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ABSTRACT

This research has been done in order to define
the linear attenuation coefficient of barite concrete and
its other physical properties. )

Tirst of all,a standard mixture is obtained and
tested,then the concretes are prepared by using;retarder,
Waterproofing admixture,plasticizer and also colemanite;

are tested.The results of concretes with additives are com~'

pared with the results of standard mixture,In the prepara-
tion of samples great attention is spent to be the amounts
of slump and cement is fixed.

When ordinary sand is used instead of barite
sand it is seen that compressive strength of concrete in-
creases and linear attenuation coefficient decreases by
13 %.The effect of workability inCreasing admixture to the
-compresgsive strength and linear attenuation coefficient,
was observed as negligible.This'observation is valid also

for the. retarder.Waterproofing admixbure increased the com--

pressive strength and the linear attenuation coefficient

by a considerable amount.It is found that the negative ef-

fect of colemanite in cement setting can be decreased by
increasing the cement dosagej;at the same time colemanite
has not an accountable positive effe¢t on gamma ray shiel-
ding but there will be an important place on neubron shiel-
ding.lore detailed knowledges,graphs and the explanation

of the btest results will be given in their respective chap-—
ters.
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OZET

Bu aragtirma,baritli bebtonun linear gama iginla-
rini azaltma katsaylslnl ve onun fiziksel Ozelliklerini ta=:
nimlamak i¢in yapaldi.

Ilk ®nce standard bir karigim elde edildi ve
test edildi,sonra retarder,betonda su geg¢irimsizlik katkisa,
igleme kolayligir katkisi ve colemanit kullanilarak hazirla—
nan betonlar test edildi.Katkili betonlarin neticeleri stan-
dard karigim neticesiyle mukayese edildi.Nimunelerin hazir-
lanmasinda slump'ain ve ¢imento miktarinin sabit kalmasina
Ozen gosterildi.-

Barit kumu yerine normal kum kullanilmasinin be-
tonun basing mukavemetini artirdifi,linear azaltma katsayi-
sin1~% 1% duglrdigli gorildii.Igleme kolayligi saglayan kat-
kinin ¢ok az miktarda her iki faktore etkisi(basing mukave-
meti ve linear azaltma katsayisi)nin kayda defer olmadifi
tesbit edildi.Ayni ifade retarder ig¢in de sSylenebilir.Su
gec¢irimsizlik katkisinin yukaridaki faektdrleri onemli ol-
glide ylikselbttigi goriildii.Colemanitin ¢imento prizindeki
kotu etkisinin ¢imento dozajini arttirmakla giderilebildigi
colemanitin aynil zamanda gama zirhlamasi igin fazla etkisi
olmadiggi fakat notron zirhlamasinda onemli bir yer alacaygy
tesbit edildi.Detayli bilgiler,grafikler ve test neticele~
rinin yorumu takdim edildikleri b&limlerde verilicektir. |

%
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INTRODUCTION!

The nuclear energy industry as well as the
large-~scale prdduction'of'penetrating radiation and radio-
active materials are of great importance at the present
time.Both of the normal and special types of concrete are
the materials most widely used for reactor shielding.lts
popularity is due to the cheapness and mechanical proper-
ties, |

Some additives will be used in making shielding
concrete.The influence of additives which is to increase
or decrease the shear resistance of concrete and also the
linear attenuation factor against the gamma rays;will be
investigated and tested.

After a general introduction to shielding funda-~
mentals and methods in the first chapter,concrete for ra-
~diation shielding and shielding materials' were discussed;
effects of three types of admixtbtures also colemanite and
-ordinary sand used,in making shielding concrete are ob-
served with tests in the later chapters,

At the same time this work is hoped to be a part

ofoprojects about the selection of the most suitable domes-—

tic shielding _material for Turkey;which are started or
which will start,for the shielding of reactors planned %o
be built in our country. |

Once again the author wishes to record his indep-
tedness and gratitude to Prof.Erol Yaltkaya who has a great

share in completion of this work.
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1.SHIELDING FUNDAMENTALS AND METHODS
1.1 .RADTATION -QUANTITIES AND UNITS
1.1.1l.Introduction o
All radiocactive materials and radiation
are potentially hazardous:They can give rise,when outside
'the body,to external radiation exposure of personnel,and
vhen inside the body to the irradiation of certain organs.,

Evidence and experience indicate that
limited exposure to external radiation,or intake of small
amount of radioactive material into the body,are associated
with a negligible probability of severe somatic or genetic
injuries,This has led to the concept of the maximum permi-
sible levels of exposure for personnel working with radio-
active materials or radiation sources.In addition to the
exposure of radiation workers,there is also the possibility
of exposure of the general public,

There are three principles which can be
applied to prevent or control the exposure of personnel to
radiation hazards: '

a) Remove the hazard

b) Guard the hazard

¢) Guard. the worker

One metnod of controlling external radi-
ation exposure iS'tdprovide shielding.Suitable radiation-ab-—
sorbing material is placed between the source of radiation
and the personnel exposed in order to reducexthe intensity
of the radiation to acceptable levels.This reduction in in-
tensity is known as attenuation and is a result of complex
interactions between the radiations and the absaibing mate~
‘rials., ™
The absorbing material used and the thick-
ness required to attenuate the radiations to acceptable le-
vels depend upon the type of radiation,its energy,the flux
and the dimensions of the source.The amount of shielding ma-

1 -
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terial required may be calculated with reasonable accuracy
in most instance,but only very approximately in others,and
it is essential that experimental methods should be used
whenever possible to evaluate the accuracy of the calcula-~
tion.

Concrete,especially heavy concrete which
is one of the most familiar construction material ,has many
properties desirable from a nuclear radiation shielding - .-
point of view.

Concrete admixbures are indispensable

aids in the preparation of concrete used for the construction

of atomic power stations because they make it possible to
1mprove one or several major properties of the concrete.
l.l.2.Nuclear radiation
l.1.2.1.Types of nuclear radiation
They are listed in the table below:

Teble 1.1,2-1,Some commonwtypes of radiation

Type of radiation | Symbol ' Charge
Alpha particle . « +2
Beta particle g -
a) Electron B iﬁ: a -1
b) Positron B Tt +1
Proton js) +1
Neutron i N n 0
Electromagnetic radiations
a) X-rays ‘ | X 0
b) Gemma rays y 0

In this group sub-atomic and atomic
particles are also included as well as X-and gamma radia-
tion.Since a discussion of all types of nuclear radiation '
is beyond the scope of this thesis ,only a few common types
will be discussed.,

1.1.2.1.2.A1pha Particles
Alpha particles are the hellum nuclei
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(g He) emitted by radionuclides,mainly by heavy nuc¢iei such
as polonium,radium,thorium,uranium,etc.In alpha decay the
mass of the parent nucleus is greater than the sum of the
masses of the products,and this mass difference is released
as the kinetic energy of the alpha particle.The alpha par--.
ticles emitted by any radionuclide have generally one or
two,and rarely more,discrete energies,which are characteris-~
tics of the radionuclide. '
l.1l.2.1.5.Beta particles
- Beta particles are high-energy electrons
or positrons created and emitted by certain radionuclides.
Beta particles from radionuclides are emitted in a conti-
nous energy spectrum. '
| 1.1.2.1.4.Neutrons

The neutron is an uncharged particle ha-
ving a mass slightly greater than that of a proton.Neutrons
are generally classified according to their energies under
- four broad categories,which are as follows:

a) Thermal neutrons

b) Intermediate neutrons or slow neubrons

¢) Fast neutrons \

d) Relativistic: néutrons

l.lc2.1e5.X~ and gamma rays

X~ and gamma rays are electromagnetic ra-
diation of very shért wavelength.There is no difference
between X- and gamma rays except in their origin.While gam-
ma rays are emitted with discrete energies characteristic
of the nuclide formed,X-ray emission is of *two types,cha-~
racteristic radiation(discrete energies) and bremsstrahlung
(continous spectrum of energies).Characteristic X-rays are
produced from transitions between energy levels of inmer
electrons in an atom,vhile gamma rays are emitted because
of transitions of the nucleus from higher to lower energy
states, '
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l.1l.3.Radiocactivity

All oﬁher nuclei consist of neutrons and
protons.The ratio of neutrons to protons is unity for
higher isotopes and increases gradually as one approaches
the heavier elements at the end of the periodic table.As
this ratio increases,a stage is reached where the nuclide
is no longer stable.The heaviest stable nuclide is 28%31.
Nuclides heavier than this are unstable because they have
excess energy to dissipate.Such unstable nuclides are cal-
led radionuclides and they dissipate.fheir surplus energy
by the emission of radiation.This process is called radio-
activity or radioactive decay.The more frequent modes of
decay of radionuclides are alpha,beta and gamma decays.

Radioactivity can be of two types:

(1) Natural radioactivity

(2) Artificial radioactivity

, The second one is the radioactivity indu~
ced in some elements by bbmbarding them with neutrons,char-
ged particles or photons.Most radionuclideé currently in
use are artificially produced.

The number of atoms of a radiocactive sub-
stance disintegrating per unit time,dN/dt,which is referred
to as the activity of the substance,is proportional to the
total number,N,of radioactive atoms present at time tjthe
constant of proportionality being 3.

. dN ‘
Thus -~ —a:E— =h N . (1)
Integrating this equation,one has
oAb
N=N_e (2)

where N, is the initial number of radiocactive atoms present,
as already stated,the number of radiactive atoms at time t.
Rewriting eq.(l) one has
- ._.d_'g— =) N =)‘Noe‘-»)‘t , (3)
dt : '
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equation (3) indicates that the number of radioactive atoms .
present as well as the disintegration rate(activity) decw:.
rease exponentially with time.,

The time taken for half of the radiocactive
atoms originally present to decay is called the half-life
of the radionuclide.

Substituting N:NO/Z and t=tq /5 in eq.(2),0ne has

N 0/2=Noe7htl/2 or

2t1/251n2=0.695'or

tl/2=0- 695/3
The half-life is characteristic of any particular radioiso-
tope, [1]

l.l.4.Interaction of radiation with matter
l.1l.4.1.Directly ionizing radiations

Directly ionizing radiations include all-
charged particles such as alpha particles and heavier ioms
and beta particles.All charged particle radiations lose e=
nergy by interaction with the orbital electrons or nuclei
of atoms in the materials they traverse.There are two main
processes involving the orbital electrons: ”

a) Atomic or molecular excitation

b) Ionization,which involvek the ejection
of an orbital electron,resulting in the creation of an ion
pair. l.1l.4.1.1.,A1pha particles ,

| Alpha particles emitted from radionuclides

have well "defined and characteristic energies.As they are
doubly charged and move relatively slowly.They are densely
ionizing and hence,in spite of their high energies,their
penetrating power or range is extremely limited.Their range
in air dis-only a few centimeters.Thus,shielding against this
type of radiation presents no problem. |
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l.1.4.1.2.Beta particles

Beta particles lose energy mainly through
ionization.Another process by which beta particles lose e~
ﬁergy isjyfthe production of bremsstrahlung(braking radia-
tion).Beta particles are much lighter than other charged
particles.Their velocity for a given energy is much higher
and btheir specific ionization(number of ion pairs per unit
length) much smaller.

For a given energy,beta particles have a

much greater range than alpha particles.in addition, because

of their small mass,beta particles undergd frequent scatte-
ring with little loss of energy,and thus follow tortous
parts.This can cause a process analogous to reflection from
gurfaces.
lel.4.2.Indirectly ionizing radiations
_ Indirectly ionizing radiations include
some types of electromagnetic radiations and neutrons.These
radiations interact with scatter by glVlng rise to secon~-
dary radiation which is ionizing.
l.1l.4.2.1.%~ and gamma rays
Electromagnetic radiation is classified
according to its origin,independently of its energy.Cha-
racteristic X-rays are emitted in atomic transitions of
bound electrons between the various electronic shells in
the atom.Annihilation radiation is produced by the inter-
action of positrons\and electrons,whereby the masses of
two particles are completely converted into energy in ac-
cordance with Einstein's mass-—energy relationship.

There' are a number of ways in which elec~
tromagnetic radiation may interact with matter.There are
three important processes in the interaction of X4 and
gamma rays with matter due to interacﬁion modes and their
- possible effects.These are the photoélectric effect,the .
compton effect and pair production.
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l.1.4e2.1.1ePhotoelectric effect
Thermost important energy loss mechanism
for low~energy photons in the range of hundreds of electren
volts is the photoelectric effect.In this process the low
energy photon interacts with a bound electron gn one of the
various shells of the atom'and disappears by the transfer
of its entire energy bo the electron,which is then ejected
from the atom as a photoelectroh.The kinebtic energy T of the
electron is given by | ‘
> T =,hy -3
where hy is the photon energy and & the binding energy of the
electron.Thus,for the photoelectric effect to occur,the pho-
ton energy must be greater than the binding energy. [].
1}1.4.2.1.2.Compton effect
: The compton effect can occur with a free or
~ loosely bound electron.In this process,the incident photon
undergoes an elastic collision with a free or loosely bound
electron and shares its energy and momentum with the elec-
tronjwhich is then accelerated and the photon is deflected
with lower energy.
The compton effect depends on tThe number
of electrons present in the material which the photoné”tra—
verse.Thib process is the dominant absorbtion process for
intermediate energy gamma rays.
l.1.4.2.103.,Pair production
At photon energies exceeding 1.02 MeV,the
photon may interact either with the coulomp field of the
nucleus or,less frequently,with that of an electron to pro-
duce a positron-electron pair.This process can be regarded
as the inverse of the annihilation process. L
1l.1l.4.3,.,Neutrons
Although neutrons generally occur bound in
nuclei it is possibie to obtain them in the free state.Such
free neutrons can interact in various ways with nuclei.The
neutron nuclei reactions of present interest fall mainly into
three generally categories,namely,scattering,capture and
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fission.In scattering reaction,the compound nucleus rapidly
expels a neutron with a lower kinetic energy than the ab-
sorbed neutron.The excess energy .is in the form of internal
energy,so that the nucleus is in excited state.The phenome-
non is referred to as inelastic scattering.On the other
hand,if the extra energy which the nucleus has required is
solely kinebtic in nature,a form of elastic scattering has
occured.The term "scattering" is used to describe these re-
actions because the direction of motion of the neutron re-
maining after the interaction with a nucleus is genérally
different from that of prior to the interaction.
1.1.5.Radiation units and associated concepts‘
1.1.5.1.The roentgen(R) '

The roentgen(R),as first defined in 1928,
was applicable to X-rays only.In 1937,however,it was rede-
fined as follows,sa as to include gamma Tays:

"The roentgen .shall be the quantity of X~
or gmma radiation-such that the associated corpuscular em—
mission per 0.001293 g of air produces,in air,ions carry-
ing 1 esu of quantity of electricity of either sign."

The roentgen,which is the unit of exposure,
is not a radiation unit in the strict sense of the term,l'J.

The energy absorbed per gram of air per
roentgen is thus 0.113/0.00129 = 88 ergs.The energy equi-
valents of the roentgen in a number of energy units are /
summarized in table l.l.5.1-1. '

Table 1l.1l.5.1-1 Equivalents of one roentgen of X- or
gamﬁa radiation
1 esu of ion pairs produced per cm3 of air
2e OBXlO9 ion pairs produced per'cm5 of air
1. 61x1012 ion pairs produced per gram of air
Vs lxlOl+ MeV absorbed per cm3 of air
5.5X107 eV absorbed per gram of air : .
88 ergs absorbed per gram of air )
’ Thus thé term radiation dose means one
quantity only,i.e. the amount of energy ébsorbed.l}]




~  THESIS R ,
7 . BOGAZICI UNIVERSITY _ . -, 9

—

* BEBEK - ISTANBUL ~ . . -

- The doge rate 1as frequently used as a. measu:ne

or *bhe radiation mtensity or flux in a certain region.Hmv-
ever,this is r:  Justifiable only for gamma rays o.ft‘_a.wape-‘-; '
cified eneryy.The radiation intensity is the rate at which
the energy flows past a unit area at a given location,but
the dosage rate in roentgens per unit time is a measure of
the rate at which energy is absorbed in air at that point.
, ' It will be seen that if at = certain location':.,
there is a flux of¢ ‘photons/ (cu®)(sec) of energy E, MeV
per photon,the rate of energy absorbtion is ¢J E) o ldaV/ (em )(auc]
wheretb is the enerygy absorbtion coefficient of ths medium
- for the specified gamma radiation. [2] | | B

. Values offe, @8 a function of photon energy
are plottecl in Fig.l.1l. 5.2-1.
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1.1.5. 3.'1‘113 ren,H(dose equivalep,tj), -

‘From the biological point of viaw,evidence

has accumulated that the effects of the wvarious tyges of i~
onizing radia.tions are not the aame.One can assume that ra-

t
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diation can bring about a change in a system only by virtue
of the energy actually absorbed.

' The term RBE(relative biological effectiveness)
is used to specify the variation in the degrees of effec-
tiveness of different types of radiation and is defined as
follows: | '

RBE_Dose of 250KV X-rays to produce a certain biological effect
- Dose of given radiation to produce the samebiologicaleffect

The biological effect of a particular type of
radiationdepends therefore not only on the absorbed dose
but also on the RBE of the radiation.To take these factors
into account,a new unit,the "rem" (roentgen equivalent man)
was defined as that dose of any ionizing radiation which
is biélogically equivalent to the dose of one rad of X~ or
gamma radiation.Rem is here taken as the unit of RBE dose.
One thus has the relationship: -
RBE dose in rems = Dose in rads x RBE (1.1.5.3-1)
The dose equivalent,H, as defined by ICRU(The
International Commission on Radiological Units and Measure-~
ments)
The special unit of the dose equivalent is rem.
It should be noted that the quantity H may be used when its
value is in the region of the maximum permissible dose equi-
valent and not for high level accidental exposures.In the
case of radiation/dosé\delivered by particles havin the
range of Levalues (L is the linear energy transfer),the
dose equivalent may be taken as

H = DQN | (1e1.5.3-2)

0

g G e " " (1.1.5.3-3)

where

'Where D is the absorbed dose,Q is the quallty factor and N is
the product of any modifying factors such as dlstrlbutlon
- factors. [ 1.
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The relation between Q and LET recommended for radiation
protection is given in table 1.l.5.3-1 .,

Table 1,1.5.3~1 Q - L., Relationship

Leoin water
keV/pm Q
3.5 or less 1
7 2
23 5
53 : 10
175 - 20

- 1,1.5.4.The curie

‘ The curie was originally defined as the dis-
intégration rate from one gram of radium.,Later on it was
defined as the amount of radon in equilibrium with one gram
of radium.Still later,in 1930,it was defined as the amount
of any decay product of radium thak is in equilibrium with
one gram of radium.The term curie is now used for all radio-
-nuclides and is defined as the activity of that amount of a
substance which undergoes 3.7x1010
cond.

disintegrations per se-

As a result,to summarize the ICRU recomman-
dations specify the use of units to be restricted as fol-
lows:

Rad ~ Solely for absorbed dose

Roentgen ~ Solely for exposure

Curie -~ Solely for activity

Rem ~ For dose equivalent [1]

According to safety series No 47,some above
factors were changed to a new one.The below table hab been
prepafed by E.R.A. Beck for use by the division of the pub-
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lications of the IAEA,These factors are listed in table
l.,1.5.4+1
Table 1.1.5.4-1 .Factors for converting some of the more
common units to international system of units(Sl)equivalent

Column 1 - | Column 2|Column 3 ol 4
Multiply data given in: , by: = ggt§%1ﬁ%n
Radiation units
& becquerel 1 Bq (has dimen—,
sions of s
disinbtegration per second| 1 5™t 1.00X10 Bg*
(=dis/s) '
& Curie 10i |=3.70x10%0 | Bg#
& roentgen 1R =2,58%10~%| 0 /kg %
& gray 1 Gy =1.00X10 |J/kg
s Tad 1 rad =1.00X10™2| Gy *
Sievert (radiation pro- |1 Sv =1.00X10 |J/kg®
tection only) . A
rem (radiation praﬁection 1l rem =1.OO.XlO"2 J/kg*
only) S
NOTES:
(L) indicates sl derived units and those accepted for use
with sl

(2)pindicates additional with accepted for use with sl for a
limited time o

(3) sl base units are the metre (m), kilogram (kg), second (s),
ampere (A), kelvin (X),..

