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1 INTRODUCTION

The Queensland Bultk Water Supply Authority trading as Seqwater took over ownership of
Wivenhoe Dam from the previous SeqWater on 1 July 2008. The Dam Safety Conditions

issued by the Dam Safety Regulator for Wivenhoe Dam in accordance with the Water Supply
| Act 2008 requires the fq!lowlng:

¢ The dam owner must carry out a comprehensive inspection of the dam in accordance
with the Queensland Dam Safety Management Guidelines, on or before 1 October
2010.

+ The comprehensive Inspection must incorporate a review of the dam safety standards
of the existing dam against current standards, a review of the adequacy of the dam
safety documentation for the dam and reviews of the status on recommended actions
from previous inspections.

+ A Comprehensive Inspection Report detalling the findings of the comprehensive
inspection in accordance with the Queensland Dam Safety Management Guidelines
must be submitted to the Dam Safety Regulator, within three months after complestion
of the comprehensive inspection.

The Queenstand Dam Safety Management Guidelines define the purpose of a
Comprehensive inspection to be a periodic inspection of the dam and a review of the owner's
whole dam safety management program. The Guidelines require the Inspection Report to
assess all aspects of the dam safety management program and fully document:

+ Deficiencies identified in the dam safety management program and its documentation
+ A strategy for overcoming the deficlencles (including prioritisation of actions if several
deficiencies are identified).

The Guidelines also require the lnsbecﬂon to be undertaken by an experienced dam'’s
engineer who is a RPEQ. This inspection is to incorporate:

» A perlodic inspection,

+ An assessment of the appropriateness and adequacy, the effectiveness and
application (Including the owner’s response to inspection report and Safety Review
recommendations) of the dam safety management program and documentation for
the dam.
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This is considered to be the third Comprehensive Five Yearly Inspection of Wivenhoe Dam
undertaken in accordance with the Queensland Dam Safety Management Guidelines. The
first formal dam safety review was undertaken by Gutteridge, Haskins & Davey Pty Lid in
1997. This review included a review of the mechanical and electrical equipment at the dam
by HECEC Pty Ltd. Seqwater also has records of a 2008 inspection undertaken by NSW
Department of Commerce. It is understood that no final report was issued In relation to this
inspection; however Seqwater has a copy of an advanced draft of the final report.

A comprehensive design review of the dam was also undertaken in 2003 by the Wivenhoe
Alliance in association with the spillway upgrade works that were undertaken at that time.
Some design deficiencies were identified at that time, but these have since been rectified by
works Including the post-tensioning of the spillway and right bank spiliway retaining wall. A
further comprehensive design review was undertaken by GHD in 2009 as part of the
investigations associated with Increasing the full supply level of the dam. This report found
no significant design [ssues requiring further investigation or work.
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2 EXECUTIVE SUMMARY

Wivenhoe Dam Is generally in very good condition, The recent comprehensive design
reviews undertaken by the Wivenhoe Alliance and GHD in 2003 and 2008 respectively
conclude that the design of the dam Is In accordance with modern day standards and that
there are no outstanding deslign Issues that require investigation at the present time,

Data obtained from the dam safety instrumentation at the dam shows that the structural
performance of the dam Is satisfactory and in accordance with design expectations. No
Issues were [dentifled as a result of the comprehensive review of the instrumentation data.

The physical infrastructure at the dam is generally maintained in good condition; however the
Standby Diesel Generator Is nearing the end of its useful life and should be replaced within
the next 12 months. All other major dam components are performing satisfactorily.

As part of the Comprehensive Inspection, Queensland Hydraulics completed a
comprehensive investigation and review of the hydraulics systems that power the operation
of the radial gates and crane. The subsequent report (see Appendix C) concluded that these
systems are in good condition and should have a minimum of 10 addition years of working
life before requiring major refurbishment. These systems will be reviewed again as part of
the next comprehensive inspection in 2015.
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3 DESCRIPTION

WATER FOR LIFE

Population at Risk

Sunny Day Failure: 244,000
Flood: >1,000 {not fully assessed)

Fallure Impact Rating 2

Hazard Category Extreme

Dem Owner Seqwater ‘
Name of Reservolr Lake Wivenhoe
Year Complate 1984 .

Location Approximately Skm upstream of Fernvale
Water Course Brisbane River
Purpose Town water and flood mitigation
Type of Construction Zoned earth and rockfili embankment
Outlet Works Radial gat_ed spillway with supplementary fuse plug spillway
Catchment Area 7020km"
FSL 67m AHD
| Full Supply Capacity 1,165,238 ML
Surface Area at FSL 10,750ha
Maln Dam Crest 79m AHD
Main Dam Embankment Length 2,300m
Maximum Helght of Maln Dam Embankment 50m
Width at Top of Maln Dam Embapkment 10.0m
Splllway Crest 57.0m AHD
Spiiiway l..ength ‘ 60m

Gates 5 radial gates 12m wide x 16.6 m high
Top of Closed Gate EL73.0m
Saddle Dam Crest 80.0m AHD

Saddle Dam Length

3 x total length of 518

Wivenhoe Dam
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Maximum Helght of Saddle Dam Embankment 10.0m

Peak Water Leve! as a Result of PMF Dam Cvertopped
Spillway Capacity {Including Fuse Plu;gs) 28,100m"/s (EL 79.0m)
Maximum Discharge as a Result of PMF 37.400m s

AEP of Spillway Capacity (including Fuse Plugs)

1in 100,600 {EL 79.0m)

Regulator valves

1% 1.5m cone dispersion valve

Mean annual pan evaporation

1,600mm {BOM estimate)

Mean annual rainfall

986mm

Hydroelectric Facliities

4.3 mw mini-hydro

Notable events (Post Dam)

1086, 1989 (x 2), 1999

Maximum Historic Storage Level

71.45m AHD Late April 1989

Comment

Besides being a major source of urban water supply,
Wivenhoe Dam provides a significant flood mitigation
capacity to protect the urban areas downstream of the
dam. During perlods of heavy rainfall, flood water is
temporarily stored in Wivenhoe Dam and released at a
controlled rate to minimise the Impact of downstream
flooding. The dam was built in conjunction with Splityard
Creek Dam and water fram Wivenhoe is pumped into
Splityard Creek Dam where it Is used to generate electricity
during perlods of high demand.
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4 - DAM HISTORY

Wivenhoe Dam was designed by the Queensland Water Resources Commission. It was
constructed by a consortlum of contractors between 1977 and 1984. When completed,
Wivenhoe Dam was a 56 metre high, zoned earth and rock embankment separated into two
parts by a concrete gravity splllway. The spiliway is controlled by 5 radial gates, each 12.0
metres wide by 16.0 metres high. Two saddle dam embankments are located on the left s[de
of thé reservoir. The Brisbane Valley Highway was relocated to pass over and along the
crest of the dam embankment.

The dam spillway capacity was upgraded Iin 2005 by the Wivenhoe Alllance. The works
associatad with this upgrade are summarised as follows: '

» Construction of a 164 metre wide secondary spiliway through the right abutment
of the existing dam, in an excavated chute that included concrete works for a
three metre ogee crest, apron slabs, chute lining and the divider walls to enable
construction of three eroding earth fill fuse plug embankments;

» Upgrading of the wave wall on the two main embankments to handle the new
Maximum Flood Level (MFL) of EL 80.0;

¢ Strengthening of the primary splliway with post-tensioned anchors to cater for
the increased loading due to the raised flood level.

» Provision of a steel deflection baffle upstream of the radial gates to ensure the
gates clear the flow profile for the raised MFL.

These works ralsed the dam crest flood from a 1 in 22,000 AEP event to 1 In 100,000 AEP
flood event, Thae initial trigger level for the first fuse plug embankment is at EL 75.7m

(approximately the 1 in 6 000 AEP flood event).

The dam has four main functions by providing:
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s A 1.165 GL storage at full supply level (FSL EL 67.0) providing an urban water
supply for Brisbane and surrounding areas;

¢ Flood mitigation In the Brisbane River by providing a dedicated flood storage
volume of 1.45 GL up to EL77 (the MFL was increased to EL80m as part of the
Wivenhoe Alllance Upgrade works in 2005 changing the flood storage volume
to 2.0GL at EL80m);

* A source of supply for the Split Yard Pumped Hydro-Electric power station
which has a 500 MW generating capacity;

+ Arecreation area.

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 (PAR) 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 (PMF). This work will involve the reconstruction of
Saddle Dam 2 as a fuse plug spillway, so that the dam can accommodate the PMF,
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5 DATA BOOK

In accordance with the Dam Safety Conditions for Wivenhoe Dam, the dam owner must
update and maintain a Data Book in accordance with the Queensland Dam Safety
Management Guidelines. The Data Book must include all pertinent records and history
relating to the dam and encompass the documentation of investigation, design, construction,
operation, maintenance, surveillance, monitoring measurements and any remedial action
taken relating to the dam. '

The Dam Data Book is held In Seqwater's Karalee Office and is generally comprehensive
and contains information in accordance with the Data Book Checklist in the Queensland Dam
Safety Management Guidelines. Seqwater has also taken electronic coples of the Data
Book Information and saved this information within a system that includes a similar provision
for saving and back-up.

No recommendations for updating the Wivenhoe Dam Data Book are consldered necessary -
at this time.
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6 STANDING OPERATING PROCEDURES

In accordance with the Dam Safety Conditions for Wivenhoe Dam, the dam owner must
develop Standing Operating Procedures In accordance with the Queensland Dam Safety
Management Guidelines. The purpose of the Procedures is to:

» Define responsibilities for actions critical to the safety of the dam,
« Identify procedures for particular daily activities, which ensure that these activities are
done safely, in the same way each time and in accordance with development permit
~ conditions.
+ Ensure appropriate pecple are notified when unforseen or unusual events occur.

