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Qualifications and Experience  

1. My full name is Carl Robert Hanson, and I am employed by Environment 
Canterbury ( the Council ) as a Groundwater Quality Scientist, a position I have 
held since June 2001.  Prior to that I was employed as a consulting 
groundwater scientist in Dunedin and in the USA.  I hold a Master of Science 
degree in geology from Dartmouth College in New Hampshire, USA, and a 
Bachelor of Science degree, summa cum laude, in geology from Syracuse 
University in New York, USA.  

2. I have worked as a groundwater scientist since 1990, specialising in the fate 
and transport of contaminants in groundwater and in unsaturated soils above 
the groundwater. My work with Environment Canterbury includes the design 
and management of projects to investigate, monitor, and report on the chemical 
and microbiological quality of groundwater in the region.  

3. In previous jobs, I was involved in field trials and other investigations into the 
environmental fate and transport of agricultural chemicals in soils and 
groundwater. I have also conducted investigations of soil and groundwater 
contamination on numerous industrial sites in the United States and New 
Zealand, ranging from small scale industries to large-scale Superfund sites in 
the US. 

4. I acknowledge that I have read the code of conduct for expert witnesses 
contained in the Environment Court s Practice Note dated 31 March 2005. I 
have complied with it when preparing my written statement of evidence and I 
agree to comply with it when I give oral evidence.   

Ambit of my evidence  

5. My evidence includes a description of the existing groundwater quality in the 
Ashburton River and Valetta Groundwater Allocation Zones, and an 
assessment of the potential effects that the proposed irrigation and associated 
land use changes might have on the groundwater quality in the two zones. 

6. Such evidence is within the ambit of my expertise.  

Summary of conclusions  

7. As a rough estimate, the proposed irrigation and associated land-use 
intensification will cause the amount of nitrate-N leaching across the two 
groundwater zones to increase on the order of 5% to10% over current leaching 
rates.  

8. The increase in nitrate-N leaching will cause an increase in groundwater 
nitrate-N concentrations across the zones. The overall average concentration 
of nitrate-N in the groundwater will probably not increase by more than 2 mg/L, 
but increases will exceed 2 mg/L in some locations, and in some years. 

9. The frequency at which concentrations in groundwater exceed the Maximum 
Acceptable Value (MAV) set by the Ministry of Healthwill also increase. 

10. Nitrate-N loadings to spring-fed streams near the coast will increase. 



11. The increases in nitrate leaching can be mitigated by improvements in nutrient 
management practices on farms.  Accurate record-keeping and the calculation 
of nutrient budgets will be an important part of any improvements made. 
Improved management practices may reduce the increase in nitrate-N leaching 
by as much as 50%.  

Units of measurement  nitrate-N  

12. All nitrate concentrations detailed in my evidence will be expressed as nitrate 
nitrogen ("nitrate-N"), rather than nitrate ion. The units of measure are 
milligrams of nitrogen per litre, or mg/L .  

Drinking-water standard  nitrate-N  

13. The ""Maximum Acceptable Value" (MAV) set by the New Zealand Ministry of 
Health for nitrate in drinking water is 50 mg/L when expressed as nitrate ion.  
When expressed as nitrate-N 

 

the units used in my evidence 

 

the MAV is 
equivalent to 11.3 mg/L. The MAV has been set to minimise the short-term 
health risk to bottle-fed infants younger than about 6 months old (Ministry of 
Health, 2005).  

INCREASED NITRATE LEACHING FROM PROPOSED IRRIGATION  

Reason for the increase in nitrate leaching  

14. The proposed irrigation in the Valetta and Ashburton River Groundwater 
Allocation Zones will cause an increase in nitrate-N concentrations in 
groundwater. This is because the irrigation will allow an intensification of 
farming in the zones. 

15. Intensification of farming means an increase in plant production 

 

an increase 
in crops and pasture production. To achieve greater plant production, greater 
amounts of nitrate-N need to be maintained in the soil. More nitrogen in the 
soil, combined with more water being applied to the soil through irrigation, 
results in more nitrate-N being leached from the soil into the groundwater. 

16. Greater pasture production also allows higher stocking rates, which result in 
greater returns of urine and faecal material to the soil. In grazed pasture 
systems, urine patches are the greatest source of nitrate leaching, because the 
amount of nitrogen applied in a urine patch is far more than plants can use. 
Higher stocking rates lead to more urine patches and more nitrate leaching.  

17. Faecal material increases nitrate leaching over longer time periods by building 
up the fertility of the soil. In many ways, increased soil fertility is a desirable 
outcome, but it does mean an increase in the amount of leachable mineral 
nitrogen in the soil profile, and therefore an increase in nitrate leaching. 

