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INTRODUCTION  

Background 

1. This report forms part of Environment Canterbury’s audit of the assessment of 
environmental effects (AEE) provided by the applicants in support of resource 
consent applications to take and use water in the upper Waitaki catchment for 
agricultural and horticultural activities. 

2. This report will provide the decision-makers with information and advice related to 
the actual and potential effects of the proposed activities on cumulative water quality 
effects. Specifically, an audit of existing environment, surface water and 
groundwater flows, and mass-balance flow and water quality considerations. This 
audit has been sub-contracted to Environmental Associates Limited, who have been 
engaged by Environment Canterbury (ECan) to audit these applications in relation to 
cumulative water quality effects.  

Qualifications and Experience 

3. My name is Tom Heller and I am a Director of Environmental Associates Limited, a 
private environmental consultancy based in Dunedin. In that role I provide 
professional, scientifically robust services for natural resource investigations and 
evaluation and planning, and also for processing and monitoring of resource 
consents.  
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4. I hold the qualifications of New Zealand Certificate in Engineering (Civil) and a 
National Diploma of Science majoring in surface water and groundwater resources 
from the Otago Polytechnic, Central Institute of Technology, and the New Zealand 
Qualifications Authority. I hold a Certificate in Management from the New Zealand 
Institute of Management and a Masters Degree in Environmental Science completed 
with first class honours from the University of Otago. 

5. I am a Registered Engineering Associate and a member of the New Zealand 
Association of Resource Management. I have over 25 years’ experience working in 
surface water and groundwater resource evaluation. A considerable amount of that 
time has been spent on hydrometric and water quality data analysis relating to low 
flow, water allocation and land use issues. I have also been involved with 
groundwater and surface water policy development for the Regional Plan: Water for 
Otago, the Proposed Regional Freshwater Plan for Southland and the Proposed 
Natural Resources Regional Plan for Canterbury. 

6. I have a current practicing certificate from the Ministry for the Environment’s 
Resource Management Act (RMA) Commissioner Training Programme. I have also 
served as an independent commissioner for Environment Canterbury to decide upon 
selected water permit applications in the region. 

7. The following evidence has been prepared in compliance with the Code of Conduct 
for expert witnesses set out in the Environment Court’s consolidated practice note 
dated 31 July 2006.  I confirm that this evidence is within my area of expertise and 
that I have not omitted to consider material facts known to me that might alter or 
detract from the opinions that I express.  

Scope of Report 

8. This report is prepared under the provisions of section 42A of the Resource 
Management Act 1991 (RMA). This section allows a Council officer or Council-
appointed consultant to provide a report to the decision-makers on a resource 
consent application made to the Council, and allows the decision-makers to 
consider the report at a hearing. Section 41(4) of the RMA allows the decision-
makers to request and receive from any person who makes a report under section 
42A “any information or advice that is relevant and reasonably necessary to 
determine the application”. 

9. This report forms part of a suite of section 42A reports prepared by Environment 
Canterbury for the above consent applications. All reports should be read together 
to gain a complete understanding of the audit of the resource consent applications. 
Full details of the consent applications are provided in Report 1.      
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10. This section 42A report covers the following technical areas of audit for Environment 
Canterbury: 

(a) General climate and environment inputs 

(b) Surface water 

(c) Groundwater 

(d) Mass balance flow and water quality considerations. 

11. To facilitate this audit I have fully read and assessed the following reports prepared 
on behalf of the applicants’, including some additional supporting documents of 
relevance to matters being considered at this hearing: 

(a) Cumulative Water Quality Effects of Nutrient from Agricultural Intensification in 
the Upper Waitaki Catchment – Summary report and appendices. Report 
prepared on behalf of applications in the upper Waitaki via Mackenzie Water 
Research Limited (GHD, August 2009a). 

(b) Cumulative Water Quality Effects of Nutrient from Agricultural Intensification in 
the Upper Waitaki Catchment – Groundwater report. Report prepared on 
behalf of applications in the upper Waitaki via Mackenzie Water Research 
Limited (GHD, August 2009b). 

(c) Cumulative Water Quality Effects of Nutrient from Agricultural Intensification in 
the Upper Waitaki Catchment – Rivers and Lakes report. Report prepared on 
behalf of applications in the upper Waitaki via Mackenzie Water Research 
Limited (GHD, August 2009c). 

(d) Upper Waitaki Farm Systems and Nutrient Assessment: Stage 3 Base case 
nutrient assessments. Agresearch, August 2008. 

(e) Upper Waitaki Farm Systems and Nutrient Assessment: Stage 4 Irrigated 
nutrient assessments. Agresearch, July 2009. 

(f) Irrigation and drainage modelling of the Upper Waitaki Basin. Report prepared 
for GHD Limited. Aqualinc, August 2008. 

(g) Waitaki Catchment Hydrological Information. Report prepared for the Ministry 
for the Environment. Tonkin and Taylor Limited, February 2005. 

(h) Seven day mean annual low flow mapping of the tributaries of the Waitaki 
River. Environment Canterbury, 2005. 

(i) Upper Waitaki catchment surface water flow statistics - summary excel 
spreadsheet. Internal Environment Canterbury document, 2009a. 

(j) Waitaki Catchment Groundwater Information. Report prepared for the Ministry 
for the Environment. SKM, December 2004. 

(k) Environment Canterbury on-line GIS Groundwater Information. Environment 
Canterbury, 2009b. 



Report 4A: Cumulative effects – technical report 4 

File No: CO6C/26005 

Consent No: all applications at the Upper Waitaki Hearing  

(l) Lake Benmore Water Quality: a modelling method to assist with assessments 
of nutrient loadings. NIWA, August 2009. 

