apartment buildings. 1In addition
to supplying vital liquids these would supplement the
survival rations in the shelter stocks and provide some
variety in the diet. Since it is not possible to pre-
dict how much of these foods and beverages might be
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available &t any given time, ther should prodsbly ot
be depended upon as a primsxy scurce sf »uppis.

An indoor swizming peel wouid provids thousends of
gallons of usalble wzter for a shelter withowt need for
any special piping or other eGuipmernt. The zater couig
be merely dipped cut a= ns=ded. Zwan il the pool 2v8R
kad a very low proteciion factuy, the exposute tins
required to odtain water souid rrobakly e shori and
the increased radiation dose cogid bz ifcierafed. Agp
ouidoor pocl wmourld not offer tue zace advaatages butg
the water might be used if it could be dvYained infc the
shelter area as needed. TRis would reguirs special
piping angd v2lves which would be possi’le if inciuded
in the design of the poel.

Other sources which might be considerad as possibilities
for a supply of water world L trapped rain water,
covered or open Treservoirs or aatural sater such as
iakes or rivers. There are provlems associated with
utilization of these sources wshich woulid probably
eliminate them from consideraiion in most cases. The
principal problem would be geéiting the water to the
shelter. There is also the question of possibie poilution
or radiocactive contamination. However, under some
circumstances, one of these sources might be made
available to a shelter.

Another possiblity which might be considered is water
from fire mains and hydrants. Of course, sprinkler
systems or fire control tanks are an excellent souxrce
of trapped water in a building and should be considered
in determining the wafer resources availaitie. In some
Jocalities, however, the fire mains are a separate
system from the water distribution mains and the possi-
bility exists that water. might be available from a fire
hydrant, or fire nose in a building, even when the
water distributing system is not operating.
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SARITATION REQUIREMEXTS AXD SYSTEER

In & sheiter wilil necessary te have 2 method for

disposing of garbage, trazh and buman ezste. Under
fallout conditions there will be no colliectior of
garbags and trash by municipal services. Sewer systems
depend on water carriage of waste apd power to operate
pumps and treatment plant and, therefore, ray not be
operating.

In NFSS shelters it will be necessary to provide for
waste disposal with the faciiities which are inciuded
in the building or which can be added within the limi-
tations of cost and available space. For facilities
where shelter is incorporated in the design it may be
pcssible to make provision for waste disposal under
exergency conditions beyond what could be added to an
NFSS shelter.

The supplies and equipment furnished in the stocking
pragram for public fallout shelters includes sanita-
tion kits. Two types of kits are furnished: Kit IIIX
with supplies for 25 spaces and Kit IV for 50 spaces.
The kitrs are supplied in fiber drums approximately the
same size as the steel water drums, one kit of either
type per drum. The contents of these kits are shown
in Table 9.2.

TABLE 9.2

CONTENTS OF OCD SANITATION KITS

Description Unit Quantity
Eit III {Kit IV

Paper, toilet tissue Rolls 5 10
Seat, commode, piastic Each 1 1
Opeaner, can, hand~operated Each 1 1
Pads, sanitary, heavy Dozen 1 2
Pads, sanitary, regular Dozen 2 3
Hand cleanerl, waterless,

pint Can 1 1
iGloves, polyethylene Pair 1 1
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TABLE 9.2 (Continued)
CONTENTS GF OCD SAWITATIGYN KITS

antit
Description Unit Xit III ~ Kit IV

Spout, dispensing, water | Each 1 f 1
Tie wires, bag closures Each 1 1
Cups and 1lids? Each 35 70
j.ommode chemica13,

liquid, bottle Each 1 pint 1 quart
Commode chemical3,

granular, packet Each 6 12
Bag liners, polyethylene,

commode Each i 1
Instruction sheet Each 1 1
Fiberboard boxes Each 2 2
Fiber drum Each 1 1

1. This item not included in later procurement

2. Plastic cups in quantities of 40 and 80 were de-
Jivered under initial procurement. More durable plastic
coated cups were specified later.

3. Only one of these items furnished per kit. 1Initial
procurement provided a iiquid commode chemical with
iodine base. Later procurement provided a granular
quaternary compound in packets of 10 grams each.

The “iber drum in which the sanitation kit is packed
is the receptacle for the initial chemical toilet
provided iu the shelter. The metal water drums are
intended for this use after the water is consumed.
The number of steel water drums to be requisitioned
for sanitary purposes is determined by the following
formula:
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Where: A = Namber »f =r=sras stocked

D = Quantity of sewage estimated to be removable
by means other than drums, gallons

E = Number of steel drums required for sanitary
prurposes

F = Number of fiber drums furnished (one for
each sanitution kit)

Minimum number of gallons of capacity
required for human waste disposal per
shelter space stocked

[
b
i

15 = Number of gallons capacity per drum to
sanitary fill line

The number of steel drums to be requisitioned would be
the number required for water supply or the number
required for sanitary purposes, whichever is greater.

Note that the drums are intended for dispusal of human
waste only and that they hold 15 gallons as sanitary
containers rather than 174 gallons. When used for
sanitary purposes the polyethylene liner is to bhe
closed with plastic wire ties when full. The drum
cover is replaced and the drum is stored for disposal
«fter the shelter occupancy period is ended. Food
scraps, empty cans, waste paper and other trasi are
placed i:: »lastic bags, closed with wire ties and
stored “or later disposal.

Conditions which may permit the removal of waste by
means other than the use of drums might include:

1. A sewage system of the gravity type which
is likely to remain operative even under
conditions of greatly reduced flushing
water.

2. Manholes may be available in a protected

location in or near the shelter for direct
depcsit of human waste, either packaged or
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from an improvised commode. Both Sau.izry
and storm sewers may be considered under emer-
gency conditions.

3. Existing toilets may be used to dispose of
semi-liquid waste. This may be done by forcing
the waste with a small amount of flushing
water through the traps, using a plunger or
other device, or by using non-potable water
diverted from other building systems or poured
fron a container for flushing purposes. Re-
moval of fixtures for deposit of the waste
into the sewer pipe may also be cousidered as
an emergency measure.

Tne 2.1 gallons per person of human waste used to
determine the required number of steel drums does not
refer to any specified length of shelter occupancy.
This is also true for the 3% gallons per person of
potable water used for NFSS shelter stocking criteria.
If both are related to the same period of time, a ratio
of 0.6 gallons of waste per gallon of water intake is
obtained. This conforms very closely to the accepted
average values for a water balance of the average man.
These values anticipate a normal dieit whereas under
shelter coudiiions there will probably be a lower than
normal intake . tood and water as well as a lower
metabolic rate.

The literature reveals rather considerable variation
in the data on waste production in a shelter ranging
from 0.12 gallons per person per day to as high as
0.45 gallons per person per day. These variations are
probably due to different methods of measuring the
amount of waste, whether or not the waste includes
garbage and/or trash as well as human waste, whether
wasted water is included, variations in diet and water
intake and different levels of effective temperature.
As a consequence it is difficult to determine a reason-
able basis for planning the required capacity of a
sanitation system for shelter use.

One fact is apparent from these studies. That is that
the ratio of waste production to water intake is
greater under winter conditions of low effective temp-
erature than it is at high effective temperature.
Under conditions of highh effective temperature, a
greater portion of the water intake is rejected as
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perspiraticn. At low elfective temperatures, thermal
balance of the body is achieved without activaiing the
sweating mechanism and water balance is maintained by
rejecting the water as urine. Th»s the winter waste
production/water intake ratio may %e in the range of
0.7-90.75 rather than 0.6. It would. therefore, be
reuwsonabie to assume that winter wa te production ratio,
say 0.7, combined with a summer iiquid consumption rate
would give a reasonable basis for desizn.

If a summer water intake of two quarts per person per
vay is assumed, the liquid waste production would be
1.4 guarts or 0.35 gallons per person per day. To
this should be added some allowance for solid matter
in the waste. A suggested criterion would be a total
of 0.5 gallon per person per day for human waste.

If the 0.5 gallon per person per day criterion is used
to determire the number of steel drums required, the
basis for requisitioning would have to be re-evaluated.
If the shelter stay time is assumed to be 14 days,

for design purposes, the required capacity is 7.0
gallons per person. This is just about one drum for
every two shelter spaces since 14 gallons is a reason-
able capacity of thé drums for sanitation purposes.
Due to the greater capacity of the drums as water con-
tainers it would require one drum per 2% spaces if 0.5
gallon per person per day is assumed. Thus more drums
would be required for sanitation purposes than for
water storage.

If exctra drums are required for sanitation purposes it
may seem logical to fill them with water so that extra
water would be available. Although this would be de-
sirable, it may not be possiblie or practical. The
extra drums could create a probiem of storage space and
necessitate stacking them several tiers high to take
advantage of what space is availalble. If they are full
of water the allowable dead load on the floor could be
exceeded. In addition, it might be very difficult to
remove the drums from the top tiers for use. Thus it
may be necessary to store the drums empty. They could,
however, be filled at the time the shelter has to be
occupied if time and water availability permit.

Even though there are problems associated with the use
of empty water storage containers for sanitation pur-
poses it may well be that minimum requirements for
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waste disnosal can be met in no other feasible manmer.
It would, however,K bhe desirable to make some other
provision t¢ replace ov supplement this method if
conditions perxit or if it can be incorporated in the
design.

The usual methods used for sewage treatment would it
be feasih:: for shelter use because of their cost,
complexicy, and requirement for large amounts of water.
Some of thewu also require large sreas of land for
settiing basins and aeration. Septic tanks or cess-~
pools offer some possibilities but beik require a water
supply to carry the sewage and a drainrield or other
method of disposing of the effluent In tkhe lase of a
basement shelter, pumping of the sewage would s
necessary.

Of the various sanitation systems in normal use, the
princinle of the pit privy seems most adaptable for
use undar smergency conditions. There is no need for
water or powei for operation, there is no complicated
mechanism which wold require trained operators and it
could accept all types of garbage as well as human
waste. The only requiremcnts are for effective disin-
fection and for venting to the outside to remove
noxious odors and possibly dangerous gases which would
be generatzad.

Even though the basic principle is adaptable for shelter
use, there are not units or systems which have been
designed for shelter use. There are portable units
which are used on construction sites but these would
occupy too much space to be stored in or near a shelter.
It might be possible to design simple components which
could he stored disassembled and bolted together when
needed, but this would have to be done as an individual
design since no such units are currently available.

In any shelter where it is necessary to use drums for
water storage the most feasible emergency sanitation
system seems to be the dual use of the drums as con-
templated under the NFSS shelter stocking program. In
shelter facilities where water will be available with~-
out use of the drums, it will probably be necessary to
arrange for emergency use of existing toilet facilities
or store extra drums for sanitation purposes.

Under shelter conditions the possible contamination of
the shelter water supply and spread of infectiocus
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disease makes strict sanitary practices mandatory.
Even with chemical treatment of tke waste to retard
bacteria growth it should be required that hands be
washed after using the saritary facilities. Tais
wouid ve especially important for those bkzuzflirg food
or water in the shelter. This requiremernt for :tand
washing could increase the requirement for potable
water as previously mentioned.

All water containers in the shelter should be kept
tightly clcsed except when water is being dispensed
from them and disii-fection of opened water contairners
sk.ould be routcine.

The deccmposiricn of waste in a closed drum could cause

a pressure build-up sufficient to rupture the polyethy-
lene liner. Such an accident could contaminate food and
water supplies as well as 2xpose the occupants to disease
bearing organisms. Immersion of the waste in liquid
would tend to reduce the generation of gas and control
odor production but this would require additional avail-
able water in the shelter as well as decrease the waste
capacity of the containers. Filled containers should be
stored outside the shelter if possible so that contamina-
tion from a possible accident could be minimized. This
would also conserve space in the shelter.

Mixing food scraps wita human waste would tend to ir-
crease the production of gases and odors. Therefore,
food scraps should be stored in plastic bags and stored
for later dispcsal. Each day's scrsps should be placed
in a separate container to avoid inmaioculating the new
scraps with bacteria from the older, decomposed scraps.
Highly absorbent waste such as diapers and sanitary
napkins should be stored sepxrately since they would
thus reduce the effectiveness of chemical bacteria and
odor control.

Under shelter conditions it would be very difficult to
eliminate completely the generation of odors from the
sanitary facilities. 1In order to reduce the possibility
of spreading these odars throughout the shelter the
sanitary facilities should be iocaied close to the ven-
tilation discharge. 1In this manner, tke odors would be
carried out of the shelter by the ventilation air. Air
from the waste disposal area should not be recirculated
to the shelter uunless it has been passed through cotiva-
ted charcoal filters to remove the odors. It would also
be desirable to pass it through high efficiency particulate

9-21




fflters tc resmove biclogical organiszs. S¥ace filtra-
tion systems of this degzee of sopeisticatiozn would
zeldo= be provided in 2 Zs3ilout shelter the vest practice
wauld be zot to recirculate ziis air.
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CHAPTER X
LIFE SUPPORT SYSTEMS

In Chapter V = method was presented for the solution
of the heat irinsfer irom an underground shelter with
no ventilation heat loss. This assured "buttoned-up"”
operation of the shelter with the ventilation intake
and discharge sealad. Ome pussibility which might
require operation without ventilation would be the
case of an underground shelter with a mass fire at the
surface.

For most failout shelters, egpecially NFSS shelters.
the possibility of cgperating without ventilation will
not occur since it would not de possible to seal the
shelter against air exchange with the surroundings.
Also they would not be provided with the necessary
equipment to permit operation for xore than an hour or
two without ventilation. Such shelters would probably
kave to be abandoned if circumstances were such that
ambient air could pot be used for ventilation, For
singie purpose, blast-designed shelters or emergency
operations facilities, rroper selection of the site
can virtually eliminate a requirement for buttoned up
operations., Even for dual purpose blast shelters, the
site ilocation can reduce to a very low level the proba-
bility of extended buttom up time, Thus life support
requirements should seldom impose any special condi-
tions on shelter design. If a shelter should be de-
signed for a location where there is a low probability
of using ambient air for ventilation the reguirements
presented in this chapter must be considered,

When complete closure of the ventilation intake is
required, the exhaust vent must also be sealed since
outside air cculd enter through it, This would also
apply to other openings such as sanitation vents or
air intake and exbaust for power systems, Urder these
conditions several enviroomental hazards must be elim-
inated if the occupants are to survive.

