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CZESEAW RYBICKI*, JACEK BLICHARSKI**

ASSESSMENT OF NEAR-WELL ZONE DAMAGING DURING GAS-WELL RECONSTRUCTION
PROCEDURES

OCENA STOPNIA USZKODZENIA STREFY PRZYODWIERTOWEJ PODCZAS REKONSTRUKCJI
ODWIERTOW GAZOWYCH

Issues related to gas wells reconstruction are discussed in this paper. The extent to which the

rear-well zone is damaged by drilling mud during reconstruction procedures, is assessed on the basis of

simple mathematical model. It follows from the analysis that the main causes of damage are reservoir
-ock itself, properties of the mud, repression and duration of the whole process.

Key words: solid filter cake, formation zone, fluid penctration, flow of fluid, mud filtration, drainage
zone, damage zone, reservoir

Jednym z istotnych probleméw zwiazanych z zabiegami rekonstrukcji odwiertéw ropnych i ga-
zowych jest niebezpicczenstwo wnikania piuczki do strefy przyodwiertowej, co czgsto powoduje
nieodwracalne skutki w postaci zmniejszenia lub czasami zaniku doptywu gazu lub ropy do odwiertu.
Istotne jest zatem dobre rozeznanie zjawiska filtracji ptyndéw zabiegowych, takich jak: ptuczka wiert-
nicza, woda, ciecze szczelinujace i kwasujace oraz inne do osrodka porowatego. Stosowanc ptyny
zabiegowe zardwno w procesic wicrcenia jak tez rckonstrukeji odwiertow zawieraja fazg statq w po-
staci czasteczek, ktore moga wnika¢ w strukturg porowg ztoza zmniejszajac tym samym jego prze-
puszczalnosc¢.

Stopien 1 intensywnos$¢ wnikania czastek statych do skaty oraz osadzania sig ich na powierzchni
skaty (Sciance odwiertu) zalezy od struktury przestrzeni porowej skaly, wymiaréw poréw, jak tez
wymiardéw i ksztattéw wnikajacych czastek. Na wiclkos¢ strefy objgtej wnikaniem czastek duzy wptyw
ma réwnicz stopien zeszezelinowania ztoza, istnienic szczelin prowadzi bowiem czgsto do gigbokiej
penetracji i skazenia duzej czgsci skaty ztozowej wokot odwiertu.

W artykule dokonano analizy probleméw zwiazanych z rekonstrukcja odwiertéw gazowych.
W oparciu o prosty model matematyczny dokonana zostata ocena stopnia uszkodzenia strefy przy-
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odwiertowej przez uzyta phuczkg podczas zabiegdw rekonstrukeyjnych. Zaadaptowany zostat model
doptywu ptynu do odwiertu przy statej roznicy cisnien dla przypadku filtracji ptuczki w ztoze. Zatozono
stata réznic¢ cisniefl pomigdzy ci$nieniem hydrostatyczny stupa phuczki w odwiercie a ci$nienicm
ztozowym. W oparciu o ten model autorzy przeprowadzili obliczenia zmian parametréw strefy przy-
odwiertowej w przypadku filtracji ptuczki w skatg ztozowa. Okreslone zostaty takie wiclkosci, jak:
zasigg strefy filtracji ptynu zabiegowego, skin efckt, stopien zmiany przepuszczalnosci $redniej osrod-
ka porowatego oraz ilos¢ ptynu zabicgowego wnikajacego do ztoza w czasic trwania zabiegu.

Z przeprowadzonej analizy wynikow obliczen przedstawionych graficznie wynika, ze zasadniczy
wplyw na uszkodzenic strefy przyodwicrtowej maja: wiasnosci skaly ztozowej, wlasnosci uzytej
phuczki, wielkos$¢ represji ci$nienia oraz czas trwania zabiegu.

