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Executive Summary

In January 2011 unusually severe rainfalls feil on the catchment areas upstream of Wivenhoe and
Somerset Dams, resulting in the largest inflows into both dams ever recorded. The outflows from
these dams, along with flood flows arising from severe rainfalls in downstream catchments,
resulted in severe flooding in the urban areas of Ipswich and Brisbane. '

This report provides a review of the hydrological issues of most relevance to the adopted flood
procedures, as presented in a report prepared by Seqwater on the January flood event,

The review focuses around addressing four questions of particular interest. The questions
considered, and the review outcomes, can be summarised as follows:

s Is the system used to collect rainfall and stream height data described in the Seqwater Report
appropriate to support flood operations decision making in real time?

Overall, it is considered that the density and spatial coverage of the data network is
comprehensive, though the installation of additional gauges, particularly in the downstream
reaches of the catchment, would reduce interpolation uncertainty. A robust approach has been
taken with the design and operation of the network, and this is evident in the high availability
of the equipment during the event.

s Is the Real Time Flood Modelling (RTFM) system described in the Seqwater Report
appropriate to support flood operations decision making in real time?

The ability of the data system to enable the review of tabulated and graphical summaries,
investigate apparent anomalies, and prepare data for multiple scenario evaluation are
noteworthy features that help ensure the most relevant data are used for forecasting purposes.

The modelling system is based on a combination of standard and bespoke elements. The
configuration and calibration of the flood simulation model, which is the core of the system, is
consistent with established practice. The manner in which historic and forecast rainfalls are
input to the model is-adequate, and the method used to adjust rainfall losses during the event is
soundly based on observed data. The model allows for flows associated with earlier rainfalls to
be adequately considered, and appropriate steps are taken to help ensure that all inputs are
reconciled prior to determining the required gate operations. There is scope for improvement in
the simulation framework adopted, though the benefits of such improvements are subject to the
availability of more sophisticated (ensemble) rainfall forecasts.
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»  The January 2011 Flood Event occurred between 6 January 2011 and 19 January 2011, was
adequate data collected during this time to obtain satisfactory results from the RTFM system
described in the Seqwater Report, for the purposes of operating Wivenhoe Dam and Somerset
Dam? ) :

The data system successfully processed over 130 000 packets of data on rainfall and
streamflow conditions at different points in the catchment, while losing only around 10% of
gauges due to the extreme conditions. This is an outstanding outcome that is testament to the
appropriateness of the design and operation of this system.

Analysis shows that there is generally good agreement between data processed in real time and
other independent data available subsequent to the event. It is not possible with the information
currently available to comment meaningfully on the accuracy of the streamflow data, though
the fact that data from a variety of independent sources could be reconciled in a practical
fashion confirms that the recorded data was fit for purpose. Best available information on

- rainfall forecasts were was used during the event, though these forecasts significantly
underestimated the average depths of rain over the most critical three days of importance. At
present the skill of the available rainfall forecasts is the primary limitation on the period over
which reliable streamflow forecasts can be provided.

s Does the information contained in Section 8.0 of the Seqwater Report (“Preliminary
Assessment of Event Magnitude”), accurately describe the January 2011 Flood Event?

The conclusions drawn by Seqwater are considered to be broadly defensible: It is considered
that the annual exceedance probability of the rainfalls for the whole dam catchment is around 1
in 100 to'1 in 200, though the annual exceedance probability of the most extreme point rainfalls
that occurred in the centre of the Brisbane River catchment is likely to be between 1 in 500 and
1 in 2000. When compared with historical events, flood volumes indicate the volume of the
January 2011 event was almost double that of the January 1974 flood, and rivals the February
1893 flood. Peak water levels at gauging stations in the Brisbane River above Wivenhoe Dam
were the highest on record. In the Lockyer Valley, peak water levels exceeded the 1974 levels
and may well have been larger than those of 1893. A comparison of the recorded peaks,
volumes and peak levels at Somerset and Wivenhoe Dams indicate the January 2011 flood
event exceeds 1 in 100 AEP. '
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1. Introduction

1.1, Background

Somerset Dam and Wivenhoe Dam are dual-purpose storages that provide urban water supplies to
south East Queensland as well as flood mitigation benefits to areas along Brisbane River below
Wivenhoe Dam.

In January 2011 unusually severe rainfalls fell on the catchment areas upstream of the dams,
resulting in the largest inflows into both dams ever recorded. The outflows from these dams, along
with flood flows arising from severe rainfalls in downstream catchments, resulted in severe
flooding in the urban areas of Ipswich and Brisbane.

A report was prepared by Seqwater on this flood event (Seqwater, 2011). The Seqwater report
presents details of the flood procedures used during the event, the reasons why the adopted
procedures were used, and other pertinent information relevant to the severity of the event,

1.2 Purpose of this report

This report provides a review of the hydrological issues of most relevance to the adopted flood
procedures, as presented in the report prepared by Seqwater. The review focuses on providing
answers to the following questions:

s Is the system used to collect rainfall and stream height data described in the Seqwater Report
appropriate to support flood operations decision making in real time?

= Is the Real Time Flood Modelling (RTFM) system described in the Scqwater Report
appropriate to support flood operations decision making in real time?

s The January 2011 Flood Event occurred between 6 January 2011 and 19 January 2011; was
adequate data collected during this time to obtain satisfactory results from the RTFM system
described in the Seqwater Report, for the purposes of operating Wivenhoe Dam and Somerset
Dam?

»  Does the information contained in Section 8.0 of the Seqwater Report (“Preliminary
Assessment of Event Magnitude™), accurately describe the January 2011 Flood Event?

The above questions are addressed in the following four sections.

SINCLAIR KNIGHT MERZ
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1.3. Conduct of the Review

This review was undertaken by Dr Rory Nathan and Peter Hill, and is largely based on review of
the five volume report released on 2 March 2011 (Seqwater, 201 1). Some supplementary ‘
discussions were held with Seqwater staff to get a better understanding of selected aspects of the
report. In addition, a visit was made io the flood control centre where the operation of the data
capture and modelling system was demonstrated in an interactive fashion.

SINCLAIR KNIGHT MERZ
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2. Adequacy of the data collection system

This section addresses the following question:

Is the system used to collect rainfall and siream height data described in the Seqwater Report
appropriate to support flood operanons decision makmg in real time?

Seqwater operate a network of 103 rain gauges and 80 river gauges in the Brisbane River
catchment. Around onc third of these gauges represent conditions in the catchment upstream of the
dam, and the remainder are in downstream and/or adjacent catchments. The vast majority of these
stations (71 rain and 69 river gauges) provide data into the modelling system in real time to assist
with the flood forecasts. :

In addition to this data collection system, Seqwater have access to Enviromon radio telemetry data
network (operated by the Bureau of Meteorology). This provides access to an extensive network of
data recorders located outside the Brisbane River catchment.

There arc some notable features to this system, namely:

= itis based on proven technology that is in use by other agencies both here and overseas;

» there are duplicate recorders in the key network gauges;

« there is redundancy in the central data collection servers;

= critical information on water levels in the dams are also read manually;

» the data is reviewed manually prior to operational use to remove extraneous readings; and,

» the system appears to be well maintained, as evidenced by the small proportion of gauges that
were not operational during the event.

It would appear that the locations of the rainfall gauges are biased towards the valley floors. This is
not uncommon as it is difficult to install and maintain gauges in remote areas at high elevations.
While this bias will tend to yield estimates of catchment rainfalls that are lower than actual, in
practice this need not lead to the floods being underestimated as the models are generally calibrated
to take this bias into account.

From radar imaging available during the event and inferences from the water level data in
Wivenhoe Reservoir, it is believed there was substantial rainfall in the vicinity of the reservoir on
the moming of 11 January that was not reflected in the telemetered data. It is understood that
additional rainfall stations are being installed which will increase the density of rainfall coverage,
however there will always be the possibility that significant rainfall may occur between stations.

Inevitable gaps in the rainfall networks can be mitigated by incorporating information from
weather radar during an event. For example, Figure 2.1 shows the 24 hour rainfall depths to 8:00am

SINCLAIR KNIGHT MERZ
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on 11 January 2011 estimated from the weather radar operated by the Bureau of Meteorology. This
image was captured from the Bureau of Meteorology web site during the event and does not reflect
the outcome of any quality control measures and verification against recorded point rainfalls that
may have occurred subsequently. The radar image shows the high rainfalls in the vicinity of the
Wivenhoe Reservoir that were not captured by the ALERT gauges. Although there still remains
uncertainty in radar rainfall estimates, such information (as discussed in Section 8.9 of the
Seqwater report) can be used in at least a qualitative manner to help inform the interpolation
between point estimates of rainfall.

It is difficult to assess the adequacy of the streamflow ratings on the information presented in
Appendix R. No data is presented on the scatter of the individual gauging used to develop the
rating relationship, though it is clear from the maximum rating information provided (Appendix R)
that considerable extrapolation was required to estimate the maximum flows recorded.

Overall, it is considered that the density and spatial coverage of the data network is comprehensive,
though the installation of additional gauges, particularly in the downstream reaches of the
catchment, would reduce interpolation uncertainty. A robust approach has been taken with the
design and operation of the network, and this is evident in the high availability of the equipment
during the event.

e I T—
Figure 2.1 Estimates of rainfall totals to 8:00am 11 January
2011 (sourced from www.bom.gov.au during the event).

SINCLAIR KNIGHT MERZ
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3. Adequ”acy of the flood modelling system

This section addresses the following question:

Is the Real Time Flood Modelling (RTFM)} system described in.the Seqwater Report
appropriate to support flood operations decision making in real time?

The modelling system is comprised of two components, namely:

= a data capture system, which automatically collects, filters, and stores rainfall and water level
data in real time; and,

« adata mbdelling system, which in essence converts the observed rainfall data into estimates of
flood flows at selected points along the river network.

Comment on these two components is provided in the following two sections.

3.1. Data capture system

The'first component — the data capture system — provides the means to utilise the data collected at
the 129 ALERT rainfall and streamflow gauges in real time. The system provides the means to
rapidly review and analyse an immense body of data, and prepare for input to the modelling
system. Data preparation is a very onerous process and outside the domain of flood operations it is
usual to spend many days on the careful scrutiny and review of relevant information for even one
flood event.

This is & most onerous process and it is clear that considerable thought has been put into the
tabulation and graphical functions of the system to allow rapid diagnostic analysis. The ability for
the forecast team to review, edit and/or discard data, undertake consistency checks against‘
concurrent and previous information, and prepare inputs for model simulations of different forecast
scenarios — all in real time, while handling the cumulative pressures of an extended flood cvent — is
truly impressive. -

3.2, Modelling system

The second component of the system — the modelling system — is largely based on modelling
concepts used widely across Australia. There are a number of different elements to this modelling
system, and salient points relevant to their adequacy are summarised below.

SINCLAIR KNIGHT MERZ
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3.2.1. Data analysis

The data analysis and scenario specification modules represent a pragmatic means to compare, edit,
censor, and prepare the real time data for input to the flood simulation model. The ability to review
tabulated and graphical summaries, investigate apparent anomalies, and evaluate through the
preparation of scenarios, are noteworthy features that help ensure the most relevant data is used for
forecasting purposes.

