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Determination of dynamic formation pressure in the wellbore zone

Wyznaczanie dynamicznego ci$nienia formacji w strefie odwiertu

Shirin O. Bahshaliyeva
Azerbaijan State Oil and Industry University

ABSTRACT: The article shows that the pressure drop in the near-wellbore zone decreases with increasing time that the well is left
uncased due to the filtration of the drilling fluid filtrate into the formation. Under certain conditions, this does not pose a risk of drill
string sticking. From the perspective of establishing the nature of changes in dynamic reservoir pressure behind the mud cake, the
experimental studies by Johnson and Klotz (Stepanov, 1999), which determine the amount of filtrate entering the reservoir under both
static and dynamic conditions, are particularly interesting. It should be noted that establishing the amount of filtrate experimentally takes
into account in advance the nonlinearity of fluid movement along the borehole wall and through formation rocks. Reservoir pressure
will increase to the depth of penetration of the drilling fluid filtrate, so the value of R, is taken equal to the radius of a certain contour
with formation pressure. The article shows that the dynamic reservoir pressure behind the mud cake initially rises intensively over time,
and then, after a certain point, remains almost constant; the filtrate from the drilling fluid entering the formation partially displaces
the reservoir fluid and fills the resulting pore space. During dynamic filtration, an intensive increase in pressure behind the mud cake
occurs within 20-30 hours and depends little on the absolute values of fluid loss from the washing liquid, the thickness of the mud
cake, and the initial pressure drop. Experience in drilling deep wells shows that sticking of the lower part of the drill string primarily
occurs when opening productive horizons with low permeability (0.06%) - 107> m*. Consequently, the ratio of the permeability of the
rock of deep-lying productive horizons to that of the mud cake is approximately more than 1,000. Therefore, when opening productive
horizons, pressure equalization practically does not occur, and leaving the drill string against these rock formations without movement
for 15-20 minutes leads to its sticking due to the pressure difference.
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STRESZCZENIE: W artykule wykazano, ze spadek ci$nienia w strefie przyodwiertowej zmniejsza si¢ wraz z wydtuzeniem czasu, w kto-
rym odwiert pozostaje niezarurowany, ze wzgledu na przenikanie filtratu ptuczki wiertniczej do formacji. W okreslonych warunkach nie
stwarza to ryzyka zakleszczenia przewodu wiertniczego. Z punktu widzenia ustalenia charakteru zmian ci$nienia dynamicznego w ztozu
poza osadem ptuczkowym, szczegdlnie interesujace sa badania eksperymentalne Johnsona i Klotza (Stepanov, 1999), ktore okreslaja
ilos¢ filtratu przedostajacego si¢ do ztoza zarowno w warunkach statycznych, jak i dynamicznych. Nalezy zauwazyc¢, ze ustalajac ilo$¢
filtratu eksperymentalnie, z gory zaktada si¢ nieliniowos¢ ruchu ptynu wzdtuz §ciany odwiertu i przez skaty formacji. Cisnienie ztozowe
bedzie wzrasta¢ do glebokosci penetracji filtratu pluczki wiertniczej, dlatego warto$¢ R, przyjmuje si¢ jako rowng promieniowi danego
konturu przy ci$nieniu ztozowym. W artykule wykazano, ze dynamiczne ci$nienie ztozowe za osadem ptuczkowym poczatkowo inten-
sywnie ro$nie w czasie, a nastgpnie, po pewnym czasie, pozostaje prawie state; filtrat z z ptuczki wiertniczej wptywajacy do formacji
czesciowo wypiera ptyn ztozowy 1 wypelnia powstala przestrzen porowa. Podczas filtracji dynamicznej intensywny wzrost ci$nienia za
osadem phluczkowym nastgpuje w ciggu 20—30 godzin i zalezy w niewielkim stopniu od bezwzglgdnych wartosci utraty pluczki, grubosci
osadu ptuczkowego i poczatkowego spadku cisnienia. Do$wiadczenie w wierceniu glebokich odwiertow pokazuje, ze zakleszczenie
dolnej czgsci przewodu wiertniczego wystepuje gtdéwnie podczas wiercenia horyzontow produkcyjnych o niskiej przepuszczalnosci
(0,062 - 10"* m’. W zwiazku z tym stosunek przepuszczalnosci skat gteboko potozonych horyzontéw produkcyjnych do przepuszczal-
nos$ci osadu ptuczkowego wynosi w przyblizeniu ponad 1000. Dlatego podczas przewiercania poziomow zlozowych praktycznie nie
wystepuje wyréwnanie ci$nienia, a pozostawienie przewodu wiertniczego w tych formacjach bez ruchu przez 15-20 minut prowadzi
do jego zakleszczenia z powodu réznicy cisnien.

