
We focused the analysis of the sensitivity study simulations on the 
cumulative oil production (fig.: 6) of the whole sector and the 
associated plateau duration. 
The best case obtained is the case with a connected fracture 
network, a high fracture conductivity and a small aquifer. Surprisingly, 
the fracture network has a positive impact on oil production in this 
sector. The Pareto Diagram confirms this observation (fig.: 7). It 
indicates that the 3 most influential parameters are in decreasing 
order:

	 •	 The connectivity of the fracture network (Lcon): the more 
	 	 connected the fracture network is, the more oil is produced after 
	 	 20 years.
	 •	 The aquifer volume (Vaq): the smaller the aquifer is, the more oil 
	 	 is produced after 20 years.
	 •	 Super-K permeability (Ksk): it has a positive impact on the oil 
	 	 production because it enhances both the pressure support and 
	 	 the well productivity.
 
Higher connectivity and conductivity of the network enable a better 
pressure support and therefore improves the pressure support for in-
field wells. Generally speaking, a fracture network has both a positive 
impact on the oil production by improving the pressure maintenance 
and a negative impact by accelerating the water breakthrough. Here, 
the positive impact is stronger than the negative one.
Due to the lateral size of the field, a strong injection is needed to 
support the pressure at producers. In such a case, both of the size 
and the transmissibility of the aquifer have a major impact since the 
aquifer absorbs a part of the energy provided by the injection and 
decreases its efficiency. Therefore, the larger of the aquifer is, the 
worse the pressure support is. As the consequence, oil production is 
lower and the plateau life is shorter.

To illustrate the impact of the fracture network properties on oil 
production and further analyze the sector behavior, we compared 
two water saturation maps in zone 2A of sector 1 after 20 years, 
obtained respectively with a connected and conductive fracture 
network and a poorly connected and poorly conductive one (fig.: 8). 
Water fingering is more important with the connected and conductive 
fracture network. This causes wells to intersect the network water 
out and die prematurely, but even in this case the oil production is 
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Figure 9: Risk analysis in sector 1: cum. oil produced
after 20 years
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Figure 6: Sector 1 sensitivity study results: cumulative oil vs time
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Figure 10: Loss Circulation Map on Recently Drilled Wells in Inc-2

The results from sensitivity study and risk analysis clearly impact the 
way we develop the Increment. From these results we could
a) further optimize the field development by properly formulating the 
drilling and completion strategy, and
b) re-prioritize the data acquisition and reservoir characterization 
program to lessen the uncertainties and further minimize the risks.

• Positive impact of connectivity and conductivity of the fracture 
networks:
 è	 long horizontal injectors are drilled perpendicular to fracture 
	 	 swarms.
 è	 to avoid early water breakthrough, first row hrizontal producers 
are drilled parallel to the direction of faults and fractures.

• Positive impact of super-K permeability:
 è	second row producers are completed through both Zone-2A 
	 	 and 2B.

• Negative impact of Skin:
 è	acid jetting.

• Strong influence of the aquifer size on the field performance:
 è	design of an injection system with some flexibility for injecting 
	 	 at a higher voidage replacement volume.

In addition, since pressure support is a critical element, we have put 
together a program to have permanent bottom hole pressure 
monitoring system in selected wells to make sure that the reservoir is 
produced at the most optimum condition with respect to rates and 
recovery. 

Model Results Validation
Haradh Increment-2 wells are being drilled with encouraging results. 
Limited drilling results up to this point have substantiated the validity 
of the probability approach in developing Haradh Increment-2. Wells 
drilled outside the window of N70E and EW have much higher 
percentage of loss circulation through open fractures. So far new 
wells have been tested dry even though premature water 
encroachments have been observed in a few existing observation 
wells through limited production from the Increment.

1. Use of experimental design has shortened the number of 
simulation runs required for sensitive assessment and risk 
analysis, particularly in large reservoir dual porosity-dual 
permeability models. 

2. Probability analyses identify and rank the most sensitive 
reservoir parameters that help in field development: maximize 
the exposure to the reservoir components that bring positive 
impact and minimize those that have the negative impact on field 
recovery and economics.

3. Sensitive parameters are on the top priority on the list of data 
acquisition. This helps put the investment where it matters the 
most in terms of improved recovery and rate of return.

4. Drilling results up to now have substantiated the validity of the 
probability approach in developing the reservoir
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Figure 8: Sector 1 sensitivity study : sw distribution after 
20 years of production

Pareto plot on effects
Lcon
Vaq
Ksk
Skin
KZH

C1
C1:Ksk
C1:C2
Sorw

C1:Vaq
C2

C1:KZH
C1:Sorw
C1:Skin

C1:Lcon

-73.044
-55.632

25.317
-33.242

33.868

18.487
15.999
15.983

-11.532

-2.983
-2.178

-10.732
9.471

8.445
-3.194

0 20 40

Size of effect

60

PSE

Figure 7: Sensitivity study in sector 1: pareto diagram
for the cumulative oil produced


