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IN THE MATTER OF
THE QUEENSLAND FLOODS COMMISSION OF INQUIRY

A COMMISSION OF INQUIRY UNDER THE
COMMISSIONS OF INQUIRY ACT 1950

AND PURSUANT TO THE
COMMISSIONS OF INQUIRY ORDER (No. I) 2011

SECOND STATEMENT OF PHILIP ARTHUR HENNESSY

On the 1** day of February 2012, I, Philip Arthur Hennessy, of ¢/- 240 Margaret Street, Brisbane,

state on oath:
1. I am the Chairman of the Queensland Bulk Water Supply Authority (Seqwatrer).

2, This statement is provided to the Queensland Floods Commission of Inquiry pursuant to a
"Requirement to Provide Statement" issued by the Commission dated 31 January 2012

(the Regquirement).

3. This statement has been prepared in a very short period of time in order to meet the
Requirement's deadline. The statements I make below are my best recollections of the
matters the subject of the Requirement, having regard to the documents [ have been able to

locate within the timeframe referred to in the Requirement,

My understanding, between 7 January 2011 to 12 January 2011, of which strategies referred to

in the Manual were used and the times when each strategy was in use

4, Subject to the two matters I mention below, I did not have any understanding, during the
period 7 January 2011 to 12 January 2011, of which strategies referred to in the Manual were
used and the times when each strategy was in use. This is because during that period I did not
know what strategies referred to in the Manual were used or when and I did not, to the best of

my recollection, receive information from anyone; detailing those matters.
5, The two matters are these.

6. First, [ knew the Manual contained a range of strategies which involved protection of rural
areas, protection of urban areas and dam safety. My understanding was that these strategies

would be deployed at different times depending upon the size of the flood. During the period




7 January 2011 to 12 January 2011, I expected, but did not know, that these strategies were in

use. [ did not know the times at which different strategies were in use,

During the period 7 January 2011 to 12 January 2011, I did not know the strategies referred to
in the Manual by their labels (W1, W2, W3 or W4) and did not know the detail of the
Manual. [ had received a briefing from Seqwater previously as to my responsibilities under
the Manual and I carried that briefing with me at the time, It is Attachment PAH1 to this

statement.

Secondly, although I cannot now be sure, my recollection is that I received at least daily
telephone calls (and sometimes numerous calls each day) from Mr Borrows, the Chief
Executive Officer of Seqwater, as to how the flood was developing. Iwas not in Brisbane at
the time and only returned to Brisbane on 22 January 2011. [ cannot remember the detail of

those calls other than that I do recall:

(a) being told during one of the calls that Seqwater would be releasing damaging flows
from Wivenhoe Dam to protect the safety of the dam; and

b) confirming to Mr Borrows that I would be available for consultation at any time, if

required.

How has my understanding changed since 12 January 2011 and the reason for the change in

understanding?

10.

1.

12,

Following the flood:

(a) a flood event report was prepared for the Dam Safety Regulator; and

(b) this Commission of Inquiry process has been carried out.

As part of the Cominission process:

{(a) Seqwater has provided the Commission with witness statements, information and
submissions;

(b) there have been public hearings; and

(c) the Commission has produced an Interim Report.

In the course of the preparation of the flood event report and the Commission process, [ have
gained a greater (albeit still high level) understanding of the Manual. I have also gained a

greater understanding of what strategies might be used during a flood event.

I make further comments below about the extent to which my understanding has changed as a

result of different accounts being provided to me of what strategies were used and when.




Differing accounts of the choice and timing of strategies, when I became aware of those differing

accounts, all discussions and correspondence regarding the differing accounts and any decision

taken by me in relation to the differing accounts

13.

14.

15.

16.

17.

i8.

During the flood, I received from Mr Borrows a copy of a draft Ministerial briefing that he
was having prepared. Attachment PAH2 is a copy of the email I received from Mr Borrows.

I cannot remember if I looked at it closely at the time, but I doubt that I did.

I was not aware at the time that the draft Ministerial briefing contained an account of what
strategies referred to in the Manual were used and when. I am now aware of this. Texplain

when and how I became aware of this below.

At a meeting of the Board of Seqwater on 1 March 2011, the Board considered a draft of the
flood event report. My understanding is that the draft report sent to the Board has been
provided o the Commission by Seqwater, My understanding is that the Board did not receive
the appendices to the draft report, The documents before the Board at the Board meeting
included: a report which was prepared and delivered by Jim Pruss. This report is Aftachment
PAH3. During the delivery of this report, the Board was informed by Mr Pruss that each
engineer who was involved in the manageinent of the event had indicated that the report was
correct and that peer reviewers had considered the report and not raised any issues, although
their formal reports had not yet been received. Iunderstand that copies of those peer reviewer

reports were provided to the Commission after Seqwater received them.

My focus in reviewing the draft flood event report was upon the executive summary and the
conclusions and recommendations. Idid not review the other paits of the draft report in any
detail. Iwas particularly interested in the executive summary as I wanted it to be capable of
being easily understood by members of the public, given the technical nature of the dam

operations.

At the board meeting on 1 March 2011, I was not aware that the account in the draft of the
flood event report of what strategies referred to in the Manual were used and when differed
from that contained in the draft Ministerial briefing in Attachment PAHI. At that time, I
was not aware of the differences myself, and I was not made aware of them by anyone else.
If I was aware, or had been made aware, of the differences, I would have asked for an

explanation,

The first time I became aware that there were differences in the accounts in the flood event
report and the draft Ministerial briefing was on 23 or 24 January 2012. This followed a

discussion I had with Mr Borrows in which he indicated that there were alleged




inconsistencies between certain Seqwater documents and the final Seqwater flood event
report. Timmediately asked Mr Borrows to have those matters investigated by our external

lawyers.

19, After this time, the Cominission announced it was holding further public hearings to address,
amongst other things, these alleged inconsistencies. I am aware that the Commission has
asked for the further documents and statements from Seqwater personnel as part of the

Commission's investigation,

20. At the time of making this statement, I am not able to confirm personally what strategies

referred to in the Manual were used during the January 2011 flood event and when.

SWORN by Philip Arthur Hennessy on | February 2012 at Brisbane in the presence of:

Solicitor

Deponent
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FLOOD MITIGATION MANUALS
PRESENTATION SUMMARY

Explanation of Flood Mitigation Manuals.
Dam operations during flood events.
Chairman’s responsibilities.

Communications in practice during a flood event.




FLOOD MITIGATION MANUALS
EXPLAINATION OF MANUALS

- Flood Mitigation Manuals are approved by gazette
notice, in accordance with the provisions of Chapter 4
(Part 2) of the Water Supply (Safety and Reliability)
Act 2008 (originally “City of Brisbane Flood Mitigation
Act).

« An owner of a dam who observes the operational
procedures of a Flood Mitigation Manual does not
incur civil liability for flood operations.




FLOOD MITIGATION MANUALS
EXPLAINATION OF MANUALS

« Flood Mitigation Manuals only required for gated
spillway dams providing flood mitigation benefits (in
theory).

« Manuals approved by Gazette Notice are in place for
Wivenhoe, Somerset and North Pine Dams.

« Only Wivenhoe and Somerset Dams provide flood
mitigation benefits.




FLOOD MITIGATION MANUALS
DAM OPERATIONS DURING erODm

« Operations of North Pine Dam is relatively simple.
No flood water can be stored in the dam i.e. generally
what comes in must immediately be released.

« Operation of Wivenhoe and Somerset is complex.
Aim is to maximise the potential of the combined
flood storage (1,700,000 ML) to minimise flood
impacts downstream of the dam.




DAM OPERATIONS DURING FLOODS

FLOOD MITIGATION OBJECTIVES

- Ensure the structural safety of the dams;
« Provide optimum protection of urbanised areas from inundation;

« Minimise disruption to rural life in the valleys of the Brisbane and
Stanley Rivers;

- Retain the storage at Full Supply Level at the conclusion of the
Flood Event.

« Minimise impacts to riparian flora and fauna during the drain
down phase of the Flood Event.



FLOOD MITIGATION MANUALS
DAM OPERATIONS DURING FLOODS

FLOOD MITIGATION OBJECTIVES ARE ACHIEVED
BY:

« Obtaining real time rainfall and streamflow data from 140
gauging stations in the impacted catchment areas;

« Obtaining rainfall forecasts from BOM;

« Running hydraulic models to estimate dam and _w;m_umsm River
inflows;

» Following flood management strategies described in the manual
in accordance with the magnitude of the Flood Event;



FLOOD MITIGATION MANUALS
DAM OPERATIONS DURING FLOODS

Lockyer Creek

Wt TT 9

Bremer Creek
Gauging Station




FLOOD MITIGATION MANUALS
CHAIRMAN’S RESPONSIBILITIES

For the purposes of operation of the dams during Flood
Events, Seqwater must ensure that:

- All practical attempts are made to liaise with the
Chairperson and the Chief Executive (DG DERM) if
the release of water from the Dams during a Flood
Event is likely to endanger life or property.




FLOOD MITIGATIOI IJUALS
CHAIRMAN’S RESPONSIBILITIES

REASONABLE DISCRETION |

if in the opinion of the Senior Fiood Operations Engineer, it is necessary to depart from the
procedures set out in this Manual to meet the flood mitigation objectives, the Senior Flood
Operations Engineer is authorised to adopt such other procedures as considered necessary
subject to the following: _

«  Before exercising discretion under this Section of the Manual with respect to flood mitigation
operations, the Senior Flood Operations Engineer must make a reasonable attempt to
consult with both the Chairperson and Chief Executive.

. The Chief Executive would normally authorise any departures from the Manual. However if
the Chief Executive cannot be contacted within a reasonable time, departures from the
Manual can be authonsed by the Chairperson.

- If both the Chairperson and the Chief Executive cannot be contacted within a reasonable
time, the Senior Flood Operations Engineer may proceed with the procedures considered
necessary.



FLOOD MITIGATION MANUALS
'CHAIRMAN’S RESPONSIBILITIES

WHEN IS REASONABLE DISCRETION LIKELY TO BE USED ?
« Only in large events (~>1 in 50 year events).

