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Summary	
	

Since the oil price experienced its drastic fall summer 2014, a leaner and more cost effective 
oil and gas production have been an important element for oil and gas companies. This is why 
this paper in cooperation with Valvision have investigated valve usage in changing 
environment with higher demands from operators with regards to cost effective solutions. In 
order to determine any possible problem areas on Christmas trees (XT) found on oil and gas 
installations, both qualitative and quantitative research methods have been performed by 
conducting interviews in the field and XT valves failure rate data gathering from three major 
oil and gas fields on Norwegian Continental Shelf (NCS). Also the general industry bias when 
it comes to operator`s willingness to try new valve solution to cut cost have been highlighted 
by performing interviews with personnel from four different oil and gas installations. 
 
To determine any possible improvement areas for valves on XTs, 929 valves found on XTs 
from three different oil and gas fields have been analyzed. Both failure rates and failure 
mechanisms have been highlighted and presented to give an overview of possible 
improvement implementations for valve suppliers. This data has then been compared to the 
information obtained by conducting interviews with professionals working with XTs on a 
daily basis, to reflect current situation in the market.  
 
The analysis found Choke valves to be the valve type on XT with highest failure rate. These 
valve were found to have 11.0 % failure rate. This was significantly higher then other valve 
types found on XT. Valve leakage and corrosion were determined as the failure mechanisms 
most often occurring for both Choke valves and Gate valves. Also optimization of 
maintenance procedures for valves on XTs were highlighted, as it was observed lack of 
optimal procedures within workers performing maintenance on these valves. The importance 
of correct valve material has also been concluded, as many of the failure causes for these 
valves can be linked to poor valve material choice.       
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1 Introduction 
 
 
1.1 Background and motivation 
 
Since summer 2014, the Oil & Gas industry experienced a big fall in oil price from its all-time 
high price in June 2014, down to approximately half the price to this date as can be seen in 
Figure 1. When demand and supply price elasticities are low, any disturbances on either side 
of the market can result in major price fluctuations. There is no doubt that this oil price 
correction has had a major impact on the entire industry. Supply disturbances had several 
different sources: armed conflict, new discoveries and extraction technologies, strategic shifts 
on the part of the Organization of the Petroleum Exporting Countries (OPEC), and so on. This 
has led to many new ways of working initiatives from the major players in oil and gas 
industry, in order to cut the cost of drilling and production of oil and gas. [1] 
 

 
Figure 1: Crude oil price past 5 years. [2] 

Since the oil price started its dive, the term breakeven have been frequently used among 
analytics and decision-makers in public and private sectors as indicators of oil-producing 
company`s economic stability. It is also being used as an indicator in oil price forecast. An 
oil-producing company`s breakeven oil price is the minimum price per barrel that the 
company needs in order to meet its expected spending needs while balancing its budget. An 
oil company in deficit can face pressure to raise its revenues or cut spending, which is 
something we have witnessed the past four years.  
 
To cut the breakeven price, oil companies have initiated internal projects where the main 
objective is to cut spending in order to make profit by lowering its breakeven price. This has 
led to a noticeable change in the bias of the industry. Whereas with oil prices above 100 
dollars per barrel a term frequently used was ”this is how we always have done it”. In todays 
market, that is no longer an acceptable term. Today we are seeing a much higher focus on 
cost-effective solutions, new technological leaps, digitalization, and so on. This is why this 
thesis in cooperation with Valvision, wish to investigate if the oil industry is more willing to 
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try new way of doing things in order to cut cost when it comes to valve usage. And in order to 
do that, we will need to investigate if there are any areas where an improvement would be of 
interest, which will be this thesis`s main objective.  
 
 
1.2 Research objectives 
 
The main focus of this thesis will be to seek for any possible problem areas for valves on 
Christmas tree (XT). This mainly includes Gate valves and Choke valves, since these are the 
most important parts of a XT with potentially high risk for failure. The main objectives of this 
thesis are as following: 
 

• How often do these valves (Gate valves and Choke valves) fail? 
• What are the main failure causes for these valves? 
• If the failure rate and general cost of these valves are higher than they should be, what 

should valve supplier companies focus on to deliver valve solutions with higher 
service quality and lower cost? 

• And in general, how is the bias in the main oil companies on NCS with regards to 
trying new design/solutions instead of doing things the old way? 

 
 
1.3 Research approach 
 
To be able to achieve the research objectives, there will be conducted several interviews and 
discussions with personnel with the expertise in this subject from different oil companies. 
Since no available data required for this thesis objectives exist, the method of study will be 
contacting several oil companies in order to conduct interviews and perhaps get access to their 
data. Hopefully this will provide the necessary information and data to be able to get a 
conclusion for this thesis.  
 
This also provides the biggest limitations for this study, since there are no guarantees that 
access to necessary data in order to perform an analysis will be given from oil companies. 
Since I have worked in the oil and gas industry for four years, and are currently working 
offshore as I am writing this thesis, I hope to manage to get in contact with personnel 
involved in work related to my thesis objectives in order to get an in depth understanding of 
this subject area. This I hope to achieve by being proactive asking questions and doing my 
research when I am offshore during the time I will be writing this thesis. This combined with 
contacting different oil companies when I am off schedule, hopefully someone will agree to 
share their failure rates of their valves for XTs and their main failure causes.  
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1.4 Valvision AS 
 
Valvision deliver a wide range of high-quality valves and actuators, including urgently 
required and hard-to-find packages, at competitive cost and delivery times for the oil and gas 
industry. [3] 
 
Valvision was established as IKM Valves in 2005, and acquired by Flux Group in 2014. Vest 
Ventil, established in 1996, and acquired by Flux Group in January 2015, merged with 
Valvision in July 2015. Valvision offices are located in Stavanger and Bergen, Norway, and 
Colico in Italy.  
 
Through close cooperation with leading suppliers, Valvision has established itself as one of 
the lead suppliers of valves to the oil and gas industry. Valvision provide variety of manual 
and actuated valves for all applications both onshore and offshore.  
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2 Valves 
 
This chapter will give a description of all valves (including actuators) used in a drilling 
operations. In particular, high pressure valves found on surface will be described in order to 
give the reader a better understanding of the valves used, and to give a theoretical basis of 
discussion of the results of this thesis. 
 
2.1 Gate Valves 
 
The main feature that distinguishes a gate valve is the flat face or vertical gate or wedge that 
slides in a track or seat which can be lifted in a direction at right angles to the valve until clear 
of the flow path. Gate valves are usually used for on-off services, i.e. they are intended to be 
either fully open or fully closed. For this reason, they are the principle valves used in 
open/closed applications. [4] The simplicity of the gate valve design and its application to a 
large number of general, low pressure-drop services makes it one of the most used valves 
today. It can be applied for both liquid and gas services.  
 
 
 

 
       Figure 2: A standard gate valve [5] 

 
 

Gate valves are best used in systems which require infrequent use of the valve. The valves are 
designed for full-area flow to minimize the pressure drop and allow the passage of a pipe-
cleaning pig. Since most of the flow change occurs near the shutoff, the relatively high fluid 
velocity causes gate and seat wear and eventual leakage if the valve is used to regulate flow. 
This is why these valves are only supposed to be operated in either fully closed or fully open 
position. [5] 
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In Figure 3 & 4 we can see an example of sealing method of a high pressure solid slab gate 
valve with metal-to-metal sealing. A metal gate with a circular hole at the bottom with same 
size as ID of the pipe is moved in either upwards or downwards direction.  

