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From: Ben Williams [mailto:Ben.Williams@chapmantripp.com]  
Sent: Monday, 9 June 2014 4:30 p.m. 
To: Sarah Drummond 
Cc: 'Susan Goodfellow (sgoodfellow@cpwl.co.nz)' 
Subject: CPW Selwyn Waihora 
 
Sarah, 
 
Please find attached the further submissions on behalf of CPW. 
 
Please acknowledge receipt. 
 
Kind regards, 
Ben 
 

BEN WILLIAMS 
SENIOR ASSOCIATE 

CHAPMAN TRIPP | D: +64 3 353 0343 | M: +64 27 469 7132  
www.chapmantripp.com 

 
 

This email is intended solely for the use of the addressee and may contain information that is confidential or subject to legal professional 
privilege. If you receive this email in error please immediately notify the sender and delete the email.  
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Prov. Original submitter Particular parts Reasons   Support/Oppose 

objectives framework) required. 

11(g) Nga Rūnanga and Te 
Rūnanga O Ngāi Tahu 
52233 

V1pLWRP-418 
(amend table 1(g) to 
increase certain 
minimum flows) 

Implementation is dependent on the development of the Central Plains 
Water Enhancement Scheme - which will take time. 
 
CPW also repeats the material set out in Annexure 1 and its original 
submission (and elsewhere in this further submission).  CPW has 
significant concerns around the appropriateness of the modelling 
undertaken (which underpins the tables) and to address the concerns, 
significant amendments are likely to be required. 

Oppose 

11(g) Horticulture New 
Zealand 
52267 

V1pLWRP-1564 
(reconsideration of Table 
11(g) informed by 
scientific review and the 
proposed national 
objectives framework) 

CPW supports the general concern set out and also repeats the 
material set out in Annexure 1 and its original submission (and 
elsewhere in this further submission).  CPW has significant concerns 
around the appropriateness of the modelling undertaken and to 
address the concerns, significant amendments are likely to be 
required. 

Support 

11(h) Horticulture New 
Zealand 
52267 

V1pLWRP-1565 
(reconsideration of Table 
11(h) informed by 
scientific review and the 
proposed national 
objectives framework) 

CPW supports the general concern set out and also repeats the 
material set out in Annexure 1 and its original submission (and 
elsewhere in this further submission).  CPW has significant concerns 
around the appropriateness of the modelling undertaken and to 
address the concerns, significant amendments are likely to be 
required. 

Support 

11.7.2 Irrigation New 
Zealand Inc  
52278 

V1pLWRP-1095 
(delete Tables 11(i) to 
(m), as the science used 
to derive is not 

CPW repeats the material set out in Annexure 1 and its original 
submission (and elsewhere in this further submission).  CPW has 
significant concerns around the appropriateness of the modelling 
undertaken and to address the concerns, significant amendments are 

Support 
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technically robust) likely to be required. 

11(i) Central Plains Water 
Ltd 
52239 

V1pLWRP-499 
(allocations be corrected 
to remove any errors and 
ensure that they are 
reasonable) 

CPW repeats the material set out in Annexure 1 and its original 
submission (and elsewhere in this further submission).  CPW has 
significant concerns around the appropriateness of the modelling 
undertaken (which underpins the various tables and wider Variation 1) 
and to address the concerns, significant amendments are likely to be 
required to tables. 

Support 

11(i) Fish and Game 
Council North 
Canterbury 
52310 

V1pLWRP-671 
(amend to add 
phosphorus limits) 

CPW opposes reference to phosphorous in Table 11(i).  Such reference 
is unnecessary and inappropriate.  

Oppose 

11(i) Horticulture New 
Zealand 
52267 

V1pLWRP-1566 
(reconsideration of Table 
11(i) informed by 
scientific review and the 
proposed national 
objectives framework) 

CPW supports the general concern set out and also repeats the 
material set out in Annexure 1 and its original submission (and 
elsewhere in this further submission).  CPW has significant concerns 
around the appropriateness of the modelling undertaken and to 
address the concerns, significant amendments are likely to be 
required. 

