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Maroon Dam is a 47.4 m high zoned earthfill dam completed in 1974. The dam is a multipurpose reservoir, which was constructed to provide potable water supply, irrigation,
flood mitigation and recreation.
A spillway adequacy assessment was completed for Maroon Dam by Sunwater in 2005.
GHD then completed an Acceptable Flood Capacity (AFC) study and foundation stability
assessments in 2011 and 2012. This work included detailed evaluation of the monitoring
data from piezometers, survey monuments, inclinometers and seepage weirs. In
particular, the piezometric pressure data provided a good basis for estimating the
response under extreme flood loading.
A detailed foundation model was developed showing the variability of the clay strengths
along potential failure surfaces. Simplified probabilistic analysis was completed to derive
maximum, average and minimum strength estimates for the foundation clay zones. The
clay strengths were also modelled using Mesri as a check on the curvilinear nature of the
material strength. The likelihood of embankment failure under various flood loads was
calculated using these strength estimates and this was used as the basis for estimating
slope failure likelihoods in the Portfolio Risk Assessment (PRA) for the Seqwater dams
(URS 2013).
The PRA model was then used by GHD for evaluation of the AFC upgrade options using
a risk analysis approach. The risk analysis considered the identified failure modes and
staging of the upgrade works, which was to be in accordance with the present
Queensland AFC Guidelines.
This paper will provide an overview of the dam and issues to be addressed in the
upgrade option selection, followed by details of the clay seam probabilistic strength
analysis and the approach used to determine the percentage AFC compliance using the
risk analysis.
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Introduction
Maroon Dam, which was constructed between 1969 and 1974, is a multi-purpose reservoir,
constructed to provide potable water supply, irrigation, flood mitigation and recreation. A
spillway adequacy assessment for Maroon Dam was completed by Sunwater in 2005. GHD
then carried out an Acceptable Flood Capacity (AFC) study and foundation investigations in
2011 and 2012. This work included detailed evaluation of the monitoring data from
piezometers, survey monuments, inclinometers and seepage weirs.
A detailed foundation model was developed showing the variability of the clay strengths
along potential failure surfaces. Simplified probabilistic analysis was completed to derive the
clay strengths for use in stability analyses to derive safety factors for the embankment slope
failure under various flood loads. This data was used as the basis for estimating slope failure
likelihoods in the Portfolio Risk Assessment (PRA) for the Seqwater dams (URS 2013).
The PRA model was then used by GHD for evaluation of the AFC upgrade options with
consideration of the identified failure modes and staging of the upgrade works, which was to
be in accordance with the present Queensland AFC guidelines.
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The use of the risk approach enabled the staging of the upgrade works to be clearly defined
with the potential for deferral or elimination of the final stage of the upgrade works on a risk
basis.
This paper will provide an overview of the dam and issues to be addressed in the upgrade
option selection, followed by details of the clay seam probabilistic strength analysis and the
approach used to determine the percentage AFC compliance using the risk analysis

Dam description
Maroon Dam has a maximum height of 47 m and a crest length of approximately 457 m. A
plan of the existing dam and the outline of the proposed Stage 1 upgrade is shown on
Figure 1. The dam embankment comprises an earth and rockfill section with a central earth
core, outer gravel drains and rockfill, with upstream and downstream weighting berms, as
shown on Figure 2. The weighting berms and pressure relief system were provided during the
construction to stabilise the dam, which was found to have sub horizontal low strength clay
seams in the foundation. The dam crest level is at EL 219.78 m AHD and the full supply level
(FSL) is at EL 207.14 m (hereafter, all levels are given as m AHD). The spillway comprises
an unlined channel excavated through rock on the right bank with the spillway crest level at
EL 217.51 m.
The outlet works consist of a low level single inlet tower with a cast in situ reinforced
concrete culvert passing through the embankment section, with a valve house located within
the core of the embankment.

