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Evidence in relation to the proposed South Halswell Development 

Submitter: Keith Woodford (#2314) 

Date: 16 December 2015 

1. Basis of Evidence 

This evidence is presented by me as a person who belongs to the community of interest. My evidence comes primarily from my own historical documentation of 

seismic and hydrological factors specific to the South Halswell Zone, supported by other published documentary evidence.  

I am a retired professor and I am now an independent consultant in agri-food systems. I do not claim expert status in relation to either hydrology or geo-technic 

design.  However, I consider myself to be generally informed on scientific matters relating to natural hazards, based on a science-based training, combined with 40 

years professional experience across land-based systems in many countries. I have previously written extensively on earthquake related matters, including South 

Halswell and its special conditions, at my own website  (https://keithwoodford.wordpress.com/ and from there click on the ‘Canterbury earthquake’ category). 

Three of my own website articles that specifically refer to the effects of the September 2010 earthquake and draw on my own empirical evidence from within the 

South Halswell zone, all published in September 2010, are:   

Nature at Work: The Canterbury Earthquake (https://keithwoodford.wordpress.com/2010/09/04/nature-at-work-the-canterbury-earthquake/) 

Nature at Work: the Silt Volcanoes (https://keithwoodford.wordpress.com/2010/09/05/nature-at-work-the-silt-volcanoes/) 

Nature at Work: More on Silt Volcanoes  (https://keithwoodford.wordpress.com/2010/09/06/nature-at-work-more-on-silt-volcanoes/) 

For the evidence presented here, I have gone back to these articles, which are part of a larger suite of 15 earthquake related articles published at the website, to 

refresh my memory in relation to those events.  The photos that I present were taken either by my own family or by neighbours. 

Other key documentary evidence drawn on within this brief is: 

1) Cox S et al 2012. Hydrological effects of the MW7.1 Darfield (Canterbury) earthquake, 4 September 2010, New Zealand.  New Zealand Journal of Geology and 

Geophysics  55:3, 231-247 (http://dx.doi.org/10.1080/00288306.2012.680474). 

2) Brackley H L 2012. Review of Liquefaction hazard information in eastern Canterbury, including Christchurch City and parts of Selwyn, Waimakariri and 

Hurunui Districts.  Report No R12/83 Institute of Geological and Nuclear Sciences Limited. 

I now bring to the attention of the Hearings Panel all of the matters laid out below, on the basis that seriously inadequate consideration has been given to the natural 

hazards relating to South Halswell. I expect to be cross-examined and I also seek to cross examine any other parties to the hearing who claim that the land is suitable 

for urban development 

Keith Woodford (PhD, M.AgrSc) 

******** 

https://keithwoodford.wordpress.com/
https://keithwoodford.wordpress.com/
https://keithwoodford.wordpress.com/2010/09/05/nature-at-work-the-silt-volcanoes/
https://keithwoodford.wordpress.com/2010/09/06/nature-at-work-more-on-silt-volcanoes/
http://dx.doi.org/10.1080/00288306.2012.680474
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2. Overview 

My evidence is in support of a perspective that urban development of South Halswell is inappropriate given the serious natural hazards.  There are two key reasons, 

either of which by itself is sufficient to make this development inappropriate. 

1) The South Halswell zone is a natural flood plain which, in wet weather carries water in a non-confined manner from the catchment of the Halswell Quarry Park, 

together with the extensive lands above and surrounding it. Under heavy but not unusual rain events, much of South Halswell can be flooded to considerable depth. 

2) There are unusual and, in the context of Christchurch, unique features of South Halswell and immediately adjacent lands on either side of the Kennedys Bush Spur, 

which make it highly susceptible to a pulse of energy transferred through the aquifer from seismic events to the west, including from plains faults, foothills faults and 

potentially the Alpine Fault. This was demonstrated on the 4 September 2010 earthquake, when South Halswell flooded to considerable depth within a matter of 

minutes following the earthquake on the Greendale Fault.   

