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1. INTRODUCTION 

My qualifications/experience 

 

1. My name is Andrew Keith Manderson.  I hold a Doctorate in Philosophy (Soil Science) 

from Massey University (Palmerston North, New Zealand), and a Bachelor of Applied 

Science Honours degree (Soil Science) also from Massey University. Both qualifications 

were achieved after returning from the workforce, where I spent six years on dairy, deer 

and sheep/beef farms.   

 

2. For the past five years I have been employed as a Land and Environment Scientist by 

AgResearch, Palmerston North.  Specialist areas of relevance include: 

·  Soil and land survey expertise, including several farm surveys for farm planning 

purposes such as SLUI Whole Farm Plans (Mackay & Manderson 2007), a review 

of land and soil resource information for the Horizons Region (Hewitt et al. 2008), 

a journal review of soil information for New Zealand agriculture (Manderson & 

Palmer 2006), and the publication of survey manuals including the revised Land 

Use Capability Handbook (Lynn et al. 2009) and Introductory Guide to Farm Soil 

Mapping (Manderson et al. 2007). 

·  Nutrient management and modelling. I hold Advanced Sustainable Nutrient 

Management certification from Massey University.  Accreditation requires an 

advanced knowledge of nutrient cycling in New Zealand farming systems, with a 

particular emphasis on the advanced and correct use of OVERSEER® nutrient 

budgets software (hereafter called OVERSEER).   

·  Farm systems planning with an emphasis on environmental integration.  This 

includes papers for international conferences and journals (eg. Manderson et al. 

2004, Manderson et al. 2007) and a variety of environmental farm plan projects 

including AgResearch’s recent dairy conversion of Tokanui farm in the Waikato 

(Manderson 2009a). 

 

3. I have read the Environment Court’s practice note ‘Expert Witnesses – Code of 

Conduct’ and agree to comply with it. 

 

My role in Proposed One Plan 

 

4. My role in the Proposed One Plan involved the initial testing of the Farmer Applied 

Resource Management Strategy (FARMS) (Manderson & Mackay 2008), and 

subsequent revision of the FARMS Workbook (Manderson 2009b).   
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Scope of evidence 

 

5. I have been asked to provide evidence on the following:  

i. Background and objectives of the first FARMS test farms project.  

ii. Overview of the FARMS test farms project case studies. 

iii. Results and key findings from the FARMS test farms project. 

iv. Recommendations for the refinement of the FARMS framework. 

v. Recommended protocols for nutrient budgeting within the FARMS framework. 

vi. The revised FARMS Workbook and combined resource consent application form. 

 

2. EXECUTIVE SUMMARY OF EVIDENCE 

Background and objectives of the first test FARMS p roject  

 

6. AgResearch was contracted by Horizons Regional Council to undertake the first testing 

of FARMS (Farmer Applied Resource Management Strategies) according to the 

following objectives: 

i. Prepare six case study FARM Strategies using the FARM Strategy Workbook and 

a design template similar to SLUI Whole Farm Plans. 

ii. Identify and discuss any difficulties or inconsistencies encountered. 

iii. Clarify the steps taken to prepare a FARM Strategy. 

iv. Evaluate the economics of preparing and implementing FARM Strategies. 

v. Compare N-leaching loss limits calculated using two scales of LUC classification. 

vi. Provide recommendations for FARM Strategy development and improvement. 

 

7. Six case studies using farms nominated by Horizons Regional Council were prepared.  

Cases represented a diversity of landscapes, regional climates and farming types (dairy, 

mixed farming, sheep and beef, and a dairy conversion) (see paragraph 15).   

 

Results and key findings from the FARMS test farms project 

 

8. Farming within nitrogen (N) loss limits would be achievable for all the case studies.  

Three cases had N-balances in credit (+1 to +9 kg N/ha/yr) and will require no further 

action to achieve Year 1 N-cap targets.  The remainder had small deficits (-1 to -6 kg 

N/ha/yr) that can readily be balanced firstly by fulfilling other obligations (existing 

consent conditions, Clean Streams Accord obligations, ‘other’ FARMS Workbook 

requirements), and secondly by adopting a selection of best practice N-mitigations. 
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9. Twenty year N-loss limits were similarly achievable, albeit slightly more challenging 

because the ‘sinking lid’ nature of FARMS N-loss limits.  Achievability is based on 

maintaining N-leaching at current levels.  N-leaching changes over 20 years cannot be 

reliably predicted (losses may increase or decrease over time). 

 

10. No major farming changes, such as reduced stocking rates, would be required to 

achieve case study N-cap targets. 

 

11. All case studies had a variety of additional N-mitigation options available should they be 

required for future consideration.  This suggests room for future growth.  However, fewer 

options are available for lower intensity land uses such as sheep and beef. 

 

12. Most case studies would achieve their N-cap targets by fulfilling other obligations.  

Excluding the conversion, all dairy case studies were non-compliant with existing 

effluent discharge consents and the Clean Streams Accord (effluent discharges, stock 

exclusion from waterways or stock crossings).  Further, all cases except the dairy 

conversion would need further work to achieve full compliance with other FARMS 

Workbook requirements (ie. requirements other than those directly related to N-loss 

limits). 

 

13. FARM Strategy preparation costs are estimated to range from $1,500 (minimum level), 

$2,300 to $5,000 (medium level) through to +$10,000 for comprehensive strategies.  

Minimum level strategies are likely to suffice in most cases. 

 

14. Costs associated with achieving Clean Streams Accord compliance were significant for 

existing dairy cases ($3,875 to $61,610).  These costs are excluded from the calculation 

of FARMS implementation costs. 

 

15. Total cost of FARMS compliance could be minor or major depending on contestable big 

ticket items (Table below).  Best case costs for case 6 are elevated by inclusion of a 

support block, while those for case 4 represent an extreme example due to farm size, 

farming intensity, and relative degree of existing farm development.   
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16. The default cost of farming within N-loss limits alone is minor (ie. in isolation from all 

other compliance costs).  In all but one case the default cost is nil.  Case 5 was the 

exception, with costs dependent on N-inhibitor response rates ($27,700 assuming a 

conservative response). 

 

17. The scale of Land Use Capability mapping influences the calculation of farm N-loss 

limits. 

 

Recommendations for the refinement of the FARMS fra mework 

 

18. A key recommendation from Manderson and Mackay (2008) was that the FARMS 

Workbook be redesigned to improve useability and applicability to the resource consent 

process (see Manderson 2009b for the revised FARMS Workbook 3). 

 

19. Similarly, Workbook definitions, specifications and the wording of requirements were 

recommended for improvement.  Several inconsistencies, errors and potential loopholes 

were identified, and have since been corrected in the revised Workbook (Manderson 

2009b). 

 

20. I also recommend that LUC surveyors be allowed to assign higher capability 

classifications for irrigated land, when the irrigation system is deemed permanent over 
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the duration of the consent (see Manderson & Mackay 2008 page 44), and according to 

updated LUC classification standards (see Lynn et al. 2009 page 86). 

 

21. I recommend that policy or contingency be developed for properties that straddle priority 

water management zone boundaries.  Currently it is not clear if such farms qualify under 

rule 13-1.  Options are discussed in Manderson & Mackay (2008) on page 48. 

 

22. Similarly, I recommend that clear policy is developed regarding the types of support 

block that can be included with a FARM Strategy.  Applicants should retain discretion 

over the inclusion of support blocks.  Options are discussed in Manderson & Mackay 

(2008) on page 50. 

 

23. I recommend that applicants retain discretion over the scale of LUC mapping used to 

calculate N-loss limits.  N-loss limits should initially be calculated using regional scale 

LUC (which is available for all farms in the Region), but with the option for farmers to 

have property-scale LUC prepared if they wish to do so.  The implications of scale on 

the calculation of N-loss limits are discussed on pages 39-46 in Manderson & Mackay 

(2008). 

 

Recommended protocols for nutrient budgeting within  FARMS 

 

24. Recommendations for the use of OVERSEER are more fully discussed on page 52 of 

Manderson & Mackay (2009). 

 

25. I recommend that OVERSEER inputs be standardised by using consistent information 

where possible.  For example, Horizons could supply rainfall information from a single 

consistent database, rather than having farmers and consultants use their own various 

and possibly non-validated sources of rainfall information. 

 

26. I recommend that nutrient budgeting for FARMS only be carried out by accredited 

OVERSEER operators who have been trained in the correct use of the OVERSEER 

model and the development of N-mitigation strategies. 

 

27. I recommend that accurate measures of total farmed area and effective area be used for 

OVERSEER modelling.  This can be calculated off appropriate orthophotography or 

through appropriate GPS survey.  The implications of using imprecise farm area 

information are discussed in Appendix 7.7 (page 78) of Manderson & Mackay (2008). 
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28. I recommend that an Information Check to be appended to each FARM Strategy, which 

lists all OVERSEER inputs, assumptions and justification for any change to default 

settings.  Both the farmer and the OVERSEER operator are expected to sign the 

Information Check as being true and correct.  An example is available on page 91 of 

Manderson & Mackay (2008). 

 

29. I recommend that OVERSEER output tables be appended to a FARM Strategy.  Output 

tables can be used to quickly identify inconsistencies in modelling or information 

provision. 

 

30. I recommend regular monitoring and recording of fertiliser application, effluent 

application and irrigation as a condition of a FARM consent.  These three variables can 

have a large effect on OVERSEER modelling, but reliable application information (rates, 

dates and amounts) can be difficult to source from farmers. 

 

The revised FARMS Workbook and combined resource co nsent application form 

 

31. AgResearch was contracted in March 2009 to refine the FARMS Workbook by 

integrating test farms recommendations, improving ease of use, and improving suitability 

for the resource consent application process. 

 

32. FARMS Workbook 3 has been developed as a dual purpose resource, firstly as a tool 

for planning (ie. to help farmers plan and work towards compliance during the period 

before priority water management zone initiation dates) and secondly as a resource 

consent application form. 

 

33. The revised FARMS Workbook (Manderson 2009b) has two components – a consent 

application form that requests information, and a detailed reference guide that provides 

instruction and explanation for each question or information request. 

 

34. I believe the revised FARMS Workbook achieves a level of useability that does not 

require a default reliance on outside help for the preparation of a resource consent 

application, and a level of information rigour that is sufficient for the resource consent 

process.   
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3. EVIDENCE 

Background and objectives of the first test FARMS p roject 

 

35. Horizons notified the One Plan on May 31, 2007.  Rule 13-1 proposes that all existing 

intensive land uses located within priority water management zones, AND all new 

conversions to intensive land uses anywhere within the Region, will be regulated as 

controlled activities that require resource consent.   

 

36. Each farm that qualifies is required to submit a Farmer Applied Resource Management 

Strategy (FARMS) as part of the consent application process.  This is to be prepared 

according to the requirements set out in The FARM Strategy Workbook (HRC 2007), 

which includes the calculation of farm nitrogen (N) loss limits according to Land Use 

Capability (LUC), the calculation of farm N-leaching losses using OVERSEER nutrient 

budgets, and a compliance assessment of farm activities relating to the quantity and 

quality of water. 

 

37. Full Workbook compliance is required before a consent may be granted, and before 

predetermined dates assigned to each priority water management zone.  Most qualifying 

farms will have one to five years to prepare and submit a FARM Strategy, except for 

Mangapapa and Mowhanau management zones which have a 1st April 2009 starting 

date. 

 

38. AgResearch was contracted by Horizons Regional Council (HRC) in June 2007 to 

undertake the first testing of FARMS (referred to as the FARMS test farms project) 

according to the following objectives: 

i. Prepare six case study FARM Strategies using the FARM Strategy Workbook and 

a design template similar to SLUI Whole Farm Plans (ie. Mackay & Manderson 

2007, Mackay 2007). 

ii. Identify and discuss any difficulties or inconsistencies encountered. 

iii. Clarify the steps taken to prepare a FARM Strategy. 

iv. Evaluate the economics of preparing and implementing FARM Strategies for each 

case study. 

v. Compare N-leaching loss limits calculated using two scales of LUC classification. 

vi. Provide recommendations for FARM Strategy development and improvement. 

 

39. Full results of the FARMS test farms project are documented in the report Manderson & 

Mackay (2008). 
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Overview of the FARMS test farms project case studi es 

 

40. Seven properties were originally nominated by HRC to be the first FARMS test farms.  

Two later withdrew, one was added, and another was examined twice to investigate a 

dairy conversion.  The largest (+2,560 ha) and most complex of the original seven was 

deferred because of disproportionate demands on the project budget and perceived 

limitations of the available OVERSEER release (which have since been resolved).  The 

final six case studies cover a diversity of landscapes and farming types (Map 1).  All 

were considered as higher performance operations within their respective districts: 

 

Case study 1: Irrigated owner/operator 112 ha dairy farm running 2.7 cows/ha on 
stony terrace soils near Dannevirke. 
 

