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INTRODUCTION

This textbook combines in one volume, for the first time, most P
of the material covered in the Fallout Shelter Analysis courses for :
architects and engineers spensored by the Office of Civil Defense.

It i8 intended for use by practicing professicnals enrolled as students

in formal graduate level university courses under the direction of i
professors well versed in the methods and techniques of shelter design i

and properties and effects of fallout gamma radiation. This volume
confines itself to design and analysis of structures for protection
sgalnst radiocactive fallout, which presents the most widespread threat
to our population in the event of a thermonuclear attack. The feasi-
bility of incorporating Inherent Fallout protection Into the design
of many buildings and structures at little cost will be apparent wnen
the designer becomes aware of the problem and familiar with the prin-
ciples of fallout shelter design and analysis.

The text is not intended to be used as the source of detailed -
background information on nuclear physics or weapons effects. The
nost up-to-date and comprehensive volume available to the nubliec
on this subject is THE EFFECTS OF NUCLEAR WEAPONS (E.N.W.) and
familiarity with 1t is recommended in the use of this book.

Special two-week intensive graduate level short courses are ’
currently avallable at & numbzr of major universities and military
engineering schools throughout the country. Night, Saturday, and
correspondence courses have been initiated for those who cannot attend
full time short courses. Information on the locations and schedules
for Fallout Shelter Analysis Courses may be obtained from the nearest
Regional Office of the Office of Civil Defense.

While the methods and techniques developed herein are based on
the analysis of weapons tests and upou research and studies by nuclear
scientists and engineers, every effort has been made to present the
material in s form readily understocd by the practicing architect or
engineer. The systems of analysis are not difficult, but they do
become complicated for complax structures. [t is, therefore, strongly
recomaended that the reader develop his ability to apply these methods
by pursuing one of the formal courses of study mentioned above before
undertaking the design or analysis of fallout shelters.
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CHAPTER 1
BASIC NUCLEAR PHYSICS AND WUCLEAR WEAPONS EFFECTS

Ll INTRODUCTION

It is not necessary to be & nuclear physicist to analyze or de-
sign structures for fallout protection. However, a basic knowledge
of the concepts and terminology associated with the structure cf
matter, radioactivity, fission and fusion, weapons effects, and
attenuation of radiation are essential to understanding of need for
fallout protection and the background of the system of anlysis.

The information provided in this chapter isa general surrey and is
intended to be supplemented by readings in DAP 39-3, THE JWFFECIS OF
NUCLEAR WEAPONS.

L2 STRUCTURE OF MATTER

L2.1 ELEMENTS AND COMPOUNDS

All matter is made up of elements and compounds, Campounds
consist of two or more elements and may be broken down into
gimpler substances or formed from simpler compounds or elements
by chemical reaction. The camponents do not exhibit the
characteristics of the original campound. For example, sugar
is a compound which can be broken down into the elements carbon,
hydrogen, and oxygen. The smallett subdivision of the compound
which still retains its properties is the molecule, which is a
group of two or more atoms tightly held togsthar,

The distinction betweein an element and a campcund is made on the
basis of chemical reactions. Chemical reactions nmay be produced
by heating, applying pressure, using a substauce which pramotes
reaction %cata.lyat), electrolysis, and so forth. If large
numbers of reproducible experiments on a pure isclated substance
show that none of these means is capable of breaking that sub-
stance down into still other substances, then that substance is
said to be an element., There are 92 naturally occurring ele-
nents. Ten more have been produced artificially by man in
laboratories. From these 102 elements, it is possible to pro-
duce by chemical reaction all the compounds known (as well as
many as yet unknown). For example, water is builit up from the
elementa hydrogen and oxygenj when two atams of hydrogen combine
with one atam of oxygen, they {orm one molecule of the compound
water,
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Tt is exceedingly difficult to visualize the fantastically small
size of atoms. For example, in one grain of ordinary table sa.'l.%1
there are approximately 1,300,000,000,000,000,000,000 (1.3 x 10<+)
atoms, half of which are sodium atcms and half of which are
chlorine atoms, Fach atom has & diameter of about 0.00000001
centimeter,

Each element has a different nsme and is represented by a symbol,
which is simply a shorthand notation. For example, the element
hydrogen is given the syubol 'H'"j; the symbol for the element
helium is "He', In general, these symbols are chosen as the first
cne or two letters. Tt is necessary to use other lettars for
some d.oments., Also, same of the symbols appear illogical as
they are based on the old Latin names for the elements, such as
"Na" for sodium and "Au'" for gold. The great advantage of the
elemgnt symbols is that they enable one to represent chemical
reactions and chemical compounds in an abbreviated fashion. A
molecule of water composed of two atoms of hydrogen and one atcm
of oxygen can be represented by the notation "H20'.'

12,2 ATQMIC STRUCTURE

Despite their extremely small size, atoms ars camposed of still
smaller particles. There are basically 3 such particles, the
electron, the proton, and the neutron. The many different kinds
of atoms are essentially formed fram these three particles, pre-
sent in different numbers.

Although atans of ons elmment differ frox those of another, all
atoms have the same general type of s=ivucture and ars often de-
saribed by comparing them to our solar system., The nucleus is

the center of the atam, just a2s the sun is the center of our
solar system. The nucleus has a positive electrical charge and
is composad uf one or more protors &and neutrons. Moving at

areat speed arour.d the nucleus in orhite, much as planets move
about the sun, are & number of particles celled electrons. The
elactrons have a nagative charge. This structure is indicated
inF igure l.l. It should be noted that the atom conbtains an
equal mumber ¢! electrons and protons. This conception or
"model" of the atam has been replaced by more sophisticated con-
cepiions basec upon wave mechanics and probatility. This model
is adequats however, to explain the nuclear phenamena cf interest
in sheller analysis.

The nucleus contiins almost all of the mass of the atom, yet the
diameter of the atom is roughly 10,000 timas the diameter of the
nucleus. The atam, therefore, ismostly space. Each of three
besic particles canprising an atam has a specific charge and mass.

i i e
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"Charge' refers to their electrical charge and although "mass"
hes a precise meaning in physics, for the purposeun of this text,
1t may be considered synonymous with "weight" without a serious
error in reasoning, For simplicity in dealing with atomic

pl nomena, the magnitude of the slectric charge on an electron
has been chosen as one unit of charge. Since atam: are so amall,
it is inconvenimt to use pounds, ounces, or even grams to mea-
sure their mass. The mass is measured by the atamit: mass unit
(amu) gystem. On the scale of this system the mass of the pro-
ton is approximately one mass unit, and the other pearticles may
be campared with it as a standard., The amu is definud precisely
as one-sixteenth the mass of the neutral oxygen sixtcen atom and
is equal to 1,66 x 10~24 grams,

ORBITS

Electrons (in orbit)

NUCLEUS { "™
Neutrons

Figure 1.1 Structure of an atom.

1,2,3 PARTICIES OF AN ATM

Eleciror ~ The electron is a negatively cherged particle and has
a mass of &pproximately 1/1845 amu. It is by far the lightest of
the three basic particlea. By convernition, the charge of the
electron is negative (~) and is cns electronic charge in magni-
tude. The elactronic charge, 30 defined, is equal to 4.8 x 10~10
electrostatic units and is the mallest discrete charge observed
in nature.

Proton ~ The proton hLas a mass of approximately 1 atcmic mase
unit and has & charge of +1.

Neutron « The neutron has a mass only alightly larger than that

of a proton} il may be taker. &s having a mass of 1 mass unit for
the purposes of this text {its msas may be stated as l+ to indi-.
cate that it is slightly more than that of the prolon). The
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neutron has no electric charge. As the nucleus of an atom con-
tains protons and nsutrons, it has a positive electiical charge
and the mag: itude of this charge is the same as the mmber of
protons. The properties of these particles are s. marized in
T‘bl\) 1010

Table 1,1 Propertiess of Atuanic Particles

PARTICIE | CHARGE MASS (amu) LOCATION WITHIN THE ATOM
t Approximate
'Electron -1 «00055 1 Outside the nucleus
1845
|Proton +1 «00758 1 In the nucleus
INqutron 0 200894 1+ In the nucleus

Figure 1.2 shows some examples of alomic structures to illus-
trate that. tlie atams of all elemenis are built up from different
cambinations of the same thres bagic particles.

1.2,4, THE A AND Z NUMBER SYSTEM

A shorthand notation has besn developed which quickly indicates
tha eract structure of any atam. The notutiva is as follows:

ZXA9 in which

X - is a general representation of any element symbol (in eac:
case the appropriate slemert symbol would be used)

7 = the nmber of protons in the aucleus.
A - the number of protens + neutrons in the nucleus.

The 2 number is usually calied the atomic number, Since the Z
nunioer is equal to the number of protons in the nucleus, it is
also equal to the number of slectrons outside the nucleus in
the norral neutral atam. Therseiore, each element will have its
characteristic Z number. For example, th» slenent sodium will
always have a Z aumber of 11, and conversely, a Z numbar of 1l
will always identify the elenent sodiunm.

Although chemical properties of an atom depend directly on the
nunber of elestrons it possesses, it is possitle te say that
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NOTE: Tbhe representation of electromic orbits as elliptical is more accarate shan representation
as cfrcles; bowever, for simplicity they will be represemted as cf.cles elsewbere i- this
text.

HYDROGEN |H! HELIUM 4o

° Eiectron
‘ Pruton
O Neutran

Figure 1,2 ixaples of Atamic Strusture
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the chemical properties depend on the number of protons because

there are an equal number of protons and electrons in a neutral
atam.

The A number is often called the nucleon number. A nucleon is
defined as any particle found in the nucleus; the term simply
provides a convenient way of referring to both protons and neu-
trons. Since the A mmmber represents the sum of the protons and
neutrons, it is equal to the number of nuclecons. The A number
is also called the mass number. As the mass of both the proton
and the neutron is approximately one, the sum of protons and
neutrons gives the mass of the nucleus (and of thc atam, since
the masses of the elecirons are nearly zero).

The number of neutrons in the atom can be determined by finding
the difference between the A and Z numbers.

A - Z = number of neutrons.
An example of the A and Z number terminology and the deductions
that can be made from it are indicated below.
Example: 17CL35
Number of protons i:: this atom: _17
Number of electrons in this atom: _17_
Number of neutrons + protons in this atam: _35

Number of neutrons in this atom: 35 - 17 = 18

Element of which this is an ztom: Cl (chlorine).

1.2.5 ISOTOPES AND NUCLIDES

It is possible for different atoms of the same elrment to have
scmewhat different nuclear structures., This difference is not
in the number of protons, since the element is determined by the
number of protons in the nuclei of the atams of that element.
The difference is in the number of neutrons. For example, there
are three known forms (isctopes) of the elament hydrogen, two of
which are found in -rature and one of which is wman-made. The
structures of these three ator .c forms of hydrogen are shown in
Figure 1.3,
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Number of protons ! 1 !

Element Hydrogen Hydrogen Hydrogen
Element symbol H ] H
Number of neutrons 0 1 2
Number of nucleons 1 2 3
Complete symbol H! 1 i

Figure l.3 The isotopes of hydrogen

Since two different atomic forms of an element (isotopes' have
the same number of protons, they have the same number of electrons
and therefore they will have the same chemical behavior. Difier-
ences do occur in physical properties_however, for example,
hydrogen 1 (lHl) and hydrogen 2 ( le) are not radioactive, but
hydrogen 3 (1H3) is radioactive.

The three isotopes of hydrogen have became very important in nu-
clear work. As a result, each has been given a separate name
for ease in identification. These names are:

Hydrogen 1 (cammen) hydrogen
Hydrogen 2 denterium
Hydrogen 3 tritium

Hydrogen is the only element for which a special namenclature has
been devised for the different isotopes. For all other elements,
the different isotopes &xe'g gpoken 21‘ by the more basic nomen-

clature; for example, -He’ and ,He* are referred to as helium 3
and helium 4, respectfvoly.

The term ""isotope" is only used for elements which have more than
one atomic form, and when distinguishing the different forms of
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the same element, Thus, helium 3 and helium L may be referred
to as the isotopes of helium,.

The term 'nuclide" should be used when referring to specific
forms of different elements. Thus, a statement would read, "Two
radioactive nuclides cammonly used to calibrate radioactive
instruments are cobalt -v0 and cesium -137" and not, "Two radio-
active isotopes, etc," This usage of the terms "isotope" and
"nuclide" will be followed in the text.

Since all nuclides are composed of varying numbers of neutrons
and protons, they can all be represented by the A and Z number
notation., Only certain cambinations are possible, some of which
are observed to be stable and same of whizia are unstable,
Generally, the lightest elements are stable when the numbers of
protons and neutrons are approrximate’y equal, or inal tol
ratio., As the eleaments become heavier, more neutrons than pro-
tons are found in the stavle cambinations so that among the
heavieet elements, & ratio of 1% neutrons to 1 proton is found.

1,3 RADICACTIVITY
1,3.1 HISTORICAL CACKGROUND

Nuclear radiaiion was discovered in 18%c by a French scientist
named Henri Becquerel. Becquerel experimented with fluorescent
crystals which when struck by ordinary white light gave off light
of same other ‘.olor, such as pink or green, He thought that he
had discovered that certain crystals, when struck by light gave
off same sort of very penetrating rays different from light rays
which could penetrate thin sheets of paper or metal.

Becquerel repeatedly perfommed the following experiment to
determine the propertiszs of the substances thut gave off the

penetrating rays:

He wrapped a piece of paper about a photographic plate so
that light could not reach the plate and axpose it then, on
top of the paper, he put a small pile of crystals of a salt
of uranium, He then placed this apparaius outdoors in the
sun all day. At the end of the day, he brought the entire
set of materials indoors and developed the photographic plate.
He élways fOund a black spot on the plate under the crystals.
Thi< led him to the belief that when these crystals were e-
posed to light they gave off some previously unimnown kind of
radiction which was capable of penetrating the paper and
axposing the film,




Becquerel's experiments with these crystials might have pro-
vided no more information than this had not it been for a
lucky accident., One day when preparing to set his standard
experiment in the sun, the sun failed to coue out; he there-
fore pliced the entire apparatus in his top desk drawer to
await a sunny day. As it happened the sun failed o shine
for several days; on the first day that it did came out he
was going to place the apparatus in the sun, but, for same
unknown reason, he developed the plate directly instead.
The plate was blackened under the crystals. Becquerel then
revised his original conclusion about these crystals. The
strating rays were given off spontaneously from within
he material itself without the assistance of any ouside
agency such as sunlight. It is now known that these
radiations came fram the nuclei of the atoms of the materials
for this reason, they are called nuclear radiations.

LA

Further research by Becquerel ani others demonstrated that
o the emission of the strange new penetrating rays by these
. substances (called radioactive substances) was unaffected in

; any manner by heat, light, pressure, chemicals, mechanical
force, or any other means then known. Much experimental
work wag done in the years following Becquerells discovery
in an attempt to understand these rays.

1.3.2 TYPES OF RADIATION

It was believed initially that only one kind of ray was emitted

by radioactive substances. The nature of this ray was unknown,

In the experiment depicted in Figure 1.4 (a), a sample of radium

(one of the few radioactive substances known at the time) was '
placed at the base of a cylindrical hole drilled in & piecs of g
lead (the figure shows a cross section of ths lead block). Since

lead has the ability to absorb radiation very effectively, little

of the radiation penetrated through the sides of the block.

: Therefore, there was eassentially a straight veam of radiation

' coming out of the hole. A photographic plate was placed across

the path of the radiation and upon develomment showed one dark

spot in the center of the plate.

In a later axperiment depicted in Figure l.4 (b), the beam of

radiation was subjected to & strong electrical field. This time

there were three black spotus on the plate, indicating that the

d8lectric field had separated the beam of radiation into three

kinds of radiations, as illustrated in ihe figure. The three

types of radiation were arbitrarily identified by the firat three
* latters of the Greek alphabet-~




alpha (o ) for the radiation attracted to the negative side of (
the field,

beta (4 ) for the radiation attracted to the positive side of the
field, and

gamma (¥ ) for the radiation not attracted to either side.

Similar experiments using magnetic fields also produced a
geparation of the beam of radiation into th:.'ee camponents.

PHOTOGRAPHIC PLATE PHOTOGRAPHIC PLATE

L - 3

Alpha L’ Beta

i Beam of =
radiation =l Gomma
' Rudivm Radiym
source scurce
. ( Lecd block

& k Leod block Electrically
2 charged plates

{a) Experiment without (b) Experiment with
Electric Field Electric Fieid

4
E Figure 1.4 Path of emanations from a radium source; (a) without
| electric field; (b) with electric field.

| Sevaral conclusions can be reached as a result of the illustrated
' experiment beyond the isolation of three kinds of radiation.
The experiment indicates that: (1) alpha radiation, which was
attracted to the negative plate, has a positive electr.c charge;
(2) beta radiation has a negative chargej and (3) gamma radiation,
which was undeflected by the electric field, has no charge (is
electrically neutral).
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1s3.3 PROPERTIES OF NUCLEAR RADIATIONS

1,3.3.1 General Properties

Alpha. Alpha radiation consists of high velocity particles,
each with & charge of +2, Each particle has a mass of L atomic
mass units and thug each particle is the same as the nucleus of
the helium -4 (,He*) atom, The helium -4 atom has two proions
and two neutrons in the nucleus and two electrons outside the
nucleus to balance the charge. If the electrons were stripped
away, the resulting nucleus would be identical with an alpha
particle. The configuration of iwo protors and two peutrons is
an extremely stable nuclear structure. This helps explain why
this structure is emitted from a nucleus in preference to other
caombinations of nucleons.

Beta. The experiment on the separation of radiations showed that
beta radiation has a negative electrical charge. Beta radiation
is a stream of electrons traveling at high speed, The mass ol a
beta particle is 1/1645 atamic mass unit and its charge is -l.

It isidentical with electrons which crbit about the nucleus of
atams except for its gpeed and origin. Note that beta particles
originate in the nucleus of the atom,

Gamma. Gamma radiation has no electrical charge, and appropriate
experiments have proven that it has no mass, Gamma radiation is
pure energy traveling through space at the speed of light. It

is one example of a geseral type of radiation termed electro-
magnetic radiation, which include radio waves, light waves, and
X-rays. The type of radiation most similar to gamma radiation is
X~rays, which has about the same or somewhat less energy as gamma
radiation. The distinetion between them is their origin.

X-rays originate in the region of the orbital atomic electrons
whereas ganma rays come fram within the nucleus,

1.3.3.2 Specific Characteristics of Electromagneitic Radiations

Electromagnetic radiations are identified by their characteris-
Lic wave tength (A ) and frequency (¥ ) and their energy (E).
These properties are related by two simple formulae:

c= ¥

where ¢ = the speed of light, 3 x 1010 cn/sec
wave length, normally measured in centimeters

- frequency, normally measured in reciprocal seconds
(sec=4).
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Since ¢ is a constant, frequency increases as wave length be-

canes shorter.

E=hyw

where E = energy of one photon or quanta of radiation (ev)
h = Plank's constant, equal to ©.625 x 10727 erg-sec.
M = frequency (sec 1)

Since h :s a constant, it is evident that the higher the
frequency, the greater the energy of the radiation.

Energy of radiation is nomally expressed in units of electron
volts (e.v.) or million electron volts (MEV). An electron volt
is the amount of emergy acquired by one electron moving through
a potential difference of one volt. One e.v. is equal to
1.602 x 1012 ergs., The unit of MEV is convenient for the
kinetic energy of alpha and beta pa:ticles as these particles
usually have energies in the millions of electron volts.

Table l.2 summarizes the properties of the three types of
radiation.

Table 1,2 Properties of Nuclear Radiations

EFFECT OF EMISSION ON
TYPE OF MASS CHARACTER~ PARENT NUCLEUS
RADIATION | SYMBOL | CHARGE | {em) ISTIC Atomic No.| Mass do.
: L
Alpha 2 %o +2 L 2 Protons Decreases | Decreases
perticle 2 Neutrons 2 b
or (same as
It nucleus of
:225 He-4 atom)
0
Beta _1'8 N -1 1 High speed Increases | No change
particle J.BES electron 1
cr
0
-1¢
0
Ganna 0 Y 0] 0] Form of No change | No change
ray electro=-
magnetic
energy
similar
to X rays
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1l.3.4 RADIOCACTIVE DECAY

1.3.4.1 Definition

Certain nuclear structures have excess snergy and are thus un-
gtable. Such atoms attempt to reduce their energy content by
releasing energy. They do this, in the case of most nuclei, by
: emitting one of the three types of radiation; alpha, beta, or

A £amma. .

In definition, radioactive decay is the spontaneous attempt of
3 an unstable nucleus to became stable, usually by the emission of
T particles or rays.

L3.4.2 Nuclear Forces

It may appear peculiar that the nucleus is held together at all.
Since like charges repel, the electrical (coulomp) forces between
protons apparently should cause the nucleus to fly apart. How-
ever, the repulsive coulamb forces between protcns are overccue
by other forces within the nucleus. These forces are of very
short range and only act between nucleons close to each other.

A valance occurs between the attracting nuclear forces and the
repelling coulamb forces and as a result, the nucleus stays to-
gether., 1In unstable atoms, this balance is a delicate one. If
the repelling coulanb forces should overcame the atiracting nu-
clear forces, part of the nucleus may break off and escape. In

E other ceses, rearrangements within the nucleus which lead to

t H more stiable configurations may take place without the loss of

TR O O WP D
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particlev. Nuclides whose nuclei undergo this precess are said .
: to be unstable or radioactive, .

L3.4.3 Modes of Decay

Alpha Decay. The configuration of the helium nucleus is extreme-
ly stable, which leads toils ejecticn from a nucleus as a unit.

: The off-going alpha particle has considerable kinetic energy.
i : The energy of the nucleus which emits the alpha particle is de-
F ; creased by the amount of the kinetic energy imparted to the
particle,

Beta Decay. It is not 9o easy to visualize how a beta pa:iicle
| : can be emitted from a nucleus. The statement that beta i-adia~
: » tion comes fram the nucleus, but that there are no electrons in
the micleus appears to be a contradiction. The accepted explana-
tion for this result is that it is possible for a neutron to
gplit into a proton and an electron. If this splitting occurs,
the electron is then ejected from the nucleus with great speed
(great kinetic energy), with a correspond:ng reduction of energy
of the nucleus,

v
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Gamma Decay. Nuclei may releass gamma radiation as a means of
decreasing their energy content, Since gamma radiation consists
of pure energy, its emission reduces the snergy of the nuclcus by
the energy magnituds of the emitted ¥-ray. This emission of
garma radiation accomparies a rearrangement of nuclear particless
it does not involve a change an the number or kind of nucleons

in the nucleus., It often occurs concurrent with beta emission.

L3.4.4 Measurement of Activity

A particular radioactive nucleus may decay at any time, or it may
never decay. When large quantities of these radioactive atoms
are presernt, however, probability of decay can be expresssd
statistically in terms of the disintegrations taking placs per
unit time, Activity is defined as the mumbsr of atoms disinte-
grating per unit time. A unit of measuremsnt of activity is the
curie, which is defined as 3.7 x 1010 disintegrations psr second.
Matheamatically, activity is expressed by the equatiorn

A= \N
where A = Activity, ‘n disintegrations/sec.
N = number of radiocactive atoms present.

)\ = decay constant, expressed in terms of reciprocal
time.

L3.4.5 Decay Formula

When the formula expressing activity is integrated as a function
of time, the following relation, which can be verified experi-
mentally, is obtained:
N = Noo~ At
vhere N = number of radiosactive atomm, present at any time t
No= number of radicactive atoms present at t=0
A - decay constant
t = time
e = the base of the natural logariihins, & constan',
Examinstion of this expression shows that although the number of

radiocaciive atums present, and thus the activity, decreasss with
time, it never reaches sero. This equation will pilot as a

1-14
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straight line on a semi-logarithmic scale,

lo3ol§¢6 Half-life

Half-life is defined as the elapsed time required for the activity
to decrease to one-half its original value., As shown by the
equation A = A N, the activity is directly proportional to the
number of radioactive atoms present. Thus, the half-life can
also “e defined as the time recuired for the number of & particu-
lar radioactive nuclide to decrease by one-half. For example,
iodine -128 hes a half-life of 25 minutes, If the activity of a
sanple of iodine -128 is 400 disintegratione per second at a time
t, then 25 minutes later, the activity of the remaining iodine -
~128 would be 200 disintegrations per second, Note that only
half of the iodine =128 would remain at theend of the 258
minutes.

Half-lives vary for radioactive isotopes of a single slement and
for radioactive nuclides of different elements, Same are extreme-
1y short, such as 10~% seconds for astatine -2.5, while others

are quite long, as 7.1 x 108 years for uranium -235. The half-
life of a radionctive isotope is constant and is independent of the
amount of redioactive atoms present or the age of these isotopes.

1.3.5 ARTIFICIALLY INDUCED NUCLEAR REACTIONS

A few radiocactive nuclides are found in nature. In addition,
ma:1 has loarned io produce nuclear reactions artificially, thus,
creating new radioactive nuclides not found in nature ana pro-
ducing other results which are of cocnsiderabls importance.
Nommallyv, artificial reactions in atoms are induced by firing
nuclear particles at & target containing that type of atcms.

The nuclear particles usec as projeci.iles are made to move at
zrea', speed (with greal energy) by the use of machines called
particle accelerators. The followinz are particles most cammon-
ly usecd as projeciiles:

Alpha particle - gﬂoi‘
Deta particle - lﬂo

Proton - 1n1; nucleus of the nydrozen -1 atam
De.teron - lH‘)'; rn::cle:s ol the hydrogen -2 (de.terium)
atoxi.
1-15




Some typical exsmples are given below to indicate the general
nature of artificially induced nuclear reactions.

AMpha-neutron type:

LB‘9 + 2}{01' ———— onl + 66‘.'2 + E
Alpha~proton type:

'(N‘u’, + 2Hel’ —— lﬂl + 8017 + E
Neutron-gamma (radiative capture) type:

1Hl+ in ———— 11-12+ 0)o+ E

It should be understood that in each of the reactions shown above,
the particle or ray emitted, such as a neutron, proton, ¢r gamma
ray, is emitted almost instantaneously whei the reaction takes
place. For instance, in the last examprle alove, the equation
does not mean that .H? is radioactive and a gama emitters the
gama ray thom is Writted at the instant of the rection. The
product jH® in this case is stable. In other cases, the product
may be radioactive. Thus, the product nuclei may continue to
enit radiation.

leh FISSION AND FUSION

Two artificially induced nuclear reactions which are of great
importance are the two used in nuclear weapong: fission and fusion.

l.4.1 FISSION

The process of fisaion involves the aplitting of very large
nuclei, such as those of uranium -235of plutorium -233, into
much snaller nuclei. This splitting releases a vast amount of
energy judged vy ordinary standards of camparison, such as the
burning of coal or gasoline. The fission oould take place
spontaneously, but it 18 initiated deliverately uy directing
& stream of neutrons into a mass of uranium or plutonium which
is properly arranged a:d is of the proper siza. If an alam of
fissionable material captures a neutrorn, it may fission into two
sualler piecws. The fissio. of just ocne nucleus releases only a
tiny smount of energy--too little to be mess:red by oconvemtional
means. However, even & mnall amount of material contains a vast
nuzber of atams. When the snall energy release {ran one fisaion
is multiplied by the number of fissioning atoms, the total energy
relesse is morros,
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There are different reactions which can occur in fissioning; that
is, not every atom which fisaions fcrms the same product nuclei,
A few examples of fission reacticas known to occur are the follow-

ing:
927 # gt e g8 4 x4 20l 4

92023 5 + onl - 095 + 50511139 * 20n1 + E

A generalized equation can be written to represent the fission
process, making use or the symbol '"FP" to stand for any fiasion
product, This equation is:

920?35 + ool

The energy released in any nuclear reaction, such as the general-
ized fission reaction above, cames from the conversio:. of mass
into energy, If one were to add up the measured masses of the
materials on the right side of this equation and those on the
left side, he would find that the total mass on the right is less
than the totai mass on the left. Some mass appears to have been
"lost"; this mass has been converted into energy. Einstein pre-
dicted as early as 1905 that mass and energy could be intercon-
verted and that_the relationship between them was given by the
equation E = mcz, whorein E = energy equivalent to mass m, m =
mass equivalent to energy E, and ¢ = the speed of light. Calcu-
lations with this ecuation show that a very amall amount of mass
is equivalent to a large amount of energy. This conversion of
mass into snergy provides the enormous energzy release from .u-
clear weapons.

-+ FP; + FPp + 20n1+E

In the genaeraliged fission reaction equation presented above,
there are two neutrons released for every one that enters. This
figure of two neutrons released is a rough average for the whole
set of possible fission rewacticna. The release of additional
neutrons in the fission reaction pemit the development of the
chain reaction which occurs in a fiassion weapon or a nuclear
reactor. Fach neutron released is poientially able to produce
another fissien., Sin:e each neutron which produces a fission
leads to the release of approximately two (2.46) more neutrens,
the numper of fissionu in esch siep (generation) of fiasions is
greater than the number in the preceding generation. Thus, the
reaction builds up until the energy release is sufficient to
desiroy the casing of the weapon and detonation takes place.
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1,,.2 FUSION

A process which is the exact opposite of fission is also capable
of releasing great quantities of energy. This process occurs at
the lower end of the scale of elements ard involves uniting two
anall atams into one larger atam, This is the fusion process.
Although numerous reactions are possible, the equation which
follows will iljustrate the nature of the reaction:

lHZ + 1H2 ———— 2}{01' + E
On a basis of weight of fuel necessary, this reaction produces
several times the energy release of fission and does not produce

residual radioactive products.

1.5 CHAIN REAGTION ~ CRITICALITY

The release of two or more neutrons at each fission makes the
chain reaction pogsible. In order to create a chain reaction, cer-
tali cuaditions must be gsatisfied. If one of the atoms in a piece of
fissionavle urterial (U235) is caused to rission by bombarding it
with a neutron, tite two neutrons produced by the fissioning could do
one of three thingu:

1. Sirike other uranium nuclei and cause them to fission.

2., Pass vetween the urznium atams and completely escape from the
piece of material without causing any further fission. (Re-
member that atams are largelv empty space.)

3. Strike nuclei (uranium or impurities) and not cause fission;
in other words, be captured by the nuclei.

For a chain reaction to occur, at least one of the neutrons produced
per fission must strike a uranium nucleus and cause another fission
to occurs, In order to make this happen, we must minimize the escape
and nonfission capture. Nonfission capture may be minimized by using
very pure fissionablc material because impurities tend to capture the
neutrons and prevent figssion. FEscape may be minimized by having
sufficient fisslonable material available,

To visualize this, imagine a small, one-inch diameter spherical
piece of fiszsionable material, in which a fission occurs. There are
relatively few nuclei available within the fissionable material that
the tw» neutrons produced by the fission may hit before they escape.
Therefore, the probability of their striking other fissionable nuclei
is very slight. If one of the neutrons happens to strike a nucleus
and thereby causes it to fission, the probability of one of the second
pair of neutrons striking a nucleus before escaping is very slight.
Therefore, the reaction will quickly die down. A reaction of inhis
type is c&lled nonsustaining. A piece of fissionable material such
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as this is called a suberitical mass (Figure 1.5).
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Figurel,5 Nonsustaining chain reaction in a subecritical mass

more nuclei which they may hit before they escape and the probabil-
ity of their striking nuclei is much greater. II enough fissionable
material is present so ai least one neutron from every fission strikes
another nucleus and causes it to fission, the reaction will continue
E in a steady manner and is called a sustaining chain reaction (Figure
1.6)s A piece of fissionable material in which a steady reaction
occurs is called a critical mass. Fnergy is released in a steady
controllable manner, s:ch as in a nuclear reactor used for producing
power.

H » If more material is added around the sphere, the neutrons have

If still more material is added to the sphere, more than cne
neuiron per fission may strike a nucleus to cause further fission.
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When this occure, the chain reaction will increase very rapidly and
is called a multiplying chain reaction (Figurel .7). In this case,
we have what is known as supercritical mass. The energy is re-
leased very quickly and cannot be controlled.

1.6 NUCLEAR WEAPONS

L6.1 GUN-TYPE

A supercritical mass is necessary to cause a nuclear detonation.
However, it. 18 unsafe to a. .amble a supercritical mass of fission-
able m2torial until the mament the explosion is desired, since
there are always stiray neutrons which could start a chain reaction.
To overcome this difficulty, the fissionable material may be

kept in two separate subcritical masses within the weapon. When
desired, thesetwo pieces can be brought togethei to form a super-
critical mass which then detonates, Weapons amploying this
prinziple are known as "gun-type" weapons because one of the

1-20

L




subcritical masses is actually shot through a gun tube into the
other subcritical mass when the explosion is desired (Figurs 1.8).
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Figure 1.8 Gun-type nuclear weapon
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1,6,2 IMPLOSIOK TYPE

If, instead ¢f adding mors material to a subcritical. mass, the
subcritical mass is compressed so that the ratio of surface area
l. to mass becames smaller, fewer neutrons will ascape from the re-
duced surface area and the mass will became supercritical. This
principle is also employed in nuclear weapons. A subecritical mass
is surrounded by & charge of high explosive. When tne explosive
is detonated, the pressure created cempresses the fissionable
material, making it supercritical, causing it to uxplode. Vea~-
pons employing this principle are known as "implosion'" weapons
(Figure 1.9) as the high explosive is arranged so that it im-
plodes or exerts the major portion of its explosive force inward.

High explosive

Fissionabie
naterial

Figure l.9 Implosion~-type nuclear weapon
1.6.3 THERMONUCLEAR

Thermonuclear or "hydrogen" weapons utilize the fusion process
to release energy. The thermonuclear reaction will occur only
when the fusion fuel is subjected tc enormous temperatures and
pressures. A present, these can only be obtained fram a fission
detonation. Thus, every thermonuclear weapon has a fission

" rigger" to initiate the fuasion reaction.

The fusion reaction has several advantages. The fuel required
is relatively cheap, and the supply is unlimited., Also, the
reasidual product3 of the fusion reaction are not radioactive.
The radioactivity which results fram the detonation of a funion
weapon comés fran the fission products of the fission camponent
used to iritiate the fusion reaction and also fram neutron-in-
duced activity. By reducing the size of the fissicn camponent
as much as possible, the residu.l radioactivity can Le reduced,
thus producing a "cleaner' bamb,
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! 1.7 NUCLEAR WEAPONS FFFECTS

DA Pamphlet 39-3, ENW April 1962, provides information on nu-
clear weapons effects. A sumary of the L.N.W. presentation is
given below to aid in the hackground stully of such effects.

1,7,1 GENERAL KNOWLEDGE
Chapters 1, 2, % paragraph 11.77 through 11.220 in chapter 1ll.

