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1 ABSTRACT: 

As the years have progressed and technologies have improved, pipelines currently 
constructed and those built decennia ago are being operated under the same 
regulations / conditions, but do we really know where they are located and how much 
material is still above them?   
Regulations have changed over the years, ground may have shifted, why is it so 
important to know the depth of cover and can we determine the exact depth and location 
of the pipeline?  
 
Assumptions and poor information regarding the ground coverage on top of the pipeline 
can result in coating damage or even damage to the pipeline integrity by means of 
material loss.   
 
This paper will illustrate different approaches/ challenges of compiling depth of cover 
data from an ILI –run (with XYZ) and the various methods for determining the ground 
surface height in the surrounding area of the pipeline using today’s technology. The 
widely used world Geodetic System (WSG84) is compared to local GPS coordinate 
systems.  Options to improve ground height information using LIDAR in combination with 
traditional (DOC) surveying. The growing trend for high quality LIDAR information free of 
cost by government agencies which can be used to reduce traditional surveying cost. 
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2 WHY IS DEPTH OF COVER IMPORTANT?  

2.1 SITUATION 
The first time the depth of cover is determined / measured is normally during 
construction and this is normally done by the construction company using a land 
surveying company. 

“Pipelines are installed to meet or exceed applicable minimum regulatory requirements 
at the time of construction. In some instances, cover may be altered due to excavation 
activities, erosion, cultivation, construction, flooding, ground subsidence or other 
environment factors or human intervention. In the event an operator identifies an area 
where a large amount of cover has been removed, the operator may perform an 
evaluation to determine whether mitigation actions are warranted under the 
circumstances.” 

According to PHMSA’s study, titled “A study on the impact of excavation Damage on 
Pipeline Safety” (2014) concluded that 30% of incidents on Natural Gas Distribution 
pipelines are caused by third-party Excavation damage. 

 
Figure 1: Natural Gas Distribution Pipeline Incidents( PHMSA’s 2014)  

The situation on many other regions is that generally DOC is more critical due to two 
factors: The pipeline network is younger and therefore less affected by corrosion; many 
of these regions are more densely populated than the primary locations of USA pipelines 
and therefore third party interference automatically poses a more frequent risk. 

 



 
Pipeline Technology Conference 2019 

 
 
 

Page 4 of 11 
By Mr. Ing. Hans Overdijkink 
 

Other studies have shown that increased depth of cover is a very effective protection as 
the number of excavations reaching pipeline depth rapidly decreases with increased 
depth of cover. 

As well as sufficient DOC being an effective protection against third party damage, 
reliable knowledge of the DOC along with position allows the operator to operate more 
safely and with lower costs by targeting resources for 3rd party activity management 
more effectively. 

Conversely, failure to maintain detailed and accurate DOC information can lead to 
increased costs for 3rd party activity management and heightened risk of damage with 
potentially catastrophic consequences. 

 

2.2 REGULATIONS 
Unfortunately the regulations vary per country:  

EU/ UK:   The principal legislation governing the safety of pipelines (Pipelines Safety 
Regulations 1996 link to external website) is goal setting requiring that 
pipelines are designed, constructed and operated so that the risks are as 
low as is reasonably practicable (ALARP). 

BS EN 14161 : Petroleum and natural gas industries – Pipeline 
 transportation systems. 

BS EN 1594 : Gas Supply Systems  - Pipelines for maximum operating 
pressure over 16 bar - Functional requirements. 

US:    Transportation 49 CFR 195.248 - Cover over buried pipeline. 

Canada:  Transportation CSA-Z662, a Canadian Consensus Standard for oil and 
gas pipeline systems. 

 

    

 

 

 



 
Pipeline Technology Conference 2019 

 
 
 

Page 5 of 11 
By Mr. Ing. Hans Overdijkink 
 

3 DETERMINATION OF DEPTH OF COVER 

3.1 DEPTH OF COVER SURVEYING  / IDENTIFICATION METHODS 
There are a variety of methods operators can use to determine if cover is sufficient 
over an existing pipeline system, should they deem it necessary. Below is a list of 
approaches operators may consider when attempting to identify shallow or exposed 
pipe. 

- Line location activities 
- Maintenance activities  
- Depth of cover Survey 
- In Line Inspection or other Integrity Management Activities 

These technologies can all determine the ground cover; disconnected from any global 
reference system except the In Line Inspection this needs a ‘global’ reference. 

Line location for another purpose can be utilized to ensure accurate information on DOC 
is maintained insofar as the line location happens by chance to be where DOC 
information needs to be updated. 

