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1. Introduction

Geodata were requested to carry out a Ground-Penetrating Radar (GPR)Surveyfor OCB Geotechnical.

Extent of Survey

2. Scope of the Investigation

The scope of the investigation is to Ground Penetrating Radar (GPR) on a 50m x 50m area at a 5m
grid spacing using a 200 MHz shielded antennae with A Real Time Kinematic (RTK) differential GPS
to accurately log the position of each GPR trace.

3. Limitation of Survey

It must be noted the geophysical data by itself does not allow identification of the anomalies
detected. No GPR survey can be considered a 100% accurate depiction of the sub-surface
environment and the use of these drawings does not remove the requirement for the use of safe
digging techniques at all times.
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4. Method of Investigation

The Survey was carried out using the following methods:

e Desk Top Studies;

e Site reconnaissance

e Establish Survey grids

e Ground Penetrating Radar (GPR);
e Record and Process markings

e Post Processing GPR Data;

e Quality Check

¢ Final Report

5. Detection Methodology

The Survey was carried using IDS Opera Duo multi frequency Ground Penetrating Radar with a
frequency of 200MHz to allow greater penetration on a 50m x 50m area at a 5m grid spacing.
position of each GPR trace.

5.1. Geo-radar

Ground Penetrating Radar is a non invasive technology that uses radar waves from a surface
transmitter that can penetrate through ground materials and are reflected back to the instrument
by a change of ground material or other buried objects.

The transmission frequency is an importance factor in GPR. Low frequency radars will provide high
penetration into the target but these results can lead to unfavourable resolutions. High frequency
radar provides greater resolution in regards to radar images but the penetration is less than the low
frequency.

In this instance the Opera Duo achieved a penetration of typically 1.2-2.0m below the surface. The
position of the array was continually monitored and recorded using a total station.
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Figure 5.0  C-Stream IDS -High Density Array (GPR)
5.2. Post Process of Ground Penetrating Radar (GPR) data

Ground Penetrating Radar (GPR) data was post processed to improve the interpretation of raw
data using GRED HD GPR Post processing software.

Post processing aids in the identification of responses to gain a better understanding of areas of
complex or more obscure utility networks..

6. Quality Check

GeoData has inbuilt quality check system involving cross checking and discussion between teams to
identify any possible inaccuracies and to improve the interpretation of the Post processing of GPR
data and onsite observations. All Equipment used was calibrated and tested in line with manufacturer
guidelines and survey carried out in accordance with TSA guidelines.

7. Conclusions and Recommendations.

Ground Penetration Radar resolution was generally good on site with penetration of typically 1.2-
2.0m below the surface in area of optimal ground conditions. Areas unable to be surveyed due to
surface obstructions, vegetation, slope or lack of access were marked in the survey drawings
(Appendix A)
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The Radiograms show a uniform substrate of soil, | would not be in a position to comment on the
physical characteristic of the substrate due to the absent of site investigation to reference the
Ground Penetrating Radar data.

Yours sincerely,

Kieran O’Brien
Chartered Engineer & Chartered Geomatics Surveyor
BEng(Hons) CEng MIEI MSCSI/MRIC
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Appendix A
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NOTES

This drawing and information contained within is issued in confidence and is the
copyright of GeoData Surveying Ltd. If the topographical information or base
mapping has been supplied by a Third Party, GeoData Surveying Ltd is not liable for
any inaccuracies contained therein. If inaccuracies to supplied mapping have been
identified (and GeoData Surveying Ltd have not been commissioned to rectify these
inaccuracies) these will be highlighted in the accompanying report. Disclosure of this
information to Third Parties and unauthorised copying or replication of this data
without approval is forbidden.

The data presented in this drawing have been collected using a combination of the
following:  consultation of utility asset information, visual survey & inspection of
manholes and inspection chambers; electromagnetic location techniques; ground
penetrating radar, and, where applicable, trial hole excavations.  These techniques
have been deployed in accordance with the BSI PAS128 Specification  for
Underground  Utility Detection, Verification and  Location using the search
methodologies indicated below and described in the accompanying report.  This
drawing should be used in conjunction with the accompanying report which details
the limitations of these techniques and any hindering factors encountered during
this survey.

Unless otherwise stated, all utilities shown on this plan have been surveyed using
approved detectors and the connections between inspection chambers, if unable to
be detected, are generally assumed to be direct unless there are indications to the
contrary.  The detection confidence for each utlity seqment is depicted in line with
the PAS128 scheme outlined below. Information depicted as QL-C or QL-D cannot
be guaranteed as it is based on historic utility records which can be inaccurate
and incomplete.