3.2.2. . Conceptual basis of flood model

The flood simulation model is based on runott-routing concepts that have been the mainstay of
flood estimation practice in Australia for many years. As such, the calibration, operation and
performance of the model would be familiar to experienced flood practitioners. Importantly, the
use of the model is consistent with the recommendations of current flood estimation guidelines
(Institution of Engineers, 1987). '

3.2.3 Model configuration

The model is configured to capture differences in flood response characteristics across
homogencous physiographic regions. The appropriateness of the model routing parameters (ie the
parameters that control the size and shape of the flood hydrograph resulting from excess rainfall)
adopted for the different regions has not been reviewed for this report, though it is noted that the
adopted parameters have been used by different agencies for a number of operational and design
purposes over the past 20 years (¢g DNR, 1994; Wivenhoe Alliance, 2004). The adopted routing
parameters are expected to be invariant with rainfall magnitude, and appropriately the model
configuration was not altered during the event. The overall approach to configuration and
calibration of the model appears consistent with accepted practice. '

3.2.4.  Rainfall modelling

Rainfall information captured by the data collection system is input to the flood model to undertake
the simulation of the flood generation process. There are two key characteristics of rainfall that
need to be specified for each sub-area used in the model, namely:

"a the distribution of average rainfall depths spatially across each sub-area, and

« the distribution of rainfall in time over the historic and forecast period.

The distribution of average rainfalls over the sub-areas is based simply on a weighting that reflects
the proportion of catchment area covered by the network of available rain gauges. This is a
commonly adopted approach, and is best suited to lowland catchments which do not exhibit steep
rainfall gradients. However, the adoption of this approach for a catchment with steep topographic

SINCLAIR KNIGHT MERZ
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gradients where rainfall recorders tend to be located in the valley floors will tend to under-estimate
average rainfall depths across the sub-areas. The solution to this problerri is not easy, particularly in
real-time where there would be little time to undertake (and check) the ability of more sophisticated
surface-fitting algorithms to provide more realistic estimates of sub-area rainfalls. The practical
means of dealing with the problem, as undertaken by Seqwater, is to resolve any bias in the rainfall
estimates through progressive calibration of the loss model during the event, and by closing the
water balance at the reservoir itself. Thus while in practice the limitations of the rainfall estimates
arc adequately accommodated, this represents an opportunity for improvement that would reduce
the need for resolving water balance errors in the subsequent steps in the analysis.

The distribution of rainfalls in time for hindcasting (ie for simulating rainfall that has already
fallen) is determined by selecting the nearest most relevant rainfall recorder, which is very
appropriate.

The distribution of rainfalls for forecasting purposes is based on the application of a single
“representative” pattern that is applied to each sub-area. Again, this is a common approach that is
adopted even for the provision of design estimates that do not have the added complexity of real-
time operation. A potential arca of improvement for this aspect is discussed below under
“Simulation framework”,

3.2.5.  Initial loss parameters

Estimates of initial loss (ie the amount of rainfall that seeped into the ground prior to the rise of the
flood) is made through correlation with two different, and independent conceptual models of soil
water conditions. This is a bespoke process developed by Seqwater that has not been reviewed for
this report, but this element is considered to be of minimal importa:ice to the flood characteristics
of most interest as the estimates were adjusted at the start of the event to match the observed rise in
the recorded flows. The adopted initial loss estimates are consistent with expectations,

3.2.6. Continuing loss parameters

Estimates of continuing loss (ie the amount of rainfall that seeped into the ground during the course
of the event) were adjusted progressively during the event by matching model estimates with real-
time data. The calibration runs undertaken in real time (as summarised in Appendix S) are
reasonable, and the parameters adopted during the event are consistent with expectations. The
progressive reduction in continuing loss rates during the event appropriately reflect changes in
catchment conditions and are consistent with the physical processes being simulated.

SINCLAIR KNIGHT MERZ
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3.2.7. Baseflow contribution

The issue of baseflow, while a small proportion of the overall flood, is a rather complex component
to consider. Baseflows noticnally represent rainfall that seeps more slowly into the river through
the soil along the length of the river banks. At the commencement of the flood baseflows are
comprised of flows from preceding rainfall events, though as the flood progresses there is
increasing contribution from the rainfalls that fell earlier in the same flood, but which seeped
slowly into the river through the soil. It thus represents flows from earlier rainfail events, as well as
the re-appearance of rainfall which earlier had been previously been treated as initial and
continuing losses. Seqwater have developed their own approach to estimating the contribution of
baseflow in real time. The conceptual basis of the approach appears reasonable, but no information
is presented that allows its parameterisation to be reviewed, or its overall performance to be
assessed.

The baseflow contribution presented in Figure 7.2.4 appears to be an unusually small proportion of
the total hydrograph volume, but this most likely reflects the fact that the baseflow only represents
the contribution from the catchment area that lies below the nearest upstream streamflow gauges.
This “partial™ baseflow contribution arises as the losses are calibrated progressively during the
flood event, and in effect the decreasing loss values adopted for the upstream sub-areas reflect the
increasing baseflow contribution from rainfalls that fell on the catchment upstream of the gauge.

In short, the estimation of baseflow in real time is a surprisingly complex task. It is not clear how
well the independent estimates correctly capture the partial baseflow contribution of interest, and in
essence its estimation is constrained by the need to balance the measured rise in the reservoir with
rcleases and the estimates of total inflow progressively through the event.

3.2.8.  Reservoir routing

The reservoir routing module included in the modelling system has not been updated to incorporate
the changes arising from the 2009 update of the Flood Manual. It was thus necessary to input the
reservoir inflows manually into a spreadsheet to undertake the reservoir routing. In theory there is
nothing wrong with doing this, but in practice it increases the opportunity for mistakes to be made
in the manual processing of the data. There is no evidence that mistakes were made in any of the
manual data processing, but in terms of the adequacy of system design, this is an undesirable
feature and it would be better to update the routing algorithm in the model to reflect the changed
dam cdnﬁguration. It should also be stated that the level pool routing spreadsheets were not
reviewed for this report, but given the need to conserve mass any errors would have been evident
over the long period of time that the system has been in use.

SINCLAIR KNIGHT MERZ
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3.2.9 Simulation framework

The simulation framework adopted for the modelling system is “deterministic”. That is, a single
stmulation is undcrtaken for a given set of rainfall and model inputs to yield a single set of flood
flows. The limitation of this approach is that it does not allow for the expected variations in hydro-
meteorological inputs, or their uncertainties, to be incorporated. For example, at present flood
forecasts are derived using a singie fixed pattern of rainfail that specifies the distribution in both
time and space of how rain will occur over the forecast period. In reality there is a great deal of
uncertainty about both the depth and the distribution of the forecast rainfalls, and this is not easily
reflected in the model forecasts provided. Also, the approach could be extended to allow for
uncertainty in major factors of importance, such as the rating curves used to estimate flow rates at
the gauging stations.

However, over the last ten years there has been increasing interest in using “stochastic” approaches
for practical flood estimation purposes. These approaches are based on multiple model simulations
(possibly involving many tens or hundreds of runs for a given rainfall scenario) where all the
possible combinations of inputs are considered in a fashion that reflects the likelihood of their
occurrence. Thus, rather than assume inputs follow a pre-determined and fixed pattern, the
simulation framework allows for variation and uncertainty in the main flood producing factors to
be explicitly considered. Monte Carlo approaches are well suited to this type of problem, and the
forthcoming revision to the national flood guidelines will be advocating a move to these joint
probability approaches.

However, it needs to be stressed that deterministic modelling is the accepted paradigm in current
flood estimation practice and is consistent with the current national flood guidetines (Institution of
Engineers, Australia, 1987). The limitations associated with deterministic approaches are thus
relevant to the vast majority of flood estimates currently undertaken both here and overseas. These
reviewers are not awarc of any operational flood forecasting system in Australia that currently
operates in a stochastic framework. Accordingly, the possibility of moving towards a morg
stochastic framework should be seen as an opportunity for future improvement, and should not be
interpreted as a criticism of current practice.

The avatlability of ensemble rainfall forecasts (as mentioned in Section 4.5) would provide
compelling justification for the development of a stochastic framework. However until such
forecasts are available, the benefits to be realised by adoption of a stochastic framework for

- forecasting purposes are probably of secondary value.

SINCLAIR KNIGHT MERZ
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4. Adequacy of event data collection

This question addressed in this section is:

The January 2011 Flood Event occurred between 6 January 2011 and 19 January 2011;
was adequate data collected during this time fo obtain satisfactory results from the RTFM
system described in the Seqwater Report, for the purposes of operating Wivenhoe Dam and
Somerset Dam?

The main issues relevant to this question relate the capture of the recorded data, its accuracy, and
the nature of the other data available for forecasting purposes. These points are addressed below.,

41, Data capture

The data capture system has redundancy deliberately desighed into it so that key infonmation is still
available to the flood operations team in the event of equipment failure. Automatic data recorders
have the tendency to operate faithfully until when they are needed, when equipment often then fails
due to mechanical and electrical causes associated with the extreme conditions. The fact the system
processed over 130 000 packets of data on rainfall and streamflow conditions at different points in
the catchment throughout the event, while only losing around 10% of gauges due to the extreme
conditions, is rather remarkable.

It is evident that the data capture system provided a comprehensive set of data over the catchment
in real time. Indeed, this catchment data set represents the most comprehensive coverage of a
severe event known to the authors of this review. The fact that this data set is available at all, let
alone was available for analysis in real time during the event, is testament to the appropriateness of
the design and operation of this system.

4.2, Recorded Rainfall data

The rainfalls data presented in the Seqwater report were derived from the 129 ALERT rainfall
stations in the Brisbane River catchment. This data represents the information available in real-time
and hence was used for modelling during the event. Post the event there is the opportunity to
compare this operational data with alternate sources of information to check its adequacy and
completeness.

The Bureaun of Meteorology operates an expansive network of daily read rainfall stations across
Australia. This data is generally not available in recal-time. It is understood that the Bureau of
Meteorology has yet to complete the process of reviewing and checking the rainfall data recorded
during the event, however daily totals from a number of sites are available on their public web site.

SINCLAIR KNIGHT MERZ
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Generally the daily read gauges are not at the same location as the ALERT stations. In order to
compare the data, daily read gauges located within two km of the ALERT stations were identified.
The total rainfall recorded at each pair of sites was then compared for the eight days to 13 January
2011.

Figure 4.1 below shows that there is generally good agreement in the rainfall totals at the pairs of
stations. There appears to be a small bias with the daily read values approximately 10% higher than
the ALERT values. The reason for this relatively small bias was not explored but could possibly be
attributed to the tendency for the ALERT gauges in the lower rainfall portions of the catchment.
However, give the close proximity of the station pairs the difference it is speculated that the most
likely reason for the bias might be due to differences in standard installation details (such as
distance from the ground and exposure of the site).

The generally good agreement between the ALERT and daily read data confirms that the ALERT
data is appropriate to support flood operations decision making in real time. In real time the
tendency of the ALERT data to slightly underestimate the rainfall totals when compared to the
daily gauges is compensated by the progressive calibration of the loss model during the event, and
by closing the water balance at the reservoir itself.

800

& g

Bureau of Meteorology Daily Gauge (mm)
~
8

0 200 400 600 800

Seqwater Alert Gauge (mm)

Figure 4.1 Comparison of eight day rainfall totals recorded by Seqwater and
Bureau of Meteorology gauges to 13 January 2011.
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4.3. Recorded Strear_nflow data

While it is not possible to comment meaningfully on the accuracy of the streamflow data without
access to additional information on the quality of the gauge ratings, it is worth noting that the
streamflow data must have been reasonably fit for purpose for:

= The flood event model was able to be calibrated to the recorded streamflows using loss
parameters within the range of expected values, where it was not necessary to adjust the
routing parameters; '

s It was possible to resolve inconsistencies between routed recorded streamflows and total
. inflows to the reservoir with reasonable ease — successfully closing the water balance at
. Wivenhoe Dam represents a single “po}nt of truth” that integrates a variety of information
) from independent sources.

4.4, Recorded. Reservoir Levels

It is clearly important that accurate information is available on reservoir levels as this is a primary
input to decisions on gate operation. There are two automatic recorders on Wivenhoe Dam, as well
as a manual gauge board. For the majority of the event the two sources of data yielded similar
readings, however as discussed in the report (Section 6.5) the automatic recorder provided
anomalous readings for a period of time around the peak of the event on January 11%. While the
behaviour of the recorders under these extreme conditions suggests the need for review of the
design (or at least location) of the recorders, the availability of the manual gauge board readings
reinforced the value of the redundancy built into the system.