 
 
 

 
Figure 3: Parallel-slide gate sealing method [6] 
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Figure 4: Closer look at sealing method [6] 

 
When the gate is moved to the bottom of the gate valve body, the cavity of the gate is moved 
down from the flowing path, and the metal gate seals against the movable metal seal 
assembly. This is achieved by the U/S pressure acting on the gate, pushing the gate and U/S 
seal assembly against the D/S metal seal assembly. This creates seal in both U/S and D/S of 
the gate. An illustration of this is seen in Figure 5.  
 

 
Metal-to-
metal seal 
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Figure 5: Seal in closed position [6] 

In an open position, the gate is moved in upwards direction which aligns the gate cavity with 
the open bore in the gate valve and allows for passage through as shown in Figure 6.   
 

 
Figure 6: Seal in open position [6] 

 
The above described type gate valve is called Solid Slab gate valve, and are the simplest type 
of all gate valve options. This is also why they are as popular as they are in the oil and gas 
industry. These valves come either with fixed seats, which means they only seal against D/S 
seat or they come with two movable seats, that creates a seal against both U/S and D/S seats. 



	 8	

In order for a solid slab gate valve to hold pressure, the stem needs to be able to move freely 
against the seats and not be locked against the bottom of valve body. This is usually achieved 
by a ¼ turn back to open position after fully closed.  
 
Although solid slab gate valves are the most common used type of valves, there are also 
several other design solutions of gate valves available in the market. A short description of 
some of the most common ones are given bellow [4]: 
 

• Split Slab: is a two-piece gate-valve that consists of two parallel halves, that normally 
have springs in between. The spring force only provides a contact between the seats 
and the gate. This contact is normally enough to avoid leakage at low pressure. This 
type of gate valve only provides a seal on the D/S seat. 
 

• Wedge-shaped: are a popular gate valve type, this is due to that this valve have good 
capabilities that allow the valve to be operated with differential pressure and it can be 
used in both flow directions. The wedge-shaped gate valve uses two inclined seats and 
a slightly mismatched inclined gate that allows for tight shutoff, also against higher 
pressures. When the seat and gate angles are slightly mismatched, either the seat or 
gate is designed with some free movement to allow the seating surfaces to conform 
with each other as the actuator force is applied. Some common issues with this type is 
that solids gets accumulated at the valve body bottom, which don’t allow the gate to 
move low enough for it to create a proper seal.  

 
• Expanding gate: certain gate valves with parallel gate requires to be screwed into 

closed position by applying high force. Such gate valves have an expanding gate, that 
expands and create a seal in closed position. Double expanding gate expands both in 
open and closed position, while regular expanding gate normally only expands in 
either open or closed position. These type of gate valve are the more expensive design, 
but materials choice will also play a role in the cost. 
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2.2 Ball Valves 
 
A ball valve comes with a circular closure element that gives on/off control of flow. The ball 
has a hole, also known as a bore, through its center. When the ball position is such that the 
bore is aligned in the same direction as the pipeline, the ball valve is in open position and 
fluid can flow through it. With a quarter-turn, the bore becomes perpendicular to the flow 
direction, which turns the valve in closed position and the fluid cannot pass through. [7] 
 
 
 
 

 
Figure 7: Cross section of a ball valve [8] 

 
Ball valves are mostly used for application where quick operation of the valve is desired. 
They are considered quick-acting valves due to they only require a 90° turn of the handle to 
operate the valve from fully closed to fully open, and vice versa. This also minimizes the 
possibilities of leakage due to wear, because the 90° turn minimizes valve operation time. If 
high level of accuracy is not required, ball valves can also be used for throttling services. 
Although throttling is possible with ball valves, one should act with care because throttling 
causes the partially exposed seat to erode because of the high velocity flow and pressure. 
Eventually, the wear might lead to leakage of the valve, and maintenance will be necessary. 
Disassembling and redressing of a ball valve in case of leakage are normally done easily due 
to its simple design nature. [4] 
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The type of seal and seat of ball valve can vary with valve pressure rating and materials of 
construction. A floating seal allows two full-contact seal to be placed on both the inlet and 
outlet ports. The ball is supported by the seals, but does not come into contact with the body 
itself. A floating seal is best used for heavy duty services since they seal the flow and support 
the ball. The stem of a ball valve is not fastened to the ball; it normally has a rectangular end 
which fits into a slot cut into the ball. This allows the ball to rotate as the stem is turned. In 
figure 8 a simple illustration of method of operation of a ball valve is shown.  
 
 
 
 

 
Figure 8: Ball Valve in open and closed position [8] 

 
There are four general body styles of ball valves: fully welded, three-piece body (also called 
side or end-entry), split-body and top-entry. The valve operation of all types are the same, but 
the difference is on how the valves are manufactured and assembled. The ball valves are 
normally divided into three main design groups [9]: 
 

• Floating Ball Valve: In a floating ball valve the ball itself floats in between the two 
seats and are pressed against the D/S seat by the pressure in flowing direction, and 
seals in such manner against D/S seat. Floating ball valves seat can both be of floating 
and fixed type. By using floating seats, one can achieve sealing in both U/S and D/S 
seat. But the most common practice is to have fixed seats in a floating ball valve. 
Valves with floating seats are normally available for lower working pressure 
applications with smaller dimensions. This is because the force against the seat 
increases with increased pressure and dimension.  
 

• Trunnion Ball Valve: This type of ball valves is a design solution for applications 
with higher pressure rating and larger dimension. In this type of ball valves, the ball 
has additional mechanical anchoring at the top and bottom. This allows for less force 
from the ball against the seat under higher pressure. The seats are normally of floating 
type in a trunnion ball valves. The trunnion mounted stem absorbs the thrust from the 
line pressure, preventing excess friction between the ball and seats, so at the full rated 
working pressure operating torque remains low. 

 

OPEN CLOSED
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• Non-Contact Rising Stem Ball Valve: This type of ball valve uses ”tilt and turn” 
operation, eliminating seal rubbing which is one of the main reasons for valve failure. 
In closed position, the core is wedged against the seat, ensuring positive shutoff. And 
in open position, the core tilts away from the seal and the flow passes uniformly 
around the core face.  

 
 
  
2.3 Butterfly Valves 
 
A butterfly valve is a shut-off valve with its simpler construction, compared to other valve 
types. In closed position, the disc blocks the valve bore while in open position, the disc is 
turned to allow flow as illustrated in Figure 9 & 10. Only a quarter-turn is required to take the 
butterfly valve from fully open to fully closed position, and the same the other way around. 
For this reason, butterfly valve allows for quick opening and closure in operation. [10] [4] 
 
 

 
 
 
 

 
Figure 9: Butterfly Valve in open and closed position [11] 

 
The closure element of a butterfly valve consists of a metal circular disc or vane that turns on 
an axis at right angles to the direction of flow in the pipe. When rotated on a shaft, the disc 

OPEN CLOSED



	 12	

seals against seats in the valve body. The thin disc is always in the passageway of the flow but 
creates little resistance to flow.  

 
Figure 10: In a butterfly valve, a rotating vane controls flow through the valve [11] 

 
 
Butterfly valves have become popular over the years due to their thin profile between flanges, 
making them much easier to install and lighter in weight. This simple design also makes the 
cost of these valves considerable lower compared to other valve designs. Several different 
design options exist for butterfly valves, but the most basic and common one is called a 
concentric butterfly valve [11]. In this type of design, the stem is centered in the middle of the 
valve disc, which is centered in the pipe bore. In this type of butterfly valves, the seat is of 
rubber type and relies on the disc having a high level of contact with the seat to have an 
effective seal. Normally these valves are more frequently used in low pressure applications, 
such as in seawater or fresh water systems on oil and gas installations.   
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2.4 Check Valves 
 
The main function of check valves, also known as non-return or one-way valves, is to only 
allow flow in one direction in a pipeline. The main element of the valve construction is a 
flapper which hangs from a hinge, the flapper shaft or pin, which is installed to the underside 
of the bonnet inside the valve body. The purpose of the check valve design is to inhibit 
backflow in a pipeline. [12] [13] 
 

 
Figure 11: Swing Check Valve with zero/equal pressure on both sides. [14] 

As illustrated in Figure 11, a spring hold the flapper closed until upstream pressure exceeds 
downstream pressure. When U/S pressure > D/S pressure, the flappers opens, and flow in 
flow direction is allowed. The minimum upstream pressure required to operate the valve is 
called the cracking pressure. From Figure 12 we can see how the flappers opens when the 
cracking pressure exceeds a certain pressure.  
 

