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ActewAGL House

Level 5, 40 Bunda Street
Canberra ACT 2600

GPO Box 366 Canberra ACT 2601

Tel. 131493
Fax. (02) 62497237

30 November 2012-

Contact; RECEIVED
Ph: WorkSafe ACT
Mob:

File: H09/0213/2 Doc#643902

Director General

Environment and Sustainable Development Directorate
GPO Box 158

Canberra ACT 2601

ACT Work Safety Commissioner
Worksafe ACT

GPO Box 158

Canberra ACT 2601

Attention: Greg Mason

Enlarged Cotter Dam - Stability Review of Dam Post Cracking

Please find attached a copy of the report ‘Enlarged Cotter Dam — Additional Finite element Analysis of
Cracked Section’, Report No GHD-ECD-DAM-GN-RPT-0005, November 2012. This document is also
being separately transmitted to you electronically.

Following the identification of the cross valley cracking in the dam along the surface of the placed roller
compacted concrete (RCC) at RL 511.3 m AHD in April 2012, the Bulk Water Alliance (BWA) undertook
a number of analyses to assess the potential of the propagation for the crack and the stability of the
dam should there be any significant propagation and movement along the crack.

This work was undertaken in a number of stages. The intent of the initial stage (undertaken in May
2012) was to provide sufficient confidence that defensive measures employed to limit the propagation of
the crack were adequate and therefore ongoing placement of the RCC was possible. (See report
‘Enlarged Cotter Dam Cross Valley Cracking', Report No GHD-ECD-GEN-GN-RPT-6103, July 2012 —a
copy of which has previously been provided.)

The later analysis as discussed in the attached report (‘Enlarged Cotter Dam — Additional Finite element
Analysis of Cracked Section’, Report No GHD-ECD-DAM-GN-RPT-0005, November 2012) provides a
more rigorous analysis confirming assumptions made in the initial stages, and assessing the cracked
dam for more long term load cases based on thermal and seismic loading of the dam.

Conclusions from the May 2012 Analysis

The initial analysis, undertaken in May 2012, assumed that the crack would propagate the downwards
from the RL 511.3 m AHD level to the foundation. This assumption was based on previous thermal
analysis which showed tensions in the lower part of the dam. And although these tensions were within
acceptable limits, it was considered prudent to conservatively assume that cracking would occur, given
the known crack at RL 511.3 m AHD. This analysis showed that upward propagation of the crack was
unlikely even without the defensive measures employed.

ACTEW Water a business name owned by ACTEW Corporation Limited ABN 86 069 381 960.




194 of 477

Conclusions from November 2012 Analysis

The main conclusions that can be drawn from the additional analyses reported in the attached
document are as follows:

o Crack Propagation

Subject to the thermal stresses it is unlikely that sufficient tension will be developed to allow the crack to
propagate upwards from the RL 511.3 m AHD level.

It was further shown that the crack is unlikely to propagate downwards more than a few metres below
the RL 511.3 m AHD level. However as previous analyses have shown the probable development of
reasonably high tensile stresses (<2 MPa) as the dam cools it has been conservatively assumed that
the dam will crack from RL511.3 m AHD to the foundation for the purpose of the seismic analysis.

° Seismic Stability Assessment

Analysis for the Operating Basis Earthquake (OBE) events (Annual Exceedance Probability (AEP) =
1:500) demonstrated that the Cotter Dam was both stable and structurally sound. Any possible cracking
would likely be relatively minor in nature and be localised to the upstream face at approximately mid

height of the dam.

Analysis for the Maximum Design Earthquake (MDE) events (AEP = 1:10,000), indicate potential for full
crack development at the base and potential cracking along the lift joints. As with the previous
uncracked analysis of Cotter Dam, the dam is deemed safe to withstand the MDE events but large
remediation works would be necessary to reinstate its structural integrity and operational capacity after
the earthquake. The inclusion of the assumed vertical crack within the dam does not appear to
negatively impact on the dam structural integrity with respect to earthquake loading.

o Post Seismic Stability Assessment

Post seismic analysis undertaken showed that the dam structure would still be stable in its post seismic
conditions even with the addition of the intersecting horizontal and vertical cracks through the maximum
height section of the dam.

