Centimeter-scale secondary information on hydraulic conductivity
" STUDIECENTRUM VOOR KERNENERGIE using a hand-held air permeameter on borehole cores.
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Figure 3: Boxplots of K_ values from a) the lab analysis, and b) the air permeameter K_ Figure 5: Calibration of the air permeame_ter K, e_stimates (a; using qul et al., 1999), with
estimates (based on Loll et al., 1999), for each of the stratigraphical units. The whiskers laboratory analyses data, by means of a linear mixed effects model with a random effect for

extend to the most extreme data point that is no more than 1.5 times the interquartile each stratigraphical unit and each borehole (b).
range from the box.
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* Measurements

« Use of the TinyPerm Il hand-held air permeameter device (Fig. 2; New England Research &
Vindum Engineering 2011)

« > 5000 measurements on the dry borehole core slabs at 5 cm resolution, performed within 5
days (Figs. 3 & 6)

- Equation of Loll et al. (1999) to convert air permeability to a K_ estimate, since perfect
agreement between intrinsic permeability estimated from measurement of air and water flow
cannot be expected

« Additional measurements to quantify measurement error and operator influence (Fig. 4)

- Calibration with the lab K. measurements with a linear mixed-effects model, with random effects for

both the stratigraphy and borehole factors (Fig. 5)

e  Spatial analysis

« Variography for the lab measurements and air permeameter estimates after standardisation

« Fitting an intrinsic model of co-regionalisation (Goovaerts 1997)

 Interpolation of lab K_ data with air permeameter estimates as secondary variable

- Leave-two-out cross-validation to quantify the predictive uncertainty on K, and the accuracy
gain with using the secondary data (samples at a distance of about 10 cm are left out together)
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Figure 4: Repeated measurements and operator influence. Distance (m)

Figure 2: Performing air permeameter measurements on borehole core
i - < . Figure 6: Experimental direct and cross-variograms of the standardised data,
and the corresponding intrinsic model of coregionalisation, consisting of a short (0.4 m) and

long range (12 m) spherical variogram model.
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* Performance co-kriging: MSE: 0.79; ME: -0.02; R?. 0.71

- Especially the low K_ range predictions are improved
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Figure 7: Vertical profiles of K_values from the lab analyses, the air permeameter K_estimates after calibration, and the cokriging estimates and 95% confidence interval. Figure 8: Leave-two-out cross-validation results for both kriging and co-kriging estimation.
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Hand-held air permeameter measurements on undisturbed borehole cores provide a very

cost-effective way to obtain high-resolution K_data

- Even core slabs that have been lying open to air, and have been subject of several investigations
during a few years, provide useful information

«  Without calibration, reliable relative K_ estimates can be obtained, and equations from literature
provide absolute K_ estimates (e.g. Loll et al. 1999)

-  Calibration with laboratory measurements improves the accuracy, and is recommended for core

slabs of this state
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