North Pine Dam 3D Geological Modelling: Creating a client asset
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The development of geological, engineering geological and geotechnical models is essential for all dams.
These models provide the basis for understanding the engineering characteristics of foundation materials
and geological structures that are critical to the safe design, construction and operation of the dam.
The use of digital three dimensional (3D) engineering geological modelling techniques is becoming more
common for civil infrastructure projects. In addition to established design applications, 3D engineering
geological models can be utilised by dam owners, operators and stakeholders for ongoing management of
the dam.
The recent option studies at North Pine Dam in Brisbane, Australia, provides an example of collaboration
between the owner (Seqwater) and the designer (GHD) to maximise the use of existing information and to
enable future information to be efficiently integrated and utilised.
The initial North Pine Dam 3D engineering geological model was developed using historical records dating
from the design and construction of the dam in the 1950’s and 1960’s. These records had been carefully
stored, collated and digitised by the owner, so that they could be easily georeferenced and incorporated into
the 3D engineering geological model.
The initial model was interrogated to identify data gaps and to plan targeted and cost-effective investigations
that addressed critical geotechnical issues. The 3D engineering geological model was further refined using
the newly acquired data, to develop a comprehensive “3D database” that can be used to visualise and
interrogate all existing records as high- resolution georeferenced images and embedded data.
This provides an asset for the dam owner to maximise the use of existing information and reduce the cost of
future safety reviews or design.

Introduction
North Pine Dam is located in the suburb of Petrie, approximately 28 km northwest of Brisbane city, in Queensland as
shown in (Figure 1). The catchment area is approximately 347 km2 and provides water for Southeast Queensland as part
of a network of water supply managed by Seqwater. North Pine Dam consists of a concrete gravity dam (approximately
580 m in length) with earth embankments on each abutment (totalling approximately 520 m in length) and three earth
embankment saddle dams to the southeast on the main river valley. The dam has a maximum height of 46 m, which rises
from the lowest foundation elevation of -3.0 m Australian Height Datum (AHD).
The original site consisted of an asymmetrical riverbed approximately 197 m wide and 7.6 m deep, with small drainage
features upstream and downstream of the dam axis that flowed into the North Pine River. The river banks were gently to
moderately sloping (6 to 15 degrees), with rolling hills that are described as typical within the local geology (Webber –
date unknown). The topography and geomorphology of the region surrounding North Pine Dam is defined by a series of
longitudinal valleys extending in a southeast to northwest direction, following the strike of large-scale regional geological
structures. The underlying geology of the dam site consists of the Rocksberg Greenstone formation, which is a basement
metamorphic rock for southeast Queensland.
Use of engineering geological model approach in 3D
A key understanding of the use and value of engineering geology models is quoted from Knill (2003), in the IAEG
Commission 25 on the use of Engineering Geological Models. Knill (2003) stated, “the geological model is inadequate,
on its own, for engineering purposes because it does not sufficiently define the engineering conditions within the natural
ground or deliver a design. It needs therefore, to be converted into a ground model in which is embedded the engineering
parameters required for subsequent engineering analysis”. The project team for North Pine Dam agrees with this statement
and therefore to construct an understanding of the geology and engineering details, we sought the use of 3D software
modelling package called Leapfrog Works. This allowed for the combining of geological information with embedded
engineering data to allow for dynamic assessment of any area within the dam site required during the studies. We wanted
to use the traditional approach for development of a model detailed by Stapledon (1982), presented in Figure 2, but in a
modern sense to capture the historical data and update with new investigations and design options within one continuous
data and presentation package.
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Figure 1

North Pine Dam location (Google Earth, 2017)

Leapfrog Works (version 2.0) was chosen as the software package due to the ability to import and export various recognised
file types used in engineering design. Once constructed, the model acts as a visual database of existing information. Any
data imported into the project, or created within the model can be exported in a variety of recognised formats. The data
created can be integrated with other engineering modelling packages, or kept as a master database for the asset for the
future in formats outside of the Leapfrog modelling package. This allows asset owners retain all data from the model to
undertake the processes in Figure 2 at a subsequent review or transfer it to other systems if required, thus maintaining a
digital asset which can grow with the project and not be tied to a specific piece of software.

