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Abstract

Real-Time wellbore stability mud weight estimates, while
drilling, are becoming industry standards. Overcoming
wellbore drilling instability in shale formations will always
present one of the major challenges to our drilling
engineers. What if this shale rock is also fractured?
What would be the necessary theories and tools to apply
in Real-Time to model these types of problems? What
should be the drilling fluid chemistry and salt
concentrations if the drilling fluid is water based mud?
The answer to these challenging problems lies in the
theory behind the models used in the industry.
Poromechanics, or the poroelastic theory, as it is more
commonly known, could couple the diffusion processes
of the fluid mud pressure, chemistry, temperature, in-situ
stresses and the fracture pressure with formation
pressure disturbance, in the case of fractured shale
formation. In this paper the poromechanics approach
and the estimation of the mud weight stability for the
vertical or the inclined wellbore are briefly discussed and
presented. These solutions, implemented in the software
RT-PBORE-3D, are capable of analyzing Real-Time
Wellbore Stability in sound and/or fractured shale rock
formations.

Introduction

In wellbore drilling, the pore pressure differential
between the drilling mud and the drilled formation is
governed by the diffusion process which is a time-
dependent phenomenon. In addition, the downhole
temperature and the chemical reactivity (mud/shale) are
also time-dependent variables. As such, tools for Real-
Time Wellbore drilling simulation should take into
account these physical time-dependent processes,
which involve among others stress/fluid pressure and
temperature, coupled with the real-time monitoring data
obtained periodically from LWD and SWD. The newly
developed Real-Time Poromechanics Wellbore Stability
simulator, RT-PBORE-3D, with its solid mechanics and
poromechanics models is capable of coupling the real-
time downhole data with the real-time-dependent
diffusive processes, while upgrading the time-dependent
mud weight window through the multi-layer drilling
operations. The associated theories and their

implementation in RT-PBORE-3D are here discussed
and examples of real-time drilling scenarios are
illustrated.

Biot's theory of poroelasticity’ represents an
accurate and proven prediction theory of coupled time-
dependent phenomena induced by stress perturbations
in the geomechanical domain. The importance of these
coupled processes in field applications from wellbore
stability problems and reservoir management to design
and analysis of laboratory rock testing procedures has
already been well recognized. The extension of Biot's
theory of Poromechanics to fractured rock formation
within the framework of the dual-porosity approach has
also been accopmplished by Wilson and Aifantis®

RT-PBORE-3D is designed to simulate the three-
dimensional time-dependent wellbore stability in real-
time drilling operations for sound and fractured rock
formations. The displayed values of mudweight windows
for the corresponding drilled layers are calculated and
updated as time and the drilling operation progress; thus
illustrating the true nature of the phenomena of real-time
diffusion, temperature gradient variations, and the
evolution of chemical activities between the mud and the
rock formation.

In this paper, a brief overview of both approaches to
fractured and non-fractured rock formation is illustrated,
and a validation of their use is also described. The
applicability of RT-PBORE-3D is demonstrated through
borehole stability analysis in multi-layer drilling operation
with its associated time-dependent mudweight windows
updates.

Poromechanics Constitutive Relations

The time-dependent coupled diffusion-deformation
effects including the temperature gradients and the
chemical activity are best modeled within the general
theory of poromechanics. The evolution in time of these
dynamic and kinematic variables, within the consistent
frame of the poroelastic theory, will allow real-time
simulation.

The time-dependent coupling of solid matrix/grain
deformation, pore fluid flow and the temperature
gradient, for a sound rock formation, is governed by the
following constitutive equations:
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p:M(g—aijé‘ij +ﬂmT) ................................ (2)

Eqg. (1) describes how the overall strains of the
porous rock rely on the applied total stresses, the pore
pressure weighted by Biot's effective stress tensor g,
and the temperature gradient weighted by the thermic
coefficient £ Eq. (2), on the other hand, indicates that
the fluid pore pressure is not only related to the pore
fluid content variation, £, but is also affected by the
deformation of the rock solid matrix and the change in
temperature. It should be noted that under isothermal
conditions, the terms 4T and S, T do not contribute.

