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SYNOPSIS Methods o f interpretation o f data collected during geophysical surveys, and the subsequent correlations performed with the scope o f providing 

reliable information to design engineers, have both considerably benefitted in recent years by the wide diffusion o f reliable, powerful and economical 

computing capabilities.

This has, first o f all, permitted to automate all those techniques that were normally in use before the widespread use o f computers. In a subsequent stage, new 

techniques were developed to improve existing ones. Finally, entirely new approaches have been developed that take advantage o f the current enormous 

increase in computational power.

W ithin the area o f new approaches, expert systems based on artificial intelligence w ill play an important role to obtain reliable correlations between data sets 

derived from different types o f surveys. The use o f expert systems in this capacity has already found applications in the field o f applied geophysics

The ever increasing use in  the past 20 years o f geophysical methods to 

address problems in civil engineering has permitted an evaluation o f these 

methods regarding their applicability and efficiency as research tools in 

engineering applications.

While data acquisition techniques and hardware have developed in  a 

continuous manner, taking advantage o f developments in the field o f oil 

exploration, the same cannot be said o f techniques to interpret and 

correlate data Although intepretation techniques are supposeally 

independent o f the type o f application, in practice difficulties associated 

with the scale o f the problems o f interest have not permitted the direct 

transference o f experience gained in the field o f o il exploration to the field 

o f engjneoing. Another difficulty arises from the fact that the data, apart 

from providing information to confirm or support geological 

interpretations, must also be directly correlated with engineering 

parameters in order to beteeful in the design o f structures.

I t  is necessary therefore, that geophysical interpretation makes use o f 

additional data gathered from direct methods, such as drilling, in order to 

introduce further constraints to resolve the inherent non - uniqueness o f 

interpretations based only on geophysical methodologies. Only in this 

manner is it  possible to supply the necessary data required for engineering 

design purpose.

An important impetus to reach these objectives has been, in recent years, 

the widespread availability o f powerful, reliable and economical 

computing capability.

Until recently, save for few exceptions, the common procedure used in  the 

interpretation o f data was to plot by hand, interpret graphically, and 

perform calculation using hand calculators. This was, for example, the 

typical sequence in seismic refraction and in  vertical electrical sounding 

interpretations, the two most commonly used surveying techniques.

In fact, in  seismic refraction, the interpretation has always been based on 

graphical methods which permit the approximate calculation o f depth and 

velocity directly from the droraocrnnes. However, these methods do not 

provide satisfactory information regarding lateral variations in velocity and 

in the slopes and depths o f the various seismic strata.

On the other hand, in vertical electrical soundings, the interpretation has 

consisted in curve fitting techniques performed by matching observed 

curves with theoretical ones found in catalogues, with the scope o f 

reducing the sounding data to a layered earth model.

These theoretical curves, however numerous, always represented a very 

approximate model o f reality. The evolution o f interpretation tecniques 1ms 

followed and continues to follow a trend which is common to most 

exploration methodologies. In a first stage , computers were used to 

automate all those techniques that were normally in use.

For example, in the interpretation o f electrical sounding curves, the 

matching between observed and theoretical curves was automated by an 

inversion technique which permits the use o f an elevated number o f 

theoretical curves and also the possibility o f guiding the solution by 

imposing contraints derived from other geophysical data or borehole data. 

In this manner it  is possible to arrive at straligiaphic model more closely 

representative o f the true geological structure. In a subsequent stage, new 

data analysis techniques were developed to improve and refine existing 

ones. This is what happened in modem P and S wave seismic refraction 

surveying in which the data, collected with the objective o f obtaining a 

continuous coverage o f the subsurface target, are interpreted with the 

Generalized Reciprocal Method (GRM).

At present, this is the best technique to interpret refraction data as it  permits 

to take into account lateral variations in velocity and possible ondulations 

o f refractor surfaces.

Another technique with promising potential is the high resolution seismic 

reflection method, which has benefitted from a large amount o f experience 

gathered from its application in o il exploration. For studies involving 

shallow depths, the most commonly used method is Common Depth Point 

(CDP) stacking.

This technique is based on the fact that by summing several signals 

reflected from the same point located at depth, subsequent processing w ill 

enhance the reflected arrival respect to other arrivals. A  wide variety o f 

filtering display, and static correction techniques can be employed to 

improve the quality o f reflections. The majority o f these techniques were 

developed for the purpose o f oil exploration using seismic methods; others 

have been adapted to address problems in studies o f superficial structures.

A  key ingredient for the proper interpretation o f seismic reflection data is 

the correct choice o f data processing scheme . This data processing is highly 

intricate and has always required a large amount o f time, apart from a good 

experience on the part o f the person conducting the processing. Only 

recently has commercial software become available, capable o f running on a 

microcomputer and permitting a real-time, or quasi real-time, processing.
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This affords the opportunity o f continuosly updating an exploration 

program based on the information retrived from the continuos processing 

o f data. Because o f this advantage, in the near future rt could be possible 

that scismic reflection w ill substitute seismic refraction methods and 

become the most commonly used technique in engineering studies. 

