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12 Lakes

¢ 4 eutrophic
6 4 mesotrophig
¢ 4 oligotrophig

¢ 30 — 8,000Ha
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Lake Rotoma 12 m water clarity
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Natural inputs
(residual)

Point source inputs
(sewage/septic)
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Diffuse catchment
iInputs
(Land use/farming)

Nutrient recycling
from sediments




Nitrate leaching rates from various land uses

Bush/Forestry Sheep/Deer

i §

2 - 4 kg N/halyr 8 - 15 kg N/halyr
N
Ratios: i ’ 5

1

Dairy

~

28 -100 kg N/halyr
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LAKE ROTORUA INPUTS

Nitrogen | % of Phosphorus | % of
iInputs nitrogen | input phosphorus
thyr* iInputs thyr** iInput
Forest and bush 75.4 10 2.26 6
e 2 and oFs 4
Springs and geothermal 4./ 5
input
30 4
Rainfall 29.2 4 1.33 3

R
T

LAKES source: * ROTAN 2011 report NIWA
PROGRAMME **Rotorua Rotoiti Draft Action Plan November 2007




Ground water

age

60 years
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Total nitrogen loads to Lake Rotorua
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TLI objectives

Lake 3-yearly 3-yearly 3-yearly 3-yearly 2012/13 2013/14 Lake Tvoe LakeSPI
Regional Water & Land | average TLI | average TLI | average TLI | average TLI | Annual TLI | Annual TLI i ol

Plan Objective to 2011 to 2012 to 2013 to 2014 pased on 2013/2014

TLI units TLI units TLI units TLI units TLI units TLI units TLI units Trophic Status

5.1 5.1 5.4 5.1 5.4 4.5 Supertrophic Moderate
4.6 4.4 4.2 4.2 4.2 4.2 Eutrophic Moderate
4.4 4.3 4.1 4.0 4.0 4.0 Eutrophic Poor

-

e 4.0 4.0 4.0 3.9 3.9 3.8 Mesotrophic Moderate
m 3.9 3.8 3.7 3.5 3.4 3.4 Mesotrophic Moderate
3.8 3.8 3.6 3.5 3.5 3.4 Mesotrophic Moderate
3.3 3.3 3.2 3.3 3.1 3.3 Mesotrophic Moderate
3.0 2.9 2.8 2.8 2.8 2.8 Oligotrophic Moderate
2.8 2.9 2.9 2.8 2.8 2.7 Oligotrophic Moderate
2.8 2.9 3.0 3.0 2.9 3.0 Oligotrophic Moderate
2.3 2.3 24 2.4 2.4 2.3 Oligotrophic High
4.2 4.2 3.8 3.7 3.7 3.6 Mesotrophic Moderate



Lake Rotorua

e e» «» R\LP TLI
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Hi frequency
monitoring buoys

« climate and water quality 15 mins
 online web interface in real-time.

Meteorology: - wind speed/direction
- alr temperature
- etc

Water quality: - dissolved oxygen
- chlorophyll
- phycocyanin
- water temperature profile




a‘? THE UNIVERSITY OF ‘_"", [T]|r]|5tr\,‘ Df
, WAIKATO science + innovation

""M"’; Te Whe o Waika TE PUNAHA HIRINGA WHAKAEA

High frequency monitoring buoys

de-oxygenation of bottom waters

140 -
120 -
100 -~
80 -
60 -

20 -

0 1 ) ) ) 1 1 )
Jul-08 Sep-08 Nov-08 Jan-09 Mar-09 May-09 Jul-09

Percentage oxygen saturation
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http://www.msi.govt.nz/

2010 land use
I Dairy

Drystock
I Forest

RLTS

LifeStyle
[0 SepticTanks
I Tikitere
I Urban
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1940 land use

Il Dairy
DryStock

- Forest

I septicTanks
Tikitere

I ater

[ Whaka

2010 land use
I Dairy
Drystock
I Forest
RLTS
LifeStyle
[0 SepticTanks
[ Tikitere

I Urban
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1940 land use
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DryStock

- Forest

I septicTanks
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I ater

[ Whaka

2010 land use
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Drystock
I Forest

RLTS

LifeStyle
[0 SepticTanks
[0 Tikitere
I Urban
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1940 land use
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I septicTanks
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B vater
[ Whaka

2010 land use
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Land use change scenarios
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Lake Rotorua modelling
as a decision support tool

By el

@ o 4 JAeChw ganineesE. ar 0 am
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Catchment mod

Lake model

Taihoro Nukuril

Climate model

Inform

Lakes Rotorua and Rotoiti

Action Plan
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LAKE MODEL: Effects of land use change
and inflow diversion
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THE UNIVERSITY OF —fNQI’WA f:
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LIS
Trophic Level Index for sediment capping
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Detainment bunds