 Exacerbating the above issues, South Halswell is an area of historic natural springs and low lying land. Clearly, this is a major reason it was not developed historically. 

Recently the depth to ground water has been measured using Ecan wells at 1.5 metres and reported within Beca Ltd (2014)1. These readings were taken in summer 

(December to February). It is widely acknowledged from many sources and ECAN data that ground water levels below the Canterbury Plains have been declining in 

recent decades. One of the acknowledged but at this stage unquantifiable effects to be expected from the consented Central Plains Water Scheme is that some 

groundwater recharge will in future occur throughout the Selwyn - Lake Ellesmere - Te Waihora Catchment, of which South Halswell is part.    

The geology of the area has been summarised by Beca (2014, op cit). The area is at the interface between the volcanic structures of Banks Peninsula and the 

Canterbury Plains. Surface features include sandy and silt-based soils of varying depths on top of shingle, with extensions of the Kennedys Bush Spur beneath, with 

the latter acting as a barrier to further eastward transfer of underground water, and hence leading to the emergence of springs under specific hydrologic conditions.   

Although apparently not mentioned by Beca (2014), but widely understood amongst soil scientists, this area is part of the Islington Channel formed by the 

Waimakariri River which flowed through here most recently about 500-600  years ago (Dr P Almond, pers com). This will be elaborated later in this evidence brief and 

by Dr Almond in his expert evidence. 

The rest of this evidential document relates to the above issues and their interplay. 

                                                           
1
 Available at http://resources.ccc.govt.nz/files/Homeliving/civildefence/chchearthquake/wDPR-FUDAInterpReportPrelimGeotechnicalInvestigationHalswellODP2014-06-20.pdf 

http://resources.ccc.govt.nz/files/Homeliving/civildefence/chchearthquake/wDPR-FUDAInterpReportPrelimGeotechnicalInvestigationHalswellODP2014-06-20.pdf
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Figure 1 is for the purpose of orientation and is a map of the overall area. The map has been produced by Christchurch City Council and has been used by them 

during 2015 in discussions with the local community.   

 

Figure 1     South Halswell 
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3. Catchment issues, rain events and Flooding  

The catchment which flows through South Halswell, as viewed from Hyndhope Road, is shown in Figure 2.  All visible land is within the catchment. South Halswell is 

to the left out of sight.  The visible ponds are permanent features, not short term detention areas.   

Figure 2.  The catchment above South Halswell 

 

 

 

  



6 
 

The same catchment from high in the catchment is shown in Figure 3. South Halswell is in the upper-centre, bounded by the red lines.  Note there is ongoing urban 

development within this catchment. (Several houses at the far left of this photo lie outside the catchment and drain to the Lansdowne Valley. All other elevated land 

in this photo, including the far right of the photo down to the plains, is part of the South Halswell Catchment.  All waters from this catchment cross South Halswell in 

a non-confined manner. 

Figure 3. Looking down through part of the upper catchment that drains into South Halswell 
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Within the upper catchment, there is a considerable gully system (Figure 4) formed over millennia by water erosion, which drains what is currently pastoral and 

arable land. This gully system is not visible from below. (The visible cultivated crop land is all part of the South Halswell catchment, with access from and through to 

the adjoining Redmond Spur development.) South Halswell is to the left out of sight. 

 

Figure 4.  Gully System within upper South Halswell catchment  
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Once the water emerges from the gully system it spreads out in a non-confined manner across the flood plain (Figure 5). This photo was taken on 17 June 2013, from 

Kennedys Bush Road, which bisects the natural flood plan, and separates Halswell Quarry Park (viewed in this photo) from South Halswell.  This water is starting to 

flow through into South Halswell (behind the photographer) at the time of the photo. 

Figure 5.  Water flowing out of Halswell Quarry Park and into South Halswell on 17 June 2013 
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For contrast purposes, this same area is shown as on 13 December 2015 (Figure 6) when, in its regular state, it is a grassland recreation and dog walking area. Note 

that all land in this photo through to the skyline is within the catchment. 

