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Executive Summary 

CH2M Beca Ltd (Beca) has been commissioned by Christchurch City Council (CCC) to undertake a 

preliminary geotechnical assessment to inform the option of applying treated wastewater to potential land 

areas on, and between, Takamatua headland and Takamatua valley. This report summarises the findings of 

the field investigation, development of a conceptual ground model and a preliminary geotechnical 

assessment of the effects of the proposed infiltration to land, on the stability of the slopes. 

CCC is considering the option of land disposal as a method of discharging treated wastewater from the 

Akaroa wastewater treatment plant. A preliminary assessment of the total required discharge area is 

approximately 27 hectares, conceptually divided into ten land blocks. The geotechnical assessment 

presented in this report has been prepared to inform the option of disposing wastewater to land, recognising 

that the areas identified for disposal are preliminary and subject to confirmation, including by land owners 

and on the basis of further geotechnical assessment. 

A ground investigation comprising six test pits and ten laboratory moisture content tests was completed in 

May 2016. All the exploratory holes encountered 4 m of Quaternary loess, which was the maximum depth of 

exploration. Groundwater was not encountered in any of the test pits.  A previous investigation at the 

proposed wastewater treatment site on Old Coach Road indicated that groundwater may be expected within 

the underlying volcanic bedrock.  

Testing indicated that the loess is presently partially saturated.  Desk study data suggests that a number of 

factors, including soil suction in the partially saturated zone, affect the undrained shear strength of the loess, 

which may drop by two thirds when its moisture content increases by 5%. 

The proposed irrigation rate is expected to result in an increased moisture content and groundwater 

mounding in the loess.  The latter will accumulate with time if the application of wastewater is ongoing and is 

not mitigated by vertical seepage effects.  

A preliminary assessment indicates that the global stability of the steeper areas downslope of the proposed 

irrigation Block B may become approximately 10% to 20% less stable in the long term with an increase in 

groundwater level as a result of wastewater application to the land.  This means that if the slopes are 

currently marginally stable (factor of safety of 1.1 to 1.3), the margin of stability in the longer term is likely to 

be reduced to the point of slope movement as a result of wastewater application..   

Previous slope stability reports by other consultants have indicated that the higher elevation conceptual 

irrigation blocks are adjacent to pre-existing land instability features such as tunnel gullies, surface erosion 

and historic deep seated failures on the loess/rock contact.  The impact of irrigation on the existing slope 

movement features has not been quantified, but is likely to result in an increased frequency of movement 

compared to that which has occurred in the recent past. 
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1 Introduction 

1.1 Scope 

Christchurch City Council (CCC) has engaged CH2M Beca Ltd (Beca) to undertake a preliminary 

geotechnical investigation to better inform the option of applying treated wastewater to possible sites on and 

between Takamatua headland and Takamatua valley. This report presents the results of a field investigation, 

development of a conceptual ground model and a preliminary geotechnical assessment of the potential 

effects of the proposed infiltration to land on the stability of the slopes. The preliminary findings are subject to 

further investigation and assessment, which will be required as the project develops.  

The scope of the preliminary geotechnical assessment was detailed in the Akaroa Wastewater – Preliminary 

Geotechnical Investigation Proposal dated 24 May 2016 (Ref: included: NZ1-12548291). 

The scope comprised the following items: 

 Prepare a geotechnical investigation technical brief to be supplied to a Contractor 

 Observe the excavation of 8 test pits up to 5 m deep, record groundwater level (if encountered), take 

disturbed samples for subsequent laboratory testing and undertake in-situ Scala Penetrometer and hand 

vane testing as appropriate 

 Prepare engineering logs of the soils encountered 

 Coordinate the laboratory testing (10 moisture content tests) of loess soils sampled from test pits 

 Carry out a literature review of the properties of Bank’s Peninsula loess soils and the anticipated 

groundwater level. Obtain indicative parameters for permeability (hydraulic conductivity), porosity and 

strength of the loess soils 

 Develop a ground model for typical high, intermediate and low sites* and prepare sections through these 

sites. 

 Analyse the stability of these sites for inferred seasonal low and high groundwater levels (as currently 

estimated) 

 Assess the effect of the proposed irrigation infiltration rates into the loess on the groundwater regime and 

re-analyse the stability of these three sites for inferred low and high groundwater level 

 Report on the findings of the assessment in relation to the comparative stability of the sites with and 

without irrigation. The assessment will allow bounds of potential behavior to be reported without giving 

absolute details of the stability of specific locations. 

* Owing to land access restrictions it was not possible to investigate a ‘low’ site. 

The following report details the findings of the geotechnical investigation and slope stability analysis. 

