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Executive Summary 
SH3 Manawatu Gorge Risk Assessment 
The Manawatu Gorge has a significant risk of closure from large scale slope instability.  The geology of 
the Gorge makes it susceptible to seismic events and natural weathering processes . 

Based on the current situation, the likelihood of small scale events in the order of 5000m3 to 20,000m3, 
resulting in closures of one to two weeks, appear to be every 3 to 5 years . The 2011 review of 
landsliding in the Manawatu Gorge suggested that larger landslides (~20,000–100,000 m3) could occur 
every 5–10 years.  

The presence of several un-stabilised landslide scars caused by the 2004 rainstorm compared to 
conditions prior to that event, especially in the centre of the gorge, suggest that estimate is realistic . 

Twenty five potential landslide areas have been identified along SH3 in the gorge. 

Areas were mapped  and ranked according to their estimated size (area and volume) and potential for 
future slope failures that could damage or close SH3, especially during heavy rainfall and strong 
earthquake shaking. The raking scale is as follows:  

 R1: 10,000 m3; 
 R2: 10,000–25,000 m3;  
 R3: 25,000–50,000 m3; and  
 R4: >50,000 m3. 

Eight (32%) of the potential landslide areas are in the western section of the gorge (Gorge Monument to 
Bluff 10, RP488/1.05–491/0.10);  

Thirteen (52%) are in the central section (Bluff 10 to Barney’s Point, RP491/0.10–2.45); and only  

Four (16%) are in the eastern section (Barney’s Point to Upper Gorge Bridge, RP491/2.45–4.10).  

The 2004 landslide, overslip 2 in Area 14, is currently believed to present the greatest potential landslide 
risk to SH3 in the Manawatu Gorge. A large failure similar to the 2011 landslide could occur especially 
during heavy rainfall or strong earthquake shaking. 

A number of additional areas where potential localised rock fall, similar to that which occurred during 
mid-September 2012, are also identifiable through over steepened batter slopes down to road level and 
a significant change in grade directly above the carriageway section.  

In order to manage the risks identified through the Manawatu Gorge and to more effectively manage the 
potential of slope failures in the future, the following actions and strategies are recommended for 
implementation: 

(a) Very High Threat (Risk) Areas: 

 Preparation of a detailed engineering geological/ geotechnical report, including a slope 
stability analysis and risk assessment using the NZTA’s Advanced Approach; 

 Terrestrial laser scanning (TLS) of the landslide sites; 

 Monitor future slope failures (rock falls, debris falls, slides) and performance of existing 
controls (mesh, catch fence etc.) at each potential landslide area.  

(b) High Threat (Risk) Areas: 

 Prepare a basic engineering geological on each site and monitor slope behaviour and 
future slope failures in each potential landslide area. 

(c) Moderate Threat (Risk) Areas:  

 Standard maintenance measures should apply, including signage, traffic control, 
clearance of slip debris to reopen the road, with minimal cutting back of the slope, and 
repairs to underslips and road edge failures;  

 Monitor future slope failures and performance of existing controls.  
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(d) Local rock fall sites (Bluffs and rock slopes):  

 Review and repair existing slope controls (mesh, catch fences);  

 Monitor future slope failures and condition of existing controls to help mitigate damage 
or loss as result of errant or isolated rock fall; 

 Further assessment of locations and implement additional measures such as catch 
fences, or additional rock netting to prevent further damage from errant rocks falling 
directly onto the carriageway structures. 

It is also recommended that a number changes will be required to how this corridor is managed 
particularly methods in managing future landslides to SH3 in the Manawatu Gorge, including the 
development of an overarching landslide management strategy. 

A number of key considerations for this strategy may include; 

 An engineering geologist/geotechnical engineer should be part of the emergency 
response to assess the landslide and decide on actions to reopen the road. 

 A geological model of the landslide site should be considered before any earthworks 
are begun that could adversely affect or further decrease the stability of the slope.  

 Monitor active or very high risk landslide areas (decided on a site-by-site basis).  

 Review and repair existing slope control measures.  

 Site-specific engineering geological and geotechnical assessments of potential 
landslides sites with very high risk ratings identified in this report.  