1, Oxygen must be supplied to the air to replace
that which is used,

2, Carbon dioxide must be removed to prevent con-
centrations from becoming too high to sustain
life.

3, Odorous and toxic substances must be removed
from the air.
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4. The thermal environment must be contrclled
to prevent excessive rise in effective tem-
perature.

The limit criteria for concentrations of carbon dioxide
and oxygen were discussed in Chapter III, where it was
stated that 2 .fe support system for one day of closed
shelter operation snould maintain volumetric concentra-
tions of 1 percent or less for carbon dioxide and 17 to
21 percent for oxygen. The liaiting concentration of
carbon dioxicde will develop before the oxygen is deplet-
ed to a corresponding level. The suggested concentra-
tions allow some margin of safety since oxygen concen-
trations as low as 12 percent and carbon dioxide con-
centrations of 4 percent can be tolerated, slthkough with
«.onsiderahle discomfort.

The stay time for various concentrations of carbon
dioxide and oxygen and the net volume of space per per-
son can be determined from Figure 4.1. Although the
length of time during which closure will be required is
impossible to _redict, a closure time of 24 hours is
recommendea for design purposes.

Using a COy concentration of 2 percent and referring to
Figure 4.], it is found that the maximum stay time is
about 12 hours, even for a unit volume of 500 cubic
feet per person. This unit volume is much higher than
that allowed in most shelter designs. If a more real-
istic volume of 75 cubic feet per person is taken, the
stay time for a COg9 concentration of 2 percent is found
to be about 2 hours. Increasing the allowable COg to 4
percent would increase this to only four hours.

Under both conditions the oxvgen concentrations would
be within tolerable limits (about 18 percent and 15.5
percent respectively). If, however, the CO, were con-
trolled at the desirable level, the oxygen concentra-
tion would determine the stay time. Using 17 percent
oxygen and 75 cubic feet per person would give a stay
time of somewhat less than 3 hours. If the oxygen is
allowed to decrease to 15 percent, the stay time can
be increased to about 4.5 hours. It is obvious that,
if 24 hour closure capability is to be provided, some
means must be available to supply oxygen and to remove
carbon dioxide.
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METhJUDS FOR SUPPLYING OXYGEN*

Methods which can be used to supply oxygen include:

. High pressure cylinders
. Liguid storage

Ch:orate candles
Potassium superoxide
Sodium superoxide

. Hydrogen peroxide
Electrolytic methods
Photosynthesis

DN RN

Of these, the most practical methods for supplying
oxygen for a shelter are the use of high pressura:
cylinders or chlorate candles. The superoxides offer
the attractive possibility of absorbing carbon dioxide
as well as producing oxygen but they are strong oxidi-
zing agents which react explosively with combustible
materials. They also can cause severe burns on contact
with the skin, the dust is irritating to the eyes and
they are highly toxic 1f taken internally. Hydrogen
peroxide, in the concentrations which would be necessary
to produce appreciable amounts <f oxygen, is also highly
dangerous to handle being subjesct to spontanecus com-
bustion when in contact with combustible materials.

It can be detonated by a slight shock or increase in
temperature. The electrolytic methods require compli-
cated equipment and large amounts of power.

Cylinders of oxygen are readily available from indus-
trial supply companies. They are available in various
sizes but the most common size holds about 220 cu ft

at standard pressure and temperature at a cylinder
pressure of about 2000 psi. Table 3.1 indicates an
oxygen consumption rate of 0.8 cu ft/hr for a sedentary
person and 2 rate of 1.20 cu ft/hr for persons standing
or strolling. Since there would be some activity in
the shelter a consumption rate of 1.0 cu ft/hr per
person night be used as an average value. On this
basis, a standard oxygen cylinder would provide about
220 man~hours of oxygen or enough for about nine per-
sons for 24 hours.

*The discussion on Life Support Systems in this chapter
has been taken from Reference 64, which was, in turn,
based on Reference 66.
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The cost of the oxygen in the cylinder is quii¢ low,
running about three cents per cubic foot. In commer-
cial use a deposit on the cylinder is charged, which
is refunded if the cylinder is returnec¢ within a
specified time, usually 30 days. After this time a
demurrage charge is made. For shelter use the cylin-
ders would have to be stored for long periods of time
and demurrage charges would become prohibitive.
Consequenily, the cylinders would h:z:ve to be puichased.
The cost will vary depending on thLe number purchased.
If purchased in large quantities the cost might be
about $50 for the cylinder and gas. The cost per man-
hour would therefore be about 23 cents.

Oxygen from cylinders should be fed through a standard
welding fype pressure regulator and a small gas flow
meter, probably of the zrotometer type. If more than
one cvlinder is required, they can be manifolded and

one pressure regulator and flow meter used. Alternately
the regulator and flow meter could be moved from one
cylinder to another as needed. The cost for the meter-
ing equipment and manifold should be included when
determining the cost for the system.

The principal hazard in the use of high pressure cylin-
ders is that the valve could be broken if the cylinder
is dropped or knocked cver. 1If this should happen,

the cylinder could become a self-propelled projectile
which could cause extensive damage and injury in a
crowded shelter. It is necessary, theresfore, that
appropriate racks or other supporting devices be pro-
vided to prevent damage to the cylinders.

Chlorate candles have heen of interest to the U. S.
Navy for many yvears as a means of supplying oxygen in
submarines. They consist of a mixture of sodium chlor-
ate (Na ClO3) with about 10 percent powdered iron,
plus smaller amount of barium peroxide (Ba O,) and
powdered fiberglass. The mixture is cast or aolded
into the shape of cylinders of various sizes. When
the upper end of the cylinder is ignited some of the
chlorate decomposes and releases free oxygen. Some
of the oxygen combines with the iron, producing heat
to sustain the reaction. A small amounc of chlorine
is also produced. This combines with the barium per-~
oxide to produce barium chloride and free oxygen.
Also produced is iron oxide and sodium chloride. The
latter vaporizes at the heat of reaction and produces
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a smoke which, while non-toxic, would be a nuisance
in a closed space. The gases should, therefore, be
passed through a filter to remove the smoke.

The amount of oxygen produced depends on the size of
the candle and is alsc a function cf the diameter.

The greater the diameter, the greater the oxygen
production per pound of candle. For the smaller dia-
meters more iron must be oxidized to maintain the
required temperature and consequently less free oxygen
is produced. Once the candle has been ignited the
rate of oxygen production cannot be controlled but it
can readily be extinguished.

The ca&ndles are not susceptible to spoantaneous com-
bustion and cannot be ignited by impact. They must,
however, be kept scrupulously clean since impurities
could produce toxic gases when ignited. They are
stored in individual sealed cans until used and, if
kept clean and dry, can be stored indefinitely.

They are available as self-contained units which in-
clude the ignition system and filters or as a separate
candle to be burned in a special furnace. This furnace
has provision for filtering the sodium chloride smoke
and is recommended for use in a shelter even though it
should be maintained by an experienced person.

The typical submarine candle is 6" in diameter, 12"
high, weighs about 28 tb and produces about 100 cu ft
of oxygen. Two of these are usually used at cne time
in the furnace and burn for 1} hours. They would
supply oxygen for 100 men for two hours, leaving 3
hour for the furnace to cool down and be readied for
a new charge,

A smaller candle which supplies oxygen for about 48
man~hours, is available from Maywood Chemical Works,

It is estimated that it would cost about $0.50 per
man-hour for the candle and the burner. A larger,
self-contained unit, available from MSA Research Corp.,
will liberate ahout 90 cu ft of oxygen in 50 minutes.
The cost is estimated at between $0.65 and $0.70 per
man~hour (66).

The temperature of reaction for the chlorate candles
will vary from 13000F to 15000F. The heat liberated
has been reported as between 40 and 100 Btu per cu ft
of oxyzen prciuced. The temperature of reaction and
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heat liberated depend on the percentages of iron and
barium peroxide used. The heat corresponds to an
increase in the metabolic rate and must be considered
in controlling the thermal environment in the shelter.

¥hen the cost of metering devices is added to the cost
of oxygen cylinders and the gas there is very little
difference in the cost of oxygen supplied from cylin-
ders or from self-contained cihlorate candles. The

two methods are alsc about equal on the basis of relia-
bility ard safety. On the basis of heat liberated,

the cylinders have a decided advantage since they add
no heat to the shelter environment. On the other hand,
the candles would require much less storage space.

METHODS FOR REMOVING CARBOUN DIOXIDE

It has been pointed out that a 1limiting concentration
of carbon dioxide will develiop before the oxygen is
critirzlly depleted. A concentration of 1 percent or
less for carbon dioxide has been reccmmended as a
criteriun for survival shelters., Table 3.1 gives a
representative value for the respiratory quotient (RQ)
as 0.83 cubic feet of COo produced per cubic foot of
oxygen consumed. If a criterion of one cubic foct of
oxygen per person per hour is used, the corresponding
requirement for carbon dioxide removal is 0.83 cubic
feet per person per hour. Since the RQ varies for
different people, the ratio may not be exactly 0.83.

There are a number of methods by which carbon dioxide
may be removed from the air. These include:

A. Chemical absorption in a solid
1. Superoxides
2. Lithium hydroxide
3. Baralyme
4., Soda-lime
5. Silver oxide

B. Liquid Absorbents

Alkali hydroxide solutions
Alkali carbonates
Ethanolamines

Electrolytic sulphate process
Absorption with water

G W=

C. Adsorption
1. Molecular sieves
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2. Silica gel
3. Activated aiumina
4, Activated carbon

D. Diffusion thrcugh a membrane

E. Freeze-out technique

The liquid hydroxide and carbonate solutions have sonc
very desirable properties but the liquid requires much
more storage space than the dry chemicals, The ethan-
olamines and electrolytic process require expensive
and complicated equipment. It is estimated that it
would require about 50 gallons per man-hcur to absorb
CO2 with water.

The molecular sieves are too expensive for shelter use.
Silica gel, activated alumina and activated carbon
adsorb COg in the same manner as molecular sieves but
have much less capacity. Even though they are not as
expensive, greater quantities would be required.

Diffugion through a membrane would require surface
areas which would be completely impossible in a shelter,
and freeze-out techniques require temperatures in the
range of -2000F whicun, of course, could not be attained
in a shelter.

0f the solid absorbents, the superoxides have already
been discussed as sources of oxygen and rejected as
being too dangerous to handle. Silver oxide is prohi-
bitively expensive since it costs about $1.00 per ounce.
This leaves snda-lime, baralyme and lithium hydroxide
as possible CO2 absorbents for shelter use.

Soda~1lime {calcium hydroxide) has been used for many
years to a)sorb carbon dioxide. It is used in hospi-
tals for rabreathing apparatus. It used to have a
tendency to cake and impede the flow of gas through it
but newer mixtures include small amounts of sodium
hydroxide and potassium hydroxide plus moisture which
nave helped to alleviate this problem.

The calcium hydroxide reacts with carbon dioxide to
form calcium carbonate and water, releasing about 1055
Btu per pound of CO, absorbed. Since 0.83 cu ft is
equal to about 0.1 %n of COy, tbis is about 106 Btu
per man-hour.
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Soda-lime may be spread out in a passive bed to absorb
CO, from the air passing over it. 1In an emergency
this could be merely a sheet or blanket with the soda-
lime spread out on it, but it would be preferable to
have trays to hold it prepared ahead of time. A can-
ister of soda-lime with a blower to pass air through
it would be the best method of using it. In this
basis, it would require about 3 1b of soda-~lime for
each pound of CO, absorbed or about 8 1b of soda-lime
per man day. The cost would be about $0.10 per man-
hour plus the cost of the blower.

The dust of soda-lime is irritating to the eyes and
mucous membranes and is somewhat difficult to control.
Consequently, a filter to control the dust should be
added to the canister-blower system and the use of
passive beds should be avoided if possible.

Soda-~lime will lose its capacity to absorb CO9 if
exposed to a moist atmosphere and must, therefore, be
stored in a tightly closed container. Trays of soda-
lime which might be prepared ahead of the time of use
would alsc have to be tightly sealed.

Baralyme is also calcium hydroxide with about 20 per-
cent barium hydroxide added plus trace amounts of dye
and wetting agents. The wetting agents are added to
reduce the tendency to dust and the dye indicates
when the absorbing capacity is depleted by changing
color.

The Baralyme can be used in a passive bed system,
Aithough the dust is irritating, the wetting ageants
tend to control dusting. However a canister and
blower would be preferred. When used in a canister-
blower system, it would require about 10.5 1lb of
Barzlyme per man-day. The cost would be about $0.16
per man~hour for the material, plus the cost of the
blower. Heat generation would be about the same as
for soda-lime.

Anhydrous lithium hydroxide reacts with carbon dioxide
to form lithium carbonate and water. It has sufficient
affinity for carbon dioxide so that it can be spread
out on a sheet or blanket to absorb the CO,. However
the dust is very irritating, especially to the eyes

and this method is recommended only as an emergency
measure.
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When used in a canister-blower system one pound of
lithium hydroxide will absorb 0.92 1b of COg9. The
cost is between $4.00 and $5.00 per pound, or from
$0.45 to $0.55 per man-hour, plus the cost of equip-
ment. The heat released is about 1310 Btu per pound
of COy absorbed, or about 131 Btu per man-hour.

Any of ihe three solid absorbents, soda-lime, Baralyme,
and lithium hydroxide, would be effective in controlling
carbon dioxide in the shelter. Soda-lime would be the
least expensive to use and lithium hydroxide the most
expensive. Lithium hydroxide also generates more heat
than the other two. All three are caustic and the dust
is irritating. Baralyme may be somewhati easier to
handle because of the reduced tendency to dust but all
three should be used in a canister with blower rather
than beirg spread out in passive beds. Table 10.1,
taken from Reference 20, gives typical data for carbon
dioxide absorbent canisters.