Seqwater submitted copies of the Standard Operating Procedures for Wivenhoe Dam to the
Dam Safety Regulator in March 2009 following an extensive update and review of the
Procedures. Controlled coples of the document have also been issued to the following
Seqwater staff:

¢ Princlpal Enginesr Dam Safety.
e Operations Coordinator responsible for Wivenhoe Dam

* Wivenhoe Dam Storage Supervisor,

The dam Is generally operated in accordance with the Standing Operating Procedures and
the Procedures have been prepared in accordance with the Queensland Dam Safety
Management Guidelines. The Procedures address the following areas:

DAM EMERGENCIES

Section 1 Dam Safety Organisational Structure and Responsibilities
" Section 2 Emergency Action Planning

Section 3 Loss of Communication during an Emergency Event

Section 4 Dam Securlty and Restricted Areas

DAM SAFETY SURVEILLANCE

Section 5 Dam Attendance

Sectlon 6 Dam Operating Log

Sectlon 7 Dam Surveillance and Routine Inspection
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Sectlon § Dam Instrumentation Data Collection and Management
Section 9 Annual Dam Inspections
‘Section10  Comprehensive Five Yearly Dam Safety Inspections
Section 11 Unscheduled Dam Inspections
DAM OPERATIONS AND MAINTENANCE
Section12  Routine Dam Maintenance
Section13  Routine Dam Operations
Section 14  Storage Inflow Control
Section 15  Renewal and Refurbishment of Dam Infrastructure
Section 16  Regulated Water Releases
Section17  Uncontrolled Water Releases
DAM SAFETY ADMINISTRATION AND REGULATORY REQUIREMENTS
Section 18  Reporting '
Section 19 Dam Safety Documentation
Section20  Regulatory Requirements and Dam Safety Conditions

Section 21 Training

Some Internal restructuring of Seqwater occurred in 2010 and this has resulted in a change
to some Position Titles referred to in the Standing Operating Procedures, Accordingly it is
recommended that the Standing Operating Procedures be amended to account for these
changes. No other recommendations for updating the Wivenhoe Dam Standing Operating
Procedures are considered necessary at this time.

RECOMMENDATION
Review and update the Standing Operating Procedures to account for the change in
position titles due to the recent restructure of Seqwater.
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7 OPERATION AND MAINTENANCE MANUAL

In éccordance with the Dam Safety Conditions for Wivenhoe Dam, the dam owner must
develop Operation and Maintenance Manuals in accordance with the Queensland Dam
Safety Management Guidelines. The purpose of the Manuals is to provide instruction on
how to operate, maintain and overhaul Individual pieces of equipment for a dam and its
associated structures. The manuals should contain the following:

s Work Instructions, which detail the way in which equipment should be operated and
outline the steps involved in performing a task. |

* Malintenance Schedules, which detail the asset, description of task, frequency of
maintenance and special requirements for servicing and maintaining the equipment.

» Equipment data sheets or Manufacturer's Manuals, which comprise technical
information needed for maintenance, repair and overhaul of equipment.

Seqwater has updated and reviewed the Operation and Maintenance Manuat for Wivenhoe
Dam. Controlled cop'ies of the document have also been issued to the following Seqwater
staff; '

. Principal Engineer Dam Safety.
» Operations Coordinator responsible for Wivenhoe Dam
» Wivenhoe Dam Storage Supervisor.

The dam is generally malntained and operated in accordance with the Operation and
Maintenance Manual and the Manual has been prepared in accordance with the Queensland
Dam Safety Management Guidelines. However further review work is required to make to
Manual consistent with the Dam Standing Operating Procedures. No recommendations for
updating the Wivenhoe Dam Operation and Maintenance Manuals are considered necessary
at this time.
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8 EMERGENCY ACTION PLAN

In accordance with the Dam Safety Conditions for Wivenhoe Dam, the dam owner must
develop an Emergency Action Plan In accordance with the Queensiand Dam Safety
Management Guidelines. The purpose of the Plan s to:

o Identify emergency conditions that could endanger the Integrity of the dam and that
require Immediate action;

o Prescribe procedures that should be followed by the dam owner and operating
personnel in the event of an emergency;

¢ Provide procedures to allow timely warning to Emergency Response Agencies for
their implementation of protection measures to downstream communities.

Seqwater submitted copies of the Emergency Action Plan for Wivenhoe Dam to the Dam
Safety Regulator in September 2009 following an extensive update and review of the
previous Plan, Controlled coples of the document have also been issued to the following
Seqwater staff and external agencies:

¢ Principal Engineer Dam Safety.

¢ Dam Safety and Source Operations Manager

¢ Wivenhoe Dam Storage Supervisor.

¢ Operations Coordinator responsible for Wivenhoe Dam
¢ Seqwater/SunWater Flood Operations Centre

¢ Department of Emergency Services

¢ Brisbane City Councll

¢ Emergency Management Queenstand

Relevant dam personne! are generally familiar with the Emergency Action Plan and the Plan -
has been prepared in accordance with the Queensland Dam Safety Management Guidelines.
The Plan contains the following information:

¢ Register of notification.

* Emergency contacts.

e Emergency actlon triggers.
* Routes to the dam site,

¢ Flood maps.
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Emergency communication from the dam itself Is reasonable. No recommendations for
updating the Wivenhoe Dam Emergency Action Plan are considered necessary at this time
although it is noted that Seqwater will re-issue revised controlled coples of the manual In
September 2010, prior to the 2010/11 Flood Season.
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9. ROUTINE INSPECTIONS

The Hazard Category of Wivenhoe Dam Is Extreme. Routine Inspectidns are undertaken
dally in accordance with ANCOLD Guidelines. Rainfall, storage level and seepage are also
measured during these inspections, A typical inspection sheet is shown below.

DAM SURVEILLANGE - WIVENHOE DAM T weekcomuisaciiy 2472/ 20/0
Daity S : _ FSL EL 6700

Time . ] e :
Rainfall (o) R X . L.00n ] £ ATARSR Y/
Storage Level (m AHD) : 5%.21 I(.t) 1Cedd [le 22 &b, Ll L1221 {76
Tempersturo CC) : . L . i
Seepage (ierperbounBast (30 ¢ 305 11
Seepage (Latres pee hour) West 140 " t¢ie 111 fh . 1)
Geepage (Lites pechoun Ol Div,__ | 6] k21 17 lert [C1] I
stpags (Litres per hour) East Toe | 148 2bo 11 £ :

Waler Clarity (Cleat o Cloudy) (bt | plewe | tha | L ueh’ | chotly | Llesr”

CONDITION REPORT o o - ]
Main Embankment
Earth Abulmenls : w
Frosion . e
Sink Holed o « e
-
v

_&ganmm B Sat Sun | Mon | Tue | Wed | ‘The I3
4

4

ﬁgﬁmgtng. Cracking or Bulging
uUndesirable Weeds of Vegetstion

‘\R\&\
14
‘\§ AN

4 x Saddle Dams”

Wet Fatches

| SinkHoles

Slemping, Cracking or Hulging

Undesirable Weeds or Vegetation
eosfon

RSN

1astramentation

Hydraulle Piezomaters

Inclinomeéters .
Fnumhtwn Dralns :

M.L $7.00)
Contrete Condition

] e
§ x Radial Gates Coadition - 7
[ Ergslon - Ve

<
A3

Fuse Plugs
Consrite Condivon . i _ -
Ergsion ) ] ) i ; P
: 4 r) . N
Repdrting Officer*s Initials Adh ovah g L e agha | ooh, otk
(¥ ) Indicates Satisfactory Condition 7 v v
(X) Ledicates Astion Required (Provide deiails is Comments Section beluw)

COWSH'{FM}G@!; qf'w fﬂ MQ&?’K‘/;. Ve

I T L L L LR R LI T Y e ¥ ) TR R AR EL]

------- N P LT L T T L L PT IT ) srefistissaaTtI I,
LEeTTES . TSI  anar |=|-|Au-|l|n-l-'ollI|.lltu|;|¢llon-.n;gao-..:n-. AndckarEtERtIRERs i irsrebrons
P PPy YT T T T T TR TP TR RN PO TR PP T E P LA EE R LA
[P PR TR IOV ET R AL LI TSR PICTT I T TP TR P PP LT PR TANTRAARY S

FIVERTR NI TR RS i b g n eiriskenspiardarsirsiostiannranip b tiriiling

T TR P Ty R TN TN TP TS IR ] YL TR L TS L R AR TR AR AL LI L)

Complcted form 10 be emaileu o faxed to Dam Opsrations Coordinator Ceatral Region {Jayam Tenntkoon)

o Tewason S -
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Segwater commenced the current system of undertaking routine inspections In June 2009.
Prior to that date, although routine inspections were being undertaken, the records were
maintained on a weekly rather than on a daily basis. Seqwater now has a robust system In
place for ensuring that Routine Inspections are undertaken daily (see SOP 4.3 — Dam
Surveillance and Routine Inspection) in accordance with ANCOLD guidelines.
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10

ANNUAL INSPECTIONS

The most recent Annual Inspection at the dam was undertaken in June 2009 by John Tibald!
(RPEQ 02525). The significant recommendations arising from the inspection and their

current status are shown in the following table:

Left Banmbnkmnt({)ostr Arel T

There Is a series of plpelines that gather runoff from the toe
drains for outflow into suitable natural drainage points.
Some repairs to these pipelines have been undertaken over
the last 12 months; however a study is required to examine
the relationship between flow In this dralnage system and
internal drainage within the embankment. It is possible that
this drainage system relates only to surface water runoff, in
which case maintenance of the system Is not critical from a
dam safety perspective.

An understanding has
been developed of the
separation between the
drains managing seepage
from the dam and those
assoclated with managing
rainfall run-off, Further
maintenance work
associated with this
drainage system has been
recommended in Section

are to be modified to reducs the risk of the flap gates

jamming open. The EAP is to include instructions for

checking of these gates in major flood events.

12 of this report,
Left Bank Embankment (Upstream Area)
+ The flap gate drains near the left bank end of embankment The EAP has been

amended, but minor works
to modify the gates remain
outstanding.
Recommendations to
resolve this issue are
contained in Section 12 of
this report,

Dam Crest

The drains under the wave wall are to be modified to prevent
blocking and a store of suitable plugs is to be kept at the
dam to enable these drains to be closed off in the event of a
flood that impacts on the wave wall (in these circumstances
the road would be closed due to flooding and would not be
used by the public). This issue Is outstanding from the 2008
inspection.

Investigation and
construction work to
resolve this issue is

underway in conjunction

with the Department of
Transport and main

Roads,
Recommendations to
resolve this issue are
contained in Section 12 of
this report,

Wivenhoe Dam
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Ba

Vegetation growing in the area of the old river diversion is to
be burned off each year just prior to the annual inspection to
allow proper inspection of this area.

Compilete,

Fuse Plug Embankments and Auxiliary Spliway

All trees within five metres of the toe of the embankment are
to be removed and all trees within three metres of the

spillway retaining walls are to be removed.

Complete.

Mechanical and Electrical Equipment

Undertake a risk assessment of the age and condition of the
electrical and hydraulic equipment at the dam to determine
remaining usefut like of this equipment and develop a plan
for renewal and replacement. In particular, the following
components require examination:

Radial Gate Electric/Hydraulic System.

Radial gate Hydraulic Winch motors.

Standby Diesel generator.

High Voltage Transformer.

Radial Gate Fixed Diesel/Hydraullc System.

79 Tonne Gantry Crane Etectric/Hydraulic System.

00000

Recommence the electrical condition monitoring program
assoclated with the radial gate infrastructure.

