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Wellbore Strengthening Design Process
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Required Data for Wellbore Strengthening

 Wellbore geometry
 Rock mechanical properties
o Stress field

 Needed wellbore pressure containment
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Summary of the Data Documents for Geomechanical

Modelino

 Well diagrams
 Formation Pressure, Mud weight, Frac Gradient Profile Plots
e Dirilling, Mud and Mud Logging reports
e Logs
— Full Wave Sonic (Compressional & Shear)/other sonic logs
— Density/Neutron/GR/Caliper/Borehole image logs
— Formation pressure tests
— Other logs
* Region information
— Basin study report/Seismic map/Fault map
e Other information
— Core test report

— Well testing, hydraulic fracturing report or water injection report
— LOT/Extended LOT
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Minimum Data Requirements for Wellbore

Strengthening

* Young's Modulus (E)

e Poisson’s Ratio (v)

 Hole size

* Minimum Horizontal Stress (S;)
 Needed Wellbore Pressure Containment
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Measuring E and v in the Lab
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Determine E and v from Electrical Logs
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v, — compressional velocity

v, — shear velocity

p - density
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The YM determined is a dynamic
one. Empirical relationships are
needed based on lab tests to convert
it into a static one.
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Mechanical Properties of Selected Materials

Material Young's Modulus (psi) | Poisson's Ratio
Unconsolidated sands 1,450 - 14,500 ~0.45
Sandstone 14,500 - 4,340,000 0.0-045
Clay 8,700 - 21,800 ~0.40
Shale 58,000 - 10,000,000 0.0-0.30
High Porosity Chalk 72,500 - 725,000 0.05-0.35
Low Porosity Chalk 725,000 - 4,350,000 0.05-0.30
Basalt 7,250,000 - 14,500,000 0.2-0.3
Granite 725,000 - 12,300,000 0.3-04
Marble 725,000 - 13,000,000 0.0-0.3
Ice 1,160,000 0.35
Steel 29,000,000 0.28
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Source: Petroleum Related Rock Mechanics, Elsevier, 1992
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Subterranean in-situ Stresses

S, - Vertical stress (overburden)

Sy — Maximum horizontal principal stress
S,  — Minimum horizontal principal stress
P, — Pore pressure
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S, from Overburden S, and Pore Pressure

Assuming linear elastic relations

V
Sh = CTh + Pp:__VGV_I_ Pp

T gl
HALLIBURTON



S, from Integrating Density Logs
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Normal Compaction Trendlines for Pore Pressure

Anal

Resistivity Normal Compaction Trend Line
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GeoTap™ Formation Tester
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Applications

Formation pore pressure for fluid type, fluid
contacts, and reservoir connectivity /
Isolation determination

Formation/fluid mobility (permeability /
viscosity) indicator

Precise overbalance determination
Improved well control and drilling safety
Improved borehole stability

Cost savings (rig time and wireline costs)
Doubles as pressure-while-drilling tool
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Halliburton RDT - Dual Probe Section
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S, Obtained from LOT and PDA

4500
4000 1L / —.\ﬁ 2
E '='E':'::::;|E§
L
| e
500 /
& LY LOT #1 Analysis
! \ dPld[sqr(ct)]
— 3,000 ! LM Psgad
w
= EMV =15.87 ppg AN S Isip
rs tH
2 } =
ﬁ 2800 e o
f
£ ; -
o
a 2,000 + =
o - « @ Blessed
= | — Pc 2755.351
= | 2 Tc6.905
@D 4500 z EFFC 0.358523
I S 2 Isip 4081.926
5 o dPs 1326.575
1000 4L 5
! S
Q
s00 -4
o
a a
0.0 5.0 00,
- o
Volume Prior to ] "Boog
| Casing T 1 2 3 1 5 3
sqrt(dt)

gy A

HALLIBURTON

© 2007 Halliburton. All Rights Reserved.



Log Based Geomechanical Modeling with PRIZM

J [:3‘ Yo | I jl j | I 1 I b Reservoir/Pay Summations
J [E * % || j“ j| $ * P | e Input/Output |Ealculatiu:un Dpliu:unsl
] :_ - Di PO ~=10f x| — Ihput
Correlation Depth Fiesistivity Wftr Sat SwtrchigRT.OT) = Furs Sl |<Field Diatas LI
SP Py’ ResDIRILD) St B . Miri )
000033553 ofiroooofoz 9905 z00fi 0576 o5 0.054 i B e 2 i
L ST Fo It PHIE I¥ '/ ater S aturation ISw.-'l'« =] IEI =
=ho Ojo.2  3.28500.000 } 0.5 0111 0.r .
1 ¥ Porasity [PHIE = o |08
TGAS | pr
126,71 | v Shale Yolume Il""'Shl J I':I ID-3
= ™ Discriminator [#shl =l I
e |
= sl

P 1T

ay 23 ft

UV E VAW

ght @ 1984-200 mark Graphics Corp
Rights Reserved Yo

Load Template...| Sawe Template... Compute | Claze | Help

k) ~|

el i

HALLIBURTON

© 2007 Halliburton. All Rights Reserved.



Log Based Geomechanical Modeling

Caormlalon i Daplh Rasmsinedy | Porasshy PS5 psi | PS5 g M chanical Propartias
GRI{HGR) MDD RasDHLLD) | PHID Ppane | =] PR_C
1 {
i GAPT 1‘.’\|I'.II 02 OHMM ?,l.'l'f!ﬂ-i'!- 450 0 0500 DD 250 05
SR TENS ResSHLLS) | PHIN(MNEHI) BIOT_C =_ppg YM_C
50 MV 25LPm[ﬁU 2 OHMM 2"J'L'U'i'.? 45 v -0.050 1 LF:'L*.I 250 5 (¥
1 | |
Cal KHCAL) | PHIE_Q StressRato [ LOT
............................. | - & & il
i (] 16 P45 2005 b VA 25
1
Wshl | RHOB(RHOZ) | MW
- { boow ] ] [
i 1000 po GIC3 in II.- VA 25
DT | Shm_ppg
o= _B
W, 0. B ! i -
40 40 b 25
E = = !
Pk
- =
b 25
-
| =1
I
K
=]
)
3
3
13
=i
.E,
]

F

HALLIBURTON

© 2007 Halliburton. All Rights Reserved.



ECD Predictions

HALLIBURTON OptiCem™ Software

Fluid Systams Wellbore simulation program
for all cementing jobs
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Questions?
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