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1.0

Introduction

This Draft Dam Safety Management System (Draft-DSMS) document has been prepared for
Te Tai Tokerau Water Trust (TTWT) by Riley Consultants Ltd (RILEY). The proposed
Otawere Water Storage Reservoir (WSR) is located on the north side of Te Ahu Ahu Road,
approximately 3.5km east of Waimate North.
The Otawere WSR is retained by two dams, a Main dam, and a Saddle dam, which meet the
definition of a “large dam” in terms of the Building Act (2004). The Main dam is classified as a
High Potential Impact Classification (PIC) dam (refer RILEY Hydrology and Hydraulics
Assessment, dated 22 November 2021, Ref: 210038-OTA-D v1.0).
This document has been prepared in accordance with Module 5 of the New Zealand Society
on Large Dams (NZSOLD) 2015 New Zealand Dam Safety Guidelines (NZSOLD Guidelines).
The purpose of the DSMS is to provide the Dam Owner (TTWT) with a draft framework for
completing dam safety management activities, risk-based decision making and addressing
dam safety issues. It is envisaged that the document will be updated and provided to
stakeholders, authorities, and emergency response parties at least four months before end of
construction. This should allow the parties adequate time to review and comment on the
document and for necessary amendments to be made before commissioning of the dams and
reservoir commences.

2.0

Glossary of Terms

Table 1 gives the definition of abbreviations and key terms used within the DSMS.
Table 1: Glossary of Terms
Abbreviation

Term/Expansion

TTWT

Te Tai Tokerau Water Trust

The owner and operator of the Otawere WSR

Appurtenant Structure

A structure at the Dam site, other than the dam itself,
which is designed and is required for the safe
containment and control of the reservoir contents and
reservoir discharges under all loading conditions1.

Civil Defence and
Emergency Management

Regional emergency planning, preparedness, and
response authority.

Comprehensive Dam
Safety Review

A comprehensive, periodic, independent review of the
design, construction, operation and performance of a
dam, and all systems and procedures that affect dam
and reservoir safety, against current dam safety
guidelines, standards, and industry practice1.

Dam Safety Emergency

Any condition which develops naturally or unexpectedly,
endangers the integrity of the dam and downstream
property or life, and requires immediate action1.

Dam Safety Management
System

A programme of actions and activities to manage the
safety of a dam through its entire life cycle1.

-

CDEM

CDSR

DSMS
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Definition

EAP

Emergency Action Plan

A document, which contains or refers to procedures for
dealing with various emergencies, as well as
communication directories and inundation maps
showing upstream and downstream water levels and
times of arrival of foods which would result from the
failure of the dam or its appurtenant structures1.

NRC

Northland Regional Council

The regional authority for the area.

IDSR

Intermediate Dam Safety
Review

A dam performance review that is intermediate in the
sense that it fits between Routine Surveillance and the
Comprehensive Dam Safety Review in frequency and
in its level of detail1.

M&S

Monitoring and
Surveillance

NZSOLD

New Zealand Society on
Large Dams

Publisher of the 2015 Dam Safety Guidelines.

O&M

Operation and
Maintenance

PFM

Potential Failure Mode

A mechanism or set of circumstances that could result
in the uncontrolled release of all or part of the contents
of a reservoir1.

PIC

Potential Impact
Classification

A system of classifying dams according to the
incremental consequences of dam failure, so that
appropriate dam safety criteria can be applied1.

Riley Consultants Ltd

The Dam Designer.

Technical Adviser

An individual or company engaged by the Owner to
provide discernment relative to ongoing dam
engineering services including analyses, designs,
evaluations, or rehabilitations, in order to provide
counsel and advice to the dam Owner on alternative
courses of action1.

RILEY

-

RCRRJ

Reinforced concrete rubber
ring jointed

Note: 1These definitions are copied directly from the NZSOLD Guidelines (2015).

3.0

Summary of Scheme

Otawere WSR will be retained by two dams, a Main dam and a Saddle dam. Table 2
summarises the key reservoir particulars.
Table 2: Summary of Key Features
Name

Otawere Water Storage Reservoir

Owner/Operator

Te Tai Tokerau Water Trust

Location

Te Ahu Ahu Road, approximately 3.5km east of Waimate North, Northland

Purpose

Water storage for irrigation, and to augment town supply.

Type

Earth embankments with chimney and blanket drains.

PIC

High (both Main dam and Saddle dam)
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Main dam

Saddle dam

Maximum Height: 16.5m

Maximum Height: 10.7m

Normal operating

Flood

Embankment crest: RL 89.5m

Spillway invert: RL 88m

Full supply level (FSL): RL 88m

Design flood level (PMF): RL TBC

Intake invert: RL TBC

Design freeboard: 0.9m

Volume at FSL: 4.1Mm3
Intake: Primarily winter harvest flows from nearby catchment(s), via pumped
inlet.

