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Abstract. In this work a physical medel has been constiucted 1o simulate sand production tson ol and pay
reservorrs.  The model can aeconunodate uncunsolidated as well as consoliduted  sandstone cores. The
experiments were designed 1o investigate the effeet of confining pressure, flow taic, and the displacing fluid
viscosity on sand production mechanism in unconsolidated sandstone formations. Saline water {3.5% Natl
by weight), light (35¥ AP and heavy (27° APD crude oils were used as displaving Quids it the tests. The
main goal of this sludy  wis o examine if contralling of the production rate alone can salve the prohlem af
sand production in o Soudi ol reservoir.  The oil rescrvoir is situated in an unconsalidated sandstone
formation. A produced sand sample was obtained from this reservoir.  Tests were conducied on sand packs
having a similar granulometric distribution o thal of the reserven,

The cxperimental resnlts showed that, the magniude of sand production from the tested porous nedium
is strangly affccted by both flow rate and confining pressure. Sand production decreases with mereasing
contimng pressure and/or decreasing flow rate. Only very lne particles ol the poruy medm are produced
at high conbimng presswres. When water, or luw viscusily crude oi! are saturating the porous medium, sand
production prublem can he managed by conmolling the flow rate.  In case of saturating the porous medium
by heavy crude oil, sand production mechanism becomes different and therefore, contralling only the flow
rate cannot stop sand production, Hence, allernztive sand contiul measures st be apphed W conuol sand
production in heavy ctude oil reservoirs such as down hole emulsification, gravel packing. sereen liners. or
down hole consolidarinn.

Introduction

Saml production is considered as one of the major problems in the petroleum industry.
Every vyear, well clcaning and workover operations related to sand production and
restricted production rates cost the industry millions of dollars. Additional expenses
associated with sand production include, pump maintenance, well cleaning, disposal of
dirty sands, etc. Sand production occurs when the induced in-situ stresses exceed the
formation in-situ sttength [1}. Formation strength is derived mainly from the natural
cementing materials that hold {adhere) grains together. Accordimg to this strength, the
sandstone formations can be classified as competent, weak und wnconsolidated. Tn
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competent sandstone formations, sand production is due to shear (ailure. Shear failurc
occurs due to high shear stress on the surface of the rock (bore hole surface), During
production, the existed shear failure surfaces are mobilized and sand debris produced
due (o drag forces caused by the flow of the reservoir fluids. The produced debris (sand)
then will flow into the well along with the reservoir fluwds [1; 2). In weak and
uncensolidated sandstone formations, sand is produced when the drag forces caused by
the flowing reservoir fluwds exceed the natural inherent cohesion of the formation. The
movement of sand grains leads to the establishment of sand arches [1-6] as shown in
Fig. 1. In general, sand production can be classified into three calegories: [7)
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Fig.1. Sand arch failure mechanism [1).

(i) Transient sand production refers to a sand production declinc with time at
constant production tate. This type is normally encountered during clean-up after
perforating or acidizing as well as after water breakthrough durivg secondary
recovery operations.

(ii) Centinuous sand preduction is observed during production from unconsolidated
sundstone reservoirs that have no sand control equipment.
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(iii} Catastraphic sand production is the worst and normally occurs when the reservoir
fluids are excessively produced,

Several testing methods have been proposed 1o study the problem of sand production 8-
28} Al of (hese methods are based on laboratory data. Table | summarizes these sand
production testing methods,

Sand control techniques

Sand production from oil and gas reservoir formations can be controlled using several
control methods. The choice of the best applicable method depends on several factors.
Among these factors is the formation type. These methods are classified as {ollows:

(1}  Production rate control: Several researchers have found that the control of oil
production rate can minimize sand production [1-4]. This technique is based on
the fact that high production leads to a low bottom hole tlowing pressure. This
reduction in the bottom hole flowing pressure causes the induced stresses acting on
the productive formation to exceed the formation in-situ strength. Therefore,
localized shear failures will occur in the case of consulidated sandstone and sand
arch failure in the case of unconsolidated sandstoncs and the result will be sand
production.