Stowa kluczowe: filtracja ptynu, adsorpcja, struktura porowa, przepuszczalno$é osadu z czastek
statych, wydatek wnikajacego filtratu, uszkodzenic strefy przyodwiertowej, strefa drenazu, zloze

1. Introduction

One of the most important problems related to oil and gas well reconstruction is the
possibility of mud penetration in the near-well zone. This may often create irreperable
changes in the form of lowering or vanishing of oil or gas influxes to the well. Therefore,
it is advisable to well recognize the filtration of such fluids as mud, water, fracturing
and acidifying fluids in the porous medium. The fluids, used during drilling and
reconstructing works, contain some portion of solids in the form of particles able to
penetrate the porous structure of the deposit, lowering its permeability (Herman at al.
2002; Dubiel at al. 2001).

The degree and intensity of solids penetration into the rock and their sedimentation
abilities (on the well’s walls) depends on the porous structure of the rock, size of the
pores, as well as the size and shape of the penetrating particles. The size of the zone
subjected to particle penetration is also conditioned by the degree to which the reservoir
is fractured. Fractures often lead to a very deep penetration and contamination of a vast
part of the deposit in the near well zone.

2. Model of solid filter cake formation and behaviour

Hydrostatic pressure of fluids of a given density changes with depth. When
hydrostatic pressure is higher than formation pressure, fluid filtrates to the formation.
Depending on the size of solids and pore canals, the particles may either migrate inside
the rock or be deposited on the well’s wall. Particles having diameter smaller than the
diameter of pore canals, penetrate the porous medium (Fig. 1), whereas particles having
diameter bigger than pore canals form filter cake on the well’s wall (Fig. 2).

Low permeability of filter cake prevents further penetration of solid particles into
the deposit. In the static conditions, at zero mud circulation, the thickness of filter
cake increases with time of reconstruction procedures. In the dynamic conditions, the
thickness of the filter cake depends on difference between the rate of sedimentation due
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Fig. 1. Filter cake settling on the inner surface of rock

Rys. 1. Mechanizm osadzania sig czasteczek statych na wewngtrznej powierzchni skaty
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Fig. 2. Filter cake formation

Rys. 2. Powstawanie osadu z czastek statych na Sciance odwiertu

to filtration processes and erosion of the filter cake caused by the mud flow. Filter cake
formed on the well’s wall is also porous and permeable, but its parameters depend on
pressure gradients, influencing compressive strength of the cake. When the mud is
a water-based colloid suspension, the mathematical description of the process of filter
cake deposition on a well’s wall can be expressed by the following formula (Civan
1999):
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B =B (1)
dt
S i @)
Zom-h-r,
where:

r. =1, —6— radius of solid filter cake (Fig. 2)

3 — thickness of solid filter cake,

q — rate of filtrate penetration,

A and B are expressed by the formulae:

PR ®)
(l —d) c ) p P
‘where:
¢, — mass concentration of solids in mud,
k; — filter cake deposition factor,

¢. — porosity of solid filter cake,
pp — density of solids.

and
B:g'(’ts_rkr)'U(’ts_Tkr)'H(S) 4)
where:
¢ — filtration cake erosion,
1, — shearing stress,

T4, — critical shearing stress.

The functions U(t, — 1, ) and H(J) in equation (4) are conditional functions assu-
ming the respective values:

U(t,—14)=0 for t,<7

or
U(t,-1t4)=1 for t,>71,
and
H()=0 for 6=0
or

HG)=1 for 6>0
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In industrial conditions, means reducing fluids penetration into the rock are applied.
They are called blockers. For further considerations, radius . will denote the inner
radius of cake zone formed by fluids filtration or by an artificial use of a blocker.

The process of filtrate penetration into the deposit at a radial uni-phase flow, can be
expressed by the following Forcheimer’s filtration equation in the form:

B _E Bl ®)

For small filtration rates equation (5) assumes the form of Darcy’s equation
Equation (5) uses the relation (2), which can be rewritten as:

2

b4 g,[__4 ®

e +B-p
or k 2-m-h-r 2:m-h-r,

Assuming that fluid penetration takes place from the intact zone having permeability
k limited with radii », and r, in radial conditions, equation (6) assumes the form:

2
q, K1 Te quo 1 1 (7)
By =Pl = Pem—— " T
2-m-k-h 7, (2-m-h) P, T,
where:
q, — rate of fluid penetrating intact zone.