Inlet/Outlet
Structures

Outlet: either pumped floating decanting pipe from reservoir, or operational
flows discharged through two approximately 300mm-diameter pressurised
steel pipes installed in the approximately 1.8m-diameter reinforced concrete
culvert through the Main dam.
Control Mechanism: Pump and valve
Maximum pumped inflows: 0.25m3/s
Outflow capacity: TBCm3/s
Catchment area: 1.66km2

Flood Control/
Spillways

Reservoir Level Control: Intake structure located on lower right abutment
slope will have a side opening sluice gate to allow for flushing flows and
emergency dewatering. An additional 100mm-diameter pressurized pipe will
be hung off the side of the conduit to provide for residual flows.
Reservoir Low-Level Outlet Upstream RL: 72.5m (approximate)
Spillway type: ungated 35m wide reinforced ogee weir discharging flows to
riprap lined spillway channel – with two lower-level sills to grassed spillway
(free overflow).
Spillway Capacity at Dam Crest Level (RL = 88m) = 109m3/s

3.1

Potential Failure Modes

In accordance with the approach set out in the NZSOLD Guidelines, a preliminary schedule
of Potential Failure Modes (PFMs) has been identified for the Main dam are set out in
Table 3. A PFM is a mechanism or circumstance that could lead to the uncontrolled release
of the reservoir. Note that these PFMs have not been developed via a formal Failure Modes
and Effects Analysis (FMEA), which will be required prior to commissioning of the dam, and
repeated every five years as part of ongoing dam safety management.
The purpose of each FMEA will be to identify and assess new and existing potential failure
modes. The scope for each FMEA shall be as outlined in Section 3.4, Module 5 of the
NZSOLD Guidelines.
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Table 3: Preliminary Potential Failure Modes for Otawere WSR
Potential Failure Mode Description

PFM No.

Initiating
Hazard

1

Flood

The spillway becomes blocked, or capacity is exceeded leading to
overtopping of the dam embankment.

2

Flood

Erosion of the spillway leads to failure of the concrete weir and
adjacent dam fill.

3

Normal
Operation

Erosion of embankment due to failure of riprap armour and wave
generated erosion.

4

Normal
Operation

Internal deterioration of embankment materials or foundation
materials through internal erosion and piping.

5

Normal
Operation

Excessive leakage greater than drainage capacity leading to slope
instability of the downstream shoulder.

6

Normal
Operation

Seepage along the low-level conduit – embankment interface
leading to backward erosion through the embankment.

7

Seismic

Instability of downstream shoulder.

8

Seismic

Instability of upstream shoulder.

9

Seismic

A seismic event causes deformation of the embankment, and
consequent loss of freeboard, leading to overtopping.

10

Seismic

An extreme seismic event causes deformation of the embankment,
leading to a slope failure.

11

Seismic

An extreme seismic event causes cracking at the low-level outlet –
embankment interface leading to internal erosion and piping.

Potential Failure Mechanism

4.0

Governance and People

4.1

Dam Safety Policy

Prepared by Te Tai Tokerau Water Trust
The responsibility for the safe management of the Otawere WSR rests with the asset owner –
TTWT, who is committed to undertaking dam safety management with the purpose of
minimising risk to public safety and safeguarding their commercial operations. The TTWT
dam safety policy is as follows:
Drafting Note: The policy statement below is included as part of this document for
completeness. As the TTWT may own multiple dams it may be preferable to have
the policy as a separate document referenced by each dam’s DSMS.
Te Tai Tokerau Water Trust is committed to dam safety management of the Otawere
WSR Water Storage Facility.
Te Tai Tokerau Water Trust, or the Owner of the dam, will:
1. Operate a Dam Safety Management System (DSMS) with the purpose of minimising
risk to public safety and safeguarding Te Tai Tokerau Water Trust’s commercial
operations. Te Tai Tokerau Water Trust will have clear accountability for the DSMS
within management and with external organisations.
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2. Develop, manage and maintain their dam safety management system in accordance
with the New Zealand Society of Large Dams ‘Dam Safety Guidelines’ and other
appropriate dam safety guidance.
3. Follow all Resource Consent and Building Consent conditions and requirements in the
design, construction, commissioning, and operation of the Otawere WSR.
4. Operate the Otawere WSR in accordance with sound environmental practice.
5. TTWT are committed to organisation-wide recognition of dam safety, including internal
and external personnel. TTWT’s Dam Safety Policy is also communicated to every
Te Tai Tokerau Water Trust employee and will be reviewed and updated on an annual
basis.
6. TTWT will provide the resources, policy direction and DSMS to ensure the
management and operation of the dam. This includes an open communication process
where any issues around dam safety management will be communicated and actioned
appropriately.
7. TTWT will coordinate with, and provide information to, the wider community, regulators,
emergency services, and other stakeholders for dam safety management purposes.