The utility routes depicted may reflect the routes of multiple cables or pipes. It is
not always possible to differentiate between buried construction features, utilities
and other subsurface linear features therefore it is possible that some features
shown are not utility related, and due to the limitations of electromagnetic
techniques_all_utility identifications should be treated with caution and verified prior
to use during design/building works.

If the location or depth of utlities and features is of particular importance to a
project then it is recommended that discussions are held with GeoData Surveying
Ltd regarding any possible limitations or anomalies.

Please note that not all buried pipes, cables and ducts can be detected and
mapped in consideration of their depth, location, material type, geology and
proximity to other utilities. Even an appropriate and professionally executed survey
may not be able to achieve a 100% detection rate. Where an area of utilities is
likely to affect client project requirements, it is strongly recommended that a
PAS128 Quality Level A verification survey is carried out

No utility mapping survey can be considered o 100% accurate depiction of the
sub—surface environment, and the use of these drawings does not remove the
requirement for the use of safe digging techniques at all times, in line with the
requirements of current regulations.
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1. Introduction

Geodata were requested to carry out a Ground-Penetrating Radar (GPR) Survey on behalf of OCB
Geotechnical and Topographical Survey on the site outlined in the figure below.

Extent of Survey

2. Scope of the Investigation

The scope of the investigation is to Ground Penetrating Radar (GPR) on a 50m x 50m area at a 5m
grid spacing using a 200 MHz shielded antennae with A Real Time Kinematic (RTK) differential GPS
to accurately log the position of each GPR trace.

3. Limitation of Survey

It must be noted the geophysical data by itself does not allow identification of the anomalies
detected. No GPR survey can be considered a 100% accurate depiction of the sub-surface
environment and the use of these drawings does not remove the requirement for the use of safe
digging techniques at all times.
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4. Method of Investigation

The Survey was carried out using the following methods:

e Desk Top Studies;

e Site reconnaissance

e Establish Survey grids

e Ground Penetrating Radar (GPR);
e Record and Process markings

e Post Processing GPR Data;

e Quality Check

¢ Final Report

5. Detection Methodology

The Survey was carried using IDS Opera Duo multi frequency Ground Penetrating Radar with a
frequency of 200MHz to allow greater penetration on a 50m x 50m area at a 5m grid spacing.
position of each GPR trace.

5.1. Geo-radar

Ground Penetrating Radar is a non invasive technology that uses radar waves from a surface
transmitter that can penetrate through ground materials and are reflected back to the instrument
by a change of ground material or other buried objects.

The transmission frequency is an importance factor in GPR. Low frequency radars will provide high
penetration into the target but these results can lead to unfavourable resolutions. High frequency
radar provides greater resolution in regards to radar images but the penetration is less than the low
frequency.

In this instance the Opera Duo achieved a penetration of typically 1.2-2.0m below the surface.The
position of the array was continually monitored and recorded using a total station.
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Figure 5.0  C-Stream IDS -High Density Array (GPR)

5.2. Post Process of Ground Penetrating Radar (GPR) data

Ground Penetrating Radar (GPR) data was post processed to improve the interpretation of raw
datausing GRED HD GPR Post processing software.

Post processing aids in the identification of responses to gain a better understanding of areas of
complex or more obscure utility networks.

6. Quality Check

Geodata has inbuilt quality check system involving cross checking and discussion between teams to
identify any possible inaccuracies and to improve the interpretation of the Post processing of GPR
data and onsite observations. All Equipment used was calibrated and tested in line with
manufacturer guidelines

7. Conclusions and Recommendations.

Ground Penetration Radar resolution was generally good on site with penetration of typically 1.2-
2.0m below the surface in area of optimal ground conditions. Areas unable to be surveyed due to
surface obstructions, vegetation, slope or lack of access were marked in the survey drawings
(Appendix A)
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The Radiograms show a uniform substrate of soil, | would not be in a position to comment on the
physical characteristic of the substrate due to the absent of site investigation to reference the
Ground Penetrating Radar data.

Yours sincerely,

Kieran O’Brien
Chartered Engineer &CharteredGeomatics Surveyor
BEng(Hons) CEng MIEI MSCSI/MRIC
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Appendix A
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NOTES

This drawing and information contained within is issued in confidence and is the
copyright of GeoData Surveying Ltd. If the topographical information or base
mapping has been supplied by a Third Party, GeoData Surveying Ltd is not liable for
any inaccuracies contained therein. If inaccuracies to supplied mapping have been
identified (and GeoData Surveying Ltd have not been commissioned to rectify these
inaccuracies) these will be highlighted in the accompanying report. Disclosure of this
information to Third Parties and unauthorised copying or replication of this data
without approval is forbidden.

