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Abstract

A typical reservoir fluid comprises of a mixture of hydrocarbons, salt, water and solids (sand, clay,
corrosion products and gravel packs). The presence of solids triggers bacteria and hydrogen sulphide
growth, which leads to intense corrosion of both pipe works and valves. The decline in the overall
retention time, damages in the formation and a regular shutdown of the plant are parts of its negative
impacts. This paper, therefore, reviewed all available solid cleanout systems currently being used in
the industry highlighting their strength, weakness and suitability’s. On a global view, case studies on
four different drilling platforms (Exxon Grand Isle Block 16L /West Delta 73 A-D, South Pass Field,
Albacora Deep Water and Dagang Oilfield) encountering intricate solid disposal issues were analysed.
Production limits encourage drilling of wells in areas where zero amount of sand is recorded, which is
rarely obtainable. Convectional exclusion approach combines various techniques (mechanical
retention, gravel packs, downhole equipment and chemical consolidation) with the main aim of
preventing the solids from entering the wellbore. The inclusion methodology in collaboration with a de-
sander works by injecting a working fluid into the wellbore, which helps to circulate, lift and carry the
solid particle to the surface for proper separation and disposal. The four different models of an
integrated solid handling system used on the platforms experienced complex operational problems
ranging from erosion, leakages, wears, equipment failure, sulphate reducing bacteria growth, emulsion
stabilization, pluggingand an increase in pressure drop. The root cause of each issue and solutions
were analysed.

Keywords: Convectional Exclusion; De-sanders; Production Limits; Reservoir Fluid; Review; Solid Cleanout.

1. Background study

The production of solids alongside the reservoir fluid is a phenomenon that occurs during
the drilling stage of every well [*-21, These solids are inorganic insoluble or semi- soluble de-
formable particlesthat come from a natural or artificial source 31, Currently, research has it
that roughly 90% of the world’s oil and gas wells are being discovered in sandstone reservoirs,
among which 25-30% of the wells experience sand production at a stagein their well life, with
concentrations varying within the range of 5-250 parts per million . These result in the
decline of the overall rate of production; leading to the discovery and implementation of a
solid separation, disposal and handling system.

Naturally, solids emerge from the reservoir material eitherin the form of detrital grains of
sand (Si02 oxide) or clay (hydrous aluminium silicates) 31, Artificially, solids are being intro-
duced into the well streamvia the addition of foreign bodies [3!, Table 1 highlights the physical
properties of both natural and artificial solids.

Asides the troubling figures listed in the table, the effects of produced sand triggers the
presence of bacteria and hydrogen sulphide, which eventually leads to intense corrosion of
both pipe works and valves. Other negative effectsinclude a decline in the overall retention
time, damages in formation during the process of re- injection and finally, a regular shutdown
of the plant during separation processes [*-51, The aim of this research, therefore, is to review
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solid cleanout systems currently being used in the industry highlighting their strengths, weak-
nesses and suitability’s. On a global view, case studies on four different drilling platforms
encountering intricate solid disposal issues were analysed. !

Table 1. Physical properties of natural and artificial solids [3!

Natural Artificial
Property Sand Clay Fracture sand (;:;:jzsclgsn Gravel pack
Specific gravity 2.5-2.9 2.6-2.8 2.6-3.6 5.5-6.0 2.6-3.0
Shape Factor 0.2-0.5 0.1-0.3 0.5-0.9 0.1-0.5 0.5-0.9
Size Range(um) 50-1000 5-30 150-2000 10-10000 250-3500
Conc. (ppmv) 5-100 <1 0-10000 <2 O(unless failure)

ppmv-part per million by volume; um-micrometre; >-Greater than and <-Less than

2. Solids separation methodologies

Generally, the three methods currently being adopted in the industry for the disposal of
sands and solids generally are production limits, convectional exclusion and the inclusion ap-
proach 31, The production limits use the conservative approach of Zero Sand Production. For
this, wells are drilled in areas where there is zero amount of sand production. This is effectively
done with the aid of a reservoir versus bottom hole pressure map. Although it reduces the
overall capital expenditure, it has its limitations of reducing the rate of production when con-
tinuous redefining of the boundaries due to alteration in the well profile is detected 31,

The convectional exclusion approach combines various techniques with the main aim of
preventing the solids fromentering the wellbore. They include the use of mechanical retention
systems (screen or slotted liner), gravel packs and chemical consolidation. Generally, this
approach protects the production tubular’s, wellhead chokes, flow lines and facilities equip-
ment from damage. However, there will be an accumulation of solids near the well bore 31,
Downhole equipment ensures that gravel packing is positioned around the external surface of
the separator screen.