(4) The corret abbreviation for the unit in column 1 is given
in column 2 '

(5)% indicates conversion factors given exactly
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l.l.6.Maximum Permissible levels of radiation
, Man has been continously exposed to natural

sources of radiation,namely cosmic rays and naturally ocuring
radionuclides. The average dose due to background radiation
is estimated tobe about 100 mrem/yr, although these are
places where the background dose may be 10-30 times higher
than this average value. The solution to this problem is
therefore to limit radiation doses to those which would un-
volve risks which are not entirely unacceptable to the indivi-
dual radiation worker and to the population at large. With
this consideration in view the International Commission on i
Radiological Protection (ICRP) has defined the maximum per-
missible dose for an individual as that dose accumulated o-
ver a long perod of time or resulting from single exposure
which in the light of present knowledge carries a mnegligible
probability of occurence of severe somatic or genetic injuries.,

Soon after discovery of X-rays and radioactivity
it was recognized that exposure to intense beams of radia—
tion could result in a variebty of injuries to the human body.

The tolerance dose was defined as that dose
which a person could occupationally receive continously or
at repeated intervals without suffering from changes in the
blood or damage to the skin or the reproductive organs.It
was also estimated that if the total dose per month d4id not
exceed one~hundredth of the of the dose required to cause
skin erythema,no injury would result in the long run.The
unit roentgen had come into use at about that time,and an
exposure rate of 10"5 R/s was recognized as a tolerance level.
In terms of the roentgen,the skin erythema dose was estima~
ted to be 600 R,and corresponding daily tolerance dose was

In 1936,the value of the tolerance dose was re-

~ duced to 100 mR/d on the basis of two important factors.One
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was that a dose of 200 mR with backscatber corresponded to

a free air dose of 100 mR for the quality of radiation then
encountered.The other was that more and more energetic X-
rays were being»produced and used and it was recognized that
a greater percentage of the surface dose was reaching the
deep-seated critical organs.[:].

It is to be noted that the commission decided
to exclude from the proposed values contributions from me-
dical procedures and from natural background radiation.This
was necessary because these contributions vary considerably
from country to country,However;the commission recommended
that these contributions should be considered separately
and that contributions from medical procedures should be
limited to a minimum value consistent with medical require—
ments.The maximum permissible annual doses are listed in
table below.

Table l.l.6~1l. Maximum permissible annual dose
equivalents for partial-body irradiation

ICategory of individuals

Organ Adults irridated Members of
in the course of public
their work

' Trem) - [rem)

Gonads,red bone
marrow and in the

case of uniform A\

irridation,the

whole body 5 0.5
Skin,thyroid,bone 30 3
Hands,forearms,

feet,ankles ' 75 o 745
All other organs 15 1.5

. Tn our country,for the values of MPD Radyasyon
sapgligl tiizik ve yonetmeligi is valid.
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1. ZzaBSbRBTIOﬁ‘QF:x;AND GAMMK‘RAYS‘BY CONCRETE TG
. 1l.2.1.Production and characteristics of X—rays
X~-rays were discovered by Roentgen,a

German physicist,in 1895,Three months after this discovery,
X-rays were used in Vienna. hospital in connection with sur-
gical operations.X-rays result as secondary effécts in se~-.
verél types of atomic and nuclear processes,but the sources
used in medicine and industry consist of heavy metallic
"targets" being struck by fast moving electrons.The entire
process takes place in vacuum.The electrons are " bhoiled off"
a hot flament,as in a radio tube,and given a high velocity -
by one of several methods.In the usual X-ray tube the acce-
leration is produced by application of a high voltage bet-
ween the target and the electron source.Two other types of
sources which are now being built commercially are the betat-
ron and the electron synchrotron.In both,a magnetic field
cauges the electrons to travel in circular orbits,

As the electrons are suddenly stopped
or slowed down in the- target a portion of their energy is |
radiated as electromagnetic waves.A beam of X-rays is not,
however,a continous wave;it is composed of a host of small
packets called quanta or photon.

In the usual process,an X-ray photon
is produced by collision of a single electron with an atom
of the target and,therefore,it can not have more energy than
the electron which produced it.The electron's initial energy,
that is the energy just before entering the: target,is deter—
mined by the accelerating vdltage across the X-ray tube,
but the probability of the electron being brougth to rest
by a single encounter with an atom is low.[?] As a result,
photons of a wide range of energies are produced by elec-
trons whose initial energies may all have been the same.
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The maximum energy of any photon is strictly limited by the
tube voltage.For that reason it is customary to speak of 150
kilovolt X~rays or 1 million-volt X-rays and by sfich terms
is meant X-rays produced by a tube,the maximum applied vol-
tage of which is the number given.In a particular opeeration
the highest energy X-rays produced will have an energy(MeV)
which is numerically equal to the peak tube voltage (MV),
but in general the photons will have lower energies which
are distributed over a wide range of values.W might speak,
therfore,o0f an effective Mv for an electron accelerator,but
the current practice is to designate the operating level by
indicating the energy attained by the X-ray producing elec-
trons in MeV.The unit of X-ray dosage is called a roentgen
‘as defined before.,

l.2.2.50urces-and characteristics of gamma rays

 Although X-rays,bremsstrahlung,and annihi-
lation radiation are not strictly gamma rays,since they do
not arise from nuclear transitions.They are essentially iden~
tical with gamma rays in their fundamenéél nature.As far as
their interaction with matter is concerned,the only diffe-
rences that may arise are the result of the higher energies,
in general,of the gamma radiations.

There are several ways in which gamma rays
interact with an absorbing material;three,namely,the photo-~
electric effect,the compton effect and pair production are
important.These effect was shortly defined in sec.,l.l.5.2 .

As pointed out in the preciding section,
the number of photons produced per disinbtegration and the
-energiges of these photons both depend on the type of radio~-
active source.Two l-curie sources of different types will
not then,in general,produce the same dose rate at a given
distance.However,the dose rates at equal distances from two
gources of the same type will be directly proportional to
the curie ratings of the two sources,The proportionality
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constant is called the emission constant and may be defined
ag the number of roentgens per hour,measured at 1 m,per curie
as defined in sec.l . | '

l.2.3.Attenuation of X—rays and gamma rays

l.2.3.1.General

Attenuation of a beam of photons in matter

can take place in a number of fashions.Most of the atbtenua=::
~tion is produced by photoelectric. absorbtion,compton scatte-~
ring and absorbtion,and electron pair prodﬁction.The contri-
bution of each of these processes to the total attenuation
depends upon the photon energy and the kind of atoms making
up the absorber and is almost completely independent of lat-
ter's chemical combinations,

‘ The weights of the atoms,in turn,are roughly
proportional to the number of electrons in cm,and in the X-
ray region for which concrete is most advantageous as a
shielding medium.The barrier's effectiveness is determined
largely by the total number of electrons.

l.2.3.2.,Photoelectric absorbtion

. The effectiveness of an absorber in atte-

~nuating a beam of X-rays by the photoelectric process depeds
upon the relation between the energies of the X-ray'photons
and the energies required to eject the various electrons,
The probability of absorbtion through removal of a given e-
lectron is greatest f@r a photon whose energy is approxi-
mately equal to the binding energy of that electron.If the
photon energy is less than the binding energy,no interaction
can take place,wvhile the probability of interaction rapidly
decreases with an increase of photon energy over binding
energy.For the lighter atoms,such as found in ordinary con- .
crete,the binding energy of the electrons varies from a mi-
nimum of a few ev for outer electrons to aboubt 4 kev,Thesge
values are so far below the energy of the X-rays for which
protection is required that the photoelectric effect plays
a minor part in the attenuvation of X-rays by concrete or
by other materials composed of light atoms.
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l.2.%3.3.Compton scattering and absorbtion
The compton effect results from elstic col-~
1isions between photon and electron.In this proceés the in-
dividual X-ray photon gives a portioh of its energy to the
electron and has its direction changed.Both effects are of
importance.The loss of energy is a true absorbtion and is
designated by the term compton absorbtion.The change in di-
rection suffered by the photon is designated compton scat-
tering.
The number of photons are determined,ap~
proximately,by the total number of electrons in the path
of the X-rays.It was stated above that the number of elec~
trons in various types of atoms is roughly proportional to
the latter's weights,
‘le2s3.4eSeccndary effects
_ The actual attenuation process in a pro-
tective barrier is much more complicated than outlined in
the brief discussion above.Electron ejected from an atom by
photoelectric process are replaced by other electrons and
in most cases another X-ray photon is produced.The positive
electron resulting from pair production soon looses its ki~
netic energy by collision and fiﬁally combines with a nega-
tive electron.Both electrons disappear and their mass shows
up as two oppositely directed 0.51 lMev photons called anni-
hilation radiation.Othr secondary photons magywbe produced
by high energy electrons,which themselves are secondary ef-
fects.These and other processes'take place in the sbsorbing
barrier,
1.%.SHIELDING FOR X~RAYS AND GAMMA RAYS
1l.%.1General principles
The attenuation of X~ and gammé rays in an
absorbing material is the result of a combination of the
photoelectric effectythe compton effect and pair production
and is a complex process.These three types of interaction
have been described in sec.l.2.The photoelectric effect is
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the predomihank type of interaction at low energies,the comp—
ton effect at medium energies and pair production at very
high energies.,Because of the increasing cross sections for
interaction in materials for this type of shielding are lead
~and iron. |
In the medium energy range (0.5-0.75Mev),the den~
- sity of the material is more important than the atomic num-
ber,but in the higher and lower energy ranges,materials of
“higher atomic number are more effective,
The scattering of X- and gamma rays in passing
through the absorbing material involves two geometrical con-
" ditions which must be considered in shielding calculations;
narrow beam and broad beam.
l.3,l.1l.Narrow beam conditions
Here one considers a narrow beam collimated beam
of gamma radiation which might be obtained from a small
source sfich as is used in gamma radiography,but is usually
produced only for experimental purposes.Photon scattering
in the shielding'material placed in the collimated beam are
removed from the emergent beam (Figel.3.l-1).

COLLIMATOR  ABSORBER.

(11 [ 4 [1]?

7

 PRIMARY  BEAM

Ol 10717

FTIG:l.%.1-1.Narrow-bean conditions

The total atbenuation is then an exponential process ex—
pressed by '

I=1Ige - (1.3.1.1-1)
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where '

I is the intensity(flux) of the radiation beam emerging
from the shielding material,in photons/cma.s

I,is the intensity(flux) of the beam incident on the
shielding material

¢ is the linear absorbtion coefficient for the shielding
material referred to a thickness of 1 cm

'x is the thickness of the shielding material,in cm,

It can be shown that the hald-vralue:thickness of
a material is related to its linear absorbtion coefficient
by the relation

myr = -0:822 (1.3.1.1-2)
similarly e
- 2,303
TVD = ==az=z <1o5olcl"5)
& o _

The linear absorbtion coefficient variek with (a)
the energy of the photon,(b) the atomic number of the mate-
rial in question,and (c¢) the density of the material.The
term of mass absorbtion coefficient,which is equél to  the
linear &bsorbtion coefficient divided by the density,is
also often nRefifFZ.l»Zel—-2

In Fig. l.3.1-2 below the mass absorbtion coeffi-
cients for lead and for concrete ( photoelectric,compton,
pair production and total) are shown as a function of the
phdﬁonlenergy.Data for the curves are taken from ACI com~
pilation No.l [23 .




THESIS

BOGAZICI UNIVERSITY
'BEBEK - ISTANBUL

21

0.26 -
S mar A 546 AT [ T
Ongnum/i‘ 0.1 htev, i
AL v - . 3 e . e o
L arant | MASS ABSORPTION COEFFIC
020 { :
RN
. .18 Y { T
LI \ IR : ARE
e { § \ - - 1T
oo = i
:E Oln'» . l, l ] LLAD il J
5 o N T i
~— 512 \\ '\l :/iia TTENUATION ; ; :
£ o0 NN ' it
I e COMETON ] { ) J=
o T -1 . - Fecai
g..l..! 0.08 - ﬂ' | . , - AY X /:;, ;
vt X N ) o
Q oos : AN e |
U: -~ s Y \ . | L 17 PAIR
. \ e T~ PRODUGTION
L 00% [BHOTOELECTRIG CA T pre T
Q0w A"Su.—? PTION It g e
: - 002 SN s A i
. ‘, : ] \.\"(_:Tf ‘l fan S S i
z: 0.00 o ' = §
|, ! ‘
R N
A N -
ri 0i4 \\\ . Y '~ f ol L) ~ 5%
S el O\, CONCRETE(SLICA AG
I R . :
c:{ 040 : : \\\ » \_\fj r‘-_';"/ i ION
U oos AU -
- N 1 LAONPTON TN
L o0s EFFECT N .
§ . "r\:\\\ \
0.04 : .~*‘7‘:3*k::\
2 bk T e,
002 CPHTTORLELTRIC | | PRI FRODUCTION Tro—
e, - e i TP .
000 2 ==
Qf ¢ 10
Mev

\

Fig. 1.2.1-2 .Calculated narrow-beam mass absorp-
coefficients for lead and concrete
as a function of X-ray energy

1.3.1. 2 Broad beam conditions

This is the more frequently encountered
conditions in radiation shielding problems.When broad para-—
lel beams or divergent beams of radiation pass through at-
tenuating material,some scattered radiation re-enters the
emergent bean.(Fig 1;5.1.2-1)
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Fig.l.3.1l.2~1.Broad Beam Qonditions

Thus the attenuation no longer follows an exponential pro-
cess,as it is reduced by an amount known as the " build-up
factor" for any particular source-shield arrangement.

The calculations involved in the assessment of
the thickness of shielding requiréd for broad beam conditions
are complicated. *

| Protection of occupied areas adjacent to X-and
gamma ray ingtallations may be achieved by shields or walls
vhich absorb radiation.As the cost of such shielding can
prove to be an important consideration. |

The protective barriers can be of two types.The
primary protective barrier which is a barrier sufficient to
attenuate the useful beam to the permissible levels and the
secondary protective barrier which is a barrier sufficient
to attenuate the scattered and leakage radiation to the
permissible levels.

l.3.1l.3.Reduction of intensity

Consideration of attenuation of radiation will
be limited to gamma rays and neutrons.Both of these are at-
tenuvated exponentially by an absorber.Two general formulas

describe this attenuationjwhen the radiation is considered
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as a point source,the geometry is said to be sphericai;
wvhen it is considered as a plane source on one side of a
wall,and its intensity measured on the other sgde,the ge—
ometry is said to be plane.The relations of these two ge-
ometries are shown in Fig.l.3.2%3%-1.The usual forms of the
absorbtion law for these geometries are

2
. . 1 ~Hx
spherical I=1I, ( 1% e (Le3.1le3-1)
) =t
plane I=1Ige (Le3.1.3-2)
wvhere -

I = intensity of radiation at point x(Fig.l.3.l.3-1)

= intensity of source

= absorbtion coefficient of absorber material
thickness of absorber

distance from source to start of absorbing material

1l

IO
b
X
a

' ABSORBER - I =I Oe-t‘x/ (a+x)2

DEDECTOR

DEDECTOR

SOURCE

[ABSORBER| —

0 6 0 © o6 o o o

SPHERICAL GEOMETIRY PLANE GEOMETRY
Pig.l.3.1.3-1 Geometry types used for absorbtion measuremnent
The factor 1/(a+x)2 in Eq.(1.3.1.3-1) is the reduction in
intensity due to the inverse-square relation with distance,
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similar to that for light or gravity.For larger distances
from the sources and for relatively thin absorbers,Eq.(l.3.1l.3-%
may be used,with resulting simplicity.Intensity may be mea-
sured in r per hr,mrem per hr,neutron flux,or similer units.
The term e t¥ gives the'exponential reduction in intensity due
to the presence of absorbing material of thickness x.The
factor ¥is the absorbtion coefficient of the absorber and is
given in terms of reciprocal length.The larger the value of P,
the greater the intensity reduction for a given thickness.
The absorbtion coefficient & equals Né6,where N is the number
of atoms per cucm and 6 is a quantity known as the total
crosssection of the absorber,and is given in terms of sqcm,
For comparative purposes, mass absorption coefficientsff/f
(sqenm per g),obtained by dividing the linear absorbtion co-
efficient by the density of the absorber,are often used.
1.3.1.4.Half thickness

When there is just enough thickness of ab-
“sorber to reduce the intensity by a factor of 1/2,this thick-~
ness is known as the half-thickness andis given in inches or
centimeters,.It is determined from

1/2 = ¢ tTL/2 (1.3.1.4-1)
or Ty /2\= 0693/t | (1.3.1.4-3)

where ¢l/2 is the half-thickness and ¢ is the absorbtion
coefficient.This value varies with the type and energies of
the radiation;as well as with the material of the absorber.
A similar factor known as the relaxation length is sometimes
used in place of the half-thickness;it is equal to 1/f .

The number of half-thicknesses required for a
shield may be computed from the equation

N = 3.322 logR ‘ . (1.3.1.4-2)
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where N is the required number of half-thickness,and R is the
reduction(attenfiation) factor,which is needed to attenuate
- the radiation to desired level,
1.3.1.5.S0ource strength
In the case of gamma ray emitters,their
strength is often described in terms of curiesyAssuming a
point source,the dose rate may be found from the equation [81]

IO = 7CE/8.2 (1030105—1>

I = intensity in r per hr at one £t from the source
C = the number of curies of the isotope

E = energy of emitted gamma rays in Mev/disintegration
a = distance from the source to the inside of the

~ shield,ft |

The energy of the gamma rays may be obtained from tables for
various isotopes., [%]

) ey .- E&\
&as\xas\ \«\mwm
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2+CONCRETE FOR RADIATION SHIELDING
23iL.Introduction

The primary factor involved in radiation
shielding is the reduction of the intensity of the radia-
tion to the desired/level.Secondary to this are gconomic
and mechanic factors which are valid to a considerable ex-
tent. | '

Accomplishment of the reduction in radiation
intensity is relatively simple.Almost any material will serve
for shielding purposeS»if sufficient thickness is used.How-
ever the use of materials requiring excessive thicknesses
nay be‘precluded on an economic basisjother materials re-
quiring only moderate thicknesses may not be prectical for
gconomic or mechanic reasons.Thus although water is a good
neutron shield,it regmires excessive thickness for shielding
accompanying gamma radiation,and water tanks are relatively
fragile and subject to leakage.At the other extreme,lead
shields are very effective against gamma radiation,but lack
mechanical strength for large,permanent shielding structures.
Both of these materials are relatively infrequently chosen
for permanent shidding installations of considerable magni-
tude because they are uneconomical and not completely sui-
table mechanically.

Fortunately,concrete is an excellent shielding
material for 1arge,permanenﬁ shields.It possésses good com-
promise thickness requirements for both neutron and gamma
‘ray attenuation, . sufficient mechanical strength,low mainte~
nance and reasonable cost.0Ordinary concrete in sufficient
thickness will provide satisfactory shieldingj;heavy concrete
made from Special aggregates with a generally higher unit
cost,is often preferable due to smaller thickness require-
ments.Certain mechanical problems and requirements,such as
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homogeneity,are common to both types.Assuming that these re~
quirements are met,the space requirements and other economic
factors will yield a decision as to the type of concrete to
be chosen. ” )

2.2.Types of concrete »

Ordinary portland concrete is usually made

with local products and therefore varies from batch to batch
in its exact make~up and from location to location in its
typical composition.Variation of size of the aggregate and
the sand particles as well as the mix proportions will pro-
duce variations in densibty,appearance and strength proper-
ties.Use of special aggregates,sand,cements or additives to
the mix water as described in the following sections may
enhance the nuclear characteristics of the concrete.Place-~
ment methods and procedures to be followed are important
in insuring reliable shield performance over the projected
1life: of concrete.

2+3.1se of aggregate

Aggregates are used in concrete to give strength

to it.Usually they are graded as coarse and fine.,The fine
aggregate weigth is about 40% of the total aggregate weigth.
Coarse aggregate may range from 2 to 5 cm across the lar-
gest dimension.In nuclear applications use of high-densibty
aggregates such as various ores of iron and scrap metal,
increase density of the concrete,an important consideration
for shields.Certain aggregates may increase the fixed water
content in the concrete,another property desirable from a
nuclear viewpoint.