(i) Downhole emulsification: This method involves the injection of an aqucous non-
ionit surfactant solution into the well bore to convert the water-oil emulsion to oil-
water emulsion to decrease the carrying capacity of the fluid and at the same time
retain sands within the oil phase [8].

(u) Bownhole sand consolidation: In this method chemical solutions such as resins
are injected down hole into the productive formalion. When 1t reaches the
productive formation, the injected solution will solidify and adhere sand grains
togelher.  As an alternative technique, hot air is injected down hole to oxide (cook)
the oil phasc and provides a cementing material [9-12].

(iv) Mechanical sand control: When the proceeding methods fail to control sand
production, the mechanical methods arc the only solution. These methods include:

the installation of gravel packs, screen liners, or the gravel pre-packed screen liners
[13].

Objectives and Experimental Procedures

In the present work, aproduced sand sample was obtained fromt a Saudi oil field.
In this field, hydrocarbons are produced from very weak and/or unconsolidated
sandstone formations.  This field suffers a continuous sand production problem.
Therefore, a complete research plan was proposed to choose the best sand control
mcthod to be applied to the oil field under consideration. The main objective of the plan
is presented below. It consists of the following :

(1) Determining the amount of sand produced under different confining pressures and
flow rates.

(it} Carrying out part (i) using different crude oil viscosities,



Musaed N.J. Al-Awad, ef af.

Aprus s S8UOISPUES
. payepIosuasun ®o
pue QUIUBLHEeH
paiEplosuc)
[ez] opous
loz] AyAeS ucneloped
[£1-91] sauolspues B sjepoll
pus sjp
121 i o b h parepliosucIun jeoisAyd 2neisoIpAH
[s2] diysuoyeel uress-sseag ()
leL-g1] sougspues Guoss swsusyRew ey (1)
[s1-v1] pue (uoueis eanyie)
Heam Najeispoy yifuayis aaIsselduos
(el Ie{XEU) PUE EreEIn
sauojspues Suons StwSIBYIsLW BIned (1)
fred pue ybusns
Azam Aiereaapoi JBEUID PaIRM-HIN L
PoqIeW
2auaia@y dn-jeg adfy uogeuliog uoNeSHaDERYD

saninugad Bursas wonanpoad pues Butwoys mesBep JYRWIOS " HJEL



Factors Affecting Sand Production .. 155

{iii) Conducting sand granulometric analysis before and after cach run in parts (i) and

(1)
(ivy Classifying sand control methods according to crude oil and reservolr properties.

The possihilily of applying the down hole enlsification technique to the studied
fictd is published in a separate publication {8]. Cunrently, the down hole conselidation
technique for sand control is being investigated.

‘The experimenial work includes the granulometric analysis of the sand,
formulating a porous medium analogous to that of the reserveir under consideration,
analyzing the test fluids, and experimental setting-up and test procedures.

Granulomeltric analysis

In order to determine the granulometric analysis of the sand samplc obtained from
the Geld, @ calibraled ASTM sieves plus pan has been stacked in series. A splitof 650 g
had been poured onto the top sieve. The set of sieves had been placed w a shaker and
shaken for 15 minutes. After that, the sieves are unloaded and brushed thoroughly. The
weighl of samd refained on each sieve had been weighed and the percentage values had
been calculated.  Based on this analysis a mixture of sand with grain size distribution
similar to that of the reservoir sand is uscd as a porous medium in this study.

Displacing and displaced fluids

Saline water and coils are used in this study. The saline water was formulated by
dissolviug  3.5% by weight sodivm chleride (NaCly in distilled water. Light oil

(viscusity — 105 ¢p and 357 API)and heavy oil {(viscosity changes with shear ratc as
shown in Fig. 2 and 27" API) are also used.