Chapter 1 covers characteristics of Nuclear Explosions to include
a description of the different effects of a nuclear explosion,
source of nuclear power, types of nuclear explosives, scientific
basis of nuciear explosions and resultant fission products.

. Chapter 2 contains descriptions of different type nuclear ex-
plosions, to include air, surface, underwater, and under surface
bursts; characteristics of the nuclear explosions including fire
ball dimensions, blas® radii, and thermal aspects.

Paragraph 11 covers Nuclear Radiation Injury, levels of dosages
and corresponding injuries received, radiation of both early and
dela,ed fallout.

1.7.2 WORKING KNOWLEDGE
Chapter 9 with emphasis or paragraph 9.18 through 9.30.

Chapter 9 contains the sources of Residual Radiation, calcula-
tion of dose rates of fallout, at any time after blasts.

Familiarity with the remainder of the reference to gain know-
ledge of the type and scope ot information available.
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CHAPTER 2

ATTENUATION OF NUCLEAR RADIATION
2,1 INTRODUCTION

Nuclear Radiations are attenuated by passage ‘hrough any mass.
The amount of attenuation is dependent on the type and thickmess of
the mass and the form and energy of the incident radiation. Turther,
there are several difforent ways in which radiation is a.tenuated,
and there is a wide range of offectiveness of specific elements for
stopping differoent types of radiation.

A principle attenuating action is absorption, or capture, of the
high eneryy particles (alpha, beta, or neutron) or the gamma ray.
This proceus results in ionization which destroys living cells, but,
also permits ready detection and measurement of the radiation.

Alpha and beta particles are readily attenuated and are consequently
of no concern in shelter analysis. As neutrons are not emitted Gty
fallout, fallcut radiation attenuation is concernad only with gamma
rays. The reaction of the high speed particles is important, however,
for a full understanding of gamma ray atenuation.

2,2 ATTENUATION OF ALPHA AND BETA PARTICLES

2,2.,1 INTERACTION BETWEEN ALPHA PARTICLES AND MATTER

An alpha particle moving through matter faces a vast number of
atoms along i.s path. Figure 2,1 illustrates an interactiocn Le-
tween an alpha particle and an atom of carbci -12 (.C*<) as might
occur in wood. The ncrmmal, neutral carbon atom with the alpha
particle approaching it is shown in 2.la. Vhen a positively
charged particle such as the alpha particle is in the vicinity of
a negatively charged particle (an orbital electron), there is e
strong force of attraction between the two particles. As a re-
sult of the attractive forre, the electron may be pulled out of
ite orbit (this does not happen with every ator near which the
alpha particle passes) and be released as a free-moving electron
traveling at considerable speed. If this occurs, the carbon
atom is no longer electrically neutral, since it has six protons
in the nucleus and only five electrons outside the nusleus, The
atan has a net charge of +1 and thereby is a positive ion. A
positive ion is an atam with a net positive charge as the result
of the removal of electrons from the neutral atom. Althougn
strictly speaking tho electror. which was removed from the atom
is not an ion, it is customary to refer to it as an ion in iLhis
context because it is a charged particle. Production of ions is
termed ionisation, Ths atom which has become ionized and the
electron that was removed are referred to as anion pair. The
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ionizalion prccess and the terms used are illustrated in Figure
2.1,

0\(+2L ﬁ-

Y

- 6+ e Negative
bn ion

{electron)
lon
pair

oo -
Positive 1on
(a) 6C,2 Atom before lonization (b) 6C'2 Atom after lonization

Figure 2,1 Interaction of alpha particle
with ortital elsctrons

2.,2,2 ENERGY CON®IDFRATIONS IN IONIZATICN

There is an attractive force between Lhe electrons and the nu-
cleus of an atom; therefore, if the alpha particle is to "pull"
an electron away from the atom, it must exert sufficient force
to overccmo the attraction of the nucleus. The alpha particle
axpends sone of its enersy in doing the work of removiig the
electron; in addition, it imparts energy to the electron, which
appears as kinetic energy (energy due to motion) of the off-go-
ing electron, Each time an alpha particle causes an ionizaion,
it loses a little of ite winetic energy. As a result, its speea
decreases continucualy until finally it reaches equilibrium with
other atoma in the matter and picks up two stray electrons to
form a neutral heliun atom. The distance from the source at
which the alpha particle ceases to produce ionization is called
its range. The range differs with different absorbing materials
and with varying initial energies of the alpha particle.




o

In summary, che ultimate result of the passage of alpha particles
through matter is jonization. The alpha particle is not usually
absorbed but becomes a helium atom after loss of its energy to
electrons,

2,2,3 INTERACTION BETWEFN BETA PARTICLES AND MATTER

When the negatively charged beta particle passes close o a
negatively charged electron in passing through matter, there is
a force of repulsion between the two electrons. This force of
repulsion may push the orbital electron out of its position in
the atom, If the electron is pushed out of the atom , an ion
pair is formed, Each time an jonization uccurs, the vela parii-
cle gives up energy in the fonn of work to remove the electron
from 1ts orbit and in the form of the kinetic energy of the
displaced electron, As a resuli, the beta particle slows dowmn
until it reaches equilibrium with its environment. The distance
from the source at which this occurs js the range of the beta
particle. The range of the faster, smaller beta particle is
much greater than that of an alpha pariicle of the same energy.
Note that aithough the mechanism is sornswhat different from that
for alpha radiation, the net effect of the interaction of beta
radiation with matter is the same, transfer and loss of energy
through ionization.

2.3 INTERACTiON CF GAMMA PHOTONS WITH MATTER

2,3.1 GENERAL

The mechanisns by which gamma radiation produces .onization
differ appreciably from those of alpha or beta particies. Gamma
radiation has neither charge nor mass. The resulis of some ex-
periments with gamma radiation can best be explained by consider-
ing that it is a wave which transmit energy through space.
However, the results of experiments such as those irwvolving the
interaction Retweean gamma rays and atoms, can best ve explained
Uy considering the gamma rays to consist of a stream of iny
bundles of energy. Iach bundle has zero mass, bui is able to
produce effects as thoush it were a particle, Tach of Lhese
little "bundlea' of energy is termed a phoion, or quantuwn, of
radiations This dual wave-particie nature of electrama-nslic
radiation has been found Lo .6 a satisfaclory explanation for the
various possible interactions of electrcmagnetic radiatio:s with
matter and with electric and magnetic fielda., The princiole
canma photon-matter interactions are: (1) photoelectiric effect}
(2) Campton effect; and (3) pair production.
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2:3.2 PHOTCELECTRIC EFFECT

In the photoelectric effect, a gamma photon is completely absc:iei
by an orbital electron., This electron has an increased kinetic

energy and escapes the atom thereby creating an ion pair. This
effect is illus'raled ir Fimure 2.2.

~

b’ Pw m~

Fioure 22 PhoiLcelecLric “liiect

The electron bhehaves a3 a beta particle and can cause further
ionizations Ly repelling slectrons out of the orvits of other
alams. The original ionization produced by the zamma photo. is
called primary ionizationj the ionizations produced bty the freed
electror are called secondary ionizations. (Similar statements
2pyply Lo electrons released vy alpha and beta particles, but in
these cases secondary ionizations are of much less importance.)
The secondary ionisations are much more numerous than the pri-
nary ionisations when gasma pholons inteéract with maitier,

2.3.3 COPTON EFFECT

Under some conditions an incomin~ photon is not completaly ai-
soruved by the electron, but cuntinues as a lower energy gamna
photon. This effect, illustrated in Ficure 2.3 is the Compton
“ffect (after Dr. Arthur K. Comptci). As in the photoelectric
effect, the off-qoins electron may nroduce many further ionisa-
Lions. The remainin: lowsr gner.y photo:n may underio further
Comptlon effects, but the last interscticn reeuwiting from it (tne
one ii which the low-erer-- ph~'n 3 cornie.ely a sorved) must
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be a photoelectric eiffuct, Most of the "skysuine" aud wall-
scatter components of radiation with which you will work in fall-
out shelter analysis are a result of Compton scatterings. Two
important characteristics of Comptun scatter are: (1) the re-
sultant photon and beta particle have a tendency to travel in the
same direction as the original gamma phoion, and (2) the greater
the angle of scatter, the greater the energy loss of the gamma
photon,

NUCLEUS

Figure 2,3 Copton Effect

2.3.4 PAIR PRODUCTION

The principle third interaction of genma photons with stoms
differs consideraciy from the photoelectric and Compion affectis,
If & photon with anergy (greater then 1,02 MEV passes close o a
large nucleus {such as that of lead), it can Le converted into
two particles, an alectron and a positron {shown on Fizure 2.4).
The positron ia a particle identical with the electrun in mass,
wut with a positive electirical charze. The photon is eliuinated
in the process as all of its energy is couverted into the mase

of tho two particles & their kinetic enerz. In chapier 1, the
equivalence Letween mass and anerzy and Lhe conversion of nass
into energy in the processes of fission and fusion were discussed.
In palir proiuction, the reverse prucess takes place in tha! e.er-;
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is converted into mass. The created electron and the positron
are capable of producing ionizations in their paths, the electrcn
behaving as a veta ~article and the positron behaving much as an
alpha particle, T, . positron is not a stable particle; when it
loses most of its kinetic energy, it combines with an electron to
produce twoQ.51 MEV photons, annihilating both particles. These
characteristic O.51 MEV photcns which travel in 1€0° oppesite
paths are called "armihilation radiation®.

A= ELICTRON

d) PoS!TRON

Figure 2.4 Pair Production

2e3e5 SUMMARY OF GAMMA PHOTON INTERACTIONS

Although icnization is not the inmediate result of pair productionj
it is the eventual result. Thus the three principle eifects,
photoelectric, Compton, and pair production, cause ionization of
atoms in the material through wrich the gamma photons pass.

‘The protability oif occurrance of any or these events is a
function of photon energy and absorber density and atamic number,
Photoelectric absorption is most prominent with low energy photons
in abgorbers of high atomic number, Compton scattering predomi-
natee with intermediate photon energies (about 0.5-1.5 MEV) in
absorbers of low atomic numbers, Pair production is significant
with high energy photons in absorbers of high atomic number,
Compton scattering is the principal mechanism of attenuation in
fallout sghelters since photon energies are in the intermediate
range and most construction malerials are made up of light ele-
nent.s,
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2.4 ATTENUATICN OF NEUTRONS

Neutrons, having no charge, do not cause ionization dinr. ctly.
Instead, ionization resulis indirectly from severai processes, some
of which are outlined below:

a., Neutrons are capable of striking the nuclei of small atoms
such as hydrogen and knocking these ruclei free of the orbital
electrons., For example, if the nucleus of a hydrogen atam
(a proton) were knocked free with a great dezl of energzy, it
woculd cause ionization in the same manner as an alpha parti-
cle., This is the principal cause of biological damage from
neutron radiation.

De ieutrons may be captured by nuclei with the instantaneous
exission of garma photons as described in paragraph 2,3.
These photons can cause ionigzation in the same fashion as
any otner gamma photon.

c. Neutrons may ce capiured oy nuclei in an object Lombarded Ty
neutrons to form new isotopes of the original elements.
These new isoiopes are generally unstacle (radioactive) and
Zive off bela and ganma radiation, which will ca:se ioniza-
tion in the manner already described.

Since there are ro neutrorns in fallout radiation, they are noi
a factor ir fallout shelter aralysis. Neutro: radiation musi ze
considerec, however, in design o shelters to protect asainst initial
effects, The complexiiy of reuiron reactions 1s so greai ihal
aipirical nethods rust 2e used in analysis for Lhese sneliers.

2.5 ATTZ:{UATION OF GAMMA PHOTORS

o501 ARRGYW BEAM ATTENUATION

Attenuation Formulas Unlike charged particles, which have
a definite range in an atsorter, garmad phoions are acsor.ed
in Yonie shol'" processes so thal aty single pnhoton mar te
atsorced ai any point or roi e avsorbed at all, Gaw ray
attenvation is thus based on provatiiilies of photon inter-
action., The resull is a mathematical expression similar Lo
that used for radioaciive decay.

If a narrow veam of parallel, gasma rays of a single energy
level (ronoeriergetic) are passed through an atsorver, ihe
bearn intensiiy (I) can be expressed as a funcilion of absorber
thickniess (X), in the followi:ng expression:

I=-I5e ats (2.1)




where 1 == intensity of the beamn after passing through a
thickness X of absorber

I, = original intensity

X

n

absorver thickness

e = base of ihe natural logarithms, a constant

M{m) = ihe linear absorption coefficient

2.5.2 LINFAR ABSORPTION COEFFICIENT

The linear absorpiion cc.ificieni, M, in equation 2.1 de.ermines
the rate ol reduction with absorver thickness of the intensity
of ihe tea.., It can Le oziained exverimentally and is a funciion
ol voih absorc.er maierial and ihe energy of the incident radia-
tione IbL increases with increasing density and atomic numoer of
assoroers, and decreases .ih increasing sanma energies. Taou-
lations and grapns of absorpiion coefficients ray cve found in
referesnces such as the RADIOLOGICAL HEALTH HANDBOOK. A otrief
latulation of M for common materials is given on page 39/ of the
oW, 1902. - :

2,5¢3 GRAPHICAL REPrESH.TATION

Use of the linear atsorption equation is awkward due to iis ex-
porential fom. It is usually more cornvenient to plot the re-
sults for a particular acsorver and radiation on a semi-logarith-
mic graph, on which the function reduces to a straight line with
a glope equal tom . An example of such a ploi is presented in
Figure 2¢5 Note thai the ratio I/I, is plotied so that results
are rezd in terms of a fraction of the original intensity. Pro-
tlems cain be readily solved from such a plot while their algevraic
soluiions would present difficuliy due io the exponenis and
logarithns involved in the formula.

2304 BROAD BEAM ATTENUATION

The formula for absorpiion I/IOL e MX (2.2)

is valid only for narrow beams of mono-energetic pholons moving
parallel, Any effect which scaiters a photon fram the veam re-
moves iU from consideration, In a more realistic situation, as
in the experimeni illustraled in Figure 2.68, scattering events
add to the radiation received by the detector, thus increasing
the intensity for a given avsorver thickness over that which
would Le expected in the narrow veam situation. To account for
ihis increase, a tuildup factor is added to the equation:

I/IO - pe ~MX (203)
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in which the symbols are the same as in the narrow bean equation,

wilth the addition of the buildup factor, B. The buildup factor,

a function of absorber material and gamma energy, can

ve determined experimentally or in some cases, developed theoreti-
cally, Note that in the case presented in Figure 2.6b, the curve

departs slightly from a straight line.

255 FEFFECT OF DISTANCE
Imagine a point source of radiation in a vacuum, emitting S,
photons/sec in all directions. If there is an imaginary sphers

of radius Ry about the point source (Figure 2.7), So photons/sec
will pass through the surface of the sphere.

N

Radiation Source

‘\,\"'ﬂ, %

Figure

If S photons/sec pass through a unit area of the sphere:

51+ I Rl:?‘ (2.48)

#

For a larger sphere with radius Ryt

= So
%2 L W B2 (244b)
If So is eliminated Ly combining equations 2e43 and 2,4Db:
2
51 Ry
=32 (2.5)
So Rl

Fquation 2,5 states that intensity is inversly proportional to
the square of the distance, This is the inverse square law which
? applies to many physical situations.
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2,56 COMBINED EFFECTS OF ABSORBER AND DIS1.ANCE

If a point source is in an infinite medium, rather than in a
vacuum, the intensity will vary with distance due to both absorp-
tion and the inverse square law. The equations governing both
effects can be combined in a general expression using r as the
*distance from the source:

I pe/Mr

T
Contritution of point sources can be integraled to develop func-

tions for plane sources in special situations of geometry, This

has been done in developing the curves for the gystem of analysis
presented in Chapter 3.

(2.6}

2-12




3.1 INTRODUCTION

3.1.1 OBJECTIVES

3.1.2 BACKGROUND

CHAPTER 3
BASIC METHODOLOGY

This section presents a comprehensive system for the analysis of
Fallout Radiation Shielding or or vulnerability to Falilout Radia-
tion. The objective is to present this system in concise formm,
with adequate illustralions of its application in elemeniary and
camplex gituations.

It is not the object of this presentation to provide an illusira-
tion of every possible application of the system of analysis,
Judgement of the shelter analyst is required; such judgement
canes only from familiarity with the tools of analysis. Detailed
methods of analysis are presented to provide the analyst with
the msans for developing his own engineering jucgement in the
subject.

The vasic system of analysis presented in this section and re-
ferred to as the "Detailed Procedure' is a modification of that
formerly presented in the student text 'Design and Review of
Structures for Frotection fram Fallout Gamma Radiation". This
text, prepared by Bureau of Standards and Office of Civil Defense
personnel, was used for Fallout Shelter Analysis Courses given
vetween August 1961 and August 1962, It was also referred to as
the "Engineering Manual" and the system it presents as the
"Fngineering Manual Method of Analysis". The tasis for the
"Engineering Manual" was N.B.S. monograph, No. 42, by Dr. L. V.
Spencer "Struclure Shielding Against Fallout Radiation from Nu-
clear Weapons'", June 1962, The system is derived fram theory
rather than field experimen.ation., Limited  experimental con-
iimations of the Lasic data exist Lo give confidence in overall
aceuracy of the materialj however, f.riLher research may comple-
rant or modify this material in various ways.
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3.2 NATURE OF FALLOUT RADIATION

Fallout radiation is discussed only to the extent essential to

develop the basic system of analysis. Chapter 9 of the Effecis of
Nuclear Weapons is a camprehensive presentation. ’

3.2.1 FALLOUT CHARACTERISTICS

Three tyvpes of radiation are emitted by radiocactive falloul material:

gamma rays and fast, charged, alpha and beta particles. Neutrons
are not emitted. The beta particles (electrons) can produce burns
on unprotected skinj but, light shielding, such as heavy cloth-
ing, provides a high degree of protection. Alpha particles do
not penetrate the skin., The charged particles are biologically
destructive when the amitting sources are ingested, but they are
not significant in slructure shielding analysis. Gamma rays are
the sole conzideration in fallout shielding problens as they are
extreme.y peietrating and biologically destructive. They may Tt
described as high energy X-rays, otut the temm "gamma ray'" is
normally ised when the radiation is emmitted from the nucleus of
the atom whereas X-rays originate from the orbiting electrons,

3.2.,2 THE STANDARD

In radiation shielding analysis, the effectiveness of shielding
is measured by relation to a standarde THE STANDARD used for
analysis of structures is the AMOUNT OF RADIATION THAT IS RE~-
CEIVED BY A POINT 3 FEET ABOVY AN INFINITE, SMOOTH., UNIFORMLY
CONTAMINATED PLANE. This amount of radistion is normsalized to
unity; thus the lesser amount of radlation which is recelved by a
detector which is shielded by mass or displacemant from the
source of radiation may be represented by relation to THE STANDARD,
&8 a decimal fracticn.

The contribution of radiation to a detector is determined by
multiplying the effects of reduction due to tarrier shielding by
the effects of reduction due to gemmetry shielding. The sum of
all contributions through various contributing surfaces of a
structure, such as theaxterior walls and roof; is the total con-
tribution or total "REDUCTION FACTOR". This reduction factor is
the decimal fraction of THE STANDARD that is transmittea to the
detector.

The followin;; example illustrates the significance of THE STAND-

ARD. The REDUCTION FACTOR at a point in the center of a base-
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ment fallout shelter is 0,01, Fallout occurs and at a specific
time the dose rate is 100 roentgens per hour at a point 3 feet
anove the outside field of radiation unprotected by adjacent
-uructures or any other shielding, This measured dose rate is
thereby equivalenl to THE STANDARD. Thus, the dose ratc within
the shelter would be 0.0l x 100 R/hr, or 1 Roentgen per hour.

The multiplication of reduction factors due to the various effects
reducing the radiation received is illustrated belows

The mass of the wails of a shelter by itself causes the in-
cident radiation to be reduced Lo 20% of the magnitude of
radiation received by THE STANDARD, The dimensions and
orientation of the walls and the detector by themselves, cause
the radiatior to be reduced to 50¢ of the magnitude of radia~-

tion received by THE STANDARD, The barrier reduction
factor for the walls is thus .20, The geometry reduction

factor for walls is thus .50. The combined effect of barrier
and geometry factors is 20 x .50 = .10 i.e., the detector
receives through the walls an amount of radiation which is
10% of the amount that would be received by a point 3 fee:
atove an infinite plane.

3.2.3 DIRECTIONAL NATURE OF RADIATION

Radialion is received at an unshielded point over a contaminated
field from all directions even though all emitting sources lie
upon that field. Radiation is received from above the point due
to the scattering of gama rays by the air ("Compton Effeci®),
Some radiation which is received fram below the point is also
radialion which has been scattered in the air; however, most of
the radiation that is received from below the point has traveled
1o the point directly from the emitting sources on the ground with-
ou. having bgsen scattered. This is shown in Figure 3.1,

R 1;?& éh}j’.;’}
qfftzi ‘ls:?:f' .r?

YL NS

e S T T T ﬂ\%t}&-i&i’;i&_ﬂﬁitit%

Figure 3,1 Radiation at an Unshielded Point
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The radiation received by the point, or "detector' at that point,

varies in intensity with the direction fram which it comes.
Variables which cause this effect are closeness to the emitting
source, the mass of air between the emitiing source and the de-
tector, the smount of radiation which reaches the detector frem
4 specific direction and the number of emitting sources in that
direction. The result of these effecis is that a point such as
THE STANDARD, overaunifeemly cotaminated field of indefinite extent,
receives radiation with a polar disiribution of intensity with
direction as shown in Figure 3.2 With reference to this figure,
note the extreme concentration of intensity just below the level
of the horizontal plane through the detector, and in general, the
significantly greater proportion of the radiation which arrives
fran below this horizontal plans in comparison with that from
above the plane.

Vector Scale: Relative magnitude of radiation received
imtegrated 360° about the vertical axis

Figure 3.2 Directional Distribution of Radiation
Received by THE STANDARD.,

Radiation which arrives at the detector after having been
scattered bty air above the horizontal plane through the detector
is termed SKYSHINE, SKYSHINF consisisentirely of alr scattered
radiation. Radiation which arrives at the unshielded detector
from below tho horizontal plane through the detector is arbitrarily
termed GROUND DIRECT., It should he noted that GROUND DIRECT in-
¢ludes radiation direct from the emmitting sources on the ground
and radiation which has been air scattered below the detector
elevation., The radiation which is not air acattered camprises

the overwhalming bulk of GROUND DIRECT,
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3.3 SOURCES OF REDUCTION IN RADIATION RECEIVED
3.3.1 DISTANCE

Radiavion received by a detector from a single emitting point
decreasos with increased separation of detector and source. This
decreass occurs in a vacuum, atmosphere, or a denser medium. The
decrease due t. diastance alone varies as the square of the dis-
tance fram the emitting source. This decreases and its cause may
be represented by the intensity of radiation passing through a
unit area on the surface of sphere whose center is the emitter.
The number of gsrma rays passing through a given uniti area on
the sphere is thereby dependent on the total surface area of the
sphers. As the surface ares of a sphere of radius, r, is 4 1 re
'r.hi fractional portion of the surface occupied by & unit area is
3 3 17 ot
T’ thus representing the wvariation of intensity with "r'.3
distance dependent reduction in the amount of radiation received
compared to that received by THE STANDARD, 1.0, =ccura whon the
dete:ior is more than 3 feet above the plane of contamination,
when the detector is over a cleared area within a contaminated
field o} otherwise infinite extent, or shen the contributing area is
of finite dimensions. Distance factors are height, dimensions
of the contaminated field, such as a contaminated roof, and extent
of the cleared or non-contributing area, such as the {loor within
the building walls.

3.3.2 MASS

The passage of Ganma radiation through mass has several different
ef fects upon the Gamma radiation. In one, the "photoelectric
effect™, the photon of gamma radiatinn may be absorbed, transfer-
ring all of its energy ‘. an alectron of an atam, which is then
sjocted from the atom. Since the photon involved loses all of
ita energy, it ceases to exist. A smecond effect is scaitering
of the radiation, the "Compton Effect". In this interaction,

the gema ray photun collides with one of the avamic electrons
tranaferring same of the energy of the photon to the electron.
The photon, with its energy decreased, proceeds in a direction

at an angle to its original dirvection of motion. The third effect
is "pair produstion™; possitde with high energy gmma rediation,
¥an & gams ray photon with energy greater than 1.02 MEV pacoes
neAr the nuclous of an atus, the photon may bs converted direc ~
1y into matter, witk the formation af a positive and & negative
electrm. The photon disappears in this process. however the two
particles created soon: interast with other alectrors forming two
photons of less enargr than that of the original ne.

The relationships of the abors reactions to the atomic number of
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the material campriaing the mass, to ths energy of the incident
gamua ray, and to the thickness of the mass are described in de-
tail in Chapter 2 and in Chapter 8 of THE EFFECTS OF NUCLEAR
WEAPONS. In summary, the magnitude o the effects, or the por-
tion of the incident gama rays that are affected, increass with
the amount of mass. The system of analysis is directly conceraed
only with ths overall shielding obtained and scattering. The
overall shielding is dctemined as the fractional portion of tle
rediation fran an area source,incident uron a barrier, that emerges
from the imner face of that barrier. FEasduction duse to scatter-
irgin -vhich the radiation does not emerge from the inner face is
included wita absorption. Further, the "Build-up Factor® for
radiation which is scattered,but atill emerges firom the inner
face of the varrier, 13 not soparately considered.

The occurance of scattering is considorsu .n a differentietion of
the radiation that smerges from the inaide face of an exterior
tarrier, This is not in the form of a reduction, but only in
idaniity of the radiaticn,

3.4 PAIAMETERS OF SOURCFES OF REDUCTI1ON

3s4el GENERAL

Shielding is reduction in radiation due to same effeci. Shield-
ing anaiysis ls the determination of mmericai values for such
effeacts with a result that rulates radiation received through
shielding to the radiation received if there were no shislding
e«’fects, i.e. THE STANDARD. Shielding is the result of a complex
into- tion of varliablsg, many of which may only be approxim: -1
by 1 _.hy integral calculus or numerical procedures. Practical
shieiding analys!s must give miuerical vaives to terms which will
spproximate the acinal situationr, Shielding analysis consists
of identifying the principle tactors, measuring them, and deter-
mining their direct =«ffect and influence on other factors.

A basic divieion into geamztry and barrier factors is made in
measursnent of sources of reduction. Geametry factors are re-
duction factors principally dvs to directional distribution and
distance effects, Barrisr factors are primarily reduction factors
due to mass.

3ehe2 GEOMETRY SHIELDING
3eh4e2.1 Derivation of Solid ingle Fraction

The evaiuation of gemetry shielding effects requires calcu-~
lating the size of the contributing contarinatsd plane or of
the non~contributing sucface. A roof is a 1 mited contaminated

area, while a non-contaminsted or non-contributing area would
3-6
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be the floor of & building within its extsrior w.lls.

A solid angle fraction, represented by the symbol « (omega),
dsfines the portion of tne fiald of view, seen from a point

of interest that is occupisd by a finite plane area. The
point of interest would normally be the detector. A solid
angle measured at a point is an angle in three dimensicnal
space bounded by a conical surface with its vertex st that
point. A sciid angle may be defined as either the angle in
three dimensions or the area subtended by the bounding cani-
cal sur{ace on the surfacs of a sphars of unit radius. Tn
solid gemmstry, a solid angle is mecsured in steradians, with
a total of 4 n steradians about ary point. In the altermate
definition, a solid angle is the area subtended on the sur-
face_of a sphere of unit radius, o the area measured in units
of r© subtended on the su-face of a sphere of radius r.
Figure 3.3 gives two illiustrations of arees subtanded on the
surface of a sphere by a cone or pyramid. The vertex of

the cone or pyramid is coincident with ihe center of the
sphere.

The direction " nature of the radiation received by a detec-
tor, as describeu in 3.2.3 and shown in Pigure 3.2, and the
natural dividing plane between Skyshine and Ground Direct
radiation at the horizontal plane through the detector make
it convenient to use solid angle fraction as a fraction of a
hemisphere. In Figure 3.3, the solid angle fraction of area
W x L ia the area A subtended on the zurface_of the sphere
divided by the area of the hemisphere, 2 ?. A plane area
of infinite extent wouvld asubtend an entire hewisphere and
thus would have a solid angle “raction equal to 1.0, indi-
cating that it subtends the entire hemispherical fisld of
view. Since & single plane sur’ace camnnot subtend more than
3 hemisphere, solid angle fraction will not exceed 1.0.

Camputation of Solid Angle Fraction

A mmerical valus is recuired for solid angle fraction :later-
mined by a finite plene arez and a point »f interest. As

can be visualized fram Figure 3.3, the limiting dimensicns

in the plane and the distance between the plane and poiit

are the critical facters. Solid angle fraction is campated
for areas which are symmetricallyoriented abcut a perpendi-
cular drawn: from the point of intersst to the plana ol tae
8rea. Further, the mmerical solution of solid angle fraction
is only made for rectangular or circular areas. An area that
is not symmetrical about +h¢ axia or is not circular or rec-
tengular is treated by aprroximation or by multiple incre-
ments. Such situations are presented in Chapter 5.
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w: l-cos@

(A.)CIRCULAR AREA

R
h tang : =
where 8 7

Ty
P

{ (B.)RECTANGULAR AREA

Figure 2,3 Solid Angle Fraction, w.
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The solid angle fraction subtended by acircular sarea, as
shown in Figure 3.4 may be camputed oy the exact formuia

W = l-cos @ (3.1a)
developed fram the fornmla

]
- A - l
@ - m‘fgnraﬁnﬁ)ﬂrdﬁé‘m)

Figure 3.4 Solid Angle Fraction, Clrcular Ares

—E and cos @ = 1-”--
Since: tan 98 =7 tm e

1
€08 0 = = - be used to
+ yl + (-izi) it

ainplify the calculation of w in absence of tabular or
sliderule functions of angles. Examples 3.1 and 3.2 illustrate

the use of thess formulas for solid angle fraction dster-
mination,

the relationship:

The solid angle, ‘i", subtanded by a rectangular area symmetri-
cslly located with respect to ihe point of interest shown in
Figure 3.5 is given by the expressio-:

¥ =L et [ ,q'nz—e;r—:} (3.2)

A H i = E-g—t-}l = E
whers: e is the eccentricity ratic 7 Sl

perpendicular distance
n is the nomality ratio = 2 x from plane = 22
Leaygth L
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Exarple 3¢l Solid Angle Fraction for a Small Circular Area

REFERENCE: Figure 3.3a

GIVEN : R = 15ft, z = 50ft,

SOLUTION : 0 = l-cos & 8 = tan™! % = tan™t %% = tan=1,30 = 16.7°
w = lecos 16,7° = 1~ ,958
@ = Q2

Example 3.2 Sclid Angle Fraction for a Large Circular Area
REFERENCE: Figure 3.4

GIVEN :R.60fto z‘}fbo

-
SOLUTION : w = l-cos 8 °°59':“lf1—+_€£x?? tane =2 =85
I 1 ., .;
% la s Ja Lle — ® la .0_
Ry PP 1 1= flape2 #1720

0 =95

Example 3.3 Solid Anglie Fraction for a Smell Rectangular Area
REFERENCE: Figure 3.3b

GIVEN : W =15ft, L = 25ft, 2z = 50ft,

SOLUTION : ) i
w =—--ta" n n'] n2+e2+1 e =T = = ‘60
L - 2z 100
n=os= g =k
i T
c2,.=l|——a60 | 2.
w =3 tan LY 16+.36r 1 | =W tan 03
0
L N tan™t,036 - 2509 X
. )
w '%2.036 1800
w = ,0228
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Example 3.4 Solid Angle Fraction for a Large Rectangular Area
REFERENCE: Figure 3.5
GIVEN : W=35ft, L =250ft, z = 3ft.

SOLUTION : 1 [ e 1 w35

2 “-—— = ”
w =5 tan UWIJ e =T =%a ™ «70
L 2z 6

ns _I_,_ - 36- = .12
w = 2 gan-L F 10 ] 2 tan™1);,76
7 tan | il don - ten 16
w =2 x1.36 tan"l.76 = L0127
L= 865

= 1036

Example 3.5 Solid Angle Fraction, One Axis of Symmetry

GIVEN : Area QSftQXBSft. z= Bftc

<

REQUIRED : Find o of the 25'x 35! area.

REFERENCE: Example 3.4

SOLUTION : 1. Find an area symmetrical about both axes through the

perpendicular from the point of interest to the
plane of the arealdashed lines in the figure).

2. Find the solid angle fractiorn for the symmetrical
area = 2w = 865 {(from Example 3¢4)e

2w 865
3.0)"'-5‘ 5

W = 32
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Figure 3.5 Solid Angle Fraction,Rectangular Area

The solid angle fraction w, then, is given by the expression:

W= v‘-‘=-"’='*t.¢=m'”l 2 :
Zn m n y;z+ ;'24- 1 (3-3b>

Examples 3.3 and 3¢4 iliustrate the uss of the above formulas
for rectangular finite areas symmetrical about a perpsndicular
from the point of interest to the area. Example 3.5 shows
the camputation of @ for a point of interest cemntered over
one edge of the finite area.

A chart solution of w fram this expression when n = 10, & =
<01 is given in Chapter 4. The chart allows rapid deter-
mination of @ for the usual situation of a rectangular
structure. When e is leas than .01, the formula must be
used. Note that as one dimension, L, goes to infinity, @
renains & determinable quantity:

the equation [ ZI‘%
2
S -l
W ="y tan™" | 22V 22,2 W2 . (3.
B b 5@« 3:3¢)

becomss, with L = 00
i g
W= % tan"l X

or

W= % t&n'l[g;} (3'1‘)

When n is greater than 10, the situation is one of a very
gmall area a large distance from the point of interest. In
such situations the actual area, W x L, of the plane finite
area closely approximatus the area subtended by the hounding
conical surface on the surface of a sphere of radius equal
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to 2. Using the plane area in place of the area on the
spherical surface, the following approximate expression for

w is developed:
A WxL
W= 4 3
T nd?  2mg? (34+5)

Values of W given by this formula when n) 10 are within the
accuracy of the system of anaiysis and thus are fully ade—
quate. The above expression Las general application to an
area of any shape which is of distance from the point of
interest such that the area of the plane area approximsutes
the ares that the bounding conical surface subtends on a
sphere of radius equal to Z.

The use of squations 3. and 3.5 is shown in Examples 3.6
Md 3.7.