Figure 2

Activity flow in site investigation (Stapledon, 1982)
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For the North Pine Dam project, the aim was to provide a 3D engineering geological model with the capacity to enable the
presentation of the three types of ground models as detailed by Knill (2003) and summarised in the IAEG Commission 25
on the use of Engineering Geological Models:
 Geological models largely based on geological knowledge;
 Ground models (Engineering geology models), which contain geological knowledge and embedded engineering
parameters;
 Geotechnical models which support a mathematical or physical analysis.
The paper herein details how the North Pine Dam project team created a multiple layered engineering geological model,
which allows assessment through client and technical review workshops, scoping of further investigations, design analysis,
refinements of the model and a reference asset for the client.

Developing the background of the dam site
North Pine Dam is located within the Rocksberg Greenstone, which consists of low-grade regionally metamorphosed basic
igneous rocks including basaltic tuffs and agglomerates with minor intercalations of pelitic schist and phyllite (Holcombe
and Little, 1994). Rocksberg Greenstone is identified as the oldest unit within the Brisbane Metamorphics, which form the
basement rocks of the Brisbane region (Cranfield et el - 1976). Rocksberg Greenstone (DCy) is bounded by the
Kurwongbah Beds (DCk) to the north and the Bunya Phyllite (DCy) to the south (as shown in Figure 3), with both
boundaries consisting of faults, generally of the same strike toward the northwest (strike 310 to 330). Tertiary aged Petrie
Basin (Tp) is located to the south and east and unconformably overlies the basement rocks. The fault boundary between
the Rocksberg Greenstone and the Bunya Phyllite is known as the North Pine Fault, which is a large scale regional fault
boundary separating the North D’Aguilar block with the South D’Aguilar block (Holcombe and Little, 1994). The
D’Aguilar blocks were subjected to metamorphism during the Late Devonian to Early Carboniferous as part of a subduction
process along the east coast of Australia, which were subsequently uplifted with a series of major fault systems associated
with the late Paleozoic to early Mesozoic New England Orogeny. North Pine Fault is one of these systems of major faults
and is the dominant regional structure in the area, approximately 1.5 km to the southwest of the dam, with conjugate sets
trending towards the southwest with a strike of approximately 220 degrees (Babaahmadi and Rosenbaum, 2013).
Local geology surrounding North Pine Dam is shown on an extract of the Queensland Geological Survey, Caboolture
1:100,000 geology plan (2014), which is overlayed upon Google Maps in Figure 3, with the description of the geological
label abbreviations are presented alongside.
N
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Figure 3

North Pine Dam local geology (DNRM, 2014)

Site historical data and investigative research
The North Pine Dam site was originally investigated in the 1950’s as part of studies along the North Pine River. Since this
time numerous geological and engineering studies, geotechnical investigations, reports, analyses, and upgrades were
undertaken at the site. These studies were undertaken by various organisations, depending on the owning authority at the
time or the department with the best capability. Fortunately for North Pine Dam, a number of the geological and
geotechnical studies were undertaken by the Geological Survey of Queensland Engineering Geology section, leading to
detailed foundation information being recorded and retained. Given large volumes of available hard copy records it was
agreed that a thorough records search should be completed for the safety review on North Pine Dam. These searches were
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completed by the project team and all of the existing asset information was compiled and reviewed prior to conducting any
further geotechnical work. This was a critical task to ensure the project team made the best use of existing data before
attempting to create new data. The engineering geological and geotechnical records available contained information
relevant to current standards and assessments, and presented knowledge of the foundation that would otherwise be
impossible to generate at an operating dam.
However, as expected for an asset of this age, the collection of data had a number of challenges. These challenges
consisted of:
 Reports and data stored in multiple locations. Due to the number of owners of North Pine Dam, records over time
became lost, misplaced, or were never passed on to the subsequent owner. For this study the information sources that
required searching included the electronic and hard copy archives of:
o Seqwater,
o Local City Council,
o Department of Natural Resources, Mines and Environment (DNRME - formerly Department of Energy and Water
Supply),
o State Library archives,
o GHD and other consultants previously engaged to investigate North Pine Dam.
 Too much data. The records search returned a large number of documents. Including correspondence with government,
options assessments and various superseded draft reports and drawings. The challenge being to sort through the
available information to find which version was the final copy, and what was relevant or would be relevant for the
future studies.
 Poor rock core storage. The original rock cores from pre-construction, during construction and post construction
investigations had been stored in a locked shed on site for many years. During this study, the cores were relocated to a
new storage facility. However, many of the wooden core boxes had been eaten by termites, with the cores compromised,
preventing the systematic review and recording of geological features to the current Australian Standard for
Geotechnical Site Investigations (AS1726:2017)
 Storing information in digital formats. Most of the documents recovered were hard copies, and considerable time was
spent scanning or converting the data into a digital format.
Despite the challenges detailed above, an overall compilation of geological studies, geotechnical investigations,
construction records, post-construction investigations and analysis, and dam safety reviews was created. This provided the
project team with a wealth of background information to use if it could be referenced to the relevant areas across the dam
site. The key background information is presented in Table 1. As shown in the table, the information has many different
sources and ages, all of which needed to be understood to determine the relevance to the project and the area it related to.
Table 1

