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ABSTRACT  
 
Bromelton Offstream Storage is a 7500ML ring tank dam, 4.2km long and up to 10m in height and now 
owned by SEQ Water.  The design and construction was undertaken by the Water Infrastructure 
Solutions Alliance as part of the Logan River Early Works forming part of the South Eastern Water 
Grid and developed for Queensland Water Infrastructure.  The dam‟s footprint lies partly on residual 
tertiary basalt and partly on alluvial deposits grading from high plasticity clays to sands and gravels at 
depth.  Over 800,000m

3
 of high plasticity clays from the site were used as the main embankment fill.  

An innovative design of imported fine filter and subsurface drains was used to protect the dam against 
piping failure through drying shrinkage cracks in the crest whilst providing an economic solution.  A 
similar arrangement was used in the upper part of the foundation to protect against piping through the 
fissured clays that formed the foundation of the dam.  This paper presents an outline of the innovative 
design and construction of this dam maximising the utilisation of the local materials whilst addressing 
significant geotechnical risks cost effectively through the use of geosynthetics.  The paper then 
addresses the investigation, analysis and remedial works conducted into seepage that emerged from 
a short section of the alluvial foundation on first filling.  Innovative use of wick drains within sand filter 
columns proved to be an effective solution to reducing the foundation pressures. 
 
Keywords:  Filter design, geosynthetics, risk assessment, foundation seepage, wick drains, 
remediation 
 
1 PROJECT DESCRIPTION 
 
Bromelton Offstream Storage (BOS) and pump station is located on the Logan River flood plain 
approximately 65km south of Brisbane.  It was developed as part of the South East Queensland water 
grid through Water Infrastructure Solution Alliance (WISA) comprising Macmahon contractors, Hydro 
Tasmania Consulting (Entura) and SMEC, with Queensland Water Infrastructure as the principal.  The 
purpose of BOS was to provide an off-stream storage that could store flood water harvested by the 
pump station from the Logan River, which can be later released to support irrigation and other water 
demand downstream during low flows in the river.  On completion of the defects liability period, 
ownership and management of the pump station and storage passed to SEQ Water.   
 
2 GEOLOGY AND GEOTECHNICAL CONDITIONS  
 
The earliest investigations within the vicinity of BOS were undertaken by the Geological Survey of 
Queensland (Queensland Department of Mines, 1978) and identified four geological formations: 

 Quaternary Holocene Alluvium comprising gravel, sand, silt and clay deposits in the lowest 
river terraces; 

 Quaternary Alluvium comprising clay, silt, sand and gravel of floodplain alluvium; 

 Tertiary Beaudesert Beds comprising basalt and dolerite sills and carbonaceous shale; 

 Jurassic Walloon Coal Measures which include shale, siltstone, sandstone with coal seams 
included 

Site specific investigations were conducted in 4 separate campaigns between 2006 and 2007, and 
included a total 21 boreholes, 53 test pits and 8 CPTs.  These investigations confirmed that there were 
only two geological formations present: Quaternary Alluvium and Tertiary Basalt of the Beaudesert 
Beds (Figure 1).  The Quaternary Alluvium was a black to dark brown, high plasticity clay (CH) of 
between 5 to 10m deep, overlying silts, sands and gravels overlying the Beaudesert Beds bedrock.  
The Tertiary Basalt covered the higher areas to the south-west, west and north-west of the site and 
comprised 3 to 6m of high plasticity silty sandy clay (CH), orange brown, overlying weathered basalt.   
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Figure 1. Plan view showing geological boundaries and foundation seepage area 
 

3 DESIGN INNOVATIONS 
 
3.1 Objective of dam design 
 
The objectives of the dam were to create an off-stream storage with a minimum commandable storage 
capacity of 7,000ML and a design life of 50 years.  The dam design was required to satisfy all relevant 
guidelines and current engineering practice, maximise the use of construction materials from the site, 
utilise the available acquired land and have a total cost less than or equal to the target cost estimate 
(TCE) set by WISA.  Incentives were also provided to complete construction by a target date. 
 
