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In situ Geological Stresses

* Normal Assumption — Vertical and Horizontal stress orientations

Typs “A” Stross State Type "B" Stress State
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Normal Faults and Fractures

Extension: “pull-apart” \ Oy = G1; Oymax = 25 Ohmin = O3
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Strike-Slip Faults & Fractures

Strike-slip

Gy = G2 Oymax = C1> Ohmin = O3
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stress, units of density (c/z) K, - effective stress ratio
1.0 1.5 2.0 2.5 0 : 1.0

v~ 0.45

v~0.25
(v = Poisson’s ratio)

o, vertical stress
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* If there has been no tectonic activity, o, is less than o,

* In sands, the ratio K', (defined as the ratio of
horizontal to vertical stress, ¢',/c’,), can be as low as
0.3, usually 0.4 — 0.6

Shales have a low angle of friction, usually K’ is 0.6 —
0.8, even as high as 0.95 in muds
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Diagenesis effects on the strength

shear stress - 1

chemical cementati\o? ‘ :
Triaxial

densification Test
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Erosion and Stresses
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The Basic HF Cycle

P.-Pgp - Break-down pressure

P, - Fracture propagation pressure
P._pisip - Instantaneous shut-in pressurg
PcL - Fracture closure pressure

bottomhole pressure

Initial pressure in the borehole (>p,)

time (constant pumping

Dr. Hasan Ghasemzadeh -

A

LT = Limit test

LOP = Leak-oif test

FIT = Formaton integnty test

FBP = Formation break-down pressure
FPP = Fracture
ISIP = Instantanecus snut in pressure
FCP = Fracture closure pressure
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Pumping pressure

bottomhole pressure

Hydraulic Fracture Cycles

Cycle 1 Cycle 2

pgp- Break-down pressure
P, - Fracture Reopening pressure
Pisie- Instantaneous shut-in pressure
pcL- Fracture closure pressure

T, - Tensile resistance to fracture

Cycle 3

R
virgin pore pressure

time (constant pumping
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The Basic HF

Formation Breakdown
Pressure (FBF)
Instantaneous Shut-In
Pressure (ISIP)=imtial
i pressure decline after
Pumping ceases pump tumed off

Fracure tion’

Fracture _ /’
Leak-Off Propagation
Pressure (LOP) Pressure (FFF) - ~

g
5
5

Bleed-off

Fractare Closure
Pressure (FCP)=
picked nsing a
double tangent

Ist cyele

——

Cycle

Residual tensile
strength component

Second shut-in
pressure

F;ur Be-opening

Pressure (Pr—re-cpening
of fractures therefore no
tensile strength or stress
perturbation components

" Tadoyele T

Time (Volume of mud pumped in borehole)
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Hydraulic Fracturing Test (HF)

S ,Li8P, = Fracture initiation pressure
Shutin

P, s = Shut-in
/ pressure

\ o

P, = Fracture reopening pressure
Shut in
P, = Shut-in pressure

P, = Formation
pore pressure
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Hydraulic Test On Pre-existing Fractures (HTPF)
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Hydraulic Fracturing (HF)
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