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Abstract 

This white paper describes a unique approach and workflow Petroleum Technology Company AS (PTC) 
has developed for gas-lift system design.  
 
The workflow employs a combination of proprietary PTC and industry recognised software tools. It 
allows us to rigorously cater for uncertainties and changes in the reservoir, well and operating conditions 
over the life of the well. 
 
As a result, our clients are provided with the information they require, to make gas-lift design selection 
decisions, balancing well lifecycle production optimisation, with well intervention and operability 
requirements. 

 

Introduction 

A large proportion of gas lifted wells around the world are under-performing. Most commonly it is due to 
ómulti-pointingô, where instead of all the lift gas being injected via the operating valve at the planned 
injection depth, some (unintentionally) enters the tubing via one or more of the shallower unloading 
valves. In other cases, wells may underperform as the planned injection depth cannot be reached with 
the available lift gas pressure.  
 
These issues are often the result of unloading valve reliability problems or inadequate gas-lift design. 
The unique architecture of PTCôs unloading valves delivers significant functionality and reliability 
benefits. These benefits are fully described in a separate white paper [1].  Another common reason for 
underperformance, and in particular unloading valves not performing as expected, is a lack of rigour, 
during the traditional gas-lift system design process. This is because it often doesnôt cater for the 
inevitable uncertainties and life of well changes commonly encountered.  
 
PTC have therefore developed a unique gas lifted well design workflow, which employs a combination 
of proprietary and industry recognised software tools. The workflow is described in this white paper. It 
allows us to rigorously cater for uncertainties and changes in the following parameters over the life of 
the well including (and not limited to): 
 

¶ Reservoir properties: pressures, productivity indices, watercuts and gas oil ratios.  

¶ Operating conditions: flowing tubing head pressure, lift gas pressures and volumes. 

¶ Well kill and treatment fluid properties. 

¶ Completion and intervention constraints.  
 
These uncertain and changing design parameters, mean that in many cases, there is no single unique 
design solution. Instead, a design is refined and selected (in conjunction with the client) from various 
options considering: 
 

¶ Production optimisation  

¶ Completion complexity  

¶ Well operability and flexibility 
 
Thereafter, the recommended design is óstress checkedô. This is to ensure that, despite any 
compromises that may have been made, it is robust (principally that kick-off is always possible, and 
unloading valve multi-pointing / check valve chattering is always avoided) under the range of anticipated 
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operating scenarios. The propensity for common oilfield scale deposition at the valve setting depths can 
be checked, and a well unloading schedule can be produced.  
 

Unloading Valve Operation   

Since many gas-lift performance issues are associated with unloading valves not functioning as planned, 
an outline of unloading valve operation is described in this section.  
 
Unloading valves are installed in cases where the lift gas compressor cannot supply sufficient pressure 
to facilitate immediate deep lift gas injection or in cases where you have to displace a heavy completion 
fluid out of the well. They are installed in the well at depths, which are selected during the design 
process, to facilitate temporary shallow, then sequentially deepening gas-lift injection during well 
commissioning. Once the lift gas reaches the planned depth of injection (the operating valve) the 
unloading valves are designed to close and remain closed under normal producing conditions. 
 

The unloading process is illustrated in Figure 1.  

¶ The red lines represent the gas gradient in the annulus  

¶ The broken blue line represents the initial pressure gradient of fluid in the tubing. It can be seen that 
initially, gas can only pass from the annulus to the tubing via the shallowest unloading valve 

¶ The blue line represents the pressure gradient in the tubing once gas has been injected and steady 
state production conditions are achieved 

 
Once the lift gas reduces the density of the fluid in the tubing above the shallowest unloading valve, the 
pressure gradient in the tubing below the shallowest valve (second diagonal red line) falls to a level that 
allows lift gas to pass through the next unloading valve.  
 
At this point, the lift gas injection pressure is reduced so the shallowest valve closes, and the process is 
continued until the desired injection depth is reached.  
 

 
Figure 1: Design Plot  

Most commonly, Injection Pressure Operated (IPO) unloading valves are used. The opening and closing 
pressures of IPO unloading valves are controlled by a force balance across an N2 charged bellows see 
Figure 2.  
 
If the closing force from the ódomeô side of the bellows due to the N2 charge pressure is  less than the 
opening forces exerted on the valve tip and external surface of the bellows, then the IPO unloading 
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Annulus Lift Gas 

Injection Pressure 

valve either moves to the open position. If the closing force from the ódomeô side of the bellows due to 
the N2 charge pressure is greater than the opening forces exerted on the valve tip and external surface 
of the bellows, then the IPO unloading valve either moves to the closed position.  
 

N.B. when the valve is in the open position, the (annulus) lift gas injection pressure is applied across the 

whole bellows cross-sectional area; the closing pressure is then equal to the N2 charge pressure. The 

opening pressure is always greater than the closing pressure since the effective bellows area is reduced 

by an amount equal to the valve port opening area.   

 

Figure 2: IPO Layout 

This is important because, along with the bellows hysteresis effect, it results in a difference or óspreadô 
between the opening and closing pressures. The casing pressure drop required to close each 
successive IPO unloading valve, is equal to the spread.  
 
Because it is tubing pressure that is applied to the valve tip when opening, the opening / closing pressure 
óspreadô will be affected by any changes in the magnitude of the tubing pressure over the life of the well. 
Changes in the well temperature at valve depth will also affect the dome pressure and therefore have 
an impact on the spread.  
 