3ohe2.3 Geametry Shielding Determination

The calculation of radiation received at a point within a
atructure is divided into the calculation of radiation through
overhead roof surfaces, temed Overhead Contribution, and
tnav received through exterior walls, termed Ground Uontri-
bution. The overhesd contribution, C,, or reduction factor
Ry (overhead), is equal to the sum of the radiation received
Sram a given contaminated roef surface and the amount of
skyshine received through the roof. The ground contribuiion,
Cgs is the product of th~ barrier factors and the gecmet
factors. The geometry effect is dependent upon solid angle
fractions,

For calculation of roof contribution, the solid angle fraction
is determined for the contributing area, iaus, the solid angle is
determined with the Jetector as the vertex and the edges of

the roof &8 limits of the contributing finite plane area,
Example 3.8 includes the determination of sclid angle
Iraction for the basic roof situaticn. The splid angle
fraction is the geanetry parameter of the overhead contri-
bution, C,e

The detemination of contribution of radiation caming through
an exterior wall uses the upper and lower edges of the wall
as the limits of finite plane areas which determine solid
angles with vertexes at the detector, and thus specific solid
angle fractions. In the calculation of ground contribution
therefore, the finite plane area dstermmining the solid angle
fraction repressents the NON~-CONTRIBUTING porticn of the
heriispherical field of view. Radiation emerging fraa the
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Example 3¢6 Solid Angle Fraction for L = oo

GIVEN :+ W= 20ft, L =00 3z = 10f%,

¥
_ -
/if_/ L .
=
1 3 -l A

SOLUTION: ¢ =2 tan-l% = 2 pan-l é% .27

Example 3.7 Solid Angle Fraction for n>10

? GIVEN : W= Lft. L =50, z = 30f%.

A WxL  LxS
SOLUTION: @ = 29zl = 2w2° T 29900

w s 00354
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inner face of an exterior wall is divided into NON-WALL~
SCATTERYD, and WAIL~SCATTERED directional responses., Solid
angie fraction is used as a paramcter for the determination
of these responses. The radiation which amerges from the

inner face of the exterior wall and arrives at the detector
has the following notation:

Gg - Siyshine directional response, non-wall scattered

radiation from above a horizontal plane through the
detector.

Gg -~ Ground Direct directional response, non-wall-

scattered radiation from below the horizontal plane
through the detector.

Gg ~ Wall-scattered radiation directional responss, from

both above and below the horizontal plane through
the detector.

Skyshj_ne et iranriae
Ground Direct w— e ——m e
Wall=scattered ~~"* A AN

igure 3.¢ Ground Contribution Received by a
Shielded Detector

This classification of the ground contribution into separate-
ly identified directional responses issown in Figure 3.6.

The floors above and below the detector
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Example 3.8 Directional Responses for a Simple Structure

GIVEN : We=35ft, L =650ft, Datector 3ft. above floor
Wall 10ft. high

e m e gy e Top—

Elevation Plan
Wy l
= I—\L’\ >// - ‘ l
__=-—-———’T'</?/ ‘7\.; 17.5! I
!

©y “+—— 0@
17.5¢ |

25 251

REQUIREMENT: 1. Determine values of w,and w; .

2. Determine appropriate Gy, G, and Gge

SOLUT ION s 1. 2¢
W L e z n=2L§ w Gd Ggy Gs
Chart 3 |Chart 6 | Chart S | Chart
W, 35 50 70 7 .28 .70 none 069 022
w_]_ 35 50 o710 3 12 086 .l!ﬂ none ,]5"'.:
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1imit the exterior walls «nd thus form finite, plane non-con-
tributing areas. The meg.dtude of the contributing areas may
be represented as ths sum of the portions of the upper and
lower henispheres which are not subtended by the solid angle
fractions., As directional responses are determined as the
contribution through tae portion of the hemisphere not sub-
tended by the solid angle, they are functions of a single
solid angle fraction. Dire:xtiomal resvonses will vary counter
to variation in the solid angle fraction. Directional res-
ponses for a simple structure are detemined in Example 3.8
by use of charts 5 and 6, in Chapter 4.

Directional responses determined from charts 5 & 6 in Chapter 4
are for the "pure"” situations of the radiation emergent from
the inner face of the exterior wall being either all non-wall-
scattered radiation or &il wall-scattered radiation. Such

pure situations do not exist in practice except for an open-
ing in a wall. In cases of windows and light doors, tho mass
thickness is assuzad to be negligible and consequently, these
are analyzed as pure situations with only nor-wall-scattered
radiation.

In the typical exterior wall shielding aituation ooth non-
wall-scattered and wall-scattered rediation merge from the
inner face of the wall. The {rection of tiis amergent rediation
which has been scattered in the wall is 4 fraction of the mass
thickness of the exterior wall. Values of wall-scattered
radiation, the sum of the Gg and non-will-scattered radiation,
Gg rlus Gy, which are determined as thov;h for pure situations
are reduced by multiplication by the fraction of the emergent
rediation whick has been or has not been scattered in the
wall, respectively. As the fracticn which has been scactered
is vepresented by Sy, then the frection of the emergent radia-
tion which has not been scattered is 1-3,.

The wall-scattered radistion received fram an exterior wall
varies with the orivntation of the wall with respect to the
detector. Collimation of rediation scattered in the wall in-
creases the proportion of the total wall-scattered radiation
that ocanes fram the adjacent wall. Thus, a detector between
two psrallel wails which extend to infinity receives radis-
tion fram the full extent of both walls, but r1eceives the
tulk of this rediation fram those portions of the walls adja-
cant to noraals drewn to those walls fram the detector,
(shown = Figure 3.7a). A situation which departs fraa this
case, tuch as a rectangular structure (Figure 3.7t) haa lues
wall area from which the rediation may emergas but since the
detector is now opposits poinis on four walls, has & larger
total of wall-scattered contribution to the detector. The
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exprassion:
R = el | (36)

+e2

gives the factor "E", termed ths '"Shape Factor", as a function
oi the eccentricity, e, uf the building, by which the wall-
scattered radiation determined for the parallel w«ll case

(Gq T chart S) may he converted to the case of & rectangu-
lar building. The Shape Factor, E, for a detector location
centered in a square bullding is and for a detector location
centered in a circular tmilding is 0.5 W,

The total Gecwetry Factor for ground contribu~
tion, Gy, is the mm of ths non-wall-scattered directional

sporsés multiplied by the frection of the redistion emer-
gent rmn the wall which has not been wall-scatiered, and the
wall-scattered directional responses muliiplied by both the
fraction of the emergent radiation which has been wall scatter-
od and the Shape Factor. In standard notation,

Gg= (Gy+ Gg ) x (1-Sy) + (Gp+ Gg) xSy xE (3:7)
3ehe3 BARRIER SHIELDING
3.’00301 M

The determination of the effocts of maas is the basic aleament
of barrier shielding and the most important part of a correct
anaiyesis. The ot“octimeu of nass is detemined in part by
the atomic mmber of the shieslding element and the anergy of
the inci‘ent radiation. The syst.ez of analysis is based on
the shielding propsrties of a single substanco, water, and
the anergy spectrum of fission products 1.12 hours after de-
tonation. The shiaelding prope~ties of water closely approxi-
mate the net shielding obtzinad 1yvam common building construc-
tion materials such as concrete, which are camposed of ele-
pants with generally low atanic numbers. 7The energy spectrum
of fallout varies considerebly with time after the detonation
dve to different half-lives of the radioactive isotopes.

The spectrum of fission pro-
ducts at 1.12 hours after detonation is either representative
or a conservative approximation for tlLe speotrum at other
times after detonation. The redioactivity offallout is
princirally from fission products. Unfiseioned bamdb fregaents
and neutron induced radiosctivity in soil are & minor source
of the rediocactivity of fallout.
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The effectiveness of mass is also dependent cn the amount of
mass that the radiation must pass vhrough to get to a detector
And the angle of incidence of the radiation with an air-wall
interface, Attenuation ¢ radiation between the contsminated
field and the wlls of t'»s structure due tc the mass of air

is included w*r il:» barrier redqucticn factor for exterior
walls. The actual .uass of the wall is measured in pounds per
square foot of barrier suface. Increased effectiveness of

& barrier in reducing radiation not nomal to its surface is
accounted for in the darivation of the barrier reduction
factors for specific applications. Thus, different curves
are used for barriers in different orientations from the de-
tector. Such curves are prepared for use for floors below the
detector, case 1, chart 13 for floors above the detector, case ,
3, chart 1; and for exterior walls, chart 2.

3.4.3.2 “Height Above Contmminated Plane

The radiation received by an unshielded detector varies with
its hedight above a wnifomly contsmminated plane. Tae effects
of distance awey fram the emitting gource and scattering and
absorption in the air are given in Figure 4.6 Reduction Fac-
tors for Height and Slant Radius. The value read fram Figure
4«6 1is all the radiation received by the unshielded detec-
tor ai. a specific height in comparison to the radiation re-
ceived by THE STANDARD,1.0.

The effect of height above the contaminated plane is incor-
porated into the barrier reduction factor for the exterior
wall. This corrects all ground contribution for height by
the variation of only a single factor. Roof contribution is
not affected by height as ths sources of the rediation are in
contact with the structurs surface.

3.443.3 Collimation ana ingle of Incidence

The effectiveness of a barrier is partially dependent upon
the angle at which the rediation strikes the surfece. The
sme barrier is less sffective in reducing rediation which
strikes normal to its surface than it is for rediation which
strikes at aame other angle. The radiation striking a verti-
cal barrier at a height 3 feet abov+ a uniformly rontaminated
field of indefinits extent has the cngular distritution of
THE STANDARD, as shown in Figure 3.2, In elevation, the bulk
of this radistion is almost parellel tc the ground surface.
At higher elevations, radiation strikes the wall surface
from an average direction considerably below the horizontal.
See Fig.res 3.8a and 3.8b. The effectiveness of the
nase is increased with incressing departure fram the no:wal
of the incident rediation. Thus, the effectivensse of the
mass in tne exterior well incresses with height of the wall
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above the contaminsted plane., This ralationship is inciuded
in chart 2 , Reduction Factors for Ground Contribution through
Vertical wall barriers.

Sineco with increasing height, the bulk of the radisiim re-
ceived by a point above a contaminatrs 1 plane has an inc.eas-
ing tendency to come fram the same d’rection (frum vertically
below the dstector), the air is said tc have a collimating
effect on tne radiation. Collimation is one offect of any
mass upca incident radiation. When radiatior is scattered
within n2s. 4t may travel in any Airention, Figure 3.9. That
which has been scattered the least will retain the most energy
and will tend to emerge fream the mass approximately in its
original direction of travel, cise A. Radlation which has
been scatter«d more has an Increased chance of being further
scattered or absorted within the barrier, case 5. When the
direction of travel after scattering is essontially nommal to
the surface, the rtdiation has the leust chance of absorption
or Zurther scattering and the greatest chance of emerging
from the barrier, case C. This effect is such that with in-
creasing maas of the barrier, the scattered radiation has a
greatar tendency to emergs nomal to the surface of the
barrier. As the fraction of the emergent radiation which has
been scattered also increases with the mmount of mass, the
collimation, the tendency of the radiation to travel in
paiallel paths, becomes very pronounced with high mase thlck-
nesses,

The barriers of a structure, walls, roof, and floors, colii-
mate the radiation with a resulting increased effcctiveness
of the barriers. Interior partitions forming bar:ders to
ground contribution are an exception in tnat the radiation
amerging from the exterior walls has besn collimated and there-
by has the tendency to travel horisontally. Thus the interior
partition barrier reduction factor for ground contribution
does not include increased effectiveness for collimation,
the factor used is that for a vertical barrier at a hLeight
of 3 feet above the contaminated plane, the hedght of HE
STANDARD. If the radiation has been collimated by passing
through a horisontal barrier such as & floor or roof with a
resulting tendency to travel vertically, the effectiveness
af the interior partition as a barrier is increased. This
increase is provided for roof contribution by the use of a
separate curve for the interior partition barrier reduction
f‘cwr. Chert 1i., As noted in m‘ 3¢l00301’
separate curves are ugerd tor the barrier reduction factors
for floors above and below the detector alevation. ™he use
of two curves for fioors is principally due to the greater
aergy, and thus greater penetrsting ability, of the ground
direct rediation.
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~/ 3,5 FUNCTIONAL EXPRESSIONS

3.5.1 DEFINITION

The variables which determine the amount ol shielding afforded a

v point within a structure have & carplex relation to their para-
meters. As can be noted in Chapter 4, charts, these re-

E lationships can be expressed by highly canplex iormmuias., These

formulas are not used in the system of shielding analysis however,

t are replaced by charts which graphically express the relation

of the various tems to their parameters. Functional expressions

are used to show that relationship does exist betwean a termm and

the independent variables which determine it, without expressing

the precise nature of the relation.

An example of functional notation msy be given with the expression:
2= XY

where Z is the depa ‘ent ariable, and X and Y are the inde-
pendent variables whose valves determine the magnitude of Z.
The functional notation for +his relationship could be written:

e et LY~ e § . o

Z = £(X,Y) 5 where Z is a . ~ction of X and Y, or

Z(X,Y) : where Z is a function of X and Y.

: Note that functional no‘ation does not express the exact relation-
; ship, tut only that a relationship exists. Thus, the texm Z(Z,Y)

could aleo represemt ;L 37, 7o 11, we

) 3.5.2 FUNCTIONAL NOTATION OF BASIC TERMS

: The system of shielding snalyuis employs mary factors, which are
determined by the physical properties of the stnicture under
analyszis. Precoding paregraphs have presented and dafined these
terms. The normal functional notation used when they are incor-
rerated in functional exprossions is given below:

Be(Xqs Hg) Exterior wall barrier reduction factor, s function
of exterior wall mass thickneass, X4, and detector
haisht above contaminated nlane, Hy, Ha. is taken
as 3' for basement caies.

e

A S

Be(Xe) - Barrier reduction factor for flour immediately be~
neath detector, & function of floor rass thicinees,

Xfo
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Bi(X4,3') - Interior partition barrier reduction factor for
ground contribution, & funection of interior
partition mass thickness, X,, and a hedght of 3'.

B{(Xy) - Interior partition bsrrier reduction factor for
roof contribution, a function of interior parti-
tion mass thickness, Xi.

BY(X!) - Barrier Reduction factor for ground comtribution
for floor immediataly over the detector, a func-
tion of the mass thickness of that floor, X}.

Eys(XesWs)~ Reduced barrier reduction factor for wall-scatter-
od reuiation with mutual shielding, a function of
exterior wall mass thickness, X, snd the solid
angle fraction for the finite field of contamina~
Yion seen at midstory hedght, wg.

E(e) - Shape factor for wall-scattered radiation, a
function of the eccentricity ratio, e.

Ga(w) - Dire¢'‘onal respuonse ror skyshine radistien, a
function of solid angle fraction, w,

Gd(“’:ﬂd) ~ Directional response for ground direct radiation,
a function of solid angle frection, w, and de~
tector height above the contaminated field, Hy.

Gg(w) - Directional =esponse for wall-scattered radiation,
& function of solid angle fraction, w.

Su(Xe) - Frection of emergent radistion acattered in well
barrier, a function of exterdor wall mass thick-
nm’ k.

3¢5¢3 ROGF CONTRIEUTION

The baxic functional sxpression for roof contributior cambines
faccirs for barrier reduction and geametry effects.

Re « Colw,Xg) (3.8)
where Ry - Reduction Faotor for roof contritution,

Co(w,Xo) = Contribution of rediation lying on roof and
akyshine through the roof, a function of the sclid migle frection
determined bty the coutributing roof area and the total overhead
oase thickness, XI,, of mass in horisontal planes between the de-
tector and the cantamination,
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When the contribution of a portion of the roof must came “hrough
an interior partition, the net contribution of that portion of

the roof must be multiplied by an interior partition barrier
reduction factoxr for roof contribution.

R = net C, x BJ(X;) (3.9)

vhere B'(x}) ie the interior partition barrier reduction
factor for oot contribution, and which by derivation, takes in-
to account the increased effectivenes; of the intarior partition
due to collimation by the overhead riass.

Byuations 3.8 and 3.9 are the general expressions for roof can-
tribution. The determination of 'net C," and other applications
of these expressions are iilustreted in Chapters 5 and 6.

3.5.4 GROUND CONTRIBUTIM

The basic functional expression for ground contritution cambines
barrier and gemetry reduction factors:

Cg =Bx GB (3010&)

where c8 = Reduction factor for ground contribution.

B = Product of the applicable Barrier reduction factors.
Gg = Gecnetry reduction factor for ground contribution.

This functional avpression may ba axpanded to include the actual
factors used in the determination:

Cg = BalTt) x 24(53.3") {fos(ur, ) + Gyl)] x (50,
+ [og(up) + Gylu) ] x 8,(%g) x z(-)} (3.100)

The above expression is the contribution through the wall on the

story of the detactor of a rectangvlar, aperture-less structure
symetrical about the detector.

Cantributions through the exterior wells of adjacent atories,
through \alls with windows, or through walls of varying mass
thickness are casputed using variations of equaticn 3.1%b in
which all the appropriate barrier reduction factors are included,
ne’. values are substituted for the direciional response values
s, and provigion for different type walls is naie by repeat-
ing tae expresxions with the appropriate barrier and geanatry re-
duction factors and than weighting the resultant expressions in
sccerdanice with tho portion of the total structure they represent,
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Azimuthal sectors, in which the angle in plan subtended by the
specific wall for which the expression is written is made a frac-
tion of the huilding by dividing by 360°, are usually used for
this weighting procedure,

As the basic functional expression for ground contribution,
equation 3.10 or variations of this formula, are written for a
situation which is the same all around the detector, the non-uni-
form case must be calculated by using several functional express-
ions, each weighted Ly an appropriste agimuthal sector. Thus, a
general epression for ground contritution may be written:

Cg = Agl(B x ua), + Azz(B x 08)2 + A‘B(B x 08)3 + “%5.11)

3.6 SWMARY

The Detailed Procedure introduced by this Chapter, and the Sim-
plified, Approximate Procedure to be derived from it demand siill in appli-
cation, Both systems require visualization of a structure and the
manner in whish a camplex facility may be divided into simple cam-
pouients suitable for analysis.

The ability of the analyst to make this visual:=ation and his
working ability with the tools of analywis make the ., stsms practical.
The working ability is achieved only by practice, however the material
presantad in this section are the necessary tools.
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3.8 NOTATIMN

The following s th» basic list o. symbdols {or shielding analysis,
exclugivs a7 those used only in the Simulified Procedurs:

AvcsososesATob (ﬁf)o
Ao .eeveecFraction of contidibuting wall ared occupied by apertures.
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Azooooocooﬂmtw sector.
Au.......umuthd sector of aperturws.

BeoeeooesoBarrie: veduction factor for nlane isotropic sourse of
radiatiou.

BgeeossesoBarrier seduction factor for exterior wall conatruction.
Bf........Bmior reduction factor for floor beiow the detector,
Bi........Barrior reduction factor for interior wall construction.

Bi........Bm'ior reduction factor for overhiead (roof)contribution
through an interior partition.

BloeseessoBarrierr reduction factor for ground contribution through
the floor over the detector,

BygeeeoeosoBarrior reduction factor for wali-scattered radistion
(mutual shielding case only).

c‘........Roductim factor accounting for cambined barrier and geo-
natry shielding effectsj ground contribution.

CoeeesesssRoduction factor accounting for ccubined barrier and geo-

metry shielding effactsj overhead (roo?) -ontributien in-
cluding skyshine through the roof.

®ceecssncoitcantricity ratio = W/L.

EeseocesceShape correction factor for wall-scsttered radiation.
FgesecocesEffoctive fetch (ft.).

CesoovesecGoametry reduction factor.

G‘.... eosolirectionu]l respunise for siyshine radiavion.
GgeeeeeoesDirectional response ror ground direc’ ratiation.

G‘........Gecrou-:' reduction factor for ground coutribution.

GgeesssseeDizociional response for wall-acattered readiation.
H......n.ﬂlidit above contaminated plane (ft.).

Hyseoooeo Hoight of detector above contsminated plars (ft.).
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Less seesolangth of structure (ft.).

NessevossNomality ratio = 22/L.

PgsesseesPorimeter ratic of apertures,

PresssesssProtection factor.

PresesesssParimeter ratio,

PgroeoesesBarrisr reduction factor for point isotropic source.
RpeesesseosRoductdon factor.

Sy eesesesFraction of emergent radiation scattered in wall barrier.

(i=Sy) esesFraction of emergent radiation not scattered in wall berrier.

UseseerseoUnit weight of barrier (pef).
WeeeesooeoWidth of structure (ft.).
WoeeoessssWidth of finite contaminated strip (ft.).
XgeooesosaMass thickness of axterior wells (paf).

Y-vessscss 288 thickness of floor construction (psf).

XioeeececoMass thickness of interior walls (paf).
xonoooooeoTQtal overhesd mass thicknesa (pﬂf)o

Xéo veevessMass thickness of floor over the detector (pﬂf) .

Xpeosoosseslass thickness of roof construction (psf).

Z eeseecessPorpendicular distance between horizontal plane and de-
tector (ft.),

w (umega).Sclid angle fraction.

wq(omega).30lid angle fraction sublended by limited field for a point
at midwall height in mutval shielding cases.

wl,wzatc..Solid angle fraction in first, second, etc. 'eg of passage-
way or shaft.
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CHAPTER 4
DETAILED PROCEDURE - CHARTS
4.1 INTRODUCTION

L.1.1 OBJECTIVE

The design and analysis of structures for protection from fallout
gamma ~adiation requires the determination of the degrece of
protection given by both mass and geometry effects. The reduction
due to these two effects is found by relating a given structure

to standard configurations for which the reduction factor is known.
Once the reduction factors: for the standard configurations are
known, the result for the given structure can be determined. This
chapter will present the basic charts used for determination of

the reduction factor f-r standard configurations and a discussion
of the background and derivation of these charts, Thus a basis

is provided for estimating the degree of accuracy and applicability
of the charts for actual structural situations.

L.1.2 TACKGROUND

The fully-developed portion of the theory of gamma ray diffusion
and penetration applies only to media that are homogeneous and
infinite. Practical shielding applications, however, require
consideration of boundaries &nd irregularities. The basic study
in this field has indicated that economy of effort and increase

in accuracy can be achieved, if boundary problems are approached
by applying corrections to a solution for an infinite homogeneous
medium. Such an approach ‘is suggested by the fact that in many
circumstances the boundary effects are relatively small. Further,
the approach allows application of the extensive results for in-
finite homogeneous media that have been calculated by exact methods.
The method that is employed to correct for the presence of
boundaries is modification of infinite medium results through an
appropriate schematization.

Most theoretical data derives from study of a sirpie case in
which the medium has no irregularities (an infinite homogeneous
medium). The source may be a plane in the medium or concentrated
at a point. In these situations, detector response as a funciton
of distance from the source can be calculated to a precision of a
few percent. These calculations have internal consistency and
reliability, and usually represent a good approximation of reduction
in intensity due to actual slab barriers. It is convenient to
select a standard based on these calculations and to use ratios
between actual detector response due to radiation from a particular
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wall, for cxample, and this standard. The resulting rattos
cxpress ncarly all the special characteristics of the configur-
ation. Paragraphs 3,3 and 3,4 pr-scent a discussion of the
analytical proccdure and the use cf barrier and geometry fac:ors -
based upon these infinite medium calculations.

4.1.3 BASIC ASSUMPTIONS AND VARIABLES

Fallout is assumed to uniformly cover all horizontal surfaces

and the horizontal projection of sloping surfaces. This forms the
primary source of radiation which travels to the detector, wher -
everit muy be. A "Standard Unprotected Position,'" THE STANDARD

as defined in paragraph 3.2.2, is chosen as a detector location
three fcet rbove a hypothetical infinite plane source of the same
character as the fallout on the ground. Ground roughness is
avolded by making the source plane ideally smooth.

This choice of reference detecror locations

a. Glves an extreme, but not unrealistic estimate of the dose.
rate to which the centroid of the body is exposed ir an op:in
contaminated field.

b. When given the spectrum and strength of the gamma rays emitted
per unit area, permits the reference dose rate to be calculated
to sbout 2 - 3% accuracy.

¢. Aliows ground roughness to be considered as a separate
variable.

The "protection factor," Pf, {s defined as the ratio cf THE
STANDARD detector response, Dp, to the protected response,
D:

Pe = Do / D

The reciprocal of Pg, the REDUCTION FACTOR, is usud in structure
fallout analysis. The ratio D/Dy will be used in place of re-
duction factor for the development of the charts in this chapter.

In addition to selecting the location of the detector at a height
of 3 feet above an infinite contaminated plane, the spectrum of
fallout radiation used is that existing at 1.12 hrs. after fission.
Figure kel shows the relative intensities of different spectral
components at several times after fission. The height of each box
fs proportional to the energy content of gamma rays in the energy
interval, and the central line indicates an energy assumed for all
photons in the interval for purposes of calculation. The lines

do not correspond to spectral energies actually present. The
total intensity is unity for each spectrum. Once the spectrum is
selected for THE STANDARD, the relative effectiveness of various
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configurations can be determined.

In review, the basic assumptions introduced thus far are: uniform
distribution of contamination; spectrum at 1.12 hours after fission;
and location of THE STANDARD.

The shielding provided by a barrier depends upon many variables,
among which are:

(a) the weight per unit area of the barrier

(b) the type of barrier material

(c) the gamma ray spectrum

(d) the directional distribution of the radiation striking the
barrier.

The type and thickness of the barrier can be treated as one

variable due to a fortunate circumstance: nearly all important
construction materials have atomic numbers sufficiently low that
attenuation is due primarily to scattering interactions, which

are independent of the energy states occupied by the electrons.
Thus, the attenuation produced by a barrier depends almost complete-
ly upon how many electrons it puts in the path of the gamma rays

per unit area; this is simply the product of the number of electrons
per unit volume times the thickness of the barrier.

The effectiveness of barrier shielding is measured by a parameter,
X, which is proportional to the barrier thickness, t, and to
u x Z where u is the density and Z is the ratio of atomic charge

to aQOmic mass number averaged ovér the constituent elements of ‘the
barrier. X is defined by the expression:

X = 2(%) Ut (4el)

The factor of two is introduced because (E) is nearly 0.5 for
such important construction materials as brick and concrete, so
that 2(4) -~ 1 for those materials. If 2 (Z)x1 1s treated as a
dimensionless proportionality constant, then X can be measured in
pounds per square foot, with y and t measured in lbs/ft3 and feet
respectively. As X is nearly equal to the weight,per unit area
or "mass thickness" it is terped the effective mass'thickness.
Table Lhel gives values for 2 % for a number of common materials.
together with the density of the solid material. Table 4e2 lists
values of mass thickness for common building materials.
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Table 4,1 Values of 2 2/A and'U

Material 2x_Z/A

Water 1.11

Wood 1.06

Alr 1.0

Brick 1.0

Concrete 1.0

Soil , 1.00 - 1.02
(depending on water content)

Steel 0.931

Lead ~ 0.791

U, Density in pcf

62.4

34.0 (average)
0.076

115

144

100 (average)

480

710

Barrier shielding factors, B, are functions of the effective

" mass thickness, i.e., B w B (X).

Use of the concept of effective

mass thickness makes it possible to perform calculations even

when barriers are composed of saveral layers of different materials:
the ef{ective mass thicknesses of the different layers are added

to obtain the total mass thickness.

The other basic variables upon which the detector response depends

are presented in Chapter 3 and are listed here:

a. Ceometry shieiding (paragraph 3.4.2) based on solid angle
fraction (pdaragraph 3.4.2.2) which is used to determine directional
responses and overhead contributions, as modified by the fraction
of rediation scattered in the wall and the influence of the shape
of the area (paragraph 3.4.2.3).

b. Barrier shielding (paragraph 3.4.3) based primarily upon mass
of the barrier (paragraph 3.4.3.1), as modified by height avove
contaminated plane (paragraph 3.4.3.2),collimationsand angle of
incidence (paragraph 3.4.3.3).

4.2 DERIVATION OF CHARTS

4.2.1 MEASUREMENT AND DISTRIBUTION OF RADIATION

The actual measurement of radiation traversing a given region

requires a suitable detector as a probe.

The detector should be

small so that all parts of it are exposed to the same radiation
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Table 4.2 Mass Thickness of Common Building Materials.

r_..—»=
INDIVIDUAL BUILDING MATERIALS COMPOSITE MATERIALS
Items Thickness | Weight Py Component ltem Thickness | Weight Pt Component
Inches ; BrieK.......ccueen.... 4 ] eeereen .
Adobe.......ooauun.. 13 16 Wall "'ﬂ lo-trm.-uml clay 4 60 Wall
Asbestos board. . i Ha 1.? Do, Ceramie tile .
Ashestos, F e aeee 4 Rw{,):l“ on mortar bed. Do.
Asbestos shingles ... $4a 1.8 2 Do 291 . n
............... oor
Mphnllrooﬂnl. 3ply | ceeeeene t Roof Concrete, reinforced | ........ Do
r ribbed slaba (see
A:zh: troofing, 4-ply | ........ 55 Do. lectlon on cmpo-
gravel,
Asphaitroofing, 6-ply | ........ 62 Dao. erbla or terrazzo 4 50 Do.
alt ehi Plaater, hofiow wall | 4 2 Wall
Asphalt shingles......| ........ 23 Do, with steel sttds,
Brick.... 4 3041 wall Plaster on suspended | ........ 10 Ceiling
Do 8 410 Do. meta] Iath,
I T I :
1" 13420 Do. lehtmlgm concrete | 4 BT Floor
Clay tile shingles.....| .. FU 1548 Roo!
Clay tile, structural. .. 4 18 wall
Cclxg:t._'-: block, hol. ] W04 Do. DOORS AND GLASS
Do 8 8545 go.
Co,,m;,' ‘reinforced ™| B riving o Item Thickness | Welght Psf{  Component
............... 12 144-150
Fibsrboard..........| 15 03 Wwall Inckes
i Door, wood exterior, 13 4.5 Small buildings
Fiber sheuzhlnx ....... 153 0.9 Do, gt?'n_g‘fd 3 '},‘3 In. >
Gypsum block.. 2 9. 541.5 Do, n, solic core
PBor e 4 12,542, 5 Do, flush panel,
Qypsum board . . 34 2.1 Wall, ceiling D:&fh 4'33"2 "{‘_‘:;’!“‘"xc 134 Lo
prsum, sheathing... 14 2.0 Wall B 18 in. hollow
; ocore,
s - > nﬁm rinsa, ‘exierior,” l?: 131 La D% Idi
’ r, ginss, exterior, . rge buildings
Phl“:é' directly ap- Y 5 Wall, celling sluminum edge.
Plasteron fibertath...| 1 5.0 Do. yandard 3 -0in. x
Pl"'i," on gypsum % 6.0 0. Door, glass, exterjor 34 1.0 Do.
Plaster on metallath...| 3 8.0 Do. jranderd, 3 1t-0 in.
P ateroneodlath.. 0 wal™ Glass, double| L8 Small buildings
DO oo n 30 Do, strength,
Glass, plate......._... 14 5 Large bulldings
Plywood finish....... 3o 1.0 Do
ceseennn }e 1.5 Celling
Plywood shuthlnz.- b 1.1 Wall, roof
Slate. .. ..ccenennnn.. e 7.3 Roo!
Lteel, corrugated, 20| ...._... 2 Roof, wall
g8,
Steel pane), 18ga......[ ... ..._. 3.2 ‘Wall, roof
Stone. 12 130 Wall
Stone,mt facin, 2 24 Do.
Stucoo, metallsth. ... Ei ] 2.0 Do,
Stucco, wood lath_ . . M 80 Do,
Terracotts facing..... 1 5.4 Do, |
Wood block, flooring.. 3 10 Floor
Wood finish’ flooring. . 3342 2.5 Do.
Wood sheathing...... 3 2.5 Floor, roof
Wood shingles__...... 25 oof
Wood ahln[lu 614 in, 1Lt Wall
to weather,
Wood siding, 8 in. 1.5 Do.
bevel,
Wood siding, 6 in. | _.._._.. 23 Do.
drop.




flux and {t does not appreciably disturb the flux distributfon. The
response measured by such a detector {s due to photons which
traverse the detector material. These Fhotons may be characterized
by the direction of their trajectory at the time they enter the
detector. Direction is identified by means of polar coordinstes
which are measured with respect to an arbitrary polar axi{s through
the center of the detector and a reference half-plane terminating
along the polar axis (as shown in Figure 4.Z,. The vertical gnsle,
@ (theta), and the azimuth, ¥ (phi), are measured to a line
extending out from the center of the detector parallel to the
trajectory but opposite the direction of travel of the photon.
The angle which this line forms with the polar axis is 0, while
f is the angle between the reference plane and the plane terminat-
ing along the polar axis which contains this line. Any direction

of incidence is uniquely specified by values for these two direction
coordinates.

Poiar Axis

Figure 4.2 Coordinate System for Detector Position

4-7



Note that the coordinate pairs (0,9) may also identify a unique
;cint on a sphere of unit radius centered at the detector. The
coordinate pairs can thereby be referred to as a direction or ~
point on a unit sphere.

The total detector response, D = D (0,0), is made up of contribut-
ions from all directions. D (0,P) sin © d 6 d § is the portion
of the total detector response due to gamma rays with incident
trajectories between @ and @ + dO, and between 9 and P + dp. The
total response from all directions is expressed by the integral:

L 2n )
D= j‘sin 0do S dp D(0,0)
o

)
i iw :
- j,d(cos 0 {f dp p(0,9)
-] (]

The function D(0,P) is referred to as the detector DOSE ANGULAR
(or DIRECTIONAL) DISTRIBUTION.

(4e2)

When there is symmetry about the polar axls due to tﬁe nature of
the radiation fleld, D(8,P) does not depend upon 9, apd the
function D(§,P) can be written in the form D(0,P)=( I ) D(O).

Equation 4.2 becomes:
»

D = 5 D(0) sin 040 (4.3)
o

his expression gives the total response of a detector at a given
position in space due to a given sourze of radiation. The only
stated requirement is that the resulting distribution of radiation
intensity received by the detector must be symmetrical about the
polar axis. The use of Equation 4.3 will be presented with the
derivation of the height chart (paragraph A.2.3).

§,.2.2 HEIGRT CHART

Consider an infinite isotropic, plane source of fallout radiation
imbedded in an infinite, homogeneous medium, Figure 4.3, with the
distance of the datector from the source plane represented by d.
The distances may be referred to alternatively in terms of X,
(1bs/£ft2) the effective mass thickness between source and the
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Figure 4.3 Isotropic Detector, Plane Isotropic Source

detector. If the medium is air (at 200, 76 cm Hg), the relation
between d and X is: :

d/X = 13.3 ft of air/psf.

At distance d from the source plane, the radiation produces a
dose angular distribution which is referred to as,ﬂ (d,cos9),
where 0 is the vertical angle measured from the perpendicular
through detector to the source plane and which forms the polar
axis. The scale ofxﬂ (d,cos@) is so fixed that an isotropic
detector which registers Dy roentgens/per hour three feet above
the source will register dDsD, €(d,cos€) sin@dd roentgens/per
hour due to gamma rays striking the detector between © and O +
dg@, or:

'
yd(COSO) A(3tcos0) = 1 (hely)

Equation 4.4 is equivalent to equation 4.3 with the function D(0)
written as fR(3!cos@).