 Limit earthworks that undercut and oversteepen colluvial and regolith slopes along 
SH3, and use support measures where possible to stabilise future failures. An 
engineering geologist or geotechnical engineer should be consulted before earthworks 
are begun.  

 Scaling of loose blocks and additional rock bolting is probably required at some 
locations considered to be at risk of local rock falls (e.g. Bluffs 9 and 12).  

For a comprehensive list please see section 2 of this report. 
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Route Options Considered 
Four new route options including the construction of a new alignment bypassing the gorge (Worley 
Option C)1, Tunnelling, Bridging, and the construction of a new green fields realignment located directly 
to the south of the current Gorge alignment were considered. These are outlined in the table below and 
are shown in Appendix C, Sheet D010. 

 

Realignment Option TOTAL 

$ million 

BCR Landslide Social Design and 
Environmental 

Impact of 
Closure 

probability 

Construction 
Program 

(A ) GREENFIELDS  

Route Length – 
5910m 

 

309 1.4 Significantly 
reduced 

Medium 
Social 
Impact on 
industry, 
and High 
Aesthetic 
Impact. 

3-5 years’ 
timeframe for 
compliance 

 

Significantly 
Reduced 

3-4 

Years 

(B) BRIDGING  

Route Length – 
6670m 

 

 

415 

  

0.9 Similar or 
Greater to 

Current 
Alignment 

Low 
Impact 

3-5 years’ 
timeframe for 
compliance. 

 

Reduced 
against total 

length 
However risk 

increased 
slightly through 

isolated cut 
section. 

3-5 

Years 

(C) WORLEY option C  

Route Length – 
10600m 

 

120 1.5 Significantly 
reduced 

Medium 
Social 

impact on 
industry 

3-5 years’ 
timeframe for 
compliance. 

 

Significantly 
Reduced. 

4-7 

Years 

(D) TUNNEL  

Route Length – 
5380m 

1,800 0.2 Significantly 
reduced 

low 
Impact 

3-5 years’ 
timeframe for 
compliance. 

 

Significantly 
Reduced 

5 -7 years 

 

Based on the information gathered and the level of assessment undertaken for each of the above 
proposals, each option has a residual risk of further closures and will require extensive further 
investigation to assess the geotechnical risks, environmental impacts, and design parameters.  

Each of the options will still require the need for a safe and viable alternative route for detour traffic in  
case of future closures through the gorge to provide adequate route security.  

All options return a positive BCR at this stage; however it must be noted that only modest figures have 
been provided for earthworks, geological risk, environmental aspects, the wider economic impact of 
each option and the need to relocate wind turbines. It is likely that project costs could increase 
considerably, and that timeframes may also extend depending on initial findings.   
Based on the economic assessment and sensitivity analysis provided in Appendix F and the available 
information assessed in the development of the four key options outlined above, the provision of a new 
route is not justified and that the current strategy of using the SH3 Manawatu Gorge alignment, in 
conjunction with the upgrade of the current Saddle Road Route is the best strategy.  

                                                      
1 First identified as Route C by the Ministry of Works 1977, and later updated by Worley 1997. 
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Alternative Route Upgrades 
Funding has been made available for the procurement of short to medium term upgrades over the next 
three years for the Alternative Road Routes.  

In terms of alternative route importance this report focussed principally on the Saddle Road based on 
the following:  

a. The Saddle Road is the major use route for road users when the gorge is closed. 

b. Tararua District Council have a documented strategic plan for upgrades to the Pahiatua Track 
Route and have been working to implement works through their normal roading programme.  

c. The Saddle Road has higher accident costs when compared to either Pahiatua Track or SH3 
and provides more opportunity to deliver potential improvements. 

The Saddle route was separated into five individual sections, named A-E, based on geography and 
current alignment. It consists of three distinct topographies which include two steeply graded sections 
separated with a moderately flat graded section across the crest of the range. 

The portion being considered for improvement is 8160m in length measured from the start of 
Realignment section A to the finish of Realignment section E.   
 
