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Reservoir Modelling in the Evaluation Phase

Qiu Yinan, Xiao Jingxiu, Wang Zhengbiao, Mu Longxin, Jia Ailin
and Wen Jian

(Research Institute of Petroleum Ezploration and Development,CNPC)

Abstract
The fact that a few data available,particularly the direct reservoir data from drilled wells for
rservoir characterization and modeling is a vital problem in the evaluation phase of a hydrocarbon
reservoir. The methodology of integration of reservoir geology,geophysics and engineering should
be used. This paper aims to decribe the basic principles having to be followed for reservoir modeling
in evaluation phase,and some case studies are also presented to demonstrate these principles.

Key words ;Reservoir modelling ,Sandbody j Evaluation phase
0 Introduction

The evaluation phase is a very important transitional period from discovery to putting into
development of a hydrocarbon reservoir, whose main tasks in this period include the
development feasibility study , analysis of the hydrocarbon reservoir for commercial
development the case putting in to development occurred, and the development strategy.
However,a few data are available in this period, particularly the direct reservoir data from
evaluation wells. Therefore,in the evaluation phase,how to make reservoir description and to
build a resonable reservoir geological model, based on which the prediction of reservoir
production performance and decision-making of development strategy are the most*attractive
point to the reservoir geologists. Especially in recent decades,exploration has been turned to
frontier areas with harsh natural geographic and complex geologic conditions,and the drilling
cost is rising sharply. A correctly geological evaluation of reservoir can be carried out with as
few evaluation wells as possible, which had not only been a academic research problem ,but also
a very reélistic problem in practice.

As a main oil production country in the world ,China has reached a very high maturity in
exploration and production of hydrocarbon in its East Part. Since late 80%,the exploration
targets have been transfered to the three big basins in northwest desert,some oilfields have
been discovered and put into production gradually. The evaluation and feasibility studies of all
these oilfields were made with only few evaluation wells or even one discovery well.
Experiences proved that in the evaluation phase through multi-discipline integration of
geology, geophysics and engineering and adopting perfect research methodology to build the
reservoir geological model with few wells, is not only possible but also very successful. Based on
several successful case examples which we have practiced ,this paper aims to describe the basic
principles followed for reservoir modelling in the evaluation phase.
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1 Sedimentary Environment A nalysis

It had been a conventional procedure, tl.lat reservoir modeling must take the
sedimentological analysis as its foundation especially in the evaluation phase, because it is
impossible to establish the 3D distribution of the reservoir attributes directly when only sereval
wells data are available. We must depend on the knowledge of the ancient or modern
sedimentary analogues to infer the characteristics of the reservoir we studied. So it is the key
point to identify the sedimentary environment of the reservoir deposited before selecting the
analogue.

In our experience, we should identify the deposition environment as fine as possible.
During the sedimentary analysis, it is best to catch the microfacies which will make more
reliable for us to select their sedimentary analogues and to use their geological knowledge.
Additionally, it is necessary to stress that more attention has to be paid to the process
sedimentology, since there only have similar environmental deposits, have not two deposited
bodies which may be absolutely the same. Through the analysis of process sedimentology and
reestablishment of the palaeo-scale of the studied reservoir, we can build a more reliably
quantitative geological model.

Tarim Basin Donghe No. 1 oilfield® was discovered in 1990,and development feasibility
study was launched with only one discovery well available. The reservoir aged Carboniferous is
composed of very thick and homogeneous fine grained sandstones which environmentally
belongs to beach shoreface deposits. The thick sandstone has formed a massive hydrocarbon
reservoir with a large bottom water body. However, there are some thin interbeds of
argillacious siltstones and silty mudstones intercalated in the thick sandstone. It has been the
key problem in geological modelling for such a bottom watered reservoir how to estimate
thescale of these interbeds and their effect on the vertical permeability. Through very detailed
core observation ,these interbeds were defined as bottom set of small scale coastal bars deposited
at shoreface environment. The thickness and width of the coastal bar were estimated according
to the dip angle of the swash cross bedding and the overwash bedding and the thickness of the
deposited rythm. The length of the bar were estimated based on the length/width ratio of ten

ancient and modern coastal bar deposits. The scale of the bottomset interbeds were estimated