Some focus is given in the report (Section 8.9) to the high iniensity rainfalls that were inferred to
. fall on the reservoir in the early hours of January 11", The analysis presented in quite plausible (see

also next section), however this inference is heavily based on the assumption that the reservoir
levels accurately reflect the change in volume of impounded water. It should be noted, however,
that this analysis is confounded by uncertainty in some other key factors, namely:

« the paucity of rainfall gauges in the lower reaches of the Wivenhoe Dam catchment;

s the bathymetry data collected for Wivenhoe Reservoir that determines the relationship between
reservoir level and impounded velume;

= the accuracy of the rating curves in the upstream reservoirs; and,

= the representativeness of the gauge board readings to the estimation of reservoir outflows
under such extreme flow conditions.

The important point here is not whether the inference presented in the Seqwater report is correct,
but rather to note that the information available to the operators during the evenr was sufficient for
them to recognise that there was a discrepancy; furthermore, having noted this discrepancy, the
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flood operations team undertook an analysis that, even with the benefit of hindsight, looks
plausible, and which aflowed pragmatic corrections to be made to close the water balance and to
continue with their flood management activities.

The cause of this diserepancy at the height of the reservoir rise can be analysed as required with the.
processed information available subsequent to the event: the notable point is that the operators had

-sufficient independent sources of information available to them during the event that enabled them
- to resolve the inconsistenicy. The exact source of this inconsistency remains a moot point. The fact

that the operators identified the problem, and correctly allowed for it in their operations, provide
good evidence that the monitoring and analysis system was operationally robust. -

4.5, Forecast Rainfalls

The Bureau of Meteorology provides a range of quantitative forecasts that were used by Seqwater
progressively through the event. The primary products of most use to forecasting rainfalls for the
specific dam catchments of interest include:

» 24-hour Quantitative Precipitation Forecasts; and
»  3-day and 5-day ACCESS forecasts.

The performance of the 24 hour catchment average Quantitative Precipitation Forecasts provided
by the Bureau of Meteorology is illustrated graphically in Figure 4.2. It is seen that the forecasts
leading into the first and second major flood peaks (morning of the 9™ and afternoon of the 10™) A
were around one third the actual. The forecast following the second peak (on the 11") were around
twice the actual.

In terms of spatial accuracy, it is seen in Figure 4.3 (from Seqwater Appendix J) that the 24 hour
forecast made at 9am on the 10" does indicate very heavy rainfall over the Stanley catchment and
in the immediate vicinity of Wivenhoe Dam. However the 24 hour forecasts for 9am on the 11"
does not pick up the heavy rain in the immediate vicinity of Wivenhoe (which supports the
inference discussed in the previous section regarding the sharp rise in reservoir level).

The plots of the flood forecasts (for the scenarios with and without rainfall) prox;.idcd in 7
Appendix A of the Seqwater report clearly reflect the impact of these rainfall forecasts on flood
prediction.
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The performance of the 3-day and 5-day forecasts based on the ACCESS model is also discussed in
the Seqwater report. The ACCESS model was jointly developed by the Bureau of Meteorology and
the CSIRO, and incorporates modelling components developed by leading overseas climate
agencies. A plot of the information provided is shown in Figure 4.3, which clearly illustrates the
persistent underestimation of the larger catchment rainfalls in the period prior to the major flood
peaks.

Figure 4.3 also highlights two features of particular interest:

= The difference between the 3-day and 5-day ACCESS forecasts is negligible throughout the
event, which indicates that the rainfall was always expected to fall predominately within a 72-
hour period; and,

« The successive forecasts fluctuate around a mean trend prediction by an alternating divergence
of around 30% — there is little apparent persistence between successive forecasts which is not
consistent with physical reasoning.

ACCESS is a sophisticated physically-based simulation model of the climate and earth system that
represents the best available science in climate prediction. Its forecasting skill has been shown to be
superior to the Bureau’s previous operational global and regional models (Bureau of Meteorology,
2010). These reviewers are not qualified to provide meaningful comment on the efficacy of the
ACCESS modelling system, but it seems reasonable to speculate that the poor forecast skill during
the event reflects extreme weather conditions that lie outside the normal operating bounds for
which model performance can be relied upon. Given the inherent uncertainty in providing forecasts
of extreme conditions it seems sensible that in the future consideration be given to providing
ensemble forecasts; these schemes are based on multiple numerical predictions which reflect
different likelihoods of initial conditions. Such forecasts could be incorporated into a stochastic
modelling framework as discussed in Section 3.2.9 of this report.
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Figure 4.3 Progressive comparison of forecast versus actual 3-day and 5-day rainfall totals.
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4.6. Forecast Streamflows

The ability of the modelling system to adequately forecast streamflows is dependent on the
adequacy of the flood model, and on the quality of the recorded and forecast inputs. The adequacy
of the flood modelling system is discussed in Section 3.2, and the quality of the forecast inputs is
discussed above.

The performance of the streamflow forecast is illustrated by reference to two periods of inflows to
Wivenhoe Dam (excluding releases from Somerset):

« Run 21, undertaken Sunday 9" January at 7pm
« Run 35, undertaken Tuesday 11" January at 4 am.

With respect to Run 21, the model predicted an inflow peak of around 8,800 m*/s, which is only
about 5% lower than the computed peak (Table in Section 9 of the Seqwater report); the timing of
the peak was correctly forecast to be some 12 hours later. It is assumed that the forecast was made
using the 24 hour rainfall forecast that was around 50% lower than what actually occurred.

With respect to Run 35, the model predicted the second inflow peak of around 6,000 m/s, which is
around 55% lower than the computed peak; the timing of the peak was forecast to be some 14
hours later, which is a little later than what actually occurred. It is worth noting that the streamflow
forecast was made when the previous 24 hour rainfall forecast was around 30% less than what
actually occurred.

It is hard to see how these forecasts could be improved upon. In both cases the streamflow gauges
further upstream in the catchment had only just commenced to rise again after the previous flood
recession. The model is integrating the upstream flows that were recorded and routing them
downstream to the reservoir, and there is insufficient forecast rainfall to magnify the flood
response.

Moveiied Wivervos Dam infow s Somerset Modeiieg Wiverhos Dem inflows ([C1ckding Somerset Dem Qutfiows)
: . T—17 . v 7 * H H : : oo 1 7

iEE  mEMES  GREIEE  SEIEN  MnEuEN  eamnes MNINSE  BITENEN  BRENET SRS eI ES e s
D ol Tiens Cww v T
Run 21 Sundey ¥ Jenuary 2011, 1900 Run 35: Tuesday 11 Janusry 2011, 0400

Figure 4.4 Forecast streamflows undertaken at 7pm on the 9" and 4am on the 11" January.
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5.

Assessment of event severity

This section addresses the following question:

Does the information contained in Section 8.0 of the Seqwater Report (“Preliminary
Assessment of Event Magnitude”), accurately describe the January 2011 Flood Event?

The assessment of event severity is based on a number of different sources of evidence, namely the

comparison of:

rainfall depths with existing rainfall intensity frequency information;
flood volumes and flood levels with historical maxima;

flood peaks with flood frequency information; and,

= flood peaks and volume with “design flood” information.

. These assessments are briefly addressed in the sections below.

5.1. Rainfall Frequency Assessment

The approach presented in the Seqwater report to assess the severity of the event rainfall is to
compare the rainfall depths with rainfall intensity frequency information. This information is
readily available across the whole of Australia, and provides a standard means to assess the
probability that a given rainfall depth will be exceeded in a given period of time.

While this represents a most useful means of assessment, it is worth making the following points:

s Exceedance probabilities are computed for rainfalls occurring at a point and not for a specified
area — while analysis of point rainfalls provides a useful indicator of event severity, it is the
behaviour of rainfalls over the whole catchment area that is of most relevance to floods:

» Exccedance probabilities are computed for durations ranging from 1 hour to 120 hours — short
duration rainfalls arc relevant to flash flooding that might occur in a local catchment, it is only
- storm durations of between 24 to 72 hours that are of most relevance to dam operations;

"a  Estimates of exceedance probabilities rarer than 1 in 100 for storm durations less than 24 hours
are considerably more uncertain than for storm durations of 24 hours and longer; and,

s The rarer the exceedance probability the greater its uncertainty, where the credible limit of
extrapolation for durations of 24 hours and longer is around 1 in 2000.

Taking into consideration the above points, the best overall assessment of event severity given the
information presented is considered to be a regional assessment of the exceedance probabilitics of
the longer duration events. To this end, Figure 5.1 was prepared using the CRC-FORGE
information presented in the Seqwater report. '
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Figure 5.1 Spatial analysis of exceedance probabilities of 48 hour rainfalls.
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On the basis of Figure 5.1t may be inferred that:

»  The most extreme point rainfalls occurred in the centre of the Brisbane River catchment, in the
arcas immediately below Wivenhoe Dam — the annual exceedance probability of these rainfalls
are between 1 in 500 and 1 in 2000;

= The annual exceedance probability of point rainfalls varies between around ! in 20 at the upper
reaches of the catchment above Wivenhoe Dam, to beyond 1 in 100" in the lower rcaches; and,

= The most intense region of localised rainfall occurred in the headwaters of the Lockyer Valley.

The above information is consistent with the exceedance probabilities of the catchment average
rainfalls presented in Figure 8.4.2 of the Seqwater report (as derived using CRC-FORGE
information). On this basis, it seems reasonable to assume that the annual exceedance probability of
the catchment average rainfalls upstream of Wivenhoe Dam is between 1 in 100 and 1 in 200.

5.2. Flood Maxima

The information presented in Section 8.5 of the Seqwater report indicates that the volume of the
January 2011 flood is similar to the volume of the 1893 flood, and is almost double the volume of
the 1974 flood. Information on the 1893 flood must necessarily be of poorer quality than that
available today (certainly the changed hydraulic conditions of the lower reaches of the Brisbane
River confound attempts to estimated flood characteristics from flood levels, as reported in
Brisbane City Council, 1999), and the presence of the dams prevents direct comparison with
historic flood levels recorded at Brisbane. Further, the information in Section 8.6 also makes it
clear that for many gauging stations the peak levels reached in January were the highest ever
recorded.

It would thus appear reasonable to assess the January event as being amongst the largest floods to
have occurred in the (approximately) 170 years of historic record. It is not possible to state whether '
or not this is the largest flood event to have ever occurred; indeed since it is the combination of
flood peak and volume that is of most importance to maximum flood levels in the dam, it is not
straightforward to identify the flood characteristics of most importance, as these are heavily
dependent on the configuration and operation of the dam outlet works.

5.3. Flood Frequency Assessment

Flood frequency analysis is presented for two sites in the upper reaches of the Brisbane River
catchment. This analysis is based on a limited period of record at only two locations, and no
information is available on the uncertainty assoctated with extrapolation of the rating curve. It can
be concluded, however, that the estimated rarity of the floods is consistent with the inferences
based on rainfall frequency.
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5.4. Comparison with Design Flood Information

“Design floods™ provide information on the relationship between the magnitude of a specific flood
characteristic (such as the peak) and the annual probability that it is exceeded. It is certainly of
interest to compare historical events with such design flood information, though there are a number
of factors that potentially undermine the validity of any conclusions drawn. Suffice to state here
that the focus of deriving extreme design floods is generally on the derivation of floods relevant to-
the safety of the dam, and these are heavily dependent on estimates of Probable Maximum
Precipitation; without careful review of the methods employed by Wivenhoe Alliance (2004) it is
difficult to assess the defensibility of flood estimates with annual exceedance probabilities in the
range of most interest to this event. Of particular concern here is the defensibility of comparisons
with design floods derived from rainfall bursts of specific different durations, the assumptions
made concerning antecedent conditions, and the joint treatment of factors that influence the
transformation of rainfalls into floods for exceedance probabilities around the credible limit of
extrapolation.