 
Figure 12: Flapper opens as flow reaches a certain velocity in flowing direction [14] 



	 14	

 
As U/S pressure decreases to either equal to or less than D/S pressure, the flapper closes and 
no backflow is allowed, Figure 13. 
 

 
Figure 13: As flow in flow direction stops, flapper closes and inhibits backflow [14] 

 
Due to their simple design, check valves generally operates without automation or human 
interaction and instead rely on the flow velocity of the fluid to open and close, meaning they 
usually do not have a method of outside operation, like a handle. The degree of opening on a 
check valve is determined by the flow rate. The higher the flow rate, the more the valve will 
open until it reaches its maximum, full open position. Although in some cases hydraulically 
operated check valves are found, these check valves can operate as normal check valve when 
no hydraulic pressure is applied. But when one chooses to, by applying hydraulic pressure one 
either lock the flapper in open or closed position. This type of check valve is used in Drill 
Stem Testing operations, where a hydraulically operated check valve is installed on the kill 
side. There are a variety of types of check valves used in oil and gas industry, including [12] 
[15]: 
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2.4.1 Ball Check Valve 
 
Ball check valve is a check valve type in which the closing element, the movable part that 
block the flow, is a ball. In some cases, this ball is spring-loaded to help keep the valve 
closed. For ball check valve design without a spring, reverse flow is required to move the ball 
toward the seat and create a seat between the ball and fixed seat. Due to the spherical design, 
ball check valves can experience wear from prolonged used and might require frequent 
maintenance. Therefore, they should be designed in such way that allows for accessible and 
easy maintenance in the field. [12] 
 

 
Figure 14: Ball Check Valve [16]  

 
2.4.2 Diaphragm Check Valve 
 
Diaphragm check valves use a rubber diaphragm positioned in such way that it creates a 
normally closed valve. For the diaphragm check valve to open allowing flow, the pressure on 
the upstream side must be greater than the pressure on the downstream side by a certain 
amount, also known as the pressure differential. When the pressure from the upstream side 
stops, the diaphragm automatically flexes back to its original closed position. In Figure 15 an 
illustration of a diaphragm check valve is illustrated. [12] 

 
Figure 15: Diaphragm Check Valve [15] 
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2.4.3 Swing Check Valve or Tilting Disc Check Valve 
 
Swing check valve or tilting disc check valve is a check valve in which the disc, the movable 
part to block flow, swings on a hinge or trunnion, either onto the seat to block reverse flow or 
off the seat to allow forward flow. The cross-section of the seat opening is either 
perpendicular to the centerline between the two ports or at and certain angle. Swing check 
valves are normally used for applications where check valves of large dimension are desired, 
although swing check valves can come in various sizes. A common issue caused by swing 
check valves is known as water hammer. This can occur when the swing check closes and the 
flow abruptly stops, causing a surge of pressure resulting in high velocity shock waves that 
act against the piping and valves, placing large stress on the metals and vibrations in the 
system. If not treated with care, water hammer can rupture valves, pumps and pipes within the 
system. In Figure 16 and an illustration of operation concept can be observed. [12] 

 
Figure 16: Disc check valve [12] 
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2.4.4 Stop-check Valves 
 
Stop-check valves usually contracted similar to a swing check valve, but stop-check valves 
have an additional external control mechanism (an actuator, hand eel, etc.) that allows the 
valve to be deliberately closed regardless of flow pressure. Other than that, the principle of 
operation and function is the same.  

 

 
Figure 17: Stop-check valve [12] 

 
 

 
2.5 Choke Valves 
 
Flow and pressure control is an important part of drilling and production for oil and gas. 
Whether in a kick scenario in drilling operations or to optimize the production of 
hydrocarbons in a producing well, ability to hold a certain backpressure in order to control the 
bottom hole pressure is of high importance. Since use of a normal open-close valve is not 
fitted for such operations, choke valves are therefore the preferred option. The opening of 
chokes may be adjustable or fixed. The fixed openings, often called choke beans, are short 
flow tubes that restricts the flow in order to achieve desired flow rate or backpressure. To 
regulate the flow rate or backpressure using a fixed choke, choke bean needs to be changed 
with other opening sizes, and this requires the flow to be stopped until the choke bean is 
changed. The adjustable choke is most commonly used to avoid stopping the flow, as it 
allows to regulate the choke opening by either manual hand eel or actuator operated control 
panel. Both fixed and adjustable chokes are normally graduated in 64ths of an inch, but 
opening in percentage are also used. [17] 
 
In production, choke valves are normally used for controlling the flow on production, 
reinjection and subsurface wellheads. And in drilling, choke valves are most common used on 
rig choke manifold, where its main use case is to circulate out a kick in a safe manner by 
holding a stable bottom hole pressure. In Figure 18 a simple illustration of a manual operated 
needle choke is presented. Although adjustable chokes come in different designs, this is the 
simplest form of adjustable choke valve. [18] 
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Figure 18: Adjustable needle choke [6] 

 
Choke valves are subjected to extreme conditions which can cause erosion, corrosion and 
other damage. Typically, this can include high fluid velocity, slugging, sand production and 
multiphase of oil, gases and water. Also a choke valve has to have a very high turndown 
capability as it has to cover a wide range of flowrates. Thus the design of choke valves is 
required to be very robust with careful selection of valve configuration, flow path profiles, 
materials and ease of maintenance. [4] 
 
Choke valves come in different design varieties, such as big manual needle chokes, rotary 
disc chokes and plug & cage choke valves. These three type of choke valves are the most used 
ones in oil industry, and will be briefly described in sections bellow. 
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2.5.1 Needle Choke Valve 
 
Needle choke valves are the simplest type of available choke valve designs. Needle and seat 
chokes, as illustrated in Figure 18, operates by a needle tip (stem tip) is moved into a seat by 
turning the handweel. By moving the stem tip into the seat, less opening area is achieved, and 
thus less flow is allowed to pass through. And it works same way the other way around, by 
moving the stem tip out of the seat, larger opening is achieved and more flow is allowed to 
pass through the choke. Needle and seat chokes can handle erosive and corrosive services. 
They are only meant to be used for throttling and not as complete shutoff valve type (On/Off). 
That is a very important point, since it has been observed several cases of damaged needle 
choke valves because they have been used to fully close a flow stream. [17] [18] 
 
This type of choke valves is suited for a broad range of choke applications, including 
wellheads, production manifolds, choke and kill manifolds, well testing and clean-up 
operations. One of the main advantages of a needle and seat choke valves are that they are 
very easy to disassemble and maintain when needed due to their simple design. Having said 
that, they tend to fail more often by washed out stem-tip or seat, especially in operations with 
high gas rate and high flow velocity, where solid particles are present. Also needle choke 
valves are not the best design in terms of precision. Where high precision is required, other 
choke valves are often used. 
 