 Figure 6.  Halswell Quarry flood plain in summer 2015 
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Figure 7 shows water flowing rapidly into South Halswell (22 June 2013). All of the land shown here is proposed for housing. Proposed detention ponds are well to 

the left and beyond the distant trees. They are further down the catchment and will only catch water after it has passed over the main South Halswell development 

area.   

Figure 7.  Flood waters pouring into South Halswell.  
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The lower parts of Halswell Quarry Park and the eastern parts of South Halswell, as seen from the southern ridge as this particular rain event in June 2013 was 

coming to completion, are shown in Figure 8. Note that the ponds to the left are permanent, but the remaining flooded area in the centre and right of the photo, and 

extending through to Cashmere Road, is the same grassland area previously shown in Figures 5 and 6. With the rain event now coming to an end, and with less rain 

passing into South Halswell, the waters in the eastern and northern (partly obscured) parts of South Halswell are now starting to drain away.    

Figure 8.   Halswell Quarry Park and South Halswell on 22 June 2013 
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However, further west, but still in South Halswell (and looking northwest), much of the western part of South Halswell remains flooded on this same day of 22 June 

2013 (Figure 9).  Much of this part of South Halswell can remain flooded for prolonged periods (weeks and months) related to lack of gradient through into the 

Halswell River system. This photo was taken from a property at the western end of Hyndhope Road. 

Figure 9. Flood waters passing through the south-western part of South Halswell, 22 June 2013 
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Figure 10 demonstrates (by added thick black arrows) where the water was entering South Halswell in Figure 8 (and spreading out from there in all directions).   The 

flooding previously shown in Figure 9 includes ‘Area 2’ and areas to the north of Area 2.  There is nothing particularly uncommon about events such as these.  There 

were multiple events in 2013 and 2014. Anecdotal evidence from ‘old timers’ is that considerably greater floods have occurred historically, and that this was at a 

time when there was much less urban development in the upper catchment and hence slower runoff. It should also be noted that the only drains through South 

Halswell (‘Greens Drain’) are man-made and were primarily for land drainage, not flood management.  Hence water carrying capacity is minor.  

There is very limited exit capacity from the southwest corner of South Halswell to the Halswell River (currently via a culvert under the Halswell Rd – Akaroa Highway). 

When the Halswell River is in high-flow, the water actually backs up into South Halswell on account of both lack of gradient from South Halswell to the Halswell River, 

and also lack of gradient within the Halswell River thereafter (considerably less than 1 metre per kilometre of average gradient through to Lake Ellesmere). 

Figure 10. Flood passage into South Halswell from Halswell Quarry Park (thick black arrows) 

 

 

 It should also be noted that surface water from the historical urban developments to the north of South Halswell first flows away from the Halswell River (which is 

further to the north), and flows through South Halswell ( from north to south), before eventually exiting into the Halswell River at the southwest corner of South 

Halswell.   



14 
 

Fiigure 11 shows such flood waters at the junction of Larsens and Glovers Road on 4 September 2010, exiting overland from Larsens Rd into South Halswell 

 

Figure 11.  Flood waters passing from Larsens Road through to South Halswell, 4 September 2010 
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4. Earthquake related issues 

Of the ‘Christchurch earthquakes’, the September 2010 earthquake from the Greendale fault was the most significant for South Halswell. The reason was that there 

was a considerable energy pulse transferred through the aquifer resulting in a positive head and almost immediate flooding on either side of the Kennedys Bush 

Spur.  On my own website I used the analogy of “ an underground tsunami. When the wave hit the Port Hills it had nowhere to go except to well-up as spouts of 

water”. The most affected areas were South Halswell and closely adjacent areas to the south west thereof. This flooding occurred within  20 minutes of the 

earthquake (personal observation, as recorded at my website at the time)) and extensive flooding may have even been more rapid (probably within minutes of the 

earthquake which was at 4.23 am).  At daylight, South Halswell was totally flooded, with most parts to an estimated depth of about 50 cm (personal estimate), and 

some parts more. At 8 am there was still a positive head of approximately 1 metre from many springs (also personal observation).    