Sand Production Model Set-up

The experimental set-up is schematically shown in Fig. 3. Tt consists of three main
patts: o1l and water tanks, Hoek cell, and confining pressure system. The two steel tanks
of oil and water had a diameter of 30 cm and 50 cm long. Euch tank has three
connections, two inlets on the top and one outlet from the bottom. One of the two inlcts
15 used to pressurize the fluid inside the tank and the other for producing vacuum. The
outlet connection is used to discharge the pressurized fluid. The Hoek cell is equipped
with a2 sand pack, which has an inside diameter of 3.81 cm and § cm long. The sand
pack can be subjected to different values of confining pressure. A hand pump is uscd to
supply the confining pressure for the sand pack. Two pressure gauges are installed in the
inlet and the outlet of the Hock cell to measure the pressure drop across the sand pack.
The fluid and sand produced from the Itoek cell is controlled by a valve.

Testing procedures
. Saline water (3.5% NaCl by weight) was prepared using magnetic stirrer.

2. Oil and water tanks were filled with their respective fluids.
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Fig. 2. Shear rate-viseosity relutionship for n heavy crude oil,

3. The Hoek cell was cleaned and <ried before each experiment.

4. Sand packing began by pouring 10 cc of the saline water inside the holder and then
adding 25 g of sand mixture. A small hammer was used to tap the surface of the
holder to prevent the formation of cavities. The packing was continued carcfully
umii! the sand holder was fully packed with sand and saline water.

3. In the case of crude oil, part 4 was repeated using the crude oil in place of the
saline waler.

6. After fully packing the Hoek cell with sand and fluid, the weight and volume of the
rentaining sand and saline water are determined.

7. The porosity of the sand pack was calculated using the following equation:
Porosity = ( pore volume / bulk volume ) x 100 )

Where, the pore volume is the volume of the saline water used for packing and the bulk
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Tig. 3. Experimental set-up used in sand production problem study.

volume is the holder volume of the Hock cell caleulated using the cell dimensions
(3.81 c¢m diameter and 8 cm long).

8.  The sand pack was then mounted into the Hoek cell and the Hoek cell was
connected to the set-up.  The confining pressure was then increased gradually o
the desired value.

9. A certain pressurc was applicd to the displacing fluid tank and the pressure drop
across the sand pack is kept constant,

10. At the end of each run, the outlet flind was filtered and separated. The separafed
sand was, then, dried in an oven at 200 °C. Thc volumc of the dry sand was
calculated and the grain size distribution was determined. The volume of the
produced sand was then expressed as a fraction of the produced fAuid volume.

11. Step 10 was repeated until sand production stops.
Experimental Results and Diseussion
Since the sand mixture {porous medium) used in this study had no cementing

material, the only afTecting parameters were the flow rate and confining {compaction) as
well as the displaced and the displacing Huids properties.
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Effect of flow rate

The normal production status in oil and gas reservoirs is that, a well may produce a
uniform amount of sand independent of production rate until some critical production
vale 15 exceeded.  Increasing the production rate above the critical rawe resulis in
increasing the amounts of sand production. Therefore, determining the critical flow rate
above which sand production becomes excessive is very important. For the stadied
reservair, it is found that, sand production is strongly affected by the fllow rate. Figure 4
shows the percenrage of the volume of sand per volume of water produced and the
cumulative sand production plotted versus the flow rate. The cumulative sand
production increases with increasing flow rate. The volume of sand per volume of
produced  Ruid indieates that the sand production continues at a specitic flow rate until o
stable sand arch is formed (sec Fig. 1). The arch will then stabilize and no more sand is
produced if the flow rate is kept constant. If the flow rate is increased, then the sand
arch will become unstable and sand production will commence.  Thus, any further
increase in the flow rule will lead to another sand production cycle, Figure 5 shows a
comparison between the grain size distribution of the produced sand and that of the
porous medium. Tigures 4 through 11 shows the mechanism of sand production cycles
using water as displacing and displaced fluids at varions conlining presswres. Figures 12
through 23 show sand production cycles when using light and heavy crude oils as
displacmg and displaced tluids. It can be seen that for a specific flow rate. the
cumulative sand production decreases as the confining pressure (CP) increases when the
fluid viscosity increases.