Support 

11(i) Dairy Holdings Ltd 
53683 

V1pLWRP-1952 
(allocations be corrected 
to remove any errors and 
to ensure that they are 
reasonable) 

CPW repeats the material set out in Annexure 1 and its original 
submission (and elsewhere in this further submission).  CPW has 
significant concerns around the appropriateness of the modelling 
undertaken and to address the concerns, significant amendments are 
likely to be required. 

Support 

11(j) Central Plains Water 
Ltd 

V1pLWRP-498 
V1pLWRP-500 

CPW repeats the material set out in Annexure 1 and its original 
submission (and elsewhere in this further submission).  CPW has 

Support 
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52239 (allocations be corrected 
to remove any errors and 
ensure that they are 
reasonable) 

significant concerns around the appropriateness of the modelling 
undertaken (which underpins the various tables and wider Variation 1) 
and to address the concerns, significant amendments are likely to be 
required to tables. 

These concerns extend to the adequacy of the CPW allocation.  It also 
queries whether the allocation should be split between “existing” and 
“new” to give CPW certainty as the amount available for future 
development. 

11(j) Director General of 
Conservation 
52225 

V1pLWRP-249 
(clarity in the heading 
that the limits in the 
table are nitrogen losses 
from farming activities 
supplied by the irrigation 
scheme - as no 
phosphorus limits are 
provided) 

CPW acknowledges the concern raised by the submitter and considers 
that the word “Phosphorous” should be deleted. 

In the alternative, CPW opposes reference to phosphorous in Table 
11(j).  Such reference is unnecessary and inappropriate. 

Part support/part 
oppose 

11(j) Ravensdown Fertiliser 
Co-operative Limited 
52249 

V1pLWRP-842 
(clarity regarding Matrix 
of Good Management 
numbers not being 
available yet) 

CPW supports the concern set out.  Consistent with its earlier 
submission on V1pLWRP-803, Variation 1 should expressly outline 
the role of the Matrix of Good Management Project in informing a 
future plan change. 

Support 

11(j) Fish and Game 
Council North 
Canterbury 

V1pLWRP-672 
(amend to add 

CPW opposes reference to phosphorous in Table 11(j).  Such reference 
is unnecessary and inappropriate.  

Oppose 
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52310 phosphorus limit) 

11(j) Dairy NZ 
52271  
 
Fonterra Co-operative 
Group Limited 
52333 

V1pLWRP-1378  
V1pLWRP-1390 
(amend the Table 
heading to read: “Table 
11(j): Irrigation Nitrogen 
Limits”) 

CPW acknowledges the concern raised by the submitter and agrees 
that no reference should be made to “Phosphorous”. 

 

Support 

11(j) McKavanagh Holdings 
Ltd 
52276  
 
Mr Rodney Booth 
52335  
 
Mr and Mrs Tim and 
Lucy Cookson 
52399 

V1pLWRP-1125 
V1pLWRP-1162 
V1pLWRP-1167 
(delete Table 11(j) and 
replace with a method 
requiring the Council to 
commit to the 
development of Good 
Practice Nitrogen and 
Phosphorus Loss Rates 
for inclusion in a 
subsequent notified plan 
variation) 

CPW supports the general concerns set out.  Consistent with its earlier 
submission on V1pLWRP-803, Variation 1 should expressly outline 
the role of the Matrix of Good Management Project in informing a 
future plan change. 

Support in part 

11(j) Horticulture New 
Zealand 
52267 

V1pLWRP-1567 
(reconsideration of Table 
11(j) informed by 
scientific review and the 
proposed national 

CPW supports the general concern set out and also repeats the 
material set out in Annexure 1 and its original submission (and 
elsewhere in this further submission).  CPW has significant concerns 
around the appropriateness of the modelling undertaken and to 
address the concerns, significant amendments are likely to be 

Support 
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objectives framework) required. 

These concerns extend to the adequacy of the CPW allocation.  It also 
queries whether the allocation should be split between “existing” and 
“new” to give CPW certainty as the amount available for future 
development. 

11(j) The Crossing Ltd 
52398 

V1pLWRP-1494 
(recognition of other 
irrigation schemes and 
same flexible 
management framework 
as Central Plains Water) 

The submitter refers to the Glenroy scheme in its submission.  This 
was addressed in CPW’s original submission and CPW simply repeats 
the matters set out there.  Any recognition of the Glenroy Scheme 
should not reduce the nutrient allocation to CPW.   