(m) Assessment of effects of increased nutrient concentrations in streams and 
lakes of the Upper Waitaki Basin due to catchment land use changes. NIWA 
(DRAFT), February 2005. 

12. It should be emphasised that any conclusions reached or recommendations made in 
this report are not binding on the decision-makers. It should not be assumed that the 
decision-makers will reach the same conclusion having considered all the evidence 
to be brought before them at the hearing by the applicants and submitters.  

AUDIT OF GHD SUMMARY REPORT  

Proposed irrigation 

13. The current GHD assessment of cumulative water quality effects of nutrients from 
agricultural intensification in the upper Waitaki catchment provides for 
(approximately) an additional 25,000 ha of irrigation in assessments. This level of 
irrigation includes new irrigation plus the irrigation potential of consent holders whom 
do not currently irrigate (totalling 26,255 ha). This gives a total of approximately 
35,105 ha of potential irrigation for the upper Waitaki, inclusive of the current level of 
irrigation. 

14. The applications currently under consideration involve approximately 18,165 ha of 
irrigation. 

15. For the purposes of the effects assessment carried out by GHD, I consider that the 
distribution and scale of areas provided are sufficient to analyse for cumulative 
water quality effects of land intensification on a sub-catchment or regional basis. 

16. Individual assessment of abstraction effects with regard to water allocation and 
minimum or residual flows is provided in evidence of investigating officers and is not 
provided within this evidence.  

Existing Environment - Groundwater 

17. At the property scale, leaching losses to groundwater are assessed within 
Agresearch (2008) and Agresearch (2009) as being 3 to 26 kg Nitrogen 
(N)/ha/annum and 0.01 to 1.1 kg Phosphorus (P)/ha/annum. These leaching losses 
are presented as being within the general reported range for variable land use in the 
upper Waitaki catchment. However, dryland average pasture losses were assessed 
as being 2.6 kg N/ha/annum and 0.14 kg P/ha/annum – at the lower end of the scale 
of leaching losses. It is noted that generally the irrigated losses are in the order of 2 
to 3 times that of typical dryland losses. 

18. However, in terms of N-flux to groundwater, attenuation within different soil classes 
is given to provide an estimate for N-leaching. Although, it is unclear where this 
attenuation factor is verified with respect to leaching N loads or N concentrations. A 
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more detailed assessment of on-farm nutrient fate is given in evidence of Dr 
Clothier, and Dr Clothier states that the over prediction of pasture yields by the 
applicants corresponds to an under-prediction of N-leaching. Thus, the mass of N-
leaching through soils to groundwater may be under-predicted. 

19. Average N-drainage concentrations are given for groundwater sub-catchments and 
they range from 1.2 to 3.73 mg/L N. These concentrations are considered within 
evidence of Mr Hanson with respect to final groundwater N concentrations. 

20. The application and effects of denitrification into the N mass balance is not clear in 
the GHD reports and has not been provided within any appendices. There appears 
to be a denitrification factor applied to soils as discussed above, which is addressed 
in evidence of Dr Clothier. The soils in which significant denitrification may take 
place are considered by the applicants to contain high soil moisture, low oxygen, 
and high soil temperature with the presence of organic matter. However, Dr Clothier 
(in evidence) states that the soils in the upper Waitaki are inconsistent with those 
properties. Thus, in terms of N mass balance, it is unclear how the application of 
soils N-leaching vulnerability is applied to the overall N-flux utilised for cumulative 
effects assessment. 

21. Denitrification has also been applied (for cumulative effects assessment purposes) 
to specific riparian groundwater discharges. This is in the form of a nitrate 
attenuation multiplier or a constant used to ramp back N addition from discharging 
groundwater. Whilst I support the notion of riparian N attenuation, I cannot 
determine how this has been applied in terms of mass balance sub-catchment 
values. The riparian N attenuation concept is discussed in more detail within the 
evidence of Dr Clothier and Dr Meredith. 

22. The application of the N attenuation factor is questionable and has a large degree of 
uncertainty. There are no results or calculations given for attenuated N within the 
mass balances given in GHD reports. 

23. An assessment of groundwater and surface water sub-catchments indicates that 
groundwater basins are in good agreement with existing data and reports. In all, 
notwithstanding some minor modifications in relation to surface water catchment 
boundaries, the groundwater sub-catchments appear to be satisfactorily identified 
for the purposes of providing for sub-catchment cumulative N inputs to Lake 
Benmore. 

24. Surface water catchments together with surface water nodes used to examine 
cumulative water quality impacts of proposed irrigation development, are discussed 
below in evidence. 

25. The GHD cumulative nutrient effects methodology examines sub-catchments to 
show potential exceedances of nutrient thresholds for the “mean flow” catchment 
condition. It is difficult to ascertain if those potential effects (mean nutrient 
concentrations) are in fact more than minor upon the receiving environment as bulk 
N is summed for large groundwater basins. The application of individual 
groundwater sub-basin N-flux is only attributed to specific surface water nodes, and 
it is acknowledged in the GHD reports that on some occasions, there will be a by-
passing of nodes by a percentage of groundwater flow and nutrient loads. 

26. The modelled groundwater quality (for the existing environment) for the Wairepo and 
Chain Hill sub-catchments appears to be inconsistent with monitoring data. This is 
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expected to be caused by a development lag in the groundwater system. However, 
an incorrect water and nutrient balance may be responsible for these 
inconsistencies. The level of detail within the report is insufficient to audit this 
outcome.  

Existing Environment – Rivers and Lakes 

27. The methodology for the water and nutrient balances given in the report relies upon 
mean values for stream flows and groundwater input. It is noted that a large 
percentage of all water input to Lake Benmore is provided via the Ohau canal. Thus, 
for the remainder of the water balance, there is little sensitivity in the mean flow 
ranges for other contributing surface water and groundwater sub-catchments to 
Lake Benmore. 