Instalt a suitable hydraulic oil overflow coliection and oil
transfer system to manage hydraulic balancing between the
aelactric hydraulic and fixed diasel hydraulic systems.

Engage a sultable hydraulic specialist to investigate the
recent low hydraulic oil pressure alarms that have occurred
during radial gate operations and repalr the creeping anchor
pin on the 79 tonne Gantry Crane,

Repair the leak in the Standby Diesel generator oil cooler
system. It is considered that this leak requires urgent
attention.

Initiate & painting program for the downstream sides of the
radial gates, It may be sensible to paint one gate per year
over the next five years.

_ Repair the mechanical problems causing the hoist chains to

disengage for the drive wheels on the selective baulks.

Complete
(see Section 12 and
Appendix C)

Complete.

This work was postponed
to following the completion |
of an assessment of the
Hydraulic System (see
Appendix C). The work
has been programmed for
the 2010/11 financial year.

Complete.

Standby‘ Diesel Generator
to be replaced, see
Section 12,

. Complets,
(Gate scheduled for
painting In 2011)

Complete,

Wivenhoe Dam
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Repair the concrete damage to the spillway floor and replace

the missing flap gate on one of the spillway underdrain outlets,

Post tensioning anchor Cables No. 1 and No. 3 are to be
retested In 2010 to determine if the anchor strength remains
outside desirable values.-

Post tensloning anchor Cables No. 16, No. 17, No. 18 and No.

19 are to be tested by 2010

Not Complete.
Recommendations to
resolve this issue are

contained in Section 12
of this report.

Not Complete.
Recommendations to
rgsolve this issue are

contained In Section 11
of this report.

Not Complete.
Recommendations to
resolve this issue are

contained In Section 11

of this report.
Outlet Works -
» Seat the service penetrations to the mini-hydro facility as Complete

these are causing water leaks Into the outlet works.

Suitable engineering works are to be constructed to eliminate
the hazard to persons and dam infrastructure caused by the
erosion of the sandstone cliffs adjacent to the outlet works.

Install a new float well water level recorder in the intake works,

Install a flow meter to allow measurement of the sump pump
outflows from the mini hydro and record these outflows on the
weekly inspection sheets. ‘

Substantial works have
been completed, but the
Issue s not fully
resolved.
Recommendations to
rasolve this issue are
contained in Section 12
of this report.

Complete.

Not Complete.
Recommendations to
resolve this issue are

contained in Section 12
of this report.

Instrumentation

All seepage measuring points, survey points and foundation
drains are to be suitably labelled and numbered on site and a
sultable engineering plan prepared to show Instrumentation
point locations and corresponding numbering.

The presentation of the instrumentation data is to be reviewed
and updated to provide graphs that are better able to identify
dam safety issues, in accordance with the Wivenhoe Dam
Design Report.

Complete, except for
survey stations, see
Section 12.

Complete.

Wivenhoe Dam
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The most recent Comprehensive Inspection at the dam was undertaken in July 2008 by the
NSW Department of Commerce. There are no recommendations from this report that are
not accounted for in the above table or elsewhere in this report.

In summary, there are no outstanding items critical to the safety of the dam and all
outstanding work has been addressed In the recommendations of this report.
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1" INSTRUMENTATION

A summary of the dam safety monitoring instrumentation at Wivenhoe Dam Is contained In

the following table.

WIVENHOE DAM - DAM SAFETY INSTRUMENTATION

TYPE

DESCRIPTION

Pore Pressure

(Hydraulic Plezometers)

There are 60 hydraulic piezometers installed at the dam to
monitor pore pressure. The location of these plezometers is
shown on Plans A1 50780, A1-63375 and A1-56230. There
are 24 plezometers at Ch 1600 and 22 piezometers at

Ch 1800, in the right bank earth embankment. There are 14
plezometers at Ch 1200, in the concrete splllway section.
There are 5 piezometers at Ch 1960, in the core of the
diversion channel seation of the right bank embankment.
These Instruments are read monthly,

Pore Pressure

(Total Pressure Cells)

There are 25 total pressure cells installed at the dam. The
location of these total pressure cells is shown on Plans A1-
50780 and A1-53375. There are 11 total pressure cells at Ch
1600 and 11 total pressure cells at Ch 1800, in the right bank
earth embankment. There are 3 total pressure cells at Ch
1960, in the core of the diversion channet section of the main
embankment, The reading of these instruments was
abandoned in the 1990s (see discussion below).

Deformation Monitoring

There are 60 movement monitoring points installed at the dam
to measure embankment movement. The location of these
movement monitoring points is shown on Plans A1-63374 and
CG-1032. There are 48 movement monitoring points installed
in the right bank earth embankment and 12 movement
monitoring points installed in the right abutment spillway., A
deformation survey is undertaken annually.

Structural Movement

There are 10 inclinometers installed at the dam to measure
structural movement. The location of these inclinometers Is
shown on Plans A1-53374 and CG-1031. There are 4
inclinometers installed in the right bank earth embankment and
6 inclinometers installed in the right abutment spillway. These
instruments are read monthly.

Seepage

V-notch weirs are located In lower gallery of spillway and in the
diversion channel section of the right bank embankment to
measure seepage. V-notch weirs are also used to measure
seepage flows from the left and rght bank embankment
drainage systems. These instruments are generally read on a
daily basis.
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Rainfall and Storage Level

Alert canisters transmit this data continuously in real time. All
data Is stored by Seqwater within a database.

Pore Pressure (Hydraulic Piezometers)

A summary of the plezometer results is shown in the table below. Detailed graphs showing
the behavlour of individua! piezometers over time are contained in Appendix B. When
examining the graphs It Is important to note the disruption to readings assoclated with the
plezometer board replacements that occurred in 2007. Plans showing the locations of the

plezometers are shown in Appendix A,

PIEZOMETERS DESCRIPTION COMMENTS CURRENT TRIGGER
WVHO01 These three The pressure readings | Any reduction in the
WVHO2 plezometers are from these pressure differential

jocated within the plezometers are between WVH01 and
WVHO03 sandstone foundation | consistent with WVHO02 to a value

at EL 15 metres under | historical performance | equal to or below 4.6

the embankment core | dating back to the first | metres should trigger

at Ch 1600, WVHO1 is | filling of the dam In additional monitoring

11 metres upstream of | 1988 and historical and investigation.

the embankment
centreiine, WVH02 is
on the embankment
centreline and WVH03
is 11 metres
downstream of the
ambankment
centreline. The grout
curtain in located
midway between
WVHO01 and WVH02.

peak readings have
not been exceeded

over the last five years.

The prassure drop
across the grout
curtain remains in the
order of five metres,
indicating some
leakage across the
curtain. This is inline
with historical
petformance.

Some sesepage Is
evident below the
embankment in this
location which
supports the readings
indicating some
seepagse across the
grout curtain.

Any increase in the
pressure reading for
WHVO02 in excess of
EL 42 metres should
trigger additional
monitoring and
Investigation.

Wivenhoa Dam

Comprehensive Inspection ~ September 2010

Pags | 21




WVH04 These six plezometers | The pressure readings | Any Increase in the
WVHO5 are located at from these pressure reading for

EL 25 metres within plezometers are WHVO5 In excess of
WVH06 the embankment core | conslistent with EL 55 metres should
WVHO7 and downstream filter | historical performance | trigger additional

at Ch 1600, The dating back to the first | monitoring and
WVH08 plezometers are fairly | filling of the dam in Investigation.

evenly spaced. 1988 and historical
WVHO09 WVHO04 and WVH05 peak readings have AQ;LTI?:?: ae dllrr]1 thfzr

are within the core, not been exceeded ‘?MHVOB in ex oegs of

11 metres and 5 over the last five years. EL 35 metres should

me;{e;s ﬁiﬁﬁg"ely' It appears that the core |{ trigger additional

:?nb;na;cment has dried out to some | monitoring and

centreline. WVH06 is extent during the investigation,

’ recent drought as there

:::gg;::}:ﬁ{e onthe |15’ currently quite a

contreline, WyHg7 | Sloep pressuradrop

and WVHO8 are within WVHO0S, that is in '

tghg’ Snoerter'eg :::gzz‘tﬁ, :?y axcess E)f the levels

downstream of the | Sxperlenced prlor to

embankment not oi concs:,e%aan?in °

c?ntreline. WVHO9 is would be expected to

within the downstream reduce over time If the

filter, 13.6 metres level of the storage

downstream of the remained hiah

embankment gn.

centreline.
WVH10 These four The préssure readings | Any increase in the
WVH11 plezometers are from these pressure reading for

- located at piezometers are WHV11 In excess of

WVH12 EL 35 melres within consistent with EL 47 metres should
WVH13 the embankment core | historical performance - | trigger additional

at Ch 1600, The dating back to the first | monitoring and

piezometers are fairly | filling of the dam in investigation,

evenly spaced. 1988 and historical

WVH10 and WVH11 | peak readings have | AN Increase In the

are 8 metres and 3
metres respectively,
upstream of the
embankment -
centreline. WVH12 and
WVH13 are 3 metres
and 8 metres
respectively
downstream of the
embankment
centreline.

not been exceeded
over the last five years.

pressure reading for
WHV13 in excess of
EL 37 metres should
trigger additional
monitoring and
investigation.
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WVH14 These four The pressure readings | Any Increase in the
WVH15 piezometers are from these pressure reading for

located at plezometers are WHV15 In excess of
WVH16 EL 45 matres within consistent with EL 54 metres should
WVHA7 the embankment core | historical performance | trigger additionat

at Ch 1600, The dating back to the first | monitoring and

plezometers are fairly | filling of the dam Int investigation.

evenly spaced. 1988 and historica

WVH14 and WVH15 peak readings have Agg;isrhc;;e?::di; thfzr

are 7.5 metres and 2.5 | not been exceeded 8VHV17 in excegs of

Lngglfa;?so;;e;ﬁt;vely, over the last five years. EL 47 metres should

embankment :Tr:gger a_lddltional

‘ onitoring and

centreline. WVH16 and investigation

WVH17 are 2.5 metres. g '

and 6 metres

respectively

downstream of the

embankment

cantreline.
WVH18 These three The pressure readings | Any increase In the
WVH10 plezometers are -from these pressure reading for

located at plezometers are WHV19 in excess of
WVH20 | EL 55 metres within consistent with EL 58 metres should

the embankment core | historical performance | trigger additional

at Ch 1600, WVH18 is | dating back to the first | monitoring and

4 metres upstream of | filling of the dam in - Investigation,

the embankment 1988 and historical

centreline, WWH19is | peak readings have

on the embankment not been exceeded

centreline and WVH20 | over the last five years.

