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With the expansion of the petroleum industry and the aging of facilities and
pipelines, oil spills are becoming more frequent. In addition to environmental
impacts, oil spills can cause changes in the plasticity and dispersivity of soils. To
investigate the potential for dispersion in fine-grained soils due to oil leakage,
soil samples were collected from the Shazand Refinery area in Arak and mixed
with 0, 5, 10, 15, and 20% by weight crude oil. Specimens were prepared at the
maximum dry density obtained from the Proctor compaction test and, after
curing, pinhole and double hydrometer tests were conducted. The results of the
mentioned tests showed that the fine-grained soil tends to disperse with the
addition of up to 15% oil, and this dispersion increases with further increases to
20%. Changes in the soil fabric with increasing oil content were investigated
using scanning electron microscopy (SEM) images, and the results showed that
the dispersion of soil particles increased with increasing oil content.

Introduction

One of the problems of clay soils in water
projects is the dispersivity property. Soils that
have a dispersed texture and are easily moved by
water flow are called dispersive soils (ASTM,
2006). Previously, clays were considered
nonerodible, but it has been determined that
dispersive clay soils are capable of erosion and
piping . Problems related to dispersive soils have
been reported from many parts of the world. For
the first time in Australia, the problem of internal
erosion and the creation of large holes in many
small earth dams caused the Australian Soil
Conservation Association to conduct extensive
studies to protect and prevent erosion caused by
dispersive soils (Bhuvaneshwari et al., 2007).

Khabazi and Hasanlorad (2017) by investigating
the effect of oil contaminats effect on the
dispersivity potential and shear strength of
dispersive clayey soils, found that with presence

of oil and increase in percentage of oil and the
time of soil and oil contact, dispersivity of soil
decrease. Thus with gradual increase of oil, the
territory is quite deispersive soil became
nondeispersive. Also, uniaxial compressive
strength tests showed that at the first samples
strengths increase to 3% oil content and more oil
quantities reduces the the resistance of the soil.
It was also observed that the chemical
modification of soil can reduce dispersivity
potential of soil. For this reason, some
researchers investigated the effects of crude oil,
diesel and acid on soil dispersivity (Jafari et al.,
2013).

Hasani et al. (2023) by adding different
percentages of crude oil to fine-grained soils
showed that the addition of oil generally reduces
the permeability coefficient of the soil.
Increasing the amount of oil has a different effect
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on soil consolidation, and the coefficient of soil
consolidation increases with increasing the
amount of oil. In addition, the uniaxial
compressive strength of the soil decreases with
the increase of the amount of oil.

In the current research, the effect of different
amounts of crude oil on the variation of clay has
been investigated using the pinhole and doubble
hydrometer tests and also by assesing of soil
texture by electron microscopy (SEM) images.

Materials and methods

The materials used are soil samples from
Shazand Refinery area and crude oil samples
from Shazand Refinery feed. Shazand refinery is

100

#200

\ #100

located 25 km west of Arak. In the area of the
refinery, 70 boreholes with a depth of 50 to 60
meters have been drilled by Pazhohesh Omran
Rahvar Company (2018) with the aim of
investigating groundwater pollution. In the
drilling of some boreholes, cores have been
taken. Soil samples were taken from boreholes
drilled in Shazand Refinery and transferred to
the laboratory. The soil of several different
depths from 5 boreholes was mixed together, and
the base soil sample was obtained and used in the
experiments to investigate the effect of oil on
fine-grained soil. The particle-size distribution
curve of base soil is shown in Figure 1.
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Fig. 1. The particle-size distribution curve of base soil sample

Preparation and curing of samples

About 30kg of the desired base soil was dried
and passed through sieve No. 10 (aperture size 2
mm). Then, the soil sample was divided into 5
parts and 0-5-10-15-20 percent by weight of dry
soil, crude oil was added to each part in the form
of a spray and mixed until it became
homogeneous. Immediately, each part was put in
plastic bags and their heads were closed to
prevent the evaporation of petroleum products.
These samples were kept in this condition for at
least 7 days so that the oil is absorbed by the soil
particles.

Results and discussion

On the samples prepared with different amounts
of oil, tests were performed, the results of which
are presented below.