28. The mass balance nutrient assessment has relied upon N as “nitrate” and whilst I 
agree that nitrate is generally the most relevant nitrogen species to assess in 
relation to groundwater transport, there has been no assessment of other forms of 
N. In particular, organic-N in waterways (Figure 1). The GHD reporting does present 
forms of N and P, but it does not distinguish this within the nutrient modelling, which 
provides for total N and total P – this may be a further consideration with respect to 
actual effects upon the environment. There is a clear omission within the GHD 
reporting of sub-catchment analysis of the proportion of total-N associated with 
riparian activities and not groundwater N transport. Further discussion of N species 
is given in evidence of Dr Meredith.           

Figure 1 Photograph of lower Willowburn Stream showing a high degree of weed 
and algae growth  

29. The Ahuriri Arm of Lake Benmore is reported by the applicants to be well mixed with 
the Northern (Haldon) Arm having some stratification at depth. The applicants also 
provides detail of an average 55-day residence time for the lake. This compares to 
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(NIWA, 2009) which provides a residence time of 57 days for the Northern Arm and 
75 days for the Ahuriri Arm at mean flow input. 

30. Lake Benmore under a mean flow input of 280 m3/s to the Northern Arm has a 57 
day residence period (NIWA, 2009). The Ahuriri Arm residence period however is 
estimated to be 75 days based upon a mean flow input of 28 m3/s (approximately 
one-tenth the flow input to the Northern Arm). On review of lake depth and area, I 
have assessed the residence times for both the Northern Arm and the Ahuriri Arm 
as being approximately 49.6 and 52.4 days respectively. Thus, on average the 
residence time may be about 50 days for each arm during the mean flow (input) 
condition. I believe that the NIWA (2009) report had provided for the residence time 
assessment made within NIWA (2005) which utilised mean flow inputs of 308 m3/s 
and 32.2 m3/s respectively for the Northern Arm and the Ahuriri Arm. Whilst I have 
assessed my calculation of mean residence times based upon the lake depth 
information given in NIWA (2009), I cannot confirm that the methods in each of the 
NIWA reports accounted for the mixing of waters within the inner basin of the lake or 
that provision has been made for the fact that both arms encounter significant 
constrictions in the flow routes to the inner basin. As such, I cannot confirm that the 
residence times given by the applicants’ consultants are truly reflective of the 
average residence time for each of the Northern and Ahuriri Arms of Lake Benmore. 
As this physical parameter is critical to the assessment of the lake receiving 
environment, I suggest that a more detailed and transparent assessment be 
provided by the applicants’ consultants in support of lake residence times. A more 
detailed assessment of the Lake Benmore receiving environment is given in 
evidence of Dr Schallenberg.   

Future development 

31. The proposed (future) irrigation development scenarios are based upon the 
modelled total take and use with full consent (water) utilisation. This is (seasonally) 
the most conservative approach to examine cumulative effects upon water quality 
from irrigation development. 

32. However, volumetric water balances have been kept constant for all future scenarios 
(from the base case – existing situation). Under the proposed irrigation 
development, surface water and groundwater balances will be subject to alteration 
from abstraction. It is expected that surface waters that make up the majority of 
proposed abstraction will undergo the greatest hydrologic alteration, with 
groundwater relatively unaltered. Broadly, the current water balance for the existing 
situation is reasonable to adopt for a regional cumulative effects assessment that 
are relevant on an annual timescale. Although, for specific sub-catchment or river 
reach assessments, any significant changes to surface water flow statistics should 
be accounted for with respect to water quality determination, i.e., to take account of 
flow reductions as a consequence of abstractions. As far as I can determine, this 
adjustment for sub-catchment effects analysis has not been undertaken by the 
applicants’ consultants. 

33. Table 4 in the report indicates that under proposed irrigation development there may 
be required changes to nitrate loads by individual properties requiring irrigation in 
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the groundwater sub-catchments of Ohau and Wairepo, with the latter being in 
recognition of potential environmental effects upon Kellands Pond (Figure 2). 

34. Indications are that the Ohau groundwater sub-catchment may exceed 1 mg/L as an 
aquifer average. However, I conclude from a review of the mass balances given, 
that this level of groundwater nitrate concentration would have a less than minor 
effect upon Lake Ohau, Lake Ruataniwha or the Ohau River under mean flow 
conditions.            

Figure 2 Photograph showing existing irrigated land adjacent to Lake Ruataniwha 
and Kellands Pond (to the right of picture)  

35. It is noted by the applicants’ consultants that the increase in land-drainage 
concentrations is commensurate with increases to drainage volumes under irrigation 
development. From an individual sub-catchment perspective I am unable to audit 
the projected increases to groundwater N concentrations as insufficient detail of 
these balances is given by the applicants’ consultants, i.e. there is insufficient 
information given on drainage volumes along with information on drainage quality. 
This is considered further in evidence of Mr Hanson. 

36. Based on the applicants’ consultant’s results of the regional water and nutrient 
balance, the Northern Arm catchment of Lake Benmore may not be required (under 
irrigation development scenarios) to provide for nutrient reductions to meet 
oligotrophic status. For the Ahuriri Arm catchment of Lake Benmore, the applicants’ 
consultants states that about 10.7 kg N /ha/annum and 1.1 kg P /ha/annum may be 
required to be reduced from land-based nutrient losses to achieve a suitable lake-
trophic status. This assessment is based upon mean lake inflows and nutrient loads 
and Dr Schallenberg presents evidence in audit of this methodology. Based upon 
the overall water and nutrient balances given, I accept that the Northern Arm of Lake 
Benmore appears to contain the greatest assimilative capacity for nutrient loads. 
However, examination of proposed irrigation scenarios indicates that the greatest 
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future irrigation development (above the existing base case) is from the Northern 
Arm catchment.  

