
 



  

 

 

 

 مجلة النماء للعلوم والتكنولوجيا

 مجلة علمية محكمة تصدر عن كلية الزراعة جامعة الزيتونة
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

       
 
 



 
 

 
 

 
 
 

 
 
 

 
 
 

 
 

 

 



 

 
 

تعشى  تردر عؽ كمية الزراعة جامعة الزيتؾنة عمسية دورية محكسةمجمة الشساء لمعمؾم والتكشؾلؾجيا: مجمة 
بالبحؾث والدراسات السبتكرة في مختمف العمؾم التظبيقية وتقبل نذر الأبحاث العمسية الأصيمة والشتائج العمسية 

 السبتكرة.
 

 الرسالة
والظباعة، ودعؼ الإبداع الاسيام في نذر العمؾم والسعارف الحديثة باستخدام أحدث معايير وتقشيات الشذر 

 . الفكري والتؾعيف الأمثل لمتقشية والذراكة السحمية والعالسية الفاعمة

 

 الـرؤيـة
التسيز في الريادة العالسية و و الارتقاء بإصدارات السجمة لتربح مرادر معرفة ذات قيسة عمسية تفيد السجتسع، 

 .العمسية نذر البحؾث
 

 الأىداف
كافة عميسياً في العالسية عؽ طريق تقؾية الجامعة بأكسميا، والتسيز بحثياً وتتحقيق تقدم في الترشيفات  -1

 .سجالاتال
 استقظاب وتظؾير أعزاء ىيئة تحكيؼ واستذارييؽ متسيزون. -2
 .لمبحث العمسي تحقيق الجؾدة السظمؾبة -3
 .عمسيةمؽ اكتداب السيارات الفكرية والسيشية أثشاء حياتيؼ البحثية وال تسكيؽ الباحثيؽ والسحكسيؽ -4
 والعالسية. والإقميسية بشاء جدؾر التؾاصل داخل الجامعة وخارجيا مع الجامعات الأخرى السحمية -5

 
 قؾاعد الشذر

تردر السجمة وفق مبادئ الديؽ الإسلامي الحشيف، ووفق قؾانيؽ الإصدار لمدولة الميبية، وكذلػ وفق رؤية 
 ورسالة وأىداف جامعة الزيتؾنة.

 
 
 
 
 
 
 

   
          

 



 
 

 
 

 
 .وأن يتعيد الباحث كتابة بذلػ أن يكؾن البحث لؼ يدبق نذره في أي جية أخرى  -1
 وجدت، ومظبؾعاً بخط أن يكؾن البحث مكتؾباً بمغة سميسة، ومراعياً لقؾاعد الزبط ودقة الرسؾم والأشكال إن -2

(Simplified Arabic) لمغة العربية، ( وبخطTimes News Roman لمغة الأجشبية، وبحجؼ )(12 ،)
سؼ(،  3سؼ( ومؽ الجانبيؽ ) 4وأن تكؾن أبعاد اليؾامش لمرفحة مؽ أعمى وأسفل ) وبسدافة مفردة بيؽ الأسظر،

 .( صفحة25زيد البحث عؽ )يوألا 
أن تكؾن الجداول والأشكال مدرجة في أماكشيا الرحيحة، وأن تذسل العشاويؽ والبيانات الايزاحية الزرورية،  -3

 .Microsoft Wordويراعى ألا تتجاوز أبعاد الأشكال و الجداول حجؼ حيز الكتابة في صفحة 
( في تؾثيق السراجع APAغام )يراعى اتباع ن أن يكؾن البحث ممتزماً بدقة التؾثيق، وحدؽ استخدام السراجع، وأن -4

 .داخل الشص وفي كتابة السراجع نياية البحث
  تحتفظ السجمة بحقيا في اخراج البحث وإبراز عشاويشو بسا يتشاسب واسمؾبيا في الشذر. -5
 كمسة. 252تشذر السجمة البحؾث السكتؾبة بالمغة الأجشبية شريظة أن ترفق بسمخص بالمغة العربية لا يتجاوز  -6
ندخة إلكترونية إلى البريد  وأ( إلى مقر السجمة، A4مؽ البحث مظبؾعة عمى ورق حجؼ ) ترسل ندخة -7

، عمى أن يكتب عمى صفحة الغلاف: اسؼ الباحث ثلاثي، مكان (annamaa@azu.edu.ly) الالكتروني لمسجمة
 عسمو، تخررو، رقؼ الياتف والبريد الإلكتروني.