In summary, from the analyses undertaken the extent of propagation of cross valley cracking in the dam
appears likely to be limited and localized. Further the stability analysis of the dam the shows the dam to
remain stable under all assessed loading conditions.

Should you require any further information with respect to this report please contact me on the numbers
above.

Yours sincerel

plementation

Attachments:

Report No GHD-ECD-DAM-GN-RPT-0005 - ‘Enlarged Cotter Dam — Additional Finite element Analysis
of Cracked Section’, November 2012
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EXECUTIVE SUMMARY

Background

Following the identification of the cross valley cracking along the surface of the placed RCC at RL 511.3 '
mAHD in April 2012, the BWA undertook a number of analyses to assess the potential of the propagation for
the crack and the stability of the dam should there be any significant propagation and movement along the
crack. This work was undertaken in a number of stages. The intent of the initial stages was to provide
sufficient confidence that defensive measures employed to limit the propagation of the crack were adequate
and therefore ongoing placement of the RCC was possible.

The later analysis as discussed in this report provides a more rigorous analysis confirming assumptions
made in the initial stages, and assessing the cracked dam the more long term load cases.

Previous Analysis

The initial analysis, undertaken in May 2012, assumed that the crack would propagate the downwards from
the RL 511.3 m AHD level to the foundation. This assumption was based on previous thermal analysis
which showed tensions in the lower part of the dam. And although these tensions were within acceptable
limits, it was considered prudent to conservatively assume that cracking would occur, given the known crack
at RL 51.3 m AHD. This analysis showed that upward propagation of the crack was unlikely even without
the defensive measures employed.

Current Analysis — Sensitivity Analysis of Crack Behaviour subject to
Thermal Loading

The current series of analyses considered the likely behaviour of the crack and the resulting behaviour of the
dam under for a number of different scenarios.. The previous analysis only considered the crack in one
location (the most upstream position), however it occurs at different upstream — downstream locations within
different monoliths. This sensitivity of its position has been considered in the current work. It was shown
that irrespective of the crack position it is unlikely to propagate upwards, and therefore it will not daylight on
the downstream face.

The previous analysis assumed that the crack would propagate to the foundation from the RL511.3 m AHD,
and therefore it was modelled to be present from the start of the analysis. This assumption was tested by
assuming that the crack was only 2.4 m long below the RL 511.3 m AHD level. The analysis showed that
that the crack is not likely to propagate any significant distance downwards. However as previous analyses
have shown the probable development of reasonably high tensile stresses (<2MPa) as the dam cools it has
been conservatively assumed that the dam will crack from RL511.3 m AHD to the foundation for the seismic
analysis.

Current Analysis — Seismic Analysis

This current analysis assessed the stability of the dam subject to the :-
e OBE (Annual exceedence probability (AEP) = 1 in 500, Modified Mercalli Intensity (MM!) = 7.0 and
peak ground acceleration (pga) = 0.1 g) and
¢ MDE (AEP = 1in 10,000, MMI = 9.5, pga = 0.35g)

Only the maximum section, with the crack propagated to the foundation was considered for the OBE loading.
The results indicated that dam may suffer some minor cracking of the upstream face at about mid height,
however neither the stability or structural integrity of the dam would be compromised.

For the MDE loadings the following sections were considered:-

¢ Maximum section — crack in its most upstream position
¢ Maximum section — crack in its most downstream position
e  Abutment sections.
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The analysis indicated that the dam at the maximum section would suffer extensive damage during a MDE
seismic event. There would be significant cracking on both the upstream and downstream faces. This
cracking was represented as a single crack extending from the upstream to the downstream, as the
limitations of the software did not make it practical to assess a multiple crack model.

Both the block above the horizontal crack and the lower part of the dam are shown to move downstream
during the MDE seismic event. The dam did not become unstable during the events however it is likely that
it will be badly damaged and as such emergency action would be required as well as extensive remedial
works to bring the dam back into service.

The abutment sections suffered similar damage but to a lesser extent.

Current Analysis — Post Seismic Assessment

The post seismic stability of the dam was considered for a number of different scenarios of crack opening
and pore pressure distributions within the crack. In all cases the dam was found to remain stable in its
damaged condition.