Case study 2: High rainfall (1,865 mm) 188 ha dairy farm near Hukanui running 2.2 - 
2.9 cows/ha under a 50:50 sharemilker agreement. 
 

Case study 3: Rain-fed 611 ha corporate research farm in the sand country near 
Parewanui, running dairy at 3.2 cows/ha and drystock at 14.7 su/ha. 
 

Case study 4: Hill country sheep and beef farm near Pahiatua running 9.5 su/ha. 
 

Case study 5: Proposed 264 ha easy hill dairy conversion looking to run 2.7 
cows/ha, located near Pahiatua. 
 

Case study 6: Irrigated 778 ha mixed enterprise agribusiness running dairy (2.6 
cows/ha), cropping (17 tn/ha maize grain/yr), and sheep/beef (8.1 
su/ha), located near Marton. 
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Map 1. Location of case study farms and priority water management zones 
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41. Case study 4 is not located within a priority water management zone, nor does it qualify 

as ‘intensive’ under rule 13-1 (ie. not irrigated).  It was included to test the implications of 

N-loss limits for an intensively operated sheep and beef hill-country farm.     

 

42. Land Use Capability (LUC) was mapped for each property at detailed scales (1:3,000 to 

1:10,000) according to national and regional standards (Fletcher 1987, MoW, 1969, 

Noble 1985, Page 1995).  Regional 1:50,000 scale LUC was extracted from the New 

Zealand Land Resource Inventory (NZLRI) database (NWASCO 1975-79).  Both were 

used to calculate farm N-leaching loss limits according to four five-year implementation 

periods as specified in the FARMS Workbook (HRC 2007), and results were compared 

to assess the effect of scale.  Full method and results are reported on pages 39 to 46 of 

Manderson & Mackay (2008). 

 

43. Farm N-leaching losses were estimated using OVERSEER (release 5.2.6.0) with 

production inputs obtained by farmer interview, and where possible from farm accounts 

and fertiliser receipts (provided by consultants).  Environmental variables were extracted 

from consistent sources (eg. rainfall from HRC databases), assessed or verified through 

farm survey (eg. soil parameters), or objectively determined using Geographic 

Information Systems (GIS) (eg. effective grazed area).  Nutrient models were 

constructed for the following year, based on inputs and performance from the previous 

year in most cases.  Nutrient budget parameters, assumptions and outputs are detailed 

by case study (see Appendices 7.15 to 7.20, pages 102 to 112 in Manderson & Mackay 

2008). 

 

44. OVERSEER 5.2.6.0 assumes best practice regarding effluent treatment and application, 

stock yard runoff, fertiliser application, silage storage, and stock exclusion from 

waterways.  Several cases were not using best practice for these activities.  

Conservative N-loss estimates using auxiliary calculations based on published results 

were made to demonstrate the implications of adopting best practice (see Appendix 7.9 

page 80 in Manderson & Mackay 2008 for full calculations used in Case study 1).  

 

45. Farm N-leaching losses were compared against farm N-loss limits, and OVERSEER 

phosphorus (P) loss risks were reported.  A comprehensive list of options for mitigating 

N, P and faecal contaminants was compiled.  Most promising options were nominated 

for each farm according to likely effectiveness, potential cost, magnitude of N-loss 

reduction, and farmer acceptability.  Potential effectiveness and cost of promising 

mitigations were then evaluated.  Existing best practice was recognised; including an 
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assessment of Clean Streams Accord status for dairy case studies (please refer to 

Appendices 7.15, 7.16, 7.17 and 7.20 in Manderson & Mackay 2008 for examples).   

 

46. All other compliance requirements and specifications listed in the FARMS Workbook 

were assessed by site visit and supplemented by interviewing the farm owner, manager, 

farm staff, and farm consultant.  Recommendations to achieve full Workbook 

compliance (including mitigations to achieve N-cap targets) were built into a five year 

strategy as objectives, with recommended activities and costs outlined by year. 

 

47. Cost estimates for preparing a FARM Strategy are presented according to Minimum, 

Medium, and Comprehensive level options.  Costs were based on case study 

preparation costs, and supplementary estimates provided by consultants.  Full 

descriptions of each level are reported on pages 33 to 37 of Manderson & Mackay 

(2008). 

 

48. Implementation costs were estimated according to capital costs (eg. riparian fencing), 

variable costs (eg. fertiliser), and immediate revenue implications associated with 

positive or negative changes in production (eg. reduced fertiliser costs through more 

effective effluent systems).  Estimates were based on local prices provided by 

consultants at the time of FARM Strategy preparation.  Costs directly attributable to 

implementing a new FARM Strategy were differentiate d from existing compliance 

costs.   Existing compliance costs relate to the Clean Streams Accord (predates the One 

Plan and FARMS) and existing resource consents granted before One Plan notification. 

 

49. Additional expertise was consulted throughout, particularly from David Wheeler 

(AgResearch scientist and principal architect of the OVERSEER model), Ross 

Monaghan (AgResearch scientist and specialist in farm best management practice), 

along with policy consultation with Phillip Percy (resource management planner, 

Perception Planning) and Horizons Regional Council (Helen Marr, Jon Roygard and 

Peter Taylor). Fonterra was also engaged in an attempt to clarify Clean Streams Accord 

specifications. 

 

50. Specialist expertise was contracted to more fully investigate situations posed by the 

uniqueness of individual farming operations, including effluent system analysis (Dr Dave 

Horne, Massey University), engineering advice (Wai Waste Environmental Consultants), 

LUC survey and classification (LandVision), and a range of agribusiness consultants 

were contracted for feed budgeting, production assessments, and the provision of local 

cost estimates (DairyTeam, Tararua Veterinary Services, Sheppard Agriculture, and 
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Baker & Associates).  James Hanley (research associate and OVERSEER expert, 

Massey University) was contracted to formally check and critique nutrient modelling for 

the first case study farm.  Most supplementary assessments are reported in Manderson 

& Mackay (2008) as Appendices 7.3 and 7.4 (dairy effluent disposal assessments), 

Appendix 7.14 (dairy conversion analysis), or they have been integrated into individual 

case study reports (Appendices 7.15 to 7.20). 

 

Results and key findings from the FARMS test farms project 

 

51. The following statements apply only to the six case studies unless otherwise indicated.  

Individual summaries for each case study are provided in this evidence as Appendix 1.  

Full results and discussion are available in Manderson & Mackay (2008) both as 

detailed case study reports (Appendices 7.15 to 7.20) and as a summary report (pages 

9 to 31). 

 

52. Farm N-loss limits were moderately high in most cas es.  The highest achievable N-

cap is 32 kg N/ha/yr (ie. a farm with all LUC Class I land).  The majority of case studies 

fell within a 20 to 25 kg N/ha/yr range, decreasing proportionally over the 20 year 

implementation period (Table 1).   

 

53. The exceptions were cases 4 and 5, which were notably lower at 11 kg N/ha/yr.  Both 

represented easy rolling hill country that was classified as LUC Classes 4 and 6 using 

the LUC standards then available (MoW 1969).  Under the new standards, (Lynn et al. 

2009) much of the Class 6 land would be more correctly classified as LUC Class 5, 

potentially improving the farm N-loss limits by 0.6 and 1.9 kg N/ha/yr for cases 4 and 5 

respectively.  

 

Table 1. Case study N-loss limits for the 20-year implementation period 

�������
����
���
���� ����0'-�'	
���

5��
�
� 5��
��� 5��
�
�� 5��
� ��

������
������ ��������
������
	��  ��  
� 
3� 
(�

������
������ �#����������
	��  �� 
3� 
�� 
$�

������
������ �4����%&���
	���1����  ��  
�  �� 
3�

������
������ �/�-�������-��.',����� 

� 

� 
�� 
��

������
���� � ����
	�%&���
��&��� 

� 

� 
�� 
��

������
����!� �2�
�&����1����  ��   �  ��  ��

 

 



Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson             Page 13 of 87 
 

54. New LUC Class 5 standards may have implications for the calculation of N-loss limits on 

a catchment basis.  The degree of implication will depend on how much LUC 6e land is 

now eligible for reclassification as LUC 5e land within the Horizons Region.  This will not 

be known until the regional LUC correlation currently being undertaken by Landcare 

Research is complete.   

 

55. Most intensive farms in the Region are expected to have similar N-loss limits .  The 

average percentage area distribution of LUC classes for the case studies is similar to an 

estimated regional average (Table 2), whereby the regional average is calculated using 

LUC from the NZLRI database clipped to dairy, cropping and vegetable farms recorded 

in HRC’s version of the Agribase database.  The average for LUC 6 is skewed by 

inclusion of case study 4 (hill country), which does not actually qualify as an intensive 

farm under Rule 13-1 (see Paragraph 42). 

 

Table 2. Percentage area of LUC classes found on each case study farm compared 

against an estimated regional average 
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56. OVERSEER N-leaching losses were lower than expected . In particular, dairy N-

leaching losses were notably lower than the ‘average farm values’ reported in 

OVERSEER (Table 3 & 5).  However, case study results were well within the ranges 

reported by Clothier et al. (2007). 
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Table 3. N-leaching loss ranges by farming type 
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57. Reasons for lower than expected N-leaching losses relate to the averaging of losses 

across the whole farm, existing good farming practice, and the level of investigation 

directed at each farm.    

 

58. Workbook N-leaching reference values were calculated using total catchment area 

(Clothier et al., 2007 Appendix 6) rather than effective grazing area.  It follows that total 

farm area should be used to calculate OVERSEER N-leaching losses (and farm N-loss 

limits).  This is not always standard industry practice, nor is effective area always 

measured.  All of the case studies had significant areas of non-grazed land measured by 

GIS mapping (Table 4) that effectively diluted whole farm N-leaching losses (in some 

cases by 4 kg N/ha/yr).   

 

Table 4. Effective areas of case study farms 
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59. Similarly, two of the intensive cases had large areas that were used for less intensive 

purposes.  These areas attracted far lower N-leaching losses, which averaged out the 

higher leaching losses of the more intensive areas.  For example, 34 kg N/ha/yr leaching 

for the dairy platform of case study 3 decreased whole farm leaching loss down to 18 kg 

N/ha/yr when the support block was included. 



Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson             Page 15 of 87 
 

60. In most cases the farmers were managing their N-inputs efficiently (eg. low N-fertiliser 

rates and split dressings), and several already had significant N-mitigation practices in 

place (eg. the regular use of N-inhibitors, feeding maize silage). 

 

61. N-cap balances varied from -6 kg N/ha/yr in deficit , through to +9 kg N/ha/yr in 

credit  (Table 5).  Cases in deficit need to reduce N-leaching losses to achieve 

compliance, while those in credit do not need to take any related actions.  The two 

properties with support blocks had the highest N-credits (+6 and +9 kg N/ha), and could 

conceivably trade these if a nutrient trading programme was established. 

 

62. Farming within N-loss limits is achievable for all the case studies .  All the farms 

had a range of N-mitigation options available, which were assessed in terms of 

relevance to the specific farm (example as Appendix 2).  Most promising options were 

evaluated further in terms of potential effectiveness and likely cost (see individual case 

summaries, Appendix 1).  Assuming full compliance with other obligations (see 

Paragraph 69) then only one or two additional mitigations would need to be adopted by 

those cases with an N-balance deficit. 

 

63. No major farming changes, such as reduced stocking rates, would be required to 

achieve N-cap targets .  Fulfilling existing obligations would go along way towards 

meeting targets (see Paragraph 69).  The balance could be readily achieved by 

adjusting management inputs and adopting best practice in all cases.  Recommended 

options included N-inhibitors (1 case), larger effluent disposal areas (3 cases), and using 

high-energy supplement (2 cases). 
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Table 5. Summary of case study N- loss limits, N-leaching losses, and N-cap 

balances 
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Note (a) for Table 5: A red negative N-cap balance indicates the N-leaching reduction that is required 

to achieve compliance.  A positive blue number indicates that the balance is in credit.   

Note (b) for Table 5: N-cap balances for Years 5-20 are calculated on the assumption that N-leaching 

losses will remain unchanged over the 20-year implementation period.  This cannot be reliability 

predicted over such a long timeframe.  Current intensification trends may increase N-leaching, or 

conversely, the emergence of new technology may decrease N-leaching.  Accordingly, longer term 

balances are presented for discussion purposes only,  

 

 

64. All case studies had a variety of additional N-miti gation options available should 

they be required for future consideration .  On the one hand this is positive – these 

farms have room to develop and intensify if needed.  On the other, it suggests that 

voluntary uptake of best practices has not been fully effective, and that there is still 

considerable room for improvement.  While several farms were already practicing some 

N-mitigation options, the reasons for doing so were often production orientated (eg. use 

of N-inhibitors firstly to improve pasture production). 

 

65. Less mitigation options are available for lower intensity land uses, and the uptake of any 

given mitigation is likely to have comparatively less impact when N-leaching losses are 

initially low.  Case study 4 (hill country sheep and beef farm) had less mitigation options 

available.  Further, because leaching loss was already low (11 kg N/ha), adopting 
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mitigations had less proportional impact compared to adopting the same mitigation on a 

dairy farm. 