AUDIT OF GHD SUMMARY REPORT APPENDICES  

Overall Study Methodology 

37. An outline of the study methodology and a brief assessment of information utilised in 
the assessments is given. From this discussion it appears that the majority of 
available climate, soils and environmental information has been utilised where 
possible within the assessments. However, it should be noted that there is little 
groundwater data and relatively recent surface water flow data for many individual 
waterways. Some further targeted monitoring data has been collected as part of the 
GHD study.  

Modelling 

38. Required irrigation depths and volumes have been defined using “Irricalc”, an 
irrigation water balance assessment methodology. For the purposes of cumulative 
effects assessment upon water quality, the existing and proposed irrigation depths 
provided by Irricalc are based on “total take” with full consent utilisation. This will 
provide more conservatism in the mass balances. It should be noted that the audit of 
‘Irricalc’ for calculation of individual consent application water requirements is 
provided in evidence of individual investigating officers and not within this evidence. 

39. The application depths utilised within the Irricalc methodology for individual soil 
PAW classes (for centre pivot and border dyke only) appear to be at the upper end 
of acceptable irrigation volumes. However, as indicated, for the purposes of mass 
balance, I consider this a conservative approach. 

40. There may be some confusion within the report discussion over the actual thickness 
of aquifer(s) within the upper Waitaki catchment. It is reported that the depth from 
land surface to basement rocks is in the order of several hundred metres in the 
catchment. This suggests that deep groundwater may by-pass the majority of 
surface flows to enter Lake Benmore directly. It is not clear from the modelling work 
what layer geometry has been employed into the model and how the deep 
groundwater system behaves independently to that of the water table aquifer (which 
discharges to surface waters in the majority of the catchment). 

41. This following photograph (Figure 3) shows the general make-up of Quaternary 
gravels in vicinity of the mid-reaches of the Pukaki River. In this area, groundwater 
flows do by-pass surface waters as this is a ‘losing’ stream reach based on the local 
depth to the water table from land surface. However, due to the relatively shallow 
depth to the water table and moderate saturated thickness, the majority of the 
groundwater system flows are confined to within the watertable aquifer. These 
groundwater flows do eventually contribute to surface water flows in the lower 
Pukaki, Twizel and Tekapo Rivers based on groundwater flow directions from 
piezometric contour information. 
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Figure 3 Photograph of alluvial gravels adjacent to the lower Pukaki River, a 
‘losing’ stream reach with a dry river bed  

42. In terms of the groundwater modelling undertaken in identification of groundwater 
sub-catchment flows, the method of varying hydraulic conductivity within the model 
to achieve the best fit of modelled to observed data is not uncommon. However, 
there is a clear lack of hydraulic parameter scale and distribution with regard to 
model inputs. I am unable to audit the model functionality given the lack of model 
reporting for hydraulic parameters, fluxes and boundary information provided by the 
applicants’ consultants. 

43. There is a general absence of model methodology reporting and/or a specific 
modelling report. Given the absence of such information I cannot provide any 
detailed audit of the certainty of model predictions made for inclusion into the water 
and nutrient balance reporting. 

44. The steady state flow model has utilised 2005 to 2008 groundwater head 
observations/data (inclusive of information from the ECan Wells database) which 
seems reasonable for the intended use of the model. The broad use of the model 
appears to be the development and identification of groundwater flow paths and 
associated water budgets for individual sub-catchments. This then forms the basis 
on which pathways for nutrients are assessed and management of such may be 
employed. I generally concur with the groundwater flow paths identified by the 
applicants’ consultants with respect to the piezometric contour information provided 
as an output from the model. However, there is an absence of model water balance 
reporting for sub-catchments and I am unable to identify individual groundwater (and 
surface water) sub-catchment water inputs and outputs.   
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45. I consider that within groundwater sub-catchments, all groundwater is likely to 
discharge to surface waters before entering Lake Benmore, with only the lower 
Ahuriri and lower Tekapo areas having localised groundwater discharges to the 
lake. The implication of this is that the applicants’ consultants have not correctly 
associated groundwater sub-catchment flows to surface water nodes. This is 
considered within a reconstructed mass balance spreadsheet model which is 
provided and discussed further within this evidence.  

46. I also consider that the methodology employed by the applicants’ consultants is 
deficient in identification of individual reach or key sub-catchment cumulative effects 
as groundwater volumes and N loads may by-pass individual stream nodes. This is 
evident in the lower Grays and Tekapo River areas where such a node should have 
been placed at the Tekapo River at the Grays Hills gorge where almost all 
groundwater flow emerges based upon piezometric contours and geologic 
boundaries. This would also have alleviated the lack of accounting for major flow 
losses from the Tekapo River at below Grays Hills which is not reflected in the water 
or N balance given in the applicant’s modelling. 

47. There is a small disparity between the groundwater and surface water sub-
catchments of the Wairepo, where groundwater from the upper Wairepo may flow 
toward the Ohau, with the majority of surface water flow from the upper Wairepo 
(being diverted) to the Willowburn sub-catchment. Whilst this anomaly is not 
considered within the current sub-catchment delineation, I believe that the 
applicants’ consultants have identified it within the mass balance calculations. 

48. The report states that no attenuation of N has been applied to groundwater. 
However, it should be noted that attenuation has been applied both through soils 
drainage and at riparian interfaces for discharge to surface waters. The riparian 
denitrification has been included as a post process on the groundwater flow 
component discharging to surface waters. I am unable to identify where and how 
soil and riparian attenuation has been applied to the groundwater N balance. 

