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Environmental Monitoring Flood Network Risk and Resilience Review

Executive Summary

Recent storm events across New Zealand, as well as two local storm events have highlighted the
importance of flood data for decision making. Latest climate change projections also show that
rainfall, (and therefore river flows) are likely to change in the region.

Marlborough District Council has initiated many network and system reviews, through both internal
and external experts. The purpose of this review is to classify what is a flood site, determine the
resilience of the sites, highlight risks and make recommendations.

A cross departmental analysis of the Hydrological monitoring network was carried out to determine
the importance of each site to individual departments (2023 Network importance site review-
Appendix 1). From this analysis it was determined that all rain gauges are considered flood sites and
that a rain gauge in each of the six key catchments were necessary for flood warning. It was also
highlighted that 22 surface water monitoring stations were considered flood sites. This was further
broken down as flow sites (14) and level only (8). Of the 14 flow sites nine were assessed as critical
for flood warning and decision making.

The highest risk sites are the nine sites that have been assessed as critical flood sites. It is imperative
that data is always available, accurate and recorded and telemetered at interval sub-hourly during a
flood. As eight of the nine sites are inaccessible in a flood, it is recommended that these sites should
have duplicate and separate, telemetry, level sensors, and power sources, with an alternate telemetry
mode to the primary site. Of the 13 remaining flood sites, minimal physical site upgrades are required
to improve the reliability of communications and the accuracy of the data. The few upgrades include
battery capacity and solar upgrades at two sites, cheap IOT sensor installs where structures are
available, and a change of the primary communication of one site from radio to satellite or mobile.

Quality data was assessed as one of the most important aspects for long term environmental
monitoring and thus flood management. An assessment of the flood sites to the National
Environmental Monitoring Standards (NEMS), shows that three sites meet the minimum requirements
for the three relevant National Monitoring standards, Water level, Open Channel Flow and Site Survey
(National Environmental Monitoring Standard (NEMS), 2019) (National Environmental Monitoring
Standards (NEMS), 2021) (National Envrionmental Monitoring Standards (NEMS), 2016). Some
infrastructure improvements are required, to bring the remaining sites up to NEMS standard. The
majority of the non-compliance can be remediated through increased effort in meta data collection,
requiring more time and a greater human resource.

The rain gauge network has previously been scrutinised for coverage and quality (Horrell G. , 2023),
with work in progress to add one additional rain gauge, and data to be retrieved from a neighbouring
region. Duplicate rain gauges can be found in most catchments with gauges in both the upper and
lower catchment, providing a physical back up should one gauge be damaged. The risk for loss of
rainfall data is also mitigated by the fact that a large proportion of Marlborough is covered by the
Wellington rain radar. Access to this data is available for estimating rainfall in any catchment where it
is found that no live rainfall data is available.

The largest risk to data loss comes from the telemetry systems. The radio network, while highlighted
as a risk due to its inaccessibility, may not be a high priority for system upgrades as the majority of
flood sites on radio telemetry are rainfall sites, with available backups. Additionally, maintaining a
radio repeater and radio network infrastructure is costly, with large upgrades completed in 2021. It is
expected that these upgrades will see out the life of the radio system with replacements by cheaper
more reliable satellite data coverage in the next 2-3 years. However to keep the system functioning
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during inclement weather, changes need to be made to the poll rates of some data loggers calling into
the main repeater to ensure sufficient battery capacity.

Data is transferred to the MDC internal servers through various pathways, including physical
hardware. Once received by MDC, the data is securely stored and backed up on MDC servers.
Although this storage and back up process falls outside the scope of environmental monitoring, it is
crucial for all departments to understand the entire system and its processes. It is therefore necessary
to review and document the current processes, responsibilities, assets, and systems from a flood
resilience perspective.

While all process and sites are reviewed for functionality and resilience, the end goal is always to
have data available to internal and external stake holders for decision making. Making sure the
systems are all working, fixing, restarting or updating systems is currently supported during business
hours, Monday to Friday (unless on a voluntary basis). An after-hours duty policy should be
implemented to ensure round the clock system support.



Environmental Monitoring Flood Network Risk and Resilience Review

Table of Contents

EXECULIVE SUMIMAIY ..oiiiiiiiiiii ettt e e e e e e e e e e e e e e e e aeennnnnas i
L PUI PO e 1
2. DEefiNITIONS e 1
G T Y o Yo [ Tox o1 o I 1
4.  Flood Network ASSESSMENT.......ccuvuiiiiiiieeeieeiecr e 2
5. Field Sites: Equipment, Telemetry and Communication Systems. 1
5.1. Data Loggers and SOftWAre ........cc.uueiiiiiiiiiiiie e 1

5.2, COmMMUNICAtION SYSTEMIS..uiiiiiiiiiiiieiiie e e s cre e e s st e e e e e s s e e e e e e s nnanaeees 2

5,20, MODBIIE e 2

B 3. SIS OIS e 3

T 1] U PUPT P 3

6. Data: Quality, Management and Availability............cc.ccccevvviiiinnnnnnnn. 4
6.1. Data Quality — National Environmental Monitoring Standards..................... 5

6.2. Data ManagemeNnt ... ..o 8

6.3. Data Display and Availability.........c.cooiiiiiii 9

B.4.  RISKS oottt e b e aneas 9

7 Staff, Procedures and ProtoCoOIS ......ccccoovivviiiiiiiiiee e 10
7.0, Staff ., 10

7.2. Procedures and ProtOCOIS ... 11

7.2.1. Environmental Monitoring Flood Standard Operating Procedure............ 11

%S TR = {11 T PRSP 12

8. Review Outstanding Issues That Affect Flood Sites & Data

Availability/QUality ........cooiiiiiiii s 12

8.1. Review of the Marlborough District Council Environmental Data Systems
(Horrell & Boraman, 2018).......uuuuieeiiiiiiriieeieeessiiiiieeeeeeesssnnteeeeseeeesnnnnsreneeeeesssnnssnnnees 12

8.2. Spatial Review of the Marlborough District Council Rain Gauge Network
(HOTTEIL, 2023) ...ttt et e e ettt e e e e e e s bbb et e e e e e e e sanbeneeas 12
9. ReCOMMENAALIONS .....cciiiiiiiiiiii e 14
9.1. Non-Site Related Recommendations ........c.cceevoeriniieiie e 15
9.1.1. Telemetry and SYSIEMIS........uuiiiiiieiiiiiieii et 15
9.1.2. Data Quality and Availability ............cccouuiiiiiiiiii e 15

9.1.3. Staff15




Environmental Monitoring Flood Network Risk and Resilience Review

LS I @ AV =T = 14 o] 1 o PR 15
10. REFEIENCES ..ooiiiiiiiiiiiiiiieeeeeee ettt e e eeeeeees 16
11, APPENAICES ..ottt e e e e e e ee et e e e e e e e e eeennnnes 19
Appendix 1: Monitoring Site Importance Matrix 2023...........ccccceeeeeeeeeenne. 19