The data presented in this drawing have been collected using a combination of the
following:  consultation of utility asset information, visual survey & inspection of
manholes and inspection chambers; electromagnetic location techniques; ground
penetrating radar, and, where applicable, trial hole excavations.  These techniques
have been deployed in accordance with the BSI PAS128 Specification  for
Underground  Utility Detection, Verification and  Location using the search

o~ methodologies indicated below and described in the accompanying report.  This
= o~ dmwmg'sh'ou\d be used in con‘junction with the. occ.ompanymg report which detqHs
— = the limitations of these techniques and any hindering factors encountered during
O - i
&0 = this survey.
o
= = Unless otherwise stated, all utilities shown on this plan have been surveyed using
O approved detectors and the connections between inspection chambers, if unable to
be detected, are generally assumed to be direct unless there are indications to the
contrary.  The detection confidence for each utlity seqment is depicted in line with
the PAS128 scheme outlined below. Information depicted as QL-C or QL-D cannot
be guaranteed as it is based on historic utility records which can be inaccurate
and incomplete.
The utility routes depicted may reflect the routes of multiple cables or pipes. It is
not always possible to differentiate between buried construction features, utilities
and other subsurface linear features therefore it is possible that some features
shown are not utility related, and due to the limitations of electromagnetic
techniques_all_utility identifications should be treated with caution and verified prior
to use during design/building works.
If the location or depth of utlities and features is of particular importance to a
project then it is recommended that discussions are held with GeoData Surveying
Ltd regarding any possible limitations or anomalies.
Please note that not all buried pipes, cables and ducts can be detected and
A mapped in consideration of their depth, location, matericl type, geology and
g +l R4 proximity to other utilities. Even an appropriate and professionally executed survey
I may not be able to achieve a 100% detection rate. Where an area of utilities is
likely to affect client project requirements, it is strongly recommended that a
PAS128 Quality Level A verification survey is carried out
No utility mapping survey can be considered o 100% accurate depiction of the
sub—surface environment, and the use of these drawings does not remove the
requirement for the use of safe digging techniques at all times, in line with the
requirements of current regulations.
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1. Introduction

GeoData were requested to carry out a Ground-Penetrating Radar (GPR) Survey for OCB
Geotechnical.

Extent of Survey

2. Scope of the Investigation

The scope of the investigation is to Ground Penetrating Radar (GPR) on a 50m x 50m area at a 5m
grid spacing using a 200 MHz shielded antennae with A Real Time Kinematic (RTK) differential GPS
to accurately log the position of each GPR trace.

3. Limitation of Survey

It must be noted the geophysical data by itself does not allow identification of the anomalies
detected. No GPR survey can be considered a 100% accurate depiction of the sub-surface
environment and the use of these drawings does not remove the requirement for the use of safe
digging techniques at all times.
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4. Method of Investigation

The Survey was carried out using the following methods:

e Desk Top Studies;

e Site reconnaissance

e Establish Survey grids

¢ Ground Penetrating Radar (GPR);
¢ Record and Process markings

e Post Processing GPR Data;

e Quality Check

® Final Report

5. Detection Methodology

The Survey was carried using IDS Opera Duo multi frequency Ground Penetrating Radar with a
frequency of 200MHz to allow greater penetration on a 50m x 50m area at a 5m grid spacing.

position of each GPR trace.

5.1. Geo-radar

Ground Penetrating Radar is a non invasive technology that uses radar waves from a surface
transmitter that can penetrate through ground materials and are reflected back to the instrument

by a change of ground material or other buried objects.

The transmission frequency is an importance factor in GPR. Low frequency radars will provide high
penetration into the target but these results can lead to unfavourable resolutions. High frequency
radar provides greater resolution in regards to radar images but the penetration is less than the low

frequency.

In this instance the Opera Duo achieved a penetration of typically 1.2-2.0m below the surface. The

position of the array was continually monitored and recorded using a total station.
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Figure 5.0  C-Stream IDS -High Density Array (GPR)

5.2. Post Process of Ground Penetrating Radar (GPR) data

Ground Penetrating Radar (GPR) data was post processed to improve the interpretation of raw
data using GRED HD GPR Post processing software.

Post processing aids in the identification of responses to gain a better understanding of areas of
complex or more obscure utility networks..