4.2

Roles and Responsibilities

The roles and responsibilities of nominated dam safety personnel and organisations within the
DSMS will be in accordance with the areas of competency outlined in Table 2.1, Module 5 of
the NZSOLD Guidelines. This table is shown in Table 4 for reference.
Table 4: Roles and Responsibilities (Table 2.1, Module 5 NZSOLD Guidelines)
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Training

The DSMS for the Otawere WSR requires a wide range of skills and a variety of people to
successfully implement and maintenance. TTWT will be responsible for ensuring personnel
at all levels within the organisation are appropriately trained to fulfil their dam safety
responsibilities. At a minimum, TTWT will ensure that staff are trained to confidently meet the
key competencies for dam safety personnel outlined in Table 2.1, Module 5 of the NZSOLD
Guidelines (refer Table 4).
Where the expertise does not exist within TTWT, the Designer or Technical Advisers will be
engaged to provide advice. Any Technical Adviser engaged by the Owner will be a
Chartered Professional Engineer (CPEng) with practice areas in dam engineering and dam
safety. They will be experienced in dam safety for High PIC dams.
Training and education programmes will ensure that all staff develop and maintain appropriate
dam safety awareness and technical expertise to fulfil their responsibilities. The programmes
will reflect the High PIC of the Dam and a training register will be maintained.
The training programmes will be reviewed each year by TTWT and incorporate long-term
planning to ensure continuity of dam safety expertise.
Training programmes will include:
•

Internal training on-site-specific topics such as potential failure modes and operational
procedures. The Designer or Technical Advisers will assist with training and education
resources for TTWT staff that are specific to the Otawere WSR.

•

External training and education (e.g. courses, workshops, conferences) for TTWT staff
on dam safety management, technical skills, and emergency management to maintain
up-to-date best practice.

•

Involvement in dam safety activities and processes and emergency management
exercises.

•

Participation in and review of Intermediate Dam Safety Reviews (IDSRs) and
Comprehensive Dam Safety Reviews (CDSRs).

5.0

Dam and Reservoir Operation and Maintenance

5.1

Dam and Reservoir Operation

The Otawere WSR will be operated within the parameters outlined in Table 5. The procedures
for operating the reservoir will be contained within the Operation and Maintenance (O&M)
Manual.
Table 5: Otawere WSR Operating Levels and Flows
Reservoir Condition

Reservoir Level/Flow

Minimum Operating Water Level

N/A

Maximum Operating Water Level

RL 88m (FSL)

Extreme Maximum Water Level

RL TBC

Maximum Pumped Inflow

0.25m/3

Maximum Outflow (non-flood)

TBC
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The O&M Manual associated with Otawere WSR will follow Section 4.1.1, Module 5 of the
NZSOLD Guidelines, it will include the following:
•

Reservoir operating procedures for normal, unusual, extreme, and emergency events.

•

Operating procedures for pipes and valves that fulfil safety functions
(such as emergency overflow). As well as maintenance and testing procedures,
including back up power supply to ensure reliability and ongoing function.

•

Civil works maintenance procedures.

•

Monitoring procedures for upstream and downstream dam slopes.

TTWT will periodically review and test the O&M procedures.

5.2

Operator Experience and Training

The personnel operating the Otawere WSR will be appropriately qualified, trained, and
competent to carry out the operation and maintenance procedures outlined in Section 5.1. On
top of this they will also be trained to:
•

Identify dam safety threats.

•

Identify indicators for the development of the Potential Failure Modes (PFMs).

•

Carry out their EAP responsibilities.

•

Know when to seek technical advice.

5.3

Reservoir Operation Records

The following data will be recorded and stored by TTWT for use in dam safety activities:
•

Reservoir inflows.

•

Reservoir outflows.

•

Reservoir water levels.

•

Unusual events.

•

Local rainfall.

•

All operations, including inspections, maintenance, and testing.

This data will be utilised for routine dam safety monitoring, as well as being made available
for IDSRs, CDSRs and special inspections.

5.4

Dam and Reservoir Maintenance

This section details the regular maintenance activities required to be carried out at the Otawere
WSR site for dam safety purposes. The O&M Manual will include a maintenance plan and
procedures for undertaking maintenance where required.

22 November 2021
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Reservoir Shoreline and Erosion

The reservoir shoreline may be impacted by general operation of the reservoir or the upstream
face may be impacted by adverse weather when exposed. The dams are earthen
embankments and can be subject to instability and slumping. Riprap protection on the
upstream side of the embankments will provide protection from wind created waves and
ongoing surveillance of the dam faces is required.
If needed, the following maintenance will be undertaken:
•

5.4.2

Repair and maintenance of excessive surface erosion of the upstream dam face.
Repair and replacement of riprap.

Main Dam and Saddle Dam

Maintenance on the Main dam and Saddle dams will be carried out from time to time to
minimise diminishing of dam performance over time and ensure that operational PFMs cannot
initiate. The following maintenance activities will be undertaken as needed:
•

Maintain and replace riprap protection as needed.

•

Maintain and repair surfaces.

•

Maintain or restore freeboard provisions (additional earthworks on embankment crest
to compensate for settlement effects).

•

Repair wave or spray-induced erosion to dam crest or downstream face.

•

Repair seepage-induced erosion and slumping.

•

Vegetation removal on the downstream dam slope. Maintain good grass cover.