The function_ﬂ.(d,cos@) 15 the same as the dose angular distribu-
tion discussed in paragraph 4.2.1 with an additional variable

for height, d. It represents the dose rate received by a
collimated detector oriented at an angle O with respect to the
vertical. A sketch of this function r -_ﬂ'(d,O) as a function of
© is shown in Figure L.4,which shows the angular variation on a
polar plot where the radial vector r, is the incremental dose
integrated 3600 about the polar axis. The radial scale in Figure 4.5
is logarithmic so that the varietions of dose rate with O are
much more severe than shown, as may be seen in Figure 3.2 and3 .8.
The notation r -,ﬂ' (d,0) is used to distinguish between the dose
angular distribution in terms of d and O and that in terms of

d and cos ©, written above as R2(d, cos@).
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Polar Lezend

Axis
' SKYSHINE

. GROUND DIRECT

Figure 4.4 Directional Distribution (Flane Case)

rigure 4.5 illustraces the appearance and behavior ¢ f(d,cos@).
These curves regresent actual results for penetreation by a 1,12

hr fission spectrum in an infinite medium ~f water, which is
sufficiently similar to alr in regards to interacticn probabilitles
that these curves have been ccaled to correspond to feet of alr.
Various faatures of these curves should be nored! n~car the suurce
plane {low d).@(d,cos0) is proportional to (cos@)-1 tor angles
approaching bu: less than %/2 (i.e., cos ©-» 0) This results

in large values for directions neariy parallel to rthe nource plane.
an important featuce of the radiation from this type of source.
With increesing height above the source plane, the d&rectional
distrihution is increasingly weighted toward @ = 180 (i.e.,
vertically dewnward). With xreathciszht abuve the source plane
(high d), the initially dominant obligue components are pre-
ferentially removed.

The total response of the detextor at a height d above the
contaminated plane is, from e uation 4.4:

L(d) «fg- (d,0) sin@dG (4e5a)
L4

'
L{d) ‘f,Q (d,coe@) d(co:0Q) {(4.5)
Jei
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Figure 4, .5 Dose angular distribut1ongﬂ(d,cos@) for an idealized planc

fallout source, at different heights in air {d) above the
source.,
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Equation 4.5b cxpresses the response in terms of the variable
cos® while the {irst equation expresses the response in terms of
the angle 9. In view of the normalization of THE STANDARD at
d=3 feet, L(d) Is simply the total detector response at a
distance ¢ (In air) from an Infinite planc, !sotropic source,
divided by the detector response at 3 feet in alr from the same
source. Note that the detector response includes radiation that
has travclled past the detector and has been back scattered as
well as radiation that has been back scattered from the secmi-
Infinite space below the detector. These responses are Inherent
in the determination of the dose angular distribution function.

Figure 4.6 shows the variation in reduction iactor L(d) with height
above the contaminated plane. The curve goes to a valuc of one
ot a helight of 3 fecet, corresponding to THE STANDARD POSITION.

Figure 2;9 can also be employed for the configuration shown in
Figure 4e7 below, where X may be considered cquivalent to distance

in feet. .
é/

7

y //

Figure 4.7 Isotropic Detector, Isotronpic Circular Source

The response from the circular area of contamination can be
considered as that f{rom the entire plane minus that from beyond
the circular region:

D = L(X) - L{¥ /cos® max)

where (X/cos® max) is the slant radius of the circular region.

In addition, Figure 4.7 can be used for the response of a detector
from an infinite plane of contamination with a cleared circular
area. If in Figure 4.7 the shaded area is considered as fallout
and the asterisks the cleared area, the ~esponse is

D = L(X /cos® max)

where again (X/cos® max) is the slant radius of the cleared area.
The function L is obtained directly from Figure 4.6.
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L.2.V CHART 1 - Bp(Xe) CURVE

[7 the relation between height In alr and mass thickness is in-
troduced, THE DETECTOR responac for the configuration shown in
Figpurc 4.3 can be written In the forms

'
L(X)'fﬂ(x.cosﬂ) d (cos9)
-1
L(X) is the same fuaction as L(d) except that distance {rom the
source 18 expresscd in terms of the ceffective mass thickness.

The curve of 3r(x ), Chart 1 shows the varlation in the reduction
factor expressed gy L(X) abovz as a function of mass thickness.
The curve goes to a value of one at a mass thickness correspond-
ing to a mass thickness of 3 feet of air. Note that the con-
figuration shown with Chart 1, Bf(Xf) does not correspond to the
corfiguration used in its derivation (Figure 4.3) but rather to

a situation which may arise In the analysis of the shiclding
characteristics of a structure. This will be typical of all the
charts to be discussed, since it Is neccessary to apply the resuits
of standard configurations to actual situations.

.4 CHART 1, B'o(X'oc) CURVE

The effectiveness of a barrier to radiation that has beea back
scattcred can be found by employing the configuration shown in
Figura 4.8.

Figure 4.8 Isotropic Detector, Source Isotropic only in Directions

Pointing away From the Detector

The configuration sketched in Figure 4.8 shows a plane source
emitting gamma rays isotropically in an upward direction into an
infinite homogeneous medium. The detector is below the source
plane, separated from it by an effective mass thickness X.
Radiation can be backscattered to the detector, giving a response
which can be calculated. A normalization to unity at X = 0 is

41y
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is convenient for use as a reduction factor in the applications,
so that the resulting detector response is the ratic of the res-
ponse at a given mass thickness to that at a mass thickness of
zero. Chart 1,B' (X'o)kives the response function for this
configuration., Again nnte that the sketch given with this curve
does rot correspond exactly to the configuration used in the
derivation of the curve, but rather to the situation for which the
curve is used. B'g(X'o) Chart 1 is used to determine the barrier
reduction factor for radiation from the wails of the story above
the detector as reduced by the intermediate floor.

5 CHART 10

Calculaticns apply to the response of a detector ~#ith a conical
collimator of solid angle.

Cage 1

This calculation applies to the reduction factor in a verticsl
shaft below a horizontal circular aperture, such &s & skylight,
vhich is covered with radioactive material. This value of

Rp = 1 for W= 1 corresponds to a detector which is separate
from the source by a barrier thickness equivalent to three

feet of air (i.e. 0.23 PSF). This curve includes a skyshine con-
tribution.

Cage 2

This celculation appiics to the reduction factor in a horizontal
passageway leading from a vertical circular aperture. The value
of Ry = % for w = 1 corresponds to a detector which is located
in the vertical plane of the aperture and thus receives radgdi-
ation from a semi-infinite plane.

Case 3

This celcvletion applies to the reduction factor on a vertical
shaft below a horizontal circular aperture which is not ccvered
with radioactive material. The value of Re=C.1 for vl =1 corre-
sponds to a detector which is located Iin the horizontal plane

and thus measures the total skyshine contribution.
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4.2.6 CHART 2, Be(XeH); CHART 1, Bg(Xi)

The efiectiveness of a vertical barrier car be determined using
the configuration shown i{n Figure 4.10. Fallout radiation is
assumed to be uniformly distributed over a semi-infinite half

/

\\\

\\\

\
\
\

Figure 4.10 Isotropic Detector and Plane Isotropic Source: The

Radiation Field at Height d Above the Primary Source
is taken as a New Source at a Penetration X to the
Right of the Detector.

plane. The detector is located a distance d above the contaminated
plane and separated from the outside medium by a material.with

mass thickness X. It is required to find the total response of the
detector in this position. The angular distribution of radiation
incident on a verticel wall is assumed to be the same as if the
wall were not present. This distribution corresponds to a dis-
tance d in air from an infinite plane source in a homogeneous
medium, but with directions referred to a polar axis perpendicular
to the vertical wall (i.e. parallel to the source plane). The
spectrum incident on the wall is assumed to be that generated by
the primary source on the ground; an integral over all ohlique
angles of incidence is made; and the radiation at each angle is
weighted according to theoretical data on oblique penatration,

The result approximates thie total deatecturresponse at a neight d

4-16



above the source plane and with a mass thickness X of barrier
materlal between detector and external barrier surface. Errors

in this calculation arise from inaccuracies in the angular dis-
tribution, changes in the incldent spectrum as the scattered
radiatlon component becomes more important, and incorrect
correlation of spectrum with directisn. In genaral, this function
represents the vertical wall barrier reduction factor atcurately
for d small,compared with a mean free path of the source radiation,
in air,i.e. d< 1000 feet.

Chart 2 presents the results obtained from this configuration with
some modi fications. The results shown in Chart 2 are normaljzed

to the detector response at THE STANDARD detector location of 3
feet; and the results are for a configuration which is symmetrical
about a vertical line through the detector. The zero mass thick-
ness line thus corresponds to the hezight chart given in Figure 4.6.
The results for a height of 3 feet are shown in Chart 1, B:(X5) curve.
The results in Chart 2 give the barrier reduction factors relative
to THE STANDARU and include the effects of air attenuation,
collimation in air, and the effect of mass of the vertical barrier.
The effect of collimation is inzluded by accounting for the direct-
ional distribuytion on the vertical wall as discussed above.

L.2.7 CHART 1 Bjy'(Xi) CURVE

In the analysis of roof contributions, it is necessary to account
for the effect of interlor partitions, Since the radiation

emerging from overnead mass has been collimated -7 that mass, it

is necessary to include an effect of this collimaticn in the barrier
reduction factor for the interior partition. This ccilimation
causes the interior partition (or vertical barrier) to be more
effective than it would he if the radiation were not collimated.

The barrier reduction factor for this case is found by considering
the ratio of the total radiation impinging upon the vertical
barrier to that emerging from it,

Figure 4 .10 shows the typical standard configuration. The radiation
which the detector receives relative to THE STAMDARD is given by
the curves of Chart 2. For the roof contribution however, the

overhead mass thicknzss is replaced oy the equivalent distance d»
oocained from the relation:

a/x = 13.3

discussed previously. This results in:
B; (Xy, d=13.3X,)
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which Is the response accounting for the effects of mass, gt.
tenuation, and collimation and is the ratio of the total radiation
at the detector to that at THE STANDARD., However, the required
barrler reduction factor is the ratio of the radlation inside to
that outside. This latter value i{s simply the height chart, or
to continue to use Chart 2, the value of By at zero mass thick-
ness and a height d=13.3X,, that is

si(o,13.3x°)

The ratio below, gives the tntal radiation inside to that outside:
and i{s the effective barrier reduction factor for a vertical
barrier for roof contributions:

Bi(Xi, 13.3x°)
Bi(o,13.3x05

B:' =

If this ratio is calculated for a range of X, and Xj values it
is found that for X, = 50psf the curves for various values of Xj
are nearly vertical, suggesting that beyond 50 psf an increase
in Xo doss not significantly effect Bj. It is also determined
that most of the change in this ratio occurs as X, varies from
0 to 12 psf. As a result, one curve, for X =50 psf, is adzquate
to account for the ratio given above and this value

By' (X,) = B, (X,, 660)/B,(0,650)
is shown in Chart 1 (By'(X;) Curve.

This barrier factor is used in the analysis of roof contributions
as discussed in chapter 5,

4.2.8 CHART 2

Chart 3 presents curves of the solid angle fraction for the ranges
of parameters indicated. These curves give the solid angle
fraction subtended at a point datector by a rectangular area, and
were calculated from the expression:

e
w = (2/y) tan"1 [n(nzi- e2 + 1)}_57

4.2.9 CHART 4

The introduction of the solid angle fraction permits evaluation
of the effect of finite fields of contamination. Figure 4.11
shows a circular area of fallout having its center directly
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opposite a detector and separated by a layer of materlal of mass
thickness X. The solid angle fraction defined by the circular
area is = 1 - cos 0 max

Figure 4.11 Isotropic Detector, Isotropic Circular Source

Chart 4 presents curves of the ratio of the response due to the
circular disk to THE STANDARD. Thz barrier is assumed to be
uniformly distributed between source and detector. The detector
therefore receives both skyshine and radiation backscattered from
the medium below,

Note that the figure shown on Chart 4 is not exactly the con-
figuration used in deriving the curves of the chart, but is shown
for convenience as typical of a roof configuration.

The linew =1 of Chart 4 is the haight chart,Fizuve 4.6 since a
solid angle fraction =1.0 corresponds to an infinite plane of
contamination. Since radiation backscattered from tha medium
below {s considered in the derivation of this chart, the limiting
value at® =] and d=3 feet of air is 1.0. As the mass thickness
of 3 feet of air (0.23 psf) canaot be distinguished from the 0
psf line they can be considered identical for practical purposes.

4.2.10 CHART 9
In cases where the source has finite dimensions the barrier re.

duction factor for the infinite sodrce (Chart 2) is replaced by a
reduced barrier reduction factov for wall-scatteced radiation.

L~19



This 1s discussed ln greater d2tail in chapter §,

The barrier reduction factor shown in Chart 9 for wall-scattered
radiat.cn from finlte sources is based oa unpublished calculations,
in which the dose rate hehind & wall due to unscattered incident
radiation from semicircular sovrces was calculatced, These semi-
circles were concencric about a point at the base of the wall
directly below the detector position on the wall. Th2 results
are a functicn cf the wall thlckness ar? the solid angle fraction
@ subtended 3y the source, The effect of height on the berrier
redu~tion factor is not important for the usual range of solid
anzle fractions. The extension >f the curves of Chart 9 shown in
this text beyond those given in the prior text, was carrled out
using the 3 feet line of Chart 2.

4.2,11 CHART 5

4.2.i1.1 Skyshine Case Gg

In the analysis of structures, it Is necessary to account
{or the emount of radiation passing through the vertical
walls above the detector plane. This is shown in the sketch
with the G5 curve on Chart 3.

Ths carve for G, is obtained by ceoasidering the coa-
figuration shown in Figure 4L.12. It is required to fiad
the amount of skvshine radiation reaching the detector

)
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Fluure 4.12 Contcal Detector Pointed awav !fryr a Plane Isatropic
Source
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through the upper cone defined by O max, This angle is
defined by a circular ares whose solid angle fraction is

W » 1 - cos O max

The basic data for skyshine radiation is obtained from the
directional distribution functions given in Figure L.5.

The curve for G, yas obtained for the case where d=0, that
is, detector located on the source plane. The variation of
skyshine with height i8 not significant and is neglected.
The value of 0.1 atw=0 ig the rgtio of the skyshine
radiation to the total radliation received at a detector at
a height of 3 feet. Although the curve was derived at d=0,
it iIs used at all heights and is normalized with radiation
received by THE STANDARD.,

In addition to the skyshine radiation reaching the detector
directly, a1 additional effect is included in the G curve
of Chart 5; namely, a correction term to account for the
radiation reflected from the ceiling., This correction
factor 1s made a function of the upper solid angle in order

to account for the relative location of the ceiling.

4.2.11.2 Scattered Case Gg

The factor, Gg, attempts to account for scattering of rad-
fation by the walls. As only limited information is available
on thie wall scattering effect, it is necessary to approximate
the distribution of scattered radiation. Since skyshine is
basically scattered radiation it is used to obtain the Gg
curve shown in Chart 5.

It is assumed that scattered radiation is symmetrical with
respect to a horizontal plane through the detector position,
so that the normalization is to 0.5 at #=0,

Again it should be noted that the solid angle fractions
utilized in the Jerivation of both the G5 and G5 curves were
obtained from circular areas ,and that both curves are assumea
to be insensitive to height.

4.2.12 CHART 6
Ground direct radiation as a function of solid anzle fraction is

obtained directly from the directional distribution curves given
in Figure 4.5. The only distinction between this case and that

i~2]



of skvshine Is that the region of Interest is below the detector
plane. Chart 6 presents curves of the ratio of ground direct
radiation as a function of the Sndicated solid angle fraction at
a given helght,to that of the total radiation at that bheight.
These curves-were obtained directly from Figure 4.5 and by using
circular solid angle fractions.

The value of G4 at 3 feet and@=0 i{s 0.9 indicating that at the
standard position, 0.9 of the total radiation is ground direct
while 0.1 is skyshine, The vertical line atw=0 shows that, as
the detector is moved away from the plane of contamination, the
fraction of the total radiation which is ground direct decreases
slightly; whtle it is assumad, in Chart 5, that the skyshine
fraction of the total radlation does not vary.

Chart 6 includes only the effect of geometry and does not account
for attenuation of radiation due to height. This effect is in-
cluded in the barrier reduction factor which is obtained from
Chart 2.

L.2.13 CHART 7

The methnd of analysis discussed in the Chapter 3 stated that

the system distinguishes between radiation which has been scatter-
ed in the walls aad that which has not. The fraction of the
emergent radiation that has been scattered in a wall barrier is
shown as a function of mass thickness in Chart 7. If the mass
thickness is zero, no radiation is scattered, while if the mass
thickness is infinite all the radlation is scattered.

Chart 7 was derived for the configuration shown in Figure 4.9.
The ratio of thz scattered radiation to the total radiation was
determined as a funztion of th2 mass thickness separating the
detector and source. As in all calculations nerformed to obtain
the basic charts, the source was assumned to pe that of gamma rays
emitted by fission products 1.12 hrs after fission.

The sketch shown with this chart is not the configuration employkd
to obtain the curve but rather is illustrative of the use of Chart
7 in actual applications.

4.2,14 CHART 8

The charts discussed above have, within the framework of the assump-
tions, been obtained from schematization of certain basic con-
"figurations. Chart 8 however, is a curve introduced to account
approximately for the shape of the building in the scatter geometry
coatrlbution. It is obtained by assuming that the response at a

22
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detector due to wall-scattered radiation is proportional to siny
when # is the ahgle shown below. This is an approximation

Pl

of the directional distribastion of radiation emerging from the
wall. The wall-scattered response in a rectangular building is
the sum of the rerssonses from the walls, so that the shape factor:

E = siny¢+ sin ( -27[- -¢) = sin¥+ cos¥

= (1 + tan¥ ) / secp= (1 + e)/(1 + ez)%

where e = ( W/L)

This factor is plotted {n Chart 8 and is utilized with the wall-
scattered component as discussed in Chapter 3.

4 .3 SUMMARY

The discussion of the charts and their derivation in Section 4.2
has been based upon the material presented in Reference 1. Table }4.3
presents the correspondence between the charts presented in this
chapter and coatained in the OCDM Manual "Design and Review of Structures
for Protection from Fallout Gamma Padiation' to the data and discussions
contajned in Reference 1,

Columns (2), (3), and (&) of Table 4.3 present the notation,
figure and discussion references from Reference 1 which have been
utilized to obtain the charts indicated in Cclumn (1). The relation
between the referenced figures and the charts is indicated in the
comments, Column (5).

Table 4.3 can be used with the text of this chapter to obtain a
more detailed discussion of the charts, including the mathematical
derivations.

L .4 REFERENCE
1. Spencer, L. V., Structure Shielding Against Fallout Radiation

From Nuclear Weapons, Natioral Bureau of Standards Moncgraph
42, 1 June 1952
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TABLE A3 CORRESPONDENCE OF CHARTS TO DATA OF REF. 1

-
ot e 42t e

o ) 3 (4) (5)
CHART NUMBER  FUNCTIONAL NOTATION FIGURE REFS. PACE REFS. COMMENTS
1., Case |, and L(X). Eq (27.2) 28.1(a) and | P29, 28(1)
Heignt Chart | L(d) 28.2(a), (b)
! Casc 23 alsq Sce Chart 2
GURT 11
1 Case ] 28.1(c) and | P29, 28(3)
8t (X), Eq. (27.4) |28.4 '
2 W(X,d), Eqe (27.7) 28.1(e) and | P30, 28(6) | Normalize to 3 feet;
28.7 2 x Fig (28.7), Symmetry
2 ’t'(e.'z). Eq. (41.2) 4..2(a) P68, 41
A L (X,w), Eq. (27.8) |28.8(a) and | P30, 28(7)
¢ 28.9, 28,18
5 Cu s (d,«), Eq. (27.13) 28.13(b) and| P53, 28(12) d=0, Normalize from Fig
a 28.15, 28.3 28.3 to 0.1; Albedo correc-
tion applied, A
S G, Same as above e ¢
The results for G, and G
were obtained from the
following expressions
G =0.5]1-(Fig 28.15), d=0
rw s [ X
6 j,@(ﬂ.cos@) diccsl) Ga'(1/5>05f1+Ac], d=0
(] - - *
, A =5[0.1-0.26 7]
J j_(H,cosO) d(cos®) Ac is a function of w
- When H=3', ratio becomes .
e
2(3,c050) d(cos@)
ior viOew of normalizatioa
at 3'
’ PX3, Fa- (27.5) and | 28.1(d) and|P30, 28(4),| 5, (X) «ptS) (O
P(S)(x), Eq. (27.6), 28.6 (5) w POOIXY + UKy
Eq.(28.1) ]
5 N/A N/A N/A B=(1+e)/(1+e?)2
9 N/A N/A N/A Special calculation

See Text, par. 4¢2.10
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L4e5 CHARTS FOR THE DETAILED PROCEDURE

Chart 1.

Chart 2.

-

Chart }Jo

Chart 50

Chart 6.

Chart 7.

Chart 8.

Chart 9,

Chart 10,

Barrier Shielding Effects (Plane Sources)
Wall Barrier Shielding Effects for Various Heights
Solid Angle Fraction

Reduction Factors for Combined Shielding Effects,

Roof Contribution, C,
Directional Responses, Ground Contribution, Gg and Gp
Directional Responses for Various Heights, Gy

Fraction of Emergent Radiation Scattered in Wall

Barrier, S
Shape Factor for Wallescattered Radiation, E

Barrier Reduction Factors for Wall=scattered Radiation

for rimited Strip of Contamination

Reduction factor for passageways and shafts
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REDUCTION FACTOR, R¢
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CHAPTER 5
BASIC APPLICATION OF THE DFTAILED PROCEDURE
5.1 INTRCDUCTION

The simplest cases to be analyzed by the detailed procedure con-
sist of structures vith rectangular floor plans, flat roofs, and with
the dstector located in the geometric center of the plan, Such struc-
tures are referred to as block houses. The analysis procedure is to
determine the roof contribution, C,, and the ground contribution, C_,
separately; then combine them to obtain the reduction factor. This®
chapter presents the analysis procedure for the determination of the
reduction factor fcr these simple cases,

5,2 COMBINING OR DIFFERENCING DIRECTIONAL RESPONSES

In detemining the directional response for either wall-scattered
or non-wall-scaltered radiation from a given wall, it is usually
necessary to combine, or difference, the directional responses of
more than one solid angle fraction.

If, in Figure 5.1, Gg(w,) and Gg(w;) represent the directional
responses for wall-scattered radiation reaching the detector from
that portion of the wall respectively above and below the detector,
then the total response for well-scattered radiatior from this wall
is Gs(w,) + Ga(wy)s This is termed the cambined response for wall-
scattered radiation.

Sinilarly the cambined response for non-well-scattered radiation
in this case would be Gy(wp,Hy) + Gy(w,)e

Figure 5.2 illustrates a two story structure having
one story below grade with the detector located in the
‘ower story, In this case the total response for wall-scattered
radiation through the walls of the upper story is the diiferenced
response for solid angle fractions w} and w;, i.e. Gg(t}) ~ Gg(ty).
The total response for non-wa®l-scattered radiation ?rom this wall
is the differenced response for skyshine only, Ga(w!) - Ga(w,).

5.3 PROCIDURL FOR EVANPLE PROBLEMS

The axanple problems in ‘his chapter use the same format., A
similar procednre shruld be used by the analyst until he is thorovgh-
1y familiar with the systems of analysis. The procedure .sed here is:

1. Prepare a clear, single line sketch of the structure, pre-
ferably o scale,

~

‘e Sketch in the applicable solid angle fractions.

>1




3. Urite the appropriate functional expressions.

4o Fill in the ‘'score box', This is nothing more than a book-
keeping aid.

5 Evaluate the functional expressions to obtain the roof and
ground contributions,

1Hith more complex structures it is necessary to include the use
of fictitious buildings and sector analysis in this procedure (dis-

cussed:paragraph 57 and 5,10)but the basic technique remains the
Sa16,

5.4 ROOF CONTRIBUTION, SIMPLE RECTANGULAR ROOFS

The roof contribution fr¢ . a simple rectangular roof is a function
of only two parameters: the solid angle fraction which measures the
gize of the roof, or coatributing concaminated plane as seen by the
detector, and the total overhead mass, .,, which detemines the
barrier effect of the 1oof, If these two parameters are detemined,
the roof contribution can be read directly froam chart L. UThen more
than one horizontal overhead barrier ecists, the mass thickness, Iy,
is the sum of these mess thicknesses. Thus in Txample 5.2, Figure
5.2, the mass thickness, X,, is 150 psf.

ixanple 5.1 illustrates this procedure for & simple roof, Iote
that chart 4 gives only the roof contribution fram a circular or
rectangular roof to a detector located hbeneath the geometric center
of the roof. Thus all roof contributions must be found in terms of
a circular or rectangular roof gymmetrical about the detector.

5+5 GROUND CONTRIBUTION, SIIPLE RECTANGULAR BUILDING

54501 ADJACENT WALL CASE

Figure 5.1 represents a simple rectangular :ilding. The ground
contribution is determined by writing the appropriate functional
expression and then evaluating this expression using the charts
in Chapter 4« To write the fur~tional expression, it is first
necessary to define the solid angle fractions which will deter-
mine the geometry temms, in this case W, and WL,

The wall scattered component is the combined response Gg(wy) +
Ga(w}l). The non-wall-scattered component is Gg(wp,Hq) + Galwy)e
The Factors for the fractional portion of the emergent radiation
which has been wall-scattered, Sw(.'f. ) and non-wall-scattered,
(1-3;{*g)), and the shape factor, E)?e) , are then applied; the
resulting geanetry reduction factor for ground contribulion is:

6g ~ [atonaty) + Gae] [1aia] + [oston)  Ggl )] Sulte) Ete)

5-2




vhen the barrier factor for the exterior wall is introduced, the
functional expression becames: Cg = Gy Be(YgsH)

={ [Galopstg) + Ga(w]] [1-5,07e)] + [(Gs(w) + a(wp)] 5, (r)() } Belier)

This type of problem is illustrated in Ixample 5.1,
5 ¢542 STORY ABOVE THE DITECTOR

Pigure 5.2 illustrates a basement detector location with the
basement walls fully buiied. In such cases, the ornly significant
ground contribution is through the walls of the first story., It
is possible for some radiation to reach the deiector through the
basement wall by first passing through the sarth adjacent to this
wall; however, this radiation is of importance only when the fall-
out piles up against the wall. In most cases, radiation through
basenent walls need be considered only when that wall is partialiy
ecposed above grade (See paragraph 5.5.3).

The solid angle fractions needed to uefine the limits of the Iirst
story wall are shown in Figure5 .?. The functional expression is
written with the net wall-scattcred and non-wall-scattered com-
ponents being the differenced, responses for wl and Wy, S‘,,(Xe)
and I(e) are determined by the mass thickness and shape of the
first story wall,

As all radiation caming through the first stery wall must pass
through toth the wall and the floor slab there are two barrier
factors: Be(}Ie,H), which accounts for the barrier attenuation

of the first story wall and is read fram chart 2, and BY(X!),
which correspon?s to the floor slab and fs read from B‘Q(X?o)curve
chart 1. Note that the barrier factor for the first floor slab,
Bys it a function only of the single pa:ameter of the mass thick-
ness of that slab, Zi.

The final functional expression is:

Cq ={ [Gs(w&)—cs(wu) ]Sw(::e)n(e) + [Ga(ugl)-ca(wu)] [_-1-sw(>ie‘)]} Be{XesH)BL(2Y)

Geaetry Factor Barrier Factors

The non-wall-scatter radiation in this case consists entirely cf
skyshine as it criginates above the plane of the detector.

xample 5,2 illustrates this procedure,




EXAMPLE 5.1
[q‘\/
7
Detector
i T p— Dh— = — — — —‘A/Plane
3|
wy
—agtTR 9 T
Fipure 5.1

Given: Structure shown in Figure 5.1 with centrally located detesctor.
Lergth = 80°
Width = 60*
Mass Thickness: X, = 100 psf
X, = 80 psf

W L 2 es/L n=22/L Choot 3 Charf® 5 Chart®5  rhare’é

0)
u

60 80 7T o 75 175 81 «20 052 —
60 80 3' ~75 0075 .92 0092 - .3()

Su(Ye! = Si(100pst) = .73 (chart 7 ) %(e) = B(+75) = l.4(Chart € )

Bo(Xa,H) = Eg(100psf, 3' ) =.095 (Chart 2 )

Ground Contribution:

¢g ={[Galor, %) + Galon)] [1-5w(¥e)] + [Ba(0)) + Gal@y)] Su(Fe)D(e) } Boltask)
m [(23¢ + 2052)(1-a73) + (2097 + .20)(.73)(L.4)] 1 095) =0.038

Roof Contritution :

Co = Colwy,Xy) = Co(+€1,80psf) = ,036 (Chart &)

R = Co + Cp = 035 +.038 = 073

Prel v 4~
Ry 073 H
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lb' )(c

Detector
Plane

Figure 5.2

Giver: Structure shown in Figure 5.2

Detector is centrally located in basement
Length = 110 feet

Width = 90 ferl

Mags Thickness: Xg = 70 psf

X} = 50 psf
Ypoof = 100 pat

w (g Ga
W L _Z WL re27/L Chart 3 fhar 5 ‘hart 5

. v — -

@l 90 110 24 .82 WUk 050 .33 079
@, 90 110 10 .82 16 o0 .19 .05

Sy(e) = S(70pst) = .66 (Chart 7} T(e) = n(.€2) - 1.4 (Chart 8 )
Bo(XesH) = Ba(70paf,3') = .18(Char. 2 ) H. taken as 3' for basement

cagec.
BY(33) = BY(50psf) = .O:,E(B,;(x(") Curve. <(hart 1)
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Example 5.2 (Continaed)

Ground Contribution: In this case the non-wall-scattered radiation
consists entirely of skyshine radiation as it all originates abc.e
the detector plane. Any radiation which might come through the earth
adjacent to the basemeni wall is ignored.

6g ={[Gated) - Galon)) [1-5u0xe)J+ [Galet) - Galw)]u(Xe)E(6)}BalXe,H)B(RS)
= [2-079 ~ ¢05)(1~466) + (33 - .19)(.66)(1.41{]618 1{.062) = .0016

Roof Contribution: The total overhead mass thickness, X,, is the sum
of the mass thisknesses of the roof and ground floor slab or 150 psf.
The solid angle fraction subtended by the contaminated roof is wl.

Co = Colahylg) = Col+60, 15Cpst) = ,0056 (Chart , )

Rf"" Co+ Cg": ow56+ -0016‘_" .0022

- e am em @ ey s G e mm G e Ey M Gn T M T W AN G wn R Eme W am e W W

5 ¢503 PARTIALLY EXPOSED BASEMENTS

As the exposure of a basement wall increases, the magnitude of
the ground contribution through that wall increases rapidly in
comparigson to that through the first story wall, This is pri-
marily due to attenuation of the first story contribution by the
tloor slab, The functional epression for ground contribution
through bagement walls is similar to that for the contribution
of first story walls to a basement detector,except that no
barrier factor appears for the floor slab. The total ground
contribution is the sum of that the contributions through the
first story walls and the basenent walls, Ixample 5.3 illus-
trates the case of the pariially exposed basement wall.,

5 .5.4 STORY BEZLOY THU DITRCTCR

then a detactc~ is located on an upper floor of a rulti-storied
building, the ground contribution through the walls of the story
below the detector must be considered, This is especially true
if the floors are thin or if the walis of U.:* story contain &
high percentage of apertures,

The functional expression for this case is illustrated in !xample

%4. lNote that all non-wall-scattered raliation is ground direct
radiation as it originates ielow the detector prlare. .gain there

5-6




are two separate barricr factors; one for the exterior wall,
Be(Xe,H) and a second for the floor benesath the detector, Bf(Xf).
The floor barrier factor is obtained from Bf(Xf), Chart 1, with
Xf as the only parameter.
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EXAMPLE 53
we
12! “
8| — wu. —
—\ w& =/ ——
’73‘fLI{F\‘\‘3\\\<\ Xas[ Detcctor
e —d"-—_‘—'"‘-‘" D~ — — ~— — — ” Plane
3t X
W. G (I A (-.\‘ Ay 4 N

Given: Structure shown in Figure 5.3 ,'
Detector is centrally located in the baseaxoent
TLength = 100 feet
"Hdth = 50 fect
l{ass Thicknesse:: Y, = 50 psf (first story;
7, 100 psf {Lasauuent)

@

e
.-
e 0 psf
“rooi 100 psf
) ‘“ Gs o
'L T eyl p27/L ™S 3 Chart § 0 Thart §
w, 50 100 22 L5 o oL 039 oo
wh 50 100 11 (R0 07 ) e L0619
W, 0 200 3 .50 NoN 91 .10 009
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“xemple 5,3 (Continued)

Ground Contribution: The cortribution through the basement walls and
the first story walls must be determined separately, then combined
for the total ground coatribution.