Any maintenance activities requiring uncovering or physical locating of the pipeline can 
also be used in the same way but with the same qualification. 

The other two approaches are systematic and can be applied for a desired section of 
pipeline or the entire route. 

Traditional surveying of entire pipelines is labour intensive and expensive, often 
prohibitively so. Physical measurement of the DOC must be made at sufficiently close 
intervals to provide a reliable profile and DOC It is, however the only approach that can 
provide a complete solution in a single pass. 

If an ILI inspection is required, it can provide an excellent opportunity to re-measure 
DOC at relatively very low cost provided appropriate actions are taken to optimize the 
results. At a minimum the DOC must be known or accurately measured at all markers. 
Preferably, the marker count should be increased, especially in areas where the DOC is 
not known or believed to be unreliable. 

Further, the DOC at the markers should be in the desired target coordinate (height) 
system for the results. Although this contains a small error if the XY coordinates are to 
be determined in WGS 84 or another global system, the size of the error is insignificant 
and the avoidance of the relatively complex height grid transformations is attractive both 
from a standpoint of costs and reliability of the results. 
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The increased accuracy and reliability of the IMUs provided in ILI tools provides 
opportunities to obtain high levels of accuracy and reliability in DOC surveying provided 
sufficient attention is paid to key aspects. 

The best results are obtained by making use of sufficient markers. This may vary 
depending on circumstances. In addition, the results can be further optimized ad verified 
by use of external data sources. Intero daughter DMC1 has specialized in this activity for 
some years, developing extensive software tools as well as high levels of expertise. 

 
Figure 2: Map of an industrial pipeline in Rotterdam harbour (Pipeline Manager) 

 
Figure 3: Pipeline Profile ( red) and land elevation ( blue), limited depth of cover (Pipeline Manager)   
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3.2 GROUND SURFACE HEIGHT 
For numerous countries ground surface heights are measured by the government, but 
with different grids (the smaller the grid the better usable for determining depth of cover) 
and not always freely available. 

One of the best examples is the Netherlands where some areas of the grid have points 
every 50 cm. These data are used to provide further refinement of initially calculated 
DOC values from marker DOC values and pipeline trajectory. 

Even the most dense ground height data 
does not provide complete coverage. Small 
ditches and dykes less than 1 meter wide 
may often be entirely missing. While the 
dykes with their extra DOC may safely be 
ignored, ditches, especially those small 
enough that no special crossing was 
designed or which are newly constructed do 
pose additional risks. Sensible use of aerial 
photography allows easy identification of 
their locations along with any other features 
of concern. This can then be used as the 
basis for planning any additional work field 
required to complete the DOC picture. 
Ideally, this work should be done in advance 
of the ILI run, perhaps also with additional 
markers, so that field work only occurs once, 
not twice. 

Figure 4: Elevation map of The Netherlands   

These alternate approaches to determining DOC information have only become 
available and practical because of the development of a number of enabling 
technologies, some of which are described below.   
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4 COMMONLY USED XYZ MODULES IN  ILI / CALIPER TOOLS 

Nowadays In the ILI industry commonly Inertial Measurement Unit ( IMU) are used to 
determine the XYZ coordinates of a pipeline. The IMU provides detailed log of pipeline 
trajectory 

An (IMU) is an electronic device that 
measures and reports a body's specific 
force, angular rate, and sometimes the 
magnetic field surroundings the body, 
using a combination of accelerometers and 
gyroscopes, sometimes also 
magnetometers. IMUs are typically used to 
maneuver aircraft, including unmanned 
aerial vehicles (UAVs), among many 
others, and spacecraft, including satellites 
and landers. Recent developments allow 
for the production many kinds of IMU-
enabled devices. An IMU allows an ILI tool 
to make accurate estimates of position 
and motion within steel pipelines where 
GPS-signals are unavailable.                               

 

5 WGS 84 AND GPS SYSTEMS 

5.1 HOW DOES WSG 84 WORK 

WSG 84 stands for World Geodetic System 1984 and is used by GPS as its reference 
system. It comprises of a reference ellipsoid, a standard coordinate system, altitude data 
and a geoid and it uses the Earth’s center mass as the coordinate origin.            

5.2 PINPOINT YOUR POSITION USING WGS 84 

To Pinpoint your position in a GIS, the first step is to uniquely define all coordinates on 
Earth. This means you need a reference frame for your latitude and longitude 
coordinates because where would you be on Earth without having reference to it? 