49. The groundwater balance for some groundwater sub-catchments indicates that a 
major proportion of recharge from highland areas becomes regional (deep 
groundwater) flow. I cannot identify how this is apportioned and what (if any) effect 
this component has on sub-catchment water and nutrient balances. 

50. The cumulative water quality assessment provided by the applicants’ consultants 
are essentially the spreadsheet balances giving estimated N and P loads in surface 
waters (at nodes) and into Lake Benmore. This has been undertaken for a mean 
flow condition, albeit, recognising the limitations on the results as given within this 
and other evidence provided by the ECan auditing officers. 

51. I consider that an accurate assessment of cumulative water quality impact of 
irrigation development on specific surface water nodes should have been 
undertaken at mean annual low flow (MALF) to better represent critical stream flows. 
Furthermore, an appropriate proportion of the N load from groundwater inputs 
should also have been considered, to provide for critical comparison to resultant N 
concentrations in rivers and streams. At MALF it is also expected that surface 
waters will become more reflective of groundwater quality, which is likely to provide 
for increased concentrations of N in waterways. 
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52. By considering just the mean flow condition, the applicants’ consultants have not 
assessed any variability in groundwater N inputs, surface water N and P variation, 
and the effects of resultant stream nutrient concentrations during low flow periods.  

Surface water flows 

53. It appears that all flows reported (as mean flows) by the applicants’ consultants are 
mostly consistent with recorded or evaluated flow data within existing Environment 
Canterbury data sources. There are some small discrepancies that I consider are 
unlikely to have any significant impact upon the nature of the regional cumulative 
water quality effects assessment provided by the applicants’ consultants. 

54. To note is that the river flow sampling/assessment undertaken by the applicants’ 
consultants in January 2009, appeared to be during a reasonably low flow period (at 
close to MALF). However, the water quality and flow data obtained have only been 
utilised in providing for average stream nutrient concentrations and mean flow 
estimates. 

55. The GHD report provides FRE3 as the mean number of flood events per year that 
exceed 3 times the median flow. This has been estimated for Stony Creek, Grays 
and Tekapo Rivers and Wairepo Creek. 

56. For the FRE3 estimates (at nodes) the Grays River value is assumed to be equal to 
the Maryburn. This estimate is inconsistent with the comparatively higher mean flow 
for the Grays River to that of the Maryburn. 

57. The Quailburn node (FRE3) value appears high when compared to other similar 
waterways. However, the range of expected flows is likely to be reasonable for the 
purpose of determining flushing flow magnitudes. Further discussion of the 
applicability of FRE3 flushing flows in surface waterways, is given in evidence of Dr 
Meredith.  

Mass balances 

58. The mass balances given in Appendix BB and CC of the report have been audited 
for purposes of consistency and application for assessment of cumulative water 
quality effects of irrigation development.  

59. It is noted that for the Ahuriri groundwater sub-catchment, the level of deep 
groundwater recharge appears high in comparison to other groundwater sub-
catchments. This may result in a significant amount of groundwater by-passing 
critical stream nodes and therefore making the sub-catchment effects assessments 
invalid. 

60. In the Ahuriri catchment, groundwater flows are approximately 41% of surface water 
flows. This is considered to be high for this catchment as the Ahuriri River (surface 
water) catchment flows tend to dominate the total water balance based upon surface 
water flow data. However, it is unclear where the groundwater component of the 
water balance fits with surface waters. Although, overall, the catchment total water 
flux to the Ahuriri Arm of Lake Benmore is considered to be appropriate for a mean 
flow condition based upon final Ahuriri River inflows to the lake. 
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61. For the Tekapo node portion of the water balance, the groundwater inputs from the 
larger of the sub-catchments appear to be of an appropriate order considering a 
reasonable contribution from land surface recharge (LSR), inter-zone and catchment 
transfer and stream and lake water losses. 

62. There appears to be consistency with the Lake Benmore outflows for the total water 
balance. However as the majority of the inflow is contained within the Ohau canal 
(about 75% of flow to the lake) there may be significant errors contained within 
individual sub-catchment flows whilst maintaining a reasonable overall water 
balance for the lake. 

63. The Ahuriri Arm inflows are given as approximately 10% of the Northern Arm 
inflows, which I consider to be correct based upon hydrologic stream flow statistics 
for mean flow. However, no analysis of seasonality is given for this relationship by 
the applicants’ consultants in provision of variability in cumulative effects of water 
quality upon Lake Benmore. 

64. The reported value for evaporation from Lake Benmore appears high at an annual 
average of 4,500 L/s over the 7,585 ha surface area of the lake. I consider that a 
likely range based upon evaporation rates from open water bodies in the upper 
Waitaki catchment is in the order of 2,200 L/s. However, this component of the water 
balance has little impact upon the water quality assessment for the lake. 

65. In order to verify the applicants’ consultant’s mass balances and in assessment of 
the potential environmental effects of the proposed irrigation development at low 
(stream) flows, I have constructed a spreadsheet mass balance using the 
applicant’s input data from Appendix CC. The reconstructed mass balances are 
given in Appendix A of this report, which provide for surface water node, 
groundwater sub-catchment combined surface water - groundwater mass balance 
results. This approach recognises that conservatively, all groundwater may 
contribute to stream flow. However, I provide discussion below where this may be 
inconsistent with the existing environment. 

