THE EFFECT OF GRAIN SIZE DISTRIBUTIONS ON ACOUSTIC WAVE
VELOCITIES IN POROUS ROCKS
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Abstract:

This paper presents the result of the study to established correlation between grain size distribution and a acoustic
wave velocity of the sandstone and lmestone sample by using Ultrasonic Puise Velocity Method (UPVM]}. This
result aiso can be used n density and porosity determination . By knowing the rock acoustic velocity data which
normally can be estimated from acoustic log and seismic data,
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1. INTRODUCTION

Advances in acoustic wave and somic logging
technology  have resulied in enbanced formation
evaluztion capabilities. Acoustic wave velocities in
reservoir rocks depend on many parameters, for
example , grain size distribotion, porosity, pore fluid
properties and level of sawration, lithology, clay
content, pore structure and geometry, and other
physical characteristics. The spplication of acoustic
and sonic wave technology in the petrolesm industry
has ben limited fo measurement of compressional and
shear waves. Compressional and shear waves
correspond respectively to particle vibration parallel
and perpendicular to the direction of wave travel,
Acoustic wave measurement in the labormory and in
the field have been used for various applications
ranging from determination of porosity , interpretation
and calibration of sonic logs dentification of
fithology , determmnation of classical elastic rock
parameter and formation |  eohanced seismic
interpretation | micre facture recognition  and
formation damage evaluation.

Acoustic wave from seismic and sonmic well
log can be correlated from acoustic wave of uitrasonic
data in the laboratory. Ultrasonic tester is non
destructive testing, and than core sample is not
destroved (non destructive), while correlation between
scoustic velocity from physical rock properties can be
used to determine and the characteristic of rock will be
driff, stimulation (fracturing), and evaluation of
reservorr rock. The parameters of rock physical
properiies can be measured by using two methods,
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jaboratory test  and well log analysis. In this paper
work had been determined the carried out to physical
rock propertsies from acoustic velocity tester.

The result of this study can  predict
correlation between grain size distribution be used 1o
acoustic velocity of the rock. The findings care also be
used to calculation density and porosity of the rock,

L LITERATURE REVIEW

The velocity in a rock may be related with the
velocities in ity various grain size and mineral
components. Therefore, it is apt to discuss briefly about
these two properties in order to undersiand the
relationship  between wave propagstion and rock
texture. Crains are the particles which support the
framework of a rock. They are thus generally of sand
grade or larger (Friedman and Sanders, 1978).

The effect of average grain size and sorting on
porosity  and  permenability  has  been  exanmived
pericdically. Graton and Fraser (1935) showed thar
porosity of unifbrmly sized spheres but are affected by
the packing arrangement. However, studies of naturat
sands and gravels indicate porosity is grester in fine-
grained sands than in coarse-grained sands (Lee 1919,
Todd 1959). Griffiths {1952} examined the grain sive
distribution in various reservoir rocks and concluded
that no generalized statement could be made as 1o the
effects of size and sorting on porosity and permeability.
Rogers and Head (1961) in their study of synthetic
sands concluded that in well sorted sands, porosity is
independent of actual grain size (Hayes, 1977},
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Theoretically, porosity is independent of grain
size. A mass of spheres of uniform sorting and packing
will have the same porosity, regardiess of the size of the
spheres. The volume of pore space varies m direct
proportion 10 the volume of the spheres. Finer sands
tend to be more angular and be able to support looser
packing fabrics, hence they mav have a higher porosity
than coarser sands {(Friedman and Sanders, 1278},

Whatever the cause of the relationship, it has
been shown empirically thet porosity  generaily
increases with decreasing grain size for unconsohdated
gands of uniform grain size Permeability, by contrast,
increases with ingreasing grain size (Fraser, 1935,
Krumbein and Monk, 1942 Pryor, 1973), This is
because in finer sediments the throat passages between
pores are smaller and the higher capillary attraction of
the walls inbibits fiuid flow. This relationship is found
in both snconsobidated and lithified (composite) sand
{Friedman and Sanders. 1978}

The velocity of waves it influenced by the size
of the grains constituting the rock. The velocify is
greater in fine-grained rocks than in coarse-grained
ones as had been waiting that fner sediments tends o
have smaller throat passages, (grains is well-packed,
feaves a compact medium for wave propagation) allow
the acoustic wave to propagate fasier than in the coarse-
grained and loose packing rocks.