، وفي حالة ستؾن يؾماً مؽ تاريخ استلام البحثيتؼ تبميغ الباحث بقرار قبؾل البحث أو رفزو خلال مدة أقراىا  -8
 الرفض فالسجمة غير ممزمة بذكر أسباب عدم القبؾل.

في حالة ورود ملاحغات وتعديلات عمى البحث مؽ السحكؼ يتؼ ارساليا لمباحث لإجراء التعديلات السظمؾبة وعميو  -9
 .فترة أقراىا خسدة عذر يؾماً  م بيا، عمى أن يعاد إرساليا لمسجمة خلالالالتزا

 أن يمتزم الباحث بعدم إرسال بحثو لأية جية أخرى لمشذر حتى يتؼ اخظاره برد السجمة.   -12                   

 دفع الرسؾم السخررة لمتحكيؼ العمسي ولمسراجعة المغؾية والشذر، إن وجدت. -11
 
 
 
 
 
 

 
 



 

 

 كلمة افتتاحية 

 والصلاة والسلام على محمد وعلى آله وصحبه أجمعين. ،الحمد لله حمداً كثيراً طيباً مبارك فيه
يدعج أسخة مجمة الشساء لمعمهم والتكشهلهجيا أن تقجم لمباحثين أصجق التحيات وأعطخىا بعج إصجارىا 

دافع لسهاصمة الديخ قجماً، لتطهيخ بذكل مشتظم وردود الفعل التي تمقيشاىا والتي كانت لشا بسثابة 
لمجيهد السبحولة وتهثيق الشتاج العمسي الأكاديسي الستخرص، رغبة  اً بيت الخبخة، لكي يكهن استسخار 

من ىيئة التحخيخ في أن تكهن السجمة مشفحاً لشذخ الإنتاج العمسي الحي سيقجم في السجالذ العمسية، 
 لسشرهص عمييا.ولجان التخقية، وفقاً لمقهاعج والزهابط ا

نيجيكم أعداءنا القخاء والبحاث عجداً من  م2223الرابع السجمد الأول مارس فسن خلال العجد 
البحهث والجراسات في مجالات متشهعة والتي تذكل حمقة ميسة في الدمدمة البحثية لتعسيق السعخفة 

 .كملجيكم ودعم مرادر 
وعسل عمى استسخار ىحه السجمة العمسية،  وفي الختام نتقجم بالذكخ والامتشان إلى كل من ساىم

 ونجعه جسيع الباحثين السيتسين بالعمهم والتكشهلهجيا إلى تقجيم نتاجيم العمسي لمشذخ فييا.
 

 أسرة المجلة                                                                                        
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 تأثير حجؼ الخانق وضغط رأس البئر إجراء تحميل لمشغام، دراسة حالة في ليبيا

 السدتخمص:
يكهن فيو حجم الخانق صغيخًا الجي لشظام  PIPESIMأجخيت ىحه الجراسة باستخجام ارتباط جيمبخت وبخمجيات      

ججًا، أداء البئخ يتجىهر، يحجث انخفاض كبيخ ججًا في الزغط داخل الخانق، ليحا الشهع، من الهاضح أن تحدين أداء 
السكسن عن طخيق التحفيد سيكهن مزيعة لمجيج ما لم يتم وضع حجم خانق أكبخ. ومع ذلك، إذا كان حجم الخانق 

تحخك الدائل لأعمى مشخفزة ججًا بحيث لا يسكشيا رفع الدهائل بذكل فعال إلى الدطح،  كبيخًا ججًا، فقج تكهن سخعة
. صخخ E-226والحرهل أخيخًا عمى معجلات إنتاج مشخفزة. البئخ السدتخجم في ىجه الجراسة صسم أن يكهن 

٪ 8روكخبهنات ٪ ويشتج ىيج29. ىحا البئخ يشتج ماء مفخط ترل إلى GialoPaleoceneالسكسن ىه الحجخ الجيخي 
فقط. في ىحه الجراسة، لم يتم تخكيب خشق سطحي لمبئخ، في ىجه الحالة قج يؤدي إنتاج سهائل بسعجلات أعمى من 
السعجلات السثالي مع حجم الخانق السفتهح بالكامل وإلى حجوث مجسهعة من السذاكل الغيخ السخغهب فييا مثل 