5.4.3

Appurtenant Structures and Debris Management

Appurtenant structures must be maintained to a standard at which they can safely fulfil their
dam safety function. This includes maintenance to the structures themselves and
management of debris within the reservoir. The relevant maintenance activities that will be
carried out are:
•

Repair damage such as scour, or erosion to the spillway.

•

Clear debris from the reservoir and spillway.

•

Repair damage such as scour, erosion, differential settlement or cracking in the inlet,
outlet, overflow pipe, associated shut off valves, or other structures.

•

Repair cracks or defects in the Main dam conduit.

•

Maintain the drainage channel downstream of the spillway.

•

Manage and/or remove aquatic weed growth in the reservoir.

•

Clear screens on intake facilities (where appropriate).

•

Maintain emergency outlet pipe in good working order.

•

Maintain good coverage of riprap and prevent vegetation growth.

22 November 2021
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Drainage Systems

Effective drainage of surface and sub-surface water is critical to the ongoing stability and safe
performance of the dam. Measurement of drainage flows is also a key tool for monitoring
seepage and leakage within the dam and foundation. The following maintenance activities
should be undertaken to maintain an effective drainage system:
•

Maintain adequate surface drainage across the dam embankments so that they do not
become unnecessarily saturated or eroded and seepage and leakage measurement is
possible.

•

Maintain adequate sub-surface drainage so that piezometric pressures and foundation
uplift are relieved and so that inspection and measurement of the flows is possible.

5.4.5

Vegetation Control

Vegetation on the Dam embankments and crest should be kept to a minimum. Trees or other
large vegetation shall not be allowed to establish and grass cover should be maintained.
Grazing animals will not be permitted within the Dam footprint and vehicle movements on the
Dam faces will be kept to the minimum possible.
Vegetation maintenance and removal activities shall:
•

Prevent root penetration into the dam embankments.

•

Prevent vegetation growing within riprap protection.

•

Allow visual inspection of the dam and structures to be effectively carried out.
Vegetation should not obscure seepage, leakage, slumps, instability, and deterioration
of materials.

•

Consistent Grass cover will be maintained to avoid the potential for concentration of
surface runoff that might induce erosion.

6.0

Surveillance

Dam surveillance is the ‘first line of defence’ for safe operation of a dam and reservoir. There
are three types of surveillance:

6.1

•

Routine: Undertaken during normal operating conditions.

•

Enhanced: Undertaken during and/or for a period following, usual or unprecedented
loading conditions or when a potential dam safety deficiency exists. Includes additional
or more frequent monitoring and more detailed information gathering than routine
surveillance.

•

Intensive: Required when there is a confirmed dam safety deficiency or a developing
dam safety threat. Includes experienced personnel doing round the clock surveillance
and monitoring and reporting changes to the Dam Owner and technical personnel at
an enhanced rate.

Routine Visual Inspection

Routine visual inspections will be undertaken by competent and trained personnel and will
follow a repeatable inspection checklist. Surveillance staff will be required to take photographs
and videos for visual inspection points to maintain a long-term record of observations.

22 November 2021
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As the Otawere WSR has been classified as High PIC, visual and instrument inspections will be
carried out at between weekly and monthly intervals. The inspection frequency will be
determined by the Designer and/or Technical Advisers and a checklist prepared for TTWT staff
prior to commissioning. An example visual inspection checklist is provided in Appendix A.

6.2

Performance Monitoring Instrumentation

A performance monitoring network of instruments, deformation survey marks and visual
inspection points exist for monitoring dam performance.
Drafting Note: The monitoring network will be installed and commissioned during
the dam construction. The network will be robust, durable, and easy to monitor by
non-specialist personnel.
The performance monitoring network is designed to measure the parameters outlined in Table 6.
Drafting Note: The methods outlined are conceptual and subject to confirmation
during design and construction.
Table 6: Performance Monitoring Parameters
Parameter
Reservoir level.

Description
Purpose: The reservoir level is a measure of:
•

Dam loading condition.

•

The driving head the dam and foundation are subject to.

•

Available freeboard.

•

Current stored water volume. Used by staff to determine how to
operate the intake pump.

Method: The reservoir level will be measured at regular time intervals using
an automated and telemetered water level sensor instrument. There will also
be a manual water level staff gauge in the reservoir for use if the automated
gauge is not working.
Dam and foundation
seepage and leakage
rate.

Purpose: Seepage and leakage rates are indicators of the performance of the
water retaining elements of the dam. Long-term flow trends (increasing or
decreasing) and observations of the turbidity of seepage water can be
important parameters for determining if water retaining elements have become
compromised and if so, whether internal erosion is occurring.
Method: The seepage and/or leakage flows within the embankments and
foundations will be measured by directing these flows to monitoring points. At
the monitoring points surveillance staff will measure the flows volumetrically
and also observe the flows for any turbid seepage. Repeat measurements will
be used to determine trends at key locations such as around the main conduit
or at the dam toe.

Dam/abutment
internal water
pressures and
phreatic surfaces.