Fractured rock formation is modeled within the
framework of dual-porosity. Specifically, two overlapping
and separate continua are considered, one for matrix
block and the other for fractures. Fig. 1 provides the
dual-porosity realization of naturally fractured rock in this
sense. With the introduction of the fractured medium,
both the stresses and pore pressures are modified due
to the additional coupling of deformation, fluid flow and
temperature gradient in the fracture. The constitutive
equations for a fractured rock are given as:
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In the above equations, the superscripts | and Il refer
to the rock matrix and the fracture medium respectively,

M i},’(,” is the drained elastic modulus tensor for the whole

solid domain, C). and CJ . are the compliance

tensor for the corresponding media. Eq. (3) to (5) are
direct extension of Eq. (1) and (2) in the approach to
naturally fractured rocks using dual porosity concept. In
writing Eq. (3), it is assumed that the changes in applied
total stresses in each medium are equal and the overall
deformations are obtained by adding the strains of the
two media. Therefore, the overall strains of the fractured
rock are governed by the applied total stress, the fluid
pore pressure in each medium and the temperature
gradient. The fluid pore pressures response equations
are analogous to that of Eqg. (2) except that the strain in
each is expressed as a portion of the overall
deformation.

In the following sections “we” will illustrate the
implementation and the benefits, of these constitutive
relations and their associate field equations, in the

solution of the aforementioned problems related to
industry field applications.

RT-PBORE-3D: Poromechanics Approach to Real-
Time Wellbore Stability Applications

Real-time wellbore stability analysis is only possible if
the time-dependent processes that are responsible for
instability and failures during wellbore drilling are
updated periodically from the real-time data collected
from the various tools in MWD. Time-dependency in
real-time wellbore stability applications has two folds: (1)
allows updating of in-situ stresses, pore pressure and
rock and drilling mud properties as the drill bit moves
ahead; and (2) takes into account the time-dependent
coupled phenomena of pore fluid diffusion, temperature
gradient and formation stress variation. These coupled
diffusion-deformation processes, in wellbore drilling
mechanics, are naturally accounted for in the
aforementioned constitutive modeling using the theory of
poroelasticity™.

Analytical solutions for inclined boreholes in a
general three-dimensional in-situ state of stress,
accounting for time-dependent fluid diffusion, thermal
and chemical effects, and rock formation material
anisotropy, have been published and extensively applied
in evaluating potential time-dependent effects on
wellbore stability.>® These solutions are implemented in
the software, RT-PBORE-3D, developed for real-time
drilling application. The solutions can perform analyses
of stress/pore-pressure, formation failure, mudweight
and mud salinity, temperature effect, etc. design for
drilling in shale formations.

RT-PBORE-3D is equipped with a state-of-the-art
user-friendly interface to facilitate data input and
presentation of the output results. The software allows
the real-time updating data from MWD tools and
implementation in the time evolution design of wellbore-
drilling program for mud-weight pressure windows, mud
salinity, and wellbore depth-gradient analysis. These
capabilities allow driling engineers to make the
necessary “on-rig” decisions on well control and potential
critical time effects in drilling as well as completions,
(e.g., time of casing placement and/or cementing,
potential blow ups, etc.).

Wellbore Stability Analysis using RT-PBORE-3D

In this section, the wuse of RT-PBORE-3D is
demonstrated in several field examples. The inclined
wellbore problem which represents a general class of
three-dimension wellbore geometry from vertical to
horizontal wells is used hereafter. The Figures 1, 2 and 3
illustrate the corresponding geometries of the problem in
both single-porosity and naturally fractured dual-porosity
rock formations. Fig. 4 shows a sample input data
screen from RT-PBORE-3D. Relevant data such as
wellbore orientation, in-situ stress and pore pressure
gradients, material properties i.e., the elastic modulus,
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Poisson’s ratio etc., rock failure parameters and the
particular model to be used in the analysis are imported
from Excel sheets and/or ASCII files, consistent with
outputs from MWD, SWD, PWD, etc. A sample Excel
sheet used in RT-PBORE-3D is shown in Fig. 5. To date
PBORE-3D° (earlier versions of RT-PBORE-3D) has
been extensively used in the industry in field operations
under a variety of scenarios.®®