 

66. Twenty year N-cap targets would also be achievable,  but more challenging .  Farm 

N-loss limits for the case study farms will decline by 9% to 25% over the 20-year 

implementation period.  The rate of decline will be greatest for farms with higher 

capability land.  For example, N-loss limits for case study 4 (sheep and beef) will 

decrease only 1 kg N/ha while case study 1 (dairy farm) will decrease by 6 kg N/ha.  The 

second case could therefore find N-cap targets more challenging over the long term. 

 

67. Assuming farm N-leaching remains constant, then the ‘sinking lid’ nature of N-loss limits 

means three of the case studies would need to adopt additional mitigations to remain 

compliant.  Again, even at these slightly more challenging levels, N-cap targets are still 

likely to be achievable without having to make major farming changes or sacrifice 

stocking rates.   

 

68. If N-leaching rates continue to match current intensification trends, then major farm 

system changes would be needed to remain compliant over the 20-year term.  However, 

reliable predictions cannot be made over such long timeframes.  Likewise, the 

emergence of new mitigation technologies and techniques may actually decrease long-

term N-leaching. 

 

69. Most case studies could achieve their N-cap targets  by fulfilling other obligations .  

All dairy case studies were non-compliant with existing effluent discharge consents, 

particularly in regard to the volume of effluent produced, effluent storage problems and 

irrigator problems.  By default, these properties were also non-compliant with the Clean 

Streams Accord.  Further, all dairy cases required some degree of stock exclusion from 

appreciable streams or lakes, and the installation of bridges or culverts across regular 

crossings (also Accord requirements).  Lastly, the Workbook contains several non-

negotiable requirements that can have a direct bearing on N-leaching losses. The 

cumulative effect of fulfilling all these obligations would reduce N-leaching losses, up to 

as much as 3 kg N/ha in one case (case study 2).  The consequence is that less extra 

mitigations need to be adopted to achieve N-cap targets. 

 

70. All cases needed further work to achieve full compl iance with other FARMS 

Workbook requirements .  The Workbook has approximately 50 requirements other 

than those relating directly to N-cap targets (covering effluent, dumps and offal holes, 

fertiliser, faecal contamination, feed supplements, sewages and sludge, and water 
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takes).  Intensive farms that were more developed tended to require less work to meet 

these requirements.  For example, most of the dairy cases already had a degree of 

stream fencing, culverts, feed storage, and reticulated water to almost all paddocks.  

The sheep and beef property had relatively less developments spread over a greater 

area, and would therefore require more work before Workbook requirements could be 

achieved. 

 

71. If the intensively operated sheep and beef farm (case study 4) qualified under Rule 13-1, 

then the strict application of Workbook requirements to the whole farm would result in an 

unreasonable set of compliance targets (Table 6), such as 40 km of stream fencing, 45 

new troughs, 28 new culverts and the construction of 18 new dams.  If Workbook 

requirements were applied only to the most intensively used part of the farm, then the 

set of compliance targets dropped to an achievable level (Table 6) (this analysis is 

included as Appendix 7.10 on page 83 of Manderson & Mackay 2008).  It is important to 

reiterate that case study 4 was included to explore the implications of Rule 13-1 for 

intensive sheep and beef farming, but the farm itself is exempt (see paragraph 42).  

 

72. Similar higher compliance cost situations were encountered with cases that had 

extensively farmed blocks supporting the main intensive block.  Support blocks tended 

to be less developed, and therefore required more work to meet compliance 

requirements. 

 

73. Having to farm within N-loss limits has only minor financial implications .  The 

default cost of implementing mitigations to achieve N-loss limits was nil in all cases 

except one (Table 6).  Most costs were accommodated by having to fulfil other 

obligations (see Paragraph 69).  The exception was the dairy conversion, where the 

recommendations were to adopt N-inhibitors and purchase Triticale silage rather than 

growing it on farm.  Both recommendations were solely related to N-cap targets.  

Combined cost was high at $98,200 but this would be offset by production gains of at 

least $71,200 assuming a conservative inhibitor response (7.5%). 
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Table 6. Summary of recommended actions and estimated costs for compliance 
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a  Blue = Clean Streams Accord obligation, Red = One Plan non-negotiable requirement, Green = 

Additional recommendations to achieve Year 1 N-target.  Items and costs in italics are contestable.   
b  Marginal as to whether the bridge ($73,000 cost) is a Clean Streams obligation or a One Plan 

requirement. 
c  One Plan specifications need clarification. Shifting to smaller stacks is a possible loophole but N-

leaching would remain unchanged.   
d  Number of units dependent on whether the whole farm, or just the intensive proportion, qualifies for 

compliance considerations. 
e  Owing to volatility in payouts and input prices, estimated costs are only relevant to when each 

particular case study was prepared. 
f  In all cases where N-inhibitors were recommended for achieving N-targets, the cost of inhibitor is 

likely to be offset by production gains.  Only modest responses were required to break even (6% to 

7.5%).  Higher response rates could be expected for some of the cases.   
g  Includes optional recommendation to fence a ‘suspect’ stream (0.9 km @ $4,680), which has all the 

bed characteristics of a sizeable stream but when examined (early winter 2008) the stream was 

effectively dry (ie. technically it does not qualify as a targeted stream). 
h  Requires clarification from the council regarding the intended applicability of effluent discharge 

requirements to sheep yards.  
i  Represents a worst case application of FARMS.  The property does not actually qualify as 

‘intensive’ under the One Plan. 

 

 

74. Other Workbook requirements (ie. those not directly  related to N-loss limits) 

represented the single largest cost in most cases .  Often a single compliance item 

incurred a major and somewhat disproportionate cost.  For example, the $73,000 cost of 

installing a bridge for case study 1 was disproportionately high against other compliance 

costs of $1,500.  However, several of the large ticket costs (bridges, silage bunkers, 

treating effluent from non-dairy stock yards) were considered contestable because of 

ambiguity or inconsistencies either within, or between, both the FARMS Workbook and 

the One Plan. 
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75. Total cost of FARMS compliance could be minor or ma jor depending on 

contestable items .  If farmers successfully contest large ticket compliance items, then 

FARMS implementation costs would generally be small (Table 7).  All the large ticket 

items are contestable, and I am of the opinion that good arguments could be put forward 

against requiring these investments.  The bridge in case study 1 is a little different, in 

that contestability arises because it is borderline if the requirement (and cost) falls under 

Clean Stream Streams Accord obligations (bridging regular crossings) or FARMS 

requirements (bridging all crossings).   

 

76. FARMS costs for case study 6 (Table 7) are elevated because the farmer nominated to 

include his support block in the compliance assessment.  Similarly, case study 4 costs 

are high because the farm was included as an extreme example.  

 

Table 7. Summary of FARMS implementation costs under best and worse case 

scenarios (excludes Clean Streams Accord costs) 
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77. FARM Strategy preparation costs were estimated at $1,500 for a minimum level, 

between $2,300 and $5,000 for a medium level, and potentially more than $10,000 for a 

comprehensive level Strategy.  Minimum level strategies are likely to suffice in most 

cases, with medium and comprehensive levels retained for complicated or challenged 

farm operations that require in-depth analysis and expert input. 

 

78. The scale of LUC mapping could influence the calcul ation of farm N-loss limits .  

However, results were variable (Table 8).  Farm-scale mapping could result in better or 

worst N-loss limits depending on landscape characteristics.  
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Table 8. Summary of N-loss limits calculated at different scales 
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Recommendations for the refinement of the FARMS fra mework  

 

79. Redesign the FARMS Workbook.   The modular design of the Workbook proved 

difficult to use, was considered too lengthy by farmers and consultants, and having to 

reference back and forth was inefficient.  Further, the current design does not request 

the depth of information needed for the resource consent process. 

 

80. Improve Workbook definitions, specifications and th e wording of requirements.  

There were discrepancies between the Workbook and One Plan specifications.  For 

example, Workbook effluent separation distances of 200 metres were considerably 

larger than 20 metres specified in the One Plan.  Further, there was ambiguity or 

insufficient definition for certain specifications, making interpretation difficult and 

contestable.  A full list of recommended specification changes is made in the FARMS 

Test Farm Report (Manderson & Mackay 2008). 

 

81. Provision is made available to increase the capabil ity of irrigated land by one full 

LUC class.   Some classes of land can respond dramatically to irrigation (eg. sand 

country), thereby improving land capability.  Provision is available in existing standards 

to increase capability if the irrigation system can be considered permanent.  Traditionally 

‘permanent irrigation’ has only applied to large irrigation schemes in the South Island, 

but the recent revisions (Lynn et al. 2009) now recognise centre pivot systems.  Other 

irrigation systems could be considered if they were deemed ‘permanent’ over the term of 

the resource consent.  Any revised LUC classification should only apply to the contained 

area of irrigator spread, and should only be classified by qualified LUC surveyors. 

 

82. Contingencies should be developed for farms that st raddle priority water 

management zone  boundaries.   It is not clear if such farms are included under Rule 
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13-1.  Similarly, it is not clear if the Rule applies to part of the farm (ie. the part within the 

priority water management zone), or the entire farming operation is eligible for inclusion.  

Likewise, implementation dates are unclear for farms that straddle two or more priority 

water management zones.   

 

83. Applicants should retain discretion over the inclus ion of support blocks.  Including 

support blocks can decrease whole farm N-leaching values, thereby making N-cap 

targets more achievable.  Conversely, support blocks can increase compliance 

requirements and costs, particularly when such blocks are relatively less developed.  

Further, less intensive blocks may result in an unreasonable set of compliance 

requirements (eg. case study 4).  Discretion allows applicants to work out the best 

balance between N-cap achievability and compliance cost for their particular farming 

operation. 

 

84. Applicants should retain discretion over the scale of LUC mapping used to 

determine farm N-loss limits.  The effect of LUC mapping scale on N-loss limits was 

variable.  Commissioning a farm-scale survey may result in better or worse N-loss limits.  

It is therefore recommended that applicants retain the right to choose which scale of 

mapping is used to calculate N-limits. 

 

Recommended protocols for nutrient budgeting within  the FARMS framework 

 

85. There is a risk that OVERSEER can be incorrectly used to represent farm N-leaching 

losses.  To avoid misuse and encourage consistent modelling, a suite of assurance 

protocols was recommended. 

 

86. Standardise OVERSEER inputs using consistent inform ation sources where 

possible.  Annual rainfall is a key input variable that affects N-leaching.  Sources of 

rainfall information are many, and can vary in quality from local ‘best guess estimates’, 

through to quality long-term averages supplied by weather recording organisations.  If 

HRC can make available farm rainfall averages extracted from one consistent database, 

then this would manage one source of potential modelling variation (methodology for 

regionally consistent rainfall information is described in Jon Roygard’s evidence).  There 

may be other input variables suitable for consideration (eg. distance from coast). 

 

87. Only accredited OVERSEER operators should undertake  nutrient budgeting for 

FARMS.  Operators who have achieved accreditation through Massey University’s 

Sustainable Nutrient Management courses (intermediate or advanced) are trained in the 
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correct use of OVERSEER, including how to build a representative model, limitations to 

watch out for, and the selection and evaluation of effective mitigation options. 

 

88. Use accurate measures of farm area.  Reliable area information (determined from 

field measurement, planar measurement within a GIS, or GPS measurement) is not 

always commonplace.  Only one case study farmer had a recent paddock map with fair 

estimates of effective grazed area, and a good representation of total farmed area 

(including a substantial area of river land that was not owned, but was regularly used in 

the grazing rotation).  Other cases relied on a range of old and largely inaccurate maps, 

including a hand-drafted subdivision map with guessed paddock areas.  Similarly, 

effective grazing areas were generally ‘best guess estimates’.  Total farm area, effective 

grazed area, and the area of nutrient management blocks, all influence the N-leaching 

loss number calculated by OVERSEER.   

 

89. Require justification for changes to default OVERSE ER settings.  Certain 

OVERSEER variables are set to default settings, and should only be adjusted by 

qualified operators who understand the modelling implications of such a change.  

Requiring operators to maintain default settings ensures consistent modelling.  However, 

when better information is available (ie. better than the default setting) and there is 

sufficient reason to make the change, then it is recommended that operators be required 

to list and transparently justify why they changed the default values (see Information 

Check below). 

 

90. FARM Strategies include an Information Check  as an appendix.  Information 

Checks were prepared for all six case studies as a means to improve model 

transparency.  Each Information check listed all OVERSEER inputs, assumptions, and 

justification for any change to default settings.  Sufficient detail was provided to rebuild 

the nutrient model from the Information Check alone.  Both the farmer and the 

consultant who undertook the modelling were expected to sign the Information Check as 

being true and correct. 

 

91. FARM Strategies include OVERSEER output tables for checking.  Output tables 

perhaps provide too much detail for the resource consent process.  However, they do 

provide a degree of confirmation of N-leaching loss, and those who can interpret such 

tables may be able to identify modelling discrepancies. 