Historical geotechnical information available at North Pine Dam

Information
Geological Studies of various damsites along North Pine
River
Design geotechnical investigations – including diamond
drilling, test pitting and geological sections
Geological Information for Tenderers
Design Report
Geological mapping of foundations
Geological report on foundations
Post-construction geotechnical investigations and
geophysical survey
Dam safety reviews, geotechnical investigations and
installation of monitoring piezometers

Source / Author
Department of Local Government, produced
by Geological Survey of Queensland
Brisbane City Council & Geological Survey of
Queensland
Geological Survey of Queensland
Department of Local Government for Brisbane
City Council
Geological Survey of Queensland, engineering
geology section.
Geological Survey of Queensland, engineering
geology section.
Department of Mines Geological Survey

Dates
1952 – 1954

GHD, Wivenhoe Alliance, Sunwater, Seqwater

1997 – 2005

1961 – 1963
1966
unknown
1972 – 1973
not recorded
1976 – 1977

Conceptual model development
To create the initial engineering geological model, historical information compiled during the data review phase needed to
be accurately georeferenced and combined into a common 3D space according to the dam structures. The historical data
collected for this project spans over 60 years, and referenced three different coordinate system including a local site grid,
latitude and longitude, and UTM coordinates. Changes from imperial to metric systems created another level of complexity
to properly aligning information across the history of the dam. A modern UTM coordinate system was chosen as the base
coordinates for the model and all other data sets would need to be converted or referenced to it. A summary of the
information, which needed to be aligned across the model is presented in Table 2.
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Table 2: Example of merged historical data
Data type
Original investigation boreholes
Original investigation plans and geological mapping
General layout plans
Foundation excavation mapping
Right abutment seepage boreholes
Recent investigations and site plans
Recent LiDAR surveys
3D stripped surface
3D foundation excavation surface

Original coordinate system
Local site grid system
Local site grid system
Local site grid system
Local site grid system
Local site grid system
UTM
UTM
UTM
Local site grid/UTM

A series of techniques were implemented to align the various data sets with each other. A detailed recent LIDAR layer was
used to choose key tie points such as benchmarks and prominent parts of the structure to allow older site plans to be
georeferenced therefore allowing data such as cross sections and boreholes to quickly be located. An outline of the
development of the concept model followed the general workflow presented in Figure 4

Figure 4

Workflow undertaken by GHD for 3D engineering geological model

Historical and recent surface layers were created from historical survey and imported along with drapes of dam site plans
and aerial photography, as shown in Figure 5 and Figure 6. This was required to allow the conversion of the historical data
to the current survey grid, and thus accurately align the engineering geological model with the site. This task was
complicated by the different coordinate systems used in construction and the lack of survey logs available at the beginning
of the safety review.

5
NZSOLD ANCOLD Proceedings of Technical Groups

A

B

C

D

Figure 5

Evolution of incorporating historic plans, surfaces and borehole locations. A) Geo-location
of historical plan; B) Importing DEM to create 3D surface; C) Combination of historical plan
and DEM surface; D) Importing historical boreholes with lithological units.

Figure 6

North Pine Dam 3D engineering geology model with aerial photograph overlay. Shading
based upon weathering grades within rock mass.

