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ABSTRACT

Downhole oil-water separation and reinjection teology can effectively solve the problem that thestace of
produced fluid is getting higher and higher, and askey component of the injection-production system
injection-production string withstands packer's taeg axial force, internal pressure, external pras of oil and
multi-load conditions, thereby resulting in the Heng deformation of oil tube, and then causing #ystems
running eccentric wear, cards pumps and other phesa. In this paper, the deformation of oil pipéwsen the
injection-production system packers were mecharsgaulation analyzed, and obtained the effectivasuees to
reduce pipes bending deformation, to guaranteeciefft and safe operation of the pipe, and then the
injection-production system can run smoothly féorag time.
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INTRODUCTION

With the operation of oil field enters into the miig-last development time, the water content rafi@utputted
liquid from oil well is increasing high, producedater treatment is a growing prominent problem, same well
injection-production system can carry out Downhdlater/Oil Separation and the separated water silinfected
into the layer, effectively solve the problem obguced water treatment. The injection layers neetet separated
by the packer. Packer setting force and injecti@sgure, the sinking pressure, liquid pressuresgiise to bending
deformation on injection-production pipe string.eThnalytical deformation expressions of tubingnstrivere
derived by solving buckling equations—fourth orehemlinear ordinary differential equations with ecandition
and continuous condition of the buckled tubularg amalyses the influence of packer string buckkfigct in
literature [2]. Literature [3] designs the injectiproduction system in the same well and estaldighe string
mechanical model and analyzes the string axialrdeftion in the process of running up and down udinige
element analysis software ANSYS.

SIMULATION SECTION

Figure 1 is the schematic of the pipe string atitfiection-production system packer section, packeng of the
same well injection-production system consistsar and lower two levels of packer and inside aniside the
middle of two layers of pipe string. through twacker setting to separate injection and productayet sealing, the
separated water will be injected into the injectlager through the inner tube, after separatiop, dbncentrate
liquor is inhaled into the production pump through annular passage between the inside and otitsidabe .
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Fig.1 Packer column for DOWS

The pipe string structure of the injection-prodontsystem for the same well mainly includes spatiaicture of the
pipe string and geometric structure of the pipmgtsection, the spatial structure of the pipengtiaxis is structure
of the borehole axis, the geometric structure ef pipe string section mainly is cyclic symmetryusture, the
annular inner and outer diameter can be arbitrgrifgn, making the following simplification for th@pe string:

The outer tube and the inner wall of casing isdrigliameter can be arbitrarily changed along thection of the
well bore.

This pipe string structure and its attachmentdlaxible structure, the axis in front of the defation of pipe string
is coincident with the pipe string axis, and thawar gap exists between the two layers of pigagstr

Under the pressure the unstable pipe string ocmulam deformation along the circumferential di@ctof the
borehole, and contacting with the outer tube veall] there is the contact counterforce at the coptaint.
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Fig.2 Mechanical model of column

Simulation M odel

As shown in figure 2, down hole the packer mainlffexs by the action of the load of the tubing wetjghe setting
force and the liquid pressure, the constraintsestbf mainly are the clamped constraints of theetgpacker, the
hinged constraints of the higher packer and thel sl centralizer.
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Fig.3 Enlarged deformation maps of Fig.4 Enlar ged defor mation maps when
column of 60m, 90m, 120m and axial load 5000N, 20000N and 15000N

The simulation process

The simulation step of pipe string buckling is simow figure 3. First of all establish finite elentenodel for inner
tube and outer tube in packer string. Because isfgrt of string with large slenderness ratio,chose suitable
element, beam188 element, for analysis of slendambwhen modeling. Secondly, use regular hexahezemnent
as mesh model. The hexahedral element than tet@hetement has higher accuracy, and it could hislghape in
orders to reduce the destruction of the elementnvthe string deformation occurs. Thirdly, stringlvias some
defects in the process of fabrication and instalfatSo in order to reflect the deflection of thipegpstring, through
the characteristic value method introduce initiefedts. Fourthly, after the deformation of strimgper tube and
outer tube will contact, so need to establish acinédement between inner tube and outer tube. Trhalation
established contact pairs by the contal76 elemmhttargel70 element. Contal76 is 3-D lines corgénent,
mainly used to describe the phenomenon such amdiwvement, the bending deformation and so on fdrimgsin
another string. Fifthly, adding constraints anddldsoundary conditions. Finally, calculate and pwsieess the
results.
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Analysis of the Influential Factors of Buckling Configuration

Single well injection-production system of downhakeings were affected by multiple loads and aasts, In
order to decrease the strings buckling configunatamalysis of the factors of the influence of defation of tubing
string such as length, load section constraintssetthat making reasonable optimization design.

Fig 3 shows that different length of tubing strimyder the condition of load, section, constraints were equal. As
can be seen from the figure, with the increasindeofth of tubing string, there is no change tihat maximum
deformation of String, but the String of flexuralmber with the increasing of the length leads t@ Tihear
increasing trend, so the length of tubing stringhef influence for bending is smaller

Fig 4 shows that with the increasing of axial leadult in tubing string radial deflection gradudlhgreasing, string
under the affection of axial load, from the Lindame status to buckling balance status, as threasing of load,
from one order to multiple order ,so the Stringflekural number gradually increasing, when radiefodmation

reach the value of the gap for the between stimdjouter tube, it will produce contact. Inter t@ml outer tube
will produce contact force, in conclusion, axiahdbis the important influence factor on tubing regribuckling

configuration.

