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ADSTEREACT

The neutron flux distribution at various distances from the
bioclogical shielding face of the tangential beam port of the TRIGA Mark-II
3 MW Research Reactor has been measured Ly activaticn technique for
neutron radiography set up. In order to determine suitable material for
shielding of persannel and equipments, the gamma and neutron attenuation
properties of miltilayered shields, composed of different materials,
were stidlied by using a californium-252 source, (Californium-252 emits
both gamma rays and neutrons and the emission characteristic is similar
ko that inside a reactor cere. It was found that a multilayered shield
of polyboron-heavy concrete possesset the best possible attenuating
preperties for neutran. While a similar shield but camposed of polyboron-
lead was found to possess the best possible attenuating properties for

Yamma-rays.
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CHAPTER-1

HMEUTROW FLUX MEASOREEMENT BY ACTIVATION METHOD
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1.1 INIRCOOCTICR]

There are a numbetr of facilities to carry ouk experinents with neutrons
fram the TRIGA Mark-II MWL) research reactor at the Atomic Fhnergy Research
Establishment (ALRE), Savar, Chaka. This reactor has four beam ports, ocut
of which two are radial beam ports, one is plercing beam port and the other
iz a tangential one. Gamna-ray background is least in the tangential beam port.
The knawledge of neutron flux at different distances from the biclogical
ghierlding face along the central line of the tangential beam port of the
reactor is essential for proper plamning of the neutron radicgraphy experiments
and the meaningful interpretation of their resulfs, Hence it is necessary
to find cut the neukron flux at the point of interest in the neutron radice

graphy erperiment facilities of the tangential beam port of the reactor.

The measurement of neutron flux is coammanly carried out by the
activation technique. 1In this technique, gold foils {lg?hu} of different
masses are irradiated to the neutren beam, The foils becane radicactive as a
result of the neutron irradiation. 'Mhe activity induced in a foil is
dependent on the amrunt of target element present, activation cross—section
of the reaction of interest, the irradiation flux, the duration of irradiation
and the decay characteristics of the radiomuclide formed. The activity of
the radicactive products prothiced is measured by a high purity germanium
(HPGe} detector. Normally ganma-rag emitted by the irradiated sources are
of low intensity. Hence the efficiency of the detector for counting this
low-intensity y-rays chould be accurately known so that from a knowledge
of the relevant cross-section producing a particular iscotope emitting a

characteristic ~-ray, the neutron flux can be determined.



1.2 TIXPERIMENTAL PROCETARR

The bloack diagrams of the experimental set-up for irradiation of
gold foils at the tangential beam port (the gold foil was placed at different
distances) of the TRIGA Mark-IT 3MW{t) recearch reactor at the AEFE, Savar
and the counting system ace showm in figures 1 and 2, respectively. When
an ionizing radiation passes through the detector it loses energy by
lemizing collision in the sensitive region of the detector and produces
electron-hole pair in the semi—conductor detector, When an external electric
field is applied to this detector the charge carriers move bowards the
respective polarity of the electric field, These are collected and subsequ-
ently comverted into a voltage pulse using a preamplifier. The signal from
the preamplifier is anplified by an amplifier ard the ocutput is amalyzed by
the multichannel analyzer (MCh). Finally a printer was used to print out
the data collected in MCA, A brief description of the semi-conductor

detector and various electronic equipments used are given below

1.2.1 HIGH PURITY GERMENIIM (HPGe) DETECTUR

Far the detection of gama-ray emitted by the radicactive saurens

(1) was used. HPGe detoctors are

arnd reaction products a HPGe detector
primarily used for high resolntion spectroscopy of gamma radiationg and
cccasimally, charged particles. Charged particles lose thelr energy mainly
through the ionization in the sensitive region of the detector, High purity
gemiuh gamma-ray speckrometer is a high gquality precision instrument with
the best available performance and reliability. The high resclution of the

detector makes it possibie for more detailed studies of gamma-ray epectra

than @ny other detector.



e o
i - .
) ﬂi Lf L s
S -
——— 3270 —— | a2
= R . .. N — _‘F_ .o 1‘
.l-‘ I| , . ‘J. i ; J‘-'&_ - ] .
N IR e B G -
S BEAM CATCHER [a2 .|
E?ﬂiﬂ — L, |4%00
1 Fl Y L
7 LEAD . T o

________ 0 - 000 fi -

POLYBORON

\ [ ALL DIMENSIONS ARE iN mm |

FIG. | BLOCK CIAGRAM OF THE EXPERIMENTAL SETUP FOR IRRADIATION



POWER
MULTI
PRE SIGNAL AMPLI CHANNEL
AMP FIRE ANALYSER
&
HPGe
PRINTER
DETECTOR COMPUTER
FLOPPY DiSK
BIAS
SUPPLY

FiG. 2. BLOCK DIAGRAM OF DETECTION SYSTEM.




PHYSICAL PROPERTTIES

In Table=i, some of the physical properties of the "intrinsic

germaniwn” a "high purity germanium” are summarized:

TABLE-1
htanic No, , 32
Atomic Wt. 72.60
Density 5.33 gTI'I,?'Cl'I'lB
Atcms §.4] = 1[]22,—’01“3
Dielectric cangtant 16
Forbidden energy gap (CE) 0.746 eV
Enhergy per electron-~hole pair {??OK} 2.96 eV
Fano factor (77°K) 0.058 (Ref-2)
Inerqy gaap (77°K) 0.75

A HPGe detector is fabricated from pure germanium crystals and
cntaining an equal nurber of free charge carriers through out its volume.
This is basically a cylindrical germanium crystal with an n—type cantact
m the outer surface with a high concentration of free electrans and
practically mo free holes and a p-type contact on the surface of the axial
wall with an ewcess of holes but very few electron. 'The germanium has a

d . . . .
1 atoms,r’cms. The intrinsic region is

net impurity level of around 10
formed by depletion of charges with the application of reverese biasz voltane

across the dicde, which is sensitive to iocnizing radiation, particularly




¥~ and Y-rays, When photons interact within the depletion region (sensitive

regia} of a detector, high speed electrons are produced, which lose their
enerdgy by creating free charge carriers (clectron-hole pair). The pairs

are swept out by the electric field to their collecting electrades where a
charge sensitive pre-amplifier canverts this charge inte a voltage pulse

proportional to the energy deposited in the detector.

.

The electren-hole pair is somevhat analogous to the ion-pair

created in the gas-filled detectors, An advantage of HPGe detectors are

(i) ©One can awid lengthy pracess of lithium drifting.

{ii) Detector can be kept at room temperature when npot in use.

The abaorbwed charge gpeckrum consists of a cantinuum and one or
more narrow peaks from which one can dedoce the incident gamma-ray flux.
In the energy spectrum, the areas under the peaks ares a Hunction of the
detector size and ehape, the position of the source with respect to the
detector and the photon energy. However the widths of the peaks and hence
the heights relative to the continumum are determined by the energies of
the photons, the intrinsic rescluticn of the detector and the noise contri-

bution of the amplifying and measuriryg system.

Decause germanium has a relatively low iomization energy, these de
tectors Mst be cocled in order to reduce the thermal generation of charge
carriers o an acceptable level, Otherwise, ncise induced by leakage current
destroys the energy resolution of the detestor. Liguid nitrogen, which has

a temperature of 779K is the common cooling medium for such detectors,

In this =study a closed-end-coaxial HPGe detector was used for

counting because it presents a uniform cross-section of active detector
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volume o radicactive samples that are counted a short distance from the
detectar. The physical /performance data of HFGe detector which ig used

in this works are:s

Geometry Closed-End-Coaxial
Length 55 mm |
Diameter 41 mm
Active area facing window 17.50 o
Distance from window 5 mm

ELICTRICAL CHARMCTELRLISTICS (3)
Depletion Voltage o+ 3500 vac
Recommended Bias Voltage :+  + 3500 vdc
Leakage Current at Recommended Bias : 0.25 h'Ia
Preamplifier Test Voltage at NRecom.Biasz: 0.6 vdc
Capacitance at Recamended Bias : 24 Pf.

1.2.2 HIGH-VOLTAGE SUFPLIES (E.H.T. Supplyv)

a1l radiation detectors require the application of an external
high voltage for their proper cperation. This voltage is conwentionally
called "detector bias" and high voltage supplies used for this purpose are
often called detector bias supplies., Some pertinent characteristics of the

detector bias supplies are:

0 The maximum (and minimum} voltage level and its polarity.

0 The maximum current available from the supply,



0 The degree of regulation against long-term drifts due to

changes in tempcrature or power line volkage.

0 The degree of filtering provided to elimipate ripple at

power line frequency or other low-frequency noise,

The sophistication required of the bias supply varies greatly with
the detector type. Typical scintillation higb-voltage supplies must be capable
of providing up to 5000 volts with a current of a few milliamperes, 'The
aitput must also be well regulated to prevent gain shift in the photomlti-
plier tube due to drifts in the high voltag;a level. Bias supplies for
proportional counters must also supply relatively high voltages, but the
current demands are congiderably less, However, the degree of reguilaticon
and filtering is again important because any high—woltage fluctuations
appear superimposed on the signal. Semiconductor diode detectars draw
relatively little current and the voltage demands seldom exceed 1000 wolks.
Canberra Model 3105 High Voltage Power Supply was used in our experiment,

(4}

I’ malient features are as follows:

0 Regulated 0 to + 5000 VDX, 100 & output.
0 Woise and ripple < 30 o peak to peak.

0 Protected against overload and short circuit.

It iz designed for operation with a wide wvariety of detectors. Its noise

and ripple characteristics make it suitable for surface barrier detectors,
while the 2 mh current capability permites cperation with scintillation
detector. By design, the 310% high voltage power supply will accommodate - - -

all types aof detectors requiring 5 KV or less.



1.2.3 PEERMPLIFIER

The autput of the radiation detector appears as a pulse of voltage
or charge which is so small that it is inpractical to deal with the signal
pulees without an amplification step. Therefore, the first element in a
gignal processing chain is often a preamplifier, provided as an interface
betwamn the detecktor and the pulse pracessing eleckronics that follow. From
a signal-to-noise standpoint, it is always preferable to minimize the
capacitive loading an the detector, and therefore long interconnecting
cables between the detector and preamplifier should be avoided as much as
possible, The preamplifier should, therefore, be lacated as close as

possible to the detector.

The Canberra Model 2001 represents the latest advance in charge
gensitive pre—anmplifiers,. It wae designed primarily for high resclution
gamma Spectroscopy using cooled Ge solid state detectors, The p-e::fc:rmanr:e':5}I
of the Madel 2001 is the current state of the art for room temperature
fnon—cooled) pre—amps. The noise level for the 2001 is egquivalent to less
than 600 eV with a negligible eource capacitanco. The pulse decays expo-
nentially with a time constant of 50 psec. Power for the Madel 2001 is usually

supplied from the asscciated pulse shaping amplifier.

1.2.4 SPICTROSCOFY AMPLIFIER

The major role of an anplifier is to convert the preamplifier
output signal into a form most suitable for the desired measurement. The

Canberra Madel 2021 Spectroscopy Amplifier offers the modern spoctroscopist
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more performance, features and flexibility than any other nuclear pulse
amplifier available today. The Model 2021's exceptional DC stability and
vltra low noige make certain that optimum performance i realised. The
Model has a d.c. input impedance of approximately 1000 5 and accepts either
positive or negative pulses from the preanplifier. This unipolar oukput
is used for specbroecopy when d.e. coupling can be maintained From the
2021 amplifier to the analyzer, The unipcriar output can I::e selected for

either positive or negative polarity.