Expandable Filtration Media
Base Pipe \

Expandable
Base Pipe

Attach filters
to base pipe

G i Expandable Shroud

Figure 1. Expandable sand screen construction [7]

Wire wrap screen are keystone shaped designed majorly for the separation of coarse well-
sorted sands. They ensure that gravel placed between the screen and the formations are
maintained while trying to minimise other production constraints. It provides extra strength,
eliminates the tendency of screen erosion and ensures better filtration assurance. Expandable
sand screen as shown in Figure 1 is considered the strongest in the industry with a collapse
strength of 2500pounds per square inch (psi), it provides better reliability via slotted base
pipe structures, filter media and an outer protecting/ encapsulating layer 671, The metal mesh
screen, which was first adopted in 1980, comprises of a base pipe, layered filtration jacket,
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an outer shroud, a perforated base plate and several spacer rings. When compared to the
rest, it has a high corrosion resistance and a slimmer chance of being damaged during the
installation stage [8-91,

The gravel packs consist of a perforated liner placed in the well, enclosed by a mass of gravel
that acts as a depth filter to prevent the sand from entering the wellbore [*°1, Chemical con-
solidation involves the sealing of sand grains several feet down by the use of environmentally
accepted chemicals. The major aim is to raise the residual strength of the formation, thereby
intensifying the sand maximum free rate 3111, An example of such a chemical is organosilane.

The inclusion methodology works by injecting a working fluid into the wellbore, which helps
to circulate, lift and carry the solid particle to the surface for proper separation and disposal.
The separation of the solid is then carried out via a multiphase de-sander prior to the crude
oil separating vessel [3-4], Although it reduces skin damages due to the free flow of sand along-
side the well fluid, there is always a large tendency for the working fluid to leak into the
formation. It can also lead to erosion of the tubular’s, choke, and flow lines that ultimately
results in flooding of the production separator. The working fluid might also be in the form of
energised fluid or foamthat can lead to separation complications if not properly handled [3-41,

Cleanout Fluid and Sand As shown in Figure 2, a multistage cen-

Working Fluid trifugal pump helps boost up water (work-

v ing fluid) pressure, which is introduced into

the well hole through the annulus. The flow

Casing diverter separates this fluid into two parts:
Jet Pump 5 é sand carrier and power fluid for the jet
.y Th_ pump. The sand carrier fluid flows down-

Flow Diverter S ward through the jetting nozzle located at
Tubing Ny the sand cleanout pipe. The jetting nozzle
converts the high-pressure into a high ve-

Packer l locity head, which helps to lift the sand par-

ticle from the bottom of the wellbore to the
throat of the jet pump 1. The power fluid

1

Sand Cleanout Pipe

AAAA

PayZone produces a high velocity, which helps in
Jetting Nozzle l‘vV lowering the pressure at the bottom hole.
4<| «— This aids the absorbing of the carrier fluid

alongside the sand particles into the fluid 4,

Fig. 2. Sand cleanout system [4]

De- sanders are solid liquid hydro-cyclones, which are known to incur the following benefits:
the ability to remove sand without necessarily shutting down the system, lesser weight, captal
effective, requires little or no labour and most importantly little cost for maintenance and
operations 51, It comes in two forms: vessel and liner. The vessel type which nominal diameter
is within a range of 3-30 inches, usesits vessel itself asthe de-sander. Although cost effective
when compared to the liner type, they are more effective in large flow rate areas with a
combination of coarse separation size. The liner style is always designed to have multiple
liners, each having a nominal diameter within a range of 0.5-4 inch. It can be applied to any
flow rate in combination with fine separation size, making it more flexible 51,

All de-sanders have four major components: inlet, overview, cone and tailpipe. The inlet,
which serves as the cylindrical feed chamber regulates the degree of turbulence that comes
with the incoming flow via tangential velocity at the hydro cyclone inlet 121, The overview
houses the vortex finder also called the Core Stabilizing Shield. It protects the fluid core from
any potential turbulence and decreases the available cross sectional area, thereby boosting
tangential velocity.

