
Journal of Environmental Research And Development Vol. 3 No. 2, October-December 2008 

371 
 

EXPERIMENTAL STUDY ON BEACH DEPOSITION OF 
OIL SPILL 

 
R. Samuel Devadoss*, S.A. Sannasiraj and K. Murali 

Dept. of Ocean Engg., IIT Madras, (INDIA) 
 
 
 
 
 

Received June 6, 2008  Accepted December 11, 2008 
 

ABSTRACT 
 

Oil spill dispersion and its fate are important in the nearshore region due to 
increasing environmental concerns and rapid awareness among coastal population. 
On the other hand the wave breaking near the shoreline generates high turbulence 
and disperses the oil spill both in vertical (water column) as well as horizontal 
directions which enhance the distribution of oil through other critical processes such 
as beach deposition, oil-mineral agglomeration, etc. In order to understand the 
complex convective motion of oil spill interacting with the intricate wave breaking 
process, laboratory investigations were carried out in the present study. A well 
planned experimental programme has been carried out in a wave flume in order to 
study the effect of wave breaking on the dispersion of oil spills and the deposition 
on the beach. It has been observed that the intensity of breaking, alters the surface 
concentration profile of the oil spill. Two different characteristic oils were used to 
find the spill behaviour with reference to their viscosity and interfacial surface 
tension. Further batch studies in a sand column revealed the rate of penetration of 
the different types of oils into different soil layer could vary significantly. The 
seepage velocity is found to vary according to the degree of saturation, porosity of 
the soil layer, type of oil, etc. The depth of penetration and the retention capacity of 
different soils have been measured and reported herein for better understanding of 
surface and subsurface oil pollution. 
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INTRODUCTION 
The focus of this paper is on accidental 

oil spill that occur on the nearshore surface 
waters and is subjected to series of breaking 
waves. It is important to understand the 
spreading and beach deposition mechanisms 
of oil spills in the nearshore environment as a 

result of an accidental oil discharge in the 
nearshore region. Such information is quite 
essential for mitigation of the spills and to 
minimize the consequences of a nearshore 
discharge. In gravel and sandy beaches, a fast 
response action is needed since the porosity 
is higher, but it is not in the case of silt and 
clayey beaches, where deposition rate could 
be much lower10. On the other hand, light * Author for correspondence 
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and medium type crude oil need rapid actions 
to be taken than heavy oils like lubricating 
and ‘type 4’ crude oil. Usually the initial two 
hours would be the crucial for emergency 
response services to cleanup the spilled oil 
before penetration of oil into ground water 
and soils9. The response and removal of 
saturated and penetrated oil also depend on 
the sea state conditions. For example if the 
tidal variation and/or longshore current are 
more, then the spilled oil spreads over to 
more area in a shorter duration of time. 

To understand seepage and spreading of 
spilled oil, laboratory experiments were 
conducted in two stages. In the first stage, oil 
was passed through the sand column and was 
poured into soil column and the penetration 

depth was measured in six different soil 
types (well graded sand, uniformly graded 
sand of size 1mm, 0.6mm, 0.4mm, 120 and 
70 microns). Also retention capacity of these 
soil types was determined during the first 2 
h. The two types of oil, Bombay High crude 
oil and general purpose lubricating oil were 
considered. In the second stage, short term 
penetration and deposition of oil spill in the 
beach were measured under the action of 
breaking waves in the wave flume. The 
effect of evaporation is neglected in this 
study. 

MATERIAL AND METHODS 
Table 1 presents the list of parameters 

adopted for the sand column and wave flume 
studies. 

Table 1 : List of experimental parameters 

Sl. 
No. 

Variables / 
Parameter Type / Value / Concentration Remarks 

1 Oil Type 1. Bombay High Crude oil  
    (BHCO), 
2. General Purpose Lubricating oil  
    (GPLO) (ID GB1118-89) 

For Both Experiments 

2 Spill Volume 
(By Instant release 
mode) 

500 ml For Sand Column Study 

1000 ml Wave Flume Experiments 

3 Salinity 0‰ and  35‰ “ 
4 Temperature 25ºC and 20ºC “ 
5 Wave height 11.6 cm “ 
6 Beach material Well graded soil*, 

Uniformly graded soil size of 
120 μm*, 75 μm *, 
1 mm, 0.6 mm and 0.4 mm 

Sand Column Study and 
( *  ) Used for Wave Flume 
Experiments 

 
Sand Column Study 

The Sand column experiments were 
conducted to determine short-term 
penetration characteristics (2 hrs) of oil 
through six different soil layers and their 
retention capacity for Bombay High Crude 
Oil (BHCO) and General Purpose 