18. In summary, all of these processes - increased fertiliser use, more urine 
patches, increased deposition of faecal material, and increased soil fertility 

 

will increase the amount of nitrate-N in the soil profile, and they will therefore 
increase the amount of nitrate that is leached from the soil into the 
groundwater. 



 
Magnitude of the increase in nitrate leaching  

19. The paragraphs above show that there will be an increase in nitrate leaching. 
However, the magnitude of the increase is very difficult to quantify because the 
overall system of plant-animal-soil-groundwater is highly complex and variable.  

20. Researchers in New Zealand and overseas have developed a reasonable 
understanding of how different farming practices affect nitrate leaching, but 
there is still a great deal of uncertainty when it comes to quantifying leaching 
rates with hard numbers. 

21. In addition, there is a great deal of natural variability in soil and aquifer 
materials. This makes it very difficult to measure the properties that affect 
leaching rates and groundwater flow rates. 

22. My best guess is that the proposed irrigation and associated land-use 
intensification will cause the amount of nitrate-N leaching across the two 
groundwater zones to increase on the order of 5% to10% over current leaching 
rates.  

23. This estimate is based on the following: 

 

total area of two zones:  107,800 hectares (Valetta: 56,100 ha, Ashburton 
River 51,700 ha) 

 

current average nitrate-N leaching rate: 30 to 40 kilograms of nitrogen per 
hectare per year (kgN/ha/yr) 

 

this represents the overall average leaching 
loss from the total mixture of irrigated and non-irrigated land, crops and 
pasture, that currently comprises the land use in the two zones 

 

total proposed irrigated area: 11,200 hectares (Valetta: 8,250 ha, Ashburton 
River 2,950 ha) 

 

average nitrate-N leaching rate in new irrigated areas: 50 to 70 kilograms of 
nitrogen per hectare per year (kgN/ha/yr) 

 

this represents the average 
leaching loss from irrigated crops and pasture in the two zones 

24. The leaching rates described in the previous paragraph are very rough 
estimates based on values reported in published scientific literature, as follows 
(all leaching rates below are in units of kgN/ha/yr): 

 

non-irrigated sheep pasture: <10 to >40 (Ruz-Jerez et al., 1995; 
Burden,1980; Quin, 1979) 

 

irrigated sheep pasture: 65 to 100 (Burden,1980; Quin, 1978) 

 

dairy (irrigated and non-irrigated): 30 to 200 (Di and Cameron, 2002a; 
Monaghan et al., 2000; MAF Policy, 2000; Ledgard et al., 1999; Silva et al., 
1999) 

 

crops (irrigated and non-irrigated): <10 to >100 (Di and Cameron, 2002b; 
MAF, 2000; McLenaghen et al. 1996; Francis et al., 1995; Francis et al., 
1994) 



25. As these numbers show, published studies have found considerable variation 
in leaching rates from different land uses. The variation is due to variations in 
land management practices, soils, and weather, and possibly due to variations 
in study methods as well. 

26. Overall, the ranges of leaching rates appear to be similar between cropping, 
dairy, and irrigated sheep grazing, but non-irrigated sheep grazing appears to 
result in generally lower leaching rates.  

27. My rough estimate represents an average increase in nitrate leaching rates of 
about 10 to 30 kgN/ha/yr above current rates.  Since much of the irrigation will 
be used to convert land from non-irrigated sheep grazing into irrigated dairy, 
sheep grazing, or cropping, I feel that my estimate is a reasonable first 
approximation. I stress again that it is only intended to provide a very rough 
indication of the scale of the change in nitrate-N leaching rates. 

28. I also stress that it is an estimate of the general average change across the two 
zones. There will be substantial variability within the zones between one farm 
and the next.  

NITRATE-N CONCENTRATIONS IN GROUNDWATER  

Conclusion  

29. The 5% to 10% increase discussed in the preceding paragraphs refers to the 
total mass of nitrate-N that is leached from the soil, rather than the change in 
concentrations in the groundwater. Predicting changes in groundwater 
concentrations adds another level of uncertainty. My best guess is the 
following: 

 

The overall average concentration of nitrate-N in the groundwater will not 
increase by more than 2 mg/L, but increases will exceed 2 mg/L in some 
locations, and in some years. An increase of 2 mg/L is the target maximum 
increase set by Objective WQL2 in Environment Canterbury s Proposed 
Natural Resources Regional Plan. 

 

The frequency at which concentrations in groundwater exceed the MAV will 
also increase. 

30. To put this conclusion into context, I will provide a brief description of the 
nitrate-N concentrations that have been recorded in the two groundwater zones 
to date. This description is based on data held in Environment Canterbury s 
water quality database.   