An important test to determine the dispersivity
of a soil is the pinhole test. The pinhole test mold
includes a transparent chamber with a length of
100 mm and a diameter of 32 mm, with inlet and
outlet holes for water and air, and a pinhole
needle, with a diameter of 1 mm and a length of
67 mm, made of steel, has a handle for guidance.
The needle guide is in the form of an incomplete
cone connected to the flat surface of brass
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(Wilson, 1970).

Based on the degree of dispersivity, soils are
classified into six groups: D1, D2, ND4, ND3,
ND2, and ND1, in which D1 represents very
dispersive and ND1 represents nondispersive
(ASTM D4647). The amount of water and the
transparency of the output water at a certain time
and the final diameter of the embedded hole at
the end of the test are the criteria used to evaluate
the degree of dispersive of the soil sample.

In this research, first, 5, 10, 15, 20 percent by
weight of the base soil, oil was added, and then
the unit weight and moisture content of the soil
was obtained, and then 24 hours were given to
the soil to provide the opportunity for oil
absorption by clay minerals. To be sampling was
done in a Pyrex tube in such a way that 5 layers
were compacted with pressure so that the unit
weight of the soil reached the maximum dry unit
weight obtained from the Proctor compaction
test (1.71 g/cm®). At the end, the length of the
test sample was 38 mm, and with the help of a
needle with a diameter of 1 mm passing through
the needle guide, a hole was created along the
length of the sample. Then the device is placed
in a position where this hole is horizontal. The
flow of distilled water was passed through a hole

with a diameter of one millimeter and under a
hydraulic head of 50, 180, 380 millimeters, and
then the transparency of the output water and the
diameter of the hole were evaluated. The applied
hydraulic load in this experiment was varied
from 2 to 15% and the flow velocity varied from
30 to 160 cm/s. The pinhole test is according to
three methods B, A or C, and method A was used
to detect the differences of the samples in this
research. Figure 2 shows the pinhole testing
device used in this research along with a tested
sample.

The results of pinhole tests performed on
samples with different crude oil contents are
presented in Figure 3 in terms of time versus
flow rate. Finally, the change in dispersion
properties of samples from different percentages
of crude oil is given in Table 1. It can be seen
that the samples prepared with 0 and 5% crude
oil, nondispersive characteristics (ND1),
samples with 10 and 15% of crude oil have
intermediate  dispersive soil characteristics
(ND3) and the sample with 20% crude oil shows
the characteristics of intermediate and highly
dispersive soil (ND4). Based on the results are
shown in Table 1, the dispersive property of soil
increases with increasing of oil content.

Fig. 2. Images of tests to determine soil dispersive by pinhole method
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Fig. 3. Flow rate (Q) of the sample relative to the cumulative test time in different heads of the pinhole tests

Table 1. The results of tests to determine soil dispersive using the pinhole method

Describe dispersive clIZ ;Z?gfzsalt\i/zn Oil %
Nondispersive ND1 0
Nondispersive ND1 5
Intermediate dispersive ND3 10
Intermediate dispersive ND3 15
Intermediate to highly dispersive ND4 20

Conclusions

The most important results obtained are as
follows:

1. The results of pinhole tests and examination of

the soil texture with SEM images showed that
the base soil samples have nondispersive
properties (ND1) and by adding 5% of crude oil,
part of the void spaces of the base soil is filled
with light molecules of crude oil. This process
causes soil flocculation, which creates a
structure similar to silt or sand particles.

2. Samples of 10 and 15% crude oil have moderately

dispersive characteristics (ND3 or intermediate
dispersive) and increasing the content of oil
causes dispersivity and it is noticeable that the
oil surrounds the soil particles and causes the
clay particles to slide over each other.

. With the addition of 20% crude oil, a greater

portion of the inter-particle voids of the clay
particles were coated with oil fluid, causing the
soil to exhibit a higher tendency towards
dispersion (ND4).