Lubricating Oil (GPLO). A PVC pipe of 
internal diameter 60mm with soil fill height 
of 900 mm was used for tests. Fig. 1 shows 
the schematic sketch of the test setup. The 
sand column was build up using 6 removable 
panels of 150 mm each and held in position. 
The soil was well compacted in each panel 
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2 

3 
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6 

Supporting 
Stand 

and the top panel had an outlet through 
which retained oil mass can be recovered 
after 2 hrs. Initially, 500 ml of oil was poured 
instantly in the top panel of the cylinder. The 
time taken by the oil to flow through the 
column from the first panel to the last panel 
(900 mm depth) was noted and the oil passed  

through the sand column was collected in a 
graduated jar. The total duration of the test 
was two hours and then, the soil column 
panels were carefully removed and analyzed 
for residual oil content, which gave the short-
term retention capacity of the soils. 

 
 
  
 
 
 
 
 
 
 
 
 

Fig. 1 : Schematic view of sand column (total depth 900 mm) 
 
Beach Deposition Study 
Wave Flume 

A wave flume of size 12 m length, 0.35 
m width and 0.5 m height, has been 
constructed to conduct the oil spill 
experiments. The flume was made 
transparent at two sections, each of 2 m 
length at suitable location to visualize the 
wave breaking (Fig. 2). The inner surface 
wall of the flume was coated with enamel 
paint to reduce the wall friction effects. The  

wave flume is equipped with a piston  type 
mechanical wave maker which is operated by 
120 rpm motor. The speed of the motor is 
controlled by three phase digital transformer, 
through (by adjusting the speed of the motor) 
which different wave heights can be 
generated in the wave flume. The wave 
paddle is of PVC made with size 0.6m x 
0.34m with a thickness of 0.01m. The wave 
paddle is connected to a crankshaft which 
transfers the rotary motion into reciprocating 
linear motion. The wave paddle which fixed 
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with the piston arm is supported as 
polyurethane wheels on the side walls of the 
flume. Three stroke lengths (40mm, 80mm 
and 120 mm) are possible with the wave 

maker by adjusting the crank radius. The 
wave height was measured using a resistance 
type wave probe and recorded through an 
oscilloscope. 

 
Beach Deposition of Oil Spill due to 
Breaking Wave 

Three different beach types were tested 
namely well graded sand, uniformly graded 
soil type I (120 μm) and uniformly graded 
soil type II (75 μm). The wave height 
generated in the wave flume was 11.6 cm 
which breaks in the slope of the beach (1:20) 
at 2 m from the beach end. The oil was 
poured instantly at 4 m from the beach end 
just before the passage of first breaking 
wave. The wave breaks and drags certain 
quantity of surface spilled (floating) oil in to 
the water column, which actually splits the 
oil spill in to oil droplets of various 
diameters. As the oil spill front is traveling 
with  the  broken  wave,  it  forces  the  oil  to  

deposit on the beach material and further 
penetration of oil into the beach materials. 
After the tests, the soil samples were 
collected using a 6 cm diameter PVC pipe at 
0.75 m and 1.5 m from the beach end and the 
core cutter soil samples were taken at 5 cm 
and 10 cm from the top in order to quantify 
the oil penetration levels. The collected 
samples were analyzed for oil concentration 
through Soxlet apparatus. 

RESULTS AND DISCUSSION 
Sand Column experiments 

Fig. 3 is a plot of rate of quantity of oil 
passing through the sand. 
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Fig. 3 : Rate of flow of oil passing through the sand column. 
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Fig. 2 : Schematic view of the wave flume. 
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It can be observed that for uniformly 
graded soil size of 1mm, more than 300 ml 
of BHCO passes through sand column within 
the first 20 min from the instant release of oil 
at the top of the column section. The total 
recovery for the same test case after 2 hrs is 
352 ml in which after 40, min the recovery of 
BHCO was negligible. The same oil in 
uniformly graded soil of size 75 μm, no oil 
was recovered or passed through  the sand  

column even after 2 hrs of the experiment 
and the trend was same for GPLO. For 
uniformly graded soil of 120 μm, the time 
taken for the initial volume of oil to pass 
sand column section is more than 90 min for 
both BHCO and GPLO. From the above 
results, it has been observed that the porosity 
of the soil plays a major role, than the type of 
oil spilled in penetrating the soil layers. 

 

Retension of oil in Soil Layers
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Fig. 4 : Retention of oil in different sections of the sand column 

 
A maximum of 175 ml retained oil was 

recovered from the test case of uniformly 
graded soil size of 75 μm with GPLO. For 
the same uniformly graded soil with BHCO, 
the retained oil was 142 ml. In uniformly 
graded soil of 120 μm, a substantial volume 
of oil was recovered from the top shell of the 
column after the experimental period of 2 hrs 
for both GPLO and BHCO. For well graded 
soils and other uniformly graded soils (0.4 
mm, 0.6 mm and 1 mm), the maximum oil 
concentration was found to be near the 
bottom two sections of the sand column. 
Since the draining of oil is very fast in such 
soil types, only little or no oil concentration 
was found in the top section of the sand 
column (Fig. 4). 