Effect of confining (compaction) pressure

[t is cvident that, higher sand-free production rates requise higher conlining pressures.
Puc W the absence of cementing material in the tested porous medium, the high
confining pressure works as a cementing material by pressing the sand grains o cach
other.  Upon contact, sand grains will hold cach other by their apparent cohesion
{friction). 1t is noticed that, unconsolidated sand becomes loose il there 1s no confining
pressure and 1t can carry high overburden loads when it is sufficientty confined. The
cffect of confining pressure on ilow rate and pereenage of sand production is shown in
Figs. 24 and 25, and Table 2. Figure 24, shows that al high confimng pressurc high
flow rate can be achicved without sand production and the flow rate increascs by
increasing the fluid viscosily. Frgurce 25 gives the effect of confining pressurc and the
pereentage of sand production. Tt shows that a reduction of 35% in sand production 15
achieved when the confining pressurc is increased to 2.5 MPa for all tested fluids.
Figure 25 also shows that at high confining pressures only (he small particle sizes are
produced from the porous medium. When using light crude oil, the percentage of fine
sand becomes larger, which is altnbuled (o the high lubrication action on sand grains
caused by the crnde oil when compared to saline water. As shown in Figs 22 and 23,
the largest piven sund sizes (600 pm) arc produced when heavy crude oil is used as a
displacing fluid. The production of large particle sizes indicates that the fermed sand
arches (in the case of heavy crude oil) arc completely destroyed by the fluid flow and
lakes a long period of time to be re-established, Therelore, controlling only the flow
ratc will not stop sand production from heavy oil reservoirs.
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Table 2. Summary of experimnental results

Confining Critical tlow rates, ce/sec
pressure, Mpa Suline water case Light oil case Heavy oit case
3.0 0.40 .50 1.25
3 0.90 090 1.23
30 119 1.10 -
8.0 1.23 133

Effect of flnid viscosity

The formation fluid type (water or oil) greatly controls the sand production
process. For constant flow rale and confining pressure, sand production using water as a
displaced Auid is much smaller if compared to the case when heavy crude ol is wsed as
the displaced fluid. This difference is atiribuied 1o the effect of higher drag forces
generated by the more viscous crude oil as shown in Figs. 4 through 23, Thus, in the
case of heavy crude oil, controlling sand production by controlling the flow rate is nat
effective because sand arches will collapse immediately after they have been forned.
lheretore, the tlow rate control method is not good envugh to control sand production in
heavy oil formations.

Conclusions

Based on (he analysis of the experimental work conducted in this study, the
following conclusions are arrived with;

l. Sand production from uncunsolidaied sandstonc formations is strongly affected
hy the flow rate as well as the confining (com) pressure,

2, High sand-free flow rates can be achieved it the sand formation is mechanically
confined (compacted).

3. The critical flow rates (saline water case) for sund production in the present study
are 0,40, 0.90, 1.10 and 1.23 ec/sec for confining pressures of 0.0, 2.5, 5.0 and
8.0y MPa respectively.

4. The critical flow rates (light oil case) for sand production in the present study are
0.50, 0.90, 1.10 and 1.33 cc/sec tor the same confining pressures.

5. The critical flow rates (heavy oil case) for sand production in the present study
are 1.25 and 1.35 cefsec for confinng pressures ot 0.0 and 2.5 MPa.

6. The grain size distribution of the produced sand in the laboralory is identical to
that of the field sample.

7. AL high confining pressure, only the small sand sizes are pioduced from the

porous medium.

g, In case of water and light crude oil sand production can be controlled hy
managing the flow rate while it is impossible to control sand production from
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heavy crude oil formation by managing the flow rate alone.

For uneconsolidaled sandstone formations containing heavy crude oil. it is
necessary to apply other sand control methods such as down hale emulsification,
gravel packing, or down hole solidification.

According to the conlining pressure results, shallow formations results in larger
sand production than those in deeper wells.
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