In other words,the water content of hardened
concrete is an éxceedingly important parameter by which to
estimate the effectiveness of concrete shields in attenua—
ting neubtrons,as can be seen clearly from Fig.2.3-1




THESIS

BOGAZICI UNIVERSITY
BEBEK - ISTANBUL 28

60-

50 \ 9 - =
40 ~

'\E ' .

z\; 30- \\ _ 14, Mev Neutrons

T N — Incident OnSemidnfinite

I : .

5] \\Medlum

.Z

(=]

T 10

]

Z

w

=

< .0 : .
0 5 10 15 20 25 30 35 40

WATER ' CONTENE OF CONCRETE, */s OF TOTAL WEIGHT
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This figure indicates the relationship between the neutron
attenuation("relexetion") length in mass thickness units
and the variable content of a concrete of otherwise standard
composition,as dérived from calculations of Bpielberg and
Duncer{3] .According to this diagram a reduction of water
content from 15 to 5 % by weigth of the concrete results in
an increase of the attenuation length by a factor of aboutl.?ﬁﬂ
2.leAn estimate of concrete mix proportions '
The réiationships to estimate the water content
of concrete are based upon the assumption that at least the
cement content and the water cement ratio of the particular
concrete are known.In some instances,this information may not
be aveailable.Then both values can be estimated from the fol-
: lowing relationships if at,leaét the design strength of the
concrete is knowno )
The amount of mixing water W, is primarily a
function of the required workability and the maximum aggre-
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gate size of the fresh concrete.E{Et can be approximated
by the following relationship

where W = mixing water (kg/m3),sa= meximum aggregate size
of concrete(cem),and 8, ,by = coefficients given in table
2.4.-1 for various consistencies of fresh concrete.[?].

Table 2.4-1.Coefficients aq an,d“bl for eq.2.4~1

5 No air entrainment Air entrianment
Consistency '

al bl . al bl
Stiff ‘ 208 8% 188 88
Plastic 230 93 206 90
Fluid 2354 . 97 218 93

The consistency of a concrete mix may be chosen
according to the type of a structure as shown in table 2.4-2.

Table 2.4-2. Consistency of fresh concrete

Type of structure Consistency
Reinforced foundation walls and footings Plastic - u
Unreinforced walls and footings ' Stiff to plastic
Reinforced slabs,beams and walls Plastic to fluid W
Building columns Plastic to fluid
Pavements: Stiff

Other slabs on the ground | Plastic

Mass concrete . ) : Stiff

The maximum aggregate size deépends on the dimen-
sion of the concrete section and the presence and spacing of
reinforcement.The following limits are normally used in USA.
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For reinforced concrete it shall not exceed one-fifth of the
smallest dimension of the concrete member nor shall it be
larger than the three-fourths of the minimum clear spacing
between réinforcing bars.For plain concrete it shall not ex-
ceed one-third of the minimum dimension of the structure.But
consideration also has to be given to the available materials.
In normal building ccnstruction the maximum aggregate size
usually does not exceed 3.0 to 4.0 cm even if the dimension
of the crosssection would permit this, '

The water cement ratio and the cement content of
concrete are governed by strength and durability requirements.
The relationships between strength and fater cement ratio
can be approximated by the following expression: |

W, a
O -2 - b, (2.4-2)
—
C fc*'i*(}"2
if fé; compressive strength of concrete after 28 days(kg/cmg)

and a2,b2,c8 = coeffgcients depending on type of cement and

entrainment as given in table 2.4-3 .-

and b, for eq 2.4-2 ,

Table 2.415.Coeffipients 85 5
_ No air entrainment Air enbtrainment
e of cement — "
v?yp ‘ \‘a2 b2 Co 8o bé 92
Type I 500 0. 34 225 | 1220 | 0.79 | 660
Type III 570 0.37 250 1000 Q.6l 560

Normally Type III cement is used in comparatively thin con-
crete sections when a high concrete strength is required af-
ter a few days.Alr entrainment generally is used when the
concrete member is exposed to freezing and thawing.Then,the
water cement ratio normally does:mobt exceed a value of 0.60
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and may be Iess.than computed from eq.(2.4-2),
2.5.Calculation of shield thickness

The type and intensity of the radiation can
usually be obtained from the.data of referencefi],the iden~
tification and amount of the isotope to be shielded being
given.For pieces of the apparatus,the data will normally
be provided by the designers or users. :

‘From the data of table 2,5-1 ,the source in-
ten51ty in r per hr for the gamma emitters can be computed
using ‘Eq.(1l.3.2¢3-1) or for a neutron source Eq.(2.5-1).

= 8.57 x 10™° xu/a° C(2.5-1)
where I —Neutron flux,n per sqcmsec
K =a constant depending on the type and strength
of the source (see Table 2.5-1)
M =number of milicuries of active isotope
a =distance from the source,ft

Table 2.5-1 gives values of energy and neutron emission for 1

some commonly used isotopes and neutron sources.

Table 2.5-1 .List of commonly used gamma and neubron emitters

T
— \

Isotope | Energy of radiation,Mev . Remarks
14 - : Beta radiation only
N\ ,
Na* 1.38,2,76 | -
co®0 1.,17,1.3% -
73192 1:2 max -

The number of haif~thicknesses required for a shield may be
computed from the equation,?.5;2 .

N = 3.3%22 logR | (2.5-2)
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where N is %7« required numbed of half-thickness and R is the
redugtion (abtenuation) factor,which is that needed to atte-
nuate the radiation to the desired level.

: The number of half thicknesses can be found from
Eq.(2 5~2) 8nd Eqe(le3.l.5~1) . S :

S As an example of -this method of calculation,as-—
sune that it is desired to design & concrete shield for a
1000~curie source of Coeo,such as used in high-powered radio-
graphy.An intersa) diameter of the spherical (for simplicity)
shield of 2 £4 is specified to provide space for manipulating
the source.Fig.2.5-1 is a diagram of the set-up. 3]

MAGNETTE !
CONCRETE / B

Yige2 5—1.Gomparz.son -of sphemcal shielding composed of

various types of concrete required for shzeld:mg

- a 1000~curie Cosa source

From Table 2.5-1 or reference[t]it is determined that 6060
emits two major gamma rays of 1.33 and 1.17 Mev(the low~ener—
£y gemma ray and the.beta emission can be neglectedjThen from
Eqdl.3.1.5¢1) the source energy is found to be
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I = 7x1000x(1.33+1.17)/2° = 4375 r per hr

at. the inside surface of the shield.The gamma rays are cag-
caded and so are added.With a tolerance level of 6.25 mr per
hr,the required reduction factor is

R = 4375/0.00625 = 7x107

Then from Eq. 2.5-2 ,the required number of half thicknesses is

N = 3.322 Tog 7x10° =19.42

This is almost an equal number of half thiéknesses for an
attenuvation of ILO6 .

10.0 (-
9.0
8.0
70 —
6.0 ey
- o /L-—-
l..g (] o~
z 4.0 7o,
- 35
E 3.0- '/o
S S o P
Z 25 \ .
Q .
Q
w20 -y =
ﬁ // .- LEGEND |
Z 15 7 7 CONCRETE DENSITY G/CM
o L
r o PLAIN 22-24
T / ' A LIMONITE 26
L 1.0-E5 x LIMONITE+SCRAP FE
2 L « PYREX 36
T o8 g MAGNETITE OR .
. ‘ BARITE 3.0-3.8
‘ - » LIMONITE +SCRAP FE. L4
06 & == —— T
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%~ RAY ENERGY E,MEV

Fig. 2.5-2 Half-thickness values for ordinary and
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The maximum energy-gamma ray being l.33 Mev,thevhalf thick-
nesses obtained from Fig. 2.5-2 are :

Type of Concrete Half-thickness,in | Total thickness,in

Plain ‘ 2.82 54,76
Limonite 2.38 46.22

Bar@te 1-65 : 32004

If we add two half-thicknesses as a factor of safety,thén
the approximate required thickness becomes 60 in.for plain
concrete,51 in.for limonite concrete and %6 in.for barite
concrete. . '

2.6.Economic factors

Ordinary concrete will in general be the
cheapest material to usej;where space is not limited and1when
strength is important,ordinary concrete will fill the bill
more adequately than special concretes.

Special concretes should be used vhere space
is a limiting factor and money is not; in general,the gain
in shielding reduction is off set by the cost of the special
concrete,éspecially in areas for away from the source of good
agregate and whenever auxiliary strength members must be used

for support of the shieldj;one of the items whech runs up the =

cost of special concrete is the unfamiliarity of the contrac-
tor with special shield concretes.

Foundation problems‘for heavy concrete shields
may add to the expense,even though the building costs may be
less.These and other structural factors reguire much more at-
tention,before a decision as to the type of concrete to use
for shielding can be mades.
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5o SHIELDING MATERIATLS
%.1.Nuclear applications of concrete

Ordinary concrete is an inexpensive,easily
handled material where nuclear properties are good enough,
taken in copjunction with its excellent structural proper-
ties,to make it desirable as a shielding material.Concrete
made with portland cement,local sands and crushed rock and
mixed in the field is quite variable from one mix to anot-
her in composition and in some properties;no two batches
are ever exactly the same.This variableness lies within
tolerable limits,however;and‘its abundance,low cost and
ease of procurement and handling make-up for lack of high
nuclear performance.Concrete is therefore abtractive as
both shield and structural material in lan-based power
plants and other stationary facilities,where size is not
a handicap.Nuclear performance of concretec may be enhanced
by using special aggregates,adding heavy metals to the mix
or boron additives to the mix water. ‘

%.2.Requirements for concrete for shielding use

Concretes for shielding must fulfill the fol-
lowing requirements:

(1) The possibility of prolonged use as a
shielding material without deterioratidn of their properties;

(2) Resistance to the action of elevated tem-—
peratures without dangerous loss of strength;

(3) Long~term resistance to radiation§

(4) The material must not crack,warp or expand
under the action of temperature and radiation;

(5) Low heat conductivity;

(6) Low cost; and

(7) Convenience in placement and operation.,

The above requirements give the specific pro-
pertiés of normal and special concretes called for under
operational conditions of concrete shields. Dq]
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%e5¢Importance and control of water in cencrete

Water is the most desirable ingredient in
concrete from a nuclear point of view,because water contains
a large proportion of hydrogen and is,therefore a good
neutron moderator and atteﬁuator.Hydrogen is a very effec-
tive moderator of neutrons,msking them more easily avaiil-
-.able for capture.A beam of neutrons passing through con-
crete containing normal amount of hydrogen( 0.5 wt.%) will
therefore be quickly reduced in intensity(or attenuated to
much smaller values).

3.4.Desirable physical and mechanical properties

There are several properties of interest which
one must consider in the use of concretes for shielding.They
are: (%) density;(2) compressive strength;(3) thermal conduc-
tivity; (4) hydrogen content; and (5) dehydration with tempe-
rature.These are discussed below briefly. |

3.4.,1.Density -

The density of a concrete plays a great role -+
in its nuclear performance,because density is a measure of '
the atomic conecentration of the constituent elements.The
overall dénsity of concretes varies from a low level of
1.3 g/cm5 for certain earth aggregate concretes to oevr
4,8 g/cm5 for certain steel loaded,iron ore aggregate con-
cretes.High density is a desirable property for stopping
both gamma rays énd'neutrons.The greater the density the
greater. the number of nuclear interactions,and the more ef-
fective the material becomes in its ability to absorb radia-
tion.The density may be increased by use of heavier aggregates.

%.4.2.Compressive strength

Compressive strength is of importance since
most concrete shields are also structural members and pre-
gservation of shield integrity over its expected lifetime is
a necessity.Ordinary concrete made with common aggregates u
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using well-known mixing and placement methods gives the best
all~around strength characteristics.?roper use of aggregates
can enhance the strength of concrete,For neutron shielding,
where a high water content is desirable,strength may hav to
be sacrificed somewhat to obtain the desired water content.
A .good quality portland cencrete has a 90-day compressiVe
strength of 245 to 455 kg/cm2.1r0n~ore aggregate concretes
have compressive strengths of %85 to 455 kg/om2 if convention-
nal placement is used.BﬂBarite concretes have strengths ran—
ging from 245 to 350 kg/cmz.

3elo3,Thermal conductivity

The  termal conductivity of ordinary concrete

varies between 0.0008 to 0.004 cal/s-cm~°C,depending on the
mix.In general,heavy aggregates added to concretes increase
their conductivity.Barytes concrete has a conductivity of
around 0,004 cal/s-cm—oc.Ironrore-aggregate cdncretes have
conductivities ranging from 0,005 to 0.012 cal/s—cm—OC High
density concrete made with steel shot may have a conduct1v1ty
as high as 0.037 cal/s-cm- C.[“ﬂ \

2.4 .4 ,Hydrogen content -

| Hydrogen occurs in concrete mainly in the form
of fixed water and small amounts of organic impurities.The
main shielding effectiveness of concrete for neutrons is due
to the water content of concrete.The concrete should be pro-
tected against loss of water by cooling or other means.

3,5.Use of special concretes

Concrete is a very versatile material and its

properties can be changed within limits almost at will ®o
suit special needs.These needs usually fall into one or more
of the following three categories: (1) Higher neutron-attenu~
ating performance;(z) Higher gamma ray abttenuating performence;
(3) Higher temperature pergormance.However,it must be empha~
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sized that this better performance is usually obtained at

the expense of higher construction costs and less reliabi-...

lity.because most contractors are not familiar with the use
of heavy concretes and do not know the best mixing ano pou~
ring methods.Also water retention may be more difficult in
these special concretes,compressive strength usually goes
down,and uniformity of the pour is harder to achieve,except
by the use of special and expensive method. [10]

Use of high density aggregates,such as various
iron ores,barium ores,lead ores etc.may boost the density
to as high as 4.0 g/cmB.The density can be raised to nearly
4.8 g/cm5 by using ferroboron or ferrophosphorus as the agg-
regate.If steel punchings ame used a density over 5.6 g/cm5
may be achieved. ,

Where the thermal-neutron attenuation properties
are desired to be increased to the maximum attainable,or
where the supression of hand capbure gamma rays is desired
concrete may be loaded with boron—combining'materials;Boro—
nation can take the form of (1) a boron-bearing aggregate
‘such as colemanite;(2) use of pyrex glass ground to a sand
as a part of the sand;(3) use of boric acid,borohydrides or
complex borates dissolved in the mix water;or (4) use of
boron in cementing agent.EE]The presence of boron retards
the setting process; care has to be taken not to use too
much.One percent boron is adequate for most all uses.The
effects of colemanite on the concrete will be discussed in
the later chapter.

3.6.,The technology of concrete

This section deals with guide-~lines t6 follow
in the handling and use of concretes for shielding,the se-
lection and handling of aggregates and other ingradients
in the concrete and the estimation of final properties of
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—

the concrete from known parameters of the ingredients.
Mixing formulas for concretes call for the ad-

dition of various coarse and fine aggregates,whose uses

and selection are described in the appendix JAggregates

can be put through a series of sieves.Two main categoriés

are recognized,coarse aggregates and-fine aggregates.Accor-

ding to the American Society for Testingand Materials (ASTH)[],

coarse aggregate is the portion of the aggregate which is:
retained on a U.S.No.4 size sieve,having an opening of 4.76
mm.Fine aggregate is defined as part of the aggregate pas—~
sing through No.4 sieve and predominantly retained on a No.
200 sieve having an opening of 0.074 mm.Most mechanical
engineering and general handbooks list standard sieve sizesw

In most instance the best binder for shielding
concretes is portland cementywhich must meet the requirements
of certain standards.The cement used should be subjected %o
complete chemical analysis. ,

Normal aggregates for concrete must meet the
requirements of set standards.Appart from the generally-ac-
cepted characteristics of aggregates,full chemical analysis'
is to be carried out and the specific gravity must be de-
termined in the vibrato-compacted state,together with the
appearent density.Aggregates should be cleen and should be
fractioned.The use of scrap iron or other metal waste agg-
regates covered with fat or oil is not permitted.

The strength of aggregates and their water ab-
sorbtion should lie with in the limits laid down in the
table 3.6-1 . [re],

During the transport and storage of aggregates
precautions should be taken to prevent separation into the
individual fractions.

liore detail about this section will be given

in the later sections.




THESIS

BOGAZICI UNIVERSITY
BEBEK - ISTANBUL

Table 3.6-1 Standard strength and water absorbbtion values
of aggregates

Type of concrete Compressive Strength | Water absorbtion
| (kg/on®) (w6 %)
“Magnetite 2000 I1-2

Limonite 350 9-10

Barytes | 400 - 1-2

Serpentine 400-650 0.5

Scrap iron 2000 . -

%.7+Construction Standards for concrete shields

There are a few general rules which must be
followed for all shields.The follewimg, standards are a sum-
mary of them and should be applied to insure high performance
‘concrete for the shield. Lre] ‘

(1) Density should be uniform throughout the
shield and within 5% of desing density.No large voids,areas
or bubbles should exist.

(2) Neutron shields:Fixed water content of the
cured shield should be not less than 5 wt% for ordinary con-
crete.For heavy concretes the minimum fixed water fy is de-
fined by

,fH = ..%.'_2_ % o

Where~f is the concrete density in g/cma. _

(3) Compressive strength (ordinary concrete)
should be not less than 350 kg/cm2 for ordinaxy concrete,
or as recommended for special concretes.

(4) Ambient temerature during pouring shéuld
be between 10 to 32 C,for best results.

(5) For poured shields,monalithic poors are
to be ueed,whenever possible.If the mass of the shield is
too great for one pour, joints between pours are to be step-
ped or broken.Fresh layers must be bonded to hardened layers
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by moistening and roughening the hardened layer or through
the use of neat cemént.

| (6) Moist curing of all concrete shields should
be allowed to proceed for 28 days to develop the necessary
strength and fixed water content

(7) sShields also used for structural purposes
are to be reinforced with steel reinforcing bars.

(8)Concrete placed or poured around objects or
penetrations must be tightly packed around the object to
insure that no streaming gaps or voids exist in these areas.,

%.741l.0rdinary concrete shields

Ordinary concrete is a fairly easygsmaterial of
construction to work with,and excellent results can be ob=-
tained with just a little care and effort.The characteris-—
tics of good sand,cement and aggregate are left.But to at-
‘tain the best end,carefull attention must be given to the
selection of cement,aggregate and water in accordance ®ith
preceding principals and to the following considerations:

(1) The mix must be workable so that it can be
placed and finished without undue labor.
| (2) Since cement is the most costly 1ngred1ent
in the mix,the proportion used should be as small as is:.
consistent with attainment of desired properties.

(3) The strength and the degree of watertight-
ness of mixes,having llke constituent materials,density
and workability,increase with the cement content.

(4) With the cement content,materials and work-
bility all constant,the strength and degree of watertight-
ness increase with density of the mix.

(5) For usual methods of placement,the strengih
and degree of watertightness of well-cured concrete and mor-
tar are greatest when the mix is plastic( has a slump of
approximatelj two inches).Drier mixes,although frequently
as strong are likely to be porous unless compacted by pneu-
matic rammers or electrically driven vibrators.Increasing

the water content beyond that required for plas%icity cau~
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ses the strength to decrease rapidly.

\ (6) In proportioning concrete or mortar which is
to be subjected to freezing températures,a minimum amount
of water and quick-setting cement should be used. L] .

(7) The principal shemes used in scientific pro-
portioning of mixes are based upon relationships between
proPerties and ratio of cement to water in the mix.

The most accurate method of measuring proportions
of ingredients is to weigh the required quantities of each
material.See app T . _

‘Probably thé most used method of proportioning
is that based upon arbitrary selection.In specifying  propor-.
tions for mortars it is common practice to call for 122,1:5,
or l:4 parts of cement to parts of fine aggregate,depending
upon the quality of mortar demanded.In proporbtioning concrete
by this method,the engineer,guided by experience and a know-
ledge of the requirements for the structure,assumes a mor-
tar of given proportions and selects a proportion of stone
such -that the voids in the stone,as measured at the job,will
be 15 to 25 % less than the volume of the mortar.Such meth~
;.ods or proportioning may give very fair results when used
by a man experinced in Jjudging aggregate,but in the hands
of persons inexperienced in their use a poor mix or waste
of cement is likely to result.

