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Electrical Resistivity of Cylindrical Cement Core with
Successive Substitution by Electrolyte of Different Conductivity
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Abstract: To investigate the relation between pore fluid conductivity and bulk resistivity of a rock sample, it is assumed
that electrolyte solution perfectly substitute the pore fluid that occupied the pore space within the sample in general. In
this study, it is investigated that how much can the electrolyte solution substitute the pore fluid by repeating the same
saturation process. Four kinds of NaCl solutions of 8, 160, 3200, 640060 uS/cm are used. The saturation process has
repeated four times for each electrolyte in increasing conductivity order first then four times each in decreasing order.
The more the saturation process repeated with the same electrolyte, the more electrolyte solution substitute the pore fluid.
Geometric mean of bulk resistivity in increasing and decreasing orders with the same electrolyte solution is assumed to
be mostly close to the bulk resistivity with perfect substitution. Bulk resistivity measurements for both increasing and
decreasing order differs within 10 % to the geometric mean when repeating the saturation process 4 times, while maximum
40 % difference is observed when single saturation process for each electrolyte solution with increasing order. The
modified parallel resistant model can generally represent the relations between pore fluid resistivity and bulk resistivity
in the experiment, but more experimental data with various rock samples with different porosity is needed to generalize
the model.
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Table 1. Basic physical properties of cement core sample.
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Fig. 1. Schematic diagram of resistivity measurement system for
cement core (Lee and Lee, 2009).

Basic Physical Properties Dimension
Core 1D Rock Type Saturated Water Content Porosity Dry Density Radius Height
(%) (%) (g/em’) (mm) (mm)
I Cement Mortar 32.04 4592 143 12.88 50.31
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Fig. 2. (a) Resistivity variation as a function of relative water content for 4 different nominal conductivity of pore water (Lee and Lee, 2009),
(b) comparison of Archie, PRM, and modified PRM models for the dataset shown in (a).
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Table 2. Experiment order for repeated saturation and resistivity measurements with different pore fluid resistivity.

Exp. |Pore fluid EC| Exp. Fies Exp. |Pore fluid EC| Exp. Fios Exp. |Pore fluid EC| Exp. Fios
Order (uS/cm) ID £ Order (uS/cm) D £ Order (uS/em) ID g8
1 8 12 160 -6 23 3,200 r-17
2 8 13 160 r-7 Fig.5a 24 3,200 r-18 )
Fig.4b
3 160 pr-2 Fie? 14 160 r-8 25 3,200 r-19
ig.
4 3,200 pr-3 £ 15 8 r-9 26 3,200 20
5 64,000 pr-4 16 8 r-10 27 64,000 r-21
Fig.6a
6 64,000 w-1 17 8 r-11 28 64,000 r-22
7 3,200 r-1 18 8 r-12 29 64,000 r-23 Fig.7a
8 3,200 -2 19 160 13 30 64,000 r-24
Fig.4a
9 3,200 -3 20 160 r-14 31 64,000 r-25
Fig.5b
10 3,200 -4 21 160 r-15 32 64,000 w-2
11 160 -5 22 160 r-16
| refease . Measurement ) |
Vacuum | Soaking = Weight or resistivity Soaking |
i >ie >« »
I (9h) ’ (17h) T o (15h) |

Fig. 3. Optimal experimental schedule for resistivity measurement or weight monitoring of a core sample (modified from Lee and Lee, 2008).
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Fig. 4. Variation of resistivity versus relative water contents by repeating vacuuming and soaking of the cement sample with NaCl solution
of 3,200 pS/cm. The core is initially saturated with () 64,000 pS/cm (pr-4) and (b) 160 uS/cm (1-16), respectively. (c) Comparison of resistivity
versus relative water content between experiments pr-3, r-4, and r-20 in Table 2 for 3,200 pS/cm solution. Note that maximum difference to

the average of r-4 and r-20 is less than 10%.
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Fig. 5. Variation of resistivity versus relative water contents by repeating vacuuming and soaking of the cement sample with NaCl
solution of 160 uS/ecm. The core is initially saturated with (a) 3,200 uS/cm (r-4) and (b) 8 uS/cm (r-12), respectively. (c) Comparison

of resistivity versus relative water content between experiments pr-2, r-8, and r-16 in Table 2 for 160

maximum difference of the two curves is about 14 %.

uS/em solution. Note that
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Note that maximum difference of the two curves is about 12 %.
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