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Purpose. The purpose of research materials, which 
are described in the article, is a theoretical evaluation of 
the applicability of new ideas about effective stresses in 
the soil from the standpoint of physical and chemical 
theory of academician V.I. Osipov to sandy soils, as rep-
resentatives of the class of clastic sedimentary rocks. 
Such an evaluation is of importance; as the common sci-
entific understanding of the formation of soil properties 
is based on the experimentally confirmed theoretical 
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works of the classics of soil science. These works con-
sidered effective stress in soil as a stress transmitted to 
soil skeleton excluding pore pressure. The main provi-
sions of the new approach describe formation of effective 
stress in the clay soils most accurately.  

Methodology. The main methods of research were 
theoretical and experimental study of sandy soils of dif-
ferent origin; generalization analysis of the experimental 
data which consider the structural characteristics of sand: 
grain size distribution; morphological characteristics of 
grains; formation of coagulation, phase, and transition 
power contacts.  

Findings. The analytical synthesis showed that the 
difference in structural characteristics and sand grains 
morphology (particles’ shape and surface nature) causes 
different values of ultimate composition density, opti-
mum moisture content for firming, and strength charac-
teristics. The sand structural features effect on the num-
ber of real contacts between its grains and the formation 
of different types of bound water in soil has been consid-
ered.  

Originality. The theoretical approach and its ex-
perimental proof allowed the new physical-chemical 
theory of effective stress formation in cohesive soils 
which can be applied for sandy soils widespread in the 
earth crust.  

Practical value. We now have the possibility to 
assess the influence of effective stresses on formation 
of the stress condition of the soils of different litholog-
ical and petrographic composition more accurately. 
The development of the classical theory of effective 
stresses formation on the basis of physico-chemical 
concepts is a promising area of soil science and soil 
mechanics. 

Keywords: effective stresses, soil, sand, structural 
features, morphology, power contacts, density, strength, 
water, physical and chemical theory 
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 DONGFANG 1-1   YINGGEHAI  

Dongfang 1-1 gas field is a high temperature and high pressure area. An accurate pore pressure prediction is 
very important for safe drilling in this area. The authors have analyzed and classified the overpressure 
mechanisms on the base of loading and unloading, which are the relationships of vertical effective stress and 
acoustic velocity. Then, the logging responses for different overpressure mechanisms have been discussed. Based 
on the above, the new method of pore pressure prediction by means of the DT-density crossplot and DT-density-
depth crossplot has been proposed. The method has been applied to analyze the overpressure causes and predict a 
high temperature and high pressure well in DF1-1 gas filed, Yinggehai Basin. The results show that the 
overpressure in DF1-1 gas filed is caused by three factors: disequilibrium compaction, aquathermal expansion and 
hydrocarbon generation. Their contribution to the overpressure in different formations is different. By using the 
DT-density crossplot and the DT-density-depth crossplot the contribution can be distinguished and feasible 
prediction model can be chosen. The authors have proved that the Eaton method is only suitable for 
disequilibrium compaction; but the Bowers method is effective for the overpressure caused by disequilibrium 
compaction or fluid volume expansion. This method improves the pore pressure prediction accuracy in DF 1-1 gas 
filed effectively. It is of importance to the drilling engineering. 

Keywords: DF 1-1 gas filed, high temperature, high pressure, overpressure mechanism, loading, unloading, pore 
pressure prediction 

 
Introduction.2 The Dongfang 1-1 (DF1-1) gas filed 

is the largest gas filed in China. It is located in the 
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Yinggehai Sea Basin, about 100 km to the west of 
Yinggehai town, Hainan province (Fig. 1). The water 
depth is about 64–70 m. The gas reserve of the field is 
estimated to excess a hundred billion cubic over the gas-