 

Figure 5: Example of IMU   

https://gisgeography.com/latitude-longitude-coordinates/
https://gisgeography.com/latitude-longitude-coordinates/
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As Earth is curved – and in GIS we deal with flat map projections – we need to 
accommodate both the curved( ellipsoid) and flat views of the world( Geoid) .When you 
combine these measurements, we arrive at a geodetic datum. Horizontal datums 
precisely specify each location on Earth’s surface in latitude and longitude or other 
coordinate systems.  

 

 

 

 

 

 

Using geographic coordinate systems, we can define positions on Earth. For example, 
we use degrees/minutes/seconds (DMS) and decimal degrees (DD) for spherical 
coordinates. After we flatten the Earth with map projections, we use projected coordinate 
systems like the State Plane Coordinate System (SPCS) or UTM grid system. 

5.3 WGS84: UNIFYING A GLOBAL ELLIPSOID MODEL WITH GPS 

It wasn’t until the mainstream use of Global Positioning 
Systems (GPS) when geodesists first developed a 
unified global ellipsoid model. The radio waves 
transmitted by GPS satellites and trilateration enable 
extremely precise Earth measurements across 
continents and oceans. Geodesists could create global 
ellipsoid models because of the enhancement of 
computing capabilities and GPS technology. 

 

This led to the development of global ellipsoid models such as WGS72, GRS80 and 
WGS84 (current). The World Geodetic System (WGS84) is the reference coordinate 
system used by the Global Positioning System. 

  

Figure 7: GPS satellites 

Figure 6: both the curved( ellipsoid) and flat views 
of the world( Geoid) 

https://gisgeography.com/map-projections/
https://gisgeography.com/horizontal-datum/
https://gisgeography.com/decimal-degrees-dd-minutes-seconds-dms/
https://gisgeography.com/map-projections/
https://gisgeography.com/state-plane-coordinate-system-spcs/
https://gisgeography.com/utm-universal-transverse-mercator-projection/
https://gisgeography.com/ellipsoid-oblate-spheroid-earth/
https://gisgeography.com/trilateration-triangulation-gps/
https://gisgeography.com/trilateration-triangulation-gps/
https://gisgeography.com/wp-content/uploads/2015/04/carrier-phase-gps.png


 
Pipeline Technology Conference 2019 

 
 
 

Page 10 of 11 
By Mr. Ing. Hans Overdijkink 
 

6 LIDAR AND HOW IT CAN BE USED TO OPTIMIZE GROUND HEIGHT DATA 

How does a LiDAR(light detection and ranging) system work?  

There are 4 parts of an airborne LiDAR. These 4 parts of a LiDAR system work together 
to produce highly accurate, usable results: 

- LiDAR sensors scan the ground from side to side as the plane flies. The sensor is 
commonly in green or near-infrared bands. 

- GPS receivers track the altitude and location of the airplane. These variables are 
important in attaining accurate terrain elevation values. 

- Inertial measurement units (IMU) tracks the tilt of the airplane as it flies. Elevation 
calculations use tilt to accurately measure incident angle of the pulse. 

- Computers (Data Recorders) record all of the height information as the LiDAR 
scans the surface.  

These LiDAR components cohesively make up a Light Detection and Ranging system.  

 
 

LiDAR data, in the form or a point cloud, can be used to map entire cities, enabling 
decision makers to accurately pinpoint structures or areas of interest in millimeter perfect 
detail. Features and objects such as road networks, bridges, street furniture and 
vegetation can be classified and extracted. 

LiDAR maps can also be used to highlight changes and abnormalities such as surface 
degradation and slope changes. 

Nowadays there are also drones or unmanned Aerial Vehicles as a flexible sensor 
platform available for mapping with LiDAR, in case only a limited area needs to be 
mapped.  

Figure 8:  Acquisition of elevation data using LiDAR  
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7 CONCLUSIONS 

The issue of Depth of Cover is an important one for pipeline safety and has been 
recognised as such by many regulators as well as pipeline operators. 

There are solutions available for pipeline operators who no longer have complete, 
reliable DOC data. 

Many new technologies have helped to make determination of DOC more economical 
including the use of IMU’s in ILI tools. 

Publicly available data can play a very valuable role in verifying and improving DOC data 
reliability. 

At Intero’s Daughter DMC1, as elsewhere experience has shown that managing DOC 
data effectively is greatly helped by the use of capable, purpose built software like 
DMC1’s Pipeline Manager. 
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