Infiltration testing, to investigate the potential of the soils to receive the proposed irrigation water, was carried 

out by Pattle Delamore Partners Limited (PDP).  The results of this testing and associated assessment are 

presented in a companion report and the findings are used in this assessment. 

1.2 Proposed Development 

CCC is considering the option of land disposal as a method of discharging treated wastewater from the 

Akaroa wastewater treatment plant. A conceptual plan of the proposed discharge areas is presented in 

Appendix A. The total proposed discharge area is approximately 27 hectares divided into ten wastewater 

land disposal blocks. Generally these blocks are located on the northern slopes of the Takamatua headland 

and have a slope angle not greater than 15°. However in many cases the blocks occur above land that is 

much steeper than 15° (on ridges and spurs). 
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It is proposed that treated wastewater be applied by either drip irrigation or spray irrigation with a maximum 

average loading rate of 7.1 mm per day for irrigation to pasture or 5 mm per day beneath trees, over the 27 

hectares (Ref. NZ1-11926513 Akaroa Wastewater – Concept Design Report for Alternatives to Harbour 

Outfall, CH2M Beca, 2016).  

The design land application rates being considered for land irrigation under trees vary and are:  

 Loading rate of 5 mm/day in summer (December to February) 

 Loading rate of 1.5 mm/day in winter (June to August) 

 Loading rate of 3 mm/day for remainder of the year 

 When rainfall exceeds 50 mm/day or averages more than 50 mm/day over a number of days (the 

maximum is 5 days for the rainfall data available) then no irrigation occurs 

 If the allowable irrigation is less that wastewater flows or cannot occur due to high rainfall, wastewater is 

stored (in the upstream storage basin) and irrigated when there is sufficient capacity in the land.  

The average net infiltration rates, accounting for evapotranspiration are expected to be 1.12 mm/day to 

pasture and 0.85 mm/day beneath trees (Letter report: Infiltration Testing Results for Akaroa Wastewater 

Disposal via Irrigation, PDP, 14 June 2016 and email Brough/Offer 15.6.2016). 

2 Existing Data 

The following existing information for the Takamatua area has been reviewed as part of this preliminary 

assessment: 

 Tonkin and Taylor Ltd. 2008: Slope Hazard Susceptibility Akaroa harbour settlements. Report prepared 

for Christchurch City Council, dated March 2008 

 Geotech Consulting Ltd. 2010: Preliminary geotechnical appraisal of potential slope stability issues in 

relation to the proposed wastewater irrigation of areas of land near Akaroa. Report prepared for 

Christchurch City Council, dated 15 January 2010. 

Additional references, primarily from unpublished theses from the University of Canterbury, were reviewed to 

inform the selection of geotechnical parameters for slope stability analysis and provide comparison with 

permeability values obtained from the in-situ testing.  

2.1 Slope Instability 

The report by Tonkin and Taylor (2008) identified the main forms of land instability in the Takamatua area as: 

 Active gullying including tunnel gullying, surface erosion, and  

 Deep seated land instability in loess and underlying bedrock. 

The report states that typically tunnel gullying is thought to occur when the groundwater or surface water 

permeates through layers within the loess initiating dispersion and erosion of the soil matrix. Tunnel gullies 

typically start beneath the surface and as the loess continues to erode the overlying loess collapses into the 

subsurface tunnel forming gullies. Surface erosion is the term used where shallow instability has occurred 

due to saturation of loess deposits close to the ground surface.  

Large landslides in the loess and underlying bedrock have been identified in the Takamatua region. Typically 

these slope movements have been reported to fail at or near the interface between the loess and the 

weathered bedrock and are understood to be up to 300 m wide. 
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Mapping undertaken by Tonkin and Taylor of the Takamatua region indicates active gullying and small 

landslides in loess located in, or closely downslope of, all of the conceptual wastewater land disposal blocks. 

Furthermore, a large loess/bedrock landslide has been mapped by others immediately downslope on the 

south and north sides of Block E, the south side of Block H and upslope of Block I. 

Geotech Consulting Ltd undertook an assessment of the potential slope stability issues in relation to options 

for wastewater irrigation of areas of land near Akaroa. In their report a large historic landslide was identified 

on the south slope of the Takamatua headland. This feature is located downslope on the south side of Block 

E and is thought to have a deep slip plane within the volcanic bedrock.  

2.2 Rainfall Data 2016 

Daily rainfall data for Akaroa was sourced from the NIWA National Climate Database for 1 January 2016 to 

29 May 2016 (Figure 2-1). The data indicates that the period between 1 January 2016 and 16 May 2016 was 

relatively dry with the approximate cumulative rainfall over the five months amounting to 125 mm. In the 12 

days leading up to the investigation (17 May 2016 to 29 May 2016) rainfall increased and the cumulative 

amount for the 12 day period was approximately 190 mm. 