Stowa kluczowe: ptuczka wiertnicza, zakleszczanie, cisnienie w odwiercie, o$ odwiertu, rOwnania Darcy'ego, filtrat, utrata ptuczki,
osad ptuczkowy.
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Introduction

Theoretical and experimental studies have shown that the
pressure drop in the near-wellbore zone decreases over time
when the wellbore is left open due to the filtration of the drill-
ing fluid filtrate into the formation. Under certain conditions,
this does not pose a risk of drill string sticking.

From the perspective of establishing the nature of changes
in dynamic reservoir pressure behind the mud cake, the ex-
perimental studies by Johnson and Klotz (Stepanov, 1999),
which determine the amount of filtrate entering the reser-
voir both under static and dynamic conditions, are partic-
ularly interesting. It should be noted that establishing the
amount of filtrate experimentally takes into account in ad-
vance the nonlinearity of fluid movement along the bore-
hole wall and through formation rocks (Sailov et al. 1996;
Stepanov, 1999). This phenomenon is characterized by the
degree of pressure equalization:

p=1-@ -p)
where:
p.— pressure in the well,
p; — average pressure in the mud cake.

It can be assumed that, as a result of filtration, the pressure
in the near-wellbore zone is distributed as follows: in the well
— p,> behind the mud cake — p;, at distances — r and R, from
the axis of the wellbore — p, and p, (Figure 1).

Materials and methods

The problem of pressure distribution in the wellbore zone
can be reduced to solving the Darcy equation under radial
filtration conditions (Travkin, 1992; Pontryatev et al., 1993):

qu_dr
2nhK r

= 6]

Solving (1) taking into account filtration conditions in me-
dia of different permeability, we can determine the dynamic
reservoir pressure (or pressure drop) in the near-wellbore zone:

Ap
ln(Rk/r)
(K,/K,)In(R./(R,~5))+In(r/R,)

b, =P - 2

where:

Ap — initial pressure drop between the well and the forma-
tion [MPa],

K /K, — permeability of rock and mud cake,

R.— well radius,

0 —well wall thickness.
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Figure 1. Calculation scheme for determining pressures in the
near-wellbore zone of wells being drilled: 1 — well; 2 — mud cake;
3 — formation layer

Rysunek 1. Schemat obliczeniowy do okreslania ci$nien w strefie
przyodwiertowej otwordw w trakcie wiercenia: 1 — odwiert;
2 — osad pluczkowy; 3 — warstwa formacji skalnej

The reservoir pressure will increase to the depth of penetra-
tion of the drilling fluid filtrate, so the value of R, is taken as
equal to the radius of a certain contour with formation pressure
(Terentyev and Mikhailenko, 1992).

The filtrate from the drilling fluid entering the formation
(while the well is left uncased) will partially displace the
formation fluid and fill the resulting pore space. Then the
penetration depth of the filtrate, assumed to be equal to R,,
can be determined from the equation:

@ =n(R} - R )ma 3)
where:
@ — amount of liquid filtered into the formation, m® per 1 m
well interval,
m — formation porosity,
a — coefficient of residual saturation of the formation with
liquid.

Solving equation (3) for R,, we get:

R_=\(® /ma)+ R 4)

During the drilling process, both dynamic (in the presence
of solution circulation) and static (in the absence of circula-
tion) filtration into the formation occurs (Basniev et al, 1999;
Aliev, 2005).