Actually, fluid filtration takes place through three zones: solid cake zone, zone
covered by filtrate, and zone of intact rock-mass. Therefore, equation (7) assumes the
following form:

n 2
ey = 4By fTe), P Bg” (1 1 (®)
Pe = Pe=T——— P m . axD | = wm
2-m-k-h re) (2-m-h) Fe ' Fe
where:
q — rate of penetrating fluid, accounting for zones of different permeability.
k — mean permeability for the zone of filter cake, filtrate, intact rock-mass. It is
expressed by the following relation:
e ©)
/: i Py
y 4
m» mr mle
rC + rW + r/
k, k k
where:
r, — radius of well’s impact,

r; — radius of zone occupied by filtrate,
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r,, — well’s radius,

k. — permeability of solid filtration cake,
ky — permeability of zone occupied by filtrate.

B — turbulence coefficient characteristic of the system: solid cake-zone occupied by
filtrate-intact rock-mass, expressed by the following formula:

- A 10
B.(L_L]:Bc.[i_ijf.{L_L}LB.(L_L] (10)
¥e Ve o Vi ry rf rf ¥,
where:

Be, Bs B — turbulence coefficient for the zones of filtrate cake, filtrate and
intact rock-mass, respectively.

Using equations (9) and (10), equation (8) may be rewritten:

. . ‘ 11)
R TS I % TR W 7 W 5 | PN
2m-k-h |k, re) ky 7 ry

2 A
PoPeg” ﬁ_c.(i_i Prfi gt
(2-1t-h)2 B ir =, B \rn 7y rp
Equation (11) is a sum of filtrations of solids, filtration zone and intact rock-mass.

Assuming that the flows described by equations (8) and (12) take place at the same
pressure difference, the equation may be compared by sides, and the following relation

is obtained:
2
GoB Tl PBgs (1 _1)_ (12)
2-mw-k-h r. (2.7:.}1)2 T

:ﬂ_{i . m(r_W] LK h{if_] + h,[le_ﬂ +
2-m-k-h |k, vyt Ky r, rr

+p_'3q_2§_‘_(_1__ij+ﬁ_f i__l__}.i_i
@nmmy* | B \ze m) B\t 7p) \1p r

Substituting to equation (12):

L__PB &.(L_L}Ef_. i, ! L_L]
Qn-m)? | B \r. 1, B \r 7 ry
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equation (12) can be rewritten:

a-q2+b-q-—c:0 (13)
—b+Vb? -4-a-c (14)
2-a

With this equation the actual rate can be calculated, accounting for the properties of
solid filter cake, filtration zone and intact rock-mass for a given rate of intact rock-mass g,,.

3. Mud filtration in a deposit at constant drop of pressure

In the well reconstruction procedures, pressure is often raised to protect the well
against deposit pressure. This is done by a proper selection of density and column of mud
in the well, so that the hydrostatic pressure slightly exceeds reservoir pressure. The
amount of mud penetrating the deposit depends on this difference. This penetration is
responsible for contamination of the near-well zone. In practice, all should be done to
minimize the influence of mud filtration and guarantee that no eruption takes place.

Fluid filtration is a result of differences of bottom pressure and reservoir pressure.
Assuming that the well pressure is related with a definite column, which will be constant
for a certain time, filtration will continue at a constant drop of pressure. Therefore,
assuming a constant drop of pressure, the cumulative rate of such an influx can be
described by the following equation (Slider 1983):

Q=2m-rl he¢-c:Ap-(1=Sw)-Qp(tp) (15)
where:
(0] — cumulative rate of fluid,
T — 1inner radius of solid filter cake,
h — thickness of bed,
() — porosity,
¢ — compressibility,
Ap  — difference between bottom pressure during reconstruction and reservoir
pressure,
Sw  — saturation with bound water,

Op(tp)— dimensionless function of rate,
Tp  — dimensionless time.
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According to Hagoort (1988), the dimensionless function of rate Op(¢p) in equation
(15), should be assessed from the following dependence

2t 16
Op(tp)=—->= (16)
In(7p)
where: -
tp — dimensionless time, defined in the following equation:
k-t (17
b pcor

Dimensionless function of rate Qp(¢p) can also be determined using tables or plots
(Slider 1983).