From the information provided, the annual exceedance probability of the Januai’y 2011 event
estimated using the design flood information is between 1 in 1000 and 1 in 2000, depending on the
flood characteristic assumed to be of most importance. It is noted that this is rather rarer than the
exceedance probabilities of the upstream rainfalls would suggest. While it is possible that the
combinaticn of antecedent conditions and other factors might result in a flood with a significantly
lower exceedance probability than the concomitant rainfall, given the concerns noted above any
such inference should be viewed with caution until more detailed analysis can be undertaken.

5.5. Overall Assessment of Severity

The Seqwater report summarises the conclusions drawn on the basis of their analyses. The
conclusions drawn by Seqwater are considered to be broadly defensible, where in the opinion of
these reviewers emphasis should be given to the following:

»  The most extreme point rainfalls occurred in the centre of the Brisbane River catchment, in the
areas immediately below Wivenhoe Dam — the annual exceedance probability of these rainfalls
are between 1 in 200 and 1 in 500;

= The annual exceedance probability of point rainfalls varies between around 1 in 20 at the upper
reaches of the catchment above Wivenhoe Dam, to beyond 1 in 100" in the lower reaches;

»  The annual exceedance probability of the catchment average rainfallé upstream of Wivenhoe
Dam is between 1 in 100 and 1 in 200 {on the basis of CRC-FORGE information);

= When compared with historical events, flood volumes indicate the volume of the January 2011
event was almost double that of the January 1974 flood, and rivals the February 1893 flood;
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"= Peak water levels at gauging stations in the Brisbane River aboﬂre Wivenhoe Dam were the
highest on record. In the Lockyer Valley, peak water levels exceeded the 1974 levels and may
well have been larger than those of 1893; and,

= A comparison of the recorded peaks, volumes and peak levels at Somerset and Wivehhoe
Dams indicate that the January 2011 flood event easily exceeds 1 in 100 AEP.
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Report For: Water Delivery QLD Bulk Water Supply Authority trading as Seqwater
Re: Review of Seqwater Document “January 2011 Flood Event - Report on the cperation of
Somerset Dam and Wivenhoe Dam” 2 Maich 2011

1. INTRODUCTION
Emeritus Professor Apelt was engaged by UniQuest Pty Limited at the request of Seqwater to

undertake independent reviews and to provide advice on various matters in relation to the
recent flood events, in particular the January Flood Event.

This report provides the findings of the review that has been carried out by Professor Apelt in

response to the letter from the Executive General Manager, Water Delivery QLD Bulk Water
Supply Authority trading as Seqwater, dated March 07, 2011. This letter specified that, at this
time, the review should be confined to answering the two following questions:

1. The January 2011 Flood Event occurred between 6 January 2011 and 19 January 2011.
Was the release of water from Wivenhoe Dam and Somerset Dam during the January
2011 Flood Event in accordance with The Manual of Operational Procedures for Flood
Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7)?

2. Based on the information contained in the Report; were there any aspects relating to the
operation of Wivenhoe Dam and the operation of Somerset Dam during the January 2011
Flood Event not in accordance with The Manual of Operational Procedures for Flood

Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7)7?

2. REVIEW PROCESS

The document, “January 2011 Flood Event - Report on the operation of Somerset Dam and
Wivenhoe Dam’", dated 2 March 2011 has been reviewed and particular attention has been
given at this time to the Executive Summary and to the following Chapters

¢ 2 Flood Event summary
e 9 Dam inflow and flood release details
« 10 Flood management strategies and manuai compliance

19 Report conclusions
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Report For: Waler Deiivéry QLD Bulk Water Supply Authority trading as Seqwater
Re: Review of Seqwater Document “January 2011 Flood Event - Report on the operation of
Somerset Dam and Wivenhoa Dam” 2 March 2011 )

1. INTRODUCTION

Emeritus Professor Apelt was engaged by UniQuest Pty Limited at the request of Seqwater to
undertake independent reviews and to provide advice on various matters in relation to the

recent flood events, in particular the January Flood Event.

This report provides the findings of the review that has been carried out by Professor Apelt in
response to the letter from the Executive General Manager, Water Delivery QLD Bulk Water

'Supply Authority trading as Seqwater, dated March 07, 2011. This letter specified that, at this

time, the review should be confined to answering the two following questions:

1. The January 2011 Flood Event occurred between 6 January 2011 and 19 January 2011.
Was the release of water from Wivenhoe Dam and Somerset Dam during the January
2011 Flood Event in accordance with The Manual of Operational Procedures for Flood
Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7)?

2 Based on the information contained in the Report, were there any aspects relating to the
operation of Wivenhoe Dam and the operation of Somerset Dam during the January 2011
Flood Event not in accordance with The Manual of Operational Procedures for Flood

Mitigation at Wivenhoe Dam and Somerset Dam (Revisicn 7)?

2, REVIEW PROCESS
The document, “January 2011 Flood Event - Report on the operation of Somerset Dam and
Wivenhoe Dam’, dated 2 March 2011 has been reviewed and particular attention has been

given at this time to the Executive Summary and to the following Chapters

2 Flood Event summary

¢« O Dam inflow and flood release details

« 10 Flood management strategies and manual compliance

19 Report conclusions

UniQuest File Reference: 16984 — Brief Review Page 2
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Report For: Water Delivery QLD Bulk Water Supply Authority trading as Seqwaler

" Re: Reviaw of Seqwater Document "January 2011 Flood Event - Report on the operation of

Somerset Dam and Wivenhoe Dam” 2 March 2011

1. INTRODUCTION

Emeritus Professor Apelt was engaged by UniQuest Pty Limited at the request of Seqwater to
undertake independent reviews and to provide advice on various matters in relation to the

recent flood events, in particular the January Flood Event.

This report provides the findings of the review that has been carried out by Professor Apelt in
response to the letter from the Executive General Manager, Water Delivery QLD Bulk Water
Supply Authority trading as Seqwater, dated March 07, 2011. This letter specified that, at this
time, the review should be confined to answering the two following questions:

1. The January 2011 Flood Event occurred between & January 2011 and 19 January 2011.
Was the release of water from Wivenhoe Dam and Somerset Dam during the January
2011 Flood Event in accordance with The Manual of Operational Procedures for Flood
Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7)?

2 Based on the information contained in the Report, were there any aspects relating to the
operation of Wivenhoe Dam and the operation of Somerset Dam during the January 2011
Flood Event not in accordance with The Manual of Operational Procedures for Flood
Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7)?

2, REVIEW PROCESS
The document, “January 2011 Flood Event - Report on the operation of Somerset Dam and
Wivenhoe Dam”, dated 2 March 2011 has been reviewed and particular attention has been

given at this time to the Executive Summary and to the following Chapters

2 Flood Event summary

"« 9 Dam inflow and flood release details
10 Flood managemer{t strategies and manual compliance:

19 Report conclusions

UniQuest Fite Reference: 16984 — Brief Review Page 2
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Report For: Water Delivery QLD Bulk Water Supply Authorly trading as Seqwater
Re: Reviaw of Seqwater Document “January 2011 Flood Event - Report on the operation of
Somerset Dam and Wivenhoe Dam” 2 March 2011

3. REVIEW FINDINGS
341 Question 1 - Response

After detailed review of the information provided in sections 2, 9 ‘and 10 of the Repor,
Professor Apelt has concluded that the release of water from Wivenhoe Dam and Somerset
Dam during the January 2011 Flood Event was in accordance -with The Manual of Operational
Procedures for Flood Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7),

| throughout the entire period from 6 January 2011 to 19 January 2011.

3.2 Question 2 - Response

During his review of the information contained in the Report, Professor Apelt did not detect any
aspect relating to the operation of Wivenhoe Dam and the operation of Somerset Dam during
the January 2011 Flood Event that was not in accordance with The Manual of Operational
Procedures for Flood Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7).

4, CONCLUSION

The findings reported above have been developed independently by Professor Apelt from his
review of the document cited above, without reference to any other source of any nature.

UniQuest File Reference: 16984 — Brief Review Page 3
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Report For: Water Delivery QLD Bulk Water Supply Authority trading as Seqwater
Re: Review of Seqwater Document “January 2011 Flood Event - Report on the operation of
Somerset Dam and Wivenhoe Dam" 2 March 2011

3. REVIEW FINDINGS

3.1 Question 1 - Response

After detailed review of the information provided in sections 2,9 and 10 of the Report,

Professor Apelt has concluded that the release of water from Wivenhoe Dam and Somerset
Dam during the January 2011 Flood Event was in accdrdance with The Manual of Operational
Procedures for Flood Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7,
throughout the entire period from € January 2011 to 19 January 2011,

3.2 Question 2 - Response

During his review of the information contained in the Report, Professor Apelt did not detect any
aspect relating to the operation of Wivenhoe Dam and the operation of Somerset Dam during
the January 2011 Flood Event that was not in accordance with The Manual of Operational
Procedures for Flood Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7).

4, CONCLUSION

The findings reported above have been developed independently by Professor Apelt from his
review of the document cited above', without reference to any other source of any nature.

UniQuest File Reference: 16984 — Brief Review Page 3
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Report For: Waler Delivery QLD Bulk Water Supply Authority trading as Seqwater
Re: Review of Seqwater Document "January 2011 Flood Event - Report on the oparation of
Somerset Dam and Wivenhoe Dam" 2 March 2011

3. REVIEW FINDINGS
31 Question 1 - Response

After detailed review of the information provided in sections 2, 9 and 10 of the Report,
Professor Apelt has concluded that the release of water from Wivenhoe Dam and Somerset
Dam during the January 2011 Flood Event was in accordance with The Manual of Operational
Procedures for Flood Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7),
throughout the entire period from 6 January 2011 to 19 January 2011.

3.2 Question 2 - Response

During his review of the information contained in the Report, Professor Apelt did not detect any
aspect refating to the operation of Wivenhoe Dam and the operation of Somerset Dam during
the January 2011 Flood Event that was not in accordance with The Manual of Operational
Procedures for Flood Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7).

4.  CONCLUSION

The findings reported above have been developed independently by Professor Apelt from his
review of the document cited above, withcut reference to any other source of any nature.

UniQuest File Reference: 16984 — Brief Review Page 3
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ABN: 6107404 548 ACN: 107 402 514

Level 5, Paddington Central,

107 Latrobe Terrace, PQ Box 809,
Paddington Old 4064 Austrafia

tel +617 33671279 fax +617 3367 1679
www wrmmwaler.cam.au

Queensland Bulk Water Authority (t/a Seqwater)
P.0. Box 2437

North Ipswich Qid 4305

Cear B

SUBJECT: REVIEW OF THE OPERATION OF WIVENHOE AND SOMERSET

DAMS DURING THE JANUARY 2011 FLOOD EVENT

1 BACKGROUND

Seqwater has the responsibility for the operation of Somerset and Wivenhoe Dams under the provisions of
the Water Supply (Safety and Reliability) Act 2008. The Act requires Seqwater to operate these dams
accordance with the “Manual of Operational Procedures for Flood Mitigation at Wivenhoe Dam and
Somerset Dam” (the Manual). The latest version of the manual is Revision 7 dated November 2009.

Greg Roads of WRM Water & Environment Pty Ltd (WRM) was requested to review the operations of these
dams during the severe flooding that occurred along the lower Brisbane River over the period 6 to 19
January 2011. The review is based on data and information provided in the report by Seqwater entitled
“January 2011 Flood Event. Report on the operation of Somerset and Wivenhoe Dam” (the Report) dated 2
March 2011.

- This brief report presents the findings of the review.