The amount of liquid filtered into the formation F during
static @, and dynamic @, filtration is calculated using the fol-
lowing formulas:

®,=1.01-107 BDa,, - Ap™1 |1, (5)
@, =3.48-10"BDa,, - Ap"’t,\|Q | M* (6)



where:

B — water loss of flushing fluid for 0,5 hours by BM-6 [m*/h],

D — well diameter [m],

a,, and a,, — temperature coefficient of static and dynamic
filtration,

O — pump supply [m*/h],

M — hydraulic radius of the annulus [m].

In terms of drill string sticking, which occurs under the
influence of a pressure difference, it is useful to determine
the pattern of pressure changes behind the mud cake p;. By
substituting » = R, into (2) and using formulas (4), (5) and (6)
to determine p; under conditions of static and dynamic filtra-
tion, we obtain:

Ap
Psi=P— (7
06da, B-Ap™t\JOI M> K
L+1n 14 000%B A UNOIMT By R
amR, K, R
Ap
Ps, =P~ 02\/ S K (8)
0.22a. B - Ap**t M
Liin 1 02208 AP INOTME By R
oamR, K, R

Figures 2 and 3 show, as an example, the change in dy-
namic reservoir pressure over time with dynamic (curves
1-3) and static (curve 4) filtration under the following condi-
tions: diameter of drill pipes d, = 0.141 m; a = 0.5, m = 0.2,
0=0.002m, Q=9 m’h, K,/K; =20, p, =50 MPa, p, = 30 MPa.
As can be seen from these figures, the value of the dynamic
reservoir pressure behind the mud cake initially increases rap-
idly over time, and then, after a certain time, remains almost
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Figure 3. Dependence of dynamic reservoir pressure on time for
various filtration characteristics of rock and mud cake: 1, 2, 3,

4 — K K" respectively 10, 30, 100 and 1000 (dynamic filtering);
5 — KK, = 1000 (static filtering)

Rysunek 3. Zalezno$¢ dynamicznego ci$nienia ztozowego od
czasu dla roznych charakterystyk filtracji skat i osadu ptuczkowe-
go:1,2,3,4— K,,K* odpowiednio 10, 30, 100 oraz 1000 (filtracja
dynamiczna); 5 — K K, = 1000 (filtracja statyczna)

During dynamic filtration, an intensive increase in pres-
sure behind the mud cake occurs within 20-30 hours and
depends little on the absolute values of fluid loss from
the washing liquid, the thickness of the mud cake, and the
initial value of the pressure drop (Sherrard, 1993; Gritsenko
et al, 1995).

The intensity of the increase in dynamic reservoir pressure
behind the mud cake over time mainly depends on the ratio of

constant. the permeability of the rock and the mudcake K, /K.
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Figure 2. Changes in reservoir dynamic pressure over time: a) 1 -B8=10-10°m*,2-B=5-10m% 3,4-B=3 - 10’ m’;
b)3-B=1-10°m’,2—-B=2-10°m’,3,4—B=3 - 10°m’; ¢) | — p, = 45 MPa, 2 — p, = 40 MPa, 3, 4 — p, = 30 MPa
Rysunek 2. Zmiany ci$nienia dynamicznego w ztozu w czasie: a) 1 -B=10-10°m*,2-B=5-10m’ 3,4-B=3 - 10’ m’;
b)3-B=1-10°m’,2-B=2-10°m’,3,4—B=3-10°m’; ¢) | — p,= 45 MPa. 2 — p, = 40 MPa, 3, 4 — p, = 30 MPa

627



NAFTA-GAZ

Figure 3 shows the nature of the change in dynamic reservoir
pressure behind the mud cake over time at different values of
K,/K,. At K,/K, =10 (curve 1), the pressure drop in the mud
cake within 20 hours decreases from 20 to 15 MPa and subse-
quently remains almost constant, and at K,/K;, = 1000 (curve 4),
the pressure drop over 110 hours decreases only by 4 MPa.

Conclusions

Experience in drilling deep wells indicates that stick-
ing of the lower part of the drill string occurs primarily
when opening productive horizons with low permeability
(0.06) - 107" m?. Consequently, the ratio of the permeability of
the rock of deep-lying productive horizons and that of the mud
cake is approximately above 1,000. Therefore, when opening
productive horizons, pressure equalization rarely occurs. If the
drill string is left against these rocks without movement for
15-20 minutes, it may become stuck due to resulting pressure
difference.
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