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Water Quality Drivers 

Water quality can be either nitrogen (N) limited  

or phosphorus (P) limited or limited by both.  

Nutrient-loss from land use activities has two 
distinctly different transport processes:  

• N (leaching) and P (runoff)  

• P-Project – focus on the P-loss sources and 
transport mechanism 

• Runoff events during high intensity rainfall 

 



 

Ephemeral storm water flow 

Pic courtesy of Mark and Sophie Dibley 
 



Lots of water runs off during heavy rainfall 

Pic courtesy of Daniel and Kim- Hauraki sub-catchment, Kaharoa 



Sediment and nutrient highway 
  
flow over usually dry paddocks 



Why bother taming floodwater? 
How much P delivered in storm water? 
• Sampling of streams during floods (NIWA 2008)  
• Sum of P-load of storm sampled permanent streams = 9.6T 
• 25% of the catchment only has no permanent streams (not sampled) 
• Storms deliver > 12 T P per year - in just a few events per year 
 
 How can we intercept this load of P in storm water? 
• Key to influencing P in storm loads is not at the lake edge 
• Manage near the source rather than near the destination 
• On-farm ephemerals, where runoff is first apparent. 
 
The challenge 
• Best suited sites for detaining storm water are in the upper catchments 
• Usually the best paddocks on the farm! 
• Who would want to detain flood water on their best paddocks? 

 



P-Project Objectives and Outputs 

Objective 

 

• to identify and implement practical, durable and cost effective pastoral-based P 
mitigation in the Lake Rotorua catchment over five years 

 

Outputs 

• Desk-top analysis report on P-mitigation opportunities 

• Funding criteria and mitigation approval process 

• Stakeholder meetings with sub-catchment groups and one-to one landowner liaison 

• Multiple landowner agreements and physical mitigation implementation with up to 5 
structures completed in Year 1 

• Annual progress reports, including estimates of P mitigation efficacy individually and 
collectively (as science permits)  

 

 1st Task – What are the P-mitigation opportunities? 



A train of P-loss Prevention and Mitigation tools  
Cost / Benefit Summary 

From AgResearch 
R. McDowell, 2010 
 



Good Management Practices 
• GMPs – top of the list for both P-mitigation 

effectiveness and cost effectiveness  

• An effective on-farm Environment Management 
System (EMS) can assure good uptake of GMPs 

• Two NZ Ag Industrys have EMS type templates for 
managing the effective uptake of GMPs: 

 

  DairyNZ         – Sustainable Milk Plans (SMP)  

 

  Beef + Lamb – Land and Environment Plans (LEP)  





Table from Edmeades et. al.  2006 NZ Journal of Agricultural Research, 2006 Vol. 49: 207-222  

 



Consensus on OlsenP ranges 
Simplified Table 

 
 

 

 

Soil Class: 

Dairy  

Optimal Range  

(Olsen P) 

Drystock  

Optimal Range  

(Olsen P) 
  

Pumice,  

Podzols, 

Recent 

  

40 – 45 

steeper land 35- 40 

(DG 30 – 45)* 

  

15 – 30 

  

(DG 20 – 35)* 

Optimal OlsenP survey participants July 2010: 

 

• agKowledge – V. Fulton, D. Edmeads 

• Perron Ag Consultants – Lee Matheson 

• AgFirst – Mark MacIntosh,  

• Headway – Simon Park 

• BOPRC - D Guinto, A. McCormack, S Stokes 

  

 

* (DG) refers to results reviewed by Dani Guinto (DG), Soil Scientist BOPRC 



Ephemeral streams 
(overland flow) 

The predominant pathway for P and sediment  
export from pastoral farmland to freshwaters 



DBs on usually dry paddocks 

Kaharoa 2012 



Detention Dams     - built in Rotorua since 1970’s 
  
Detainment Bunds  - very similar plus P-loss focus 

Source: BOPRC Factsheet:10 



Detainment Bunds – Key Features 

• An earth bund which ponds ephemeral stream water 

• Aims to control residence time of storm water, specifically for P 
mitigation 

• Storage capacity >120:1 (100 m3 storage per hectare of catchment) 

• Permitted activity (if under < 1.5m high and 10,000 m3 storage, or 
under 2.5 m high and 5,000 m3 storage) Rule 46. 