 

 Figure 2-1 Rainfall Data for Akaroa (Station No. 36593) from 1 January 2016 to 29 May 2016. Data sourced from Cliflo: 
NIWA’s National Climate Database on the Web, http://cliflo.niwa.co.nz, Data retrieved 13 June 2016  

http://cliflo.niwa.co.nz/
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3 Geotechnical Investigation 

3.1 Test Pits 

A site investigation was commenced on 30 May 2016 and was completed by 31 May 2016, and comprised 

the following: 

 Six machine excavated test pits with hand held shear vane testing in each location 

 Five Scala penetrometer tests commencing at the ground surface and terminating between 1.0 m and 

1.9 m depth or refusal 

 Four ring infiltration tests conducted at the surface and top of the upper loess layer. 

In order to provide material for laboratory testing, the following samples were obtained: 

 Small disturbed samples, weighing approximately 0.5 kg were taken at each change in soil type or soil 

consistency.  

The investigation locations have been surveyed using a hand held GPS following excavation in terms of New 

Zealand Transverse Mercator (NZTM) and are presented in Table 3-1.  The test pit locations are presented 

on a plan in Appendix A.  

Table 3-1 - Geotechnical Investigation Locations 

Test Pit Area Location Hole depth (m) North (NZTM) Easting (NZTM) Approximate 
Elevation (MSL) 

TP1 Block A 4.0 5151841 1595699 99 

TP2 Block B 4.0 5151444 1596162 143 

TP3 Block E 4.1 5151402 1597211 111 

TP4 Block H 4.1 5151302 1598078 169 

TP6 Block D 4.0 5151955 1597445 33 

TPG Block G 4.1 5151717 1598582 59 

 

The site investigations were observed by a Beca Engineering Geologist.  Unless otherwise stated, all soil 

and rock logging has been undertaken by a Beca Engineering Geologist in general accordance with New 

Zealand Geotechnical Society Guidelines (NZGS, 2005). Test Pit logs and photographs are presented in 

Appendix B. All logs have been verified by a Beca Senior Engineering Geologist. 

A list of standards used during the site investigation is shown in Table 3-2, below. 

Table 3-2 - Summary of Standards used in this Investigation 

Field Procedure Standard Used 

Soil and Rock logging In general accordance with New Zealand Geotechnical Society Guidelines (NZGS, 
2005) 

Hand held  shear vane testing  In general accordance with New Zealand Geotechnical Society Guidelines (NZGS, 
2001) 

Scala Penetrometer Testing NZS4402 
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3.2 Infiltration Testing 

Infiltration testing was undertaken by Pattle Delamore Partners Limited (PDP) in conjunction with the 

geotechnical testing (PDP, June 2016). The scope of the work comprised: 

 Double ring infiltration tests at four locations and two elevations to measure the saturated hydraulic 

conductivity of the topsoil and of the subsoil (loess) 

 Assessment of the topsoil material and measurement of the root depth of the grass.  

3.3 Laboratory Testing 

Envirolab Geotest Ltd carried out testing on small disturbed bulk samples collected from test pits. The tests 

undertaken, and the testing specifications, were as follows: 

 Natural Moisture Content: NZS4402, 1986; test 2.1 

The results of the laboratory testing are given in Appendix D. 

4 Conceptual Ground Model 

4.1 Ground Profile 

The ground conditions encountered in the investigation are broadly consistent with the published geological 

information and the previous investigation data, comprising Quaternary loess overlying the Akaroa Volcanic 

Group. The ground conditions at each of the test pit locations were generally similar, apart from minor 

variation in visually assessed clay and fine sand content with depth at each location.Table 4-1 presents a 

ground model of the typical materials encountered in the Takamatua area based on information from the six 

test pits. 

Table 4-1 - Ground model of Takamatua area 

Unit Depth (m) Layer 
thickness (m) 

Description Shear Vane Undrained shear 
strength range (average),(kPa) 

Geological Unit 

- 0 0.15 – 0.25 Topsoil N/A N/A 

1 0.15-0.25 >4m SILT, some to trace 
clay, minor to trace 
fine sand 

Peak: 23 -124 (66) 

Remoulded: 3 -25 (13) 

mQe – 
Loess/Loess 
Colluvium 

4.2 Ground Properties 

Figure 4-1 presents the peak undrained shear strength values from hand held shear vane testing in the loess 

in the test pits plotted against depth.  This demonstrates the wide range in recorded undrained shear 

strength and suggests a loose trend of increasing strength with depth.  The 20kPa to 40kPa undrained shear 

strengths recorded in some of the shallow tests may reflect a higher moisture content resulting from the 

recent rainfall.  
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Figure 4-1: Undrained Shear Strength (kPa) vs. Depth (m) data from geotechnical investigation (May, 2016) 

 

Figure 4-2 presents the results from the laboratory water content tests plotted against the depth of samples. 