To facilitate the use of Water-cement ratio meth-
..0d,the slumps,sand ratios and moisture contents suggested
by the Portland Cement Association in Design and Control of
Concrete Mixbures are tabulated in Table 3.7.1-1




THESIS

BOGAZICI UNIVERSITY
BEBEK - ISTANBUL

43

Table 3.7.1-1l.Useful data for designing concrete mixes

Recommended slumps for concrete

Type of structure

“Hassive section,pave-
ments and floors laid

on ground
Heavy slabs,beams
or walls

Thin walls and columng
ordinary slabs or beams

Slump (in)
Minimum Maximum
1 4
5 6
4 8

Approximate amounts of free water in aggregates

0

Porous sandstone

wt%
Very wet sand 6-8
Wet sand 4
. Moist sand 2
Moist gravel or crushed stone 1.5
Approximate water-absorbtion of air dry aggregate
- wt%
Ordinary sand 0.5-1.0
Gravel and crushed limestone 0.5-1.5
Trap rock and granite 0.%3~0.,5

On important work moisture determinations should
be run several times a day.When moisture content determina-
tions are not made,the approximate values in table 3.7.1-1

may be assumed.

Experience has shown that different concrete
'structures require different types of mixes because of Vo
lous pouring,setting,load/conditions or use of structure;
no one type of conofete is sufficient for every use or
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placement conditionsConcrete for use as biological shielding
has different performance requirements from that to be used
in a road pavement or a dam,for instance. :

For neutron shielding the water content of a con-
crete should be high,while the strength of the concrete may
not be too important.Therefofe,a 1:2:4 or even higher cement:
sand:gravel ratio with a high water cement ratio is desirable.

The concrete engineer can be guided in this se-
lection of the proper mix by the use of tables 3,7.1-1. The
table taken from[ﬁ] ,1ists the aggregate proportions and
water-cement ratios desirable for concrete in various types
of structures.

Table 3.7.1-2. A guide to water-cement ratios and aggregate
proportions for various ordinary concrete

structures
Desired Vater-cement | Proportins
compressive |ratio by wt by volume
strength at (a)
28 dags
(1b-in=) (b)

Concrete for
High early strength
in pavementsjistrong
columhs,beams and 1:1:2
slabs;or structures . N
very severly exposed | 5500 0.40 to l:l%:B

Walls,dams,piers,
pavements and other
structures requiring
high strength or wa-
tertightness;or for . 11
1:1—122
structures severly. 2 1
exposed 4500 0.50 to 1:2:3%
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Walls,dams,piers,reservoir
linings exposéd to weather
in northern climate.Water—~
tigth structures,pipes,

tanks sewers,pavements and
thin members exposed to , 1:15:3
frost action 3800 0.55 to l:2zid

Walls,dams,piers,reservoir
linings exposed to wheather
in southern climate.Basement
walls or thin structural
parts subjected to moderate . 1:2:3
exposure 3000 0.60 | to l:2&:4

Enclosed structural members
piers,retaining walls,foun-
dations and footings protec—
ted from alternate wetting
and drying and from sever :
weather 2200 0.65 to 155:5;

llass concrete requiring 1l:25:
little strength and well : ,
protected \ N\ 1800 0.75 to 1:

a) Proportions of cement:sand:gravel
b)To convert these values to kg/cmg,multlply by O 0703
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3.7.2.5erpentine concretes

Concrete made with the mineral aggregate ser—
pentine,a mineral of asbestos,in place of trap rock or or-
dinary stone,is usable at temperatures up to 428 °c.Table-
3,7.,2-1 presents a typical chemical analysis of serpentine
aggregate.The water of crystallization present in the mine-
ral serpentine (5Mg0.28i02.2H20) is rebtained up to about
510°¢c. Liod

Table 3.7.2-1 Chemical analysis of serpentine rock

Compound Composition (wt%)
g0 40.0
810, | 29.3

¥ H0 12.2
FeO 3.8
FegO5 | 2.1
A1205 | 1.5
Cal 0.61
NiO 0.%9

: or205 0.35
K20 0.18
Na.,0 0.10
TiO2 \ 0.05

AN
+ Cl 0.,01-0.1

# Wlater content varies slightly.This value repeesents a minimum.
+ As MgCl, or NaCl

Twovproperties of serpentine concrete which
make it very desirable for use in neutron shields under
certain conditions are (1) the high fixed water conbtent;
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end (2) the ability to withstand high temperature as des—
cribed above.

The density of serpentine concrete(2.1 g/cm3)
‘is slightly less than that of ordinary concrete(2.3 g/cm’)
but the increased hydrogen concret of serpentine is enough
that its neutron attenuation properties are equal about
those of ordinary concrete.The gamma ray attenuation proper-
tiesof serpentine concrete are somewhat inferior to those of

ordlnary concrete. Lod
Serpentine concrete can be made with either

portland or lumn:te cement.The use of lumnite cement is not
recommended for large shield volumes.

‘Because of the large affinity of serpentine agg~
regate for water,the handling and mixing probieng-are diffe~
‘rent from ordinary stone aggregates.The mixing proportions
can not be varied as easily as with ordinary concrete and
once a good mixing formula is found.Table 3.7.2-2 presents
the mixing proportions for a comparatively.high—strength
serpentine concrete used inathe biological shield a1f the
Fermi plant -(here after called the design mixture),and Table
347.2=3 lists the sieve analysis of the aggregate that was
used to produce this concrete.(

Table 3.7.2-2 Typical analysis of serpentine concrete (14)

Material _iégoﬁnt required for 1 cuyd* Dry material

\ wt(1b) Vol(cuft) Vol % | wt %
Serpentine 20%2 12.51 51.5 54.5
8and 956 5.83 23.9 25.8
Cement 525 #* ‘ 2.68 11.1 14,2
Water 37% 5.98 13.5 5.5
Plastiment 1.39 *

* 5.5 bags cement
+ 4 oz per cement
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Table 3.7.2-3 .8ieve analysis of fine and coarse serpentine
aggregate or concrete mixture shown in Table
5.7+.2-2 and properties of the aggrggate(i)

v Percent passing through sieve
Sereen or sieve size Fine aggregate |Coarse aggregate
No.100 sieve 1.92
N8.Z60 sieve 12.68
o, 30 sieve 49,94
No.lEo sieve 84,01
No. 8 sieve 97.50 -
No. & sieve 100.00 2.72
1/8 in screen | 15,02
1/2 in screen 24,91
3/4 in screen 41.91
1 in screen 72.75
1%ﬁ2in screen : A 100.00
Specific gravity 2,604 2.60.
Finenesklmodulus (%) 2.56
Organic material Les than standard

- The physical and mechanical properties of
serpentine rock and concrete are listed in Table 3,7,2-4 .
Table %.7.2-4.Physical properties of serpentine rock and

serpentine concrete. [0l

Property Serpentine Rock | Serpentine Concrets
Density(g/cn’) 2,06-2,2

Lump 2,60-2.65

Loose material 1.3 -156

Bry,rodded - 2.08
Thermal conductlvity , 0.012 at 70°C ~ 0,024
(cal/sec~cm~ C) é i
Coefficient of expansion(per °F) 15 10 ~18.10
Water content (wﬁ%) 13.5 ,
Vet 16.8%¥
 Compressive strength(kg/Cm ) 13 135~ 162
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Concrete composition given in table 3,7.2-2.
This value nicludes the water taken up by the cement plus
the water content of the serpentine aggregate.

%.8.The desirability and use of heavy concrete

Heavy concrétes make use of heavy-ore agg-
regates or metal in place of,or in combination with,trap
rock to enhance the nuclear properties,especially the gamma
ray attenuation properties.The density of conventional con-
" crete is often found to be insufficient for a particular
shielding application.

For example,types of concrelte possesing ex-—
tremely high density have had to be developed in order to
achieve both maximum effective absorption of gamma radia-
tion and secondary radiation due to neutron capbture by the
shield.The most commonly used types of concrete are those
based on barite(P€3.5 g/cmB),magnetite (£=3.4 to 4.0 g/cmB)
and limonite(P=3.1 g/cm>).They satisfy economic and tech~
nical requirement in most cases since theédir cost is fairly
reasonable,they are resistant to environmental influences
and they are easy to use in the hands of experienced cotrac-
tors. lio]

| ' Sometimes concrete of greater density is pre-~

ferred in order that the shield thickness may be reduced.

| When 1@ is a question of attenuating gamma
radiation,the heaviest possible shielding structures are
* generally called for.A wide range of heavy concrete,with
densities from 3.50 to 5.50 g/cm5 may be obtained by using
steel scrap,which is available at fairly low ccst,together
with barlte or magnetite.

Extremely dense concrete Q? 6.35 g/oma)may
be obtained by using steel foundry tailings instead of ba-

rite or magnetite.
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A new range of special heavy concrete has been
obtained using scrap together with limonite(2Fe205.9EéO)
containing 10 to 12 % water and a binding agent based upon
aluminous cement.By combining elements such ak colemanite
(20&0.53205.5H20) and pandermite (50ao.63205.9H20),which
are rich in boron and water,with scrap iron one can obtain
very heavy iron~boron concrete (£=5.3 g/cm5) particularly
suited to shielding against gamma and neutron radiation.

Among the heavy concretes described below are
ferrophosphorus concrete,limonite and magnetite concretes,
ilmenite concrete,magnesium oxychloride and iron concretes,
iron portland concrete and barytes concrete.

3.8.1.Ferrophosphorus cdncrete
Ferrophosphorus concrete is a heavy concrete
made using iron phosphide ores(mixtures of FeP,FegP,etc)
as the aggregate,producing a concrete with a density of
about 4.8 g/cma.
Physical and mechanical properties are giwen
in table 3.8.1-1, [is]

Table 3.8.l-l.Physical properties of ferrophosphorus concrete

Property Value of description
Density (g/cma) : 4.8
Compréssive»strength(kg/cmg) 337

Age 60 days 337

Age 4 months 275

3.8.2.Iron ore concretes ,
| (Hematite,Goethite,Limonite,Magnetite)
Various iron ores are properly used in making
heavy concretes;Hematite,Fegoa,a red-black ore with cherry.
red streaks,is a pure oxide of iron found mainly in Urals,
Swizerland and Brazil.240.000.000 tons of hematite reserve

is present in our countary.[t]
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Goetheit,with a composition listed variously
as.FeO.(OH) or as FGEOB‘H2O (they are equivalent) is dis-
tributed commonly throughout the world.Limonite often cal-
led impure goetheit,is very abundant throughdut the world
and is in reality a mixture of goetheit and hematite,with
or without small amount of jarosite.Pure hematite ore used
as the aggregate in concrete will yield a concrete density
close to that of magnetite concrete.Pure goetheit as the
aggregatbte in concrete will yield a concrete density slight
greater than that of limonite.Magnetite ore will in general
yield the heaviest iron ore concrete.
| Concrete made with goetheite and hematite will,
except for density variations,as pointed out above,handle
‘like limonite and will have properties very close to limo-
nite concrete. [0l

| 3,8.3.Limonite and Magnetite concretes.

Iron ore concretes are popular because of the
ready availalility and low cost of the iron ores limonite,
magnetite,hematite and goethetite.These are all oxides of
iron.Limonite and goetheite (FeZQSHEO) have the added att-
raction of fixed waber of hydration in the mineral.In some
applications,however,it is necessary to attenuate neutrons
as well as gamma radiations.To slow down fast neutrons,the
concrete should also contain light material,such as hydro-
gen.Since maximum deﬁgity is incompatible with maximum
hydrogen content,a compromise between density and hydrogen
content must be made to obtain the proper composition for
attenuating both gamma radiations and fast neutrons.

The chemical compositions and mixing recipes
of limonite and magnetite concrétes with and without added
steel in the mix are given in teble 3,8.3=1,Typical physi-

cal and mechanical properties are libted in table 5.8.5-2.Eé]
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Table 3.8.3~1.A comparison of the compositions of several
limonite-magnetite concretes

Material

Composition (wt%)

Conventional placement | Prepacked concretes
Type C Type D Type A Type B
Coarse aggregate
steel punchings - - 54,6
limonite - 21.1 23.4 31.1
magnetite 58.0 33%.2 - 40.6
Fine aggregates
‘limonite 20.7 - 9.8 12.6
magnetite 4.0 29.2 - -
portland cement 11.2 11.2 7.7 9.9
plastiment 0.1 - 0.1 0.1
 water™ 6.0 5.3 0.58 0.58
L w/c ratio® 0. 54 0.47 0.58 0.58

# Initial values

Teble 3.8,3-2.,Physical and mechanical properties of limonite
and magnetite high-~-density concrete

’ Value
Property Age(d) | Limonite-~iron Limonite-magnetite
Density(g/cma) : o
we't 4,27 344
hardened 4,35 5.58
 Void volume(%) - 1.3
2 Compressive _ .
strength(kg/cmB) 7 — 337 276
| | 28 392 390
90’ - 460
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The table above shows us that the properties of concréﬁes
made from different limonite and magnetite reserves will be
slightly different from each other because of their different
chemical compositions. ‘
3.8.4.Barytes(Barite) concrete

Barytes concrete is made using barite ore,
BaSO4,as the heavy aggregabte.With this aggregate concrete
densities of around 3.58 g/cma'are obtainable.The main dif-
- ficulty with this concrete is the'prOCurement of the ore,.
Barytes concrete prepared by standard methods,has been used
extensively in the ccnstruction of very high-activity cells
and protective walls around accelerators and in biological
shields for reactors.Since it has high density to begin with
and its cost is relatively low,it has become a fairly exten~
sively used shielding material.The behavior of barytes agg-
regates in ccncrete is similar to that of ordinary aggregates
in standard concrete and no special problems have been en-
countered regarding the selection and proportioning of the
ingredients of the concrete.%f a concrete of higher density
is desired in certain cases,the barytes can be combined with
everdenser aggregates,such as scrap and cast iron turnings,
so that a wider range of heavy eoncretes is available;mﬂ

Lastly,for the purpose of effective shielding
against neutrons,concrete based onAbarytes can be improved
by the incorporation of aggregates containing water of crys-
tallization,such as limonite or boron or in the form of cal-
cium borate.

The physical properties are listed in table
%.8.4=1, [10]
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Table 3.8,4-1,Physical and mechanical properties of barytes
and barytes-limonite concretes

Property Value

| Barytes Barytes~Limonite
concrete , concrete
Density(g/cma) 3.5 ‘ 3.25 |
Specific heat - ~ 0,15

(gcal/e/°C)

Compreﬁslve strength

(kg/cm”) :
age 7 days . 264
age 28 days 253 ’
agell2 days 295

Shear gtrength 60 56

(kg/cmg) ‘

More detailed explanations will be given about
barytes concrete in the later secyions,since the main sub- -
ject of the thesis is barytes congrete.

Z.8.5,8pecial concretes based on barytes
_ It is definitely established that in the case
of high gamma ray energies the efficiency of shielding is

proportional to its concentration of high~density materi-
als.This accounts for the interest developed to increase
the density of the\goncrete based on barytes by using cas?t
fron turnings or scrap in granular form. ,
Similarly,in view of the corsiderable role plax~
-ed by hydrogen in biological shielding,it has proved nece-~
ssary to increase the hydrogen content of barite concrete
by the incorporation of materials containing hydrated water.
(e.g. limonite) without decreasing the density of the concrete,
%.,8,5.1.Barytes concretes with the addition of
scrap and cast iron
Wetallic scrap from the processing industry
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is used as coarse aggregates to increase the density of I
concretes.For satisfactory homogeneity of the concrete,

the percentage by weigth of scrap to be combined with the
barite must not be less than 20% for a type of metallic
aggregate whose limiting ‘dimensions are between 10 mm and |
35 I This specfications carries with it the 1mpllcat10n

that concretes of density higher than 4 g/cm ,will be ob- |
tained by replacing the coarse barite aggregates by scrap.
For desities of less than 4 g/cma,the barite sand is to be
replaced by cast iron in granular form.Fig. 3.8.5.1l-1 shows
how the density of concrete varies as the barytes aggregate

is replaced by irén scrap. [io]

55 I

Ceme jpor ti ~
nt proportion 350 kg m /
50 .
A
45 /

" [41°7Wt Barytes
' {592/ Wt FE
40 /

35 L i
. 0 1.0 20 25 30 L0
1 Wenght of iron gcrap per ¢ cubic meter {t)

Welght of bantes aggregates per cubic meter(t)

Fig.3.8.5.1-1 Density of heavy concrete made with barytes aggre_
gate and scrap iron as a function of the amount of

)

Concret density {gc

‘each ingredient

Table 3.8.5.1-1 summarizes the proportions of
the various 1ngred1ents for the properties of several com—
p051tlons of barite concrete with added minerals of iron.
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Table 3.8.5.1~1.Composition and properties of barites con-
cretes with other mineral and iron additives
Loncrete Type
] Barytes|Barytes| Barytes |Barytes Barytes
Composition of property iron iron limonit|Colemanit|Pandermi
Density (g/cm’) 45 | 4.9 | 236 | 3.3 3,53
Compositions(kg/ma)
Barytes sand,0-2 mm - 580 - 1070 280
Barytes sand,0-3% mm 500 - - - -
Barytes fine gravel,
o 2~"7 mm 1100 - - 700
Barytes fine gravel,
- 3-~7 mm 700 - - - -
Barytes gravel,7-15 mm | 780 - 1000 - 750
Barytes coarse gravel,
15-30 mm - - 960 1550 900
Scrap iron,l10-15 mm 2100 1000 - - -
Scrap iron,l15-30 mm - .1800 - - -
Limonite sand,0~2 mm - - 500 - -
Limonite fine gravel, ~
2-5 mm - - 500 - -
Oolemanlte sand i ez, - - - 55 -
0.5-2.5 mm
Pandermite,0.,5~2.5 mm 220
Cement 350 350 350 425 300
Water | 120 110 - | 130 185 180
Plasticizer(l/ma) 1.75 ‘
Compressive strength, *#
at 9 days - - - 168
at28 days 515 350 309 -

4 Values are not reported
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5.8.6.I:on—portland(scrap—based) very heavy concrete

Iron-portland concrete(also called scrap-based
concrete) is concrete #n:which the aggregate is iron(steel)
punchings and iron shot,used in combination with or without
trap rock.Punchings are often combined with other heavy.agg-
regates such as magnetite,barytes er limonite and sometimes
with iron and steel tailings.Punchings other iron and steel
waste occur during transformation processes such as produc-—
tien of nuts,iron fittings,gusset plates and iron work.The
mainssources of steel waste are nut and bolt manufactures
and factories in which punchings and tailings are likely to
océur during production.

Densities as high as 6.0 g/cm5 are attainable.
Physical properties are summarized in Table 3.8.6-1 . o)

Table 3%.8.6-1, Densities and. compressive strengths of several

concretes developed for shielding usei}?]

Concrete Density Compressivg Strength
\g/émg ~ kg/cm
Iron-portland 5.8-6,0 257 (age 32 days)
| - 372 (age 91 days)
Colemanite~barytes 3.1-3.2 | 175 (after 6-day cure)
Boron frits—barytes\ 3.1
. Inminite~colemanite~ '
barytes 3.1 246 (after 6-day cure)
Luminite-portland- .
colemanite~barytes 3.1 210 (after 6-day cure)

The most reliable method for investigating the grain size

of scrap and iron-shot concrete is to ensure in advance a

high density of metallic skeleton.This method is good only
for a firs?t approximation.For-example,Fieselheiserrmﬂhas
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found that the best density was obtained on the basis of
50% scrap and 50% shot. _

For concretes like these,the optimum mixing
formula and conventionally placed,as developed at SACLAY
in Franceliel is shown in Table 3.8.6.-2.

Table 3.8.6-2 .Compositions and desities of some iron-scrap-
based concretes.