Figure 1. Maroon Dam

plan of existing dam and outline of proposed Stage 1 upgrade

Operational performance
Owing to stability concerns with foundation clay seams and high embankment pore
pressures developed during construction, the reservoir water level has been controlled since
construction and was progressively raised after completion of the dam in 1974 from
EL 201.05 m to the design full supply level of EL 207.14 m in 2003.
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Figure 2. Maroon Dam

typical cross section

The reservoir capacity below EL 207.14 m is used for water supply, irrigation and recreation
while the reservoir capacity between the full supply level EL 207.14 m and the spillway level
EL 217.51 m is maintained for flood retention. The reservoir level has been successfully
controlled during operation using the outlet works, with the peak reservoir level during floods
being EL 210.0 m, which occurred on 11 January 2011. The operational performance was
taken into consideration in the probabilistic hydrological analysis used for the risk analysis.

Dam safety issues and upgrade options
Sunwater completed a spillway adequacy assessment for the dam in 2005 (Sunwater 2005)
in which it was found that the dam did not meet the Queensland Guidelines on Acceptable
Flood Capacity for Water Dams (2007) and was required to be upgraded under the
guidelines by 2015.
In 2012, Seqwater commissioned GHD to undertake further detailed design and
investigation work for dam upgrade works and, in 2013, Seqwater completed a portfolio risk
analysis for their dams, including Maroon Dam.
The outcome of these studies resulted in the following dam safety issues being identified;
Piping through the upper levels of the abutments above the levels where grouting and
pressure relief system had been installed during the original construction as follows.
Grouting on the right abutment was taken up to RL 215 m and the pressure relief
system was taken to RL 208 m. Drilling on the right bank identified colluvium above
RL 209 m and significant water loss also occurred at about RL 207 m.
Grouting on the left abutment was taken up to RL 212 m and the pressure relief
system was taken to RL 207 m.
Piping through the embankment. The existing filter Zone IIA was relatively wide, however,
a significant proportion of the filter was found to have fines in excess of 5%. Sand castle
testing (Figure 3) showed that the filter would not collapse and could result in piping
continuing through the filter. This reduced effectiveness of the filter was accounted for in
the continuation phase of the piping event tree used for the risk analysis.

Start of Test

30 mins

1 hour

Figure 3. Maroon Dam Zone IIA Filter typical sand castle test results
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Embankment Stability slope failures through the identified weak clay layers on the
abutments and river bed area.
Spillway where the unlined channel at RL 217.51 m was found to have relatively shallow
depths of erosion resistant rock in areas resulting in potential back erosion into the
reservoir.
Overtopping of the embankment crest RL 219.79 m in excess of 2 m with the design flood
resulting in overtopping breach.
Upgrade options to meet the required flood capacity and address the dam safety issues
identified include: abutment grouting and drainage works, increasing the downstream
weighting berm, control of the reservoir water level by modification of the existing spillway or
provision of a new spillway on the left or right abutments. These options are discussed in the
accompanying paper in this NZSOLD Conference by Messrs Lonie, Barker and Thompson
(Lonie et al. 2013).
The following sections describe the geotechnical modelling and risk analysis undertaken as
part of the GHD detailed design and investigation to confirm the dam upgrade works, in
particular, to address embankment stability.

Geology, geotechnical investigations and clay seam modelling
The geology of the site can be summarised as mudstones, siltstone, sandstone, shales with
some interbedding and occasional seams of clay. There are minor porphyry intrusions, major
basalt sills and dykes at several levels.
During construction, the dam foundation was found to have a number of low strength clay
seams that were continuous, parallel and perpendicular to the axis of the dam (Figure 4).
These clay seams resulted in substantial slope failures when excavating the outlet conduit
and led to extensive investigations using test pitting, drilling, sampling and testing of the clay
zones, as shown on Figure 5, to determine the nature and extent on site. During the original
design and construction, the weak clay layers were tested and found to have a residual
strength of 8°, however following expert review, this was increased to
13° to
account for shearing through the rock mass in the foundation (Knutt 1975).
The embankment design was then altered during the construction using the peak strength
for the clay layers and weighting berms were added on the upstream and downstream sides
of the embankment to improve embankment stability (Figure 2). A long term factor of safety
of 1.4 was accepted for the design on account of the understanding of the suspect materials
and ongoing monitoring of dam instrumentation.