 
2.5.2 Rotary Disc Choke Valve 
 
The rotary disc type choke valves come with many applications, and several different choke 
valve sizes and pressure ratings are available. The rotary disc choke valve is well known for 
its high durability and precise flow control. The rotary disc choke uses a set of adjacent discs, 
each containing a pair of circular openings or orifices. Other shapes than circular orifices can 
be accomplished if preferred for some certain custom applications. The rotating disc principle 
consists of two carbide circular discs, each with one eccentric orifice. Normally one of the 
discs is fixed to the valve body, and the other is being rotated either by manual operation or 
by actuator to adjust or close off the opening of the choke valve. This give the option of 
complete shutoff over a prolonged period and precise flow rate control. Differential pressure 
across the discs holds one face against other. Also there are no loose or unsupported parts to 
cause vibration, noise, and fatigue failure. Each time the disc is rotated, it wipes clean any 
deposits or solids from the exposed portion of the disc`s surface. This shearing action cuts 
most debris and assures a tight shutoff. [19] [20] 
 
 
2.5.3 Plug & Cage Choke Valve 
 
In a plug and cage choke valve, the plug is used as the controlling element, and throttling of 
the flow happens on the internal diameter of the ported(?) cage. In a flowing scenario, the 
flow enters the choke inlet and circulates around the annulus between the body and the cage. 
So that it is possible to achieve the most appropriate combination of controllability and flow 
capacity for each application, the ports in the cage are sized and arranged in a specific 
manner. An important consideration when sizing the choke valve is the ability to achieve 
closely managed well startup while also optimizing capacity for the end of well life to 
maximize production. This is why the correct choice of the cage with appropriate size is very 
important when designing a plug and cage valve for specific application. [21] [18] [22] 
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The plug and cage choke valve incorporates the largest possible flow area, making it a great 
choice for high flowrate applications. These type of choke valves are also constructed with 
the plug tip and inner cage of material solid tungsten carbide for better resistance to erosion. 
The plug and cage choke valves are available in manually operated or actuated models. 
 
 
2.6 Valve Actuators 
 
Numerous types of devices exist for the remote operation of valves. These range from simple 
gearbox to more advanced motorized valves with automatic control, programmable logic 
controllers, microcomputers and field communications network. In basic terms, an actuator 
can be described as a device supplying force and motion to the closure member (ball, disc, 
plug, etc.) of a valve. Power-operated valve actuators, using gas pressure, hydraulic pressure 
or electricity, allow a valve to be adjusted remotely, or allow rapid operation of large valves. 
Actuators may only give the ability to open and close the valve, or may allow intermediate 
positioning of a valve, such as a choke valve for example. In oil industry actuators are found 
in all kind of applications, some of the applications are to operate valves, adjust chokes, etc. 
[4] [23] 
 
There are four common types of actuators:  
 

• Manually operated  
• Pneumatic actuators  
• Hydraulic actuators  
• Electric actuators  

 
 
2.6.1 Manual Actuators 
 
A manually actuated valve employs levers, gears, or wheels to move the valve stem. Manual 
actuators are powered by hand, such as a handweel, handbar, etc. They are normally 
inexpensive, typically self-contained and easy to operate. However, valves of larger 
dimension are impossible to operate manually and some valves may be located in remote, 
toxic or hostile environments that prevent manual operations. As a safety feature, certain 
types of situations may require quicker operation than manual actuators can provide to close 
the valve. In such situations closing a valve manually would require more time that would be 
accepted in terms of safety for example. Pretty much all valves come with a manual operated 
actuator as a design option. [23] [4] 
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Figure 19: An example of manual actuator, where by turning a handweel the stem is moved up or down [23] 

 
 
2.6.2 Pneumatic Actuators 
 
Air (or other gas) pressure is the main power source for pneumatic valve actuators. They are 
used in linear or quarter-turn valves. Air pressure acts on a piston or bellows diaphragm 
creating linear force on a valve stem, making it possible to operate the valve from one 
position to another. Alternatively, a quarter- turn vane-type actuator produces torque to 
provide rotary motion to operate a quarter-turn valve. A pneumatic actuator can be designed 
to be spring-closed or spring-opened, with air pressure overcoming the spring to provide 
valve movement. A” double acting” actuator use air applied to different inlets to move the 
valve in the opening or closing direction. A central compressed air system can provide the 
clean, dry, compressed air needed for pneumatic actuators. In some situations, for example, 
regulators for compressed gas, the supply pressure is provided from the process gas stream 
and waste gas either vented to air or dumped into lower-pressure processing piping, although 
venting to atmospheric is the most common option. [23] [4] 
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Figure 20: Piston Valve Actuator [23] 

	

 
Figure 21: Diaphragm Valve Actuator [23] 
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2.6.3 Hydraulic Actuators 
 
Hydraulic actuators convert fluid pressure into motion. Similar to pneumatic actuators, they 
are used on linear or quarter-turn valves. Fluid pressure on a piston at certain pre-set pressure 
provides linear thrust for gate or globe valves. A quarter-turn actuator provides the necessary 
torque to provide rotary motion to operate a quarter-turn valve. Often the hydraulic actuators 
are supplied with fail-safe features to close or open a valve under emergency circumstances. 
An example could be having a gate valve held closed by a loaded spring, and by applying 
hydraulic pressure the spring contracts, thus opening the valve. But in a case of loss of 
hydraulic pump pressure, the loaded spring would automatically go back to its original 
position. This would move the gate in upwards direction thus closing the valve. Hydraulic 
pressure is often supplied by a self-contained hydraulic pressure pump, which adds another 
component to valve design that could increase the probability for mechanical issues in use. [4] 
[23] 

 
Figure 22: Hydraulic Valve Actuator [23] 
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2.6.4 Electric Actuators 
 
An electric actuator uses an electric motor to provide torque to operate a valve. Generally, 
electric-motor actuators are designed for use on ball valves, gate valves, butterfly valves, plug 
valves and any mechanical equipment calling for 90deg rotation control. Their main 
advantages are that they often are quiet, non-toxic and energy efficient. However, electricity 
must be available, which is not always the case. [24] [4] 
 

 
Figure 23: Electrically-operated, electronically-controlled intelligent actuator [4] 

 
Clearly the selection of the energy system for a particular valve-operating duty is not 
something that can be made in isolation. Overall design considerations, safety requirements, 
availability of supplies and total installed initial cost and the maintenance costs all need to be 
considered in designing phase. It is safe to say that no single type of control valve actuator is 
best suited for all applications. Demands for power, speed, stiffness and precision vary and 
cost considerations are always present. [4] 
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3 Christmas Tree  
 
Since this thesis focuses mainly on valves on production XTs, this chapter will give a basic 
description of the equipment and its function.  
 
3.1 Christmas tree 
 
A XT is an assembly of gate valves, chokes and fittings included with the wellhead during 
well completion. XT provides the ability to control the flow of fluids produced from or fluids 
injected into the well, at surface. The flow stream is normally passed through master valve 
and production wing valve before the flow rate is controlled by a choke valve. From here the 
flow is directed to rig manifold and further directed to hydrocarbons processing system. 
Several fitting points exist on a XT which allows an operator to either take a sample of 
produced fluid or bleed off pressure in between two closed valves. Also ports for pressure and 
temperature sensors installation exist, and this allows both personnel around wellhead area 
and the control room to monitor the well pressure and temperature at all times. In addition, 
ports for lubrication and in some cases sand monitoring possibilities exist on XTs. Also 
several XT also acts as a safety barrier in case the well needs to be shut in, and this is 
achieved by closing Master and Production wing valves. It also allows a safe access to the 
well bore in order to perform well intervention procedures. [25] [26] 
 
 

 
Figure 24: Standard vertical dry XT. [27] 
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Two main categories for XTs are wet XTs and dry XTs. Wet XTs are used for subsea wells 
and are installed on the seabed. While dry XTs are installed on the surface platform, above 
sea level. We will focus mainly on dry trees in this thesis. In the sections below, the main 
components of a XT will be described, in particular Dry tree which is referred to as any XT 
used above water level. 
 