 

92. The Council may also consider encouraging the regular monitoring and recording of 

farm management activities that have a direct bearing on the calculation of OVERSEER 
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N-leaching, such as fertiliser and effluent application (when, where and how much).  

Such information would improve the representativeness of successive nutrient budgets.  

Ongoing monitoring and recording could even be considered as a condition of the 

FARMS resource consent. 

 

93. If tighter assurances with OVERSEER modelling are required, a random auditing 

system can be introduced. 

 

The revised FARMS Workbook and combined resource co nsent application form 

 

94. AgResearch was further contracted in March 2009 to review and update the content and 

structure of the FARM Strategy Workbook.  Project objectives included: 

i. Integrate recommendations made in the FARMS test farms report (Manderson & 

Mackay 2008). 

ii. Improve Workbook useability for applicants. 

iii. Work with HRC staff to improve Workbook applicability to the resource consent 

process. 

 

95. There have been three FARMS Workbook versions so far: 

i. Version 1: Original FARM Strategy Workbook (HRC 2007). 

ii. Version 2: Planning checklist and supporting guidebook (not released). 

iii. Version 3: Integrated workbook and resource consent application form (please 

refer to Appendix 3). 

 

96. The first version was orientated towards modular-based planning, whereby farmers 

would develop a strategic plan outlining how they would work towards a compliance 

status over the interim period before rule 13-1 comes into effect (ie. before priority water 

management zone implementation dates).  This is how the six FARMS test farms 

strategies were developed. 

 

97. The second version moved away from the modular design, and more towards a 

checklist worksheet and supporting guidebook.  Users work their way through the 

compliance checklist, making reference to explanations in the guidebook if needed.  

This approach is suitable for both new users who need detailed explanations, through to 

regular users (eg. consultants) who can assess farm compliance quickly as they 

become more versed in guidebook specifications.   
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98. The third version seeks to integrate FARMS planning with the resource consent process 

(referred to as the FARMS Workbook 3).   Effectively the broadness of FARMS planning 

had to be fitted within the regulatory confines of the resource consent framework.   

 

99. HRC specified that they would like to improve the Workbook’s ease of use, whereby 

farmers can develop their own FARMS resource consent applications without a default 

reliance on consultants.  However, the resource consent process is not renowned as 

being user-friendly, and can be demanding in terms of the type and rigour of information 

that must be supplied.  This was of special concern because of the number of regulated 

activities covered by FARMS (far more than the conventional ‘one activity requires one 

consent’ approach), which could result in FARMS becoming a very demanding and 

difficult process.     

 

100. An acceptable level of trade-off between ease of use and rigour was modelled from the 

Inland Revenue Department.  Single income tax returns are designed to be completed 

by individuals, but manage to make an otherwise specialist accounting process 

accessible to anyone with basic algebra skills.  While few may enjoy the process, the 

simple tax return achieves a high standard of rigour that is accepted by authorities, and 

it can be completed by individuals without requiring outside help. 

 

101. The revised FARMS Workbook 3 (Manderson 2009b) has two components – a FARM 

Strategy Consent Application form and a supporting FARMS Reference Guide. 

 

102. The Farm Strategy Consent Application form requests information according to twelve 

sections: 

i. Applicant information.  Standard information requested for non-notified resource 

consent. 

ii. Property details.  Standard application information revised slightly to request 

information relevant to Rule 13-1. 

iii. Farm maps.   Applicants are requested to supply a farm LUC map and a property 

map that depicts features of relevance to Rule 13-1. 

iv. Calculate farm N-caps.   Stepwise calculations are provided for working out N-

loss limits for the farm. 

v. Assess current N-leaching.   Instructions for obtaining OVERSEER N-leaching 

losses, and the calculation of the farm’s N-cap balance. 

vi. Managing N-cap deficits.   Instructions for identifying and evaluating N-

mitigations if the N-cap balance is in deficit. 

vii. Attach OVERSEER reports.  



Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson             Page 27 of 87 
 

viii. Compliance status checklist.  Applicants are asked to evaluate their farm’s Rule 

13-1 compliance status using a checklist.  This can be used as a planning tool to 

identify items that need attention, or as an affirmation that compliance is being 

achieved. 

ix. Supplementary information for farm effluent.  Additional information to process 

consents that require effluent management. 

x. Supplementary information for minor water takes.   

xi. Supplementary information for major water takes.   

xii. Final details.  Attachments, fees and signatures. 

 

103. Each request for information is matched by a descriptive instruction in the FARMS 

Reference Guide.  This may include an explanation of the requirement, a clarification of 

what is required (including definitions of terms), suggestions for obtaining certain types 

of information, and calculations for estimating water takes and effluent generation.   

 

104. Development has involved close liaison with Horizons staff, and the circulation of 

several draft iterations to ensure the design and wording conforms to council resource 

consent requirements. 

 

105. Drafts have also been circulated to independent professionals that have previously 

prepared FARM Strategies.  Feedback has been positive, particularly around making the 

consent application process more accessible and transparent.   
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APPENDIX 1: CASE STUDY SUMMARY REPORTS  
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APPENDIX 2: EXAMPLE OF MITIGATIONS ASSESSMENT TABLE   
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Who requires a FARM Strategy? 
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What about piggeries and poultry operations? 
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What if my farm straddles more than one catchment? 
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FARM STRATEGY CONSENT APPLICATION GUIDELINES 
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Section 1:  Applicant information. 
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Section 3:  Farm maps. 
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Section 4:  Calculate farm N-caps. 
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Section 5:  Assess current N-leaching. 
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Section 6:  Managing N-cap deficits. 
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Section 7:  Attach Overseer reports. 
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Section 8:  Compliance status checklist. 

8 ��0�����8����������0������ ��0!�0$���������+!�����0 �����0�(�
�������0���
�������
����0
������
"��0��(� ������

��  +!�����
�%���������0!�
%���)�)�
���))� ���� �
1� +!�������0�������)�)�
���))� ������������ �
2� ���
�%������)�����%��)�� ���������� �
3� &����0�������)������������
������0���������
������� ��� �
5� +!���
�(��������)�)��0���0��������������)�#���
��"� ���0$?�����)
����))� ����
 ��))� �
6� +!�������0�������)�)�
������
����)�
������� �
7� '���
�� 
)�0��#���
���$���EU2�� 2C�F��
8� '���
�%
� ���#���
���$���EU5�� 2C�F��
��  '�A�
�� 
)�0��#���
���$���EL2�� 2C�F��

+!�� � 
����� �)� �!�� 0!�0$����� ��� ��� ����#�  ��
�� ��� .  �0$�"� ������� �!��
� 0�������0�� ���� ��� � 	)� ��� �����
J���
��&++��+	,�B��!���0�������0��� �������0!��(��� ��)�
��� �������%��� �&�'� ��
���%"����� 
0��
����������	)�J�,+�����B����0!�0$��?��!���"� �#����� ����������$���(�0���
�0��
�)�0��������)�
��� ������ �%�
�� �&�'� ��
���%"� ���� 
0�� �������� E���� 8� 32F�� � &0��(������ 
����� ��� �,�+�,<<�
� 
�. �
�� �������� ���
��)�
���������)�
��0������������0������#�������0��� ���
���E������0������F����

+!��0!�0$���������
�(����������% ������-�
���%�!��� �������������������
�(��0����=����������
�
�������� ��
+!��0!�0$��������������
����0���
�� ��
������!���0� ������������!���
�������,����������	������0������!� �
�
������� ,��� ����� �!� ��� ��� 
�)�

��� ��� )�
� ��)���� �(�� ���0
�������� �)� � ��� �24�� �0��(������ ����

�. �
��������

8��  ���	����� ����� �
���� ��� �
��� ����� ���� �����
���� ������	 �� ��� �
����
��� ��� �
���������� ����	������
��
���
		�� ���� �
����
��� ��� �
���������� �� �+!��� ��0� ���� �
����� �!��� 
 �� ����%����� ����� �
� "�
��� �)�
�!�"� )���� �����#���
#�"�� �
�#���
�������� � �))� ���� �!� ��� ���0����0���?� ���
��� ���� �������� ��� �������
������� 
�)�
� ��� 
���E1��6�F� ��� ��
"� % ��������� )�
 � �))� ���� 0����0����?� ���
�%�?� �
�������� ���� �����
�����0�������

8�1 ���	����� ����� ������ ��� ������ ����� ���� �����
���� ����� �	�� ��� �
����
��� ��� �
���������� ����	������
��
���
		�������
����
�������
���������� ���=���������0� ����

·  ����� �
� � ��� �(�
)��#�� ��� � 
)�0�� #���
� � �� ��� ��� ))�0����� 0���0��"� �
� ��0!���0���
�
��$��#���

·  <��$�%��)
���������
�� ���#�����%�����%������#���
# �"���
·  ���������0!�
%����������E���!��������?��(�
)��#�F�# !�
���!��� �����������0������
���#���
#�"��
·  
��0!�
%���
��(�
)��#�����
������!���)���������#��� 
#�"��� �
·  �� �!��%�� ���?��������
����$�����#���
#�"��� �

8�2 ������
���� ����� ���� �����
���� ��� ���	����� ������� ����� �� ��� 
��� �
��� ����
��� ��
�� ��
���� �����
���	����� ������ ��� �������������
����
��� ����
����
�� � ������� �������� ������
�#���
�0����00� ���
)�
�����*������(�� ����)�#���
�0���
�� ���%�������� ���))� �����
�� 0�����E��%���1�����C"
�
���)������� ���
 �% ���
���5��=��������$��%��!���
��)�#� ���0���
��  ���6�?�������
�����0!�"��
F���
�������%�����!��
)�
�����. ������?����
�#���
�0���
�� ��������"����� ���

·  <�
%�
��������
��
�. �
���������
���!���=�
��J�))� ���B��
·  	�0
���������� 
�
�. �
������?����%�
�� ����%������ �������0
������0������
·  @�(��%� ��%��)�0����"� ��
�� �))� ���� ��� �

�%���� ��"� ��0��������� ���%�
� ���� ��
�� )
�. ����

�

�%������?����#�
�E�����
F������0������
����?���� �!�(��%���� �

�%����#!��� �����0�����������
��
������!����������



Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson             Page 57 of 87 
 


��0!�
%��%� ���
�#���
� ����� �!�� �))� ���� �"����� ��� ��
������� �)� ��� 0��� ��� �������
����� �!��� �!��
�
�0��0��#���� ���� ���(���� �!�� 
��$��)� ��(�
��� �))�0 �� �� �+!���#���� ��� 
�����"� ��������� ��� ���"� �
��
� �
�� ��
�!���!�(��%���������������=��������

�%����������
�  ���������<�$�#���?������)�
������#����
��
������"�
��
���"� !�(�� ��
%�� �))� ���� ������#��!� � ))�0�����0 ���0��"� ��� ���
�� �!�� �=�
��J�))� ���B� ����� ���0��� ���
����������)��"�����!���
��
�����!���

�

&���
����(��"?����
�#���
�0��������(�
������������� ��B������
��!���))� �����"������

·  � ���
��%��"������0��������������������!����������� 
�#���
���(�
����������$���
�������
·  
�(�
�� ���
�#���
� )
��� "�
��� ���� ����� ��� ������#!�� � �))� ���� ��� ���� ����%�%���
�����E��%��

#!��� ���� ���$��%?� �
� #!��� )���� ����� �
�� ���� ����%�  ���F�� � '��"� ��(�
����� �"������ �
��
�(��������E� ��� �� %�?� �������D� (��(��?�0! ���?� ��( �
�����%����F�� � ��)�
� ��� ��� ��
"�% ���������
E��%��
��?�1��6�F��

·  �!����
� �(�
� "�
��� �
� ����� 0��� ���  ���� ��� 0����0�� � ��
�#���
� ��)�
�� ��� ��=��� #��!� �������
�))� �����

�

	�)�
������� �
�(����� ��� ��0����� �� #���� ���  ���� ��� 0 ��0 ����� �))� ���� �
�� 0����?� ���
�%�� ����
�����0��������
��0 ��
���

8�3 ���	����� ������ 
��� ������ ����� ��� 
����
��	�� ��
	��� ��� 
 ���� ����
��� 
��� 	�
!� �� '�=�� ��
��
��������"�� �����������
���!�����=��� 4�����
�����
���0����E���863���C��"F���&���!���
����� ��
�%���
���0!��%�)
����!������������#�������������
�����!�� ����0!���)
���� 

� ����%����� 
����������%�������� �
��0� ����

·  	�� ��� �0����0����� �)� �!�� ����� ����� ����#����� �)� �! �� � ������ ��
���"�!��� �� !�%!�0��"�0������ �
EL1�M�0��"F��������0������������������5�41���$����� � � ���"�� ))�0���������0!��(����=��� 4���C��
��
��������"��

