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•Introduction: Gas in the shallow section. Gas pockets and gas seeps.  

   NPD and PSA cooperation  

 

•Examples of shallow gas in exploration drilling 

 

•Examples of shallow gas in the production phase (Tordis, Valhall, 

Gullfaks) 

 

•Evaluation of risk of gas leakage in CO2 storage projects and possible 

methods of supervision 

 

•Gas hydrates, free gas and slope stability 

 

•Kicks and identification of overpressured zones 

 

•Occurrences of drilling problems caused by boulders and boulder beds 

 

Outline 



Four examples of vertical gas pipes in ooze sediments, Gjallar Ridge, Norwegian Sea 
Razieh Mohajer Bachelor thesis, University of Stavanger 2010.   

Gas in the shallow section, soft sediments 
Shallow gas, gas pipes and pockmark formation 

Four gas pipes, Gjallar Ridge, deep water Norwegian Sea 



A   Trapping of gas, d is height of 
column 
B    Failure of seal. Gas chimney 
forms. Arrow show water 
movement 
C    Gas chimney about half way up. 
First pockmarks formed by gas 
leaking to sea floor 
 
 
 
 
D More severe sediment 
deformation and pockmark 
formation 
E Water flow to surface, one large 
pockmark is formed 
F Gas pocket drains. Capillary seals 
are healed and the process can be 
repeated  



Based on search in Daily Drilling 
Reports, resulted in 44 wells with 
shallow gas events, 
36 of them are exploration wells 

Shallow gas events 
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http://factpages.npd.no/factpages/Default.aspx?culture=no 

Search in wellbore histories for 1160 wellbores on the NPD factPages 

… to find wellbores with  
”shallow gas”, ”kick”, ”boulders”… 



Shallow gas 
 
(source WDSS and PSA 
report) 

Within WDSS data base: 
 

•55 wells encountered shallow 
gas 
•19 wells with indications 

 
Within PSA data base: 
 

•33 incidents in exploration 
wells 
 

 
(data sets not complete) 



The Tordis incident 
Injection of produced water into late Pliocene rocks without sufficient storage 
capacity/connectivity 
Water flowing out of a crater/pock mark at the sea floor was detected March 2008, and 
injection was later stopped.  

Thickness of Utsira Fm 
(NPD CO2 Atlas) 



40 m 

7 m 

Pockmark formed at Tordis May 2008 

Shallow gas may have facilitated leakage to the sea floor 



Valhall Field Example:  Gas ”cloud” and shallow gas, gas slowly seeps to the sea floor 

Chalk reservoar 

Miocene, shallow gas 

Quaternary, shallow gas 

5 km 

Quaternary,  
tunnel valleys 



Gradient map of sea floor,  
Nyegga area 

”Fractures, furrows” 

10 km 

Pockmarks (blue) and mounds (red) 

Ellida 

Midnattsol 

Storegga slide 

Gas seepage and sea floor stability, 
Slide risk evaluation related to Storegga slide 



Monitoring of CO2 injection projects, useful data and experience 

Figures and text by Ola Eiken, Statoil, NPD CO2 atlas 



Natural CO2 seep from a volcanic source, Jan 
Mayen area. Sea bed fractures. Bacterial mats.  
 
Photos and echo-sounding profile by Rolf Birger 
Pedersen, to be published in the NPD CO2 Atlas 



Kicks 
 
(source WDSS) 
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Plot showing pore pressures from released exploration wells in the North Sea and Norwegian Sea where water depths are in the range 250 – 400 
m. Pore pressures tend to build up to a certain pressure gradient which is approximately 100 bar below the lithostatic (red line in the diagram ). 
Note that the Norwegian Sea and North Sea data have quite similar leaking pressures. This ”leakage gradient ” is related to the fracture gradient 
obtained from leak-off tests, but it is suggested that late glacial events could be of importance to determine the exact position of the ”leakage line”. 

Almost all points according 
to simple overpressure 
prediction: Lithostatic 
minus 100 bar  
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North Sea high pore pressures 
and calculated lithostatic pressure 

Water depth 50-150 m  
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Almost all points according 
to simple overpressure 
prediction: Lithostatic 
minus 90 bar  

Similar data set from the shallow water areas of the Norwegian North Sea. The leakage line is slightly different from the deeper  water areas, 
partly  due to the difference in water load, but there is an indication that the leakage line is also slghtly closer to the lithostatic pressure gradient.  
In both diagrams, most of the high pressures below 3500 m depth were measured in Jurassic rocks.  



Boulder beds 
 
(source WDSS) 



Conclusions 
 
Mapping and understanding the distributions of shallow gas and abnormal pore 
pressures are important for the evaluation of geohazards. 
 
Based on the well incident statistics, the prediction of shallow gas accumulations has 
improved since the 1990’ies, but there seems to be room for more improvement. 
 
Another gas related hazard is the activation of gas movement by drilling or well 
operations, such as injection. Break-through of gas to the sea floor can be rapid. 
 
In some fields, mapping and monitoring of the shallow gas is essential. 
 
If storage of CO2 becomes a significant industry, there will be an increased need to 
develop monitoring techniques for the shallow subsurface. 
 
 
 
 