To provide an improved level of service in the short to medium term in the event of closures and to 
derive a programme of works over the next three years cost reduction measures through pavement 
strengthening and seal widening have been investigated.  
 
These were initially assessed through deriving Net Present Value (NPV), in accordance with the NZTA’s 
Economic Evaluation Manual procedures (EEM).  
 
For NPV analysis sheets please see Appendix G.  
 
The immediate benefits obtained through the delivery of full route seal widening particularly in terms of 
spreading the axle loads, the improved safety benefits through realigning vehicles away from 
unconstrained road edges, the decongestion of Heavy vehicles around hair pin bends and the de 
stressing of road users through providing a wider corridor, are easily achievable through this period.  

For the medium to long term (4-6 years), an assessment of the benefits for full geometric realignment 
through each of the five sections in terms of travel time savings and a reduction in driver s tresses. A 
summary is provided below in the following tables. 

 

OPTION Property 
Purchase 

MSQA & 
Construct 

$(000) 

TOTAL 

$ million 

Length 

(km) 

Cost 
million per 

km 

$ million 

SADDLE ROAD      

realignment A1 83 2,439 3.08 2.60 1.2 

realignment B 1 472 0.57 0.90 0.6 

realignment C 1 749 0.90 1.29 0.7 

realignment D1 26 1,401 1.73 2.02 0.9 

realignment E1 2 923 1.13 0.88 1.3 

   7.40 7.69  
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OPTION 

(Gorge is open) 

TTC 
benefits 

VOC+CO2 
benefits 

Accident 

benefits 

Total 
benefits 

Net 
costs 

BCR Comment 

SADDLE ROAD 1 1.0 1.9 1.5 4.4 4.6 1.0 

Increasing roughness 
costs for existing Man. 
Gorge and Saddle Rd 
from 5 to 7 IRI 

SADDLE ROAD 1 1.0 1.1 1.9 4.0 4.6 0.9 
Reducing the accident 
unit rate by $100,000 

SADDLE ROAD 1 1.7 2.1 2.8 6.6 4.6 1.4 
Increasing the diversion 
from Pahiatua Track north 
from 0% to 20 % 

SADDLE ROAD 1 1.3 1.4 2.0 4.6 4.6 1.0 
Fast tracking the project 
timing to 2 + 2 years 

 

The sensitivity testing scenarios outlined above indicate a current BCR range of 0.9 to 1.4.   In 
consideration of these and other factors it is recommended to adopt a BCR for the partial (sections A 
and E) realignment of Saddle Road of 1.1. 

For the medium to long term, collectively the realignments provide a positive return and our initial 
investigations indicate that more substantial realignment works may be justifiable.  

However there are still a number of unknowns which would require substantiation prior  to finalising a 
detailed alignment and approach. 

If the option to proceed with realignments was taken now, there would still be a need to update and 
maintain the alternative route in the short to medium term to remediate any potential impacts of future 
heavy maintenance in case of slip related closures during this period.  

As such it is principally recommended that the NZTA proceed with planned rehabilitation and the full 
route widening programme to obtain the best short term value.  

Prior to committing to pavement construction, a robust assessment should be completed of the 
subgrade layer and a thorough assessment of quantities be delivered to get some surety around 
quantities and rates. 

A prioritised programme of works is provided below. 

 

Section Maintenance Improvement 
Cost $(000) 

Priority Year 

Lead in section $  485 1 13/14 

Section A $1,485 6 15/16 

Section B $  435 2 13/14 

Section C $  620 3 13/14 

Section D $1,020 4 14/15 

Section E $  435 5 14/15 

Total $4,480   
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1 Introduction 
The major slip in the Manawatu Gorge (State Highway 3) which occurred in November 2011 resulted in 
the closure of SH3 between Ashhurst and Woodville. The extent of the closure negatively impacted on 
the economic wellbeing of the people and communities not only in the Manawatu, Palmerston North and 
Tararua regions but also had a much wider impact, given the routes national strategic classification, on 
the national economy.  
 
Given these impacts, and in line with the New Zealand Transport Agencies (NZTA) customer first 
initiative, further work was required to quantify the risks and scale of risks in the Gorge and development 
of a management plan for minimising the impact of such events in the future. 
 