Saclay [0}
Ingredient or property Pptimum composition Feiscdheiser Iif)
Placement method Conventional Conventional
Aggregate composition,kg] -
Steel scrap,sizes6-15mm 880 -
Steel scrap,sizeslb5-30mm 2720 2820
Steel scrap,mixed total 3600 -
Steel shot No.100% 275
Steel shot No. 50+ 400
Steel shot No. 407 300
Steel shot No. 167 325
' Steel shot No. 127 475
Steel shot No. OF 475 2820
Steel shot,mixed total 2250
Mortar composition(kg)
Portland cement 350 . 385
Plasticizer A 1.75 122
Water . 100 , ,
wi/c _ 0.28 0.32
Concrete wet density,gl/cm5 6.30 6.14

+

% amounts given for 1 n® of concrete
+ value included in the total
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Metallic aggregates which are recovered from processing industri

wastes with their properties are shown in Fig.3.8.6-1

Fig.3.8.6-1. Méﬁallic éggreéates used in making heavy concrete
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1 Fine scrap(dia = 6-12 mm), Densities(gcme):bulk=3.55;
compacted=4.40; lump=7.7.Void volume-45ﬁ

2 Small punchings(dia = 4-20 mm) Den51t1es(gcm ) bulk=3, 49,‘

compacted=4,31;1lump=7.,66.Void volume=44%,
3 Dexion angle punchings(thickness=2im;width=10mm;lengths=

10,14 and 52mm) ,Densities(gem ™) :bulk=3.27;compacted=Ll, Ol ;

lunp=7.%6.Void volume=46%.,

4 Punchings from nut manufactdre(thickness=15mm;Width=20mm;

1ength=55mm).Densities(gcmfa):bulk=2o57;COmpacted=5°57;
lump=7.54.Void volume=55%.

5 Stamp works punchlnws(dla 25 mmj;thickness = 7 mm).Den—
sities(gem ) bulk=3.41;compacted=3,87;lump=7.30.Void
volume=47%. ~

6 Pieces from hexagonal blllets(w1dth 14mm;height=15mm) ,
Densities(gem 9).bulk—4.l9,compacted-4.88,1ump~7.80.
Void volume=37.5%. |

7 Small stamp sorks punchings(dia=25mm;thickness= =6mm) ,Den~
sities(gem™ ) sbulk=3.4; oompacted 3,9 ;Iump=7.35.Void vo-
lume=47%. -

8 Large punchings(dia= 25mm~thickness~15mm)~Densities(gcm'3)*

bulk=4,23;compacted= =4,91;1ump=7.67.Void volume=36%.
3.,8.7.I1lmenite concrete
TIlmenite concrete has been used in some reac-

tor shields,mainly»Qanadian.[ﬂﬂ Ilmenite is an iron titenium
ore,with the composition FeO.Tiog.It is usually 12 to 15 %
Tigher than other iron ores,and thus the attainable concrete
density is less.These type of concretes are an excellent
gamma ray shield.llowever the ore is widely available in many
areas of the world and is expensive.Its density is of the
order of 3.5 g/cm,j°

3,8,8,Borated concretes

s

Boron may be added to ordinary and high density
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concretes in a variety of ways to enhance the thermal neut-

ron attenuating properties
secondary gamma-ray generat

will capture thermal neutrons.A number of heavy concretes
have been made and tested using boron containing ores or ot-

her additives in the aggreg

ore of calcium and boron(containing about 18% boron) which

may be used in conjunction
aggregate.Calcium borate is
sists of up to 50 % BEOB‘It
U.SeA, -
Descriptions of
colemanite as the aggregate
in the cement,are givgn in

and compressive strengths are given in Table 3.8.8-2 . Di}

Table 3.8.8-l.Description o

developed for shielding use., -

of the concrete and to supress
ion.Other elements,such as iron,

ate.Colemanite(CaaB6O4.5H20)is an

with iron ores or barytes as the
similar to colemanite and con-~
is widely used,particularly in
several concretes made using

or in the cement and boron frits
Table %.8.8~-1,and their densities

f several borated concretes

Material

Description

Colemanite-Barytes

Boron frits-Barytes

-$al effect on initial set of portlandg

Boron in colemanite(20a0.3B205.5H20)
acts as gamma supressor,but high so-
lubility of colemanite retards initi-
al set of portland cementj;this con~
crete has higher density(3.l g/cm’)
than ordinary concrete,high water

content(6 to 8%),and 1% boron content;
Boron in boron frits acts as gamma

supresor,and boron frit is less so=w
luble than cdlemanite;thus,detrimen-

cement is not so great;this concrete
has higher density(3.1 g/cm’) than

ordinary concrete,medium water conter
(5%) and 1% boron content.
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Lumnite~Colemanite~- As an alternate to using portland ce—
Barytes ment in barytes-colemanite concrete,

lumnite was used and found to retard
initial set of cement only slightly;
 this concrete has higher density (3.1
g/cm3) then ordinary concrete,high wa~-
ter content(9,3%) and 1% boron content;
curing methods were unsatisfactory.
Lumnite~Portland- ~Portland cement usually accelerates
Colemanite~barytes initial set of lumnibte,but addition of
| ’colemanite counter balanced this effect
this concrete has higher density(3.1
g/cmB)than ordinary concrete,high water|
content (8 to 10 %) and 1% boron conteni'

Table 3.8.8~2.A summary of the densities and compressive
strengths of concretes containing colemanite
as an aggregate

Concrete Type - |Colemanite Density | Compressive Strength
PO RCLED (g/cm) (kg/on”)
Barytes-colemaﬁé?g 7.1 3.2 _ 176
Barybtes—colemanite 1.7 343 309
TLum—~Colem~Barytes Y- 3.1 237 (e)
Tum~-Port~Colem~-Bary 6.5 3.1 211
Colemanitesiron 5.35 5,35 1150 (£)

(a) U.S. data

(b) Colemanite added as gravel

(¢) French data(SACLAY

‘(d) Colemanite added as a fine sand
(e) Six days compressive strength
(£) Value appears hikh
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3.8.9.High temperature concretes

Ordinary concrete can not be used for neutron
shielding at zlghh temperatures exceeding 93°C because the
wabter necessary for the nuclear shielding properties is lost
above this temperature.However,thg mineral serpentine,3ligO.
BSiOE.BHZO keeps its hydrated water to temperatures exceeding
482°C and may be used as the aggregate in concrete,lumnite
cement also is stronger than portland cement for high tempe-
rature use,see sec.3.7.2.

3.9.Design criteria 1

The first step in any reactor shield design is
to establish the design criteria.These include the limitations
imposed on radiation intensities in various parts of the re-
actor plant.Limitations that must be considéred are:(l) al-
lowed biological dose rates,(2) effects of nuclear heating,

(3) neutron~induced activation.of components or equipments,
(4) radiation damage effects,(5)mechanical criteria e.g.ne-
cessary expansion,movement and structural limitations,and
(6) environmental restrictions.For concrete shields,limita-
tions 2 throught above effet the use of concrete and the ad-
ded protection which must be designed in the reactor plant
to meet the set limitations. '

The following design criteria are recommended
for use in the design and construction of concrete shields.[is)
These standards follo%ed will adequately protect concrete
against loss of water,temperature effectsyradiation absorp-
tion effects and stress conditions.

Temperature limitations are given in Table 3.9~1.
Table 3.9%1.0rdinary and heavy Concrete shields
Neutron shields |

- Meximum internal temperature 88°¢c
Maximum ambient air temperature 7100
Gamma ray shields , :
Meximum internal btemperature 17700 ’
Maximum ambient air temperature 14900
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First of all the concrete engineer'must have a
knowledge of the required nuclear performance characteris—
tics of the shield,to undertake the physical design.Secondly
he must be aware of and take into account the nuclear and
physical environmental conditions underwhich he is bto mix
and place his shield and undervhich he must operate satis-
factorily for a thirty-to-forty year lifetime.Thirdly,he
must pick and choose his raw materials very carefully,know
their physical characteristics and how they react with each
other during mixing,setting and curing.Fourthly he musd& con~
sider all these factors together in this development of the
- final concrete proportioning,so that the end product will
be the best shield possible consistent with recognized safe-
ty standards.

Poor concrete work,once done,is hard to undo,
Unsatisfactory mixes can not be tolerated,If any defective
concrete results,it must be replaced or repaired to bring
it up to minimum standards.
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4,THE ADMIXTURE EFFECT ON THE CONCRETE SHIELDING
4,1 .,Introduction
Concrete admixtures are indispensable aids in
the preparation of concrete used for the construction of
nu&ledar power stations because they make it possible to im~—
 prove one or several major properties of the concrete,
Since individual building units of nuclear
power stabtions require large volumes of concrete,it will
be of interest to discuss concrete admixture in general.
It is not our purpose here to pass in review
of all the concrete admixtures wvhich are in use in the
construction industry today.
4,2.,Plasticizer
Plasticizers are admixtures which improve the
.workability of concrete,reduce the amount of water needed
- for mixing and improve the mechanical strength characteris-
tics of concrete by reducing the vwater-cement ratio while
maintainihg the usual characteristics of the concrete mix,
In addition,they improve the impermeability of concrete.
Plasticizer is effective even in low conéentrations,The '
concrete's adhesion to reinforcing steel is also improved.
Plasticizers are used primarily for structu-
ral concrete in building construction,in prestressed con-
crete;in prefabricaﬁéd building elements requiring sound
exposed surfaces of optimum resistance and long durebility.
The dosage of plasticizer (Plastiment) is
between 0.3% and0.5% of the cement weigth. [20]
4.%,Retarders
Retarders are concrete admixtures which,depen—~

ding on dosage,ambient temperature of concrete,type of cement

and water-cement ratio,will inhibit the setting of concrete
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by periods raniging from a few hours to a few days.The con-
crete will set more slowly,so that more time can be allowed
for transport,unloading,casting and compackion,This is of
particular importance for ready-mixed concrete,vhich must
often be carried to the construction site over a long dis-
tance or is intended for the casting of large units,such
as foundation pavements,ceilings of large halls,beams,retai-
ning walls,etc.Such structures are generally built without
joints.The concrete is cast in layers containing diminish-
ing doses of retarder,with one layer being vibrated together
with the following.By using retarder,the concrete can be
re-vibrated.

The dosage of retarder is between 0.2% and2%
of the cement weigth. [21]

4,4 Waterproofing agent-Plastocrete

‘ A waterproofing agent is a normal setting ad-
mixbture intended primarily for the protection of waterproof
and frost-resistant concrete.Its effect is based on the
reduction of the capillary v olume and the interruption of
the capillary flow through the introduction of micro-pores.

Plastocrete is the additive in cases where im-
perm@ability of maximum degree is required.It is especially
suitable for slender,heavily reinforced concrete structures
standing in water,for reservoirs,foundations,building ele-
ments exposed to weé%her and frost,as well as for underwa-
ter and powerplant constructions in general.

The dosage of waterproofing agent is 0.5 % of ©
the cement weigth. [27]
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5.SHIELDING MATERIALS IN TURKEY
5.1.Introduction

Among the various subjects related to reactor
shielding the provision of shielding against the gamma rays
and the detailed studies on this subject have been given in
the above chapters.

If we make a comparison in different subjects
of the shielding materials,concrete is the one which has
the highest priority ( for gamma shielding) between the ot-
hers.The characteristics such as;cheaper cost;easy placing
and high water content etc.are the reasons to choose concrete
in shielding against nuclear radiation.Ordinary concrete can
be obtained by mixing coarse aggregate,fine aggregate and
cement.But heavy concrete can be obtained by using various
heavy ores alE aggregate materials.Heavy concretes provide
sufficient efficiency for different purpose of shieldings.

Detailed information on this subject can be
found in the previous chapters. - '

The samples‘of barytes concrete which are the
subject of this study(thesis) have been prepared in the
National Water Affairs Research Laboratories (DSI).The ex~
periments of the samples of baryte concretes (with or with-
out additives)against the gamma rays have been made by u~-
sing narrow beam conditions which are well collimated.,

‘Linear attenuation coefficients for barytes
concrete (with or without additives) have been experimentally
determined by using the Nuclear Laboratory of Ministry of
Defence,Research and Development Department.Further the re-
sult of experiments have been compared with literature values.

5.2.8hielding material reserves in Turkey

As shielding materials the following are used:
ordinary concrete,heavy concrete,very heavy concrete and
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water as described in the preceeding sections.

Turkey has great reserves of mineral ores %o be
used as shielding materialss¢sg.magnetite 240,000,000. tons,
limonite 18.113%.000 tons,hematite 140,000,000 tons and
baryte is also Qvér 20,000,000-tons.The potential of boron
minerals is over 600,000,000 tons.

It can obviously seen that our country isa coun-
try very rich in shielding materials. L]

5.%3.Baryte aggregate investigations -

The good Turkey barytescan be obtained from o
mines at Antalya,Elazif and Bandirma.Beygehir/Konya is a-
nother source of Turkey baryte.Mus~bilir is the best source

of this ore today. ‘

According to Ref.l6,some more important deposits
can be listed in Turkey.

Samples of heavy aggregatesused in this research
were from Beysehir.Table 5.5-1 gives data on the barytes
used in this research. '

Table 5.3-l.Certificate of complete analysis of baryte ore
of Beygehir/Konya origin(l).

Wt %
Barium sulphate 97.25
Strontium sulphaté 2637
Ferric oxide 0.046
Silica 0.15
Calcium 0.006
Fluorine | 0,013
Tead less than | 0.002
Zinc less than ,. - 0,002
Specific gravity. 4,45 g/cm5
Conductivity | . 1.35x10™"
. Moisbure dried at 105°C Nil

(1) The values in the table are obtained from Etibank,




| Tabie 5.3~2,Physical properties of barite aggregates.(More deatil about tests is given in apﬁ)

Aggregate size |Specific Ab??§btion Sodium sulphate i Organid Los Angeles Abrasion
gravi % . s color | Loss at Loss at
g/cm fGr?%§n8 ACt%%% loss ?g;g%%§d 100 rev 500 rev
No.4 to 3/8 in| 4.15 0.4 41,3 2.1 1.0 | \
3/8into 1/2 in | #4.13 0.4 20.3 | 6.9 1.3 | 25.1 . 74.9
1/2into 3/4 in | 4.14 O.4 38.4 9.5 3.6
Total . 509
\ : =
Sand F.M. 2.71 | 4.02 1.4 13.8 Clear

Table 5.3-2.Physical properties of barite aggregates
(More detail will be given about tests in App.)

Sand grading percent: Coarse aggregate grading percent:

6.0 8.1 4.3 26,7 20 40 60

Sand percent:50

SISHHL

NANVISI - TATaD
ALISTAAINA DIZVO0d
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The results of physical properties testé\of the
barite are shown in Table 5.3-2.

‘ Sodium sulphate resistance of the fine aggregate
is low and meet TS 706 (Turkish standard) requirement.On the
other hand,resistance of the coarse aggregate is not high
according to TS 706,an indication that,in all probabilities
concrete containing this aggregate wlll be suitable for use
for exposition to free21ng—thaw1ng action.

' Ordinarily,TS 706 specifications for the Los An~
geles abrasion test require that acceptable coarse aggregate
shall not loose more than 10% in 100 revolutions or more
than 50% in 500 revolutions.The high losses of 25.1% and
74.,9% respectively can be seen in barite aggregates.Table
5.%=-2 indicates that an abnormal amount of breakdown will
occur during handling and processing,and probably during
mixing.

| 5.4.Conventional barite concrete
As stated in previous sections,the minimum re-
quirement of the barite concrete were a workable mix(slump
5 to 9 cm),a minimum compressive strength of 210 kg/cm2 at
28 days,and a minimum densibty 3.5 g/cm3
In meking barite concrete,it is not difficult to meet the

at the same age.

requiréments of that specification.

From the same test,it was found that aggregate
grading when held w1th1n practical limits had little effect
on the desired concrete properties other than that of wor-
kability.Also the use of a plasticizer and a plastiment was
found to increase density and benefit workability,without
detrimentally effecting the other properties of the concrete.
A summary of several properties is given in Table 5.4-1.




Teble 5.4-1. A summary of the composition and properties of the mixes of barite concretes

( 3%6 in. cylinders)

Composition number 1 w2 3 4 > 6 7
Ingredient or property
Composition by (dry)
Weigth(kg/ma)

Barite sand 630 630 630 630

Barite fine graVel 770 270 770 770 1070 1070 -

Barite gravel 1070 P 1070 1070 - 1070

Barite coarse gravel| 800 800 800 800 1550 1550 1870
Colemanite - - - - 40 40 -
Tzmir Karagali sand - - - - - - 877
Concrete plasticizer - 0.600 - - - - -
Waterproofing agent - - - 1.5 - - -
Retarders - - 5 - - - -
Cement 300 300 300 300 425 300 300
Water 157 150 150 143 157 150 136
W/c ratio 0.52 0.50 0.50. O.44 0.52 0.50 0.45
Density (g/cm’) 3.410| 3.420 | 3.404 | 3.436 | 3.319 3.339 | 3.019
Air % 1.1 1.5 1.2 1.5 1.1 1.1 1.5
Slump (cm) 5.5 5 5 5 9 3.5 5
Compressive steength ‘

(kg/ em®) : :
after 7 days (1) 110 120 116 127 175 94,50 187
after28 days (1) 160 178 155 166 232 75 246

TAINVISI - YAGAg
ALISHAAING IDIZvO0d

(1) This value is the average of three samples.

T4

SISHH L
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The selected barite rock,crushed to sand and gravel
(3/4 in meximum) sizes;portland cement produced in Yozgat
are used in all concrete mixes.The chemical composition and wiiv
physical properties of cement used is given in Table 5.4-2.

Table 5.4-2.Chemical and physical properties of the cement
used in concrete mixes.

Date of report:30.5.1980

Report of Chemical Analysis and Physical Tests of Cement

Name of sample: Yozgat cement Lab.No. : 344
CHEMICAL ANALYSIS % PHYSICAL TESTS
510, 22.8 | Density(g/om) 3,08
Aleo5 | 7ol Sieve analysis
€50 3 2.6 | on the 200!sieve(%) 0.3
Ca0 58.2 on the 90 sieve(%) 8.1
g0 3.4 | Specific surface(cm®/g)
ano5 | - with Blaine apparatus 2'715‘O
505 2.5 |Initial setting bime(hr) 2,22
Combustion losses 1.6 | Final setting time (hr) 5.29
Insoluble residue 7.0 Compressive strength(kg/cmg,
Na20+o.658‘ K 50 0.75 after 7 days 237
‘ after 28 days 325
A\ Breaking strength(kgf/cmg)
after 7 days ' 46
after 28 days ol
Change in cement voilime
total expansion(c-a),(um) 4

Note:This cement meets the requirements of TS 19,
llineral borocalcite is a calcium borate similar to co-

e s e,

lemanite,and containing 52,0'B205 in its pure form.It has been Uy
used as a boron additive in two types of concretes shown in
Table 5.4-1.The colemanite ore used in bothsshield (column 5
and 6) was about 43.30 percent B205g

IR
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Colemanite (Cé&lcium borate,Ca2B6Oll.5H2Q),often
found in boron containing materials are detrimental to the
setting of portland cement concrete.The effect of colemanite .
on the setting time was not severe and surprisingly was less
than for barite.Xt the same time the colemanite reduced the
strength of concrete.
D.5.Radiation source and the .experiment

_ The experimental set-up consists of the following
main parts: 3x3 in.NaI( Tl) scintillation detector,a linear
amplifier and a 4096 channel PHA.Thin concrete blocks of
200x100x50 mm,were prepared by using barite aggregates in-
stead of ofdinary aggregate.Inarder to fixed experimental
conditions,a bar in 60¢mm length,placed between the source
and detector.The shape of the experimental set-up is given
in Fig.5.5~-1

Standart
Source
v lastic
R : Source
PRINTE v ] holder
\ le———Bar
§?f'g£°f;; Sample
MJLTICHANNEL LR | K Colimator
ANALYZER ' Lead
Nal(Ti) Shield
LINEAR
AMPLIFIER
HV
POWER
SUPPLY

Fig.5g5—l.QE§pepimental set-up

s il
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The gamma ray spectrum of the Co~60 (1.17-1.33 Mev) and
Cs-137 (0.662 lev) were taken using experimental apparatus
for each of the concrete block.The counting time was chosen
as 600 sec for each spectrum.

To find the attenuating factor,the least squares
method was applied to Eq.(l.3.2-2) by a computer program.

Further more Am.Be. fast neutron source vas used.
These fast neutrons were attenuated in the range of water
thickness of 7 cm.All tests were done again by using detec-
tor filled with BF5 gas and the counter.The counting time
was chosen as 300 sec. for the Am.Be.Atsenuation factors
for neutrons was then calculated., -

A summary of the results obtained is given in
Teble 5¢5~1 and data lists are given in Appendix 8.