The real-time analysis module in RT-PBORE-3D was
applied to a pilot well drilled in the North Sea. The input
parameters used for development of the borehole
stability model are as given in Table 1. In this case an
elastic analysis was carried out for both, the sandstone
and mudstone layers encountered and the collapse,
fracturing and the stability mudweights were computed
as shown in Fig. 6. Additionally, a similar analysis was
carried out for a horizontal well drilled in the same field
as the pilot well. Table 2 summarizes the mudweights
predil%ted by RT-PBORE-3D and those used in the
field.

A poroelastic analysis of under-balanced drilling was
carried out for a horizontal well in a highly depleted
reservoir in Lake Maracaibo, Venezuela. The input
parameters used are as given in Table 3. The collapse,
fracturing and the stability mudweights for a given time
are as shown in Fig. 7. RT-PBORE-3D predicted a safe
mudweight of 2.7 ppg to be used throughout the drilling
operation which compares favorably with the actual
mudweight of 2.5 ppg used in the field."

RT-PBORE-3D is now designed to accommodate
real-time input data from generic Excel™ sheets that
contain only relevant data at required depths. The user
is provided the freedom to pick the analysis type (elastic
or poroelastic), isotropy type (isotropic or transversely
isotropic), pore pressure boundary conditions
(permeable or impermeable) and the shear failure
criteria (see Fig. 8). The data is imported periodically
from standard Excel™ files that are organized in a
specific format and the mudweight window for each layer
is reupdated accordingly. Fig. 9 shows the results for an
isotropic, poroelastic, permeable mudweight analysis for
3 depths using the Mohr-Coulomb criteria. RT-PBORE-
3D also suggests the use of appropriate casing when the
mudweight for collapse exceeds that for fracturing.
Results are presented at a fractional distance into the
formation, thus assuming strain relaxation on the
immediate wellbore wall. Fig. 10 shows a snapshot of the
data used, when viewed from within RT-PBORE-3D.

Analytical solutions for fractured formations based on
the dual-porosity approach i.e., Eqg. (3) to (5) has been
developed and are incorporated into RT-PBORE-3D. In
Figure 11 the mudweight window for instantaneous
drilling of a permeable inclined borehole in a fractured
rock formation is shown. For comparison purpose, the
mudweight window for the corresponding single-porosity
(non-fractured) rock is also plotted. Table 4 provides the
data set used to generate the plot. It is obvious that the

dual-porosity behavior of the fractured system deviate
from the single-porosity as the mudweight window is
shifted upward. Thus, the effect of fractures in a
fractured rock can not be overlooked.

Conclusions

The study showed that time-dependency in wellbore
stability can be critically examined for real-time support
via a poromechanics approach.

Solutions for an inclined wellbore drilled in fractured
or intact formations under a three-dimensional in-situ
state of stress have been developed as part of the
present research. These solutions are based on the
poromechanics models, along with its conventional solid
mechanics counterpart models. The solutions are all in
analytical forms making RT-PBORE-3D efficient
software for practicing engineers to simulate “real-time”
analyses.
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Nomenclature

¢ = azimuth angle of the bore hole

@, = inclination angle of the bore hole

LWD = logging while drilling

M = Biot’s modulus

Mij = elastic modulus tensor

MWD = measurement while drilling

ppg = pound per gallon

ROP = drilling rate of penetration

rpm = revolutions per minute

Sy = maximum horizontal insitu principal stress gradient
Sy = minimum horizontal insitu principal stress gradient
S, = vertical insitu principal stress gradient
545,575y, Sy, Sk, = local borehole stress insitu stress
Po = virgin pore pressure gradient