The objective of this report is to address the development of such a management plan, in line with the 
recommendations as outlined in the 2012 project feasibility report2.   
 
To achieve this, the report details the following; 
 

 The completion of a risk assessment on the probability and potential magnitude of future slips 
that might block SH3 within the Gorge, including identification and ranking of those slip sites and 
the development of a high level strategy to manage the identified risks. 

 
 Undertake a review of the New Zealand Transport Agency’s current strategy to confirm the most 

viable route for SH3 between Palmerston North and Woodville, in terms of its economic benefits 
compared to the alternative or new routes. 

 
 The identification of possible upgrades to the alternative routes to the Manawatu Gorge, 

principally the Saddle Road Route, to provide an improved level of service (nearer state highway 
standards) during the times that the Gorge is closed, particularly during long-term closures; and  

 
 Undertake the economic analysis (Strategic Fit, Effectiveness and Efficiency) for proposed 

construction works and the development of a programme for commissioning improvements over 
the next three year funding block. 

 

1.1 Consultation / Liaison with LA’s 
The Key parties which have been consulted as part of this scheme particularly in reference to the 
upgrading of Saddle Road are Tararua District Council (TDC), Manawatu District Council (MDC), 
Palmerston North City Council (PNCC), MWH (Network Team), NZTA, Heavy Haulage. 
  
Throughout the review process all those consulted provided very positive feedback which has been used 
to help assess the viability and priority of upgrades proposed as part of this scheme.  
 
MDC have been in discussion with both the NZTA and with TDC throughout the development of this 
scheme and are satisfied with the approach to date, provided the treatments selected are consistent 
along the route length. 
 
Significant consultation has been had with TDC over the current upgrades proposed through the Saddle 
Road corridor. This was critical as it has also been important to assess the value of any improvements 
when the diversion is NOT in use. 
 

                                                      
2 NZTA Project Feasibility Study for Business Continuity and Route Security for the National Strategic Route 
SH3 Manawatu Gorge, MWH 2012  
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One of the major concerns highlighted by both TDC and PNCC was to ensure that a robust 
collaborative, incident response plan is put in place to help the delivery and management of future 
events in the case of a detour. 
 
Much of this work has already been completed however more work will be required to help develop this 
plan and an appropriate programme of works particularly through Ashhurst given the impact of the 
increased traffic volumes through this urban environment.  
 
Once the preferred options for each section have been agreed. Additional assessment and discussion 
will be required with all Territorial Authorities, to define the Level of Service (LOS) and if an increase in 
maintenance is required for some areas i.e drainage maintenance and vegetation removal and possible 
contributions to meet the proposed increases as required. 
 
Future consultation will also be required with all relevant Local Authorities and Regional Councils to 
finalise any consenting activities for the proposed upgrades, to continually assess the performance of 
the route diversion protocol and management procedures and to assess future LOS and maintenance 
activates over the Saddle Road route once the upgrades have commenced.  
 

1.2 Description of Problem 
The Manawatu Gorge has a significant risk of closure from large scale slope instability.  The geology of 
the Gorge makes it susceptible to seismic events and natural weathering processes. Although sections 
at risk of significant instability can be identified and monitored, small scale events can be mitigated with 
rock netting, retaining walls and small scale slope stabilisation techniques, the prevention of large scale 
events such as in 2004 and 2011 is not considered viable. 
 
Based on the current situation, the likelihood of small scale events in the order of 5 - 20,000m3, resulting 
in closures of one to two weeks, appear to be every three to five years. 
 
Analysis suggests that the larger scale events 20 - 100,000m3 could occur as frequently as every five 
years. These events result in longer closures of 60 to 70+ days. 
 
There were also gaps in knowledge regarding the historical mechanics of landslides and the link 
between the current maintenance and management strategy and the scaled progression of small 
isolated movement towards large scale slips through this route. Aggregating recent experience and 
documented information from historical events, an attempt has been made to close this knowledge gap.  
 
The development and implementation of improved management procedures is a key future outcome. 
This includes the improvement of maintenance and intervention strategies at an operational level to help 
manage the impact of large scale future landslides in the gorge. 
 