Table 5.5-1,Asummary of the results obtained

- Sambples

Energy (Mev) 1 2 3 4 5 = 6 o 7 |
0.662 0.2280 | 0.2108 | 0.2240| 0.2316 |0.2014 |0,1983|0.20
1.173 0.1112 | 0.11%6| 0.0623| 0.0868 |0.,1184 |0,1235 |0, I4:]
1.332 0.13%6 | 0.0871| 0.0840| 0.0972|0.1142|0.1061|0.137
106neut;flatﬁ%;wo.1186 0.1107| 0.1089| 0.1023|0.2316[0.1258 [0.247

[9))

' )
(1)Neutron output of source:n/s.Ci

N\
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6,SUMMARY AND CONCLUSIONS
The selected barite contained 97.25 percent bar-
iium sulphate,had a specific gravity of 4.45,and other chem-

ulcal properties were suitable,It is a relatively soft mine=: |

ral with numerous fractures which are practically or com-
pletely filled with materials composed of the fine barite,
clay,calcium,ferric oxide and silica.As the aggregate sige
is reduced by crushing,the fractures become fewer and less
apparent since the barite breaks along these planes of wake—
ness.The effect of fracturing is reflected in-the abrasion. :
On the basis of these tests(Table 5.3-2) barite is definite—

1y not of first quality for use as concrete aggregate.lt was -

found to be satisfactory in the remaining tests performed
(Tables 5.3-1,22,5.5-1) and since the concrete developed a-
dequate strength and density,the barite was considered ac~
ceptableQ '
Table 5.4-1 gives'd summary of results of tests
on various concretes.Barite behaves similafly as crushed
aggregates commonly used for making concrete. |

A conventional barite concrete(Mix 1,Table 5.4~1)
contalnlng 3/4 in.maximum size aggregate of 1l:4,6:6,2 parts
and having a water—cement ratio of 0,52 all by weigth was
satisfactorily workable,and produced a minimum compressive
strength of 160 kg/cm? at 28 days.

. The ingredient of the other mixes were summari-
zed in Table 5.4-1 .

Concrete made with barite aggregate of 3/4 in.
maximum size,when fog cured for 28 days developed high
compressive strengths such as 246 kg/cm2 for water-cement
ratio of 0.45.The results of compressive. strength test had
shown that it will be better the use of ordinary sand in-
stead of barite sand,
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The linear attenuation coefficients for some
concrete types are given in Table 6-1 from literature.The ‘
linear attenuation coefficients are given for three dif-
ferent energies gamma rays.The comparison of ordinary and
barite concretes with concretes in Table 6+}shows that the
ordinary and barite concretes can be used for shielding a-—
gainst‘gémma rays. -

A general evaluation for use of other heavy me-
tal minerals as aggregate(hematite,magnetite and limonite)
can be done after examining the gamma ray shielding proper-—
ties of heavy concretes made with these aggregates.,

Table 6-1, Totalkgémma ray linear attenuation coefficients
(cm"l) of concretes [io)

rTypevof concrete| Density 0.5 Mev 1 Mev 2 lev
BA—OR(l) 3.30 0.2964 0.2030 0.14%6
I-la (1) 3.50 0.2997 0.2173 0.1535
I-1b (1) 3.39 0.2902 0.2103 0.1486

(1) Composition not reported
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APPENDIX 1

A,THE ATTAINMENT'OF MAXTMUM DENSITY

In order to obtain a dense cohcrete with the
maximum density,the largest'possible amount of coarse agg-
regate per unit volume of concrete should be used;the size
of the coarse aggregate should also be as large as is per-
mitted by the cross section of the structure under construc—
tion,the arrangement and amount of reinforcement and inserts
and the conditions of mixing.Its granular composition should
meet the requirements of screening curves in accordance with
publicized standards.

The densities of special(heavy or hydrated) vib-
rator compacted concretes,determined immediately after pre-—
paration,are derived from the data in Table A,1-1,

Table A.l-1.Density ranges of various types of concrete

Type of concretbe Density(t/mB)

: Minimum Maximum
‘Ordinary(portland) concrete 2.3 2.4
Limonite concrete , 243 3.0
Magnetite concrete 2.8 4,0
Iron-~portland concrete(a) 37 5.0
Concretes with limonte\sand

-and normal aggregates 2.4 2.6
-and barytes aggregates 3.0 5.2
~and magnetite aggregates 2.9 3.8
~Bhd mékal scrap 3.6 5.0
Serpentine concrete with
iron shot and boron carpide . 3.5 4.0

(a) Scrap-based cdncrete
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The composition,strength and placeability of a
special heavy concrete with a particular density are calcu-~
lated as follows:.

| The quantity of cement required per n?

crete is calculated from the selected cement/water ratio.
(c/w) and the water consumption W per m5 of concrete by

of con~-

C=c/ir « W : . (A.1-1)
From the known values of the water and cement
3

consumptions per m” of concrete and the required density

of the concrete-it is possible to calculate the necessary

3

quired density of vibrator-compacted concrete:

amount of aggregates A per m” of concrete to give the re-

A=V ~ (caw) (A.,1~2)
where V is the concrete weight per n,
The calculation of the total weight of aggregate
is broken dovn to the weight of fine and the coarse

y,

aggregate as follows.The content q' of fine aggregate,assu-

per m

ming that the grains of fine aggregate do not seperate the
grains of coarse aggregate,is calculated by the equation

Q' = Fl+b) 2 (A.1-3)
(o agl-b) ¢
Here
b the vadmme fraction of coarse aggregate ( = c/ 3);
c' crystalline specific gravity of the coarse aggregate;
£ apparent specific gravity of the fine aggregate;
c apparent specific gravity of the coarse aggrggate.

The apparent specific gravity of the coarse
aggregate is determined in the vibration~compacted state.
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The value of gq' calculated by Eq.(A.1~3) is in~
creased by 0.l,and the density of the concrete is then cal-
culated from the q value obtained and the previously-estab~
lished values of A,C and W,

If the designed density of the concrete does not
exceed that prescribed by more than 10 %,this composition
is accepted and a trial batch is made up.If on the other
hand,the density exceeds the prescribed figure more than 10 %
the necessary correction is effected by changing the amount
of coarse aggregate,and the trial batch is then repeated.
Reduction of the density of special heavy concretes below
the prescribed figure 1s not permitted.

The strength of the concrete made from loeal ma-
terials should be experimentally checked and relationship
between compressive strength and the cement-water ratio es-—
tablished.

During the mixing of the trial batch the index
of stiffness(using a technical viscometer),the slump and
density are determined in accordance with the applicable
standards.The amounts of material per n’ of concrete are
corrected in the light of density.During determination of
the index of stiffness,the sufficiency or excess of sand in
the mix is established by external inspection,and the compo-
sition is corrected by reducing the sand content to the mi~
nimum possible without causing seperation of materials or im-
poring is put into production, _

B.EXAMPLE OF A CALCULATION OF DENSITY FFOR A VERY

HEAVY CONCRETE -

The problem is to calculate the composition of a
vibrated concrete based on portland cement with a strength of
400 kg/cm? and dense magnetite chippings with hardening under
natural conditions.The prescribed slump is 2 to 3 cm.The
strength of the completed concrete is set at 200 kg/cma.
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Let Ry be desired strength of the concrete to be used in
kg/cmg,and R, be the strength of the hardened cement to be
used (no aggregate) in kg/cmz.Let.c be the weight of cement
to be used and W the weight of water wed(c/w therefore being
the cement-wabter ratio).Then the formula

Rg = 0.55R (c/w -0.5) kg/cm®  2(B.1l-1)

can be ysed to determine approximately the cement-waber ratio
giving the required strength for well-compacted vibrated con-
crete based on normal dense stone chippings,baryte aggregate
in lean compositions(by weigth) of not less than 1:12,magne-
tite aggregates in lean compositions of 1:8,and limonite sand
with a coarse aggregate in the form of scrap iron or hard
rock chippings.,

From Eq.(B.1-1) we find

c Ry 200 |
= e 4 0.5 = + 0.5 =1,41
w  R,.0.55 400x0,55

Fig.B.1-1 contains a curve intended to facilitate the calcu~
lation for selecting the required cement-water ratio for a

cement strength Rc=400 kg/cmE,With the upper line referring

to Eq.(B.1-1)0d

g
1
I
l

200 |—————
Rg=085RcIS.05

150 -

100
Ry=045Rc(E-06)

COMPRESSIVE STRENGTH (kg/cm?)

50 l
05 1.0 15 20

CEMENT-WATER RATIO c/w
Fig.B.1l-1l.Dependence of the compressive Strength of concyete
on ¢/w,for cement with a strength of 400 kg/cm
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For richer compositions using magnetite aggregates(richer
than 1:8),and also for concretes based on limonite aggre~
rates,on limonite sand with a coarse aggregabtesin the form
of magnetite or baryte chippings and on normal sand and scrap

iron.The approximate strength of the concrete should be cal-
culated by the formula

Re= 0.45R (c/w ~ 0.6) kg/cn® (B.1-2)

A typical value of R_ is 400 kg/ca®,.

The lower line in Fig.(B.l-1) shows the dependence of R§ on
the cement-water ratio for a cement strength Rc=400 kg/cmg,
with the lower line referring to Eq.(B.1l-2).The strength of

the cement is determined from the results of tests with stiff
mortars.

Taking from Fig.(B.l-l) the average value in the
shaded area for Rg = 200,we find that c/w = 1.55 .,

The approximate water consumption .per m5 to give
the required mobility,determined by the slump of a standard
cone,of a mix based on 400 ];cg/cm2 strength portland cement |
is determined from the greph in Fig.B.1-2.[1}

w

Q

3 300 ) A

:?; : /’1 Ly Key:First letter:Fine agg.

W -

o 20 _+—TM Second letter:Coars agg.
& P b '

5 200 - 58 : . (£

£ L0 e , L L :Limestone, M :Magnetite
' . SO :

LSLzoo — ol I :Iron scrap, B :Barytes

2 :

W 150 | <] 0 :Trap rock, S :0uartz sand
- .

S 160

o

=

0 2 4 6 8 10 12 1
SLUMP OF CONCRETE (cm)

Fig.B.l-2.Amount of water required per cubicmeter of concrete

to produce concrete wity desired slump

T
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In I'ig.B.1-2 we find from the curve for dense stone chippings
that to obtain a 2 to 3 cm slump we must use 170 1t of water
per m5 for concrete based on dense magnetite chippings.

- The desired weigtﬁ\v of the freshly-placed magnetite
concrete is Blt/m5 or BOOO-kg/mB.

The cement consumption will be:

C
C = W —m=m= 170x1.55 = 263 kg

The consumption of aggregates per m3 of concrete per m5 of
concrete will be :

A=V - (c+w)v= 3000-(263+170)
=2567 kg/m’

We calculate the fine aggregate content by using Eq.(A.1~3),
knowing that

=crystalline specific gravity of fine aggregate =4
=crystalline specific gravity of the coarse aggregate =4,35;
=loose density of the fine aggregate =2.4 g/cma;
=loose density of the coarse aggregate =2.5 g/cmB;
=volume fraction of coarse aggregate =2.5/4,35 =0,58
we have '

U0 Hy Q=ky~

(1,b) ; (1-0.58)(2.4)
o+ (1D) 5 2.55(1-0.58)p.8)

q' =

Adding O.1l we find that g=0.38
Thus,the composition of magnetite concrete to meet the spe-
cified requirements will be : | ‘ :

Cement ) - 263 kg

Water ‘ 170 kg
Fine aggregate _ 975 kg(2567x0.%8)

Magnetite chippings 1592 kg(2567x0.62)

Total weight 3000 kg
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freshly-prepared state, ‘
|
|
requirements of strength,slump and prescribed density.
|

employing dense magnetite aggregate,the following results
were obtained on various compositions,as shown in Teble B,1-~1

Table B.,l-l.Results of tests made on various mixes of magne-

Cement Index of Den31ty Amount of basic 3 Gompressive
water  placeability (%/m?) material used(kg/m”) strength(kg/cm®)
ratio (technical Cement  Water

viscosity s)

1.73 15 2.98 315 183 203

1.88 30 3.0 280 149 253

1.52 30 2.95 230 152 194

1.62 50 2.92 - 230 143 ) 228 3

1.59 30 3.0 230 146 229

1.66 50 5.0 230 140 239

This represents the required weigth in the
The calculated composition must meet the three

In a test checking the calculated compositions

tite concrete (a)

(a) Tests performed by the third auther of the ref.fig)

The strength values lie in the shaded area of
Fig.B.l—l,therefors to obtain 200 kg/cm2 strength as re-
quired,the cement-water ratio used should be between 1.5
and l.7,depending on the slump required of the mix.

C.RECOMMENDATIONS FOR MIXING AND PLACING VERY

HEAVY CONCRETES

1.The materials used for very heavy and hydrated
concretes must comply with the requirements of sec.3.8

2.,A concrete mix laid in a: very thick structure
with few inserts,tubes and openings should have a O to 2
cm slumps,whilé in other structures the figurgé should be
2 to 4 cn.,
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. 5+The mix should normally be prepared in
gravity mixtures,
4,)lixes based on scrap iron,serpentine,mag-
netite or limonite are more difficult to prepare in a mixer
and the mixing time should. therefore be increased,mixing
time should not: be:.less than 4 minutes,the optimum time be-
ing established by experience.
5:In order to prevent the breakdown of mixes
due to overloading,the volume of the batch should be reduced
in inverse proportion to the density of the mix used,taking
that the normal concrete as 23000 kg/mB.For example,for a
heavy concrete with a designed deunsity of 3.2 g/cmB.The nomi-
nal volume of the batch for a mixer of 500 liter capacity
should not exceed

It is recommended that in the case of drum
mixers the batch shoiilld not be reduced by more than 25 %.
If a heavie r batch is used,a more powerful
motor Bhould be used in order to insure the correct number
of revolutions in the drum. x
6.The\forms receiving the concrete should be
designed for the higher pressure exested by vibrated concrete:
based onsheavy aggregates,The pressure within the radius of
action of the vibrator is equal to the hydrostatic pressure
from the compacted freshly-placed=Concrete plus the additional
pressure caused by dumping the batch in to the forms,
7.Concrete based on heavy aggregates should
be transported using tubes with openings in the bottom or
in the truckmounted mixers.The use of belt end vibration
transporters or other means of transport leading to sepera—
tion of the mix should not be permitted for hiavy aggregate
concretes,The free fall of the mix should not exceed 1 m.
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, 8.Heavy concrete should be placed and compacted
using vibrators,care being taken that seperation does not oc-
cur during placing.The mix must not be placed by hand.If se-
peration occurs during placing accompanied by the appearance
of excess cement mortar and grout on the surface.The cause
of this should be eliminated at once and the concrete already
placed should be rectified by adding coarse aggregates and
vibrator compacting them.Stiff concrete mixes are less sub~-
ject to seperation and should therefore be preferred to high
slump mixes,but in this case proper compacting of the concrete
must extend throughout the shielding,and in particular around
inserts,tubes and openings.

‘ 9.Limonite sands should be used to increase
the viscosity of the mix instead of normal sands,as they
have 10 to 15 times greater viscosity.For the same purpose
betonite clay can also be added to normal mortars in an a-
mount not exceeding 1% of the weigth of the sand or blast-
furnace dust. 10.The use of limonite sands and additives to
increase viscosity and reduce seperation makes compact place-
ment of the concrete more difficult.In order to facilitate
placement while avoiding seperation of the materials,it is
advisable to use plasticizing cements or additives.

, ++The slump of mix in th#s case should be bet-
ween 2 and 4 cm.The use of stiffer mixes with zero slump is
recommended for shielding of great thickness with few inserts
tubes oxr openlngs.

11.The mix can be delivered to the point of
placement by tubing,vibrating or not provided that the mix
fills the whole cross section of the tube.

12.Heavy-aggregates mixes should be placed in
horizontal layers with careful compaction of each layer pre-
ferably by internal vibrators;the depth of each layer should
not be greater than the length of the vibrator element.The
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structural joints in the concreté should be horizontal with
‘aggregate protruding on the surface by half its dismeter.

13.ILimonite aggregate mixes absorbe moisture to
a certain~éXtent and then lose it again easily during vibra-
tor compaction,causing seperation of the layers.An excess of
water should therefore not be added to limonite concrete mixes,

14.The thickness of concrete placed by normal
means should not exceed 200 mm if the layer is treated with
surface vibrators.

15.When a mix is vibrator-compacted,complete ho-
mogeneity of the concrete should be insured both through the
depth of each layer and horizontally.

16.The prepacked concreting method is permissible
for the construction of shielding from very heavy and hydra—’
ted concretes only if the mix is pumped into previously pla-
ced and compacted aggregate under speclal conditions by ex-
perts in the field. .

17.If the shielding is to be assembled from
blocks,it is advisable to prepare the blocks on platform
vibrators,preferably having to fréquenCigs,(Fréquencies of
3000 and 600 vib/min at amplitudes of 0.4 and0,15 mm respec—
tively)which insure more homogenous concrete throughout
blocks of upvto 600 to 700 mm in thickness.Single frequency
vibrators operabting at 3000 vib/min and an amplitude of 0.5
mm are suitable for btreating low slump( 2 to 4 cm) mixes if
the block isnot more than 250 to 300 mm thick. '

18.In work with serpentine or limonite concrete
with added shot and boron carbide,the mixes used should not
have a technical viscosity index of less than 25 seconds,
and the amount of mixing water should not exceed 285 kg/m5
for concrete with a shot content in the aggregate mixture of
approximately 55 wt,%.
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19.It should be born in mind that the addition
of boron carbide retards hardening of the concrete during
the first 3 to 7 days,afber which hardening proceeds normally,
Large additions of boron carbide (up to 30 %) impair place-
ability. | .

20,Calcium borate dihydrate has no effect on
the setting time of the cement,

21l.In order to insure the greatest possible
amount of bound water,concrete shielding should be kept
moist for the greatest length of time permitted by the con-
ditions of installation,whether cast in situ or constructed
of ready-made blocks.
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APPENDIX 2
A.STANDARD SPECIFICATION FOR CHEMICAL ADNTXTURES
FOR CONCRETE
Al Soope
According to ASTM thete are five types of ad-
mixtures as follows: :

a) Type A - Water reducing admixtures

b) Type B - Retarding admuxtures

c) Type C ~ Accelerating admixtures

d) Type D - Water-reducing and accelerating
admixtures

e) Type E - Water-reducing and accelerating
admixtures

A.2.,Definitions -

2.1.Water reducing admixture
' An admixture that reduces the quantity of
mixing wabter required to produce concrete of a given consis-
tency., . 2.2,Retarding admixture:
An admixture that retards the setting of
concrete.
2.3Accelerating admixture
An admixture thataccelerates the setting
and early strength development of concrete.
2.4, Uater—redu01ng and retarding admlwture
An admixture that reduces the quantity of
mixing water required to produce concrete of a given consis—
tency and retards the setting of concrete.
2.5eVVater~reducing and accelerating admixture
- An admixture that reduces the quantity of
mixing water required to produce concrete of a given consis-
tency and accelerates the setting and early strengtn deve-
lopment oi concrete,
In this appendlx extra information about
the admixtures we used is given,as they are advertised by

their producers
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A PLASTIMENT BV.40
‘ Plastiment BV.40 is an admixture ready to use
on a basis of lignin sulphonate.Plastiment BV,.40 is non~toxic
non-inflammable and contains no chloride.
Dark brown liquid with a specific grevity of
1.2 kg/1%. '

Its properties improves workability,makes consi-—

derable water reduction,increases strength at equal workabi-
lity.It is used advantageously whenever high quality concrete
is required;workability must be imroved;high-quality exposed
concrete surfaces are of 1mportance,placlng conditions are
difficult.

The dosage of plastiment BV.40 is between 0.2%
and 0.5 % of the cement weight,at 0.3% the normal efficiency
can be obtained.

B, PLASTOCRETE~N

Plastocrete is an admixture ready to use on a
basis of lignin sulphate.Plastocrete is an walterproofing
agent which is an additive in cases where maximum impermea—
bility is required.

It is especially suiltable for slender,heavily
reinforced concrete structures standing in water,for reser-—
voirs,foundations,building elements exposed to weather and
frost,as well as for\gnderwater in gneral.