TABLE 10.1

TYPICAL WORKING DESIGNS OF CARBON DIOXIDE
ABSORBENT CANISTERS

( Estimated
Persons Canister |Absorbent Gas Pressure
Sheltered | Dia. |Length| Weight Vel. Drop, In.
In. In. Lb Fps Water
10 13 17 75 0.25 0.4
100* 23 27 392 0.4 1.1

*Two units: specifications are for each unit.

CONTROL OF ODORS AND CONTAMINANTS

During periods when the shelter ventilaticn system is
operating, the ventilation rates necessary to control
the thermal environment will probably be sufficient to
remcve odors and contaminants to a satisfactory degree.
The exception to this is during the winter weather .
when venitlation rates may have to ke reduced to prevent
the effective temperature from becoming too low. How-
ever, during '"button-up" periods there is no air intake
or exhaust, and other means must be found to control
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noxious and possible toxic substances in the air. -
This could also be true during winter lcw ventilation (
periods. ~

Odors are producad by the human bod:y from perspiration,
urine, feces, and flatus. Other odors come from food
preparation, decay of garbage, smoking, and from the
toilet facilities. Contaminants can come from fucls,
lubricants, refrigexants, chemical processes for air
revitalization and other sources. Ammonia is produced
from urine, sewage gas may contain large amounts of
methane, hydrogen is produced from battery chargers

(or from electrolysis of water) and smoking produces
carbon monoxide.

In a crowded, unventilated shelter, body odors could
be very unpleasant. However, the olfactory organs
quickly become dulled and the odors are not noticed,
except by persons who might enter from the fresh air,
in which case the odors are almost nzuseating. This
has been reported by several investigators who have
conducted human occupancy tests. There are, however,
some exceptions to this, one of which is cigarette
smoke. Although the odor of fresh cigarette smoke is
not necessarily unpleasant even to non-smokers, stale
smoke is unpleasant even to smokers. Cigarette smoke
is also irritating to the eyes, and may contain carbon
monoxide. Another exception is vomit, the odor of
which has a strong psychological effect on many people.

Proe.

Most of these odors can be masked by use of so-called
air fresheners. Some of these merely 'cover up" the
odor with a stronger but more pleasant one. Others
act on the olfactory organs to dull them. In general,
masking of odors is not recommended for shelter use,
since the odors are not removed from the air and the
contaminants which often accompany them are also not
removed. In addition, the odor of a dangerous substance
such as ammonia or hydrogen sulfide might also be
masked, thus eliminating one source of warning of its
presence.

Activated carbon has been used as an adsorbant for
poisonous or obnoxious gases for many years. It will
adsorb most organic chemicals, except those of low
molecular weight, and certain inorganic materials. It
is best used in a canister and blower system or in a
bed with air circulated through it wita a blower. It
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i coiz:ld be plered in series witi: a carbon dicxide scrubber
2 91 ané the same blower used for both.

A Molecular Sieve could be used instead of activated
carbon since it will absorb practically the same
materials. However, the cost would be auch higher.

Some Ccontaminants can be removed by combustioa, but this
would comsume oxygen and add hkeat to the shelter.

Catalytic action can be used to remove some contamin-
ants. This, however, requires special equipment in
sore cases and also adds to the heat ioad of the shelter.

It is estimated that about one-~half pound of activated
carbon would be required per person. This would cost
about $0.33 not including the cost of a blower.

There are no particular problems in handling or storing
activated carbon. However, during use it may become
contaminated with toxic materials and should, therefore,
be disposed of carefully.

The human senses do not provide a reliable means of
determining oxygen or carborn dioxide concentraticas.
There will, of course, be physiological effects from

i excessive COg or deficient oxygen, but it would be
dangerous to reiy on these as an indicator of improper
concentrations. Conseauently, it will be necessary to
provide some type of instrument to measure and indicate
carbon dioxide and oxygen concentraticns in order for
the shelter occupants to know when to supply more oxygen
or replace the carbon dioxide absorbent.

Carbon monoxide gives no warning of its presence which
can be detected by the human senses. It will. therefore,
be necessary to provide a means of detecting and indi-
cating concentrations of carbon monoxide. It would

also be desirable to be able to measure concentrations
of other toxic or explosive gases which might be pre-
sent, such as ammonia, hydrogen, hydrogen sulfide,
methane or fuel vapors.

Fortunately there are available commercialiy simple,
reliable instruments for all of these purposes at
relatively low prices. Some of these are manually
operated and some, at higher cost, are power cperated.
Many of the power operated instruments are more or less
automatic in their operation. However, for economy and
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reliabjiity the manually operated instruments wsould
prebably be the best choice for sheiter use.

instrurents of this typs bhave been deveicped for use
in mines and for industrial hygiere werk. Therefcre
the most lixely source of obtainimg Zhem would be
through mine and indusirizi svnply companies.

CUNTRCI. CF THERMAL ENVIRONINT

sz a2 closed shelter there will be ps veatiiation ais
for cceoliag purposes. The ounly natural astbod for
rexeving heat will He through the snelter walls to the
surround:ings. [t may be assumed that a sheltar for
protection against mass fires will be underground ard,
therefore, th2 ficat sink will be the surrouading earth.

Under conditions of low earth texperature and relatively
large shelter surface area per person, there may be
erough beat transferred througk the walis to maintain

a Zolerable effective temgerature. Hewever, there
would be no noisture removal except by condensation

or: the walls if the wail temperature was below the dew

point.

in group or coxwmunitv sheliters, the siuelter surface area
would provably not Se suificient to tramsfer encugh
heat to maintain the effective temperature beiow 820F,
It is, therefore, probably safe to assume that some
form of mechanical ccoling will be mnecessary dnuriag
the “button up” period. Not only will there be no
ventilztion air for cooling purpeses, but there alsc
will be the added heat from the oxygen producing sys-
tem {except compressed gas cylinders), the carbon dio-
xide removal system. the heat cof adsorption from the
contaminant removal system and the heat liberated by
condensation of water vapor if desiccants are used.

1f a mechzanical cooling system is to be used, it prob-
ably will be designed to operate over the entire term
of occupancy of the shelter, rather than on the basis
of a 24-hour closure period, and the methods presented
in the previous chapters can be used for design pur-
poses.

However inr a closed shelter there could well be a

question concerning the availability of power. 1if
public utility power is not available, as well may be
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the case, the shelter would have to depend oir its own
power capability. All of the practical auxiliary power
systems depend on combustion processes and combustion
air intakes will probably have to be sealed as well

as the ventilation air intakes. Cooling air for the
power system aiso would not be available. Consequently
there is a strong possibility that the auxiliary power
system could not be opersted during buttoned up opera-
tion.

So far as is known there is nc practical power systenm
which wiil operate as a completely closed system, other
than storage batteries, although fuel c211s hold con-
siderable proaise in this respect, and research has been
proposed on closed~-cycle internal combustion engines.
This fact provides another argument ir favor of a well
water cooling system since it would be possible to
provide at least a minimum amount of cooling capacity
by manual pumping in many cases.
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CHAPTER XI
PROTECTION AGAINST HAZARDS IN ADDITION TO FALLOUT

The objective of the current civil defense program is to
identify or develop a sufficient number of fallout shel-
ter spaces to protect all of the population of the United
States wherever they may be (home, work, schocl) ifrom the
effects of radiocactive fallout. Since early fallout
covers a larger portion of the population than do other
effects of nuclear weapons, protection against fallout
radiation is a logical starting point in a defense
program.

When fallout shelters with habitable environments have
been provided, additional protection against cother wea-
pons effects can be considered. One way of providing
these shelters would he to increase the protection
capabilities of existing fallout shelters. Consequently,
it may be desirable to provide for this increased pro-
tection in the design of the fallout shelter.

In addition, the pattern of possible nuclear attack
cannot be predicted and it is possible that a fallout
shelter could be in the fringe areas of blast effects.
Thereiore, any protection capability which can be
incorporated in the shelter design would be an advantage.

A thorough consideration of the design of blast shelters
is beyond the scope of this discussion. However, a
brief consideration of some of the aspects of blast
protection of mechanical systems is worthwhile.

A blast resistant shelter is defined as one which has
been designed to resist a specified overpressure and all
the concomitant weapons effects, so as to insure a very
high prcobability of survival of the occupants when the
shelter is subjected to that overpressure. The probabi-
lity of survival would be less for weapons effects
associated with overpressures above design values. The
extent to which the shelter continues to offer protection
above design values is a function of structural design,
weapon yield and environmental conditions.

Because of thez nature of the overpressure distribution

associated with a nuclear detonation, far greater land
area is exposed to overpressures less than, say, 25 psi
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than from 25 psi to ground zero. This is not to say (
that more people, or shelters, would be subjected to

lower overpressure levels, since this would depend

entirely on the kind of attack an enemy might mount.

It does suggest, however, that the greatest probability

for reducing significantly the lethal range of the

weapon is at the lower end of the overpressure scale.

It will be noted that in defining a blast-resistant
shelter, it was stated that such a shelter would orotect
against initial nuclear and thermal radiation as well

as blast. This is due to the fact that a shelter within
the range of the blast overpressures will also be in
range of the radiation effects. A shelter receiving

100 psi overpressure would be within the fireball for
weapons of 0.5 megaton or larger.

Table 11.1 summarizes the relative effects of blast
overpressure, initial nuclear radiation, and thermal
radiation at various distances for various size weapons.
The height of burst for each case is such as to maximize
the effects. Thus, the data in the table are the maxi-
mum values which might be expected at the indicated
range. The initial nuclear radiation dosages are not
given for distances of 5 miles or more since they are
extremely small even for a 10 megaton explosion. The
data is taken from the Effects of Nuclear Weapons,
Chapter XII. (3)

In interpreting the data of this table, it should be

kept in mind that a blast overpressure of 2-3 psi will
severely damage most residential structures and about

10 psi will cause serious damage to almost any conven-~
tional structure. A thermal radiation exposure of about
7 cal/sq cm will cause second-degree skin burns and
ignite kindling materials. The initial nuclear radiation
hag a much grester energy level than the residual gamma
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WEAPONS EFFECTS FOR AIR BURST WITH MAXIMIZED RANGES

Radiation

Distances Explosion Yield _
From Ground Zero 1 XT 10 KT 100 KT 1 MT 10 MT
1/2 Mile

Overpressure (psi) 4.1 13 46 * % * %
Thermal Radiation 3.8 38 380
(cal/cm?)
Initial Nuclear 670 6700 76000
Radiation (rems)
1 Mile

Overpressure 1.5 4.5 14 *% *%
Thermal Radiation 0.9 9.1 91

Initial Nuclear 9.1 91 1100

Radiation

2 Miles
Overpressure i.0 1.7 5.0 16 *k
Thermal Radiation 0,2 2.1 21 210
Initial ¥uclear —-—— 0.2 1.9 35

Radiation

3 Miles
Overpressure —— 1.0 2.8 8.6 29
Thermal Radiation 0.9 9.0 90 900
Initial Nuclear —— —— -—— 1.0 2.6
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TABLZ 11.1
(continued)

WEAPONS EFFECTS FOR AIR BURST WITH MAXIMIZED RANCES

Distances Explosion Yield —
From Ground Zero 7 KT 10 KT 100 KT 1 MT 10 MT
S Miles

Overpressure --- <1.0 1.4 4.1 13

Thermal Radiation -—— <l.0 3.0 30 300
10 Miles

Overpressure —— -~ «1.0 1.5 4.5

Thermal Radiation ——— —~—- <1.0 6.6 66
20 Miles

Overpressure -— —— -~ Z1.0 1.7

Ther al Radiation ——— ——— —_— 1.4 14
50 Miles

Overpressure —— ——— ——— -~ <1.0

Thermal Radiation - —-——— ~~=- <1.0 1.7

** Inside or close to fireball,

---Value too small to be significant
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radiation and consequertly 18 inches of concrete or 26
inches of earth are required to attenuate it by a fac-~
tor of 10 (as compared to 8 inches of concrete or 12
inches of earth for residual radiation). A dose of 100
rous would have little or no immediate effect on ex~
posed persons and many persons receiving doses of up
to 200 rems would not be greatly affected. At abocut
400 to 500 rems all persons exposed would become sick
and require medical care. Approximately half of these
would recover. A whole bodv dose of 1000 re¢ms would
cause sickuess within 4 hours and death within 2 or 3
weeks for almost everyone exposed.

These data indicate that, when designing a shelter to
resist blast overpressures, it will also be necessary
to consider the effects of the initial nuclear radia-
tion and the thermal radiation. Shielding against the
nuclear radiation is a function of the basic shelter
structure and, as such, is the responsibility of the
architect or structural engineer who designs the shelter.
This is also true for the degree of blast resistance
which the shelter will afford. Normally the engineer
designing the mechanical systems will not be concerned
with the design aspects of the structure itself except
insofar as they affect the mechanical components.
There may be cases where one person would design both
the structure and the mechanical systews but that per-
son would of necessity, have previous training in
structural design. Therefore no consideration will be
given here to the problems involved :in the design of
the basic shelter structure.

The mechanical engineer will, however, be concerned with
the effects of the thermal radiation since the external
con.ponents of the mechanical systems, such as ventila-
tion ralves, will be exposed to very high thermal ra-
diation levels. Laboratory tests, as well as experi-
ments at nuclear test sites indicatec that exposed
components of shelters cai e protected against thermal
radiation by (1) highly retlective coatings, (2) use

of refractory materials, and (3) ccatings of materials
with high latent heat of fusion and vaporization (69).

For blast shelters with high degree of blast resistance
the thermal exposure will be sufficiently large so

that the only means of protecting the exposed portions

of the mechanical syslems appcars to be by thick coat-

ings of materials which use the process of ablation.
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The process of ablation is one where the protective
material is removed by melting and vaporizing, or
sublimating, and is carried away as a gas. The heat
transfer to the surface is reduced by the heat necessary
to sublimate the material and, in addition, some of the
thermal radiation is absorbed by the gaseous products of
ablation. However this conclusion is based only on
theoretical analysis since no laboratory tests have been
able to reproduce the conditions to be expected from a
full scale weapon (69).