During times of Gorge closure, traffic uses one of two local road alternate routes. Namely Saddle Road 
to the North of SH3 and Pahiatua Track located to the South of SH3. Approximately 60% of diverted 
traffic uses the Saddle Road route, with the remaining 40% traveling via the Pahiatua Track Road.  
 
The LOS provided by these local roads is not in context for highway users in that they are very narrow, 
have little delineation, poor geometry, restricted visibility and are not built for high traffic volumes. This 
results in significant unplanned repair costs, reduced route availability / security, increased stress on 
road users and safety issues, at the times when being used for diverted State Highway traffic. 
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1.3 Site Description 
 

1.3.1 SH3 Manawatu Gorge Route Description 
The Manawatu Gorge contains major road and rail links between the west and east coasts of the southern 
North Island. Excavations for the establishment and widening of SH3 on the south side of the gorge have 
cut back and over steepened the toes of slopes, contributing towards rock falls and landslides that have 
affected or closed the road in many places since it was first completed in 1872. 

Since the Gorge Road was widened in the 1940s, 1960s, 1970s and 1980s it has been closed by slips, 
especially following heavy rainfall. Most of these failures can be correlated to the road-widening works 
completed during these periods.  

The route has a typical carriageway width of 7.0m with two 3.5m lanes and no shoulder. This combined 
with the poor curve geometry provides for vehicle speeds between 50km/hr to 70km/hr for small 
vehicles.  
 
The winding 8km long section along the Manawatu River allows no overtaking, with double yellow lines 
installed in 2003 as a result of a joint NZTA / police survey which identified a large number of vehicles 
crossed the road centreline increasing the risk of head on crashes.   
 
The grade is flat making it the preferred route for heavy commercial vehicles (HCV). The current traffic 
volume is 6868 vehicles per day with 12% of these classed as HCVs. 
 
No over-weight or over-dimension loads are permitted to travel through the gorge and the route is not 
suitable for High Performance Motor Vehicles (HPMV) due to under strength bridges, restricted width 
and the horizontal geometry requiring large vehicles to track across the centreline.  

During times of closure, the Manawatu Gorge has two alternate local road routes that are used to divert 
traffic.  

Route descriptions are detailed in the following sections.  

 
Figure 1-1 : Territorial Authority Boundaries. 
(For a larger scale see Appendix A, Sheet D019) 
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1.3.2 Saddle Road Route Description 
The Saddle Road route is the principal bypass for SH3 traffic during closure of the Manawatu Gorge 
taking 60% of the flow, swelling the traffic on the route from its usual 313 vehicles per day to over 4000 
vehicles per day.  

The Saddle Road Route currently runs through the boundaries of three Territorial Local Authorities 
(TLA’s). 

 PNCC has ownership through Ashhurst terminating just east of the recently reconstructed Pohangina 
Bridge, MDC has accountability for the route from the bridge through to approximately 700m east of 
Cook Road and TDC has responsibility for the remainder of the detour route terminating at the 
intersection of Woodlands Road and SH3. 

The diversion route commences under PNCC control and takes the detoured Gorge traffic through the 
urban 50km/hr area of Ashhurst, leading northeast from SH3 onto Cambridge Road, through to 
Mulgrave Street, onto Salisbury Street before entering the Saddle Road and Pohangina Bridge.  

The route then runs through the short MDC section, climbing the Ruahine Ranges with grades as high 
as 10% through to approximately 700m east of Cook Road.   

The remainder of the route falls under the control of TDC, where vehicles continue eastbound with 
grades in excess of 13% in places, through to Oxford Road, Woodlands Road and then rejoins SH3. 

The total diversion route length, commencing at Cambridge Street running through to the intersection of 
Woodlands Road and SH3 is 16kms with a total estimated travel time of 25 minutes.  

The steep grades combined with the tight horizontal geometry force trucks to travel at very low speeds, 
as a consequence vehicles spend approximately 54% of time in platoons.3  

The route is also a popular recreational cycle route. However whilst the Gorge is closed, cyclists have 
been warned to avoid the route due to increased traffic volume and safety concerns . 

