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EU Applied Geophysics Code of Practice (1992)

>

>

>

>

>

British Standard BS5930:1999
Code of Practice for Site Investigation Chapter 35

A Geophysical Surveying

ASTM (American Society for Testing and Materials)
A ASTM D-6429-99(Surface Geophysical Methods)
A ASTM D-5763-05(Borehole Geophysical Logging)
Bureau of Reclamation
A Engineering geology field manual Vol.I1 2 Ed.
A Chapter 13 Surface geophysical investigation
A Chapter 14 Borehole geophysical and wireline surveys
Federal Highway Administration
A Central Federal Land Highway Division
A Applications of geophysical methods to highway related problems
US Army Corps of Engineers (with ASCE)
A Geophysical exploration for engineering and environmental
investigations

Chap.1
Chap.2
Chap.3
Chap.4
Chap.5
Chap.6
Chap.7
Chap8.
Chap.9

Geophysical Exploration for Engineering and
Environmental Investigations

by US Army Corps of Engineers (with ASCE)

Introduction

Geophysical Methodology

Seismic Procedures

Electrical and Electromagnetic Methods
Gravity Techniques

Magnetic Methods

Subsurface Geophysical methods
Airborne Geophysical Methods

Remote Sensing

Chap.10 Engineering Vibration investigations

10
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A
A
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>

>

>

>

>

A (2000)
A 1998)
A (1995)

A
A
A

>

11

2000 2004

VSP

12




ISRM
Suggested Methods

E 1988: Suggested Methods for Seismic Testing
Within and Between Boreholes

E 1981: Suggested Methods for Geophysical
Logging of Boreholes

E 1975: Recommendation on Site Investigation
Techniques (Geophysical Exploration)

13

ISRM Suggested Methods

ISRM Recommendations on Site Investigation
Techniques in 1975

In the chapter 4, recommendations for geophysical
surveys are described as follows:

E Classification of geophysical methods and
investigation objectives and stages to be applied

E Recommendations of use of geophysical methods in
each investigation objective and stage

14

ISRM Suggested Methods

ISRM Suggested Methods for Geophysical
Logging of Boreholes in 1981

Principle, instrumentation, measurement procedures,
data processing and interpretation, reporting of results
are described for the following borehole logging:

Electrical with a single point resistivity measurement
Spontaneous potential (SP)

Induction

Gamma ray

Neutron

Gamma-Gamma density

Sonic

Caliper

Temperature

[TNTITINTI TR TINTR TR T

15

ISRM Suggested Methods

ISRM Suggested Methods for Seismic Testing
Within and Between Boreholes in 1988

Scope, apparatus, procedure, calculation and
interpretation of results, reporting of results are described
for the following methods:

E Seismic Testing Within a Borehole
E Seismic Testing Between Boreholes
E Seismic Tomography

16




Suggested Methods

Suggested Methods

A

Land Geophysics

Borehole Geophysics
A
A Planning) Output and Report
A Planning) Interpretation)
A

Suggested Methods

ISRM Working Group Members
on Standardization of Geophysical Methods
for Rock Engineering

in ISRM Commission on Application of Geophysics to Rock Engineering
1

Hatherly, Peter (Australia)
King, Michael, S. (U.K.)
Kusumi, Harushige (Japan)
Lehmann, Bodo (Germany)
Myer, Larry (U.S.A))
Pyrak-Nolte, Laura (U.S.A)
Takahashi, Toru (Japan) - Coordinator
Toksoz, M. Nafi (U.S.A.)
Uchida, Toshihiro (Japan)
Watanabe, Toshiki (Japan)
Xu, Chang (China)

> D> I D> D> D> D>
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Suggested Methods

ISRM WG

> > > > > > D> > D>
> > > > > > > > D>
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Suggested Methods

Land Geophysics —Contents-

Introduction

Seismic Refraction
Shallow Seismic Reflection
Electrical

Electromagnetic

Ground Penetrating Radar
Gravity

Radiometric
Acknowledgements
References
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Borehole Geophysics —Contents-

Introduction

Velocity Measurement Along A Borehole
Electric & Electromagnetic Logging
Nuclear Logging

Vertical Seismic Profiling

Seismic Tomography

Resistivity Tomography

Seismic Ahead Of The Tunnel Face
Acknowledgements

References
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Suggested Methods

1. GENERAL (with figure)
General features of the method
2. APPLICABILITY
General applicability and expected survey results
3. PLANNING
Remarks and suggestions in planning surveys
4. FIELD OPERATION
Suggested specifications of measurement and
instruments, and remarks on field procedures
5. DATA PROCESSING
Standard data processing flow
6. INTERPRETATION (with figure)
Remarks on interpretation of the results
7. OUTPUT and REPORT
Minimum requirements of outputs and report 22
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Land Geophysics -example of description (1)-

3. Shallow seismic reflection

s 3.1 General

The shallow seismic reflection method is a seismic method that delineates
subsurface structures using seismic waves reflected back to the ground surface
from geological boundariesin the subsurface. Seismic reflection profiles provide
high-resolution images of the subsurface that can be easily be understood and
interpreted. Fig.4 shows a schematic diagram of the survey method. Seismic
reflection waves are recorded and processed to obtain a seismic reflection profile.
P- or S-(SH-) waves are used depending on the survey objectives. For shallow
seismic reflection, a2-D survey is commonly used.