Beach Deposition of Oil in Well Graded 
Sand  

From Fig. 5 and Fig. 6, the surface layer 
of the beach traps more oil and the 
penetration is greatly reduced beyond 5 cm 
below the beach. At 0.75 m from the beach 
the oil deposition was found to be high in all 
test cases, in cold water the deposition of oil 
is low compared with saline and fresh water. 
The highest oil concentration was found to 
be 56.75 g/kg of soil for BHCO and 64.5 
g/kg of soil for GPLO in the surface (0cm) at 
0.75 m from the beach end in fresh water and 
the lowest BHCO concentration was found to 
be 2.6 g/kg of soil at 0.75 m in a depth of 10 
cm in saline water. At 1.5 m from beach end 
and at 10 cm below, no oil concentration was 
found in all test cases. The main reason 
being, after 1 m from the beach end the 
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beach is completely saturated where as less 
than 1 m it is subjected to partial saturation. 
This partial saturation effect is due to the 
nearshore phenomena, i.e. run up and 
inundation. After the wave breaks, the water 
is rushed up on the beach to certain distance 
(Inundation) and returns, happens after every 

breaking wave in the nearshore. Due to such 
cyclic variation, the water table near the 
beach varies accordingly which indirectly 
reflected in this experiment, where at a 
distance 0.75 m one can observe the oil 
concentrations at depths 5 cm and 10 cm, and 
not in 1.5 m from the beach end.  
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Fig. 5 : BHCO deposition in well graded sand 
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Fig. 6 : GPLO deposition in well graded sand 
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Beach deposition of oil in uniformly 
graded sand of size 120 μm 

From Fig. 7 and Fig. 8, the highest 
concentration was found to be 85.5 g/kg of 
soil at 0.75 m on the beach surface (0 cm) 
from the beach end for cold water test case 
and the lowest oil concentration was found to 
be 5.41 g/kg of soil at 0.75 m in a depth of 5 
cm for the test case where the water is fresh. 
At 0.75 m, the oil deposition was found to be 
high in all test cases and is more compared 
with the experiments ‘beach deposition of oil 
in well graded sand’, this is due to the 
uniform grain size of 120 μm which restricts 
the oil penetration. At 1.5 m from beach end 
no oil concentration was detected from the 
soil samples from 10 cm below the surface. 

Beach deposition of oil in uniformly 
graded sand of size 75 μm 

From Fig. 9 and Fig. 10, the highest oil 
concentration (BHCO) was found to be 92.42 
g/kg of soil at 0.75 m on the beach surface (0 
cm) from the beach end for cold water, 
which is the highest oil concentration 
obtained in all three beach types (Well 
graded sand, Uniformly graded sand 120 μm 
and 75 μm) tested and the lowest oil 
concentration (GPLO) was found to be 2.5 
g/kg of soil at 1.5 m in a depth of 5 cm for 
the test case where the water is saline. 
Compared to the previous test cases the 
surface oil (both BHCO and GPLO) 
concentration was found to be high and oil 
penetration becomes less due to low porosity 
of the soil. 
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Fig. 7 : BHCO deposition in 120 μm sand 
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Fig. 8 : GPLO deposition in 120 μm sand 
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CONCLUSION 

From the results and discussion the 
following conclusions are arrived, 
1. In column studies, the penetration of oil 

is highly depending on the porosity of 
the soil rather than the type of oil spilled. 
Both BHCO is a medium type crude oil 
and GPLO is heavy oil, behaved in same 
manner for all soil type conditions. 

2. Soil moisture content has a great effect 
on seepage velocity, but not on retention 
capacity. 

3. For saturated and partially saturated soils 
the depth of penetration of oil is very low  

4. Emergency operations like removal and 
restoration of oil spill are essentially 
needed within first 2 hrs of spill for 
gravel and pebble type beaches and 
where the inundation and tidal effects are 
more. 

5. More cleaning effort will be needed 
where the sea water temperature is below 
20ºC in which the deposition of oil on 
beaches are high and salinity has little or 
no impact. 
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Fig. 9 : BHCO deposition in 75 μm sand 
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Fig. 10 : GPLO deposition in 75 μm sand 
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6. Sandy till or peat type of beaches can 
retain the oil spill as it was confirmed in 
these penetration experiments and wave 
flume experiments with uniform graded 
sands of size 120 and 75 μm. 

7. The results indicate that in case of 
accidental oil spills, the most critical 
ones are permeable soils like gravely 
sands.  
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