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Baku-Tbilisi-Ceyhan (BTC) Pipeline



Baku-Tbilisi-Ceyhan (BTC) Pipeline
BTC pipeline transports crude oil from the Caspian to the Turkish coast of
the Mediterranean from where the crude is then shipped via tankers to
European markets 

• Baku-Tbilisi-Ceyhan  is 1768 kilometers long
• Second longest oil pipeline in the world
• BTC pipeline facilities include:
8 pump stations (2 in Azerbaijan, 2 in Georgia, 4 in Turkey) 
2 intermediate pigging stations 
1 pressure reduction station 
100 valves



Soil Erosion
Pipeline must be protected from soil erosion throughout its
operating life to prevent damage and possible failure.
• Failure can be caused by removal of supports by the force of 

flowing water
• Erosion can significantly reduce the amount of soil above the 

pipeline where its located on slopping land. 
• Soil can create additional stress on pipeline, causing pipe to 

separate at the nearby joins. 



What is USLE?

• USLE is abbreviation for Universal Soil Loss Equation
• Most widely used method for estimating soil erosion
• Predicts the long term average annual rate of erosion on a 

field slope based on rainfall pattern, soil type, topography, 
crop system and management practices 

• Originally developed for agricultural purpose, but extended to 
watershed with other land use. 



5 Major Facts to calculate USLE

A = R * K * LS * C * P
• A - potential long term average annual soil loss (tons/ha/year)
• R - rainfall and runoff erosivity factor
• K - soil erodibility factor 
• LS - slope length-gradient factor
• C - crop/vegetation and management factor
• P - support practice factor 



Flow Chart



Flow Direction
The logic of performance of Flow Direction 
calculation is to determine flow distribution 
of water on any particular surface. 

Flow Direction calculation is based on 
DEM image, which is comprised of cells. 
What Flow Direction does is, it calculates 
which of the 8 neighboring cells, this cell is 
going to drain to. 



Flow Accumulation

Flow Accumulation calculation is 
performed to calculate upslope 
cells that flow into each downslope
cell. The accumulated flow is based 
on the number of cells flowing into each
cell in the output raster. The current 
processing cell is not considered in this
Accumulation. 



Generating Flow Direction and Flow Accumulation

Flow Direction and Flow Accumulation
were generated through Arc Toolbox in Arc Map



Slope
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Slope is used to describe the steepness, 
incline, gradient, or grade of a straight line.
A higher slope value indicates a steeper 
incline. It is calculated by dividing rise over
run. 

Slope was calculated from DEM, through 
Spatial Analyst in Arc Map, using degree
output measurement



LS Factor- Slope Length-Gradient Factor
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LS Factor was calculated using formula below in Raster Calculator

Pow([flowacc04] * 10 / 22.13, 0.6) * 
Pow(Sin([slope04] * 0.01745) / 0.09, 1.3)



LS Factor

All values equal “0” in LS factor were
assigned the value of 0.000001, to 
prevent “0” values in USLE



Elevation

• In order to generate elevation file DEM needs to be converted to features 
• To convert raster to features, DEM needs to be converted to Int though 

ArcToolbox



R Factor

Rainfall erosivity factor (R factor values) applicable to Azerbaijan sections of BTC
RoW were used from Erosion Risk Assessment Cranfield (410088-00-L-CN-RP-077)
table, where BTC RoW altitude doesn’t exceed 500m, so 142 R Factor Value  was
used.



K Factor - Soil Erodibility Factor

The initial risk assessment in Az BTC ROW was undertaken by Cranfield
University in 2001 as part of the Pipeline Project which developed detailed
methodology and provided data on the missing factors. According to the report the
following factor K values were adopted



K Factor - Soil Erodibility Factor
The K factor values were tabulated 
for the Azerbaijan BTC ROW section
using the ESIA baseline results on 
soils and geology and the K factors 
as indicated in Table above, relevant 
to each soil type along the pipeline route.

The results indicated In Table below. 



C Factor- Crop/Vegetation and Management factor

Exp ( (-0.035) * [Avg_VC_08F] )

C Factor was calculated
using formula below in Field 
Calculator

Where %COV is vegetation 
cover value of each pixel

a=0.035 ( for general usage)



Vegetation Cover
To perform Erosion Potential analysis, inputs from Vegetation Cover analysis were 
required. This analyze is done on yearly basis only for non-agricultural areas to track 
the RoW vegetation recovery trend and overall RoW vegetation performance.

On the ground Vegetation Cover Analysis involves the use of quadrates. At each 
quadrate, vegetation cover was assessed by determining the relative proportion of 
bare ground to vegetation that can be seen when looking vertically onto the 
quadrate- recorded as the percentage of vegetation to bare ground. 



Vegetation Cover
Satellite data was processed to generate a Normalized Difference Vegetation Index 
(NDVI). The NDVI analysis is a common remote sensing technique which is derived
from satellite reflectance data that measures ‘greeness’ of vegetation, a proxy for
chlorophyll levels in a plant.  



Erosion Classes



Statistics



USLE Results
Djeyrankechmez River, where usually erosions found



USLE Results
High slope area, where erosion likely to happen



USLE Results
Area with the good Vegetation Cover



Erosions

Reinstated ErosionSettlement Erosion



Reinstated Erosion