TD=total depth

TVD=true vertical depth
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Table 1. Input parameters for real-time wellbore stability analysis (North Sea)

Parameter Value Value
Depth Range (ft) 8,776-9,000 & 9,000-9,500
Rock Type Sandstone Mudstone
Overburden Stress Gradient, S, (psi/ft) 1.0 1.0
Maximum Horizontal Stress, Sy (psi/ft) 0.75 0.75
Minimum Horizontal Stress, S, (psi/ft) 0.61 0.61
Pore Pressure, P, (psi/ft) 0.48 0.48
Cohesion (psi) 1,252.3 721
Friction Angle (degrees) 38.7 52.9
Young’s Elastic Modulus (psi) 2,250,000 4,000,000
Poisson’s Ratio 0.16 0.33

Table 2. Comparison of mudweights predicted by RT-PBORE-3D with actual mudweights used

Well

Mudweights (Ib/gal)
RT-PBORE-3D Actual

P2-NE2-Pilot
P2-NE2-Horizontal

10.8 10.43
10.8 10.43
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Table 3. Input parameters for poroelastic analysis of under-balanced drilling (Lake Maracaibo, Venezuela)

Parameter Value
Hole Angle (degrees) 90
Azimuth (degrees) 0

S\/Sw/Sh gradients (psi/ft)

0.95/0.64/0.52

Pore pressure gradient (psi/ft) 0.14

Cohesion (psi) 2020

Friction angle (degrees) 355
Elastic Modulus (psi) 2400000

Poisson'’s ratio 0.18

Biot's Effective Stress Coefficient 0.91

Undrained Poisson'’s ratio 0.43

Permeability (md) 100

Fluid viscosity (poise) 0.07

Table 4. Input parameters for dual-porosity mudweight analysis of the inclined wellbore in fractured formation

Parameters

Single Porosity

Double Porosity

SV/Su/SH P, (psi/ft)
Azimuth (degrees)

70

1.11/1.28/0.88/0.43

Matrix Permeability (md) 0.001 0.001
Fracture Permeability (md) 0.1
Matrix Porosity (fraction) 0.02 0.02
Fracture Porosity (fraction) 0.002
Modulus Young (psi) 268,755 268,755
Poison Ratio (dimensionless) 0.219 0.219
Bulk Grain Modulus (psi) 4,986,397 4,986,397
Fracture Normal Stiffness (psi) 498,639
Fracture Spacing (ft) 1.64
Bulk Fluid Modulus (psi) 35,244 35,244
Fluid Viscosity (cp) 1 1
Time (day) 0.001 0.001
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Figure 2: Geometry of the inclined wellbore problem in single-porosity rock
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Figure 3: Geometry of the inclined wellbore problem in dual-porosity fractured rock

: AADE_Paper_RTFilel.xls - PBORE-3D - [Real Time Analysis]

_l&x]
_1& x|

M Fil= Edit Compute  Wiew

O, = H 5

Mew Open T Save Edit

English E i

Options  Window Help

& B ® Q @

Print Copy Zoom Zoom Help

I~ Refresh Flatel minz

-

: PBORE-3D -- Import Data from Excel

=101 %]

File Neme

Filz Mame
[with full path

IE:'\Users\Haieshk&.&DEk&.ﬁ.DE_P
) i,

Analysis Type

Isotropy Type M

Elastic
Elaztic
Elazstic

|zotropic [
lzotropic [
Izotropic In~

Sheet Name

K ) . [ Sheet Mame ISheeﬂ vl

Real Tirme fnpit Daic Coensole
— Calculation Data

Fiadial Ratio  [1.00 Ok |
- Drilling Properties —

Crilling Fiate ID_D‘I feetisec

Depth Range |8??S.25 to 949205 @ feet

Depth Step |?2 fast
|1D

— Finte futervals

Time Intereal 1 Im Im
Time Intereal 2 IF m
Time Interval 3 [000 [dayls] =]
Time Interval 4 Ir Im

0K I Cancel |
K

| Units - English [

Cancel

td ax Paints

_lolx

Real Time:

(Days: Hr: Min: Sec)
Drill Bit At:
Drilling Rate:

ul »

Real Time Analysis file [

Figure 4: The RT-PBORE-3D Input data screen



8 Y. ABOUSLEIMAN, R. NAIR & V. NGUYEN AADE-03-NTCE-11

EA Microsoft Excel - AADE_Paper_RTFilel.xls

J File Edit Wwiew Insert Format Tools Data Window Help

DEagRY sz - (&= 4 4 @3 2w - 10 - B s % |2
C3 =l =
A B C D E F G H | J K o
. Number of . - . i - - [
1 Unit System I Start Depth Hole Radius | Drilling Rate | Time Int. 1| Unit| Time Int. 2] Unit | Time Int. 3 Uni
English B &6776.25 0.33 1.00E-02 1.00E-03 days 1.00E-02 days 1.00E-01 | days
3
4 o
| Modeling Parameters Wellbore Geometry
5
Analysis Type Isotropy Type Model Type Thickness Hole Angle Azimuth Sv SHMa= [SHMin e el
Pressure Criter
]
| 7| Elastic Isotropic Impermahle £5.62 54 a0 1 0.75 0.61 0.45 Drucker-F
| 8 | Elastic Isotropic Impermable 95.43 54 0 1 0.75 0.61 0.45 Drucker-F
=N Elastic Isotropic Impermahle B5.62 54 a0 1 0.75 0.61 0.45 Drucker-F
|10 | Elastic Isotropic Impermahle 22966 55 0 1 0.75 0.61 0.45 Drucker-F
|11 Elastic Isotropic Impermahble 32.81 54 a0 1 0.75 0.61 0.45 Drucker-F
|12 Elastic Isotropic Impermahle 225966 54 a0 1 0.75 0.61 0.45 Drucker-F
13
14
15|
16
17
18]
15
20
El
22
23
24
25 hd
[4]«[» [»i"sheet1 { sheetz { shesta /|| L|j_‘
Ready | | [ ] A

Figure 5: A view of the Excel input data sheet for Real-Time Analysis



AADE XXXXXX MODELING REAL-TIME WELLBORE STABILITY WITHIN THE THEORY OF POROMECHANICS 9

: AADE_Paper_RTFilel.xls - PEORE-3D - [Real Time Analysis] - |ﬁ' |i|
B Gl Edt Compute Wiew Options ‘Window Help -2 x|

0. . B8 & &b % Q @ s Tine | [ 1= T00E D3 7] me |
Mew  ©Open  Save Edit Print Copy Zoom Zoom Help AL - 1.000E-0 da R

Refresh [ Refresh Hatel ming . i I
=R Real Time Analysis
! Layered Formations File: AADE_Paper_RTFile! x|z Distance into formation (rR) = 1.00
English B : Mumber of Layers =6 Criling Rate = 0.01 feetizec
Depth Range: §776.25 10 9495.05 feet
Real Time Poromechanics Real Time Time = 1.000E-03 day(z)
. ] \ ] . \ ] \ 1 \
B70E+01 ;I BTOE+01 :I
Analysis Type Izotropy Type M B & B &
SE0E+01 H GO0E+D1 —| H
Elastic lzotropic = [ L [
Elastic l=zotropic TO0E+01 - GA0E+0 — —
Elastic lzotropic n 4 L i
e : :
Real Time Input Date Console S00E+01 | & H S00E+01 | | h o
— Calenlation Data
Radial Ratio |1_uu Fy Fy
- S10E+01 H F0E+D1 | H o
T 5 o
D:.'l..i'hug Properties E’ " i i
Crriling Rate 0.0 feetisen % 3
DepthFange [77625  to [sagaos  feet| [ & 7' A | RN AT g
R E fee Q30E+01 i Q30E+01 i
Max Points |1D
& &
— Time Tutervals
S40E+01 H Q40E+01 — H
Time Iterval 1 [1.000E-03 Iday[s] v & i
Time Interval 2 [001 Ida_l,l[s] M 850E+01 | —k = gsoeann | i [
G50 11.00 16 60 20.00 5.50 11.00 16 60 20000
Tirme |nterval 3 |D_1 i] Iday[s] vl Critical Muckweighit (lbiual) Critical Muchweiht (lial)
. Tirme =1 .000E-03 o Time = 0.01 o Time =010 o Time =1.00 o
Time Interval 4 IT ol = W Time ay(s) W Time ay(s] ime ay(s) W Time EWEY|
M Real Time B Time Invariant Casing may be required Pare Pressure Gradient
O Collapse Gradient A Frac Gradient  -&- 'Median Line' Mudweight @ PBORE-3D 5.01, Febraury 2003 |
Ol | Cancel | -
4| »