3.2 Geotechnical issues at the dam site 
 
The two principal soil types at the site were identified to be: (1) high plasticity alluvial clays and (2) 
high plasticity residual basalt clays.  The high plasticity alluvial clay material was assessed to have the 
following geotechnical issues: highly fissured, low shear strength, susceptible to desiccation cracking, 
spatially variable with some areas of higher permeability and some areas potentially susceptible to 
liquefaction and low constructability due to being non-trafficable and unworkable when saturated.  The 
high plasticity residual basalt clay material was assessed to have the following geotechnical issues: 
some fissuring, low shear strength, highly dispersive and low constructability due to being non-
trafficable and unworkable when saturated.  Foundation seepage was also identified as a potential 
issue, however, the significant depth of alluvial clays across the site and clay over the tertiary basalt 
were thought to provide a sufficiently robust impermeable barrier, provided that borrow operations left 
adequate clay in place. 
 
3.3 Selection of dam alignment and dam zoning 
 
The dam alignment was selected to maximise the use of the higher topography to maximise the 
storage volume to dam volume ratio and maximise storage depth to minimise evaporation losses.  
One of the issues with utilising the higher topography was blocking natural drainage channels.  An 
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extensive perimeter drainage system was required which needed to be traded-off against the savings 
in dam volume.  A plan view of the adopted dam alignment is shown in Figure 1. 
 
Due to the availability of sufficient volumes of readily available clay material on site, an earthfill dam 
design was adopted.  The adopted dam zoning included dam crest and foundation toe filters, 
upstream and downstream berms and rip rap on the upstream face.  The justification for the adopted 
dam zoning is provided in the following sections.  A typical dam section, including details of the dam 
crest and foundation filter outlets, is provided in Figure 2. 

 
Figure 2. Typical embankment section including dam crest and foundation filter outlet details 

 
3.4 Dam hazard category 
 
A dam failure impact assessment (FIA) was undertaken in accordance with NRW (April 2002).  The 
assessment found 2 houses (6 persons) to be at risk both to the south-west and north-east of the 
dam.  As the dam can only breach by one failure mode in one location along its alignment, a failure 
impact rating of „Category 1‟ in accordance with NRW (April 2002) and a dam hazard category of „High 
C‟ in accordance with NRW (February 2007) was adopted. 
 
3.5 Dam risk assessment 
 
Current engineering practice for a „High C‟ hazard category dam would generally require full-height 
conventional filters and drainage systems.  However due to the long dam length and lack of filter 
material on site, the specification of full-height filters was not considered acceptable by WISA from a 
cost or schedule perspective.  Hence a dam risk assessment was undertaken in accordance with 
ANCOLD (October 2003) to determine whether alternatives to full-height filters would satisfy the risk 
guidelines. 
 
The assessment covered only internal erosion and piping failure modes.  Event tree methods were 
used to quantify the credible failure modes.  Piping through the embankment and through the 
foundations was assessed at three dam sections, as well as piping along the outlet conduit.  Three 
dam zoning configurations were assessed: (1) without filters, (2) full-height „chimney drain‟ filters and 
downstream filter blanket and (3) dam crest and foundation toe filters only. 
 
For those dam sections located upstream of the houses, the societal life risk and individual life risk 
was found to be unacceptable without filters installed.  For the two configurations with filters the risk 
was found to be tolerable, however there was found to be little difference from installing full-height 
filters over the dam crest and foundation toe filter configuration.  This is because the dominant failure 
modes were associated with cracking in the dam crest due to desiccation and cross-valley differential 
settlement and piping through the fissured dam foundations.  Hence the dam crest and foundation toe 
filter configuration was adopted for protection of the population and to reduce business risk over the 
life of the asset. 
 
3.6 Filter design 
 
The adopted filter design (Figure 2) comprises: (1) a dam crest filter which is a 450mm wide, 3m deep 
vertical trench centrally located on the dam crest with transverse drainage outlets located at 50m 
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spacing and (2) a foundation filter which is a 450mm wide, 3m deep vertical trench located at the 
downstream toe with transverse drainage outlets located at 50m spacing and confined by a weighting 
berm.  The filter design considered the following: 

 Zone 2A filter material (fine-medium natural sand) was readily available locally. 