Further details of these events are published in three accounts written by me and published in the days following the September earthquake at my own website 

http://keithwoodford.wordpress.com /Canterbury-earthquake/   More specific citations to each article are listed on the front page of this evidential brief.   

The earliest photographic evidence is from Google Earth, captured at approximately 10.30am (Figure 12). Within Figure 12, South Halswell is encircled by the red 

line.  

Although the precise timing of the Google Earth capture is not known, it is clearly in the later part of the morning, as indicated by shadows on this and the other 

Google Earth photos of that day.    

The Google Earth photos of Christchurch taken that morning are publicly accessible online and they demonstrate that the sudden flood conditions experienced at 

South Halswell, and immediately adjacent to the south-west (i.e. immediately on the other side of Kennedys Bush Spur and north thereof) were a unique outcome 

not experienced elsewhere in Christchurch on that day.   (However, I am advised that there were other flood areas outside the Christchurch environs, and closer to 

the epicentre, which flooded, but these were not photographed that day by Google Earth.) Within the Halswell area, It is evident that stream flows from north of 

Murphys Road (within the subsequent Longhurst Subdivison) have occurred, and then these flows increase with proximity to the Kennedys Bush Spur.  By the time of 

the Google Earth capture, approximately seven hours after the earthquake, it is evident that the main flush of flood water had cleared South Halswell but had yet to 

reach Tai Tapu township.  

I have explored using Google Earth, and there was no equivalent immediate flooding shown within the Heathcote Catchment including the adjacent Hendersons 

Basin.  However, some low lying areas both there and elsewhere did gradually fill with water over the following days. 

 

 

 

 

 

http://keithwoodford.wordpress.com/
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Figure 12. Google Earth capture of Halswell and surrounds on 4 September 2010 from 5.25km altitude. 
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A close-up Google Earth photo (at approximately 10.30am) shows the residual flooding across South Halswell as the waters drain away (Figure 13). It should be noted 

in Figure 13 that the effects of the flood waters can be seen extending right back to the Glovers Road / Kennedys Bush Road intersection and there is also residual 

flooding at the Larsens Road / Glovers Road intersection; also that flood waters had been travelling into South Halswell from north of Cashmere Road.  (I can confirm 

from personal observation this direction of travel; this is relevant as there has been debate as to where precisely the boundary lies between the Halswell and 

Heathcote catchments.)   (Note: the date on the photo of 3 Sept relates to an American time zone.) 

Figure 13. A close up from Google Earth of South Halswell on 4 September 2015 
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It is apparent that there has been  a failure within the planning system for South Halswell  to recognise the flood risk from earthquakes, particularly from 

earthquakes along fault lines to the west (plains , foothills and Alpine). However, scientific  explanations are available in the published literature, including an analysis 

specific to the September 2010 earthquake by Cox et al (2012) published in the New Zealand Journal of Geology and Geophysics ( full citation on p1 of this brief) . 

The nine authors of this paper come from the GNS Science, Aqualinc Research, University of Otago, University of California, Environment Canterbury, University of 

Canterbury. 

The Abstract states:  
“The MW7.1 Darfield (Canterbury) earthquake on 4 September 2010 generated widespread hydrological effects ranging from 
near-instantaneous coseismic liquefaction and changes of groundwater levels in boreholes, to more sustained (days to weeks) 
post-seismic changes in spring flow, river discharge and groundwater piezometric levels, to longer term shifts in groundwater 
level one year after the earthquake. Groundwater piezometric responses include local groundwater level increases of >20 m 
around the Greendale Fault, particularly in deep aquifers (>80 m), whereas decreases occurred in coastal confined aquifers 
beneath Christchurch city. Increases of up to 5 m persisted within 20 km of the fault 12 h after the earthquake. Groundwater 
levels and springs were affected throughout New Zealand, from >350 km away in Southland to nearly 1000 km away in 
Northland, even where shaking intensities were less than Modified Mercalli Intensity (MM) 3-4 (weak to largely observed) and 
peak ground acceleration was much B0.01 g. Release of artesian groundwater pressure and groundwater flow are postulated to 
have played pivotal roles in Christchurch liquefaction.” 

