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Wang Suling, Bai Nanyang, Zhang Yiming and Zhang Ying

School of Mechanical Science and Engineering, Nash Petroleum University, Daging, Heilongjiang,iiGh

ABSTRACT

Fluid-solid coupling behavior of reservoir rocktise basis of stratum back washing, ABAQUS-6.5 aodtig used
to conduct three-dimensional elastic-plastic cotiorenumerical simulation for back washing straturll washing
deformation, combined with the technology of wates, deformation process of the reservoir rockeigarded as a
coupling process, it’s elastic plastic fluid soidupling. Use Mohr-Coulonb as the yield conditidrrack mass to
simulate 16 holes per meter of perforating, at #@ne time, the influence of different crustal stregatus,
permeability and rock mass mechanical property drwell sand production was studied. The calculatiesults
show that, when the elasticity modulus of stratsifaiiger, the rock stratum permeability will be hég, the stratum
horizontal crustal stress will be less, the stratismmore difficult to sand product wash pressure t& improved
appropriately.
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INTRODUCTION

Water injection well back washing is the most commveell-washing technology to solve well pluggingt the
same time, it is also a necessary measure to ealmingroduction. As the casing's fluid pressurddanly drop in
the process of injection well back washing, thgdarflow pressure difference existing between tbom of well
and stratum, which will cause sand production. $tingtum is easy to collapse when the water welll ganduction
iS serious.

In recent years, numerous researches are mainlisdédcon the backwash process impacting on the wakr
casing strength, but the impacts on the stratuinask washing pressure are rare. A number of basiearch on
reasonable sanding to improve oil production basedhe conventional heavy oil reservoir with lo@sadstone
were discussed in the literature 1.The fluid-sutetinteraction problems in underground constructiere probed
into class in the literature 2. Literature 3 hasdsd the mathematical model and finite elementhodbtof

force-hot-flow three field coupling problems. Based the elasticity-plasticity theory, reference tdidéed the

perforation and sediment yield problems under thedition of isotropy horizontal in-situ stress. Tinfuence of

principal stress direction on the stability of whille wall were studied in the literature 5. Refeee 6 makes a
further study to the horizontal well for adoptifgtdouble porosity model.

In this article, use ABAQUS-6.13 to simulate theetirdimensional elastic-plastic finite elementdifitation for

oil reservoir perforation surrounding rock deforioatin Daqing oilfield. The oil layer critical sangroduction
criterion was introduced combining with the backshiag process, the oillet stability of back washstigitum under
different condition is proposed. The main influenfleetors of sand production was put forward, itvules

reasonable theoretical guidance for formulatingkb@aashing process.
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Back washing stratum mechanical model

Water injection layers of rock are generally locaite the range of 800 ~ 3000m underground, theabp&rforations
on the length of 1m casing are 16, as the perforatize is small, just 0.0127m, we make water tigadayers as
the research object, its thickness is 0.1524mgethee four screw holes, fetch 3m in the radialafios, then the
injection wells back washing three-dimensional nattal model is established, it can be shown i fig
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Fig.1 Back washing stratum mechanical model Fig.2 Back washing stratum finite element model

The loads act on the water injection layer andngpsire: (1) Overburden pressure- P, (2) Rock wegjh(B) The
stratum original crustal stress a@,,, 0,,, O,, (4) The fluid pressure of flushing flui?,, (5) The pressure of

flushing fluid in the wellbore inner wall i€, .

The model is adopted hexahedral element to divlte stratum rocks are adopted pore pressure eleGEDBRP,
the casing elements are adopted membrane elemddd Mi3en we can get finite element model, it casi@wvn in
fig.2. In order to reduce calculated amount, thersetrical model is used to analyze in the middlesyhmetry
plane, the displacement in Y direction is zero,hhdzontal displacement in the outer limit is zetee displacement
on the bottom surface in Z direction is zero, iuiiform distribution pressure on the upper surfaliee initial

conditions are: the initial porosity ratio is 0.2be initial pore pressure ip = 10MPa 0 initial crustal stress are
oy = 29MPa o, = 25MPao, = 22MPa_  the shear stress component is zero. The pore peessuthe

outer boundary isp = 1I:IMPEI' the Symmetry plane is set to impervious boundary. Toek relastic modulus is

7GPa. Poisson's ratio is 0.22, the strength pasmetre respectively: Internal friction anglg—z25 , dilation
angle? =10°  ponding strengtt =5%10°Pa._