iIglill Real Time Analyzis file

Figure 6: Collapse, fracturing and median-Line mudweights from real-time analysis (North Sea)



10 Y. ABOUSLEIMAN, R. NAIR & V. NGUYEN AADE-03-NTCE-11

: AADE_Paper_RTFilez.xls - PBORE-3D - [Real Time Analysis] &=l
i Fle Edit Compute Wiew Options Window Help - |ﬁ||i|
3 5 Eo
D - L= - E é @l '@\ @ Previous Time | I t=1.00day[z] 'I [ ek Tirne |
e Cpen Save Edit Print Copy Zoom Zoom Help
-
Refresh Enlarge Refrash Rate ming H H —
| Refresh |_Enlage | [ Real Time Analysis
! Layered Formations File: AADE_Paper_RTFile2 xls Distance into formstion (R = 1.00
Englizh 4 : Mumber of Layers = 4 Driling Rate = 0.01 feetizec
Deptt Rangs: 520010 G000 feet
Real Time Poromechanics Real Time Titne = 1.00 dayrs
313 G6.38 313 6.38
S50E+01 4 L e 4 L - LI S50E+01 t 1 t L 4 L i ;I
Analysis Type Isotropy Type M it i A H SESEA i H
PoroElastic lzotropic SEOE+01 o A H SEOE+01 — A H
PoroElastic |zatropic
PoroElastic lzotrapic v 5E5E+01 - H SESE+0] — L
< I 8 .
Real Time Input Date Consale
— Calcnlation Datg —78 8 — STOE+D1 A H STOE+ — A H
Fi adial Fiatio |1.|ju
. STSE+01 i STSE+O1 A =
— Duilling Properties E 2
BT — =2
Diiling Rate 0,01 feet/sec £ S50E+01 A H SBOE+0T — A M i
Depth Range |5500 to |go00 feet ] &
Depth Step IED fest S53E+01 o A H SG5E+01 — i H
M ax Points |1U
S90E+01 ryt SO0E+01 ] A
— Time Intervals
Time Interval 1 [T.000E-03 [dayls) ] SSSE0T 4 S9SE0T A H
Time Interval 2 ID.D1 Ida_p[s] vI GOOE-+01 T T T - - = BO0E+01 T T T s [
1.50 475 5.00 1.50 475 g8.00
Time Intereal 3 Iu_‘] i} Ida.'r'[S] vI Critical Mudbwesight (lafgal) Critical Mucheesight (kbfoal)
. Time =1 000E-03 o Time = 0.01 d Time = 010 d Tirme = 1.00 d
Time Interval 4 IT o W Time ay(s) W Time (=) 1 Time (=) W Time ay(s)
W Real Time W Time Invariant Casing may be reguired Pore Pressure Gradient
O Collapse Gradient A Frac Gradient  -&- 'Median Line' Mudweight @ PBORE-303.01, Febraury 2003 =
Ol I Cancel | =
| »

- Real 210 x| i Real Time Analpsiz file

Figure 7:Collapse, fracturing and median-Line mudweights from real-time analysis (Lake Maracaibo, Venezuela)