1,2.5 MULTICHANNEL ANALYZER {MCA}

The rperation of the multicharnel analyzer i= based on the principle
of converting an analog signal (the pulse amplitude) bto an equivalent digital
nutber. The basic functimm of the MCR involves only the ADC ({analog—to—

digital} and the memory store and a display.

Particles penetrating the depletion region in the detector, giwve
rige to pilses whose amplitudes correspond bo the loss of energy of the
‘particle, The pulses are then digitized by ADC and the output of the ADC
is stored in a caputer type memory, which has ag meny addressable locations
as the meximum number of channels into which the recorded spectrum can be
subdivided., The channel number is the mempry address and is proportional
to the input signal voltage. Each pulse is digitized and aounts are added
to the appropriate memory location, so that a spectrum of number of pulses
vs. voltage is obtained, Once the data is stored, it can be displayed
through varicus aystems, namely on a cathode ray oseilloscope, pen recorder

or through a teletype writer ard cassstte recorder.
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6)

The Canberra series 25 Ivntai iz a versatile system in many ways.

The spectrum can be recorded over 4096 channels or in amy of the subgroup.

1.2.6 TWNTERACTTON CF GAVMMA-RAYSE WITH THE HPGe DETRLTTOR

The measured features of the differential pulse-height spectrum
are directly related to the three primary processes in which indident gamma-
ray photone give up all or part of their energy in single events. . They
are; photo-electric effect, Compton scattering and pair production.
Ccntribotions to the full energy peak may also arise from photo-electric
encounters by the gamma-rays following ¢ne or more Compton scattering

within the deteckor.

FPHOTMCELECTIRIC EFFECT

In a photo-electric encounter the entire photon energy is
absorbed by a bound atomic electron and appears as (i)  the K,E, of that
electron as it is ejected and (ii) an x-ray or Auger electron emitted by
the residual ion. The crogse-section for the photo-electric process is
proportional to 35 and increascs rapidly with decreasing photon ensrgy. The
low energy x-ray is almost invariably absorbed in a second photc-electric
event Defore it can ecscape from the crystal. &s a result, the phobon
energy appears as electren kinetic energy. For the photo-electric effect,
a monoenergetic gamma-ray thus gives rise to a mono-energetic peak in the

charge distribution carresponding to the incident photon energy, E,
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CAPT SCATTERING

In this process the photon is scattered by an electron with a
partial energy loss depending on the angle of scattering. 'The electron
kinetic energy 1lies bebween zero and an upper energy limit which depends om
the photon enexgy. Eetween these limits, the scattering gives rise to a
continuous electron—energy distribution, i.e., the Comphon contiruum.  The cross-
section for thisz process is not as highly chergy dependent as the photo—electric

effect apd is proporticnal bo the 2 of the scattering materials.

FAIR FRODUCTICN

Pair production has an energetic threshold egual to the combined
positron-electron rest mass (1.022 MeV}. The cross-section increases rapidly
. abewve this threshold and iz proportional to the 22 of the ecattering material.
The entire photon energy i2 absorbed and appears as the total K.E. of the
positran—eloctron pair (BE-1.022 MeV) plus the rest mass of the pair. The
positron in unstable and will annihilate with an atamic electron, usually

when it has come to rest,

In such a case the annihilation produces two photons of energy
0,511 Mey cach emitted at 180 to rach other. In the usual encounter, both
annihilation photons will escegpe, Then a mono-energetic gamma-ray gives
rise to a electron distribution of energy IB-1.022 MeV. Satellite peaks may
appear if the detector is suffiriently large, These corregpond to the
absorbtion of cne or both annihilation photems in photo-electric encounter,

Tltimately three peaks are seen one at B-1.022 MeV, corresponding to the
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escape of both photons {e—&scape), one at B-0.511 MgV, corresponding to
the eecape of one photon (l-escape} and one at E {full-energy peak} corres-—

panding to the escape of neither photon.



CHAPTER- -2
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INERGY BESOLIOTTICON OF HPGe DETECTUR

The dominant characteristic of germanium detectors is their
excellent energy resolution when applied to gamwa ray spectroscopy. The
great superiority of the high purity germanium (HFGe) detector system in
energy resolution allows the separation of c¢losely spaced gamma-ray
energies, which remain unresclved in the NaI(Tl) epectrum. Conseguently,
virtually all gamma ray spectroscopy that invelves complex energy spectra

has been carried out with germanium detectors,

The overall 'energy resolution achieved in a HPGe detector aystem

is normally determined by a combination of two fachtors:

(i} Contributions from the HPGe crystal and

{ii} Contributions of electromic noisze.

These two factors are dependent on the erergy of the radiation and the
inherent gquality of the detogtor in use, The full width at half maximum

Wt of a typical peak in the spectrum due to the detecticn of a momoenergetic
gamma ray can be eynthesized as follows:

where the W values on the right-hand side are the peak widths that would

be chserved due only to effects of carrier statistics and electronic noise.



2.1 THE DETECTCR CUNTRIBUTTCH

When gamma rays interact with the crystal of the HEGe detector
high speed electrons are produced. These high speed electrons loses energy
in passing through matter, occuring in both ionizing and non-iomizing
collisions, The average eneray lose per ionizing collision is about 2.86 ev/
{electron-hole pair) in germanium, Thus, there will be an the average,
approximately 3.3Bxlﬂ5 pairs formed in stopping a one MeV eleckron. Due to
the statistical behavimr of the production of electron-hole pairs, there
are fluctuafims in the actual number of carriers which are produced. The
statistical behaviour is not an uncorrelated one, however, and the variance
is considerably smaller than would be deducted from poisson statistics.
Neglecting the small effect of the statistical fluctuations, the detector

contribution to the energy regoluticn for germaniom, is

Cetector FWHM, WDE = {2.35}2FEE ke

where

¥ : Fano factor, F = 0.058 (Ref.2}

LSt

£ : Lverage energy necessary to create one electron-hole pair, and
L : Gamma ray energy in MeV.

In addition o the inherent resclution, there will also be a spread due to
incomplete charge collection and leakage current, Incomplete charge
collection gives rise to an asymmetric photo-peak wikh a tail on the low

energay cide,
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2.2 THE ELECTIHRIC CONTRIGUTION

The electronic system congists primarily of three parts: the
preamplifier, the spectroscopy amplifier, and the multichannel analyser.
Each may comtribute to the rescluticn width, but with proper adjustments,
the rnoise contribution of the electrmic system is limited to that of
the preamplifier, The typical low noise charge sensitive FET preamplifier
can be characterized by two parameters: the noise ocutput with zero capa-
citarce and the slope of the noise vs. input capacitance, 'The input
capacitance arises from koth the inherent detector capacitance and from
the enecting cable between the detector and the preamplifier. It is
therefore important to keep the intercomnecting cable as short as possible,
and ko choogse a detector whose inherent capecitance is no larger than
necegsary., Bach cannector adds about 2 or 2 pr, and typical co-axial
cables may add fram 15 to 30 pr/ft. These consideration are most important
when cheerving low energy gamma—rays, because the statistical contribubion

to the noise is emall and the preamplifier noise dominates.

2.3 TOTAL SYSTEM FEREFUEMANCT

At energies of a few hundred kevV or less, the system resolution
is dominated by the pre-amplifier. A specially constructed cryogenically
coaled FEI pre-amplifier detector system should be used to take advantage
of the resclution capability of HFGe detectors at low energies. The

energy resolution is primarily determined by the width of the peak and
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ariees from the statistical variation in the pulse heights as recorded
fram naninally monoenergetic particles. In this werk the gamma-ray spectrum

EUCD standard sairce of known strength was taken to obbain the detector

with
regolution, The full width at halfF moaximm (FWHM) is 3.75 channel and the
energy per channel is (0.574 kev at 1332 kev as shown in fig. 3 . The

detecbor resclution (FWHMY is 2.15 keV.

2.4  EFFICIEMCY MERSURFMENTS OF HPEZe DETICTUR

Emissicn rate measurement for gamma radiation by means of germanium
semi-conductor detectors have become a routine proacedure in many fields of
fundamental and apglied research. If aorurate emiszion rates are needed,

a reliable efficiency calibraticn of the detecter has to be carried out,
Fer that parpose most laboratories use standard scurces of known skrength.
Var ious gamma epectrameter are widely used for gamma-ray spectroscopic
measurements.,  In the past, Nal(Tl) spectroameters were exclusively used for
the estimation of gamma activities in different radicactive samples,
However , their poor resolution often resulted in time consuning and tediqus
measurements. At present high sensitivity gamme-ray spectrometers HPGe are
widely used for direct analysis of radicactive samples. Their high energy
resolutions have greatly enhanced the differentiation of individial emitters
from a coplex mixture of radiamclides precent in a sample.  Great care
mist e eyrercised in calibrating the efficiency because the cver all

uncer tainty of the measurement will be limited by the uncertainty of the
efficiency value, The efficiency calibration is ncrmally carried out fer

an aggartment of gamma-ray energies covering the range of interest to allow
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conskruction of an empirical efficiency versus energy curve, Most of the
gamma-ray emitted by the nuelides to be studicd here had energies between

50 KeV to 1800KeV,

One ghould consider geveral points before undertaking the actual

determination of efficiency

{i] Sample counting configquraticon
fii} Calibration of saurces

{iil} Calibraztion methods,

The most cammon approach to calibration of Ge detectors is the
experimental determination of Full Energy Peak efficiency as a function of
energy for each counting canfiguration. The counting efficiency at any
particular gamma-ray enerdgy is dependent on a number of factars. Most of
these are associated with the photon interaction process within the detector,
the sairce-detector geametry or with gamma-ray attenuations within the source

(7}

ar from surrounding materizls, In the present work, calibration wag carried

out for gamma-ray energy between 81-1332 keV In a specific geometry.

The efficiency calibration is easy iF the sample to be measured
and the calibration source contain the zame radionuclides, However, 1f the
eample emits photons of an energy different from that of the calibration
surce photons, the efficiercy far the energy of interest has to be inter-
polated between two or more calibration points. The efficiency of the
detector is mainly dependant on the energy of radiation and sourece-to-

detector geometry. In gamma-ray spectroscopy, it is essential to obtain
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the absalute yield from the observed game-ray spectra. This can be

achieved only if the efficiency of the detector iz known.