Purpose: Measurement of internal water pressure in the dam embankment
and foundation allow the stability of the dam to be evaluated against
performance expectations. By measuring internal water pressure in a cross
section across the dam embankment the phreatic surface within the
embankment can be understood.
Method: The internal water pressure will be measured using piezometers
installed during construction. These will be strategically placed along the
embankment and toe in key areas of interest.
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Description
Purpose: Deformation and displacement are performance indicators for
instability, and settlement of the dam and useful to characterise the dam and
foundation behaviour.
Method: Deformation will be looked for during routine visual inspections and
measured precisely with a regular deformation survey. A deformation survey
network will be designed by the Designer and installed during construction.
As is specified for a High PIC dam, the deformation network will be surveyed
by specialist surveyors with a 1 to 2mm vertical and 3 to 4mm horizontal
precision.

Riprap degradation

Purpose: To confirm the integrity of the riprap cover to prevent erosion to
underlying embankment.
Method: Visual inspection of riprap cover, including removal of any
vegetation prior to root penetration into covered embankment.

Gases

Purpose: To monitor existing gas pockets found during geotechnical
investigations.
Method: TBC.

Figure 1 lists the suggested monitoring frequencies for various instrumentation types,
reproduced from Module 5 of the NZSOLD Guidelines. Monitoring frequency may be changed
quickly if needed to monitor a potential or confirmed dam safety deficiency. All instruments
must be installed correctly and calibrated and monitored at appropriate intervals to ensure
ongoing reliability of data.
Figure 1: Suggested Routine Monitoring Frequencies (Table 4.3, Module 5 NZSOLD Guidelines)
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Monitoring Data Management

The data recorded during surveillance and monitoring will be stored by TTWT in a
computer-based system where it can easily be accessed for review. The data will be
backed-up in an alternate location for redundancy. Details of Monitoring and Surveillance
(M&S) instrument including installation details, alert thresholds and historic trend are provided
in the Monitoring and Surveillance manual. A copy of the M&S Manual is held on-site.
Drafting Note: The Monitoring and Surveillance (M&S) Manual will be prepared
following commissioning. This will be available on-site for use in a situation in
which the computer-based data cannot be accessed. The system will incorporate
warning and alarm level thresholds for key dam safety instrumentation.
The monitoring system will be designed and implemented with appropriate review, audit,
escalation and sign-off to assure:
•

Quality data is collected.

•

Correct data transformations are used.

•

Data is evaluated and reviewed by Technical Advisers.

•

Issues and abnormalities are identified, resolved, or escalated as appropriate and
signed off by a competent Technical Adviser.

6.4

Dam Performance Evaluation

TTWT will contract competent Technical Advisers, or Technical Specialists where needed, to
establish performance expectations and evaluate dam performance as appropriate for a
High PIC dam.
Performance evaluation of routine surveillance data will be completed within one inspection
cycle as is appropriate for a High PIC dam (NZSOLD 2015). For surveillance following
unusual events or pertaining to a possible or confirmed dam safety deficiency, the evaluation
timeframe will reflect the level of risk.
Performance evaluations will be undertaken by a competent Technical Adviser based on the
following:

6.5

•

How the dam should generally behave based on operational context, dam and
foundation type and design assumptions and limitations.

•

An understanding of the dam’s characteristic behaviours.

•

An understanding of the dam’s potential failure modes and key performance indicators.

•

Established alert thresholds for key performance indicators.

Follow-up Escalation and Reporting

A follow-up, escalation and reporting procedure will be followed when abnormal surveillance
observations or situations arise (e.g. when alert thresholds are exceeded, or when an
abnormal loading event occurs). This procedure will include the process for escalating issues
to the appropriate personnel, when to initiate the EAP, and reporting to the Dam Owner.
Reporting will include both the issues and any associated resolutions. Documentation of
surveillance will be made available to dam safety auditors or reviewers.
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Appurtenant Structures and Outlet Systems

For the Otawere WSR, the appurtenant structures, as defined in Module 5 of the NZSOLD
Guidelines, and their associated dam safety function are shown in Table 7:
Table 7: Otawere WSR Appurtenant Structures and their Dam Safety Functions
Appurtenant Structure

Dam Safety Function

Inflow/outflow Pipe

Controls pumped inflows into the reservoir, and pumped outflows

Main dam low-level conduit
(approximately 1.8m
diameter RCRRJ)

Controls release of periodic flushing flows.
Provides emergency dewatering outlet.
Contains small diameter, valve controlled pressurised pipe – for
residual stream flows.

Spillway

Flood discharge function

Low-level intake structure –
Sluicing and Emergency
Dewatering Gate

Connected to the upstream end of the low-level conduit (Main dam).
Penetrated by a sliding gate to allow sluicing, or emergency, release
or shut off via the conduit. Also penetrated by small diameter
residual flow pipeline, and potentially by two approximately 300mm
diameter operational flow pipelines.