• Ponding  time – up to 3 days 
 

 
 

 



Detainment Bunds are a similar design with 
specific focus on retaining water for P-mitigation 



Monitoring Sites 

P-Project Trials: The Performance of DBs 



Methods 
 

 

 

• ‘Storm chasing’ - collection of water samples during and after storm 
events from inflow ephemeral streams & outflows from the DBs 

 

• Sediment mats - to catch sediment deposited in the DB ponding area  

 

• Forensic - Soil samples taken from a historic detainment dam. 

 



Sediment sampling 



Results 

• What ran off depended on what was happening in 
the contributing catchment. Different for each event. 

Winter forage crop 

>50% Dissolved P 
>95% Particulate P 



Total suspended sediment in outflow from DB 

 

  

  

Hauraki DB, March, 2012 

Day 1                                      Day 2                                        Day 3 



Total Suspended Sediment (TSS)  
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Particulate P (PP) in ponded water 

 
• Variable trends in PP observed between sites/ events  
          - up to 36% reduction over a 20 h ponding.   

 
• PP settlement depends on the suspended sediment  

characteristics (size of particles, amount of suspended 
sediment, organic content).  
 

• With high levels of suspended sediment (very dirty) – more 
dissolved P can attach onto particulates 

 
• P can also desorb again on route downstream 
 



Organic material can stay suspended 

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70

O
rg

an
ic

 (
%

) 

Time (h) 

Waiteti March

Hauraki March

Hauraki May #1

Hauraki July #2

Awahou September #2



Particulate N 

• In some cases, reductions in Particulate Nitrogen 
concentrations of outflow water were observed 

• E.g. a 42% reduction in PN concentration over 20 hours 

• Attributed to a recently grazed winter forage crop 



Sediment deposited 
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2.7 t sediment deposited 
extreme case 



P retained 
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P concentration of Sediment 
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•  P retained in the DBs higher than the lake bed 
• Sediment captured would have desorbed P (Jamie Peryer-Fursdon) 

• PP has potential to become bio-available (via desorption process)  



DB Performance Data  

 



BUND 

Outflow 
Inflow 
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 FORENSIC soil samples  
In a 12 year old Detainment Dam 



Optimal Olsen P level 
for pasture growth in Rotorua 

Olsen P concentrations across a historic ponding area 

• Indicates that DB basins are P sinks in the long term 



Waitetī Hauraki Awahou Waitetī Hauraki Awahou

March 21442 16780 7178 4.7 3.1 2.2

May 27484 25833 9201 6.0 3.9 2.8

July #1 39810 31156 13328 8.7 5.7 4.0

July #2 63911 50017 21396 13.9 9.1 6.5

July #3 46302 36236 15501 10.1 6.6 4.7

Sept # 1 14812 11592 4959 3.2 2.1 1.5

Sept #2 11221 47585 3757 2.4 1.6 1.1

67 : 1 101 : 1 157 :1
3298.05469.04589.0

DB Capacity (to 

spillway; m³)

Storm
Storm event volume (m³)

DB Exceedance Factor                                                                                    

Volume of storm event : Capacity of DB 

DB Capacity (m³): Catchment area (ha)

Storm event capability 

• Large volumes of water going through the DB’s.  

• Better ratio DBs hold a better proportion of 
water. 







Integrating DBs into farm systems 
 

 
 

Optimal ponding time is a compromise between: 
 - maximising water treatment with long residency time   
 - maintaining pasture quality 
 The farmers are happy with up to 3 days inundation  

 
 
 

• We are building DBs on some of the best paddocks on the farm 
• Aim to maintain the productive potential of the ponding area 
 



Council / Farmer Engagement 

P-Loss 
Mitigation 

Erosion / 
Sediment 
Capture 

Stormwater 
Management 

Detainment 
Bunds 



Rotorua P-Project Summary 
 

• DBs can be effectively used to reduce P loads to Lake Rotorua 

• Numerous co-benefits  

• 18 DBs Built in Rotorua Lakes catchments so far  

• Whole sub-catchment treatments initiated: 

 - Waimihia sub-catchment - 900ha / 39 proposed DBs  

 - Rerewhakaaitu sub-catchment – 1600 ha GIS scoping completed 

• DB user guidelines handbook drafted  

• DBs are not a silver bullet – just one tool in the mitigation toolbox 

• More quantitative research is needed on DB performance in 
different situations and soil types 



Thanks again to the researchers and particularly the farmers for rising 
to the challenge of integrating DBs into their farming systems 

Funding of the Rotorua P-Project:   
 
• Bay of Plenty Regional Council 
• DairyNZ  
• University of Waikato 
• New Zealand Transport Agency 

 