تآكل. لحلك، كسا ىه متهقع، سيؤدي تغييخ حجم الخانق في الشياية إلى اختخاق الساء والغاز لمبئخ، وإنتاج الخمال، وال
غيخ ضغط رأس البئخ. لزبط ذلك، عميشا الأخح بعين يؤدي إلى تمعجل الانتاج، مسا  ضغط قاع البئخ وتغيختغييخ 

الانتاج الاعتبار لزغط راس البئخ ومشحشى أداء خط انبهب الانتاج الدطحي. تخكد ىجه الجراسة عمى طخق تحدين 
وتغيخ معجل  ضغط قاع البئخلمبئخ الشفطي مع تحدين حجم الخانق. سيؤدي تغييخ حجم الخانق في الشياية إلى تغييخ 

 التجفق، مسا سيغيخ ضغط رأس البئخ.

 حجم الخانق ، ضغط رأس البئخ ، تحميل الشظام ، علاقة جيمبخت ، بايبدم سهفت ويخ. الكمسات السفتاحية:

Abstract: 

     This study was conducted by using Gilbert correlation and PIPESIM software for a 

system in which the choke size is too small, the well performance suffers, too much 

pressure drop occurs in the choke, for this type, it is obvious that improving the reservoir 

performance by stimulation would be a waste of effort unless larger choke size was 

installed. However, if the choke size is too large, the velocity of the fluid moving up may 

be too low to effectively lift the liquids to the surface, and finally getting low production 

rates. The well-used in this case study will be designated as E-226. The GialoPaleocene 

Limestone Reservoir. This well produces excessive water 92% and produces 

hydrocarbons only 8%. In this study, the well don't have surface choke installed, 

withdrawing fluid at higher than optimum rates with fully open choke size may create a 

host of unwanted problems like water/gas breakthrough, sand production, erosion. So, as 
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you suspect, changing choke size will eventually change FBHP and flow-rate, which will 

change Well Head Pressure. To model that, you need to consider wellhead Pressure and 

flow line performance curve. The case study emphasizing on the use of production 

optimization of an oil well with optimize choke size. Changing choke size will eventually 

change FBHP and flow rate, which will change well head pressure. 
Keywords: choke size, well head pressure, system analysis, Gilbert correlation, pipesim 

software. 

 

Introduction:  

     In practice, it is worth mentioning that very few wells are produced without any 

restrictions at all to obtain the maximum production rate (Ajienka & Ikoku, 1987). The 

overall performance of the production well is a function of several variables, e.g., tubing 

size, well head pressure, choke size, etc. Flow rate (Q) is a measure of the rate of 

production of reservoir fluids, which is a function of perforation density, reservoir 

pressure, tubing size, choke / bean size, flow line diameter, and separator pressure 

(Carroll, 1990). This means that any change in these variables will change the 

performance of the well, Figure (1). 

The wellhead chokes in the oil and gas industry are used to regulate the flow rate in order 

to maintain the allowable well, which helps maintain reservoir pressure, protect the 

surface equipment, to prevent water and gas coning, and provide the necessary back 

pressure to avoid configuration damage due to excessive drawdown (Nasriani & 

Kalantariasl, 2011). 

The published multiphase flow correlations are highly empirical for Offshore Bouri Oil 

field, Libya (Mesallati et al., 2000). Several correlations have been offered for describing 

critical and subcritical multi-phase flow through wellhead chokes (Al-Attar, 2009). 

Majority of such correlations are based on limited ranges of flow variables. According to 

quality and scope of data upon which they are based, the validity of those correlations is 

limited.  

The most popular correlation was developed by Gilbert (Gilbert, 1954), but it is valid for 

critical flow occurring when the upstream pressure of the choke is at least 70% higher 

than the downstream pressure or when the ratio of downstream pressure to upstream 

pressure is equal to 0.588 (Ghareeb & Shedid, 2007). However, other researchers 

proposed various correlations rather than Gilbert’s equation in the literature. 