The liquid limit and plastic limit average lines and ranges have been sourced from information reviewed in 

unpublished University of Canterbury theses on loess from Banks Peninsula.  
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Figure 4-2: Water content test results vs. depth (m). Water content data from Beca Laboratory test results (May, 2016).  

The laboratory tests indicated that the water content in the loess ranges from 13 % to 25 %, with an average 

water content from the tested samples of 20 %. Generally the laboratory test results indicated a decrease in 

water content with depth. 

From the water content tests the degree of saturation has been calculated assuming a dry density from 

reviewed literature which ranges from 1.29 t/m3 to 1.90 t/3 with an average of 1.67 t/m3. The anticipated 

ranges in the degree of saturation are presented in Table 4-2. The data indicates that the loess does not 

reach full saturation within the bounds of the moisture contents obtained from the site testing. 

Table 4-2 - Saturation ratio of loess 

Assumed Dry Density 
(t/m3) 

Saturation Ratio calculated for Moisture Contents (Mc) recorded from Laboratory 
Testing 

Mc =  13 % (minimum) Mc = 20 % (average) Mc = 25 % (maximum) 

1.29 – 1.90 (1.67 average)1 25 % – 46 % (35 %) 39 % – 71 % (54 %) 49 % – 88 % (68 %) 

1 – Data from 77 dry densities sourced from unpublished research theses from University of Canterbury. 

Shear strength of loess soils is not well understood, but is thought to be influenced by a combination of 

factors including soil suction in the partially saturated zone and particle bonding. The maximum degree of 

saturation assessed here, suggests that soil suction in the partially saturated zone was likely to be present.   
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The undrained shear strength of loess is sensitive to changes in moisture content. Figure 4-3 has been taken 

from a University of Canterbury thesis and shows the effect of changing moisture content on the shear 

strength of loess. The figure suggests that when the moisture content increases by 2.5 % (from 20 % to 

22.5 %) the undrained shear strength of loess is approximately halved from 100 kPa to 55 kPa. 

 

Figure 4-3 Undrained shear strength (Su) measured with hand held shear vane compared with in-situ moisture contents 
(%). Sourced from Unpublished MSc thesis by Goldwater (1990) 

During transient loading, soils behave in an ‘undrained’ manner, for example when they are subject to 

seismic loading.  Hence, a relatively small increase in moisture content can result in a significant reduction in 

stability. 

4.3 Groundwater 

Groundwater was not encountered during the investigation. Perched groundwater seepage was record in the 

upper 0.5 m of Test Pit 1; this is likely to be due to the rainfall leading up to the geotechnical investigation 

and the presence of a very stiff, likely less permeable layer at approximately 0.5 m in Test Pit 1. 

Review of previous ground investigation data from CH2M Beca (2014) Akaroa Wastewater Treatment Plant - 

Geotechnical Assessment Report, dated 2014 indicated that groundwater at the Akaroa Wastewater 

Treatment plant on Old Coach Rd was typically encountered between 8 m to 11 m below ground level (bgl) 

within the volcanic rock underlying the loess.  

  

Indicative ‘trend’ line 
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5 Treated Wastewater Infiltration  

5.1 Infiltration Rate 

The infiltration rates presented in Table 3-3 indicate variability in the loess across the Takamatua area at the 

time of testing. The subsurface testing undertaken on the top of the loess layer at test pit 1 (Block A) and 

Test Pit 6 (Block D) indicated an infiltration rate of 0 mm/hr, whereas Block G and Block E presented an 

infiltration rate of 24 mm/hr and 12 mm/hr respectively.  

The proposed loading rate for the wastewater discharge at ground level is up to 7.1 mm/day, with variation in 

application of the wastewater depending on the season. To provide a preliminary indication of whether the 

loess in Block E and Block G has capacity to reliably receive the wastewater, the measured infiltration rates 

have been reduced by a factor of twenty five to allow for variability in ground conditions and the limited 

number of test results. Table 5-1 presents the factored infiltration test results, which can be compared with 

the application rates. 