66. Stream flows utilised in the analysis to depict a low flow state have been set at the 
naturalised 7-day MALF (ECan, 2009a). Where MALF data was unavailable, I have 
set the MALF for individual waterways at 35% of the mean flow given in the 
applicant’s mass balance. This percentage (35%) of mean flow to establish MALF is 
based upon a regression of mean flows to naturalised MALF flows for surface 
waterways in the upper Waitaki. It should be noted that the natural MALF does not 
include any hydrologic alteration from water abstraction and is thus less 
conservative for the environment in that respect. 

67. The reconstructed mass balance provides for the analysis of N only, as on the basis 
of nil groundwater contribution of P, the current assessment made by the applicants’ 
consultants is of a more conservative nature i.e., resultant P may be more diluted 
from additional groundwater input to surface waters. Within the mass balance I have 
identified resultant N concentrations in groundwater and in surface water above 1 
mg/L and 0.4 mg/L respectively (Appendix A).    
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68. The results of the mass balances suggest that overall there is consistency in the 
applicant’s figures for the mass of N under mean flow conditions, discharging to 
Lake Benmore under the existing base case scenario (Ahuriri Arm – 0.125 mg/L N 
and Northern Arm – 0.052 mg/L N). However, for MALF flow conditions the potential 
N concentrations at the Ahuriri and Northern Arms increases to 0.194 mg/L and 
0.110 mg/L respectively. It is however uncertain that MALF flow conditions may 
occur for all waterways in respect of the timing of MALF for flow input from the Ohau 
canal. However, in the absence of such information and analysis provided by the 
applicants’ consultants, my assessment may be considered as being consistent with 
a precautionary approach to considering the effects of cumulative water quality of 
irrigation development in the Lake Benmore receiving environment. 

69. For the proposed scenario 4 – full irrigation and highly developed soils, the mean 
flow mass input of N to the lake equates to 0.099 mg/L and 0.297 mg/L for the 
Northern and Ahuriri Arm respectively. I note that I calculate (from the applicant’s 
data) that the Northern Arm may contain an N concentration of 0.114 mg/L 
(Appendix A). The modelled N concentrations for scenario 4 at MALF are for 0.241 
mg/L and 0.464 mg/L N for the Northern and Ahuriri Arm’s respectively. 

70. Only the modelled scenario 4 at MALF produces an N concentration in the Ahuriri 
Arm of greater than 0.4 mg/L. However, the differences in current base case and 
scenario 4 for mean flow and MALF are greater for the Northern Arm than the 
Ahuriri Arm, which implies that the greater relative impact of nutrient loading may 
occur within the Northern arm of the lake. 

71. I now turn to individual sub-catchment mass balances. The results for specific 
waterway N concentrations contained within Table 23 of the GHD Rivers and 
Streams Report are directly comparable to the mass balances provided by the 
applicants’ consultants. However, these concentrations are unable to be verified, 
given the lack of mass balance component reporting on a sub-catchment level. 

72. Furthermore the reconstructed mass balances I have completed, indicate that for 
the current base case at mean flow for complete groundwater sub-catchment input 
to surface waters, the Quailburn, Willowburn, Chain Hill, Wairepo, Maryburn 
upstream of Tekapo and Pukaki upstream of the Northern Arm (surface waters) may 
already be in excess of 0.4 mg/L N. The applicant’s assessment only provides for 
the Willowburn catchment being in excess of 0.4 mg/L. Given the analogy of 
contributing groundwater to surface water, I cannot directly audit how the mass 
balances are calculated in terms of groundwater contribution for the existing base 
case scenario. 

73. In both the applicants’ and my analysis, the surface waters that exceed the 0.4 mg/L 
N threshold generally coincide with groundwater sub-catchments in excess of 1 
mg/L N. It is acknowledged that the Quailburn, Chain Hill, Maryburn and Pukaki 
groundwater sub-catchments may in fact not completely drain to the associated 
surface water node, and thus my assessment may over predict N concentrations in 
those waterways. 

74. In the existing base case scenario with applying MALF stream flow conditions, a 
similar pattern to sub-catchment N concentrations exists. Although the Tekapo node 
is predicted to exceed 0.4 mg/L N, which may be an overestimate based upon a 
lesser proportion of groundwater entering that stream reach. 
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75. For scenario 4 at mean flow and at MALF, similar patterns emerge, albeit there are 
generally greater concentrations of N in streams during MALF than at mean flow 
conditions for all sub-catchments. In this analysis it appears that a significant 
number of sub-catchments are potentially adversely affected by elevated N 
concentrations upon surface waterways. 

76. However, in recognition of the above assertion that in some cases not all 
groundwater may be attributable to surface water outflows, the differences in the 
applicant’s results and my reconstructed mass balances indicate that the Wairepo 
may already exceed 0.4 mg/L N for the current base case. 

77. Additionally, for the scenario 4 modelling, that the Omarama, Grays and Stony 
Rivers are all likely to exceed 0.4 mg/L N. The applicants’ consultants only indicates 
(in text) that for these sub-catchments only the Stony River may potentially be at risk 
of elevated nutrient concentrations. 

78. However, three sub-catchments/nodes (upper Ahuriri, Tekapo and Twizel) were 
found under scenario 4 at MALF to have a relatively minor increase in N 
concentrations. 

79. Overall, the results given by the applicants’ consultants for mass water and nutrient 
balances may provide for a broad assessment of regional water quality effects of 
irrigation development. However, I am uncertain that the results are useful on a sub-
catchment scale due to the deficiencies identified with respect to groundwater and 
surface water mixing, and that the relative nutrient inputs determined and reported 
are unable to be audited. I also consider that the methodology of providing mass 
balances for a mean flow condition to be flawed in respect of the results of my 
reconstructed mass balances for MALF conditions (as provided in Appendix A).  

AUDIT OF GHD GROUNDWATER REPORT  

Groundwater sub-catchments 

80. In the main the groundwater sub-catchments identified within the GHD reports are 
reasonably well defined and wholly consistent with that detailed in SKM (2004). 

