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Study Objectives 

ǒEstablish average flow parameters (porosity/permeability/mobility) 

from individual material properties measurements and defects in a 

well.   

ǒInvestigate correlations between field flow-property data  

and cement logs ï used to establish flow-properties of  

well materials and well features using cement mapping tools. 

ǒEstablish a method that uses the flow-property model to analyze  

the statistical uncertainties associated with individual well leakage  

to provide basis for risk calculation uncertainty.  



Project Wells 
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Well Sites 

 



Potential Avenues for Leakage 
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Background: Typical Well Cement Composition 

Phase Percent 

3CaOSiO2 50 

2CaOSiO2 30 

3CaOAl2O3 5 

4CaOAl2O3 Fe3O3 12 
 

Unhydrated 

 

 

 

 

 

Hydrated 

Phase Abbreviation Percent 

Ca3Si2O7Å4H2O  C-S-H 50-70 
Ca(OH)2 CH 20-25 
3(3CaOÅAl2O3ÅCaSO4Å12H2O) AFm   10-15 
4CaOÅ(Al,Fe2O3)Å13H2O  AFt 

 

Data from Nelson, 1990 



Background: Cement Degradation Reactions 

Ca(OH)2 dissociation 

  Ca(OH)2 ź Ca
2+ + 2OH- 

 

CO2 dissociation 

 CO2 + H2O ź H2CO3* ź H
+ + HCO3

- ź 2H+ + CO3
2-   

 

Cement dissolution 

 Ca(OH)2(s) + 2H+ + CO3
2- Ÿ CaCO3(s) + 2H2O  

  

 Ca3Si2O7HÅ4H2O(s) + 2H+ + CO3
2- Ÿ CaCO3(s) + SiOxOHx(s) 

 

 Ca(OH)2(s) + H+ + HCO3
- Ÿ CaCO3(s) + 2H2O 

    

  Ca3Si2O7HÅ4H2O(s) + H+ + HCO3
- Ÿ CaCO3(s) + SiOxOHx(s)  

 

Calcium carbonate dissolution 

 CO2 + H2O + CaCO3(s) ź Ca
2+ + 2HCO3

-   

 

 2H+ + CaCO3(s) ź CO2 + Ca2+ + H2O  

Precipitation of CaCO3 

blocks connected pores 

and reduces permeability 

Opens pores blocked by 

CaCO3 precipitation and 

additional porosity created 

by the dissolution of cement 

reaction products 

May open up new 

porosity 



Create Flow Property Maps from Cement Maps 

Flow Property Map Log and Lab Measurements 

Plug into: 
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Data Collection 

Logging Tools 

Isolation Scanner* cement evaluation service 

Sonic Scanner* acoustic scanning platform 

SCMT* slim cement mapping tool 

 

Testing and Sampling Tools 

CHDT* cased hole dynamics tester 

MDT* modular formation dynamics tester 

MSCT* mechanical sidewall coring tool 

 

 



Well Logging and Sampling 

Perforation for VIT 

test 

Point permeability 

measurement 

CHDT Sample Point 

Sidewall Core Sample 

Fluid Sample Point 

VIT Interval 

Wellbore and casing walls 

Well Cement 

Geologic Formation 

LEGEND  

Cores 

Perfs 



Well Sampling ï MDT 
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MDT Data 
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MDT Analysis 

k = ~50 md  
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 3150 ft Lewis Shale(Casing, Cement, Mud, Formation) 

Sample 

Material 

Sample Sample Sample Ambient Dry Bulk Grain Gas NOB 

Comments 
Number 

Depth Length Diameter Porosity Density Density 
Permeabili

ty 
Stress 

(ft) (in) (in) (%) (g/cc) (g/cc) (md) (psi) 

CC1-3B Formation 3150 0.726 0.894 9.65 2.339 2.588 N/A 400 

poor 
dimensions
, two 
pieces, 
uneven 

CC1-3A Cement 3150 0.685 0.873 63.49 0.832 2.278 1.44 400 
broke in 
hassler 

Sample 

Material 

As-Tested P-Wave S-Wave tƻƛǎǎƻƴΩǎ ¸ƻǳƴƎΩǎ Bulk Shear 

Number 
Density Velocity Velocity Ratio Modulus Modulus Modulus 

(g/cm3) (ft/s)  (ft/s)  (106 psi) (106 psi) (106 psi) 

Field Photo 



Well Sampling ï MSCT 



Well Sampling ï CHDT 



CHDT Data 
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CHDT Analysis 
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Curve Fit Results
Fit Type: least squares fit
Coefficient values ± one standard deviation

y0 =1824.7 ± 0.497
A  =-856.69 ± 0.873
tau =138.71 ± 0.345

Constant:
X0 =5224

 Quartz Gauge Pressure

 Fit

k = 125 ɛD 



Lab Cements 

TerraTek* rock mechanics and core analysis services 

Sample 9 Sample 10 