Consequently, in contrast to common industry practice, where an arbitrary spread value is often used, 
PTC rigorously calculate the spread at all expected well lifecycle conditions.  
 



                                                                                                                            

4 
 

Individual IPO unloading valve N2 charge ódomeô pressures are also specified accordingly.  A safety 
factor is also applied to the injection pressure reduction when transferring from the deepest IPO 
unloading valve to the operating valve, providing further assurance that the deepest (and by default any 
shallower) IPO unloading valves remain closed after unloading is completed.  
 
 
 

 
Figure 3: Valve Status over LoF 

Figure 3 represents an additional check that PTC performs to determine the status of IPO unloading 
valves over all the supplied field cases, once the design case has been selected.  As the nitrogen charge 
in a gas-lift valve is influenced by temperature the opening and closing pressure of the valve will also 
be subject to changes depending on which scenario and temperature is encountered. It is therefore 
important that this is identified during the design process to ensure the risk of multi-pointing is 
significantly reduced and to allow PTC to adjust the Casing Head Pressure (CHP) drop accordingly.  
 
A safety factor is commonly applied to the available lift gas pressure. This mitigates the most common 
sources of error in gas-lift designs; over optimistic assumptions regarding lift gas pressure and variations 
in temperature. 
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As a result, the likelihood of PTC unloading valves failing to either open or close at the expected lift gas 
injection pressures, is significantly reduced. Any outlying cases encountered would be discussed with 
the client. 

 
 

Gas-Lift Design Workflow  

The PTC gas lift design workflow is an iterative process, with client input and discussion at key decision 
points throughout. 
 
Step 1: Data Gathering  
 
The first step is to gather the design input data and assumptions. An input data sheet is supplied to the 
client. It is used to document the range of possible parameters that the design will have to cater for 
throughout the life of the well including: 
 

¶ Reservoir pressures and productivity indices 

¶ Produced fluid and lift gas properties 

¶ Well architecture and deviation data 

¶ Well kill and treatment fluid properties 

¶ Well operating pressures and temperatures 
 
This data is ósense checkedô and any uncertainties clarified with the client before a set of design cases 
are jointly defined.  
  
Commonly within the industry, a gas-lift design workflow included only one or two óworst case scenarioô 
design cases. Industry experience has shown that this does not deliver the rigour needed to assure the 
optimum design. The PTC approach is to typically defined around 21 separate design cases. 
 

 
Table 1: Sensitivity Profile 
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Figure 4: Sensitivity Profile Cases  

Table 1 and Figure 4 shows a range of 21 ótime stepô design cases (refined from a reservoir engineering 
profile of 163 data points as shown in Figure 5) defined for a well, where various operating parameters 
are expected to change significantly over the life of field (LoF).   
 

 
Figure 5: Filtered Profile Cases 

Step 2: Gas-Lift Performance Envelope Generation   

This step involves the determination of gas-lift and natural flow performance envelopes using  Prosper  
well simulation software plus PTC proprietary code. This is a necessary precursor to the rigorous gas-
lift design described in the following sections. At this stage, a simple fixed point gas-lift injection model 
is used.  
 
These performance envelopes facilitate the identification of the design decisions, which will have the 
greatest (and least) impact on well performance. They also assist in quantifying the impact of any 
compromises, which inevitably will have to be made to the final design selection.  
 
An example of the deliverables from this step, are shown in Figures 6 ï 8. In this example, based on 
the data set given in Table 1, the predicted oil rates are plotted for each of the 21 design cases.  
 
In Figure 6, the impact of lift gas injection rate is shown. In this case it can be seen that the well will 
initially flow naturally, then require gas-lift to flow.  
 
This information, regarding cases where natural flow is possible, is often very important to understand 
when selecting a final design. It may be that in order to have a design that works over the widest possible 
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range of cases, a compromise has to be made where a decision to maybe use gas-lift to kick-off the 
well but then flow naturally for a period of time is optimal.  
 
It can also be seen that in most cases there is little benefit in attempting to gas-lift with more than 5 
MMscf/d lift gas volume. 
 

 
Figure 6: Gas-lift Rate Sensitivity 

In Figure 7, the impact of lift gas injection depth is shown. This can be useful when for example, 
assessing the impact of adding or eliminating a valve setting location to or from the design.  
 

 
Figure 7: Depth of Injection Sensitivity  

In Figure 8, the impact of FTHP is shown. It can be seen that, in this case the oil production is very 
sensitive to FTHP. 
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This can have an impact when selecting a well routing / operating philosophy, e.g. if the option exists 
to route the well to a low pressure separator.  It can also help assist Petroleum Engineers when looking 
at a well allocation/field optimisation strategy.  
 

 
Figure 8: Reduction of THP Sensitivity 

Step 3: Gas-Lift Valve Depth Selection (1st pass) 
 
In step 3, the PTC gas-lift design software is used in conjunction with óProsperô well simulation software, 
to establish and refine the designs for each for the defined cases.  
 
Specifically, the depths at which unloading and operating valves should be optimally located for the 
cases supplied. 
 
An example of the deliverables from this step are shown in Figure 9, which at each time step illustrates 
the predicted: 

¶ Shallowest valve depth (dark blue line) 

¶ Deepest valve depth (pink line) 

¶ Deepest gas-lift point (yellow triangle) 

¶ Natural flow oil production (green bar) 

¶ Gas lifted oil production potential (blue bar)  
 

 

 

 

 

 

 