- Plastocrete~N gives the following properties
to the concrete:

-Better waterproofing,frost resistance

~Workability of fresh concrete

~Maintenance of high strength

~Normal setting time

The dosage of plastocrete~N is the 0.5% of
the cement weigth.

C.RETARDER

Retarder is a an agents which retards the set-

ting time of phosphate basis.

It is non-toxic and inflammable.It gives the
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following properties to the concrete.

~Longer setting time

~Quicker hardening time after setting

~Higher final strength

—Plasti@ication-of the fresh concrete

Retarder is used in the concrete produotidn when
a time delay is necessary and when the repeated vibration
is required. ,

It is a liquid and the dosage is the 0.2% Lo 2%
of the cement weigth approximatelyo
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APPENDIX 3

STAHDARD DESCRIPTION NOMENCULATURE OF CONSTITULNTS
OF AGGREGATES FOR RADIATION SHIELDING CONCRETE

A.Types of materials
There are two classes of materials which were
described in the preceeding sections.

' The first class consists of minerals and rocks
formed from them,and synthetic materials;that high specific
gravity and in addition contain substatial proportions of a-
toms of high or moderately high atomic weigth.They are referred
to as heavy or high density aggregates.The second class con-
sists of minerals and synthetic glasses of substatial boron
content that are particularly effective in absorbing thermal
neutron without producing hlghly penetrating gamma rays,The
boron frit glasses are included because of thelr frequent use.

- B.Heavy aggregates
Members of this group have higher specific gra-—
- vities than aggregates in general use,Six are iron minerals
of which five are important iron ore minerals and the sixth
is an ore of titanium.Two are barium minerals worked as prin-
cipal sources of barium salts.The other is ferrophosphorous,
a mixture of synthetlc iron phosphides.
The constituents are described below as minerals,
C.Iron minerals and ores
C.l Hema’cite(Fe2 5)

Hematite has a specific gravity of 5.26 in
the pure mineral.The color varies from bright red to dull red
to steel gray;luster varies from metallic to submetallic to
dull;the streak is cherry red or reddish browvn;it is nonmag-
netic,
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Cel.l.Hematite ores
Rocks of which hematite is. the major consti-

tuent vary in specific gravity,thoughness,compactness,amount
of impurities,degree of weathering and suitability for use
as concrete aggregate.From»one deposit to another and within
the deposite.Hematite appears to be the iron ore mineral most
expdited as a source of iron.Hematite ores dust in handling,
the dust ranging in color from mcderate red to dusky red to
moderate reddish brown.

€.2.I1lmenite (FeTiOagwith minor Mg and Mn)

Ilmenite has specific gravity of 4.72¥0.04 in
the pure mineral.The cclor is iron black with metallic to sub~
metallic luster;the streak is black;it is feebly magnetic.

G.2.1.Ilmenite ores

Ilmenite ores consist of crystalline ilmenite
with either magnetite or hematite and constituents of the as-
sociated gabbroic or anorthositic rocks.Massive ilmenite ores
can form coarsely crystalline massive tough rocks but vary in
specific gravity,composition,hardness and suitability for use
as concrete aggregate from deposit to deposit and within a
deposit.
' One of thé most widely used types of heavy agg-
regaté is ilmenite ore.

C.3%.Lepidocrocite(¥#e0(OH)) -

Lepidoé}ocite has specific gravity of 4,09 in
the pure mineral.,The color varies from ruby red to reddish
brown and the streak is dull orange.Lepidocrocite and goethite
occur together and lepidocrocite may be a constituent of goet-
hite and limonite ores. A ,

" C.4.Goethite has the same chemical composition as
lepidocrocite but crystallizes differently.The specific gravity
is 4,28%0,01 in the pure mineral and %.3 to 4.3 in massive
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goethite.The color varies with the form,from crystals that
are blackish brown with imperfect adamantine-metallic luster
to dull or silky luster in fibrous varieties;massive goethite
is yellowish brown to reddish brownj;clayly materials is yel-—
low to ocher yellow. , ‘
- B4d,1,Goethite ores
| Goethite ores range from hard though massive
rock to soft crumbling earths;these alternations frequently
occur within fractions of an inch;
C.5.Limonite |
A général name for hydrous iron oxides of un~
“known composition,frequently cryptocrystalline goethite with
absorbed and capilary water,and probably mixtures of such
goethite with similar hematite with capilary water.The speci-
fic gravity ranges from 2.7 to 4.% and the color brownish
black through browns to yellowsLimonites of high iron content
are also ¢ lled b@own iron ores.Frequently they contain sand,
colloidal silica,clays and other impurities.
Co6.Magnetite (FeFe204)~
Magnetite has specific gravity of 5.l17 in the
pure mineral form;it is strongly magngtithhe color is black
with metallic to semimetallic luster;the streak is blaokQ
C.6.1l.Magnetite ores
Magnetite oreg can form dense,tough,usually
coarse-grained rocks ‘Wwith few impurities;magnetite ores are
associated with metamorphic or igneous or sedimentary rocks
and theréfore,the impurities associated with magnetite ores
may include a wide variety of rockforming and accesory mine~: -
rals magnetite occurs in association with hematite and ilmenitd
magnetite ores are widely distributed,but many are not suitable
for use as heavy aggregate because the magnetite occurs disse-.
minated through rock rather than as a major rock-forming mi-
neral.One of the most widelly used types of heavy aggregates
is magnetite ore.
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‘DeBarium minerals
D.lWitherite(BaCOa)

Witherite has a specific gravity of 4.29 in the
pure mineral,The color ranges from colorless to white to
grayish or many pale colors.Like calcite and aragonite;wit—
heérite is decomposed with effervescence by dilute hydrochlo-
ric acid(HCl)}Witherite,the second most common barium mine-—
ral,occurs with barite and galena.

D.2.Barite (BasSo,)

Barite has a specific gravity of 4.50 in the
pure mineral.The color ranges from colorless to white to
many usually pale colors.

Barite is the most common barium mineral and
the major barium ore.It occurs in veins transecting many
kinds of rocks;concentrated in sedimentary rocks.

‘ E.Ferrophosphorous

Ferrophosphorous,a material produced in the
production of phosphorous,consists of a mixture of iron
phosphides,and has been used as coarse and fine aggregatbe
in radiation-shielding concrete.Published specific gravities
range from 5.72 to 6.50 2or coarse aggregate.The coarse agg-
regate is reported to degrade easily and has been associa-
ted with extreme retardation of set in concrete.Ferrophos-
phorous in concrete releases flammable,and possible toxic
gases which can deveibp high pressure if confined.

Several iron phosphides are known,including
- gilver—-gray to blue-gray FeZP,with specific gravidy of 6.50,
FeP2 fiith specific gravity of 5.07 and FeBP and FeP.Ferro-
phosphorous aggregates are silver-gray but develop some rusty
staining on exposure.

F.Boron-containing materials
F.l.Boron minerals

The gamma rays that result from neutron capture

by the lighter Botope of boron,boron-10,are much less penet-
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rating than those which result from neutron captbure by hyd-
rogen(which is pmesent in water);and for this reason boron
and boron compounds are often used in neutron shields.The

usually high capture capability of boron~l10 permits its use

in relatively small quantities.Boron is most frequently incor=- .

porated in the concrete as borate minerals or synthetic boron
frits.Both methods cause some retardation of set of the con-

crete,which can be counteracted by the use of calciumchloride.

Minerals that are commercially important sources
of boron are principally sodium,calcium and magnesium borate
precipitates from waters in arid volcanic regions or alter—-
ation products of such precipitates.These hydrated minerals
include some that are easily altered by changek in relative
humidity and temperature.Some of them are soluble in or part-
ly decomposed by cold water.Clay,gypsum and salt are found
in borate deposits.The presence of one or more of these in
varying unknown amounts in a borate ore used in shielding
concrete may raise problems in making concrete with control-
led strength,setting time,volume stability and workebility,
aside from the problem of varying degrees of retardation as
the composition and thus the solubility of the borate ore

may range from lot to lot or within a lot. v

Turkish borate ores,which have been referred to
as "borocalcite",but probably are ulexite or colemanite or
mixtures of the two,have been used in shielding concrete in
Germany and Japan,.

Boron minerals that are stable and insoluble are
usually not available in large quantities for use as aggre-
gates. ' : \

F.},l.Paigeite ( (Fe"‘*Mg)Fe***B%)

- It has a specific gravity ranging from 4.7 at the
paigeite end to 3.6 at ludwigite end of paigeite-~ludwigite
series.It is coal black or greenish black and insoluble in
water and tough.It is high temperature mineral occuring with

. magnetite in contact metamorphic deposits.Paigeite has been

———
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‘ubed as heavy boron—éontaining aggregate in Japan.
F.l.2.Turmaline(Na(Mg,Fe,Mg,Li,Al)5A16 81,0

6718
(803) 5(0H, 1) 4

It has a specific gravity ranging from 3%.03 to
342531t ranges widely in color,but common varieties are
‘brown or black.It is charagteristically a mineral of granites,
pegmatites and pneumatolytic veins,but persists as a detri-
tal mineral in sediments.Concrete having effective neutron—
shielding characteristics has been described in which the
coarse aggregate was serpentine and the fine aggregate a
tourmaline sand concrete.

G.Boron-frit glasses

Boron~-frit glasses are clear,colorless,synthetic
glasses produced by fusion and quenching,used in making ce-
ramic glazes.They may be obtained in many compositions;butb
those most useful in shielding concrete contain calcium,re-
latively high amounts of silica and alumina,and low amounts
of alkalies.Incréased silica and alumina decrease the solu—
bility of the frits and thus diminish their retarding effect
in shielding concrete.
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APPENDIX 4 - TEST METHODS

We baught that it would be useful to explain some
of the laboratory tests used in this research.Not all of them
but the basic tests and their procedures can be Ffound in this
section as a summary.

A,Slump of portland cement concrete

A,1.Scope _

This method covers determination of slump-of
concrete both in the laboratory and in the field.The slump Test
is performed to check the workability and consistency of concretsd

A.2.Apparatus

A,2.1.lold

The -test specimen is formed into a mold made of
metal.The mold is in the form of lateral surface of the frustum
. of a cone with the base 20 cm in dia.,the top 10 cm in dia.and
the height 30 cm.The base and the top shall be open and parallel
to each other at right angles to axis of the cone.
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A.2.,2,Tamping rod

The tamping rod is a round,straight steel
rod 16 mm in diameter and approximately 60 cm in length,ha~
ving the damping end rou nded to a hemispherical tip the
diameter of which is 3/8 in.

A.3.Procedure

The mold is dampened and placed on a flat,
moist,nonabsorbent(rigid surface.lt should be held firmly in
place during filling by the operator standing on the two fool
pieces and filled by fresh concrete in three layers,each app-
roximately one third volume of the mold,25 strokes of tamping
is applied to each layer before a new layer is poured in?The
strokes should be uniformly distributed over the cross section.
After the mold is filled and the top of the concrete is leve-
led gently,the mold is removed immediately from the concrete
by raising it carefully in a vertical direction.

It is immediately measured the slump by de-
termining the difference between the height of the mold and
the height over the original center of the base of the specimen.

B.Air content of the freshly mixed concrete by
the pressure method. '

Thismethod covers determination of the air
content of freshly mixed concrete from observation of the
change in volume of concrete with a change in pressure.

B.l.Appargtus '

An airmeter comsisting of a measuring bowl
and cover assembly(Fig.B-1.) confirming to the requirements
of measuring bowl and cover assembly.
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Fig.B~l. Schematic diagram

B.2.Procedure
. The air bleeder valve on the air chamber is
closed ‘and pumped air inbto the air chamber until the gage hand
is on the initial pressure line.For: the--»compressédvair +o -cool
to normal temperature is allowed a few second.The gage hand at
the initial pressure line is stabilized by pumping or bleeding
off air as necessary,tamping the gage lightly.Both petcocks on
holes through the cover are closed.The air valve is opened beb-
ween the air chamber and the measuring bowl.‘.tap the sides of
the measuring bowl sharply to releive local restrainbs.lightly
tap the pressure gage to stabllige the gage hand and the per-
centage of aixr is read on the dial of the pressure gage.The
pressure is released by opening both petcocks(Eig.B—l) before
removing the caver.

C.Determination of specif:.c grav:.ty of fine aggregatr
Ce l.Apparatus
-Ralance ,Pycnometer,i&old Pamper
C.2.Procedure
Place 800 gr of fine aggregate in a pan and
cover it with water,and permit to stend 24 hours.Spread the
sample on a flab surface exposed to a gently moving current
- warm air.Place gome of the sample into the conical mold and
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1ift the mold gently.Continue this process until the specific
surface dry condition is reached,when the parti¢les spread
freely immediately agber lifting the cone.The sample then be
divided into two parts,one will be weighed(B) and dried Lo a
constant weight(A).The other section will -be placed in a
flaks.The flaks will be filled up to the 500 ml mark with wa~-
ter wirst and weighed,then saturated surface dry sample(B)
will be poured and it will be weighéd after the water in the
flaks will be brought to the 500 ml mark again.The difference
of two weigths is the weight in water(C).

Apparent specific gravity = A/(A-C)
Bulk speckfic gravity = A/(B~C)
88D Bulk specific gravity = B/(B~C)

Absorbtion %(by weight)
Absorption %(by volume)

(B-A) x 100/A
100(B~-A)x(Bulk Sp.Gr.)/A

D.Specific gravity of coarse aggregates
D.l.Apparatus:
Same as C.
D.2.Procedure
Immerse the sample in water for 24 hours.
Remove the sample from the water and roll in a cloth untbtil
visible films of water\is removed.Obtain weight B (Saturated
surface dry weight).After weighing place it in a wire basket
and determine the weight in water(C).Dry the sample in oven
and weigh(4).
By u sing these values we can calculate the
necessary specliic gravities and the water absorption with
the formula shown in section C.

E.Debermination of the unit weigth
E.l.Balénce,tamping rod,measure
E.2.Compact weigth determination

The sample aggregate will be room dry and
throughly mixed.The measure shall be filled one thirds and
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tamped with a rod.The measure will be filled in 3 layers.Net
welgth of the aggregates will be determined.Unit weigth can
be calculated by dividing the weigth to volume.
E.2.Loose weigth determination
The measure will be filled by a shower
and weighed,.No tamping will be filled by a shower and weighed.
No tamping will be appled.
F.Maximun density test
F.l.Apparatus
Balance,tamping rod,measure
F.2.Procedure
The maximum densibty of a mixbture which con-
tains two btypes of aggregates can be calculated as follows:
Aggregates A and B are mixed throughly with
different proportions and the unit weigth of each mixture are
determined as described in section E.For example aggregate A
is added to aggregate B as it is the 10 % of the total mix,
Then its percentage is increased as 20 %,30 % etc.of the total
mixture by weigth.If we plot the unit weigths on the y axis and
the percentages of A on the x axis we can draw the graph of
density variation with different proportions of A and B.The
peak value of the curre gives the maximum density on the X,axis|

A\
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ANALYZE
COTALIZE -
| " GROUP 1
TAL =

T

FROM 375 TO

SAa6R22




ANALYZE

oL PRINT INTENSIFIED LIMITS

\ L . =

SO GROUP - MIN CH - MAX CH

1375 see

e 375 52
3 . 375 582
4 1 . 1924

'SMOOTH. DATA

N. GROUP 1. |

FANSFER TO GROUP .1

CTOTALIZE -
N GROUP 1 FROM 375 TO 502
0TAL = 51021 |

ANALYZE

-

HL PRINT INTENSIFIED LIMITS

N S R

GROUP ~  MIN CH ~ MAX CH.
1386 499
.2 .. 385 499

.3 385 499
4 1 1024

SMOOTH DATA .
N OGROUP 1 - . s
RANSFER TO GROUP 1

- TOTALIZE o T
N GROUP 1 FROM. 386 TO 499

OTAL = - 52985 R

caNALYZE o x

. PL PRINT INTENSIFIED LIMITS
N RERRUE, o .
~ GROUP . MIN CH | MAX CH.
1. 386 580 -
2 . 385 499
3 - . 385 S 499 C o
4 SRR | 1p24 - o
¢ SMOOTH DATA )
IN GROUP 1 . .. j
[RANSFER TO GROUP 1. E

ETOTALIZE S e ]

(%]
S
=

IN  GROUP 1 FROM . 386 TQ
T0TAL = . 42088 -

- 206



- ANALYZE

z
. ]

PL PRINT INTE

A .

N A .
' ‘GROUP
1
2
3
4

. SMOOTH DATA
N GROUP 1
'HANSFER TO GRO

. TOTALIZE

i

i

NSIFIED. LIMITS

MIN CH . MAX CH .
386 580
0386 509
386 500

1 . 1924 -

. ]
i

UrP 1

N _GROUP 1 FROM 386 TO ' 500

QTAL = 43031
. ANALYZE |
. ZMOOTH DATH |

IN  GROUP 1

RANSFER TO' GROUP 1

< PL PRINT INTENSIFIED LIMITS -

[N
GROUP
!
o
3
4

. TOTALIZE

MIN CH - MAX CH

326 421
- 326 421
326 421
1 1624

[N GROUP 1 FROM 326 TO 421 .

IOTAL = 501

a7

x ANALYZE

< SMOOTH DATA
N GROUP 1

'RANSFER TO GROUF 1

N
GlRoup
1
2
3
4

¢ TOTALIZE

« PLPRINT INTENSIFIED LIMITS

IN CH MAX CH
L 326 410
| 326 410
L3260 o419

1 le24

|

; . : 'i.: o
I ZGROUP‘l FROM. 326 TQ 410

oTAL = 48055

oy



|

. 2E s
ANALYZE. » -

: o |
ZMOOTH DATA | - |
1 GROUP 1 | .
ANSFER TO CﬂOUP 1 :

i

PL PRINT INTEMSIFIED LIMITS

! : :
GPOUP ' WIN CH vaA'Lw',,
1 %25 o ale
-2 | 325 410
3 | ses - s
4 1 1824
TOTALIZE SULEET B
.GROUP 1 FROM 325 TO 418
DTAL = 39972 oo
ANALYZE

|.
o |
SMOOTH DATA- |
N . GROUP 1 Lo
RANSFER TO GROUP 1.

PL PRINT INTENSIFILD LIMITS

N . P
GROUP  MIN CH  MAX CH
1 | 325 a1
2 i 323 Sa1e
3 325 410
4 1 1 1024
|
TOTALIZE E
V. GROUP | FROM 325 TO 410
ITAL = 56961
ANALYZE | SN
P '
l

SMOOTH DATA
¥ GROUP 1 |
ANSFER TO CPOUP 1

PL PRINT ;NTEN IFIED LIMITS

y 5 :
’ GROUP Wlo CH MAX.CH
S | 316 402

o | 316 401 ¢
3 - 316 L4071
4 b 1924 ]

TOTALIZE i P

! 'GROUP 1 FROM 316 TO 492

JTAL = 47574 - i

108



ANALYZE

AMOOTH DATA

N GROUP 1
RANSFER TO CROUP 1

PL PRINT INTENSIFIED LIMITS

N

CGRCUP . MIN CH ~ MAX CH-

1 : 316 - 408
2 316 C4BE
3 316 A0E
4 1 B2y

ORaL s L “ i
Vi Y/L.Mww

. TOTALIZE -
N GROUP 1 FROM 316 TO-
0TAL = - 47557

0

I
ey
i,
ey

< ANALYZE

o

: SMOOTH DATA . . - AR ; TR
N, GROUP 1 - S : .
RANSFER: TO GRGUP r DI SRR

PL PRINT INTquzriLD LI' (TS
IN ‘ : :
. GROUP - MIN CH MAX CH

U1 B16 404

e . 316 484
3 . 316 c 484
4, S SR 1024

< TOTALIZE T
i GROUP 1 FROM 316 TO 4G4 .
OTAL = 56569 ' 5

L L L B o

- AT\LYZF‘

%’SMOOTH;D@TA' e o ‘ ;
N GROUP 1 C e B
TRAN”FFR TO GROUP 1. : o !

£ pL PRINT INihNSI“ILD LIMITS R T
N g

~ GROQUP  MIN GH MAX CH i
N S . 313 * 40 4 B :

2 - 313 404 ' j

3 - - 313 . 404 . 5
o4 1 T 1024 ;

“« TOTALIZE - . .« ...
GROUP 1 FROM 313 TO 404

109




£ ANALYZE

= SMOOTH DATA
IN GROUP 1

TRANSFER TO GROUP -1° |

N

1.

