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Abstract 

The major fraction of world oil is produced by waterflooding, where the injected water 

displaces oil and maintains the reservoir pressure. In addition, produced water 

reinjection (PWRI) is an economic and environmental-friendly option to convert waste 

to value with waterflooding. However, the major challenge is the drastic decline of well 

injectivity which has been widely reported in the literature. The main mechanisms of the 

injectivity decline are capture of particles from injected water in the porous rock and 

formation of low permeable external filter cake on the well wall followed by its 

stabilisation. The reliable predictive analytical model for well injectivity behaviour 

forecast up to the stabilisation stage is not available in the literature. 

So, the aim of this thesis is to develop full predictive analytical models for injectivity 

decline during sea water injection and PWRI. 

In order to achieve this aim, a new mathematical model for injectivity stabilisation 

using mechanical equilibrium of a particle on the cake surface accounting for all 

colloidal forces is developed in this thesis. It is found that the main empirical parameter 

of the model, highly affecting the stabilised cake prediction, is the lever arm ratio. The 

lever arm ratio is calculated from laboratory cross-flow filtration experiments and from 

well injectivity data. It is also determined from Hertz’s theory for the elastic particle 

deformation. Good agreement between the calculated results for the lever arm ratio 

validates the developed model. 

This thesis presents the derivation of a new analytical model for non-uniform cake 

thickness profile along injection wells. It is found out that, two regimes of the stabilised 

cake build-up correspond to low injection rates, where the cake starts from the reservoir 

top, and for high injection rates, where the cake is formed only on the lower well 

section. The sensitivity analysis shows that water injection rate, cake porosity, water 

salinity and Young’s modulus are the most influential parameters defining the cake 

thickness profile. 

The thesis presents the development of an analytical model for axi-symmetric two-

phase flow with simultaneous deep bed filtration of injected particles, formation of 

external filter cake and its stabilisation due to particle dislodgement. It also introduces a 

seven-parameter adjustment method. It is shown that the initial injectivity increase, 
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induced by varying two-phase mobility, adds three degrees of freedom to one-phase 

impedance growth model. This additional information is used to tune the models with 

the Corey relative permeability and the pseudo relative permeability under the viscous-

dominant displacement. Good agreement between field data and model prediction 

validates the developed analytical model for injectivity decline during waterflooding 

and its adjustment method. 

The developed analytical model along with laboratory coreflood test data and 

probabilistic histograms of injectivity damage parameters are applied to predict the 

injectivity behaviour during produced water disposal into a thick low preamble 

sandstone reservoir as a field case study. Unusual convex form of impedance curve is 

observed in the coreflood test and well behaviour modelling; impedance grows slower 

during external cake formation if compared with deep bed filtration. Risk analysis 

method using probabilistic histograms of injectivity damage parameters is also 

developed and applied to well behaviour prediction under high uncertainty conditions. 

The above analytical models, results of laboratory studies and field cases allow 

recommending the developed models for full prediction of injectivity decline during 

waterflooding and disposal operations. 
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