7.1

Inspection and Maintenance of Appurtenant Structures

The inspection of the appurtenant structures at the Otawere WSR occurs as part of routine
surveillance activities, as well as IDSRs and CDSRs. The inspection frequency during routine
surveillance activities and the maintenance programme for the appurtenant structures is to be
finalised. Maintenance activities may include repairs of concrete and steel surfaces and joints,
as well as vegetation removal or clearing of intake and outlet facilities. Routine surveillance
includes visual inspection, instrument monitoring, and deformation surveys.

7.2

Inspection and Maintenance of Inlet and Outlets

The mechanical and electrical components related to inflow pumping and outflow will have
specific performance requirements. Maintenance and testing are required to ensure good
working condition and that these components are capable of operating appropriately during
operational and extreme loading conditions (such as during high rainfall events).
The testing programme for the valves includes functional testing to confirm the system can
fulfil its dam safety function. The testing will be planned and carried out in accordance with
the testing frequencies suggested in Table 4.4, Module 5 of the NZSOLD Guidelines. The
suggested testing frequencies are as follows:
•

Backup Power Source Test: Six-monthly

•

Unbalanced Head (Flow) Test: Five-yearly

•

Balanced Head (Flow) Test: Ten-yearly

Drafting Note: When the testing procedures are written and a testing plan
constructed Section 4.3.4, Module 5 of the NZSOLD Guidelines will be followed and
the appropriateness of the suggested testing frequencies assessed.
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All valve and pipe testing will be carried out under the supervision of appropriately qualified
and experienced personnel and are properly documented. Documentation will include:
•

Preparation of test plans.

•

Test procedures and checklists.

•

Recording of the inspection observations and test results.

•

Any observed test failures or deficiencies.

8.0

Intermediate Dam Safety Reviews

The Intermediate Dam Safety Review (IDSR) is a dam performance review that should occur
annually for a High PIC dam. The IDSR is primarily a visual inspection by an external
Technical Adviser, as well as review of surveillance, operation, maintenance, and testing records.
The inspection occurs in the company of the Owner’s operational and surveillance staff.
The IDSRs will be carried out in line with Section 4.4, Module 5 of the NZSOLD Guidelines.
The following scope will be followed for each annual IDSR:
•

Review of previous surveillance records, IDSR and CDSR reports.
TTWT will provide recent surveillance records, testing records and previous IDSR and
CDSR reports to the Technical Adviser prior to the on-site inspection. The Adviser will
review the documents before the inspection to prepare.

•

On-site inspection of the dam and appurtenant structures by an external
Technical Adviser.
A visual inspection of the Otawere WSR will be undertaken by the Technical Adviser
alongside the Owner’s operational and surveillance staff. Staff will inform the Adviser
about typical surveillance monitoring undertaken for the dam, and typical observations
made, as well as any adverse or irregular behaviour they have noted.

•

Review of operation, surveillance, maintenance, and testing records.
TTWT will supply operation, surveillance, and maintenance documents; surveillance
data (such as water level, piezometric, flow and deformation survey records); and gate
testing records to the Technical Adviser. The Adviser will review the information and
make recommendations where appropriate.

•

Evaluation of the performance of the dam based on the visual inspection and
review of records.
The Technical Adviser will assess the performance of the dam based on the visual
inspection and review of records. This includes performance during any significant
events (e.g., floods) since the last IDSR. The Adviser will identify any dam safety
issues as part of this evaluation.

•

Reporting of the IDSR inspection, any identified dam safety issues, and any
changes to monitoring and surveillance.
The Technical Adviser will prepare a report describing the inspection and review
undertaken and any dam safety issues identified as a result. The report will include
the criteria outlined in Section 4.4.3, Module 5 of the NZSOLD Guidelines. Dam safety
issues will be categorised as either Physical Infrastructure Issues, Potential Dam
Safety Deficiencies, Confirmed Dam Safety Deficiencies or Non-conformances as
described in Section 12.0.
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Comprehensive Dam Safety Reviews

A CDSR, as defined in Section 4.5, Module 5 of the NZSOLD Guidelines, will be undertaken
every five years as is required for High PIC dams. The scope and reporting requirements
outlined in the module will be followed.
All CDSRs will be completed by reviewers independent to the Owner’s organisation and not
in the Owner’s technical advisory team. The first two CDSRs will not be completed by the
Designer and no reviewers will complete two consecutive CDSRs. The review team for each
CDSR will be experienced in the dam safety and dam engineering fields and technically
up-to-date with the current dam safety guidelines and dam engineering best practice. At least
one member of the CDSR team will be an appropriately experienced and qualified civil
engineer. Additional specialist support will be sort where necessary from other specialist
personnel such as an engineering geologist, geotechnical engineer, mechanical engineer, or
electrical engineer. Peer reviews of reports shall be undertaken during initial CDSRs by a
reviewer with appropriately wide experience.

