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Abstract The high porosity chalk found in North Sea petroleum 
reservoirs is mechanically very weak; in many cases there is little 
or no cementation. When placed under high stress it compacts 
significantly. The material obeys a rate-type compaction model 
which is based on friction between the coccolilh fragments. In 
this model, after the material exceeds its yield point many of the 
particles in contact are subjecl to almost enough shear lorce to 
overcome frictional resistance to motion. 

Compaction tests were performed on material for which the 
native saturation was preserved before testing. The initial water 
saturation was about 5%. The material was conslrained in a 
uniaxial-strain condition before and during waterflooding. Prior to 
waterilooding with simulated sea water, the material was allowed 
lo creep for several days. Contacting the chalk wilh waler effects 
a substantial additional compaction immediately after the water 
is introduced to the sample. The results clearly indicale tha! 
localized compaction follows the water front through the sample, 
The effecl was easily seen on plaslic material (stress above the 
yield point), but was negligible in elastic (pre-yield) material. 

The water-induced compaction was about 1% bulk strain (for 
plastic material) occurring over a six-day period after water injec- 
tion. However, after waterflooding Ihe sample requires a larger- 
than-normal increase in stress before compaction begins again. 
The net result after a large increase in stress beyond the water 
front passage is that the compaction is the same as i l  the rnate- 
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rial had not been waterlIooded. The long-term effect on produced 
oil is small, bul changes in permeability in the water flooded zone 
may be experienced in the field. 

INTRODUCTION 

Chalk from the North Sea oil fields can have very high porosity and 
can be mechanically weak. Porosity up to 50% has been reported, 
with pore collapse stresses as [ow as 500 psi and pore-volume com- 
pressibility in excess of 151GPA (1 00 x 10'~/psi) (Ruddy et al. 1989). 
The primary production potential from the rock drive is enormous, 
bul without an active water drive, substantial amounts of oil remain 
after primary production. A pilot waterllood is undetway in the Valhall 
Field to evaluate the waterilood polential. 

In the early phases of production, there were indications o l  a 
chalk-water interaction. The material failed at a lower stress when 
saturated with brine than when saturated with oil (Bolter 1985). 
Tests on Ekofisk Field chalk (Rhel! 1990, Monjoie et al. 1990) indi- 
cate a rapid compaction when brine contacts the chalk, under cer- 
tain conditions, but no effect under other conditions. Finding the 
cause of Ihis water-induced compaction is importanl lor confident 
engineering of a waterflood. 

The high porosily chalk from Ihe Tor Formation of Valhall Field 
obeys a rate-type compaction model (Andersen el at. 1992). This 
friction-based model provides insight into the mechanism underway 
when waterflooding chalk. The interplay between interfacial forces 
at the waterfronl and the failure mechanism explains Ihe water- 
induced compaclion seen in Ihe laboratory studies. 

RATE-DEPENDENT CHALK COMPACTION MECHANISM 

The microstructure of the weak North Sea chalks is fundamentally 
different from Ihe microstructure of conventional reservoir materials. 
It is important to keep this basic dillerence in mind when examining 
the mechanical behavior 01 lhese malerials. The scanning electron 
micrograph in the top of Figure 1 shows grains of a cemented sand- 
stone magnified to 235x. These grains are aboul lhe size of beach 
sand. The pore spaces are the dark zones, and each is surrounded 


