
Management 
of 
uncertainties 
in production 
Operation 

It must be recognized that 

designing and operating an 

oil or gas field is very 

different from designing 

and operating a refinery or 

chemical plant. Refineries 

and chemical plants are 

much more complex, but 

the compositions of the 

inlet flows are well defined 

at the design stage. Also the 

quantities and qualities of 

products remain 

unchanged during the 

lifetime of the project. In 

contrast, oil and gas 

production involves 

simpler processing; but has 

to deal with the large 

uncertainty represented by 

our lack of a full description 

of the initial state of the 

reservoir as well as our 

inability to predict how it 

will behave once reservoir 

fluids are being produced. 

Alteration of the production 

facilities is frequently very 

expensive due to their 

remote locations e.g. 

offshore. In fact, addition of 

extra equipment may be 

impractical due to space or 

weight limitations. Cost 

effective management of 

this factor is becoming 

more important in the 

current, stringent economic 

climate of oil prices. “Slim” 

platform construction 

techniques mounting 

minimum facilities are 

being inevitably favored in 

the race to profitably 

develop marginal 

prospects. 

Typical examples of 

uncertainty that need to be 

taken into account within 

the Field Development Plan 

and the facility design 

include: 

(i) Wellhead conditions are 

subject to uncertainty until 

the formation is actually 

drilled e.g. if the fluid in an 

isolated fault block was 

found to be gas rather than 

oil bearing, the required 

wellhead completion could 

change from the planned 

5000 psi oil producer to a 

10,000 psi gas producer. 

This has a large impact on 

the specification for 

wellhead equipment, 

surface flow lines etc. 

(ii) Field (potential) plateau 

production and reserves 

may be (much) larger or a 

(small) fraction of the 

facility design values. It is 

normally a very profitable 

project to de-bottleneck the 

oil production facilities to 

take advantage of any 

greater-than expected well 

/ reservoir production 

potential. 

(iii) The oil and gas 

production rates will 

decrease and the water 

production rate increase as 

the field matures. 

The rate at which these 

fluids change and the long 

term production 

performance will depend 

on the reservoir production 

mechanism e.g. the drive 

mechanism which forces oil 

from a distant location in 

the reservoir into the well, 

and subsequently to the 

surface. 

The “Real World” 

The real world is far more 

complicated and interesting 

as well. Various factors lead 

towards amplified 

complexities. 

(i) The reservoir will be 

heterogeneous - leading to 

rapid reserve from high 

permeability streaks, 

followed by early water or 

gas break-through. 

(ii) The reservoir may be 

compartmentalized by 

sealing faults which reduce 

the reserves connected to 

the well. This would lead to 

an (unexpected) rapid drop 



in bottom hole pressure. 

Possible early installation 

of artificial lift or the need 

to sidetrack the well to a 

new location will then be 

required. 

(iii) A strong natural water 

drive may have been 

assumed. Provision has to 

be made e.g. space for 

water injection plant and 

spare conductors in the 

case of an offshore platform 

so that water injection can 

be implemented before the 

project economics are put 

in jeopardy. 

These factors all point to 

the need to develop a 

systematic approach to the 

collection and analysis of 

production data, so that 

changes in the pattern of 

well production can be 

recognized, and remedial 

measures initiated.  

Overall Impact 

The combination of the 

above - and many more - 

factors result in large 

changes in the rate at which 

oil, gas and water are 

produced during the 

project’s lifetime. A typical 

example of these changes 

during the early, mid-life 

and mature phases of oil is 

summarized in tables 1 

 

Risk-Based Integrated-

Production Model 

(RIPM) 

The risk-based integrated-

production-model (RIPM) 

analysis process was 

developed to help quantify 

and manage uncertainty 

during development, 

infrastructure 

implementation, and 

operation of a field project. 

The process quantifies the 

impact of subsystem (i.e., 

reservoir, well, or facility) 

performance with 

associated uncertainty on 

the entire system to 

facilitate strategic planning 

and decision-making. It is 

based on fundamental 

principles of integration, 

quantification, and 

validation: integration to 

evaluate an option’s effect 

on the entire system; 

quantification to compare 

several options on a 

consistent, absolute basis; 

and validation to define 

uncertainty and strategic 

avenues for improvement. 

