HIGH-PRESSURE MERCURY INJECTION 
Summary

During the mercury injection test, each clean dry sample was immersed in mercury in a pressure-sealed chamber.  The pressure of the surrounding mercury was gradually increased from 5 up to 55,000psia.  The increasing pressure gradually forced the mercury to intrude into the sample pore spaces and the amount of mercury injected, expressed as a fraction of the sample pore volume, was determined.  The relationship of injection pressure to mercury saturation was used to calculate several parameters, including pore throat size distribution, capillary pressure for various fluid systems, and Swanson
 permeability.

Sample Preparation and Basic Properties

1. The plugs or trims are trimmed as necessary to fit within the penetrometer chambers of the Micromeritics AutoPore instrument (maximum size 1”x1”).
2. Samples will be cleaned by soxhlet or submerged soxhlet technique.

3. Samples will be dried in a vacuum oven, the samples and then placed into a desiccator to prevent adsorption of moisture from the atmosphere, as the samples cool.
4. The samples are placed into a chamber into which helium was allowed to expand from reference cells of known volume and pressure. Grain volumes were calculated using Boyle's law of gas expansion. Sample dry weight of was divided by grain volume, to calculate the grain density.

5. Dry weights were measured on a three-place ((0.001 gm) analytical balance.

6. An ambient, mercury immersion bulk volume will be determined.  Pore volume is calculated as the difference between the bulk volume and the grain volume.  The pore volume is divided by the bulk volume, to calculate the porosity fraction.

7. The samples will be placed into a stainless steel cylinder and evacuated overnight, prior to pressure saturation with toluene, a strongly wetting fluid. Saturated pore volume data is then obtained and compared to the previously determined (mercury bulk – helium grain volume) pore volumes. 

8. The samples will be re-dried in a vacuum oven to remove the toluene.

High-Pressure Mercury Injection Procedure
1. Testing will be performed using the Micromeritics Autopore, an automated, high-pressure mercury injection device, which operates at injection pressures of 5 to 55,000psia. For this project, the maximum injection pressure of 55,000psia was used.

2. Each test sample was weighed, and then loaded into a glass penetrometer consisting of a sample chamber attached to a capillary stem with a cylindrical coaxial capacitor. Each penetrometer used was selected on the basis of how well its volumetric capacity matched the sample pore volume, to maximize accuracy and resolution.

3. The sample/penetrometer assembly was weighed, and then placed into the low-pressure system.

4. The sample chamber was evacuated and filled with mercury, and then the pressure was increased incrementally to slightly above atmospheric pressure. At the conclusion of the low-pressure phase, the assembly was temporarily removed and re-weighed, then placed into the high-pressure side of the apparatus.

5. Pressures were increased incrementally to a maximum of 55,000 psia.

6. Time was allowed at each incremental pressure for saturation equilibrium. The volume of mercury injected at each pressure was determined by the change in the capacitance of the capillary stem.

7. The pressure was decreased to ambient and a final reading was obtained. After the sample was unloaded a final weight was recorded to calculate the drained, gravimetric residual mercury saturation.

8. Micromeritics data were processed and the mercury saturations were calculated for each injection pressure. 

9. A correlation gas permeability value was calculated from the mercury injection results using the methods of B.F. Swanson (Swanson, B.F.,“A Simple Correlation Between Permeability and Mercury Capillary Pressures” Journal of Petroleum Technology, December 1981).

10. Pore throat size, fluid system pressure conversions, and height data were calculated using the “typical” parameters that are reported at the end of this discussion.

11. The mercury injection data are presented in tabular and graphical formats. The tabular data include:  injection pressure, mercury saturation, pore throat radius, conversions of pressure to other laboratory systems, and estimated height above free water level.
1. Injection pressure:  The pressure at which the mercury is forced into the sample pore spaces.
2. Mercury saturation fraction:  The portion or the sample pore space occupied by mercury at the corresponding injection pressure.

3. Pseudo wetting saturation:  The portion of the sample pore space not occupied by mercury.   Mercury is the non-wetting phase.

4. Pore throat radius: This can be calculated using the injection pressure, interfacial tension and contact angle of the air-mercury system. Pore throat size distribution data are typically used for pore geometry characterizations and comparisons.  Pore throat size distribution can often help to evaluate the results of other analyses performed on the same or similar companion, samples.  It can also aid in designing filtration requirements for injection projects.  Textural effects and pore size distribution are major factors affecting irreducible water saturations, and hence the extent and height of a reservoir's transition zone.
In general, pore throat radii can be divided into several categories which can be used in the classification and grouping of the test samples.  Microporosity is often defined as pore throat radii of less than 0.50 microns.  The following classification is utilized for this discussion:


Classification        Pore Radius


Pore Radius, microns

   Number            Classification

        Minimum        Maximum
 

1
nano

<0.10

2
micro
0.10
0.50


3
meso
0.50
2.5


4
macro
2.5
10.


5
mega
>10.


These ranges have been included on the pore throat radii histograms.

5. J-Function and system conversions:  Some of the additional data which are presented on the tabular pages are the "J - Function" and conversions of mercury injection data to (laboratory) gas-water, gas-oil, and oil-water systems.  Leverett J-Function values can be used to normalize data from different samples, converting all capillary pressure data to a universal curve which represents a specific formation or zone.  For these data, the historical J-Function equation has been modified to include a factor making the results dimensionless.  Conversions of air-mercury pressures to other fluid systems can be refined by applying measured values in place of the “typical” parameters which are used when measured values are not available.