6. Quality Check

GeoData has inbuilt quality check system involving cross checking and discussion between teams to
identify any possible inaccuracies and to improve the interpretation of the Post processing of GPR
data and onsite observations. All Equipment used was calibrated and tested in line with manufacturer
guidelines and survey carried out in accordance with TSA guidelines.

7. Conclusions and Recommendations.

Ground Penetration Radar resolution was generally good on site with penetration of typically 1.2-
2.0m below the surface in area of optimal ground conditions. Areas unable to be surveyed due to
surface obstructions, vegetation, slope or lack of access were marked in the survey drawings
(Appendix A)
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The Radiograms show a uniform substrate of soil, | would not be in a position to comment on the
physical characteristic of the substrate due to the absent of site investigation to reference the
Ground Penetrating Radar data.

Yours sincerely,

Kieran O’Brien
Chartered Engineer & Chartered Geomatics Surveyor
BEng(Hons) CEng MIEI MSCSI/MRIC
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Appendix A
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Cartographic maps & Radargram data
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NOTES

This drawing and information contained within is issued in confidence and is the
copyright of GeoData Surveying Ltd. If the topographical information or base
mapping has been supplied by a Third Party, GeoData Surveying Ltd is not liable for
any inaccuracies contained therein. If inaccuracies to supplied mapping have been
identified (and GeoData Surveying Ltd have not been commissioned to rectify these
inaccuracies) these will be highlighted in the accompanying report. Disclosure of this
information to Third Parties and unauthorised copying or replication of this data
without approval is forbidden.

The data presented in this drawing have been collected using a combination of the
following:  consultation of utility asset information, visual survey & inspection of

= = manholes and inspection chambers; electromagnetic location techniques; ground
(CY;, % penetrating radar, and, where applicable, trial hole excavations.  These techniques
o P have been deployed in accordance with the BSI PAS128 Specification  for
= = Underground  Utility Detection, Verification and  Location using the search
= = methodologies indicated below and described in the accompanying report.  This
drawing should be used in conjunction with the accompanying report which details
the limitations of these techniques and any hindering factors encountered during
this survey.
Unless otherwise stated, all utilities shown on this plan have been surveyed using
approved detectors and the connections between inspection chambers, if unable to
be detected, are generally assumed to be direct unless there are indications to the
contrary.  The detection confidence for each utlity seqment is depicted in line with
+ J*Q 41 the PAS128 scheme outlined below. Information depicted as QL-C or QL-D cannot
DT be guaranteed as it is based on historic utility records which can be inaccurate
’ and incomplete.
The utility routes depicted may reflect the routes of multiple cables or pipes. It is
not always possible to differentiate between buried construction features, utilities
and other subsurface linear features therefore it is possible that some features
shown are not utility related, and due to the limitations of electromagnetic
techniques_all_utility identifications should be treated with caution and verified prior
to use during design/building works.
c If the location or depth of utlities and features is of particular importance to a
. project then it is recommended that discussions are held with GeoData Surveying
Ltd regarding any possible limitations or anomalies.
Please note that not all buried pipes, cables and ducts can be detected and
mapped in consideration of their depth, location, material type, geology and
\ proximity to other utilities. Even an appropriate and professionally executed survey
- may not be able to achieve a 100% detection rate. Where an area of utilities is
likely to affect client project requirements, it is strongly recommended that a
GPR ANDMAtY @L BBP PAS128 Quality Level A verification survey is carried out
- [CHANGE DF SURFACD No utility mapping survey can be considered o 100% accurate depiction of the
sub—surface environment, and the use of these drawings does not remove the
requirement for the use of safe digging techniques at all times, in line with the
requirements of current regulations.
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1. Introduction

Geodata were requested to carry out a Ground-Penetrating Radar (GPR)Surveyfor OCB
Geotechnical.

Extent of Survey

2. Scope of the Investigation

The scope of the investigation is to Ground Penetrating Radar (GPR) on a 50m x 50m area at a 5m
grid spacing using a 200 MHz shielded antennae with A Real Time Kinematic (RTK) differential GPS
to accurately log the position of each GPR trace.

3. Limitation of Survey

It must be noted the geophysical data by itself does not allow identification of the anomalies
detected. No GPR survey can be considered a 100% accurate depiction of the sub-surface
environment and the use of these drawings does not remove the requirement for the use of safe
digging techniques at all times.
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4. Method of Investigation

The Survey was carried out using the following methods:

e Desk Top Studies;

e Site reconnaissance

e Establish Survey grids

e Ground Penetrating Radar (GPR);
e Record and Process markings

e Post Processing GPR Data;

e Quality Check

¢ Final Report

5. Detection Methodology

The Survey was carried using IDS Opera Duo multi frequency Ground Penetrating Radar with a
frequency of 200MHz to allow greater penetration on a 50m x 50m area at a 5m grid spacing.
position of each GPR trace.