 

In the conclusions they state (inter alia):  

“We present the hypothesis that artesian pressures were transmitted from intermediate and shallow-level aquifers through breached confining layers to the shallow 

near-surface water table above.”   

[This is essentially the hypothesis that I had earlier offered at my own website in the days immediately after the earthquake to explain the empirical observations, where 

I used the term ‘underground tsunami’.]  

Their final statements  in that paper are: 
“ Is the hydrological and geological setting of Christchurch unique? Can lessons be learnt and applied to mitigating the liquefaction hazard in Christchurch city and 
elsewhere? Ground compaction is one of the more commonly applied methods used to mitigate liquefaction hazard. However, if the permeability change mechanism 
was important and artesian pressure release did play a role in Christchurch city liquefaction, compaction or other ground strengthening may have little long-term 
effect and may even exacerbate the issue elsewhere. [Emphasis added] It will be difficult to seal springs, deep fractures and newly developed upwards flow paths. 
Hazard mitigation would then need to look towards design solutions that reduce groundwater pressure, perhaps at depths of 30 m or greater. This might be achieved 
through abstraction or hydraulic isolation, or by promoting rapid dissipation of excess pore water pressure by installing drainage. A more positive corollary of our 
hypothesis is that liquefaction hazard in other urban centres may not be as great as that which affected Christchurch, where sediments are weak and saturated but 
artesian pressures absent.” 
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I am advised by Dr Cox (a Principal Scientist at GNS) that there are several papers that now reinforce this work and that there is a further major paper is in an 
advanced state of preparation for in international journal.                

 
My contention here is that the flood risk from earthquakes, linked to the artesian systems and proximity to the volcanic barrier, and evidenced empirically from 
Google earth photos, has been seriously under-estimated in relation to the South Halswell proposed developments. 
 
One of the statements by Cox et al (2012) that I specifically draw attention to is the potential for exacerbating issues elsewhere. Immediately to the north of South 
Halswell is a much older urban development (Larsens Road and surrounds) which was seriously hit by liquefaction from the 2010 earthquake. If South Halswell is 
built on, then the potential for risk transfer to this area needs consideration. (The blocked forces have to be transferred somewhere.) 

 
 

5. Liquefaction issues 

As well as the issue of the pulse of water and immediate flooding, South Halswell experienced considerable liquefaction following the September 2010 earthquake, 

with implications for buildings and underground reticulated services.   It would seem that Beca Ltd in their preliminary work for the Christchurch City Council (Beca 

2014)2 did not find the available documentary evidence. This was probably because it lay outside the existing urban area and therefore had not been a focus of 

interest for the Council immediately following the September 2010 earthquake. Also, Beca Ltd (op cit) failed to find the available evidence from Google Earth and 

state that they relied on later aerial photographs after the 2011 earthquakes (which had less effect in South Halswell).   

Following the 2010 earthquake, I made extensive road inspections and some field inspections of all of Greater Halswell and also the Halswell River through to 

Motukarara.  Apart from some areas adjacent to Old Tai Tapu Rd, and some areas near Greenpark (both part of the Halswell catchment), my observations were that 

the liquefaction in South Halswell was more severe than elsewhere  in the catchment.  Figure 13 shows the residual liquefaction in South Halswell as evident from 

above Hyndhope Rd on 6 September (58 hours after the earthquake).  

  

                                                           
2
 Available at http://resources.ccc.govt.nz/files/Homeliving/civildefence/chchearthquake/wDPR-FUDAInterpReportPrelimGeotechnicalInvestigationHalswellODP2014-06-20.pdf 

 

http://resources.ccc.govt.nz/files/Homeliving/civildefence/chchearthquake/wDPR-FUDAInterpReportPrelimGeotechnicalInvestigationHalswellODP2014-06-20.pdf
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Figures 14 depicts liquefaction within South Halswell  as viewed from above Hyndhope Rd on 6 September 2010.   