6. Height above free water:  To calculate a corresponding height above free water for the mercury injection data, laboratory-condition data are converted to equivalent reservoir oil-water or gas-water values and “typical” fluid density gradients used.  Ideally, the density gradients should correspond to reservoir values at initial reservoir temperature and pressure.  Height values should be used only as estimated values when standard, "typical" interfacial tension, contact angle, and density gradient parameters are used.  While these values are often reasonable estimates, significant variation is possible.  Measured parameter values should be input into the conversion equation whenever possible.

7. Maximum Sb/Pc:  A bulk saturation term used in the calculation of the Swanson permeability.

8. R35:  A reservoir quality indicator.  The pore throat radius at 35% mercury saturation.

9. R50:  The median pore throat radius.
Equations

1. Pore entry radii were calculated using the formula:


Ri
=
  2T * cos SYMBOL 113  \f "Symbol" * C 

Pc

where:
Ri
=
pore entry radius, microns


T
=
interfacial tension


SYMBOL 113  \f "Symbol"
=
contact angle


C
=
unit conversion constant (to microns) = 0.145


Pc
=
mercury injection pressure, psia.

2. J-Function values are calculated from capillary pressure (or mercury injection) data and basic sample properties using the following equation:


J-Function
=
   0.2166 * Pc   * (K/SYMBOL 102  \f "Symbol")½ 


(T * cos SYMBOL 113  \f "Symbol")

where:
Pc
=
injection pressure, psia


T
=
interfacial tension, dyne/cm


SYMBOL 113  \f "Symbol"
=
contact angle


K
=
permeability to air (or Klinkenberg), millidarcys


SYMBOL 102  \f "Symbol"
=
porosity, fraction.


0.2166
=
factor used to cancel units and make "J" dimensionless

3. Conversions of pressure from one fluid system to the others are calculated using the example formula:


Pc(g-w)
=
Pc(meas.) *  (T * cos SYMBOL 113  \f "Symbol")(g-w)

(T * cos SYMBOL 113  \f "Symbol")(meas.)
where:


Pc(g-w)
=
Capillary pressure in a gas-water system


Pc(meas.)
=
Capillary pressure of the measured fluid system


T
=
interfacial tension

 
SYMBOL 113  \f "Symbol"
=
contact angle

4. Height above free water is calculated from laboratory capillary pressure data using the following equation:


PcR
=
PcL * (TcosSYMBOL 113  \f "Symbol")R ( (TcosSYMBOL 113  \f "Symbol")L 


Height
=
PcR ( (SYMBOL 114  \f "Symbol"w - SYMBOL 114  \f "Symbol"h)

Where:


PcL
=
Laboratory measured capillary pressure


TcosSYMBOL 113 \f "Symbol"R
=
Interfacial tension * cosine of contact angle (reservoir)


TcosSYMBOL 113 \f "Symbol"L
=
Interfacial tension * cosine of contact angle (laboratory)


SYMBOL 114 \f "Symbol"w
=
reservoir density gradient, water


SYMBOL 114 \f "Symbol"h
=
reservoir density gradient, hydrocarbon


T
=
interfacial tension

 
SYMBOL 113  \f "Symbol"
=
contact angle

Calculation Parameters



(SYMBOL 113  \f "Symbol")

(T)



Contact
cosine
Interfacial

     Fluid System     
  Angle  
 Contact SYMBOL 113  \f "Symbol"
 Tension 
 T cosine SYMBOL 113  \f "Symbol"  

Laboratory


Gas-water
0.0
1.00
70.0
70.0


Oil-water
30.0
0.866
35.0
30.3


Gas-oil
0.0
1.00
24.0
24.0


Air-mercury
140.
0.765
485.
372.

Reservoir


Oil-water
30.0
0.866
25.0
21.7


Gas-water
0.0
1.00
50.0
50.0

Density Gradients 


water
=
0.433   


oil
=
0.346


gas
=
0.100 

(Note the density gradients may change if the customer provides actual reservoir values, but typically this information has not been determined)

QA/QC Protocols
1. Grain Volume was checked and validated by Auto Porosimetry using Helium. This allowed for secondary confirmation of the MICP data.
2. Bulk Volume was checked and validated by Mercury Immersion (Archimedes’ principle). This allowed for secondary confirmation of the MICP data.
3. Pore Volume was validated by subtracting Grain Volume by Auto Porosimetry from Bulk Volume by Mercury Immersion. This allowed for a secondary confirmation of the MICP data.
4. If applicable, a tertiary confirmation was obtained by using toluene saturation to check grain volume, bulk volume and pore volume.

5. The high pressure section of testing had the transducers zeroed to atmosphere prior to each testing scenario to ensure no off set was necessary.

6. An intermediate weight check was taken prior to loading into high pressure system to verify proper filling of penetrometer.

7. Sample post-testing weight was used as a gravimetric check to the Autopore final volumetric reading.
�  Swanson, B.F.,“A Simple Correlation Between Permeability and Mercury Capillary Pressures” Journal of Petroleum Technology, December 1981
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