 
3.1.1 Master Valve 
 
A master valve is located at the bottom of the XT and its function is to allow the well to flow 
or shut the well in when necessary. Due to the important function of a master valve, there are 
typically two master valves on a XT. One is called a lower master valve and another is an 
upper master valve. By using two valves, they together provide redundancy in case one fails. 
If one master valve fails, another valve can perform the same function. The type of valves 
normally chosen are gate valves, as gate valves provide the most sufficient characteristics for 
such use. It is normally the Upper master valve that is the primary used valve, and it is 
operated by either hydraulic or electric driven actuator. Lower master valve operates as back-
up, and it is normally a manual operated valve. In Figure 25, Upper and Lower master valves 
are illustrated. [25] 
 

 
Figure 25: Christmas tree with Upper and Lower Master Valves highlighted [25] 
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3.1.2 Wing Valve (Production Wing & Kill Wing) 
 
Wing valves are located on the side of a XT. A production wing valve is used to control and 
isolate production from the well into surface processing facilities. It is normally operated by 
either hydraulic or electric controlled actuators. Just like upper master valve, it is a fale-safe 
valve, meaning if the supply or power to the actuator is lost, it will automatically close and 
shut in the well. Kill wing valve is fitted on the opposite side of the production wing valve, 
and it is a manual operated valve. Kill wing valve acts as a connection point for well 
treatment or well-control purposes. [25] [26] 
 
 
 
 
 

 
Figure 26: Production and Kill Wing Valves [25] 
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3.1.3 Choke Valve 
 
Choke valve is the smallest restriction on a XT, and its main function is to control the flow 
rate of a well. By keeping a flow rate at a certain predetermined rate by adjusting the opening 
of the choke, one can avoid early water breakthrough and sand production, which will extend 
a well`s life time [28]. Normally a choke valve is installed after the production wing valve, 
but in some few cases choke valve can also be found on the kill wing side as well. Choke 
valve on a XT is operated by either a hydraulic or electric operated actuator. More detailed 
explanation about choke valves in general can be found in Chapter 2.5. [25] [26] 
 
 

 
Figure 27: Choke Valve on Christmas tree [25] 
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4 Standards 
 
In order to create one common requirements and specifications on NCS, NORSOK standard 
was created in cooperation between Statoil, Saga Petroleum and Norse Hydro in 1993. The 
goal here was to create one common standard for all players involved on NCS, instead of 
every company having their own specific internal requirements and specifications for their 
equipment and procedures. [29] 
 
In these standards there are several abbreviations and referrals to other international 
standards, and the most common ones are: 
 

• ANSI – American National Standard Institute 
• API – American Petroleum Institute 
• DIN – Deutsches Institut Fur Normung 
• ISO – International Organization for Standardization 
• NEMA – National Electrical Manufactures Assosiation 
• NS – Norsk Standard 
• ASME – The American Society of Mechanical Engineers 
• ASTM – American Society for Testing and Materials 

 
When it comes to specific standards involving valves, the most common used ones are: 
 

• ANSI B16.10 Face-to-Face and End-to-End Dimensions of Valves 
• ANSI B16.34 Valves – Flanged, Threaded, and Welding End 
• API 594 Wafer and Wafer-Lug Check Valves 
• API 598 Valves Inspection and Testing 
• API 600 Steel Gate Valves Flanged and Butt-welding Ends 
• API 602 Compact Steel Gate Valves Flanged, Threaded, Welding and Extended body 

ends 
• API 609 Lug- and Wafer- Type Butterfly Valves 
• BS 1868 Steel Check Valves (Flanged and Butt Welding Ends) for the Petroleum, 

Petrochemical and Allied Industries 
• BS 1873 Steel Globe, Globe Stop and Check Valves 
• BS 5155 Butterfly Valves 
• BS 5351 Steel Ball Valves for the Petroleum, Petrochemical and Allied Industries 
• BS 5352 Steel Wedge Gate, Globe and Check Valves 50 mm and smaller for the 

Petroleum, Petrochemical and Allied Industries 
• BS 6755 Part 1, Testing of Valves, Production Pressure Testing Requirements 
• BS 6755 Part 2, Testing of Valves, Fire-type Testing Requirements 

 
Also API standard used specifically for the main equipment that have been presented in this 
thesis; Wellhead & Christmas Tree Equipment: 
 

• API 6A – Specification for Wellhead and Christmas Tree Equipment 
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4.1 API  
 
For over 90 years, API has been one of the main leaders in the development of petroleum, 
natural gas and petrochemical equipment and operating standards. API maintains nearly 700 
standards and recommended practices. [30] 
 
API International Standard specifies requirements and gives recommendations for the 
performance, dimensional and functional interchangeability, design, materials, testing, 
inspection, welding, marking, handling, storing, shipment, purchasing, repair and 
remanufacture of wellhead and Christmas tree equipment for use in the petroleum and natural 
gas industries.  
 
Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every 
five years. A one-time extension of up to two years may be added to this review cycle. 
 
When founded in 1919, the main focus areas of API were; 
 

• To afford a means of cooperation with the government in all matters of national 
concern 

• To foster foreign and domestic trade in American petroleum products 
• To promote in general, the interests of the petroleum industry in all its branches 
• To promote the mutual improvements of its members and the study of the arts and 

sciences connected with the oil and natural gas industry 
 
 
4.1.1 API 6A – Specification for Wellhead and Christmas Tree Equipment 
 
This standard describes and specifies all requirements and gives recommendations for the 
performance, dimensional and functional interchangeability, design, materials, testing, 
inspection, welding, marking, handling, storing, shipment, purchasing, repair and 
remanufacture of wellhead and Christmas tree equipment for use in the petroleum and natural 
gas industries. [31] 
 
API 6A is applicable to the following specific equipment: 
 

• Wellhead equipment: 
- Casing-head housings 
- Casing-head spools 
- Tubing-head spools 
- Cross-over spools 
- Multi-stage head housings and spools 

 
• Connectors and fittings: 

- Cross-over connectors 
- Tubing-head adapters 
- Top connectors 
- Tees and crosses 
- Fluid-sampling devices 
- Adapter and spacer spools 
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• Casing and tubing hangers: 
- Mandrel hangers 
- Slip hangers 

 
• Valves and chokes: 

- Single valves 
- Multiple valves 
- Actuated valves 
- Valves prepared for actuators 
- Check valves 
- Chokes 
- Surface and underwater safety valves and actuators 
- Back-pressure valves 

 
• Loose connectors (flanged, threaded, other end connectors, and welded): 

- Weld neck connectors 
- Blind connectors 
- Threaded connectors 
- Adapter and spacer connectors 
- Bull plugs 
- Valve-removal plugs 

 
• Other equipment: 

- Actuators 
- Clamp hubs 
- Pressure boundary penetrations 
- Ring gaskets 
- Running and testing tools 
- Wear bushings 

 
API 6A is approved by ISO the International organization for standardization, who are a 
worldwide federation of national standard bodies. ISO 10423 is the equivalent name for API 
spec 6A, and was prepared by Technical committee for Materials, Equipment and Offshore 
structure for petroleum, petrochemical and natural gas industries. [31] 
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5 Discussion 
 
In this chapter the data obtained will be presented and analyzed. Big part of the research has 
been conducted with discussions in interview style on oil and gas installations to obtain an 
overview of the market situation today. Interviews have been conducted on drilling 
rigs/platforms such as: 
 

• Island Innovator (Semi-Sub Drilling rig), Spirit Energy 
• Gullfaks B (Production platform), Equinor 
• Valhall DP (Production platform), AkerBP 
• Maersk Invincible (Jack-up Drilling rig), Maersk 

 
I have had this opportunity since I have been working for an oil service company as full time 
employee during my time writing this thesis. This has given me a hands on approach, and a 
proper insight into the market to get an idea of current situation. Mainly I have conducted 
dialogs with OIMs, Drilling Supervisors, Well Intervention Supervisors, Maintenance 
Engineers, Wellhead operators, Drillers and Assistant drillers both on production platforms 
and drilling rigs. Their experience and expertise have provided me with valuable knowledge 
and insight.  
 