Table 5-1: Factored rates from ring infiltration testing 

Location Depth Below 
Ground Level (m) 

Unit Test Infiltration 
Rate (mm/hr) 

Factored 
infiltration rate 
(mm/hr) 

Factored 
infiltration 
(mm/day) 

Block A 0 Topsoil 20 0.80 19.2 

0.38 Top of Loess 0 0.00 0.0 

Block E 0 Topsoil 12 0.48 11.5 

0.38 Top of Loess 12 0.48 11.5 

Block D 0 Topsoil 8 0.32 7.7 

0.4 Top of Loess 0 0.00 0.0 

Block G 0 Topsoil 30 1.20 28.8 

0.3 Top of Loess 24 0.96 23.0 

 

5.2 Groundwater Mounding 

A preliminary assessment of potential for groundwater mounding has been undertaken using guidance from 

the U.S. Environmental Protection Agency (EPA) Process Design Manual for Land Treatment of Municipal 

Wastewater (EPA 625/1-81-013). The purpose of the calculations was to investigate whether groundwater 

mounding could occur as a result of the application of water to the land and if so, to what extent. 

Groundwater mounding can be estimated by applying the heat-flow theory and the Dupuit-Forcheheimer 

assumptions. These simplifying assumptions are: 

 Flow within groundwater occurs along horizontal flow lines whose velocity is independent of depth 

 The velocity along these horizontal streamlines is proportional to the slope of the free water surface 

The potential for groundwater mounding has been assessed for Block E and Block G, using the assumption 

that the area under which wastewater will be applied is rectangular and the loess is homogenous with a 

consistent permeability with depth.  It is assumed that no water is lost through evapotranspiration. 

Table 5-2 details the parameters used for calculation of groundwater mounding.   
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Table 5-2 - Parameters for calculation of groundwater mounding 

Parameter Block Reference 

Symbol Description Unit E G 

W Width of site m 125 m 100 m Measured approximately from aerial maps. 

K Hydraulic conductivity of 
soil  

m/day 0.01 0.02 PDP infiltration testing results factored by 25 
to determine the design hydraulic 
conductivity. 

A factor of 25 has been applied in 
accordance with EPA (1984) that estimates 
that the loading rate measured by ring 
infiltration testing is 2 - 4 % of the “effective 
rate”. 

D Saturated thickness of 
soil  

m 1 1 Estimated. However a range of values were 
assessed which indicated that ‘D’ does not 
have a significant influence on groundwater 
mounding in this case. 

V Specific yield - 0.18 0.18 Applied 30 % of porosity (called "drainable 
porosity") because clay will keep some water 

t Duration of wastewater 
application 

days Range Range The application of wastewater is proposed to 
occur all year, depending on the season and 
rainfall. However, a range of durations were 
assessed to provide an estimate of the 
groundwater mounding. 

I Proposed Loading Rate m/day 0.014 0.014 Double the maximum loading rate provided 
by CH2M Beca (2016) due to half of sites 
tested showing 0 mm/hr permeability. No 
account for evapotranspiration. 

0.00112 0.00112 The average net infiltration rates to pasture, 

accounting for evapotranspiration. 

0.00083 0.00083 The average net infiltration rates beneath 
trees, accounting for evapotranspiration. 

 

The groundwater mounding calculations indicated the degree of groundwater mounding was affected 

primarily by the duration which the wastewater was applied.  The longer the wastewater was applied the 

higher the groundwater mounding. Figure 5-1 presents the height of groundwater mounding against duration 

of loading application for Blocks E and G based on the average net infiltration rates.  This indicates that 

groundwater may mound to 2m over a one year period based on a number of simplifying assumptions.   
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Figure 5-1: Groundwater mounding compared with duration of irrigation (days) 

However, this assessment is based on average annual figures and if there were to be a prolonged wet 

period during the year, the mounding would increase.  For example if the net infiltration rate increased to a 

level equal to the application rate, after 60 days the height of groundwater mounding is calculated to be 

greater than 4.5 m. If the thickness of loess is between 4 m – 5 m thick the groundwater will be above or 

within 1 m of the surface layer. The width of the groundwater mounding has not been calculated as part of 

this assessment.  

If significant groundwater mounding occurs, or has the potential to occur, the application rate may need to be 

reduced or application ceased for a period of time to allow dissipation of groundwater. The length of time that 

resting would be required has not been calculated as part of this preliminary assessment.  

6 Slope Stability 

6.1 Background 

The reports by Tonkin and Taylor and Geotech Consulting Ltd have identified the presence of shallow and 

deep seated instability adjacent to the proposed irrigation blocks. According to mapping by Tonkin and 

Taylor the most prevalent mechanism of failure in the northern slopes of Takamatua appears to be gullying. 