« |f a number or rainfall and streamflow stations become
inoperable.

- If a judgement call is made to increase dam outflow based on
forecast rainfall to reduce peak flood impacts.

- During the drain down phase if significant urban damage has
been experienced in Brisbane.



LOOD MITIGATION MANUALS
OMMUNICATIONS DURING FLOODS

SEQWATER DERM

for
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FLOOD MITIGATION MANUALS
PRESENTATION SUMMARY

Explanation of Flood Mitigation Manuals.

Dam operations during flood events.

Chairman’s responsibilities.

Communications in practice during a flood event.




FLOOD MITIGATION MANUALS
EXPLAINATION OF MANUALS

* Flood Mitigation Manuals are approved by gazette
notice, in accordance with the provisions of Chapter 4
(Part 2) of the Water Supply (Safety and Reliability)
Act 2008 (originally “City of Brisbane Flood Mitigation
Act).

« An owner of a dam who observes the operational
procedures of a Flood Mitigation Manual does not
incur civil liability for flood operations.




FLOOD MITIGATION MANUALS
EXPLAINATION OF MANUALS

* Flood Mitigation Manuals only required for gated
spillway dams providing flood mitigation benefits (in
theory).

« Manuals approved by Gazette Notice are in place for
Wivenhoe, Somerset and North Pine Dams.

*  Only Wivenhoe and Somerset Dams provide flood
mitigation benefits.




FLOOD MITIGATION MANUALS
DAM OPERATIONS DURING FLOODS

« Operations of North Pine Dam is relatively simple.
No flood water can be stored in the dam i.e. generally
what comes in must immediately be released.

« QOperation of Wivenhoe and Somerset is complex.
Aim is to maximise the potential of the combined
flood storage (1,700,000 ML) to minimise flood
impacts downstream of the dam.




FLOOD MITIGATION MANUALS
DAM OPERATIONS DURING FLOODS

FLOOD MITIGATION OBJECTIVES

* Ensure the structural safety of the dams;
« Provide optimum protection of urbanised areas from inundation;

« Minimise disruption to rural life in the valleys of the Brisbane and
Stanley Rivers;

» Retain the storage at Full Supply Level at the conclusion of the
Flood Event.

» Minimise impacts to riparian flora and fauna during the drain
down phase of the Flood Event.



FLOOD MITIGATION MANUALS
DAM OPERATIONS DURING FLOODS
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* Obtaining real time rainfall and streamflow data from 140
gauging stations in the impacted catchment areas;

« Obtaining rainfall forecasts from BOM;

« Running hydraulic models to estimate dam and _w_,wmcm:_m River
inflows;

- Following flood management strategies described in the manual
in accordance with the magnitude of the Flood Event;
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FLOOD MITIGATION MANUALS
CHAIRMAN’S RESPONSIBILITIES

For the purposes of operation of the dams during Flood
Events, Seqwater must ensure that:

« All practical attempts are made to liaise with the
Chairperson and the Chief Executive (DG DERM) if
the release of water from the Dams during a Flood
Event is likely to endanger life or property.




FLOOD MITIGATION MANUALS
CHAIRMAN’S RESPONSIBILITIES

REASONABLE DISCRETION

If in the opinion of the Senior Flood Operations Engineer, it is necessary to depart from the
procedures set out in this Manual to meet the flood mitigation objectives, the Senior Flood
Operations Engineer is authorised to adopt such other procedures as considered necessary
subject to the following:

«  Before exercising discretion under this Section of the Manual with respect to flood mitigation
operations, the Senior Flood Operations Engineer must make a reasonable attempt to
consult with both the Chairperson and Chief Executive.

«  The Chief Executive would normally authorise any departures from the Manual. However if
the Chief Executive cannot be contacted within a reasonable time, departures from the
Manual can be authorised by the Chairperson.

« If both the Chairperson and the Chief Executive cannot be contacted within a reasonable
time, the Senior Flood Operations Engineer may proceed with the procedures considered
necessary.




FLOOD MITIGATION MANUALS
CHAIRMAN’S RESPONSIBILITIES

WHEN IS REASONABLE DISCRETION LIKELY TO BE USED ?
« Onlyin large events (~>1 in 50 year events).

« |f a number or rainfail and streamflow stations become
inoperable.

 If a judgement call is made to increase dam outflow based on
forecast rainfall to reduce peak flood impacts.

« During the drain down phase if significant urban damage has
been experienced in Brisbane.
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Record of teleconference 12 January 2011

Key attendees:

Mick Young, Director General, Queensiand Health

Dr Jeanette Young, Chief Heaith Officer, Queensland Health

Sophie Dwyer, Executive Director , Queensland Health

Andreaw Wilson, Queensland Health

Arran Hieatt, Senior Environmental Health Scientist, Queensland Health
John Bradley, Director General, Department of Environment and Resource Management
Dr David Cunliffe, SA Department of Health

Dr Dan Deere, WaterFutures

Barry Dennien, CEQ, SEQ Water Grid Manager

Dan Spiller, Director Operations, SEQ Water Grid Manager

Jim Pruss, Executive General Manager, Seqwater

Stan Stevenson, Seqwater

Arran Canning, Seqwater

Brett Myatt, Seqwater

Jeff Browne, Linkwater

Summary of outcomes

It was agreed by the Water Grid, Queensland Health and Department of Environment and Resource

Management that:

e The primary objective is to maintain supply within the connected area. Production at the Mt

Crosby WTP will at least match demand, subject to operational constraints.

¢ The secondary objective is to maintain drinking water quality, minimising public health risks.

However, production will not cease due to treated water quality issues.

s For the duration of the current flood event, the operating rules for the Mt Crosby water

treatment plants are:
o Minimum production of 150 ML/day
o Achieve and maintain stable operation
o Shutdown for operational reasons only, not treated water quality



Target of below 1 NTU in treated water

Periods of up to 2 NTU in treated water tolerabte

Disinfection residual maintained at standard operating procedure
Note some discolouration may occur

c 0 0 0

Queensland Health advised that:

¢ Based on these operating rules, water supplied from the Mt Crosby water treatment plants is
considered to have taken all necessary precautions to minimise the public health risk.

e  Further advice should be sought from Queensland Health should there bea prolonged trend to
above 1.5 NTU in treated water, Production should not cease while this advice is sought. An
evaluation will be made at that time to determine if water of above 2 NTU may still be safe to

supply.
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Dear Dr Young
Re: Operation of Mt Crosby Water Treatment Plant

Based on-the infarmation provided in yesterday’s meetings | consider that a target upper
turbidity limit of 1NTU combined with existing disinfection procedures at the Mount Crosby
Water Treatment Plant should produce safe drinking water. In addition an increase to
2NTU for periods of time can he accepted

This assessment is based on the following:

o  Turbidity limits applied to filtered water in Australia are based on USEPA standards,

These are intended to ensure a minimum 3 log reduction of Cryptosporidium. The
 turbidity in the source water is curreritly over 1300NTU and may reach 1700NTU or

even higher. Achieving 1-2 NTU in filtered water will provide a 3 |og reduction in

turbidity indicating effective filtration and substantial removal of Cryptosporidium.

o Although recent practice has been to move to turbidity limits of 0.3NTU in filtered water
(based on the latest USEPA standards) in previous years turbidity targets of 0.5NTU-
1NTU with higher upper limits were commonplace in Australia with no evidence of
associated drinking water outbreaks.

o Giardia reduction's are expectéd to exceed those of Cryplosporidium. Disinfection will
also provide a further partial barrier to Giardla. which is not as resistant to chlorine as
Cryptosporidium

« The free chlorine concentrations and minimum contact times are sufficient to inactivate
enteric viruses and bacteria

o Although there has been reported contamination of the Brisbane River this is likely to
have been greatly diluted by the massive volumes of water currently in the River and
its tributaries -

In summary, the water produced by the plant under the agreed operating conditions should
be safe, While turbidity should be kept as low as possible, subject to practical constraints,
providing it is maintained with the identified limits public advice to boil the water is not _
requited. This situation should be reviewed if the 1NTU target is consistently exceeded or if
the upper limit of 2NTU is exceeded for more than 30-60 minutes.










Turb_i_dity and Mt Crosby Water Trealment Plant

* The driver for tighter filtered water turbidities, such as 0,3 NTU, is to meet long-term
endemic disease burden targets of around 1 in 10,000 infections or 1 in one million DALYs
per person per year, not to avoid outbreaks, A 1 NTU target and 2 NTU short-term limit is
not uncommon historically in Australia and is commonly practiced in many Australian
towns and does seem to be able to prevent short-term outbreaks.

¢ Dilution factors are high during these very large flood events leading to levels of
contamination that would not be at their worst case, The outer catchment with relatively
low population densities is probably contributing most of the water. Risks are much lower
than a situation in which a flash Alood occurs in a small, highly polluted catchment.

*  Cryptosporidium is appreciably inactivated by natural processes in SEQ summer
temperatures and only the last weeks of pathogen shedding would be relevant. Material
deposited weeks or months ago would not be relevant.

*  Almost all outbreaks of waterborne cryptosporidiosis occur in lower temperature
conditions, such as Canada, northern Europe or the northern North American states, and
typically in early Spring, e.g. after snow melt during lambing and calving seasons. This is
not comparable to the situation in SEQ during mid-summer.,

* Itisnota mass calving or lambing season so we are not likely to be seeing high numbers of
human-infectious strains Cryptosporidium (i.e. certain genotypes of C. parvum) that are
seen in other environments or in early Spring. ' ,

*  We are probably just prior to the annual swimming pool-related outbreak peak that occurs
in humans around February and leads to a peak source concentrations in sewage of around
two logio above normal background, so we are not in the highest risk period for C. hominis
and human-derived C. parvum,

It is plausible that levels of Cryptosporidium passing through the filtration plant are higher than
those levels required to achieve a 1 in one million DALY disease burden, as per the long term risk
targets used for setting normal treatment requirements, However, it is not likely that these levels
are high enough to lead to detectable increases in notified cases of cryptosporidiosis. Therefore,
issuing a boil order would be unnecessary from a utility and government reputation perspective,
Furthermore, from a public health and public convenience perspective, cryptosporidiosis is a self-
limiting disease in the Australian context and issuing a boil water order would be a
disproportionate response,

In summary, given the above information, my perception is that issuing a boil water order for the
Mt Crosby water supply at this time would not be warranted on either public health grounds or in
order to protect the reputation or the utility or government at large. I do not foresee a waterborne
disease outbreak eventuating under the current circumstances, The situation should be reviewed
should turbidities remain consistently elevated above 1 NTU, e.g. for more than several hours, or
rise above 2 NTU for more than 1 hour.