2 SCOPE OF WORK

Following the review, Seqwater has requested that the following questions be answered:

1 The January 2011 Flood Event occurred between 6 January 2011 and 19 January 2011, Was
the release of water from Wivenhoe Dam and Somerset Dam during the January.2011 Flood
Event in accordance with the Manual of Operational Procedures for Flood Mitigation at
Wivenhoe Dam and Somerset Dam (Revision 7){the Manual)?
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2. Based on the information contained in the draft report (the Report), were there any aspects
relating to the operation of Wivenhoe Dam and the operation of Somerset Dam during the
January 2011 Flood event not in accordance with the Manual of Qperational Procedures for
Flood Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7)?

The response to the above questions is based on the information provided in the Seqwater Report with
particular reference to:

¢+ Section 2- Flood Event Summary.
+ Section 9 - Dam Inflow and Flood Release Details.

« Section 10 -  Flood Management Strategies and Manua! Compliance.

No independent modelling or a detailed assessment of the modelling given in Appendix A of the Report was
undertaken as part of this review.

3 SUMMARY OF DAM OPERATION
3.1 Compliance

The Manual details a set of strategies to operate both Wivenhoe and Somerset Dams during a flood event.
There are four strategies for Wivenhoe Dam named W1, W2, W3 and W4 that change depending upon the
stored water level in the dam and the expected inflows to the dam and inflows to the Lower Brisbane River
from the Bremer River and Lockyer Creek. There are five subsets of strategies within Wl named a, b, ¢, d
and e. These are designed to minimise the disruption to the downstream community caused by the closure
of the various bridges that cross the Lower Brisba ne River.

Somerset Dam has three sets of strategies named S$1, 52 and S$3 that complement the Wivenhoe Dam
strategies. The first two sets of Somerset Dam strategies are designed to maximise the available flood
storage and mitigation potential of the two dams at any time during a flood. The third strategy, which was
not used during the January event, is to protect the structural safety of the dam. ’

Table 3.1 provides a summary of the compliance criteria detailed in the Manual for each operating strategy.
It also shows the date and time when Seqwater transitioned into each strategy and provides comment on
whether each criteria was complied with during the event. Note that there is considerable latitude within
the above strategies to operate the dams differently and still comply with the Manual. Itis outside the
scope of this review to comment on whether the dam should have been operated differently,
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Table 3.1 Summary of Dam QOperation and Compliance
Transition Date . .
Strategy and Time Compliance Criteria Complied
Wivenhoe Dam _
Wila 6 Jan 0742hrs Water Level > 67.25m AHD Yes
Release < 110m3¥/s Yes
Wib 7 Jan 0200 hrs Water Level > 67.5m AHD Yes
Release < 380 m3/s Yes
Colleges Crossing closure considered Yes
Burton Bridge remained trafficable Yes
Wwic 7 Jan 0900 hrs . Water Level > 67.75m AHD Yes
Release < 500 m3/s Yes
Burton Bridge closure considered Yes
Kholo Bridge remained trafficable Yes
Wid 7 Jan 1500 hrs Water Level > 68.00m AHD Yes
Release < 1900 m3/s Yes
Kholo Bridge closure considered Yes
Mt Crosby Weir Bridge remained trafficable Yes
Wile 7 Jan 2200 hrs Water Level > 68.25m AHD Yes
Release < 1900 m3/s Yes
Mt Crosby Weir Bridge closure considered Yes
Fernvale Bridge remained trafficable Yes
w2 8 Jan 0800 hrs Not used as releases exceeded naturally occurring peak Yes
W3 8 lan 0800 hrs Predicted Water Level > 68.5m AHD Yes
Predicted Water Level < 74.0m AHD Yes
Release < 4000 m3/s Yes®
Achieve Moggill flow targets Yes
Lower level objectives considered Yes
w3 10Jan 0100 hrs  Predicted Water Leve! > 68.5m AHD Yes
’ Predicted Water Level < 74.0m AHD No {refer to comment 1)
Release < 4000 m3/s _ Yes
Achieve Moggili flow targets Yes
Lower level cbjectives considered Yes
w4 11 Jan 1300 hrs?  Predicted Water Level > 74.0m AHD Yes
Predicted Water Level < 75.5m AHD Yes
Water Level > 74 m AHD Yes
Gate opening sequence followed Yes
Structural safety of dam considered Yes
Lower level objectives considered Yes
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Transition Date - I
Strategy . and Time Compliance Cntena. Complied
Gate 12 Jan 2100 hrs  Flood levels lower than during flood Yes
Closure Peak outflow less than peak inflow Yes
Flow at Lowood reduced to 3,500m3/s quickly Yes
Lake level <67.5 m AHD within 7 days Yes
Gate closure sequence followed No (refer to comment 2)
Somerset Dam
s2 6 Jan 0742hrs Wivenhoe water level > 67.0m AHD Yes
Predicted Wivenhoe water level < 75.5m AHD Yes
Somerset water level <100.45 m AHD Yes
Crest gates raised Yes
Storage operating target line followed Yes
s2 7 Jan 1900hrs Wivenhoe water level > 67.0m AHD. Yes
Predicted Wivenhoe water level < 75.5m AHD. Yes
Predicted Somerset water level < 100,45 m AHD Yes
Storage operating target line followed Yes
Peak outflow less than peak inflow Yes
Draw 12 Jan 2100 hrs  Wivenhoe water level falling Yes
Down Somerset water leve! >100.45 m AHD. Yes
Wivenhoe levels not increased by Somerset releases Yes
Peak outflow less than peak inflow Yes
Lake levet <99 m AHD within 7 days Yes

a Equal to time outflow exceeded 4000 m3/s

3.2 Comments on Compliance

The following comments are given on the two potential non-compliance issues shown in Table 3.1.

1. At 0100 hours on 10 January, flood modelling showed that the Wivenhoe Dam storage level would
reach 74.7m AHD with the forecast rainfall and 72.9m AHD without the forecast rainfall. ‘No
guidance is given in the Manual as to whether forecast rainfall is to be used as a trigger for Strategy
W4 to commence. Notwithstanding, the Wivenhoe storage level at the time was we!l below 74m
AHD (at 69.97m AHD) and the modelling with forecast rainfall showed that a fuseplug was not in
daniger of being activated, and therefore the structural safety of the dam would not be
compromised. On this basis, it would appear that it was appropriate for Seqwater to persist with
using strategy W3 and protect urban areas from inundation at that time.

9. Between 0500 hours and 0800 hours on 12 January during the recession of the flood, the time
interval between successive closing of individual gates of Wivenhoe Dam was less than the 20
minute minimum given in the Manual. The dam outflows had fallen to 4,000 m3/s at the start of
this period. There is no minimum period between gate closures above this outflow. This compliance
requirement appears to contradict the other requirement to reduce flows at Lowood to below
3,500m3/s as quickly as possible. The Manual is not clear on which compliance requirement takes
precedent in this situation.
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4 CONCLUSIONS

Based on a review of the Report, Seqwater has operated Wivenhoe Dam and Somerset Dam in accordance
with the Manual over the period 6 January 2011 and 19 January 2011. Two minor deviations from the
Manudl appear to have occurred over the period. This may be due to a lack of clarity in the manual rather
than non-compliance.

Please do not hesitate to contact me if you have any queries.

For and on behalf of
WRM Water & Environment Pty Ltd

Greg Roads
Director
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[ ] 6 Kiama Street
A Greystanes

Seqwater ) NSW 2145
Level 3, 240 Margaret Street
Brisbane QLD 4000

10 March 2011

Dear [N

Flood event of January 2011 - Wivenhoe Dam water releases — compliance with Manual

This is my response o your e-mail of 0926h on Monday 7 March 2071.

Reguest
You asked that | answer these questions:

1. The January 2011 Flood Event occurred between 6 January 2011 and 19 January 2011.
Was the release of water from Wivenhoe Dam and Somerset Dam during the January
2011 Fleod Event in accordance with The Manual of Operational Procedures fer Flood
Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7)7

2. Based on the information contained in the draft Report, were there any aspects relating
to the operation of Wivenhoe Dam and the operation of Somerset Dam during the
January 2011 Flood Event not in accordance with The Manual of Operational
Procedures for Flood Mitigation at Wivenhoe Dam and Somerset Darn (Revision 7)?

Obinion
In my opinion, your guestions are to be answered as follows:
1. Question 1

The release of water from Wivenhoe Dam and Somersst Dam during the January 2011
Flood Event was in accordance with The Manua! of Operatfonal Procedures for Flood
Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7) with one possible
exception. The decision to not implement strategy W2 at period 4, and possibly
subsequent periods, does not appear to comply with the Manuat flow chart on page 23.
There is some ambiguity in the Manual requirements {see attached analysis).

2. Question 2

Apart from the exception under the preceding question, there were no aspects identified
that were not in accordance with The Manual of Operational Procedures for Flood
Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7). Information is not
available on items 10, 11 and 13 under question 2 in the attached analysis.

The attached analysis supports my opinion,
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My opinion is qualified as follows:

1.
2.
3.

i rely on the relevant parts of the draft Report being factually correct; -
The analyses and predictions given in the draft Report are taken as being reliable;

The draft report was received by me on Friday 4 March 2011. In the time available !
have fully read and studied the Manual of Operational Procedures for Flood Mitigation at
Wivenhoe Dam and Somerset Dam (Revision 7)) — hereafter called the Manual - and the
Executive Summary and Sections 1, 2, 3, 4, 5, 9, 10 and 11 of the draft Report. The
other sections of the draft Report have so far been treated as reference material,
refarred to only as necessary. The appendices to the draft Report have besn scanned
as to content but have not been studied.

The Manual is ambiguous as to whether the operating strategy in any period of the flood
event is 1o be based on actual or predicted lake levels. A reasonable interpretation of
the Manual is that operations should usually move to the next strategy once the
predicted lake level exceeds the threshold but the switch should certainly be made once
the actual lake level exceeds the threshold. In other words the Manual gives the

_ operators some latitude. My opinion rests on that interpretation.

There is ambiguity in the Manual regarding the conditions undsr which the management
of Wivenhoe Dam releases should move to strategy W2. See my explanation in the
attached analysis.

The question of whether the objectives of sub-section 3.1 of the Manual were applied

optimally is inherently -difficult because it involves value judgments and fequires
knowledge of the estimated patential consequences of alternative courses of action

"which could be followad within the constraints imposed by the Manual. Understandably

that knowledge is not provided in the draft Report. That aspect of compliance with the
Manual was nct addressed in the attached analysis and is excluded from my opinion.

Yours sincerely,

Leonard A McDonald
BE, MEngSc, FIEAust, CPEng, LGE
Dam Safety and Risk Consultant
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Analysis of Compliance

The draft Report

The document — called the draft Report - which Is the subject of this analysis is Seqwater, 2011,
January 2011 Flood Event ~ Report on the Operafion of Somerset Dam and Wiventioe Dam, 2

March. . :

Question 1 — Was the release of water from Wivenhoe Dam and Somerset Dam during the

January 2011 Flood Event in accordance with the Manual?

This analysis is primarily based on a review of the Flood Event Summary table of section 2 of
the draft Report. That review was then checked against section 10 of the draft Report.

For each identified period of the flood event (twenty periods all told) this analysis could

_reasonably ask these questions:

1. were the operating strategies which were followed those indicated by the Manual?
2. were the releases from the dams in accord with those strategies? and
3. were the objectives of sub-section 3.1 of the Manual applied in the optimum way?

The third question arises because, in my opinioh, the Manual has an implicit requirement that
the application of the five objectives of sub-section 3.1 is to be optimized, For urban protection
the optimality requirement is explicit. But bullet 4 of the “Conditions” for strategies W2, W3-and
W4 implies a requirement for overall optimality. To properly judge whether optimality was
attained is inherently difficult because it involves value judgments — giving relative welght to
public. safety risks, property damage risks, economic ioss risks, public health risks, societal
hardship and trauma risks, environmental damage risks. Morecver, such a judgment requires
adequate knowledge of the estimated potential consequences of alternative courses of action
which could be followed within the constraints imposed by the Manual. Understandably that
knowledge is not provided in the draft Report. Conseguently the third question is not addressed
in this analysis. But a note is inserted under some periods to draw aftention to the question.