Environment Canterbury data  

31. As of 30 September 2007, Environment Canterbury had collected groundwater 
samples from 186 wells in the Valetta and Ashburton River zones (see map, 
attached Figure 1). Most of these wells were sampled only once, many of them 
in 2004 as part of three separate groundwater quality investigations in the area. 
Together, these three investigations represent the most comprehensive 
groundwater quality survey that has been undertaken within the two zones. 



32. Longer-term monitoring has been conducted at a number of wells in 
conjunction with Environment Canterbury s regional groundwater quality 
monitoring programme. Environment Canterbury currently samples 10 wells in 
the Valetta and Ashburton River zones as part of this programme. The 
locations of these wells are shown in Figure 2, and the nitrate-N concentrations 
measured over time are plotted in Figure 3. Annual sampling in these wells 
began in the late 1980s, and 7 of the wells have been sampled quarterly (four 
times per year) since 2005. 

33. Local monitoring has also been conducted in two other areas within the zone. 
In the north-east Ashburton area, several wells have been monitored in relation 
to a consented effluent discharge from a meat processing plant. In an area 
near the coast north of the Ashburton River, a cluster of wells has been 
monitored in relation to a consented effluent discharge from a feedlot.  

Results of Environment Canterbury groundwater sampling  

34. The results of the groundwater sampling for nitrate-N are summarised on the 
map in Figure 1. Each dot on the map shows the location of a well that has 
been sampled at least once by Environment Canterbury.  The colour of the dot 
represents the highest nitrate-N concentration that has been measured in any 
sample from that well, as of 30 September 2007. 

35. The nitrate-N concentrations in Figure 1 show the following geographic pattern: 

 

concentrations less than 3 mg/L in areas adjacent to rivers 

 

concentrations less than 3 mg/L in the lower Valetta zone, near the coast 

 

concentrations generally greater than 3 mg/L in all other areas 

 

concentrations exceeding the MAV (the drinking-water standard of 11.3 
mg/L) in are area around Tinwald and in a few other wells scattered across 
the two zones 

36. The low concentrations near the rivers indicate that most of the groundwater in 
these areas is derived from the rivers, which themselves have very low nitrate-
N concentrations. Concentrations in these areas are unlikely to increase 
substantially as a result of the proposed irrigation. 

37. The low concentrations near the coast in the Valetta zone are the result of the 
low-permeability sediments in that area 

 

the deposits from swamps which 
used to cover the area (Meredith et al, 2007; Davey, 2003). Decaying organic 
material in the sediments removes oxygen from the groundwater, and nitrate is 
not stable in this anoxic environment.  Nitrate-N concentrations in the 
groundwater in this area are unlikely to increase substantially as a result of the 
proposed irrigation. 

38. The nitrate-N concentrations greater than 3 mg/L that are found in the rest of 
the area demonstrate that the groundwater has been contaminated from 
human activities at the land surface (Hanson, 2002; Madison and Brunett, 
1985). Farming activities are the only possible source of such widespread 
contamination. 



39. Nitrate-N concentrations exceeding 3 mg/L have been recorded in groundwater 
as deep as 50-100 metres below the water table.  

40. Concentrations commonly exceed half the MAV. When groundwater with 
nitrate concentrations above half the MAV is used for a public drinking-water 
supply, the water must be tested for nitrate regularly in order to comply with 
New Zealand drinking-water standards. 

41. The reason for the high concentrations in the Tinwald area is not clear. The 
source of the nitrate must be leaching from farm land in the area up-gradient of 
Tinwald, but groundwater flow patterns in the Tinwald area may play a part in 
maintaining such high concentrations relative to those found in other parts of 
the Valetta and Ashburton River groundwater zones.  

Long-term trends in nitrate-N concentrations in groundwater  

42. The graphs in Figure 2 show that nitrate-N concentrations at a given location 
can fluctuate by several mg/L over the course of a single year. The fluctuations 
result from seasonal changes in soil drainage and groundwater recharge, and 
from changes in land management practices. 

43. In addition, to seasonal fluctuations, nitrate-N concentrations in some wells 
show long-term trends.  Ten-year trends in nitrate-N concentrations have been 
tested using data from nine of the ten long-term monitoring wells shown in 
Figure 2. The data from well L37/0439 was not included in the analysis 
because it has only been sampled regularly since 2000. The trends were tested 
using a Mann-Kendall non-parametric test (Environment Canterbury un-
published data).  

44. The data from two of the nine wells tested showed increasing trends, while the 
data from the other seven wells showed no clear trends (see Figure 3).  The 
two wells showing increasing trends were wells L37/0358 and L37/0468. 
Concentration in samples from well L37/0358, located near Tinwald, were 
about 11 mg/L in the mid-1990s, but they have been over 16 mg/L in the four 
quarterly samples collected since October 2006.  Concentrations in samples 
from well L37/0468 were in the range of 5 to 6 mg/L in the early-mid 1990s, but 
the four most recent quarterly samples have had concentrations in the range of 
9 to 10 mg/L. 