At lower levels of blast resistance refractory or re-~
flective coatings may be sufficient protection against
the effects of thermal radiation.

In considering the protection of mechanical systems
against blast effects, the level of blast prctection
necessary will be determined by the structure. It
would be useless to design systems to resist overpres-
sures greater than could be withstood by the structure.
At the same time, mechanical systems with less blast
resistance than the structure will reduce the degree
of protection afforded by the shelter. Blast protec-
tion is expensive and overdesign cannot be justified
economically.

It is not necessary that the structure suffer total
collapse in order for it to provide inadequate blast
protection. If it is damaged so as to open cracks in
the structural shell, the occupants would be exposed
to subsequent radiation. Pieces broken from frangible
materials can cause "missile damage'"” to the occupants
or equipment. A pressure buildup on the interior due
to inadequately protected openings could result in
injury or death even if the structure did not fall.
Openings which might permit such a pressure build-up
might be leaks around doors or hatches, cracks in the
structure, ventilation or exhaust ducts, or sanitary
vents.

From the standpoint of economy, it is often desirable
to design a structure which will yield under bilast
loading and permit deflections beyond the elastic limit
without undergoing serious damage or collapse. It must
be accepted that there is a probability of deflection
and partial damage to the structure and this must be
taken into account in the design of mechanical systems.
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The mechanical systems must be able to accommodate
differential movements and must be protected against
relative motion between the structure and equipment.

At any point where service lines pass through the shell
of the structure, flexible connections should be provi-
ded to allow for relative motion between the structure
and the ground. Such service lines would include

water and sanitation piping, fuel lines, and electrical
conduit. In addition, water lines should be provided
with a check valve at the point where they enter the
structure and sanitation discharge piping should in-
clude backpressure valves.

Mechanical equipment should be shock mounted and clear-
ance provided between the equipment and adjacent objects
in order to accommodate relative displacements. The
requirements for adegquate shock mounting depend on the
strength of the shock wave, the fragility of the equip-
ment, the subsurfac> depth c¢f the structure and the
physical properties of the surroiinding materials.

There are two types of shock: air induced shock and
lateral ground shock. Strong blast overpressures may
cause high nmomentary accelerations and large displace-
ments of the structure. Hence conventional vibration
mounting may be quite inadequate. It is apparent the
flexible connectors shouid be provided on fuel and
water lines and electrical conduit to the equipment.

In some cases ventilation air ducts can be installed

in protective concrete envelopes integral with the

floor or roof slab in order to eliminate relative
motion between the ducts and ine slab. 1In other cases
the ductwork can be suspended and provided with flexible
connectors in order to accommodate the relative motion.

Lighting fixtures may be pendant mounted and equipped
with plexiglass or lucite diffusers. The use of incan-
descent lights should be avoided since the tungsten
filaments are vulnerable to shock. iHowever locking
devices should be provided to hold fluorescent tubes

in their fixtures.

In a blast shelter, all openings into the shelter must
be equipped with blast valves, or blast doors in the
case of entrance ways. Blast valves would be required
at the ventilation intake and exhaust, on sanitation
vents, and on air intake and exhaust openings for the
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power system. These valves must be provided with
means for manual closing and cpening from within the
blast protected space. In addition they should be
blast or sensor actuated for automatic closure. The
sensing device may react to heat, light, radiation or
pressure, resulting from a nuclear explosion and must
be capable of distinguishing between natural or man-
made signals and the signal characteristic of a nuclear
detonaticn. The remote sensor must be located at
sufficient distance from the valve to allow time to
transmit the signal and for the valve to close before
the blast wave reaches the valve. Heat, light and
radiation travel at the speed of light and would reach
a sensor before the pressure wave. Therefoir'e pressure
sensors must be located at a greater distance from the
valve than the other types in order to insure suffi-
cient closing time.

Blast valves used on air intake systems equipped with
filters should limit the pressure build-up during the
closing cycle to 2 psi or less. A blast pressure cf
2 psi will cave in ordinary panel type filters and
severely reduce the efficiency of even the better
military specification types. Such a pressure would
not cause direct traumatic injuries to human beings in
the shelter but could result in secondary injuries by
their being knocked down or being struck by flying
objects resulting from breakage in the shelter.
Therefore, the passages between tne blast valve and
the filter should be constructed with expansion cham-
bers or 90 degree bends to attenuate the pressure to
1 psi or less. A perforated metal plate with 10 per-
cent open area installed ahead of the filters would
reduce pressure from 2 psi to 1 psi.

The leakage rate of blast valves, measured by the over-~
pressure ueveloped in the shelter in relation to the
incident overpressure, is kept at a low design value
to avoid damage to filters angd other fragile parts of
the ventilation system since the human tolerance to
overpressure is relatively high. The necessity for
maintaining a low leakage rate sharply increases the
cost so thst the air filters and low-cost blasc¢ valves
are generally incompatible. Thus the conclusion that
air filters are unnecessary for fallout protection
improves the prospect for the development of low-cost
blast closures. If, in addition, communications and
warning systems are such as to give warning time
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sufficient to allow the use of manually operated valves,
the cost could be further reduced.

Blast valees installed in exhaust lines or direct
intake lines are required to limit pressure build-up

to 5 psi. This would also require the use of 90 degree
bends or expansion chambers to attenuate the pressure
reaching the shelter interior.

It is obvious that all blast valves must have sufficient
corrosion resistance to insure that they will rexain
operable at all times. Valves used on engine exhausts
must be resistant t¢ the high temperature and corrosive
effects of the exhzust gase-.

Thers are several types of blast closure devices available
and new ones are conztuaitly under devesiopment. A compre-
hensize consideration of th- various operating principles
and characteristics is, however, beyn.d the scope of this
discussion.

When a blast wave stirikes a surface which is not parallel
with the direction c¢f travel, a reflected pressure is
produced. The magnitude of this reflected pressure de-
pends upon the angle between the surface and the direction
of the blast wave. In order to reduce the effects of
reflected pressure, blast valves should be instalied with
movable heads flush with the duct through which the blasi
wave will travel. Placing the valve below the surface

¢f the ground will reduce reflected pressures as well as
attenuate the overpressure.

PROTECTION AGAINST CHEMICAL AND BIOLOGICAL CONTAMINATION

STUDIES :NDICATE THBAT THE THREAT TO THE UNITED STATES
POSED BY CHEMICAL AND BIOLOGICAL AGENTS IS RELATIVELY
LESS SIGNIFICANT TLAN THAT POSED BY THE NUCLEAR ONE.
CHEMICAL AGENTS ARE NOT CONSIDERED A MAJOR STRATEGIC
THREAT AS THEY ARE EFFECTIVE MAINLY IF USED AGAINST
TACTICAL TARGETS OF LIMITED AREA. ALTKOUGH THE POSSI-
BILITY OF EMPLOYMENT OF BIOLOGICAL AGENTS AGAINST THE

U. S. POPULATION CENTERS CANNOT BE RULED OUT, NEITHER

A CHEMICAL NOR BIOLOGICAL THREAT AGAINST THE CONTINENTAL
UNITED STATES WARRANTS, AT THIS TIME, THE ATTENTION AND
PRIORITY GIVEN TO DEFENSE AGAINST THE EFFECTS OF NUCLEAR
WEAPONS. HOWEVER, RESEARCH ON METHODS OF DETECTING,
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IDENTIFYING., REPORYING, ANALYZING, AND DEFENDING AGAINST
B8ICLOGICAL AGENTS WILL CONTINUE ¥HILE THE POTENTIAL
THREAT IS KEZT UNDER COESTINT REVIEY.

Agents of chemical or biological wiarfare are sot producsd
by tie detoration of a nucliear weapon. However, it is
possible that a nuclear attack ¢ suld damage chemical
menufacturirg or procsssing r ants and thus release
contaminatiecy 2gents ieto tke (ovircomenrt. Protection
against (hese types of costamirzants involves many of the
same techniques wshich are effeciive against radiol~zical
contamipants., Therefore, it is wmorthwhile te give trief
consideratior i¢ the modificatioas which cotld be made
t< “he protective struciure to provide thes additionzl
vapability to protect against chemical ard/or biological
contamination.

Cheaical warfare agents are solids, liquids, and gases
wshich preduce lethal, injurious, irritatiag or psycho-
logical effects. They are spread in the for=m of vapors,
particulates or liquid drcpiets. The poison gases may
be classified as: (1) blister agents. suck as mustard,
nitrogen mustard and lewisite; (2) choking gases such
as phosgens and diphosgene; {(3) vomiting gases such
as Adazmsite, ané ditheavlchloarsine; (4) blood gases
such as hydrogea cyaride, cyanogem chloride and arsine;
(3) harassing agents such as acetorshenone; (6) nerve
gases; and (7) psychochemicals (53).

All of the known toxic gases, except the nerve gases and
psychological gases, can be detected by the humap senses.
In addition, there are available chemical agent cdetector
kits and automatic gas alarms. The alarms will also
detect tke known nerve gases.

Biologicail warfare agents are viruses, living organisms

or their toxic products and there are 5o sensing or
warning devices presently available which will detect
them. Theyv can be identified but this requires coilecting
samples and growing cultures., saich takes anywhere froa
several hours to several days.

Protectionr against chemical and biological agents
consists of previding air that does not contain these
agents. This means supplying air that has not become
contamninated or removing the contamirating agents from
the air. Methods which couid be used might include one
or more of the folleowing:
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1. Rerove contaminating agents from the inconing
air by filtering and/or adsorption;

2. Recirculate the air inside the shelter through
filters and/or acdésorbers;

3. Seal the shelter completely and supply revi-
talized 2ir by metaods summarized imn Chapter
X;

4. Provide eack occupant with a self-contained
device such as a gas mask;

5. Provide each occupant with an air-storage
device such as SCUBA apparatus;

6. Provide individual masks or mouthpieces
connected to a central source of uncontamirated
air.

Although any or all of these methods could be used,
there are obvious objections to some of these. Gas
masks or SCUBA apparatus nay be suitable for short
periods of tixe, or for persons who might have to leave
the shelter to perform vital duties, but they would not
be practical for periods which might iast for days or
even weeks. The cenrtral source of air with individual
masks would have the same limitations. Complete clo-
svre of the shelter is possible and may be desirable,
but it involves the necessity of supplying oxygen and
rexoving carbon dioxide and of controlliing the thermal
environment. Recirculating the inside air is probably
desirable in almost all cases, but as the only means of
corntrolling airborne contaminants, it may be less than
100 percent effective, since the air entering the shel-
ter is still contaminated.

I¢ would appear that the best approach would be to

remove the contaminating agents from the incoming air
before it enters the shelter. Recirculation of the

air can be added to this in order to provide additional
protection against the accidental or intentional re-
lease of chemical or biological agents inside the
sitelter. It is also desirabie to maintain a small
positive pressure inside the shelter to prevent the
leakage of contaminated air through cracks or imperfectly
sealed openings.
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The best method of removing toxic gases from the air
is by adsorption with granuiated activated charcoal.
It should be noted that carbca monoxide, ammonia, and
similar gases are not war gases and will not be ad-
sorbed by activated charcoal, unless it has bzen
specially treated. Activated charcoal will vary in its
physical and chemical structure depending on the raw
material, methods of manufacturing, and irpregnation
with various additives. Its performance in removing
various gases and vapors will vary with the variation
of the above factors.

Biological agents consist of bacteria, viruses and
other micro-organisms which are particulate in nature.
Thus a high efficiency particulate filter will remove
thex. This filter should be placed ahead of the gas
adsorber since it will collect not only the biological
particulates but also aerosolized toxic agents. These
aerosols would be held until they vaporized and were
adsorbed in the gas filter. 1In aerosol form, they
could pass through the adsorber without being removed.

Prefilters of the medium efficiercy type should be used
ahead of the high efficiency particulate filters to
collect larger particles and extend the useful life

of the high efficiency filter. This would be especially
true in an area where high concentrations of fallout or
inert dust might be expected.

The prefilter would probably be a disposable panel
type using either dry or viscous impingement. The
particulate filter consists of a special filter medium,
developed by the U. S. Army Chemical Corps, which is
folded into pleats and sealed in a wood frame. The
pleats may vary in depth from 5-3/4 inches to about 11
inches depending on the filter. Each filter is tested
and must measure a penetration of less than G.03%
(greater than 99.97% efficiency) on particles of 0.3
micron.

Gas filters consist of specially treated activated
carbon to remove or inactivate poisonous gases or vapors
which penetrate the particulate filter. Special con-
trols and precautions are exercised during their manu-
facture because of the degree of protection required.

A mixture of coarse and fine carbon granules is packed
tightly into perforated metal trays. The filling is
done under pressure and vibration to insure a gas-tight
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: varrier between the carbon and the sides of the tray
B and to prevent settling of the carboa even after rough
N handling. Obviously if the carbon were to settle voids
; would be created which could allow the g2~ to leak
through. Extremely rigid standards of «.'+iity control
and testing are maintained on these filters.

The prefilter, particulate filter and gas filter may

be purchased separately or as a unit consisting of the
particulate and gas filter only, or all three. It is
also possible to obtain a unit consisting only of the
prefilter and particulate filter but this would provide
only radiological and biological protection. The com-
plete CBR filter unit is also available with the blower
and motor drive, either electric motor driven or gas
engine driven, or with manual drive.

The maximum capacity of each filter unit, in cubic feet
per minv’le, is specified and should not be exceeded.

If greater capacity is needed, two Or more units should
be installed in paralliel in order to avoid excessively
high resistance to air Flow and excessive pressure
drops across the filter,

When the tilter is located inside the protecied structure

: it should be installed on the suction side of the blower
i s0 that the pressure in the filter and inlet duct will
; be less than that of the filtered room air. Thus only

filtered air can leak into the duct in the event of
Jeaking joints. If the filters are placed downstream
from the blowers, contaminated air flowing from the
blower to the filter would be at a pressure greater
than room air and leakage of contaminated air from the
duct to the room could occur.