The majority of the numerical data used to perform an analysis for this thesis is acquired from 
one of the biggest oil company on NCS, but due to confidentiality, their name will remain 
anonymous in this thesis. Therefore, this company will be referred to as Company A further 
in this paper. After discussion with Reliability and Maintenance department manager at 
Company A, it was agreed upon that they would be willing to share failure rate/causes data 
for XTs (specifically gate- and choke valves) from three different major oil and gas fields, the 
names of these fields will also remain anonymous due to confidentiality. So in this thesis 
these three fields will be referred to as: 
 

• Field A 
• Field B 
• Field C 

 
For this paper, raw data for 929 XT valves from three different oil and gas fields that are 
operated by Company A have been analyzed. The time interval this data is obtained from goes 
five years back, 2013 – 2018. And in the sections below these will be organized in such 
manner, that a clear failure rate and failure causes for each valve on a XT can be obtained. By 
doing so, we will be able to see if there are any specific valves that fail more often than 
others, and if there are any failure causes that can be seen more often.  
 
5.1 Failure Trend 
 
Interviewing both offshore and onshore personnel with long experience within this segment, 
has given me an indication of what the most common valve problem areas were on XTs used 
in oil and gas industry. In order to be able to confirm this qualitative information with 
quantitative data, raw valve failure data will be analyzed. This will give us an illustration of 
failure trend for each valve type. This will be done by taking a closer look at each field by 
itself, and see how often each valve type on the chosen field have failed in the past five years 
(2013-2018).  
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5.1.1 Field A 
 
In field A, there are in total 243 valves installed on all XTs. These are divided into different 
valve types, such as: 
 

• Choke Valve (Plug and Cage Choke Valve) 
• Hydraulic Production Master Valves (Gate Valve) 
• Hydraulic Production Wing Valves (Gate Valve) 
• Manual Lower Master Valves (Gate Valve) 
• Manual Kill and Swab Valves (Gate Valve) 
• Hydraulic Kill and Swab Valves (Gate Valve) 
• Chemical Injection Valves (Gate Valve) 
• Hydraulic Annulus Valves (Gate Valve) 

 
 

In Table 1 the number of functional locations of each valve type in Field A is presented. It is 
from this data we will take a closer look at how often each of those valves have failed in the 
past five years, and from that calculate the failure rate (%) for each valve. 
 

Table 1: Number of Valves in Field A (2013-2018) 

Valve Type Number of Functional Locations 
XT Choke Valve 26 
XT PMV, ESD 29 
XT PWV 29 
XT Lower Master 32 
XT Manual Kill/Swab 32 
XT Hydraulic Kill/Swab 29 
XT Chemical injection 22 
XT Hydraulic Annulus ESD 44 

 
The next step is to look at the number of failures for each valve, which is illustrated in Figure 
28.  
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Figure 28: Number of valve failures on Field A (2013-2018) 

Here a clear picture is painted with regards to which valve types have the most failures. As we 
can see Choke valves, Hydraulic Annulus valves and Production Wing valves have clearly 
more failures compared to other valves on XTs installed in Field A. But in order to get an 
even more clear overview, we will use the failure rate for each valve. This gives a better 
insight to failure trend due to each valve have normally different number of functional 
locations. 
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Figure 29: Failure rate on Field A (2013-2018) 

To obtain the failure rate, we will calcute this by using the following equation: 
 

Failure rate (%) = !"#$%&	()	)*+,%-	.%/./
!"#$%&	()	.(.*,	0%&)(&#%-	.%/./ ∗ 100%   (1) 

 
From Figure 29 we can clearly see that Choke valve on Field A have the highest failure rate 
of all XT valve types. And the difference between the highest failure rate valve (Choke valve) 
and the next valve in line (Hydraulic Annulus valve) is significant. Choke valves have over 
300% higher failure rate than the next valve in line, which in this field is Hydraulic Annulus 
valve, with Hydraulic Production Wing valve in a close 3rd place.  
 
5.1.2 Field B 
 
For Field B, I received data for in total 350 valve types found on XTs in this field. Valve 
types installed on XTs in this field are as following: 
 

• Choke Valves (Plug and Cage Choke Valve) 
• Hydraulic Production Master Valves (Gate Valve) 
• Hydraulic Production Wing Valves (Gate Valve) 
• Manual Lower Master Valves (Gate Valve) 
• Manual Kill and Swab Valves (Gate Valve) 
• Chemical Injection Valves (Gate Valve) 
• Hydraulic Annulus Valves (Gate Valve) 
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Number of functional locations for each valve type in Field B are presented in Table 2. We 
can note that in this field all Kill and Swab valves are manually operated, which is why we 
have a higher number compared to Field A. 
 

Table 2: Number of Valves in Field B (2013-2018) 

Valve Type Number of Functional Locations 
XT Choke Valve 38 
XT PMV, ESD 42 
XT PWV 42 
XT Lower Master 42 
XT Manual Kill/Swab 84 
XT Chemical injection 32 
XT Hydraulic Annulus ESD 70 

 
In figure 30 number of times each valve type has failed in the past five years (2013-2018) is 
presented. We can note that in this field Hydraulic Annulus Valve have the most failures 
unlike in Field A.  
 

 
Figure 30: Number of XT valve failures on Field B (2013-2018) 

 
This can be explained with the fact that there are clearly more Hydraulic Annulus valves 
installed in Field B compared to Choke valves. Just like in the previous case, also for this 
field we will obtain the failure rate for each valve type by using equation (1). This gives us 
the following failure rate as shown in Figure 31. 
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Figure 31: Failure rate on Field B (2013-2018) 

 
Also in this case we can see a higher failure rate for Choke valves, but the difference between 
valve types are less significant than in Field A. Same trend is also seen with regards to the 
two next valve types in line with 2nd and 3rd highest failure rates (Production Wing valve and 
Hydraulic Annulus valve). The reason for the difference in failure rate between Choke valves 
and PWV/Annulus valves for these two fields could be several. Some of them are: 
 

• Age of the field 
• Reservoir/Well conditions 
• Solids production 
• Different valve suppliers 
• Different valve design 
• Different maintenance procedures 
• etc. 

 
These are some possible explanations, without having the proper data to make any 
conclusions, since this has not been a part of the research objective for this thesis. But this 
would definitely be an interesting factor to look closer into for future research. 
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5.1.3 Field C 
 
For this field, data for 336 valves on XTs have been analyzed. Number of functional locations 
for each valve type is presented in Table 3. Valve types found on XTs in this field is as 
following: 
 

• Choke Valves (Plug and Cage Valve) 
• Hydraulic Production Master Valves (Gate Valve) 
• Hydraulic Production Wing Valves (Gate Valve) 
• Manual Lower Master Valve (Gate Valve) 
• Manual Kill and Swab Valves (Gate Valve) 
• Hydraulic Injection Valve (Gate Valve) 
• Hydraulic Annulus Valve (Gate Valve) 

 
 

Table 3: Number of Valves in Field C  (2013-2018) 

Valve Type Number of Functional Locations 
XT Choke Valve 39 
XT PMV, ESD 42 
XT PWV 42 
XT Lower Master 42 
XT Manual Kill/Swab 84 
XT Chemical injection 31 
XT Hydraulic Annulus ESD 56 

 
Same failure trend as in previous two fields can be observed in Field C as illustrated in Figure 
32. Choke valves have the most failures, with Hydraulic Annulus valves and Production Wing 
valves in 2nd and 3rd position. Although this number gives us a failure trend indication, a 
more correct trend is obtained by calculating failure rate for each valve type. Reason for this 
is that for this field we also have different number of functional locations of each valve type. 
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Figure 32: Number of XT valve failures on Field C (2013-2018) 

 

 
Figure 33: Failure rate on Field C (2013-2018) 

The failure rate illustrates the same trend for Field C, this can be seen in Figure 33. Choke 
valves failure rate tops also for this field in front of Production Wing valves and Hydraulic 
Annulus valves as expected from previous data cases. The ratio between how often Choke 
valves fail compared to other valve types, are similar to Field B, and less than Field A. We 
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could argue the same reasons for this as in previous section, to why in Field A we see higher 
failure rate for Choke valves compared to other two fields.  
 