Basement walls:

cg = {[ealen)-04(0))] [1-8,0x0)] < [Galon) ~Ga(0))]54(%e'Ee) } Bo(Xes)
Sye(Ye) = S, (100 psf) = 0,73 (Chest 7)
B(e) = (s5) = 1,34 (Chart 8)
Do(esE) = Be(100 psf,3') = .0%

cg = (4069 = 2029)(3-273) + (228 = ,10)(73)(2.34)] (.098)= + cu7T

First Story Vallss

Cq ={[Ga(w{;)-£}a(w&)] [st(:c‘3 ] + [Gs(u{{)-es(wg_)] sw(xe)n(e)}se(xe,H)Bg,(xg,)

SW(}ZQ) = 5,(0ps) = 59 (Char: 7)
Bg(Ias!l) = Be(E0psf, 3'; = .15 (Chart 2)
BY(3L) = BY(SOpst) = .04 (By(xs) Curve, Chart D)

Cg = [(4026 -0069) (1-59) |+ (439-428)(469) (L.38)] (-15)(.0) = 0006k
Total ground contribution = 00064 + 0177 = . 0183

Roof Contribution:

Yo = Ipoof ¥ -6 = 100 + 60 = 10 psf wy = W47

ZolWyy o) = Coleh7, 150paf) = LOO4L

“m e mm B wm Me e W e wm wm ms e er e e s te W W M e B S AN AR @ s e a w w w w=
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10t

r’A Detector

Piane
Sixth
Story

Figure 5.4
Given: Stricture shown in Figure 5.4 ’
Detecior is centrally located on thesixth story
Length = 100!
Width = 75°¢
Mass thickneas: X4 = €0 pal all stories
X3 = 60 psf
Yo = 60 psf
1 P ‘ Xo ® Xy + X& = 150 psf
Xy = 90 pst
w ‘—G-u G& Gi
L = oedL e/l Chart 3 Chart 5 (Chart .5 Chach . &
w! 757 1007 17" L75 o34 OF 9 L7 ~—-
Wy 75' 100 7' LTS5 A 85 S I OL5 —
wp 75 1007 3' .75 »0¢ 93 .08 _—— Ol
‘»It 75, 1m' 13’ 075 cq‘. .73 .?(_'\ P .32
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S(Xe) = 5,(80psf) = .69 (Chart  7)
E(e) = B(.75) = 1.40 (Chart 8)

Ground Contrishution:

8, Sixth story
¢g ={[Ga(p ) + Ga(0)] [1-5,(xe)[+ [a(wy) + Galwp)] s (ze)E(e)}Bo(kesH)
BQ(XQIH) = BQ(SOPva 33') = 065 {Chart 2)

Cg = [(-0b + 0L5)(1-.69) + (2165 + .08)(.69)(1.4)] (.065)= .0170

b, Fifth story., Note that all non-wall-scattered radiation is
grourd direct radiation,

6 ={[Gator ) - Galep,tgfi-s o]+ Kogleph) - olep) s(xE(e)}
{Be(xe_,y)Bf{xf)}
Ba(XqsH) = Be(30psf, 53) = .065 (Chai*  2)
Bf(Xf) = Be(60psf) = .062 (Case 1, Chart 1)
Cg = [(.32 -.08) (3-009) + (-26--08)(-69)(1.h):](.065) (,052) = 00105

Ce Seventh story., A1l non-wall-scattered radiation in sky-
shine radiat:on,

6y ={[Calon) - Galw)] [1-54(xa)) + i) ~Ca(0) ]5u(Xg)5 () PR qs H)B(XY)
Be(XgsH) = Be(80psf, 534) = .065 (Chart 2)
By(¥y) = By(COpsf) = b5 (By(Xy) Curve Cnart 1)
Cqg = [(.072-.01.5)(1—.69) + (.29-.15,5)(.é)9)(1.a)] (.065){chs) = .00038
Total Ground Contribution:
Cg = 0170+ .0010%+ .00038 = .CLCH
Poof Contrit tion:
o T 150psf @y = LG8
Cy = ColulyXo) = ColedE, 150paf) = 0050

?T e Co + Cg .‘-305?" + 'Olsh = :-CE—I‘—
Pf -1 = 1 - lﬁ
il

- e e e e e e  wm wm m wm wm em m m e e W Es M M W W e & we W m wm e = -




546 DTERIOR P/DTITIONS
5 o+0el IFFLCT ON GROUND CONTRIBUTIONS

The presence of an interior partition may have considerable in-
fluence on the reduction factor, depending on its mess thickness
and extent, hile thec presence of such a partition will affect
both the geametry and Lhe barrier reduction factors, only the
barrier effec’s are considered. The differencs in geoneiry effects
between parallel (to the exterior wall) and pervendicular parti.
tions 1s ignored partly due to the uncertainty of these effects
and partly because of the complications they would introduce into
the calculations. An interior partition barrier reduction factor,
Bi(X ,3') is applied to radiation which passes through the interior
partition, The path of radiation within a structure is represent-
ed Ly straight lines drawn fram the exterior walls to the detector.
The procedure is to work the problem as if the interior partition
did not exist, then apply the barrier reduction factor obtained
from chart 2 for a hejght of three feet, Three foot ne.ght is
alwars used because _ the height above the contaminated pla-e was
considoredin detemining the basic exterior wall barrier factor.

'lhen more than one partition exists between the detector and the
source, the mass thicknesses are added and a single interior
partition barrier factor is Jjetemmined., Thus the harrier re-
duction factor for tnree successive 25 psf partitions would be
31(75})81',3').

5e0e2 IFFECT ON ROOF CONTRIBUTION

hs stated in the paragraph 5.6.1, radiation which passes through
an interior partition will be atternuated by that partition. The
principle problem with roof contribution is not in finading the
oarrier reduction factor ™t in datermining what portion of the
rocf contribution is affected by this partition. Figure 5.5
i1lustrates the ideal case of a core shalter, or a vox within ¢
box. The only radiation from the roof affected by the partition
is that which originates outside {he core, on the peripheral
roof arova. The core roof cortribution and the peripheral roof
contribution rust Le determined separately and the interior
partition varrier reiuction factor upplied onl; *o the peripheral
contribution, If Co(“ﬁxv’v) is the roof contri»ution from the
total roof area, igroring the interior partiliun, and C_(wf,%,)
is the roof cortr*o itio:n I‘ron the core roof only; then fhe
difference, Co{w , ) - Lo( Wy “o)s 18 the per*oheral roof contyi-
tutiorn tefore a Jlicatlovx of the partition bharrier rehictlon
factor, The total roof contrilution is:

Co(68a70) © [ Colohny) = Colol: RIENG Y

Corv Com ribution !‘er’ipheral Contritution
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The interior iticn barrier reduction factor for roof contri-
bution, BI{Xy) is oblained fram a sepsrate curve,Chart 1.B,(X.)
(refer to paragraphl .2.7). This factor is different from the
onn uged for interior partitions for ground econtribution,
B;(X;,2%), and the two must not be interchanged. There are three
inportant considerations in differencing roof contributions:

1. The tems being differenced must be functions of the game
value of X .

2, The solid angle tractions ust be functions of the same 7
distance,

3. JIach value selected fram char® 4 is representative of the
roof cortrihution frau a circular or rectangular area
STMMETPICAL ahout the detectcr.

These three conditions muet alweys be . tisfied when differencing
roof contrimtions,

fxazple 5¢6 illu+tvates another use of tis differencing technique
for rool certribation,

L LT T Ty - - an om0

IUMPLE 5.5
1
20!
| @) 201
| 1 201
i
' - | - ! -t 1 I = [«
25¢ 30° 28! 50 50 | 25+ |
I St T
Section Plan
Fipure 5.5
Given: 3Structure shoim in Finure 5.5
vass Thicknesses: I, = 100psf X: » ¢ p~l X, = € psf
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Ground Coniribution: This is the same structure used in Example 5,1
with the addition of a 4O psf interior partition. The only chauge
in the ground contribution is the ineclusion of 2 barrier reduction
factor B;(X4,3') for the interior partitic:.i.

Cg = GgBg» B;(X3,3")

GgBy = .038 (Ixample 5,1)

By (%4,3%) = Bi(wpsf,z') = ,38 (Chart 2)
C, = .038 x 438 = ,0Li5

(=]

Roof Contribution: It is necessary to distingquish between the core
roof contribution and the peripheral roof contribution,as only the
latter is influenced by the interior jartition. This is done by

differencing the roof contribution as discussed in paragraph 5.0.2.

» ” t -y
Co = Col@ag) + [Colopaky) = Co(aty)] B(xy)

W Co

W L Z eWL r=22/L Chart 3 - Chart 4
W, 60 8C 7' .7 18 81 80 035
(0,& 20 30 7' .67 ;1+7 051+ 80 QOBO

B;(%;) = B(kOpsf) = .26 Chart 1, B}(X,) Curve
Co = 4030 + [.035 - ,030] .26 = .03
Rf = CO + C, = ,031 + ,0L45= .O455

=1 =2

S e ST e R e R ar G E W N M TR TR W @Y M e W TR W e M MR e am s s e T am am W
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541 AZIMUTHAL SECTCRS

The buildincs diseussed ir the preceeding paragraphs have been
block houses with only one type of wall construction. As few real
buildings fall inito this category, the radiation arriving at a de-
tector fram two different directions may have passed through barriers
of quite a different nature, Further, all detector positions will
not be the center of a rectangular area and thus geometry factors
may vary from wall <o wall within a building. It, therefore, is
uwsually necessary to separately analyze the different sectors of an
actual building., This is done by using zzimuthal sectors.

Consider a detector location in the middle of a block house. If
it is assumed the ground rcontribution through each degree of azimuth
about the detector is equal, then the ground contribution through any
given wall will be directly proportional to the plane angle subtend-
ed by that wall at the detector, The portion of a circle represent-

ed by that angle is the azirwthal sector of that wall, Ixpressed as
an equation: *

A

45 = The plane angle subtended
360¢

The use of azimuthal sectors is discussed in paragraphs 5.7 and
5 .10, and is illustrated in Examples 5.9 through 5.11.

5.0 JODOS AD DOORAYS

50,1 GOUIERAL

The contribution throuvgh windows and doorways may be a large
fraction of the total ground contribution., The contributions
through these apertures rmst be determined, and the contribution
throvgh the adjacent solid walls must be adjusted to reflect the
presence of the apertures., This is done by considering two
separate tuildings, each with the same size and shape as the
actual building, ut one with solid wall construction throughout
and the other camposed entirely of glass, The ground contribu~
tior fran the analysis of these two btuildings is weighteu 1y the
actual mmount of eperture and solid wall present. The location
of the aperture is ~lso consjdered, as this detemdinus the nature
and magnitude of the radiation which reaches the detector. i
detector locnled above the sill of an aperture will receivs both
groind direct and siiyshine radiation through that aperiure while
a detector at or Lelow sil) level will receive only siyshine
radiation through the aperture, TFor convenience, apert: es are
norually consiidered to have a rass thiciness of zero,

5-14




EXAMPIE 5.6

7KV AT PRCCTRYY '“WW W\

S ol
Figure 5,.6a “igure 5.6b

Given: Underground Arck shown in Figure 5.6a
Length = 4O ft
Mass Thickiess: U = 120psf
Yo = t1U = 1,0 x 120 = 120pst
Xg = toU = 1.5 x 120 = 1€0psl
o= tBU = 2,5 x 120 = 300psf

Using these values of mass thickness,the arch is equated to an
idealized flat roofed structure as shown in Figure 5 46b,

[

"

4—0
!

ioof Contribution: TFor clarity, the roof contribulion is detemined
in three steps, C, corresponds to the roof contnbuulon +hrough
nass thickness X, Cy to that through Xy and C through 5.

L 4 ="/ n=27/L W
Wy 4 40 10 .10 <50 11
wg e 40 10 .20 50 o2
Wy 17 L0 10 .30 .50 «30

Co = Co(WysXy) = Co(+13,120psf) = .0035
Cg = Colwhyd) = T (wg,78) = Co(0,180psf) ~ C (.11 1e0par)= 0017-.001"

AY

=. Q000
Co = ColWisy) = Colugsil) = € (+30,250psr) - C,(420,750pss) =.000LI-.000k
0’0 = OOOOQ
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Ixample 56 (Contiinued)

Total Roof Contributions = .0035 + .0006 + .00009 = ,0042

As there is no ground contribution Rf = oob2

P =..]_—=_L_.__ 238
£ Re  .oOk2

In this solution it is assumed no significant radiati.n enters the
structure fram beyond wj, DExamination of the magnitude of C§ incicates
this is a reasonable assuiption. MNotice in each case of d‘,.fgerencing
roof contributions,the mass thiclnesses were the same for each tem
and the Z distancas the same for both solid angle fractions.

- e W e W e AP em an W A G TS P E G M A w GRS D GE Gy R e Se G e A Wy WA e e

58,2 STORY OF THE DLTECTOR

In Figure 5.7, the detector is on an upper floor of a multi-
storied building with apertures. It is convenient to analyze a
wall of this type in successive horizontal strips. In this way,
the ground contribuion through the solid strips below and above
the windows can be detemined as previously discussed, The strip
containing the windows is analyzed first as a solid strip, then
as a continuous window. The former is weighted by the decimal
fraction of solid well within that strip, (1-P,), and the latter
by the fraction of apertures, P, (when Py is the perimeter ratio
of aper‘ures)., The functional equations for grourd contrivution
through this wz2ll are:

54842, Solid WU»1ll Below Windows

Cg "{ Gg(wp) Sy;(:':e)r"(e) +[Gd (“’L‘Hd)] [l'sw(-xe)]}Be(Xe'H)
5e8e2,2 Solid Uall Above indows

Cg = { [Ba(vy)-G(y)] S (o)Ee) + [Gy(0)-Ca(wa)] [L-5,,(%) [}Be(Xes 1)
5e8e2.3 Solid all Between !Mndows

cg = E?a(“a)sw_(%ﬂ:[(}a(“a) J-5,07e)]§ Balitq. H) (1-By)
x (e

5 o224 Total Solid Wall - By colleciing cll terms for solid wall
contributions, one functioral expression can be written:

Cg "{[Gd(“vﬂd) + Ga(“‘"u)“PaGg(‘”a)] [l‘sw(:':e)] * LT‘;:(‘“L) *
Ga(mu)~PaG'(waﬂ Sy(Xg)E(@) J Bo(¥ g, H)

516
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5¢.8,2,5 Windows
0 - 1.0
Cg = { GaluadSbgITTE) + G, ()| Lsghegil}B (0,7,

Cy = [Ga(ws) ] B4(0,H)P,

In paragraph 5.8.2.5, note that the value of S, = C (for zero
mass thickness) causes the equation to reduce to the final
form wherein only skyshine is considered. The barrier re-
duction factor, B,(0,H), is not 1.0 except in the special
case of H = 3 feet,

This procedure is applicable for windows with sills and tops
at the same height spaced more or less evenly about the peri-
meter of the buildirige For isolated windows or for windows
with uneven spacing, the azimuthal sector of apertures, Az,,
should be substituted for Pj.

5¢8e3 ADJLCINT STORIES

Vhen considering adjacent stories the actual location of the
apertures is of less importance, and only the extent or percentage
of apertures is considered, This percentage, expressed as a
decimal fraction is defined as:

Ap = Area of Apertures
Area of Wall

in Figure £.7, it is required to find the ground contribution
through the wall of the story below the detector., The analysis
is performed first for a solid wall, then for a wall camposed
campletely of apertures, the results being weighted by the
appropriate value of (1l-4ip) and \p. The functional expressions
are:

5.%.3.,1 Solid ‘Jall
o oo Suten)] i) < [aatep oty ] o]}
{BO(::ekH)Bf(:{f)(1—.\;)}

e8]

50""130 “Iindows
g = [ateps Gyl ] 20,103, () 0
Agein the aperture temm rcontaine orly nor-wall-scattered

radiation. The anelrsis of a strecture wi.i apertures is
iNustrated in xanple 5.7.
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EXAMPLE 567

" L
,

Given: Structure showa in Figurse 5.7

Width = 75!
Length = 100!
Mass Thicknesses: X, = SOpsf all stories
0= 6£0pst
Xe = JOpsf
Xy = 150psf
Apertures 3' wide by 4' high on 4' centers., Sill height =

3t above floor.

This is the same structure used in Ixample 5,4 with the inclusion of
apertures., The 'score box" with w, added is repeated here for con-
venience,

518




Ixample 5.7 (Continued)

WL 2 esl/L m27/L Chart, 3 Chark 5 Chart® 5 chartd_¢

w! 75! 1001 17t W75 W3k o668 «29 072 —-
@, 75'100' 7' W75 L o85 o165 <045 ———
wp 75! 100' 3" L7506 «93 .08 — 04
W 750 1000 130 .75 426 .73 026 — 32
W, 75" 100' 4T .75 .08 91 .105 029 ———
S.(Xe) = 5,(80psf) = .69 (Chart 7)

E(e) = E(475) = 1.i0 (Chart 2)

Ground Contribution:

2 Sixth story
Sclid all Contribution
Cg ={ ll:cd(wL’Hd) + Galwy)-P aGa(uafj E""Sw(:{e):l+
[o50a) + 6,(c )P0 )]s (2 )5te) Jo (,H).

Be(:-:o,x{) =B, (20psf,53') = .065 (Chart 2

Pq for 3! window on (' centers = 3/ = .5
Cg = [(.oa FooO45-e5 X 4029)(1-469) + (L0 + J165~45 x .105)(.69)(1.’;)_.] {.065)

= 01

Aperturs Contribution
Cg ™ Pyliy (,)06(0,H)

2o{Ci) = Ba(0,33") = .50 {Chart 2}
Cg = (+53{a029)(-5 ) = 0073

Total Ground contribution, #lxth story =,0072 + 0135 = « 0PnS




Dxample 5.7 {Contirued)

be Fifth story

So0lid *'all Contribution

Cy = { G,BBo} (1-35)
Ap = Lrea of Mindows = 3 x % = o2
P Area of Wall x 1

{6 BeBe} = 00205 (Bample 5.4

C ={-00105_] (1-42) = ,0008L

Aperture Contribution

Cg = [Gd(wi,ﬂd)-Gd(wL,Hdﬂ Ap Bo(0,H) 3,(X,)

Bg(0,H) = Bg(0,53') = .5
= (032 ‘004)(020)(052)(0062) = ﬂﬁ

s

(Chart

Total fifth storr contribution = .00C8L + 00173 = L0026

c. Seventh story
Solid Wall Contribution
Cg = {GB B} (1-4)
{ Ggsesgj= 00034 (2xarple 5.4)
Cg = (400029){1-.2) = _ o002y
Aperturs Contribution
g Batud-0, 00 ] 4y 3,00, 31 0ar)
BQ(O,H) - BO(O, 53') = )
B(%!) = BI((Opsf] = .0Us

Cg 7 {+072 ~.045)(42) (.5 ) (W5} = .o0012

Total contribution,seventh story» . OXCT+ .00012 = .0003y

=L
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Example 5 .7 (Continued)
d, Total Ground Contribution =.0208 +.0020 + .00039 = ,0238

Roof Contribution: There is no change in the roof contribution from
Mple 5.1‘-0
Co = #0056

Rf = CD + Cg = .U.)Sé + .0238 z .0291;

Peml=1 =g
R, .0B9%
Comparing this result with Bample 5.4, the effect of the windows is
to reduce the Py from 42 to 3k or about 19%.
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55 PASSAGEUAYS AND SHAFTS

Contribution through a horizontal passageway or verticel shaft
can be calculated by the procedures discussed ir. these nara -
graphs; however, this calculation is frequently complicated by one
or more turns in the passageway between the opening and the shelter
area, l/hen these turns exist, the contribution is first determined
at a point common to the center lines of the first and second legs of
the passageway. For subsequent changes of direction, the solid angle
fractions are used divectly as multiplier: since the directional
response in these cases is not well def.ned, Experimental results
indicate that the solid zngle fraction subtended by a detector in the
second 1z of an I-shaped corridor should be reduced by a factor of
0.2 to account Tor dilffusion of the radiation as it scatters siound
the first right angle turn. In subsequent tumms the solid angle
fraction should be reduced by a factor of 0.5 (note that solid angle
fracriu: 0.5 is a solid angle fraction of a sphera). xample 5.0
11lurirates this procedure for one right angle turn., For the special
case of the uecontaminated skylight the contiibution at point 1 is
determined from Tabie 8.1b or can be computed from Chart 10 for a mass
thickness cf zero.

5410 FICTITIOUS BUILDINCS

5.10.1 GRERAL

The zystems of analysis presented in this seciion are based on
determining the reaponse c¢f a detuctor in a blockhouse symmetri-
eal about the detector. For this reason, before the contrabu-
tion through any section of a real building can be determined,
that sectjon rmst be incorporated into the walls or roof of &
blockhouse symmetirical about the detector, These blocichouses
ars called fictitious tuildings and are used axtensivaly -vith
this saystem of analysis, A fictitiovs building must:
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TXAPLE 5.8
Open Shaft

ARTTXT.

5'

St

Yk

v
1 3
N —
I
[
)
0
1
[ ]
et

1 RSN
——-Z‘f)< \’gwwv‘—\w%:i e

108 _+ 5! St

Section Plan
Figure 5.8

Given: Detector location in a mine as snown im Figure 5.8.

v L z __edl/L_ m27/L W
W 10 10 15 1.0 340 <06
w, 10 10 10 1.0 2.0 .13

<

It is assumad the only radiation reaching point 2 cames through the
open shaft, The contribution through the shaf* opening is the same
as that for a decontaminated skylight and may be obtained from Table
8.1‘!

Reo = (Rey)(w5)(2)
Rpp = 0025 (Chart 10 for v = ,00)
Rps = (40025){.13)(.20) = .000065
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a, Have the same type constructior aa the resl section being
analyzed,

be Be symmetrical about the detector.

¢e VWhen superimposed over the actual building, coincide with
the walls or roof being analyzed.

A simple procedure can L» used to determine the size and shags

of the fictitious buildings needed to analyze any section of a
real building., If lines are drawn through the detector parallel
to the exterior walls (or limits of the roof area), the perpendi-
cular distances from these lines to the walls are the half lengths
end haif widths of the required fictitious buildings.

5¢10.2 RCOF CONTRIBUTIONS

There are four camplications in roof provlems which require the
use of fictitious buildings:

a. The mass thickneas varies in different parts of the roof.
bs The detector is unsymmetrically located.

¢, The roof symetry is destroyed by interior partitions.

d. Any combinaticn of the above,

Example 5.9 illustrates the uss of fictitious bulldings for roof
contributions., Notice that the contribution from each roof is
found by creating a fictitious roof which includes the actual
roof, subtrecting & core contrimution when appropriate, and then
taking a propertionel part (either 1/4,1/2, or 3/4) of the re-
sult,.

5.10,3 GROUND CONTRIBUTION

The first step in detemining the ground contri»ition is to e~
cide which sectors must he analyzed separstely, ‘hen doing
tnis, it is advisable to ignore minor variations in mass thick-
ness and zaxmsiry, The separate seciors sre then grouped so
those with the aans zasa thickness and whica muy be included in
one fictiticus building, c&n be analyzed at the amme time., 17
it is possible to include a wall as part of rnore thar cre fic-
titicus Milding, the wall should be ircluded in the ficti*ious
tuilding with the highest eccentricity ratio, that is, nearest
to a square, Damples5.9 illustrstes Uis use ol firtitious
buildings.
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Plan Section
’ Figure 5.9a

Givens C£f center detector location showm in Fisure 5.9

liass Thickness: X, - s.>wn in Figure 5,9

X, = 100 psf
Ground Zontribution:

Figures 5.9b and 5.9cillustrate the fictitious buildings reguired to
cetemine the gromnd co.oribution, Azimuthal sector Azg, has bheen
Incluced in huilding Moo 7 to reduce the number of caleilations.

- /

SXe = 60 psf

Lo g1 Ui
. RE €
“~ |
Lo* Lor

.
Plan Section
Figure 5.9b

Fictitious Suilding No. 1
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Example 59 (Continued)
Fictitisus Building No. 1

w Gg 3a [N
W_. L Z_ eWL n27/L Chart ,3 Chart 5 Chart 5 Chart 6
w, 40 g 8 50 .20 .73 «26 #0565 —-
wL 14.0 80 3t 050 0075 «89 00125 ——— "’*3
S,(Xg) = 5,{60paf) = .63 (Chart 7)
D(e) = E(oSO) = 1031& (Chart 8)
By(XgsH) = Be(60pst, 3') = .2i (Chart 2)

Agy = 243°/360° = .67

Cg ={E*d(“’p“d> + c'a(“u)] E'Sw(xe)]*@s(“’x) + G,("-‘-u)]sw(xe)E(e)}Be(Xe,H) A,
= [(e43 + 2085)(1-.63) + (2225 + 426)(463)(1.34)] (.24)(.67) =.081

s - @ 8 v 8 6 & 0 @ 6 3 0 6 & I+ 8 8 ° O 0 0 9 0 0 0 0 0 O 0 e @

Xe = L0 psf

Tr mathen
- Rl
4o An) — yd . |
: ~ Wl
' g Iev
' 3 A — I1s
Lo H/Y‘-" \ /
J " ._m__l\__uﬂ_j
* l_Lo" ' Q|

r...__l&'_+_h9'_.. 0!

Plan Section

Firure §5.9¢
Fietitious building ilo. 2
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Dxample5 .9 {Contimued)
Fictitious Puil’ing Mo, %3

W _ L Z WL r2z/L Chart 3 Chart 5 Chart 5 Chart 6

v, 80 120 8' L7 L33 0.85 0165 <Ols —
W, 80 120 3' .67 05 o9k 072 — .30
Su(Xg) = 8, (40psf) = .53 (Chert 7)

E(e) = E(.67) = 1,38 (Chart 2)

Bg(Zy,H) = By(4Opsf, 3' } = .37 (Chart 2)

B, (Xy,3') = By(25psf,3')= .55 (Chart 2)

Agp = 63°/350° = .18 Agg = 53°/350° = .15

In this fictitious !m.ldd.ng sectors A ., and A _, differ only by the
barrier factor B;(25psf,3'). These t soctorgzm combined in the
functional expression:

Cg '{@d(%ﬂd) + Gy(0,)] (1-5,(Xg)) +[B(uy) + Gglwy)] s,,(x,)z(.}s,(x,,a)
&33 + Ay By(%4,3")]
-{ (e30 + J0B4)(2=.53) + (.072 + .165)(.>3)(1.38)}(.3?) (15 + (418)(55)]=-03%
Total Ground Contribution = .03 + .078 = 109
Roof Contribution: The roof plan of fictitioua btuilding No. 2 is

used to detemins the roof contritution. Ths 80lid angle fractions
involved are shown in the figure also.

G, = ColulhX,) + lr'ca(mwgco) - co(u‘;,xp_)] 33’(;:_;)
b
= C,(+73,100 psf )+=['co(,eg,100 pof) = € (.73,100 pst) [EJ(25 psf’
- L

o 02 4,02 - 02 | (439) = ,02

4
Kf = 02 ¢ (109 .13
Pe= /31T or 8
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»\‘) 5 o10.4 SMALL SECTOR ANALYSIS

then the azimmthal sector is small, the detector can be consider-
ed at the center of a large fic*itious cylinder. This allows
direct computation of the soliu angle fractions as described in
paragraph3 ,4.2. This "rocedure is especially applicable for
isolated windows and doorways; out may also be used for short
;e?;mts of wall, The .shape factor E for a circular building is
Zxample 5,10 illustrates this procedurs,

5e11 MUTUAL SHIELDING
5 '1101 Gmm:

lhen an adjacent structure linits the width of contaminated plane
on one sids of a shelter, tle amount of radiation incident on
that side will be reduced, with a corresponding reduction in the
contribution through that wall. Two adjacent structures tend to
mtually shield one another, hence the temm "mutual shielding';
although, "linuited field of contamination'" might be a more des-
criptive term,

Jhen analyzing a structure with mutual shielding it is necessary
to treat wall-scattsred and non-wall-scatter canponents separately
and to make sare simplifying assumptions regarding the extent of
the contaminated plane.

5.11,2 WALL-SCATTERED CQPONENT

A mutally shielded 1all sees a contamirated plane of finite width.
In sane cases. such as an enclosed courtyard, the con‘aminated
plane is woell defined and the analysis may proceed directly;
howerer, in the majority of cases it is necessary to impose arti-
ficial limitations on the contaminated plare. Thias is done by
assming the width of field equal to the actual width, li.. The
length of field is taken as the lengtt of the tuilding pfus twice
the width of field., This is shown in Figure 5,12,

This effect is considered for wall-scattered radiation by using
& veducad barrier factor, s instead of the usual Bg. is
aetermined by finding the solid angle fraction, wes subtended by
“he finite plane at the mid point of the wall under study. This
is shown in Figure 5,12, Note that w, is a solid angle fraction
st a point above the edge of a plane, For this reason the plane
must be doublec and the s0lid angle fraction 2w, determined.
Then Wy = 2wy , With this solid angle fraction and the mass
T
thickness of the wall, B, 4(w,,X,) can be read fram Chart 9. No
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EX\MFIE 5 .10

8,
LN
= - ;

N2

%l—//q

Section

Figure 5,10

It is assumed the only radiation reaching the detector is that coming
down the passagewey from the opening beyond point 1.

v _ L zZ & Cos QO e n__ W Ga _ Gy

Wy 5 B' 10T e - 625 2.5 053 -~ —
Wy, R=20! 5Y 760 2k e me W76 06 e
wL R=23' 3' 810£° 015 - e -85 - 050

- —

* A cylindrical fictitious building is used to detemine Hfl' For a
cylindrical section w = l-cos 9

Rep = [Gd(wL.Hd) + Ga(w.u)] Bg(0,H) A,
Bo(0,H) = B,(0,3') = 1.0

A, = 14*/3060% = .039
Rpq = (.;o + .6)(1.0)(.039) = .02
Re2 = Rey(wa)(i2) ={.022) (.053){.2) = .000e3
Pp= X, =L 4300

- e s e e e e e e tm A we W R e e e w W e wm e R @B m s e W e = e e e

.
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other change is rejuired ir finding the wall-scattered componont.
Thus, the functional expression for wall-scattered radiation for
the shielded sector of the second story wall in Figure 5,11 is:

Cg' hialded) =[G,(wu) + Gy(0)] 8(Xe) E(0) By (g X,) Ag(shiielded)

A new value of B, must be camputed for each stery, as shown in
Figure 5.,1la, '

Figure 5.1ila Figure 5.1b
Figure 5.11 Effect of Mutal Shielding

5.11.3 NON-WALL-SCATTERED COMPONENT

Figure 5.11b illustrates the effect of mutual shielding on non-wall-
scattered radiation. This effect can be considered by the differ-
encing technique discussed in paragraph 5.2. The non-wall-scattered
radiation originating beyond the shield and which thereby is not
received by the detector is subtracted from that originating from
an infinite field. Thus Gy(Wy.Hy)- Gg (wr, By ) is,ground direct
component \non-wall-scattered radiation. In the particular case cf
Example 5.11, the detector story is shielded from all ground direct
radiation. For mutually shielded buildings, the full value of

Ga (W4 15 used even though it appears that pert of skyshine is
blocked vut by the adjacent tmilding. This is done because the sky-
shine term includes other scattering contriutions. Thus the
ceiling-shine contribution is not affected much by the mutual shield
and the scattering fram the adjacent duilding increases as the W,
distance decreages. Since the actual magnituiie of these various
scattering components 1s not known, the full value of Gy is used.

The solid augle fraction W' and W' should be camputed based on
the shape and dimensions o} the bullding. The Z distance is deter-
mined by drawing a ray from the detector to the mutuel shield.

The vertical d’siance between the interception of the ray wvith

the exterior wvall and tic delectu. is the required value of 7,

Example 5.11 illnstra’es the effect of mutal shielding.

P




Midpoint on Wall of Interest

Fipure 5.12 Computation of Solid Angle Fraction for a Limited Stiip
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F ” 4 L . /0 //
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i Figure 5,13b Elevation 40’ 20’

Given: Structure shown in Figure 5,13
Mass Thicknesses: X, = 60pef

X, = 2COpaf

w Gg Ga Gy
W _L Z eWL n=22/L Chart 3 Chart 5 Chart 5 Chart 6

e —

:; W, L0 50 7 .80 .28 .2 .27 066 -
! @ 40 50 3 .80 .12 .es 135 — 29
; W 50013 L R W5 .36 — .60
‘ Wl 40 50 LA .80 .46 .58 - — .56
Vg3 4090 25 Mk .55 36/2m18 —— - —
Up 40 90 15 Lk 33 L5A/2 =27 —— —_ —
5(%¢) = S,(60pat) = .63 (Chart  7)
T(e: = E.80) = 1.40 (Chart 8)

Ground Contribution:

D g

8, Third story, unshielded

B vy
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Example 5 .11 (Continued)
g ={[eatersi) + 0,00, [1-s,000] + [oy00) + Gya] sz Im e (x M0y

By(XgsH) = se(sopgt,as') -1 (Chart 2)

Ay = 287°/360° = .80
Gg = {(:19 + 1066)(1-063) + (135 + .27)(263)(1.40) } (.14 (o80) = 051
b. Third story, shielded. For this sector the wall-scattersd and
nen-wall-scatiered ccnponents are found separutely. For the non-wall-
scatterad camponent the full value of skyshineis used as explained in
paregraph 5.11.3 Non-Wall-Scattered Component. For ths wall-
scattered camponent, a reduced barrier reduction factor, B ,(ws,Xs),
is usad which considers the size of the finite field.
Nor-wall-scatter xd
cg=lalod] x  [osux)] Bxe® A,

AaZ = T3°/360° = ,20
Cg - (¢066) (1—»63)(0110)(020) - .00068
Wall-scattered
Cg = [Gulwy) + Ga(©)] Sy(Xq) E(0) Bg(wnXg)hy

Bw'(wa’xa) - B“(,ls’éopaf) = 00Tk (Chart 9)
Cg = (s135 + 427)(62)(1.40)(.006) .2 = 00053
Total third story = ,051 + .00068 +,00053 &« .0522 or 052
c. Second stary, unshielded
C& '{Pd(wf.’ﬂd) - Gd(wL’Hd)] [l'sw (X.)] ” [Gs(‘("‘i) - GI(‘DL)] Sw(x.)E(o)}

x B(X ,H)Be(i.p)A

Bo(XesH) = B, (6Opaf, 23') = .1k (Chart =I)
Be(*g) = D (4Opaf} = .11 (chart 1)

Cs - {(.60 - 019)(1-o([‘3} + (036 - .13’; ) 06\3)(131‘0?}('1& 5{.11)(.8)- 'm"’3

y.:z

i
)
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Example 5,11 (Contimued)
d. Second story shielded
Non-l/all-Scatie.esd

Cg = My(0,By) = Gyl )] [1-5,(%y)] B (XgoB) Be(Xe) A
= (060 = o56)(1-063) (-14) (s11)(.2) = -0000US
Wall Scattered
Cg = [Gy01) = & (0)]5 (X IE(8) By(0g,X,) Br(Xe) Ay
Bya(WgrXy) = Bipl+27,60pst) = 0,017 (Chart. 9)
Cg = (436 - +135)(463)(1o4)(0,017)(,11)(42) = +0007%
Total, second story = .0043 + .000045  ,00007 = .OOLk
The effect of the mutual ghield is seen by camparing the third story

ground contribution through the shielded sector with and without the
shield.

With Shield Without Shield
.0011 Q13

Total ground contribution =,004k4 + ,052 = .056
Roof Cont.ibution:

Z, = 100paf & = ,72

c, = co(mu,:{o) = C,(+72,100paf) = .02
Re = C, = Cp = .056F U2 = 076

amp—

- e e W o e o W e e em G En @ e 4 em M e e em W e ee W W AR e W am e W

5-33




A

CHAPTER 6
DETA1LED PROCEDURE - CQMPLLY. APPLICATIONS
6.1 INTRODUCTION

The type problems discussed in Chapter 5, although long in some
cagses, were nevertheless variations on the basic block hcuse and re-
quired little imagination in their analysis.