Because o f the expanded capabilities offered by computers, they have also 

been used to study entirely new approaches to probelms requiring indirect 

exploration methodologies.

Most o f the geophysical methods applied to soil mechanics and 

foundation engineering are presently in this phase o f development. An 

important example is tomography. Because o f the time consuming and 

complex calculations required by this technique, its implementation has 

only recently become feasible Tomography is based on the acquisition o f 

a large amount o f data along a dense network o f lines which covers the 

area under investigation as uniformly as possible.

The data are processed using iterative reconstruction algorithms in order 

to obtain a detailed quantitative map o f the parameter o f interest showing 

its fluctuations throughout the area under investigation. Tomographic 

methods are acquiring an over increasing importance within seismic or 

sonic tecniques as well as radar and geoelectrical methods. Regarding 

seismic tomography, the inversion o f travel time, attenuation and 

diffraction data provide the potential o f obtaining maps o f subsurface 

physical properties o f a geological area.

The potential offered by computers has also had a favorable impact on the 

better use o f processed data and its correlation with data collected using 

other types o f exploration methods. This has lead to an improvement in 

the quality and therefore reliability o f the information that can be 

provided to the end user. A  case in point is shear wave velocity 

measurements, that, in combination with the classification materials tests, 

SPT data, and the results derived from dinamic analysis codes are used to 

calculate the low-strain shear modulus required as an input parameter in 

advanced finite elements programs for dynamic analysis o f earth dams and 

for foundation materials in the evaluation o f site liquefaction potential. 

Another example is the use o f the full information derived from 

processing, both in the time and frequency domains, o f sonic log 

waveforms (such as P, S Pseudo Rayleigh &  Stoneley), in order to 

evaluate elastic moduli (Young’s Shear, Bulk, Poisson’s ratio), porosity, 

lithology and fracturing o f surveyed materials. Another consideration 

follows from what has been stated up to now. modem surveying 

techniques produce data in a quantity which would have been intractable 

to handle ten years ago. The major objective o f a scientific investigation 

should be that o f critically evaluating the data generated from a series of 

surveys with the goal o f extracting any information o f scientific value 

which might be present. This task is not straightforward given the copious 

data generated with present day techniques.

Artificial intelligence systems w ill play an important role in the solution 

o f this problem, and already have been used in some geophysical 

interpretation methods. An example is the problem o f integrated 

interpretation o f geophysical data obtained from profiles and local 

boreholes, one o f the most important in geophysical prospecting. 

Originally this problem was viewed as merely a calibration o f geophysical 

data in accordance with the exact information obtained from a few 

boreholes. In this context, the solution o f the problem may be obtained by 

applying multi-dimensional statistical analysis and pattern recognition 

techniques. On this way, after calibration, the interpretation is made 

using geophysical data for all points o f the medium, including the 

boreholes and their environs. Thus the best interpretation o f the 

geophysical data can be achieved, but not their integrated interpretation 

with borehole data, since the obtained forecast can never reproduce the 

original high accuracy o f the borehole data.

Based on this criterior integrated interpretation may be carried out using 

the geostatistical technique o f cokriging and a similar technique, which 

takes into account previous available information about the spatial 

variability o f the lithology. In both methods, borehole data are used not 

only for calibration o f the geophysical data, but they also define directly 

the forecasting results in the borehole environs. The degree o f their 

influence at remote points o f the medium may be determined by a spatial 

autocorrelation function or by a transitional histogram, calculated from

the available data. In cases when the numerical evalutation o f spatial 

correlation functions is impossible, indirect geological information must be 

used to model the spatial variability Understandably, the application of 

these techniques is complicated and not straighforward and requires a large 

amount o f experimentation. In order to obtain the best possible correlations, 

more research is needed to critically evaluate data acquisition methods, 

which in any case should strive for oversampling and not undersampling. In 

addition, it is important to reconsider a more prominent role for geophysical 

techniques not heavily used, such as borehole logging, in order to collect in 

situ data that are not available at the surface. Finally, it is important to cany 

out a comprehensive laboratory research effort for a better understanding of 

rock properties and how they relate to geophysical measurements.

As we have seen, geophysical interpretation offers interesting possibilities 

as a tool in support o f engineering studies. However, one. fact that should 

always be taken into account is that because the use o f computer - assisted 

intepretation gives the appearence o f improved capabilities, it  is more 

important than ever that interpreters have a comprehensive knowledge o f the 

theory and practice o f the technique in use to avoid to fall into error.
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