Further we will look at the total trend from these three fields combined with the qualitative 
input I have received from my interviews offshore workers with expertise within this 
segment.  
 
 
5.2 Total Trend 
 
In this section the total average failure rate from Field A, B and C will be presented. This data 
will then be compared with the data acquired using qualitative data gathering method by 
conducting interviews.  
 
Before I received data from Company A, my main method for gathering information for this 
thesis was by asking questions by interviewing people every time I was offshore. The 
impression I then got was that people working with XTs on a daily basis offshore did not have 
a conclusive answer when I asked them which component on a XT in their experience failed 
the most. Although they had some idea of which valves they experienced the most failures 
with, the general answer I in most cases got was the issues they most often had was due to 
corrosion related issues. But there were no proper data or opinion to show if there are any 
specific items on a XT that fails more often than others.  
 
Poor maintenance routines were also an answer I got often. Poor maintenance routines are 
something I myself who have worked offshore for four years know to be an issue. It seems 
like almost everyone has their own personal special understanding of the best practice or how 
to perform maintenance on valves (and other equipment in general).  
 
This is why the quantitive data I received from Company A after many attempts with many 
oil and gas companies in Norway are so important in order to get an overview of current valve 
failure trend. But the most common bias within the people I talked to was that there are valves 
that might require maintenance more often than others with the same issue time after time, 
without anyone asking the question “Could the issue be wrong valve design specifically for 
this well?”. And could other suppliers with different valve solutions offer a more 
economically feasible valve solution for their XT valves? And even if this question in some 
cases are asked by the personnel performing maintenance and general work with these valves 
on a daily basis, their understanding is often that management is more afraid of trying new 
ways of doing things now than ever. This could be because the margin for failure is smaller 
now that each company`s breakeven price has been put to a test with lower oil prices, and a 
well known solution is perhaps seen as a safer option even though it isn’t flawless.  
 
From the data received from Company A, it can clearly be seen that there are certain valve 
types that require corrective maintenance more frequently than others on a XT. This is 
illustrated in Figure 34. 
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Figure 34: Total average Failure rate (%) from Field A, B and C in the past five years 

	

As we can see Choke valves on XTs have without any doubt the highest failure rate, more 
than double of the next highest failure rate valve type. And in general the list from the least 
failure rate to the highest can be explained by several factors. The actuator choice of a valve 
could play a role, since we can clearly see remote operated (in most case hydraulically) valves 
tend to fail more often than manually operated valves. This is because there are more 
mechanical components in a hydraulically operated actuator valves compared to simple 
manually operated valves with a handweel.  
 
The valve usage in a normal operation could also play a major role explaining why certain 
valves seems to fail more often than others. Manually and hydraulically operated Kill and 
Swab valves are valves that aren’t used often in normal operations. Swab valves are only used 
in case of well intervention related operations and one have to run in hole with either 
Wireline, Coiled Tubing or in Snubbing operations. In normal production mode, this valve is 
kept closed and aren’t operated as often as other valves. No hydrocarbon flow stream is 
directed through the Swab valve in normal operations either, which also would explain the 
reason for these valves to have low failure rate.  
 
The same arguments could be made for manually operated Kill Wing valves and manually 
operated Lower Master valves. Kill Wing valves are used in case of an emergency when the 
well needs to be killed by bullheading kill fluid from cement line down into the well through 
the Kill Wing valve. Other than such emergency scenario, this valve is also used in well 
intervention operation. Kill Wing valve is often referred to as Service Wing Valve offshore. 
Usually the return line is connected to the Kill Wing valve during Coiled Tubing or Snubbing 
operations and pumping is required. This line belongs to the service companies who are 
responsible for taking returns from the well during pumping operations in the well, hence the 
name Service Wing valve. In normal production mode, also this valve is kept closed and no 
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hydrocarbons are diverted through this valve. This minimizes the exposure to potentially sour 
service fluids (H2S, CO2, etc.) and erosive damage due to solid particles in well flow. Lower 
Master valves are in normal production mode always open, and are only used when Swab 
valve needs to be opened and Down Hole Safety valve can not be operated as a barrier 
together with hydraulically operated Upper Master valve. Mostly Lower Master valve is used 
as a back-up for Upper Master valve as a redundancy option, if Upper Master valve fails. 
 
The remaining gate valves that are remotely operated by hydraulic actuators such as; 
Production Wing valves, Chemical Injection valves, Annulus valves and Production Master 
valves have a failure rate ranging from 2.60 % and up to 5.19 %. This is within normal 
numbers for these valves according to personnel working with XTs in the field that I have 
conducted interviews with. Reason for this is the exposure of well flow they are subjected to, 
and the number of times these valves gets operated in normal operations. But that does not 
mean the cost these failures bring aren’t of interest for possible improvement area. Even if the 
failure rate is low, with poor maintenance procedures in place these valve failures could cost 
the operator a lot of money in the long run. And since my impression is that there is area for 
improvement when it comes to maintenance, I would suggest valve suppliers spend more time 
and energy in designing valves with specific and detailed step-by-step procedure for both 
preventive and corrective maintenance manuals to go with the valve as one package. This 
package should contain the necessary manual which describe in a very simple manner the 
step-by-step maintenance procedure, required spare parts, required tools for the task, describe 
the required workers for the task, how long the task should take, a sheet were potential 
improvements and lessons learned can be logged for next time by the workers who performed 
the task, etc. By having this ready-box package in a designated area easily accessible and 
having trained personnel who are qualified to perform such task, oil and gas operators could 
potentially save cost in the long run. Another option would be instead of having a big stock of 
many spare parts for a gate valve always available on the rig, one could implement a 
procedure where if a gate valve fails it just gets changed out with a new one. The old gate 
valve is simply sent onshore for maintenance, and a new one is installed. This can save 
operators time and cost of stock management since it only requires one gate valve in stock, 
instead of many minor components for a gate valve. This is something Valvission have started 
to implement with their clients, and the feedback have been very positive.  
 
The valve with the highest failure rate is clearly the Choke valve. This valve type has on 
average 11.0 % failure rate from Field A, B and C data. This is a high number, and one could 
ask how come this type of valve have such a high failure rate? We can suggest many theories 
for why Choke valve tend to fail more often than other valves on XT. The simple explanation 
I got from offshore workers working with these valve was that they get exposed to harsh 
environments during operation. This is true, Choke valves have to handle both high oil and 
gas flowrates, solid production, erosion, high differential pressure, etc. But these are all well 
known factors the operators should know when choosing a valve supplier and valve design. It 
seems like the entire well life span of a well is not always being considered when choosing 
Choke valves. It is important to take into consideration for suppliers of these valves that a 
well will behave differently after ten years, compared to its original conditions when first put 
into production.  
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5.3 Main Failure Causes 
 
Now that we have determined the failure rate of all valve types on XT from three major oil 
and gas field on NCS, we can now continue to determine the main causes behind valve 
failures. An important term here is Failure mechanism. In ISO - 14224 this term is described 
as following [32]: 
 
“The failure mechanism is the physical, chemical or other process or combination of 
processes that leads to the failure. It is an attribute of the failure event that can be deduced 
technically, e.g. the apparent, observed cause of the failure. The failure mechanism’s root 
cause(s) is/are coded whenever this information is available. (A separate field for this is 
recommended in this International Standard.) The codes on failure mechanism are basically 
related to one of the following major categories of failure types: a) mechanical failures; b) 
material failures; c) instrumentation failures; d) electrical failures; e) external influence; f) 
miscellaneous.” 
 