81. There appears to be higher LSR and overall recharge volumes in sub-catchments 
provided in the GHD report to that given in SKM (2004). However, the SKM report 
had only focused on rainfall recharge to aquifer zones and did not consider inter-
zone or catchment water transfer or lake and stream leakage. Whilst I consider that 
the overall values for aquifer recharge may be suitable for groundwater sub-
catchments in the assessment, I cannot provide a complete audit of this as the 
calculation of recharge components for groundwater sub-catchments is not 
transparent. 

82. Well hydraulic parameters are given in Table 2 of the report and are reflective of the 
range of hydraulic parameter values encountered in the upper Waitaki area. I concur 
with the range of values for hydraulic parameters presented by the applicants’ 
consultants. 
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83. Also, well (groundwater) levels utilised in calibration of the MODFLOW model 
appear to be unevenly distributed across the upper Waitaki area, although I consider 
that the sites identified are representative of the currently available groundwater 
level information.  

Groundwater modelling 

84. The basis of the groundwater modelling provided by the applicants’ consultants is 
that Visual MODFLOW and MT3D packages have been utilised to define flow paths 
and sub-catchment water balances. This is essentially a “bucket-type” assessment 
at surface water nodes for the annualised (mean) flow condition in terms of 
groundwater contribution to surface waters. 

85. I agree with the applicants’ conservative methodology of using no sorption or 
retardation of N within the groundwater model. However, the approach also 
assumes full mixing of the nutrient with groundwater through-flow in individual sub-
catchments. This approach is acceptable on a sub-catchment basis, but it does not 
address individual activities on a site-by-site basis. These site effects are assessed 
for each application within evidence of individual section 42A reporting officers. 

86. The MODFLOW model is reported to be 2D as a single aquifer system with variable 
cell sizes, which is inconsistent with the analogy of deeper groundwater and regional 
groundwater flow concepts. However, I agree that a 2D single layer unconfined 
aquifer system would be the best approach to modelling of groundwater flow and 
nutrient transport to surface waters in the upper Waitaki catchment. This is more 
consistent with the analogy that most groundwater discharges to surface waters 
prior to entering Lake Benmore. 

87. The model grid layout does suggest some potential by-passing of groundwater flow 
in terms of rivers and lakes. This is identified in Figure 2 of the report showing the 
grid and boundary of the model. It is my assertion that lake edges (as appropriate) 
should also be no-flow boundaries within the model. The grid used is also quite 
coarse in places, which may provide for potential errors in input and achievement of 
correct quanta of stream leakage and other recharge fluxes. 

88. There is general agreement of simulated heads to observed heads within the 
groundwater model, although the model does extend over a large area with a 
consequentially large range of head decline. Head differences due to this large 
gradient are still regarded by the applicants’ consultants as being within acceptable 
bounds. However, there are up to 20 m differences in head at individual well 
observation sites. This difference in head is not indicative of the majority of 
calibration sites and overall the model reasonably reflects water level observations 
and the expected direction of groundwater flow (as assessed from graphical model 
output). 

89. However, the Chain Hills sub-catchment stands out as not having appropriate 
groundwater flow vectors, which may introduce errors to the sub-catchment mass 
balance analysis. Based on the piezometric contour and flow vector map provided 
as output from the model, I consider that all other groundwater sub-catchments are 
reasonably well defined with respect to the direction of groundwater flow.  
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90. In general, there is an apparent lack of hydraulic parameter detail for model 
generation and output processes. This makes it inherently difficult to asses the 
adequacy of the model and to be able to assess individual sub-catchments with 
respect to groundwater flows and N fluxes. This is also apparent for model 
calibration and verification, whereby only a single set of observation data has been 
given to validate the model. The correlation, whilst showing that the model does 
behave similar to the piezometric data, the variation of modelled to measured levels 
is quite large at some elevations (up to a 20 m difference). However, as stated 
previously, I cannot provide any further detailed audit of the models based on the 
inadequacy of reported model data.  

Groundwater environment 

91. For the existing environment, the applicants’ consultants states that highland 
infiltration to aquifer zones is estimated as 30% of rainfall. This is considered to be 
consistent with the bounds of expected water transport from outer highland 
(contributing) areas of an aquifer zone based on work done in the Hawea Basin by 
the Otago Regional Council. The assessment provided by the applicants’ 
consultants also estimates that 20% of this infiltration is to the deep (regional) 
aquifer. This partitioning of groundwater is difficult to follow from the water balances 
and information given in GHD reports and I cannot identify where or how this water 
flux has been treated within the overall water and nutrient balance results. I expect 
that all or the majority of groundwater flow in each sub-catchment either contributes 
to surface water flow or directly discharges via the water table aquifer to Lake 
Benmore. The deep groundwater flows are therefore considered to be negligible and 
not representative of the current situation in the upper Waitaki. These deep 
groundwater flows are also inconsistent with the applicants’ provision of relatively 
small saturated thicknesses for each groundwater sub-catchment. 

92. I am unable to quantify how highland recharge is calculated for each sub-catchment. 
This form of recharge is significant when compared to other forms of recharge. 
However, apart from the Ahuriri highland recharge (122.8 Mm3/annum) other 
groundwater sub-catchment highland recharge appears to be of the correct order 
from my review of the resulting values. 