It is likely that, protection against chemical and bio-
logical agents would be provided in a shelter for vitzal
aperations and personnel. Such a shelter would probably
provide blast protection also. In this case, the in-~
coming air would enter through the blast closure device,
2 plenum or expansion chamber, a prefilter, a particu-
late filter and then through the gas filter. The series
of protective devices will provide a resistance of 2-4

] inches of water when the filrers are clean and from 4-6
: inches when the filters are loaded. It can thus be

gi seen that power will be necessary for the blowers.
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If an air conditioner is used, the incoming air, after
leaving the filters, would pass through the air condi-
tioner and then to the sheltered space. It should
leave the shelter through the entrarce air lock in
order to scavenge the entrance system. An arntiback-
draft valve and blast closure would be installed in
the exhzust duct 1o protect against backflow due to
wind gusts or blast overpressures.

The entrance system for a CB protected shelter should
include an airlock for entrance and exit, and a decon-
tamination room which includes showers and a means of
disposing of contaminated clothing and equipment. Air
should flow through the decontaminating chamber at not
less than 15 to 20 feet per minute, counter to the
movement of the entering personnel.

In order to prevent air leaka<e into the shelter through
the building walls and openings, the shelter should

be pressurized. The lowest pressure at the air loucks
should Le at least 0.3 inch of water which will be
sufficient to overcome the pressure of a steady 25

mph wind (72). The muximum pressure required will be
determined by the arrangement of the shelter facilities.
The pressure should drop 0.1 inch of water (maximum)

for eacn chamber leading from the main shelter area

to the air locz. Thus if there is a main shelter, a
decontamination room and an air lock, the pressure in
the main shelter should be reguilated at about 0.5 inch
of water, about 0.4 inch of water in the decontamina-
tion room and 0.3 ianch of water in the air lcock.

Tt is possible to build an unpressurized protective
shelter but it must be absolutely airtight. This
requires the complete sealing of the shelter, keeping
in mind that many common building materials are perme-
able to gas. Also, some means of entrance and exit
must be provided which will not result in contaminants
entering the shelter. Consequently, unpressurized
operation is not practical or recommended.

Recirculation of the ventilation air will reduce the
capacity required for the intake system. If air con-
ditioning is available, tne fresh air intake capacity
required is only enough to supply the necessary oxygen,
or about 3 cfm per person. Without air conditioning,
the capacity will be determined by the necessity for
controlling the effective temperatures.
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There are several possible arrangements for air recir-
culation.

1. Recirculated air passes through the air
conditioner only and make-up air enters
through the CB filters.

2. Recirculatioa through a particulate filter
and air conditioner only and make-up
through the CB filters.

3. Both recirculated and make-up air pass
through the complete CB system.

4. Recirculated air passes through the
separate particulate filter and commercial
gas filters and mixes with CB filtered air
before going to the air conditioner.

The third method would provide maximum protection
against external contaminants and those which might be
regenerated within the shelter. The fourth method
would prcbably not provide protection against inter-
nally generated toxic gases but would remove odors
from the recirculated air.

Air which has passed through the toilet areas should
not be recirculated witnout being filtered for odor
removal. Air from the decontamination areas should
not be recirculated wicthout passing through the com-
plete CB system.

Since the threat of chemical or biological agents is
much less significant than nuclear weapons effects,
available finances for shelter can probably provide
greater life saving potential if applied to other
types of protection such as increased levels of fall-
out radiation protection, increased ventilation cap-
ability or some blast resistance. Therefore desig-
ners of shelter facilities would be well advised to
avoid designing elaborate chemical and biological
protection systems until they have assured them-
selves that the money could not be better used for
these other types of protection.

11-15




CHAPTER XII

SELECTION OF SYSTEX COMPONENTS

The development of additional shelter spaces is councen-
trated on the incorporation of dual use shelter in new
buildings at minimum cost. In this context, there
would seldom be any justification for the design of
special mechanical systems for the shelter area. The
features discussed in this chapter would be desiratle in
any shelter, and could be incorporated at the option of
the owner, but this is aot compatible with the austere
shelter program ncr the slanting of buildings at little
or no cost. The following discussion, therefore, applies
for the exceptional situatiocn where the cost of special
mechaiical systewns can be justified and is acceptable

to the owner of the facility.

Once the various aspects of the problems involved in the
design of mechanical systems for fallout shelters have
been analyzed and the system requirements have been de-~
termined, the selection of the system components and
configuration can be made of accordance with the fol-
lowing general objectives (2, 20):

1. To protect the occupants of the shelter and the
equipment from weapons effects and fire effects
tc a degree that is consistent with potential
capabilities of the shelter;

a. Maintain radiation barriers inviolate by pro-
viding shielding at points where ducts pene-
trate the structural shell;

b. Provide a weather proof air intake fixture
that tends to exclude fallout particles, and
locate this fixture at a safe distance from
combustible materials and above the ground
turbulence layer;

c. Avoid contamination of interior spaces, equip-
ment rooms and eutryways by radioactive parti-
cles and combustion gases from fires or fuel-
burning equipment;

d, Provide blast closures or attenuators for
blast~-resistant shelters;

e, Provide filters for purifying the fresh air to
a degree consistent with the intended use of
the shelter; shield occupied spaces from the
air filters;
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Consider the use of life support systems for
suitable closed shelters located in a poten-
tial fire area;

Consider the requirements for shock-mounting
equipment in blast-resistant shelters,
maintain &8 tolerable physical environment;
preveat or minimize condensation of moisture
interior surfaces;

avoid awkward duct connections and the resul-

tant head losses and noise;

re-use waste zir from the ceiling level of oc-

cupied spaces for scavenging service areas such

as
To
of
7. To

=]
[}

equipment rooms, toilets, and ertryways;
facilitate operation, maintenance and repair
all equipment;

provide system flexibility for accommodating

seasonal changes and variations in physical ac-
tivity;

a,

Reduce the quantity of fresh air in cold
weather or temper the air with waste heat
tc avoid over-cooling;

b. Provide mixing dampers and plenum for par-
tial recirculation of the air in order to
maintain air motion and to temper the air
supplied to oczcupied spaces;

¢c. Provide means for adjustment of air distir-
bution to correct objecticnabie drafts
and to halance the system according to
space usage, that is, for sleeping and
recreation;

8. To anticipate and facilitate probable future
improvements or changes in shelter capabili-
ties;

9, To achiaeve optimum cost-effectiveness, that is

minimum cost consistent with adequate perform-
ance for the integrated shelter system,

It is possible, indeed prchable, that it will not he
practical to attein all of these cobjectives in any
given shelter system, Certairly in a small, family
shelter the ventilation system would be minimal and
offer very little in the way of flexibility, air
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recirculation, high efficiency filtration, blast
closures, a2tc, Tt would probably consist of little
sacre than an intake fixture, duct connections to a
manually operated blower, and an exhaus: outlet.

For larger shelters the system may be more sophisti-
cated and have provisions for meeting meny of the
objectives listed. -

The components for a2 near-minimal forced ventilating
system for an underground fallout shelter are listed
in Reference 20 (also in Reference 2).

l. Yeathexrproof intake fixture for fresh air.

This may be 2 bood of the mushroom type with
threaded connection for attachment to the intake
duct, which terminates 2 ft above grade. The hocd
has a low inlet velocity to promote gravity sepa-
ration of coarse particles, and a screened opening
to exclude leaves and vermin, The fixture is lo-
cated some distance frox the shelter arnd adjacent
wood-frame building, In large systems, other types
of intakes may be utilized.

2. Air intake duct between hood and plenum.
This duct is made of steel or abestos cement pipe
and is buried underground. This construction pro-
vides beneficial heat exchange with the earth un-
der extreme conditions during summer or winter.

3. Fresh air plenum and filters.
The plenum should be in or adjacent to the equip-

ment rcom, may be made of solid concrete masonry
units, may bave an access opening into the adja-
cent entryway, and should contain the supporting
fremework for the air filter panels, The filter
media may be flame-resistant pieated glass fiber
mats supported in a metal cell by pleated wire
screen on both sides. Support of the filter me-
dia on both sides is particularly desirable in
blast shelters,

4. Duct connections to fem inlet,
Tiis duct may be of flexible, wire-reinforced, im-

pregnated glass fiber tubipg.
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S. Blower with combination drive.
Tne blower is a single-inlet, radial blade cen-
trifugal type (See Chapter 40 of the 1953 ASHRAR
Guide and Data Book), With constarnt-spesed ~ 'tor
drive, the Tan is assumed vo have a capacity of
15 cfm per occupsrt against a static pressure of
1.5 in of water. The alternative manual drive
is bicycie type. Class Il censtruction may be
selected if there are plans for upgrading the
shelter to provide blast protection.

6., Distribution duct and diffusers.

This duct supplies air through adjustable dif-
fusers, The air traverses the shelter before
being exhausted througu the equipment roon,
toilets and entryway.

7. Recirculatiag duct and grill.

8. Fresh and recirculated air mixing dampers.
The recirculating duct and mixing dampers pro-
vide for manual adjustment of the fresh zir
guantity without reducing the amount of air
suppiied to the shelter.

9. Provisions for discharge cf waste air.

Teis includes openings with adjustable registers
for exbausting waste air to the outside through
the equipment room, toilets and entryway and an
exbaust duct conmnection to a weatherproof exhaust
hood above the toilets. The exbaust hood has a
screened opening. The flow of air through the
exhaust openings can be restricted to pressurize
the shelter. In war:: weather, waste air is taken
from the shelter at ceiling level,

A much more extensive system is illustrated in Figure
12,1, This figuvre has been reproduced from Reference
74 and the follcwing description of the system is that
of the author of the reference, Frank C., Allen, who also
wrote Reference . and assis ted in the preparation of
Reference 20,

“In the configuration shown in Figure 12.1, utility and
service areas are grouped for ventilation in sequence by

waste air leaving the shelter. Tbe numbered items may be
identified as follows:
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“2.

'-3.

'-4‘

!!6.

"9.

” 10.

Yeatherproff noods of the mushroom type for
iutake and exhaust ajr. 1iI7 the air iotake
fixture is designed for low entering air
velority (less thac 200 ft/sin), coarse Dar-
ticulates having 2 higher terminal velocity
of fall would be separated by gravity from
the fresh air supply.

Autozatic blast closures fcr sheiters piaoned
for blasi resistiapce.

Fresh air intake plenus or expansion chazmber.

resh air filters or prefilters. 7For example, .

these may be panel fiiters with a dry or vis-
couas-ccated pieated media of fine bonded glass
fibers supported in a metal fraxe by pieated
wire screen o both sides.

Cas-particulate filters for protection against
chexrical and biolsgical agents in shkelters
plazned for this purpose.

®:resh air ductasork with by-pass for the gas-
particulate filters. Tte space between the
two b:-pass valves or dampers is presscrized
by a pipe conrectiun to the min fan dis-
charge tc assure that any valve leakage is
upcontaminated air.

¥resh air blower with e2lectric motor drive,
Since this blowsr rressurizes the space anad
=ust be capable of operating against a rather

hipyh system resistance it air flow is restricted

by gas-particulate filters and blast valves,
Class 11 construction may be indicated.

Grilled opening for recirculatec air. Behind
the grill are ovtional prefilters and actisated
charcoal filters for cdor countrol.

Mixing plenum with adjustable dampers for fresh
and recirculated air.

Air conditioning chamber with cooling and

heating coils. Cooling coils use well water
and heating cocils use waste heat from the
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engine-generator.
71}, ¥ain fan with electric motor drive.

"12. A&ir distribution dectwerk with diffusion
catlets. 1If cocling and debumidifving
equipment s pot provided, an sxir supply
syster which introduces ax:il of the 2:ir at
the ani of thkz occupiesd sace =ost reaote
from tle <xkavusi cpenings will probadbly
resuly iz mizmirox dissoricort dering wars
weather.

"13. VWell and pung f6r potabiec aad cooling water.
A charging #ell Jor wasfe watzr may be desir-
able, If xgz:i water is oot available, otbe:
means muSi be spberituted for coolicy the
shelter and aguipment, Heat iransfer appa-
rz2tos for blast sheiters shouisd be blasz
resistant 31f iastalled ontsicde a protentive
alrectove.

“14, Hyltropscuzmatic tank for pressure water sys-
tem,

235. Optioral peckage water chiller for alterna-
tive cr supclezentary vse. This item may be
regaired in bot hu=mid climates where cool
vell water is not avaiiable.

"6, Chilled-sater circulatizg pump. This item
#ay Ve a&n integral part of the package
watar chbiller.

"17. Z=mergency engine-geperatcr set cooled dv 2
heat exchanger or, alternatively, by a re-
Bote radiator. The fucl storage tank is
not shown,

18, Heat exchanger and muffler for engine cooling
and waste beat recovery.

"19. Hot water circulating pump.
"20, Hot water storage tank,

"21, Batteries for starting engine ard for emer-
goney lighting.
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*22. Recirculating unit cooler for generator room,

"*23. Control cabinet for functional control appa-
ratus,

"24. Decontaxination facility for sdtry of con-
taminated personnel.

”25. Cabinet for detection and test instrumeats.

"26. Portable manually-operated 1iife-support
systers for a2 maxizum of 24-hour sealed
operation.

*27. Inciperator for combustible waste materials.
"28., Sewage pumy and pump beiow stairs.

"It should be emphasized that this illustrative systex
is not represertative of minimum requiremernts. I» 2
fallcut shelter with a simple system fcr cooliang by
ventilation with outside air, many of the items would
be omitted--bat the Ltasic featvres of the zltimate
plan cocld be retained."

For post applicatious centrifugal fans with Class I
constraction will probably be adequatz., However, Class
I1 construction would be indicated if the system re-
sistance to air flow is high, as would be the case if
blas:t closure valves or gas-particulate filters are
included or if the shelter is to be pressurized.
According to the classifications of the Air Moving and
Conditioning Association (AMCA) both Class I and Class
II fans are staudard duty types, the principal differ-
ence being ir the blade t°p speeds and the static
pressure, Class I fans use tlade tip speeds up to
16,090 ft per min and static pressures up to & inches
of water. Class II fans use blade tip speeds up to
14,000 ft per min and static pressures up to 19 imnches
of water. Generally speaking, if the required static
pressure exceeds about 4,5 inches of water, Class II
construction shbould be used.