List of Figures

Figure 1: Graph of the total number of days for all surface water level sites for QC 400 (light
blue), 500 (dark blue), 600 (OranNge).......cccuvrrrreeee e ee s 5

Figure 2: Total count of gaugings at flow sites for the years 2014- 2023...........ccccceeeeeveennnnen. 6
List of Tables

Table 1: Site specific analysis for key risk and resilience attributes. Green Columns denote a
catchment or area name. Sites highlighted grey are ‘Critical Flood Sites'.......... 4

Table 2: Table of flood sites with flow data or gaugings (14 flow) (level only), date of highest
gauging ,highest gauged water level and maximum water level (2020-2023)
and the percentage of stage that has been gauged. Sites with less than 85 % of
the maximum stage gauged are not considered to have accurate flood flows
and are highlighted in blue. NIWA sites are greyed, as no stats are held........... 7

Table 3: Gauging information including rating certainty (the number of gaugings within 8% of
the rating), bias and the presence or absence of a cross section gauging, for all

flood sites (14) and two gauged level sites pre and post 2017. ........cccccceveeeernnns 8
Table 4: Environmental Monitoring Team Staff & years of experience, 2017 to 2023. ......... 11
Table 5: Critical Flood Site hardware and site Improvements .........cccccoovvcviiieeeeeeinniiiiieeeeenn. 14

Table 6: Flood site hardware upgrades for non-critical flood Sites. ..........ccoceeiiiiiiiiiiieennn. 14



Environmental Monitoring Flood Network Risk and Resilience Review

1. Purpose

To determine if current flood monitoring sites, data and systems are fit for purpose, resilient, and are
meeting the requirement for data availability.

2. Definitions

Resilience - The capacity to withstand or recover quickly from difficulties.

Risk - The threat or possibility of loss or danger (this would include assessing risk to human life).

3. Introduction

Marlborough District Council (MDC) hydrologists monitor rainfall, river flows, groundwater levels,
analyse data, and provide information and advice to groups both inside and outside Council.

With an extensive man-made flood protection scheme on the Wairau plains and potential risk of
flooding for our communities in the region, accurate and timely data is crucial for decision making
during flood events. As a result of the July 2021 flood event and subsequent August 2022 flood, it was
decided that the network and systems operated by the Environmental Monitoring Team needed to be
reviewed to ensure they are fit for purpose and resilient.

The environmental monitoring network is periodically reviewed internally for its significance to the
operations of other MDC departments. The latest review was completed in September 2023
(Appendix 1:). Sites are ranked from 0-3 with a grade of zero meaning the site has no importance to
that department, and a grade of three being critical for the operation of that department. For the
purposes of this review only “flood sites” will be assessed. A flood site is defined as any site that has
a total of five points in the columns Flood Management and Rivers Design or a three in Flood
Management. 22 sites have been identified as “flood sites”. Of these 22 sites, nine sites have been
assessed as “critical sites” scoring >17 points across all departments in council. Critical sites must
have accurate and timely data as they are essential for decision makers. Two of the sites considered
critical are owned and operated by the National Institute of Water and Atmosphere (NIWA). Additional
scrutiny has been placed on the critical sites, throughout the review.

All rainfall sites are deemed critical from a flood management perspective; however, the rainfall
network has been thoroughly reviewed in recent years and site wide upgrades made accordingly. On
the ground rain gauge coverage, back up sites and loss of data has all been assessed and actions
taken to improve. There will be minimal focus on the rainfall network in this review.

Field infrastructure, including sensors, telemetry, and accessibility, are key components of the field
sites that determine the sites resilience to floods. Data quality and availability, staff expertise and
training, as well as procedures, protocols and systems are essential to the accuracy and supply of
flood data. Combined, these components make up the flood monitoring network and will determine
the resilience of the whole system, with key risks being highlighted in this review.

A further summary includes expert recommendations from previous network and system reviews that
are still to be actioned. A new spatial review (additional site requirements) is not in scope of this
review.

Health and safety (H&S) audits of the sites are routinely undertaken, in line with best practice. These
audits are separate to this review, though changes to sites required by the H&S audits may align with
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site resilience recommendations and should be looked at as supplementary to the recommendations
in this review.

4. Flood Network Assessment

The last flow site importance review was in 2017. There are several notable changes from the
previous review to the current (Appendix 1:). Wairau River at Boat Point and Opaoa River at Sandhills
both increased one point to become flood sites. The other significant increase is Wairau River at Dip
Flat increasing two points, one each for flood management and rivers design, increasing this site
purpose beyond a flood site, to a critical site. Deductions in site importance have occurred around the
Clarence and Flaxbourne catchments, this is due to the previous review being initiated after the 2016
earthquake and the current review coming on the back of significant regional and national events. It is
evident that priorities change with time and circumstance. Flow site importance should continue to be
evaluated on a regular basis.

To assess the resilience and risks associated with the flood monitoring network, each flood site has
been assessed for communication reliability, nearby sites for backup data, accessibility, and data
quality, based on information collected over the last five years.

The five-year period for measuring resilience and risk has been chosen due the last full network
review being completed in 2018 (Horrell & Boraman, 2018). The reviewed time period also captures
three significant events impacting or with the potential to impact data and its timeliness.

1. 2021 June Floods
2. 2021 August Lightning Storm
3. 2022 August Floods

Data that is on time all the time and sites that are accessible all the time have been scored a 10 and
are the best quality. A site that is never on time and would be inaccessible in a small flood event were
scored one. Differences in communication reliability and accessibility are mainly due to the
geographical area and the proximity of the main roads to large rivers. Differences in network
availability are attributed to variations in communication types, with some methods more reliable in
some areas. While great care and consideration goes into choosing what would be the best site
location and communication method, improvements can be made to improve the resilience.

The National Environmental Monitoring Standard has been used as the basis for scoring data quality
(National Environmental Monitoring Standards, 2016). The overall data quality score is given based
on 75% or greater of the data meeting that score for the last two years.

A score of 600 is considered the best quality data, with data meeting the operational standards at the
time of acquisition and is a good representation of the measured parameter. Quality code 500 is given
to data that does not meet operational best practice or has undergone significant modifications. The
data are a fair representation of the measured parameter. Quality code 400 are data that are
compromised in their ability to represent the monitored parameter. 600 is considered the best quality
data, often that is not possible or necessary to achieve based on the required monitoring location or
purpose.