Yours sincerely

Dan Deere PhD

Consultant, Water Futures Pty Ltd

Visiting Fellow, Centre for Water Research, University of New South Wales

Member NSW Health Cryptosporidium and Giardia Testing Independent Expert Panel

Chair NATA Cryptosporidium and Giardia Proficiency Testing Program Technical Group :
Lead Auditor and Technical Professional: Water Quality, Water Licensing and Technical Services
Panel, Independent Pricing and Regulatory Tribunal, NSW Government

Lead Auditor, Drinking Water Quality Management Systems: ID 022400, RABQSA
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Project Summary

Removal of Cryptosporidium and
Giardia through Conventional
Water Treatment and Direct

Filtration

Eva C. Nieminski

Pilot- and fufl-scale evaluations of
Giardia and Cryptosporidium cyst re-
movais through direct filtration and con-
ventiona! water treatment were con-
ducted by the Utah Department of En-
vironmental Quality. Cysts were seeded
continuously in a step dose at a 0.5
gpm pilot plant, and In a spike at a 900
gpm full-scale plant; both plants were
operated under conventional treatment
and direct filtration regime, The resuits
of 20 pilot-scale cyst seeding trials and
8 full-scale trials indicated that source
water quality (turbidity and algal con-
tent), as well as treatment effective-
ness in removing turbidity, controlled
the removal of seeded Giardia and
Cryptosporidium. GChanges in source
water quality infiuenced removal rates
more than fthe mode of treatment.
Higher removal rates were consistently
observed for Giardia cysts {3.3-log) than
for Cryptosporidium oocysts (3.0-log).
A high correlation was found between
cyst removal rates and removal of the
respective size particles; poorer corre-
lation existed hetween cysts and tur-
bidity removal, while no significant cor-
relation was established between the
removals of cysts and heterotrophic
bacteria.

To assure that the best available de-
tection method was used in enumera-
tion of the cysts in raw and treated
water, two versions of the immunofiuo-
rescence staining method were evalu-
ated for their efficiencies in detecting
Giardia cysts and Cryptosporidium oo-
cysts seeded at known concentrations

in water: (1} the ASTM method for de-
tection of Giardia cysts and Crypto-
sporidium oocysts in low-turbidity wa-
ter and {2) a modified Sauch's proce-
dure employing sampling by 2.0 {im mem-
brane filters, Percoll/Percoll step gradient
flotation, and immunofluorescence stain-
ing on 2.0 um porosity polycarbonate mem-
brane filters. The second method was se-
lected, since it was characterized by higher
recovery rates in all three types of waters

- tested: raw surface water, partially treated

water from a flocculation basin, and fil-
tered water. Cyst and oocyst recovery effi-
ciencies decreased with increasing water
turbidity regardless of the method used.
Recoveries of seeded Giardia cysts ex-
ceeded those of Cryptosporidium oocysts
in all types of water sampled.

This Project Summary was developed
by EPA’s National Risk Management
Research Laboratory, Cincinnati, OH,
to announce key findings of the re-
search project that Is fully documented
in a separate report of the same title
(see Project Report ordering informa-
tion at the back).

Introduction

Problem Statement and Study
Objectives

The Surface Water Treatment Rule re-
quires all public water system treating sur-
face water o effectively remove enteric
viruses and Giardia cysts, The removal of
microbial contaminants by filtration is be-
ing re-evaluated by the U.S. Environmen-
tal Protection Agency in conjunction with



the publication of the proposed interim
Enhanced Surface Water Treatment Rule.
While the remaval requirements for Gilar-
dia may be increased depending on cyst
concentration in raw water, additional, more
stringent regutations may be developed to
controf Cryptosporidium in response to heatth
concems surrounding this pathogen. As new
rutes are being developed, allowable [itration
credits should be revisited and possibly re-
vised. Also, as lhe analytical methods for
detection of Giardia and Cryptosporidium cysts
in waler are being improved and new meth-
ods developed, surrogate water quality pa-
rametars should be established to allow for
an accurate, econemical, and practical evalu-
ation of cyst removal effectiveness through
freatment,

The project abjectives were designed to
address some of the questions associ-
ated with the development of the new
regulations. The specific fasks were to
examine the most critical relationships in
removatl of Giardia and Cryptosporidium
by comparing the effectiveness of Giardia
and Cryptosporidium removal through con-
ventional treatment with that resulling from
direct filtration, the effectiveness of Giar-
dia removal with Cryptospaoridium remaoval,
and the effecliveness of Giardia and
Cryptosporidium removals with the remov-
als of turbidity, cyst-size parlicles, and het-
erotrophic bacleria.

To enable accurate evaluation of Giar-
dia and Cryptosporidium removal efficiency
in water treatment processes, a reliabie
method for measuring the concentration
of these pathogens in water must be used.

Therefore, another objective of this
project was Lo select an analytical method
capable of measuring the concentration of
Giardia cysts and Cryptosporidium oocysts
that would be accurate, reliable, Nexibie,
and verifiable, and could be applied to
measuring the cyst/oocyst removal perfor-
mance of water treatment processes.

Procedure

Evaluation of Analytical
Methods

Twa methods for finding Giardia cysis
and Cryptosporidium oocysts in water were
compared. Both methods follow flotation
steps and immunofluorescence staining.
These methods were 1) The American
Sociely for Testing and Materials (ASTi}
method and 2} another immunoflucres-
cence antibody (IFA) method, referred to
as the alternate method, and applied prin-
cipally by Ongerth and Stibbs. The objec-
live was to evaluate the two IFA methods

using three factors as criteria for compari-
son. First, the applicability o cyst seeding
experiments in full- or pilot-scale water
{reatment plant was evaluated. Second,
the applicability of the methods {0 cyst
detection in environmental water samples
of varying water quality was assessed.
The third criterion was the ecanomics as-
sociated with the two methods. The supe-
rior method was then used in the cyst
seeding experiments in the pifot- and in
the full-scale treatment plant.

The ASTM method involves sampling
100 L or more of water through a 1.0 pm
porosity polypropylene yarn cartridge fii-
ter, exiracling the particulates from the
cartridge [ilter, and concentrating the ex-
tfracted particutates by centrifugation. The
concentrated particuiates are then pro-
cessed to sefectively concentrate cysts
and oocysts by fotation in 50 mL tubes
on a Percoll/sucrose gradient. The par-
ticulates recovered at the interface of the
Percollfsucrase are slained with fluares-
cent-fagged antibodies on 25 mm diam-
eter, 0.2 um pore size cellulose acelate
filters. After mounting on slides, the mem-
brane filters are scanned using a UV
epifluorescent microscope for objecis of
the right size, shape, and fluorescence
characteristic as Giardia cysts and Crypto-
sporidium oocysis. On finding such ob-
jects the microscope opfics are switched
to phase conirast to look for internal ¢har-
acteristics of the organisms.

The alternate method involves filtration
of the water sample through either a 2983
or 142 mm diameter, 2.0 pm pore-size
polycarbonate membrane filter; recovery
of parlicles from the filter by rinsing and
scraping them from the surface; and con-
centration of the particulates by centrifu-
gation. The cysts and oocysis are then
selectively concentrated from other par-
ticulates by flotation in 15 mL tubes an a
two-step Percoll/Percoll gradient, followed
by IFA staining on 13 mm diameter, 2.0
um pore-size polycarbonate membrane fil-
ters. After mounting on slides, the mem-
brane filters are scanned using an UV
epifluorescent microscope for objects of
the right size, shape, and fluorescence as
Glardia cysts and Cryptosporidium cocysts.
Conlirmation of internal structures is not
performed in this method.

Cyst Seeding and Sampling
Procedures

Monitoring of raw and filtered water quality
was conducted throughout the seeding trials.
In addition to monitoring the major water qual-
ity parameters, partide counting in four size

ranges (24 pm, 4-7 pm, 7-14 pm, and 14-25
pm), was performed during the seeding trials.
Raw water sources were sampled and ana-
lyzed for background count of Giardia and
Cryptosporidium, naturally accurring in the
two watersheds,

Inactivated, formalin-fixed Giardia
lamblia cysts and Cryptosporidium parvum
oocysts were used in seeding experiments
in a pilot- and a full-scale treatment plant.
A total of 20 trials were conducted in the
pilot plant, and 8 trials in the full-scale
plant, alternating between conventional
freatment and direct filtration.

The first site for testing was a pilot plant
residing at the 180 MGD Jordan Valley
Water Treatment Plant in Bluffdale, UT.
The pilot plant simulated the actual, con-
ventional treatment plant, treating Provo
River water downstream from Deer Creek
Reservolr. Waler flow rate was maintainec
at 0.5 gpm. Alum was used as a coagu-
lant, at dosages established through jar
testing. After each seeding trial using the
conventional treatment train, the watler was
re-routed through the direct filtration train
for seeding teials the following day. Alter-
nating between the conventional treatment
and direct filtration allowed for a compari-
son of treatment effectiveness of the wa-
ter of comparable qualily.

The second site was a 900 gpm Hun-
tington Water Treaiment Plant, situated
near Price, UT. The plant was operaied ai
600 gpm for cyst seeding experiments.
Polyaluminum chloride was used as a co-
agulant. The Huntington Plant was oper-
ated by conventional treatment during the -
first four seeding trials. After converting
the plant to direct filtration mode, another
four seeding trials were performed.