Ducts used for air distribution may be standard rec-
tangular, round or oval in cross-section. However,
oval duct is considerably more expensive than the
other two types and probably should not be considered.
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Round duct has an installed cost of about 66%. of trat
for rectangular duct with an aspect ratio* of 1:1 and
as the aspect ratio of the rectangular duct increases
the cost also increases, The round duct 21so has the
lowest operatiunal cost (power consumption) for a given
cross~sectional srea and flow rate (73).

The only sdvantage to be gained by the use of the
rectangular cuct would be increased heaaroom, with
overhead installation of the distributing system,

This is hardly sufficient to offset the iower inetal-
lation and cperating costs for round duct., Cousequently
round duct would normally be used in a shelter. 1In a
dual purpose shelter, of course, the requirements for
noraal operation will determine the type of ducts to

be installed.

In generzl, air velocities in the ducts should be held
as low a3 possible tc limit friction losses ané reduce
noise. However, lower velociities rzquire larger ducts
which occupy more space and increase instzllation costs,
In coeventional systems maximum duct velocities are
limited to 129G fpw for residences, 1600 fpm for public
buildings, and 2260 fpm for industrial buildings.
Velocities oZ about 2000-2200 fpm in maiua ducts and
1500-1€00 ipm in branch ducts might be a suitable as-
sumption for iaitial design purposes in a fallout shel-
ter, Since the required fan horsepower increases ap-
proxisat-"v as the sqeare of the velocity, it may be
desirable tc decrease these velocities in order to
conserve porer, especially if the system may be oper-
ated on auxiliary power or manually.

In a single purpose shelter the protiem of noise in
the ventilation systew should not be a deterzining
factor in selecting duct sizes and air velocities,
The ncise in the ducts and/or diffusers would de a
steady background sound and would probably not be ob-
jectionable to the shelter occupants. An exception
to this might be a communications center where tke
noise, if of safficient intensity and pitch, cculd
interfere with commanication operations., The consid-
erations in & dval-purpose shelter will depend on the
normal use and noise would be a factor in determining
the duct design, Even in this case, bowever, noise

*Aspect ratio is defiaed as the ratio of the long side
to the short side of a duct,
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created by increasing duct velocities in order Lo supply
greater amounts of air to occupied shelter areas would
not be objectiomable,

&s previoucly iadicated, an air supply system which
introduces all of the air at the end of tne shelter
rexote fro= the exhaust outlet wculd probably provide
the lowest average effective texperature during warm
weaiher when thermal control is by ventilation only.
In this case, there would be no distribution duct sys-
tem., The air wculd de supplied at one end of the
sheiter at iow velocity and exhaust near the ceiling
at the otaer e2nd, Idealily there would be little mix-
ing of the ventilation air with the shelter air. &c-
tually, there would probably be some mixing at certain
locations and stagnation at other points.,

In this type of gystem the air could be suppiied through
a plenum chamber with large openings and baffles to
give even, low-velocity distribution. Alternatively
the supply could be through perforated metal duct, or

a duct with a longitudinal slot of varying width, in-
stalled across orve end of the shelter. If perforated
duct is uwsed, the holes would be of varying diameters

to give even distribution or a method of blocking off
soae of the hoises would be necessary.

The air outlets frorm the distribution ducts could pe
standard commercial grilles, possibly of the double
deflectica type in order to adjust air distributiomn, or
circulate ceiling diffusers. 1If the static-regain
method of duct design is used (see Chapter 12, 1963
ASHRAE Guide and Data Book) the system should be essen-
tially self-balancing and it may not be necessary to
provide dampers at the outlets, However, in the actual
installation, resistances to flow may not be exactly
as calculated due to variaztjons in smoothness of mater-
ials, types of joints, and variations in workmanship.
Consequertly, some balancing may be required after the
system is installad and dampers may be desirable., The
cost factor will probably determine whether or not

they are imstalled,

Figure 12.1 ipdicates that the generator room is coonled
by exhaust ventilation air from the shelter space and
eguipment room, plius recirculatiag unit cooler. If the
unit cooler is not provided, the regvirements for ven-
tzlation aad combustion air must be considered very
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carefully to determine whether adequate zir will be
available from the ventilation exhaust. A typical
100-hp auxiliary power system zZould require as much as
2000 cfm of ventilating air for the power system en-
closure. Of this, about 25 percent would be required
for combustion and the remainder to carry away the
heat rejected directly to the enclosure (41). If the
jacket water cooling system uses any conmponents within
the enclosure which require cooling air, such as a
radiator, the ventilating air requirements would be
significantly greater. It might, therefcre, be neces-
sary to previde an adcitional intake arnd blower to
provide air for the power system enclosure.

In 2any case it would be desirable to consider a remote
radiator unit outside of the enclosure to remove the
heat rejected to the engine ¢oolant. This would re-
quire additional pipirg and probably an additional
circulating pump but this would very likely be less
expensive than providing the additionai air required
io remove this heat from the enclosure, If adeguate
water is available a direct make-up-water cooling sys-
ter might be considered.

In a single purpose shelter, the system would be designed
and the components selected on the basis of minimum cost

for a system which is adequate for austere conditiors,
In a2 dual use shelter, on the other hand, the normal
vse of the facilities will dictate that the system be
decigned and installed to conform to established
codes and standards and in accordance with gocd engi-
neering practice, with tbe possible exception of fea-
tures which are soiely for emergency use. However,
even in single purpose shelters local building codes
should be followed and the pertinent codes and stand-
ards should be observed wherever possible.
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CHAPTER X1Iix
SHELTER OPERATION AND MANAGEEENT

Tirtis book is concerned with the problems ipwvolved with
the control of the chemical and thermal environmert in
shelters, The exphasis is on the criteria and systems
which must be comnsidered fo create a tolerable level of
babitability, Yet it must be remembered that the objec-
tive of this effort is to provide a refuge for people

in case of nuclear attack, or natural disaster, and that
the survival of these people is the pvrpose of the shel-
ter, It may well be that survival of the occurants will
depend to a great extent on the effectiveness of organi-
zition and guality of management, as well as level of
protection and efficieancy of the amechanical systems
which are provided.

An extensive consideraticn of the councepts and tecbmiques
of shelter managemunt and operation are obviously beyond
the scope of this discussion. Those who wish to purswee
the subject in depth can find more information in the
Federal Civil Defense Guide and in some of the publica-
tions listed in the apperndix of this book, There are
also courses for stelter mauagers available from time to
time in most areas of the United States.

The intent of the chapter is to suggest some possible ways
in which the requirements for organizing, marcaging ana
operating a shelter may have an impact on the design of
shelter facilities., Certainly the design of a shelter
area in a huilding can help to facilitate the organization
of, and effective operation by, the occupants if some of
the requirenments are considered during the planning stages.
Unfortunately there is an almost total lack of defimitive
information in this area at the present time. Consequently
all that can be done here is to suggest some of the possi-
bilities which might be considered.

There is no identical experience in the human past which
can provide a true insight into the sociological and
psycholcgical conditions which might exist in an occupied
shelter following a nuclear attack. It is to be expected
that the shelter will be occupied by a heterogeneous group
of people who have been uprooted from the normal pattern of
their lives and crowded together in the confiaed space of
the shelter under conditioas of extreme physical and emo-
tional stress., They may =2nter as complete strangers to
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each other, many of them separated from their families
and ignorant as to the fate of their loved ones. Of
necessity the shelter will be crowded, possibly even
overcrowded, and living comditions will be austere, It
would be difficult to devise a more rigorous test of
social and psychological adjustment and it will require
vigorous, informed ard dynamic leadership to prevent
condrtions from detericrating to {h2 point where the
survival of the occupants would be :in jcopardy.

Although it is impossible to simulate all of the condi-
tisns which would exist iu a shelter vnder emergency
conditions, there have been tests conducted in shelters
#iih human occupants which have yielced some valuable
1nforeation concerning the epotional response to the
shalter esviromment Ls well as the physiological res-
poase.

The sources of discomfort asd cormplaint, as revealed by
quest crpaires filled out by the occupants, were about
as would b2 expecred., The exact rankings of the dis-
comiort faciors varied from test to test but most of
tu-.:. ¥ave higt rankings to such things as noise, lack
of wate: , crowding, heat and bhumidity, food, dirt, and
difficuity in sieeping, There were other factors
mentioned but those lisied were the ones generally
receiving ihe highest rankiugs., There was a somewhat
surprising lack of indications 2f interperscnal con-
flicts,

The complaints about lack of water involved water for
washing purposes, since, in most of the tests, there
was no restrictrion on drinking water or the allowance
was generous enough to cause no hardship. Obviously
this complaint is closely associated with the complaint
about dirt,

In many of the tests the thermal environment was well
within the comfort range, either due to favorabvle out-
side air conditions or because conditions were deliber-
ately controlled to provide comiortable effective tem-
peratures. However, when the effective temperatures

in the shelter exceeded about 78° FET, heat and humidity
were the highest ranked discomfort factors.

Complaints about noise appeared to stem from noise cre-

ated by the occupants more than from noise generated by
mechanical equipment, although the latter was a factor,
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Tests conducted with a trained, desigrated manager in
the shelier wer= more successful than those wxithout a
designated manager. in tests where there was o> desig-
nated manager, and in one where the manager deliberately
adopted a passive attitude, it was found that leadership,
organizatior and functioning were poor or less effective
as evidenced by such firdings as deterioration of stan-
dards of cleanliness, higher noise levels and more
difficulty due to behavior of individual occupartis. The
larger the shelter, and the more complex the performance
requirements of protective shelters, the more critical
were the leadership and technical qualifications of
shelter managers and staffs to shelter performance.

Since 21l of these were supervised and monitored tests
there were many factors irvolving mapagement of a
shelter which the designated manager did not have to
handle. The occupants were screened to eliminate per-
sons with serious physical or psychological diserders.
There was adequate medical care available and persons
who were ill or mentally disturbed could %e, and in
several cases were, rczoved from the shelter. The
mechanical equipment was thoroughly checked and tested
and outside technical assistance was available, if
needed. Finally, all of the occupants x¥new that it

was only a test and that no real emergency existed.

In most cases, they knew exactly how long they would be
in the shelter and also knew that they could leave if
conditiots got too severe. Cconsequently there were
many factors which could not by revealed by these tests
which could become matters of life or death in an
occuvpied shelter after a nuclear attack.

The survival capability of any shelter can be increased
dramatically by plans made and actions taken prior to
shelter occupancy. Estublishing and maintaining a com~
munity shelter in a state of operational readiness is
more than just procuring supplies and equipment and
storing these in or near the shelter. Of at least equal
importance are the procedures for organizing and opera-
ting the shelter which can be developed in the form of
a shelter plan. The pre~iccupancy management planning
should be done by the shelter manager, working in con-
junction with local civii defense authcorities.

Thc first step in this planning is to determine what

survival capabilities tiie structure provides and what is
required to reach the desired level of survival capability.
it will then be necessary to determine the amount and
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kinds of supplies and enuipment whiclt will be needed.
Once the supplies have been procured, it is necessary

to move them to the shelter and store them in or near
the shelter area. The decision as to where to locate
the supplies can be a crucial one since they should be
placed so that (a) they may be easily monitored and
inventoried, (b} they remain in good condition, (c) tkey
are safe fror unauthorized use and {(d) they can rapidly
ke brought into the shelter (if they must be stored
outside ‘he shelter area).

Once these first st2ps have been accomplished, consider-
ation can be given to organizing the shelter, The mini-
mum number of shelier managers and assistants necessary
to direct and coontrol sheclter operatio' s will range from
one person trazined in sheiter management for every 75
persons to be sheltered (in the case of 5C-100 person
shelters) to one for every 375 persons ( in the case

of 5,000-10,000 person shelters.) Specific management
requirements will also depend on the sheiter configura-
tion, status of supplies, availablity and competence of
the shelter leadership, and the shelter enviromment, In
a small shelter, successfui completion of tasks may
require action only by a manager and a few assistants,
Irn large shelters, it may be necessary to srganize a
number of teams, each with a specific responsibility.

A cumblete shelter management operations plan would
define:

1, How to distribate the population within the shel-
ter facility,

2, Gtow to assume and maintain command of the shelter,
with special guidance prepared for the contingency
of an untrained shelter munager,

3. The resources of the shelter with iunstruactions on
how to use them.

4. How to organize the shelter into core management
staff, task teams and commuunity groups, indicating
the specific duties and responsibilities of each
position in the organization structure.

n

. How to schedule and carry cut shelter operations
and activities, indicating the activities that are
necessavry and appropriate at different stages of
shelter occupancy.
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6. Possible emergencies in shelter, and how to cope
with thes.

7. Treparaticn for exit and procedures for handling
iemporary emergence and full-time exit from shel-
ter.

8. Procedures for communicating with shelter complex
headgquarters, or tbe Emergency (Operatiag Center.

it is apparent that the decisions made during this plan-
ning will be inflwenced and, in some cases, determianed
by the features of design of the shelter faciiity. How-
ever the influeace of the reguirements for operaticn aed
nanagenent on the design of the shelter cannot be defined
witn any degree of precicion. The almost limitless
variety of shelter sizes and configurations will permit
only generalization of the types of design techniques
which might be considered. A single-purpose shelter of
the degre=s of sophisticatior shown in Figure 12.1 wilil
allow features of design which would not be possible in
a dual-purpose shelter. Shelters located in existing
buildings, of ccurse, allow no application of design.
Even in new buildings whick are being slanted to include
shelter, limitations in budget and over~riding require-
ments for normal function severely limit what can be
done in the way of shelter design.

The design osbjectives for the mechanical system, as
establishked by the requirenents for shelter operation
are closely interreiatced with the design of the struc-
ture and layout of the shelter areas. In many cases it
will be impossible to consider them independently and,
consequently, the mechanical engineer must work closelr
ith the architec>. It would be beneficial if both
bad the consultation of someone trained in shelter plaa-
ning and mancgerent, The person who will be the shelte:
manager would he the best choice but it would be very
unusuxzl f~r the manager to be designated during the
design stages. An instructor of shelter management
courses might be the next most logical choice.

