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Geostatistical Integration Analysis of Geophysical Survey
and Borehole Data Applying Digital Map
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ABSTRACT : Borehole investigation which is mainly used to figure out geotechnical characterizations at construction work has the
benefit that it provides a clear and convincing geotechnical information. But it has limitations to get the overall information of the
construction site because it is performed at point location. In contrast, geophysical measurements like seismic survey has the advantage
that the geological stratum information of a large area can be characterized in a continuous cross-section but the result from geophysics
survey has wide range of values and is not suitable to determine the geotechnical design values directly. Therefore it is essential to
combine borehole data and geophysics data complementally. Accordingly, in this study, a three-dimensional spatial interpolation of the
cross-sectional distribution of seismic refraction was performed using digitizing and geostatistical method (krigring). In the process,
digital map were used to increase the trustworthiness of method. Using this map, errors of ground height which are broken out in
measurement from boring investigation and geophysical measurements can be revised. After that, average seismic velocity are derived
by comparing borehole data with geophysical speed distribution data of each soil layer. During this process, outlier analysis is adapted.
On the basis of the average seismic velocity, integrated analysis techniques to determine the three-dimensional geological stratum
information is established. Finally, this analysis system is applied to dam construction field.

Keywords : Borehole investigation, Geophysical survey, Digital map, Kriging, Outlier analysis
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Fig. 1. Framework of geostatistical integration analysis of geophysical survey and borehole data
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(a) Seismic wave tomography

(b) Grid for digitizing
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Fig. 2. Example of the digitizing for an elastic wave velocity cross section
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Fig. 3. Spatial distribution of boring data and seismic refraction test data based on digital terrain elevation in target site
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Table 1, Thickness of deposit soil, weathered soil, weathered rock, soft rock and hard rock for boring data in target site

U=E TAetol A 7, 7} =
nA)o] ehAdsh SEol ofet 339

Boring Deposit Soil Weathered soil Weathered Rock Soft rock Hard rock Total
Name (m) (m) (m) (m) (m) (m)
NBH-3 35 2.5 34 4.0 33.2 46.6
NBH-4 5.6 - - 1.8 37.8 452
NBH-8 1.0 7.0 1.0 - 31.0 40.0
NBH-10 2.0 11.0 1.0 - 41.0 55.0
NBH-11 - 3.0 0.6 - 34.7 383
NBH-12 - 2.0 1.0 - 23.5 26.5
NBH-16 2.0 1.5 0.8 - 30.0 343
NBH-17 0.5 7.3 - - 41.5 49.3
NBH-18 - 2.0 3.0 - 26.0 31.0
Average 2.4 4.5 1.5 29 332 40.7
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Fig. 5. Outlier analysis result of upper boundary of hard rock

Table 2. Elastic wave velocity of each subsoil boundary applying outlier analysis result (m/s)

Deposit Soil Weathered Soil Weathered Rock Soft Rock
/ Weathered Soil / Weathered Rock / Soft Rock / Hard Rock

Boring Name Case 1 Case 2 Case 1 Case 2 Case 1 Case 2 Case 1 Case 2
NBH-3 1,075.3* 1,037.0* 1,566.5 1,518.9 2,145.5 2,048.0 2,738.5% 2,595.9*

NBH-4 - - - - 1,507.1 1,829.0 1,942.6* 2,017.3
NBH-8 381.0 591.7 2,267.6* 2,239.2* - - 2,486.5% 2,472.0%

NBH-10 330.6* 392.9* 1,411.5 1,474.8 - - 1,470.7* 1,488.6

NBH-11 - - 1,654.8 1,432.8 - - 1,950.5 2,020.0

NBH-12 - - 1,503.2 1,503.5 - - 1,856.5 1,860.1
NBH-16 1,061.1%* 1,206.1* 1,602.2 1,682.8 - - 1,817.8 2,233.5
NBH-17 130.9* 632.9 - - - - 1,772.9 1,929.2
NBH-18 - - 339.6* 1,174.2* - - 849.0* 1,491.6*

Original 595.8 772.1 1,575.2 1,575.2 1,826.3 1,938.4 1,876.1 2,012.0

Average Outlier analysis 381.0 612.3 1,547.6 1,522.6 1,826.3 1,938.4 1,849.4 1,924.8
Standard Original 463.6 337.0 574.3 329.6 451.5 154.9 543.1 361.5
deviation | Outlier analysis - 29.1 94.0 95.4 4515 154.9 75.6 2479

* 1 Outlier
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