These six failure mechanism categories are described in Table 4 [32]: 
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Table	4:	Failure	mechanism	[32]	
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Table	4:	(Continued)	[32]	

 
 
The data gathered for this paper from Company A showed great lack in correct reporting of 
failure mechanism in their internal system, as can be seen in Appendix C, D and E. Reason 
for this can be many, but most likely lack in good procedures, unqualified personnel, bad 
reporting system and general poor reporting culture within the company. Closely 90% of 
malfunctions gathered from Company A are missing failure mechanism category, which is an 
issue that should be addressed.  
 
For our purpose, I have used the malfunction reports that have a failure mechanism category 
linked to it, and only chosen failure mechanisms that have been reported more then ones, 
Figure 35: 
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Figure	35:	Number	of	failure	mechanisms	occurrences	in	Field	A,	B	and	C	in	the	past	five	years	(2013-2018)	

Three failure mechanisms are reported more frequent as can be seen from Figure 35. These 
are 1.1, 1.0 and 2.2. From Table 4 we get [32]: 
 

• 1.1: Mechanical failure due to leakage – External and internal leakage, either liquids 
or gases, were reported 32 times.  
 

• 1.0: Mechanical failure due to general failure – A failure related to some mechanical 
defect but where no further details are known, were reported 10 times. 

 
• 2.2: Material failure due to corrosion – All types of corrosion, both wet 

(electrochemical) and dry (chemical), were reported 9 times. 
 
These three main failure mechanisms fit together with what was found during my interviews 
in the field. The most common failure mechanism experienced on these valves were leakage, 
mostly internal. Most common issues experienced by offshore personnel were; 
 

• Damaged O-rings 
• Damaged gate or seats (often just a small scratch on the gate will lead to leakage) 
• Poor lubrication 
• Build up of scale and general solid debris in the valve body (gate does not close 

properly) 
• Wash out due to erosion inside the valve body (common issue for choke valves with 

high differential pressure across the choke) 
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Equipment failures related to corrosion is an issue oil and gas industry have battled for many 
years. This is especially true for installations in the North Sea, were the environment are extra 
inviting for corrosion on metals. Stop in production because of corrosion related equipment 
failure is a phenomenon that cost operators a lot of money. This is why correct choice of 
equipment materials are so important. Materials better suited for such applications are in these 
days available in the market that can handle harsh environments, but valve suppliers need to 
understand the stresses valves and general equipment are subjected to over the time they are 
intended to function. A lot of strange valve material solutions can be found on oil and gas 
installations today. I have myself seen one single valve consisting of several different 
materials. This of course lead to electrochemical corrosion between two metals with different 
electropositivity when they come in contact in the presence of an electrolyte. This issue can 
be eliminated by designing valves (when possible) using stainless steels. This has been 
observed in the market more and more in the recent years. Although manufacturing stainless 
steel valves are more expensive, the bias in the industry is that it saves maintenance cost in 
the longer time perspective.  
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6 Conclusion 
 
After performing interviews with professionals in the oil and gas industry working with XTs 
and analyzing XT valves failure data from three major fields on NCS, several conclusions can 
be drawn. We can clearly see that Choke valves on XT have the highest failure rate with 
11.0%. The scope was to identify valve problem areas on XTs, which this thesis has managed 
to do, with both qualitative and quantitative research methods. This thesis managed to 
determine the most common failure mechanisms reported for all XT valves (both Choke 
valves and Gate valves) from three different oil and gas fields. Although it was observed poor 
failure mechanism reporting practice with closely 90.0% of malfunction cases were reported 
without a failure mechanism linked to it. From the data that could be used, it clearly showed 
that internal and external leakage, mechanical failure due to general failure and material 
failure due to corrosion were the most commonly reported failure mechanisms. These issues 
can often be linked to poor material quality. In recent years, valves with better material 
quality such as stainless steel, have been observed more frequent on oil and gas installations. 
Stainless steel valves are more expensive to manufacture or purchase, but the improved 
maintenance cost effectivity this offers should be of interest for Valvision in order to 
outperform the competition in the market. 
 
Poor maintenance routines were observed to be an issue when interviewing offshore workers. 
It seems like personnel have their own preferred way of doing things, instead of following a 
clear procedure. Reasons for this were lack of “idiot-proof” manuals that describes very 
clearly step-by-step each task when performing maintenance on valves. Instead, task 
performing personnel felt like the procedure were to generic, and they easily ignored them. 
Valvision have already started to address issues like these by eliminating the need for offshore 
personnel to perform maintenance on valves. The operator only has one fully assembled gate 
valve in stock, so when the gate valve in use fails, offshore personnel change it out with the 
back-up valve and send the defect valve onshore for repair. This saves time offshore and 
accomplishes lean stock management by avoiding many smaller spare part components in 
stock.  
 
Another improvement option would be to deliver valves with its own specific ready-box (one 
for gate valve, one for choke valve, etc.) with maintenance procedure check list that the 
performing workers can tick of as they finish each step. This box should contain information 
about how many workers the task requires and estimated time for the task. All the necessary 
tools and spare parts for the job should be in the box and a post-job debrief scheme where 
lessons learned and potential improvements can be logged by workers who performed the task 
should be available. This box should have a designated place easily accessible, to avoid 
wasted time looking for manuals and tools to start the task. It should also be mandatory to link 
each observed valve defect to a failure mechanism category as per ISO-14224. This data 
could later be used for future improvement of the valves. 
 
Also accessibility for performing maintenance on XT valves were found to be problematic. 
The way todays dry XTs are designed makes it very challenging to perform maintenance on 
them. The combination of XTs large size, the lack of space in wellhead area and the heavy 
weight of the valves makes simple tasks very time consuming. Usually ladders, scaffolding 
and overhead crane is used when performing simple tasks on XT valves. Valvision should 
keep this in mind when designing both Choke and Gate valve solution specific for dry XT, as 
this would save the operator companies a lot of money. Also with regards to HSE a more 
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accessible valve solution would be a big improvement, as it would create a safer working 
environment for personnel performing maintenance on XT valves.  
 
It was also discovered that the general bias in the oil and gas industry is more conservative 
when it comes to trying new suppliers than before the major oil price fall in 2014. As the 
margin for failure is extra tight for operator companies with changing environment with low 
oil price, they tend to stick to well known and safe options by continuing with same valve 
suppliers they are familiar with. But with tailor-made valve solutions that I believe the 
competent employees at Valvision can provide, great XT valve market opportunities are 
present. Deep understanding of the client`s needs is perhaps the biggest advantage Valvision 
should have as a valve supplier.    
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Appendix A 
 

• In your experience, how often do these valves (in particular gate valves and 
choke valves) on XT fail? 

 
• How often do you perform preventive/corrective maintenance on these valves? 

 
• In your opinion, are the current maintenance procedures good enough for you 

to always follow them? 
 

• What are the most common failure causes for these valves? 
 

• Are your company willing to look at any potential improvements that can be 
done to reduce the cost of these valves? 

 
• In this changing environment with low oil prices, are your company willing to 

try new valve suppliers? 
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