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ABSTRACT

Relaxation lengths of different types of rock were measured using gamma radiation from a*CO source. Results
show that limestone has the highest relaxation length of 20.000 cm, while sandstone has the least relaxation
length of 8.850 cm. Half-thickness was determined for each rock sample. Results also show limestone with the
highest value of half -thickness as 13.860 cm, while sandstone has the least half -thickness of 6.133 cm. Densities
of rock were also measured. Mass attenuation coefficient was determined for each rock sample. With the proper
choice of the thickness of rock sample from theoretical evaluation, it was observed that sandstone with thickness
of 280 cm almost completely attenuate gammaray energy intherange 0.1 Mev to 1.836 Mev.
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INTRODUCTION

Rocksthat constitute the earth’s crust consist es-
sentialy of assemblages of variousminerals. They can
be broadly classified, depending upon their mode of
origin, intothreemgor divisions: thesedimentary, meta-
morphic and igneousrocks. Rockswithin each of the
magjor divisionsare classified partly by the shapeand
gzeof theindividud particles, which makeuptherock
and partly by therock-forming minera sthat are present
inggnificant amounts. Theserockscan bequarriedinto
different sizesfor road construction aswell asinthe
congtruction of dwelling places. They canaso beused
to shield radiationsfrom nuclear sources.

Therearealot of industrial usesof gammairradia-
tion such asfood preservation, sterilization of medical
devices, pharmaceutica productsand packaging ma-

terids, improvement of mechanicd, eectrica andther-
mal propertiesof plastics. Suchionizingradiation com-
bined with nuclear wastes from nuclear bomb testing,
volcanic eruptions, nuclear power plantscouldincrease
the sourcesof gammaradiationsin our environment.
From recent studies, it was observed that our environ-
ment has been contaminated by someradioactivefall-
outs*Z. Exposureto gammaradiation may beharmful.
Gammaraysarethe most penetrating of all natura ra-
diationsand are best absorbed by dense materials.
Sinceatenuation dependson thedensty of thema:
terial aswell ason other property®, very dense mate-
rias(such aslead) arevery expensive. Therefore, there
isneedtoinvestigateour local materiasfor useaspro-
tective shieldsand coatingsthat could attenuate some
of theseradiations. Gammaradiationsfrom cobalt-60
have already been used in measuring the density of
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Figurel: Experimental setup

rocksand variousother materid §59. Recently, Akpabio
et d.m and Akpabio et d.® devel oped modelsfor Re-
laxation length and Half-thi ckness of wood usng gamma
radiationtechnique. Inthisinvestigation, thesamegamma
radiation from cobalt -60 has been used in determining
therd axationlength and haf-thickness of different types
of rock.

FORMULATION OF THE PROBLEM

Threemain processes attenuate gammaradiations
in rocks: Photo effect, Compton (also known as
Compton Debye) effect and pair production. When
gammaradiation of intensity | isincident on arock of
thickness X, theattenuation of gammaradiationinthe
rock substanceisgiven by the relationship“9.

I =l,en*=1e"F (@)
where | istheintensity of the beam before passing
throughamaterid of thickness X; I, istheintengity after
passagethrough X, u isthe attenuation coefficient and
R istherelaxationlength.
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Theattenuation of gammaraysby different gamma:
absorbersmay also be expressed in termsof aquantity
caled thehaf-thickness, X, (i.e. thethickness of ab-
sorber needed to reduce theintensity to half itsinitia
vaue)d,
suchthat 1 =1,

Eq. (1) may bewrittenas, In (1 /1) = uX 2
Suchthatin2=pX,,and X ,=0.693/p 3)

Onplotting In (I /1) against X fromeq. (2), theat-
tenuati on coefficient for each rock sampleisdetermined
andlikewisetherelaxation length.

MATERIALSAND EXPERIMENTAL

Materials

Inthisinvestigation, ninedifferent rock samples
were used. Six of therock samplesamong whichin-
cludeAmphibolite; Schist; Branded Gneiss; Dolorite;
Graniteand Grand-diorite, were collected from Strabag
Quarry in Netim Village of AkamkpalL ocal Govern-
ment Areain Cross River State, Nigeria. Limestone
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and Sandstone were obtai ned from Urban Local Gov-
ernment Areaasoin CrossRiver State, Nigeria, while
clay rock wastaken from theravinein University of
Uyo compound inAkwalbom State, Nigeria.