Detection of Giardia and
Cryptosporidium Cysts

The alternate IFA methed for sampling
processing, and detection of Giardia and
Cryptosporidium cysts was chosen for the
seeding trials, based on results of the method
comparison. Samples were collected by mem-
brane fifiration through 2.0 pm poerosity, 293
mm diameter pclycarbonate membrane fil-
ters, processed on Percoll/Percolt step gradi-
ent in 15 mL centrifuge tubes, stained on 2.0
pm porosity, i3 mm diameter polycarbonate
membrane filters, and enumerated under an
epifluorescent microscope.

tn calculations of cyst removal through
treatment, a direct ratio of the difference
between the cysts seeded and the cysts
detected was calculated for each run in
the pilot plant. Two cyst removal rates
were determined based on fwo different




initial cyst concentrations: concentration
in the seeding solution prior to being
pumped into the raw influent, and concen-
tration in the seeded influent already mixed
with the raw influent. The cyst removat
rates, achieved in the full-scale plant, were
also calculated as relative differences be-
tween the influent and effluent concentra-
tions, but the influent concentrations were
adjusted for dilution of cysts in respective
basins.

Three conservative assumptions were
made for data interpretation in calcula-
tions of the removal rates, both in the
pilot- and full-scale plant. First, the remov-
als based on the cyst concentrations found
in the seeded influent were used in data
analysis. Otherwise, the higher cysl con-
centrations found in the seeding solutions
would result in higher removal rates re-
ported. Secondly, cyst removal rates were
calculated only for trials in which cysts
were detected in both influent and effluent
samples. Otherwise, calculations of remov-
als during trials when cysts were not de-
tected In the effluent would be based on
very low detection fimits, and therefore
would result in higher removal rates. Fi-
nally, no adjustments were made for the
differences in cyst recovery efficiencies in
furbid raw influent samples versus clean
filtered efluent samples. Adjusting for low
recovery rates in influent samples would
also result in higher removat rates being
calcufated.

Results and Discussion

Evaluation of Two IFA Methods
for Detection of Giardia and
Cryptosporidium

The effectiveness of cyst recovery fram
spiked water samples was impacled pri-
marily by the number of analylical steps
involved in the cyst detection. Both IFA
methods were characterized by low re-
covery efficiency, when seeded raw water
samples were filtered, then concentrated,
transferred to gradients, stained, and enu-
merated. Higher recovery rates were ob-
served in detecting Giardia cysis when
the alternate method was employed (Fig-
ure 1). In spiked raw water samples, an
average 12% of the seeded Giardia cysts
were detected by the ASTM method, while
ihe alternate method was characterized
by an average 49% Giardia cysts recov-
ery efficiency. Recovery rates for Crypto-
sporidium oocysts in spiked raw water av-
eraged 8% detected by the ASTM method
and 9% detected by the aiternate iFA
method. The recovery rates in filered wa-
ter were 14% and 52% for Giardia and
12% and 12% for Cryptosporidium, using
the ASTM, and the allernate method, re-
spectively. In floceulated water samples,
an average 22% of Giardia cysis were
detecled using the ASTM method and 40%
using the alternate method. The recover-

ies of Cryptosporidium in flocculated wa-
ter were 7% with the ASTM method and
1% with the alternate method.

Losses were demonstrated to occur due
{o incomplete yarn cartridge filtration. In
sampling raw water, 5% Giardia cysts and
6% Cryptosporidium oocysls were cap-
tured from the yarn carridge filirate by
passing it through a 293 mm diameter 2.0
um pore size Nuclepore membrane filter.
An average 7% of Giardia and 8% of
Cryptosporidium were recovered from
membrane fiiters after carlridge filtration.

The sampling step resulted in a high loss of
seeded Giardia cysts and Cryptosporidium
oocysts. When Lhe sampling step was elimi-
nated and cysts were seeded direclly onto
flotation gradients, the resuiting recovery rates
increased dramatically (Figure 2). An average
53% of Giardia cysts and 27% of Cryptospori-
dium ococysts was detected from seeded
Percol/sucrose gradients used in the ASTM
method. The altemate method employing
Percoll/Percoll Notation, yielded recoveries of
82% for seeded Giardia cysts and 69% for
Cryplosporidium cocysts.

The highest cyst recovery rates were
reporled when both sampling and flotation
steps were avoided and spiked with Giar-
dia cysts and Cryplosporidium oocysis
samples were stained directly onio the
membrane filters used for IFA assay. The
ASTM method resulted in recoveries of
72% and 56% for Giardia cysts and Cryplo-

% Recovery of seeded cysts
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Figure 1. Water quality vs. recovery of cysts seeded into water.



sporidium oocysts, respectively, The al-
ternate method was characterized by an
average racovery of 86% for Giardla cysts
and 78% for Cryptosporidium oocysts.
Testing of cyst recovery efficiencies from
raw, flocculated, and filtered water indi-

cated that any increase in water turbidity,

whether due to presence of algae or to
that of chemical Noc, resulted in a signifi-
cant decrease in parasite recoveries. The
results also indicate both methods were
more effective in detecting seeded Giar-
dia cysts than Cryptospaoridium oocysts.

The results of testing ihe procassing .

and deteclion methods indicated that re-
coveries of cysts were substantially and
consistently higher with the alternate
method, employing Percoll/Percoll step
gradient combined with IFA on 13 mm
polycarbonate filters, than with the ASTM
method, in all three types of water. Con-
sequently, the alternate method was se-
lected as the method of choice for seed-
ing experiments. Added supporl for this
choice was provided by a comparison of
the gualitative advantages and disadvan-
tages of the two methods, In summary,
the main advantage of the ASTM method
was its ability to confirm presumptive cysts
and oacysts. The most serious disadvan-
tages of this method were its relatively

high cost and the amount of time required’

to complete it. The alternate method, on
the other hand, was found to be less ex-
pensive and required less time to com-
ptete than the ASTM method. Attractive

features of the membrane filter sampling
method include relatively small sample
volumes, flexibility, and compatibility with
frequent seeded controls. The major limi-
tation of the alternate method was its lack
of a confirmation step.

Experience with detecling Giardia cysts
and Cryptosporidium oocysis in the wa-
ters tested during this study and the re-
sults generated during this part of the
study, indicate that the alternate method
he recommended to evaluate water treat-
ment processes that use high concentra-
tions of seeded parasites in which algae,
occurring in concentrations much lower
than the seeded parasites, are not of con-
cern. The alternaie method can be con-
sidered for analysis of environmental
samples, parlicutarly for low-lurbidity wa-
ters, When high water turbidity requires
higher-volume samples to be collected and
examined, and when cross-reacting algae
should be differentiated from the organ-
isms of interest, the ASTM method should
be used with environmenta! samples,

The results of this stage of the study
have indicated Giardia cysis and espe-
cially, Cryptosporidium oocysts are lost
during the gradient flofation steps of both
methods. Therefore, it is recommended
that the flotation step should be avoided,
whenever possible when processing
treated (filiered) water samples.

A hybrid method, combining the most
efficient steps from the fwo methods,
should be investigated. Such a hybrid

method should include sampling by mem-
brane filtration only for tow-turbidity wa-
ters. High-turbidity waters should be
sampled by the ASTM carlridge sampling
method. Since the PercollfPercoll step gra-
dient in 15 mL tubes is more economical
and had higher cyst recovery than the
Percoll/sucrose gradient, it shouid be used.
Staining on cellulose acetate membranes,
as opposed to polycarbonate membranes,
aliows the demonstration of the Internal
morphological characteristics of the organ-
isms. Consequently, stalning on cellulose
acefate membranes should be incorpo-
rated into a hybrid method. Elvanol mount-
ing medium should not be incorporated
into a hybrid method. As a water-based
medium, it is not compatible with the de-
hydrated cellulose acetate membrane and
does not allow the membrane to be cfeared
so that the cyst's internal structure can bé
visualized by contrast microscopy.

Removal of Giardia and
Cryptosporidium through
Conventional Water Treatment
and Direct Filtration

A general observation about removal of
seeded Giardia and Cryptosporidium was
made that was valid in both pilot- and full-
scale plant throughout the entire seeding
studies. Consistent removal rates of Giar-
dia and Cryptosporidium were achieved,
when the treaiment plant was producing
water of consistently tow turbidity (0.1-0.2
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Figure 2. Water qualily vs. recovery of cysts seeded Into flotation gradients.



NTU). As soon as the plant's performance
changed, and resulting filtered water tur-
bidity fluctuated, a high variability in cyst
concentrations was detected in collected
samples.

Removal of Cryptosporidium was com-
pared with removal of Giardia by both
methods of ireafment, conventional and
direct filtration, at both the full-scale plant,
and the pilot plant. Trials at the full-scale
plant were impacted by the change in
seasonal water temperature and algal con-
tent. Because of the need for a construc-
tion fo bypass the sedimentation basin,
the first four trials by conventional treat-
ment were conducted from June through
September, while the four trials using di-
rect filiration were conducted in Novem-
ber and December. Greater flexibility of

the pilot plant allowed trials by both treat-
ment methods to be conducted within one
day of each other and enhanced not only
the comparison between removal of
Cryptosporidium with Giardia removal, but
also the comparison between conventional
treatment and direct [liltration, as well as
the comparison of cyst removal with re-
moval of other water quality indicators.