To assess the full operational network, consideration also needs to be given to the requirements for
data during a flood. It is documented that critical data should be available 24/7 during a flood event
(Marlborough District Council, Marlborough Rivers and Drainage Flood Response Manual, 2022).
With upgrades to technology and some contingency in the on the ground monitoring and
communication equipment, the requirement for a manned operational response is reduced.
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Additionally, health and safety legislation and general lack of accessibility of flood sites (Table 1),
shows that minimal work can be carried out in the field during a flood event. On that basis the
following three areas have been assessed for risk:

1. Field Sites: Equipment, Telemetry, and Communication Systems
2. Data: Quality, Management, and Availability
3. Staff, Procedures and Protocols.
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Table 1: Site specific analysis for key risk and resilience attributes. Green Columns denote a catchment or area name. Sites highlighted grey are ‘Critical Flood Sites’
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Branch
Branch River at Bull Flat Flow Satellite No Pressure No No 10 0 500 | No Yes
Branch at Mt Morris Rainfall Radio (Riley) | No Raingauge | No No 8 4 400 | Yes
Branch at Branch Recorder Rainfall Radio (Riley No Raingauge | No No 8 4 500 | Yes
Waihopai
Gibsons Creek at Control Gate (Waihopai) | Flow Mobile No Float No No 10 5 600 | No No
Gibsons Creek at Wairau River Intake Flow MOBILE No Float No No 10 5 600 | No No
Waihopai River at Craiglochart Flow MOBILE No Pressure No No 6 4 500 | No Yes
Waihopai at Craiglochart Rainfall MOBILE No Raingauge | No No 10 4 600 | Yes
Waihopai at Spray Confluence Rainfall Radio (Riley) | No Raingauge | No No 10 0 600 | Yes
Omaka
Omaka River at Gorge Flow Radio (Riley) | No Pressure No No 8 4 500 | No Yes
Omaka at Ramshead Saddle Rainfall Radio (Riley) | No Raingauge | No No 10 0 500 | Yes
Pelorus
Rai River at Rai Falls Flow MOBILE No Pressure No No 6 2 600 | No Yes
Pelorus River at Bryants Flow MOBILE No Pressure SE No 6 2 No
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Tunakino Rainfall Radio (Riley) | No Raingauge | No No 8 0 500 | Yes
Rai at Rai Falls Rainfall MOBILE No Raingauge | No No 6 0 600 | Yes
Wakamarina at Twin Falls Rainfall Radio (Riley) | No Raingauge | No No 10 5 600 | Yes
Taylor
Taylor River at Borough Weir Flow Radio (Riley) | Radio (MDC) | Float No No 10 7 500 | No Yes
Taylor River at Hutcheson Street Flow MOBILE No Pressure Rad | No 10 10 500 | No Yes
Taylor River at Dam Level MOBILE No Pressure No No 8 10 500 | No No
Blenheim at MDC Office Rainfall MOBILE No Raingauge | No No 10 10 400 | No
Taylor Pass at Taylor Pass Landfill Rainfall MOBILE No Raingauge | No No 10 10 600 | Yes
Taylor at Tinpot Rainfall Radio riley No Raingauge | No No 10 0 500 | Yes
Beneagle at Farm Stream Rainfall Radio riley No Raingauge | No No 10 5 600 | Yes
Wairau
Grovetown Lagoon at Drain Y Level MOBILE No Pressure No No 10 0 600 | No No
Tuamarina River at Para Road Flow MOBILE No Pressure No No 8 7 600 | No Yes
Wairau River at Barnetts Bank Flow MOBILE Radio Pressure No No 10 7 600 | No Yes
Wairau River at Dip Flat Flow Satellite No Float No No 8 0 N/A | Yes Yes
Tuamarina River at Boat Point Level MOBILE No Pressure No No 8 0 500 | No Yes
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Wairau Diversion at Pukaka Level MOBILE No Pressure No No 10 8 500 | No No
Wairau River at Bar Wharf Level MOBILE No Pressure No No 7 0 400 | No N/A
Wairau River at Dicks Road Level MOBILE No Pressure No No 10 2 400 | No No
Red Hills Rainfall Radio riley No Raingauge | No No 7 0 400 | Yes
Wairau Valley at Southwold Rainfall MOBILE No Raingauge | No No 10 4 600 | Yes
Waikakaho Rainfall MOBILE No Raingauge | No No 10 2 600 | Yes
Onamalutu at Bartletts Creek Saddle Rainfall MOBILE No Raingauge | No No 10 0 400 | Yes
Top Valley at Staircase Ridge Rainfall Radio riley Radio MDC Raingauge | No No 10 0 400 | Yes
Wye at Charlies Rest Rainfall Radio riley No Raingauge | No No 10 0 400 | Yes
Opaoa
Opaoa River at Sandhills Level MOBILE No Pressure No No 10 8 500 | No No
Opaoa River at Blicks Lane Flow MOBILE bub Float No No 10 8 600 | No Yes
Sandhills Outlet Drain Level MOBILE No Pressure No No 10 8 600 | No No
Goulter
Goulter River at Horseshoe Bend Flow Satellite No Pressure No No 10 0 600 | No
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5. Field Sites: Equipment, Telemetry and
Communication Systems.

The Marlborough District Council river flow monitoring sites all have three key pieces of equipment: a
sensor, a data logger, and a power supply. When a new site is installed, factors such as accessibility,
river conditions and aspect are all considered before equipment is chosen. Accessibility is assessed
for routine maintenance and verification; it is generally inevitable that many sites become inaccessible
during a flood event (Table 1), due to roading access issues.

Lack of accessibility only becomes an issue when a critical flood site fails to provide data during a
flood event, and a site visit is needed to replace or repair equipment urgently. Accessibility generally
cannot be improved, as the stationarity of record is very important meaning the primary site cannot
move. Upgrading or duplication of one or more of the three key pieces of equipment at a critical site
can improve redundancy and reduce the risk of losing key information during critical times.

Power supplies at all sites have regularly been assessed through annual audits. Most sites are solar
powered by solar with a battery. Some sites have mains power with a battery backup. Radio repeater
sites have previously been excluded from these audits so will be included here. Critical sites should
have 3-5 days of battery storage.

5.1. DatalLoggers and Software

Data loggers collect and send data back to the office. There are three communication methods used
by MDC to send data which is received and managed in the telemetry software HydroTel. The
communication methods used are radio, mobile and satellite. The communication method used at a
site is determined primarily by what is available. The most simple and effective method of
communication is over the 4G mobile network. Radio has been installed at sites where there is no
mobile coverage, and satellite communications installed at sites where there is no mobile or radio
coverage.

Data loggers are an integral part of the monitoring network as the interface between sensors in the
field and the data in the office. Upgrades over the past three years mean sites now have the most
modern and reliable data loggers. Sites are equipped with IRIS model data loggers, which are
purpose built for environmental monitoring, manufactured and supplied by Kisters. The data loggers
are partnered with the HyQuest Solutions telemetry software HydroTel in the office and the
configuration app iLink3. Moving to a single manufacturer and increasingly homogenous devices
across the network has meant that configuration, connection, and problem solving of data capture
issues are generic. Staff are trained on the data loggers and systems and know how to fix and
operate all the components of all the monitoring sites. Prior to upgrade, different sites had different
technologies, software, and issues to resolve.