Part support/part 
oppose 

11(j) Dairy Holdings Ltd 
53683 

V1pLWRP-1953 
(allocations be corrected 
to remove any errors and 
to ensure that they are 
reasonable) 

CPW repeats the material set out in Annexure 1 and its original 
submission (and elsewhere in this further submission).  CPW has 
significant concerns around the appropriateness of the modelling 
undertaken and to address the concerns, significant amendments are 
likely to be required. 

These concerns extend to the adequacy of the allocation.  It also 
queries whether the allocation should be split between “existing” and 
“new” to give CPW certainty as the amount available for future 
development. 

Support 

11(k) Fish and Game 
Council North 
Canterbury 

V1pLWRP-712 
(no specific decision 
requested. Fish and 
Game notes further 

Submission does not appear to disclose actual concern (or matter 
ordinarily capable of being a submission).  CPW opposes any changes 
that might be detrimental to the development of the Central Plains 

Oppose 
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52310 assessment required). Water Enhancement Scheme. 

CPW otherwise repeats the material set out in Annexure 1 and its 
original submission (and elsewhere in this further submission).  CPW 
has significant concerns around the appropriateness of the modelling 
undertaken and to address the concerns, significant amendments are 
likely to be required. 

11(k) Fish and Game 
Council North 
Canterbury 
52310 

V1pLWRP-673 
(amend to add 
phosphorus limit) 

CPW opposes reference to phosphorous in Table 11(j).  Such reference 
is unnecessary and inappropriate.  

Oppose 

11(k) Dairy NZ 
52271  
 
Fonterra Co-operative 
Group Limited 
52333 

V1pLWRP-1379  
V1pLWRP-1394 
(amends to Table 11(k) a 
new method in Variation 
1 committing the Council 
to monitor and review 
the effectiveness of the 
limits of Table 11(k)) 

CPW acknowledges the concern raised by the submitter and supports 
amendments and the need for monitoring and review. 

 

Support 

11(k) Horticulture New 
Zealand 
52267 

V1pLWRP-1568 
(reconsideration of Table 
11(k) informed by 
scientific review and the 
proposed national 
objectives framework) 

CPW supports the general concern set out and also repeats the 
material set out in Annexure 1 and its original submission (and 
elsewhere in this further submission).  CPW has significant concerns 
around the appropriateness of the modelling undertaken and to 
address the concerns, significant amendments are likely to be 
required. 

Support 
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11(l) Dairy NZ 
52271  
 
Fonterra Co-operative 
Group Limited 
52333 

V1pLWRP-1395  
V1pLWRP-1526 
(monitor and review the 
effectiveness of the limits 
of Table 11(l)) 

CPW acknowledges the concern raised by the submitter and supports 
the need for monitoring and review. 

 

Support 

11(l) Horticulture New 
Zealand 
52267 

V1pLWRP-1569 
(reconsideration of Table 
11(l) informed by 
scientific review and the 
proposed national 
objectives framework) 

CPW supports the general concern set out and also repeats the 
material set out in Annexure 1 and its original submission (and 
elsewhere in this further submission).  CPW has significant concerns 
around the appropriateness of the modelling undertaken and to 
address the concerns, significant amendments are likely to be 
required. 

Support 

11(m) Dairy NZ 
52271  
 
Fonterra Co-operative 
Group Limited 
52333 

V1pLWRP-1381 
V1pLWRP-1397 
(monitor and review the 
effectiveness of the limits 
of Table 11(m)) 

CPW acknowledges the concern raised by the submitter and supports 
the need for monitoring and review. 

 

Support 

11(m) Horticulture New 
Zealand 
52267 

V1pLWRP-1570 
(reconsideration of Table 
11(m) informed by 
scientific review and the 
proposed national 
objectives framework) 

CPW supports the general concern set out and also repeats the 
material set out in Annexure 1 and its original submission (and 
elsewhere in this further submission).  CPW has significant concerns 
around the appropriateness of the modelling undertaken and to 
address the concerns, significant amendments are likely to be 
required. 