Removal of Seeded Giardia and
Cryptosporidium During Pilot-
Scale Seeding Trials

Table 1 summarizes cyst removal rates
calculated based on cyst concentration In
seeded influent {(after mixing the cysts with
the incoming raw water). These removal
rates, based on seeded influent concen-

Table 1. Removal of Giardia and Cryptosporigium Through Conventional Treatment

and Direct Filtration at Jordan Valley

Giardia removai

Cryptosporidium removal

Percen} Log Percent Log
Trial No. Date removal removal removal removal
Conventional ireatment
1-C 427193 ND ND 99.65 2.81
2-C 5/11/93 99.16 2.20 98,66 1.94
3-C 5/25/93 ND ND 99.87 294
4-C 6/8/93 99.98 3.90 99.95 3.98
5-C 6/22/93 ND ND ND ND
6-C 7/6/93 99.95 3.69 99.88 2.94
7-C 7/20/93 499,95 3.69 99.45 2.64
8.C 8/4/93 ND ND ND ND
9-C 8M7193 99,91 3.03 99.69 2.84
10-C 8/31/93 49,98 3.90 96.96 378
Average log removal 3.40 298
Standard deviation 0.67 0.64
Direct Filtration
1-D 4/29/93 ND ND 99.95 3.60
2-D 5/13/93 ND ND ND ND
3-D 5/28/93 §9.78 2.90 92.06 1.31
4-D 6/15/93 ND ND 99.96 3.78
5-D 6/23/93 ND ND ND ND
6-D 7/8/93 ND ND ND ND
7-D 7122193 99.90 3.00 99.80 290
8-D 8/6/93 ND ND ND ND
- 9-D 8/19/93 ND ND 96.92 331
10-D 9/2/93 99.99 4.00 99.84 2.93
Average log removal 3.30 297
Standard deviation 0.77 0.89

ND indicates that cysts were not detected in fiter effluent.

tration, were consistently lower than the
removal rates based on cyst concentra-
tions in seeding solution {indicating 99.99%
or 4 log removal for both Glardia and
Cryptosperidium regardiess of the treat-
ment mode). Calculations of cyst remov-
als, observed during seeding experiments,
can also be highly impacted by measure-
menis of cyst concentration in filter efflu-
ent samples. When cysts were not de-
tected in filter effluent samples, their con-
centration could be estimated based on
analytical detection limits, determined for
each sample batch. Such estimates lead
to underestimation of cyst concentration
in finished water samples and in turn,
result in overestimation of calculated cyst
removal rates,

Removal of Seeded Giardia and
Cryptosporidium During Fuli-Scale
Seeding Trials

Table 2 presents a summary of results
and removal rates calculated only from the
trials where cysts were detected both in
infuent and effluent in the full-scale plant.
Simifar to the pilot-scale experiments, the
removal of Giardia and Cryptosporidium can
be overestimated when calculalions are
based on estimated effluent concentrations.
Removal rates based on cyst concentra-
tions detected and enumerated both in in-
fluent and effluent can be considered con-
servative.

Several factors impacted the results of
the full-scale seeding trials, which made
the comparison between conventional
treatment and direct filtration more depen-
dent on unconirolled variables. Changes
in raw water quality, cbserved from the
time the plant was in operation by the
conventional mode, compared to raw wa-
ter quality during operation by the direct
filtration mode, influenced removal rates
more than the mode of treatment. The
water was treated in the conventional plant
during summer, when treatability was more
difficult, while direct filtration was used in
late fall, when the water was easier to
treat. The presence of prolific algal blooms
in samples collected during the first four
trials, and the lack of algal content in
samples from the last four trials, was an-
other variable making the comparison of
removal data problematic,

The resufts of the pilot-plant experiments
indicate that Giardia cysts were removed
more effectively than were Cryplospori-
dium oocysts. This observation was valid
regardless of the treatment mode. The
difference between log removals of Giar-
dia and Cryptosporidium ranged from 0.1



Tabte 2. Removal of Giardia and Cryptosporidium Through Conventional Treatment and

Direct Filtration at Huntington

Giardia removal

Cryptosporidium removal

Percent Log Percent Log
Trial No. Date removal remaoval removal removal
Conventional treatment
1-C 6/11/92 99.95 a7 99.60 2.78
2.C 777192 ND ND 99.05 2.07
3-C 8/6/92 ND ND 97.87 1.89
4-C 10/6192 99.66 2.82 ND ND
Average log removal 3.26 2.25
Standard deviation 0.67 0.47
Direct Fiitration
1-D 1110/92 99.97 3.87 99.75 2.88
2.D 11/20/92 ND ND 90.82 292
3-D 1218192 99.97 3.87 99.37 2.57
4-D 12/22/92 ND ND ND ND
' Average fog removal 3.87 2.79
Standard deviation 0.00 0.19

ND indicatas that cysis were not detected in fiter effluent.

to 1.1 log and averaged 0.3 log, as calcu-
lated across all seeding runs. The differ-
ence between cysts and oocysts remov-
als were even more pronounced in the
full-scale plant than those observed in the
pilot plant.

Among the seeding trials, where the
cysts were detected both in influent and
effluent, the following average removals
were calculated for the pitot plant runs:

» average removal of Giardia

through conventional lrealment:
3.40 log; S.D. = 0.67

+ average removal of Cryplosporidium
in conventional treatment:
2.98 log; S.D. = 0.64

+ average removal of Giardia through
direct filtration:
3.30 log; S.D. = 0.77

+ average removal of Cryplosporidium
through direct filtration:
2.97 log; S.D. = 0.89

Similarly, the following average remov-
als were reporled from the full-scale seed-
ing trials:

+ average removal of Giardia through

conventional freatment: .
3.26 log; S.D. = 0.67

average removal of Cryptosporidium
in conventional treatment:
2.25 log; S.D. = 0.47

average removal of Giardia through
direct filtration; 3.87 log

average removal of Cryptosporidium
through direct filtration:

2.79 log; S.D. = 0.19

Taking into consideration that the re-
ported removal rates of Giardia and
Cryptosporidium were calculated very con-
servatively, the values presented above
can be interpreted as expecied removals,
resulting from a consistent performance
and steady operation of the treatment
plants,

Surrogate Parameters for
Evaluation of Giardia and

Cryptosporidium Removal

Both surface water sources lreated in the
treatment plants were characlerized by a high
quality water, with low levels of inorganic,
organic, and microbial contamination. Both
sources, however, were tested positive for
both Giardia and Cryptosporidium cysts, con-
firming previous hypothesis and observations

about these pathogens being ubiquitous in
surface waters.

Both. effecliveness and consistency of re-
moval of seeded Giardia and Cryptosporni-
dium cysts depended on the effectiveness
and consistency of the removal of turbidity,
When raw water turbidity was high and i
could not be removed by direct fillration, re-
sulling removals of seeded cysts were low
and inconsistent, On the other hand, if reat-
ment by direct filtration consistenlly produced
low turbidity effluent, resulting cyst removals
were comparable to Lhose achieved from con-
ventionat trealment.

The results of seeded cyst removals,
generated throughout the study regard-
less of treatment mode, were compared
with the respective resulls from parlicle
counting, turbidity measurements, and het-
erotrophic bacteria counts. Correlation be-
tween Giardia and Cryplosporidium cys
removal and removal of these potentiat
surrogates are presented in Figures 3
through &.

The analysis of correlation between cyst
removal and parlicle removal was per-
formed separately for Giardia cyst and
cyst-size particles, and for Cryptospori-
dium oocysts and oocyst-size particles
(Figure 3). High correlation was reporled
between both sets of data. A correlation
coefficient of (.82 was calculated (p<0.1})
for the relationship beiween Giardia cyst
removal and removal of parlicles ranging
between 7 pum and 11 pm. Similarly, a
correlation coeflicient for the relationship
between Cryptosporidium oocyst removal
and removal of 4 um to 7 pm parlicles
was 0.79,

The resulls indicated that particle count-
ing could serve as a reliable indicator of
cysts and oocysts removal. Particle
counters, even though capital intensive,
are cheap to operate and are more sensi-.
tive than the assays used in Giardia ang
Cryptosporidium analyses.

Much lower correlation was established be-
tween removails of Giardia and Cryplospori-
dium and removal of turbidity (comelfation co-
efficients of 0.64 and 0.55, respectively). As
presented in Figure 4, log removal of tur-
bidity can be used as an indicator of cyst
and oocyst removals, but with lower accu-
racy than particle counting. The most pro-
nounced differences between removat of
Giardia and Cryptosporidium and the ex-
pected removals of turbidity were observed,
when very high cysts removals (4-log) were
reported.



Heterotrophic plate count was not shown
to be a surrogate in evaluation of cyst
removals (Figure 5). No correlation was
found between log removal of seeded cyst
and log removal of HPC. Despite the fact
that the filters in hoth pilot- and fuli-scale
plants were backwashed with chlorinated
water, a growth of heterotrophic bacteria
was reported in the filters during the seed-
ing experiment and pkant run.

Piant performance evaluation using par-
ticte counting and turbidity measurement
can be an effective tool in evaluating ex-
pecled removals of Glardia and Crypto-

sporidium. The search for a biological sur-
rogate for Giardia and Cryptosporidium
should continue and resuli in identification
of a parameter that defines both occur-
rence and removal of Giardia and Crypto-
sporidium, The results of the study coin-
cide with previously reported refationships
between cysts and particulates. Effective
removal of Giardia and Cryptosporidium
from the water would, however, require
treatment planis to consistenily produce
very low furbidity (0.1-0.2 NTU}—much
lower than the levels currently required.

Conclusions and
Recommendations

Analytical Procedures for
Detection of Cysts in Water
Based on the results generated during
the evaluation of the effectiveness of the
IFA methods in enumeration of Giardia
cysts and Cryptosporidium oocysts, it was
concluded that the alternate IFA method
was more suitable for meeting the project
objectives. This method employed sam-
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pling through a 2.0 um polycarbonate
membrane filter, centrifugation in 15 mL
tubes, flotation on a iwo-step Percoll/
Percoll gradient, IFA staining on 13 mm
diameter, 2.0 pm pore-size polycarbonate
membrane fiters, and enumeration under
an UV epifluorescent microscope. The fol-
towing conclusions were formed:

* The membrane filtration for low fur-
bidity samples outperformed the
polypropylene yarmn sampling method
in terms of recovery efficiency of
seeded organisms,

+ The Percol/Percoll step gradient had
better recoveries of seeded organ-
isms lhen the Percoll/sucrose gradi-
ent. Since 15 mL tubes were used In
place of 50 mL tubes, the procedure
of the step gradient flotation was more
economical.

+ The alternate method has proven
more effective in recovering seeded
cysts, and therefore, was considered
more suitable in parasite seeding ex-
periments, where evaluation of water
treatment process efficiencies was
conducted using high concentrations
of seeded cysls.