·  	���
���%� �� 0��"4
�0!� ����
���� ��� � ���� �� ������%� � �"�
� �)� �!�� � ������ !��� �� ��#� 0��"� 0�������
EU8M�0��"F����C�
�!�%!���
����"�E��%�������?�%
�(�� F���<�"�
� ����!��!� ������ ���������6������
���� 0����0���� ��� ��� ������ �5�41��� $���� � &�� �������� ��� ���� ��� �)� �
����
"� ����� ��"� ���
0����0������������)��!��0��"�����������������%���)� �������
������ �%���#��!�����%%�
��

·  �"��!���0����������
���
·  <�#���
��������"�0��0
�����
·  ��)�
������� ��
"�% ���������)�
���
����)�
�������E ��%��
���1��6�F��

��#�������0�������������� 
��%��!��0����
 0������
� 0������&�0�
��)�0����)
������!�
��
����
�)���������
��%����
� ��� 
�. �
��� ��� �������
���� �!��� ������%� !� �� ����� �0!��(���� � �=�����%�����
� ������ �
�� ��
��
��))�0 ������0!�0$������ �������������%���������$�) �
���0� ����

·  ,���
�������0����
 0�������!�%!�"���
�����������
�� ���� 0!��������?�%
�(��?���������
�� ��0���
·  ����� ��(��� ��#�
�� � ����������"� #!��� ���� �

�%����% �� � 	�� #�
��� 0����� �!�� ����� ��"� �
����

0��������"��
·  ����� ��(��� 
����� � ����������"� #!��� �!�� ����� ��� ��
 ����� E����� ���� 
�0��(��%� �))� ���� �
�

���
�#���
F���+!�����"�� %%����%
� ��#���
�������$� �%�������!��������
·  <��$"� ����#�����T�#��� ���0!��� �
� ��0������� �
���� �) � ���� 
��%
�#�!� �
�� �(������ ��
��0 ��
�"�

� 
��%��
��
���
������

8�5 ���	�����������
���������������
 �������
�
������������� �
���������"#�
���������	����������������
��� ���� � ���� ��� ���������� �
�	��� �� ��(��� ��"�� ���
�%�� �
�(����� � ))�0����� ����� ��� 
� ���
� ��� �))� ����
�"����� ��� �!�� �(���� �)� ��0!���0��� )��� 
��� � ��)�
� � �� ��0����� �� ��� 0��0 ����� �!�� (�� ��� �)� ���
�%��

�. �
����� �

8�6 ���	����� �����
����� ������ 
��� ���������� ����� ���� �
 �� 
� �� �����
���
	� 	�
!�� ��$�$� �
������ 	��
	�
�������� �� � &� ���$� 0��� 0��0���
���� ��*������ (�� ���� �)� �))� ���� ��� �� ������ �
��� E���� ��% 
�� �F?�
��
��0 ��
�"�#!��������������. ��������
����(�����) 
�. ����"���&����$����0������
���� ����������#!���



Page 58 of 87            Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson  
 

�!�
�� ��� �(����0�� �)� �
����%��� ���$�%�?� ��0������� �  
)�0�� ������%?� �
� �!�� �00 � ������� �)� �� �%�� �
�
����������
������

8�7 %����������������������������������	������������������!� ����	� 
�������	����#���������	�
���� �����)�
�
�����0�����6��

8�8 ���	����� 
��	��
������ ����� ���� ��� �
��� ��� �
��� ����� ��� ��� ��� ������ ��� 	�!�	�� ��� 
������ ����������&�
�))� ������� 
�0������ ���������G��))� ������
����� �0����
�(������%�������0������#���"�0���������G���� �
�))� ������0��
���0���
������(������� ������������
 ���
��E
��������������?�1��3F���	)�"� ���"�
�0��(��
0���������� 
�%�
���%� �))� ���� ��� 
� �
� �
�)�� �!��� " � � ��"� #��!� ��� 0������
� ����
����(�� �
���� )�
�
�))� ���� �����0�����?� �

�%���
� �"������ �!��� �
�� 0 �� ����� ��
�����?� �
� �(�����%� �����0������� ��� ��"��
#!���#����0�����������
�� �)�(� 
���������
��00���� ���������0�������E��%����
�����%�������� �%�F������ �

�0����������!������%!�� 
�����)�
�#�
����E�����
�� �)�����%���%�������%!�� 
F����

8��  '����� ����� ��� ��� ��������
��� ����
��� �������� ��� 
�� 	���� ���	���� �� �))� ���� ������%���� �� ��%���)� ���
�
�))� ��������%������ � ���"�����0������#��!��

·  	

�%����%�#!����������
������#����
�� 
��%�
�����
·  &����0������ 
����� ����%���� !�%!�)�
� �!�� ����� �"���E ��%�� ��#� ��)���
�����F� �
� �!��0����������E��%��

����#��F��
·  �� ��"��
����$"��. ��������

������%������)��������������!��)��))� ����%
����
�� !���15����0�(�
��%���0����� � ���
���%
����
��!���
��� 1?� �
� �� 0�������� �
��� %
����
� �!��� 1�� 1?� ��� �!�� ����� �)� �

�%�����?� �
� ��"� �))� ���� ��� �!� � �����
� 
)�0��)�(��!� 
���)��
��

�%������!���0������  �

8���  '���
��
����	
�������� �������	�����������������	��
�� �������� �����

·  ()���������	���
��
������	�����
����������������
	� �	���$�
·  ()�����������
����
�������������������*�
��
	�+
����� %��
$��
·  ,)���������	����
	����
���
��	����
	�
��
�$�

����
������ ������0��� �
�� ���� 
��� )
��� �!�� ��%�� �)� �!�� �
��� �!��� 
�0��(��� �))� ���?� �,+� )
��� �!��
�

�%���
��
�(�!�0�����
����
�E�=������������% 
��5 F���������% 
��2�)�
���)����������)�� ���0��
���?��  ���0�

����?���0���+!����)��� 
��������!���))�0��(���))� ���������0�������
���� ��������
$�������!���
���
�" �
'���E��0�����2� 1F������ �0������))�0���0!�0$�����
������������0����

�	
��
�7�  �
&����	����	�����
�������(
��
����
��������#
�
�

�� ���#
��&�
���&���
��$�
�

�

�

�

�

�

�

�

�

�

�

�

�



Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson             Page 59 of 87 
 

8���  -���� ����
��� 
��
�� 
��� �������#���� ������ ����� ��� 
����
 ��	�� ��
	��� ��� 
 ���� ����
��� 
��� 	�
!�$��
.
�� ����
��� ����/����$����
		�
��
����� ��	
��� ����
��� 
����/�������� ���
	�
��
� ��� ����
	��� ����� 
���
��
�!�� ���� ��������� ��� 0,))� � ( �� � <��0!���� )
��� � �$� � ���������
"� )���� 0��� 0�

"� �� !�%!�
��(�
���������
��$�����
��=�����?�����%�����0!����� ���"��0���"�(�
"��0���0�����0�

���(��E�@��)�3����3 �5F?�
���� 0��� !�(�� �� ���
�%��� 0��0���
������ 2�47�� ������ ! �%!�
� �!��� �
������ �!��� �))� ���� E#���4�����
����%��0���!�(���!������������������0!�5��415���$%� �C!�C"
F��� �����
�����������
 ���0� ������0$�?������?�
� �$�
�?�����?������?��!�����
���"�������
����
�%�� )�0����"��
������#!�
��� �$�)����� �����������
���� �
����

����
��'���� 

��
 � � 0!� ���)�������� 
��
������ �
���� �)�!�%!����0$� ��� ���"� ���� �))� ����0��0���
��������
+!�"��
����)���������
����#!�
�����0$��
��0�������� � �������������P��8�� C��� 1�EQ��� 1���
����
"�0�#F�
)�
� ���%�
� �!��� 2�� ��� ���� ��
� ��"?� ���� 
�0��(�� � � ��������
"� )����� � +!��� ��)�������� ��"� ��0� ���
#����
��%� ����?�#����
��%� ��
��?� )���� ����?� �����4� ))� ����?� ���)��%� ����?� ����#�"� �
���?�0��)� 
��
��%�
)�0�������?����0$�"�
��?��
���0
�)�0�������0$��
��� ?��)��!�"�������!��0
���
���%�(������(���

����� ���
�%�� �
���� ���� )�����%4� �� ������ � ��� ��� �� � �� ������� ����� #��!� �� ��
��������"� 
����%� ���
%
����
��!�����=��� 4�����
�����
���0����E���863���C��"F�����)�
������0�� ���8� 3�)�
�������������0!��(��
�!��� ������
��� � ������%4� �� ������ �!���  ��� ��)�� � 
 )�0���E��%�� ��#� ��?�0!���� �
� ����F�#���� ����� ��� �� �
������� �
� ������  ���
����!� ��� ���0!����0��� ���0���� 0����E���� 
��
"�O�1��2?� 
�=0���1��5?�
���1��6��
)�
�% ��������F���

	�� ��� ����� 
�0��������� �!��� )���� ���
�%�� ��� 0�(�
�� � ��� �
���0�� )���� . ����"?� ���� ��� ��������� �!��
����������)�
�
���#���
����
 ���������� ���. ������ �0!�����
�� 0��������

�=0������������!���
�. �
��������0� ����
·  @�"����
��� ���
�0�(�
��
·  ��
�#��
·  -
������!�"��%�C�����%�C����%���
�(������!��#
����� %������ ����
·  ������ �
���� �)� ����%�� ���
�%�� �
�� �=����� 	�� �!��0�� ������ ������ �
��� �)�  �������� ����%�� ����?�

� �$�
�?����0$�?���0����
��
���
�"����U5���� 1����
·  ������%�� ����������� 
�������
���)�%
�*��%�
������ ������
·  ;
��$�)�����%�#!����������%����� 
������������!���
 ���
"�)������ 
0���

8��1  1���������� ����������
���
��
������������#��������������������� ���������������������
����
������
�
��������� �� � &��� ��. ��� 
 ��))?� �))� ���� ���� ���0!���� �!� ��� ��� 0����0���� ���� ����%��� ��� )�
��
�))� ����� 
��%���
������)� ���E����8� �3 �����#F���+!���
����
������#�����!�
�)�
����������� ������%���������
#�"��!�������#��)�
��!��0����0������)�
 ��))?��))� �����������0!����E����
��
"�O�1��2?�
�=0���1��5?�
� ��
1��6��)�
�% ��������F���-!���0����� ���� �������  ��?� ���
�#���
�)
����!���� �
���� ���� �������!� ��� ���
����%����00�
���%����
�. �
������8� 2��

8��2  1���������� ����������
���
��
������������#��������������������� ����� ���� 
)�0��#���
���)��#���������
�!�� 
��$� �)� 0������������ )��#��%� � �� E(��� ��0
����� � 
 ��))� �
� ���0!��%� ��������%� ��� � 
)�0��
0!�
�0��
����0�F���	)��!���
����
������!������ ���� ����
����!�����"�0���
�� ��������#�
���
 ��))?��!�� ���
��(�
��������0!��
�������
��!� ������0����
 0�����

8��3  ���	����� 
��� 	�
��
��� ����� �������#���� ������ 
��� ����� ����
��� 
��
�� ����� ��� �
�
���� 
�� �
���
���	�������$�$�
�������������������������2$ 3����2$3) �&��	�������0�����0����0�����))� �����������0!����0�� �
�����
�0����������!���=�����%��))� �����"������
�(� �������!���� ))�0�����0���0��"�E
�)�
������0������F ����

·  �))� ���� %���
����� ��� ����� ��� ��))�
���� ��� ���
"� �! ��� �))� ���� E!�%!�
� ������ 0������?� !�%!�
�
� �
�����0������F����))� �����"���������%��#������� ������00����������!������))�
��0�������)�
�
������ ��
"�% ���������)�
���������0��E
��
"�O�1��2 ?�
�=0���1��5?�
���1��6�F����

·  ,��� ��)�4� 
)�0�� 0�(�
� ����
����� E��%�� ��#� ��?� 0!� ��� �
� ����F� 0��� ��� 0��������� ���C�
�
��
�������������00�
���%����
�. �
�������8� �7 ����8� 1� ����



Page 60 of 87            Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson  
 

·  �))� ���� 0��� ��� �0
����� ���� ���0$������ �
�(����� �!� � ���0$����� �
��� !��� �� ������� �����
E��=�� ����
��������"����%
����
��!�����=��� 4���C�F?�
 ��))���)��#���
����(�
���?�����
 ��))�
� �)��#���
������%��������. ����))� ����E������00�
 ���%����
�. �
�������8� � ����8� �� F��

·  �����)�������
�%���
������"�
�. �
���!��
��#���))� ���C���0!���C
 ��))����
�%��)�0��������E��%��
����%��� �$�
����0�����)�
�)
����!�����
"��!��F����

8��5  '��� ����
������������������ ��� ����	�����
�������� ����� ��������	����� 
��� ��4������
�	�� ������� �����
���������������������
��������
�� ����������
�#!�
��"� �0!�������������)�������
�%��� 
���?�����#!�
��
"� �)����� ����������!����!��������������)�����%�� ��������� 
���

8��6  ����	�����
���������������������������������#����
��	��
 ��������
��
��������� �����

·  ()�����������
����
�������������������*�
��
	�+
����� %��
$��
·  ,)���������	����
	����
���
��	����
	�
��
�$�

����� ���
�%�� �
���� ���� )�����%4� �� �
���� �!� ��� ��� ��
$��� ��� �!�� �
���
�"� '��� E��0����� 2�1F� ���
����
������������0���0������0!�0$����"��� �0������) )��

8��7  5����	���� ��� ���	����������������������� ���
��	���� �� � �����
����� ��� �
����
�������
��������� ���+!��
��
�� �
�
�	
�
 �
�)�
������
��������#�%��������#�%���� �%����,��"� ����������
�
�	
�
 �#�������0������
���
 ���
����&�'���
���%"�
��� 
0��0�������E����8� �� �����#F��� ��
	�����
�
����
 ��
������
������!�������
������
�!"��0��� �
� ��
 0� 
��� 0!�
�0��
����0��� � +!�"� �
�� � ��������� ���0
����� ��� 
�
	� ���������
 � ���� 
�
	�

�������
 ����=��������)������0���������
����0� ����

·  ����?�0��"?�%"�� �?�����?���
����?�� ��0�?�(�
��0 � ���?����������?���������
·  �������?�����?�! ��0�0���� ���?����0!�
?��%
�0!�
?� 0!�
0���?���
$?�0!���?���#� ��?������%�0���

���0 �����������0��(���
�?�#������ ����������
·  � 
)�0������E�����#�����%��%����F?��"��!���0������� %��%�����E��%��#���
���
���%����"��
�F���
·  '�� 
�� #��!� �� ��#� #���
� 0������� ���C�
� !�%!� ������� 0�������EL1�M� ������F� �!��� 0������ ���

���������"��

�%���
��
���
����
�E��%�������0
 ���? ��
"����0$������)��������))� ���F��

;��������� ���� ���"� ����� 0���������
�� !�(�� �!�� ����� ����� ��� ����
� �. ���0� 0���������� �
� 0�����������
#���
�#!���������������%
�0 �� 
���
��������

8��8  '����� ����� ��� ��� ��������
��� ����
��� �������� ��� ���� 
 ��	���� �
����
	� ��� 	������� ��� 
��� ������� �����
�
����
��� ��� �
���������� �	������ ��� ���#	������ �� � ������%� ��� ��)����� ��� �� ����!� �)� ��. ��� ����
��� �
%
����
��!���15����0�(�
��%���0����� � ���
���%
��� �
��!������� 1?��
���0���������
���%
����
��!���
1�� � 1?� ��� �!�� ����� �)� �����0�����?� �
� ��"� ��. ��� ����
�� �� ��� �!�� ����� � 
)�0�� )�(�� !� 
�� �)��
� �!��
�����0������!���0��������&����0��������)����!���. � ���������4��. �������
������!� ������ �(������#!���
������ �
��#��?�#!��� 
���� ��� ��������?� ���� ��� ���0�� �#!�
�� �!�� 
 ��))� 
��$� ��� !�%!�� � ����� �!��� �
"� ���� 4
0���������
�����
����0�������
�����
�������%������� 0���#��!�
 ��))��

8���  '��� �
����
	� �
����� ����
��� 
��� ���
�� ��� 
���
	� �
���� ���� ��
����	� �
�����
�� ����
����� ���$��� ���

��� �
6
������ �����
���� �� �+!��� 
�. �
������ �������� �����"� ��� ����������� � � �#� ��#�%���0���0�������
!�%!� 
��$� ��(���� �)� ��0
������ ���!�%���?� !��("� ���� ��� ���� 0!���0���0������������� �+!�"� ����� ��� ���
�
����������
�)�������)�
���!�"�0������ ������)��"� )�
��%
�0 �� 
���� 
��������+!����%
����)��
������� �
����
�)������������=�
�������"�. ����"�%
����%���,� �"�&��%
�����00
�����������������0�����������������
����� ���
� �� �&�'� ��
���%"� 
��� 
0��0���������+!��� %
������� ��������)� � ))�0�����"�!�%!�. ����"��!���
�!����������� �������
���	������	�������������	
���������	
������ 	���� V������
��
�����
����W�  
�������

��
���

��
�
����������
��������
 �E�O--&�1��2F����

8�1�  '����
����
	��
��������
��	���������� �����

·  ,)������������������������
��$�



Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson             Page 61 of 87 
 

·  ()����������
����
�������������������*�
��
	�+
�����% ��
$�
·  ,)���������	����
	����
���
��	����
	�
��
�$�
·  3,)���������	���
��
��������������
	��	���$�

����
������ ������0��� )�
� �!�� �����0������ �)� ������� ��� ���� ����� �
�� ���� 
��� )
��� �!�� ��%�� �)� �!��
��
���� �����
�� E���� ��% 
�� 5F�� � &���
����(�� ����
�� ���� ������0��� ��"� ��� 0������
��� )�
� 0�
����� �����
0���������
��E��%������F��)��))�0���#������$��"���� ����
��������0���!�����������+�������)
���!�����5�8 �
8���8���)�
���
����)�
��������

8�1�  ����!� ����� ��� ������
		�� ��� ������ ����� ��������� �
� ���
��� 
��� �
���������� 
�� 
		� ����� �� � +!��
�
���
"� � 
����� �)� �!��� 
�. �
������ ��� ��������� �!� � 
��$� �)� )��0���0������������� ��� � 
)�0��#���
?�
���!�)
�����
�0��������������)����0$��=0
��������!� �#���
������)?�����)
�����������������������$������
(�
%��� �!��� ��"� ��� 
�����"�#��!��� ����� � 
)�0��#��� 
�#��!� 
 ��))�� � ���0���0������������� �)� � 
)�0��
#���
� ��� �� ��
�� �� !����!� 
��$� E0������������ 0��� �� 0� ��� /����	������� ?�/�����
���
�
�� ?�=
���
� ?�
���!�%���0� �)���	
 ?����������������F�)�
����!�! �����������(����0$��� �
��!����)����������)�-���
#�"��
����-���
�������
�)�
������% 
��2��

8�11 %		� 	��
������ ������ ����!� ������ �
����
��� ����� ��� ��� ����� ��� ��	 ����� �� �+!��� 
�. �
������ ��������
���"����#���
#�"���!���)��#�����"��
��
� ������ 
�� ���������������������0$��=0
��������
�0��"����#���
 �
���� �!�� ����0������ 
��$�� �)�)��0���0�������������E� ���8� 1� F�� � �������0����0�� �!�� ���������+���� �)�"� �
!�(����0
�����%��!�����"���� ���)���
� �� �������)� 
���0 �(�
���
��
��%��E)
���!������5�8�8���8��F��

��#�0 �(�
��������
��%���0������0����
 0���������
� ��)����&�'���
���%"��)��!�"��
��� �����00�
���%����
����%��0
���
���E��% 
��6F?������
�(������!��0 �(�
 ���
��
��%��#������������0��������%!�� 
�?�)������� ��
�
�������0!����?��
�)��!������%������)�
����� ����� 64��������64�1��)��!���
�������,��������)�
�) 
�!�
 �
���������

�

�	
��
�8�  7�������������
 ������
+�����
��������(�	�

��1�����!��
���7,������� �7,��2$�
�

����
����

·  ,��"�����0 �(�
����
�0
�����%�� ·  +!�� ������ ���� � ����� �
�� �
���0���� �%������
�
�������

·  '�=�� �����%�!�K�1����� ·  '�=�� ��)����!��%!�����(���!��0 �(�
��K�1����

·  
������
�� ���������#������2��������1���� ·  +!��0 �(�
�����$����0���
��)��00 � ���������
����

·  &��� �
�0��0����� ������ �
�� ��$��� ��� ��������� �!��

��������)����������� 
��%�0����
 0������

·  +!�� 0 �(�
�� ��� � ���� ���� ����������� ��� �(����
�
�������
���%
���������)��!�������

·  '���� �������������������!�����#��!�������)���2���
�
�1�M��)��!��0 �(�
��#���!?�#!�0!�(�
���������
��

·  � �(�
�� ���%������ ���� %
������� � ��� ��� �!��
���������!��#���
#�"��

·  +!��0 �(�
��#���� ��� ����� ���#��!������ �� �4��41��"�� 
�
)������%� �(���� #��!� �� �(�
������%?�  ������ �!��
�(�
������%�)��#����������0�)�0���"�����%���������# �"��

·  +!�� 0 �(�
�� #���� ���� ������� �!�� 
���� �)� )��#�
�=��
���0��� � 
��%� �� �4��41�"��
� )������%� �(����
E��%��#��������0� ���������%F��

�

3�	�

��

·  ���0!�������*�����(���!���
��%��� ������U�1���!���

·  ;
��%��)� ���������� ��������00 �"��������
���L�1��
� 1��

·  +!�� �
��%�� � ��� ��� � ���� ���� ����������� ��� ��
#�"� ��� �(���� ��"� �%%
�������� �
� �0� 
��%��)� �!��
�����!�����"���!�����)��!������%���

�

��#�0 �(�
����
��
��%����!���0������������!���� ��

�����
���
� �#�������������
����
��� 
0��0���������&���������
�!�
���
����!�
�0
���
����!���
�. �
��0������
����� �E����0��������%!�� 
�?�)����C�
�������0!����?��
�� �%��)�0����
#���
#�"�F����������
�)�
����� �����64��������64�1� �
�0����0���!�����������+�������)
���!������5�8�8�� �8������



Page 62 of 87            Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson  
 

8�12 1������ ����� ��������� ��	 ������ ��
�!�� 
��� 	
���
���� � ���� ���� �����
���� ������	�� ��� �
����
��� ���
�
��������� ��+!����)��� 
�����������0�������!�
��� 
)�0������� ���(��������0$�(�� ������	)��!�"��00 
�
��� ��#� ������� �
� ����%� ������%� �
���?� �!�
�� ��� �� �� 
��0 ��
�"� !�%!� 
��$� �!��� ��"� � 
)�0�� ����
����
E��������?�� �%?� 
���F�#�������#��!���������!��#�� �
#�"����

	�����"��
��%�������0 �(�
����!� ������
�����?����� !�(��������E
��������%��F�����%��!��������)��!���
� �%��
�
�0 �(�
��0
�����%���+!���#������� 
���!���
 ��))� ���0��� 
�������0!����������#�"�)
����!��#���
#�"?�
 � ���"���0$�����%��!���
�0$�#!�
�����0���������0!� 
%������������

	)��!�������������������T�)�
��=�������!���
��%���
 �0 �(�
�������0������������#��������
���������
���� ���4�
�!��� �(�
"� �))�
�� �!� ��� ��� ����� ��� ����%�� 
 ��))� ) ��#��%� )
��� �!�� �
�0$� �
� 
�0�#�"�� � +!��� ��"�
��0� ��� J0
�#���%B� �
�0$�� ��� �!�"� !�(�� � 
)�0�� 0 
( �� 
�� �!��� ��
�0��� 
 ��))� ��� �!�� ����� 
��!�
� �!���
)��#��%� ��#�� �!�� �
�0$�� � @ ���� �
� !����#�� 0��� ��� � ���� �0
���� �!�� �
�0$� ��� ����
0���� 
 ��))� ����
���0!�
%�� ��� ��� ������ � 
��0!��� ���� 0!������� ����%�� ��� �
�0$�� �!� ��� ��� ��
�0���� ��� )��#� ��� ����� ���
)
�. ��������
(�����

8�13 1������ ����� ����!� �
����� �
���� ������� ����� �
���� ��	 ����� 
��
��� ��� 
��� ������ ����!� ��������
�����
6���� ����� ���� �����
���� ������	�� ��� �
����
��� ��� �
���� ����� ��+!��� 
�. �
������ ����� ���0�(�
���"�
��� ����������0�(�
����"�8� � ?�8��1 ?��
�8�12?�#!�
�����0$��������������������0!�
�0��
����0���� "�0���
�� ���
��� ��� ���(����� 
��$� �)� 
 ��))� ���� 0������������ 
��0 !��%� � 
)�0�� #���
�� � � 0!� ������ #���� ����� ��� ���
����%��������#�"��!���
���(����
������������!��
��$ ��

8�15 -����	�����������������
��	������������
�������� �
���� 
�������
��������������	�������������
���� ��
&������)�#���
#�"�� ����#���
��������!� ������������ (�����������)�
������
�E�����))� ���F���
����
����
<�$�#���?���)����"� 
��#������
������������0������� �� 
��)�
������
�������������������#���
���

8�16 -����	����� ����� ���� ��� 
��	���� ��� �����
����� ����� 
��� � ��	����
	� 
��
� ��/����� ���� ���� ���#
���� ���
��������������
�����������
��
�� ����0���%�0����
�����
����)��������
�
�������!
���� ����!�������?�����
��4
��$� !��������� � 	�� �
�0��0��� ��
��� �!���� �
�� �
� ��� �)� � �!?� #�������� ���� 
���
���� *����� �!��� �
��

�0�%������ ��� !�(��%� ����
����� ��� 
��� �
� �0���%�0� �� (�� ���� �&� ����� �)� 
�0�%������ �0���%�0��� �
���� �� �
�(�������� ��� �0!�� ��� �� ��� �!�� �
������� ,��� �����
E!����CC###�!�
�*����%�(���*C��)� ������=/��%���K�7� F���

��
������
� ��� ���� ��� ��� �������� ��
�0��"� �
� ����
�0 ��"� ����� �!���� 
�0�%������ �0���%�0��� �
����� � &� 
�
� �
�=0����������#!���)�
������
����  ������� ��!��0�� �!� ��
���E��%����������!��%���#�����(�� �
���F��������0 ��
�!�����������+����)�
�) 
�!�
���)�
����������)
���! �����5�8�8���8����

8�17 '��� �����	����� ����� ��� 
��	���� ��� 
�����
���� ����� �� �� *���� ��� 8�
������ ���� -����	����� ��� �� � +!���
� ���0������ E��
������
0!?� 1��7F� �
�(����� ��� ��
"� ������
��� )�
� �������� )�
������
�  ��� ���� �����
�
�0��0���)�
����������%���(�
�������������0���E��� �!����CC)�
�
����
0!�����)�
�0
����(����� F�����

8�18 ��������������	�����
��	��
���������������
�
���������
� ������������������
��
�������������������#
��������
��������������#	�
���������!� ����)�
������0�����6��

8�1�  '��� 
��	��
����� ��� 
��� �����	����� ��		� ���� ����	�� ��� 
��� ��4������
�	�� ������ ��� ����	��#�
������ ������
������� ���� �
��� �����
�� �� � +!��� �!� ��� ����� ����"� ��� ��"� 
������0��� ��0���� � ��� �!�� )�
��� � � ; �$�
)�
������
��
�����%���"�%
� ����
���
������
����
�� �
���)������0��0�
����+
 �����0���
�0��
���!� ����� �
����� ) ��"� �#�
�� �)� �!��� 
�. �
������ ��)�
�� ��$��%� �����0������� E� �� ����� �!��� 
������������"� ������

�����#��!� �!�� 0������� !����
F�� � 	�� ��� �����%���� �
 �0��0�� ��� )�
�#�
�� ���%!�� 
�� ��� ��"�� #!��� � �$�
)�
������
�������������������

8�2�  �9'.�1��������:)�� : 
�
���
������/��
���������������������������
�������! �����!�����
�����;1�������
3,� � : 
�
���
����� �/��
��������� ��������������$��� '������� �� 
		��
������
�������� 
������������� ���
'���
�� 
)�0��#���
���$����
����
������� ���
����&� '���
���%"�
��� 
0��0�����������)�
������% 
�����
��� ��0����� ��� ��� ��������� ����"�#���
� �������� �+!�� ��$��0��� ���"� ���  ���� )�
� �!�� �
���
�"� �!��� �!��



Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson             Page 63 of 87 
 

0������������������E������0
����������0�����1F?���� ��!�
��������������������"�(�� ��������
�������"� � �����
�������
�����#
������+	�
��&�	��������(
��
�
��
� ����

·  =�����	� ����� �
� �� ��� ��� �6� � � ?��� � 0��� ��� �=�
�0���� )�
� %���
��� )�
���%� � 
������ � 0! � ���
�������0�#���
�� ���"?����0$�#���
?������4�0�����

 �%�����?�0������%���0!���
"�����(�!�0���?�)����
�
�0�����%�E��%��(�%�������F?����$�0�����%?�������! �
�)�
����)� ������ �
��!���#���
�E��%��0������%?�
"�
��#��!��#�F����

·  ����
�
��
���	������
����� �������	� �������� �<�� � ?��� �0�������=�
�0����)�
� ���
����	� ��������0�
 ���� ���� ���� ���"� ���
����	� �(�� ���� �)����0$��
��$��%�#���
��� ������ �!����!��� ��������=0� ����
�����������!���#���
�E)�
����$�0�����%?�(�%�������� 
�0�����%?�#��!��%���#��"�
��?���0�F��

�#
��+������+���
���������(
����
����

�#
�$���������
� �&�	�������(
��
�
��
�$ ��
��
"����
�������
��� �� ���%��� � 
)�0�4#���
� ��$�� ���� 
 ����%� ��
�� �!� �� 1��� 0�#�� �
��  ���$��"� ��� . ���)"� )�
� ���!�
�
������?� ���� ��"� ����� ��� ����"� )�
� �� ����
���� � 
)�0 �4#���
� 
��� 
0�� 0������� E���� 8� 31F� �
�
� ���������#���
�� ���"�)
���%
� ��#���
�E����8� 26F��

8�2�  '��� �
��� ��� �
!�� ����� ���� �/����� )$,� 	������ ���� ������ � �:)� 	������ ���� ������� �� �+!��� ��=�� �� 
����
���$�� ��� ��������� �!�� 
��$� �)� ��(�
��� ����
�0��
�� E  ���%� �!�� ����� #���
� �� 
0�F� �
�#��%� ���� � 0!�
#���
�����. �0$�"���+!���
�. �
��������������0!�0$� ���"�����

�%���������0��������

8�21 9��
!�� �	����������������/�����)$:������������������ ���+!�������!���������)�#���
�����
��%��!������$��� �
��
��!������� ��� ����)�#���
��
�#�?��������������
� ����$���#����!�(����� 0!�)����
�
�����!�����
%��
�������
� ����$���� � &� (���0��"� �)� ��2� �C�� ��� ������ � �� �!�� �(�
�%�� �#�����%� 0������������ �)� �O� )��!�
���0����E����������)��!��!� ���B������
�#��������!� �����$����0� ����!�"�0����#���)����
��!�����2��C�F� ��
	���$��(���0��"���������0!�0$����"�����

�%�������� �0��������

8�22 '������
!������������ ����������
���������������$��7�
 �����������	������ ���� ����� ��� ������� ����� ���
��� ���
���� ��
�� :� �� �� � &� �0
���� �
� ���!� ��0
������ �!�� ��� ��� �)� ���
��� ����
��%� �!�� �

�%���
�
�"�������&��������
���*���)�2������� �������������� ���!��
��$��)�A (�������
� ��������!�
�)��!����0��� �
����%�� 0$���������!������$���

8�23 '��� �
!�� ����� ���� ��� ����� 
� ���	
��� ��
�� ��� 
�� ���	�� ��
	� 
��
� ��� ������
��� �� � -�������� �"�
��)���������
����
�������"���� 
�������� 0!�0������ �����
�(���������0����!�������)�
�0�
�������������� �
������� ���0����� � &� #���
� ��$�� 0��� 
�� ��� ��� )� 0� � ���%� #���
� ��(���� ���� #���
4������?� #!�0!� ���
0������
��� ��� !�(�� ��� ��(�
��� �))�0����� � 0!�!����� ����� ��)�
����8� 16�)�
���� �=���������� �)� �0���%�0���
�
�����

8�25 <������� �������
����� ����� ��� ����	���� ���
������ �
!�� 	� �
������ ��������� ���� ��� ���� �
����� 
��� ����
�
/���������
��
�������
�������
!� ����������
�)�
������0���������

8�26 '��� �
��� ��� �
!�� ����� ���� �/����� ,)� � : � ���� �
� �� � '���
�%
� ���#���
� ��$���  �� ���5�� � 2C��"� �
��
��
������� ��� ��
�� �)� �� �&�'� ��
���%"� 0������� �
�(�� ��� �!�� �=�
�0���� #���
� ��� ���"�  ���� )�
� �!��
�
���
�"����#!�0!��!��0���������������E������0
���� ������0�����1F���+�$���0������ ����)�
�%���
���)�
� �
� 
��������������%����. ����"�E��%���������0�� ���" ?��������0�����

�%�����?������������!���#���
?�"�
 ��
#��!���#�F����
� ��#���
���$���L5��� 2���
���"�
�. �
��������
����
��� 
0��0������������0 ������E����
,��������
 ����548F��

8�27 '��������������������	��
�����������,)������
��������� ��������	������������
���� 
	���������������
������ �
�� ����� ���
���� �� �+!���
�. �
������ ���������(�����!������������"�� )���#���
�����#�
��%��!��
#���
��������)��=�����%���
���E�!�
��"���0��������� %�
���
��%��)��=�����%���
������%
����
�����!�F���+ !���

�. �
������0�������))�����)�#
��������
��������0�� �������������)
����!�����%!�� 
��%���
���#��
E�F��

8�28 '����
!�����������	����������
����	� �	����
������	
��� ��
�����
��������
������	����
	�
��
 �����)�
�
���8� 23�)�
�����=�����������



Page 64 of 87            Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson  
 

8�2�  '��� ����� ����� ��� ����
		��� ����� 
� ��
��� ��� ������		� ��� ���� �
��� ��� �	��� ������� ���� ����� ���	��
���������� ��� ����#�	������ �� � ����
��� ��� 
�. �
��� ��� 
�% ����� ����
�0����� 
��� �� ���� ��� ��� 
��#���
� ���
����#�������

8�3�  <
���� ����� ��� ����� ���������	�=� ��� �
���� ��� 
		����� ��� ���� ��� �
��� ���-���
� �����(�� ����� 
��� 
0����
+!�
���!� ������������
�0���������$����"#!�
������% ��!������
�0������
�����(�
"��"��������(�����������
���$�0���#�������
%��(�� �����)�#���
�E��% 
��7F��� <�$�#���?�!�#��!��#���
���� �����!� ����������%���
���� 0!���#�"��!����(����� ���0����
"�#����%���

8�3�  <������� �������
����� ����� ��� ����	���� ���
������ �
!�� 	� �
������ ��������� ���� ��� ���� �
����� 
��� ����
�
/���������
��
�������
�������
!� ����������
�)�
������0���������

8�31 '�A�
�� 
)�0��#���
���$������ 
)�0��#���
���$���L2� �� 2���
���"��
��0���
�������0��(���������������
�)�
�
�����0���������)�"� �#� �����$���������"�)�
�����A� 
�� 
)�0��#���
���$���

�

8�32 ;����	����#�
��� ��

8�33 ;����	����#�
��� ��

8�35 ;����	����#�
��� ��

�
�	
��
�9�  �������
�4�@�(	
�����
��

�

������ ���$�� ��� #���
� ������  ���
� �
��� 
�� 0���
����� ��� ��%� ������� �(�
� ����� E���� ������
��������F���&����$��!����*���)��������������0� ���
��� �����%�  �#�
��� �)� �3?���� ���
��� ��
� ��"�E�3�
� 2C�F?�#!�0!�#����. �0$�"�����������"�����0������
�)� ��)��  �
����
��� E�������� )
��� ���#�
�� X�
�� ��1��7F����

&�������%�"�����%��)�0�����
���0��������
�� ������
� ���������� �������E������ ����#F?� ��
��0 ��
�"� �)�
����������)�����%��!�(�����"�� 0!����$���

�
�

Section 9:  Supplementary information for farm effl uent. 