Support 
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Schedules 

11.11 Nga Rūnanga and Te 
Rūnanga O Ngāi Tahu 
52233 

V1pLWRP-420 
V1pLWRP-461 
(add new 
Schedule within the 
pLWRP within the pLWRP 
which sets out the 
information needed to be 
kept which would 
enable OVERSEER®)  

Although CPW acknowledges the concern raised by the submitter, it 
queries whether this is better dealt with by relying on the OVERSEER 
best practice input standards which might change over time (making 
them unsuitable for inclusion in a plan). 

Part support/part 
oppose 

11.11 Nga Rūnanga and Te 
Rūnanga O Ngāi Tahu 
52233 

V1pLWRP-462  
(amend Schedule 7 Part 
B of LWRP by including 
various matters or insert 
a new Schedule within 
Selwyn-Te Waihora 
Section which 
incorporates all matters 
within the existing 
Schedule 7 and certain 
further matters) 

Although CPW acknowledges the concern raised by the submitter, it 
does not consider the further amendments necessary or appropriate at 
this time for reasons stated elsewhere in this further submission (and 
in its original submission). 

Oppose 

Sch 7 Mr Joel Townshend 
52175 

 

V1pLWRP-107   
(increase from 15kg) 

CPW opposes any change to the nitrogen baseline to the extent it 
might result in a reduction of N allocation to the Central Plains Water 
Enhancement Scheme.   This includes ensuring that the CPW nutrient 
load is based on the likely average discharge in the catchment (and 
not the ‘balance’ of peak nutrient loads over the last period of X 

Oppose in part 
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years). 

Sch 7 Horticulture New 
Zealand 
52267 

V1pLWRP-1419 
(delete Schedule 7 bullet 
point 2 ‘Achieve the Good 
Management Practice 
Nitrogen and Phosphorus 
Loss Rates from 2017', 
and delete Schedule 7 
bullet point 3: Further 
reduce nitrogen loss 
rates form 2022 where a 
property's nitrogen loss 
calculation is greater 
than 15 kg of nitrogen 
per hectare per annum) 

CPW supports the general concerns set out.  Consistent with its earlier 
submission on V1pLWRP-803, Variation 1 should expressly outline 
the role of the Matrix of Good Management Project in informing a 
future plan change. 

Support 

Sch 10 Dunsandel 
Groundwater Users 
Group 
52221  
 
Ellesmere Irrigation 
Society Inc 
52210 

Erralyn Farm Ltd & 
Krysette Ltd 

V1pLWRP-343 
V1pLWRP-923 
V1pLWRP-1443 
(delete changes to 
Schedule 10)  

 

 

CPW supports flexibility in terms of the method used to assess annual 
volume(s). 

Support 
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52263  

Sch 10 Horticulture New 
Zealand 
52267 

V1pLWRP-1420 
(amend Schedule 10 to 
better reflect farming 
operations)  

 

 

CPW supports flexibility in terms of the method used to assess annual 
volume(s). 

Support 

Sch 10 Horticulture New 
Zealand 
52267 

V1pLWRP-1431 
(delete changes to 
schedule 10 or replace 
"eight and a half years" 
with nine years)  

 

 

CPW supports flexibility in terms of the method used to assess annual 
volume(s). 

Support 

Sch 24 Nga Rūnanga and Te 
Rūnanga O Ngāi Tahu 
52233 

V1pLWRP-460 
Amend Schedule 24 
[Farm Practices] to 
include further provisions 
regarding nutrient 
management and 
intensive winter grazing. 

CPW considers the amendments are not appropriate at this time.  
Consistent with its earlier submission on V1pLWRP-803, Variation 1 
should expressly outline the role of the Matrix of Good Management 
Project in informing a future plan change. 

Oppose 
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Sch 24 Fonterra Co-operative 
Group Limited 
52333  
 
Dairy NZ 
52271 

V1pLWRP-1234  
V1pLWRP-1518 
(a new method or 
advisory note to the 
effect that Schedule 24 
will not apply once the 
Good Management 
Practice Nitrogen and 
Phosphorus Loss 
Rates are introduced to 
the plan).    

CPW supports the general concerns set out.  Consistent with its earlier 
submission on V1pLWRP-803, Variation 1 should expressly outline 
the role of the Matrix of Good Management Project in informing a 
future plan change. 

