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Executive Summary 
 Inadequate drainage properties at the Trees for Canterbury site has meant that water at the 

surface is unable to drain and therefore waterlogging occurs in various areas. This poor 

drainage means water often pools at the surface all year round, even during dry periods, 

making it a health and safety issue for the workers.  

 After discussion of the issue and a site visit, a research question was defined; ‘What are the 

key factors influencing poor drainage at the TFC nursery and are there any options for 

mitigating the affected area?’. A literature review of relevant articles was then completed to 

obtain a better understanding of the various aspects we assumed could be related to the sites 

poor drainage.  

 The surface and subsurface were analysed by using GNSS surveying to generate topographic 

profiles across the site. A soil auger was then used to obtain samples of the 
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2.0 Literature Review 
We looked at 5 main topics in our literature review and these topics were based on factors that we 

know could affect poor drainage and that we assumed we would be investigating later on in the 

research process. The topics we chose to investigate 













 10 

4.0  Results 
 

4.1 Site core samples 
The core samples taken from 5 different sites at the nursery showed a simple and rather consistent 

stratigraphy across the whole site (Figure 8). The stratigraphy consisted of four main units.  

 8-10cm of Top soil. 

 11-15cm AP40 ς Poorly sorted AP40. 

 23-66cm Sand ς Ranging from fine to medium grain sized with layers more saturated than 

others and lenses with granules and pebbles. 

 80cm Clay ς highly impermeable layer. 

 

The top soil and AP40 units were of a consistent thickness across the site. The Sand layers varied in 

thickness across the site and are always followed by a layer of highly impermeable clay.  

A 
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underlying the clay layer was another fine grained sand layer. This pattern seems consistent across 

the site with the same sand layer that was seen above the clay, reappearing below the clay layer. 

4.2 Dry Sieving Results  
Nine samples were gathered from TFC, to undergo a series of dry and wet sieving to determine the 

grain size and grain size distribution ie. Sorting of each sample. These are generally a good indicator 

of the permeability within a unit (Masch & Denny, 1966). Figures 9-11 are representative samples of 

the three of the main units on site. The topsoil did not undergo any dry or wet sieving due to its high 

organic content.  

The samples were all relatively the same volume, however the graphs below are not inclusive of the 

clay content within the sample. Sample A shows a wide variety of grain sizes indicating very poor 

sorting. Not a lot of clay was extracted from this sample, with it mainly being made up of coarser 

grains. Sample C and G exhibit much better sorting in finer grain sizes, and it would be hypothesised 

from these results that these layers show impermeable characteristics due to the relationship 

between sorting, grain size and permeability, as seen by Masch & Denny (1966). These suggests that 

the AP40 was likely to be the most permeable and the sand would be permeable to some degree. The 

clay however would be relatively impermeable. A limitations of the dry sieving is that the permeability 

is not only a function of grain size and the degree of sorting but is also dependent on how the soil is 

packed at the site. These graphs can give some indication of permeability, but are not fully indicative 

of whether or not a unit is permeable or not.  

 

 

 

Figure 9: AP40 Particle size distribution showing poor sorting throughout the sample. The total sample weight excluding 
clay content was 179.89g.  

0
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Table 1: Table showing how many phi sizes are indicative of the degree of sorting. 

Sorting description 84-16 phi 
value 

very well sorted 0.5 

well sorted 1.0 

moderately sorted 1.0-2.0 

poorly sorted 2.0-3.0 

very poorly sorted >3.0 

 

The following graphs show the cumulative weight of each phi size (including sands and gravels) 

within the sample: 
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Table 2: Time taken to infiltrate 40ml water through a 50g soil sample. (hh:mm:ss:ss) 

Sample  Time       

Top Soil 01:07:58:00    
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 Figure 13: Comparable graphs showing the transects which the council collected in 2002, compared to the 
surveys undertaken by the group in 2016.  
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From the permeability tests, not only was the clay imp
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Appendix A 
Christchurch City Council original map of the site 2002. The map shows the topographic lines around 

the site highlighting areas or elevation. The lines across the image represent the transects which are 

shown in cross sectional view in Appendix B. 
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Appendix B 
Original Transects across the site taken in 2002 by the Christchurch City Council. These transects 

were compared to transects taken in our study. 
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Appendix C 
Original Sample descriptions taken from the site. Sample A-G were taken from the sample hole at 

site 1. Sample H was taken at site 2. The descriptions mainly show a simple description and class 

them into one of the 4 main units at the site ς top soil, AP40, sand and clay. 

 

Sample A ς AP40  

Sample B - Well sorted sands with a few coarse rounded sand sized grains at 21cm depth. 

Sample C ς A saturated sample B. 

Sample D - The sand is slightly finer eg. gone from medium to fine sand grains. Now less granules 

and coarse sand grains. 

Sample E ς Wet fine sand with organics present. 

Sample F ς Clay, highly impermeable. Lot of organics and roots present. 

Sample G ς Clay with interfingering Sand.  

Sample H ς Ψ{ŀƴŘȅΩ /ƭŀȅ. 

. 
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Appendix D 
Grain sizes in Microns and Phi used to define the different classes within a grain size class, and to 

define sieve sizes used for dry and wet sieving.  

Source: http://maps.unomaha.edu/maher/ESSlectures/ESSlabs/lab6sediments.html 
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  Sample       

Seive Size (um) g % h % 

63 4.685 48.62985 5.281 20.67818 

125 4.949 51.37015 19.325 75.66859 

250 0 0 0.933 3.653236 

500 0 0 0 0 

850 0 0 0 0 

1000 0 0 0 0 

2000 0 0 0 0 

4000 0 0 0 0 

8000 0 0 0 0 

13200 0 0 0 0 

        

Total 9.634 100 25.539 100 
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Appendix F 
Graphs of all sample results from the dry sieving tests. The graphs show the weight percent within 

the sample. The main purpose of the graphs is to display how sorted the samples were. The sorting 

ranged from poor sorting (sample a) to well sorting in the sand and clay samples. Poorly sorted is 

when there are particles in majority of the sieve sections.  
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Appendix G  
Raw data from pipette analysis. The table shows the weights for each sample taken, with a total weight 

for clay in the sample at the bottom. With the lighter clay settling out later in the period the samples 

were taken, and therefore those weighing less and being the smaller clays.   

  Sample           

Phi Size a b c d e f 

0.4 0.202 0.094 0.06 0.134 0.105 1.879 

0.5 0.161 0.061 0.047 0.091 0.071 1.804 

0.6 0.109 0.043 0.031 0.064 0.051 1.614 

0.7 0.084 0.034 0.028 0.06 0.041 1.325 

0.8 0.029 0.02 0.015 0.036 0.026 0.929 

0.9 0.001 0.008 0.006 0.027 0.02 0.683 

         

Total (g) 0.586 0.26 0.187 0.412 0.314 8.234 
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Appendix I 
Engineering solutions to remediate the land. 
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Figure 16: if what has been interpreted as a perched water table as the actual water table, then drainage method will not 
be effective and could create more flooding. 

 