As choke size is increased the friction losses decrease which results in a lower Pwf and 

therefore, a larger inflow. However, as the tubing size or choke size is further increased 

the well begins loading with liquid and the flow becomes intermittent or unstable. As the 

liquid level in the well builds the well will eventually die (Beggs, 2003), Figure (2). 

 

 

 

 

 



 

 

 

 

 
Figure 1. Well restricted by choke size are too small, the well is going to die (Beggs, 2003). 

 

 
Figure 2. Finding the optimum choke size (Beggs, 2003). 

 

 The case study emphasizing on the use of production optimization of an oil well 

with optimize choke size. 

In order to assess the relation between production rate and wellhead pressure for two 

phase critical flow, numerous empirical have been established. 

The first empirical correlation for choke selection was done by Gilbert in 1954. He 

developed an empirical correlation for critical flow through a choke. He used production 

data from flowing oil wells in the Ten Section field of California (Gilbert, 1954). 

Gilbert’s equation consists mainly of a three-parameter equation in which the flow rate is 

linearly proportional to the upstream pressure. The second experimental relation was 

proposed by Baxendell in 1957. He revised Gilbert’s equation to update the coefficients 

based on incremental data (Baxendall, 1957). The third experimental relation was 

 



 

 

 

 
proposed by Achong in 1961. He modified Gilbert’s equation to match the performance 

of wells in Lake Maracaibo field in Venezuela (Achong, 1961). 

In 1960, a new theory based on Tangren’s theory was proposed by Ros for a continuous 

gas phase. This analysis led to the development of an equation relating mass flow of gas 

and liquid, upstream pressure and choke size (Ros, 1960). To make Ros’ correlation 

available to oil field workers, Poetmann and Beck converted the correlation to oil field 

units and reduced it to a graphical form (Poettmann & Beck, 1963).  

In 1969, Omana, Brown, Brill and Thompson conducted experimental field tests at the 

facilities of Union Company of California’s Tiger Lagoon Field in Louisiana to study the 

multiphase flow of gas and liquid (gas-water system) through a small-sized choke in a 

vertical position, and used dimensional analysis to obtain their empirical equation 

(Omana et al., 1969).  

In 1975, a theoretical model relating dynamic orifice performance in both critical and sub 

critical flow regimes was developed (Ashford & Pierce, 1975).  

In 1986, Sachdeva, Schmidt, Brill and Blais developed a model to calculate flow rate of a 

choke by investigating a two-phase flow through wellhead chokes, including both critical 

and subcritical flow (Fortunati, 1972). Ajienka and Ikoku analyzed several correlations, 

including those by Gilbert, Baxendell, Ros, Achong, and Ashford, and proposed two well 

models (Sachdeva et al., 1986). 

In 1996, Elgibaly and Nashawi developed a correlation to describe the choke 

performance of the Middle-East oil wells (Ajienka, 2005).  

In 2007, Ghareeb and Shedid attempted to overcome the limitations of the existing 

correlations for artificially flowing wells by developing a new correlation capable of 

calculating precisely the wellhead flow production (Elgibaly & Nashawi, 1996). 

 In 2014, Ebuka used an integrated production model (Prosper software) to optimize 

production in a mature Niger Delta field where continuous declining rates greatly limited 

the economics for routine production optimization activities (Okon et al., 2015). 

Wellhead chokes are used in the petroleum industry to control flow rate, to maintain well 

allowable, to protect surface equipments, to prevent water and gas coning and to provide 

the necessary backpressure to reservoir to avoid formation damage from excessive 

drawdown (Nasriani & Kalantariasl, 2011). 
In 2015, Okon used sixtyfour field test data from oil producing wells in the Niger Delta 

region of Nigeria to develop wellhead pressure-production rate correlations based on 

Gilbert and modified Gilbert equations (Alrumah & Bizanti, 2007).  

Research method: 

     The well-used in this case study will be designated as E-226.The GialoPaleocene 

Limestone Reservoir was first discovered in March 1961 by drilling of well E1, and put 

on production in November 1964. The Gialo Paleocene reservoir produces from the 

Zelten Limestone member of the Upper Paleocene Epoch. Three Facies with insignificant 

differences in properties have been identified. 

Paleocene is the lowest productive reservoir in the Gialo horst block. The maximum 

gross thickness is 150 feet in the east-central part of the reservoir and thins to the west. 