The selaction of a strategy for Wivenhoe Dam (the key case) is to be based on the lake levels,
the flow at Lowcod and the flow at Moggill (paragraph 3, sub-section 8.4).

There is 2 degree of ambliguity in the Manual about lake level ~ the issue being whether the
strategy threshold levels are the predicted or actual lake levels. These facts are noted:

1. sub-section 8.4, paragraph 3 of the Manual states that the strategy is to be chosen
acconding to actual and predicted lake levels — immediately creating ambiguity;

2. the fiow chart on page 23 of the Manual refers to “likely” lake levels;
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3. the strategy boxes — giving core conditions — refer to "predicted” lake levels;

4. the sub-strategies W1A to W1E can reasonably be construed as based on actual take
levels; and

5. the note in bold at the bottom of page 26 unquestionably reféers to actual lake level.

A reasonable interpretation of the Manual is that operations should usually move to the next
strategy once the predicted lake lavel exceeds the threshold but the switch should certainly be
made once the actual lake level exceeds the threshold. In other words the Manual has given
the operators some latitude. This analysis and my opinicn rest on that interpretation.

Another ambiguity in the Manual relates to the selection of strategy W2. In paragraph 3 of sub-
section 8.4 of the Manual it is said that selection will be based, inter alia, on peak flow rate at
Lowood and peak flow rate at Moggill (both excluding Wivenhoe releases). A reasonable
persan would conclude that these are actual, not predicted, flow rates. The flow chart on page
23 rafers to “likely” (meaning predicted to most people) flow rates at these places and does not
say whether or not the threshold values include Wivenhhoe teleases. The note under the
=Conditions” box on page 27 makes it clear that the aim Is to keep the flow below 3,500 m¥s at
Lowood, from which it can be inferred that the flow chart question intends to include Wivenhoe
releases. The conclusion is that the flow chart is to be applied using total flow at Lowocd and -
Moggill to select the operating strategy. But the table at the bottom of page 27 then confuses
the selection of a strategy because the first butiet limits the tolal fiow at Lowood fo the natural
peak — If that peak Is less than 3,500m%¥s. A reasonable condlusion is that the Wivenhoe
discharge must be progressively reduced to zero at Lowood to coincide with the passage of the
natural peak (if the peak is less than 3,500m%s) or for the period for which the natural
hydrograph exceeds 3,500m%s. Did the Manual envisage such a tedious adjustment of
Wivenhoe Dam releases? During the January 2011 flood event the operalors thought not but
that interpretation of the Manual is widely at variance with the flow chart. This is the ambiguity.

The draft Report does not provide estimates of total flow at Lowood. The Wivenhoe releases,
which are given in the report, are likely o be attenuated by an unknown amount as they flow
downsiream. There are also complex timing issués refated to changes in discharge at
Wivenhoe — that is, when will the change register on the Lowood gauge? In the period by
period analysis which follows, Wivenhoe releases are simplistically added to predicted peaks at
Lowood — and at Moggill for some periods - but that is an entirely unrealistic indicator of the real
peak flows at those downstream places.

There is an element of paradox around strategy W3. The conditions that indicate a shift to that
strategy are that the lake level is expected to go above EL68.50, the fotal flow at Lowood is
expected to exceed 3,500 m¥/s andfor the total flow at Moaggill is expected to exceed 4,000 m's.
But, having implemented strategy W3, the objective js then to keep the flows at those places
below those threshold discharge values so far as is reasonably practicable. If that objective
succeeds the question arises as to whether the management of the releases should then revert
to strategy W2 in accordance with the flow chart on page 23 of the Manual. In my opinion the
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answer is “no" because strategy W2 is explicily a transition strategy — having gone to strategy
W3 the management of releases is to stay with that strategy until conditions indicate a shift to

" gither strategy. W4 or to Drain Down Phase. It is important to note that the Manual recognizes it

may not be practicable to hold the flow at Lowood betow 3,500 m¥/s and at Moggill below 4,000

SQWQ.001.006.0316

ms. Therefore flows in excess of the threshold values are not necessarily & non-compliance

with the Manual.

The releases frorn Somerset Dam are less strictly prescribed than those from Wivenhos Dam.
There is a guide chart (page 40 of the Manual) but with a good degree of flexibility impiicit in the
Manual guidance. The operators clearly sought to keep to the guide chart so far as is
reasonably practicable (see page 203 of the draft Report). In my opinion, the releases from
Somerset Dam complied with the Manual.

In the analysis which follows, the flow charts on pages 23 and 38 of the Manual are the
controtling guides and three values are all considered as follows:

1. actual value — designated “A”;
2. predicted value without forecast — designated “P*; and
3. predicted value with forecast - designated "PF".
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Period 1 of 20— 0742h on 6 January to 0200h on 7 January - Strategy W1A/S2

Wivenhoe Dam
Factor Range from Manual Values Conclusion
Lake level {m AHD) 67.25 to 67.50 67.311067.52 (A) - Complies on actual but
68.2 (P) not on pradicted
| ea7pr)
Flow at Lowood (m”/s) | Not applicable - Not applicable Not applicable
Flow at Mogagill (m’/s) Not applicabla Not applicable Not applicable
Release (m°/s) <110 Zero Complies
Somerset Dam
Factor Range from Manual Values Conclusion
Somerset lake level (m | >99.0 99,34 to 89.55 (A) Complies
AHD) 99.7 (P}
100.1 (PF)
Wivenhoe lake ievel (m | 67.00 to 75.50 67.31 to 67.52 (A) Complies on actual and
AHD) 68.2 (P) predicted
68.5 (PF)

Conclusion: The strategy complied with the Manual. The Wivenhoe Dam releases complied with the

Manual.

Note: Sub-strategies of strategy W1 appear to be based on actual lake levels in the Manual.
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Period 2 of 20 — 0200h on 7 January to 0900h on T January - Strategy W1B/S2

Wivenhoe Dam

SQWQ.001.006.0318

Factor Range from Manual Values Conclusion
Lake level {m AHD} 67.50t0 67.75 67.52 to 67.75 (A) Complies on actual but
68.2 (P) not on predicted.
‘ 68.5 (PF)
Flow at Lowood (m¥/s) | Not applicable Not applicable Not applicable
| Flow at Moggill (m”s) | Not applicable Not appiicable Not applicable
Releasa (m’/s) < 380 Zero Complies
Somerset Datn
Factor Range from Manual Values Gonglusion
Somersel Take level (m | > 99.0 | 99,55 1o 99.65 (A) Complies
AHD) 99.8 (P)
100.2 {PF)
Wwenhpe lake level {m | 67.00 to 75,50 67.5210 67.75 (A) Complies on actual and
‘| AHD) 662 (P) predicted
68.5 (PF)

Congclusion; The strategy complied with the Manual. The releases complied with the Manual.

Note: Sub-strategies of strategy W1 appear to be based on actual fake levels in the Manual.
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Period 3 of 20 - 0900h on 7 January to 1500h on 7 January - Strategy W1C/S2

Wivenhoe Damp
Factor ) Range from Manual Values Conclusion
Lake level (m AHD) 67.751068.00 67.751068.03 (A) Complies on actual but
68.4 (P} not on predicted.
_ 68.9 (PF)
Flow at Lowood (m°/s) Nat applicable Not applicable Not applicable
Flow at Moggill (m*/s) Not applicable Not applicable Not applicable
Release (m/s) < 500 Zero Complies
Somerset Dam
_ Factor Range from Manual Values Conclusion
Somerset lake level (m | > 99.0 99.65 to 99.94 (A) Complies
AHD) 100.3 (P)
100.6 (PF)
Wivanhoe lake level (m | 67.00 to 75.50 67.7510 68.03 {A) Complies on actual and
AHD) 68.4 (P) predicted
63.9 (PF)

Conclusion; The strategy complied with the Manual. The releases complied with the Manual.

Note: Sub-strategies of strategy W1 appear to be based on aclual laké levels in the Manual.
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Period 4 of 20 - 1500h on 7 January to 14005 on 8 January — ‘IStrategy (W1D, W1E, W3)/S2

Wivenhos Dam
Factor Range from Manual Values Conciusion
Lake tavel (m AHD) 68.00 to 74.00 68.03 to 66.61 (A) Complies on actual and
| 68.7 (P) predicted.
‘69.1 (PF}
Flow at Lowood (m®/s) | No restriction 530+1,239=1,769 (P) Not applicable
. | 530+1,239=1,769 (PF)
Flow at Moggill (m°/s) <4,000 770+1,239=2,009 (P) Complies
940+1,239=2,179 (PF)
Peak release (m"/s) < 4,000 1,239 _ Complies
Somersel Dam
Factor Range from Manual Actual values Conclusion
Somerset lake level (m | > 99.0 99.94 to 100.44 (A) Complies
AHD) 100.5 (F)
100.6 (PF) .
Wivenhos Iake level (m | 67.00 10 75.60 68.03 to 68.61 (A) Complies on actual and
AHD) 68.7 (P) pradicted
69.1 (PF)

Conclusion: 1t appears that the decision not to implement strategy W2 does not comply with the flow chart
on page 23 of the Manual. There is uncertainty because of ambiguity in the Manual mqmrements The
releases complied with the Manual for strategies WID, W1E and W3.

Notes: It is not clear why strategy W2 was by-passed. Bullet 3 of “Background” for peried 4 is not
understood in terms of the Manual flow chart requiremnents. It'seems clear that the guestion in the fiow
chart on page 23 of the Manual, concerhing flow at Lowood and Moggill, should hiave been answered in
the affirmative because predicted flow at Lowocd of 530 m¥s —~ plus the fiow from Wivenhoe releases —
would have been iess than 3,500 m®/s and predicted flow at Moggill of 770 m%s — plus Wiventice flow —
would have been less than 4,000 m*s. An answer in the affirmative indicates selection of strategy W2.
Had that been done, it is not clear whethar there would have been any change to the Wivenhoe Dam
releases. This issue may apply to some succeeding periods but will not be addressed again.
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Period 5 of 20 - 1400h on 8 January to 0100h on 9 January — Strafegy W3/52

Wijvenhoe Dam
Factor Range from Manual Actual values Conclusion
Laka level {(m AHD) 68.50 to 74.00 68.61 %o 68.63 (A) Complies on actual and
68.7 (P) predicted.
: 68.9 (PF}
Flow at Lowoed {m°/s) | No restriction §30+1,240=1,770 (P) Not applicable
530+1,240=1,770 (PF)
Flow at Moggill (m%s) | <4,000 770+1,240=2,010 (P} | Compligs
840+1,240=2,080 (PF)
Paak release (m®/s) < 4,000 1,240 Complies
Somerset Dam
Factor Range from Manual Actual values Conclusion
Somerset lake level (m | > 99.0 10044 1o 100.32 {(A) Complias
AHD) 100.5 (P)
100.6 (PF)
Wivanhoa lake level {m | 67.00 to 75.50 68.61 to 68.63 (A) Complies on actual and
AHD) 68.7 (P) predictsd
68.9 (PF)

Conclusion: The strategy complled with the Manual. The releases complied with the Manual.
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Period 6 of 20 - 0100h on 9 January fo 0800h on 9 January — Strategy W3/52

Wivenhoe Dam

SQWQ.001.006.0322

Factor Range from Manual Actual values Concliusion
Lake level (m AHD) 68.50 to 74.00 6B.63 to 68.56 (A) Complies on actual and
68.7 (P) predicted.
€9.3 (PF)
Fiow at Lowood (m°/s) No restriction 530+1,334=1,864 (P) Not applicable
530+1,334=1,864 (PF) ’
Flow at Moggill (m/s) < 4,000 770+1,334=2,104 (P) Complies
780+1,334=2,114 (PF)
Peak release {m/s} < 4,000 1,334 Complies
Somerset Dam
Factor Range from Manual Actual values Conclusion
Somersel Take Tevel {(m | > 69.0 003210 10028 (A) | Complies
AHD) :
100.5 (P)
101.0 {PF)
Wivenhoe lake level {m | 67.00 {o' 756.50 68.63 to 68.56 (A) Complies on actual and
AHD) ] predicted
£68.7 (P)
69.3 (PF)

Conclusion; The strategy complled with tha Manual. The releases complied with the Manual.