Although the cane varies in different angles and geometrics, it increases the amount of
centrifugal force needed as the fluid flows through the narrowed cross sectional area. The

Pet Coal (2019); 61(3): 589-599
ISSN 1337-7027 an open access journal

591



Petroleum and Coal

tailpipe increases the retention time required for the separation process. Generally, the smaller
the diameter of the tail pipe, the greater the tangential velocities [*2], New generation de-
sanderintroduce an internal header with an educator, which helps to handle issues of slugging
of < 50,000ppm. It is associated with smaller footprints, a significant reduction in weight, and
lower pressure drop with zero liquid loss [*31,

3. Case studies
3.1. Grand Isle Block 16L and West Delta 73 A-D Production Platform

Initially, Exxon Company faced major problems with respect to solid handling both on their
offshore platforms and generally in pipelines. In addition, existing anti-pollutionlaws were in
place that restricted improper handling and disposal of solids. A sand handling model was
designed with Centrifugal force as the underlying principle. This model was first introduced
and tested on the Grand Isle Block 16L and West Delta 73 A-D Production Platform, paying
critical attention to the reliability of the sand discharge system [14],

3.1.1. Sand handling system

As shown in Figure 3 below, the model is divided into three sections, namely: sand removal,
sand transporting and the sand cleaning/disposal system [*4], The convectional cyclone (1) sepa-
rates the sand from the produced fluid; this fluid moves into a surge tank where they are
transported to a shore facility via pipeline. The separated sand settles in the silt pot below each
cyclone, where they are forced out by differential pressure. The centrifugal pump (2) then
supplies water to the sand, which moves it to the collection trough. The two phase mixture of
sand, water, and oil moves to the classifier vessel (3) where the sand and free water moves
to the bottom and top of the cone respectively due to the difference in their density. The
adjustable regulator (4) helps to control the vessel pressure by venting gas to the surge tank [14],

The dump valve (6) is actuated by both the water level control (5) and the oil level control (7)
which maintains the level of the water in the vessel and discharges the oil to the surge tank. Both
the mixture of water and sand moves to number one cyclone (9) of the sand washer at the
opening of the dump valve (6).The cyclone separates the sand to the sand washer while the
water and free oil go to the separation vessel (10) through the cyclone overflow line (11) 141,

Figure 4 refers to the separator where the water and the oil are allowed to separate to the
bottomand top, respectively due to their differencein density. The water acts as a source for
the recirculation pump (2), while the cyclone banks (1) act as both an entry and exit point for
the water. It was also observed that as the sand exits the cyclone banks (1), both waterand
oil comes out with it. The classifier (3) removes the excess oil while waterand sand go to the
sand washer number one cyclone (9). The equality of both the amount of water that is being
separated and discharged by the cyclone banks (1) will keep the volume of re-circulation
constant; otherwise, the volume will continually fall. The high-level controller automatically
opens the dump valve (15) when it senses an increase in the water level at the separator
where the wateris discharged into the sump tank 141,

3.1.2. Sand washer

As illustrated in Figure 5 below, the mixture of water, sand and oil moves into the number
one cyclone (9) from the classifier vessel (3). The sand is separated from the mixture and
moves to number one compartment (3) of the sand washer while the mixture of the oil and
water flows to the separation vessel (10). The gas line prevents air from entering the cyclone
as it internally spins the fluid. In the centre vortex, gasis mixed with the separated fluid where
they are depositedin the separation vessel (10) [141,
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From the compartment, the sand moves to the suction end of the number one pump where
sand cleaning chemicals are added. Sand, water and the chemicals then move to the number
two cyclone (33) where the actual washing and separation takes place. Through the overflow
line (35) the oil, waterwith the dispersed air moves to the compartment (30) while the sand
is discharged into the compartment (34) that is introduced into number three cyclone (37).
While the sand moves into the flush troughs (38), the water returns back to the compartment
(34). Seawater then enters into the flush trough and the compartment where the sand is
carried to the gulf. The valve rotameters (45 and 46) regulates the volume in each container,

while the sand is collected at the bottomof the separation compartment
After several days of operation, Table 2 highlights several problems encountered and the
ways they were solved [*41,