&

3
4

2

# PL PRINT INTEM

SIFIED LIMITS

© GROUP  |MIN CH . MAX CH

312 Lo 4ben

31 462,

F 1024

# TOTALIZE

. _
IN GROUP "1 FROM 312 TQ '@ 462
TOTAL = 51421 |

1
311 Loape
1

* ANALYZE

|
|-
oo
I

# SMOOTH DATA .

IN. GROUP 1 -
TRANSFER TO GROUP 1

N

1
2
3

4

= TOTALIZE
IN GEQUP 1 FRO
:

4

¥ PL PRINT INTENSIFIED LImIiTs + = = 7

GROUP MIN CH  MAX CH

3ng: i 399

368 . 398
368 398
1 lees

QTAL. = 462?8

#OANALYZE

% SMOOTH DATA
IN  GROUP 1

|
i
i
1
i

TRANSFER- TO GROUP 1

# TOTALIZE

IN . GROUP 1 FROM

ey
N

GED

B

* TOTALIZE

TOTAL = 117455
* PL PRINT INTENSIFIED LIMITS

P MIMN CH  -MAX CH

369 - 493
309 , lope)

389 - a8p

1824

IN GROUP 1 FROM- 3G9 TO - 403

Lo

1Lo



% ANALYZE

* SMOOTH DATA
IN. GROUP 1.
TRANSFER_TO_GRO

uP 1

 GROUP
. l . .

e

Y
0

4

# TOTALIZE | . |
IN GROUP 1 RO
TOTAL = . 497

% PL_PRINT INTENSIFIED'
N

IMIN CH

305
305
305

1

M 305 TO
12 :

LIMITS

' MAX cH

3992

399

399
1024

399

% ANALYZE

* CMQOTH DATA
IN - GROUP 1

TRANSFER TO GPOUP’i“,

i
T
1
l

* PL PFINT INTcherLD LIMITSj

N
' : GWOUP
A 1

L ®

« TOTALIZE
IN  GROUP 1 FR

TOTAL = -

I
[
-9

IMIN CH

395
3@ 4
304

1

M 365 TO
61

AY CH

L apa
403
403
1224 .

0'4@4 ? f

* ANALYZE
£ CMOOTH DATA
CIN. GROUP 1

TRANSFER TO GR(

WP 1

-

, % PL PRINT
I

TOTALI?L

N GROUP 1 rP0h

TnTAL =

MIMN CH
- 303
303
353

' 1

383 TO
47911

INTENSIFIED LIMITS =

- MAX CH

40 4
AL
403 4

1G24

-4@4“

unr



-

- SMOQTH

N

% TOTALIZE
N

™

DATH
GROUP 1

PL PRINT

GROUP
1

o .

3..
4

GROUP 1 PR
TAL = ‘g,

INTENS IFIE

TRANSFER TO GROUP 1

3 L

MIN CH
444
444
444
1

oM. 444 TO.

971

‘l‘q::".u, e o ‘._

IMITS

'WAY CH

490
A9®v

490

- 1p24

490

CIN

.
=

0

¥

In

TO

PL PRINT.INTE

ROUP

TOTALIZE |

TAL =

GROUP 1 FROM

CNSIFIED - LTMIFq

MIN CH
510
519
518

*LMA%'CHl

Sf‘

rl'l

| r;51

4:/1.'

118



* ANALYZE

% SMODTH DATA

IN G GROUP 1

_TRANSFER TO GF

% PLOPRINT INT

INT

LI DD

% TOTALIZE
IN . GROUP 1
TOTAL =

©GRNUP

ouP 1

ENSIFIED LIMITS

MIN CH

439

439

439

FPPM ’ 439
17969

" MAX CH

565

SEG

5an

1624 .

TO 500

N :
aroup
.1‘
o
o

[

:f!

* TOTALIZE
CIN L GROUP 1
TOTAL =

% PL PRINT INT%

M1

RN B

b CH
511
511
11
1

MSIFIED LIMITS

AR CH .

558 -

. 558

558

L igea

A

113



£ ANA‘Y?F

% SMOODTH DATA
I GROUP 1 :
TRANSFER T0O GROUP 1
® PL OPRINT INTENSIFIED LIMITS
I o :

CMIN " MAX CH

CGRouP CH

1 . 442 499
o ' 442 A9€
3 4842 498
4 <1 < laea
% TRTALIZE SRR
IN GROUP 1 FROM. 442 TO

499

TCTAL 19331

J14

LIMITS

3

PL PRIQT INTENSIFIED
IN : ‘

S MA

“ GROUP MIN CH X CH
1 - 519 559
2 518 559 -
3 516 559
4 1 1624
% TOTALIZE , “
IN  GROUP 1 FROM 510 TO 55

TOTAL = 1412

b .

& ANALYZE

* SMOOTH DATA
IN . GROUP 1.
TRANSFER TO GROUP 1

’« PL

Pé]MT
IN ’

INTENSIFIED LIMITS

GROUP - MIN CH MAY CH
. g 440 50
o 40 . 532
3. 440 582
o4 v 1 A 124,
TOTALIZE . . )
JIN GROUP 1 FROM 440 TO = 562
TOTAL = 20628 '

% PL PRINT INTENSIFIED LIMITS
IN '
' MHX Ch

GROUP MIN CH
: 561

t . 508

R 508 561 ,
3 , 50 & 561 -
4 1924

. ‘ :

¥ TOTALIZE
IN . GROUP 1.
TOTAL

FROM 508 561
= 14756 o

33




St
{

wOANALYZE D g

£ SMOOTH DAlA,;
JIN GROUP 1 o .
' TRANSFER TO CPQJP (S

* PL PRINT INT LuSLFILD LIMITS:
IN | : S
GROUP |MIN CH MAX. CH
i © 435 . | 585
2 435 35BS

3 435 505
4 L1 1p2a

Sk TOTALIZE | N
IN GROUP 1 FROM 435 TO .-S05 .. -~ . :
TOTAL = 18161 TR BRI S : BRI T

— 4,33

% PL.PRINT_Imiz szrzrn LIMIT% .

SIN '

S © BROUP MIN CH MAX CH
1t | sp2 - 576
e - 562 ;. 576 .

3 52 0. 8576

4 1 lpe4

% TOTALIZE S ‘
IN. GROUP | FROM 502 TO 576
CTOTAL = 15490 R
% ANALYZE o

% SMOONTH DATA S
(IN GROUP 1 .
TRANSFER TO GROUP 1 o
% PL PRINT INTEMSIFIED LIMITS

N - « "

" GROUP MIN CH  MAX CH_
1 437 0 499 - S e
2 437 a9 T T
3 37 499 ;
4 o N 1924 .
o o
« ToTALIZE | . . f
IN - GROUP "1 FROM 437 TG 499 @ -
TOTAL = 18230 : :
+ PLOPRINT INTEMSIFIED LIMITS - .
IN , 1 ‘ .
- UGROLP . W li:c*w MAX CH
1 502 565 -
2 SoBsm2 565
3 . 592 58S , : :
4 } 1. 1624 o : xl

£ TOTALIZE = | 3 B
CIN GROUP 1 FROM '~ 502 TO & 565
_TOTAL = 15741, S

]
S O NS T I



s anALYZE v o oo

% SMOOTH DATA!
IN GROUP 1 o
TRANSFER TO GHOUP 1

i
i
i
i

%

PL PPINT IPF
IN' ]
| i
|
i

DI IFIED LIMI

»

GRQUP qu CH ;MA% CH

IN GROUP 1| FROM 499 TO 587 . .
CTATAL = . DH1IDG S o

1 429 1 489
2 428 489
3 429 489
4 b 1B24a
o # A ‘ZE'} |
* TOTALIZE | N
- IN  GROUP 1 FROM 429 TO - 489 . o
TOTAL = 16804 L e emen
- e : 4,53
< PL PRINT INTENJI z "D LIMITS - ,
IN [ D
' GROUP | MIN CH - MAX.CH
' 1 P 584 .. 582
2 | spa - 582
3 | s@4. | 582
4 | 1 1824
% TOTALIZE | | SRR
IN _GROUP 1 FROM 504 TQ @ 382
TOTAL = 16510 it
% ANALYZE | N
! 3
% SMOOTH DATA | :
IN  GROUP 1 Lo
TRANSFER TQ GRAUP 1 |
% PL PRINT INTL%¢I¢1 D LIMITS ;
N
. GROUP %M}N CH . MaX CH
- 1 L A24 - 504
2 L 423 504
, 3 | 423 - . 584
| 4 1 1 1024
# TOTALIZE ﬁ g )
IN . GRQUP 1 FROM 424 TO 504 .
TOTAL = PSLSS o
—— > 5: 93-;%
* PL PRINT TN::N?I”ILU lesz
In ,
' GROUP ‘ 1IN c MAX CH
1 l 49 S 8587
2 2 499 587 -
3 1 499 587
4 Lt 1924
% TOTALIZE ~ - | i~

So1e.



* QNAL LB § ¢

SMOOTH DATA | E
™ crnup 1 ?
TRANSFER TO GROUP 1 |

N
GROUP

AR

:
i
!
i
i
i
i
|
|
i
i
;
|
i
i
|
i
i
i

% TOTALIZE |

I

% PL PRINT IJTFNSLFIFD LIMITS

MIN CH
421 L5t
L4021 b 511
4&1 ) -.; 511
1. 1024

IN GROUP 1 FRDM 421 TO 511

TOTAL =

' 26;6/41_

MAX CH

o -i
* PL PRINT INT
I

GROUP

S ek

”

& N

# TOTALIZE

R
|
IN  GROUP 1 FROM

"NQTFI“D LIwTrS

MIN CH = Mf\n CH
545 f o 563
505 @' 563
5% L5637

1 N‘O/I

565 TO ! 563

TOTAL = . 16899

#* 1'\N(\LY7Y"

Ck SMOOTH DATA
JING CGROUP 1
TRANSFER TO GRE

% PL OPRINT INT
In

NUP 1

MIN CH

GROUP
1 429 508
o 499 508
3 42 - N\ 508
A i 124
'* TO:xLI ..... :
I GEQUP 1 FReM 422 TD' 508
TOTAL = 21747

ENSIFIED -LIMITS .

MAY CH

% PL PRINT
N
' GhRouP

3 D) v

OTALI"

TH?FNQIFICD LIMITS

MIN CH

o510 577
510 STT
510 577,
§ 1 1924
!

N GROUP 1 FROM 516 TO & 577

4%
I B H
TOTAL = 14836

MAX CH

4

N A



% SMOGTH DATA
I GROUP 1 .
TRANSFER TO GROUP 1.

% PL PRINT INTLJSIFILD LIMITS
I :

1. 43%; 583
o . 43T .. 5063
3 437 BB3
VI ' 1 . ' 1'324
E
 TOTALIZE _ R O
IN° GROUP 1 FROM 438 TO 503
TaTAL = 26115 e

BAA s

GROUP ~ MIN CH . MAX CH

2.

# PL P)INT INTENS IPI D LIMITH

GRouP MIN
1 567 560
e 507 560
3 567 5 603
4 o 124

TOTALIZE ¥
CINGROUP 1 FROM  8H7 TO 568
TOTAL = - 14340

- MA K CH'

% QUCCTH DATA
IN - GROUP 1 o
TPANQFEF TO GROUP 1

[

g

ok PL PRINT INThNQIFILD LIMI!S
CIN
GROUP MIN Ci ‘MAX CH
1 ' 432 0\ 493
2. © 432 . . 493

3 - 432 . 493

4 1 1624

w TOTALIZE
N - GROUP 1

FROM 432 TO 493
TOTAL = 21848 - ' '

—

i

avav MIMN CH MAY CH
1 505 558,
¢ 555 559
3 585 558
4 1 1024

¢ TOTALIZE

v PLOPRINT IMTENSIFIED\LIM;TS e

Ca&%\
=3




% ANALYZE

# SMOOTH DATA
IN. GROUP.1
TF‘\’I:\NOI FF\ TO GRGUP 1

weal -

% PL PRINT TNTE!SIFILD LIMITS

"IN .
CPOU , MIN_CH
10 435
2 435
3 435 .
4 o1

# TOTALIZE
Tiv
TATAL = 23854

CROUR 1 FROM 435,

MAX CH -

/Od
496
498

1924

TO - 492

PL P}INT INTFN“IFI
IN :
' GrﬂUP 141N CH

IR 1 - 56457
T 2 5¢6 .
o 3 S heg

4. 1

m GF”“’ 1:FRQM 500
CTOTAL = 17224

- ANBLYZE

# SMOOTH DATA
“IN  GROUP 1 - .
- TRANSFER TO GROUP 1

* PL PPIh1 INTFNSI?
CIN
GROUP MIN CH
1 - 436
2 436
3 } 7436

% TOTALIZE -
CIN . GROUP 1| FROM 436
TOTAL = . 18568

i a

D LTMITJ

MAX CH -

552
552
552
124

C s
ot

o

TO - 5¢

ED LIMITS
MAX CM
493 -
492

N 492

TO 493

1924

% PL- PRINT INT NSIPIL
JIN

GHOUP‘ MIN CH.

589
562

LW N -

4

= TOTALIZE = -

502

D LIMTTS

551
551
.551
1@&4

CSIN GROUP 1 FROM. 562 TO.

TOTAL =. 14126

ﬁ“

40
LU
o

ot

‘MAX_CH

1583.



B ﬁNﬂLY?E

% JMOHTH DQTA
IN CGROUP 1
TPANSFFP TO GP“UP 1
*_PL
N
. - GRQUP - MIN_QH
' 439

43¢

. 439
4 ) 1

U"\’)*"

% TOTALIZE
- IN_GROUP 1-FROM.
© TOTAL - 19435

439

PR INT INTLNSLFLLD LIMITS

"Mn“ CH

496

4¢9 -

L A%0
1824

TO 499

% PL PRINT TATLN 1ED

COIN

1 . 581

2 COBet
3 . 581

4 1

= TOTALIZEE
IN GROUP 1
- TGTAL

FROM

801
= 1%00m:'“

CGROUP MfN,CH;

LIMITS,

558

552
1024

fi 1/\ UH »

552

. ANALYZE

DATA
- GRIUP 1

"#f%MJﬂTn
I
| TRANSFER T GROUP 1.

* PL P}wa

R 'C“UP'v.“MI“ CH
i H41

441

441

mr0~

. N ' :
% TOTALIZE . I
IN GROUP 1. FPi a4
e LAL = «13909,
A ) :

cT“rw:zniwD’i;;MITS’

. "\n CH.
4(*,7

{\l. 487
"\“-ﬁ487

s N .
1824

TS, 487

¥ PL PRI

LG
a”ﬁﬁ
5417 -

536

évfbfui' S

W - O

* ThTAL*ZRl_Z‘,
I GROUP. 1 FROM
TG AL =

3

113668

MT INTEMSIFIEE LIMITS

P ”IU CH -

506

PO U GR T
EWWWO -

TR WAL

- o
G :

553

e .
e

.;;.b

3.

3]

P .
1
|
|
I
|
!
]
i
i
;
_,_-————'—“"'_—'_.‘—'-_‘_‘—_—-.
t
i,
1
f
1
{
|
{ .

129




f‘W\W‘“' L R R

% SMOOTH DATA Lo
CIN GROUP 1 v
TRANSFER TG GROUP 1

% PLOPRINT IMNTEMSIFIED LIMITS
I CoT -
' : GF’HP COMIN CH . oMAX CH
‘ o 443 0 487 o
443 . 487. ot
- 442 L o 4587
B RN B 1924

_m:o~

# TOTALIZE ' SR
CIN  GROUP 1 rsﬂh 443 TO 48T
TOTAL = L 16542 '

# PL PRINT»INTEN%IFIED LIMITS

. GROUP MIN CH  MAX. CH-
) v 5B6 552
o506 . 552

3 .. 5086 552

4 S 1 1024

W ToTaLIzE |
I GR u'P 1 FROM S@6 TO. 552
STOTHL 14454 )

& ANALYZE .

% SMOOTH-DATA T R S
COIN GROUP 1 s X
”fTRANSrLP To GROUP 1 ' L

3* PL PRINx INTEN%IFILD LIMITS
CIN o ' S

: GioupP MINfCH SMAY - CH .

' Ca42 N 488

442 488

440 S LA4B8 : S
| o 4@24“bgﬂm,i,lf

SRR

SR ALIZ . S IR
IN . GROUP 1 “ROM 442 TD . 48G
T L= 1727o .

o . — 4.33
% PL PRINT_Iﬁ En%I:TLJ LIMITS - Co
UP‘A MIN ﬁn T Max CH

oy, sge L 558 o
SURE- IR 15 =3 RN 51 : B 5
T3 BP0 858 L
4 .01 L1824

% TOTALIZE PR R
B e et TS ATITY. 4 EYMALT AN TH . SR




* ANALYZE

i* SMOOTH DAxA
L IN-- GROUP. 1 .
';TRANJFFP TO GPOUP 1

IN
‘ GEOUP _
' T 441

441
441

L .‘ . 1 »

IO -

e
% TOTALIZE | . - ST

CUING GROUP 1 FROM-. 441 T
"TOTAL = 18971

oy

‘MIN CH'

S PL PPINT INTLNSIFIED LIMITS

MAA CH
490
L 490
498

1824

Pt

GAvhééi

< PL PrIwT INTE
".IN, ,
GrouP 'Vr11v.crg
1 582
2 . ’sgp
3. sp2
T

N

"% TOTALIZE. -
CIN  GROUP 1 FRGM

502 TD
TTOTALv= '16495

QIFILD LIMITS

’QX CH
554
554f
.- 8584~
1924

554

4 ANALY?E'

% SMOOTH DATA -
IV GROUP 1
TRANSFER TO .GROUP 1

CUIN o TR
CGRQUP T SMIN CH-

e L 443

2443

3. .. 443

. ‘TALLZL:M e
IN GROUF 1 FROM
TOTAL = 16569

a1 N imea

L 443.TO

ﬁ*'ﬁgipézwrgINTENSIF;ED_LIMITS?¢‘

CMAX CH

T 494

494

494

494

JIN S :
U GROUP 0 MIN CH
IEE AR B 1 -2
e 586
3 566
4.0 ]

©x TOTALIZE. .

ToTAL = 13427

+ PL PRINT INTENSiFIED LIMITS

HAX CH
556

©855. -

555"

1024

IN GRGUP 1 FROM 586 TO, 556.

4,33




123,

* ANpLY?E ’~75' :f'1 ;,f}:‘:Tiff””frfwjfmmff~er—ww

# SMOOTH DATA
NCUGROUP 1
TRANSFER TQ GROUP

# PL PRINT I TENSIFIED LIMITS
N - S : e
. GROUP V’N e’ mAx CH . S S

) 1 C445 - 494 0 T S
e 445 ' 494- '

3 . 445 ' 494

4 | 1824

xoTALIZLf”f R
vIN GRCUP 1 FROM 445 TO . 494 ‘ L
T@TAL = 14939 S ' O

‘ 7 ) o i i:;"

s PL PPTN1 INTEhSI“ILD LIMIT
N

bt .
o

GROUP - nIN CH - MAY cH
S 512 561

512 561

_ 512 - .o5el

T T 1G24

e -

wa>~

‘l*-f’fﬁL17r RETE I S
Il GROUP ‘1 FROM 512 T 561
ToTAL = 12368 EEE T

'; JF}'{NALYZE R o o ‘. .‘ : : j”"mbun’wyﬂfm;»‘%'ﬁ” ._.;:__;,.;_,. e
-~ SMOUTH DATA

CING GREUP T :

. :'Tn[\;\SF ._Lﬁv T CWDUP 1

Sk PL PPINT )STFIr LIMITS . .
i "CP@UP j ,M;N»CH f\mgx.CH_,f THE
R T TP 71: BN 11 EE R
L 2 4al 498 x '
RIS aaG 490
4 Sl 1824 <

E T TALIZE. R
IN- FF“UP LOFRGM. 440 TG 49Q:1
‘TOML = 1'5948' . et

~'#.P! PPINT IVT”N%;FIED LIMITS‘ G
C . GRaup MIN CH MAX CHA[“}
1.0 582 553 0

2' .82 553
30 spE L TBS3 s

4 1 o1Bea (NRFACITEE RN I

I
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