The HydroTel software is installed on an MDC owned server. Information is limited about the data
transfer process from logger to software, nor the actual server system. It is understood however that
this is the only server for telemetry and the transfer of data from mobile and satellite sites requires a
connection to the internet so data can be sent through the third-party agent Kisters. It is unknown how
radio data arrives in the telemetry portal.
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5.2.  Communication Systems
5.2.1. Mobile

MDC uses One NZ as the provider for mobile telemetry at environmental monitoring sites. One NZ
offers GPRS (General Packet Radio Service) for data delivery. MDC currently accesses the GPRS
network sharing Access Point Name (APN) with HyQuest, which involves some costs. The cell phone
coverage in Marlborough enables a wide application of this technology within MDC's telemetry
network, with only a few remote areas not currently reaching coverage. There are constant upgrades
and expansions of the cell phone network across New Zealand. For example, Marlborough rapidly
increased in 3G/4G coverage following the 2016 Kaikoura earthquake. Additionally, One NZ has
indicated that all areas will have mobile data transfer coverage for LTE (Long Term Evolution) devices
in 2025 utilising SpaceX Starlink satellites (One NZ, 2023).

The mobile network is our leading comms method. It is in the interests (financial & otherwise) of the
mobile providers to maintain these networks, and to immediately fix failures in the case of damage
such as natural disasters. However, history shows that site access or available personnel to fix
failures is limited during natural disasters. Several significant events have reenforced this vulnerability
in the recent past. The mobile network sustained substantial infrastructure damage from the
Christchurch and Kaikoura earthquakes. More recently, Cyclone Gabriel caused such widespread
devastation across both Hawkes Bay and Tairawhiti, mobile coverage was lost during the event and
was unavailable for up to seven days at critical flood warning sites.

5.2.2. Radio

MDC operates VHF (very high frequency) radios at some monitoring sites. MDC'’s radio system works
with Tait 2000 radios, which have been standard for voice and data communication in New Zealand
and are suitable for remote stations with solar and battery power supply, due to their low power
consumption.

Two radio repeater sites provide a link between the radio sites and the MDC computer system. The
primary radio repeater is located on Mount Riley with another repeater in the upper Wairau Valley. A
third repeater at Mount Rimu was retired in 2022. MDC operates and maintains these repeaters.

Significant upgrades were made to the Mount Riley repeater in 2019 with new solar panels, regulators
and batteries, and further upgrades were made after the 2022 lightning strike. Monitoring of battery
functioning at Mt Riley after the site upgrade in 2019 has shown in that over the last two winters (2022
and 2023) the battery supply is not enough to sustain the repeater running for more than two days. This
is despite the addition of more battery storage and previous assessment that the site could sustain the
environmental monitoring sites for five days with no solar charge.

The major change to the system in recent years is increased usage of the repeater by the MDC Rivers
Department to transmit pump station data. To reduce power loading on the repeater the Environmental
Monitoring radio sites only poll in every hour (this can be increased during events through HydroTel).
The Rivers Department radios are set to call in every 15 minutes and have been noted to be calling the
repeater as often as every five minutes. During colder months and days of cloud cover this has led to
significant draw down in the battery storage of the repeater. The current estimate is the site will operate
for two days with loss of solar charging, and with minimal charging will last five days.

The alternative radio back up is based at the Marlborough District Council Building on mains and
generator back up power. Of the 13 flood sites on radio comms three have direct line of site to the
building and can call in regularly and one other site intermittently due to cloud coverage. Wairau River
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at Barnetts Bank is the only critical flow site to call in, with Taylor River at Borough Weir being the other
flow site. Top Vally rain gauge reliably reached MDC and Red Hills intermittently.

5.2.3. Satellite

There are two flood warning sites currently using satellite telemetry, with one of these being the
critical site Branch River at Bull Flat. The Iridium satellite network is used with a HyQuest IRIS 270
data logger. Iridium satellite services use low earth orbit (LEO) satellites, providing global coverage
via a constellation of 66 LEO satellites. HyQuest host this data service and send the data via API to
our HydroTel system.

Satellite communications have proven to be the most reliable of all communication systems in the
MDC network and colloquially across other regional networks. There is no ground-based
infrastructure that can be damaged by earthquakes, flooding, or other natural disasters. The biggest
disadvantage to satellite communications currently is the lack of real-time data availability, with data
delivered hourly (radio or cell networks can deliver data up to every 5 minutes), and outgoing cost
relative to other comms methods There is a lot of innovation in this area, so a focus for the
Environmental Monitoring Team will be keeping up to date with improvements to technology.

5.3. Sensors

All river flood sites have one of three sensors: a pressure sensor, a float and counterweight system or
a radar. Sensor selection has been based on the best technology available to suit the characteristics
of the site, or the budget available.

Sensors are connected to the data logger and measure the environmental parameters of interest. Of
the nine critical flood sites seven have pressure sensors in the form of gas bubble lines deployed in
the river. Gas bubble lines are polyethylene tube, laid inside galvanized pipe, and are the most
vulnerable measurement method to loss by debris. Three of the seven sites with a bubbler system
have a backup sensor. Pelorus River at Bryants uses a shaft encoder as back up, Wairau River at Dip
Flat has a backup gas line and Taylor River at Hutcheson Street has a backup radar. The other two
critical sites use shaft encoder sensors. Shaft encoders use floats and counterweights that move up
and down as the river rises and falls. They are installed inside a stilling well which is indirectly linked
to the river. Stilling wells are usually made of reinforced concrete or steel and many of them have
been operational since the 1970’s and are of sound construction. There are nine other bubblers in the
flood network and five other shaft encoder/stilling well set ups.

Radar units and to some extent stilling wells isolate the sensors away from the main river flow and are
less prone to flood damage. Technology in radars has come a long way in recent years, with
standalone water level radar units with mobile telemetry costing less than >$1000 upfront and a low
annual subscription fee (>$150). IOT sensor developers are constantly creating standalone sensors
with better accuracy, and communications. We are now starting to see affordable, IOT sensors with
satellite communications coming to the market, however the rate at which data is received can be
anywhere between one and six hours.

5.4. Risks

With all communications there are several links in the chain between the remote data logger and
telemetry system which are at risk of failure in the event of an earthquake, flood or other natural
disaster.
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The radio communication network relies heavily on the Mt Riley repeater station, a helicopter only
accessible site. Whilst this station has generally operated reliably, the location and remoteness do
create a vulnerable link in the network.

A recent failure highlighted just how vulnerable the radio network is. In August 2022 a lightning strike
took out the power supply at the main Mt Riley repeater. Mt Riley has a backup repeater system in the
event one is damaged in a storm, however there is no back up power supply. Inclement weather
prevented helicopter access, so the repeater was unable to be repaired for 13 days. A backup radio
system is installed at the MDC building with limited coverage.