The ASTM method, employing staining
on cellulose acetate membranes, had the
advantage since the gradients could be
cleared and the internal structure of the

organisms could be visualized under the
phase- or differential-interference contrast
microscopy. The ASTM method, due to its
ability to confirm presumptive cysts and
distinguish between algal cells and the
cysis by contrast microscopy, was found
very applicable in testing of the environ-
mental water samples.

Based on the above results, it is recom-
mended that the alfernate method should
be used in evaluating water treatment pro-
cess efficiencies using high concenirations
of seeded parasites, The ASTM method
is recommended in analyses of environ-
menial samples where the confirmation
step is essential.

A hybrid method, combining the most effi-
cient steps from the two methods, should be
investigated. The membrane fitration for low
turbidity samples, which far outperformed the
polypropylene yam sampling method in terms
of recovery efficiency of seeded organisms,
shows promise in sample collection. Similarly,
Percoll/Percoll step gradient, used in the alter-
nate method, had better recoveries of seeded
organisms then the Percoll/sucrose gradient.
Since 15 mL tubes were used in place of 50
mL tubes used in the ASTM methed, the
procedure of the step gradient flotation was
more economical. On the other hand, staining
on cellufose acetate membranes used In the
ASTM method, had the advantage since the
gradients could be cleared and the intemal

slructure of the organisms could he visualized
under lhe phase- or differential- interference
contrast microscopy.

The results of the testing of IFA method
effectiveness have indicated that Giardia cysts
and espedially Cryplosporidium ooccysts are
lost during the gradient flofation steps of both
methods. Recovery efficiencies increased dra-
matically in samples, did not contain much
debiis, and could be processed without the
flotation steps and stained direclly on mem-
branes. Thezefore, it is recommended that the -
flotation step should be avoided when pro-
cessing lreated (fitered) water samples when-
ever possible.

Removal of Giardia and
Cryptosporidium through
Conventional Treatment and

Direct Filtration
The following conclusions were formea
from the pilot- and full-scale study on Gia-
rdia and Cryptosporidium cysts removal
through conventional freatiment and direct
filtration:
* In a properly operated treatment plant
effectively removing turbidity to 0.1-
0.2 NTU, either conventional treat-
ment or direct filtration can result in a
3-log removal of Giardia.

+ Cryptosporidium oocysts are more dif-
ficult to remove than Giardia cysts,

y = 0.7586% + 2.2524
R%=0.0753

4 & < & 4 <
3.5 < ;g_ 3.5
8 3
2 3 /o//*/’/ 8
pol o
O 25 < * - a
5 - S z *
g 27 - 5 2
§ 154 e T 157
o £ -
y = 0.7675% + 2.5245 ——
0.5 R?= 0.0841 g 05
0 T 0
0 05 1 0

Log removal of HPC

T
0.5 1

Log removal of HPC

Figure 5. Relationship between removal of cysts and heterotrophic bacleria.



both in a conventional plant and
through direct fiftration {up to 1.0-log
difference).

+ Removals of cyst-size particles and
removal of turbidity can be used as
indicators of cyst removal effective-
ness.

A general abservation about removal
of seeded Giardia and Cryptosporidium
cysts was made that was valid in both
pitot- and fuli-scale plant throughout the
entire seeding studies. Both effectiveness
and consistency of removal of seeded
Giardia and Cryptosporidium cysts de-
pended primarily on the effecliveness and
consistency of the removal of turbidity.
When treatment by direct filtration con-
sistently produced low lurbidity effluent
{0.1-0.2 NTU), the resulting Giardia and
Cryptosporidium cyst removals were con-
sistent and comparable lo these achieved
from conventional treatment. As soon as
the plant’s performance changed, and re-
sulting filtered water turbidity fluciuated,
a high variability in cyst concentrations
was detected in collected samples. When
raw water turbidity was high, and it could
not be removed by direct filtration, result-

ing removals of seeded cysls were low
and inconsistent.

A high comelation coefficient was calcu-
lated for the relationship between Giardia cyst
removal and removal of particles ranging be-
tween 7 pm and 14 pm, and similarly, for the
relationship between Cryptosporidium oocyst
removal and removal of particles of 4 umto 7
pm in size, Much lower correlation was estab-
lished between removals of Giardia and
Cryptosporidium and removal of furbidity. Het-
eratrophic plate count was not shown to be a
sumegate in evaluation of cyst removals, with
no comrelation found between log removal of
seeded cyst and log removal of HPC,

A combination of particle counting and
turbidity measurement was shown o be
an effective tool in water freatment plant
performance evaluation in terms of pre-
dicting removals of Giardia and Crypto-
sporidium. Effective removal of Giardia and
Cryptosporidium from the water would,
however, require treatment plants lo con-
sistently produce very low turbidity (0.1-
0.2 NTU)}—much lower than the levels
currently reguired. The resulls of the study
indicate that the removal of particulates,
measured through particle counting and
turbidity monitoring, should be a critical

factor used in the evaluation of piant per-
formance in Giardia and Cryptosporidium
removal. Continuous and consistent re-
movat of particulates should be monitared
by continuous particle counting and tur-
bidity monitoring.

The resuits of the project imply that the
credits given for Giardia cyst removal in
direct filtration plants, may be simitar fo
credits obtained in conventional treatment
plants, and also may be higher than the
credils applicable under the current regu-
lations. Since Cryptosporidium is more dif-
ficult to remove than Giardia, and it is also
more resistant to disinfection than Giar-
dia, new requirements need to be devel-
oped 1o control this pathogen. Finally, due
to the need of further defining the credits
given to treatment planis for physical re-
moval of Giardia and Cryptosporidium, a
study on evaluation of remaval of these
pathogens through pre-sedimentation
should be conducted.

The full report was submitted in fuifill-
ment of CR818895-010 by the Utah De-
partment of Environmental Quality under
the sponsorship of the U.S. Environmen-
tal Pratection Agency.



Eva C. Nieminski is with the Utah Department of Environmental Quality, Salt Lake
City, UT 84114. R

Kim Fox is the EPA Project Officer (see below).
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LEGISLATIVE PROTECTION FOR FLOOD MITIGATION ACTIVITIES

Seqwater's flood mitigation manuals for Wivenhoe/Somerset Dams and North Pine Dam
have been approved by the Chief Executive under the Water (Safety & Reliability) Act.

That legislation provides the following protection to the dam ownerfoperator in undertaking
flood operations —

374 Protection from liability for complying with fiood mitigation manual

(2) An owner of a dam who observes the operational procedures in a flood mitigation
manual, approved by the chief executive, for the dam does not incur civil liability for an act
done, or omission made, honestly and without negligence in observing the procedures.

(3) If subsection (1) or (2) prevents civil liability attaching to a person, the liability attaches
instead to the State.

(4) In this section-—

owrier, of a dam, includes—

(a) the operator of the dam; or

(b} a director of the owner or operator of the dam; or
(c) an employee of the owner or operator of the dam; or
(d) an agent of the owner or operator of the dam.



Toni Lake

From:
Sent:
To:

Cc:

Subject:
Attachments:

Peter Borrows

28 PM
Rob Drury; Duty Seqg; ‘'ichn.bradle
'daniel.spille
Mike Foster; :
'peter.allen

Cabinet in co nfidence - Ministerial brief outiine
Ministerial brief - contents outline.docx; Ministerial Briefing Note January 17 2011 Final
Draft for distribution.doc; Jan 2011 Flood Event_Ver 1_draft for distribution.docx

Please see attached draft with attachment.

In relation to the draft contents outline sent yesterday, the following is a cross reference FYl.

The attached Ministerial Briefing Note addresses the questions contained in the Ministerial Information
Request as follows:

1} Design of Dam — Storages/Spillway upgrade

Refer Scetion 1
2} “The Flood Event” — Q&A

Chronology - High level time step of events and significant decision making/changes — more detailed
time step information for Tuesday afternoon (i.e. what was the BOM forecast at the time, narrow
peak etc.)

Refer Section 2.5

How does Wivenhoe Dam work as a flood mitigator?

Refer Sections 2.1, 2.3 and 3.1

What are the factors being balanced when making decisions about the amount of dam releases? To
what extent does information from the Bureau of Meteorology/rain gauges influence decisions?
How reliable is this information?

Refer Sections 3.1 and 3.2

Statistics on how much did Wivenhoe Dam knock off the flood peak.

Refer Scction 2.1

What would have happened if Wivenhoe Dam had not been built and we only had Somerset Dam?
What damage would have been caused compared to what has currently been experienced (damage
statistics}?

Refer Scetions 2.1 and 2.2

if we have undertaken pre-emptive dam releases to bring Wivenhoe Dam’s full supply level down to
lower than what we had maintained {i.e. 60%), what would have been the river height for the period
that this flood event occurred?

Refer Section 2.4

if pre-emptive dam releases would not have made a difference, why? (i.e. why did we not release

earlier?)




Refer Section 2.4
Why was Wivenhoe Dam only allowed to rise up to 191% and not 230%?

Refer Section 2.2
What is the fuse plug and why did it need to be maintained?

Refer Section 2.3
What damage or town isolation occurred during the Wivenhoe Dam releases that occurred since

October 20107

Refer Section 2.4
Did Seqwater have time to reduce the dam level between the 5 events? If so, would it have made a

difference to this flood event?

Refer Section 2.4

3} The Flood Mitigation Manual

a.

Refer Section 3.1

Describe the decision making framework - Four strategies

Refer Section 3.2
How is the Manual designed to work?

Refer Section 3.2
History of Flood Mitigation Manual updates and peer review — who was on the panels, studies that

fed into previous versions of the Manual and who was involved in these studies?

Refer Section 3.1

4) Regulatory context - Water Supply (Safety and Reliability) Act 2008 (Information provider: Peter Allen -
DERM)

vel J,

Refer Section 4

Regards, Peter.