The efficiency is defined as the number of events counted in a
peak in a gamma-ray spectrum divided by the number of events actually
produced by the mono-energetic source over 4f gecmetry amnd the efficiency
is quoted in per centage. The photo-peak detection efficiency of the HPGe
detector was determined in this work as follows: From the measured spectra,
the peak areas of the selected gamm-ray lines were determined by direct
summation of the channel counts, which automatically subtracts the corres-
ponding background counts. The background count is assumed bo be linear,

the caunts rates were abtained from the net ares of the peaks.
The full energy peak efficiency £ for the photan energies E of

different radicactive sources and targets was determined using the relation:

Counts/sec.
ackivity x IT (%)

Efficiency, {%) x 100

The activity was calculated from the relation

Activity, & = Aoe_ AT

The factor exp(-it) wazs calculated from the half-lives of the sources. The

calculations are showm in 'Table=2,
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2.4,1 PROCEDURE

The radicective sources of known strength used for the calculation
of the detector efficiency are Na-22, Mn-54, Co-60, Co-57, Ba-133 and Cs-137
were supplied by the Institute of Nuclear Science and Technology (IMST) at
Savar, Bangladesh. The experimental setup for the detector efficiency
congists of radicactive escurces and 2 detection system. The counting was
done by placing the source directly on the middle of the surface of the
detector and the angle between the source and detector was 0°., The source
and the detector were placed within the lead shielding. The interaction
of gama-ray with the system bakes place in the detector. The output
signal of HPGe detector ohtained f{rom the preamplifier was fed into an
spectroscopy amplifier (Model 2021). These amplified pulses. wete_ then
analysed by a Canberra Model 4096 MCA series 35, The efficiency measurement
was Jdone with simplest, most straight forward MCA settings 50 as to minimize
the ADC dead time and effort required to integrate the peaks., For these
reazons, we use the 1024 channel range and memory size with no digital off-

set.

When efficiency data have been taken for a sufficient number of
energies in the enerqgy reqgion of interest, a graph is plotted
Iar  the efliciency - versus - enerqgy The decrease in efficiency shown
at low energies is caused ly absorption of photons by sample matrix,
cryostat end cap, and dead layer of the detector itself. The gradual
decrease in efficiency at higher energies ocgurs begause of the reduction

in the gross-section for interaction of the detector material (i.e., Ge)
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with Ilncreasing energy of the incident photon., For low energy y-rays (below
2 Ma), the FEP iz relatively intense and is essentially GCausgian in ehape.

The curve iz shown in f£ig.4.
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Table=2
E E Izotopic ! Half-life ! Source E E—lt E Pobivity ! Efficiency (%)
Source ) {katry ! abundance T} [t%} in | strength, Ao ! ! " 1D4Bq !
1 ] ] 1 ! r 1 1
. P ® l ays IR : :
cho 1332 0o, 9t 1925.38 37259 0.59 3.34 1.38
1173 99,87 04-01-84 2.322
136 10.58 232683 15.81
STCD 271.65 0.03 0.79
122 HB5.59 16-03-85 15.75°
54 208791
Mn 835 899,07 312.20 .05 1.13
27-03-85
137 33411
= ;062 ES.1 311013.,51 .98 3.28 3.05
0d-01-E&
1274 849,94 133456 1.22
EZH 49,773 .38 5,12
@ 511 180.8 28-03-85 3115
Bie2
gl/82 32.5 .47
276 7.03 103608 6.14
133BIEI
303 18.6& 3832.50 Q.79 g.12 5,23
356 &l.6 26-03-35 5,14
1B4 85.88
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2.4.2 IERADIATICN SETIE

The irradiation setup wused is shown in fig.l. Out of the four
beam ports of the IW(t) TRIGH Mark-II research reactor, AERE, Savar, the
tangential beam port {1BF} bhas been chosen for the irradiation work, because
of low gama background. To reduce the gamma radiation background around
the irradiaticn facility of the TBP of the reactor, a biclogical shielding
house has been constructed. The neutrons are produced by fission in the
reackor core which came out through the TEP. In order to have a collimated
nedtron beam from the TP of the reactor a 120 om long conically ehaped
aluminivm hollow cylinder having a 5 cm diameter at the inner end and 10 cm
diameker at the cuter end was made. This conical cylimder was then
inzerted inside another hollow aluminium cylinder of 20 cm vniform diameter
of the same length and fixed together with flarmges at both ends. The emoty
space between the two cylinders was fitted up with paraffin wax and baric
acid in the ratio 3:1 by weight. Three lead rings (15 cm in the front, 10 cm
in the middle and 1.5 cm in shielded face of the reactor} were also put in

the inper side of the collimator for gamme shielding.

In arder to measure the newbron flux distribution at different
distances from the tangential beam port of the reactor the samples were
placed in the neutron beam for a specified time. The high purity gold foils
{100% aburdance) having different masses {60, 62.9, 59.6 and 58.% mg) were
used for irradiation. 'The foil-was aktached first on the aluminium strip
by soobch bape and it was then suspended in such a way that the foil just
lies an the central line from cutside of the biclogical shielding face of

the beam port of the reactor. The foils, placed at 0, 50, 100 amd 140 cm
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from the shielding face along the central line of the tangential beam part
welighed 60, 62.9, 59.6 and 58.% mgm respectively. The tine of irradiation
in each case was one hour. At the emd of irradiation time, the foil was
remeved fram the reactar and a cooling period was allowed befare the induced
radioactivity were measured by a co-axial HPGe detector under the identical
conditian that was used for efficiency calibration of the HPGe detector.

The measured radiation was then used to deduce information abeut the mmber
and energy distribution of the neutron in the original field. The most

widely used reaction in activaticn technigue iz called the radiative capture

of the (n, v} type. The reaction in the present work is lg?ﬂu{n,wr} lgei—&u.
CATA
DET-1
Reactor power 1 400 KW
Half-life of 178y, 2.695 days
Decay canstant of the prodact nucleus H 1.7"13:-:1[;]_“[]I min L
GCanma-tray energy 1 411 kev
Efficiency of the detector at 411 kev : 5.1%
fvrerage cross—Section for lg?hu : 98 b

2,4.3 {ALCULATION OF NEUTE FLUX

The basic equation of the neutron activatian technique is given
By

i) .ea {2a}
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where,
AD : activity at the end of the irradiaticon
noo: total nuwber of target nuclei
o the activation cross-section in barns
¢ the neutron £lux
L the time of irradiation
A H the decay constant of the product nucleus

{l-e_}‘ti}l : saturation factor depending upcn the irr_adiationl time

‘ti' ard the half-life of the radionuclel formed.

Therefcre, the neutron flux can be calculated fram the measured value of
the initial activity Bor the irradiation time t., the decay time t., weight w,

and the known value of nuclear data such sz balf-life and cross—section.

The neutran f£lox were calrulated from the expression {2a). How
ever, the count rates at end of the irradiations were subjected to usual
corrections for the photapeak detectian efficiency g. The data for this
correction was taken from the literature. Thus the expression for ¢,
n;’cmz—sec. can be cbtained as follows applying the usual correcktion. The

twotal disintegration/see, is

A= Counts/sec s (20}
ef{%} = IT{%}I

where,

Iy = Jsotopic percentage composition(%)
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The total number of nucliei

weight (W) x Avcgadro's no. (N}

T
Atanic weight
Therefore,
A red"
$ = o
noyl - e Mﬂ-'l}

where t, = decay time

The neutron flux as calculated by equation Zc wag found to be of

the order of 4.388x10° — 1.085x10°

n;"crnz,r‘sec and is showm in Table-3.
Efficiency of the detectar had been measured earlier, The curve() shows

the variation of flux density with the distance from the tangential beam

part,
Table=3
Meutron flux distribution along the central line of the
tangential beam port, ’
Heutron Foil nass Foll position Activity MNeukron f£lux,
sourCe { momm) fom) at t=0, qu n ,fcrnz /gec
60 0 1108, 0 4.338 x 10’
- 7
Reactor 02.9 50 651.4 2.435 x 10
59,5 160 366.2 1.444 x 107
58. 9 140 272.2 1.085 x 107

Measurements were actually carried out at 400 Ewatts and then
extrapolated to 2 Mizthese are shown in Fig. 5.
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RESULTS BND DISCUSSION

{8)

The neutron flux dbtained at various distances in the central
line of the tangential beam port from the biclogical shielding face of the
research reactor 1s tabulated in Table-3. It is seen that as expected,
neutron flux deoreases as the distance fram the biclogical ehielding face

of the reactox increases, Meutron flux was found to be maximum {4.338310?
nfcmzfseo} just at the surface of the biological shielding face of the
reackor and minimam |[1.l}BEr:-:1EIFJlr n;”cmz,f’sua:] just before the beam catcher, which
ig placed at a distance of 140 ¢m. The photo peak efficiency of the high
purity germanium detector measured for low intensity y-ray of standard
sources of known strength is given in Table-2, The efficiency as a function
of energy is showm in fig.5. The rescolution of the detector has been found
to be 2.15% kevy at 1332 kev gamma-ray from GGCD source. It is seen froam

fig.5 that efficiency becomes maximum at energy l.22 keV below which the
efficiency decreases sharply. The efficiency, bowever, decreases more

gradually above this value and becomes almost flat at higher energies.

In crder to determine neutron flux fram any source it is essenktial
to measure very accurately the efficiency of the detector, Any uncertainty
in the measurement of efficiency would introduce a large error in the

determinaticon of the peutron £iux,



JIAP1ER~4

STUDY CF NEUTHRS AND GAMMA-RRYS ATTLNUATION PROPEFTIES OF
MILTTIAYRER SHIELDS
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4.1  INTROOUCTION

The primary purpcse of shields is {© protect personnel and
equipment outside a reactar from the radiations that are produced inside.
In addition, of course, other radicactive sources must be shielded as well.
The shield which protects personnel is referred to as the biclogical

qth r36) . Many layers of materials are usually placed between the

ghiel
reactive core itself and the outside of the shield, and all these attenuate
the radietion and must be considered in a shield design., In primciple, the
radiations which might escape from a reactor include alpha and beta particles,
gamma-rays, neutrons of varicus energies, fission fragments, and even protons
resalting from (n,p) reactions. As far ae shield design is concerned,
however , mily gamma-rays and neutrons need to be considered since these are
by far the most penetrating. Amy moterial which attenuates these radiatlons
te a sufficient extent will automatically reduce all the others to regligible
propactions, For the purpose of shield design, the neutrons and gamma-rays
are corsidered fram the standpoint of their place of origin: the primary
radiaticns are defined as the radiation which originate within the reactor
core due b0 nuclear fission, whereas the secondary radiations are produced
outside the core as a result of the interaction of the primary radiations,
chiefly the neutrons, with nuclei in the reflector, cocolent, and shield
materials. In this case, the radiation consists of a mixture of both
gamma-rays and neutrons. Nhs we have seen, elements of hig;h atomic nurber

are best for aksorbing gamma-raye and elements of low atomic number are

best for absorbing neutrons, so that there is no one élement which is good
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for both gamme-rays and neutrons. For this reason, the shield for a mixed
radiatiom field must consist of a suitable mixture of heavy an@ light
material/materials, In the present work a comparative study of the neutrons
and game~rays using polyboron-heavy comcrete, polybofon—ordinary corcrete

and polyboror-lead multilayered shielding arrangement have been atudied,

4.2. FEVIEW OF ERETIER WORKS

In a ceview article, Makarious e1; al {91,
hawestudied of the penetration of primary gamma-rays, Secondary gamma-rays
and slow neutrons through an ilmenite-limonite {2.9 g;‘c:mSJ shield and
through both crdinpary (2.3 g,r’::mB} and ilmenite corcrete (4.6 g;’cmBJ shields.
Source neutrons and gamma-rays were obbained from the ET-PR-1 reactor (2 MW,
Exper iments have shown that ilmenite concrete i1s better than both crdinary

and ilmenite-limonite concrete for attermation of gamma and slow neutrons.