45. The proportion of wells showing increasing trends, two out of nine, or 22%, is 
similar the proportion of wells showing increasing trends across the Canterbury 
region as a whole. The results suggest that nitrate-N concentrations in 
groundwater are increasing over the long term, but only slowly relative to the 
short-term seasonal changes.  

Increases in nitrate-N concentrations in groundwater resulting from the 
proposed irrigation  

46. An increase in loading of nitrate-N to groundwater, as a result of farming 
intensification at the ground surface, will cause increases in the nitrate-N 
concentrations in the groundwater. Nitrate-N concentrations in groundwater 
throughout the Canterbury Plains have increased over the past ten years, and 



it is reasonable to conclude that increases will continue as farming continues to 
intensify. 

47. Groundwater quality data collected to date show that nitrate-N concentrations 
vary considerably from one location to another, and over time. As discussed in 
earlier paragraphs, nitrate-N loading from different land uses is also highly 
variable.  As a result, the changes in nitrate-N concentrations in groundwater 
caused by the proposed irrigation will also be highly variable. In some 
locations, the change will be relatively minor, while in other locations, the 
change may be substantial. 

48. In wells where nitrate-N concentrations have exceeded the MAV, the 
exceedences are commonly temporary.  The concentration may exceed the 
MAV in one year after a wet winter, but then the concentration may decrease 
again to levels below the MAV. This pattern is observed in the data from wells 
K36/0033 and K37/0147 (Figure 3).  

49. As nitrate-N leaching rates increase, seasonal nitrate-N concentrations will 
increase in some wells, and concentrations will exceed the MAV in some wells 
that have not experienced exceedences in the past.  In other words, nitrate-N 
concentrations across the two Groundwater Allocation Zones will exceed the 
MAV more frequently as a result of the proposed irrigation.   

NITRATE LOADINGS TO COASTAL STREAMS  

50. As nitrate-N leaching increases and concentrations in groundwater increase, 
loadings of nitrate-N loadings to coastal spring-fed streams will also increase. 
These streams are fed almost exclusively from groundwater, and nitrate-N 
concentrations observed in them (Meredith et al., 2007) are comparable to 
nitrate-N concentrations observed in groundwater near the springs where the 
streams originate. Nitrate-N concentrations in the groundwater commonly 
exceed 5.7 mg/L (Figure 1), and concentrations in the spring-fed streams also 
commonly exceed this level (Meredith et al., 2007).  

OTHER POTENTIAL CONTAMINANTS  

51. Other potential contaminants that could threaten groundwater are pathogenic 
micro-organisms and pesticides. It is unlikely that contamination from either of 
these contaminants will increase significantly as a result of the proposed 
irrigation. 

52. Close et al. (2005) have documented groundwater contamination by two types 
of pathogenic micro-organism, E. coli and Campylobacter, as a result of flood 
irrigation of dairy paddocks in an area of shallow groundwater. However, the 
risk of contamination from spray-irrigated paddocks is low (Hanson et al., 
2006). Coming from groundwater, the proposed irrigation discussed in this 
hearing will be spray rather than flood irrigation, so the risk of increased 
microbial contamination in groundwater is low. 

53. Detections of pesticides in Canterbury groundwater have been infrequent and 
at low concentrations (Environment Canterbury unpublished data). An increase 
in farming intensity could well see an increase in pesticide use, but the 



proposed irrigation is unlikely to result in enough of an increase to cause a 
significant threat to groundwater in the two zones.  

POSSIBLE MITIGATION  

54. Nitrate leaching is affected my many factors, and scientific understanding of 
these factors is continually growing. Factors that affect the amount of nitrate 
leaching from a paddock include: 

(i) timing and rate of irrigation applications 

(ii) timing and rate of nitrogen fertiliser applications, including dairy shed 
effluent applications 

(iii) timing and rate of nitrification inhibitor applications 

(iv) stocking rates (number and type of animals), imported feed 
supplements, and production of milk or meat 

(v) crop and pasture production 

(vi) timing of cultivation activities and crops/pasture planted 

(vii) weather 

55. There are a number of farm management practices that can be put in place to 
reduce nitrate leaching. It is unlikely that even the best management practices 
will reduce leaching to pre-irrigation levels, but reductions of 50% or more may 
be possible. 

56. An important part of good management practice is record keeping. Significant 
reductions in nitrate leaching are only possible if a farmer keeps good records 
of the practices that affect leaching, so that he can see where improvements 
can be made. 

57. The annual calculation of a nutrient budget for a farm is another valuable tool to 
help a farmer see where improvements can be made.                  
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