Figure 4. Maroon Dam clay seam surfaces exposed in wave like formation
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Figure 5. Maroon Dam borehole layout and embankment stability section lines

In order to critically evaluate the embankment stability issues for the present study, a
detailed three dimensional geological model of the foundation area was developed using the
available design investigation borehole data, grout hole drill data and more recent
investigation boreholes shown on Figure 5. The model included about 200 data logs and was
used to take cross-sections along the dam axis and three sections with associated potential
failure planes identified in the geological model. These sections, which are shown on Figure
5, were used for stability analyses.
Section UA in valley bottom: Potential failure plane EL 165 m (See Figure 6)
Section UB on left abutment: Potential failure plane EL 180 m and 185 m
Section UF on right abutment: Potential failure plane EL 180 m

Figure 6. Geology of slope stability section UA, maximum section
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Shear strength analysis for foundation weak layers
The shear strength of the foundation weak layers was a critical factor in understanding the
potential for dam failure at higher reservoir levels. The shear strength of the weak layers
along the potential failure planes is controlled by the following geological factors:
Nature of material within the layer,
Extent to which the layer has been affected by tectonic processes such as folding,
shearing, normal faulting and intrusion of dolerite sills,
Extent to which the layers have been affected by erosion processes (valley stress relief,
landslides),
Continuity in direction of sliding,
The large scale undulations along the seams in the direction of potential sliding.
Owing to the uncertainty in these factors, the strengths were evaluated along the possible
failure surfaces identified at each slope stability section using a probabilistic approach
accounting for the following:
Clay origin
landslide clay
clay zone within the parent claystone rock
shear zone clay within parent rock claystone or siltstone
Extent of each clay zone along the potential failure surface
Waviness/undulations along the failure surface
The extent of the three clay types (landslide clay, clay zone and shear zones) was evaluated
for each possible failure surface at the three selected cross sections. The result for
Section UA is shown in Figure 6 and Table 1. These percentages were used to estimate the
combined strength along the failure surface for use in the slope stability analysis.
Table 1. Variation of weak zones along failure plane in Section UA at RL 165 m

Zone

Lower weighting

Expected weighting

Upper weighting

Landslide

30%

20%

17%

Clay Zone

60%

50%

36%

Shear Zone

10%

30%

47%

The available shear box and triaxial test data from testing completed in the 1970s, 1990 and
2012 was evaluated and the residual strength data was used to determine the minimum
shear strength with no roughness, minimum, expected and maximum strengths for each of
the failure planes as follows:
Identify test results along each section representative of the three weak zones,
Assess the effective roughness angle for the layers,
Obtain average and standard deviation, where possible, for all of the test results and for
each zone,
Calculate the average value of all data without allowance for variation of material zones
along the failure plane, with the average roughness as a check,
Estimate the upper and lower bounds for each zone using the average plus or minus the
standard deviation or the maximum or minimum where there were insufficient test results
to calculate a standard deviation,
Using the weighting for the seams and the average, upper and lower bounds, calculate
the strength versus normal stress distribution for each layer and for the combined zones
along the identified failure surface.
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The tests identified to represent the three zones at RL 165 m on Section UA are shown in
Figure 7.

Figure 7. Maroon Dam strength data for Section UA

NOTE: the Mesri curves shown in Figure 7 are provided for illustration only to assist the
reader in interpreting the curvilinear nature of the measured strength envelopes and have
not been used in the evaluation of the strength parameters for the slope stability analysis.
(Mesri and Shahien 2003; Mesri and Abdel-Ghaffar 1993)

Effective roughness
The additional roughness along the failure surface to be added to the shear strength data for
the three zones is shown on Table 2. These values were evaluated using Figure 16.7 of Fell
et al. 2005 reproduced below as Figure 8. The angle of incidence (i) of the planes was
assessed to be 5° based on exposures of the clay zones similar to those shown on Figure 4.
The thickness of the clay was taken to be 20 mm with amplitude of 100 mm resulting in an
effective roughness angle of 4°. This value was taken as being representative of the shear
zones and the effective roughness values were reduced to 2° for the clay zones and 1° for
the landslide clay.