6 Research: holding back storm flows

6 Contain sediment Phosphorus
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Rotoiti

Lake Rotoitl

o e «= R\WLP TLI

3 Yearly Avg.

TLI Average (zSE)
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e,

¢ Capping
6 Aeration
¢ Dredging
RUTOQRUA /3 .'"l'.'; A I




DRP conc (mg m )

Alum Constructed wetland
1000 -

Aqual-P -1

Aqual-P -2
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0.5

0.4

Lake Okaro treatments
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ﬂ 40% N reductlom
B 30% P reduction
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Harvester
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B TN harvest

I TP harvest
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« =« TN Target
= == TP Target
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Cyano-bacteria
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Lake Rotoehu

e e «» RWLP TLI

3 Yearly Avg.

TLI Average (£SE)
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Key points

Land use also complicated by GW age,

Short term and long term interventions

TLI monitoring shows progress/ but complex
Intervention response/ site specific
Sediment treatment? Alum dosing success
LUC/LMC combination = Future

Monitoring what is achieved

Models for decision making but rely on monitoring data.
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4 Info from Prof D Hamilton UoW.
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Trophic Level Index

Trophic Level Index

High frequency monitoring
coupled with predictive models

“R2S0he”

Trophic Level Index

TLI target

1921-1929 1971-1979 2001-2009 2031-2039 2061-2069 2091-2099 1921-1929 1971-1979 2001-2009 2031-2039 2061-2069 2091-2099

“R3S0nE” Bl “R350nd + sediment management”
25% sediment capping

=1

O

™

75% sediment capping

Trophic Level Index

1921-1929 1971-1979 2001-2009 2031-2039 2061-2069 2091-2099 1921-1929 1971-1979 2001-2009 2031-2039 2061-2069 2091-2099



Science support TAG

¢ University of Waikato,
Prof David Hamilton

8 National Institute of Water and
Atmospheric Research (NIWA

~ DYRESM
& GNS Science
(4/SCION
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The Cause —too much nutrient

Easier
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Catchment

Sewage (S)

Septic Tank (ST)

Fertiliser (F)

Other Point Discharge (OPD)

Animal Waste (AW)

Stormwater (SW)

Springs (SP) — Groundwater

Erosion (E)

Internal (1)

Land Use Activity (LU)

Geothermal (G)

Rain (R)

Lake Nutrient Status




Where do the nutrients come from?

1. External catchment (farming)

2. Internal recycling from sediments
Need to address bOth Concentration of Phosphorus in Lake Rotorua Sediments

0-10 cm

N, fixation

;

TR i i X TYri
ROTO! 0 1 2 g/kg
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Land Use of th
Rotorua and Rotoiti
Lakes Catchments

2

Regional Digital Aerial Mosaiac 2003 (R.D.A.M) © Environment Bay of Plenty (the Bay of Plenty Regional Council c2178
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Lake Rotorua

*{ Lake Tarawera
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Rotoiti :

Legend
Land Use

[ Dairy
- Dairy Grazing
 Beef

Deer

Sheep and Beef

Sheep 4

Cropping
Forestry

Other
Reference

- Urban~
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Rule 11

¢ Cap nutrient outputs
¢ N& P

6 5 lakes

¢ Benchmark 2001-04

¢ Model outputs
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Science Support

6 Council monitoring network

6 Rotorua Lakes TAG

6 University of Waikato Chair in Lake

¢ Post grad and post doc

& CRIl’'s and Consultants

Were taking back your firet
place ribbon. —We found tracee

of” your parents’ DNA all over
your Science fair project.




Nutrient loads to Lake Rotorua: Major tributaries
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Numerical mode"ng of Lake dRQTAN Modelling - Calibration:
aily flow and TN, major streams
Rotorua catchment

TAN Moel Results

ROTAN Model Results

| s R

1) Understand effects of historic land use f'wm_m

change
2) Predict effects of recent land use

intensification
3) Assess effectiveness of proposed

mitigations
4) Predict nutrient inputs—lake models 0 Z"““"Tg’:i;i; LM N ———

1958

Aquifers
[So PP

,anemys
T s b e

Groundwater dominates flow and
‘lags’ nitrate delivery

MODFLOW

PROGRAMME
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Oxygen data and model comparison, Lake Rotorua
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P locking plants

¢ Alum dosing

¢ In-stream
¢ 2 T per year P removal
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6 Geothermal N input

& 30 T N per year
¢ Pilot plant
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Sewage Reticulation and Urban
Stormwater
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