Ueki and Namito{mhave determined an gptimum arrarngement for
the neutron dose rate using iron—polyethylene slab shields by integral
ehizlding experiments. They have cbserved the minimum dese point when the
polyethylene slab was located neax the detector with iron slab placed near

the neutron source,

The attenuation and distribution of gamma-ray doees in a multii-
layered shield cansisting of water, iron and ordinary concrete have been
measured by Meqahid et al {11}. The relaxaticn length of gamma-rays in

ordinary concrete was evaluated, They have also measured the attenuation of

reactor thermal neutrons in a bulk shield of ordinaty concrete,
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Maruyama et .511“2:| have measured the broad beam attenuatian
coel{iclents of 4-32 MV ¥-rays in ordinary concrete, hcavy corcrete, lead

and irom.

Bishcp 1

has meagured flux density spectra and exposure bulld-
vp factor data for 6.2 MoV source photons penetrating two-layered shielding
elabs camposed of slabs of aluminium, steel and lead in six possible combina-
tiong. He found that shields with lead ar steel as the cutermost layer,

the exposure bwild-up factar wae lower than for lead only or steel only
shields of the same mean free path (mfp} thickness. For shields with

aluminium as the outer layer, the exposure buildup factor was higher than

that predicted for aluminivum only shields,

Yoshiakl et al{.L4] has measured neutron and gamma-ray penetration
in an iron shield at a 60 cm depth in a tightly coupled source shield
configuration with the fast-neutrans from the reactor as a source, TLates
of neutron reactlons and gamme-ray dose rates in the iron shield were
obtained using activation foils and thermoluminescent dosimeters. They
calculated neutron and gamma-ray distribution, in the iron shield showing

fairly good agreement with the experiments.

{15)

Gujrathi and D'auria have studied the attenuation of a
fast ( = 2.6 MeV) neutron beam by graphite, paraffin, polyvethylens-borom,
polyethylene-boron-lead, polyethylene-lithium and steel using a indirect
method with a Ge(Li) gamma-ray spectromceter. In addition, the macroscooic

removal cross-eection for these materials were deduced, The =ffects of

thegse materials on the thermal neutron £lux were also chserved,
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Uwamino et altlﬁ} have measured the attenuation of neutrons
and photons tranemitted through crdinary concrete, Source neutrorns and

CE

photons  were chbained from 52 fission source. Relative

ghielding properties of amonia meka tungston for neutrons and gamma-rays

252 (17)

fram Cf fission scurce have been studied by Senffle and Philbin

The attermation of fast neutrons in ilmenite concretes has

(18/1%) e densities of corcretes studied

beett studied by Adams and Loxan
yvaried fram 2.4 to 3.8 g,f’cma. No comparison has been made between l:Jrnil:i.nau:;;J

coerete and i1lmenite concrete,

Dubrovski et .:11|:2ﬂ:j have studied the shielding properties of
stone caxcretes by measuring the relaxation lengths, and they concluded
that the stone concretes (density; 2,38 g,fcmB} are more effective than the
crdinary concretes {(densiky: 2.2 g;’cmajl fram radiatian shlelding point

of view.

F.U. Ahmed et alizl}have studied the gama-ray shielding properties
of Ilmenite-Magnetite concrete and polyboron by measuring the instantancus
relaxation length and the spectral build-up facter using a Cf-252 source.
Spectral build-up factoar and insktanktaneocus relaxation lemgths have been
fitted to the appropriate functions and the related co-efficients are also

repcr ted,

Bhuiyan et 51{22} have studied the neutron transport
and shielding properties of locally develgped shielding material "POLYBORON".
They measured the instantanecus relaxation length and effective removal
cross—-gection as a furxction of penetration distance with and without

cadmium sheet.
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F.0. hhmed at 91{23:' have measured the dose build-up factor

EOCD source penetrating

fupbo 20 mfp) far gamma-rays from a point isctropic
multilayered concrete slabs using Cox's Bazar and Sylhet sands, They

have also measured the instantaneous relaxation length for both types of
concrete glabs. Results cobtained show that the build-up factors far Sylhet

sand slabs increase more rapidly than those of magnetic slabs.

Robsen and Kroon {23 havematudied the attenuation of

14 MeV neutrane in cacrete shields (density: 2.3 g;’cmBJ .

4.3 INTERACTICH OF NEUTRONS WITH MATTER

There are two different modee by which neutrons may interact
with matker. These are scattering and capture. When the neatrons are
fast, there is a tendency for them to be slowed down by scattering progesses.
Scattering mey be either elastic or inelastic and may be isotropic or
non-isotropic. Elastic scattering, in which a neutron is deflected without
loss of energy except for the kinetic energy which it imparts to the
recoiling nuclens, Inelastic scattering, in which there is an interaction
between the nucleus and the neutron resulting in the emission of a neutron
with an energy different frem that of the incident cne, Capture, in which
a neutron is absarbed into a nucleus which then undergoes some reaction
fother than the remission of a neutron), usvally the emissicn of a photon.
A neutron can lose energy in a material as a result of elastic and
inelastic scattering collisions with the nuclei of the material. If the

neutron energy is less than the energy difference between the first excited
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state and the ground state of the nucleus, then the reutron will lose
energy by scattering collision. This is the principal mechanism for the
slowing down of fission neutrons in materials. Elastic scattering is
most important for light muclei which can absorb a large fraction of the
neutron's energy in recoil, Elastic scattering is possible for neutroms
of all energies, but inelastic scattering can occur if the neuiron energy
is 10 MeV o higher so as to produce an exrited skake of the nocleus,
Thiz pracess always takes place through the formation of a compound
nocleus. The impartarce of inelastic scattering is that the neutron
energy is strorgly degraded since it loses not anly the energy eﬁﬁif@ce
of the recoil energy of the nucleus bet also the energy equivalence of
the inelastic scattering gammas. Inelastic scattering is more impartant

for heavy nuclei because their allowable epergy levels are more nUMErous.

Capture pracesses (n,y) are very common and almost invariably
coour more readily with slow neutron than with fast neutrons. In most
materials, the capture reaction |ar (n,y} reactionj is the most prebable,
and plays an important part in the attenuation of neutron intensity and
hence in the shielding of neutrons. The attenuation of neutrans may be

sumarised in the following manner:

At first, a high energy neutran passes through t_he aheorber
naterial and is slowed down by elastic or inelastic scattering, When the
neutron has been slowed down to thermal enerqgy, prcbability of capture
reaction increeses and the neutron will be completely absorbed with the

emigsion of either a charged particle or a gamma-ray having a".i;. enerqy upto
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seyeral Mev, Sirce the neutron capturce cross-secticns for all materials

is virtually zero at high energies, it is only when the neutron has reached
sufficiently low energy that the capture of the neutron can take place.

The proabability of ay one of these events occuring in a material is
expressed quantitatively by their respective cross-sectian. The cross—
section may be either large or emall depending on the neutron energy.
Inelastic scattering is an important mechanism in the degradaticn of the
energy of fast neutrons, The gross-cection for this process inCreases

with the neutron energy and with the atowmic number of the material in
which the scattering cccurs. This is an inportant characteristic in

the shielding against fast neuatrons.

Elements of low mass number is often used as the shield for
slowing down neutrons of high energy, the cross-section for scatteriang is,
however, small egpecially for elements of low mass number, Tt is then
advantagecus ko utilize inelastic scattering by introduweing an element
{or elements) of moderate or high mass number. Hence, a conbination of a
moderately heavy or heavy element with hydrogen will effectively slow down
"even neatrons of very high energies, Although hydrogen alone {as water)
could be used as a neutron shield, a shield consisting emtirely of
hydrogen in the form of heavy water would be unsatisfactory, & single
inelastic scattering collision would decrease the neutron energy to about
1 MeV or less, but subsequent collisions would be elastic in nature. Many
such collisions would then be necaessary to reduce the neutron energy to a

value at which the capture cross-section is significant. In the mean
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time, the neutron would hawe penetrated a considerable distance into the
shield. The next aspect of reactor shielding to consider i the capture

of neutrons after they have been slowed n:imml. Actually this is a relatively
simple matter, even though the shield does not contain an element with
large @ fairly large cross-section for the capture of slow nevctrons. In
fact, it is generally accepted that in a shield containing sufficient
hydrogen, almost every neukron which has suffered inelastic scattering may
be regarded as remwed, since the probability of further slowing down and

subsequent capture is large.

4.4 INIERACTICN OF GEMMA-FRYS WITH MATTER

There are three ways in which gamma-rays interact with matter;
the photoeleckric effect, the compton effect, and pair production, These

interacticns have already been discussed in section (1,2,6).

4.5 IEFINITION OF SCME NUCLERE PARAMETERS

To evaluate the effectiveness of any new shieldimg material,

the follawing nuclear parameters should be measured:

i)  Attermation coefficient { y)
ii) Remowal cross—-gection [ IR}

iiiy Half value thickness (HVT)

iv)  Relaxation length (A ) and

) Build-up factors (B).
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Each of the term mentioned above is briefly described below:

ATTENURTICR COEFFICIENT (1}

The most impertant quantity characterizing the penetration and
diffusion of gamma radiation in extended media is the attenuatien coefficient,
p. This quantity depends on the photon energy I and on the atomic muber
7z of the medium, 'and may be defined as the probability per unit path
length that a photon will interact with the medium. The rate at which
gamma-rays are attenuated is determined primarily by the atcmic nurber
and density of the shielding material, and to a lesser extent bw its
gecmetrical configuration. Let us consider a slab of material of thickn-
ess t larated betwsen a narrowly collimated beam of moncenergetic gamma-
ray photons and a narrowly collimated deteckor, as shown in fig, 6,

The distinctive feature of a narrow beam experiment (i.e.; one having ‘'good
geometry') 1s that only the photans which traverse the specimen absorber
without experlencing an interacticn of amy kird, reaches the detectior: all
other photons are prevented fram reaching the detector. When moncenergetic
gama-ray photons traverse a small thickness of slab at any peint in a
medium, the extent of interaction of the photons is prgportional to the
radiation intensity at that point and to the thickness traversed.
Censequently, in traversing the distance gt, the intensity of the gamma-
ray photons which have not undergone interaction will be decreased by

QI]_:=__udt “sw {45}
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where p is called the attenuation coefficient of the absorber for the
given radiation. Integrating egn (4a) and assuming that the beam intensity
incident on the slab has the value T(0}, the intensity tranamitted I(t)

through the zlab of a homogeneous medium is given by

I(t) = T{0)e Mt . (4b)

Ign. {4b) represents the attenuation of ganma-rays in a meterial medium

and is exponential in nature.