The main reservoir is a structural trap in Zelten limestone, delineated by faults. Oil has 

been trapped in a structural high formed by the Gialo Block. The reservoir data summary 

includes average values of the fluid and rock properties is given in Table (1). 

2.1 Reservoir data summary Paleocene Zelten Limestone Reservoir – Gialo Conc. 59E.

 



 

 

 

 

Table 1.  Basic reservoir data 

    

Table 2.  Average  rock properties 

  

Table 3.  Fluid properties 

 

Well Data. 

 E-226 Well. 
The Configuration and Completion data for this well as the following;  

Location:     28
◦
 42' 22'' N           21  25'  26'' E 

Elevation:   332' GL                    340 KB 

Depth: 6340'  MD                   6300' (TVD) 

Table 4. Well completion data. 

 
The Cumulative Oil production is 2.57 MMBBL 

The oil production rate is 140 STB/D and the water cut is 92%. 

The SBHP is 2086 psig and the P.I is 0.169 BOPD/psig. 

  

   

 



 

 

 

 
1. Calculate the inflow and outflow performance for the well at original 

conditions  

Stable point: Q = 2287 (STB/DAY), PWF = 1401 psig, Reservoir pressure =2700 psig 

 
   Figure 3. shows inflow and outflow performance relationship curve for the well at 

original conditions. 

2. Calculate the inflow and outflow performance for the well  at actual 

conditions  

Stable point: Q = 1728 (STB/DAY), PWF = 1282 psig, Reservoir pressure =2300 psig 

 
Figure 4. shows inflow and outflow performance relationship curve for the well at actual 

conditions. 

 



 

 

 

 
The multiphase flow of oil and gas from the reservoir into the storage tanks is noted in 

(Fig (5),  and is divided into three stages: inflow, Vertical flow and horizontal flow, and 

the pressure losses are:  

1. Δp1: Flow through the porous medium (inflow performance). Δp1 will vary from 10 – 

50 % of the total loss. 

2. Δp2: multiphase flow from the bottom of the well to the surface. Δp2 will vary from 30 

- 80% of the total pressure loss. 

3. Δp3: multiphase flow from the wellhead into the storage tanks (surface flow 

performance). Δp3 will vary from 5-30% of the total pressure loss depending upon many 

factors and in particular on whether or not the well needs to be choked 

Stages 2 and 3 require their own multiphase flow correlation in order to determine Δp2    

and Δp3. These pressure losses are shown graphically in (Fig (5).  

The following stepwise procedure will help to understand this plot. 

1. Plot the inflow curve using Vogel Equation (Vogel, 1968). Developed for saturated 

reservoir (at or below bubble point): 

i. Can be applied for any reservoir where gas saturation increases as pressure declines 

ii. No skin, but can be extended for skin effects 

iii. Vogel found that the production Qo can be expressed as 

 

 

● One test point required    R = PWF / PR 

1. From the depth of the well, G/L and diameter find the values of the wellhead pressure 

corresponding to different flow rates from pressure traverse curves and plot. 

2. Plot the surface separator pressure horizontal line. These it can be selected for the 

desired rate. 

3. Draw in a vertical line at the rate desired. This will be the equilibrium condition, given 

Q, Pwf and Pwh. 

 
Figure. 5. shows determination of flow capacity, the three stages; Inflow performance, 

Vertical flow and horizontal flow performance and total pressure losses before 

optimizing. 
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Wellhead pressure can be calculated now from Figure (5) after calculating Δp3 or by 

Gilbert Equation.  Pwh= 400  psig for flow rate = 1728 STB/d 

 Since the  VLP and IPR were calculated, it was possible to move on and use it to perform 

a system analysis 

Gilbert Equation 

    
       

   
 

A1=3.86*10^-3 

A2=0.546 

A3=1.89 

Where: 

QL: total flow rate of total liquid. 

R: gas liquid ratio. 

d: chock size diameter (1/64). 

Since: 

Q = 1728.901 (STB/D). 

R = 300 (SCF/STB). 