The Tait 2000 radios used in the environmental monitoring network were discontinued in 2019. MDC
holds a supply of spare radios if needed, and they are a reliable piece of equipment in general so
don’t require frequent replacement.

Changing to an alternative technology is as much a risk as continuing to use this technology. Options
exist for digital radio upgrades; this would see MDC retire the Mt Riley repeater site and contract out
all radio operations to a third-party operator. The key risk to switching to a third-party operator is the
commitment of the company to prioritise fixing the network should there be any issues. MDCs network
would be a small percentage of the customer base with the provider having other commercial
commitments, and priorities. Examples of this have been well documented following the loss of
communication from Hawkes Bay Regional Council data during Cyclone Gabriel (Mitchell,
Christensen, & Arapere, 2024).

Alternatively, risks exist that should we have more than three radio failures we will no longer have
back up replacement radios available to fix our network. Technological advances and the expansion
of the 4G and satellite data network mean that a potential viable alternative is only two years away.
Keeping up to date with technology, understanding its usefulness requires time and effort and is a risk
that should be listed here also.

Another change in technology is the 3G mobile network being phased out in 2024. There are 17
environmental monitoring sites that need new loggers or upgrades to meet 4G compatibility
requirements. These upgrades will be completed (as with all time critical work), however this will come
with the sacrifice of less time and budget available for the rest of the network.

Hydrotel is installed on an internal server and requires an internet connection to receive and transmit
data. The environmental monitoring team has no documented procedure or process to re-instate this
system or agreed acceptable outage and data loss time frames should this system fail during a flood.
The physical hardware used to receive radio data and the data pathways for this process is also not
well documented or understood, and is at risk of failure due to unconscious negligence.

Sensors deployed directly in rivers are increasingly susceptible to debris as water level rises in a river
or stream. Loss of a sensor during and event is usually irreparable, either because of access or
dangerous conditions. Seven of the nine critical sites have vulnerabilities in their infrastructure.

6. Data: Quality, Management and Availability

Data quality is one of the most important aspects of long-term environmental monitoring. The
publication of the National Environmental Monitoring Standards (NEMS) has provided guidance to
align environmental data collection nationally, with focus on improving process, systems, and
infrastructure. The quality code framework laid out by NEMS, allows data to be assigned a quality
code, with QC600 being the best quality data which meets all the criteria of the standard. It is not
necessary or even possible for all environmental data to meet this QC600 quality, however so long as
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the quality of the data is assessed against the standard, recorded with the data and the caveats for its
use are known, it is considered to be collected “to the standard”.

6.1. Data Quality — National Environmental Monitoring Standards

The quality of the data collected at the water level monitoring sites has been calculated. The five year
total of days of data at each quality code shows a decline in the overall quality with a decrease in the
total number of days of QC 600 data for the years 2021 and 2022 with a slight increase in 2023
(Figure 1)

Figure 1: Graph of the total number of days for all surface water level sites for QC 400 (light blue), 500
(dark blue), 600 (orange).

There are two components to river data collection, water level and flow. Water level is continuously
measured in the field with sensors and telemetered back to the office, and flow is derived from river
gaugings collected in the field, at known water levels. A relationship between water level and flow is
then calculated, this is called a rating curve.

To verify water level in the field a stationary reference is checked against the continuous water level
following NEMS (National Environmental Monitoring Standard (NEMS), 2019). As rivers are turbulent
environments, often carrying debris, the reference or the continuous sensors in rivers are at risk of
damage. If damage is not picked up (by regular surveying), long-term offsets in the data may be
missed or misinterpreted as trends. Therefore, the stationary reference needs to be validated as
stationary through regular surveying. Some progress has been made over the last three years to bring
the water level data up to a higher standard through surveying. However, this is 3—5-year process,
with many flood sites requiring annual surveying to ensure ongoing stability. Additionally, many sites
require the upgrade or installation of further benchmarks to meet the minimum requirements for
surveying (National Envrionmental Monitoring Standards (NEMS), 2016). It was highlighted in the
2018 review (Horrell & Boraman, 2018) that this function was lacking in the EM team and further
resource would be required to meet the national standard. Without on the ground validations, the data
quality can never be improved.
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While for most sites an assumed datum is used as the site level, and flow is the primary measurement
used for long term trend analysis and decision making, some sites are level only and need to be tied
back to a recognised datum.

Further issue in proceeding with site levelling comes from the 2016 Kaikoura earthquake and the
establishment of a new national datum in 2016 (NZVD 2016) this includes the loss and replacement
of numerous benchmarks surveyed only to NZVD 2016. Prior to 2016 there are few site surveys, so
additional work is required to determine the site shift that has occurred because of the earthquake.
Currently all water level sites that are recorded in a datum are in Nelson 1955 a now unsupported
datum.

As with any environmental monitoring site, not all water level or flow monitoring sites need to be of the
highest quality. However critical flood sites are considered essential for flood inundation, flood design,
and calculating flood frequency (Griffiths, Sing, & McKerchar, 2019). All of these uses rely on site
stability to ensure relationships with climate cycles such as El Nifio/La Nifia, and climate change can
be identified and the impact on flood design assessed.

For many of the flood sites, live flow data is essential for timely decision making. Unlike water level,
immediate improvements can be made to flow data quality by increasing the frequency of gauging at
a site, because at any given point in time the quality of the data is affected by the time since the last
gauging. Since 2014 there has been a significant increase across the network for the total number of
gaugings completed per year (Figure 2) overall lifting the quality of our live flow data.

Figure 2: Total count of gaugings at flow sites for the years 2014- 2023

Unlike water level, the historic flow record can be retroactively improved with additional information,
and likewise, historic gaugings help determine future water level and flow relationships. To determine
the top flood flows accurately 85 % of the effective maximum stage should be gauged (National
Environmental Monitoring Standards (NEMS), 2021). Eight sites do not have flood flow gaugings
(Table 2). To help establish these relationships an area-velocity method should be used to extend the
top of the rating curve. In order to do this cross-sectional surveys, need to be completed to determine
the flood plain area. NEMS recommends a cross-section survey be repeated every five years
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(National Environmental Monitoring Standards (NEMS), 2021). Only three flood sites have had a
surveyed cross-section completed in the last 5 years Table 3). Alternatively, installations of cameras
will allow for stationary image velocimetry (gauging) giving the ability to capture gauging data any time
using remote cameras. These installations also require regular cross-sectional surveys.

Table 2: Table of flood sites with flow data or gaugings (14 flow) (level only), date of highest gauging
,highest gauged water level and maximum water level (2020-2023) and the percentage of stage that has
been gauged. Sites with less than 85 % of the maximum stage gauged are not considered to have
accurate flood flows and are highlighted in blue. NIWA sites are greyed, as no stats are held.