Range of Applications 

As an asset advances 

through its life, changes can 

occur in the key technical 

and business drivers, 

uncertainty magnitude, and 

nature of operations. A 

flexible analysis process is 

needed to provide a 

common framework to 

guide decision making over 

the asset life stages without 

hindering the asset’s 

optimization. In 

development, where 

analysis focuses on design 

and planning, the process 

should quantify the system 

constraints and the system 

drivers for a multitude of 

options and their 

associated uncertainties. In 

infrastructure 

implementation, where 

analysis focuses on 

validation and reducing 

uncertainty, the process 

should quickly identify both 



the local and global 

(system) impact of data 

collected and strategic 

forward direction if change 

is required. In operation, 

where analysis focus is on 

production and optimizing 

the value extracted, the 

process should quantify 

and validate performance 

and identify opportunities 

and risks. The tendency is 

to manage field events 

reactively rather than 

proactively and to extract 

value through passive 

inaction rather than 

through active 

optimization.  

The RIPM process has the 

necessary features to 

provide the common 

framework described. It is 

applicable at different 

phases of an asset’s life and 

can affect a wide range of 

decisions required during 

that time. See Fig.1 

 

Field Development: The 

RIPM process can 

significantly impact the 

total value extracted from a 

field when appliedin the 

field-development stage. 

This is the stage where the 

greatest uncertainty exists 

concerning many of the 

parameters but often also is 

where key strategies and 

subsystem constraints (e.g., 

production capacity) are 

set. The risk based and 

iterative features of the 

process provide the means 

to quantify and evaluate 

quickly several 

development options and 

their associated uncertainty 

on a consistent basis and 

thereby set development 

strategy on the basis of a 

quantitative risk/benefit 

analysis. 

Field Evaluation and 

Expansion: This type of 

application is characterized 

by decisions regarding 

modification or expansion 

of a field that has been in 

operation for some time. As 

with development-planning 

studies, the quantitative 

nature of the process can 

help determine whether 

field expansion is 

worthwhile and the 

strategic means to 

accomplish it. For these 

applications, a significant 

amount of data generally is 

available to develop, match, 

and validate the subsystem 

models and to determine 

key parameters and 

associated probability 

distribution functions. 

Field Operation and 

Maintenance: This is the 

most detailed type of 

application for the RIPM 

process. It involves use of 

data gathered from field 

surveillance activities to 

quantify system 

performance and to identify 

opportunities for 

production optimization 

and forward depletion 

plans, thereby providing a 

bridge between production 

optimization and reservoir-

management planning 

activities. As such, the 

process must be flexible to 

tap into field-management 

systems and existing 



infrastructure for data 

acquisition, management, 

and surveillance. Typical 

issues involve gas 

allocation for lifted wells, 

selection of wells to shut in, 

compression requirements, 

and such operational 

decisions as choke settings 

for individual wells to 

optimize overall field 

production. These are 

decisions that typically 

must be carried out in a 

fairly short time. Detailed 

well-performance analyses 

also can be conducted to 

identify effective 

completion practices and 

stimulation candidates. The 

extensive field data that 

normally are available are 

used to quantify 

uncertainty in input data, to 

validate models, and to set 

bounds on model 

predictions. 

Field Acquisition or Exit: 

This type of application is 

characterized by decisions 

regarding buying or selling 

of a field. An essential 

component of decision-

making is accurate 

assessment of actual value 

and potential value with 

change (e.g., new 

technology). Key technical 

and business drivers should 

be identified and used to 

define negotiating strategy 

and contract terms. 

Conclusions 

The RIPM adds value to the 

decision-making process 

over the asset life cycle 

through integration of 

subsystem models and 

quantification of the impact 

of uncertainty. The process 

is dynamic, iterative, and 

well-suited to impacting the 

different decisions required 

in development, expansion, 

and operation stages of an 

asset. It provides a 

framework for setting 

strategic direction and 

responding strategically to 

new or unexpected data as 

they are collected. 