A1l structures do not fit so well into this pattern; the analyst
may be required to make approximations or assumptions before pro-
ceeding with tha analysis, The purpose of this ChLapter is to pro-
vide an aid ir “aking these approximations.,

6.2 DUUF_CONTRIBI'TIONS

6.7.1 V:RIATIONS I MASS THICKNESS

I many types of roof and floor construction the Joists are close-
1r spaced and thereby add significantly to the mass thickuess of
the barrier. In such cases the joists may be "ameared" over the
total arsa. This is dore by finding the total weight of the
roof plus the joistsz and dividing by the area of the roof. A
similar procedure was used in dstermining the mass thiclmess for
hollow concrete blocks given in Table 4.2,

6 42,2 SLOPDIG ROOFS

Roofs composed of sloping camponents (gables, hip roofs, etc.)
cannot be znalyzed as such hut must be converted to an equiva-
lent flut roof. This may be done by using the horizont .l pro-
Jection of the actual roof at an elevation equal to the center of
gravity of a vertical saction thruigh the roof. The fallout is
then assumed to be uniformly distribute’ over the horizontal
projection,

6,2,3 JRROGULAR SHAPED ROOFS

The axd.stence of unevenly spacad partitions mey divide 21 roof
into irregular segments which cannot reacddly bLe incluted in a
fictitious shape., Further, many nodern buildings are :ot rec-
tangular in shape, In such sifuations it 1s necessary ‘o approxi-
nate thes roef share by a circilar or rectangular roof which can
then bs aralyzed. Figure 6.1 illustrates approxirations. A
general rule to Le followed in making such approximations is to
treat the largest sources of contribution as accuratsely as poassi-
ble. Lessar contributions, as fram perinheral roof areas, ray
then be treated by app.~rimation with little Yoss of accuracy,
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6.2, MULTI-LZVEL ROOFS

Multi-level roofs are analyzed as a series of separate roof pro-
blems, Xach section of rocof is considered as part of a fictitious
roof at that level and aralyzed as such., Figure 6,2 illustrates
this procedure for a two level roof,.

b | a |
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Lo - e e - e w.
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“.> 7 %
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I
|
I | .
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P e T+

- n . TR, '
"o“ﬁ{“o(wu’ Xo) = Colwy, xo)]biu"i) C." Col® grag)

Tipur- 6,2 .ulti-level Roof
6.2,% “ISCONTINUCUS BARRIFRS

Horizontally discentinuous bartiers are analyzed using azimuthal
sectors as discussed in Chapter 5. Whan barriers sre disconti.u-
ous in the vertical direction, this discontinuity mey Le consider-
od Ly using solid angle Iractions and the 'asic assumption that
all radiatlon travels to the detector in a straight line from

the exterior contributing surface,
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Figure 6.3 11lustrates this procedure.

Xo= Mass thickness of uppermost roof only

Xg= Combined mass thickness of both horizoatal barriers

e e N

W,
Wi

(*)

MR mamd

C = Col We, Xg) + [Co(ﬁc’xo) = Col®w oy xo)]B:%.(xi)
Figure 6,2 Vertically Discontinuous Barriers

A1l radiation originating within the limits of wy is assumed to
pass through the intemediats horizontsl barrier while all roof
contribution outside of Wy passes through the interior partition.

6.3 CROUND CONTRIBUTIONS
6¢3.1 IRREGULAR SHAPES

Most irregularly shaped structures may be analyzed using fic-
titious buildinge and azimuthal ssctors ag discussed in Chapter
5. Vhen a structure is of such & shape ‘hat it carnot be con-
veidently fitted Into a fictitious tuilding its shape may be
spproximated by a rectangular or cireular struciure, aimilar to
the methoed used fou roofs in Figure 6.1,

6 «3.2 SIIBACKS

The analysis of a setback depends on ita height relative Lo the
surrounding ground. A ow level setback shouid be analyzed as if
it were 8 semi-in{inite plane, due to the importance of the redia-
tion originating bayond the setback. At higher levels this
ground rediation is of less importance and the setback can be
considered a finite contmminated plane, that is, a mutual snield-
ing problen., However, the ground contribution must also be de-
tomined. lio fixed height can be given to distinguish betwean

a high-level ant a low-level setback, this will depend on the
nature ¢f the surrounding ground, the existance of other sstbacks,
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adjacent buildings, and in general, familiarity and working
nowledge of the shelter analyst with the analysis procedure.

6.3.3 CLEARED AREAS

Vhen fallout is deposited on the surface of a river, lake, or
other body of water, it sinks and its radiation is thus attenuated
by the barrier effect of the water. For this reason a body of
aier may be analyzed as a clesred area,

If a cleared area iz some distance from the structure it may be
considered by applying the factor illustrated in paragraph 7.10
to the ground contritution. Areas immediately adjacent to the
structure will have a more pronounced effect on the reduction
factor and may be analyzed as the opposite of mutual shielding.
The geanetry and barrier effects of such a case are illustrated
in Figure 6.I$o

cleared area

# % 3 # R L

Non-wall-scattered: Skysidne = &4(@,) [(1-5,(Xg)] B, (Xg,H)
Ground Direct = G, (@ ,Hy)[1-5,(Xg)] B, (X, H)

Wall-scattered =[c ;) + C(w,)]s (X ) Bo(X,H) - Fys Vs () ] BC®)

“ipure 6.1 Cleared Area
6.3.4 SLOPTIG GRCED

;8 sloping ground is 8 departurs fram TH. SU° 270700, it will have
some affect on the reduction factor. '‘Mhen the slope is gentle
and uniformm this affect will be smali and can be ignored. ‘'hen
the slope is non-uniform, downward, the ground tends tu shield
itsalf. In this case, 'he slope nay be ignored or in extrene
cases treated as a setback (see parab ,3.0).
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A steep slope, upward away f{1us the detector, can have a pro-
nounced effect on the reduction factor, as ground direct radia~
tion can now uriginate above the detector plane. Such a slope
can be analyzed by treating it as the plane of reference instesd
of the horizontal plane, Figure 6.5 illustrates a procedure for
doing this., Notice that the relation between the detector and
the contaminated plane remains constant. The ground direct com~
ponent can now be determined as a function of wy, @] and Hy.

o
o
L

C, for tuis sector should
be miltiplied by COS S since
fallout density of the slope
is less than for flat ground.

¥ipure 6,5 Sloping Contarinated Flane

6e3.5 GRO0UND ROUGHNESS

The effect of ground roughness is to place an additional barrier
batween th: ‘stecter and the radiating source., Unfortunately,
1little experimextai data ia available on this effectj however,
by coupling aveilable data with theory, a judgment can be made
concerning its iniluence on the reduction factor,

Table 6,1 is the result of this judgment, wherein grcund rough-
988 i3 expresaed in terms of an equivalent height of air. This
fictitious height ahould be added to the value of H used in
determining the extarior wall “arrier reduction factor. This
fictitisus haight is nct added to Hy in the dotermination of Gy.

6.3.6 PARTICLE PILE-UF
Particles of fallout which have been deposited on turfed areas
do not tend to drift, and can be considered to remain uniformiy
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i Table 4.1

FICTITIOUS HUIGHTS FOR VARIOUS GROUNC ROUGHIESS CONDITIOS

Description Fictitious Height* (feet)
Smooth Plane 0
Paved Areas 0-5
Tlavms 5~-10
Gravelled .ireas -2
é Ordinary Plowed Field 20 - 40
‘ Deeply Plowed L0 - 60
#* To add to actval value of H for use with wall-barrisr curves,
; Chart 2.

distributed over the area. Field experiments indicate that de-
positions on paved areas are not so stable. A building located
in a parking lot could be expected to have a 'pile-up'" of fall-
out particles on its windwaxrd side, To estimate the influence
of tihis pile-up on a protection factor, il 18 necessary to know
its relative source concentration. This concentration can be
related to the effective "fetch’, iy, of the paved area, that is
the distance to th? outer edge of the pavement from the wall of
the building.

The elfecta of pile-up can be approximated by the {ollowing
variation of the rmtial shielding problem, /Assume a finite con-
ta:inated strip of 10 Teet wide, (\7.). llake {he normal calcu-
lations for mutual shielding for thgs strip; however, multiply
the ground contribution by the ratio of letch to contaminated

strip, Fe/ti.s

Tor detector positions above the third floor the affect of pile-
up wiil "e mmall and can safely Lo ignored.

Ffor a bhesenant detactor position, the contribution froo: pile-up
through the sarth adiacen! to the -asenent wall nay “e of interest,
This esontriution car be approxirated ™ the fcllowing expression
(refer also o Mgure 6,.):

Cg ™ 120 (14)(P=w) Bg(lgs3TIF gty

J2
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U= Unit Weight of Soil

Figure 6.6 Particle Pile Up

This expression only provides the contribution through the lip of
the earth surrounding the structure; contribution through the
walls of the structure should be snalyzed by the normal procedures.




T R

AN S ottty b S NS

CHAPTER 7

SIMPLIFIED, APPROXIMATE PROCELURES

The Detailed Procedure presented in the preceding chapters is concise,
consistent with accuracy; -owever, it is unwieidy and ton time consuming
for initial planning #ud des gn purposes. Several simplified approximate
procedures have been developed which greatly reduces thc time required
for cowputations., Thes- procedures, however have varying degrees of
accuracy when compared with the ¢ lculations derived by the Detailed
Procedure. Tt may besome necessary to verify all or part of < -
calculations ou the final desigu by means of the Detailed Proc.dure.

The following publicatiions are being used to illustrate the
Simplified Avproximate Procedure:

1. Shelter Design & Analysis, Volvme 2, TR-20 Equivalent Building
Method.

2. Protection Factor Estimator ™ 64-1.

Example problems and methods of solution can be found in each of the
publications,
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CHAPTER 8
RADIATION SHIELOING MOTIF ICATIONS

8.1 INTRODUCTICH

8.

1.2 OBJECTIVES

The objective of shielding modification is *o provide a desired
degroe of protection at minimm cost commensurate aith shelter
requirements. Maximum usne must be made »f existing structure
properties to achieve this goal., Alternstive designs and con-
struction materials which provide greatest shielding :mst be uasd
in new construction. A working knowledge of the systv™s of
analysis and parameters of shielding is essantial., Familjiarity
with bullding construction and design is also necessa~y. This
Chapter reviews the parazsters of shielding and spplies the re-
sults to smmple shialding modification situatiora.

S$.1.2 THEORY

8.

8.

8.

The theory behind effective shielding modification is the system

of shielding analysis presented in Chapter 6. This systam is
analysed in detail to provide a qualitative as*imate cof the
effectivencss of the varicus parsmeters of shielding ir .'educing
rediation received. Means of virying thess parsmeters in axist-
ing or plarned construction are discussed and a general m-difi-
cation procedure is developed. This procedure is arplied to sam-
ple situations and possible solutions for theze particular examples
are illustrated.

2 CVERFEAD CONTRIBUTION

2,1 REWCTION BY DECOMNTAMINATION

2.1.1 Radustion Foseible

8-1
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Tabls 8.1 Skyshine Contribution through Dacontaminated Roofs

Table 8,la
Skyshine Contribution Through Decontamninated roofs i
Overhead Mass Thickness | Skyshine Factor % g
X pst
0 Use “able 4,1b

25 0.10

50 0.08

100 Cs0L

200 0.0%

+ Tc be applied as a correction factor to values cbtained from
Gart L

Table 8.,1b

Skyshine Contrioution
Decontaninated Hoof of Zero Mass Thickmess

Solid anple | Skyshine Solid Angle | Skyshine
Fraction Contribution Fraction Contribution
0.02 0.0008 0.20 0.0088
0.0, 0.0116 0440 0,019
0.06 0.0025 0.60 0.030
0.U8 0.7038 0.80 0.0LB
0.1C 0,00k2 1.00 0,100
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Canplete decontanination can provide extreme reduction in
the overhead contribution by eliminating the direct radiation
and the skyshine originating fram the contamination on the
roof. The approximate results of canplete decontamination
of the roof area may be determined by comparing the skyshine
camponent with the total overhead sontribution. Table &,1
lists the fractional portion of the overhead contribution
determined from chart 4 represented by the . ‘\rshine compon-
ent. For :xample, when X, = 100 paf, alwahine\ is 4% of the
total overhead contribution. A decontaminated roof with

Xo = 100 and W, = .40(Cn(®y,Xo) = .016) would have a contri-
bution = .04 x .016 = .000210 It should be noted that sky-
shine is a larger portion of the coniribution for a lighter
roof, and that the skyshine origineting fram the radiation
on ths roof itself is an increasing portion of the whole with
larger and higher rcofs. Thus, campleste decontamination can
provide ¢ large reduction in the overhead contribution.

8.2,1.2 Decontamination Methodse

The principle remote operated systems which may be employed
for roof decontamination are:

a, Rocf Washdown System - In principle, this system covers
the roof with a rapidly moving film of water to loosen,
propal, dissolve, or suspend the fallout. A closed
system required water distribution, collection, storage,
settling, filtration, and pumping. A "once-through"
system requires water supply, pumping, collection, and
disposal, The effectiveness of the syatem is principally
dependent on the water flow and coversge, and the siope
and campesition of the roof surface. Washing effective-
ness test results for various roof surfaces and slopes
are illustrated in Table 8.2 (fram Reference l. RADIOLOGICAIL
PROTECTIVE CONSTRUCTION, USNRDL, 467, 1962).

Table 8.2 - Influence of Roughness and
Slope on Roof Washdown Effectiveness

FRACTION REMALNING

Slope Masonite Roll P,oofir.g Camposition Shingles
(1.8 gm/ft) (2.7 g/t (2 7 gm/ft)

1:1& .ml; .022 0083

1:12 .0l6 048 240

1:16 LOUu +Ooly «535

1:25 020 «360 No date




Surfaces such as tile, tar and gravel, and corrugated
roofs are noct fully washed and thus have a greatly
reduced washdown effectiveness. Fiat roofs, roofs which
have a low wetability (smooth alumimm roof panels are
an exampie), or any roof with a slope less than lii are
poor for washing dscontamination.

Specific problems of roof washdown systems occur with the
high contamination concentratior at the filter, need for
a dry pipe system for freezing climates; requirements for
special equipment, water supply, power, special distri-
bution and return piping sysiems; freezing weather oper-
ationj and uncertainty of results.

be Roof Blowdown System - A roof air blowdown system, using
Jets of air to prevent deposition of fallout is feasible,
although test results are not available, Advantages of
blewdown systems over wazhing systems are dve to avoid-
ance of storage, filtration, and return pip: g systems,
and the applic&cion of blowdown to flat roofs. Major
disadvantages are ineffectiveness in wet weather and
build-up of fallout adjacent the structure in place of
the disposal or isolation obtained with the washdown
systemna,

c¢s Disposable Coverings - A disposabls cover may be 'sed when
fallout occurs over a short time, disposal is only re-
quired for the fallout of one detonation and radiation
received in the shelter during collection of ihe fallout
on the cover and prior to its removal is acceptable.
Canvas or plastic covering which may be rolled onto a
mechanically driven or gravity-actuated spool are types
of this method of decontamination., Major problems are
the safe disposal of the contaminated covering and
irregularities and projections above roof surfaces.

8.2.,1.3 Discuesion of Decantamination

Decontamination requires reliance or. a complex, expensive gys-
tem to achieve an unknown result. Dscontamination ies essen-
tial to same instances, such as on ships, manned exterior
facilities which muat continus to operate, specific areas
within a structure which have an emergency function (suw'h ..,
the upper floors of a structure with micro-wave reley facili-
ties), and for racliological recovery cperations. Special
s'.ractures may have on-site squiment which is suited to de-
centaninstion, such as steam geerating plant, water treatament
plants, and various industrial plants wvith power, puaping,

and water supply readily available. Such structures may
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econanically employ decontamination a&s a means of shielding,
however for most multi-stery structures housing shelters, de-
contamination is not the most econamical or sure means of

providing desired shielding results.
8 «2.2 REDUCTION BY GEQMETRY VARTATION
8 «2.2.1 Influence of Geamstry on Roof Contrdbution

The overhead contribution is detemmined by the field of view
subtended by the contributing area (solid angle fraction) and
the mass the radiation must penetrate (X,, and X| whore appro-
priate). The overhead contribution varies with variation in
the solid angle fraction subtendsd by the contributing area,
however with increasing values of w, the change in C, becames
smaller., This effect may be noted inChart ), , Reduction
Factors for Cambined Shielding Effects. The overhead contri-
bution is nearly proportional to the solid angle fraction
vwhen the solid angle fraction is leas than O.1l. This asolid
angle fraction may be visualized as a 20! x 20% core roof 23!
over the detector. Variation in C_, is much less than pro-
portional to @ when w is grester tfan 0.2. The magnitude of
variation in overhead contribution with w is deperdent on
mase for « greater than .2. This is due to the small pro—
portion of the total uverhsad contribution provided by peri-
pheral areas of hesvy roofu, while similar areas of a light
roof will provide a higher proportion of the total overhead
contribution, Example 8 ,1 illustrates the effect of variation
of solid angle fraction on overhead contribution,

8 .2.2.2 Geametry Variation Means :

Although geamnetry is not the most critical parameter of over-
head contribution, reduction obtained oy geammetry variation
may be significant in lowering the ccat of modifications or
of incorporating a shelter in new structure design. Piinci-
ple means oi acnieving geametry reduction are by:

a. Locating the shelter in a campartmented area, thereby
reducing core roof dimensionsy and, in affaect, reducing
peripheral roof contribution by the barrier shiulding of
interior partitions.

b, Locating the shelter lower in the structure, increasing
the distance fram the rcof and gaining the barrier effect.
of the additional intemmediate floors.

c. locating the shelter area eccentrically within the atruc-
ture, thereby increasing ithe average distance to the peri-
pheral roof areas.
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Example 8,1 Parameter Variation Effect on Overhead Contvribution
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These measures may be talken in selection of an area for modi-
fication or in locating a si'elter area in proposed new con-
struntion. Examples 8.2, 8.3, and 8.4 illustrate situations
in which these measures may le used to reduce overhead con-
tribution.

8 .2.3 REDUCTION BY MASS VARIATION
8 «2+3.1 Influance of Mass on Roof Contribution

Variation in overhead contribution due to mass is roughly
approximated by case 1, Chart 1 for values «f mass gieater
than 25 psf, As Case 1, Chart 1 is aimos* linear on the
seni~-log plot,the correlation indicates that a fractional
change in C, due to a specific additional mass would be the
same through the full range of C, values. This effect is
illustrated in Example 8,1, where an increase of 30 to 35 psf
causes a reduction of about 50% in Cge

Varying interior partition mass alsc has a direct effect on
the radiation passing through these partitions,

Chart 1l expresses this relationship, Since Chart 11
closely parallels Case 1, Chart 1 it would be expsctea 1hat
the fractional change in C, would be similar for mass added
to an interior partition and for the same psf incremertal
increase in overhead mass., Example 8 .1 also shows the in-
fluence of interior partitions. An imp ~tant feature however,
is that interior partitions cnly affect perirheral contribu-
tions, which are normally very small in relation to the core
area contribution.

8 «2.3.2 Means of Varying Mass for Overhead Contribution

The choice of location of a sheltsr area within an existing
building can take advantage of existing mass within the build-
ing to provide a low overhsad contribution, Intervening
floors between the shelter and the contaminzted roof are the
most econamical additional mass to reduce the overhead coan-
trioution. licreased distance below the roof has the addi-
tional geametry effect of reducing the solid angle fraction
subtended by the contributing area.

A shelter area in a highly compartmen:ed area of a building
makes use of tha existing mass of partitions tov reduce over-
head cont.ibution, The shalter area may itself be campart-
mented extending through several distinct areas which require
separate calculation of protection factor. Partitions which
are continucus on adjacent siories and extend to the roof are
most effective in providing campartmentalizationj however,
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Exampie ©£,2 Compartmented Location Effect on Overnead Contribution

\ “’c/ T
N 25psf \/ ! /
~ LARTN A \\\\\\\\\\:\-.\ ANt N \‘~. R ’Tr
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.................. @
L 30! 111 8¢] 11
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1
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we 8 50 1€ 20 .80 .095 50 LOl1
Uncompartmented: Detector A Cg = .038
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Example 8,3 Lc»{er Floar Location Effect on Overhead Contribution
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i Example 8 .l Eccentric Location Effect on Overhead Contribution
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discentinuous partitions, located on stories between the

shelter area and roof, will reduce cverhead contribution even
though thuy are not on the story of the detector. The effect
of compartmentalization is reduced with greater total over-
head mass thickness, as collimaticn by this mass canses a
greater portion of the roof contritution to came frum the
roof area directly over the detector. This effect is shown
in Example 8.1 as a gecmetry f{actor,

Additional mass for the reduction of overhead contribtution
may be provided in modification or new design by selection

of & low-story shelter area and by the selectlon of the
heaviest alternatives of possibie floor and roof construction.
Provision of heavy interior partitions for reduction of over-
head contribution is -inwarranted as moat of this radiation
usually originates from the rore area and would not be re-
duced. This is particularly true in a shelter area with
sufficient ovarhead mass to provide a high protection factor
(Pp = 100). Ecanple 8&.5 shows various means of providing
added mass for hasty, temporary. %r permanent employment with-
in the structur . Note that floor strengih, structure usage,
or need for placing mass under emergency conditions can
severely restrict the addition of mass to edating floor or
roof systems,

€ +2,4 DISCUSSION OF MEANS OF REDUCING CVERHEAD CONTRIBUTION

Tha most econarical means of reducing any contribution is by
careful selection of the shelter area location within the struc-
ture.

Reduction of overhead contribution must be a part of the whole
problem of providing a desired degree of protection, and thus
must be considered in conjunction with ground contribution. Se-
lection of shelter location for exampls, directly influences boith
overhead and ground contribution. Using a lower floor location
o achieve grester overhead mass, increases the ground contri-
bution. The aingle notable excaeption is adeption ¢ a aseament
location in which all contributions are reduced. Reduction of
height by a story does not increase ground contribution by as
large a fraction as that bty which the overhead contritution {re-
ference Chart 4 ) is reduced; howsver, the actual increase in
ground contribution may be largsr than the decreass in overhead
contribution, due to different magnitude of the two contributions.

Since geamet 1y has little effect on a shalter urea which is to
have a high protection factor, the desired reduction in contri-
bution will nommally be obtained by the addition of mass. While
decontamination can greatly reduce overhead contyitution, mass in
place provides positive measurable protection.
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¥ Example 8,5 Addition of mass to Reduce Ovarhead Contribution

GIVEN : Unmodified structure below: Modifications

— —— OGRS

\’—0./25psij I [

/I /
f e
20 258
_ 1% © g,:\.s_gc |
—
Elevation 11| 8§ 11t b,
509
hielter
. Area
Plan

REFERENCE : Example 8,2
Present core roof contrioution = ,011 = C,
we = 095 Present X,= 50psf

REQUIREMENT: Keduce core roof contribution to C,) = 4005

SOLUTION : 1, Determine etdditional mass thicknercs required:
Colp(@=0095,X0m2) = ,005 X, = 98psf (Chart L)
Additional mass required = 98 - 50 = L8p:c’

2. Location for the additional mass:

" a, 25psf on both roof and second floor, using bulk
material: minimun slab loading, same reduction
in peripheral roof contribution,

b. 50psf supported immediately over shelter area;
maximuwa bonus reduction in periphieral roof and
adjacent story contribution,

c. 50psf on second floor: maximum bonus reduction
in contribution without a separate supporting
frame.

d, 50psf on cecre reof: no bonus reduction in con-
tribution tut least disruptive of huilding use.

{ Foof Slab T ]

Sl -

N Precast Concrete®, o




In general, it is wore econamical in t' e modification of exist-
ing structures to reduce the ground cortribution and not add mass
to reduce ovarhead contribution, The overhead contribution should
be accepted if it is sufficiently small that the desired protec-
tion ‘uctor may be achieved by reduciig ground contribution. In
many above ground situations, & lower floor location, which haa

« higher umodified protection factor than does a similar location
on & higher floor, wili be more ecunamical to rodify os mass will
not have to he added on horigontal planes.

There are no rules which present tho most
modifying structures., Economy in modification is obtained by
skill in fallout analysis and in the chcsen design field, Guide-
lines may be established and illustretions made, however each
application will dapsnd upon the ability cf the shelter desiguner.
8,3 GROUND CONTRIBUTICN
8,3.1 REDUCTION BY GEOMETRY VARIATION

8e3elel Influence of Geometry on Growd Contribution

The ground contribution is determined by the location of the
detector with respect to the contamina*sd field, the &ize of
the contaminated field, and tne amcunt and location of mass
through which the rediation must pass. Height, orientation,
und amount of mass are parsmsters of barrier reduction fac-
tors. The dimensions of the structure and limits of & limit-
od strip of rediation are essentially geometry factors.

The amount of ground contribution that ie veceived from an
infinite field of radiation is: dependout on the dimensions
and orientation of the contributing exterior surfaces. In
vertical section, the principle limits for contrituting sur-
faces are the floors of a building. Thus the radiation re-
ceived through the exterior wall of tiis story of the detector
is considered separately :nd is usually of much grester magni-
tude than the radiation received from the exterior walls of
the adjacent stories above and below that of the detecto-,

The locatin of the floors then, determine the geometry affscts
ca the smow’. of radiation recaivred,

The effect of geasstry on the non-well scattered components

of the rediation received may be "iz.wulised from Pigure 3.2,

the polar plot of non-wall scattered rediation recedved in an
unshielded situation., Note that the tulk of the rediation is
received fram close to the horisontul. Aas an illustrstion of
this effect, the ground direct directional rospons~ iw .42 to
# 3' high detector centered on the grourd floor of a 48' x 48"
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building, If the structvre were 24° x 24' instead, or if

the detector height were 4! in the original situation, Gy
would be .58, an inc.ease of one~third in Gy, Chart 6

shows that changes moet raridly when the non-contributing
portion of the field of view (represenisd the solid angle
faction) 4s wery large (4 greater .nan .90)., Skyshine

varies in a similiv manner, heavily waighted at the horisontal,
however ito change with @ is not as pronounced as is the change
in Gq.

Wall-scattered railiation is essentially proportional to the
mount of tha fiaid of view subtended -y the contributing
surface. The detector receives wall-scattored radistion of
alaost uniformm intwnsity over the entire contributing sur-
face. Ths shape factor, E, provides a correction for colli-
mation by the wall, and solid angle fraction weizhts adjacent
wall ares xore hzavily than an area at an acute angle from a
rormal to the wnll fram the detector. Fxrmple 8.6 examines
variation in Gy, G,, and Gy due to gemmstry variation. As
illustreted in this example, thc principio =ffect of geametry
variation is upon Gy. Walls of sufficient ,.ss thickness to
provide a sheltered area roduce the importance of Gy in that
the fraction of emergsnt radiation which has not been wall-
scattersd (1-S,) is maall. The most direct gemmetry factor
is detector hedght above the floor. variation in this value
is critical in campsrison to the buiiding dimensions. This
can be visuslised in the camputation of n = 2z/L, in which

slight changes in g are of much more aignificance than slight
variations in L.

Another gemetry factor in the detsminetion of the ground
contribution is the size of the contribut.ng area. Mutual
shialding, decontmmination, and iuiiding setbacks are situa-
tions in which the radiation iz not received from an infinite
field., Promounced variation in saount of radiation receivasd
occure in such situations. Theae offects are illustrated in
sxmuples ir Chspter 6, Detailed Procedure - Camplex Applica-
tiona. Linited contaminated area situations are 80 vuried
thal only a fow generalizations are feasible., Mutual shield-
ing usually causes itu greatest reductiocn in ground contri-
bution on stories above the ground story btul below the ale-
vatix. of adjacent rofs, Decriitemination for ground contri-
bution reduction is rot generally practical for shalter situa-
tions for reasons similar to those diascussed for rvof dezon-
taminetion. Other limited contmminated area situations require
mdividual analysie to determine their reiative impcriance,
Sht widing rodifications are generally concerned witl. suca
situations wlh:en a high protecticn facter is zought, lerk: are
chetltad, or a detalled campreheraive soiution is regured,
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tiample 8,6 Influence of Geometry upou Directional Resronse

Flan e w]1,0 Elevation
Skyshine scale 10x
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Bar graphs show incrememtal
directional response between
limiting angles.
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8.3.,1.2 Geametry Variation Means

Selection of the shelter area location within tho existing
structure is the principle mesns of securing maximm gecmatry
reduction in a structure, Greatest reduction is generally
cbtained with a basament shelter location. ILocation selection
should take full advantage of any mutual shielding afiorded
by nearby or adjacent structures, In same situatlons, mutual
shieldirg alone may afford such reduction in contribution over
that which the same area would receive if there were no
shielding, that no modifications are required. Greatest geo-
metry reduction on non-basement stories is obtained with a
central location witain the building, a detoctor close to the
floor, and maximmm height above contaminated plane (note the
change of Gq with height on Chart 6). Shelter usage
tLowever, normally dictates the selection of height of the
representative detector location, and roof contribution limits
maximm height above camtaminated plane,

8.3,2 RFDUCTION BY MASS VARIATION

8+s3.2.1 Influence of Mass on Ground Contribution

Mass is the most critical factor determining the magnitude of
ground contribution. The location of mass determines the
parameters of the gemmetry factors. The orientation of the
mass with respect to the detector and to the contaminated

area deiermines its own effectiveness, as may be ncted in
Charts 1 and 2. Varistion in the amount of mass between
the detector and the contamination results in exponential
variation in the cantribution received from that contamination.

A second parameter of the barrier reduction factor, height
sbove contaminated plane, accounts for reduction in radiation
due to the mass of air bstween the contamination and the
exterior wall. The barrisr reduction factor is affected by
this height and the improved effectiveneas of the wall barrier
due to the collimating of the radiation in passing through
this air. The sum of these effects for an exteiior wall are
given in Chart 2.

The effect of height and variation in the maas of exterior
walls, floors, and partitions upon ground contribution are
demonatrated in Exmmple 8.7. The effects of mass variation

and gecmmetry variation should be compared by raference to both
rxamples B,7 ana o .6,

4
b
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B
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Example 8,7 Influence of Mass on Gréund Centribution
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Xy + 30pst «53% 578 i -50%
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Xf + 30pst 564 —e-
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Xg + 60psf -76% -72% ~75%
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X}, + 60pst - — 93¢
Hy + 1Oft. -2k -21% -1L%
W+ 2p, L7% -364 -23%
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8.342.2 Means of Varying Mass

Adding mass to reduce ground contribution is generslly the
most sconamical and ready means of improving a shelter, Mass
is most effective in stopping radiation when the incidence of
the radiation is not nommal to its surface. The angle of
incidence is greatest for floors and thus mass in floors is
more effective than the mass in vertical barriers. Exterior
walls at heights greater than 3 feet have their effectiveness
incressed dus to collimation of the radiation in the air; and
thus, the same mass per square foot is slightly more effective
in an exterior vall than in an interior partition.

The overwhelming bulk of ground contribution in an exposed
story is from the exterior wall on the story of the detector.
Mass thickness, in pounds per square foot of surface through
which the rudiation must pass, is the principle paramster of
reduction of that radiation, Maximm reduction is obtained
from a given amount of mass by having that mass as close to
the detector =2s possitle, as this permits the greatest mass
per unit arez. As an entire shelter area must uaually be
protected, the closest prectical iocation for this mass is
the limits cf the sheltered area itself. Thus, most economi-
cal reduction in ground contribution is generally ottalned
by adding interior psrtitions at the limits of the shelter
area. Exceptions to this usually occur in the cerrection of
leaks, each of which is an individual problem, Example 8.8
i1lustrates the computation of the amount of mass required to
cbtain a given reduction in contribution and some of the ways
in which this increased mass may bde added.

Large reductions due to mass may be achieved in the selection
of the shelter location within ar existing or proposed struc-
ture. Aside from the bassmment, which is usually the best
shelter area, the least ground contributicen is found on
upper stories. Shelter areas should be located to take full
advantage of interior compartmentalization. In new design,
the heaviest of alternate choices for wall, partition, and
floor construction should be used. High window sille cause
all the ground direct radiation to pass through the walls,
resulting 4n a large difference in contributicn campared to
s low 8ill situation. In deaign and construction, low added
cost items such as filling masonry blocks with sand or mortar
nay e lllploytd.

Heavy additional partitions often may be added to existing
buildings without structural modifications by placing the
partition along columy lines. Slab-on-grade sjtuations simi-
larly allow ready modification. The amount of mass and its
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ixample 8,8 Addition of Mass to Reduce Groun. Contribution

GIVEN : Unmodified structure below:

gJ
|
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-
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. .
5 Sector 4 o
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g/
T

I

g1 '7___.-‘<:)
TEE—T T

_4L_ Plan Elevation

Xe = }.;Op“f h

Contribution tnrough the door = 0047
Contribution through remainder of Sector A = ,0002%
Total contribution through Sector A, G,y = . 0050

REQUIREMENT : Reduce contribution through Sector A to C,p), = .0002C
Exit through door not required. =

SOLUT ICN s 1o Correct leak, the door, by reducing its contribu-
tion to that of the «djacent surface, This may be
done by providine LOpsf up to detector height,

2+ Recorpute contribution with leak corrected,

3, Determine mass thickness to be addec as an intericr

partitiong
C}A Bi(xi:B') = CHA)m Bi(xi’j') = LL3
¥ = 35psf
| 1t eorc
KloSP 51 -

tows fille
wit!. sand

®
= | " a——
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location are shelter analyst problems; econamical provision
of this mass is dependent on the skill of the shelter designer
and is dependent on his ability as an architect or structural

designer.
3 o4 TYPE MODIFICATIONS

8 ohel CATBEGORIES

Tt is convenient to divide types of modifications into three

categories: Hasty or Temporary Modifications, permanent Modifi-
cations to Existing Buﬂdﬁgs, and Shelter Inclusion in New Design.

These categroies dc not characterize the degree of protection
afforded by the use of a specific type modification, as an almost
unlimited degree of protection could be provided by the use of
any of the three types. Further, it would occasionally be
desirable to use a cambination of modification types to most
econamically provide suitable shielding.

The categories of modification® can be characterized by:

a. Use and Nature - Hasty or Tempo Modifications require
movement of mass (such as sandbags; to provide shieliing,
they are apt to by-pass building codes, they may prevent
nommal use of the area, and they generally require storage
areas for materials, Permanent Modifications and New Nesign
provide in-place protection, they muast mest building codes
(as may be amended for fallout shelters), and they usually
ailow for a normal use of the area.

be Cost - Hasty or Temporary Modifications usuall7 provide the
loact expensive means of providing a given degree of pro-
tection for a given tuilding design. For a permanent shelter
it is more econamical to include a shelter in new design than
it {s to modify the same existing structure %o provide a
gimilar shelter. Hasty type modifications should be consider-
eod for any shelter as in many cases they will be feasihle and
fully suitable for permanent. plannirg. /n example would he
the use of sandhags to block bassuert windows or areaways, ¢o
baftle entrances, or to shiald ventilating system radiation
lesks,

The selection of the type modification to shicld a shelter re-
quires ecoranic analysis of possible means of sroviuing & given
shalter area a given degree of protection. Such an analysis, and
other considerations of degree of risk, possible tiast affects,
and affect of modificalli ons on structire usage or worth, require
judgement bassd onthe general knowlsdge and professional aikdll of
the srchitect or structural engineer.
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8.4.2 HASTY OR TEMPORARY MODIFICATIONS ‘

Behe2.1 Philosophy of Baployment

Hesty or temporary modifications are generally the most econc-
mical means of modifying an area to provide a given degree of
pFrotection, The placezent, or planned use of these Lype
modifications are suitable in the following situations:

8. Permission cannot Le sbtained tc make modifications of a
pemmsnent nature.

be Such modifications cannot be made within building codes
or by altering the use of the affected areas of the

building .