The preliminary global stability assessment of the slope (presented below) does not consider gullying i.e. the 

degree to which an increase in groundwater level within the loess may affect the dispersion of fines or 



Akaroa Wastewater Upgrade Irrigation - Preliminary Geotechnical Assessment 

CH2M Beca // 13 June 2016 

6517986 // NZ1-12646865-6 0.6 // page 12 

shallow erosion.  However, it is noted that loess is a highly erodible and moisture sensitive soil which, when 

subjected to an increased groundwater level in the slope, is likely to experience exacerbated gullying and 

shallow erosion. 

6.2 Preliminary Slope Stability Assessment 

The conceptual wastewater irrigation blocks are situated on sloping hillsides with slope angles of up to 15°. 

Typically below the conceptual irrigation blocks the topography steepens, with Tonkin and Taylor identifying 

slope failures and some hummocky or uneven ground, indicative of historical shallow and deeper instability, 

identified during a walkover. Block B is above a residential development and hummocky uneven ground was 

observed in the area during the geotechnical investigation. 

Preliminary simplistic shallow (< 5 m) slope stability analyses were undertaken for a section through Block B 

for long term (drained) and transient loading (undrained) stability. 

A number of simplifying assumptions were adopted as follows.  Drained slope stability analyses were 

undertaken first with an existing groundwater table at the inferred loess/rock contact at 5 m depth, and then 

with the groundwater level raised in 1 m increments. The groundwater was modelled as a single phreatic 

surface parallel to the rock/loess contact. The loess was modelled as a single homogenous layer.  It is 

recommended that these assumptions are reviewed and confirmed as the assessment develops. 

Figure 6-1 shows the height of groundwater mound compared with relative change in Factor of Safety (FOS). 

 

Figure 6-1: Height of groundwater mound compared with relative change in Factor of Safety (FOS) 
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The analyses showed that if the application of irrigation water results in a 4 m to 5 m high groundwater 

mound, the FoS is expected to reduce by approximately 20%.  If the mound is lesser (say 2 m after 1 year as 

indicated by analyses using average net infiltration rates reported by PDP (2016)), then a reduction in FoS of 

about 10% might be anticipated. This means that if a slope currently has marginal stability then the addition 

of wastewater might result in instability, in particular when combined with a period of rainfall. 

Figure 6-2 shows the inferred effect of a change in moisture content with FoS for undrained loading, based 

on the moisture content versus undrained shear strength relationship given in Figure 4-3. 

 

Figure 6-2 Moisture content vs. relative change in Factor of Safety (FOS) 

The undrained analyses showed that an increase of moisture content between 2 % and 4 % can reduce the 

FoS by approximately 30 % and 40 %.  This reduction in FoS would apply under seismic loading and is 

independent of the reduction shown in Figure 6-1. 

It was observed in the slope models that because the area downslope of Block B is generally steeper than 

the area where the wastewater is to be applied, the lower section of the slope was generally where the 

critical slip surface would occur.  

The preliminary slope stability analysis undertaken for this report is based on a number of simplifying 

assumptions and has considered overall stability only for a conceptual groundwater response to infiltration 

and limited data on the relationship between moisture content and undrained shear strength. Further work 

will be required to confirm the feasibility, or otherwise, of this option and to assess the effects of the irrigation 

on the stability of the land in the vicinity of application at the sites finally selected.   
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7 Summary 

A preliminary geotechnical investigation has been undertaken comprising the excavation and logging of six 

test pits and laboratory testing of ten natural moisture contents from samples obtained from the test pits. 

Additionally a desk study of the properties of loess soils on Banks Peninsula has been undertaken. The 

results from these investigations have informed a preliminary assessment of the slope stability effects of the 

conceptual land disposal of treated wastewater from the Akaroa wastewater treatment plant onto land.  

The loess has been proved to be at least 4 m thick and have a natural moisture content in the range 13 % to 

25 % (numerical average of 20 %) which lies within the range of liquid limit and plastic limit data, with the 

exception of one test.  The corresponding degree of saturation is estimated to be between 25 % and 88 %, 

indicating that the loess is presently partially saturated.   

The shear strength of loess soils is not well understood, but is thought to be influenced by a number of 

factors including soil suction in the partially saturated zone and particle bonding. The undrained shear 

strength of loess is sensitive to changes in moisture content, with Desk study data indicating a fall from a 

peak of around 150 kPa when its moisture content is less than 20 % to less than 50 kPa when its moisture 

content is 25 % or greater. 

The proposed loading rate is expected to result in an increased moisture content and groundwater mounding 

in the loess.  The latter will accumulate with time if the application of wastewater is ongoing and is not 

mitigated by evapotranspiration effects.  