�  +!�� ���
�%�� ���� �����0������ �)� )�
�� �))� ���� ��� ��� �� ��� ��0���
������ �0��(��"�� � ��0�%������ �� 
0��� �)�
)�
���))� ������0� ����

��  �))� ����)
������
"��!��������"�
��� �
1� �))� ����)
���)���������������!�
�)�����%�� ���
��� �E������0
��������8� �� F��
2� �� �%��)
����))� ���������� �
3� �))� ����)
�����%����
������� �
5� �))� �������������
�)
����� ��
"����
������� �
6� �))� �������0!����)
���� �$�� ���������
"�)�����E�� ����0
��������8� �� F��



Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson             Page 65 of 87 
 

7� &�����!�
��
����#!�
���))� ������"��00 � �����E��%� ����0$� ���
������F� �

&�������))� ���������)��������� �%����� 
����)
���� �������E����������F�����
���))� ���������)�������
� �
�
����"� ��� ��0� ��� ������� �))� ���� �� �� #����� ��. � �� E��%�� ����%�� ���0!���?� ���� #��!��%�?� ���$?� ���$�

���� �?� ��������?�����
%����?�
���#���
?����
�#��� 
?�
 ��))?���0�F��
� ������#������)� �!���)
���!�
��
�
���� E��%�� ��������?� ����?� #����� � ���������
"� )�� �?� )�
������
?� ��0F�� � ��
� ���
"� )�
��� �!��� ��� �)��� �

�)�

�����������
��
��
"��))� ����E�
�F����

@ �����))� ����#���������=0� ����������
����0�
0 �� ���0����!� ���! ����#����������=���#��!�)�
��
�))� ������� 0!�#�����
�. �
������0�����
���������� ��0!��(��0�
�����. ����"�������
�����)�
�����0����� �
����������������E����������������0�����8� �� F���������
�"���������������
�����������������
���� E��%���))��F�
� ��������������������!���))� �����"�������;��!�0�� ��������
�� ��!����!���� ����

+!�� � 
����� �)� ��0����� �� ��� ��� �
�(���� �� �0��� #��! � � ))�0����� ��)�
������� 
�%�
���%� �!�� (�� ��� �)�
�))� ���� �
�� 0��?� ���
�%��0���0��"?� ���� �������� 
� %�
���%� ����� �����0������� � ���!����� ��� ��� �))� ����
�
�� 0��� �"� ���
"�)�
���%����
�������&�
� �!�� � �$�� ��
�%�� �)� ����%��� � �����0�� �!�����������+���� �)�
�!�� )�
���%� ���
������ ����� ��0� ���� 0����
0���� �� � �
"� �
� ��%� �
�� 0����?� �
�  �0������ �))� ����
��� �������E)
���!�����5�8�8���8��F���

�

���  '��$��%���)�
����������

"	�4	�
�#
����	A
 �����$��������0�#�� ���
���

 �
��

��	�4	�
��	�
 ��� ���
��)�!� 
����
����$��%��!���0�#���
������!�� ���$��%��!���E���$�������F��

"	�4	�
��&
����� ��+�0$����!�
���0���
��#�0����
���"��������0������� $��%�)
�. ��0"�� 
��%����$���������

"	�4	�
��#
��+��
��������&�	�� ����)�
������% 
��������!��������������!��(�� ����) �#���
� ��������!��
���$��%��!���� 
��%����$���������

�
����������?
�� ������
�#!����!�����$��%�����������
�������)����!�� ��

'��$��%���)�
���������� �������0��0 ������!��(�� �� ��)��))� ����%���
�����)
����!�����$��%��!�����D� �
0�������������!���"� 
���)� ���%��!��)����#��%��. � ��������

�

�

�

�

�

�

�



Page 66 of 87            Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson  
 

��1  ������)�
����������

-���� ��� ��
� &
�� ����# �� 	���0���� �!��
���
�=������� ���
��)���"���!����!������
���  ���� ��0!� ����!�� � ��
� �=�����?� �� ����
��%!�� ���  ���� �(�
"��"� � 
��%� �!��
���$��%� ������� )�
� 
�% ��
� )�����%?� � ��
���"���0� �����)���"��������!�� 
��%��!��
�))�����������������#������� 
�����

���(
�� ��� ��+�� &
�� ��� �� 	���0���� �!��
����"� �(�
�%�� � ���
� �)� 0�#��  ���%� �!��
����)�
���"�%�(�������!����

-����	��� 1#����� &
�� ���2 �� 	���0���� !�#�
���"� !� 
�� ��
� ��"� �!�� ���0$� �
��  ���%�
�!�� ����� � ��
� �� 
�% ��
�"�  ���� )�������
�!�����"�������"����!�
����
����E��%����5�T�
�� !
C��"F?� #!���� �� #����
��%� ���� ��"�
!�(�� )�
� ���%�
� � 
������� E��%�� 8� !
�� ��
�
��"F��

���������������
� ���� �����������������!��
(�� ����)��))� ����%���
�������	�������� �����!���� ��������))� ��������
���!��������))� �����"�������� �
#�����������������������(����

�%���
���	)��!������ �����!��0���?�����������0
����!�#������))� �������� ���%����

+����$��"� 
��#����������?�� �����"���0!�
�#��"��)) � ����"�������
�0�#�E)
������F?������!������� ��
��������!�"���������

��2  <��0!����)
������
���)������	���0�����!��(�� ����)� ���0!����0����0����)
���� ���������
"�)�������
���
��� !�
�� � 
)�0��� E�����"� � �$� ����%�F�� � 	)� ���0!��� � ��� ���� 0����0���?� �!��� ���(�� �!��� ��0����� ����$�
E!�#�(�
�0!�0$�
�. �
������8� �� F��

����	��

� �
��#��
� 	�� ����
��
�� 	���� �#
� ��	�� 
����
� ������
� ��<��0!�����
�� 0�����)
������
�������%��
0��� ��� ���������� )
��� ����%�� . �����"� ���� . ����"�� � ' �����"� ����%�� �����%�� �"� ���0!���� �
�� 0�����
��(����E+�����3F���+!����)�% 
�����"� ����� ��������� �(��"� ����)�
����*�� ����%��� ���% 
����=0� ��� 
���) ����
0���
�� ������E��%���=�
�� ���0!�����
�� 0�����0� �� �����%���������0�(�
��?��
����
�#���
�
 ��))�)
���
�!��0�(�
��������
�%���
��F��

�

��(�
�0�  .
��#��
�&������	��������
������	��

�

�	��

�&�
&����	����
�#�	'�
� B����
� ��� �
��#��
� &
�� ��� �
� ��� �	��

�
1� � ?��2�

���� 
����������#��!� ����"�#�����%� ��5�

���� 
��#���������1�M��
"������
���)�
���������%� �� �85���E
��%�����5�T����1F�

���� 
��#���������15M��
"������
���)�
���������%� �� �2�

�
���
���1��6��

��� �
��#��
� 	�� ����
��
�� 	�� �� �
&����
� ���&� ���&���� � '��� 
�� �!��(�� ��� �)� ���
��� ���0!���� ��)�
��
����"��%�E���%�!�=�#���!�=�����!�K�(�� ��F?������ � ����"��"��!��� ���
��)��������!��� ����
���������
����������0!�"��
��

��3  �))� ���������0�������
����

���
��	�
���
� ��+!�������!���0� ����
����!����))� ��������������� �"��!���

�%���
?��������
�������"���
����
�����
�� ����0�(�
�%��� � 	

�%���
� ��
���� �������
�� � �"� ��� ��������� )
��� �

�%���
� ��� )�0� 
�
�?� �
�
���� 
���� 
��%����
����������
� �������!����#��!�� !��0��0 ��������)��
����
����0� ���������% 
�����

����������	�����	��

 ��+!���
�%�����������
����%������ ���������
������� "������0��� 
������������%���+!���
0��� ��� ��������� )
��� ����� ����� �
� )�
��<��� � 
(�"�E ���� ��0�����2� � F�� �&���
����(��"?� ��%� �� !���� ����



Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson             Page 67 of 87 
 

�=������ �!�� ����� "� 
���)� E��% 
�� 8F�� � ����� �!��� ��������	��  �		� ���
��� � ���� 
��������	�� ���
��� �
0���%�
���� ������������������%��
��0��������!�
��� �� 
�
	
� 
���
����������
���� ��

 ��	�	�	������	��

 ����)�
���
���
��"����� �� 
)�0���
����%��� 0!����� ���?�����?���(�)��#?���0��

��&�
��&#� ����)�
������!������������������
�����%
��!"��"���# ��!����!���))� ���������0�������
����

-��	�������	����&
 ����)�
������!����=� 
���)��!�����������
��!���
��� 
"���
��������
����E� ��0�?�����F���
+!���0���������������)
�������������E��%��
����(�
$ �� 

	��	��� F��
�)�
��<���� 
(�"�E������0�����2� � F��

 

�	
��
�=�  ����������	�����	��

�����	�	����
�

��� 
���������
����%��0�����������
����)������"��!������!��) �%��"��%������������%������"��%����#!�����
���)��!������� �
�)�������
����0����"�%
�"����0��� 
�E����0��������%���
��#���
��� %%��%F���'������%��������0!����)��
�%!��
 ��"�0��� 
��E� 
��%�?�
��?�"����#?�
�
�#�F��!�������0������)� 0� ����%�#���
�������E�!�
����
� �#���
���%%��%F���'������%�����%��"��%��)�����00 
���%��!� 
���

�

�

�

�

�

�

�



Page 68 of 87            Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson  
 

�

�

�	
��
��<�  ��������	�
�������
���
������������

������
��

�

������'�$����� 
������0��0 �������� ��� ������)���� 
�������
��=�����?�(�� ���E� 2F�K����%�!�E�F�=�#���!�
E�F�=�����!�E�F��

�

�



Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson             Page 69 of 87 
 

��5  �))� �������
�%���
������� 
�����������0��0 ������� ����� 
)�0���
��������������))� �������
�%��0���0�� "��

������
� ��
� ��+!��� ���  ���� ���0��0 ����� 
���)����0���
�� ������ E���� �(���
������ ������F� ��� �!�� ���
�%��
�
��������
��������%���)�#�
���
��!���
�)���������� �
(�0����)���� 
(�"�
���"����
�. �
������0��0 �����
�

�% ��
��!������
����E��%������������F�����% ��
� �!�����0���������� 
���#��!�������
������� 
��%�
#!�������

�����

� ��&��	�� �� 	)� ���
�%�� 0���0��"� ��� ���� ��
���"� $��#�?� ��� 0��� ��� 0��0 ������  ���%� �!�� (�� ���
)�
� ���� ��� ��% 
�� ��� � &��� ��%��!�
� ��� 0��0 ����� �� ���� �))� ���� ���
�%�� 0���0��"� )�
� "� 
� )�
��� � &�
� 
(�"�
���"����
�. �
������0��0 �����(�� ����)�
�� 

�% ��
��!�����������#��!�(�
����������!���

-
����

�� ���
� 
�
�� Y� 	���0���� �!�� )
�. ��0"� �)� ���� �%��%�� �<��(�� ���� $� �)� ��(�
� ���� �%���E��%��
��0!���0������

�
���� ���F��

���&
������#
�	��	
����C�� 	���0����#!�0!��� 
0����
��� �������
�0��"�����!��� 

�%���
��

�

��6  ���
�#���
�0��0!������
����������(�
��������

������
���
� �������!��)�
� ���������% 
�������!����0��0 ������! ���
����)�(�
�� �����
�#���
�0����0�����
� 
)�0�����,��"���0� ���� 
)�0����!���0���
�� ����� ��))� �����
�� 0�����E�����)��#����� �����
������F� ���

�	�4�	�������+��
���	�
��	���	������
� ��+�0$��!�����������)������A ����������
�#���
��"�� ����������������
E��%��D�(��(��?���(�
�����%����?���0�F��

"���#��+#
�� �����+��
�� �	�
��	��� 	�� ���	�
�� 	)� �� ���
�#���
� ��(�
����� �"����� ��� ���������?� ��0$ � �!��
����!��)�
�#!�0!�����������%� ����E�����#!������
�# ���
��������%���(�
�����#�"�)
����))� �������
�%�F� �

�

��7  �))� ���������0�����������������

���	
�������&
 ��	)����������������!����� )�0� 
�
���������������� ��	)����?��!���
�0�
���!��%���
����"���
�)��

�%���
�E��%��% �?��
�(�����%��

�%���
?���0�F ����

 &&�	���	����
&�#��(������# ��&����0����������!�����!��!��%!���)���. ����))� �� ���������������"���
���)�
�!�������0$�� 
��%��

�%��������+!�����)�
�������0� ��������������)
������

�$ 	

�%���
���� )�0� 
�
���������0��"� 
��

�%���
��� � )�0� 
�
��
�
�)�
�����!���
�%����� ��
���� ����
+!�"�#����������������
���������

�%���
����������� ��%������������0����������!��������
�0�(�� ���)�
�
�
�(�����%��

�%���
�� ��0� ��� �&�+�EU�1� ��� ����!F?� '�
	�'�E�1�T�13� ��F� ���� �<,-�EL13���F���
@�#�(�
?��!�
������ 0!�(�
�������"����#������))�
�� ���

�%���
���$���������������

�$ �'��� 
������  ���%� 0����0����� 0�������
��� � ���0�� 0� ���0����� 0�������
�� ������!� �!�� �

�%���
�
��
�������1����
������
(������'��� 
���!������!��)� �))� �����!�����0!�0�������
�0����0��?�����#�
$�
� ���!���(�
�%������!��)������0������E���������!��� ��� 
�����%��!�
��!�����(�����"��!��� ���
��)�
0�������
�F����

�

 �
��

������
����
����
����&&�	
��&
�������� 	���0�����!���(�
�%������"�(�� ����)��))� ��������� ���)�
�
��0!�����!���+!���0�����������������"��

�$ � ����%���)�
��������

�

�$ &����0����������!�����0�(�
�%���

�



Page 70 of 87            Proposed One Plan – Section 42A Report of Dr Andrew Keith Manderson  
 

Section 10:  Supplementary information for MINOR wa ter takes. 
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Section 11:  Supplementary information for MAJOR su rface water takes. 
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APPENDIX 1:  SERVICE PROVIDERS 
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This appendix is provided as a suggested template for Horizons.  It cannot be completed 

until a decision is made regarding how the Council may ‘accredit’ providers.  It is 

recommended that a database of preferred/accredited suppliers be constructed, and an 

output list appended to the Reference Guide (i.e. replaces this appendix). 
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