REMVAL CROSE-SICTION (LR}

The removal cross—-section of a material, as used in the
shieldirg caleculations, is the cross-section which describes the prabability
that a fast neutron will reach a given detection peint in a material
without being absorbed or scattered out of the direct path. If t is the
thickness of the material through which fast neutrons are passing, then
{neglecting geometry effects} the ratio of the emergent (kransmitted
intensity), I(t) to the incident intensity, I(0) is given by

I{t) = I(0)e "“R* (4c)

where Iy is the macroscopic removal crose-section for neutreons in the
material, but it is not a cross—section in the senee of representing the
probability of a particular neutron-nucleus interaction, The observed
value of the removal cross-section is, in fact, roughly equal to two-thirds
of the twtal {scattering and capture) cross-section inm the given material

for neutrons having energies in the range of & to & MeV,
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HALF-VALUL THICKNESS (HVT)

The absorption effect of radiation by shielding materials
may be characterized, by their half-value thickness (HVT), which is the
thickness required to reduce the intensity {or initial number of counts)
to one-half. Similarly, the tenth-value thickness (TVT) is the thickness
required to reduce the intensity to one-tenth. These quantities can be
evaluated graphically from the exwperimental beam attenuation curwves, by
plotting the transmitted intensity against the corresponding thickness of

the absorbing materials,

FELAAATION LENGTHS (i)

The relaxation length of any material is that thickness of
material in which the incident radiation diminishes W a factor c:fi fi.e.,

e
1t} :% = (,368) or to 37% of ite incident intensity, where e is the

I{0)

base of natural legarithms, This factor is alsc called the mean free
path {mfp), which repregents the average distance traveled by a photon
between suocessive interactions, IF IfE) is the radiation fneutron or

garrma;ray} flux @ related quantity at a point t within a shisld, then

the relaxation length 3, for the given radiation and medium, is given by

L 1 dI{t)

%I at

(4d)

at the point t. Az defined in this manmer, the relaxation length may

vary with the distarce t within the shield, However, it is often found
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that, owing to a combination of circumstances, the radiation flux decreases
in an appraximately expcanential manner over a range of distances in the
shield; over this ramge ) remains constant and the flux at t can be repre-

sented by

I({t) = I{O)e £/ A {4e)

where I(0Y is the flux at the origin of the t co-ordinate. Compariscn

with the attenvation equation for gamma-rays (4b) and equation for

neutrons (4c) shows that » is formally equivalent to % or E:—L-, respectively.
Sin:ef:::téiaxation length of a particular radiation in a given rrgterial is
equivalent to the reciprocal of an attenuation coefficient {for gamma-rays)

ar a removal oross—section (for neutrons), it is dependent on the energy

of the radiation. For a specified radiation of a given energy, the relaxa-
tion lengths {or their recipracals) provide a rough means for compering

the ehielding effectivenees of different materials, Relaxation lengths

may also cocasionally be used in very preliminacy shielding caleulations,

but this procedure is not recommended unless there is a clear understanding

that the results are highly approximate.

BUILD-UF FACTOR (B)

in the exponential law {egn.4b) for the attenuation of gamma-
radiatione in a material™ it is assumed that the particular photon involved
in a reaction such as photoelectric effect, comphbon scattering and pair

producticn in the material is completely eliminated and is not seen by a
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detector put across the shielding naterial. It is however, true only

in the case of narrow beam geometry (Fig.6a}. In the case of broad beams
of radiation (Fig.6b}, the secondary radiations resulting from the
interaction of primary photons in the material have every possibility to
pass through the ghield and thus the photon flux across the shield will

be greater than lhat calculated from ogn. (4b). In the case of broad beams
the egn. {4b} will be modified to

I(t) =BI(O)e “b (4£)

where B is the build-up factor and iz defined as f-::llcmsHM.

Quantity of interest at a point due to the total number of particles

E =
Quantity of interest at a point due only bo non—interacted particles

The "quantity of interest" might be the nurmber of particles, their

energy, or the dose impartcd by them; thereby giving rise the nurber,
energy, and dose build-up factors, respectively. The build-up factor, B,
takes into account the incresse in the radiation intensity due to scattering
within the abmrber.;{%?oﬁ iz the initial intensity of the radiation socurce,
I{t) iz the atteruated intensity after passing through the shielding
materials of thickness t{cm} and p is the attenuation coefficient {c:m_l}.
If all three types of interaction of gamma-ray photone with the matter

are irxtluded, then

Ty, (49)

W= Mpe pp
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where y_., p, and Mo represent the attenuation coefficients due to

pe
photoelectric, the compton effect, and pair production, respectively.
Usually, build-up factors are given at different relaxation lengths or
attenuation units, pt. Like the attenuation ccefficient, the value of
the B varies with absorber material. and radiation energy. It also varies
with gecmetry of the scurce ard depth of penetration in the abecrbing

material. The total attenuation ccefficient is calculated for a given

enargy by

{4h)

where HYT is the half value thickness, In-pﬁfﬁ?@ﬁaﬁaémlﬂilding
calculation, the build-up factor is being widely used to determine the

total effect of the radiation at the point of interest. In principle

the build-up factor concept iz also applicable to neutron attenwation, but

in practice it is found to be nuch less successful when applied to neutrons,
and consequently it is much less important a concept in the context of

nentron shielding calculatien,
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5.1 EXPERIMENTAL SETUR.

The measurement of attenuation properties of neutrons and
ganma~rays through different types of arrangements of multilayer shields
were carried cut at the laboratory of the Institute of Noclear Science
and Technology {INST) of the Atamic Energy Research Establiehment (AERE) ,
Savar. In this experiment, radiztion transmission measurements were
made for ' broad beam' geametry conditicns, i.e., the shielding material
being studied was placed directly adjarent to the debtector. This type
of geametry allowe the debection of the increased radiation due to
comptan scattered photans from the attenuating material. A hlack
dizgram of the experimental setup for the measurement of attenvation
properties {both neutrons and gamma-rays) alcng with the schematic
diagram is shown in Fig.7.. The experimental set up consists of a
radiation source, a detection system and multilayer shielding materials.
The distance between the scurce and the detector was 118 cm.  Since the
materials are meant to be used ag a shield for a reactor, the
radiation choeen was 252&1? which emits fission nestrons with an average

energy 2.3 IMI‘F'_-‘i..I":EE}|

, and numerous gamma-rays from fisgsion products(«<3 MeV).
Thiz iz almost identical to thoee of uranium-235 fission, The Seteotion
system consists of two parte: a detecbor and a recording system. The
incoming radiation interacts with the detector and gives rise to an
altpat pulse, The recording eystem reccives this cutput palse amd afterx
proper amplication and subsequent discrimination, records the number of

events. The method used for the detection of neutron and gamma radiation

depends m the lonization produced in the detector in course of theilr
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passage through the gas and matter, respectively. In the interaction of
gamma radiation with matter, ion-pairs are produced. Similarly, neutrons
are detected through nuclear reaction which results in epergetic charged
particles {such as protons, alphas and so forth) that reveal their
presence by ionization they produce, The gamma-ray intensikty was measured
with a portable Nal (T1y scintillation detoctor. Measurements of neutron
intensity were carried out using a leng counter, whirh was constructed

(28]

following the design of Hanson-MoKibben , incorporating the modificaticn

of thickness of the paraffin woderater as éuggcsted by other mrkersiz?} .
The leng counter used in this study was a EtF3 gas proportional detectar
surro;mdggjby cylindrical paraffin mederator to monitor neutran flux.
I'ts sensitivity is reascnably uniform for neutron energies ranging from
thermal to 10 MeV. This device has proved to be highly successful as a

neutron menitor in experiments using fast neutrons. (28)

The operating

voltage of the 13.!?‘.3 gas propartional detector was 1850 volts {Fig.8). In
these measurements polyboron, heavy concrete, ordinary concrete and lead
slabs were used as shielding materials, The dimenzicns of the slabe are
shown in Table-4. ©Out of these four materials, three types of multilayer

chielding arramgements were used. These are polybarcn-heavy concrete,

polyberomordinary concrete and polyboron-lead ehields.
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Talile—4d

Dimension of the single layer slabs

Mater ial Thlﬁ Tr:::la S5 W%Sfél H{; é% ?t
Heayy Cowrete 5 25.5 12.5
Ordinary Concrete ot 255 12.5
Polyboron 4.1 ) 10
Lead 5.2 20 10

the intensity of incident neutrons and gamma-rays was Eirst measured
withaut placing any shielding material betwecn the source and the detector.
Then the first shielding arrangement of polyboron backed by heavy

concirete slabs was placed nearest to the source and the intensity of the
transmitted neutrons of gamma-rays was measured, Next nore slabs of
polyboron backed by heavy concreote were sixcessively introduced behind

the already existing slabs and the corresponding intensities of transmitted
neutrons of gamma-rays were measured.  In this manner, the multilayer
shielding thickness was sucressively increazed while the rest of geametry
rereined unchanged. The measurements wore ropeated till the tcrta_l thick—
ness of polyboron hacked by heavy concrete increased up to a maximum of

91 cm. tﬁé:_ total thickness of polyboron being 41 cm and that of heawvy
concrete being. b0 cm, This enables oe to study the deep penetration

behaviar of neutrons and garmmnréys for the multilayer shielding materials.
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The experiment was repeated for the other two shielding arrangements.

In the arrangement of polyboron backed by Grtﬂinar}; concrete slabs, the
total thickness used was 91 cm  {polyboron-41 cm and ordinary concrete-
50 em.}, while in the arcamgement of polyboron backed by lead slabs,

the tctal thickness used was 92 cms (pelyboron-41 cm lead-52 cm ).

The detalled description of the detectors, the radiation eocurce and the
slab meterials used in these experiments are furnished in the secticns(5.2,
5.3, 5.4, 5.5). Drief descripticons of same of the different camponents

of the electronics circuitry have a2lready been given in sections(l.2.2,

1.2.3). The rest are described briefly below,

LINEMRE. AMPLIFIER

Two primary functions are r:_:t:mveniently provided by the linear
auplifier element in the pulse processing chain: pulse shaping and
anplitude gain. The unit accepts tail pulses as an inpot, often of
either polarity, and produces a shaped linear pulse with standard polarity
and span-width. The amplification factor or gain depends on the particular
:appl.i.cation, but generally lies between a factor of 100 to 5000, The
gain is narmally adjustable over a wide rarge through a canbination of
poarse and fine contrels. A good amplifier should have low noise imput
and ke capable of amplifying pulses with rise time of the order of 1EI'_B

second. In this present study Canberra Model 2012 amplifier was used.,

Its salient feakures are ag follows:

C Gain : 1280

Q0 Designed far sodium iodide scintillator, gas proportional,
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and silicen surface harrier detectors

Q  High perfarmance spectroscopy amplifier

2 Low noise

0 Selectables time constants

0 Count rate optimization, ete.

DIFFERENTIAL DISCRIMINATOR (SINGLE CHANNEL ANALYZER)

In order to count the pulse properly, the shaped linear pulses
must be cowerted into logic pulses. One of this is a differential
discriminator or single channel analyzer [(SCA) which produces a logic
output pulse only if the input linear pulse anplitude lies between two
levels., The action of the unit is therefcore to select a band of amplitudes
ar 'window' in which the input amplitude must fall in order to produce
a recordable event, The discrimination level is normally adjustable
by a front-panel control, In same tnits, the lower level discriminator
(LLD} and upper level discriminatar (ULD) are independently adjustable
from front-panel controls, In counting systems, the SCA can serve to
select only a limited range of anplitudes fram all of those generated
by the detectar. In many counting situwations, the level is set just
above the system noise eo that the maximum sensitivity for counting
detector pulses of all sizes is realized. In thiz experiment Canbera

Model 2030 SCA was used.
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TIMERS AMND QOUNTEES

The function of a timer is simply to start the counting and
Belect the accumulation period for an electronic counter or other recording
system after which the counting automatically stops. Obviously its most
impor tant property is the precision to which the time interval is controlled.
The precision of the timing is determined sclely by the accuracy and
stability of the power line fregquency. Timers, can be either blind or
have display units. It may be convenient to have the accumilated timing
period displayed during the course of the measurement, although the

feature adds to the cost of the timer,

Bg the final step in a pcounting system, the looic pulses must
he accumlated and their number recorded over a fixed pericd of time,
get by the timer. The device used for this purpose may be a simple
digital reqister which is incremented by one count each time a logic
pulse is presented to its input. In nuclear pulse counting applications,
sich devices are often called scalers. Comnters are commonly operated
in cne of two modes: preset time and preset count. It can alzo be of

the 'blind" a 'display’ type.