SQWQ.001.006.0323

12

Period 7 of 20 - 0800h on 9 January to 1400h on 8 January ~ Strategy W3/52

Wivenhoa Dam
Factor Range from Manual Actual values ‘ Conciusion
Lake level {m AHD) . 68.50 to 74.00 68.56 to 68.58 {A) Complies on actual and
70.0 (P) predicted.
71.3 (PF) _
Flow at Lowood {m/s) | No restriction 530+1,386=1,016 (°) | Not applicable
890+1,386=2,076 (PF)
Flow at Moggill (m®/s) < 4,000 770+1,386=2,156 (P) Complies
1,210+1,386=2,596
(PF)
Peak release (m°/s) < 4,000 1,386 Complies
Somerset Dam
Factor Range from Manual Actual values Conclusion
Somerset lake level {m | > 99.0 100.28 10 100.47 {A) Complies
AHD)
100.7 (P)
101.1 (PF)
Wivenhoe lake lavel {m [ 67.00to 75.50 68.56 to 68.58 (A) Complies on actual and
AHD) predicted
70.0(P) :
71.3 (PF)

Conclusion; The strategy complied with the Manual. The releases complied with ihe Manual.
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Period 8 of 20 - 1400h on 8 January to 1900h on 9 January — Strategy W3/S2

SQWQ.001.006.0324

Wivenhoe Dam
Factor Range from Manual Actual values Conclusion
Lake level (m AHD) 68.50 to 74.00 68.58 to 68.97 (A) Complies on actusl and
721 (P) predicted.
73.9 (PF)
Flow at Lowood (m/s) | N restriction Not available Not pplicable
Flow at Moggili {m™/s) < 4,000 3,300 (P) Prediction with forecast
may exceed the limit,
with an aim to get below
the iimit as soon as
possible
Peak release (m™/s) < 4,000 1,411 Complies
Somerset Dam
Factor Range from Manual Actual values Conclusion
Somerset lake level (m | > 99.0 100.47 t0 101.43 (A) Complies
AHD) ‘ 102.3 {P)
_ 103.0 (PF)
Wivenhoe lake leve! (m | 67.00 to 75.50 68.58 to 68.97 (A) Complies on actual and
AHD) 721 (P) predicted
73.9 (PF)

Conclusion: The strategy complied with the Manual, The releases complied with the Manual.
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Peariod 9 of 20 - 1900h on 9 January to 0100h on 10 January - Strategy W3/52

Wiv m
Factor Range from Manual Actual values Conclusion
| Lake tevel (m AHD) 68.50 to 74.00 68.97 to 69.90 (A) Doss not comply on
forecast prediction but
7256) does on actual. Taken
74.7 (PF) as a compliance due to
ambiguity of the
Manual.
Flow at Lowood {m“/s) | No restriction Not available Not applicable
Fiow at Moggill {m*/s) < 4,000 3,240 (P) Prediction with forecast
4,480 (PF) '| exceeds the ' limit -
Manual recognizes flow
may excaed the limit,
with an aim to get below
the limit as soon as
possible
Peak release (m°/s) < 4,000 1,473 Complias
Somerset Dam
Factor Range from Manual Actual valués Conclusion
Somerset Iake lavel (m | > 99.0 101.43t0 102.54 (A} | Complies
AHD) 102.9 (P)
| 103.4 (PF)
Wivenhoe lake level (m | 67.00 to 75.50 68.97 to 68.90 (A} Complies on actual and
AHD) 729 (P) predicted
74.7 (PF)

Conclusion: The strategy complied with the Manual. The refeases complied with the Manual.

Nofe: It is noted that the level in the Wivenhoe reservoir was now predicted to be EL74.7m, based on
forecast, which exceeds the threshold that would move the strategy to W4. But the sirategy over this
period remained W3. This Is not considered a non-compllance becausa paragraph 3 of sub-section 8.4 of
the Manual $eems to give the operator the discretion to consider the actual reservoir level, which did not
exceed EL68.90 during the period. The information is not available to judge whether point 4 of the
strategy provided optimurn protection for urban areas as required by sub-section 3.1 of the Manual.
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Period 10 of 20 - 0100h on 10 January to 0900h on 10 January — Strategy W3/52

Wivel Da
Factor Range from Manual - Actual values Conclusion
Lake level {(m AHD) 68.50 to 74.00 69.97 o 71.56 (A} Does not comply on '
forecast prediction but
729 (P
(B) does on actual. Taken
74.5 (PF) as a compliance due to
ambiguity of the
Manual.
Flow at Lowood (m/s) | No restriction Not avatlable Not applicable
Fiow at Moggill (m°/s) | < 4,000 3,420 (P) Prediction with forecast
exceeds the limit -
4, PF
680 (PF) Manual recognizes flow
may exceed the limit,
with an aim to get below
the limit as soon as
possible
Peak release (m°/s) < 4,000 2,015 Complies
Somerset Dam
Factor Range from Manual Actual values Conclusion
Somerset lake level (m | > 98.0 102.54 to 103.08 (A) Complies
AHD) 103.1 (P} '
103.5 (PF)
Wivenhoe lake level (m | 67.00 to 75.60 69.97 to 71.56 (A) Complies on actual and
AHD) 729 (P) predicted
74.5 (PF)

Condlusion; The strategy complied with the Manual. The releases complied with the Manual.

Note: It is noted that the level in the Wivenhoe reservoir was now predicted io be EL74.5m, based on

- forecast, which exceeds the threshold that would move the strategy to W4, But the strategy over this

period remained W3. This is not considered a non-compliance because paragraph 3 of sub-section 8.4 of
the Manual seems to give the operator the discretion to consider the actual reservoir laval, which did not
exceed EL71.56 during the period. The information is not available io judge whether point 5 of the
stralegy provided optimum protection for urban areas as required by sub-section 3.1 of the Manual.
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Period 11 of 20 - 0900h on 10 January to 1500h on 10 January - Strategy W3/52

Wivenhoe Dam
Factor Range from Manual Actual values Conclusion
Lake level (m AHD) 68.50 to 74.00 71.56 to 72.54 (A) Does not comply on
; forecast pradiction but
736(P) "doas on actual. Taken
75.2 (PF) 8s a compliance due to |
ambiguity of the
Manual.
Flow at Lowood {m/s) | No restriction Not avallable Not applicable
Flow-at Moggill (m*/s) < 4,000 1 3,810 (P} Prediction with forecast
exceeds the limit -
51180 (PF) Manual recognizes flow
may exceed the limit,
with an aim 1o get below
the limit as soon as
possible
Peak release (m'/s) < 4,000 2,087 Complies
Somerset Dam
Factor Range from Manual Actual values Conclusion
Somerset lake level {m | > 89.0 103.08 to 103.43 (A) Complies
AHD) 103.4 (P)
103.7 (PF)
Wivenhoe lake level (m | 67.00 to 75.50 71.56 to 72.54 (A) Complies on actual and

AHD}

736 (P)
75.2 (PF)

predicted

Conclusion: The strategy complied with the Manual. The releases compiied with the Manual.

Note: It .is noted that the level in the Wivenhoe reservoir was now predicted to be EL75.2m, based on
forecast, which exceeds the threshold that would move the strategy to W4. But the strategy over this
period remained W3. This is nat considerad a non-compliance because paragraph 3 of sub-section 8.4 of
the Manual seems to give the operator the discretion to consider the actual reservoir level, which did not
exceed EL72.54 during the period. The information is not available to judge whether point 4 of the
strategy provided optimum protection for urban areas as required by sub-section 3.1 of the Manual.
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Period 12 of 20 - 1500h on 10 January to 2000h on 10 January —~ Strategy W3/S2

SQWQ.001.006.0328

Wivenhoe Dam
Factor Range from Manual Actual values Conclusion
Lake level (m AHD) 68.50 to 74.00 7253 10 73.06 (A) Does not comply on
forecast prediction but
738 (P) does on actual. Taken
74.3 (PF) as o compliance due to
ambiguity of the
Manual.
Fiow at Lowood (m°/s) | No restriction Not available Not applicable
Flow at Moggill {m™/s) < 4,000 3,980 (P) Prediction with forecast
4,470 (FF) exceeds the . limit -
Manual recognizes flow
may exceed the limit,
with an aim to get below
the limit as soon as
possible
Peak release (m'/s) < 4,000 2,695 Complies
Somarset Dam
Factor Range from Manual Actual values Conclusion
Somersel |ake level (m | > 99.0 103.43 t0 103.45 (A) Complies
AHD) 103.5 (P)
103.5 (PF)
Wivenhoe lake level {m | 67.00 to 75.50 72.53 {0 73.06 (A) Complies on actual and
AHD) 73.6 (P) predicted
74.3 (PF}

Conclission: The strategy complied with the Manual. The releases complied with the Manual.

Note; It is noted that the level in the Wivenhoe reservoir was now predicted to be EL74.3m, based on
forecast, which exceeds: the threshold that would move the strategy to W4. But the strategy over this
period remained W3. This is not considered a non-compliance because paragraph 3 of sub-section 8.4 of
the Manual seems to give the operator the discretion to consider the actual reservoir level, which did not
exceed EL73.06 during the period. Moreover, shortly after the start of the next period the Regulator, in
accordance with sub-section 2.8 of the Manual, had agreed that the actual leve! could exceed EL74.0m
for a period less than 12 hours without moving to Strategy W4. The actual level did not reach EL74.0 for
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about another 14.5 hours. The information is not available to judge whether point 5 of the strategy
provided optimum protection for urban areas as required by sub-section 3.1 of the Manual.
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Period 13 of 20 - 2000h on 10 January te 0400h on 11 January - Strategy W3/52

SQWQ.001.006.0330

Wivenhoe Dam
Factor Range from Manual Aé‘tual vaiues Conclusion
Lake level (m AHD) 68.50 to 74.00 73.0681073.40 (A) Does not comply on
: both predictions but
AP
741(P) does on aclual level.
74.9{PF) Taken as a compliance
due to ambiguity of the
Manus,
Flow at Lowood (m*/s) _ | No restriction Not available Not applicable
Flow at Mogglll {m"is) < 4,000 4,040 (P) Prediction with forecast
4 : exceeds the [limit -
/540 (PF) Manua) recognizes flow
may exceed the limit,
with an aim to get below
the limit as soon as
possible
Peak release (m*/s)- < 4,000 2,726 Complies
Somerset Dam
Factor Range from Manual Actual values Conclusion
Somerset lake fevel (m | > 99.0 103.45 to 103.23 (A} Complies
AHD) 103.5 (P)
103.7 (PF)
Wivenhoe lake level {m | 67.00 to 75.50 73.06 to 73.40 (A) Complies on actual and
AHD) 74.1 (P) predicted
74.9 (PF)

- Conclusion: The strategy complied with the Manual. The releases complied with the Manual.