Stratum sand production criterion

The stratum will produce distortion under the comeli effect of original ground stress, pore presand the
pressure of well bore fluid, when the deformatiowweds rock elastic deformation limitation, it willrn to the

stage of plastic deformation. Different rocks haiféerent abilities to produce plastic deformatiamd the range of
critical equivalent plastic strain is (0.3-0.8)%.h&h the equivalent plastic strain exceed criticalueg, the

cementation between rock sand will be disconneaad,the rocks will become free sand. The equivghastic

strain £, can be expressed by the following formula:

p

I'.'-' - 2 -
E:J:dwlg (21 + €52 +£53)

P P
= =

In the formula, Epl,séz,spa respectively represent the equivalent plasticirstaf the three principal stress

orientation. The criterion of sand production potidn can be expressed by the following formula:
g < g No sand producing

g, = g Sand producing

In the formula, £5 is the critical plastic strain value of the rodkatum. Because of the rocks in different strata

822



Wang Suling et al J. Chem. Pharm. Res., 2014, 6(4):821-824

have different mechanical properties and deformatéatures. According to the geological conditiamsl test in
Daging oilfield, the condition of rock mass sandducing was determined that is the maximum equnigkastic
strain value, which is greater than 1%.

RESULT AND DISCUSSION

Analysison the influence of the ground stress on sand production

In order to investigate the influence of grouneéssron stratum sand production, the change ofdfiedmtal crustal
stress was adopted to calculate. Fig.3 shows théerudifferent horizontal crustal stress the disition of rock
mass equivalent plastic strain. Fig.3 shows whechiag the critical equivalent plastic strain, t@nparison of
unloading pressure difference.
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Fig.3 The distribution of rock mass equivalent plastic strain under different horizontal crustal stress
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Fig.4 The comparison on stratum sand production Critical pressure under different vertical stress

We can conclude that from fig.3 and fig.4 undefedént horizontal crustal stress, the distributidrstratum rock
mass critical equivalent plastic strain is samethwe increasing of the maximum horizontal priatiptress, the
unloading pressure of stratum will decrease. Thisecause of when the ground stress value is gneder water
flooding disturbance condition, the deformatiorstshtum will increase.

Theinfluence analysis of formation per meability on the stratum sand production

Permeability is an important factor influencingastrm stress changes when the water injection veek livashing.
The initial permeability of rock and pore ratio gsven, the void ratio changing along with the peatibty is
determined by experiment, the unloading pressu29MPa, Table 1 is the change rules of differerdtsin pore
pressure and the equivalent plastic strain withctienge of permealbility.

Table 1: Sratum pore pressure and equivalent plastic strain along with the change of per meability

Permeability / mD 5 50 500
Stratum POR/ MPa 33.1402B2.53| 31.1391
Stratum PEEQ/% 1.20 1.0p 0.89

It can be seen from table 1, when the formatiomeability is higher, the formation pore ratio Wik greater and
the equivalent plastic strain PEEQ can be smaiknforating will be harder to sand production, &nthn withstand
the maximum unloading pressure will be more larger.

Theinfluence analysis of stratum mechanical property on sand production
Keep other parameters constant, the stratum elastitulus E is respectively 7 GPa, 12 GPa, 17 GP&Ra, the
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Poisson's ratio is 0.22, the initial porosity i2%). unloading pressure is 20MPa, from fig.4 we sea the change
rule of stratum equivalent plastic strain undefedé@nt modulus of elasticity.
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Fig.5 The change of stratum equivalent plastic strain under different modulus of elasticity

It can be seen from fig.5, in the same conditidhe,equivalent plastic strain of stratum rock massreases with
the increasing of elastic modulus. It shows thaatst unloading pressure will gradually increas¢hwthe

increasing of elastic modulus, this is because léinger of the modulus of elasticity, the ability tfe elastic
deformation of stratum is stronger, it's more diffit to take off the sand.

CONCLUSION

1. According to rock mechanics, seepage mechamidsetastic-plastic mechanics, using finite elemamalysis
software ABAQUS in consideration of fluid-solid qaing dynamic effect and rock material plastic defation,

the water injection well back washing stratum flsilid coupling mechanical model is establishedntthe stratum
stress change rule and distribution status in thegss of water injection well back washing areaotatd.

2. Calculation shows that, when the elasticity moslwf stratum is larger and the rock stratum paiviigy is
higher, it will be more difficult to produce sandertical principal stress has little impact on thieatum sand
production ability, the stratum load capacity andizontal crustal stress are inverse ratio. It'seveasily to produce
sand when the well washing unloading pressurerdifiee is larger.
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