Peter Borrows
Chief Executive Officer
Queensiand Bulk Water Supply Authority trading as Seqwater

ater
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From; Elaina Smouha_
Sent: Saturday, 15 January, :
bob.reill Peter Borrows: Rob Drury; Duty Seq

To: Mike Foster;
Elaina Smouha

Cc: john.bradle
Subject: Cabinet in confidence - Ministerial brief outline

Dear All

To assist, attached is a Ministerial brief outline as per our recent teleconference, for Monday's Emergency
Cabinet meeting. It also records those who will be providing information for the Background and Flood
Mitigation Manual report process.

As discussed, the brief needs to be provided to Minister Robertson tomorrow (Sunday, 16 January 2011).

Regards

Elaina

Elaina Smouha

Director, Governance and Regulatory Compliance
SEQ i
Phon

Email:

Visit: Levei 15, 53 Albert Street Brisbane
Post: PO Box 16205, City East QLD 4002

ABN: 14783 317 630
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Ministerial Briefing Note
17 January 2010
Flood Event January 2011

1. BACKGROUND INFORMATION ON WIVENHOE DAM

2. WIVENHOE DAM FLOOD MITIGATION AND FLOOD OPERATIONS

2.1 What were the benefits provided by Wivenhoe Dam during the current event?

2.2 Why was Wivenhoe Dam only aliowed to rise up to 191% and not 230%7?

2.3  What is the role of the erodible fuse plug embankments?

2.4  Why weren't pre-emptive releases undertaken prior to the start of the flood
event?

2.5 Is there a detailed record of the events associated with the current flood?

3. THE MANUAL OF OPERATIONAL PROCEDURES FOR FLOOD MITIGATION AT
WIVENHOE DAM AND SOMERSET DAM

3.1 What is the Manual of Flood Mitigation and how was it developed?

3.2  Whatis contained in the Manual?

4. REGULATORY CONTEXT

5. COMPLIANCE WiITH MANUAL

6. SEQWATER REPORT
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1 BACKGROUND INFORMATION ON WIVENHOE DAM

Wivenhoe Dam was completed in 1984 and has two main functions;

« A 1,165,000 ML storage providing an urban water supply for Brisbane;

¢ Flood mitigation in the Brisbane River by providing a dedicated flood storage volume of
1,450,000 ML (this flood storage was increased in 2005 to 1,966,000 ML with the dam
at the point of failure).

In accordance with the Queensland Regulatory program for dam spillway upgrades, a further

upgrade of Wivenhoe Dam is scheduled to occur prior to 2035.

Wivenhoe Dam is in excelient condition with four Comprehensive Dam Safety reviews

undertaken in the last 14 years, the jatest in 2010.
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2 WIVENHOE DAM FLOOD MITIGATION AND FLOOD
OPERATIONS

2.1 What were the benefits provided by Wivenhoe Dam during the current
event? '

The following graphs demonstrate the significant benefits of Wivenhoe Dam in mitigating the
current flood event, with reductions in flood peak of up to 2.5 metres in the City area and up
to 5.5 metres in the Moggill area further upstream.

This equates to significant reduction in the potential for loss of life as well as saving in
damages in the order of up to $1.6 billion based on current damage curves. Up to 13,000
more properties would have been impacted by the event without the Dam. (Source: Flood
Damage Tables provided to Seqwater by the Brisbane City Council).

The time at which flood fevels remained elevated above major levels has also been reduced
by up to 3 days by the dam. This has significant benefits to impact on the population of the

city, property damage and the recovery operation.

Depending on the nature of the event, the presence of Wivenhoe Dam could also potentially
increase flood warning times to impacted areas. How these times may have been increased
during the current event is presently difficult to quantify, but discussions will be held with
BOM on this issue at a later date, |

In addition, the strategy adopted to quickly close off releases once the peak in the dam had
been reached and rain stopped falling certainly reduced the predicted flood peak by at least

one metre in the lower Brisbane River area.
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2.4 Why weren’t pre-emptive releases undertaken prior to the start of the
flood event?

In the 25 days leading up to the current event, three flood events impacting on Wivenhoe
Dam were experienced, with gate releases being made on all but five of those days. The

total outflow from these events was around 700,000ML.

During these events, requests were received from Councils and residents impacted by
bridge closures downstream of the dam to curtail releases as soon and as quickly as
possible. Additionally the 2 January end date of the flood event prior to the current event
meant that significant drain down of the dam prior to the onset of the current event that
commenced on 6 January 2011, was not possible without major bridge inundation
downstream of the dam and without exceeding minor flood levels in the lower Brisbane

River.

Additionally, a flood event was also experienced in October 2010 that resulted in a release
of 750,000ML from the dam. Accordingly drain down below the dam full supply level prior to
the start 6f the first December event would not have been possible without significant bridge
inundation and without exceeding minor flood levels (as defined by BOM and BCC)in the
lower Brishane River.

Regardless, significant drain down prior to the current event would have had little impact on
the peak level in Wivenhoe Dam as shown in the table below. The reason for this is that this
total event inflow volume of 2,600,000 ML is well in excess of the useable flood storage
combined with the available water supply storages shown in the table.

The specific impact on the Lower Brisbane River of these reduced dam levels requires the
use of a complex hydraulic model. The resuits of this modelling would still contain a degree
of uncertainty as illustrated by the difficulties in estimating the final flood peak in Brishane
during the event. This is because the rapid closure of the gates after peak inflow was
achieved resulted in significant water level reductions downstream and this is difficult to

model accurately.
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JANUARY 2011 FLOOD

Starting Level Peak Height Capacity
% m AHD m AHD %
100 67.0 74,97 191
95 66.5 74.93 191
90 65.8 74.88 190
75 64.0 74.63 187
50 60.0 74.11 180

# It should be noted that the possible reductions shown above are based up a unigue dual
peaked flood hydrograph with a volume of about 2,600,000 ML which occurred during this
event. A hydrograph with the same volume but a different distribution could resultin a
significantly lower reduction in peak water levels.
Flood operations at the dam are aiso highly dependent upon the flood inflow volume and
a slight variation in the flood volume could significantly reduce the benefits associated
with draining down the dam prior to a flood event.

2.5 |Is there a detailed record of the events associated with the éurrent fiood?

A preliminary report has been prepared and is attached to this briefing.
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3 THE MANUAL OF FLOOD MITIGATION AT WIVENHOE DAM AND
SOMERSET DAM

3.1 What is the Manual of Flood Mitigation and how was it developed?

The Manual of Flood Mitigation for Wivenhoe and Somerset dams in its current form was
developed in 1992 during an extensive hydrological study of the Brishane and Pine Rivers
-catchments by DPI, Water Resources. The final reports were subject to extensive internal
review by the Water Resources Group hefore being reviewed by an independent review
pane! comprising Professor Colin Apelt, Head of Department, Department of Civil
Engineéring, University of Queensland and Mr Eric Lesleighter, Principal Hydraulic Engineer
~and Chief Engineer Water Resources, Snowy Mountains Engineering Corporation.
Subsequently, the Manual was extensively reviewed during the Brisbane Valiey Flood
Damages Minimisation Study in 2006, with the latest comprehensive review of the Manual
undertaken in 2009. Both of these reviews have included expert review panels comprising
key stakeholders, with the most recent review involving representatives from DERM, BOM,
BCC and SunWater.

The Manual of Flood Mitigation is prepared by Seqwater as the owner of the dam and
approved and gazetted by the Chief Executive of DERM in accordance with the Water
Supply Act 2008. The manual defines flood objectives procedures; roles and responsibilities;
and staffing and operational requirements for flood events impacting on Wivenhoe and

Somerset dams.

3.2 What is contained in the Manual?

The primary objectives of the procedures contained in the Manual are, in order of

importance:

Ensure the structural safety of the dams;

» Provide optimum protection of urbanised areas from inundation;

¢« Minimise disruption to rural fife in the valleys of the Brisbane and Stanley Rivers
primarily, this involves minimising inundation of the seven bridges below the dam
upstream of Moggiil);

¢ Retain the storage at Full Supply Level at the conclusion of the Flood Event.
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+ Minimise impacts to riparian flora and fauna during the drain down phase of the
- Flood Event.

During an event, the operation of the dam transitions between the following four operating
strategies depending of the circumstances at the time. These procedures associated with

these strategies are explained in detail in the Manual.

o Strategy W1 - ‘Primary consideration ié given to Minimising Disruption to
Downstream Rural Life.

» Strategy W2 — Transition Phase moving from Minimising Disruption to Protecting
Downstream Urban Areas. k

» Strategy W3 — Primary consideration is to Protect of Urban Areas from Inundation.

o Strategy W4 — Primary consideration is to protecting the structural safety of the

Dam.

In addition to these strategies, historical records show that there is a significant probability of
two or more flood producing storms occurring in the Brisbane River system within a short
time of each other. Accordingly for each flood event, the aim is always to empty stored

floodwaters within seven days after the flood peak has passed through the dams.
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Some DERM staff, because of their specialist skilis, work in the Fiood Operations Centre
that Seqwater activates to manage such events. None of them are involved in any of the
regulatory decisions concerning the dams or are members of the work unit (Office of the
Water Supply Regulator) which undertakes the CEO's regulatory functions.

11|Page °



5 COMPLIANCE WITH THE MANUAL

(To be provided)
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6 SEQWATER REPORT

It is recommended that the process and content for reports required for this event be:

» In the short term, utilise this report attached to this briefing note as the basis for

communications and discussion.

s Prepare any Interim Reports as agreed to provide information and input as required.

o Seqwater prepare a Comprehensive Report as per the existing regulatory

requirements of the Act and the gazetted manual and any requirements of the Dam

Safety Regulator. This would be done within 6 weeks of the closure of the current

event as per the manual. This timeframe is subject to any new mobilisation of the

Flood Operations Centre. The Table of Contents would include:

Introduction

Flood Event Summary

Mobilisation and Staffing

Event Rainfall

inflow and Release Details

Data Collection System Performance

Data Analysis Performance

Communication

Flood Management Strategies and Manual Compliance
improvements in data coliection systems, practices and processes.
improvements by interacting agencies -

Review of factors impacting on the protection of urban areas

Recommendations & Conclusions

* The report would then be reviewed by the Dam Safety Regulator in conjunction with

any peer review they require. The review should cover:

Were the provisions of the manual complied with?

