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Figure A 1. Map of the most rapid permeability class and associated Ksat for the Greater Wellington 
Region 



 

 

 

38 

 

 
Figure A 2. Map of the most rapid permeability class and associated Ksat for the Selwyn District 
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Figure A 3. Map of the most rapid permeability class and associated Ksat for the Ashburton District 

 

Wetland areas where permeability data is unavailable 

 

As noted in the previous section, some areas of the FSL do not have permeability data available. 

These areas appear as white polygons in the maps above. We explored additional data sources to 

maximise the amount of Ksat information within wetland extents. 

 

The Ministry for the Environment (MfE) data service includes a layer of wetland extent recorded in 

201319. We used this layer to identify the wetland areas which were outside the FSL permeability data 

coverage.  

 

The wetland layer included attributes with New Zealand Soil Classification (NZSC) information for 

some areas not covered by the FSL layer, including soil type (e.g., loamy peat) and drainage class 

(very poorly, poorly, imperfectly, moderately well, or well drained).  

 

 
19 Ministry for the Environment. 2013. Current wetland extent - 2013. https://data.mfe.govt.nz/layer/52676-

current-wetland-extent-2013/ 

 

https://data.mfe.govt.nz/layer/52676-current-wetland-extent-2013/
https://data.mfe.govt.nz/layer/52676-current-wetland-extent-2013/
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Peaty clay loam 317 1% M 74 

Deep soils 196 0.5% M 74 

Peaty sand 154 0.4% R 288 

Fine sandy peat 9 0.02% R 288 

Silt loam and clay 
loam 

1 0.001% M 74 

Drainage and 
texture data from 
S-Map 

4,653 2%   

Peaty 1807 39% M 74 

Silty 1026 22% M 74 

Sandy 948 20% R 288 

Clayey 627 13% M 74 

Loamy 245 5% M 74 

No soil data 
available 

27,234 11% R 288 

Total wetland area 249,399    

 

 

A.8 Additional information on modelling results 

Section 5 focuses on the verification of groundwater models at various sites to assess their accuracy 

in simulating water levels in wetlands adjacent to drains. The verification process involves determining 

the parameters of the wetland modelling domain, as depicted in Figure 1, such as LD, LC, hD, hS, 

and an initial estimation of Ksat and Sy, guided by field investigations (if available).  

 

The maximum infiltration capacity concept is utilised to represent temporal variations in LSR. Any 

rainfall exceeding the maximum infiltration capacity (i-cap) is considered direct surface runoff. 

Therefore, the calculation for LSR is as follows: if the rainfall is less than or equal to the i-Cap, LSR 

equals the rainfall; otherwise, LSR equals the i-Cap. Furthermore, the groundwater wetland domain 

incorporates evapotranspiration (ET).  

 

During the calibration process, the parameters Ksat, Sy, and i-Cap are adjusted to achieve the 

optimal match between the observed and simulated water table, using performance indicators such as 

NSE (Nash-Sutcliffe Efficiency) and Pbias (Percent Bias). The verification process provides valuable 

insights into hydrological processes and enhances our understanding of these complex systems. 

 

A.9 Additional information for hypothetical modelling scenario 

The assessment in Section 6 was conducted under a steady state condition rather than a transient 

model which was utilised for the verification sites (incorporating observed site data). Subsequently, 

the outputs reflect possible long-term average drawdown conditions or water levels as a response to 

drainage.  Figure A 4 displays the numerical model mesh, providing an example of the spatial 

discretisation used to divide the domain into finite elements or cells. 
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Figure A 4. An example of spatial discretization in COMSOL, illustrating the division of the domain into 
finite elements. 

 

Results and suggested setback distances 

Once the best estimates of input parameters were defined from the model conceptualisation, two 

scenarios were considered which changed the drain depth and Ksat, as a deeper drain results in a 

greater drawdown of the water table, while a higher (rapid) Ksat results in greater drainage effects. 

The objective of each model was to achieve a water level drawdown below 10 mm, 50 mm or 150 mm 

in the wetland area by changing the drains (LD) location.  

 

LC - LD was identified by selecting the approximate midpoint between the existing boundary drain and 

the wetland (a length of 85 m).  LC and LD were then solved iteratively by modifying their parameters 

to achieve the targeted water level drawdown above and the LC-LD of 85 m. Remaining model 

parameters were fixed. The resulting outcome for Figure A 5 for a rapid Ksat with minimal drawdown 

was an LD of ~133 m, and an LC of 218 m.  
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verifications and allow comparison to the calibrated Ksat, these tests are not true representations of 

hydraulic conductivity across the wider wetland soils being affected by drainage. This may vary over 

distance, particularly as there may be transitions from mineral to organic soils depending on the 

wetland type and vegetation present.  Existing drains can also affect soil conductivity, for example, by 

degrading peat closer to the drain resulting in subsidence, compaction and potentially lower 

permeability than farther from the site. Subsequently, more tests at a number of locations and 

distances would allow an average conductivity to be developed for the verification sites. 

 

Future application of this model as a national tool would ideally come with supporting tables from field 

hydraulic conductivity tests in a range of wetland soils. Testing of wetland conductivity is limited in 

New Zealand, and developing this literature base would require classification of soil type and a 

number of hydraulic conductivity tests to be conducted, such as through pumping tests, slug tests or 

double ring infiltrometers.  

 

A parameter used in the model is specific yield, or effective porosity. There are very few tests in 

wetland soils, with literature values used in verification exercises being guided from international 

references. To collect such data nationally would require pumping tests for prolonged durations in 

bores drilled and installed within a wetland. The bore would need to be suitably installed within the 

wetland soils, of an orifice that a submersible pump could be deployed and tested for a prolonged 

duration with nearby observation bores to record water level drawdown over time.  

 

Flow rates are likely to be small from these bores due to low conductivity soils. Currently, the NES-F 

condition 40 permits scientific research to occur for activities that may have an effect on a wetlands 

water level (partial or complete drainage), as long as it complies with the conditions. Subsequently, 

temporary bores may be able to be installed to undertake such tests, although likely will require a 

resource consent under regional plans (depending on the council).    
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Figure B 2. Map of the most rapid permeability class and associated Ksat, based on the NZLRI permeability layer and the wetland extent layer 

 

 