An overall simplified stability assessment has been undertaken of the slopes towards the headland of 

Takamatua peninsula.  This indicates that the margin of stability of steeper areas downslope of the proposed 

irrigation blocks may reduce by 10 to 20 % after 1 year of treated wastewater application.  This means that if 

the stability of the existing slopes is already marginal, then wastewater application is likely to trigger 

instability. Depending on the effect of the irrigation on the moisture content of the soil, the short term stability, 

as might be experienced during an earthquake, could decrease by 30 % to 40 % ignoring any reduction in 

soil suction or mechanical bonding.  The impact of irrigation on existing slope movements, such as tunnel 

gullies, surface erosion and historic deep seated planes at the loess/rock contact, has not been quantified, 

but it is expected that an increased frequency of movement will result.  
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Applicability 
This report has been prepared by Beca on the specific instructions of our Client. It is solely for our Client’s 

use for the purpose for which it is intended in accordance with the agreed scope of work. Any use or reliance 

by any person contrary to the above, to which Beca has not given its prior written consent, is at that person's 

own risk. 

This is a factual report of field investigations and laboratory testing.  The field investigations have been 

undertaken at discrete locations and no inferences about the nature and continuity of ground conditions 

away from the investigation locations are made.  Furthermore logs are provided presenting description of the 

soils and geology based on our observation of the samples recovered in the fieldwork and may not be truly 

representative of the actual underlying conditions. 

Should you be in any doubt as to the applicability of this report and/or its recommendations for the proposed 

development as described herein, and/or encounter materials on site that differ from those described herein, 

it is essential that you discuss these issues with the authors before proceeding with any work based on this 

document. 

  



Akaroa Wastewater Upgrade Irrigation - Preliminary Geotechnical Assessment 

CH2M Beca // 13 June 2016 

6517986 // NZ1-12646865-6 0.6 // page 16 

 
 
  

Appendix A 

Proposed Irrigation Areas, 
Test Pit Locations and Cross 
Section Location 



Akaroa Wastewater Upgrade Irrigation - Preliminary Geotechnical Assessment 

CH2M Beca // 13 June 2016 

6517986 // NZ1-12646865-6 0.6 // page 17 

  



A K A R O A  W W T P  L A N D  D I S P O S A L  I N V E S T I G A T I O N

AKAROA WASTEWATER LAND DISPOSAL
OPTION 1 AND 2: YEAR ROUND IRRIGATION

P A T T L E   D E L A M O R E   P A R T N E R S    L T D

SCALE:

215

165

207

N36/0060

N36/0042

N36/0051

Sourced from the LINZ Data Service and licensed for re-use under the Creative Commons Attribution 3.0 New Zealand licence

1:12,000 (A3)
0 125 250 375 500

METRES

C02239201Z002_OPTIONS_ASSESSMENT_1_V2.mxd 
ISSUE DATE: 05/04/16 VERSION: 2

SOURCE:
1. CADASTRAL DATA AND AERIAL IMAGERY SOURCED FROM LAND 
INFORMATION NEW ZEALAND (LINZ) MAY NOT BE SPATIALLY 
ACCURATE.

KEY:
CURRENT WELLS USED TO SUPPLY WATER

POSSIBLE PIPELINE ROUTES

140m CONTOUR (FROM LIDAR)

TREATMENT PLANT

PROPOSED 12,000 m3 STORAGE POND

POTENTIAL DISCHARGE AREAS

POTENTIAL DISCHARGE AREAS ABOVE 140m CONTOUR

RESIDENTIAL AREA (EXCLUSION ZONE)

BLOCK A
3.64 Ha

BLOCK B
10.02 Ha

BLOCK E
14.35 Ha

BLOCK D
3.49 Ha BLOCK F

9.35 Ha

BLOCK C
1.69 Ha

BLOCK H
8.19 Ha

STORAGE 
OPTION B

STORAGE 
OPTION A

BLOCK G
3.01 Ha

BLOCK I
3.32 Ha

BLOCK J
2.53 Ha

kry
Line

kry
Polygon

kry
Polygon

kry
Text Box
Block B Cross section

kry
Rectangle

kry
Line

kry
Group

kry
Rectangle

kry
Line

kry
Group

kry
Rectangle

kry
Line

kry
Group

kry
Rectangle

kry
Line

kry
Group

kry
Rectangle

kry
Line

kry
Group

kry
Rectangle

kry
Line

kry
Group

kry
Rectangle

kry
Line

kry
Group

kry
Text Box
Test Pit Locations (Beca, 2016)

kry
Text Box
Test Pit 1

kry
Text Box
Test Pit 2

kry
Text Box
Test Pit 3

kry
Text Box
Test Pit 6

kry
Text Box
Test Pit G

kry
Text Box
Test Pit 4



Akaroa Wastewater Upgrade Irrigation - Preliminary Geotechnical Assessment 

CH2M Beca // 13 June 2016 

6517986 // NZ1-12646865-6 0.6 // page 18 

 
  