L METHODOLOGY

LU SAMPLE PREPABATION

A total of Farty-five samples of sandstone and
Hmestone namely 8, B and E were taken from Sarawak,
Rompin, Pshane of Malaysin sl Indonesis basm
respectively. Sandstone samples are Som Sarawak and
Rompin while limestone samples were taken from
Indonesia. Three sets of experiment have been carried
out, which are SEM Test, Porosity Test and Acoustic
Velocity Test,

Malaysian sandstone samples and Indonesian
Hmestone samples of T inch  diameter and T inch
length were cored in the laboraiory. The samples is
conditioning in on oven at 60 C for % hours and than
tested for density, porosity and agoustic compressional
wave veloeiy with Pundil. This procedure permiis the
messtwement of both P wave velocities.

Sample Coring

The coring machine has been used along with
1 inch iron bit, had been wsed to prepared cylinder
shapes cores with 1 inch diameter. Then by using
cutter machine, the cores were cuf o 110 1.5 inches
{ength. To ensure there are no fluid ief in the cores, afi

cores has Been heated in an oven for 8 hours at 60°C.
Core preparation were based on ASTM (ASTM D4543.
85). The bulk vohume were determined by using the
following equation,

V, = 3.142 (d/2)F (1)

Where Vi, = bulk volume, ¢ = diameter of core

samples, L = length of core samples and 3.142 =
constant
Basaple for BEM Fest

A piece of rocks were taken from each
samples and were crushed into “individual grain’
separately. The grains then were scattered onto piece of
double-sided tape which attached to a specimen
pedestat to produce only & thin layer of grain and
Iabeled 28 8, B and E samples.

The specimens are coated with gold by thin film
deposition, to give the surface electrical conductivity.
Thickness of the coating is 100 to 200 angstroms, 50
thin that the ceating does not mask true surface
features.

3.2. TEST PROCEDURE

SCANNING ELECTRON MICROSTOPE
TEST

SEM Test is mportent to uederstand the
size of grain that forms the rock samples. The effect of
grain size on porosity would be established from the
results of the test. The steps to precede the SEM test are
as folow;

3.2.%.

b The Iabeled sample s place inside & vacuum
chupriber.

2. Yacowm pomp is switched oo to discharge any
285 from the chambes.

3. Finely focused electron beam (1G0A) will scan
the specimen surface.

4, Interaction of ihe eclectron beam with the
specimen surface generates 2 signal that resukts
ultimately in brightvess modulation, thereby
vroducing an image of the specimen surface
{SEM uozge).

5. (wrain size were measured from both X and Y-
axis of SEM tmage.

6. The grain size data are recorded.

3.2.2. HELIUM POROSITY TESY

The poroasity of rock depicts the dimension of
nore space of a rock filled by flisid, either oil, gas,
water or a combination of thus. In laboratory, the



porosity of a4 rock can be measured using both
porcsimeter and weighting method.

The procedure to determine the porosity of dry samples
by helium porositymeter are |

1. The source of helium gas from the tank is
comnected to the panel with all valves of the
too! are closed.

2. The core sample is placed in the core holder
followed by the discs until # become leveled
or shightly lower than the matrix container
{core holdery. Then, the container is tightening
in is place.

3. The sowrce and supply valve are open until the
pointer is pointing at 100pst {f not, use the
regulator to adjust the pointer). Both valves are
then closed.

4. Bv opening the core holder valve, the
movement of the pointer 18 observed to move
anti-clock-wise.

5, Then, when the pointer stops moving, the
reading at the outer scale of the Porosimeter is
recorded. Moreover, this is the “volume with
sample’ (core sample volume + discs).

6. The core holder valve s closed to ensure the
gAS cannot escape.

7. The exhmost valve is now open to allow zero
pressure inside the matrix container.

8. By lposgning the cap, get the core sample out
of the core holder and tighten the cap again
with the dise ingide.

9. Steps 3 to 7 are repeated to get the “vohume
without sample’ (the volume of disc). Gauge
reading is taken as ‘volume without sample’.

10. Steps 2 to 9 we repeated for another core
samples.

Porosity is calculated using Equation (2).

&= (wa Vg) 7 Wux 10G% (2}
Where ® = porosity, Vi, = bulk volome and

V= grain volume

3L ACOUSTIC TERY

Effect of acoustic wave depend on medium elasticity
spreading. The transit time of rock is fime needed by
acoustic wave to principle within is. Acoustic velocity
of wave can be determined by the following equation ;

Atma =1/ Vma x 16° %3}

when : At ma = transit time  usec/ fand Vma =
Velocity of acoustic wave in the rock, f /sec

The instrument indicates the time taken for
the earliest part of the pulse to reach the receiving
transducer measured from the time 1t leaves the trans-
mitting transducer when these transducers are placed
at suitable points on the surface of the material | In this
sudy a direct method | when the surface of the
specimens tasted direct contact whit transducer, had
been used.