I

e
[ressrr p—

Fig. 4 Schematic diagram of the shallow seismic reflection method (SEG Japan, 2000) [1] 23

Suggested Methods

Land Geophysics -example of description (2)-

3. Shallow seismic reflection

3.6.1 Interpretation of the shallow seismic reflection profile

mmmmm N Principle, a seismic reflection profile provides a visualization of subsurface E—
boundaries where acoustic impedance (or velocity) contrast occur asthe
reflection events. In order to obtain the geological section, the seismic reflection
profile should be interpreted in comparison with surface and borehole information
aswell aswel logsand VSPif available. Fig. 7 shows an example of the
interpreted depth section indicating buried faults. Interpretation can be undertaken

24

Fig. 7 Example of an interpreted depth section (SEG Japan, 2000) [1]
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Land Geophysics -example of description (3)-
4. Electrical

—— 4.3.4 Electrode configuration
1. Optimum el ectrode configuration is chosen in considering
consideration of the method used, geological and surface
conditions, and the expected desired output (see Table 1).

Table 1 Electrode configuration factors for various electrode arrays

Array type Image point of apparent resistivity Electrode configuration factor
Cwo Cé P1 Po.
B L
2-electrodes | Pole-Pole Wa r—
Ca < z
B .
3-electrodes cep ‘vt$ . txa
Cewo. C1 ;é P2
v S ————— -
Pole-Dipole an(nra
s
< <2
LBz o
4-electrodes Wenner _War oea
a
TS P PT
e
Dipole-Dipole (e )(n+Dna
250
ciw  PINEAN)  C2O
‘Schiumberger L (L4l (L>5)
25

Suggested Methods

Land Geophysics -example of description (4)-
4. Electrical

s 45 Data processing

4. In two-dimensional (2-D) profiling, the data isinverted with anon-linear inversion
method using acomputer to obtain the a 2-D subsurface resistivity imagemodel. Fig.9
shows a standard data processing flow of the two-dimensional 2-D resistivity profiling data

Observed potential data

‘ Set up an initial 2-D resistivity model ‘

Caloulate theoretical potentisl Up-date the 2. resistivity
model

‘ Calculate residual (observed — calculated) potential ‘
data

Residual is small ?

YES

Final 2-D resistivity model

Fig. 9 A standard inversion process of the 2-D resistivity profiling data (SEG Japan, 2000) [1]

26
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Borehole Geophysics -example of description (1)-

2. Velocity measurement along a borehole
2.1 General

The borehole seismic method for obtaining a seismic velocity profile along asingle
borehole is defined here as velocity measurement along a borehole (hereafter
referred as “velocity logging”). The method includes P-wave velocity logging, PS
logging and Sonic (Acoustic) logging.

Source and receivers are equipped on
Down-hole Up-hole adown-hole probe specially deigned
Cross-hole method
method method jon PS
Suspension -
Sonic log
log
source receiver
— surface
receiver (1)
source| || receivef | receiver
receiver
= > receiver
source Source
source
v
The second receiver hole
may o be used

Fig.1 Variations of velocity measurement along a borehole (modified from SEG Japan, 2004) [3] 27

Suggested Methods

Borehole Geophysics -example of description (2)-

2. Velocity measurement along a borehole

2.5.2 Suspension PS logging
To estimate seismic velocities along the borehole, the field data obtained from the
suspension PS logging are processed as follows.

1. Field waveform data for the pair of receivers are transferred to computer and
sorted over the depth at which they are measured (see Figure.3).

(o Pewavefiorm s .

Fig.3 Examples of the suspension PS logging waveforms (SEG Japan, 2004) [3] 28




Suggested Methods
Borehole Geophysics -example of description (3)-
8. Seismic ahead of a tunnel face

8.5 Data Processing

A data processing flow is shown in Figure 27. The processing procedure is similar to that of
the VSP method described in the Chapter 5, because extraction of the reflection waves from
the observed wavefields is crucial. The choice of parameters used in each processing step
should be decided according to the quality of the result, past experience and geological
understanding. Experiments with arange of parameters may be required.

— T

Pre-processing

Waveficld Separation

Velocity Filter
Seleat Incoming Wanve of Ousgoing
v
[ Post-processing — fro—
v

Migration —
Stack

Fig.27 Example of adata processing flow of Seismic Ahead of a Tunnel face (SEG Japan, 2004) [3]

Suggested Methods

Borehole Geophysics -example of description (4)-
8. Seismic ahead of a tunnel face

8.6 Interpretation

— A seismic reflection image obtained by the method is shown in Figure 28. The

image is presented together with the amount of explosives used in the tunneling
(an indicator of excavation performance) and a geologica sketch along the tunnel.
Each reflection in the image, the one between grid lines 1000 and 1020 in
particular, corresponds to these indicators.

A ISRM Suggested Methods
- ISRM ISRM  WEB (www.isrm.net)

- Elsevier WEB (www.elsevier.com) $30)
- Land Geophysics: International Journal of Rock Mechanics & Mining Sciences 41 (2004) 885-914
- Borehole Geophysics: International Journal of Rock Mechanics & Mining Sciences 43 (2006) 337-368

A
- 5000 (3000
WEB (www.segj.org)
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