In the pregent work Canberra Model 2071A Dual timer//counter was
used, It provides two eight decade counter, a crystal time bese, and
presetting logic. The Model 20714 accommodates input counting rates of
100 million counts per second (100 bﬂ-ﬁ for negative inputs and 25

millicn counts per second (25 IvIH_z_} for pogitive inpats.
-
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5.2 NEUTRCH DETHECTOR

Neutron cannot be detected directly since they have no charge
o produce iaization, it can only be detected by means of secondary
charged particles such as protons, alphas, and so forth which may be
released during its passage through matter, or by other sacondary processes
which produce ionizing radiation, Different types of detectors are

(23) . The cammonly used are liguid

scintillaticn detectors, nuclear emilsion, threshold detectors, 3HE or IE;Li

available for measuring fast neutrons

sandwich detectors, and proton-recoll detectors. In additian, there
exigt several fast neutron detectors based upon the slowing down of fast
neutrons and then measuring these slow neutrons. A widely used detector
for slow neutrons is the E-F3 detector. Boron triflucride gas serves
koth as the target material and the counting gas. & E-F3 detechor usually
canglists of a cylindrical outer tube of stainlees steel, aluminium or
copper and a central anode wire of nickel or tungston. The usual
cpetrating volkage of the detector is in the range of 2000 1o 2000 wolts
with the ancde wire diameter of about 0.05 mm. Figure 8 shows count
rakte versos ancde yoltage curve for a typical case, The most comon
reaction for the coamrersion of slow neutrong into directly deteci;able

particles is the lﬂB{n, n} reaction., The reaction may be written as

n+IDE 3. TL:.L+|]

-+ i +
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105 isctope reaction.

which has a thermal cross- section of 4000 barne for
when thermal neutrons (0.025 eV} are used to induce reaction, about 94
percent of all reactions lead to the excited state and anly 6 percent
directly to the ground state. In the mB{n,u‘: reaction, the energy of
2,31 MeV is shared by the alpha particles and the recoiling ?Li nucleus
of which alpha 1partic1e carries away 1,47 MeV and the TLi noucleus retains
0.84 MeV as the kinetic energy and the rest if any, as excitation energy.
The thermal neutron crose-section for the mB{n,u} reaction is 3840 barns.
The slow neutron measurements were made with a BF, detector which feeds
into a standard amplifier and scaling circuit., Since BF, detectors are
mestly used anly for counting the number of slow neutrons (0.5 Mey)

which are detected, the distribution of the pulse heights of the

detector is of little intereet except that cne hae to ensure that all

the resulting pulses from the detection of neutrons lie much above the
electronic noise and the small background pulses resulting from the
gamma-raye. It is to be noted, however, that the pulse height spectrum
has significant mumber of counts at pulse beights which are much lower
than that corresponding to the full enerqgy peak, These lower amplitude
pulsee arise due to nuclear reactions taking place ne&afr the wall of

the chamber in which one of the charged particlee deposits anly part

of ite enerqgy in the gas and the rest being deposited in the counter
wall, The particle which loses energy in the counter wall can be either
the algha particle or the lithium ion and the corresponding spectrum is
of the type as shown in figure 9. The wall effect continiuum extends

fram E;,(0.84 MeV) up to full-energy peak at {ELi+ Eq) §2.31 MeV), We

3
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have cansidered only those reactions leading to the "Li excited state
because the wall effect continumum asscciated with the mxh less probable
ground state ie normally so small as to be submerged by the remainder of
the spectrum. The BF, tube of a detector fram which the differential
pulse height spectrum tells us nething about the energy spectrum of the
incident radiation, but is a function of only the size and geometry of
the detector itself. Instead, we are likely to seek a stable cperating
point of a ecunting plateau for which small drifts in n:peratj_rg para-
meters do not gignificantly affect the neutron sensitivity of the counter.
That abjective would be met by setting a fixed discriminator level at
the point labeled A in figure 9. The flattest portion of that plateau
ehould coour when the effective discrimination point 1s at the minimum
in the differential pulse heicght spectrum or point A. Under these
canditicns, all the neutrons will be counted, vhereas lo—ampli tude
events will be rejected. A very important consideration in meny

applications of BF, tubes is their ability to discriminate against

3
gamma-raye which often are found together with the neutron flux to be
measured. Gamma-ray interact primarily in the wall of the counter and
create secondary electrons which may produce ionization in the gas.
Because the stopping power for electrons in gases is quite low, a
typical electron will deposit anly a small fraction of its initial
energy within the gas before reaching the cpposite wall of the counter.
Thus we should expect that most génm—ray interacticns will result in

low-amplitude pulses which will:lie in the tail to the left of point A

in figure 9. Simple amplitude discriminaticn can then easily elimimate
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this gamma-rays without sacrificing neutron detection efficiency. The
detection efficiency for neutrons incident aleng the axis of a BF4 tube

is given approximately by |:29};

e{E) =1- exp |- L,(B)L | (1}

where Ea{E} is the macroscopic absorption cross-seckion of mB at
energy E and L is the active length of the tube. Usimg equation {1},
the calculated efficiency far a 30 cm 1ongai€%tube (96 percent
enriched in 10B) is 61.5% at thermal neutron energies (0.025 eV) but

drops to 3.8% at 100 eV, Thus, a PF. tube exposed to neutrons with

3
mixed energies will respond principally to the thermal neutron camponents
and will have extremely low detection efficiency for fast neutrons,

The specifications of this detector are shown in Table-5.

Table-5

E.F3 detector gpecificatioms
Manufacturer : Canberra Irc.
Model : 4528
Diameter : 2,54 am
Anode - : 0.005 cm dizmeter tungsten
End window : 0.203 em thick alumina [3—‘11203]
Fil gas ;B (908 08} at 120 cm Hq.
Active length : 30 cm

Cuter sheel : 0.08% om thick
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As a rule, however, fast neutron devices must employ a wodified or
capletely different detection scheme to yield an instrument with
acceptable detection efficiency. Conventional BF3 tubce have an extremely
low detection efficierncy for fast neutrons, and consequently are almost
never used for this purpose., The inherently low detection efficiency

for fast neutroms of any slow neutron detector can be somewhat improved
by surrounding the detector with a few centimeters of hydrogen—containing
moderating materials. The incldent fast neutron can then lose a fraction
of its initial kinetic energy in the moderatcr before reaching the
detector as a lower energy neutron, for which the detector efficiency

.is generally higher. By making the moderator thickness greater, the
number of collisions in the moderator will tend to increase, leading o
a lower value of energy when the neutron reaches the cdetector. One
would therefore expect the detection efficiency to increase with moderator
thickness if that were the mly factor under consideration, A second
factbox ' ‘however, tends to decrease the efficiency with increasing
moderator thickness. The probability that an incident fast neutron ever
reaches the detector will inevitably decrease as the mederator is made
thicker. A neutron may be absorbed within the moderator before 1t has

a chance of reaching the detector. The absarption probability will
increase rapidly with increasing moderater thickness because absorption
cross-sections generally are larger at lower neutron energies.

The effiéimcy of a moderated slow neukron detector  when

used with a mncenergetic fast neutron ecurce will thus  show

a maximum at a specific woderatar thickness, A detoctor whose counting
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efficiency does not depend on the neutron energy can be very useful
device in many areas of neutron physics. For an ideal detector of

this type, a graph of the detection efficiency versus neutran enerdy is
~a horizental linewhich has led to the name flat reepone detectors.

The moet popular flat response neutron detector has been the so—called

{301, it i= based

"Long Comtber™. Like the spherical meutron dosimeter
on me-primiple of placing a slow neutron detectar at the center of a

mcderating medium.

The combinaticn of a BF., tube and ¢ylindrical mcderatcar was

3
first eunggested as a flat response.neutron detector by Hanson and
MoK ibben (26) . Thies and ]3::::1:t::her|:31}I demmstrated how one can construct

a flat response fast neutron detection system using a larger moderator
with a EF'; detectar embeded in it in a suitable geometry. A latter
design by M:Taggarl:{zﬂ ig shown in figure 10a

and has achieved fairly widespread acceptance as the standard long
counter. The camter is designed to be sensitive only to neutrons
incident on the right-hand face of the counter within the boron axide
ghell. Those incident from other directions tend to be moderated by
the outer annulus of paraffin, and are subsequently captured in the
boron layer without giving rige to a caunt. Heutrons which are incident
on the front face parallel to the clylindrical axis will penetrate some
distance before unfergoing moderaticn, "The average distance of penetra-
tion will increase as the neutron energy increases. If the ELF3 tube and

cylindrical moderator are sufficiently long, then the typical cross-

section through the cylinder at the point of moderation will not be



60

different for various energy neutrons, Therefore, the probability

that the moderated neutran will find its way to the EF3 tube and produce

a count which is independent of neutron enerqgy. It is this property

that leads to the flat epergy respomse of the detector. Figure 10a

shows the long counter which was GoR#tTUOLed , £6110Wilig , the, aésign of
I-Ia?;mn and !-'IcKibbenuE}

cther mke.rsmlnaa:' . A typical efficiency curve versus neutron emerdy

incorparating the modifications suggested by

of 2 modified long counter (1) ag ehown in f£ig.l0b, In the diagram of the
long counter shown in figure 10a. The conventional EF3 propor tional
counter tube was embeded in a large cylindrical Q paraffin moderatcr
50.8 cm(20") ir length and 38.1 cm (15"} in diameter. The moderator had
eight 2.54 cm (1"} diameter holes, 8.89 em (3.5") deep, in its frant
face, on 2 circumference 22.86 cm (9") in diameter. The holes prowvided
in the frent surface prevent a fall off in the efficiency at neutron
energies below 1 MeV by allowing the lower energy neutrons b pepetrate
-further into the moderator, The inrer paraffin cylinder is 20.32 cm(8")
in diameter and the density of the paraffin wax 1s 0.84 g;’cmB. The EF3
detector used in this study was Canberra Model 4528 (Table-5), which had
an active length as that of the paraffin cylinder, and was filled at

120 cm Hg. pressure with enriched BFS' A cadmium cap covered the front
end of the BFB detector, The outside of the paraffin may be covered
with a thin sheet of cadmium to absarb thermal neutrons while allowing

fast neukrons to pass through in to the paraffin.
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5.3  GAMMA-ELY DETMCIOR