The direct {ransmission arrangement is the most
satisfactory one since the longitudinal pulses [ leaving
the trensmitter by propagated mainly in the direction
normal to the transducer fage. Tn this Non Destractive
Test {NI¥T) Test, elecirical wave energy from pulse
generator travels from transducer {Tx) a5 mechanical
wave , and than spreading i the rock sample
{material}. After reaching the receiver transducer (Bx),
the wave energy can be retranstormed to electrical
wave and then it is spread through booster which
finally can be used determined time transit by digital
mumerical or oscilloscope.

Priot {o the step, the time of flight for wave is
requited and can be obtamed by plecing  the
transducer holders and the end pieces in face to face
condition with a disc of lead foil between them.

The velocities are calculated by dividing the
length of the specimen, L. by the appropriate ‘pulse
time-of-fight, cotrected for Mp. Portsble Ultrasomic
Non-Destructive Digiial Tester (PUNDIT) i a pulsing
unit that being used in this study to obtain the acoustic
velocity of rocks, Using a frequency of 1MHz, the
compressional wave (P-wave) and shear wave (5-
wave) velocities are calculaied by dividing the fength
of the specimen, 1L by the appropriate pulse time-of-
flight:

Vo=L/t, and V=171 ]

Where V,, = P-wave velocity, V, = S-wave velocity, L=
length of specimen and t,  and t, = fransit time
compress fonal and shear wave (puise time-of-tlight)

V. RESULY & BISCUSSION

Several sets of experiment have been cartied out.
In order to achieve the correfation between acoustic
velocity and porosity, some factors which are now 15
wdentified as factors that affecting the correlation will be
discussed in this chapter. The discussion will include
the results of petrographby test, porosity test and
acoustic velocity test. The distribution of samples gramn
size¢ has been determined by scanning election
microscope (SEM) test. And acoustic velocity test by
PUNDIT Plus Unit with 1 Mifx P & 5 Wave
transducer,



Figares 1, 2 and I shows the gram size
distribation for Sarawak samples, Pabang Samples and
Indonesia samples respectively.

Figure + SEM wmage for Saraweak sandstone sample.

Figure 70 SEM imuge for Rowpin  Palung sendstone |

Figiere 37 BEM mn

ape for Indonesta limestone.

Based on these images, the distributions of grain size

are as below:

¥ Sarawsk sandsions: ronges between 285 5um fo
487 Sum. Average graie size - 418 Spm

@ Pahang sandstone © ranges betwsen 23%um fo
324 Spm Averspe prain size 0 2068 Jum

2 fdonesiz Himestone  rangoy between 15 Sum w
E97um, Average grain size 167 1lum

Frowm - analysis, @ shows that Samewsk
saristone sammpies have the biggest grain, followed by

the
ies
Pahany sandstone samples, and the sailest grait size

for Indonesia limestone samples. Figures 4 and 5 show
graph of acoustic velooity versus grain size for each
sample using P-wave and S-wave respectively. Both
graphs show that scoustic velocity decreases when
a?f@iﬁ size increzses. Thizs is in line with the ‘E%ﬁ?ﬁ’"
which sinted that veloeily iz gresier B fne-graned
racks than in cosrsegrainod rocks (R Dlams &
V8 Vugukar, 1978}

The mversely proporfionst betwéeen sooustic velocity
and grein size is due to the space Detwesn grains
Acoustic waves nood medium to ravel whech 13 1o sy
e grates, Eess grain allow more air betweeen them, and
air 15 10t & good medivre to transfer seoustic wave, The
resuits of gsing P-wave and S-wave are same although
the velooity of S-wave i dower than P-wave The
comrection factor i this result is betwesn R = (.8492 10
R= 0958} gz sigeificant phenomencn for linegr

t
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Figors 57 Addustic velodily By usiig B wave vérses
grain size distribution.



Y. CONCLUSION

From the study, we can concluded thay |

3 There is linesr covrelation between grain size
distribution and scoustic wave velocity of the
rock.

@ The finer the grain, the greater is the acousiic
wave velocity, with the correction factor
rangiag from 0.8492 to 0 9083
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