Rock cutting machineswith diamond coated blade;
Model 16 SSP Seria 16 SSP 7626 and Model CS10
thin section cut-off saw (Logic Tech. Ltd. Scotland)
were used for cutting each rock sampleinto Six rectan-
gular blockswith thicknessranging between 2.0cmand
13.2 cm. Cobalt-60 (5 uC,) gammasource model P66
340/8, Geiger Muller (GM) tube detector and scalar
counter/timer mode P67520/4 were used in measuring
therelaxation length of therock samples.

Experimental method

The experimental set up for the determination of
relaxationlength by gammaradiation was as described
earlierin someprevious studies”2, Theset up com-
prised aGM tube and ascalar counter/timer. Two stedl
collimatorsof equal diametersand thicknessarranged
axially between the source and sample and between
sampl e and detector reduced the primary and second-
ary gamma-raysto narrow beamsasshowninfigure 1.
Thesamplewasirradiated fromthetop by narrow beam
of gammearrays. Counting timewasfixed at 30 minutes
and average background corrected activity obtained
fromthetotal count. Counting wasrepeated twicefor
each sample and average count rate taken.

Thenumber of countsfor thetransmitted intensity
of thegammaradiations, | of each sample (of varying
thickness) wastaken for the sametimeduration of 30
minutes. The same procedurewas used for dl thedif-
ferent rock samples. At each instance, the count rate
without samplewas measured before each samplewas
introduced. Thebulk densitieswere a so determined
by conventionad methods.

RESULTSAND DISCUSSION

Theradionuclide content of rocksisacomplicated
function of their geochemicd higtory; which variescon-
siderably among thevarioustypes, certain generaliza-
tion can be madethat derivefrom extensivegeologica
investigations. For example; theradioactivity inigneous
rocksisrdated tothe quantity of silicates, being highest
inacidic varietiesand lowest in the ultrabasic rocks
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TABLE 1: Experimental resultsfor therelaxation length,
half-thickness, density and massattenuation coefficient of
therock samples

M ass
Density  Relaxation Half- attenuation
Rock sample (gem-) length thickness coefficient
p+0.011 R, (cm) Xyp(cm)  (cmPgt)
+0.002
Sandstone 3.358  8.850+0.067 6.133+0.023 0.034
Amphibolite 2.832 12.195+0.083 8.451+0.024 0.029
Grand- 2.800 14.085+0.045 9.761+0.012  0.025
Diorite
Dolorite 2.716 13.889+0.044 9.625+0.012 0.027
Schist 2.713 14.925+0.04710.343+0.012 0.025
Branded 2472 15.385+0.04410.662+0.011 0.026
gneiss
Granite 2400 17.241+0.04211.948+0.011 0.024
Clay 2.031 17.544+0.03812.158+0.009 0.028
Limestone 1.749 20.000+0.03313.860+0.007 0.029

(e.g. dunites). Igneousrocksgenerally exhibit higher
radioactivity than sedimentary rocks, while metamor-
phic rock have concentrations typical of the
unmetamorphosed rocksfrom which they are derived
certain sedimentary rocks, including some shalesand
phosphaterocksarehighly radioactive, whileother types
notably limestone and various evaporates (e.g. halite,
anhydrite and gypsum) arequitelow inradio nuclide
content(™?,

Therelaxation length for each rock samplesisob-
tainedfromeq. (2) by theplotting of In(1,/1) against X.
The respectiverelaxation length, mass attenuation co-
efficient and haf-thicknessfor thedifferent rock samples
arepresentedinTABLE 1. Thevariationin attenuation
of gammaradiation with thickness X of thedifferent
rock samplesareasobtained infigure 2.

The attenuation of gammaradiation may also be
expressed intermsof aquantity caled, the half-thick-
ness. It will beobviousfrom TABLE 1, which shows
thevariation of half-thickness (X ) with density (p);
that asthedensity of therock sampleincreases, thehalf
va uethickness decreases. Thismeansthat, attenuation
isindirectly proportional to the density. It isobserved
that the mass attenuation coefficient isnearly constant
(TABLE 1) for theinvestigated rock samples. There-
sult conformsto what isfound experimentaly aspre-
sented by Littlefield and Thorley!2?.