AADE XXXXXX MODELING REAL-TIME WELLBORE STABILITY WITHIN THE THEORY OF POROMECHANICS 11

Wi, Generic Excel Input - 0] x|
~Isotrapy Type ~Shecar Failure Parameters — —Analysis Type
& lsotiopic (& Mok - Coulornb [MCFC) — Convenbional Flashe Approach
{* Elastic
" Transversely [sotopic (" Drucker - Prager [DPFC] £ Thermoelastic
-Madel Type " Modified Lade Criterion [MLFC) | Yiscoelastic
(+ Peimeable ~ Unit System " Chemoelastic
" Impermeable £ Engish " Chemaothermoelastic
. {* |nternational
Borehole Radius IU-1 i e
—Foromechanics Approach
- File Name

" Poroelastic

File Name IE:"«F‘rngram Files\PBORE-3D Yersi  Porothermaelastio
)

(with full path

" Poroviscoelastic

-Sheet Neame " Porochemoelastic

J " Porochemothermoslastic
L

=heet Mame ISheeﬂ

k. | Cancel |

Figure 8: Input screen for the generic Excel file option in RT-PBORE-3D



12

Y. ABOUSLEIMAN, R. NAIR & V. NGUYEN

AADE-03-NTCE-11

: GenericExcel_Poroelastic_Engli s - PBORE-3D - [Generic Analysis] -8 =l
M Fle Edt Compute Yiew Options ‘Window Help -8 =l
0.2 . HD 5 & & Q & o EEE
e b P T t=1000E-03 dar | MestT
Mew  Open  Save Edit Print Copy Zoom Zoom Help Ml = EHl me
ry
Fefresh [~ Refresh Hatel ming = i [
I Generic Analysis
o Generic Excel File: GenericExcel_Poroelastic_English_1 xls Distance into formation (rR)= 1.00
English Mumber of Layers = 5 Depth Ranoe: 4582 to 2800 feet
Time =1 000E-03 day(s)
Poroelastic Analy
§.50 11.13 15.75 2038
onn L 1 L | L | L
[
Analysis Type Isotropy Type M_
True Vertical Collapse Median Fracture
: : Depth feet) Mudweight Mudweight Mudweight S0 — &
PoroElastic lzctropic (Ibigal) (Ihigal) (Ibigaly
PoroElastic lzatropic
PoroBlastic Isotropic Jﬂ 452 8269231 14.41841 205676
4 4 1000 — i
Real Time Input Dete Conselz
" Colculation Data 1312 9615385 15.08149 2056758 |
Radial Ratio |1.|JU 2132 8615335 14 56683 1951827 1500
— M =}
— Dwitling Properties ]
Dirling Pt 2430 10.57692 14 86875 1816058 %
R (.1 feet/sec =
T
Depth Range [452 to 2800 feet 2500 1057632 14.41202 1824711 2000 L
Depth Step 270 feel "
2800 11.93546 15.09817 18.25757
b ax Pointz I 5
&
r Time hetervals 2500 i N
Time Interval 1 |1.IJIJUE-03 Iday[s] 'l i
.
Time |nterval 2 ID.D'I Ida-'f'[s] vl 3000 T T T J
§.50 11.13 15.75 2038 2500
Time |nterval 3 |1.DD Ida-'f'[s] vl Critical Muchaveight (bigal)
. Time = 1 .000E-03 o Time =0.01 d Time = 1.00d Time = 20.00 d
Time Interval 4 |2D.DD Ida}'[S] v| WTime ay(s) B Time () 1 Time ay(s) W Time ()
W Real Time W Time Irvariant Casing may be reguired Pore Pressure Gradient
O Collapse Gradient A Frac Gradient  -&- Median Ling' Mudweight ® PBORE-3D 5.01, Febraury 2003 Il
OK | Cancel | o
3

[Generic Analysiz fila

Figure 9: Results from the Generic Excel File option using a permeable, poroelastic analysis with the Mohr-Coulomb
failure criteria.
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Figure 10: Snapshot of data used to generate results in Figure 9 (when viewed from within RT-PBORE-3D).
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Figure 11: Mudweight window for an inclined wellbore in naturally fractured rock formation after 0.001 day



