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Net shrinkage (Class G)
In situ stress = 0

Stable borehole 
Class G  Ec >Er

Stable borehole

Unstable borehole
zero shrinkage (Lightw)

In situ stress = σh

Net expansion (expans)
In situ stress = σh+ σe

In situ stress = σff
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Cement failure 
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Sulfate attack chemical reactionsSulfate attack chemical reactions

Sulfate attack                           
mechanisms

Hydrated C3A
2(3CaO.Al2O3.12H2O)   +   3(MgSO4.7H2O)                               3CaO.Al2O3.3CaSO4.31H2O   +   2Al(OH)2 +   3Mg(OH)2 +   8H2O    
.                                                               (ettringite)

Calcium hydroxide Ca(OH)2

Calcium silica hydrate C-S-H

Gypsum CaSO4 .2H2O

Notes: o ettringite expansive product
o gypsum expansive product

Sulfate attack :

Ca(OH)2 +   MgSO4.7H2O                                                         CaSO4.2H2O   +   Mg(OH)2 +   5H2O                                                      
(gypsum).                                                               

3CaO.2SiO2.nH2O   +   3(MgSO4.7H2O)                                     3CaSO4.31H2O   +   3Mg(OH)2 +   12H2O   +   3CaO.Al2O3.

3CaO.Al2O3.12H2O   +   3(CaSO4.2H2O)   +   13H2O 3CaO.Al2O3.3CaSO4.31H2O .                                                               
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Distribution of attack 
products quantified by 

XRD in PC mortar, 
Na2SO4 solution 
(0.352M, pH 7), 

Irassar et al., 2003

Sulfate attack                           
mechanisms

pH >12-12.5 only ettringite formation can take place and 
is responsible for the expansion.

8 < pH < 11.5 gypsum formation and C-S-H composition, 
resulting loss of strength and expansion.

pH < 8 the calcium leaching and decalcification of 
C-S-H is the main degradation mechanism

Loss of Calcium profile in 
the solid phase for pure 

cement paste 

(Cade et al., 1999)

Acid attack                           
mechanisms

Ca(OH)Ca(OH)22 CC--SS--HH

MacroporosityMacroporosity

MicroporosityMicroporosity

Temperaturew/c content pH protocol

Calcium leaching 
dependency

Sound cementSound cement

Ratcliffe Aquifer

Acid Attack                       
Mechanisms (Weyburn)

Casing diameter 
histogramWellbore diameter 

histogram

Cement column length 
histogram

Cement degradation vs. time Cement degradation vs. time 
and depthand depth
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Mud-cake buildup
(Civan, 2000)

Linear filter cake model

Radial filter cake modelRadial filter cake model

Hydro-Chemical Damage

Formation Mud
Circulation 

NO

YES
Circulation effic.

Mud circulation 
efficiency

Mud displacement effic.

(cementing)

Mud circulated

Mud removal

(bonding strength)

Mobile Mud

YES

Circulation effic.

Mud circulation eff.

Mud cake removal

Mud circulated

Immobile Mud

Mud removal 

Mud cake removal (bonding strength) (σb)

NO

f(∆h)

f(∆h)

Mud Removal

Effect of density on shape 
of interface (Flumerfet, 

1975)

Density hierarchy
Density of the 

displacing fluid 
should be at 

least 10% higher 
than that of the 

displaced fluid

Interface possibilities in actual wells 
(Martin et al., 1978)

ρcem < ρmud
(unstable-fingering)

ρcem > ρmud
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Mud removal                      
(Weyburn)

Laminar-turbulent 
transition in eccentric 

annulus (Mc lean et al., 
1967)

UWI 101022400614W200
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Surface Information

Casing Surface Kick-Off
Size Grade Length JTS Thickness Hole size Hole TVD Hole TMD Set TMD Depth
(mm) (m) (mm) (mm) (m) (m) (m) (m)

273.00 H-40 89.00 9 18.10 350.0 92.7 92.7 92.7 N.A.

Cementing Intermediate
Fluid Type Cement Vol. Slurry Vol. Hole size Hole TVD Hole TMD Set TMD

(tonnes) (m3) (mm) (m) (m) (m)
LEAD 200 SACKS 5.66 228.0 1450.0 1450.0 1450.0

Intermediate Information

Casing
Size Grade Length JTS Thickness
(mm) (m) (mm)

177.80 J-55 1446.30 147 16.10

Cementing
Fluid Type Cement Vol. Slurry Vol.

(tonnes) (m3)
LEAD 250 SACKS 7.08

H-40 Recorded in Wellfile
18.10 Computed from data  in We llfie l

Description

(POZMIX)+2%GEL

Spud Date:
Period:

5/18/1957
1956-1967

Type: VCAL
Purpose OIL WELL

(PORTLAND)+2%CACL2

Horizontal Scale:

Description
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Schematic for typical vertical well

Mud removal                      
(Weyburn)

Typical drilling Typical drilling ––
completion data (Wellbore completion data (Wellbore 

drilled in 1950’s)drilled in 1950’s)

Lack of fluid rheological 
properties.
Casing centralized only on 
the cemented region.
Filling in the gaps a 
challenging task.

Mud removal                      
(Weyburn)
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Turbulent

CO2CO2

caprock

Damaged 
caprock

microannulus

cement

casing P(CO2)

Cement 
plug caprock

Damaged 
caprock

microannulus

cement

casing P(CO2)

Cement 
plug

Fluid Filled 
Casing

Abandonment Cement

Abandonment Plug

Abandonment Cement 
– Casing Annulus

Casing

Consolidated Mud 
Filled Annulus

Casing – Cement 
Annulus

Formations

Annular Cement Annular Cement 
ColumnColumn

Cement – Formation 
Annulus

Well Integrity Assessment Well Integrity Assessment 
ComponentsComponents cL

Includes all major 
components of the 
wellbore “system”

Results formatResults format
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Conceptual modelConceptual model

IncludesIncludes
AbandonmentAbandonment
StrategyStrategy

Flux (Q) assessment of integrity –
based on transport properties

Summary

Methodology captures all the main Methodology captures all the main 
components that affect final transport components that affect final transport 
properties of wellbores.properties of wellbores.
Recognition of interaction between Recognition of interaction between 
components.components.
New mechanisms can be added (i.e. long New mechanisms can be added (i.e. long 
term evolution of transport properties).term evolution of transport properties).
Components can be updated as new Components can be updated as new 
modeling techniques become available.modeling techniques become available.
Missing data can be assumed.Missing data can be assumed.
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