Is 4 metres

downstream of the

embankment

centreline.
WVH21 These two plezometers | The pressure readings | Any Increase In the
WVH22 are located at from these pressure reading for

EL 65 metres within

plezometers are

WHV22 In excess of

the embankment core } consistent with EL 64.5 metres should
at Ch 1600. WVH21 is | historical performance | trigger additional
3 metres upstream of | dating back to the first | monitoring and
the embankment filling of the dam in investigation.
centreline and WVH22 | 1988 and historical
is on the embankment | peak readings have
centreline, not been exceeded
over the last five years.
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As expected, WVH23

Any increase in the

WVH23 These two plezometers
WVH24 are located at Is connected directly to | pressure reading for
EL 32 metres within the storage and WHV24 in excess of
the alluvium at Ch WVH24 Is free draining | EL 64.5 metres should
1600. WVH23 is 42 with no apparent trigger additionat
metres upstream of the | connection to the monitoring and
embankment storage. investigation.
centreline and WVH24
is 42 metres
downstream of the
embankment
centreline.
WVH25 These three The pressure readings | Any Increase in the
WVH26 plezometers are from these pressure reading for
located within the plezometers are WHV26 in excess of
WVH27 sandstone foundation | consistent with EL 35 metres should
- | at EL 15 metres under | historical performance | trigger additional
the embankment core | dating back to the first { monitoring and
at Ch 1800. WVH25 is | filling of the dam In Investigation.
11 metres upstream of | 1988 and historical '
the embankment peak readings have
centreline, WVH26 is not been exceeded .
on the embankment over the last five years.
[(;e?flr?::gter :;d WVH27 The pressure drop
downstream of the acrosls the g_'{OUtl h
embankment f;:ﬁvr;{f ?\Ei? snthe
gﬁpttarﬁ:i?nei o;l'ahtggrout indicating that seepage
across the curtain is
?Vis‘lfl% bet;vaze unlikely. This is in line
an * | with historical
performance.
WVH28 These six plezometers | The pressure readings | Any increase in the
WVH29 are located at from these pressure reading for
EL 25 metres within plezometers are WHV29 in excess of
WVH30 the embankment core | consistent with EL 67 metres should
WVH31 and downstream fllter | historical performance | trigger additional
at Ch 1800. The dating back to the first | monitoring and
WVH32 ptezc;meters are falrly | filling of the dam In Investigation.
evenly spaced, 1988 and historical
WVH33 WVH28 and WVH29 peak readings have Any increase in the

are within the core,
11 metres and 5

not been excesded
over the last five years.

pressure reading for
WHV32 in excess of

metres respectivel ‘ EL 36 metres should
upstream oF;' th o Y It appears that the core | trigger additional
eﬁ1b ankment has dried out to some | monitoring and
centreline. WVH30 Is extent during the investigation.
) ~ recent drought as there
within the core on the Is currantly quite a
embankment steep pressure drop
centreline, WVH31 _
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and WVH32 are within
the core, 5 metres and
9.5 metres respectively
downstream of the

| embankment

centreline. WVH33 is
within the downstream
filter, 13.6 metres
downstream of the

between WVH28 and
WVH29, that is in
excess of the levels
experienced prior to
2001. This gradient is
not of concern and
would be expected to
reduce over time If the
level of the storage

embankment remained high.
centreline.
WVH34 These four The pressure readings | Any Increase in the
WVH35 piezometers are from these pressure reading for
located at piezometers are WHV36 in excess of
WVH36 EL 35 metres within consistent with EL 53 metras should
WVH37 the embankment core | historical performance | trigger additionat
‘ at Ch 1800, The dating back to the first | monitoring and
plezometers are fairly ﬁlling of the dam In Investigation.
evenly spaced. 1988 and historical -
WVH34 and WVH35 | peak readings have A:\eyerLcl:‘ree?:ae di[':] thfzr
are 8 metres and 3 not been exceeded SVHV37 in excegs of
metres respectively, over the last five years. EL 41 metres should
:fnsl:;enirpng;:he trigger additional
centreline. WVH36 and monitaring and
WVH37 are 3 metres 9 '
and 8 metres
respectively
downstream of the
embankment
centreline,
WVH38 These four The pressure readings | Any increase in the
WVH39 piezometers are from these pressure reading for
located at | plezometers are WHV39 In excess of
WVH40 EL 45 metres within consistent with EL 59 metres should
WVH41 the embankment core | historical performance | trigger additional
at Ch 1800, The dating back to the first | monitoring and
plezometers are failly | filling of the dam In Investigation,
evenly spaced, 1988 and historical
WVH38 and WVH39 peak readings have Algysfsr:ﬁ,r:f::dii?l thf?)r
are 7.5 metres and 2.5 | not been exceeded \?’VHV 41 In ex cegs of
metres respectively, over the last five years, EL 48 metres should
:;r):l:;enakrpng;:he trigger additional
centreline, WVH40 and mgg:t? ri:t?oﬁnd
WVH41 are 2.5 metres g '
and 6 metres
respectively
downstream of the
embankment
centreline.
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WVH42 These three The pressure readings | Any Increase in the
WVH43 piezometers are from these pressure reading for
located at piezometers are WHV44 in excess of
WVH44 EL 55 metres within consistent with EL 57 metres should
the embankment core | historical performance | trigger additional
at Ch 1800. WVH42 |s | dating back to the first | monitoring and
4 metres upstream of | filling of the dam in investigation.
the embankment 1988 and historical
centreline, WVH43 is | peak readings have
on the embankment not been exceeded
centreline and WVH44 | over the last five years.
is 4 metres
downstream of the
embankment
centreline.
WVH45 These two plezometers | The pressure readings | Any Increase in the
WVH46 are located at from these pressure reading for
EL 65 metres within piezometers are WHV46 In excess of
the embankment core | conslistent with EL 66 metres should
at Ch 1800. WVH45 is | historical performance | trigger additional
3 metres upstream of | dating back to the first | monitoring and
the embankment filling of the dam in investigation. Thisis
centreline and WVH46 | 1988 and historical currently occurring and
is on the embankment | peak readings have further investigations
centreline. not been exceeded will be undertaken.
over the last five years.
However the reading
from WVH46 appears
to be high as itis in
excess of the current
storage level, The
reason for this high
reading requires
further investigation.
WVH47 These three The pressure readings | Any Increase In the
WVH48 piezometers are from these pressure reading for
located at EL 28 plezometers are WHV49 in excess of
WVH49 metres within the consistent with EL 29 metres should
embankment core at historical performance | trigger additional
around Ch 1960. dating back to the first | monitoring and
WVHA47 is 10.6 metres | filling of the dam in investigation.
upstream of the 1988 and current
embankment readings are in line
centreline, WVH48is | with historical peak
“on the embankment readings. '
centreline. WVH49 is
10.5 metres
downstream of the
embankment
centreline.
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WVH50 These two piezometers | The pressure readings | No trigger levels are
WVH54 are located within the | from these considered valid for
embankment core at plezometers are these plezometers.
around Ch 1960. consistent with
WVHS50 is at EL 30 at | historical performance
an unknown distance | dating back to the first
upstream of the filling of the dam in
embankment 1988 and current
centreline. WVH51 is | readings are in line
at EL 34 on the with historlcal peak
embankment readings.
centreline.
WvH52 These six piezometers | The pressure readings { Any trend showing an
WVH53 are located between from these Increase in the
EL 44 and EL 36 at the | plezometers are pressure reading for
WvVH54 interface of splilway consistent with any plezometer.
WVH55 monolith 562 and the historical performance
spillway foundations, at | dating back to the first
WVH56 Ch 1170. The filling of the dam in
WVHS7 plezometers are 1988 and historical
spaced over a distance | peak readings have
of approximately not been exceeded
25 metres, with over the last five years.
WVH57 being the most
upstream piezometer
moving sequentially
downstream to
WVH52, the most
downstream
piezometer.
WVH58 This plezometer is The pressure readings | Any trend showing an
located at EL 38 at the | from this piezometer increase in the
Interface of spiliway are consistent with pressure reading for
monolith 53 and the historical performance | the piezometer.
spillway foundations, at { dating back to the first
Ch 1185 (spillway filling of the dam in
centreline), The 1988 and historical
piezometer Is located | peak readings have
directly under the lower | not been exceeded
gallery. over the last five years.
WVH59 These six plezometers | The pressure readings | Any trend showing an
WVH60 are located between from these Increase in the
EL 44 and EL 38 at the | piezometers are | pressure reading for
WVH61 | interface of spillway consistent with any plezometer.
WVH62 monolith 54 and the historical performance
spillway foundations, at | dating back to the first
WVH63 Ch 1200. The filling of the dam In
WVH64 piezometers are 1988 and historical
spaced over a distance | peak readings have
of approximately not been exceeded
25 metres, with
Wivenhoe Dam Comprehensive Inspaction — September 2010 Page | 27




WVHG4 being the most
upstream piezometer
moving sequentially
downstream to
WVH59, the most
downstream
piezometer.

over the last five years.

WVHS85

This piezometer is
located at EL 39 at the
interface of spiliway
monolith 55 and the

The pressure readings
from this plezometer
are consistent with
historical performance

spillway foundations, at | dating back to the first
Ch 1215, The filling of the dam in
piezometer is located | 1988 and historical

directly under the lower
gallery.

peak readings have . -

not been excéeded

Any trend showing an
Increase in the
pressure reading for
the plezometer.

over the last five years,

The instruments are read and serviced in accordance with ANCOLD Guidelines. The only
Issue of concern with the instruments is that the right bank plezometer huts cannot be access
during a flood event due to backwater effects associated with Brisbane River flooding.
Accordingly it is recommended that a system be installed to allow remote collection of this
data from the Dam Control Room,

Pore Pressure (Total Pressure Célis)

Collectlon of data from the Total Pressure Cells appeared to cease In the 1280s and no
_ record on why this decision was made can be found. Additionally, no data records at all can
be located.

The Total Pressure Cells were primarily installed to monitor embankment settiement
foliowing construction. Accordingly, the data from the Total Pressure Cells would have been
the most value in the ten year period imrhedlately following construction of the embankment,
while the majority settiement was occurring. Now that embankment settlement has |
concluded from a practical sense, the Total Pressure Cells could be used to provide data in
relation to embankment pore pressure, HoweVer as the Total Pressure Cells are generally
located in close proximity to the hydraulic piezometers, the value of collecting data from
these cells Is expected to be low, unless some plezometers cease to function,

With modern electronics and data collection systems, collection of the Total Pressure Cell
data should be a simple matter requiring very few resources. Accordingly it is recommended
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that the cost/benefits of collocation of this data be analysed to determine if data collection
should recommence.