93. Dryland drainage for the upper Waitaki is given by the applicants’ consultants and is 
further discussed in evidence of Dr Clothier with respect to drainage quality. I 
consider that the dryland drainage depths may be appropriate for cumulative water 
quality effects assessment purposes. However, as expected, dryland drainage may 
be significantly lower on a seasonal basis compared to that of irrigated drainage due 
to large deficits in soil moisture within the soil profile (Figure 4).      
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Figure 4 Photograph of a dryland pasture area in the Wairepo sub-catchment  

94. The irrigation drainage is also presented by the applicants’ consultants (based upon 
work completed in Aqualinc, 2008) being based around “Irricalc” irrigation demand 
and the resulting soil water drainage for an average seasonal demand year. The 
irrigation depths provided by Irricalc may be at the higher end of expected use for an 
average season, which also corresponds to greater drainage depths than expected. 
However, for the purposes of the cumulative water quality effects assessment, the 
drainage depths indicated are then conservative, as a greater N-load in groundwater 
is likely to result. However, as indicated in evidence of Mr Hanson, the specific 
calculations of groundwater flow and nutrient input are not transparent and are 
unable to be audited.  

95. Stream or lake leakage contributions to aquifer sub-catchment recharge is not given 
within the GHD report and I am unable to identify where this flux is applied to 
modelling or water balances within the cumulative water quality assessment. These 
flow gains and losses are only presented in Figures (contained in the report) and are 
not shown in water balances or groundwater recharge calculations. 

96. The aquifer average saturated thicknesses and storage values provided in Table 7 
of the GHD report are consistent with SKM (2004) and I concur with those 
conservative estimates. However, I am unsure how these thicknesses are utilised 
within the groundwater models as no information is provided in confirmation of such. 

97. The general groundwater flow vectors provided by the applicants’ consultants 
describe broadly the groundwater movement within the region and in each 
groundwater sub-catchment. There is insufficient resolution within the model output 
to accurately describe groundwater movement at an individual property scale. 
However, a broad estimate of sub-catchment groundwater movement may be 
sufficient to obtain appropriate mass balances for annual average water quality 
estimates.   
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98. However, when considering Table 5 and Table 8 of the groundwater report, the 
values for groundwater sub-catchment recharge are difficult to follow. For instance, 
the volumes of groundwater flow in mass balances are lower than that given for the 
total groundwater through-flow in Table 5 and Table 8. Given the lack of detail of 
these components and how they are applied in modelling and mass balances, I am 
unable to agree that the applicants’ consultants have provided a useful cumulative 
effects assessment. 

99. The applicant’s assessment of individual sub-catchments or individual stream 
reaches (other than at nodes) is somewhat incomplete. The assessment has not 
been achieved at any reaches or nodes for a low-flow scenario. It is suggested that 
the equivalent 7-day MALF is the appropriate low flow to assess such impacts upon 
specific stream reaches or nodes within sub-catchments. 

100. The use of mean surface water flows and concentrations in conjunction with 
average groundwater flux for annual nutrient loading to Lake Benmore may be 
sufficient for an annualised scenario. However, for acute nutrient impacts upon the 
lake, the seasonal variation of water and nutrient flux may be required for a more 
appropriate assessment of cumulative water quality impacts. This is discussed in 
evidence of Dr Schallenberg. 

101. In terms of calculated sub-catchment effects, the N multipliers (used for riparian N 
attenuation purposes) appear to be inconsistent with existing surface water quality 
data for sub-catchments of Chain Hills, Wairepo Creek and the Tekapo River. 
However, as indicated previously, I am uncertain as to how these multipliers have 
been utilised with respect to sub-catchment water and nutrient balances.  

AUDIT OF GHD LAKES AND RIVERS REPORT  

Background 

102. Mean (recorded) river flows have been utilised for cumulative effects assessment 
purposes within GHD reports. Spot stream-flow gaugings have also been used to 
assess mean flows as appropriate. I consider that appropriate mean flow reporting 
has been given for the cumulative water quality analysis undertaken by the 
applicants’ consultants apart from some specific (minor) differences in reported 
flows (ECan, 2009a). 

103. The surface water catchment of the upper Wairepo Creek is currently identified as a 
tributary of the Ohau. However, this part of Wairepo Creek is diverted down the 
Willowburn catchment, which then flows to the Ahuriri River. This anomaly is unlikely 
to provide significant reporting errors in the regional water quality analysis. Although 
for the Wairepo groundwater sub-catchment and the lower Wairepo Stream (Figure 
5), this may have a bearing on the outcome of predicted nutrient generation for 
Kellands Pond.   
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Figure 5 Photograph of lower Wairepo Creek at SH 8  

104. Mean flows contained within Table 6 of the GHD report have been assessed and 
compared to ECan flow statistics and previously reported flows. The mean flows 
appear to be of the correct order of magnitude. However, the mean flow assessed at 
the Maryburn node appears to be high at 4.4 m3/s in comparison to ECan data (3.2 
m3/s). Although, there may be some variability in these flows dependant upon the 
exact position of the stream node. Also the Grays River mean flow at the relevant 
node is likely to be at least equivalent to the Maryburn flow based upon spot 
gauging information and consistencies with earlier reported FRE3 assessments. 
Mean flow at the Grays River node is shown by the applicants’ consultants to be 
61% of the mean flow at the Maryburn node. 

105. The reported N and P concentrations (as a result of predictive modelling) at the 
Maryburn and Grays River nodes (at mean flow) are likely to vary with changes to 
mean flow.  

Flow gains and losses 

106. In general the conceptual assessment of surface water flow gains and losses 
to/from groundwater appears to be consistent with current data and reported 
information in SKM (2004). However, there are two areas of flow losses/gains that 
are not given, which are the lower Ohau and lower Tekapo Rivers. 

107. The Lower Ohau gains flow on the true left bank from groundwater in the Twizel 
basin. The evidence for this is provided by the groundwater contour information in 
SKM (2004), the applicants’ modelling, and the series of springs on the left bank of 
the river. 