5.1. Geo-radar

Ground Penetrating Radar is a non invasive technology that uses radar waves from a surface
transmitter that can penetrate through ground materials and are reflected back to the instrument
by a change of ground material or other buried objects.

The transmission frequency is an importance factor in GPR. Low frequency radars will provide high
penetration into the target but these results can lead to unfavourable resolutions. High frequency
radar provides greater resolution in regards to radar images but the penetration is less than the low
frequency.

In this instance the Opera Duo achieved a penetration of typically 1.2-2.0m below the surface. The
position of the array was continually monitored and recorded using a total station.
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Figure 5.0  C-Stream IDS -High Density Array (GPR)
5.2. Post Process of Ground Penetrating Radar (GPR) data

Ground Penetrating Radar (GPR) data was post processed to improve the interpretation of raw
data using GRED HD GPR Post processing software.

Post processing aids in the identification of responses to gain a better understanding of areas of
complex or more obscure utility networks..

6. Quality Check

GeoData has inbuilt quality check system involving cross checking and discussion between teams to
identify any possible inaccuracies and to improve the interpretation of the Post processing of GPR
data and onsite observations. All Equipment used was calibrated and tested in line with
manufacturer guidelines and survey carried out in accordance with TSA guidelines.

7. Conclusions and Recommendations.

Ground Penetration Radar resolution was generally good on site with penetration of typically 1.2-
2.0m below the surface in area of optimal ground conditions. Areas unable to be surveyed due to
surface obstructions, vegetation, slope or lack of access were marked in the survey drawings
(Appendix A)
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The Radiograms show a uniform substrate of soil, | would not be in a position to comment on the
physical characteristic of the substrate due to the absent of site investigation to reference the
Ground Penetrating Radar data.

Yours sincerely,

Kieran O’Brien
Chartered Engineer & Chartered Geomatics Surveyor
BEng(Hons) CEng MIEI MSCSI/MRIC
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Appendix A
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NOTES

This drawing and information contained within is issued in confidence and is the
copyright of GeoData Surveying Ltd. If the topographical information or base
mapping has been supplied by a Third Party, GeoData Surveying Ltd is not liable for
any inaccuracies contained therein. If inaccuracies to supplied mapping have been
identified (and GeoData Surveying Ltd have not been commissioned to rectify these
inaccuracies) these will be highlighted in the accompanying report. Disclosure of this
information to Third Parties and unauthorised copying or replication of this data
without approval is forbidden.

The data presented in this drawing have been collected using a combination of the
following:  consultation of utility asset information, visual survey & inspection of
manholes and inspection chambers; electromagnetic location techniques; ground
penetrating radar, and, where applicable, trial hole excavations.  These techniques
have been deployed in accordance with the BSI PAS128 Specification  for
Underground  Utility Detection, Verification and  Location using the search
methodologies indicated below and described in the accompanying report.  This
drawing should be used in conjunction with the accompanying report which details
the limitations of these techniques and any hindering factors encountered during
this survey.

Unless otherwise stated, all utilities shown on this plan have been surveyed using
approved detectors and the connections between inspection chambers, if unable to
be detected, are generally assumed to be direct unless there are indications to the
contrary.  The detection confidence for each utlity seqment is depicted in line with
the PAS128 scheme outlined below. Information depicted as QL-C or QL-D cannot
be guaranteed as it is based on historic utility records which can be inaccurate
and incomplete.

The utility routes depicted may reflect the routes of multiple cables or pipes. It is
not always possible to differentiate between buried construction features, utilities
and other subsurface linear features therefore it is possible that some features
shown are not utility related, and due to the limitations of electromagnetic
techniques_all_utility identifications should be treated with caution and verified prior
to use during design/building works.

If the location or depth of utlities and features is of particular importance to a
project then it is recommended that discussions are held with GeoData Surveying
Ltd regarding any possible limitations or anomalies.

Please note that not all buried pipes, cables and ducts can be detected and
mapped in consideration of their depth, location, material type, geology and
proximity to other utilities. Even an appropriate and professionally executed survey
may not be able to achieve a 100% detection rate. Where an area of utilities is
likely to affect client project requirements, it is strongly recommended that a
PAS128 Quality Level A verification survey is carried out

No utility mapping survey can be considered o 100% accurate depiction of the
sub—surface environment, and the use of these drawings does not remove the
requirement for the use of safe digging techniques at all times, in line with the
requirements of current regulations.
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