Date of Highest highest

highest gauged recorded water

gauging water level level 2020- % stage
Site name (year) (m) 2023 (m) measured

Gibsons Creek at Control Gate 2003 102.26

Taylor River at Borough Weir 1977 1.97 2.14 92.06
Taylor River at Hutcheson Street 2022 3.70 4.10 90.34
Tuamarina River at Para Road 2013 7.60 8.80 86.36

Wairau River at Barnetts Bank 2021 99.94

Wairau River at Dip Flat

NEMS also suggests that 95% of all rating curves be within 8% of the gauged flow (National
Environmental Monitoring Standards (NEMS), 2021). Only one MDC site meets this criterion
(excluding Pelorus River at Bryants and Wairau River at Dip Flat which are operated by NIWA) (Table
3). The bias of each site has also been calculated. A well rated site would have no bias, a negative
bias means that the flow is likely underestimated, and a positive bias means flow is overestimated.
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Table 3: Gauging information including rating certainty (the number of gaugings within 8% of the rating),
bias and the presence or absence of a cross section gauging, for all flood sites (14) and two gauged level
sites pre and post 2017.

Site name pre 2017 Current (post 2017)

(NEMS 95%) within 8% Cross within 8% Cross
Section Section

Branch River at Bull Flat 87 no no 100 +ve no
Gibsons Creek at Control Gate 71 -ve no 60 +ve no
Gibsons Creek at Wairau River 20 no no 83 -ve no
Intake
Goulter River at Horseshoe Bend 63 no yes 88 -ve yes
Omaka River at Gorge 80 -ve no 84 no no
Opaoa River at Blicks Lane 77 no yes 81 no yes
Pelorus River at Bryants 92 no n/a 97 no n/a
Rai River at Rai Falls 80 no no 84 +ve yes
Taylor River at Borough Weir 73 +ve yes 68 -ve no
Taylor River at Hutcheson Street 63 no no 39 +ve yes
Tuamarina River at Para Road 47 -ve no 91 no no
Waihopai River at Craiglochart 47 -ve no 94 no no
Wairau Diversion at Pukaka 65 -ve no 60 no no
Wairau River at Barnetts Bank 89 +ve no 81 no yes
Wairau River at Dicks Road no no
Wairau River at Dip Flat 93.7 +ve n/a 97 no n/a

6.2. Data Management

Hilltop is the suite of software used by MDC to process, archive and analyse environmental data,
including flood data. Hilltop is a New Zealand product, and since the last review Hilltop has been sold
by the developer to the larger organisation Hill Labs. Where previously there were only two support
staff for the 11 councils running Hilltop (and therefore limited development), there is now a team of six
development staff building new features and capabilities across the software, including new plugins
that allow users to build their own applications for data visualisation and handling.

The software comprises three main packages related to river flow and rainfall data: Manager, Hydro,
and Ratings. Other packages are available for water quality, telemetry, alerting and asset
management. The software packages read in and write to proprietary Hilltop data files and combine
this with data from SQL tables to allow data adjustments, management, and quality assurance
processes. An essential feature of Hilltop is the creation, modification, and storage of rating curves,
which are essential for deriving river flow. Data is available on a server and can be pulled into other
analytical applications for third party analysis or combined with different data sources for reporting or
dashboarding.

There is limited understanding of the intricacies of storing, processing and evaluation of
environmental data, flow, and ratings in particular, outside of the Environmental Monitoring Team.
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Specific software has been designed to handle environmental data and the challenges faced in
managing this data. These software packages all have eccentricities which take time to learn. The
Environmental Monitoring team use this software daily, and have well documented procedures and
protocols, for processing and archiving data. Additionally, the team relies on knowledge and
collaboration from other regions. This collaboration between regions and the standardisation of
environmental data capture and sharing has led to the national development of future environmental
data solutions (Regional Software Holdings Limited, 2022). With the amount of data archive and effort
invested into learning and operating these software and systems the risk exists that the organisation
fails to further support and develop these necessary and bespoke software in line with national
direction, meaning the loss of the collaborative national support network the Environmental Monitoring
Team relies on.

6.3. Data Display and Availability

Users of the flood network data, access this through the external MDC website (Marlborough District
Council, Environmental Data, 2016). Pages on this site display rainfall and flow information crucial for
decision making. The primary flood related pages are Flood Watch (Marlbrough District Council,
Floodwatch, 2016), Rain Report (Marlbrough District Council, Daily Rain Report, 2016), River Report
(Marlborough District Council, River Report, 2016) and Environmental Graphs (Marlborough District
Council, Environmenta Graphs, 2016). The demand for environmental data is ever increasing, with
growing hits on the webserver and larger and more complex data requests. As most of the data is
available to view on the website, the average external data user is not well understood. When
incremental server outages occur, or data is unavailable from a single site, public phone calls and
emails about outages are received by the customer service team. What is evident is that there is an
ever-growing expectation that all environmental data will be available at all times.

The Environmental data websites were built using Hilltop server to collect data from the Hilltop
database and a gifgen. Gifgen is a program that produces the same style plots as Hilltop but has the
ability to save the graph in Graphics Interchange Format (GIF). Gifgen is operated in an unattended
mode (quarter hourly) so that it produces up to date graphs for all telemetered monitoring stations.
These graphs are then transferred to the MDC’s web host server displaying on the MDC’s website.
The creation of a static graph or table every 15 minutes reduces the load on the Hilltop server to a
known frequency, and that capacity can be maintained. While the web platform is old (it has had little
change since its creation in 2013), with basic visuals and no mobile friendly display, the use of the
Hilltop server to pull the data for the website is an effective and fast method linking data in the Hilltop
database (near real time) to the websites.

6.4. Risks

There are currently no MDC flood flow sites that meet the minimum requirements of NEMS. While
data are currently quality coded for the time series information based on field verifications, often
associated meta data (validations) are missing from water level and flow sites, potentially
compromising the accuracy of flow data for long term use and some water level data for immediate
use.

While flow is the main determining factor used for infrastructure development, there are some
instances where the water level is more important, and requested data to external customers could
include water level data provided in a datum. Of all the sites currently recording data to a datum, the
data is known to be incorrect as it has not been re-surveyed since the 2016 Kaikoura earthquake and
changes in land surface level have not been adjusted for. Additionally, since 2016 New Zealand has
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had a new national datum, a risk of providing water level to a customer (internal or external) is the
assumption or the use of that data in the wrong datum.

Under flood conditions it is accepted that there are inherent inaccuracies when estimating live flood
flow especially at newly established or difficult to rate sites. It is important, that these risks are
understood and data quality coded accordingly. Once data has been provided or made available on
the web, the interpretation and sometimes the accuracy of those data cannot be controlled. Itis
important to have visible and obvious disclaimers provided with the data. While there are terms and
conditions about the main MDC website and the use of that information, they are not visible or
obvious on the Environmental monitoring webpages. Disclaimers are also not currently provided with
manual data requests.