Figure 8. Effective
roughness angle (i) for
seams (Fell et al. 2005)
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Using the expected weighting for the proportion of the three zones along the potential failure
plane, the average roughness to be added to the average friction angle of all the results was
calculated to be 2.4° for Section UA, as shown in Table 2.
Table 2. Maroon Dam Section UA average roughness using expected weighting
for weak zones at RL 165 m

Zone

Roughness
angle
(°)

Expected
weighting for
weak zones

Assumed
Roughness
(°)

Lower
weighting
for weak
zones

Upper
weighting for
weak zones

Landslide clay

1

20%

0.2

30%

17%

Clay zone

2

50%

1.0

60%

36%

Shear zone

4

30%

1.2

10%

47%

Average roughness of failure plane

2.4

The average friction angle for all of the test results, together with the maximum and minimum
data and the average value of all the data with the additional roughness along the failure
plane was then calculated, as shown in Table 3 and Figure 7.
Table 3. Maroon Dam Section UA average strength along potential failure plane at RL 165 m

Effective
stress
(kPa)

Average friction
angle
(°)

Maximum
angle
(°)

Minimum
angle
(°)

Average value of all data
with average roughness
(°)

50

12.3

17.2

9.2

14.7

200

10.4

12.5

7.0

12.8

400

9.9

12.1

7.7

12.3

800

10.2

13.3

7.2

12.6

The average strength for each of the zones (landslide clay, clay and shear zone) was
calculated using the data from the respective tests as shown in Table 4. The strength along
the potential failure plane was then calculated using the expected weighting of the three
zones giving the expected strength with no allowance for the additional joint roughness, as
shown in Table 4 and Figure 7.
Table 4. Maroon Dam Section UA average strength values along potential failure plane at RL
165 m with no additional joint roughness

Effective
stress
(kPa)

Zone and representative tests
Landslide/clay
samples friction
angle
(°)

Clay zone
samples friction
angle
(°)

Shear zone
samples friction
angle
(°)

UA section expected
strength with no
roughness
(°)

50

11.3

11.3

20.5

14.1

200

10.1

10.1

15.8

11.8

400

8.4

9.6

15.2

11.0

800

9.1

10.0

14.1

11.0
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The expected strength along the failure plane was then calculated using the average friction
angle test results and the additional joint roughness value with the expected, lower and
upper weighting, as shown on Table 5 and Figure 9. These data were the final strength
values used for the slope stability analyses.
Table 5. Section UA stability analysis strength data for potential failure plane at RL 165 m

Effective
stress
(kPa)

Lower strength
with no
roughness and
lower weighting
(°)

Lower strength
with roughness
and lower
weighting
(°)

Expected strength
with roughness and
expected weighting
(°)

Upper strength
with roughness
and upper
weighting
(°)

50

9.5

11.4

16.5

19.8

200

9.0

10.9

14.2

18.0

400

8.3

10.2

13.4

17.0

800

7.6

9.5

13.4

17.2

Figure 9. Section UA
stability analysis
strength data for
potential failure plane
at RL 166 m

Pore pressure data
There are 55 hydraulic and 10 vibrating wire piezometers which were used to evaluate the
foundation and embankment pore pressures for normal and flood operation. The piezometer
layout within the embankment and foundation for the highest section of the embankment is
shown in Figure 10. This section also shows the location of the settlement points and some
of the inclinometers installed at the dam.

Figure 10. Maroon Dam instrumentation at river bed Section UA
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The piezometers are responding as expected to changes in reservoir level and the data, as
shown in Figure 11, for the foundation piezometers at the river bed section confirms that the
grout curtain and foundation drainage system are working well. The embankment
piezometers also show a normal development of pore pressures. The data from the
piezometers at each location of the embankment was used to predict the increase in
foundation and embankment pressures for reservoir levels up to the highest design level for
the PMP-DF, as shown in Figure 11.