What improvements to either facilities e.g. stream gauges, or work
practices, are desirable to improve Sewater's ability to predict inflows
into the dams.

Are improvements to either Seqwater's facilities or work practices
desirable to improve Seqwater's ability to manage events? For
example, investigations to raise the dam to improve its flood storage

capacity, If so, what are they and their implications
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» Are changes to the facilities or work practices of other organisations
desirable to improve Seqwater's abilities to manage these events? If
so, what are they and their implications? (For example, would it be

-worth funding Brisbane River crossing upgrades so that floodwater
could be released fastef, while not adversely affecting access to
properties--or maybe alternative strategies e.g. resupply operations
couid be put in place to achieve similar outcomes?)

= Given the manual's order of priorities i.e. protection of the dam etc, are
any changes in the flood release strategies for either dam desirable? If
so, what are they, and their implications

Based on this review, a review of the Manual of Operational Procedures for Flood
Mitigation at Wivenhoe Dam and Somerset Dam would occur utilising an expert
pane! of review including representatives of DERM, Seqwater, BoM, affected Local

Governments and other stakeholders as necessary.
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JANUARY 2011 FLOOD EVENT @B seqwater
1 INTRODUCTION

Wivenhoe Dam was constructed by the Queensland Government between 1977 and 1984. The
dam is a 56 m AHD high and 2.3 kilometre long earth and rock embankment separated into two
parts by a concrete gravity spillway. The spillway is controlled by 5 radial gates, each 12.0 metres
'wide by 16.0 m AHD high. Two saddle dam embankments are located on the left side of the

reservoir.

The dam spillway capacity was upgraded in 2005. This was done primarily through the
construction of a 164 metre wide secondary spillway through the right abutment of the existing
dam. This spillway contains three erodible earth fill fuse plug embankments that are initiated at

different dam levels in excess of EL 75.6.

The dam has two main functions by providing:

« A 1,165,000 ML storage at full supply level (FSL EL 67.0) providing an urban water

supply for Brisbane and surrounding areas;

s Flood mitigation in the Brisbane River by providing a dedicated flood storage volume

- of 1,450,000 ML up to EL77 (this flood level was increased as part the 2005 upgrade

to allow a water level of EL80m and a temporary flood storage volume of 1,966,000
ML with all fuse plugs initiated and the dam at the point of failure).

The dam has an EXTREME hazard classification under ANCOLD guidelines because of the
significant development downstream in the Brisbane and Ipswich metropolitan areas, with the
population at risk in the event of a dam failure numbering in the hundreds of thousands.

In accordance with the Queensland Regulatory program for dam spillway upgrades, a further
‘upgrade of Wivenhoe Dam is scheduled to occur prior to 2035 to enable the dam to safely pass the
Probable Maximum Flood. This work will involve the reconstruction of Saddle Dam 2 as a fuse

plug spillway.

Wivenhoe Dam is in excellent condition. Comprehensive Dam Safety reviews undertaken in
accordance with ANCOLD guidelines have been undertaken in 1997 (Gutteridge, Haskins & Davey
.Pty Ltd), 2003 (Wivenhoe Alliance), 2006 (NSW Department of Commerce), 2009 (GHD) and
September 2010 (Seqwater). The reports concluded that the design of the dam is in accordance
with modern day standards and that there are no significant outstanding design or construction

issues that require investigation.
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JANUARY 2011 FLOOD EVENT @8 scqwater

Improvements in data collection systems, practices and processes.
improvements by interacting agencies
Review of factors impacting on the protection of urban areas

Recommendations & Conclusions

The report would then be reviewed by the Dam Safety Reguiator in conjunction with any

peer review they require. The review should cover:

Were the provisions of the manual complied with?

What improvements to either facilities e.g. stream gauges, or work practices,
are desirable to improve Sewater's ability to predict inflows into the dams.
Are improvements to either Seqwater's facilities or work practices desirable
to improve Seqwater's ability to manage events? For example, investigations
to raise the dam to improve its flood storage capacity, If so, what are they
and their implications.

Are changes to the facilities or work practices of other organisations
desirable to improve Seqwater's abilities to manage these events? If so,
what are they and their implications? (For example, would it be worth funding
Brisbane River crossing upgrades so that floodwater could be released
faster, while not adversely affecting access to properties--or maybe
alternative strategies e.g. resupply operations could be put in place to
achieve similar outcomes?)

Given the manual's order of priorities i.e. protection of the dam etc, are any
changes in the flood release strategies for either dam desirable? If so, what
are they, and their implications

Based on this review, a review of the Manual of Operationail Procedures for Flood

Mitigation at Wivenhoe Dam and Somerset Dam would occur utilising an expert panel of

review including representatives of DERM, Seqwater, BoM, affected Local Governments

and other stakeholders as necessary.
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Rainfall animation

o

Event was almost twice the size of the 74 event
Dual peak :mE_,@ of raintall

" Second nmmx fell | 62 on Wivenhoe |©ooa for
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Wivenhoe was full and couldn’t further mitigate the
second peak inflow

Link to animation:

\\seqwater\shared\January 2011 Flood Event\Comms\Flood Animation\Data\Rainfall animation
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January 2011 Flood Zm:gmm
operations

Operations during the January 2011 flood event .Gmgmms 6 mecma\
2011 and 19 January 2011) occurred under both of Seqwater’s
approved flood mitigation manuals —

a) the Manual of Operational Procedures for Flood Mitigation at
Wivenhoe Dam and Somerset Dam (November 2009). This
Manual was approved by the Chief Executive (of DERM) on 2
2 December 2009. That approval was gazetted on 22 .
January 2010 and is for a 5 year period; and |

S_ the Manual of Operational Procedures for Flood Mitigation at

North Pine Dam (August 2010). This Manual was approved
by the Chief Executive (of DERM) on 6 December 2010. That
approval was gazetted on 17 December 2010 and is fora 5

year period.




Report timelines

Both Manuals require-that a report be prepared and lodged with the Chief
Executive within 6 weeks after each flood event. , |

-There are 7 flood reports to be prepared and submitted in respect of the period
since October 2010.

*Focus has been primarily on preparation of the January 2011 _..._ooq event report for
the Wivenhoe/Somerset due to the large nature of the event, the Ministerial
correspondence of 20 January 2011 and the terms of reference of the Commission
of Inquiry. |

-Given the close consequential nature of those flood events, reports for the events
priorto January 2011 have not yet been written as the time usually spent writing
reports was spent operating during the subsequent events.

-After discussions with the dam safety regulator, a formal extension request has
been made to extend the submission dates for some of the flood event reports.
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Report timelines (cont.)

The ﬂmuolm_jm.::mm (reflecting requested extensions) are:

October 2010 WnerhoeiSomersel S May 2011
October 2010 — North Pine 31 May2011

December 2010 — Wivenhoe/Somerset 31 May 2011 - =
. December 2010 =North Pine 31 May 2011 | -

1 arch 2011
gmzcm@ 2011 — North Pine M March 2011,
February 2011 <North Pine 31 May 2011

Lmacmgwo\_.w__t._<<2m3:nm\m09mﬁmmﬁ 2M




Report preparation process -
January 2011 Tlood event report

TR
[i

livenhoe/Somerset

- Prepared by the 4 Flood Obmwm& ons Engineers led by John
Tibaldi S o :

- Technical report by the flood engineers (reviewed by others)

- Flood engineers comments on reports

- Allen’s and Rowlands on board since day 1

- Independentexperts (Colin Apelt, Brian Shannon, Greg Roads,
Peter Hill, Rory Nathan and Len Mcdonald)

o Role of external experts

o]
AT
B

Discussion on interaction with insurers.




Report Summary

The report:

-}

- Environment and Resource Management.

confirms and describes the rare and large nature of the ,._m:cma\ 2011
flood event, Uc,&:@ in into context with prior flood events;

describes the oumﬂmrozm_ steps and Qmo_mﬁo:m taken under the flood

manual and their timing;

= concludes ﬁ:mﬁ. ocmﬂmﬂo:m_ decisions <<®8 Bmam in-accordance with the

flood manual;

concludes that <<_<®:jom and Somerset Dams were operated in
accordance with the flood manual during the January 2011 event;

identifies the data collection.and modelling used in the decision making .

process and concludes that this data performed well and assisted

informed decision making in accordance with the flood manual; and

concludes that communications during the event followed the draft inter
agency flood communications protocol prepared by the Dmumnﬁ:m:ﬁ of

Flood Engineers have no role in setting FSL



Report Summary (cont.)

The report recommendations, which are a requirement under the Manual, are:

- that there should be an examination in conjunction with the Bureau of

_._...zmﬁmoﬂO_OQV\ and other relevant agd encies on what mQQ:“_ODN__.mS@mC@mw

should be installed in the m:mcm:m River basin to improve data _,moo_dmn_
during flood m<m3m and

- areview of the flood manual should be undertaken given the large and rare
nature of the January 2011 flood event; |

> Seqwater should participate with the Bureau of Meteorology and other
" relevant agencies in a review of the inter agency flood communications
protocol. |




insurers

» Qverall comments and advice

_sExecsummary .. . .
°Section 16

olnsurers -
-Cover Letter to Regulator




Submission of report to regulator
and Commission of Inquiry

»  Flood event ﬁmvon will be delivered o Dam mm:an mm@c_mﬁoﬂ as
the Chief Executive’s delegate for the purpose of receiving.the

flood event reports. Dam Safety Regulator will be asked to
provide any comments he may have on the report.

]

o mmbon will also be an annexure to mmpémﬁ@_, S mcvgmm_o: 8 the
Commission of Inquiry. Provisions of the report to the
Commission was confirmed in Seqwater’s application for _mm<m
8 mbvmmﬂ before the Commission..

- Submission is being prepared now and is the chance to get
other key messages across to Commission.



Commun

> Qutline Plan
> Ministerial Briefin

- After event
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