4. Overall, as the amount of crude oil increased, the

soil displayed a greater tendency towards
dispersion.
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Table 1. Physical and chemical characteristics of the base soil
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Fig. 4. The particle-size distribution curve of base soil sample
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Fig. 5. Image of the crude oil used in this study
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Table 2. Physical and chemical characteristics of the crude oil used (Shazand Refinery Laboratory, 2021)
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Fig. 6. Image of samples impregnated with different amounts of oil
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Table 3. Results of Atterberg limit tests of soil with different amounts of oil
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Table 4. The results of compaction tests by the standard method (Proctor) with different amounts of oil
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Fig. 7. Different parts of the pinhole device (ASTM D4647, 2016)
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Table 5. Criteria for evaluating pinhole test results (ASTM D4647, 2016)
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Fig. 8. Images of tests to determine soil dispersive using the pinhole method
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loads of the pinhole tests
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Table 6. Results of tests to determine soil dispersive using the pinhole method
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Table 7. Summary results of tests to determine soil dispersive using the pinhole method
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Table 8. Classification of soils according to the classification of Sherard et al. (1976)
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Fig. 10. Image of double hydrometric tests on samples containing different amounts of oil
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Table 9. The result of double hydrometric tests for determining of dispersivity percent of soil
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Fig. 11. Curves of double hydrometric tests on samples with different amounts of oil

SLad s s S i 0 oo )8 L (S
ol S oo |y oy SIS g s B g Sloji o
Clow O3 4 anl a5 sao o JoSis |y plaasd sl )8
(Ur-Rehman et al., 2007) aitn awle o> |

aS s e Hlis (VY JS8) b S 90 SEM gl
L3 g el 08T il @l S s S ol
ol g satin 4B o g Cul csalin LB 3,
S Qo0 O 509380 b Ll sunid suslive adl 54,5
S (5 jeb 450,85 camline |y ol aisd g5 oo ol
5 S Sndy o515 VL RSl shls et wiid
o 3 a5 el SB lad 4 S 65V (6,
Lambe ) s .5 o 518 s JI glas cons b ousST
.@nd Whitman, 1991

SEM (59 iUl r98ug S0 b S5 by (a2
el cis Sl ity g S il o) g odaline (sl
SEM, Cambridge ) _ivg, S5, CoSwg,See
oBslssy 9 pln T Ul S5 008 L (S360
ol ol s sl s VOKV s Yol (um)
oolazwl (TEM, EM208S) (5,900 535 55Ul 55y ;oo
ol «gylo g mSe gz bdiges sjle solol (gl 0
Slraiges 5l i cOlo ) STas slal b oS slodiges
Sid g 6,15 oyl 5l ey g oo oolal i 4y aaél
5 od Sull SEM oliws (pgase 4l 59, 0055
QO JS8) al ools )3 Sg S S Jilae jo coles
3 i Giliee polie L S slaaiges SEM yslas

e 0 Soas Gl a5 aes e las VY SS



weyate Al (B (g s (uSe gz oolel sladiges (A : SEM  sSug o (5,100 wKe g (55l o0lel 8555 51 (5 ol VY S
ladiges pate JJUT g (610 pnSe Sllae (D «polas Kiules 5 59,50l Kiis (C SEM olSiws

Fig. 12. Pictures of how to prepare and photograph SEM microscopy: a) Samples ready for photographing, b)

Special stand for SEM device, ¢) Electron gun and image display, d) Photographing and elemental analysis.

g helas (55509000 (oo oy Slinlejl @l ull
STy P Cil e diged SEM glenSe o)
i a3 Ve 50 sl ls slaaiges (NDI) 151y ,0é S15
5 (@Sl & Lkl ND3) 1515 bagie cools o>
ND4) | 51y cools el auoyo Yo 9 V0 slyls sladiges
O &Li..'"l.,o)’—l bl s o plas |y (2181 4 bles
5908 b SEM (slpSe 5 chslan (5 g 000 o Joo
LS Ty el Gl 5 il s Bl

B0 oo lid |y cad Jlade il

SIS aY G woy 06 Szl gl K8 ggm )
L, S olge aal SOl L o jglre o g ci
b asSoe SaS aly SB @ 5 aS e Joo Shr
el s Camglie et o 5 08 Lk 1, 555 L
910 sbe yrans Suadl Gan b sledises sl .l o
S slaae Gl Ay cpl cwls b cas sy Ve

Agaly K085 (55, DlyS AT gl e el g a8, il



Y oosleds VA 0,98 ¢ puwiige (ol yae

YAN

PAELY HRW SRS &

el Cdi o010

(Fev e dga> olaiS)p) pls i calises polie b S jbsle 5 il Ol s 5| SEM polas VY JSs
Fig. 13. SEM images of soil texture and structure changes with different amounts of crude oil (magnification about

4000)
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