10.0

Special Inspections and Dam Safety Reviews

10.1

Special Inspections

Special dam safety inspections will be undertaken following unusual events 1, observations, or
emergencies. Initially, these inspections may be undertaken by the Owner or appointed
personnel, with any anomalies then being referred to a Technical Adviser. The Technical
Adviser, will, where practical or necessary complete a special site inspection themselves. The
purpose of a special inspection is to determine any noticeable changes, damage that requires
attention, whether any special safety measures or follow-up investigations need to be
implemented, and whether the dam performance was in accordance with design expectations.
Special inspections will be reported on in the same way as routine inspections.
Special inspections will take place after the following events:
•

Adverse surveillance observations or instrument readings.

•

Large rainfall events.

•

Strong wind events e.g. the design wind speed for less than the design duration.

•

Earthquakes.

•

Any human-induced damage.

•

Following the identification of a potential or confirmed dam safety deficiency.

Event specific special inspection actions are listed in Table 8 for each event type. In all cases,
inspection personnel should immediately notify the Dam Manager or Technical Advisor of any
abnormal observations.

Unusual events are broadly considered to be events that are not part of the normal operation of the dam and associated systems;
for example, seismic, flood, high wind, operational (gates/valves not opening/closing as require), and other such events.

1
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Table 8: Event Specific Special Inspection Actions
Event

Actions

Adverse surveillance observations or
instrument readings.

•

Inspect the relevant area(s) or instrument(s) as
advised by a Technical Advisor.

•

Visually inspect the spillway for obstructions, erosion,
or other visual abnormalities.

•

Visually inspect the upstream and downstream
shoulders and crest of the dam for slumps, erosion,
seepage, or other visual abnormalities.

•

Monitor the piezometers and drains weekly until levels
return to normal.

•

Notify the Dam Manager and/or Technical Advisor of
any abnormalities.

•

Inspect reservoir slopes for signs of movement or
instability.

•

Visually inspect the upstream shoulder and dam crest
for erosion or slumping.

•

Notify the Dam Manager and/or Technical Advisor of
any abnormalities.

•

Follow the actions outlined in the EAP.

•

Inspect the area that has been damaged and notify the
Dam Manager of condition.

•

If necessary, the Dam Manager should seek further
advice from a Technical Advisor.

•

Inspect the relevant area(s) or instrument(s) as
advised by a Technical Advisor.

Large rainfall events.

Strong wind events.
Earthquakes e.g. with felt intensity
greater than Modified Mercalli
Intensity V (Moderate), or magnitude
Mw5.0 within 100km of site.
Human-induced damage.
Following the identification of a
potential or confirmed dam safety
deficiency.

10.2

Special Dam Safety Reviews

Special Dam Safety Reviews (SDSRs) may be carried out following an unusual event,
observation, or emergency (as defined in Section 10.1), or if a potential or confirmed dam
safety deficiency has been identified. A SDSR is dam safety review specific to the issue or
event being investigated. It is more targeted than the routine IDSR and CDSR. The scope of
each SDSR will be as is defined in Section 4.6.2, Module 5 of the NZSOLD Guidelines. The
SDSR will be carried out by a Technical Adviser or an independent reviewer.

11.0

Emergency Preparedness

As part of emergency preparedness for the Otawere WSR, a Construction Emergency Action
Plan (EAP) has been prepared in accordance with Module 6 of the NZSOLD Guidelines. The
purpose of the EAP is to minimise the potential for failure during construction, including of the
embankment and associated sediment control structures. If a failure cannot be prevented, the
purpose of the EAP is to limit the effects of the failure on people, property and the environment
downstream of the dam. Routine training is required for all personnel involved in the activation
and implementation of the EAP.
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Identifying and Managing Dam Safety Issues

Identifying and managing dam safety issues is crucial to dam safety management. Module 7 of
the NZSOLD Guidelines recommends categorising dam safety issues into the following groups:
•

Physical Infrastructure Issues:
communications, or maintenance.

•

Potential Dam Safety Deficiencies: Dam performance criteria may not be met
(further investigation is required).

•

Confirmed Dam Safety Deficiencies: Dam performance criteria is known not to be
met. Either it is known adverse dam behaviour will occur under design loading
conditions or adverse behaviour has already been observed.

•

Non-conformances: When a dam safety management system process or procedure
has not been followed or implemented.

Insufficient instrumentation, equipment, access,

These issues will be identified through dam safety management activities described within this
document. Once identified, dam safety issues will be recorded in a register, tracked, and
updated as required.
Dam safety deficiencies are those dam safety issues that pose a risk to the Owner, the public,
downstream property and the environment. These deficiencies will be managed using the
management process outlined in Section 4.4.2, Module 7 of the NZSOLD Guidelines
(refer to Figure 2).
Procedures for deficiency management will include:
•

Initial assessment of an identified potential deficiency to confirm whether a deficiency
exists and whether risk reduction measures are necessary.

•

Identification and assessment of remedial options.

•

Design and implementation of the preferred remedial option.