The design considerations can be discussed for some of
the possible shelter functions. There is no intent that
these headings comprise a complete lisct of functiomns
since some essential activities may have little or no
impact on the design.
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MANAGEMENT ACTIVITIES

There should be sz area set aside for the use of the
manager and his staff, Preferably it sheuld be parti-
tioned off from the rest of the shelter so that the
staff can perform their duties withoui interference
fror the rest of the shelter occupants. The nature of
this area will de~end on the size and layout of the
shelter., It -ay be a separate room or it might be as
simple as a woruner partitioned off with stacks of supply
cases or a hanging blanket. In buildings with shelter
areas on several floors or in different wings it might
be desirable to bave a2 management center in each loca-
tion.

In buildings which might be equipped with an intercon-
munication systen, the management area should be
located to include the ceniral control of the system.
In any case, the area srH»uid be close to any communi-
cations facilities fcr ne shelter.

RADIOLOGICAL PROTECTION

The protection against fallout radiation is basically a
function of the tuilding desigun but ther< ~re some im-
plications for the mechanical engineer alsu, The most
obvious requirement is that vertilation openings, ducts,
etc. do not disturb the shielding integrity. The loca-
tion of windows, doors and other openings should be
planned not only to provide the necessary radiation
barriers but also to permit circulation of air in the
shelter, to admit outside air or to exhaust air from
the shelter.

The requiremenis for shielding are often not compatible
with the movement of air. Windows may be blocked or
baffled to increase radiation protection and thereby
eliminate air. Baffle walls in front of doorways may
inhibit the flow of air. 1In these cases it may he
necessary to provide auxiliary air moving devices such
as punka pumps or portable fans to augment the natural
air flcw.

A shelter planner may wish tc consider areas with a
lower protection factor for possible auxiliarv uses
such as storage of supplies or a storage area *‘or used
waste containers., In this case, it may be necessary
to provide lights and at least minimal ventilation.
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AUXILIARY POWER

It has already been discussed that a2n auxiliary power

system would be very desirai~le to provide pcwer fer lights,

ventilation blowers «r air ¢cnditioning, puwps, communi-
cations equipment a:d possibly <ven hbeating and refrig-
eration of food, The design requirements have been co-
vered in Chapter VII,

rom the standpoint of operation of the shelter, the
design objective would be to facilitate the operation
and maintenance of the system. The power encl¢sure
should be separated *rom the shelter in order to pre~
vent heat and fumes guuerated from entering the occupied
space and 0 reduce n¢ise in the shelter. It should

be easily zccesgsible f-im the shelter and provide a
reasonabis cegree of rediation shielding for the pro-
tection of maintenance personnel. The design must pro-
vide for adequate air for combustion and cooling of the
equipment as well as for ventilation of the space.

The necessary operating oud repair instructions, to-
gether with spare parts 2ad tools should be stored with
the equipment and protected from deterioration and
pilferage., A locker or tool box which can be locked
and cannot be removed should be provided to store

these items,

To facilitate operation and maintenance, it would be
helpful if c¢oler coding were used on piping and conduit,
Fuses and circuit breakers should be clearly marked to
show which circuits they service. Switches and other
controls should be labeled as to their function.

When operating on auxiliary power, it may be necessary
to use sequential starting of electric motcrs or to
shut down other equipment when starting a large motor,
in order to avoid overloading the power supply. 1In
this case, appropriate instructions and precautions
should be posted next to the controls.,

Transfer switches to convert from normal to emergency
power would, of course, be necessary and should be pro-
vided with locking devices so that they can be locked
off when on normal ypower. Any services operating on
normal power but which would not be used on auxiliary
power shouid have lock-out devices provided on the con-
trols or be interlocked with the transfer swiiches.
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Operating and malutenance manuzlis for all equipment
should be provided, An extrz set of manuals might be
inciuded with shelter managers supplies in case the
ongs nporsilly used are misplaced or lest. The neces-
sary sparc parts and tools should ve provided also for
szintepnance and repair,

In shelter design, the possibhility of having to uge &
manually powered system such as the Ventilation Ii3
should be considered. An exbaust opeaning should be
provided sc that the bicycle 4riven fau can be set up
without excessive rums of plastic duct and openings
rrovided at logical points to give effective distri-
bution of fresh air, A layout of the best air flow
paths might be provided, to be included with the
information to be supplied to fhe shelter manager, with
possible methods of creatiang walls or barriers with
supply cartons, blankets or other materials to
channel the flow.

CONTROL OF THERMAL ENVIRONMENT

There are several nanagement functioas which will affect

the thermal environment over which the designer has
1ittle or no control. These would include physical
activitv of the occupants, the method in which the
equipment is utilized, the use of open flames for cook-
ing, the humidity and odors produced by uncovered con-
tainers of water, w.ste disposal receptacles or garbage
ard control of smoking in the shelter,

It is necessary that the shelier managemeni staff know
what equipment is available and how to use it to the
best advantage. If conversiorn of & normal air supply
system to emergenny operation is n=acessary, complete
and detailed instru.tions should be provided as well
as instructions for con“"rolling or adjusting airflow
in various parts of the sael*ter, if this is possible
with the available systen.

The shelter facility should be designed to take maxi-
mum advantage of natural ventilation to supplement of
replace mechanical ventilation. Instructions and dia~
grams for the use of natural ventilation should be
provided since it is probable that the management staff
will not be knowledgeable in this area.

It would be desirable to provide simple instruments
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for monitoring the thormal exvirvowwen: such ag a sling
psychrometer, with instiuctions; sug & chari or table
of =ifective tomperaturex as 2 zuncilion of dry bull

and wet bulb .»aperatures. Instrumenta to monitor
oxygen znd cerbon dioxide coatent of ths air would also
be usefil,

WATER AND FOOD SUPPLY

The amount and type of food supplied to the shelter
can have a significant effect on the conirol of the
thermal envirsnmenc. If only the survival supplies
provided in tho NFSS stocking program zre available,
the~s will be vory ifttle irvact on the design of

the mecharnical systems. If tkis diet is supplemented
or replaced from other source- there can be effects
which must be taken into account.

If the fovd provided for the sheiter requires cooking,
the additional heat and humidify must be considered in
the design of the ventilation system. The cook:ug area
should be close to the ventilation exhaust or separate
exhaust provisions be made to remove this additional
heat ard moisture. If, however, the cocked foods are
czrried inte the main shelter area, either for distri-
buticn or by the occupanis arter distribution, an ad-
diticnal load will be imposed on the ventilation systenm.
This wouie 3also increase the possibility of spillage or
depositzr«: oi garbage throughout the sheli.=2r.

Thus it would :- desirable from ‘he standpoint of both
ventilation and housekeeping to have an eating area

=ey aside, This should nrcbably be adjacent to the
cnroking area to faciliiate food distribution. Ventila-
tion air s:ould flow from tue eating area to the cooking
area and then be exhausted.

The type of food provided can effect the metabulism of
the occupants. With a more or less normal diet, n some-
what higher metabolic rate can be expected than would
occur with the austere diet provided in sheltev supplies.
A diet high in protein, or saity foods, would increase
the water consumption.

If normal food supplies are to te provided, it may be
necessary to include refrigerated storage in the shelter.
This, of course, creates an additional requirement for
power. In any case, it would be desirable to provide,

if possible, a cool, dry space for food storage. This
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wouid help £5 inbibit Jetzrioration of the food, rusting
of w1zl contaicers, and the growth of mold on fiber~
poard or paverboard packaws=  This area shuould be close
to the food preparation and dis»tT iIvFic@i areas L%
provisiouz should be made to nrowsci &2 Ziored foods ifrom
pilferage,

Watoyr distribuyrion in tha shelter may be frox sz ceat
Dot or by traz-porting contairers through ibw sheit
to carry watar is the cucupants, or 2 cozbinaticn »fF
the:e wethods., ransesyriing large contairers tnrougt

a crowded sheiter could be difficult zad the o possi ihili-

ity of spiliage would be increased but :thisg vpild require
the least physical activity since onrly a few people would
have to move about,

Distribution from & ceatrzl point would facilitate
supervision and equirgble diziribul.on of ithe water and
mirimize wastz. However, each person would have to move
to the distribution peint whick could create traffic
problems and would raise the general level of activity,
and metabolic rate of the occupants. Under cconditions
of high effective temperature, when vw.ier demand would
be greatest, this would impose an addiiional load on

the thermal control system.

If the water supply is entirely from water drums, it
would probably be best to set up several fixed points of
distribution. These could be determined iz the pre-
occupancy planning, depending on the size and configur-
ation of the shelter. If, however, water is supplied
from a storagoe tank, or from trapped wa%er, the desiguer
can facilitate the distribution by providing water out-
lets at several locations in the shelter area. These
should be spaced so as to minimize the amount of move-
«ent required for the cccupants to obtain watrer and at
the same time permit the management staff to exercise
suprevision of the distribution. These distribution
points can, of course, be set up for the distribution of
tood as well as water.

LIGHTING

No special lighting levels above those designed for the
normal function of the space are required for fallout
shelters. At least minimum lighting will, however, Dbe
essential for shelter operation and some provision for
this could be considered in the shelter design and
operational plan.
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o Genparal .7 zhting should provide & suidicient levsl of
tlumination for movement about the =helter, pericime-
pnce of Zensral sheltecr tasks and reacing., A highes
level of ijluminaztion wouiald be necessary f.r special
funciions stich as medical treatment,; reading ianstruo-
sents and equipment mzinizanance, Emergency lightiayg
£:5iably battery operaied, shovld be av2ilsble in case
of failure of tbe main sysiem.

'11 iy

Recommended lighting levels would range from 25 foot
candles in sieeping srecas up to about 25 foot candles

for medical (reatment and eguipment mainienance. General
Iighting shoala probably ve anout 10 foot camdlss although
gsosevhat less, pervhaps 5 foot caadles, weould be acceptable
for corridess or otker aress where 2313 that is reguired is
iliusination for personnet movemesnt, At leagt 20 foot
candles should be provided I(> reading 4ud admizigtrative
work.

If urility power remsing available i
the exisiipg lights in the iacilire wi
sithough spot lighting may B required ! SoRs
reuiring hich ixiensivy illuminaticsa. Portasi
lights, trsuble iighis cr lamps couic be wsed I
purpase.

If it is necessary ic use an auxiliary powver system,
all ¢ only part of the normal lights may be connected,
depending on the power availaple and the lighting needs.
I1f all of the lights can be use< the situation is not
particularly different from the normal conditicas.

When availabkle power iimits the number of 1ights which
can be connected it becomes necessary to consider the
shelter application as a separate problem frorx {hne
normal lighting systemn.

A choice must be made between incandescent and fluores-
cent fixtures. There are advantages and disadvantages

to each type. Ths incandescent iights are cheaper to
install and less sensitive to wvoltage fluctutations.

They can also be dimmed by vneostat control to reduce
illumination levels or < conserve power. Fluorescent
lights will require less pcwer for a given light level and
will generate less heat than incandescent lamps. How-
ever, the wirin,; aud equipment in more complex and more
expensive. TFlunrescent lights are not subject to dimming
be rheostats.
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luorescent lights would be the beilsr
elter on the basis of lesser povar co:i-

.

in general,
choice ic
sumption 4 reduced heat generaticvca. They also proa..2
itght whi 13 more {res from glare aand shadows. It 1is
also quite poasiklie thit ke pormal lighting in public
building= will be of the IIuavescent {ype. In apartments
or other rssidential-ivpe xtoucturss it i3 aore likely

te find incantdsscent fixturex. Thws, in dual-purpcze
shalters, the cilw:ce may be deirrmines Dy the normzl

use iistaliation. In builidings beiny sisut2d te inciude
shelter, however, the shelter requirement »dy irnfinence
the choice oi roreal use fixiures.
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It should not be overlooked that the shelter owcrz=iions
may require lights iz spaces whavre they are not normsil~
installed or a higher level of illumiration than is
nzeded for normal use. This may incliude storags or
Scrvice areas normally provided with minimal iighting

but which may be priancipal shelter axreas under emergency
conditions. Corridor 1l ghtisg is quite :ften provided

at 2 relatively low level but ihe corridsrs in a busiliing
may 22 the best protected space ics shelter.

The control or iilumination in a shelter may require
special planning of the ¢ircuits and switches. If

only part of the lights can be operated ty auxiliarxry
power these should be on a separate circuit connnected
to the power gource bv a transier switch., Thiz switch
should also dizeonnect the lights which are not to be
us2d. Tf this separate circuit is not provided, power
consumption can be reduced by loosening bulbs cr tubes
in their sockets but there is still the possibility
that the shelicr occupants will tighten the bulbs to
get more iight and overioad the power system. The buibs
could, of course, be ramuved compietely to prevent this,

It wouls also be desirable i~ pravide for variation in
iliumiration levels during shelter operation. Duiing
daylight nours therc may be enough light infiltrating
to the shelter area to perait turning off part of the
lignts. It would be desirable to be able to reduce
rilumination in sleeving areas which mav be used only
part of the time for sleeping and for other purposes
during the rest of the time. 11 some shelters it may
be neceszary for occupants to sleep in shifts and the
sleeping area would remain at a low level of light all
the time.
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It would be poszibie to control illumination by leosen-
ing the bulbs or tubes as reZuires but it zauld be
cettar to provide separate circuits with separate
swvitclies to activate the required portions of the

i iig System,

Than only parst of the asrmszi te be used for
shelier lighting there iz groi kS %12 need is 3tock
spare light bulis or tubss. Thice ¢ Ly raseved f-om
unused iizturas t¢ repizce burned out lights, pssuzm . ag
they are the same size and type. If ir=2 entire normai
systea is to b used, some spare buibs shocld be stocked
although a few incperative lights may noi be o critical
importance. In a single-purpossz shelter, it couid he
assumed that all of . ke instailed lights are needec ani,
tkerefore, spare buibs or tubes should be stocked.

it has already Za=5 meationeg that higher intensity
light can be provided at spots where needed by tne use
of portable spot iighis, trouble lights or lamps. It
#i1ll, however, be necessary to provide appropriate
electrical outlets aad these should be connected teo the
auxiliary power source, if oiie is to be used. Exteasion
cords may also be required tc locate the light where it
is needed.