Attenuation depends on several factors, some of
whichincludebulk density and size of the particles.
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TABLE 2: Computed gammar ay attenuation for rock sample
(Sandstone)

Gammaray energy Gammaray energy

Source (Mev) attenuated (nev)
0.100 2
%2 Ba 0.302 5
%2 Ba 0.356 6
ZNa 0.511 9
¥ cs 0.662 12
*Mn 0.835 15
2y 0.898 16
0 cCo 1.173 21
ZNa 1.273 23
0 cCo 1.332 24
%y 1.836 33

Moreso; closely packed particle materialshave high
bulk density and corresponding low pore spaces, while
loosely packed particlematerid shavelarge pore spaces.
Hence, lower porosity enhances retardation factors
between the solid particles. Thislowersthe penetration
of gammaraysinthematerial, thushigh bulk density
particles attenuate or scatter moreradiation than the
low-density particled’®, Thisimpliesthat materials
with heavier particleshavelower valuesof relaxation
length and half-thickness. Therefore, sandstone con-
tainsclosdy packed particlesthat can attenuate or scat-
ter gammaradiations, whileLimestone containsloosely
packed particles.

Uwah and Rosenberg™ carried out Instrumental
NeutronActivationAnalysis (I NAA) to determine
sixteen trace elements: Na, K, Mn, Sm, La, Fe, Tn,
Sc, Co, Ba, Rb, Br, Sb, U, Csand Tain some rock
samplesfrom Ugepinthelower Benueregion of Ni-
geria. Most of therock samplesfor thisinvestigation
were d so obtained from thelower Benueregion. They
concluded that, thereis evidence of preferential en-
richment of Thwith respect to U intherock samples
of thearess. Likewise, Baconcentrationin theserocks
ishigher than normal. Onthewhole, these concentra-
tions (U and Ba) are not high enoughtoinfer possible
mineralization. Hence, there was no anomal ous con-
centration that would have adversely affected our re-
sult for thisstudy.

Leaching of radio nuclidesfrom underground nucleer
repositoriesor toxic substancesfrom landfillsand their
migration in the surrounding environment arecritical
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pointsin environmental research*™, Sinceretardation
factord® of the rocks surrounding therepository de-
terminethe geological safety barriers, wehave com-
puted the thickness of atypical rock sample (Sand-
stonefollowing theresultsof TABLE 1) that will com-
pletely atenuategammaray inagivenenergy range0.1
Mev to 1.836 Mev. Theresult of our computationis
presented in TABLE 2. Thelist of standard sources
and their gamma ray energies were obtained from
Holmberg and Rieppo“, while 0.1 Mev wasincluded
to complete the range. From the Table, we can ob-
servethat sasndstone of 280cm thick amost completely
atenuate gammaray energiesinthegivenrange. This
impliesthat Sandstonewith thicknessmorethan 280cm
could compl etely attenuate gammaray inagiven en-
ergy range.

CONCLUSION

From our experimental results we conclude that
limestone hasthehighest rel axationlength and half-thick-
ness value of 20,000cm and 13.860cm respectively.
While, ssndstonehastheleast rlaxationlength and half-
thicknessof 8.850cm and 6.133cm respectively. The
resultsa soindicate cons derable potential for themass
attenuation coefficient of rock, which can guide con-
struction engineer onthetypeof rocksto select for the
construction of accommodationingammainvasivear-
€ss.

Sincerelaxation length and haf thicknessval ue of
rock samplesdepend on density, it impliesthat there
aresuitable physicd parametersthat canbedetermined
and usedtoidentify rock samples. Theoreticdly evalu-
ated attenuation values of TABLE 2 for gammaray
energiesinagivenrangesuggest that, rock samplesuch
as Sandstone with thickness more than 280cm could
compl etely attenuate gammaray energies. However,
thisresearchisopenfor further investigation asonly a
few rock samplesamong the numerousrockswere used
for thiswork.
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