Figure 11. Maroon Dam Section UA response of foundation piezometers at river bed

Stability analysis
Slope stability analyses were completed for each selected section with the programme
Slope/W using the strength data for the various embankment zones and the piezometric
pressure data for the embankment and foundation. The results for Section UA are shown in
Figure 10.

Figure 12. Maroon
Dam Section UA
stability analysis
results for flood and
normal loading

The stability analysis results were found to be satisfactory at reservoir levels below full
supply level for all strength conditions. However, the factor of safety using the minimum clay
seam (weak layer) strength with no roughness was estimated to fall below 1.0 for reservoir
levels exceeding EL 215 m (2.5 m below the spillway level). Probabilities of slope failure
were assigned in the risk analysis using the results from the stability analysis.

Hydrological analysis
During the Seqwater Portfolio Risk Assessment, a reservoir level frequency curve was
developed by URS and GHD, as shown in Figure 13 (GHD 2013). Subsequently, as part of
the detailed study for the upgrade options, a probabilistic reservoir level frequency curve was
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developed. The resulting flood frequency curves and the representative reservoir levels used
for the risk analysis are shown on Figure 13.
There is uncertainty in the development of the flood frequency data inherent in both the
model and the input data, as well as interpretation of data. Consequently, the URS, GHD
and probabilistic models were used to evaluate the risk and the AFC compliance when
selecting the preferred option. The final design for the selected upgrade option has been
completed using the probabilistic model given that this was developed using a rigorous
approach rather than the more simplistic approach used for the PRA. The probabilistic model
also underwent a greater amount of review by the Client.

Figure 13.
Maroon Dam
flood
frequency
analysis

Figure 13 shows:
The frequency distributions are all almost linear on the log normal plot for floods between
1 in 5 AEP and 1 in 100 AEP, and floods between 1 in 1000 AEP and the PMP-DF.
The spillway level of RL 217.5 m is not exceeded for any of the flood distributions below
the 1 in 100 AEP events. This means that the reservoir is effective in acting as flood
retention storage. The percentage of AFC flood storage can be determined using the
percentage of the AFC flood volume, and no flood routing of the floods is required below
the 1 in 100AEP flood.
The linearity of the flood frequency distribution between the 1 in 1000 AEP event and the
PMP-DF allows these two events to be used to define the percentage AFC compliance
over this range of floods. The AFC percentage compliance flood can be evaluated using
the approach given in the Department of Energy and Water Supply (DEWS) AFC
guidelines (DEWS 2013) by proportioning the AFC inflow flood to obtain the required
flood level after flood routing through the spillway.
Based on these observations, the flood volumes obtained from the probabilistic model for the
events between 1 in 2 AEP and 1 in 100 AEP were used to determine the starting level for
these floods for each flood frequency distribution, assuming that the full flood volume is
stored in the reservoir.
The 1 in 1000 AEP event and the PMP-DF critical duration floods were routed through the
reservoir to determine a relationship between the per cent AFC and peak reservoir level.
These per cent AFC levels were then used in the risk analysis model to evaluate the AFC
compliance on a risk basis.
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Upgrade options detailed risk assessment
The Seqwater Portfolio Risk Assessment data for Maroon Dam was provided by URS to
GHD who developed a risk analysis model. The flood events and interval data used for the
risk analysis are shown in Table 5.
Table 6. Risk analysis reservoir level interval data

Flood Event

Normal

EL
(m AHD)
193.00

FL1

EL207.14 to EL 209.99 m AHD

FL2

EL209.99 to EL 217.5 m AHD

200.07

FL5
FL6

FSL
208.565

209.99

Historic High

217.50

Spillway Level

213.745

EL 217.5 to EL 219.79 m AHD

218.645
219.79

FL4

Mean EL
(m AHD)

<FSL

<EL 207.14 m AHD
207.14

FL3

Description

DCF

EL219.79 to EL 220.0 m AHD

219.895
220.00

DCF + 0.2m

220.30

DCF + 0.5m

EL220.0 to 220.3 m AHD

220.15

>220.3 m AHD

220.3

The following failure modes (Table 7) were included in the risk analysis for which system
response curves were developed. A typical set of response curves for the slope instability
failure modes 2a to 3c are shown on Figure 14.
Table 7. Risk analysis failure modes