Note:; It is noted that the fevel in the Wivenhoe reservoir was now predicted o be above EL74.1m, which
exceeds the threshold that would move the strategy to W4. But the strategy over this period remained
W3, This is not considered a non-compliance because paragraph 3 of sub-section 8.4 of the Manual
seems to give the operator the discretion to consider the actual reservoir level, which did not exceed
EL73.40 during. the period. The information is not available to judge whether point 4 of the strategy
provided optimum protection for urban areas as required by sub-section 3.1 of the Manual.
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Period 14 of 20 - 0400h on 11 January to 0800h on 11 January — Strategy W3/52 (my
conclusion as to the intended meaning of the draft Report)

Wivenhoe Dam
Factor Range from Manual Actual values Conclusion
Lake lavel {m AHD) 68.50t0 74.00 73.4010 73.70 (A) 1Does not comply on
: y both predictions but
745 () does on actual. Taken
75.1 {PF) as a compliance due to
y ambiguity of the
_ Manual.
Flow al Lowood (m°/s) | No restriction Not available Not applicable
Flow at Moggill {m/s) - | <4,000 5870 (P) - Prediction with forecast
Not available (PF) exceeds the ) limit -
Manual recognizes flow
may exceed the limit,
with an aim to get below
the limit as soon as
. possible
Peak release (m”/s) < 4,000 2,832 Complias
Somerset Dam
Factor Range from Manual Actual values Conclusion
Somerset lake level (m | >99.0 103.23 to 103.46 (A) .Compiies
AHD) 103.8 (P)
.104.2 (PF)
Wivenhoe lake level (m | 67.00 to 75.50 73.40to 73.70 (A) Complies on actual and
AHD) 745 [P) predicted
75.1 (PF)

Conglusion: The strategy complied with the Manual. My interpretation is that the releases comptiad with
the Manual. There is an element of doubt about releases because the heading in the “Strategy” column
clearly implies that strategy W4 applied throughout this period. If that were correct, point 3 of the
“Background” column records a nci-compliance because discharge was constant over the period
whereas strategy W4 requires increasing discharge until the reservair level comménces to fall. However,
point 2 of the “Strategy” column states the decision to go to strategy W4 was made at 0800k — that is, at
the end of the period. The. conclusion is that strategy W3 applied throughoul this period and the heading
of the "Strategy” column is simply incomrect. In thal case there was no non-compliance.
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Note: It is rioted that the level in the' Wiventhoe reservoir was now predicted fo be EL74.5m or higher,
which exceeds the threshold that would move the sirategy to W4. But the strategy over this period
appears to have remained W3. This is not considered a non-compliance because paragraph 3 of sub-

section 8.4 of the Manual seems to give the operator the discretion to consider the actual reservoir level,
which did not exceed EL73.70 during the period. ‘

SQWQ.001.006.0332
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Period 15 of 20 - 0800h on 11 January to 1300h on 11 January - Strategy W4/52

Wivephoe Dam
Factor Range from Manual Actual values Conclusion
Lake level (nAHD) | > 74.00 73.70t0 74.39 (A) Complies
75.0 (P}
76.2 (PF)
Flow at Lowood (m™/s) | No restiiction Not available Not applicable
Flow at Moggill (m°fs) No limitation ot available Not applicable
Peak release (m'/s) No limitation 4,250 Not applicabls
Somerset Dam
Factor Range from Manual Actual values Conclusion
Somerset lake level (m | > 99.0 ", | 103.46 to 103.83 {A) Complies
AHD) 104.8 (P)
. 105.7 (PF)
Wivenhoe Iske level {m | 67.00 to 75.50 73.70t0 74.38 (A) Complies on actual and
AHD) : predicted but not on
75.0(P) forecast " predicted.
76.2 (PF} Taken to be a

compliance because of
ambiguity in the Manual.

Conglusion; The sirategy complied with the Manual. The releases complied with the Manual,

Note: It is noted that the fevel in the Wivenhoe reservoir was now predicted, on the basis of forecast, to
be above EL75.5m, which exceeds the threshold that would move the Somerset strategy to 83. But the
strategy over this period remained S2. This is not considered a non-compliance because paragraph 3 of
sub-section 8:4 of the Manual sesms to give the operator the discretion to consider the actual reservoir
lavel, which did not exceed EL74.39 during the period.
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Period 16 of 20 - 1300h on 11 January to 1300h on 11 January — Strategy Wi4/52

SQWQ.001.006.0334

Wivenhoe Dam
Factor Range from Manual Actual values Conclusit.m
Leke level (m AHD) > 74.00 74.38t0 74.97 (A) Complies
75.0 (P)
75.2 (PF)
Flow at Lowood (m™/s) | No restriction Not available Not applicable
Fiow at Moggill (m¥/s) No limitation Not available Not applicable
Peak release (m'/s) No limitation 7,464 Not applicable
Somerset Dam
Factor Range from Manual Actual values Conclusion
Somerset lake level (m | >99.0 103.83 to 104.60 (A) Complies
AHD) 105.2 (P)
105.9 (PF)
Wivenhoe lake level (m 67.00 0 75.50 - 74.3910 74.97 (A) Complies on actual and
AHD) 75.0 (P) predicted
75.2 (PF)

Conclusion: The strategy complied with the Manual. The releases complied with the Manual. -
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Period 17 of 20 - 1900h on. 11 January fo 2100h on 11 January ~ Strategy W4/52

Wivenhoe Dam
Factor Range from Manual Actual values Conclusion
Lake level (m AHD) > 74.00 74.97 1o 14.95 (A) Complies
75.0(P) '
75.2 (PF)
Flow at Lowoed (m*fs) | No restriction Not avaflabie Not applicable
Flow at Moggill (m*/s) No Bmitation Not available Not applicable
Peak relsase (m/s) No limitation 7,458 Not applicable
Somerset Dam
Factor Range from Manual Actual values Conclusion
Somerset lake leval (m | > 99.0 104.60 10 104.78 (A) Complies
AHD) 105.2 (P)
105.9 (PF)
Wivenhoe lake leve! {m | 67.00 to 75.50 74.97 to 74.95 (A) Corhplies on actual and
AHD) 75.0 (P) predicted
75.2 (PF)
Conclusion: The strategy complied with the Manual. The releases complied with the Manual.
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Wive Dam
Factor Range from Manual Actual values Conclusion
Lake level {m AHD) > 74.00 74.97 to 74,78 (A) | Complies
Not available (P)
Not avaitable (PF)
Flow at Lowobd {m‘/s) { No restlicl-ion Not available Not applicable
Flow at Mogg‘ﬁl (m°/s) No limitation Not available Not applicable
Peak release (m'/s) No limitation 7.464 to 2,547 - Not applicable
Somerset Dam
: Factt;r Range from Manual -Aclual vaiues Conclusion
Somerse! lake level (m | > 89.0 104.78 to 105.11 (A) Complies
AHD) Not avaitable (P)
_ Not available (PF)
Wivenhoe lake level (ﬁ\ 67.00 to 75.50 74.97 to 74.78 {(A) Complies

AHD)

Not available (P)
Not available (PF)

Conclusion: The strategy oomplied'with the Manual. The releases complied with the Manual.
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Period 19 of 20 - 0860h on 12 January to 1200h on 13 January ~ Drain Down Phase

Wive m

Factor

Range from Manual

Actual values

Cenclusion

| Lake level {m AHD)

= B7.00 within seven
days (subject to base
flow allowance)

74.78to 74.61 (A)

Compliance not yet
known

Flow at Lowoed (m*/s) | No restriction Nat available Not applicable
Flow at Moggill (m*/s) Ne limitation Not available Not applicable
Release {m'/5) No limitation 2,534 Not applicable
Somerset Dam

Factor Range from Manual Actual values Conclusion

Samerset lake level (m
AHD)

=" 09.00 within seven
days (subject to base
flow allowance)

105.11 10 103.96 (A)

Compliance not yet |
known

Wivenhoe lake level (m
AHD)

67.00 to 75.50

74.78 to 74.61 (A)

Complias on actua! ang

predicted

Conclusion: There was na viclation of the Ménual requirements during the pericd.




Period 20 of 20 - 1200h on 13 January to 1200h on 19 January - Drain Down Phase

Wivenhoe Dam

SQWQ.001.006.0338

Factor

Range from Manual

Actun! values

Conclusion

Lake lavel (m AHD)

= 67.00 within seven
days (subject to base
flow allowance)

7461 to 66.89 (A}

Effective compliance

Flow at Lowoad (m*/s} | No restriction Not available Not applicable
Flow at Moggill (m*/s) No limitation Not available Not applicabie
Release (m’/s) Avoidance of adverse | Not available Not applicable
impacts on river system
below 4,000 m%/s
Somerset Dam
Factor Range from Manual Actual values Conclusion
Somerset lake level {m | = 99.00 within seven | 103.96 to 89.00 (A} Effective compliance

AHD)

days (subject to base
flow allowance}

Wivenhos lake level {m
AHD)

Not applicable

74.61 to 66.89 (A)

Not applicable

Conglusion: The releases complied with the Manual.
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Question 2 - were there any aspects relating to the operation of Wivenhos Dam and the
operation of Somerset Dam during the January 2011 Flood Event not in accordance with

the Manual?

. Releases from Wivenhoe Dam

Under the preceding question there Is the explanation of a possible non-compliance with the
Manual at period 4 in not implementing strategy W2. There is uncerainty because of ambiguity
in the Manual. '

. Operational arrangements

Seqwater complied with the six requirements of sub-section 2.2 of the Manual - see sub-section
3.2 of tha draft Repont.

. Provision of flood operations engineers

Seqwater provided engineers with duties as required by sub-séctions 2.2 and 2.3 of the Manual
— see sub-section 3.2 of the draft Repori.

. Qualifications and experience of fiood operations personnel

The qualifications and experience of the ficod operations engineers have been approved by the

-Chief Executive as required by sub-section 2.5 of the Manual ~ see sub-section 3.3 of the draft

Report.

. Schedule of authorities

The schedule was provided to the Regulator on 4 October 2010 as required by sub-section 2.6
of the Manual. . ,

. Training

Flood operations personnel have received training as required by sub-section 2.7 of the report —
see sub-section 3.3 of the draft Report. A report was provided to the Chief Executive on 4
October 2010 detailing the training personnel had received and their state of readiness — as
required by sub-section 7.2 of the Manual.

. Reasonable Discretion

The procedure of sub-section 2.8 of the Manual was followed — see period 13 of the Flood
Event Summary, Section 2, the draft Report. .

. Report of flood event

The draft Report was provided to the Chief Executive on 2 March 2011 (e-mail of 0807h on 8

" March 2011 fram Mr Jim Pruss}, which complies with sub-section 2.9 of the Manual.

. Maintenance of RTFM -
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As required by sub-sections 5.2 and 7.3 of the Manual, the reliability of the RTFM system was
reviewed by Seqwater and reported to the Ragulator on 4 October 2010.

10. Daté collection log

Referring to sub-section 5.2 of the Manual, the reliability of the data collection system was
reviewed by Seqwater and was reported to the Regulator on 4 October 2010.

So far as can be seen the draft Report does not say whether a data collection log is kept.

“11. RTFM performance log

So far as can be seen the draft Repert does not say whether an RTFM log is kept.
12. Manual reading of gauge boards

Manual readinb ‘was available as required by sub-section 5.4 of the Manual — see pericd 15,
Fiood Event Summary, section 2, draft Report.

13. Sharing of field station calibration with other agencies

So far as can be seen the draft Report does not say whether field station calibrations are shared
with the relevant stakeholders. ‘

14. Reliable communication

Seqwater provided reliable communication channels as required by sub-section 6.1 of the
Manual — see sub-section 4.2 of the draft Report. '

15. Dissemination of information

As required by sub-section 6.2 of the Manual, Seqwater advised relevant stakeholders of
releases from the dams and other pertinent information — see sub-section 4.3 of the draft
Report, :

16. Review of Manual procedures

The draft Report, provided to the Chief Executive on 2 March 2011, contains a review of Manual
procedures required by sub-section 7.4 of the Manuat. -
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