Fig. I A sketch of swash bar (A :bottomset bed, B:stoss side deposits C :lee side deposits)

about 65 X 700m according to the scale of the coastal bar (Fig. 1), and numerical flowin g
simulation based on this geological model had predicted that the bottom water coning would

not be the significant problem. Now ,the oilfield has been putting into production for two years
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and the performance has proved the predicted reservoir model.
2 Prototype Model

The stochastic modelling methods are often used during evaluation phase, and all .the
stochastic modelling methods rely on statistical properties of the space structure of reservoir
attributes and are constrained by the geological knowledge. However,at the evaluation phase
with few data control points spaced by several thousands meters, it is impossible to get the
accurate statistical properties of attributes, particularily that of the lateral distribution. Some
research workers had supposed that the lateral heterogenity of pemeability of a sandbody is
similar to its vertical one,and proposed using the vertical statistical properties of the well to
estimate the lateral distribuation of the same attribute. Horizontal drilling wells ,however ,have
revealed that this opinion is not conformed to a number of deposited bodies (Fig. 2). The most
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Fig.2 Porosity histogram of a horizontal well in vertical(60m) and horizontal interval (500m )
effective method in our opinion is to seltect a sedimentary analoguous which had very dense
data controlling points and had been detailed described. According to the principle of
comparative sedimentology the sandbodies deposited at the similiar environment should have
similiar heterogeneity ,in which this analoguous sandbody can be observed as a prototype model
for modelling the target sandbody. Statistical properties, such as variogram and Hurst
exponent, and other geological knowledge such as width/thickness ratio and density of
sandbodies from the prototype model can be used as reference and constrains during stochastic

modelling the target sandbody to guarantee the simulated heterogeneity features in reality.

l3.



It will be best to select an outcrop analogue as the prototype model,which can be densily
sampled for detailedly measuring the reservoir attributes. In this case, we can get the best
prediction result. However, the outcrop knowledge accumulated are too little to meet the
requirement for all types of environmental sandbodies. Fl.'om our experience, the maturely
developed oilfields which have well spacing in hundreds meters can be used as prototype models
to predict the heterogeneities of analoguous reservoirs which are in evaluation phase generally
drilled with well spacing in thousands meters. The predicted scale and accuracy are fine enough
to meet the need of development feasibility study. Such prototype models that can be selected
from maturely developed oilfields are more abundant than those from outcrops.

Yuejin No. 2 oilfield, located in Chaidamu basin with ten evaluation wells, are planed to
put into development. Its neighboring Gaskule oilfield which had been developed some years
ago is selected as a prototype model for reservoir modelling. The reservoirs of both fields belong
to the same sedimentary system and are mainly composed of distributary channel sandbodies.
The variogram of the continuity of sandbodies is derived from the well'data of a pilot area from
350m to Gaskule oilfield and used to build the sandbodies, continuity model of Yuejin No. 2
oilfield by means of SIS (Sequential Indicator Simulation). The elongated orientations of
sandbodies are determind by analysis of depositional direction. Fig. 3 has shown the distribution
of several representative oil bearing sandbodies,and the result is satisfactory to development
design. Fig. 4 is another example of resrvoir modelling in such way. The isoperm map of J,S
pay zone of Qiuling oilfield is simulated by Fractal algorithm with only several well drilled. Its
statistical properties such as Hurst exponent, are dervied from the analaoguous sedimentary

sandbody of neighbouring Shangshan oilfiled which was a well spacing of 300 meters.
3 Test of Stochastic Modelling Method

In recent years,the stochastic modelling methods have been speedly developed for the need
of quantitative reservoir description. Many methods have been published. The problem facingto
geologists now is which kinds of stochastic method is the most suitable one for modelling the
specified sandbody heterogeneity. Our experiences accumulated are far from enough,and we
would like to do some test work when we select a stochastic method to build a reservoir model.

In our opinion,the best test way is to scarify the data controlling points(well spacing) of
the prototype model and then to rebuild the model by a given stochastic modelling method in
various density of data points and to finally compare the modelling results to the original
model. If the results are satisfactory,the stochastic modelling method can be accepted.