Fig 5 is in the situation of the tubular column & mm in inner diameter, outer diameter is 73 m&mm, 83 mm,
and the deflection of the other conditions are sdinean be seen from the figure that the bigge$bmination of
tubular column decrease gradually, the numbereofuflal wave also gradually reduced and the momkimeatia

| and bending section coefficie{/ of the tubular column increase as the rising of $eetion dimension,
moment of inertia| and the instability of bending wave numbékis inversely proportional That is to say with the
increase of section moment of inertia, tubular ocolubending wave number decreases, and with theaserof
bending section modulus, bending deformation ofilasbcolumn is also decreases.

RESULTSAND DISCUSSION
According to the impact of length, load, cross isecand centralizer on tubular column bending, dp&mization
design of different packer tubular column strucsuoé product and inject in the same well systend, within the

packer on the tube of different structures areyaeal in the simulation[3].

Tab 1: Sring structure and parameter between two packer

String structure and parametgr  Inner tybe  Wingbd tu Outer tubel Connecting rqd  centralizer
Inner diameter/mm 62 62 95 0 62
Out diameter/mm 73 93 106 25 89
Coupling diameter/mm 89.5 93 106 56 —

[ ]

Fig.5 Enlarged defor mation maps of

column of different diameter
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Fig.7 Enlar ged defor mation maps of

Fig.6 sectional view of ordinary tubing and

winged tubing ordinary tubing out of centralizer

As can be seen from the fig 7, the inner tube audmickling deformation under the axial load, ahd
maximum deformation is 10.84 mm, after bending,itimer tube and outer tube has had the contacgaapg string
within 60 m, a total of 11.5 bend.
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Fig.8 Enlarged defor mation maps of ordinary
singed tubing
tubing with centralizer of every 2.5m

As can be seen from the fig 8, the maximum bendinthe inner tube is 2.87mm, in the range of 60rtgtal of
11.5 bend there, the same as without centeringcde@entering device was applied only reduces theuat of
radial bending, did not reduce the number of bewttg;h in the previous section is consistent with ¢onclusion.

Variable cross section can change the bucklingipé gtring, since there is a gap between the itutee and the
outer tube, considering change the sectional sbépige inner tube to improve its bent condition, the basis of
there is enough space In the guarantee the pathloofation between the inner tube and outer tdesjgned the
structure of the winged tube.

As can be seen from the fig 9, the maximum defaomatf the inner tube is 1.04mm,in the range of g@rotal of
7 half-wave there, remaining after the bendinghef inner tube diameter is 59.92mm,greater thamdtiecollar of
56mm, the use of the inner tube of the rod to avoaional contact with the inner tube, the defation of the
sealing piston cylinder will be reduced, which reglsithe probability of the pump piston is sealed .

FIELD EXPERIMENTS

In the field test of three Wells, the consecutipemting time of strings without optimal designeasvehort and the
longest was less than three months. The major dauke buckling of tubing which caused wear arel dfferent
centers when the piston moves up and down. Aftgei@od of operation, the pump and the packed plunge
blocked[4]. From the picture of string without ap#l designed (Fig 10), we can know that stringsewssverely
wearied.
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Fig.10 wor n column before optimization Fig.11 without wearied winged column after

optimization
We tested the optimal designed system in the dil. ieere was no pump-block during operating ovee gear.

Before and after optimization, the time of continweuble-free operating and the pump-block wereifizant
improved. Practical result shows, the optimal deisig project is reasonable.

CONCLUSION

This paper studies the finite element simulatiocahpression of tubing string bending method, satioh analysis
of the factors affecting the deformation of tubstgng, and according to the simulation resultsptimized design
the injection production system of well[5].

(1) When other things being equal, with the inceeaaxial load, the maximum deformation of theimgbstring

value increases gradually, the same length of tfiiegsin the flexural wave number gradually increawith the

increase of length, the maximum deformation of tilging string value did not change, only the begdivave

number along with the length of the correspondimgyéase, but the half wave length does not chamgth the

increase of the cross-sectional area, the maxineforghation value of the string gradually decreaaes, the same
length of the string in the flexural wave numberréducing gradually[6],Reasonable exerts centnaizean

effectively reduce the maximum deformation valuetted string, and if the centralizers impose unreabte can
cause local bending increasing, but exerts cenénaiare not large influence on the bending wawvetren.

(2) Based on the conclusions above, the inner gipdseen two levels of packers with well injectiproduction
system are optimized designed, through the congrarisetween inner pipe using common tubing without
centralizer and pipe using a winged tubing withtcadizer every 5 meters, the conclusion is got thiaile the inner
pipe using a winged tubing, the pipe string buakldeformation can be effectively reduced, the etewear of
sucker rod in the movement and stuck pump phenomehsealing piston are avoided.

(3) The field test shows that the optimized tulstgng greatly extends the string’s trouble-freetomious working
time to more than one year, compared with threethsolbefore optimization, and the phenomenon of \aedrtear
of the string are eliminated.
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