Deformation Monitoring

Deformation surveys are undertaken annually at Wivenhoe Dam. The last survey was
undertaken in April 2010 and the detailed results are contained in Appendix B. Following a
review of the movements, no values could be found that are cause for any concern. The level
of deformation Is less than expected for an embankment dam of 56 metres in helght,
assuming 1% long term settlement.

Maximum settlement since the 1990 base survey of 64 millimetres was measured at Point 8,
which s near the highest section of the embankment. This is in line with other settlements at
surrounding points 3 to 12 which are greater than 24 millimetres. The maximum horizontal
movement of 19 millimetres at pblnt 6 Is considered insignificant. Over the last annual
period, 6 millimetres was the maximum settlement and maximum horizontal movement was 5
to 7 millimetres, which Is also considered insignificant.

The survey shows that control point No, 109 Is displaying significant progressive settlement
of 52 millimetres between 2007 and 2009 and a further 9 millimetres in 2010. This control
point was established on loose material downstream of the embankment following the 2005
spillway upgrade and may need to be re-established. It is recommended that this issue be
investigated in conjunction with the 2011 survey.

Structural Movement (Inclinometers)
A summary of the inclinometer results is shown in the table below. Detailed graphs showing

the behavlour of individual inclinometers over time are contained in Appendix B. Plans
showing the locations of the inclinometers are shown in Appendix A.

INCLINOMETER DESCRIPTION ‘ COMMENTS

H These three inclinometers are Cumulative displacement since

2 located in the embankment at the dam was constructed is
Ch 1600. 11 s 6.6 metres generally iess than 20 '

13 downstream of the embankment | millimetres over the length of the
centreling and is 60 metres in inclinometers. There are
depth. 12 is 40 metres currently no obvious
downstiream of the embankment | displacement trends that are of
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centreline is now 18 metres in
depth as an old instrument is
jammed at this depth. 13 is 68
metres downstream of the
embankment centreline and is
24 metres in depth.

concern or that require further
investigation. The inclinometers
will continue to be read on a
monthly basis.

14

This inclinometer is located In
the embankment at Ch 1800. 14
is 6,5 metres downstream of the
embankment centreline and is
68 metres in depth.

Cumulative displacement since
the dam was constructed is
generally less than 20
millimetres over the length of the
inclinometer, There are
currently no obvious

| displacement trends that are of

concern or that require further
investigation. The inclinometer
will continue to be read on a
monthly basls,

Seepage

A sunimary of the seepage results is shown in the table below. Detalled graphs showing the

behaviour of individual seepage points over time are contained in Appendix B. Plans

showing the locations of the seepage polnts are shown in Appendix A,

V- NOTCH WEIR DESCRIPTION COMMENTS
Gallery East These two V-notch welirs monitor | A review of the resulits over the
Gallery West seepage through the spillway last ten years shows no trends

section of the dam and are
located in the lower gallery.

for increased seepage. Recent
increases associated with
increased storage level are
consistent with historical trends.
Current steady state sesepage
levels in the order of 150 litres
per hour are not cause for
concern,

V-Notch East

This V-notch welr monitors.
seepage through the left bank
embankment. A serles of gravel
finger drains collect water
seeping through the core and
foundations as shown on Plans
A1-45403 and A2-79207. This
water is directed to the V-notch
via a serles of pipelines.

A review of the results over the
last ten years shows no trends
for increased seepage. Recent
increases associated with
increased storage level are
conslistent with historical trends.
Current steady state seepage
levels in the order of 150 litres
per hour are not cause for
concern,
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V-Notch West

This V-notbh weir monitors
seepage through the right bank
embankment. A blanket drain

| collects water seeping through

the core and foundations as
shown on Plans A1-50789 and
A2-79257, This water is
directed to the V-notch via a
series of pipelines,

A review of the results over the
last ten years shows no trends
for increased seepage. Recant
Increases associated with
increased storage level are
consistent with historical trends.
Current steady state seepage
levels in the order of 600 litres
per hour are not cause for
concern.

Monitoring Frequencles

Monitoring frequencies are undertaken in accordance with the following table that meets

ANCOLD Guidelines.

WIVENHOE DAM - DAM SAFETY INSTRUMENTATION

TYPE

MONITORING FREQUENCY

Rainfall and Storage Level

Monitored dally through ALERT

Seepage Daily

Pore Pressure . Monthly
Structural Movement Monthly
Deformation Monitoring Yearly

The Hazard Category of Wivenhoe Dam is Extreme. Instrumentation monitoring Is
undertaken in accordance with ANCOLD Guidetines,

Post Tensioning

As noted in the 2009 Annual inspectlori, most of the post tensioning anchors were load
tested In 2009 in accordance with ANCOLD guidelines and the results of this testing are
shown In the following table.
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Wivenhoe Testing Results - 2009

Test Date

1 24111/2008
,12/02/2009
124/02/2009

9/04/2009
15/04/20069
16/04/2009
20/04/2009
17/06/2009
18/06/2000
23/06/2009
24/06/2009]
29/06/2009
30/06/2009
170712009
2/07/2009

The table above shows that Cable No. 1 is 5% outside the required test load and that Cable
No. 3 Is 2% outside the requlred test load. In the first instance both cables will need to be
retested to verify these results. Cables 16 to 19 still require testing.

Recommendations

» Asystem is to be installed to allow remote collection of plezometer data from the
embankment plezometers. This will allow this critical data to be gathered during
flood events when the plezometer huts cannot be accessed due to flooding. The
data should be transmitted to the Dam Control Room for collection.

* ‘The reasons for the movements assoclated with survey control point No. 109 are to
be Investigated in conjunction with the 2011 survey.

» Post tensioning anchor Cables No. 1 and No. 3 are to be retested in 2010 to
determine If the anchor strength remains outside desirable values.

+ Post tenslioning anchor Cables No. 16, No. 17, No. 18 and No. 19 are to be tested In
2010.
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12 INSPECTION
121 Inspection Team

John Tibaldi, Principal Engineer Dam Safety (Seqwater)
Louw Van Blerk, Engineer Dam Safety (Seqwater)

12.2 Operational status at time of Inspection

Date of Inspection: 3, 10 and 17 September
Reservoir Water Surface Elevation: near FSL

12,3 Dam Embankment

Wivenhoe Dam Is a 56 m high, zoned earth and rock embankment separated into two parts
by a concrete gravity spillway, controlled by five radial gates. Two saddle dam
embankments are located on the left side of the reservoir. A secondary spillway consisting of
three fuse plug embankments was constructed on the right abutment in 2005.

The Left Bank embankment is approximately 1.1 kilometres long and has a sloping upstream
core protected by both upstream and downstream filters and supported by a downstream
shell of miscellaneous fill. Batter slopes are 3 horizontal to 1 vertical on the upstream face
and 2 horizontal to 1 vertical on the downstream face. Riprap is in place on both the
upstream and downstream shoulders of the embankment.

The Right Bank embankment s 1.2 kllometres long and 56 metres high with a central clay
core, The embankment contains both upstream and downstream filters supported by outer
shells of compacted sandstone with river run gravel In the upper portion. The shoulder slopes
are 2 horizontal to 1 vertical with a local steepening in the upper portion to 1.5 horizontal to 1
vertical. Riprap Is in place on both the ‘upstreém and downstream shoulders of the

embankment.

Two saddle dams close off low saddles on the left abutment of the dam,. Saddle Dam 1 is a
homogeneous embankment constructed from miscellaneous fill. Saddie Dam 2 is the higher
of the two embankments and Is constructed with a central clay core and random fill
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shoulders. Rip Rap is provided for both embankment on the upstream face for wave
protection and the downstream slope is topsoiled and grassed. The Saddle Dams have a
crast level at EL 80 and have a maximum height of 10 m. The Saddle Dams only retain
water during flood operation.

The crest and upstream and downstream faces of the earth embankments and saddle dams
were Inspected and generally found to be In a satisfactory condition. Some minor
deficlencies were Identified and these are listed below, along with recommendations for
remedial actions. |

Inspection Recommendations:

Left Bank Embankment (Downstream Area)

o As noted In previous Inspections, there Is some breakdown of rip rap on the
downstream side of the embankment. These areas should continue to be closoly
monltored for signs of any eroslon damage, Presently the areas generally appear
sound and stable, '

e Some minor eroslon repairs are required along the downstream toe of the
embankment.

« Some vegetation Is evident on the embankment face and the current weed
sprayling program should continue.

» The flap gate drains near the left bank end of embankment are to be modified to
reduce the risk of the flap gates Jamming open. The EAP Is to Include Instructions
for checking of these gates In major flood events.

» Road repalrs are required along the bench to prevent water ponding, with
resurfaclng required along the length of the road.

o Additional surface dralnage Is to be constructed to draln the wet areas below the
road bench,

» Further Investigations are required to determine If the V-notch welr flows are belng
supplemented by a break In the treated or raw water supply pipelines that are
located In these areas.
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am Cres

¢ The dralns under the wave wall are to be modified to prevent blocking and a store
of sultable piugs Is to be kept at the dam to enable these drains to be closed off In
the event of a flood that Impacts on the wave wall (in these circumstances the road
would be closed due to flooding and would not be used by the public). This Issue

is outstanding from the 2008 inspection.

Broken/Blocked Road Drain
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Right Bank Embankment

Some minor vegetation Is evident on the embankment face and the current weed
spraying program should continue,
All termite mounds within flve metres are to be sprayed and destroyed.

Vegetation growing In the area of the old river diversion Is to be burned off each
year Just prior to the annual Inspection to allow proper Inspection of this area.

The eroslon hole along the toe of the embankment Is to be filled. ‘
The location of the dralnage outflow from the fliter blanket drains In the vicinity of
the old diversion In uncertaln. Accordingly the area along the pond downstream of
the V-notch welrs Is to be dralned and examined. If an outflow Is occurring In this
area, a sultable V-notch Is to be constructed to monitor this flow.

Fuse Plug Emgggkments and Auxlllary Splliway

Some minor vegetation Is evident on the embankment face and the current weed
spraying program should continue. _

Some seepage fs evident through the fuse plug embankments and a sultable V-
notch welr Is to be constructed to allow monltoring of this seepage.

Vegetation to be sprayed
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Trees to be removed

Saddle Dams

e Any undesirable vegetation Is to be removed from the embankments and the
current weed spraying and mowing program Is to continue.

« All cattle must be excluded from the embankments and the damage caused by the
cattle must be repalred. |

Saddle Dam
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124 SPILLWAY

The spillway is located in a low saddle between the two dam earth and rockfill embankments
and is controlled by five radial gates supported on a mass concrete ogee crest. The radial
gates are 12 metres wide by 16 metres high and discharge via a flip bucket spiliway to an
unlined rock discharge channel. The flve radial gates are operated by hydraulic motor driven
wire rope winches, one on each side of each gate. The power units for the spillway gates
and penstock gate are located in a winch room In the left abutment of the dam. Also located
in this winch room is an auxiliary diesel operated hydraulic unit capable of operating the
gates.