Table 2. Problems and solution for Grand Isle Block and West Delta 73 A-D Platform

S/N __ Problems encountered Solution(s)

1 Erosion occurred due to leakages in the pump Cone erosion was reduced by substituting the
and wearing of the cone, which resulted in the rubber liners with highly reliable polyurethane
failure of the unit within two months of opera- liners.
tion.

2 Leaking/ wearing of the shaft occurred due to Regular replacement of the liners and pack-
the migration of sand from the pump ing’s

3 A major pump failure occurred after ten Ceramic-coated plastic sealed housing was
months of operation which was caused by the used to handle the issue of both corrosion and
combination of erosion and corrosion erosion. Ceramic has a high resistance to ero-

sion but susceptible to corrosion while the
plastic material, on the other hand, is not re-
sistant to erosion but prevents the fluid from
having surface contact with the coated metals
thereby preventing corrosion

4 Sulphate reducing bacteria growth began to Continuous injection of water between the

surface around the stagnant corners of the
sand washer. This was due to the usage of the

gland and the seal section of the pump was
done.

sea water that contained a lot of bacteria
3.2. South Pass 98 Field

South pass 98 fields is sited in the Gulf of Mexico oil production facility and has 41 produc-
tion wells. They encountered operational problems such as emulsion stabilization, erosion and
equipment plugging. These occurred because of the continuous passing of produced solid
through a corrugated plate interceptor, which led to a decline in the efficiency of the separator
[51, A sand handling system, as shown in Figure 6 below, was designed following the five basic
steps (separation, collection, cleaning, De- watering and Haul aging) *1. It is simple to oper-
ate, requires minimal human intervention and minimal footprint.

The de-sander starts operation once process fluid is passed through it, and the required
pressure drop (40psi) has been obtained. Although the disk valve is configured to open every
10secondsto discharge its content, care has to be taken to ensure drainage of excess liquid
to the collection bin does not occur. The dumped slurry is taken to the DOT (department of
transport) bins, which drains the liquid via porous standpipe drains while the solid is retained.
The bin continuously receives this slurry at regular interval until it reaches a gross limit of
7,700lbm and a tare weight of 1,100lbm. Table 3 highlights the problems that were encoun-
tered during operation and the ways they were tackled 51,
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Table 3. Problems and solutions on the South Pass 78 Field

S/N Problems encountered Likely cause(s) Solutions
1 An increment in the pressure The high flowrate was suspeded Fourblanks were replaced with
drop at the initial stage of the to be the cause, as the start- up active liners which reduced the
operation when different levels was 13,300bpd while the meas- pressure drop to 35psi
of surges were experienced. ured flowrate was 16,000 bpd
2 The dump valve refused to oper- The probe calibration of the valve Proper calibration of the valve
ate automatically, even though was done with tap water, and was done with the de-sander
the sand level was found to be 3 beach sand as produced solid was sample before it was put back
inches above the sand probe not available during the time of into operation
calibration
3 After several weeks, the high Thiswassolelyduetotheadditon An ultrasonic flowmeter was
pressure drop was again experi- of more wells used to measure the flowrate of
enced at the water de-sander both the inlet and the outlet
where a netflowrate was estab-
lished as 20,000bpd. All blanks
in the system were also replaced
with active liner
4 Drainage problem surfaced at Flexible drain hole was too long The hose was replaced and later
the DOT (Department of Trans- and badly located at the bininter- inspected for blockage
port) bin vals and connections. This re-
sulted in a 10-12ftdrop below the
sump level which brought bad
pressure to the bin
5 Plugging of the drain screen was Presence of big particles of sand The tapping of the hard drain
observed pipe proved as a temporary so-
lution while the instalment of
two different sized pneumatic
vibrators directly below the bin
proved a permanentsolution
6 Dump valves open without indi- The drained pipe was filled with The slight slope was added to

cation of liquid flow

sand, caused by the insuffident
slope in the drain pipe allowing
the sand to accumulate in the
drain line

the drain line that assisted in the
flow of slurry
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3.3. Installation of New Generation De-sander System at Albacora Deep Water Field