Support 

Maps 

Various Ellesmere Irrigation 
Society Inc 
52210 

V1pLWRP-926 
(clarify relationship 
between maps) 

CPW supports the submitters concern and seeks clarification as to the 
relationship between maps in Variation 1 and pLWRP. 

Support 
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1. Introduction 

An international peer review was requested by Central Plains Water (CPW) following an announcement by 

Environment Canterbury (ECan) in late February 2014 that due to a calculation error the proposed nitrogen 

allocation for CPW had been reduced by almost 50%.  ECan and CPWL (in collaboration with the primary sector 

partners DairyNZ and Horticulture New Zealand) have agreed to work collaboratively leading into the planning 

hearing for Variation 1 to the proposed Land and Water Regional Plan (pLWRP).  As a result of this agreement, 

ECan confirmed they would provide any information and data to CPWL for the purposes of the peer review. 

The peer review was undertaken to understand the assumptions and outcomes of the hydrologic and water 

quality modelling and analysis approaches employed by ECan to establish water quantity and quality limits and 

allocation rules as proposed by the Variation 1 to pLWRP. Where limitations or enhancements to the approach 

were found by the review panel an alternative modelling approach was proposed to address these limitations 

and/or knowledge gaps.  Primary Sector Partners including DairyNZ and Horticulture New Zealand are 

collaborating with CPW in support of this process. 

The review panel participants are listed in Table 1. The Documents available for review on the modelling and 

analysis completed to date on the ECan Variation 1 to the pLWRP is extensive. A targeted review of reports 

detailing the key modelling approaches was conducted by the review panel and is listed in Section 1.1. Figure 1 

highlights those reports reviewed by the panel in the context of the supporting technical reports prepared for the 

Variation 1 

 

Table 1. Review panel participants and associated topics reviewed 

Reviewer Topic Organisation 

Dr Ian McIndoe, Groundwater 

Scientist 

Groundwater Quantity Aqualinc 

Dr Brian Barnett, Principle 

Groundwater Modeller 

Groundwater Quantity Jacobs 

Dr Richard Cresswell, Senior 

Hydrogeologist 

Groundwater Quality Jacobs 

Jon Williamson, NZ Irrigation 

Development Manager 

Groundwater recharge & Irrigation Demand 

Estimates  

Jacobs 

Dr Phillip Jordan, Principal 

Hydrologist 

Surface Water Quantity and Quality Jacobs 

Michelle Sands, Senior 
Environmental Scientist 

Water quality and nutrient limit setting Jacobs 

Dr Lydia Cetin, Hydrologist Te Waihora water quality modelling Jacobs 

 

 



Appendix 1: Review of surface and groundwater quantity and 

quality modelling for Environment Canterbury Plan Change 

Variation 1 

 

 

Draft  4 

 

Figure 1: Overview report and supporting technical report schematic for Selwyn Waihora Water quantity and quality limit 

setting. Orange circles indicate the international peer reviewed reports to date and the orange boxes indicate additional 
reports undergone international peer review 
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1.1 List of papers reviewed  

1) Aqualinc (2007) Canterbury Groundwater Model 2 by Aqualinc Research Limited Report No. 07079/1 

September 2007 

2) Clark, D. (2011a) The surface water resource of the Lake Ellesmere/Te Waihora catchment. Environment 

Canterbury technical Report R11/26 76p. 

3) Clark, D. (2011b) Rationalisation of minimum flow sites in the Lake Ellesmere/ Te Waihora catchment. 

4) Clark, D.A., 2014. Technical report to support water quality and water quantity limit setting process in 

Selwyn Waihora catchment. Predicting consequences of future scenarios: Surface water quantity 

5) Environment Canterbury Internal Memorandum dated 1 June 2011, 11p. 

6) Di & Cameron, (2004) Integrated modelling of Land Use Impacts on Groundwater Quality on a Regional 

Scale (Land_use_impacts_on_groundwater_quality.pdf) 

7) Environment Canterbury 2014 Proposed Variation 1 to the Proposed Canterbury Land and Water Regional 

Plan Section 32 Evaluation Report 

8) Environment Canterbury, 2012. The preferred approach for managing the cumulative effects of land use on 

water quality in the Canterbury Region: a working paper. ECan report R12/23 

9) Hanson, C., 2014. Technical report to support water quality and water quantity limit setting process in 

Selwyn Waihora catchment. Predicting consequences of future scenarios. Groundwater quality, 

Environment Canterbury 

10) Hickey, C., Martin, M., 2009. A review of nitrate toxicity to freshwater aquatic species. Prepared for 

Environment Canterbury. R09/57. 