A gamma-ray photon is umcharged and creates no direct ionization

or exoltatio of the material throughlwhich it paszsea. The detection

of gamma-rays is therefore, critically dependent on cauging the gamma-—

ray photon to undergo an interaction that transfers all or part of the
photon energy o an clecktron in the absorbing material, There are

three principal methods in which the gamma-ray photons interact with
matter. These are photoelectric effect, comptoa scattering, and pair
- praducticn. These processes already discussed in section 1.2.6 are
strawgly dependent upon jthe energy of the gamma-ray phobon and the

atomic number of the material, In summary, all three processes produce
moving electrons (or positrons) in matter, which can be detected directly
orf can initiate other electron processes to cbbain an electric charge
pul=e, At low energy, up to abaut 100 kev, the photoelectric effect is
dominant, Corpton scattering varies fram minor effect at 10 keV to

being more impoctant near L0OO keV. Upte 1 MeV the photoelectric effect
is declining in probpakility and multiple campton scattering effects
becomes important. Abowve 1.02 MeV pair production increases in prebability.
Since the primary gamma-ray photems are "inwisible" to the detector, it

iz only the fast electrons created in gamma-ray interacticns that

provide the only clue te the nature of the incident gamma-tays. These
electrans have a maximum ensrgy eq;al to the energy of the incident gamma-
ray photon, and will slow down and lose their energy in the absorption
processes. Fnergy loss is, therefore, through ionization and excitation
of atong within the absoriing material. For a detector to serve as a

ganma-ray spectrometer , it mast carry cut two distirct functions, First,
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it muet act az a conwersion medium in which incident gamma-rays have a
resanalle probability of interacting to yicld awe o« more fast electrons,
and second, it must function as a conventioral detector for these

[34-37) .
are in use

secxandary electrone, A wide variety of detectors
today,. The most widely used detectors include the inorganic alkali
halide crystals, of which sodium icdide is the favorite, and arganic-
kased ligquigs and gases which emit lights fram their atoms or molecules
{ar scintillates) when excited by the passage of radiation through them.
Hence, these detectars are commonly referred to as ecintillators, This
pracess of absarption of energy by a substance and its re-emissian as

whiich is of two kinds—phosphorescence
vizible or near-visible radiation are known as luminescence/and fluores-
cente, The process where the light emission cocurs during the excitation

B sec or less Hhe radiation is called fluorescence, When

o within 107
the excited state is metastable, the light emission is delayed (of the
crder microseconds to hours) and the luminescence is known as the
phospherescence.  Only those scintillators in which light emission

cooure within the sharter duration {1{]_12

sec} arc useful for the
detection of nuclear radiation., The desirable properties far a good

scintillators may be summerized as follows:
0 density should be high to meke: it a suitable material for
efficient absorpticn of electro-magnetic radiation

0  should be highly fluorescont with wvery little or no

phosphor escence

0  the emissicn spectrum should be suitable for good matching

to all types of camercial photomiltipliers f¥ailable
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0 should flucrescence which means inherently good resolution

The inorganic ecintillators are crystals of inorganic salts,
primarily the alkali halides, containing emall amunt of impurities as
activatore for the luminescernce process. The scintillation mechanism in
inorganic materials depend on the energy states determined by the
crystal lattice of the material,When the gamme-ray passesz through a
scintillator, a part or all of its epergy is absorbed in the scintillator.
In irerganic scintillabtor, this absorbed energy can raisze molecule
from their electronic ground states to their electronic ewcited states.

A molecule in the electronic ewcited state may lose its energy to lattice
vibrations or may return to its electronic grounc state with the
emission of visible light. The luminescence of an crganic scintillator
'15 an electronic process which may be represented in the band theory

by the lower band, called the valerce band, which represents those
electrems that are essentially bound at lattice sites, whereas the
corduetion bardd represents those electrons that bave sufficient energy
to be free to migrate through cut the scintillator. There exists an
intermediate band of energies, called the forbidden bamd, in which
electrons can never be found in the pure scintillator. Absorption of
energy can result in the elevation of an electron from its normal
position in the valence band acrcss the gap inte the conduction band,
leaving a hole in the normally filled valence band. TIn the pure

crystal, the return of the electron to the valence band with the emission

of photon is an inefficient process.



65

In order to enhance the probability of visible photon emission
during the de-excitation process, small amount of an impurity are
commanly added to inorganic scintillators., These impurities, called
"activators" create special sites within the pure crystal. As a
result there will be energy. states created within the forbidden gap
through which the electron can de-excite back to the valence band.
Pecause the energy is less than that of the full forbidden gap, this
transition can now give rise to a visible photon and therefore sexve as
the basis of the scintillation process, Energy band structure of an
activated crystalline scintillator is illustrated in figure 11,

a maber of inorganic scintillators ( or phosphors i

namely NaI(Tl), CeI{Tl), Li(Eu) etc. are in wideepread uee as scintilla-
tor detectors., The mechanical and physical properties of the scintillator,
prepared in appropriate sizes and shapes,lplay an important part in their
choice for specific measurements, The Wal(Tl) detectors have became
standard scintillation detectors for gamma-ray spectroscopy since its
introduction by HDfStaﬂtEr{BB] and Hilnemg} . Scadium iodide is a
transparent, hygroscopic crystal having the general properties at rcom
temperaturae {BUGK} . The thallium activator which is present as an
impurity in the Nal crystal structure to the extent of about 0.2%
erhances the conversion of energy abscrbéd in the crystal to light,

Its high density (3.67 g,f’crnB} together wii;h its high effeoctive atamic
nurber {Z = 53) makes it a suitable material tcr the efficient absorption
of electromagnetic radiatian, The presence of iedine gives high cross-

section for photoelectric and pair praducticn interactions. The emission



66

spectrum with a maximum of 4100 2 is suitable for good matching to

many types of commercial photamultiplier (PM). The speed of response
makes it suitable for most applicaticns, its decay time is of the order
of (.23 microsecond. Transparences to its own flucrescence provides
NaI(Tl) with an inherently high enerqy resoluticn which can be achieved
with a scintillator detector. Figure 12 shows a typical curve which
explaing the interacticn processes of gamma-rays Iwith HaIl{Tl} crystal.
The primary ionizing particles resulting from the gamma-ray interactions
namely the phoboelectrons, compton electrons, and electron-positren
pairs, dissipate their kinetic energy by exciting and lonizing the

atoms in the crystal. 'The excited atame return to the grourd state

by the emission of light guanta. The intensity of the light flash produced
in the scintillator is preporticnal to the amount of energy absorbed.
The light guanta emitted by the s::intillat-éjr are converted back into
electrons by a photoccathode. These electrons are subsequently multiplied
into electric signals by photomiltipliers, The simplified structure of
a typical photamiltiplier (PM) tunbe is illuskrated in fig.13. The
gcintillation light after reflection at the inside walls (which are
light~tight) enclosing the ecintillators fall on the photacathode of the
FM tube whirh is gptically coupled to the scintillator. The photo—
electrons are emitted fram the photacathode and are directed toward

the first dynode of the photomltiplier (fig.i3), whose potential is
abcut 100V positive wikh respect to the photacathode. Each electrons
that strikes the &ymnodes causes several cother electrons to be ejected

fram the dynode, thereby 'multiplying' the coriginal photocurrent. This
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process is repeated about 10 times before all the electrons, thus produced,
are collected by the plate of the P4 twbe, The resulting current pulses,
whose magnitude ie proportional to Huel energy of the primary ilonizing
radiation, produces voltage pulses at the output of the photomultiplier.
The voltage pulses can then be amplified and analysed far counting

through camwentional circuits {£ig.7).

The Model 802 scintillator detector, which is monoline
crystal asgsembly including a high resolution Nal(Tl) crystal and a
photomaltiplier tube was selected in our experiment to detect ganma-ray

photons. Its salient features are shown in Table—6,

Table—G

Specifications of Nal(Tl) detector

Dimens ion ¢ 7.6 cmx7.6 om
Window : 0,05 mm aluminjum (density:147.% 111;;;’::r|:l3
Reflector oxide : 16 mm thick (density BE rng,.fcrn?’

Magnetic/light shield : connecting lined steel

Biasg : w00 v

Resolution : 7.5% at 662 kev peak of 13?(35
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5.4 PADIATIQN SOURCE

The experiment was carried out using a 20 fission source

which emits both fission nestrons and fission gamma-rays. The total

6

mass was 2 pg on Movember, 1985, which corresponds bto 2.3x100 n/sec/yg

and 1.3:-:1{]?10’ ug. This scurce was taken because of its fission yield

235

being identical to the fission yield of 7 which undergoes nuclear

fission with thermal neutrons in a reactor cw:n:re':m:| . A typical fission
)

vield distribution for both 222Cf amd 222y

is showm in figure 14. The

25

average neutron energy of the fissiom spectrum due to “Cf and 235U

have a mean values of 2.3 MeV and 2 MeV, respectively, Typical neutron

52

and gamme-ray fission spectrum of 2 Cf are shown in figures 15a and 15b.

{40) 232

o Cf are summerized in Table-7.

Same physical properties
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Table-?

Physical properties of 2521[2f

Atamic number

Akbomic weight

Half-life for alpha emission

Half-life for spontanecus fission

Ii_alf—life feffective)

Fraction of decay by alpha emission
Fraction of decay by spontanecus fissicon
Iwerage nurber of neutrons per spontaneous fission
Decay heat (5% fram fission, 49% from decay)
Specific activity

Neutron emission rate

Neutron spectrum

Photon emission rate

Gamma radiation spectrum

88
252

2,72 years
85.5 years

2,65 yeers
g7%

IE%

3.8

39 yw/pg
530 wCi/ug

2, BRlﬂES-l.ug
See. fig.ba |5
1.3x107 574, g1

Sew. fig, 66\ b

-1
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5.5 SHIELDING MATERIALS

The reduction of radiation intensities is accamplished through
interaction of radiation with matter. The most significant radiations
for which shielding is required are (i} the mixed radiation field
consisting of the primary gamm-rays and neutrons present inside a
research reactcor, neutron generator and also emitted by certain radio-
active sources and (ii) the secondary gamma-rays produced by inelastic
scattering of fast neutrons with shielding materials and the capture of
thermal peutrons, The shield design involves more than cheoosing a
suitable material {or materials) and determining the optimum thickness
required to decrease the total radiation to an acceptable level. ‘
Elements of high atoric number and high density are the best for absorbing
gama-rays and elements of low atamic number are the best far absorbing
nentrons, Heavy elements may be used also to slow down high-enerqgy
neutrons by inelastic scattering, Hydrogeneous materials i.e.,
materials containing hydrogen may be used bo moderate intermediate
neutrans. Neutron poisons, such as boron, may be uzed to absorb low
enerqy neutrons without emitting high energy gamma-ray. In addition
to presessing good attenuaticn properties, an ideal shielding material
should have the following characteristicsml}:

D be inexpexpensive;
0 easy to handle and fabricate;
0 physically strong and durable under cperating conditions:

¢ stable in chemiral composition and physical dimensions;
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0 fire-resistant:

U  mercoarrosive, nentoxic, and odor less)

0 not affected by intense radiation fields or high
temperatures; and

0 co-efficient of expansion that is compatible with cother

materials,

Since no material could have all these q.:alitiles, campranises in design
and fabrication of mired radiation shields are required. & brief
description of the shield materials used in the multilayer shielding

experiments and their properties is presented below:

POLYBEOFLH

-

Tt is well known that neutrons are most effectively moderated
by hydrogenecus materials. Addition of boran in hydrogenecus materlal
provides good absorpticon of neutrons and reduces secondary gamma
radiaticn which is desirable for meutren shielding., A reutron shielding
material, called "Polyboron”, consisting of polyethylene, baran-ester
and paraffin WME} has been larally developed. The density of this
material is little lower than water (0,971 g/crcj. Pelybaron has
unigue mechanical properties. The neutron shielding effectiveness of

1543}The palyboran

this material has been studied and reported by Bhuiyan et a
can be used in encapsulated form in locations where the temperature is
higher than that of its melting point. It may be used in same other

mixed fields of neutrans and gamma-rays like neutron radiography,

cancer theraphy using reactor neutron beam etc.
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CCNCEETE

Ccacrete, ane of the most familiar construction materials,
has many properties desirable from a nuclear radiaticn shielding point
of view. It 1= an inexpensive, easily handled material. Its good
nuclear properties taken in conjunction with its excellent structural
praperties, It is a mixture of hydregen and other light nuclei and
mxzlei of fairly high atomic muber. For these reasong 'it is efficient,
both in absorbing gamma-rays and slowing down of fast neutrons by
elastic and inelastic scattering. The hydrogen contained in the water
of hydration of the cement is sufficient for the rapid thermalization
of the intermediate energy neutrons. The standard composition of ordinary
ooncrete with a conventional method of preparation is 1 part'cement @ 2
parts sand : 4 parts rock aggregate by volume and adding about 6 gallons
of water per 94lb bag of cement (53 litres water per 100 kg cement).
Increasing the cement content will terd to increase the strength of
corcrete, while increasing the water content will tend to decrease its
strength. Special aggregates can be used to increase the density and
shielding efficiency. For heavy concrete the desifable water—cement

ratio may be less than 0.53.

The ordinary corncrete slabs were made with cement, sand and
stone chips mixed together in the ratio of 1 : 2 : 3 respectively by
volume and the density of ordinary concrete is 2.3 g,.f’c:rn3 with compressive
strength of 315 kg,fcmz. The dimensions of each of the slabs is

25,5 cmx 12.5 omx 5 cm.
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The ilmenite-magnetite concrete is a heavy cancrete produced
with ilmenite, magnetite and ordinary sand together with stane chips and
cement. This material has been used as a biclogical shield of the
3 MW TRIGA Mark-II research reactor at Atomic Energy Research Estalhligh-
ment (AFRE)} , Savar. The heavy concrete is wade of ilmenite, magnétite
and ordinary (Sylhet) zand mixed together in the ratic 2:2:1 with
coment and stone ships in the ratio 100:36:100 by volume. The density
of the heavy corcrete is 2,75 g,f0m3 with compressive strength of
233.01 kgfcmz. These slabs, each having the dimensicon of 25,5 om x

12.5 cm x 5 am, were aleo supplied by the INST of the AERE, Savar,

Because of its high density, good working qualitieg, lack ef
objecticnalle impurities, ability to withstand radistion without damage,
and avallability in large quantities, lead iz a wvaluable gamma-ray
chield. It ig particularly effective against low ensrgy gamma-rays
because of high photoelectric absorption cross-section which predominates
upte gamma-ray energies as high as 0,5 MeV, and also against high

energy gamma-rays because of its high pair-production cross-section.

Lead is widely used in the form of ractanguiar "lead bricks®.
Because of high density of lead, the volume required for a shield is
low, resulting in a comparatively smaller shield. This mzkes it

attractive for shielding.mobile reactors and isotope carriexrs, and for
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“u

special application in which it iz imperative to reduce materially
the size and weight of the shield, Iead is also corrogicn resistant

and easily fabricable.

It has poor structural properties. As a result large lead

gheets and plates must be supported. It is comparatively expensive.
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FESULTS AND DISCUSSICN

The relative variation of neutron transmissicon fackor, I/I(0),
as a furction of thickmess for polyboron (FD} + heavy corcrete {HC), FB +
ardinary concrete {OC) and PB + lead (Pb) multilayer shielding arrange—
ments are plotted in figure 16. It is seen that the PBHHC arrangement
shows more attenuation of neutron than those of PBHOC and PB+Fb shielding
arrangements, For the thickness of 7.5 ¢m, the attenwation of neutron
cbzerved is 54% for FBHHC shielding arrangement but is 52.5% and 37%
for FR+HXZ and FB+Pb shielding arrargements respectively. For 30 om
thickness, the attenuaticon of neutron increases to 85.7%, 83.5% and
81.5% for FB+HC, PBHOC and PB+Fb shielding arrangements respectively.
The results show that the EBHHC shielding arrangement has greater
neutron shielding effectivenese than those of FB+OC ard PB+Pb shielding
arrangements. The neutrom shielding effectiveness of PBHX is closer
to PBHHL but the shielding effectivencss of both these arrangements are
higher than that of PB+Pb shielding arrangement. The cause of higher
attenuation of neutron in PB+HC arrangement than in FPBHOC and PB+Fb
ehielding arrangements 1s probably due to the presence of more water

molecules in heavy concrete.

The transmission curves for gamma-ray in the same f[ypes of
multilayer shielding arrangements is shown in figure 17, The curves
ghow that the FB+Pb arrangement contribute more attenuaticn in gamma—

ray transmission than those of PBHE and PB+OC shielding arrangements.
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For the thickness of 7.5 cm, the attenuation of gamma-ray intensity
obzerved is 50% for PD+Pb shielding arrangement campared to 28% and

27.4% for FBHID and PRHIXC shielding arrangements, respectively. For

30 cm thickness, the attenuation increases to 66%, 62% and 59%, respec-
tively, The results ehow that the PB+Pb shielding arrangement has greater
gamma-ray shielding effectiveness than those of PBHHEC and PBRHOC shielding
arrangements. The ganma-ray shielding effectiveness of PRHHC is higher
than that of PEHXC shielding arrangement but the shielding effectiwveness
of PB+Ph is more than those of FBHHC and PBHOC shielding arrangements.
The bigher gamma-ray attenuation in FD4Fb shielding arrangement than in
TDHIL and DBHC arrangements is probably due to the higher density of

the lead.

‘he relative rate of counts for neutron and gamma-ray as a
function of thickness of multilayer slabs are shown in figures 18 and
19. The attenuation ot neutron and gamma-ray intensity is generally
characterized by half-value thickness (BVT) ,xemoval cross-section {ER} '
attenuation co—efficient (p} and relaxation length (3). The attenuation
character istics based on the measured values from the attenuation
curveg for neutron and gamma-ray are given in Tables 8 and 9. The
values presented in these tablee are deduced [rom the siopes of the
curves (Figures 18 and 19}. Since the relaxation length of a particular
radiation in a given mterial is equivalent to the reciprocal of the
attenuation co-efficiont (for gamma-ray) or remwal cross-section {(for

neutron), the relaxatia lengths provide a good means for campar ing the
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shiclding effectivencss of different multilayer mater ials.

Table-B shows that the relaxation length for nestron in PEHIC
is mch smaller than the relaxation lengths in PB+OC and PR+Pb shielding
arrangement This is because Hie HC may bas more hydrogen content than

the CC and Fb iz a heavy element of poor neutron attenuation capacity.

rable-9 shews that the relaxation length for gamme-ray in
PE+Ph schielding arrangement is much smaller than those of PBHIC and
PMQU shielding arrangements. Lead has very high density and large
absorption coefficiont for gamma-ray resulting in good attenuation

capacity for gamma-rays.

A carparison of the pregent measuremcnt of neutran and gamma-
vay attenuaticn characteristic (Tables 8 and 9} with those obtained in
other investigations cannot be made directly becausc different composition .

and constituents of the concretes and lead have been USEﬂHS r46) -

252(3f for

Fur thermore, data on the attenuation of the radiaticn from
concretes is not available. However, for comparison, the available
data on relaxation length tor neutron in different corcretes and lead
are shown in Table-10, The relaxaticn lengths for neutron cbtained in
this study are generally comparable with published value (Table-10),
being slightly better for few cases. The shielding performance depends
on the properties of component substances: and by suitable cheice of

constituente it is possible to increase the density of material and

gptimize the shielding characteristics for varicue types aof radiation.
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The lecally available ilmenite and magnetite sand have great economical
potential for use in the development of high density (heavy) concrete for

effective shielding of neoutron attenvwation in a nuclear radiation field.

Talb]lc—8

Muclear parameters by neutrems in multilayerd shields.

Combination of Half=yalue Tenth-value Remowal Relaxation

mualtilayerd thickness thickness cross-section  length
shields fom) fom) Egr 0 Ch 1) (Cny
FE+HC 6.5 57.0 0.1066 9.38
PBHIC 8.25 66.5 0.0840 11.96
PO+EDb 9.0 76.5 0.0770 12.99
Table—10

Nuclear parameters by gamma-rays in maltilayerd shields

Combination of  Hall—=value ™T Attenuation Felaxation

multilayerd thickness coefficient, length

shields (cm ) {cm } o {enmdy {CW 3
PR+ 17.25 - 0.0402 24,89
FOHC 18.60 - 0, 0372 26.84

FE+FD 8.0 - 0.0866 11.54
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Table-10

Typical walues of the relaxation lengths neutran in concretes
(Ref.1l) and lead (Rel.2}.

Type of shielding Density {g,fcm3:| Felaxation length
material {cm)
Ordinary o 2.30 12.2
Concrete 2.50 11. 1
llmenite N 3.52 13.4
Cancrete

Magnetite 3,20 8.9
Concrete 3.50 10.5
Limmite N 2,70 8,0

Lead 11.3 9
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Thermal neutron flux at different distances fram the biclogical
shirlding fave of the rcsearch reactor in the tangentizl beam part have
becn measured by activation method. Cold foils of high purity have been -
irradiated in the central besm axis of the beam port. Memsured neutreon
flux has been Ffound to decrease as the distance increases from the biclo-
gical shielding face of the reactor. Weutron £flux was found to be maximam

7

{4.34 x 10 n,fcmzfsmj near the biological shielding face and minimum

{L.03 x lU'}r n,a‘cmz,-"scr_:} at a distance of 1.5 m away from the sane face,

he results of the present investigation on the effectiveness
of multilayered shields for gamma rays suggest that a multlilayered shield of
polybororn-lead i1 more etfective than those of polyboron-heavy concraete
and polyboron-cordinary concrete, 'this is explained by the fact that
attenuation of gama-rays in polybaron—lead ig higher than those of

polyboron-heavy concrete and polybaron—ardinary concrete,

The results of the present imwestigation on the effectiveness
of multilayered shield for neutrons suggest that a multilayered shicld
polyboran-heavy concrete is nore effective than those of polyborcn-ordinary
corcrete and polyboren-lead, This is due to the fact that atterwation
of neutrons in polyboron-heavy concrets is more than those of polyboron—

crdinary cocrete and polyboron—Ilesad.



BY

Finally, it is concluded that a multilayered shield
gansisting of polybaron, heavy cancrete and lead may find its useful
applicationg in a mixed f£ield of neutrons and gammas such as In

beam port experiments in research reactas, accelerators and neutron

generatars and also in the uses of radioisotopic neutran sources.
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