Shengli Chengdao oilfield is now at the evaluation phase, whose resevoir is composed of
fluvial sandbodies of Fm. N, Neogene. We take the neighboring Gudong oilfield which also has
the fluvial deposits in same geologic period as the prototype model. The wel! spacing of the
developed region had been reached up to 50 meters due to stacking of multi-producing zones.
We scarified the well pattern gradually ,and made the data controlling points spaced 300,600 to
1000 meters respectively. The sandbody continuity models (Fig. 5) were produced by SIS,
whose results have been shown that the reservoir model built at well spacing of 1000 meters

e 4
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Fig. 3 Distribuation map of several simulated oil bearing sandbodies of Yuejin No. 2 oilfield
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Fig. 5 Sandbody contmulty models of Chengdao oilfield in different well spacing produced by SIS

basically remains the original continuity property. The test has provided a reiable foundation for
the sandbody architecture modelling of Chengdao oilfield by using the SIS.

4 Key Reservoir Attributes

The general reservoir attributes to be modelled in the evaluation phase of an oilfield include
reservoir ocntinuity and heterogeneities of petrophysical properties, mainly porosity and
permeability. However ,as to a specific reservoir, there are ususally several key attributes that
play the most important role in the decision of development strategy. These key attibutes must
be figured out by close cooperation of geologist and reservoir engineer and emphasized in
modelling. The aim of reservoir modelling is firstly to seek reasonble simulation method of the
key attributes and to make sensitivity analysis of the attributes to the fluid flow simulation. The
other less important attributes could be ignored. All of these will simplify the modelling
procedure.

Tazhong No. 4 oilfield located in Tarim basin has two main pay zones in Carboniferous.
The upper zone CI is composed of a set of paralic deposits constituting a layered reservoir,of
which the poorer reserve abundance and discontinuity of sandbodies determine that the key
attibute in modelling is the architecture of sandbodies (Fig. 6).

The lower zone C I reservoir is a massive sandstone with gas cap and bottom water,
whose key attribute in reservoir modelling is the distributation of barriers and buffles which
will play a very important role in the coning of gas cap and bottom water and the position of
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horizontal wells. The focal point we considered in modelling is the dimension and density of
barriers and buffles. -

5 Reservoir Geophysics

The development of reservoir geophysics in recent years has provided an important means
to the reservoir description and modelling. Inter grated with drilling ,well logging ,the reservoir
geophysicists have developed a series of techniques for reservoir lateral tracing which provide an
incomparable information for reservoir description, especially interwell reservoir prediction.
Although the resolution of conventional seismic acquistition has not yet met the requirement of
reservoir modelling ,particularly for the continential clastic rocks in China,its inversion results
are still of important reference and constrain to the stochastic reservoir modelling in the
evaluation phase.

The reservoir geophysical results such as acoustic impedence, seislog profile etc. can be
used in the following aspects :

5.1 To be some constrains of regional reservoir distribuation.
5.2 Served as an optimistic estimation to the reservoir lateral continuity.
5.3 After corrections of net/gross sand ratio by drilling well and of porosity by core analysis ,

the seismic information can be used as parameters of reserve estimation.

6 Selection and Application of Reservoir Models

Intergrating above mentioned, only conceptual reservoir model*” can be established by
- 7 -



stochastic modelling or geologic inference. In evaluation phase,what we want is the reliability of
the general heterogeneities of reservoir,not to seek the reality of every point predicted. This
kind of conceptual model is enough in accuracy to make decision of development strategy.
However ,more attention should be paid to the following two points during its application.

The first is the error caused by the random of the model during fluid flow simulation.
Geologists should range the uncertainty of the key attributes to sensitivity analaysis in fluid
flow simulation for reducing the risk of development strategy,such as the scale and distribution
frequency of discontinuous barriers and buffles and their effect on the K,/K. ratio in the
reservoir with bottom water mentioned above.