11) Hickey, C. (2013). Updating nitrate toxicity effects on freshwater aquatic species. NIWA Client Report No: 

HAM2013-009. Prepared for Ministry of Building, Innovation and Employment. 

12) Kelly, D., 2014. Technical report to support water quality and water quantity limit setting process in Selwyn 

Waihora catchment. Predicting consequences of future scenarios: Surface water quality Environment 

Canterbury.  

13) Lilburne, L., Webb, T., Ford, R., Bidwell, V., 2013. Estimating nitrate-nitrogen leaching rates under rural 

land uses in Canterbury (updated). R10/127, Environment Canterbury.  

14) Norton, N., Horrell, G., Allan, M., Hamilton, D., Sutherland, D., Meredith, A., 2014. Technical report to 

support water quality and water quantity limit setting process in Selwyn Waihora catchment. Predicting 

consequences of future scenarios: Te Waihora/Lake Ellesmere  

15) Robson M (2014) Technical report to support water quality and quantity limit setting in Selwyn Waihora 

catchment Predicting consequences of future scenarios: Overview Report.  

16) Scott, D. and Weir, J., 2014. Technical report to support water quality and water quantity limit setting 

process in Selwyn Waihora catchment. Predicting consequences of future scenarios. Groundwater 

quantity. SWZC, S.W.Z.C., 2012. Selwyn 

17) No authors stated - in preparation (2014), Development of a groundwater quality model for Selwyn-

Waihora land-use scenario modelling. 
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2. Overview of key issues and proposed alternative modelling 
approach identified in ECan model review 

The intent of any modelling is to approximate a natural system and represent through relationships of the 

observed and predicted data outcomes and results for supporting decision making on natural systems where an 

uncertain result needs to be tested.  The degree of certainty in a model can be evaluated by calibration to 

observed data and the use of strong empirical relationships.  The degree of simplification and errors in base 

assumptions can materially affect the confidence in the results from any model.  The review undertaken points 

to some significant risks to the policy framework sought in Variation 1. The paragraphs below summarise these 

risks. 

The ECan modelling takes a simplified approach to water drainage, where a ‘single bucket’ daily soil-water 

balance model generates the amount of water used for irrigation and water draining through the soil profile into 

groundwater for dryland and irrigated land. 

This approach has significant sources of potential error including matters relating to: soil depth, plant available 

water depth, fixed crop/crop factors, climate stations, accounting for coastal high water tables, and irrigation 

issues such as irrigation type, efficiency adjustment application (flow rate or annual allocation) limits (except for 

ZC scenario). 

Unrealistic modelling has the potential to grossly overestimate irrigation demand and drainage to groundwater.  

There are issues related to the conceptual understanding of groundwater and how nitrogen moves from the land 

usage in the catchment into streams and the lake. The approach in Variation 1 says that the groundwater 

aquifers are unconfined, but then states that all N stays in shallow groundwater while deep groundwater is 

sourced from major rivers. 

This ‘separation’ means that there is no allowance for broad-scale dilution or nitrogen attenuation effects.  Also, 

a significant portion of the upper plains area does not have shallow groundwater, so nitrogen leaching would be 

into deep groundwater. FEMWATER’s water balance shows a large component of outflow to the lake and 

directly to the ocean. This means that a significant proportion of the N load is not passing through the lake. 

The model adopted to assess nitrogen concentrations in groundwater uses the probability of exceeding of 

Ministry of Health Drinking Water Guidelines (Maximum Allowable Value, MAV) at bores within each zone and 

then compares this to the mean annual nitrate load in the zone. There are some real conceptual problems with 

this which mean the basis for these predictions is seriously flawed. 