 Filter design was undertaken in accordance with Fell et al (2005). 

 The Zone 2A filter material was too impermeable to drain leakage in the dam crest or 
the modelled seepage within the foundations with outlets located at 50m centres. 

 A strip drain was installed in the transverse drainage outlets and a perforated 
agricultural drain was provided along the base of the dam crest filter trench to 
increase drainage capacity. 

 Geotextile was installed along the downstream side of the dam crest filter trench to 
prevent migration of the Zone 2A filter into possible desiccation cracks. 

 A strip drain was installed longitudinally at the top of the foundation filter trench and in 
the transverse drainage outlets to provide the necessary drainage capacity. 

 The dam crest and foundation filter trenches were excavated with a customised 
trenching machine allowing rapid progress and minimal over break.  Filter compaction 
was undertaken with water and rod vibrators. 

 
3.7 Erosion protection of upstream face 
 
Protection was required to prevent erosion of the upstream face due to wave action.  Rip rap material 
was not available on site and local rip rap sources had supply constraints and failed the grading 
requirements.  The use of imported rip rap over the entire upstream face was not considered 
acceptable by WISA from a quality, cost or schedule perspective.  Options were assessed to reduce 
the quantity of rip rap whilst ensuring the long-term integrity of the dam and considered factors such 
as the prevailing wind direction, the expected storage operation regime, turbidity issues and upstream 
slope stability.  The adopted option involved eliminating rip rap below RL40m over a 900m length of 
the eastern embankment and constructing a sacrificial random fill berm.  In order to prevent wave 
action washing out the fines through the voids in the rip rap, robust geotextile was used in place of a 
transition zone.  This resulted in significant cost savings and shortened the construction schedule. 
 
4 DETECTION AND INVESTIGATION OF FOUNDATION SEEPAGE 
 
During first filling of the reservoir, a small amount of seepage was observed in the perimeter drain at 
one location along the embankment when the reservoir was approximately 1.4m below Full Supply 
Level (FSL).  An engineering inspection was undertaken and seepage was also observed coming from 
the filter outlet drains at CH3300m and CH3350m in the same area.  Reservoir filling operations were 
stopped and more intensive monitoring was undertaken. A second engineering inspection after two 
months found seepage occurring beyond the perimeter drain. A detailed review of the existing 
geotechnical information showed nothing untoward, but there were no investigations at the location of 
the seepage.  Geotechnical investigations into the downstream foundation were undertaken between 
CH3375m and CH3235m via auger holes arranged in a grid with five rows along the dam alignment 
and three rows perpendicular.  Boreholes were drilled and logged at selected grid points.  Where 
deemed appropriate, Casagrande type piezometers were installed to enable ongoing monitoring of the 
foundations, with the piezometers installed at up to three different levels in each hole.  
 
A geological model of the foundation around Chainage 3300m was developed to explain the seepage.  
This geological model is shown in Figure 3.  Key findings of the investigation were: 

 The main extent of the feature was between Chainage 3300m and 3350m and tapered in both 
directions. 

 The foundation in the key area of seepage consisted of 3 to 4m of high plasticity low permeability 
clay overlying a more permeable 3 to 4m deep layer of highly fissured clay, overlying silty sand to 
depth. 

 Upstream, it was inferred that the low permeability high plasticity clay had been removed as part 
of the borrow operations, allowing water from the reservoir to enter the permeable materials. 

 Downstream, the low permeability clay formed a cap preventing relief of the foundation pressures 
and reducing the filter effectiveness and water was forced through the upper clay layer in places. 
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Figure 3. Section at foundation seepage area showing geological model and remedial works at the 
downstream toe 

 
5 ANALYSIS AND REMEDIATION OF FOUNDATION SEEPAGE 
 
Monitoring of the piezometers confirmed that there was a confined aquifer within the foundations and 
that the pressures were higher than initially modelled during design for this area.  Two potential dam 
failure modes were envisaged that could be linked to the high pressures within the foundation: 

 Increased pore pressures leading to slope instability failure of the dam; and 

 Heave at the downstream toe leading to backward erosion piping failure of the dam. 
 