A left bank underground control complex in the dam comprises the winch room, water quality
control room, main high voltage substation, main switchboard, fire control equipment,
storeroom diesel alternator set, and ventilation system. A 79 tonne travelling gantry crane on
the service bridge over the spiliway structure serves to handle the butkhead gate used for
maintenance of the radial gates. A smaller gantry over the intake structure is used for

" handling the trash racks and water quality baulks,

As par;c of the Comprehensive Inspection, Queensiand Hydraulics completed a
compreherisive investigation and raview of the hydraulics systems that power the operation
of the radial gates and crane. - The subsequent report (see Appendix C) concluded that these
systems are in good condition and should have a minimum of 10 addition years of working
life before requiring major refurbishment. However some recommendations were made to
improve the reiiability of these systems, and these are included within the recommendations
below.

Generally, the spillway and assoclated gates, holsting gear and cranes looked to be In good
condition. Underaking regular routine maintenance in accordance with the dam Operation
and Maintenance Manuals appears to be producing good results and it is important that this
program s continued. The main issues found during the inspection rélate to ensuring the on-
going reliabllity of the standby diesel generator. This unit is now over 25 years old and
appears to be approaching the end of its useful working life.
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Inspection Recommendations

Hydraullc System Recommendations

o Ensure that a sufficlent store or O-ring, hydraullc seal and pressure switch spares
Is held at the dam.

‘o Check the accumulator gas charge at least annually.

o Check the hydraullc pump/motor couplings annually. This Includes the couplings
on the Moblle Hydratullc and Dlesel Hydraullc Units.

o The hydraullc pump seals are to be raplaced within a ten year cycle. All existing
soals require replacement within the next two years,

» Add a rust preventative to the hydraullc oll If the hydraullc motors are not run for
perlods exceeding one month. Hagglunds should be consulted on the type of
addltive to be used; however running the motors monthly would be the preferred
optlon. |

o The winch brake hydraulic cylinders should be resealed and tested In a regular
malintenance program on a ten year cycle using a spare set of cylinders rotated
into service In a regular routine, All existing cylinders require resealing and
testing within the next 12 months,

» The Cam Operated Hydraulic Directlonal Valves are to be serviced and tested in a
regular maintenance program on a two yéar cycle using a spare set of cylinders
rotated Into service In a regular routine. All existing valves require servicing and
testing within the next 12 months,

» The Reservolr Breathers are to be replaced and the reservolr Is to be drained,
Inspected and cleaned. Thls work should be undertaken on a three year cycile.

* Install appropriate pressure flltration and return Illne flitratlon to the Moblle
Hydraullc Unit.

o Annually Inspect the hoses on the Moblle Hydraufic Unit and replace If necessary.

o Install a suitable hydraulic oll overflow collection and oll transfer system to
manage hydraullc balancing between the electric hydraullc and fixed dlesel
hydraullc systems.
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General Recommendations .

e Replace the Standby Dlesel generator as It Is no longer rellable.

e Repalr the concrete damage to the splilway floor and replace the missing flap gate
on one of the spillway underdrain outlets,

o [Initiate a painting program for the downstream sides of the radlal gates. It may be
sensible to paint one gate per year over the next flve years.

Standby Dlesel Generator
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12,6 RESERVOIR RIM AND DOWNSTREAM WATERWAY

The reservolr rim slopes appear generally stable and above the Full Supply Level are
relatively well vegetated with no signs of slips or movement that would be of concern from a
dam safety perspective.

There were also no slips or restrictions that would prevent spiliway outflow or raise tall water
levels to an unacceptable level during a dam outflow event.
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12,6 OUTLET WORKS

The outlet works extend over 4 monoliths LH11 to LH14 with the entrances to the penstock
and river outlet being in Monclith 11 and the reguiating valves in Monolith 14, Atthe
entrance to the outlet works in Monolith 11 is a 3.6 metre diameter penstock, located below a
1.9 metre diameter river outlet. A single fixed whee! bulkhead gate Is provided to command
éither outlet (but not both outlets at the same time) to provide for emergency closure or
dewatering.

The 3.6m diameter penstock is sealed off with a semi-ellipsoidal dome. A 1.6 metre
diameter off-take from this penstock provides an outtet into the river that diverts water
through a mini hydro Power Station constructed in 2002. Control of this conduit is provided
through mini-hydro facility, The second outlet into the river Is a 1.6 metre diameter stainless
steef Fixed Cone Dispersion' Valve located at the downstream end of the 1.9 metre diameter
river outlet.

Within the intake structure in the left abutment there Is an arrangement of trash racks and six
telescoping vertical lift gates to allow selective withdrawal of water for quality control
purposes.

The mechanical equipment In the outlet works was inspected and found to be in generally
good condition, Internal inspection of the conduits and valves had occurred within the last 12
months and the 1.9 metre river outlet had been internally repainted and refurbished In 2010.
These condults are generally inspected annually.

Issues relating to water leaking Into the outlet works area through the service penetrations to
the mini-hydro facility remain outstanding from the 2008 Inspection as to issues relating to
the stability of the sandstone cliffs adjacent to the outlet works. There is an issue with chains
disengaging on the chain holists associated with the selective baulks and a new and accurate
fioat well recorder is to be installed at the dam. It was also noted that sump pump flows from
the mini hydro are not monitored and a suitable flow recording device should be installed to
altow this to occur.
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Inspection Recommendations

o Sultable engineering works are to be constructed to ellmlnavts the hazard to
persons and dam Infrastructure caused by the eroslon of the sandstone cliffs
adjacent to the outlet works.

e Install a flow meter to allow measurement of the sump pump outflows from the
minl hydro and record these outflows on the weekly Inspection sheets,

Cone Valve
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12,7 INSTRUMENTATION

Survelllance instrumentation at the dam monitors movement of the dam embankment,
seepage and pressure within the embankment. The instrumentation consists of;

¢ 10 foundation drains.

¢ 65 hydrautic plezometers

e 24 surface settlement points

* 2 V-notchweirs

« 1 automatic water level recorder

The instrumentation results are contained in Appendix A and discussed in detail In
Section11. No trends of concern were noted.

The instrumentation was also inspected, and the following works recommendations were
made:

ns lonn Recommendations:;

« All survey points are to be suitably labelled and numbered on slte and a sultable
angineering plan prepared to show Instrumentation point locatlons and
corresponding numbering.

¢ Chalnage markers are to be installed at 100 metre Intervals along the embankment
and full supply level markets are to be installed along the downstream side of the
embankment at sultable locations.
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13 RECOMMENDATIONS

Review and update th Standlg peratlg Procedures to
account for the change In position titles due to the recent
restructure of Seqwater, |

11.0 s A system Is to be Installed to allow remote collection of -3
plezometer data from the embankment plezometers. This
will allow this critical data to be gathered during flood
events when the plezometer huts cannot be accessed due
to flooding. The data should be transmitted to the Dam
Control Room for collection.

e The reasons for the movements assoclated with survey 3
controf pofnt No. 109 are to be Investigated In conjunction
with the 2011 survey. ‘

¢ Post tensloning anchor Cables No. 1 and No. 3 are to be 3

retested In 2010 to determine If the anchor strehgth
remalns outslde desirable values,

o Post tensloning anchor Cables No. 16, No. 17, No. 18 and 3
No. 19 are to be tested In 2010,

12.0 Left Bank Embankment (Downstream Area)

o As noted In the previous year’s Annual Inspection, there 3
Is some breakdown of rip rap on the downstream side of
the embankment, with some areas of rip rap are close to
requiring replenishment. These areas should continue to
be closely monttored for signs of any eroslon damage.
Presently the areas generally appear sound and stable.

* Some minor eroslon repalrs are required along the 3
downstream toe of the embankment.
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Some minor vegetation Is evident on the embankment
face and the current weed spraying program should
continue.

The flap gate drains near the left bank end of
embankment are to be modified to reduce the risk of the
flap gates jamming open. The EAP Is to Include
instructions for checking of these gates In major flood
events, ‘

Road repalrs are requlred along the bench fo prevent
water ponding, with resurfacing required along the length
of the road,

Additlonal surface dralnage Is to be constructed to drain
the wet areas below the road bench.

Further Investigations are required to determine If the V-
notch welr flows are being supplemented by a break In
the treated or raw water supply plpeliries that are located
in these areas.

Qam QI'QS!

The drains under the wave wall are to be modified to
prevent blocking and a store of sultable plugs Is to be
kept at the dam to enable these dralns to be closed off In
the event of a flood that Impacts on the wave wall (In
these circumstances the road would be closed due to
flooding and would not be used by the public). This Issue
Is outstanding from the 2008 Inspection.

Wivenhoe Dam
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Right Bank Embankment

Some minor vegetation Is evident on the embankment
face and the current weed spraying program should
continue,

All termite mounds within five metres are to be sprayed
and destroyed.

Vegetation growing In the area of the old river diversion Is
to be burned off each year Just prior to the annual
Inspection to allow proper Inspection of this area.

The eroslon hole along the toe of the embankment Is to
be filled. '

The location of the dralnage outflow from the filter
blanket drains In the vicinity of the old diversion Iin
uncertaln. Accordingly the area along the pond
downstream of the V-notch welrs Is to be dralned and
examined. If an outflow Is occurring in this area, a
sultable V-notch Is to be constructed to monitor this flow.

Fuse Plug Embankments and Auxliilary Spiliway

Some minor vegetation Is evident on the embankment
face and the current weed spraying program should
continue. '

Some seepage Is evident through the fuse plug
embankments and a sultable V-notch weir Is to be
constructed to allow monitoring of this seepage.

Wivaenhos Dam
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Saddle Dams

Any undesirable vegetation Is to be removed from the
embankments and the current weed spraying and mowing
program Is to continue.

All cattle must be excluded from the embankments and
the damage caused by the cattle must be repalred.

ra Sys

Ensure that a sufficlent store or O-ring, hydraullc seal and
pressure switch spares Is held at the dam, '

Check the accumulator gas charge at least annually.

_Check the hydraullc pump/motor couplings annually.

This Includes the couplings on the Moblle Hydraulic and
Diesel Hydraullc Units.

The hydraullec pump seals are to be replaced within a ten
year cycle. All existing seals require replacement within
the next two years.

~ Add a rust preventative to the hydraulic oll If the

hydraullc motors are not run for perlods exceeding one
month. Hagglunds should be consulted on the type of
additive to be used; however running the motors monthly
would be the preferred option.

The winch brake hydraulic cylinders should be resealed
and tested In a regular maintenance program on a ten
year cycle using a spare set of cylinders rotated into
service In a regular routine. All existing cylinders require
resealing and testing within the next 12 months.