The Albacora field composed of sixty - five wells with two production units (5000bbld). The
production unit includes a semi- submersible platform and a Floating Production Storage and
Offloading (FPSO) platform. During the production of oil and gas, they experienced a decline
in both the residence time and the rate of production [*31, Series of investigations were carried
out where it was observed that the recession was caused due to the accumulation of sand in
the production separator. In addition, erosions of pumps, valves, and other accessories were
experienced, which led to the shutting down of the plant at regular intervals. More bills were
incurred for clean out, labour, and disposal cost. The new generation de-sander system was
installed on both platforms where a field test was carried out to verify the reliability of the
systemand to ensure that no form of an emulsion or solid entrainment will occur [*3],

The separation process was recorded to be 90% efficient while the amount of solid sepa-
rated by the de-sander was as much as 145 litres per shift. The amount of solid retained at
the bottom of the separator after the testing period was very insignificant as compared to
other conventional methods. The outcome of the test showed that both objectives were met,
which confirmed it to be both a reliable and effective method 3],

3.4. Integrated Sand Cleanout System at the Dagang Oilfield in China, 2006

Excessive leakage of the working fluid into the formation, which leads to frequent stoppage
of both the separation and production process were earlier recorded which led to the installa-
tion of an integrated sand cleanout system with the following attributes as highlighted in Table 4.
During the cleaning operation, the amount of work fluid circulated from the wellbore equals
the amount of working fluid injected, which simply means no significance leakage of the work-
ing fluid into the formation. The volume of the sand brought to the surface was 0.86 m® [41,

Table 4. Designed operation parameters of Dagang Oil Well [4]

Parameters Value Parameters Value

Working fluid flowrate 416.4m>/d Carrier fluid bottom hole pressure 19.80MPa
Carrier fluid flow rate 138.6m*/d Wellhead back pressure 0.49 MPa
Power fluid flow rate 277.8m*/d Wellhead Pressure of Working Fluid 11.42 MPa

Power Fluid Pressure at the Jet

Jet pump throat diameter 5.47mm Pump Intake (Nozzle) 34.82 MPa
C_Ieanout pipe jetting nozzle 1.95mm Suction Pressure at the Pump In- 19.01 MPa
diameter take (Throat)

Jet pump efficiency 29.89% Pump discharge pressure 24.92 MPa

4. Conclusion

Technically, the different technologies currently adopted for the proper separation, disposal
and handling of solids all fall under the umbrella of production limits, convectional exclusion
and inclusion methodology (de-sanders). Production limits encourage drilling of wells where
there is zero or insignificant amount of sand. Wire wrap screen is effective for coarse well-
sorted sands. Expandable sand screen is considered the strongest due to its collapse strength
of 2500psi. Metal mesh screen records a high corrosion resistance rate and has a slimmer
chance of being damaged during installation. Chemical consolidation involves sealing of the
sand grains several feet down by using environmental accepted chemicals. De-sanders gen-
erally have an upper edge in terms of lesser weight, capital effective, the little cost for mainte-
nance and operation. Dagang Qilfield, Albacora Deep water, South Pass 98 Field, Grand Isle
Block 16L and West Delta 73 A-D Production Platforms were cases studied that reflected their
strength, weakness and general suitability.

Acknowledgement

I want to express my deep and profound appreciation to my supervisor Professor Howard Chandler
from the University of Aberdeen, Scotland, for his invaluable contribution to the success of this review.

Pet Coal (2019); 61(3): 589-599
ISSN 1337-7027 an open access journal

598



Petroleum and Coal

My special thanks to the management of Covenant University, Nigeria for providing an enabling envi-
ronment for this research.