Results and discussion:  

The calculations of inflow and outflow performance relationship curve for the well at 

actual conditions; 

Stable point where, Q = 1728 (STB/DAY), PWF = 1282 psig, Reservoir pressure =2300 

psig,  

Draw down pressure 2300 – 1282 = 1018 psig 

The calculations of inflow and outflow performance relationship curve for the well at 

original conditions 

Stable point where, Q = 2287 (STB/DAY), PWF = 1401 psig, Reservoir pressure =2700 

psig 

Draw down pressure from reservoir pressure to the bottom hole pressure: 

2700 – 1401 = 1299 psig 

Currently the well production rate is about 1728 STB/D with a 90 % water cut. 

Table (5), shows E-226 well choke sizes at different flow rates and wellhead pressures. 

Generally almost all flowing wells utilize wellhead chokes in order to regulate the 

flowing rate, prevent water, gas coning and sand problems, as well as valves installed for 

safety purposes. As a major factor of killing the producer well, the inaccurate flow rate 

predictions may inevitably lead towards gas or water coning, sand entry and excessive 

pressures at the separator. Larger amount of produced water contributes to high operating 

costs and is a major environmental concern for oil production. 

The most of published multiphase flow correlations are highly empirical. Several 

correlations have been offered for describing critical and subcritical multi-phase flow 

through wellhead chokes. Majority of such correlations are based on limited ranges of 

flow variables. According to quality and scope of data upon which they are based, the 

validity of those correlations is limited. Gilbert (1954) created a correlation, which is 

precise and most common for critical flow that taking place anytime when the upstream 

pressure of the choke size greater than the downstream pressure at least 70%. However, 

other researchers proposed various correlations rather than Gilbert’s equation in the 

literature. 

  



 

 

 

 
Flow through the wellhead chokes mainly fall into two critical and subcritical conditions. 

Within this context, the critical flow condition refers to the state which the flow rate 

reaches a maximum value that is independent of a pressure drop applied across the choke 

and changes in pressure downstream of the choke do not affect the flow rate. Hence, 

wellhead chokes are commonly operated under critical flow conditions in order to isolate 

the reservoir from pressure variation introduced by surface equipment. Empirical 

correlations are mainly used for critical flow condition.  

In this study, production data from E-226 well, choke sizes have calculated at different 

flow rates and wellhead pressures, Table (5). First and foremost, this well don't have 

surface choke installed.  

Reservoir and by extension, wells have an optimum production rate, which depends on 

numerous factors like reservoir pressure, drive mechanism, permeability, viscosity, 

porosity, thickness of oil column, etc. Withdrawing fluid at higher than optimum rates 

with fully open choke size may create a host of unwanted problems like water/gas 

breakthrough, sand production, erosion, etc. Installation of choke creates a back pressure 

on the well, thereby restricting fluid flow to the required rates. 

Table 5. shows well E-226 choke sizes at different flow rates and wellhead pressures. 

 

- So, when choke size increased, the well head pressure decreased and flow rate will be 

increase. 

- This well don't have surface choke installed, withdrawing fluid at higher than optimum 

rates with fully open choke size may create a host of unwanted problems like water/gas 

breakthrough, sand production, erosion, etc. 

- At choke sizes 0.2, 0.25 and 0.28 there is no flow because of choke sizes are too small. 

Conclusion and Recommendations:  

     Chokes are normally used to control fluid flow rate or downstream system pressure. 

Reservoir and by extension, wells have an optimum production rate, which depends on 

numerous factors like reservoir pressure, drive mechanism, permeability, viscosity, 

porosity, thickness of oil column, etc. Withdrawing fluid at higher than optimum rates 

with fully open choke size may create a host of unwanted problems like water/gas 

breakthrough, sand production, erosion, etc. Installation of choke creates a back pressure 

on the well, thereby restricting fluid flow to the required rates.  

Reservoir pressures are substantially higher than the design pressures of surface 

equipment. Installing a choke ensures that the pressures downstream of the choke are 

compatible with the equipment pressure. 

 



 

 

 

 
Smaller the choke opening --> More restriction --> More back pressure at Bottomhole ---

> Increase in FBHP---> Reduced flow from Reservoir to wellbore --> Reduced flow in 

the tubing --> Less production. 

As the flow in the pipe is reduced, it will modify the pressure loss profile / Vertical lift 

performance for flow through tubing and accordingly you will get different Well head 

pressure. 

So, as you suspect, changing choke size will eventually change FBHP and flow rate, 

which will change Well Head Pressure. To model that, you need to consider wellhead and 

flow line performance curve. 
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