•

Continued monitoring and review of the remedial treatment.
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Figure 2: Dam Safety Risk Management Process (Figure 4.2, Module 7 NZSOLD
Guidelines)
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Information Management

TTWT will develop and maintain a robust information management system for the Dam. The
purpose of the system is to provide easy access to dam information for the Owner, staff, and
independent reviewers and to safeguard against institutional knowledge being lost through
staff turnover.
The information incorporated into the information management system for the purpose of dam
safety management will include the following (taken from Section 4.9, Module 5 of the
NZSOLD Guidelines):
•

A dam inventory/register that captures the details of an Owner’s dam portfolio including
key dimensions and attributes such as (but not limited to) dam types, heights,
appurtenant structures, PICs, surveillance frequencies, potential failure modes and
key performance indicators.

•

The dam safety management system and supporting documentation.

•

Process and procedural documents relating to implementation of the dam safety
management system (e.g. surveillance procedures, operation and maintenance
procedures, gate/valve testing procedures, reservoir operating rules during normal and
flood conditions).

•

All historical documents and drawings relating to investigation, design and construction.
These are sometimes compiled into a data book.

•

All historical performance information including records of surveillance (including
reservoir levels), maintenance, gate and valve operations and tests, significant events
and incidents.

•

All dam related investigations, studies, reviews, upgrades (including new drawings)
and changes to operating conditions or systems (e.g. a change to the reservoir
operating rules and/or a change to the spillway gate control system).

•

An instrumentation inventory and supporting information such as as-installed
drawings, technical specifications, calibration certificates, operation and maintenance
requirements, and records of maintenance.

•

An auditable database of dam safety issues (e.g. those made during IDSRs and
CDSRs) including tracking of their status and associated decisions.

•

All dam safety governance, oversight and status reporting prepared for the internal and
external communication of issues (including communications with regulators and local
authorities).

•

Training schedules and records for all dam safety related staff including managers,
engineers, operators and surveillance inspectors.

14.0

Audits and Reviews

The Owner will audit and review the DSMS for the Otawere WSR every two years.
The primary purpose of each audit will be to ensure the processes and procedures outlined in
the DSMS are being correctly followed. The audits will be undertaken by either a
Technical Adviser or another appropriately experienced individual.
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The purpose of each review will be to identify opportunities to improve technical aspects of
the DSMS. The reviews will be undertaken by an experienced, external Technical Adviser
working with the Owner and their key dam safety personnel.

15.0

Limitation

This report has been prepared solely for the benefit of Te Tai Tokerau Water Trust as our
client with respect to the brief and the relevant government, and regulatory, authorities as part
of the resource consent process. The reliance by other parties on the information or opinions
contained in the report shall, without our prior review and agreement in writing, be at such
parties’ sole risk.

16.0
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APPENDIX A
Example Surveillance
Inspection Form

Example Visual Inspection Checklist for Otawere Water Supply Reservoir
Routine Inspection for Otawere Water Supply Reservoir
Inspected by:
Date and time:
Weather:
Potential Failure Modes (PFM):
Flood
PFM1.
PFM2.

Overtopping – Spillway becomes blocked, or capacity is exceeded.
Slope failure to erosion of the spillway or reduction in grass coverage

Normal Operation
PFM3. Erosion of embankment due to failure of riprap armour. Internal deterioration of
embankment or foundation materials through internal erosion and piping.
PFM4. Internal deterioration of embankment materials or foundation materials through internal
erosion and piping.
PFM5. Excessive leakage and unravelling of the downstream shoulder.
PFM6. Seepage along the outlet conduit–embankment interface leading to backward erosion.
Seismic
PFM7.
PFM8.
PFM9.

Instability of downstream shoulder.
Instability of upstream shoulder.
Deformation of the embankment, and consequent loss of freeboard, leading to
overtopping.
PFM10. Deformation of the embankment
PFM11. An extreme seismic event causes cracking of the inflow/ outflow structure or separation
of the structure and liner interface.

Inspection No.

Description

1 - Reservoir

Record reservoir level from staff
gauge.

2 - Reservoir

Is there reservoir shoreline
instability or erosion?

3 - Reservoir

Is the riprap degraded?

4 - Spillway

Is the spillway entrance
obstructed? Is there debris in the
spillway chute?

5 - Spillway

Is the spillway chute damaged or
eroded?

6 - Dam

Is the upstream face showing
signs of erosion, instability,
depression, or cracking?

Observation/Comment

7 - Dam

Is the dam crest showing any
deformation, instability,
depression, cracking or seepage?

8 - Dam

Is the downstream face showing
signs of erosion, instability,
depression or cracking?

9 - Dam

Is the dam toe showing any
erosion or seepage?

10 - Inlet

Inspect intake structure for
cracking.

11 - Outlet

Inspect outlet structure for
cracking or defects.

Other comments or observations:

APPENDIX B
Overview Plan of Dam
Inspections and
Monitoring

Record:
• Inflows and outflows
• Reservoir Level
• Rainfall
• Drain Flows
• Piezometer Levels
• Deformation Survey
Marks
Inspect round dam
crests and
downstream faces
for erosion,
instability, and

Inspect spillway
grass coverage.

Inspect riprap for
degradation and
vegetation growth

Inspect
outlet/inlet
structure.