Flood

Normal

F1

Failure Mode Description
Flood overtopping

F2a

F3a

Downstream stability main dam

F2b

F3b

Downstream stability left abutment

F2c

F3c

Downstream stability right abutment

F4a

F5a

Piping through embankment dessication cracking

F4b

F5b

Piping through embankment poorly compacted layer

F4c

F5c

Piping through embankment poorly compacted layer along conduit

F4d

F5d

Piping through embankment cracking induced by foundation movements
Piping through embankment cracking induced by foundation movements
during earthquake
Piping through foundation right abutment

E5d
F6

F6
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Figure 14.
Maroon Dam
system response
curves for slope
instability failure
modes

The model was run for the existing dam configuration and various upgrade combinations
using the URS, GHD and probabilistic flood frequency curves. The system response curves
were integrated with the flood frequency intervals to estimate the annual failure probabilities.
Using the estimated life loss, the risk to life and financial risk cost were calculated for each
option. The results for the risk to life are shown in Figure 15.

Figure 15. Maroon Dam risk to life reduction with flood frequency data variation

The analyses showed that the majority of the risk (70-98%) occurred with reservoir levels
below the dam crest level, with the interval level of RL 218.65 m for the reservoir level range
from the spillway crest level RL 217.5 m to the dam crest level RL 219.79 m. The highest
risks for this flood range were abutment piping and embankment stability. This level was,
therefore, considered to be the level where the dam is not capable of safely passing the
design flood. The percentage AFC compliance was, therefore, calculated with the PMP-DF
fall-back flood using this reservoir level as discussed below.
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AFC compliance
Fall-back position AFC compliance
The Queensland AFC guidelines suggest that the AFC percentage compliance be calculated
with the starting reservoir level at the full supply level (RL 207.14 m), however, in the case of
Maroon Dam the initial level for the fallback position was required to be at the spillway crest
level of RL 217.5 m. The probabilistic flood frequency analysis showed that the reservoir
start level for the PMP-DF was about RL 215.0 m based on historical data. The AFC
compliance was, therefore, calculated for the peak reservoir level of RL 218.65 m, using
both of these reservoir starting levels with the six-hour PMP-DF storm for comparison, as
shown in Table 8.
Table 8. AFC compliance using fall-back position analysis and risk analysis
interval level RL 218.65 m

Description

Start reservoir level

Initial water level

217.5 m AHD
AFC guideline start level

215 m AHD
probabilistic analysis start level

Peak water level

218.65 m AHD

218.65 m AHD

Peak inflow

516 m³/s

1,075 m³/s

Peak outflow

252 m³/s

252 m³/s

Hydrograph duration

6 hours

6 hours

Percentage AFC

15.7%

32.7%

A comparison of the results shown in Table 8 with the AFC compliance given on Table 9
shows that the dam will require upgrading by 2015 to ensure that it is capable of safely
passing 25 percent of the PMP-DF, should the fall-back option be adopted, and by 2025
should the probabilistic option be adopted.

Risk assessment AFC compliance
The AFC percentage compliance using risk analysis is the percentage over the full range of
floods that is required to lower the risk to the tolerable line or achieve the percentage AFC
compliance levels given in Table 9.
Table 9. DEWS guidelines on acceptable flood capacity for water dams, January 2013 (Table 3)

Tranche

Required minimum flood
discharge capacity

Date by which the required minimum flood
capacity is to be in place for existing dams

1

25% of AFC or at least 1:2000
AEP for erodible dam
embankments (whichever is the
bigger flood)