There is also inconsistency between the attenuation factors used to convert groundwater nitrogen 

concentrations to stream flow concentrations and the basic hydrological assumptions. The fact that an 

additional factor had to be introduced (to account for surface water supplied irrigation) means that there may be 

something conceptually wrong with the approach. 

It is clear that the surface water catchment behaviour has been represented simplistically within the current 

ECan modelling framework and has a number of limitations. The focus of the water quantity modelling has been 

on the lower Canterbury Plains catchment area that is groundwater dominant and directly influences inflows and 

nutrient loads to the Lake. The overall modelling approach assumes that contributions from overland flow and 

direct surface runoff are minimal. This is neither substantiated, nor explained and seems unlikely to be the case. 

The generalised relationships of surface (or quick) flows as inputs to the groundwater model provide less 

flexibility in accounting for changes occurring in the upper Selwyn and hill country, particularly for representation 

of the surface water transfers from the Rakaia and Waimakariri Rivers to the Central Plains Water scheme and 

corresponding land use changes directly related to increased water allocation in the command area. Such water 

usage would most likely modify the surface water flow component in terms of both flow and water quality.  





Appendix 1: Review of surface and groundwater quantity and 

quality modelling for Environment Canterbury Plan Change 

Variation 1 

 

 

Draft  8 

3. Proposed alternative approach to resolve issues with current 
modelling approach 

An international review of the current modelling framework proposes a methodology that provides a 

comprehensive modelling framework that accounts for surface water quantity and quality attributes of the whole 

Selwyn Waihora catchment including the hills country, CPWL command area and the lower Canterbury Plains 

(including the Little Rakaia and Kaituna catchments) to the banks of the Te Waihora. 

Daily rainfall-runoff modelling calibrated to spatially distributed historical climate will data improve the 

representation of the variability in nutrient generation (or leaching) from different farming enterprises and non-

agricultural land uses within different parts of the catchment.  

Nutrient transport and attenuation within reaches can be directly related to observed in-stream nutrient 

concentrations. Where the ECan modelling presented a number of different models to simulate these 

processes, our proposed approach integrates these components into a single model to represent spatial surface 

water hydrology and water quality and derive inputs for the more detailed groundwater modelling. The single 

model framework proposed is eWater’s Source modelling platform (‘Source’). 

To complete the framework, the surface water model of the Selwyn Waihora catchment will be coupled to the 

existing groundwater model developed by Aqualinc to enable surface water-groundwater interactions to be 

represented and while retaining the detailed modelling completed to date of the groundwater system. A 

customised framework will be built that links, at each time step, the baseflow from Source as recharge inputs to 

the groundwater model and discharges groundwater back into the Source model at points in the stream network 

that drain to Te Waihora or discharge directly to the ocean. 

This methodology, illustrated in Figure 2, includes the following processes: 

 Catchment rainfall-runoff generation using Soil Moisture Water Balance Model (SMWBM) calibrated to 

spatially distributed, historical climate conditions for different landuses and soil types;  

 Irrigation demand represented within SMWBM and related to abstraction types (ie, Surface water direct 

takes, stream depletors, potable) where allocation and minimum flow limits can be defined within a water 

user node model; 

 Nutrients represented in the Source model will include Total Nitrogen (TN), Nitrate (NO3), Nitrite (NO2) and 

Nitrate and Nitrite Nitrogen (NNN). Nutrient generation from land will be based on  leaching rates from 

Lilburne et al, (2013), and potentially other data sources if they are available, and derived for baseflow 

conditions and event (quick) flow conditions; 

 Attenuation of nutrients through waterways using in-stream decay models ; 

 A groundwater flow pathways (GFP) network in Source that connects to the stream network based on 

spatial locations of upwelling locations (ie, spring fed streams) as configured in the FEMWATER model 

with groundwater quantity driving the transport and dilution of nutrients within the GFP network. Solute 

routing can then be implemented within these pathways calibrated to groundwater travel times. 

Groundwater nutrient concentrations derived based on measured concentrations from bore data and 

concentration in baseflow; and 

 Linking of Source with FEMWATER as the adopted groundwater model. 

A uniform daily time step model is proposed to capture changes in the flow regime and short term nutrient 

fluctuations as a result of seasonal variation (including storm events), the operation of the CPWL and Variation 

1 change to the Land and Water Regional Plan.  
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