Two dimensional finite element seepage modelling was undertaken and calibrated against the known 
piezometer levels. The relative permeability characteristics of the materials were confirmed by 
comparing the outputs of the seepage modelling with the known piezometric pressures. The stability of 
the dam was re-analysed using the original design material properties and actual foundation pressures 
using limit equilibrium method software.  The factor of safety against slope instability was 1.43 at FSL 
compared with 1.45 during design, indicating there was negligible increase in risk to the dam.  
 
The factor of safety against heave (unit weight of confining layer divided by pore pressure at that 
point) at the downstream toe was 1.35 with the reservoir 1.4m below FSL. The seepage modelling 
predicted that with steady state seepage at FSL, the downstream phreatic surface would rise ~0.15m 
and the FOS against heave would reduce to 1.2.  A quantitative risk assessment concluded that for 
the failure mode of heave leading to backward erosion piping would lead to an unacceptable risk if the 
dam was to develop steady state pressures at FSL.  The remedial works included (Figure 3): 

 Construction of an access berm at the toe of the downstream berm of the embankment to 
allow installation of the pressure relief wells; 

 Auguring of pressure relief wells to a depth of approximately 8m to intersect the permeable 
fissured clay and silty sand layers and backfilling with filter sand; 

 Construction of a subsurface drainage system to connect the wells and provide a drainage 
path out to the perimeter drain and a monitoring point. 

 
Installation of the wells was not as successful as expected, as the filter sand supplied had an 
excessive amount of fines, resulting in insignificant pressure relief.  Soil wick drains were installed to 
increase vertical permeability as a quicker and more economical solution to a conventional slotted 
PVC pipe which would require a redrill the wells. In addition the following was undertaken:  

 Boring additional pressure relief wells between the original wells including a soil wick drain.  

 Cleaning out the perimeter drain and installing a sand filter and rockfill drainage layer to 
stabilise the access berm and provide additional piping protection; 

 Rerouting of the perimeter drain downstream of the original location and using the material 
excavated to provide additional stability to the affected area. 
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6 POST-REMEDIATION DAM PERFORMANCE  
 
An example of the Casagrande piezometer data is shown in Figure 4 for row 3 (chainage 3310) which 
is located approximately in the centre of the more permeable foundation feature.  Only the lowest 
(approximately RL29.5m in the silty sand layer) of the nested piezometers are shown in the figure.  
The designation „A‟ applies to the piezometers located upstream of the original foundation filters, „B‟ 
just downstream of the foundation filters and „C‟ at the downstream extent of the remedial works berm.  
A and B piezometers show little difference, confirming that the original foundation filters were not 
sufficiently deep to intercept the zone of higher permeability.  The solid vertical line represents the 
date of the installation of the wick drains and a rapid decrease in the foundation pressure is observed 
at all piezometers in response.  All piezometers show responsiveness to changes in reservoir levels 
over time, and importantly, foundation pressures continue to fall, thought to be a result of a layer of silt 
being deposited over the invert of the reservoir, including the exposed fissured clay.   
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Figure 4. Time series of phreatic surface within foundations versus storage levels at chainage 3310m. 
 
7 CONCLUSIONS  
 

Bromelton Offstream Storage presented a challenging geotechnical environment in which to construct 
a dam.  Issues included: fissured, dispersive, low strength, high plasticity clays on site and the 
potential for seepage through the deep alluvial foundations.  Through an innovative use of geotextiles, 
a cost effective solution to minimising the piping and slope stability risks posed by the insitu clay 
materials was developed using locally sourced sand, filter fabric and sub-surface drains.  Seepage 
and associated artesian foundation pressures developed through the alluvial foundations over 
approximately 50m length of the 4.2km long embankment during first filling.  Construction of sand filter 
columns with wick drains and a weighting berm provided a simple solution to address the issue.  
Performance of the dam since completion of the remedial works has been within design expectations. 
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