 

Figure 14. South Halswell liquefaction viewed from above Hyndhope Rd 
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Figure 15 depicts South Halswell liquefaction from ground level on 7 September 2010. (This was the first occasion it was possible to walk this land - even in 

gumboats). 

Figure 15. Liquefaction within South Halswell 
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Figure 16 illustrates the extent of the vertical forces. This particular structure is immediately adjacent to South Halswell in Kennedys Bush Road near the Cashmere 

Road intersection.  The photo was taken on 7 September 2010. The scientific explanation is that the drainage structures have ‘floated’ upward as a consequence of 

liquefaction.  There is a need for relevant experts to reflect on this photo in relation to TC ratings and service reticulation within South Halswell. 

Figure 16 Vertical earthquake forces immediately adjacent to South Halswell. 
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The Beca (2014) report (op cit) works from a basis that liquefaction within South Halswell (their R16 zone) is less than some other surrounding zones. However, this is 

contrary to the evidence from both liquefaction maps and the ongoing and emerging evidence from Cox and colleagues at GNS (op cit). This highlights the dangers of 

working within a static engineering framework and ignoring hydrological forces.  A screen capture from Brackley 2012 (op cit, page 1 of this brief) (Figure 17) shows 

the liquefaction as indentified from aerial mapping. South Halswell is identified by a star (not in original).   

Figure 17 Halswell River area liquefaction in September 2010 (screen capture from Brackley et al 2012; star added for identification) 
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Figure 18. Halswell River liquefaction following the February 2011 earthquake . (screen capture from Brackley et al 2012; star added for identification) 

 

 

It is notable that the heaviest liquefaction in the upper Halswell River is in and adjacent to South Halswell (either side of the Kennedys Bush Spur). It is also notable 

that the flooding as recorded in the Google photos immediately following the earthquake has not been documented.  
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6. Issues of springs and interactions with flooding and liquefaction 

The location of springs is not documented in planning documents. However, the variations in soil conditions are readily visible within South Halswell.  Figure 19 

shows this variability in a Google Earth photo from 8 January 2015, but this same variability is evident in many other available Google Earth photos taken both before 

and subsequent to the earthquakes (but also temporarily obliterated by cultivation at various times). The prima facie evidence is that the liquefaction deposits 

previously shown (Figures 15 and 16) align with the brown strips and that these are scroll bars (also known as point bars) which  have been deposited as arcuate sand 

structures. This is consistent with the accepted science (documented back in 1978 in DSIR Soil Bureau Bulletin 34) that the Waimakariri flowed through here some 

500-600 years ago (The Islington Channel). These areas show up as the dry areas of land, but they are also the places of most weakly consolidated soils where water 

is most easily able to break though in times of a hydrologic pulse, and also the most liquefaction prone. They are also high risk areas for emergence of springs.  The 

extent of these potential ‘breakthrough’ areas across all of South Halswell (and surrounding areas) is notable. It is fundamental to the natural hazard risk. 

Figure 19. Land variability patterns within South Halswell 
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7. Conclusions 

It evident that the South Halswell area is exposed to particularly high natural hazards relating to: 

1) rainfall events leading to flood waters that cover most if not all of South Halswell to considerable depth; 

2)  flood risks relating to earthquake events, particularly from the plains, foothills and the Alpine fault 

3) liquefaction events relating to these same events; and  

4) high water tables 

These natural hazards pose undue risks to all parties associated with the proposed developments, but in particular to future homeowners in the proposed 

subdivision, and also to those responsible for maintenance of reticulated services.  Subdivision approval should not be granted; this land must have a designated use 

that reflects the natural hazard risks. 

 

Keith Woodford 

16 December 2015 

Email: kbwoodford@gmail.com 

Mobile 021 2688 343 

****** 
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