It is important under flood conditions that the most up to date is available as soon as possible.
Ensuring the data is correct and timely is the responsibility of the EM team. The current Hilltop server
allows access directly to the most up to date data in the Hilltop database. The data in the Hilltop
database is configurable by any EM staff, with modifications made in the database available in near
real time on the server, and thus the website. Ensuring the website and webserver are working is
outside the responsibility of the EM team and is not well understood. Changes to how and where the
website receives data, will affect data pathways and could change the time it takes for accurate,
reliable data to be available on the websites.

Websites are a key part of providing data to the public and decision makers during a flood. While
effort is made to keep the environmental monitoring network operational and accurate, occasional
loss of communications, equipment, or services means that the data is not always accurate or
available. When it is identified there is an issue with a site or data these issues need to be removed
from the website or text updated to highlight any known errors. Three of the four websites are
currently configurable (adding and removing sites) by the EM team, and changes can be actioned
quickly in the Hilltop database. One site “flood watch” does not have the same configurability and IT
support requests need to be made to an outside party to make changes and updates. Additionally,
identifying and resolving system issues, modifying data and ensuring data accuracy is only supported
during business hours. There is currently no formal on-call or after hours support to ensure the data
displayed are accurate and time, including during a flood. Should the event occur over a weekend the
availability of the EM is on a voluntary basis.

Hilltop database is run on the same internal server as the Hydrotel telemetry system. The Hilltop
webserver is on a separate internal server. An unlikely, but major risk would be the loss of either
server. Server maintenance and operation are outside of the duty of the EM team, and support for
restoring services 24/7 would be subject to IT protocols and staff availability. Documenting how this
support works in the context of environmental monitoring and floods is an important step towards a
resilient system and process.

7. Staff, Procedures and Protocols

7.1. Staff

Environmental Monitoring Officers (EMOSs) are highly skilled individuals with a unique skill set. It takes
an estimated five years of on-the-job training to become competent in all aspects of environmental
monitoring, including completion of the Diploma in Field Hydrology.

New staff recruited to the team usually have little to no experience in environmental monitoring, as the
skills required are taught on-the-job. A trained EMO would generally only be recruited from another
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regional authority or a Crown Research Institute (CRI). In the past 10 years the number of staff in the
Environmental Monitoring Team has increased, however the overall experience of the team has
decreased. For example, from 2017 to 2023 the overall years of experience in the team has
decreased from 42 to 30 years, despite the addition of two new staff. EMO'’s have seen a decrease in
experience, which generally leads to a decrease in data quality (from lack of experience maintaining
environmental monitoring sites) (Table 4).

Retention of trained staff is crucial to the successful operation of the flood monitoring network. To
retain staff consideration should be made accommodate their career interests, provide opportunities
for upskilling, renumeration and other non-monetary benefits to the individuals. An ongoing and
documented training scheme and dedicated research and development time should be included as
part of the role and could be used as incentive to retain and encourage staff.

Table 4: Environmental Monitoring Team Staff & years of experience, 2017 to 2023.

1 July 2017 Years of 1 July 2020 Years of 1 July 2023 Years of

experience experience experience
Team 27 Team 30 Team 7
Leader Leader Leader
EMO 2 Data 8 Data 11
Analyst Analyst
EMO 2 EMO 5 EMO
EMO 6 EMO 9 EMO 4
EMO 5 EMO 5 EMO 0.5
EMO 0.5 WQO 0.5
WQO 0.5 Vacant
=42 =58 =30

EMO- environmental monitoring officer. WQO- Water quality officer.

7.2. Procedures and Protocols

Since 2018 there has been an increase in the documented procedures and protocols for the archive
and storage of Environmental data for the Environmental Monitoring Team. There are four current
protocols relating to the collection and processing of flood related data (rainfall, water level, flow, and
gaugings). All documents are system and equipment specific and apply only to MDC process,
however the align with the relevant NEMS standards and have overlapping themes and process to
other regional councils due to similar equipment and software usage.

7.2.1. Environmental Monitoring Flood Standard Operating Procedure

Following on from the July 2021 and August 2022 flood events it was identified that the Environmental
Monitoring team needed an SOP for flood events to be drafted. The final draft of this document was
completed in July 2023 and is operational, however final integration of procedures across Council
remain under review. With the ever-increasing expectation that data and information always be
available and the reliance on accurate and timely data during an event for decision making, it is
essential that a across Council procedure be developed to maintain the network and system during an
event.

11
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7.3. Risks

A main risk is the loss of skills within the team. Continued effort needs to be put in to training new staff
and retaining those staff by allowing for continued growth and upskilling within the job.

The increasing requirements outlined in this review will require additional resource and skill.
Increasing the number or quality of monitoring sites would require a greater resource and experience
than is currently available.

A draft flood/on call or after-hours procedure for the Environmental Monitoring Team has been
prepared and awaits final ratification. Maintenance afterhours is on a voluntary approach. If there
were to be a critical data or system failure on a weekend or afterhours, it is possible it would not be
remediated until the next business day. While staff make themselves available during a flood event
(previously) there may be times where no staff are available.

8. Review Outstanding Issues That Affect Flood Sites &
Data Availability/Quality

Several previous reviews have been undertaken; the lists below show the recommended actions from
these reviews that are still outstanding as of 2023.

8.1. Review of the Marlborough District Council Environmental
Data Systems (Horrell & Boraman, 2018)

1. Site access agreements with landowners where access to monitoring sites is through private
land.
a. Duplicate comms at key sites.
b. Pelorus River at Bryants
c Wairau River at Dip Flat
d. Omaka River at Gorge
e Branch at Bull Flat

f. Waihopai at Olive Grove.

2. Resourcing. To bring data up to NEMS standards an FTE of 1.26 would be need for one year.
A further 1.2 additional FTE required to resource the current workload.

Two 150 fx data loggers need to be replaced

4, Three Pumpro sensors are recommended to be swapped for Amazon or HS-50 sensors. One
Sutron Accubar needs replacing.

5. Update or create an EM specific flood manual detailing the process should any or all of the
processes fail.

6. One additional flood site is recommended. Doctors’ Creek at Battys road.

8.2. Spatial Review of the Marlborough District Council Rain
Gauge Network (Horrell G. , 2023)
The last rainfall network review (Horrell 2023) highlighted only two key areas for rainfall flood data

loss for flood warning. Wakamarina at Twin Falls has no back up sites and is the only rain gauge in
this catchment or nearby sub catchments. Live data from Makara Hill at Quartz Wind Farm should be

12
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added to the MDC database and flood watch website as an early warning rain gauge for Northerly
storms on the Marlborough Sounds and Picton.

Rain gauge install is planned for the Old Man Range in the upper Pelorus/Wakamarina Catchment
providing extra coverage for Wakamarina. Theis processes should be expedited.

13
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0. Recommendations

To reduce the risk of data loss during flood events the following critical site upgrades are
recommended (Table 5).