Emergency back-up lighting is needed in case <f power
failure. Many places of public gathering, such as
theaters and stores, are already equipped with batiery-
powered ~msrgency lights. 1If these are installed, they
may be Jdeficient for shelter use. However, it would
probably be better to supplement thom with portable
flashlights 2nd lanterns powersd by dry-cell batteries.
in shelter areac without imstalled emergency lighting,
the flashiights and lanterns woulid be essential.

Other types of emergency lizghts, such as gasocline or
kerosene lanterns or propane gas lights, might be
considered butr these are combustion devices which add
heat and huasidity to the atmosphere. Th:y are also

a fire hazard both in operation amd rreom the fuel stor-
age. During operation in a crowded shelter, they could
cause burn injuries to the occupants.

Dry-cell batteries for use in tne flashlights and lan-
terns have a relatively short shelf-life although the
newer mesrcury cells and nickel-cadmium bstteries will
last longer or: the shelf or in operation than the

standard batteries.
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MEDICAL FUNCTIONS

Tite extert of the medical funciion in a shelter will
depend or the personnel, facilities and supplies avail-
abie., The basic objectiwves of mediczal treatment ia the
sheliver are te treat injuries and the symptoms of illi-
aasg, to reduce pain, and to prevent the spread of
cormunicable disaezse.

with the lack of professional medical persopnel and
limited supply of medicincs and drugs, in most shelters
it will not be possible to cure illnessce or =erious
injuries. It will be possible only to provide first

aid treatment for injuries ard simple medicztion for the
syeptoms of disease. Beyond this it would be possible
to do little more thanr reduce pain and try to keep the
patient as comfortable as possible. Of major importance,

iowever, would be the prevention of the sporead of contagi-
ous diseases in the shelter.

An srea should be set aside in the shelter for medical
treatment, It should be closed off from the rest of
the shelter, preferably 1in a separate room, but at
least by an improvised partition. This will give some
privacy for diagncsis and treatment. An adjoining
area, isolated from tne rest of the shelter, shouald g
set up for patients witu contagious illnesses. A _-sui-
tation area should be set up near the medical are.. to
allow for tbe disposal of medical wastes and berzuse
the sick and injured are likely to hnave more exiznsive
need of the sanitary facilities. Obviouzly -.is5 area

shouild not be close to the food preparatior ani distri-
bution areas.

The standards of cleanliness and disinfection in the
medical area shouid be mminiained as high as possible.
This is another reason fsr separating it from the rest
of the shelter since experience in shelter tests indi-
cates that the cleanliness in tne shelter will be mucn
less than the normal conditions to which pesople are
accustomed. Noise levels in the sheiter will 2also be
high znd it would be desirable to isolate the sick and
injured fzc¢:: this noise as much as possible.

It has alread; heen mentiouned that a higher level of
illumination would be needed in the medical treatment
area. However, a lower level may be best in the patient
care area so that patients can nore easily rest or sleep.
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&7 i» keep the sick patients as comfortable ss
pﬁﬂs%blc it would be desirable to provide more venti-
latiom in t5is area or locaie it in the mest favorable
2res fr<em the stapdpoint s thermal control. It would

be n2zcos sary th~t air frcx this area not be circulated
t¢ the rest of the shelter in order to help prevent
the spread¢ i z2ir-boerne, disease-causing organisas.

Sznitation recquirements and systems were discussed in
Thanter 17, “There are, however, some additional aspects
to oz coensgidiered from the operational viewpoint.

The toilest facilities should be located away from the
livi 2z gquarters; if at ail possible. Under any circum-
£iav.ces arrangements should be made to shield the toilet
«rsa from public view and provide as much privacy as
poseible. Separate facilities for wen and women should
2z set up if conditions and shelter configuration pernit.

If the sanitation drums are used they can be set up

in any location whick seems to he appropriate, However,
they are difficult to move when filled and consequently
the sanitation area would best be located near an exit
to the area where the filled drums will be stored.

In order to reduce odors and possible spread of con-
tamination air from the sanitation area ziusl? not he
circulated to the shelter living spaces. Therefore,
this area should be near the ventilation exhaust. It
may be possible to exhaust air through the same exit.
which is used to dispose of the filled drums.

The toilets should, of course, be as far away as possible
from the food and water storage and food handling areas.

FIRE PROTECTION

In any area of human habitation, fire hazards exist and
a fire in the shelter is a possibility which must be
considered. Fires may result irom smoking, electrical
cquipment, cooking devices or other open flames, or
frox spontaneous combustion. If a fire should occur,
the occupants of the shelter cannot leave L0 escape

it and consequently, provision must be made to prevent
fires from starting and to extinguish any which might
start.
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The prevention of fire is partly a function of the
shelter design and partly a matter of management and
good housekeeping practices. Precautionary measures
which can be taken in the design and construction of
the shelter might include the use of non-flammable
and fire-retardant paints and finishes, avoiding the
use of combustible wall boards, acoustical tile,etc.;
using fabrics treated to resist fire, installation of
electrical equipment ia accordance with good practice
and provision of explosion-proof motors and controls
in areas where flammable vapors or dust might occur,
location of fuel storage tanks so that vapors will not
enter the shelter and simllar techniques. Most of
these are well established practices and are provided
for in most fire codes.

The management procedures and housekeeping practices
are also well known and can be found in standard refer-
ence works on fire protection. Their implemeuntation

is principally a matter of training of the management
staff and enforcement of the practices in the shelter,

If a fire should start in the shelter, early detection
will be imperative if the fire is to be controlled and
extinguished. Fire detection instruments, such as

hect sensors, smoke detectors or gas analyzers, may be
availakle in some bhuildings which contain shelter areas.
However, 1in most cases, they will not be available and
their high ccst probably could not be justified if they
were to be installed for shelter use alone. Therefore,
the principal method of detection would be by personal
observation by the occupants.

It is difficult to conceive of a fire remaining unde-
tected for very long in a crowded shelter. It is
possible, however, that a fire could start in a storage
area or equipment room which would be unoccupied. It
might also start in a part o¢f the building not being
used for shelter. Therefore, one of the responsibili-
ties of the shelter manager should be to establish a
24-hour fire watch in the shelter,

1f a fire should gcecur it will be essential that facil-
ities bec at hand to effectively extinguish it. Water
is the most common extinguishing agent but it probably
should not be used for fire fighting because it may he
in short supply and is essential for survival of the
shelter occupants. In fact, one important source of
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trapped water in a building may be the fire sprinkler
: system or other fire control system. It would be
possible to use waste water or non-potable water for
fire~fighting, if it is available. If there is no
other method available, the potable water supply would
have to be used since there would be no point in saving
water if the shelter burned.

Standard types of hand fire extinguishers may be pro-
vided; in fact, they may be installed for normal operation
of the buildings. There are limitations in their effect-
iveness, however, and precautions in their use which

must be observed. The common soda-acid type uses water
as the extinguishing agent and would be effective against
paper, wocd, or trash fires. It is useless on burning
oil or gasoline and could be fatal if one tried to use

it on an electrical fire, unless the electric current
were turned off first, since the water-acid stream is
electrically conductive.

Chemical foam extinguishers are effective against
burning hydrocarbons and also 2gainst wood and paper
fires. They should not be used on electrical fires
for the same reason that the soda-acid type should not
be used. The foam residue would be very difficult to
clean up without plenty of water and cleaning agents.

Vaporizing liquid extinguishers, such as carbon tetr-
chloride, are effective against electrical fires and
moderately effective against other types but they should
never be used in a closed shelter. Carbon tctrachloride
vapors are toxic and in contact with the heat of a fire
5 will generate other toxic gases such as chlorine and

! phosgene.

Carbon dioxide and dry chemica. extinguishers are
effective against almost all types of fires and are
safe to use in well ventilated spaces. In a small

room or underventilated space, they could be dangerous
bacause of the large amounts of carbon dioxide released.
In a confined space this could cause suffocation. The
increased carbon dioxide content in the shelter air
might cause temporary discomfort but if there 35 ade-
quate ventilation, it should not be dangerocus.

T OTNRTSIRTY

1 Sand or earth may be stored in buckets for use on fires.
They would be effective in smothering a fire if suffi-
cient quantities are available and if the fire is on a
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horizonta” surface, They would be ineffective on an
irrcgular or vertical surface. Sand, of course, could
cause serious damage if used on machinery.

—_——~

Blaakets, rugs, coats or similar heavy fabrics can be
used to smother or beat our a small fire. especially

if they arz: dampened. A dampened broom may also be used.
These could be quite effective if the fire is detected
early.

It is apparent that there is no one fire extinguisher
or extinguishing agent which would be effective on all
types of fires and safe for use under all conditions.
The soda-acid type would be relatively safe to use in
a shelter and might be provided in areas where only
paper or trash fires are likely to occur. In areas
where electrical or flammable liquid fires might occur,
the dry chemical extinguisher might be the best choice
in spite of the carbon dioxide hazard. Dampened blan-
kets should probably be tried first on small fires before
any other extinguishers are used.

COMMUNICATIONS

It will be necessary to provide for communications both

within the shelter and outside the shelter. 1In a large

shelter, an intercommunication system would be very {
desirable if one is installed in the building and power \
is available. This might be either of the loud speaker

or telephone type. Lacking this, battery-operated or
sound~powered telephones, a portable loud speaker

system, or walkie-talkies could be provided. A batt>ry

powered megaphone would also be a possibility. In

some cases, however, it may be necessary to rely on

messengers to communicate with various parts of a large

shelter,

With the wide use of portzble, transistor radios in
modern society, it is very probable that many shelterees
would bring radios with them into the shelter. These
could be used to receive communications from the Emer-
gz2ncy Broadcast System, (EBS). This system will keep

the public informed of radiation lzsvels, post-attack
conditions, potential danger areas, directions from
emergency control centers and other essential information.
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Two-way communications would be desirable with civil
defense control centers for reporting information on
radiation levels or emergency conditions and receiving
information and advice. It would zlso be helpful to
be able to exchange lists of occupants with other
shelters, tarough the control center, to help people
locate other members of their families who might be
separated from them. °This two~way communicaiicn might
be by radio, by wire, or by protected telepnone lin:s.

If communication is to be by radio, it will be necessary
to provide an cutside antenna and appropriate lead-in
wires, Indoor or built-in antenna systems could be
ineffective because of the shielding effect of the shelter
siructure.

HOUSEKEEPING

One of the problems in the shelter will be the control
of dirt and debris. The shelter facility should,
therefore, be designed to be as e#asv to keep clean as
possivie. Concrete floors should be sealed and painted
to prevent dusting and facilitate sweeping. Furniture
and equipnient should be painted or the surface sealed
for the same reason.

Essential cleaning equipment such as brooms and mops
should be provided as should rags, paper towels, and

other supplies. Consideration might be given to provid-
ing a commercial sweeping compound to aid in holding

down dust during sweeping operations. The types of
equipment and supplies, the amount required, and the
storage locations in the shelter will be determined by the
size and layout of the facility.

Industrial organizations for many years have used paint
and color to provide a more cheerful work environment
and to improve plant housekeeping. The same techniques
could be applied to » shelter tc make the she:iter appear
more livabl- and encourase the occupants to keep it
clean. The technique of painting a white circle at

the corners of the floor has been found to be effective
in preventing the accumulation of dirt since the dirt
becomes highly visible and is therefore cleaned up.

The red, yellow and orange colors should not be used

on walls, ceilings, or itloors since these colors tend
to make peorle feel hot regardless of the tempurature.
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Blue, green and colors in between should be used in-
stead since these are '"cool'" colors. Walls which are i
lighter color at the top than at the bottom and light
colored ceilings give the illusion of more space. Light
co.ored walls appear to recede or be farther away than

do dark colors. Color accents in the furniture or equipment
help to make the space more "livable". The use of
"battleship" grey, olive drab, or plain white should
probably be avoided since these are associaied in the

minds of most veople with institutional living or con-
finement,

Since most surfaces and equipment in a shelter shculd

be painted for preservation and necessary maintenance
there is very little additional cost involved in painting
for the psychological effect. Commercial and industrial
designers use these techniques all the time and there
appears to be no reason why they should not be applied

to shelter design.

In considering the various planning and design technigues
which might be applied to a shelter, it 1is evident tuat
all of them cannot be used in any one facility. Indeed,
some of them are mutually exclusive.

It was mentioned that medical treatment areas should be
located near the ventilation exhaust and should have
the most favorable effective temperature. But with a
series flow of ventilation air, the area next to the
exhaust outlet would have the highest effective temper-
ature. Although series flow will normally provide the
best conditions for the greatest portion of the shelter,
a compromise may be necessary in the case of medical
areas.

In discussing food cooking areas and toilet areas, as
well as medical areas, it was pointed out that ventila-
tion air should be exhausted from them without circula-
ting to the shelter. Yet it was also stated that toilet
areas should he located as far as possible from food
preparation. This obviously can create a design con-
flict and the designer or planner may be required to
make a choice. Since air is exhausted from the toilet
areas and medical treatment areas to prevent the spread
of diseas< as well as odors, it may be better tc take
care of this requirement first. This may require elim-
ination of cooking, i the heat and moisture cannot

be tolerated in the shelter, or limiting cooking to
such times as the shelter conditions will allow it.
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Similar conflict and the need for compromise can and
will occur in other areas of shelter planning and
design.

The success or failure of the shelter, and the survival
of the occupants, will depend to a large extent on the
ability, training, leadership, wisdom and dedication

of the shelter manager and his staff., They will carry
an awesome responsibility and deserve to be provided
with a shelter structure and systems which are as safe,
reliable and habitable as can be devised by the ability
and ingenuity of the architects and engineers who design
them.
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