From regional research of the geological setting, the project team developed an understanding of lineaments that could
affect the area and historical plans provided an interpretation of fractured zones associated with each lineament trace. Using
Leapfrog Works the historical plan was able to be draped onto the foundation surface and provided an early surface trace,
which was checked with Aerial Photograph Interpretation (API) of lineaments.
The historical plan was of assistance in checking the corrections to the grid system used to locate previous boreholes. The
borehole locations were imported next with reference against existing engineering geology sections for the dam site from
the 1966 design phase. Correlation between borehole log descriptions and engineering geology sections allows for
structures related to fractured zones to be defined including undulations within the trace. To add detail into the model,
physical properties including weathering, permeability, and rock strength were incorporated in 3D and checked against the
engineering geological units identified on historical engineering geological sections that were geo-located within the model
space. The result of importing the historical data including design plans and sections allowed a typical geological fence
diagram of design sections to be produced with fractured zone traces based on borehole data and aerial interpretation as
shown in Figure 7.
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Figure 7

Work flow for connecting fractured zones across boreholes from historical data. A) 3D
configuration of boreholes with geotechnical units; B) Analysis plan within model to
determine relationships of fractured zones; C) Assessment of fracture zone plane with
historical plan and surface traces.

To further refine the engineering geological model using historical data, the project team was able to use scanned
construction mapping of the foundation to overlay the foundation surface within the model and locate significant defects.
The available foundation mapping did not cover the centre spillway area of the dam, however, localised mapping found
during the data collection period, provided a correlation of small sections of foundation. Additionally the included
descriptions within the mapping allowed association of features to the origin of the defects in accordance with Australian
Standard AS1726-2017. The ability to associate historical descriptions to the origin of defects allowed structural geology
stereographic analysis to be included into the 3D model through the use of defect sets according to areas of the dam as
shown in Figure 8.

Figure 8

Structural geology assessment within the 3D model represented by defect discs within
model based upon mapping of areas.

Inclusion of the regional and local geology, historical investigations and construction data within Leapfrog allowed the
initial engineering geological model to be developed to a point where the background data was geo-located in one model.
The cost and benefits of further site investigations to improve the resilience of the engineering geology model was then
tested during a review workshop with the client, design team and Technical Review Panel (TRP). The project team assessed
the 3D model and dam structure in real time during a scope verification workshop with the TRP. The ability for the key
geological features or dam structures to be checked and understood with manipulation of the model interactively led to cost
savings in the proposed site investigation program. The model provided workshop participants with the ability to focus
discussion on key features in the foundation where further data was required and place boreholes to target areas with
potentially key geological features identified during construction as shown in Figure 9. This was particularly evident when
assigning the locations of proposed boreholes and further site investigations in the meeting with the model limiting the
need for ongoing discussions and providing confidence that “best for project” outcomes were being considered.
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Figure 9

Proposed borehole location and extents presented within 3D model for investigation
planning

Refinement of the engineering geological model
Following the scope verification workshop the works to refine the engineering geological model included:
 Geological mapping of exposures in the area including local quarries and an outcrop on the left abutment
 Diamond coring of 6 boreholes with water pressure testing and ATV/OTV data capture
 Test pit assessment of fill on left abutment
The refinement of the engineering geological model commenced by updating the model with new borehole engineering
geology data. Refinement continued by using the origin of defect information derived from historical mapping with the
new borehole logging to provide the project with specific details and 3D locations of significant defects under the dam for
stability assessment. The 3D engineering geological model allowed GHD to undertake steps 3 to 7 of Stapledon’s workflow
(Figure 2) multiple times as data was analysed and refined. An example of this process was using a feature identified in
the geological mapping, which was then targeted during site investigations using the 3D model to predict the intersection
of a borehole with the feature at an estimated depth as measured within the 3D model. The measurement taken from within
the 3D Leapfrog Viewer file showed the borehole should intersect the feature at approximately 2.8 m depth, with the
drilling subsequently intersecting the feature at 2.9 m. The 3D engineering geological model, with the confirming data
from the borehole, then allowed the team to interpret the features location and persistence further across the dam site to
assess its influence across the structure as shown in Figure 10.