Table 5: Critical Flood Site hardware and site improvements

Site name Recommended change Reason
Branch River at Bull Flat Separate standalone senor  Inaccessible, unstable gas
and separate comms bubbler
Waihopai River at Craiglochart Separate standalone senor  unstable gas bubbler, one
and separate comms comms, not accessible in a flood
Omaka River at Gorge Duplicate Comms Stable gas line, one comms, not

accessible in a flood

Rai River at Rai Falls Duplicate Comms Stable gas line, one comms not
accessible in a flood

Pelorus River at Bryants Install MDC data logger, No control of comms by MDC
power supply and sensor should data links break

Wairau River at Barnetts Bank Separate standalone senor  Unstable gas bubbler, not
with alternate power and accessible in a flood
comms
Wairau River at Dip Flat Install MDC data logger, No control of comms by MDC
power supply and senor. should data links break
Pelorus/Wakamarina Rainfall Install upper catchment rain  Duplicate needed for
gauge Wakamarina and Pelorus
Catchments

Upgrades are constantly required to keep the network functioning and reliable. Sensors need
replacing as they age as do batteries and solar panels. Most works are completed as part of routine
maintenance. However, some further upgrades are required for flood sites outside the scope of
regular maintenance to make them more resilient (Table 6).

Table 6: Flood site hardware upgrades for non-critical flood sites.

Site name Recommended change Reason

Opaoa River at Sandhills Replace sensor (I0T) Replace for indirect sensor

Sandhills Outlet Drain Replace sensor (10T) Replace for indirect sensor

Wairau River at Bar Warf Upgrade Power Not enough capacity for flood
site reliability

Wairau River at Dicks Road Upgrade Power and Not enough capacity for flood

replace sensor site reliability. Increase data

quality.

Branch at Weir Intake Mobile or satellite comms Both rain gauges in the

catchment use radio comms

14
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9.1.
9.1.1.

9.1.2.

9.1.3.

9.1.4.

Non-Site Related Recommendations
Telemetry and Systems

Work with Rivers Department to reduce their radio polling load at Mt Riley OR
increase power capacity at Mt Riley.

Ongoing investment into satellite telemetry.
Upgrading all sites with mobile communication systems to 4G capable data loggers.

Document the webserver and the telemetry server maintenance and hardware,
including back up and service levels.

Document and upgrade the internal telemetry hardware. Create a service schedule
and determine ownership of these assets, costs and services.

Create a backup cloud-based telemetry system.

Install cameras at key locations where high flow gaugings cannot be made, telemeter
this data back to the council so it is available for the public and decision makers.

Data Quality and Availability

Staff

Bring all flood site up to NEMS standard, focusing on critical sites. This will mean a
greater focus on site surveys and increased gauging’s at higher flows.

Creation of a separate web server for larger data requests, and as a backup if the
current server failed.

Upgrade the external facing websites to be configurable by the EM team (add and
remove sites and add comments about issues). Document support service
agreements for these sites (for example 24 hour support during a flood, or support for
fixes on the weekend).

Document and resource a procedure for network and system support outside of
business hours.

Encourage staff retention by providing opportunities to upskill and ensure
renumeration reflects the skills required for the job.

Finalise a flood on call duty policy

Provide resource to ensure staff to keep up with new technology, hardware, software,
and communication options.

Overarching

Determine further resource requirements (staff and financial) for all the
recommendations outlined.
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11. Appendices

Appendix 1. Monitoring Site Importance Matrix 2023
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Flow Sites
Are Are Creek at Kaituna Tuamarina Track 16 2 2 1 3 0 1 3 12 9 1
Awatere River at Awapiri 46 3 3 0 3 1 1 3 14 10 0 1
Awatere River at River Mouth 3 0 1 0 1 1 1 3 7
Branch River at Bull Flat 65 3 3 1 2 3 2 3 17 12 3 2
Doctors Creek at Batty's Road 3 0 1 3 3 2 2 3 14 10 2 1
Flaxbourne River at Corrie Downs 20 3 3 2 3 1 1 3 16 12 0 1
Gibsons Creek at Control Gate (Waihopai) 27 0 0 2 3 3 3 2 13 11 3 3
Gibsons Creek at Wairau River Intake 19 0 0 2 3 3 3 2 13 11 3 3
Goulter River at Horseshoe Bend 13 1 3 1 0 3 1 3 12 8 3 1
Kaituna River at Higgins Bridge 34 3 3 1 3 1 1 3 15 12 1 1
Mill Creek at Ormonds 20 1 1 2 3 0 0 3 10 7 0 0
Murphys Creek at Nelson Street 15 1 1 3 0 1 3 3 12 9 1 3
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Ohinemahuta River at Domain 25 2 3 1 0 2 2 3 13 10 2 2

Omaka River at Gorge 30 3 3 3 3 3 3 3 21 18 3 3

Opaoa River at Blicks Lane 19 0 1 2 3 3 2 3 14 11 3 2

Rai River at Rai Falls 44 3 3 3 3 3 2 3 20 15 & 2

Spring Creek at Motor Camp 27 1 3 3 3 1 2 3 16 13 2 2

Taylor River at Borough Weir 62 3 3 1 3 3 3 1 17 16 & &

Taylor River at Hutcheson Street 30 1 2 3 3 3 3 3 18 15 & &

Tuamarina River at Para Road 19 2 1 3 3 3 1 3 16 13 3 1

Waihopai River at Craiglochart 63 3 3 1 3 3 2 3 18 15 3 3

Wairau River at Barnetts Bank 63 3 3 3 3 3 3 3 21 18 & &
NIWA Flow Sites

Acheron River at Clarence 65 3 2 0 0 0 0 3 8 6 0 1

Clarence River at Jollies 65 3 2 0 0 0 0 3 8 6 0 1

Pelorus River at Bryants 46 3 3 0 3 3 2 3 17 14 & 2

Wairau River at Dip Flat 72 3 3 3 0 3 3 3 18 14 2 1
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Level only Sites
Grovetown Lagoon at Drain Y 25 0 1 2 0 3 3 3 12 9 3 3
Lake Elterwater 2 2 1 0 0 0 0 3 6
Opaoa River at Sandhills 13 0 0 0 0 3 2 0 5 4 3 1
Sandhills Outlet Drain 13 0 0 0 0 3 1 0 4 4 3 1
Taylor River at Dam 34 0 0 0 0 3 3 0 6 6 3 3
Tuamarina River at Boat Point 18 0 1 0 0 2 3 0 6 5 1 3
Wairau Diversion at Pukaka 34 0 1 0 0 3 3 0 7 3 3
Wairau River at Bar Wharf 31 0 2 1 0 3 3 0 9 9 3 3
Wairau River at Dicks Road 31 0 1 0 0 3 3 1 8 7 3 3
Wairau River at Narrows 43 0 0 1 0 1 0 1 3 2 1 0

Flood site= any site that has a total of 5 points in the columns Flood management and Rivers design or a 3 in flood management (grey
highlight). Critical sites for all = >17 points (red text).
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