Co A mnall areza must be shielded which cannot be blocked by ‘

permanent shielding, such as a door, window, areaway, or
corridor.

d. The structure owner considers that sufficient time will
be available after warning to place the shielding.

e. The modifications are plarmed or emplaced after the de-
claration of a national emergency, imminent hostilities,
or an oubtbreak of war, (

?« Military constructicn and use in a theatre of operations.

Hasty modifications should not be used if it is anticipated

that warning of attack and arrival of fallout will not allow
sufficient tims for placing the shielding, that the antici-

pated occupants will be incapable of placing the shielding,

or that climate will prevent use of the hasty modifications

in samo seaszons, i

Hasty or temporary modifications generally involve readily trans-
ported heavy material with little structural strength. They

are most adaptible to placement on a slab-on-grade, over

column lines, or over foundations. Therefore, a large over-
head contribution should be avoided to keep cost at a minimum,
As the laryge maass for the planned shielding must be stored and
moved into place when required, basemment or ground floor shel-
ter locations are desirable.

Posaible uses of these type modifications are limited only by
the imagination or professional ability of the shalter design-
er. Properly planned, such modification can provide protection
far out of proportion to thedr cost. This aione should cause
their consideretion in the plananing phase of eny sheiter.
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801&0202 Sample -]

Types of hasty or Lemporary modifications are too mmerous to
attempt & complete 1isting in this handbook. The purpose of

the 1ist in Table 8.2 is to illustrate sufficient varieties

of such modifications that the designer can visualize apyro-

priate modifications for the specific shrlter under study.

Table 8 .2 Hasty or Temporary Modifications

TYPE VARIATIONS TYPICAL USES
Earth Other bulk Fill areaways. A
Material | E
Bem to nover exposed wali (as for a

partially buried basement). .
Added orerhead mass, as by spreading JEN
over a fioor up to the capacity of

the floor.

Filler betwewen forms, or to go on a
structursl support over a shelter area.
Filler for hollow blocks.

Sandbags Sandbags on Uses for bulk material given above,
Pallets Fill window or door openings.

Vertical walls, with braces and cross-
ties or stacked against a wall,
Baffle entranceways or corridors.
Shield ducts or small radiation leaks.
Shield filtes,
Shield leaks found during shelter

OCCuparncy.
Ungrouted Pulleted brick Uses for Sandbags given above,
Masonry Block Tile Vertical walls or baffles.
Block with Structural surport for a separate
hollows filled Shelter roof.
with sand. Campartmeantalization within shslter,
Cans or drums
to be filled
with water.

Structural Steel sections, Support modifications described above.
Mambars Timber Support maus on a separate sheltar roof.
Form support or hold bulk mass,

Precast. con- Filled cellular Provide prefabricated walls and roof
crete steal flooring, for shalter.
Pateited bulk Added masa for ivof jlacement.,
material forms, Close doors, windows, ersaways, or
cor—idors.
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8 ,4.3 PFRMANENT MODIFICATIONS TO EXISTING BUILDINGS

Providing permsnent modifications ‘o existing bullding. picesents
the greatest problems to the designer and is the most expansive
of the type modifications, Details of such modifications are
not presented as these may be readily visualized by the shelter
analyst qualified as a designer due to his architectural or engi-
neering background. Special considerations are presented in
Table 8,3 for the shslter planner and type modifications are
Ziven in Table & .i to assist the planner or designar to visial-
ize the shelter,

Table 8,3 Principle Special Considerations for Permanent Modifications

NATURE PROBLEM AREAS
Zoning Building or area capacities,

Type of construction permitted.
Extent of lot covered,

Building, Safety and Problam areas of zoning.

Fire Codes Construction of partitions.
Baffling or blocking doors, windoews, and
corridors.
Required window area and mmber of entrances.
Ventilation requirements.
Loading on existing beams, slabs, and colummns.
Numbers of wash and toilet facilities.
Mmergency fuel storage.
Storage of supplies wnd equipment,

Labor Unions Type of co:.istruction to be amployed,
Classification of t,pe of work of varied types
of modifications.

Professional Ethics Addition to, or modification of, original plans
of another archite~t or engineer.

Present buildin- uvse Change in characteristics or caupartaenting of
shelter area.
Reduced liveioad capacities of Iiours.
Intarruption of present urze for construction.
Relocation o utilities.

‘eimbursement Details of Feleral, State, or local pruogrems.




Table 8, Type Permanent Modifications

(Refer also to Paragraphs 2.2 and €,3)

RADIATION ENTRY

Exterior doorway

Exterior window

Extorior wall

Areaways

Duct or vent opunings

Entries into shciter
area

Core roof

Perinheral rocf and
adjacent stories

SAMPLE MODIFICATIONS

Interior or exterior baffle or maze of same
mass thickness as adjacent wall,

Ideal location for hasty sandbsg modifica~
tion.

Additional interior partition mzss thickness.

Modifications for exterior doorway.
Close with block, brick, or concrete,

Additional interior partition mass thick-
rie88.

Earth bermm to highesl rractical height, or
terraces.

Modifications for exterior cdoor and window.
Close openings =nd £i11 with earth.
Concrete siab cover at ground level,

Modificationsfor exterior voor,.

Baffle by partitions of mass thickness equal
to that of the partition containing the
entries,

Supported roof cover shelter area.
Added elab or precast slabs on roof,
Decontsmination system installation.

Additional interior partition mass,
Modifications for core rouf,

8 o4ol, SHELTER INCLUSION IN NEW DESIGN

The principle special considerations for permanent modification
of existing buildings listed in Table 8.3 appliers to a slightly
lessor extent to new deaign., lNew design is leas of a problem and
more econamical than permmanent equivalent shielding modification
to an existirg building for obvious reasons. l!ajor departure
from modifications to existing structures occur in the ability of
new deeign ‘c make full planned use of the shielding advantages
of location selection, to incorporate required overhead or parti-
tion mass in {loors or partitions yet to be built, to provide the
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necassary siructural capacity, and to avoid the problem areus

1isted £o1° Labor Unions, Professional fthics, and Present Build-
ing Use in Table 8.3,

Desirable 1ocation considerations are presented in paregraphs
8,2 and 8 .3, as are procedures for determmining or satiafying
mass requirenents, Shelter inclusion in new desigri requires
close integration of shielding analysis skill and professional
design ability.

8 »5 MODIFICATION SELECTION PROCEDURE

8 o5,1 MODIFICATION SELECTION SHQUENCE

Step I - Select representative detsctor location in proposed
shelter area,

Step 2 - Compute Protection Factor for selected detector location.
Step 3 - Compare required and existing Protection Factors.
Step 4 - Correct leaks, bring to nom of adjacent surfaces.
Step 5 - Reccupute Protection Factor with leaks corrected.

Step 6 - Determine those remaining scurces of radiation which it
is undesirable to correct,

Step 7 - Correct the remainirg scurces of radiation to prcvi‘e the
desired Protection Factor.

Ster 8 - 3elect tha actual materials tov be used to make the
corrections in Step 7.

Step 9 - Caxpite the Protection Factor for the Modified Shelter.

Step 1U- Check the applicability for the rest of the shelter of
the Protection Factor found for the detector location.

2 .5.7 DISCUSSION OF STEPS - (Refer to parsgraph 8.5.).)

Step 1 - A detector locstion is aonly chosen to be representative
of the ahelter area. The Protection Factor will vary alightly

(15 to 20%) within a ghel‘sr area due to geumetry and minor
structural variations. Excessive variaticn may be due to leaks

or shielding conditicas whick only afiect a portior of the shelter
area, For such ettustions, the camputsd Protection Factor must

be verified as being representaiive, or shialding calculstons
must be made for seperate detector locetions.
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Shelter location should be cliosen to make raximm use of available
shieldirg, and to minimize overhead contritut:.on.

Step 2 - Shielding calculation should be mace oy the Detailed Pro-
cedure in the design of perwanent modifications or new construc-
tion. The Simplified Approximate Procadure may be used for pre-
liminary calculations, or as an alternative to the Detailed Pro-
cedure for hasty or temporary modifications.

Step 3 - Comparison of required and existing Protection Factors
gives an indication of the magnitude of the task and the natre
of the shiselding that will be required. Extreme variation wdll
esseritially require a structure within a structure (such as the
Family Pallout Shelter) with the result that location can be re-
chosen without regard to existing shielding.

Step 4 - Leaks are mmall areas wich contribute a disproporticnate
amount of radiation to the shelter area (doors, skyligiats, etc.).
Leaks are most accaomically corrected et the opening itself,
instead of at the shsilter limits,and aie often suitable for hasty
type modifications. The correction of leaks normally provides
the greatest shieldi.g benefit per unit cost. Aas the leaks are
usually at an exterior surface and excess radiation through that
surface will norwally bs corrscted by additionel mass thickness
at the shelter lumits, tha lesaks should only be corrected to pro-
vide shielding equivalent to that of the adjacent surfaces, Tho
le#!: area can then be included with that surface in any further
corsections .

Step 5 - In same aituations, the correction of leaks may provide
sufficient aidtional shielding to meet the required Frotection
Factor. In any case the Irotection Factor with leaks corrected
is required for subsequent modification calcuiations.

Step 5 ~ Thosa sources cf radiation should be idantified which
it 1s not desirsble to correct and whose magnituds nemmits the
requirad Protection Factor to be obtained even without their
modification. Examples of thesa would be overhead and minor
sources c¢f contributions.

Stepr 7 - The sum of the contributions which 2re no* to be revised
is subiracted fram the maximm allowable reduction factor to find
the deasired total contribution of tus sources of rediation which
179 to be modified, This is coxpared to tii> aa-is coniribution
of these same swrces of mdiation.

The roculred mass thirckness of an interior partition may be readi-

1y determmined by dividing deaired reduction factors by ws-is re-
duction factors. The Quotient is the required interior partition
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barrisr reduction factor if there are no interior partitions;
otherwise, the present interior partitiou barrier reduction fac-
tor miltiplied by the same quotient is the required interior
partition barrier reduction factor, In either case, the required
nass thickness ¢ 7 be determmined cirectly from Chart 2 , A
simjlar precedu s may be used for deteruining additional mass
thickness required to reduce contributions fram other sectors,
the roof, or adjacent stories.

Step 8 - As the required add’.ional mass thickness is detemined
ir Step 7 for each asctor, the method of construckion, and thereby
the actual mass thickness, should be selected, The n.difiad
contributions for these sectors should be computed using this
actual mass thickness., This procedure permits most econocmical
use of materisals.

Step 9 -~ The computed Protection Factor for the modified shelter
should te within 7. of the required Protection Factor, or within
other specified limits. Close agreement should be expected as
new chart readings of reduction factors are ge.erally not re-
quired in this modification procedure (new reduction factors are
computed and values of mass are read from the charts).

Step 10 ~ then the Protection Factor of a shelter is increased
by several times, contributions whi-h previously were negligible
or approximated may be a significant portion of the total contri-
bution. The analyst must cl.eck these contributions, and differ-
ences of geametry, or other shielding, which may cause large
variation from the modified Protection Factor in other portions

£ the shelter,
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CHAPTER 9
ENVIRONMSNTAL. CONSIDERATIONS

9.1 GENERAL

Although a potential shelter area may provide excellent shielding
from fallout radiation, its worth as a shelter 1s limited if it s
poorly ventilated, deficieat ip sanitary facilities, or too small for
the number of occupants.

9.2 AREA AND VOLUME

The term "capaclty" refers to the number of persons that can be
accommopdated in a shelter.

Gross floor area includes such items as columms, fixed equipment,
and storage space for shelter supplies. The minimum net floor area
allowance par person is recommended to be 10 sq. ft. In addition,
at least 65 cubic feet of volume per person should be piovided.

Shelter capacity or occupancy time may be limited by the volume
of the room and not by its area. This is particularly true if mechan-
cal ventilation i3 inadequate. In many cases, however, interior stair-
wells, shafts, and ducts would create enough natural ventilation to
extend stay-time markedly.

9.3 VENTILATION

The basic requirement for & shelter ventilation system is that
i1t provide a safe and tolerable enviromment for a specified shelter
occursncy time. In areas of very light fallout, occupancy time may
be &8 little as one day. In areas of heavy fallout, it m.y be as
muer as 2 weeks or more, but occupants probably coulid spend some time
outside the shelter after the first few days.

The following are important considerstions ir the ventilation of
shelters;

1. Oxygen supply is genermlly not a critical factor Carbon
dioxide is. The carbon dioxide concentration should not
exceed 3 percent by volume, and preferably should be main-
tained below 2 percent oy volume. Three cfm per person of
fresh air will maintain acceptable concentrations «{ bhoth
oxygen and carbon dioxide.

2. A combination of high temperature and high humidity in a

shelter may be hazarduuse. An effective temperature of 850 F.
ghould not b exceeded.

9-1




3.

If recommended sanitatlor and ventilation standards are fol- q
lowed, odors within a shelter should not be unacceptable
under the short-term emergency situation.

Based upon the above factors, the following minimum standards
for ventilation may be used as guldance.

1.

If no mechanical ventilation is available, a net volume of
500 cu. ft. per person may be used for estimating shelter
capacity.

If the shelter capacity 1s based on the minimum space requlre-
ments (i.e. 10 sq. ft. ¢ 4 65 cu. £i. per person), then at
least 3 cubic feet of fresh alr per minute per person is
required.

If equipment is available for mechanical ventilation at rates ‘
of less than 3 cfm of fresh alr per person, with occupancy
estimated on the basis of floor area, the net volume of space
required per person may be determined from table 9.1.

The installaticn of equipment for the artificial cooling of
air for shelter purposes only should be avoided 1f possible.

A heating system generally is not essential. Use of blankets,
heavy clothing, etc., for warmth usually will suffice when
outside air temperatures ere low.

TABLE 9.1 - Relation of space requirements to ventilation

Volume of space

required per

Rate of air change Lminutegll person
Cu.tt.

1,000+ . . . . 500
o . . 450
boo. . . . ... .. e e e e 400
200, C e e e e v oe e . 300
100, . . . . . 200
B0 & v e e e e e e e e e . 150
T [0 (¢!
2 ... ... C e e e . . 65

I(',‘cmspv.xt,ed as the ratlo, Net volume of space (cu. ft.)

Fresh air supply (cfm)

EXAMPLE for table 9.1, "Relation of Space Requirements to Ventilation”

Given:

A potential shelter area with clear floor dimensions of 60 by 90
ft., and a ceiling heighv of 10 ft,
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Find:

1. Tbe capacity: based upon adequate ventilation (3 cfm or
more of fresh air per person), at least 10 sq. ft. of floor
ares per person., and at least 65 cu. ft. of space per person.

2. The capacity: based upor no ventilation (4cfm or less of
fresh alr per person) and 500 cu. ft. of space par person.

3. The capacity: based upon ventilation with 270 cfm of fresh
air supplied by a blower.

Solution:

1. Floor area=60 x 90=5,400 sq. ft.
Volume:=5,400 x 10=54,000 cu. [t.

Capacitysd,400-540 persons
10 —
or

l
Capac ity-i%gggs@ persons

(The smaller capacity, 540 persuns, governms.)

2. Volume:=54,000 cu. ft.
Capacitynzlg‘zd.;@-_l_oﬁ persons

3. vVolume, V=54,000 cu. ft.
Fresh alr, Q=270 c¢fm

Ratio,_\Q’. =200 min. for air change

From table 3, when %-200, the r«quired space per
person=300 cu. ft.

Capacit ; 000 180 persons

9.4 FILTERS

Wealherproof air intakes should be rrovided for the ventilation
systems of all sheiters to keep out rain and faliiout particles. For
home shelters with hand-operated blowers, a simple hooded intake is
considered sufficiect. For larger shelters, however, fresh-air in-
take velocities of mechanic:l ventilation systems may be high enocugh
0 draw fallout particles into the sheliters. Therefore, alr filters
capable of removing at least Q0% of S0 micron particles sbwould be
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installcd. High-efficiency filters that would remove submicron sizes
of particles are not required for fallout shelter,

If filters or plenum chambers where radioactie particles can
accumulste are in or adjacert to a shelter area, they should be
shielded. The following is a gulde for sizing the filter shields,
wiich mey be walls, or floors gbove or below the filter:

Intake(cfm) Mass thickness(psf)
100 40~ 60
1,000 80-120
10,000 160-240

9.5 WATER SUPPLY

A supply of potable water is essential. At least 33 gallons
must be readily avallable to each occupant. In additlon, it is
highly desirsble to have extra vater for hygienic purposes.

Water storage containers should be non-breskable and may be kept
within the sh=lter itself or in nearby readily accessible areas of
the building in which the shelter is located.

A relisble well in or adjacent to the shelter area is the best
source of supply. However, if it can be assumed that the normal
public water supply will be avallsble under war-emergenc,s conditionms,
congideration may be given to its use. Before relying on this source
for drinking water, it should be ascertained that the water would be
uncontaminated and that the treatment and pump.ng plent would be in
operation. This requires fallout shelter for the operators and an
auxiliary power source if there is likelihood that normal power
would be disrupted. If the public water supply is from wells, there
would be less danger of contamination by radioactive particles.

Colloidal and soluble radioactive isotopes could be hazardous if
sufficient quantities of fallout contaminate a water source. Exposed
surface sources such s reservoirs of public water systems are the
nost vulnerable to this type of contamination. Use of water from
these sources may be dengerous for drinking, but not dangerous for
such uses as washing or flushing.

To determine the overall water supply available %o a sheliter
area, both outside scurces and those within the bullding should be
conasidered. A most desirable type of outslde source would be =
large covered vater tower or reservolr which is coanected to the
building by a gravity piping system. To determine actually how much
water would be available to a given shelter area, a general analysis
must be mule of all potential users that would be dependent upon
this outside source ’ring an emergency.

9-L




In larger buildings, water in hot water tanks, fire reserve
tanks, house storage tanks, or in the piping systems may be a good
reascurce. However, water from each source should be checked to see
if it 1s potable. In residences, hot water tanks are excellent
sources of potable water; and i1f ample warning 18 —eceived, bathtubs
and sinks could be filled before the arrival of fallout.

9.6 SANITATION

Because of the confined and crowded living conditions that shel-
tering might require, sanitation could be a major problem.

Personal cleanliness would have to be encouraged. Metal or
plastic hand baeins, #ith buckets for water distribution, would be
adequate.

In family shelters, human waste may be disposed of through use
of nevspapers, plastic bags, or other disposable contair=rs. These
would then be deposited in tightly covered contsiners. A sultable
type of chemical toilet may also be used.

In the larger group shelters. regular or austere flush-type
toilets, or chemical toilets, should be avallable on the basis of
1 per 25 cccupants. Half of these may be outside the shelter ares
1f readily avallable in other parts of the building.

Trash and garbage should n- e allowed to accumulate, While
inside the shalter, {t should ept Jn tightly covered contalners;
and 1t should be depoeited out._.= the shelter area as often as
necegsary.

9.7 rLECTRIC POWER

In all but family and small group shelters, electric power may
be needed to operate motors and to provide light. The greatest load
probably would be for the ventilation system. If a special emergency
ventilation system is installed, fan motor pewer requirements may be
kept to a minimum. In many cases, it may be more desirable to modiry
an existing ventilation system. I[n this case, the minlmum power
requirement must be determined by the size of the existing fan motors.

This may be far sore than the basic emergen:y system requirements.

Other electrical motors that may be required for larger group
shelters {nclude those for a water well oump and u sew.ge ejector

pump.

Lighting s not a critical factor in electric:. . powver requirementa.
A minimum 1llumiration at floor level of only 5 fcot-candles should be
sufficlent for m.st of the shelter area. Sleeping areas require ¢ foot-
candles at floor level sund administrative und medical areas requlire
2 foot-candles at desk level.
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The best source of emergency electric power i1s an ergine-
generator set witbh a 2 week supply of fuel. The relstive merite of
gisoline, dlesel, and liquefied petroleum gas engines should be care-
fully considered. Initial cost is important, but so are local code
requirements, ease of meintenance, dependabllity, saf:ty of operution,
and storage characteristics of fuels.

Emergency engine-generator sets shall have separate vents and be
heat-isolated from the main shelter chamber. Specilal consideration
must be given to the manner of lnstallation of englne-generator sets
and fuel tanks to minimize hazerds from exhaust gases and fires.

The capacity of emergency engine-generator sets may range from
1 to 10 kilowatts per 100 shelter occupants, depending upon lighting
and equipme b requirements, and dependability of outside power.
Normally, the requirement would be in the lower half of this range.

If tke power station has fallout protection, and operational
plans provide for the contipued operation of the station under fall-
out conditions, it may bte assumed that electric power would be avail-
able. Under such circumstances the falloul shelter will not require
emergency power.

9.8 ENTRANCES AND EXITS

Entrances, exits, and other openings can markedly affect shelter
category and capaclty--for exampie, large garage-type doors in the
basement walls of many commercial bulldings. Doors of tkis type,
used for helowground shipping service and parking areas, have low
macs thicknesses and are in exposed positions. This can result in a
low protection factor for hasement areas where the factor might other-
wise be high.

Baffle walls can be used to shield entryways and other openings.
In any given instance the baffle wall should be of a mass thickness
that will provide the cutegory of protection desired for the shelter.
In most cases this mass thickness should be equivalent to X, or Xy,
whichever 1s appropriate. Exceptions to this will lLe those cases
“there the mass thickness of X, or X, is extremely high (e.g., a
granite wall 3 feet thick).

In some cases, stalrwells entering shelter areas have open sides
and it may be necessary to provide shielding walls to enclose them.
In general, the mass thickness of these walls ne.l not be greater
than 100 paf.

Accessibility may affect fill-time of ~ she’ter. A4s an example,

the basements of some large bulldings may in themselves have high
capacity. However, these samr areas may be served chiefly by
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elevators and may have only cne or two narrow stalrways for entry.
In an emergency, the elevators may not runction, sud fiil-time would
be lengthened appreciably.

Iocal fire codes may be useful in determiring accessibility and
fill-time. In regard to these two factors, however, it should be
kept in mind that a heavy concentration of fallout 1s not likely to
occur immediately following the explosion of s nuclear weapon some
distance awzy.

9.9 HAZARDS

Sometimes areas that offer good protectlor from radiation are
used for storage of dangerous materi~ls or have other dangerous
conditions.

vwne of the _uzards to look for are storage of explosives, or
highly combustible materials such as paints, varnishes, and cleaning
fluids; or exposed high-voltiage equipment.

If the amount of dargercus material in storage 1s small and
readily movable, or the hazard can Lc 1solated, the capacity rating
of the shelter should not be affected.

Hazardous utility lines such as steam, gas, etc. should not be
located in eor near the shelter area unless provision 1s made to
elininate such hazards before the shelter is occupied.

All shelters shall be constructed to minimize the danger of fire
from both external and internal sources.

9.10 OTHER CONSIDERATIONS

Provisions shall be made to insure the shelter interior will
remain reasonably dry. when necessary, such items as surface, peri-
meter and subgrade draicage. damp-proofing and water-proofing shall
be accomplished.

Appropriate provisions shall be made for use of ordinury buttery-
operated radios. This may require installation of sultubly designed
ar..enna.

Provision sball be made for the prevention of infestation of the
shelter urea by insects, rodent., ur other pests.

iu areas subject to high ground water conditicens, provislions shnll
be made to prevent flotation of the shelter.




General provisions shall be made for the storage of basic shelter
supplies by allotting at least one and oune-half cubic fect per person.
These supplies may include such items as water, sanitary kite, medi-
cal kit, radiation meter and food.
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SURVIVAL SHELTERS

MECHANICAL EQUIPMENT REQUIREMENTS

INTROCUCTION

In the fluid world of today and tomorrow, adequate and accessible
shelter for the people is an essential part of a program to assure our
survival as a free nation under any realistic eventuality, including =
the widespread effects of nuclear warfare. For this purpose the shelter
structure is the basic protective element. The structure must provide
at least the necessary shielding against the insidious effects of residual
nuclear radiations from fallout. Thie kind of protection would probably
be sufficient in most areas and, by taking advantage of the inherent
shielding afforded by many existing buildings, can be attained quickly
at relatively low cost. However, it is technologically feasible to extend
the capabilities of shelters for protection against other weapons effects
such as blast overpressures, initial nuclear radiations, atmospheric con-
taminants and raging or smoldering fires. If we hypothesize that the
concepts which determine our defensive posture are not static, changes
in emphasis on various.aspects of civil defense, including shelter
requirements, can be expected. Under continuing research and develop-
ment programs, ways and means are being explored and evaluated on the
busis of cost-effectiveness to satisfy possible long-range conditions
as well as to provide better or more economical systems, methods, materials
and hardware for meeting requirements in the immediate future.

No structure is a worthy shelter unless it is habitable during the
necessary period of occupancy. As one facet of habitability, the physical
environment must be maintained within reasonable limits of human toler-
ance with respect to thermal characteristics and chemical composition
of the air. We will consider herein the major parameters and how the
physical environment can best be controlled in a shelter which must, by
reason of economy, be austere but acceptable to people faced wvith a
situation in which survival may depend upon this protection. It is a
thesis of this discussion that a shelter can be planned to facilitate
changes which enhance its protective capabilities and yet be constructed
and equipped initially to acccumodate a lesser objective within a limited
budget. '

GENERAL CONSIDERATIONS

Apart from the effects of ehemy attack, there are many interdependent
variables which affect the physical environment In which man must live,
and the importance of some of these variables is accentuated by the inherent
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nature of a shelter and the abnormal conditions under which it may be
occupied. Some factors which influence or reflect the thermal and
chemical environmment in any occupied shelter are as follows:

l.
2'

3.

10,

11'

12.

13.
14.

15.

16.

Time of stay in shelter.

Number of occupants.

Metabolic characterisitcs of the occupants with respect to
sensible and latent heat generated, oxygen consumption,

carbon dioxide produced, size, sex, age, and activity,

Physiological and psychological reactions of occupants to
the immediate situation.

Temperature and humid{ty in shelter space.

Clothing (insulating properties, absorptivity).

o——
.

Diet (solid and liquid); including d;inking water.

Interior heat and moistnre sources other than people, such as
lights, motors, and cooking appliarces (continuous or intermittent).

Initial conditions of the shelter environment and its surroundings
(temperature distribution, moisture). - -

Rate and method of ventilation with fresh and recirculated air
(air conditioning, air motion).

5ize and configuration of the shelter with relation to interior
surface area, volume, geometry, and exposure.

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

e —

Temperature and humidity of air leaviug the shkelter. !
Interior surface temperatures and moisturc condensation.

Aeather conditions with respect to variable temperature,
humidity, solar radiation, wind, and prccipitation,

Thermal propercies of the shelter and surrounding materiale
(conducctivity, density, specific heac, diffusivity, moisture
content).

Thickness and thermal properties of cover and shtelding materials.

e et B
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18, Heat flow from adjacent structures or heat sources.

The engineer must first of all distinguish between a structure which
is intended for use only as a shelter and one which has alternative uses.
The design of mechanical systems and selection of equipment for other than
shelter purposes must be governed by building code or local regulations
for normal occupancy of such spaces, and the systems must then be adapted
as necessary for shelter use.

THE CHEMICAL ENVIRONMENT

Air Vitiation. The normal air components with which we are primarily
concerned in shelters are oxygen, carbon dioxide and water vapor. . Some
degree of control must be provided for these constituents in shelters or
any occupied space. We can also consider and provide appropriate measures
to protect against the hazards of radioactive fallout particulates and
other air-borne toxic, noxious or pathogenic contaminants such as carbon
monoxide, hydrocarbon vapors, odorous substances and chemical or biological
agents.

An approximate relatiénship between physical activity, energy
expenditure, oxygen consumption, carbon dioxide production and rate of
breathing is shown in Table I with reference to the "average' man.

TABLE I
ENERGY EXPENDITURE, OXYGEN CONSUMPTION,

CARBON DIGXIDE PRODUCTION AND RATE
OF BREATHING IN MAN

Physical Energy Oxygen Carbon Rate of
Activity Expenditure Cons'mption Dioxide _Breathing
Production
Btu/Hr :éuFt/Hr CuFt /Hr CuFt /Hr
Prone, at rest 300 0.60 0.50 15
Seated, Sedentary 400 0.80 0.67 20
Standing,Strolling 600 1.20 1.00 30
Walking, 3MPH 1000 2.00 1.67 50
Heavy Work 1500 3.00 2,50 75

Oxygen depletion and carbon dioxide buildup are of little concern in
properly venctilated shelters, but are important considerations in poorly

10-5
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ventilated, unventilated or sealed shelters. Oxygen concentrations below
16 per cent and carbon dioxide concentrations above 2 per cant by volume
are objectionable, and distress due to these factors would be increascd
if the abnormal conditions occurred simultaneously or if the time of
exposure were prolonged. Oxygen concentrations below 12 per cent and
carbon dioxide concentrations above 5 -per cent by volume may be acutely
dangerous. A limiting concentration of carbon dioxide will develop
before oxygen is depleted to a correspondingly restrictive level, that
is, unless means arc used to absorb carbon dioxide without replacing
oxygen. For prolonged occupancy, the intake of fresh air should be suf-
ficient to maintain a carbon dioxide concentration of less than one per
cent by volume.

Figure 1 shows the relationship between the concentration of carbon
dioxide and. oxygen in occupied spaces, the rate of ventilation per person,
the volume of space per person and the time after entry. This chart is
based upon an oxygen consumption of 0.90 cu. ft./hr/person and a carbon
dioxide emission of 0.75 cu. ft/hr/person, which would be representative
of people in confined quarters.

The example shown by dotted lines indicates that a carbon dioxide
concentration of 3.50 per cent by volume will develop in 10 hours in an
unventilated shelter having a net volume of 235 cu. ft./person and that
the oxygen content of the air will then be 16,25 per cent by volume.

Control of the chemical euvironment. Ventilation with pure outside air
is the most economical method for maintaining the necessaiy chemical
quality of air in a shelter. The recommended minimum ventilating rate
of 3 cfm per person of fresh air will maintain a carbon dioxide concen-
tration of about 0.50 per cent by volume in a shelter occupied by
sedentary people., However, it should be noted here that an air replace-
ment rate of 3 cfm per person is not in itself sufficient to limic the
resultant effective temperature to 85° F unless the supply temnerature
is less than about 45° F, This subject will be considered more fully
in the discussion of the thermal enviconment. A capability for main-
taining a conservatively low concentration of carbon dioxide and a
correspondingly safe concentration of oxygen in a shelter has a number
of asdvantages, including one or more of the following:

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

2, Intermittent operation of a manual ventilating blower msy
become practicable.

3. Greater physical activity in the shelter becomes permissible.

10-6
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4, Environmental conditions with vespect to temperature, humidity, moisture
condensation, air distribution, air motion and odors, as well as oxygen
and carbon dicxide may be improved without supplementary apparatus,

Due to the effucts of winds and variations in settling velocities, fall-
out from the high-altiiude radiocactive cloud formed by a nuclear detonation
is distributed downwind in accordance with particle ;izes. Particles having
mean diameters less than about 50 microns undergo much radioactive decay dur-
ing their prolonged descent and would probably be deposited beyond the acutely
hazardous area. Particles having mean diameters more than 100 microns or
terminal velocities higher than 150 ft/min can be largely excluded from a
ventilating system by a suitable air intake fixture of reasonable dimensions.
1t is apparent that filters for the fresh air supply can in some degree con-
tribute to the protection afforded by fallout shelters, particularly if the
occupied spaces are shielded by an intervening wall from radicactive particles
accumulated by the filters. Although relevant observations indizate that
substantial amounts of radioactive fallout particulates are not likely to
enter a chelter via the ventilating system, more conclusive information is
heing pursued to evaluate the significance of this mode of contamination and
to compare the cost-effectiveness of alternative procedures for improving
shelters. In general, any air filtering requirement in fallout shelters
is for apparatus to remove particles larger than 10 microns with a gradated
moderate to high efficiency rather than to remove sub-micron particles with
very high efficiency. Air filters increase the effort needed to operate
a blower with a manual drive and may be omitted in small fallout shelters,

For a situation wheirein the outside air is contaminated by pathogenic
organisms or toxic gases, either suitable gas-particulate filters ma: be
pcovided or the ventilating system should be shut down temporarily, Due
to the presence of heataed air and carbon moroxide, shutdowr of the venti-
lating system may also be necessary during the course of a fire adjacent
to a fresh air intake opening. A closed environmental or life support
system is indicated for prolonged periods without vertilation, When a
ventilating svstem is shut down, pressucization of the space is lost, and
the shelter must be well sealed to prevent the infili.ration of contaminated
outside air.

Intermittent Blower Operaticn. To maintain the chemical quality of air in

a shelter with minimum affort, a maaually driven blower having rore than
minimum capacity can be operated intermittently. Answers to 01 questions
about operating scheaules can be readily obtained from Figure 2. On this
chart the minimum ventilating rate iun ¢fm p. nerson of iresh air is equated
to the minimum blower operating time expressea as a percentage of an ON-OFF
cycle time, and the net free volume of shelter space in culic feet per per-
son is equated to the maximum blower sbutdown tim oxpressed 25 a percentage
of the same ON-OFF cycle time. The chart is based on a carben dioxide pro-
duction rate of 0.30 cubic teet per nour per pe: .on, and a carbon dioxide
concentration which varies during the cycle between the limits of U.¢7 aug
2.00 per cent by volume.
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In the example shown by dashed lines, it is known that the volume of
free space in a shelter is 88 cubic feet per person. The blower may then
be operated on a 2-hour ON-OFF cycle if the installed blo-zr capacity is
4.3 cfm per person or more, with a minimum ON time of 27 per cent or 32
minutes and a maximum OFF time of 73 per cent or 88 minutes. If the venti-
lating rate is greater than 4.3 cfm per person or if the ON time is more
than 27 per cent, the maximum carbon dioxide concentration will be cor-
respondingly less than 2 per cent by volume.