In reservoir engineering, damaging of the near-well zone is described by the skin
effect factor (Fig. 3) described by (Slider 1983):

S:(i—l]-lni (18)
kg 7.
where:

k — permeability of intact zone of the rock-mass,

k; — permeability of contaminated zone of deposit,

re — radius of contaminated zone, corresponding to the radius of zone occupied

by filtrate ry.

Drainage zone Damage zone Well with filter cake

Reservoir

Fig. 3. Damaged zone near the well (skin effect)

Rys. 3. Strefa uszkodzona w sasiedztwie odwiertu (skin efekt)
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4. Determination of the fluid penetration zone

Fluid filtrating the deposit occupies a zone of some volume. This can be represented
mathematically in the following way:

Q=n-(rj-r2) h-¢-(1-Sw) (19)

where:
Q — cumulative rate of fluid.

Comparing equations (15) and (19) by sides, and employing equations (9), (16), (17),
the following is obtained:

2.t.InTe (20)
r(,‘
: In—* In—rL InZe
7. vy
d).u.c.rz. € 4 W+ .
" . k k
(r_}—rf)zZ-rf~c~Ap~
t-In’e
In e
m™ @ mle
b-p-c-r? ey M,
ok, k k J

Equation (20) has a complex form due to the radius of contaminated zone ry from
which the radius can be calculated numerically.

5. Calculations — examples

Parameters of mud filtration were calculated, assuming the existence of three con-
centric zones of different permeability, and through which mud filtrates: solid filtration
cake, zone of deposit occupied by mud filtrate and intact rock-mass. Calculations were
made for the following input data:

 initial mean pressure — 130 bar,

 thickness of deposit — 15 m,
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permeability of intact rock-mass — 60 mD,
permeability of contaminated zone — 20 mD,
permeability of solid filter cake or blocker — 10 mD,
saturation with bound water — 25%,

porosity — 12%,

radius of well — 15 cm,
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Fig. 5. Skin effect
Rys. 5. Skin efekt
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cake thickness — 3 cm

radius of well impact — 350 m,
compressibility of fluid — 5¢10 1/Pa,
viscosity of fluid — 1.1 cP,
repression — 13 bar.
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Fig. 6. Extent of variability of mean permeability
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Fig. 7. Cumulative mud rate

Rys. 7. Wydatek kumulacyjny ptuczki
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Based on the calculation, the function of reconstruction time was assessed, range of
fluid filtration, skin effect, variability of mean permeability, cumulative quantity of
injected fluid in particular.

Results of calculations are presented in Fig. 4, 5, 6 and 7.

It follows from the analysis of plots in Fig. 4 to 7 that the most disadvantageous
influence of mud is observed during the first stage of reconstruction. To limit the
unfavourable influence of mud’s filtration in the rock-mass, the use of blockers should
be considered. They make a weakly permeable layer on the well’s wall, which can be
easily removed after the reconstruction works.

6. Conclusions

1. Reconstruction works often create the risk of permanent damaging of the near-
-well zone by a filtrate of drilling mud and hardly removable clayey particles.

2. The rate of deposition of solids and penetration of liquid to the deposit depends,
among others, on such factors as: structure of the porous medium, size and content of
solids in mud, viscosity of mud and differences of pressures between bottom pressure
and reservoir pressure.

3. Fluid filtration in static conditions was described by an equation of fluid influx to
well with the assumed pressure drop. Based on this solution, the range of zone subjected
to fluid filtration was assessed.

4. It follows from the calculations that the most disadvantageous influence of mud is
observed during the first stage of reconstruction. To limit the unfavourable influence of
mud’s filtration in the rock-mass, the use of blockers should be considered. They make
a weakly permeable layer on the well’s wall, which can be easily removed after the
reconstruction works.

5. During reconstruction works, excess reservoir pressure should be minimized by
the column of fluid used in the well. Apart from this, the duration of reconstruction
operations should be reduced.
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