The second is to select several different realizations from all the stochastic models
according to the geologic constrains and experiences. In general, three kind of models (the
optimistic, the pesimistic and thé looklike) should be provided for making decision of
development strategy and performance prediction through fluid flow simulation. For example,
the Ba Jiao Ting gas field, located in East China Sea, is reservoired of Eogene tidal flat
sandbodies and the development feasibility study was proceeded with only one discovery well.
The key attribute for this gas field is the continuity of the layered sandbodies which are only
several meters in thickness. We took the lateral continuity of sandbodies processed by seislog

which has a vertical resolution of 30 meters as the optimistic geolgoical model ((Fig. 7). We
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Fig. 7 The optimistic geologic model of PingHu Ba Jiao Ting oilfield from seislog
took the tidal channels as high sinuosity meandering rivers and predi cted the width of
sandbody by width/thickness ratio from geolgical experiences, and the lateral connect was

predicted by critical density value®’. The continuity of sandbodies got by this method was
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considered to be the pesimistic geological model(Fig. 8). It has proved by fluid flow simulation
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Fig. 8 The persimistic geologic model of PingHu Ba Jiao Ting oilfield from geologic experience
H :thickness ¢:porosity K :permeability
that the gas field belongs to economically marginal one. Even the optimistic geologic model is

economically margined.

7 Conclusions

The basic principles, which should to be followed for reservoir modelling in the early
evaluation phase are as follows;
7.1 Analysis of sedimentary environment is the foundation of resevior modelling. Not only
the microenvironment has to be identified, but the process sedimentology must be carefully
reconstructed.
7.2 A sedmimentary analogue having very finely grided data controlled should be properly
selected to serve as a prototype model. OQutcrop analogues are the best selection ,however,the
reservoir analogues having been densely derilled in the maturely developed area can also be
considered as candidate.
7.3 The key attributes of reservoir, which influences on decision of development strategy,
should be found out.
7.4 The geostatistical methods used for conditional simulation have to be properly examined
on the prototype model.
7.5 The reservoir seismic inversion is a very important tool for reservoir charactt_&rization and
modelling in evaluation phase, whose results can be taken as an important reference and
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constrain for modeling.
7. 6 Only the conceptual models can be built in the evaluation phase due to the lack of
available data. The sensitivity of stochastic properties of reservoir attributes on fluid flow

simulation should be carefully studied.
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Reservoir Heterogeneity of Fan-delta in
Member Il of Shahejie Formation Huzhuangji
Oilfield , East China

Wu Shenghe,Xiong Qihua,Liu Yuhong,Wu Xinsong and Ji Fahua
(U niversity of Peiroleum ,Beijing ,China)
Abstract

The Huzhuangji Oilfield is located on the west ramp of the Dongpu Depression of the Bohai

Bay Basin. The fan-delta reservoir of Memeber X of the Shahejie Formation in this oilfield is one

of the few highly hetercgeneous clastic reservoirs in East China. The reservoir is composed of

littoral-shallow lake [an-delta sandstones. The sedimentary environments of the sandstones are

unstable, and the sand bodies vary quickly laterally and vertically. The reservoir shows

characteristics of large interbed difference in reservoir property,large lateral variation in reservoir

property,large microheterogeneity,poor efliciency of waterdrive development ;and rapid increase of

water cut in oil wells. The purpose of this paper is to apply various methods and techniques,

including core analysis,quantiative imaging analysis of pores ,mercury injection analysis,experiment

of oil displacement by water,experiment of reservoir sensitivity,digital processing of well logging

data,geostatistics and stochastic modeling ,to characterize systematically the reservoir heterogeneity

of this area and its influence on waterdrive development of wilficid l‘rom.dif[erent aspects,and to
summarize the heterogeneity model of the fan-delta reservoir of this area.

Key words ;Reservor heterogeneity ; Geostatistics ; Reservoir stochastic modeling ; pore network ;

Huzhuangji Oilfield

0 Introduction

The fan-delta is a genetic type of highly heterogeneous reservoirs. Due to large difference
in reservoir property of sand bodies of various microfacies as well as its rapid vertical and lateral
variation,interbed and lateral heterogeneity is very
large. At the same time,reservoir intrabed and pore
heterogeneity is also very severe. During waterdrive
development, oil recovery from such reservoirs is
commonly low, and water cut increases rapidly.
Thus the efficiency of waterdrive development is
affected.

The Member I of the Shahejie Formation in
Hu Block 12 of the Huzhuangji Qilfield is a typical

highly heterogeneous fan-delta reservoir. It is Fig. 1 Dpositional model of [an-delta
in Block 12

situated on the west slope of the Dongpu Depression

of the Bohai Bay Basin,and is the fan-delta depositional system developed on a gently-inclined

bottom (Fig. 1). In the oilfield , only the fan-delta front and pro-fan-delta are preseved. The
. 11 .