References

[1] Abdel-Aal HK, Mohamed A, and Fahim MA. Petroleum and Gas Field Processing. Marcel Dekker:
New York 2003, ISBN: 0824709624.

[2] Havard D. Oil and Gas Production Handbook. ABB 2006, ISBN: 978-82-997886-3-2.

[31] Rawlins CH, and Hewett TJ. A Comparison of Methodologies for Handling Produced Sand and
Solids to Achieve Sustainable Hydrocarbon Production. In: European Formation Damage Con-
ference. Scheveningen 2007, Netherlands, 30 May- 1 June. SPE 107690.

[4] Chen S, Yang D, Zhang Q, and Wang J. 2007. An Integrated Sand Cleanout System by Em-
ploying Jet Pumps. Journal of Canadian Petroleum Technology, 2017; 48(5). PETSOC-09-05-
17-TN, DOI: https://doi.org/10.2118/09-05-17-TN.

[5] Rawlins CH, Staten SE, and Wang II. Design and Installation of a Sand Separation and Handling
System for Gulf of Mexico Qil Production Facility. In: SPE Annual Technical Conference and
Exhibition. Dallas, Texas, 1-4% October 2000. Society of Petroleum Engineers. SPE 63041MS.
DOI: https://doi.org/10.2118/63041-MS.

[6] Al-Baggal ZA, Al-Refai I, and Abbott JW. Unique Expandable Sand Screen and Expandable Liner
Hanger Completion for Saudi Aramco 2006.

[7] Matanovic D, Cikes M, and Moslavac B. Sand Control in Well Construction and Operation.
Springer Environmental Science and Engineering, 2012 ISBN 978-3-642-25613-4.

DOI 10.1007/978-3-642-25614-1.

[8] Williams K. Selection and Design Criteria for Sand Control Screens. In: SPE Distinguished Lec-
turer Series. Houston, Texas, 13t March 2008. Society of Petroleum Engineers.

[9] Gillespie G, Beare SP, and Jones C. Sand Control Screen Erosion- When are you at Risk? In
Eight European Formation Damage Conference 2009. Society of Petroleum Engineers.

[10] McReynolds PS. Gravel Packing Controls Unconsolidated Sand in Venezuela Field, 1958.

[11] Kotlar HK, Moen A, Haavind F, and Strom S. Field Experience with Chemical Sand Consolidation
as a Remedial Sand Control Option. In: Offshore Technology Conference, Houston, Texas. 5-8
May 2008. Offshore Technology Conference. OTC- 19417-MS.
https://doi.org/10.4043/19417-MS.

[12] Ditria JC, and Hoyack ME. The Separation of Solids and Liquids with Hydrocyclone Based Tech-
nology for Water Treatment and Crude Processing. In: SPE Asia Pacific Oil and Gas Conference,
Melbourne, Australia. 7-10 November 1994, SPE 28815.

[13] Coffee SD. 2008. New Approach to Sand Removal. In: Offshore Technology Conference, Hou-
ston, Texas. 5-8 May 2008, OTC 199465.

[14] Juan AG. 1974. A System for Removing and Disposing Of Produced Sand. Journal of Petroleum

Technology; 1974; 26: 450-454. Society of Petroleum Engineers. SPE- 4014PA.
https://doi.org/10.2118/4015-PA.

To whom correspondence should be addressed: Dr. Angela Onose Mamudu, Department of Chemical Engineering,
Covenant University Ota, Nigeria

Pet Coal (2019); 61(3): 589-599
ISSN 1337-7027 an open access journal

599


https://doi.org/10.2118/09-05-17-TN
https://doi.org/10.2118/63041-MS
https://doi.org/10.4043/19417-MS
https://doi.org/10.2118/4015-PA

	Abstract
	1. Background study
	2. Solids separation methodologies
	3. Case studies
	3.1. Grand Isle Block 16L and West Delta 73 A-D Production Platform
	3.2. South Pass 98 Field
	3.3. Installation of New Generation De-sander System at Albacora Deep Water Field
	3.4. Integrated Sand Cleanout System at the Dagang Oilfield in China, 2006

	4. Conclusion
	References