Appendix B 

Test Pit Logs and 
Photographs 



Akaroa Wastewater Upgrade Irrigation - Preliminary Geotechnical Assessment 

CH2M Beca // 13 June 2016 

6517986 // NZ1-12646865-6 0.6 // page 19 

  



L
O

E
S

S
 (

m
Q

e)

38/5

38/8

23/5

38/8

B
B

B

M

M

M

M

ML

ML

ML

ML

Soft, SILT, minor rootlets, trace fine to medium sand; dark brown; moist; non plastic.
[TOPSOIL].

Firm, SILT, minor clay, trace fine sand, trace rootlets; light brown mottled orange; moist; low
plasticity.

At 0.5m: wet on north and south walls. Seepage of approx. 0.1l/min.

Very stiff, SILT, some clay, minor fine to coarse sand; yellowish brown; moist; high plasticity.
Grey vertical and horizontal veining trending north-south and east-west. Veining infilled with soft,
SILT, minor clay; moist; low plasticity. Vein apperture approximately 1-3cm.

SILT, minor fine to coarse sand, minor clay; yellowish brown; moist; low plasticity.

From 2m: Trace fine to medium sand.

END OF LOG @ 4 m
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Soft, SILT, minor rootlets, trace fine to medium sand; dark brown; moist; non plastic.
[TOPSOIL].

Very stiff, SILT, trace clay, trace fine sand; yellowish brown mottled orange; moist; low plasticity.

From 0.6m to 1.4m: vertical and horizontal veining infilled with soft, SILT, trace clay; grey; moist;
low plasticity. Orange staning surrounding grey veins. Vein apperture approximately 1-3cm.

SILT, trace clay, trace fine sand; yellowish brown; moist; low plasticity.

From 2.4m: minor fine to medium gravel. Gravel: angular, volcanics, black. Trace fine gravel
sized clasts of clay; red, grey; clasts smear upon compression with fingers.

From 3.6m: some fine sand

END OF LOG @ 4 m
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Soft, SILT, minor rootlets, minor fine to medium sand; dark brown; moist; non plastic.
[TOPSOIL].

Firm, SILT, minor clay, trace fine sand; yellow brown mottled orange and grey; moist; low
plasticity.

SILT, minor fine sand, trace clay; yellow brown mottled orange; moist; low plasticity when
wetted.

From 3.5m: yellow brown mottled grey.

At approx. 4m: seam of fine to medium SAND, trace silt; grey; moist; non plastic.

END OF LOG @ 4.1 m
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Very soft, SILT, minor rootlets, minor fine to medium sand; dark brown; moist; non plastic.
[TOPSOIL].

Stiff, SILT, minor fine sand, minor clay; yellowish brown mottled orange; moist; low plasticity.

From 0.8m: orange mottling absent.

SILT, some fine sand, minor clay; yellowish brown mottled orange; moist; low plasticity.

From 3.6m: Trace fine gravel. Gravel: black, angular, volcanics.

END OF LOG @ 4.1 m
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Soft, SILT, minor rootlets, minor fine to medium sand; dark brown; moist; non plastic.
[TOPSOIL].

Stiff, SILT, minor fine sand, trace clay; yellow brown mottled orange; moist; low plasticity.

From 0.7m: orange mottling absent.
From 0.7m to 0.9m: Soft on south side of test pit, more moist.

From 1m to 2m: vertical veining infilled with soft SILT, trace clay; grey; moist; low plasticity.
Orange staining around veins. Vein apperture approximately 1-3cm.

SILT, minor fine sand, minor clay; yellowish brown; moist; low plasticity.

END OF LOG @ 4 m
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Very soft, SILT, minor rootlets, minor fine to medium sand; dark brown; moist; non plastic.
[TOPSOIL].

Stiff, SILT, minor clay, trace fine sand; yellowish brown mottled orange; moist; low plasticity.

From 1m to 1.6m: vertical veining infilled with soft SILT, trace clay; grey; moist; low plasticity.
Orange staining around veins. Vein apperture approximately 1-3cm.

SILT, minor fine sand, trace clay, trace fine gravel sized inclusions of grey and black clay;
yellowish brown; moist; low plasticity.

END OF LOG @ 4.1 m
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bucket, machine auger from 2m to 4m.
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R L: 59 m
DATUM: MSL

Block G
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Appendix C 

Laboratory Test Results 
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