THE THERMAL ENVIRONMENT

Heat and Moisture Sources. Scme oi the internal heat and moisture sources
in shelters are the pecple, lights, cooking appliances, radios, motor-driver
equipment and auxiliary power apparatus, Heat resulting from human metabo-
lism must be almost continuously removed from the body. While the body can
store heat temporarily, this produces a rise in body and skin temperatures
and results in progressively increasing heat stress. Heat storage is nec-
essary in a warm humid environment when a state of equilibrium between the
energy expended and the total heat loss cannot be attained at a normal

body temperature. Activities to be expected in shelters would probably
lead to per capita energy expenditures within the range of 300 to 600 Btu
per hour with a mean of about 400 Btu per hour. However, the daily aver-
age energy expenditure would probably be less than 400 Btu per hour per
person because of the reduced metabolic rates for sleeping people and

small children. An effective temperature of 85" F is about the maximum
condition under which the energy expended by mildly-active persons can be
removed from the body without heat storage, and is the recommended maxi-
mum inside design condition for shelters. With still or slowly moving

air, several combinations og temperatures and humnidity for which the
effective temperature is 83 F are showr in Table II. Moisture can bhe
expected to condense on interlor surfaces having a temperature beclow the
indicated dewpoint temperature of the air.

TABLE II
TYPICAL COMBINATIONS OF ALKk CONDITIONS
FOR WHICH
THE EFFECTIVE TEMPERATUREL 1S 85°F

Efiective Dry-Bulb Wet -Bulb Dew-Poirnt kKelative
Temperature Temnperature Teiperature Temperature dumidity
0 o o :
F F F UF %
35 8s 85 T8 100
85 90 a2 33 72
85 95 79 7 50

85 100 76 vb 4




The partition of total heat loss from the human bedy into sensible
heat and latent heat is largely dependent upon the dry-bulb temperature
of the environment. For a nominal heat loss of 400 Btu per hour per per-
son, Table III1 shows a probable relationship betwecn the dry-bulb temper-
ature, total heat loss, sensible heat, latent heat, and amount of water
evaporated. The tabulated values are derived from several sources and
are suggested as representative for a sedentary or mildly-active advlt
person wearing optimum clothing: ir thermal equilibrium with the ratner
humid environment of a ventilated shelter., At temperatures ahrve 85°F,
the quantities for moisture evaporated may not be attainable if the
relative humidity is high, and the resultant deficiency in latent heat
loss would then cause the body temperature to rise. The vglidity of
the sensible heat losses at dry-bulb temperatures below 70 F is contingent
upon the addition of appropriate lavers of clothing to maintain normal
skin temperatures. A person weating inadequate clothing would react to
a chilling effect as the eivironmental terperature falls below 70° F,
and the attendant values of trtal and sensible heat losses would then
be considerably higher than those shown in Table III. The quantities
of water evaporated are related to the requirement for drinking water
in shelters at various environmental temperatures.

TABLE ITI

RELATIONSHIP BETWFEN AIR TEMPERATURE
HEAT LOSSES AND MOISTURE EVAPORATED
FOR AVERAGE SEDENTARY MAN
WITH OPTIMUM CLGTHING

Dry-Bulb Total Heat Sensible Latent Moisture
Temperature Loss * Heat. Loss Heat Loss Evaporated
°F Btu/hr Btu, ur Btu/hr Lt /Hr
40 400 350 50 0.048
45 400 350 50 0.048
50 400 350 50 0.c48
55 400 350 50 0.048
60 4G0 345 55 0.053
65 460 335 65 0.062
70 400 320 RO 0.077
75 400 360 100 0.096
80 400 270 136 0,165
85 409 220 180 0.17:
$0 400 120 280 0.26Y
99 400 ) iiG 0.1i4¢Y
100 400 -R0 480 0,461
105 40C -180 240 0,557
110 400 =280 640 0.55)

*400 Btu/Yr is equivalent to 117 wates




Under emergency conditiors, illumination can be reduced to a low
level, if necessary, with a resultant heating effect of 0.50 to 1.00
watts per square foor of floor area. Heat and moisture from other sources
can be removed directly without affecting the living and bunking areas by
a simple exhaust system or by grouping the utility areas to best advantage.

There are three more-or-less distinct procedures which may be used
to control the thermal enviromment in a shelter during warm or humid
weather: (1) cooliang by forced or natural ventilation with outside aivr,
(2) cooling by the effects of heat conduction into the surrounding earth
and (3) mechanical cooling and dehumidifying with refrigeration or well
water., Various combinations may be utilized. In ge¢neral, only method
3 provides positive and reliable control of temperature, humidicy and
moisture condensation.

Cooling by Ventilation. The curves in Figure 3, can be used to estimate
the ventilating air requirements for control of environmental conditions
in ¢ccupied spaces. On this chart various per capita rates of ventila-
tion are plotied as a function of outside and inside dry-bulb temperatures
and upon this background are superimposed the 50, 60, 70, 80 and 90° F
still-air inside effective temperature curves for outside air relative.
humidities of 25, 50 and 75 per cent. The 70° 7 inside effective temper-
ature curves for outside relative humidities of 0 and 100 per cent are
also shown. The heat and moisture loade upon which this chart is based
consist of the sensible and latent heat emitted by a man seated at rest
plus 20 Btu/hr/person for low level lighting, that is, about 6 watts

per person., Other internal heat loads and the transient cooling effect
of earth conduction are not considered. )

The chart may be used to estimate the supply air quantity, temperature
and relative humidity necessary to maintain a given effective temperature
in a shelter. For instance, an effective temperature of 80° F can be main-
tained in a shelter with 15 cfm of air per person distributed at a dry-
bulb temperature of 78° F -and 50 per cent relative humidity. The dry-bulb
temperature in the shelter would be 88° F,

Convenient data are plotted in Figure 4 to show the quantities of out-
side alr required at various dry-bulb temperatures and relative humidities
to maintain an inside effective temperature of 85° F. Similar data are
plotted in Figure 5 to show the quantities of outside air required at
various dry-bulb temperatures and relative humidities to maintain inside
effective temperatures of 80° F and 90° F. The curves graphically illus-
trate the limitations for adequate cooling by ventilation during hot weather,
particularly when the outside air is humid.

The curves in Figure 4 show that 3 c¢fm per person of fresh air, which
was sufficient for controlling the chemical environment could not without
supplementary cooling maintain an inside effective temperature of 85° F
or less, when the outside air temperature is higher than about 45° F.
The curves in Figure 5 show that, with 3 cfm per person of fresh air,
inside effective temperatures of 80° F or 90° F can be maintained only

when the outside air temperature is less than about 30° F or 60° F
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respectively. Thus it is apparent that 3 cfm per person of outside air
is not sufficlent by itself to maintain an effeccive temperature of aven
90°F during a significant proporticn of the year. It can be said explic-
itly that an air replacement rate as low as 3 cfm per person is ajequate
only when (1) the cutside air temperature is low, (2) the cooling effect
due to earth conduction is high by virtue of a combination of a large
interior surface area per person, & low iuitial earth temperature and
favorable soil conditions or (3) supplementary cooling or dehumidifying
apparatus is p-ivided using mechanical refrigeration or well-water heat-
transfer coils.

Core repcesentative values from the curves of Figure 4 and Figure >
are shown for comparison in Table IV. An inspection of the tabulated
values lecds to the c¢onclusion that the recommended maximum effective
temperature of 85° F or less can be maintained in a shelter with a
ventilating rate of about 15 cfm per peirson in most localities, except
during extreme conditions of temperature and humidity. Witi. lower rates
of ventilation, supplementary cooling or dehumidification would often bc
required. Under favorable conditions the necessary supplementarv cool-
ing can be provided by earth conduction effects. During cold weather
the intake of fresh air should be reduced as nscessary to avoid over-
cocling, preferably by recirculating part of the air rather than by
reducing the total rate of ventilation.

TAELE 1V
QUANTITY OF AIR REQUIRED FOR
COOLING A SHELTER BY VENTILATION
(CFM _PER PERSON)

Ingide Supply Air T "Relative Humidity
Effective Dry-Bulb of Supply Air
Temperature Temperature (Per Cent)
(°F) (°F)
25 50 73
80 75 8.4 i2.0 i8.4
80 11,2 18.8 *
85 16.6 * x
90 * w *
a5 ¥* s* x
85 75 5.2 8.7 8.7
80 5.9 8.5 12.7
85 7.0 12.4 24.0
90 9.0 22,5 ¥
95 13.6 * *
%) 75 3.4 4.1 5.2
80 3.8 4.9 6.3
as 4.3 6.0 9,9
30 4.9 8.0 17.0
93 5.8 12.7 *

*Values greater than 30 cfm per person
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Earth Corduccion Effects. The relatively cool soil or rock surrcundirg an
underground shelter would absorb heat at a rate which i3 high at first, but
the rate would diminish with rime as a temperature gradient is established
in the adjiacent material. The heat absorption is accompanied by a rise in
temperature of the interior surfaces. his transient effect provides appre-
ciable supplementary cooling which retards the rate at which the shelter
temperat .re rises. An analytical study has been mede of the ea th conduc-
tion effect alone Lor three sizes of s.elters and {ive types of adjacent
soils, using a computational method fecr heat transfer in deep underground
chambers inc.-:ded in the Corps of Engineers Manual, "Heating and Air
Conditloning of Underground Installations." This methcd considers two
cases: (1) a constant heat inpuc and (2) a constant maintained temperature
in the chamber. Data on the shelters ani soils studied are tabulated in
Figure 6. Most fill materials would have significant thermal properties
within the range represented by Soils M2 and M4, that is, thermal dif-
fusivi- "es between 0.020 and 0.040 Sq Ft/Hr, and thermal conductivities
between 0.50 ard 1.40 Btu/(Hrx Ft x F)., The heat lcad in all three
shelters is assumed to be 400 P~u/Hr per man plus 2 Btu/Hr per square

foot of floor arc» for low level lighting. The results of the study

are plctted as cuirves on Figures 7, 8, 9 and 10.

Figure 7 shows the effects of unit surface area on the time required
to reach an effective temperature of 85° F in 2, 7, 14 and 30 days for two
soil types, M2 and M4, For example: In a .-~dium shelter with soil type
M2, an initial earth temperature of 64.6° F, and an inside surface area of
87 sq.ft/man, an effective temperature of 85° F would be reached in 7 days.
The unit w.eat load is 5.2 Btu/hr per square foot of surface. With the same
soil type and initial earth temperature, and an inside surface area of 122
sq.ft/man, an effective temperatuve of 85° F would be reached in 14 days.
The unit heat load would be 3.9 Btu/Hr per square foot of surface.

Figure 8 shows the effects of various soils on the uait area of
surface required to avoid an effective temperature higher than 85° F in
14 days in a medium shelter. For example: With soils M2, M3 and M4,
and an initial earth temperature of 61.4° F, the reguired unit surface
areas to just reach an effective temperature of 85" F in 14 days would
be 103, 65 and 47 .q. ft/man re jectively. The corresponding unit heat
loads would be 4.5, 6.8 and 9.2 Btu/Hr per square foot of surface.

Figures 9 and 10 illustrate the difference in earth conduction effects
between the small and large shelters. For example: With soil M3 and an
initial earth temperature of 64.5° F, an inside effective temperature of
85° F would be reached in 14 days if the inside unit surface area is 66
and £6 sq.ft/man respectively in the small and large shelters. The cor-
responding values for unit heat load are 6.5 and 5.5 Btu/Hr per square
foot of surface.
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It is apparent from a study of the curves in Figures 7, 8, 9 and 10
that the thermal properties of the soil, the initial earth temperature and
the stay time in « shelter have an important effect upon the interior unit
surface area recuired for the adequate removal of heat from underground
shelters by earth conductivn. The conductive cooling effect in shelter
roofs having shallow cover would be reduced in warm weather, and to a
greater degree if tac upper surface 1s exposed to solar radiation.

Since the interior surface area per person tends to decrease as the
size of a shelter increases, the contribution made by earth conduction
effects to cooling requirements becomes proportionately less in large
shelters. However, earth conduction effects may be sufficient in con-
junction with adequate replacement of the air to maintain a haktitable
phrsical environment in an underground survival shelter. Therefore,
under favorable conditions the necessity for providing a more expen-
S.ve system can be avoided.

Mechanical Cooling. An environmental control system which uses either

mechanical refrigeration or well water for cooling and dehumidifying has
a number of advantages including the following.

1. Tempera:ure and humidity can be controlled within any desired limits.
2. The system can function effectively during hot, humid weather.
3. Moisture condensation can be eliminated.

. 4. The amount of fresh air required and the size of the ventilating
i openings can be minimized.

A well and pump for potable and cooling water is most desirable in a
shelter for other purposes as well as domestic uses. Air cooling anc
dehumidifying with water coils can be accomplished at low cost with well
water, Well water can also be used to cool refrigerant condensers and to
cool emergency engine generators eitker directly or with an auxiliary heat
exchanger. Air cooling with mechanical refrigeration may be necessary in
some climatic locations where cooling is essential &nd lower cost methods
ar2 not feasible.

Adjacent Fires. If the air intake fixture for a shelter ventilating system
1s close to a fire or smoldering materials, temporary shutdown of the Sys-
tem might be necessary to prevent the ingress of carlon monoxide and heated
air. Alsc, heat from a fire or smoldering rubble on the ground above a
shelter might penetrate the cover materials and overheat the shelter space.
Figure 11 shows the ratio of the temperature rise of the inside surface to
the initial temperature difference as a function of time for cover materials
having thermal diffusivities of 0.02, 0.03 and J.04 sq. ft/hr. For example:
if the fire temperature is 1500° F, the inicial temperature of the cover

material is 60°, and the thermal diffusivity 1s C.03 sq. ft/hr, the inside
surface temperature rises of a 2-foot thick cover after 8 and 16 hcurs are
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0050 :: 1440 = 13° F and 0.083 x 1440 = 120° F respectively, and the inside
surface temperatures are 73° F and 180° F respectively.

Heating. In cold climates, some capability for heating is desirable to
temper ventilating air or to avoid low or freezing temppra ires when the
shelter is not In use. Environmental temperatures of 50° F or even lower
can be endured if winter clothing is available, the diet is adequate and
the people are in good health. Heat produced by the occupants will be
effective in progressively warming the space, and this effect may be suf-
ficient, particule::ly in underground shelters. Since the requirement for
heat is relastively smail, electric resistance heaters are convenient aud
econumical for this purpose. If an auxiliary power supply having a liquid-
cooled engine is provided, waste heat can readily be used for both space
heating and domest:ic hot water. Fuel burning appliances which take air
for combustion from the occupied spaces and are not directly vented to
the atmosphere mzy be hazardous and should be avoided.

MECHANICAL SYSTEMS

If the evaluations in a cost-effectiveness study were assigned on the
basis of economy, versatility and ability to perform satisfaciorily under
all operating conditions, the preferred envirommencal control system for
shelters might well be one which includes the following features:

1. A recirculating air system with fan, distribution Jluctwork,
diffusion outlets, mixing plenum and interconnections to supply
air to occupied spaces without objectionable drafts.

2. A separate blower for the intake of minimu quantities of out-
side air as determined by requirements for oxygen replacement,
carbon dioxide dilution, combustinn, exhaust and pressurization.

3. Air cooling and dehumidifying apparatus using well water as a
coolant with sufficient capacity to absoerb internal heat lcads
and to avoid moisture condensation cn shelter surfaces.

4, A sinple and reliabla sub-system for controlling and coordinating
the operation of all equipment.

The configuration and flow diagram shown in Figure 12 is a rcother
extensive development of this concept, but is adaptable by omissions and
minor rearransem:nt to the most fundamental requirements. By planning for
possible improvem-.ats, future modifications can be facilitated, or an
inferior final arrangement can be avoided. In the configuration shown
in Figure 12, utility and service areas asre grouped for ventilation in
sequence by waste air leaving the shelter. The numbered items may be
identified as follows:

1. Weatherproof hoods of the mushroom type for intake and exhaust air.
If the air intake fixture 1s designed for a low entering ailr velocity
(less than 200 ft/min), coarse particulates having a higher terminal

velocity of fall would be s2oparated by gravity f-om the fresh air supply.
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2.

3.

4,

5.

6.

7.

10,

11.

12.

l].

Automatic blast closures for protective structures having appreciable
resistance to dynamic loading, Blast valves would be superfluous in
fallout shelters having litrle inherent blast resistance.

Fresh air intake plerum or expansion chamber.

Fresh air filters oc prefilters, Tor example, these may be panel
filters with a dry or viscous-coated pleated media of fine bonded
glass ibers supported in a metal frame by pleated wire screen on
both sides.

Cas-particulate filters for protection against chemical and bic-
logical agents in shelters planued for this purpose.

Fresh air ductwork with bypass for the gas-particulate filters,
The space between the two bypass valves or dampers is pressucized
by a pipe connection o the main fan discharge to assure thac any
valve leakage is vncontaminated air.

Fresh air blower with electric motor drive, Sfrce this blower
pressurizes the space and must be capable of operating against
a rather high system resistance if air flow is restricted by
gas-particulate filters and blast valves, Class II construction
may be indicated.

Grilled opening for recirculated air., Behind the grille are

‘optional prefilters and activated-charccal filters for odor

control.

Mixing plenum with adjustable dampers for fresh and recirculated
ﬂiro

Air conditiuning chamher with coocling and heating coils, Cooling
coils use well water and heating coils use waste heat from the
engine-generator.

_Main fan with electric motor drive.

Air distridbuzion ductwork with diffusion out'ets. If -ooling anc
dehumiditying equipment is rot provided, an air supply system which
introduces all of the air at the end of the occupied rpace most
remote from the exhuust spenings wnuld probably result in minimum
disconfort 4. ing warm weather.

Well and pump f:; potatle and cooling water, A charging well rer
vaste warLer may be desirsble. If wall water is not availgble, other
means oust be dudbstityted for ccoling the shelter and equisment,
Hest transfer anparatu tor blest sheiters should be blast resiscant
{f tnstalled o:tside & protzctive Biructure.




14. Hydropneumatic tank for pressure water system. {
15. Optional package water chiller for alternative or supplementary

use. This item may be required in hot humid ciimates when cool

well water is not available.

E 16. Chilled-water circulatirng pump. This item may be an integral E
part of the package water chiller. ;

17. Emergency engine-genérator set cooled by a heat exchanger or,
alterratively, by 2 remote raciator. The fuel storage tank is
not shown.

18. Heat exchanger and muffler for engine cooling and waste heat
recovery.

19. ot water circulating pump. )

20. Hot water storage tank.

-

21. Batteries for starting engine and emergancy lighting.
22. Recirculating unit cooler for generator room.
23. Control cabinet for functional control apparatus.

24, Decontamination facility for ent:y of contaminated personnel. -~ 5

. 25. Cabinet for detection and tast instruments.

26, Portable manually-operated life-support systems for a maximum
of 24-hour sealed operaticn.

27. Incinerator for combustible waste materials.
28. Sewags sump and pump below stairs.

It should be emphasized that this illustrative system is not
representative of minimum requirements., In a fallout shelter with
a simple system for cooling by ventilation with outside air, many of
the items would be omitted -- but the basic features of the ultimate
plan (>uld be retainad., Every listed item of equipment has a function
which could contribute materially in time ¢f need to the heaith and
safety of the people.

i
!
i
]
3
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; CHAPTER 11

DOSE AND DOSE RATE CALCUIATIONS

Since the radiation intensity will decay with the passage of
time, it is important ¢o de able to compute problems of this pature
to determine when and for vhat length of time it would be safe to
eserge frax a sheltered area. An indication of the manner in which
the dose rate of the actual mixture of fellout fission products
decreases with time may be obtained from the following approximate
rule: for every seven-fold increase in time after the explcsiom,
the dose rate decreases b, a factor of ten. For example, If the
radistion dose rate at 1 hour after the explosion is taken as a
reference point, then 7 hours after the explosion the dose rate
will have decreases to one-tenth; at 7 X 7 = 49 hours after the

- explosion it will be on¢ “undreth of that at 1 hour after the

) burst. The dose ratc is u:ually expressed in “"roentgens per hour"
i and tbe total dose is usually expressed in "roentgens”. A wore
accurate method for determininzg dose rate and total dose can be
% obtainzd by use of the follow'ng expressions:

.
ot PO PR RMD | o Bt minn oo oe e - 4 s

Dose Rate Formila

Rm=RT
Where Ry= Dose Rate one hour after detonation (H+1)
R = Dose Rate at time T
T = Tine (hours) after detonation
n=1.2
Dose Formula ,
Ry 1-n 1-n
) g D= ny -T )
: -1
: i
P Where D = Dose from time T} to Tp
R1= Dose Rate one hour after detonation (d +1)
f Ty * Time of entry
: To= Time of exit
i n = 1.2
I(
?
;
;
:
-
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fn hx tloa t-0.2
0.1 0.0631 1.586
0.2 0.1450 1.381
0.3 0.2358 1.273
0.4 0.3330 1.202
0.5 0.h352 1.1%9
0.6 0.sk7 1.110
0.7 0.6518 1.07%
0.8 0.7651 1.046
0.9 0.8812 1.021
1.0 1.000 1.000
1.5 1.627 0.922
2.0 2.300 0.871
2.5 3.003 0.833
3.0 3.737 G.803
k.0 5.278 0.758
5.0 6.899 0.725
6.0 8.536 (.698
7.0 10.33 0.678
8.0 12.13 0.660
9.0 13.96 C.644

10.0 25.85 0.631
11.0 i7.7T7 0.619
12.0 19.73 0.608
13.0 21.71. 0.599
14.0 23.7Th 0.590
15.0 25.78 0.58

16.n 27.86 0.57

17.0 29.96 0.567
18.0 32.09 0.560
19.0 sh.23 0.555
20.0 36.%1 0.550
21.0 38.61 0.54k4
22.0 40.82 0.539
23.0 43.06 0.534
2k.0 hs.51 0.530
25.0 k7.59 0.525
2.0 49,89 0.521
27.0 52.20 0.518
28.0 5k,52 0 514
29.0 56.87 0.510
30.0 59.23 0.506
3.0 61.61 0-503
32.0 64.00 0.500
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SANPLIE DOSE AND DOSE RATE PROBLEMB
Formula Method
Dose Rate Problem

If the dose rate at a given iocation one hour after detonation vas
30 r/hr, wvhat would the dose rute be at this location 12 hours after
detonation?

Soluticn

Ry=R T Ry = 30 r/hr
Substitute values in the abov: formula. R=1?

30 = R (12)1-2 T = 12 hours
From page 2: (12)1+2 = 19,73 n=l1.2

Therefore: 30 = R (19.73)
—— 1l 5 r/

Dose Problem

What dose would a civil defeuse monitoring team receive in a redicactive
coataminated area if the team entered the srea 5 hours after a nuclear
bur—u7 and stayed for 8 period of 10 hours? The dose rate at H*l wms

50 rf/ax.

Solution

R3 i-n l-n
D= . (T - T D=?

T ( 1 2 )
Substitute values in the above formula. Ry = 50 r/hr

- 1"1.2 s

p= .20 si-1:2 _ 35 T, = 5 hours

31 ¢ ) i
p= 32 (502.15702) T, = 5+ 10 = 15 hours
Prom page 2: as= 1,2

5"‘0.2 -~ O.m .M 15‘002 - o.wi
Therefore: D = 250 (0.725 - 0.582)

D = (250) (0.143)
Dm=36r
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SAMPLE DOSE AND DOSE RATE FROBLEMS
Rule of Thumd Method
Dose Rate

FOR A SEVEN-FOLD INCREASE IN TIME THERE IS A TEN-FOLD DECREASE IN
THE DOSE RATE. (7:10 rule)

Examples :
Ry * 100 r/hr Ryg = 1 r/hr
Ry = 10 r/ar = 0.1 r/ar
7 and Raus
Rs = 57 r/nr Royg = 0-57 r/br
R35 = 5.7 r/hr
Dose
Doo = 5 RT vhere Doy = dose to infinity.

R = dose rate as measured
by instrument.

T = time in hours after detonation
at vhich measurel dose rate
wag read.

Example:
If the dose rate at H+7 is 45 r/hr, what would be the dose to
infinity?

Solution:

Do ™ 5 RT = 5(45 r/br)(T br) = 1575 r
EBawrple:

If the dose rate in an ares is 100 r/hr at H+S =ad 42 r/nr at
E+10, vhat would be the dose from H*S 1o H+l0?

Solution:
D = Doge to infinity (mz - Dose to infinity (E*10)

D = 5(100 r/nr)(5 br) - 5(k2 r/br)(10 ur)
De2500r - 2000 r = 400 r

-5
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SAMPLE DOSE RATE - DOSE - ENTRY TIME - STAY TIME PROBLEMS
Dose Rate Nomogram Methcd

To use the Dose Rate Nomogram comnect any two known quantities with
a straightedge and read the unknown quantity directly.

Bxample: If the dose rate in an ares is 60 r/hr at H+5, vhat will
be the dose rate at H+107

Solution: With a straightedge, connect 60 r/hr on the "Dose Rate &t
R+t" column with 5 hours on the "Time After Burst" columm.
The dose rate of 410 r/hr is read on the "Dose Rate at
H+1" column. Next, connect, with the straightedge, 10 hours
on the "Pime After Burst" column with 410 r/hr on the "Dose
Rate at H*1" colum and read the answer directly from the
"Dose Rate at H¥t" colummn.

Ansver: 26 r/ur.

ENTRY TIME - STAY TDME - TOTAL DOSE NOMOGRAM METHOD

To use this nomogram connect two known quantities with a straighcedge
and locate the point on the "D/R" column where the straighfedge crossas
it. Connect this point with a third known quantity and read the answer
froa the appropriate column.

Dose - Find the total uxposure dose for an individual who must work
in an area in vhich the dose rate was 300 r/hr at B+l. Eatry
vill be made at H+1l and the length of stay will be 4 hours.

Solution: Connect H+1l on the "Entry Time" column with 4 hours on the
 "Stay Time" column and read 0.19 from the "D/R;" column
and 300 x/hr on the "Dose Rate at H+1l" column. Finally,
read the answer on the "Total Dose" column.
Ansver: 60 r.

Stay Time - Entry into an area vith & dose rate of 100 r/hr st B+l
vill be made at H*6. What will be the muximm mission stay
tiame, if the exposure dcse ia not to exceed 20 7

Solution: Comrsct 20 r in the "Total Dose” columm with 100 r/hr in the
"Dose RMate at E+1" colum and read 0.2 in the "D/Ry" colim.
Connect 0.2 in the "D/Ry" column with € hours in the "Eatry
Time" colusti, and read the ansver directly from the "Stay
T™me" col.amm.

Ansver: 2.1 hours.

Entry Tiss - The dose mat. = .vea at H+7 ir 35 r/ar. The stay tiue

18 to de S howd . .- e mispirm doee 12 set at 35 v, Uhat
1s the sarliest poesidle entyy tire?

né
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8olutiom: Find the doe¢ rate at H+l from the Dose Rate Nomogram.

Connect this value on the "Dose Rate at H+l" colum with
35 r on the "Total Dose" column and read 0.1 on the "D/R;"
colum. Connect O.1 on the "D/R;" column with 5 hours on
the "Stay Time" colusm and reasd snswer from the ‘Ratry
Tme" colum.

Ansver: H+2h,

1.

2.

3.

b,

5.

9.

10.

DOSE RAIE PROBLEMS

If the dose rate at one hour aft~¢ burst 1s 40 v/hr, what will
be the dose rate at 2, 4, 6, 8, and 10 hoars?

If the dose rate at H+l is 100 r/hr, what vill be %he doez ratc
at 2, 4, and 10 howrs?

If the dose rate at H+l is 350 r/hr, what will be the dose rates
at 5, 8, and 12 hours?

If the dose rate at H*6 was 45 r/hr, what would be the dose rate
at 1, 9, 12, and 15 hours?

If the dose rate at H+12 was 80 r/br, wvhat would be the dose rate
at 1, 8, and 24 hours?

If the dose rate at H+20 was 10 r/hr, what would be the dose rate
at 1, 20, 25, and 32 hours?

Ir 1/:he dose rate at H*30 is 10 r/nr, when would the dose rate be
T r/hr?

At H¥20 days the dose rate in &n arza is 3 r/hr. ¥hat will be
the dose rate at H'25 days?

In a sheltered ares with a protection factor of 100, the dose
ra;g is 10 r/hr at t+10. What was the unsheltered dose rats at
H+187

In a shelter with a protveciion factor of 1,000, the dose rate
at R*fho 18 15 r/br. What wvill be the dose rate in the shelter
at H*401

DOSE PROBLEMS

If the dose rete at H*l was 200 r/hr, vhat vould be the dose of
s monitor if he eutsred the ares at H*12 and stayed b hours?

17 the dose rate at H*1 vas 50 r/nr, vhet. would be the dose ~f
& wonitor if he stuyed in this area from H*S to R*0?

11-9




If the dose rate at h<l was 500 r/hr, wvhat would be the total
dose of a monitor wvho remsined in this aree for a 1.5 hour eriod
beginning at B+127

What wvould be a monitor's dose if he entered an area st H+6
and left at H*8? At the time of entry the dose rate was 15 r/hr.

Firemen must put out & fire in an area vhere the dose rate vas
50 r/tr at B+7. What will be their mission dose if it takes 6 hours
to fight the fire snd they start their mission at H+12?

Vital medical supplies must be moved to a shelter area. The task
vill require 30 minutes. If the worker enters the area at E+6
wvher the lose rate is 200 r/hr, what dose will he receive?

An individual left a shalter at H+6 on a mission to a nearby

shelter but never arrived et the other shelter. At H¥30 a rescus S
tean found him unconscious in the contaminated area outside the -
original shelter. At that tims the dose rate vas 1t r/hr. What i
dose was received by the wcanscious individumlt :

A rescue tean eutered a contaminated area at H+12 amd accomplished %
a task in 4 hours. What was their dose if the dose rate at time i
of exit vas 12 r/hr? i
No vater is aveilable in a shelter. There is a safe supply neardy. :
It 12 a 45 minute walk %0 the water and the misasion will bdegin at -
E+10. If the dose rete at B¥] was 30 r/hr, vhat dose will be

received in obtaining the wvater for the shelter?

What is the dose received ir a shelter from §+18 to E+24, if the
wsheltered dose rate at H+16 is 120 r/hr and the shelter protection
factor is 2001

STAY TIME PROBLEMS

A miss’icn dose 1s set at 25 r and the mission will degin at H*12,
What stay time is permitted, if the dose rate st E¥l was 500 r/nr?

At Btl the dos» rate was 200 r/hr. If sotry inte the ares is made
at B¥6 and ths mission dose 1is set at 50 r, vhat is the allowable
stay time?

A family extered a ccntaminated area at BYS. Thair dcse should not
exceed 35 r. How long can they stay in thals maree if tiw dose rate
at timc of entry was 20 r/art

B TP T e

At B*12 a nonitor must start an ewr .gency missian outsids his sseigned
shelter. At H*S the outaids dose rete was 75 r/hr. If hie micsion
dose is 10t to exdeed 20 r, hov lovg can be take for the task? i
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25. At E+3 the dose rate in an area vas 40 r/hr. A rescue squad
entered the area at B+5. How loag can they stay in the ares ii
their dose is not to exceeld 25 rt

26. Persamnel working iu a varehouse in a contamizated ares received
a dove of 250 r. At H*l the dose rate wvas 1,300 r/hr and they
entered the working area at H+8. How long were they in the area?

27. A message must be hand carried to another shelter, What is the
maximm time for the mission if the averange dose rate between the
shelters vas 90 r/hr at B+2? The missicn dcse is set at 35 r and
the messenger is to leave shelter at H+6.

28. At H*15 a Radef Officer must move to ancther control statium

5 miles avay. The average dose rate over the area of travel wus
. 75 r/ur at E+6. How fast will he have to travel in order not to
J exceed a dnse of 50 r?

29. An 1udividual travels at a speed of 35 uph through A contaminated
area vhere the aversge dose rate was 100 r/hr «t H*5. Hov far
will hes be able to travel before seeking shelter if he antered

] the ares at H+13 and must limit his dose to 80 r?

ENIRY TIME FROBLEMS

3l. Irthedounteinlnammwodhratnﬂ,vhenanamnitor
snter the ares for & 3 hour stay and recaive lses than 50 r?

e 4 AW e 37U A 4

32. A monitor must stey in an area for 1 hour. ihe dose rate in this
ares at E*l wvas 150 r/hr. He must limit his dose to 15 r. ihen
can he stter?

S e

33. In order L2 keep & maaitor's dose below 20 r for & ctay time of
2 hours, vhat is the earliest possidbiz antry time intc an area
vherv the dose rate wvas 120 r/hr at e1°

o weuote s ot A

34. If the dose rate !u an area is 5 r/br at R*20 and an individwal
nust stay lnere 3 hours, vhat 1{a the esrliest time nhe can enter
end pot exceed a dose of 10 x?

35. A mission dose fs set at 35 r. The dose rate in the area was
18 r/hr at BE*15. When oaa vorkers enter this area for a 3 hour
. period?




36.

37.

38.

The task of removing valuable equipment which is located in a
contaminated area wi)l require 3 hours. The mission dose :ls
set at 50 r and the dose rate at H9 was 50 r/hr. When can the
salvage crew enter the area? '

A monitor must make a survey of an area wvhich will require 2 hours.
The missrion dose 18 set at 35 r and the dose rate in the area wvas
18 r/hr at H+l days. When will the monitor be able to enter the
area?

People want to move from an ‘mprovised shelter to a rommmnity
shelter. At H+6 ihe route to be traveled had an average doze
rate of 85 r/hr. The trip will take 2 hours and the mission dose
is 50 r. When can they leave?

A supply of drugs must be delivered es soon as possible to a
shelter. The drive takes 3 hours. The average dose rate along
the ronte to be followed was 125 r/hr at H*4. The mission dose
is 75 r. What is the earliest time that the drugs can arrive at
the shelter? :

A chelter with a protection factor of 500 is rmmning low on food.
The nearest supply would require 1 hour travel round trip to
obtain it. The average dose r=te over the rcute to be traveled
vas 60 r/hr at H+7. The mission dose is set at 5C r. When can
the mission be started to obtain the food?
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1.

2.

3.
h.

54
6.

Ansvers to Dose  and Dose Rate Problems

18 r/ar, 7.6 r/ar, 4.7 r/far, 21. 1 howr
3.4 rftr, 2.6 r/nr

22, 2,7 hours
W r/br, 19 r/br, 6.5 r/or
23. 2.2 hours,
51 r/br, 30 r/br, 15 r/hr

24, .6 hour
380 r/nr, 28 r/br, 20 r/or,
15 z/hr 25, 1.5 hours
1,600 r/br, 58 r/hr, 35 r/or 26. 1.6 hours
370 r/br, 10 r/br, 8 r/hr, 27. 1.8 hours
6 r,’hr 8 8

20, 30 mph
H+40

29. 95 miles
2.6 r/ur
500 r/hr

31, H¥11
8 r/hr

32, H+6
35

33. E+7
15 r

3k, B+2T
36 r

35. H+21
25r

36, H+22
120 r

37. B+23
9 r

38. ®¥17
800 r

39. B+18
60 r

‘(1
)
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