Wivenhoa Dam
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The Cam Operated Hydraullc Directlonal Valves are to be
serviced and tested In a regular maintenance program on
a two year cycle using a spare set of cylinders rotated
Into service In a regular routine. All existing valves
require servicing and testing within the next 12 months.

The Reservolr Breathers are to be replaced and the
reservolr Is to be dralned, Inspected and cleaned. This
work should be undertaken on a three year cycle.

Install appropriate pressure filtratlon and return line
fiitration to the Moblle Hydraullc Unit. '

Annually Inspect the hoses on the Mobile Hydraullc Unit
and replace If necessary.

Install a sultable hydraulic olf overflow collection and oll
transfer system to manage hydraullc balancing between
the electric hydraulic and fixed dlesel hydraullc systems.

Splllway Infrastructure

Replace the Standby Dlesel generator as It Is no longer
rellable.

Repalr the concrete damage to the spliiway floor and
replace the missing flap gate on one of the splilway
underdraln outlets.

inltlate a painting program for the downstream sides of
the radlal gates. It may be sensible to paint one gate per
year over the next five years.

Wivenhoe Dam
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s Suitable engineering works are to be constructed to

ellminate the hazard to persons and dam Infrastructure
caused by the eroslon of the sandstone cliffs adfacent to
the outlet works.

» Install a flow meter to allow measurement of the sump

pump outflows from the mlnf hydro and record these
outflows on the weekly Inspection sheets.

[nstrumentation

¢ All survey points are to be sultably labelled and

numbered on site and a sultable englneering plan
prepared to show Instrumentation point locatlons and
corresponding numbeting.

e Chalnage markers are to be Installed at 100 metre

Intervals along the embankment and full supply level
markets are to be Installed along the downstream side of
the embankment at sultable locations.

Legend of Criticality Rating

Rating 1
Rating 2
Rating 3
Rating 4

Rectification required immediately, i.e. within 1 month
Rectification required within 3 months

Rectification required within 12 months

Ongoing

Wivenhoe Dam
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APPENDIXA DRAWINGS
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APPENDIXB INSTRUMENTATION DATA
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Anchor No| Naof | Orpnd Date of First Dateof | Second| Dateof | Grginalas | Firs! Mondor | Second Monitor
Strands { Lotk Off | Lock OF | Moniter| TstMoaiter | Monitor | 2nd Monitor | a %of MBL | as a% of MBL | asa % of MBL
(N) b (KN} _ {kN} —
T:421.0 42 T350F  24MQ2007] 7581 1871172007 G080 2011172000 700 726G 860
T.127.0 42 TISOL 21002007 V267 1B/EM2007)  6R04| 2001172000 70.0 692 857
T-132.7 42 FIE0E  14M172007] 7403 1Q912000) 67981 1041142000 70.6 714 84,7
11354 42 T3E0F 14M42007)  7350] 1/EN2007| 6588 10M112000 700 700 627
T-141.1 E5 G251 19402007  ©500) 22612007  €050f 1841112009 700 6.7 65.8
T-143.65 55 0525[ 10M 12007  QE25F 221172007  0260F 1&711:2009) 700 70.0 67.3
T-146.65 E P525]  20r14/2007] €702} 22141/2007]  8O5O} &A1 12000 70.0 70.8 65.1
T-140.5 L] @828]  20041/72007] @925 227112007  @250) 18F1HZ00F 70.0 70.0 67.3
T-155.5 65 11376  3M22007] 41476) 10/122007] 11080F 20/14/2009 70.0 e 83.0
1-159.85 L] 11275 412020071 S1A78F  1ONMZ2007) 10050) HV1H2000 70.0 70.0 674
T-163.6 65 11375 2102007] 11643 SM02007) 108501 17/1172008 700 716 LR
1-166.5 &5 14375] 41020071 19220 8/10/2007] 11050 171142002 700 894 88.0
F-160.5 €4 19200] 32007 11070 28020071 10750] 1712002 700 802 - 87.2
F172.5 &5 $1375  4N102007] 10094 SH0/2007F 10750] AT/122009 790 877 a4.2
T-176.5 &5 11375]  J12007] 11502]  SA02007F 11040] 166112002 700 70.8 87.8
1-178.5 b HAzE  3102007) 11502 EHO2007E  11040] 1611112007 700 70.8] 87.8
T-181.5 &5 ¢h280  TUI0007]  edes] 15/0M2007)  8550] 1&VT1A2000 © .0 70.04 822
T-164.5 £ 3251  TH102007) 364 18M10:2007F B760] 14/1172002 0.0 84.1 63.6
T-180,2 && 05251 10102007]  0702) 1THOROGT[  92B0f 141112000 70.0 76.6 67.3
T-186.1 &5 03261 1N0R007]  e028] 1702007 S1EQ) 1471142002 700 722 €6.5
T-202.% & 0525 1T102007]  P2g] 2214042007)  O1E0F 1A 2009 700+ 722 66.5
T-208.1 42 7aR0]  1RM02007)  7448] 224002007  67e8] 124192000 T 706 70.0 64.7
C-116.5 65 11375 184472008] H1502]  23/12008) 11050] 231172000 70.0 708 680
C-1185 85 11378] 19/02008) 11B02]  2312008] 10850] 2&v117200¢ 700 708 g6.8
C1225 85 11378)  1871/2008] 11502]  230172008] 10050| 251172009 700 708 674
~jC-1355 €4 11375 19712008 19376]  23/1/2008] 10880G] 28M11/2008 700 700 868
C-1285 &5 11375 10442008 11375 23172008 10050 2801472002 70.0 700 674
C-131.35 85 19376]  2001/2008] 19220] 2HiR008] 10050 2671152000 700 60.0 67.4
C-134.05 i TIA78] 20002008 19375]  2512008] 1095¢] 251142000 704 70.0 ar4
1C-136.75 &5 11376] 20072008 19375F 2&512008] 10880] 26M11/2002 700 70.0 66.8
C-130.6 &5 1378] 20002008 11375]  28nn2008] 10850 2501912000 © 760 70.0 66.8
C-142.0 65 11375 20M72008] 112143 24112008 10050] 257112002 0.0 69.0 874
C-1463 &5 V375 29702008] 19213]  2512008] 108501 251172000 70.0 660 6.8
C-148.0 &5 V1375]  21702008] 1213 2&42008] 11050f 25111/2000 70.04 69.0: 88.0}
[C-161.0 &5 11376]  2400172008] 19243 28712008  10B20) 281172000 70.0 30.0 868
C-164.0 ] 11275]  214/2008] 11375]  25/1/2008| 10050F 2541172000 700 700 674
C-167.25 85 11375] 232008 11213]  260172008] 10050F 2804472000 70.0 2.0 674
iC-162.0 &5 11378 2H2008] 11375 26Mn2008] 10880F 271172000 700 7090 868
C-1650 &5 11375 18/142000]) 11378]  28412008| 10€30)F 27/11/2008 70.0 700 a7 4
c-168.0 &5 11375 17/02008] 11375]  251172008| 11182} 27142009 700 700 ta.6
C-171.0 68 11375 §70442008] 14213]  24172008| 10R58) 2741 W200% 700 800 874
C.174.0 &5 11375 f7422008) 11213]  241/2008] 10830} 27H1/200% 704 86.0 67.4
C-177.0 & 11375 fh872008) 11375]  24072008] 1105Q] 27112002 704 70.0 88.0
C-160.0 €5 11278 182007 11375 4112008 11050} 2701 17200% 700 70.0 88.0
C-183.0 65 11375] 191122007 11375 84/2008] 11020] 27/14200% {111 700 680
C-188.0 &5 $1378]  1911272007] 11213 8§172008] 10050] 27471000 700 80.0 87.4
C-168.8 €5 11376 1601720081 1375 24120081 11030] 277112009 70.0 700 380
C-101.8 85 11375 164720081 11376 2411/2008F  10050]  27/11/2000] 700 700 874
C-104.8 85 11375 WHR003] 11375]  2471/2008F 11850] 2741172609 700 700 88.0
Ic-107.8 65 11375 1402008] 11376] 24M72008]  10850] 27/1172000 70.0 700 68.8
£.2008 &5 11375 5H1/2008) 11213]  24/4/2008] 10850 27/14/2002 700 60.0 66.8
2028 85 11376]  10/072008) 11375]  1212008)  11050] 2701172000 700 704 88.0
C-206.8 s 11376 1OM2008) 11375]  14/12008) 10850 271172009 700 700 6.8
C-200.6 &5 11375 10702008 11376 141102008] 10850} 27/11/2000 700 70.0 86.8
C-2124 & 1378 10/1/2008) 11378] 12972008 10050) 27/1172000 700 700 67.4
C-215.2 &5 11375 t0/1/2008F 11378 124/2008F 10950] 2071972000 700 0.0 74
C.218.2 65 11378 0A{2008) 11502 12102008 11050 30011000 700 70.8 68.0
C.222.5 &5 11375 oN/2008) 11502 12142008 1050} 2001922000 700 70.8 €80
C-2208.5 &5 11375 QHR2008] 1175 1242008 11050] 2Dri172000) 70.0 700 8.0
C-236.46 85 §1375 TA2008) 11376 12472008 10050 3071172000 7060 70.0] 874
C-234.6 85 11375 7H2008) 11502 1204/2008] 11050] 3071172008 T0.0 T8 8§8.0
C-238.8 85 11378 008 11375 12/4/2008] 10850] 201142000 700 700 86.8
C-243.2 &3 11375 KI008F 11502 82008 11050] 2001112000 76.0 708 88.0
C-241.5 &5 11376 Li1A2008] 11375 8it2008] 10950] 3112008 70,0 700 67.4
C-260.6 &5 11375  20{12/2007F 11502 A2008] 11152] 012008 70.0 708 856
C-255.4 &5 11375 442008] 11375 8/1412008] 11050 200112000 70.0 700 ge.e
C-280.5 &5 11375 H2008] 11602 72008 H1080] 20112002 700 70.8 68.0
C-268.5 65 11276 41172008F 11376 F112008] 10850 20111/ 70.0 70.0 6o.8
C-270.5 &5 1376 12008 11802 70120081 11458 301172002 70.0 70| 70.8
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WIVENHOE DAM
HYDRAULIC SYSTEMS
'REPORT

Complied by:

) Queensiand Hydraulics

Building C “Phoenix Estate” Phone: 07 3276 7533

210 Evans Road, Salisbury Facsimile: 07 3276 8233

PO Box 379 Salisbury QLD 4107 ' Emaill: _
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OVERVIEW

The maintenance and testing regime currently in place is sound and should, through regular oll
sampling and testing, give adequate warning of any impending equipment failures.