Figure 10

Projected plane of geological feature to allow targeting of borehole intersection

3D models as an asset for the client
A benefit of the 3D engineering geology model for the client is the ability to maximise the value from expenditure.
Typically the biggest design cost for a dam study or upgrade, is related to the geotechnical investigation phase of the
project. Using the 3D engineering geological model at North Pine Dam it was possible to identify and collectively review
or comment on:
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 Specific engineering geological features and relationships;
 Areas of uncertainty within the dam site;
 Discrepancies of the various sources of information in previous engineering studies.
The nature of a well-developed 3D engineering geological model allows the client and designer to develop a targeted
approach to the site investigations, and most importantly, to target specific features or uncertainties in the foundation which
directly impact stability or may indicate kinematically feasible failure mechanisms. Future investigations directed by the
model can focus on either proving or disproving the assumptions and uncertainties in the model where the outcomes impact
on the dam. Therefore, it is important in delivering value and reliable outcomes that time is spent at the start of the
investigation process to collect all of the available geological and geotechnical information. This data collated and reviewed
in a 3D engineering geology model will help to formulate the best understanding of the expected ground conditions before
any further drilling or site work is undertaken.
The 3D engineering geology model can be used to add further value during the site investigation program by entering data
on an ongoing basis as it is logged, reviewing the model and modify the remaining investigations or borehole locations as
new information is obtained. This allows for a focused drilling and investigation program to deliver greater value for the
client.
The 3D aspect of the engineering geological model provides much improved stakeholder communications when developed
in a package such as Leapfrog. The client and other stakeholders can easily visualise the scale and location of geological
and engineering features at the dam site, and therefore more clearly understand the reasoning for design outcomes or
specific locations for future investigations. This was shown to be most effective during TRP workshops, where the client,
design team and review panel benefited from the ability to interrogate and assess the geological findings of the historical
data and new investigations collaboratively. The review workshop could focus on key design requirements and the
foundation features which may impact on them. One of the benefits of the model was to provide an interactive platform
during the workshop, which readily enabled the spatial evaluation of data in relation to the dam structures (Figure 11),
reducing the requirement to manually build the understanding using 2D visualisations such as hand drawn cross sections.
To create the 3D model in Leapfrog Works, all relevant data including images, plans, investigation data files, survey meshes
and interpreted meshes are compiled into a singular folder. This allows the information created by the 3D engineering
geological model to be zip filed to provide the client with a package of the information of the engineering geological model
for inclusion to other drafting design packages, and geotechnical information geo-spatially located in one place.
Having all available data in one location, with the added benefit of visualising the data in 3D space, allows easy access to
existing information on the dam for business planning to undertake future upgrades or dam safety geotechnical studies.
Another possible benefit is the identification of a dam safety issue where the understanding of the location of an emerging
issue in relation to the surrounding known data may assist with decision making. The 3D engineering geological model is
an asset for the client as once the data has been collected, entered and processed it provides a platform for review and
refinement according to proven engineering geology processes into the future.

Figure 11

3D engineering geological model with spillway structure

Conclusion
3D engineering geological models as undertaken at North Pine Dam demonstrate how a multi-sourced data platform can
be combined with geo-referenced locations data to allow the review and assessment of geological features during
engineering studies. The interactive nature of the model allows the project team, including owners, designers and technical
reviewers to collaboratively understand the foundation conditions, visualise potential issues and identify knowledge gaps.
The use of historical records of maps / plans, with construction data and post-construction investigations allows the client
to gain a 3D asset for dam safety reviews and upgrade planning. The assessed foundation conditions at a dam can become
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more certain as a 3D model allows historical data to be supplemented by new information as it becomes available. The
resilience of a dam can be evaluated as the ever-changing influences on the engineering design, including hydrological,
seismic, urban growth and human risk can be assessed against the physical capability of the structure. The benefits to the
client include:
 Inclusion of the historical data in the geographical space
 Gap analysis for future upgrades and safety reviews
 Cost effectiveness from a review based on a well-referenced / known data including sources
 Monitoring of performance of the dam against the identified features.
 Dam safety review for multidiscipline discussion
It is the ability to undertake a gap analysis and building an on-going information asset that assists the client the most. The
easily accessible, spatially distributed data available in a 3D model can assist in planning for a resilient dam and deliver
material cost savings in future investigations. The ability to monitor dam instrumentation is commonplace, but to assess
this data in 3D space with geological structures, whether they are regional or local is a future benefit of a 3D ground model,
which should be explored and offers a better tool for analysis and design of any future works.
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