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Effect of choke size and well head pressure perform a system analysis,
case study in Libya
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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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Effect of chole size and well head pressure perform a system analysis, case
study in Libya (284-294)

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

UNSTABLE
REGION

d FOR MAXIMUM q

d ——

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
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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 lkoku 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.
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Table 1. Basic reservoir data
Formation Producing Paleocene Limestone
Top of Pay Formation 6300 ft. KB
Datum Depth 5900 ft.
Productive Acre 15.008 Acres
Average Net Pay 476 ft
Original BHP at Datum 2726 psig
Reservoir Temperature at Datum 186 deg F
Table 2. Average rock properties
Porosity 252 %
Permeability (horizontal) | 14.5 md
Water Saturation 374 %
Table 3. Fluid properties
Saturation Pressure 027 psig
Differential Solution GOR 440 sci/stb
Flash Solution GOR 300 sct/stb
F.V.F. at Original Pressure | 1.282 RB/STB
Current Reservoir Pressure 2238 psig
API Gravity at 60 deg F 39.4 deg API
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.
Casing Size (in) | Weight (Ib/ft)| Grade | Depth (ft)
surface casing 13 3/8 61 I55 831
production casing | 9 5/8 40 J55 2753
Production Liner 7 23 N80 [2572-6338
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.1 is 0.169 BOPD/psig.
288
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1. Calculate the inflow and outflow performance for the well at original
conditions

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

Date: 1/4/2018

PIPESIM Project:

Qopimum=2287.004 (STBIDay) | .
W= 1401.975 psfa T

Pressure at node pwf(psia)

0 200 400 600 800 1,000 1200 1.4‘00 1600 1,800 2,000 2200 2‘6‘00 2600 2,800 3,000 3200 3400 3,600 32800

Flow rate (sT8id)
- Inflow: PWSTATIC=2740.7 psia -#- Outflow: WCUT=40 % I

Pressure at NA point :: Outflow: WCUT=40 % : X = 2287.049: Y = 1401.975

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), Pwr = 1282 psig, Reservoir pressure =2300 psig

Date: 1/4/2018

PIPESIM Project:
2300 =
22004+
21004~~~ = = = = 5 i = |
o TN i N Q optimum=1728.901 (STB/Day) | "
s : . Qmax=3138.249(STB/Day) ]
= Tl Pwi=1282.418 Psia ) i o

1500
1,500
1400
1,300
1200
1,100
1,000
900

Pressure atnode Pwi(psia)

700
600
S004=---
00f---
3004----
200
100

0 20 40 600 800 1,000 1200 1400 2000 2200 2400 2600 2800 3000

1600 1,800
Flow rate (STBid)

- Inflow: PWSTATIC=2303.7 psia - Outflow: WCUT=30 % |

Pressure at NA point = Outflow: WCUT=90 % : X = 1728.901 : Y = 1282418

Figure 4. shows inflow and outflow performance relationship curve for the well at actual
conditions.
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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. Api: Flow through the porous medium (inflow performance). Ap; will vary from 10 —
50 % of the total loss.

2. Apy: multiphase flow from the bottom of the well to the surface. Ap, will vary from 30
- 80% of the total pressure loss.

3. Aps. multiphase flow from the wellhead into the storage tanks (surface flow
performance). Aps 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 Ap;
and Aps. 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 Q, can be expressed as

2
Lzl_.zpl_.s(iJ
qo,max I:)R PR
e One test point required R =Pwgr/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, Pt and Puwh.

Total Pressure Losses
2400 -

2200 -
Inflow performance
2000

1800

1400
.
1200

1000 Outflow performance

4

"

a

8

-y
]

B00

Bottomhole Pressure (Psig)

600

400 +
A is
200 =
AP T T T T T T T T T T T T T T T T T T T T T T il

o 500 1000 1500 2000 2500 2000 3500
Flow Rate (STB/Day)

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 Aps or by
Gilbert Equation. Py,=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:
Q. 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), Pwr = 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), Pwr = 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.
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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.

Bean size | Wellhead Pressare Q (STB/I»)
(inches) (psig)
020 3147 160874 MNo intersection
0.25 2064 234436 Nointersection
028 le66 237698 MNo intersection
0.30 1462 535659 77 652
0.40 8491262201 1144 658
0.50 556.9450226 1556.48
0.70 294 B698301 1888 085
0.80 2291002483 1976334
1 1502676987 20BE. 65
15 69 B317E697 219027
2 40 54328586 2227 708

- 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.
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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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