From the information supplied it would be a reasonable to assume that neither unit has run more
than 1000 hours Including original shop testing and commissioning. These low hours along with the
good maintenance and testing procedures should rule out any equipment failure due to wear,
fatigue or contamination.

There are several points we believe should be included in the Inspection and testing procedures to
increase the likelihood of early detection of potential problems. These points are referrad to in the
recommendations below, :

i

An inherent design problem was identifted in that the case drain line, from the motors, drains back
to tank over a period of time when the units are not in operation. Some suggestions to improve or
eradicate this problem are listed in the recommendations.
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SYSTEM EQUIPMENT

Common Equipment and Components in the system such as O-Rings and seals.

The major cause of fallures we would anticipate, and as has been experienced, would be form
elastomeric components,

These components range from ORings seals in the tube connections, valve flanges, valve internal
seal and almost any other component subjected to pressure, also pump and motor rotary shaft
seals, flange gaskets, brake actuator seals, accumulator bladders and motor/pump coupling rubbers
and others,

The cost of the ORIng and shaft seals is smalf however the labour required to replace them would be
prohibitive. The consequence of these seals starting to fail is generally a minor leak which we believe
should be addressed on a needs basis. This should maintain the Integrity of the system if the
problem Is addressed punctually,

Accumulators fall under the pressure vessel legislation and as such need to be inspected on a
regular basis, Please find attached a section of AS/NZS 3788:2001 with the relevant inspection
frequency highlighted In red, It is likely that normal bladder failure in the accumulators would
require the bladders to be replaced more frequently than the inspection period for the accumulator
shell. This would be the logical time to have the inspection completed.

Pump/Motor couplings should be inspected on a regular basis, no less than every two years.

Pumps, Our investigations could not find any current supplier or the manufacturer of the axial piston
pumps on the power units. This would suggest they elther no longer make these pumps or the
manufacturer has been taken over and the pump range deleted. We would not expect the pumps to
have any major failures with so few hours of running, however it would be fair to expect the pump
seals a.g. shaft seals, to be nearing the end of there running life purely due to their age.

The pump mountings are not standard and as such no replacement unit could be fitted into the
existing configuration without changing bell housings/couplings and the pressure and suction hose
setups. This would take an amount of down time, possibly several days,
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Directional Control Valves, with the service life of these valves, would be most unlikely to fail as long
as a regular exercising routine is maintained. The only fallures we would expect would be O-Ring
seals and colls. The seals could be replaced on a needs basis and as long as a sufficient quantity of
colls was kept on hand there should be no problems, Worst case scenarlo would require
replacement of the valve which would generally be ex-stock Brishane even if the manufacture was
not the same the mounting interface Is standard across most ranges.

Relief, Elow and Pressure Control Valves would only be subject to O-Ring failure and replaced on a

needs basis,

As with the seals in the other components should a failure occur this would result in an oll leak that
In the short term should not be detrimental to the operation of the system.

Springs in relief valves have been known to fall under extreme operating conditions. This would be
most unlikely in this system,

Hydraulic Motors of the type in operation should have a service life of many thousands of hours,
Our opinien and seconded by Hagglunds Is that the only failure that should be experienced in the
foreseeable future would once again be rubber componants which should be evidenced by minor
leaks In advance of a complete seal collapse in which case a considerable amount of oil could be lost,
however the system would still operate if oil reservoir lsvels were maintained.

mmwigﬁshou!d be removed and serviced on a regular rotating basis. This is

one area where a major seal coflapse could compromise the operation of the system,

Cam Operated Hydraulic Directional Valves should also be removed and serviced on a regular

rotating basis. Having moving parts with quite fine tolerances exposed to the elements could result
in the valve sticking in one position or the other,

Pressure Switches should aiso be serviced and tested on a regular basis. This is one item that over
the years has gained a raputation in hydraulic circuits as being a high maintenance item. We have no
feedback.as to the reltabllity of the switches in this system however experience tells us that these
items should be serviced regularly regardiess of duty cycle. )

Reservolr Breathers should be cleaned or replaced on a regulér basis. Since the manufacture of
these hydraulic power units a range of breathers has been introduced onto the market, which
deliver a higher quality of air to the reservoir, These breathers are dealt with below. '
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Moblle Power Unlt has the same maintenance regime as the stationary units. Again this unit has
relative low operating hours and as such would not be subject to mechanical failure, however some
racommendations regarding the units have made below, It was noted that the unit had no filtration
either pressure or return line, Should there be a component fallurs, partldularly a pump failure,
considerable contamination could be Introduced into the system prior to shutting down,

It was also noted that some of the hydraulic hoses had considerable deterioration and cracking of
the outer rubber covering.
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RECOMMENDATIONS

Co onE ent and Co

~ Apart from dismantling the system and replacing all the seals there Is little that ¢an be done to
address this problem. We would suggest maintaining a reasonable supply of the known O-Ring seals
and any other seals that can be Identified, Storing these seals correctly will extend there shelflife;
however they should be replaced every 10 years,

Information attached,

Accumulators

Accumulator gas charge should be checked every year, As mentioned above they fall under the
pressure vessel code and as such should be checked in accordance with the attached information.

Pump/Motor couplings

We believe the couplings have not been checked on a regular basis and would recommend this be
carried out. With the length of time since the couplings were Installed it may be more economical to
replace the coupling rubbers regardiess of condition, considering the labour required to remove and
replace the pump,

Pumps

We were unable to find any reference to the seal sizes in the information supplied to us however we
would expect the seals to standard sizes, as they are In most pumps of this design, This would
suggest the pumps could have minor repairs, such as seals, carriad out. This process would obviously
take the time required to remove the pump, dismantle and identify the seals, procure the seals,
replace and re-install the pump. We would estimate a minimum of several days. Considering the age
of the pumps, or more importantly the seals, we would recommend that consideration be given to
replacing the pump seals one by one whilst the coupling rubbers are being addressed.

Wivenhoe Dam Comprahensive Inspaction — September 2010 ' Page | 02




Directlonal Control Valves

As long as a reasonable amount of seal kits and spare colls are kept on hand there should no
problems with tha directional control equipment,

ssure Control Valve

As with the DCV's If some seal kits were kept in case of a seal failure, we would envisage no
problems with these valves. ‘

Hydraulle Motors

The only failure we would expect would be seals and as mentioned this should not prevent the
system from operating in an emergency, all be it that hydraulic fluld may be lost during operation,
These seals would best be replaced on a needs basis.

The hydraulic motors, we belleve, were originally supplied as matched sets and as such should
remain so.

Hagghinds recommend that a rust preventative be added to the hydraulic oll if the motors should
not he run for periods longer than one month, If this were to be employad Hagglunds should be
consulted on the type of additive to be used, however we believe that running the motors at a more
frequent period than one month would be a better alternative.

ch Bra

These cylinders should be resealed and tested in a regular maintenance program. We would
recommend they be resealed no less than every 10 years, This could be done on a basis where no
more than one gate was out of operation at any one time. We would expact turn around on repairs
to be a matter of days, assuming there is no mechanical damage. Alternatively a spare set of
cylinders could be kept and rotated into service in a regular routine.

Cam Operate d c

Wa are aware that problems have arisen with thase valvas in the past due to the exposure to the
alements, We would recommend that the valves be serviced and tested at least every two years,
Wivenhoe Dam Comprehensive Inspection — September 2010 Page | 93




The company that manufactured the original valves has been bought out and closed so these valves
are no longer avallable, however Queensland Hydraulics did have access to the hydraulic range,
when they were on the market, and due to demand from customers, have manufactured and could
supply an Interchangeable valve. Due to the service conditions we feel this may be a consideration
to allow servicing on a rotational basis,

Pressure Switches

Being a relative in-expensive component, having one of each pressure setting as a spare to be
rotated on a regular basis may be a simple method of ensuring the switches are in good working
order at all times. As mentioned above, due to the nature of there construction (pistons with seals,
springs, orifices and smalt working parts.

The reservoir breathers currently in use provide a positive pressure within the reservoir however
rely on a simple strainer to filter the entering air.

Please find attached Information regarding a range of breathers we currently recommend for these
applications. They rely on a 3 micron mechanical filter element and Incorporate a desiccant charge
to remove molsture from the incoming air, This has the obvious benefit of reducing the moisture
available for condensation within the reservolr and in turn entering the hydraulic oil,

To this end we would recommend the reservoir be drained, inspected and cleaned if this has not
been done in the past 10 years or so.

Motor Case Draln Line

In consideration of the motor case draln line draining its contents back to the resarvoir over a period
of time several alternatives as listed below were discussed. The draining obvlously occurs because
the reservolir Is lower than the motors. It appears as though attempts have been made to place
siphon breaks in the line with no success.

One remedy would be to seal the reservoir and introduce a header pipe to connect to a small
reservoir at a height above the motors. Although this would solve the problem by supplying positive
head pressure on the draln line the practicality of this remedy would be questionable in as much as
other modifications would have to be made such as moving ofl level switches along with other
alterations to filling points and the like. We do not believe this to be a viable option.
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An auxiliary reservoir of a volume equal or greater than the drain line volume could be
Intarconnacted with the current reservolr at. the same helight to reduce the overall fluctuations in
the reservoir, This would address the problem but not the cause,

The final option discussed would be installation of a soft, positive seated check valve to act as a
resistance valve in the drain line. The resistance offered by the valve would have to he calculated to
be something in excess of the pressure produced by the head of ofl, however not sufficlently high to
introduce back pressure above the rating for case pressure on the hydraulic motors. Size would also
be critical to ensure no additional back pressure was exerted on the motors, due to pressure drop
across the resistance valve, during operation. This proposal would have to be acceptable to
Hagglunds.

Mobile Power Unlt should have the motor/pump coupling checked on a regular basis. As with the
stationary units it may be prudent to replace the coupling rubber at inspection time considering the
replacement cost.

We would strongly recommend the fitting of pressure filtration as a minimum and return line
filtration would also be worth consideration,

The deterloration In the hydraulic hoses is most likely due to the hoses being exposed to the
elements. This may not have affected the capacity of the hose to date, however over a period of
time molsture will start to corrode the wire braiding of the hose causing a failure, We would
recommend a careful inspection of the hoses with a view to replacing them. If the unit is stored
outdoors, covering the hoses from direct exposure to the elements, particularly sunlight, would
increase their life.
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SUMMARY

The system is obviously in good condition and well maintained.

We have assumed that the diesel power pack has the regular servicing recommended by the
manufacturer,

With regular oil sampling and analyses and the current regime of filter changes and exerclsing the
system we can see no reason for a system failure due to worn equipment of fatigue failure,

We would recommend consideration of the above suggestions as it will more likely be some minor
component that would prevent the system running than any major component failure,
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