1 October 2015

2

65% of AFC

1 October 2025

3

100% of AFC

1 October 2035

The PRA model was used to evaluate the percentage compliance with the URS, GHD and
probabilistic models as follows:
The starting reservoir level for the URS, GHD and probabilistic flood frequency data with
the Spillway at RL 217.5 m was determined
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The reservoir level over the full range of floods from 1 in 2 AEP event to the PMP-DF was
calculated using the percentage AFC flood volume for floods below the 1 in 100AEP, and
routing of the floods for floods above the 1 in 1000 AEP
The percentage was changed until the societal risk was at the tolerable limit line
In the event that the risk could not be lowered to the tolerable limit line, the societal risk
was estimated using the DEWS compliance values of 25 percentage compliance
Risk data for the analyses included:
summary risk with reservoir levels
societal risk
percentage risk contributions
frequency plots
The analyses showed that the requirement for passing 25 percent of the AFC flood by 2015
could be achieved with the GHD and probabilistic flood frequency data but not with the URS
flood frequency distribution. The existing dam was found to be 60 percent compliant using
the GHD and probabilistic flood frequency data.
The societal risk with the URS flood frequency distribution lowered to 25 per cent
compliance is shown in Figure 16, and the adjusted flood frequency data for this analysis is
shown in Figure 17.

Figure 16. Maroon Dam societal risk for 25 percent compliance using
URS flood frequency data

Using the URS flood frequency distribution will require upgrade works to be completed by
October 2105 to lower the risk to below the ANCOLD limit of tolerability. The provision of
grouting and pressure relief system on the abutments to minimise the potential for abutment
foundation piping and embankment failure at RL 218.65 will lower the societal risk to an
acceptable level using the URS flood frequency distribution, as shown in Figure 18.
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Figure 17. Maroon Dam flood frequency for 25 percent compliance
using URS flood frequency data

Figure 18. Maroon Dam societal risk for 25 percent compliance with abutment piping upgrade

Staging design
The risk analysis percentage AFC compliance was calculated for each of flood frequency
distributions, as shown in Table 10. This data was used to provide Seqwater with the most
appropriate solution over the long term planning horizon, which indicated the following:
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The abutment upgrade works are required by 2015 using the URS flood frequency
distribution
The overtopping upgrade for the 2035 compliance may be deferred using the probabilistic
flood frequency data.
Table 10. Maroon Dam upgrade options sequencing using risk analysis with the available
flood frequency distributions

AFC requirement

25% AFC

65% AFC

100% AFC

Date for Compliance

2015

2025

2035

URS

<25%
Abutment upgrade

65% OK

<100%
Slope stability upgrade

GHD

OK
60% AFC

<65%
Abutment
upgrade

<100%
Slope stability upgrade
Overtopping upgrade

Probabilistic analysis
existing spillway
RL 217.5 m

OK
60% AFC

<65%
Abutment
upgrade

<100%
Slope stability upgrade
(overtopping upgrade
may not be required)

Flood frequency data

Conclusions
Maroon Dam has been identified as requiring upgrade by 2015 in order to comply with
Queensland AFC guidelines and address dam safety issues identified during GHD detailed
design and investigation works.
Extensive geological modelling and analysis was used to evaluate the nature and extent of
low strength clay seams in the dam embankment in an effort to provide the most accurate
representation of the materials along the predicted failure surface and most realistic
modelling results for embankment stability.
Probabilistic methods were used to determine the most realistic reservoir starting level for
flood modelling, which was subsequently used for AFC compliance analysis.
The final proposed upgrade design will meet the requirements of the Queensland AFC
guidelines and address the dam safety issues identified. The percentage AFC compliance
using the risk analysis approach was successfully used by GHD to confirm the proposed
staging of the works over the long term planning horizon. This approach has also identified
the potential for deferral or elimination of part of the final stage of the upgrade works in 2035
on a risk basis.
Construction for the upgrade works is scheduled as follows:
Stage 1 by 2015
Abutment piping upgrade comprising grouting and pressure relief systems to EL 219.5 m
Stability upgrade with a 30 m wide berm using material borrowed from the spillway chute
Stage 2 by 2035
Abutment piping upgrade comprising grouting and pressure relief systems to EL 222.4 m
Berm to 47 m wide with toe erosion protection using concrete piles
Overtopping upgrade crest wave wall to EL 222.8 m
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