Conclusions
The main conclusion that can be drawn from the additional time history analysis is as follows:

e Crack Propagation

Subject to the thermal stresses it is unlikely that sufficient tension will be developed to allow the crack to
propagate upwards from the RL 511.3 m AHD level.

It was further shown that the crack is unlikely to propagate downwards more than a few metres below
the RL 511.3 m AHD level. However as previous analyses have shown the probable development of
reasonably high tensile stresses (<2MPa) as the dam cools it has been conservatively assumed that the
dam will crack from RL511.3 m AHD to the foundation for the purpose of the seismic analysis.

e Linear Analysis

Analysis for the OBE events demonstrated that the Cotter Dam was both stable and structurally sound.
Any possible cracking would likely be relatively minor in nature and be localised to the upstream face at
approximately mid height of the dam.

For the MDE events, the stresses were too great in magnitude and area to be adequately assessed

through linear analysis. If propagation of the assumed crack were to occur it would possibly connect
with cracking along the lift joints between the upstream and downstream faces. As such further non-
linear analysis was undertaken to include a possible vertical crack for the MDE events.

¢ Non-linear Analysis

Results of the nonlinear time-history analysis for the MDE events indicate potential for full crack
development at the base and potential cracking along the lift joints. The inclusion of a horizontal crack
between the upstream and downstream faces of the dam intercepting the assumed vertical crack at

RL 510.8 m AHD produces modest residual downstream displacements of the dam. As with the previous
uncracked analysis of Cotter Dam, the dam is deemed safe to withstand the MDE events but large
remediation works would be necessary to reinstate its structural integrity and operational capacity after
the earthquake. The inclusion of the assumed vertical crack within the dam does not appear to
negatively impact on the dam structural integrity with respect to earthquake loading.

¢ Post Seismic Analysis

Post seismic analysis undertaken showed that the dam structure would still be stable in its post seismic
conditions even with the addition of the intersecting horizontal and vertical cracks through the maximum
height section of the dam.
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Figure 3.2 Maximum Principal Stress — Summer 2013/14 (Filling of Reservoir) — Most
downstream crack location

RL 511.3 m AHD
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Figure 3.3 Maximum Principal Stress — Winter 2014 — Most downstream crack location

RL 511.3 m AHD
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Figure 3.6 Upstream Downstream Stress - Winter 2012 — Most downstream crack location

RL 511.3 m AHD

Figure 3.7 Upstream Downstream Stress — Summer 2013/14 (Filling of Reservoir) — Most
downstream crack location

RL 511.3 m AHD
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Figure 3.8 Upstream Downstream Stress — Winter 2014 — Most downstream crack location
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Figure 3.9 Upstream Downstream Stress — Winter 2031 — Most downstream crack location
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Figure 3.12 Maximum Principal Stress — Winter 2014 — Limited Depth Crack
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Figure 3.13 Maximum Principal Stress — Winter 2031 — Limited Depth Crack
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Figure 3.14 Maximum Principal Stress — Summer 2031/32 — Limited Depth Crack
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Figure 3.15 Upstream Downstream Stress - Winter 2012 — Limited Depth Crack
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Figure 3.16 Upstream Downstream Stress — Summer 2013/14 (Filling of Reservoir) — Limited
Depth Crack location
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Figure 3.17 Upstream Downstream Stress — Winter 2014 — Limited Depth Crack
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Figure 3.18 Upstream Downstream Stress — Winter 2031 — Limited Depth Crack
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Figure 3.19 Upstream Downstream Stress — Summer 2031/32 — Limited Depth Crack
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Figure 4.10 CHY017 — North & Vertical Components — Maximum Stress Envelope — Vertical
Stress

Figure 4.11 CHY017 — West & Vertical Components — Maximum Stress Envelope — Maximum
Principal Stress
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Figure 4.12 CHY017 — West & Vertical Components — Maximum Stress Envelope — Vertical

Stress
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Figure 4.13 CHY116 — North & Vertical Components — Maximum Stress Envelope — Maximum
Principal Stress
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Figure 4.15 CHY116 — West & Vertical Components — Maximum Stress Envelope — Maximum
Principal Stress
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Figure 4.16 CHY116 — West & Vertical Components — Maximum Stress Envelope — Vertical
Stress
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