The Saddle Road has been identified as a potential HPMV route for providing access through the 
Manawatu region from Hawkes Bay. At present it is unlikely that any planned upgrade based on HPMV 
access alone will be completed within the next three years however consideration of localised widening 
and strategic realignment will help significantly improve HPMV access to the Manawatu region from the 
East Coast. 

 

1.3.3 Pahiatua Track Route Description 
This route is located to the south of SH3 and the Manawatu Gorge and during closure takes 
approximately 40% of the State Highway traffic. The route climbs the Tararua Ranges, has steep grades 
and tight geometry, particularly through the western section. 

The Pahiatua Track route runs through the boundaries of two TLA’s.  

PNCC has ownership from (SH57) Aokautere, terminating at the intersection of North Range Road, TDC 
then maintains the remainder of the route heading North East up Ballance Road, through the Gorge 
Road to Woodville or continuing along Makomako Road towards Pahiatua and SH2. 

The diversion route commences under PNCC control, leading southeast from Fitzherbert East road and 
then continuing along Pahiatua Aokautere Road, to its intersection with North Range Road. 

The route then switches to TDC control, continuing along Pahiatua Aokautere Road to its intersection 
with Ballance Valley Road where vehicles may choose to either continue North East towards SH3 and 
Woodville or South East towards Pahiatua and SH2. 

For SH3 traffic, this provides for a total diversion route length commencing at Fitzherbert East Road, 
running through to Ballance Valley Road and the intersection of Woodlands Road and SH3 of 50.1 kms, 
with a total estimated travel time of 36 minutes.  

                                                      
3 Transit New Zealand Saddle Road Ashhurst to Woodville Investigation Report, 1998 
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This is not considered the best strategic alternative route for traffic traveling west due to the additional 
detour distance when compared to the Saddle Road route. It is however preferred for Palmerston North 
traffic and southbound traffic on SH2 but is not as well known for most traffic  

As with the Saddle Road route, this is an important route in providing safe and reliable access for the 
majority of commuters in the event of potential closures of the gorge but also during periods of normal 
operation. 

TDC have developed a strategic plan, as outlined in the Pahiatua Track Route study,4 and are 
implementing aspects as funding becomes available. 

Significant investigation work has already been completed for future development of the Pahiatua Track 
route by TDC. This includes three local significant projects for future development.  

 Beeches culvert realignment. 

 Burney’s Hill 35k curve on steep grade. 

 Realignment at the bottom of the Pahiatua Track Rd and Balance Rd Intersection.  

PNCC has also progressed a number of upgrade schemes through the Pahiatua Track route to improve 
safety and has identified a hairpin bend which is currently under consideration for upgrade.  

 

1.4 Crash Rates 
A review of crashes in the ten years prior to the September 2011 to August 2012 closure of the 
Manawatu Gorge from the NZTA’s Crash Analysis System (CAS) is discussed below:  

Most severe crashes from 1 July 2007 to 30 June 2011 resulted in only one DSI (Death or Seriously 
Injured) casualty.  

There were two people seriously injured in the crash at the SH3/57 intersection and also for one of the 
serious injury crashes along Pahiatua Aokautere Road.   

For the same five year period, the greatest number of multiple severe injuries occurred on crashes along 
Mako Mako Road, with one death and ten seriously injured in the four severe crashes. 

From the SH57 intersection to Woodlands Road, for the latest five year period there were 1 fatal, 8 
serious, 18 minor and 46 non-injury crashes along this 10.4 km of SH3 through the Manawatu Gorge. 
Applying an average of 6800 vehicles per day (vpd) results in a reported 10.7 injury crashes per 100 
million vehicle kilometres; the severe crash rate is one third of this or 3.6 fatal or serious injury crashes 
per 100 million vehicle kilometres.  These crash rates are comparatively low for a rural two lane 
highway. 

From the outskirts of Ashhurst to its intersection with Woodlands Road and Oxford Street, along the 
approximately 10.9 km length of Saddle Road (including 0.65 km of Oxford Road) in the past ten years 
there were nil fatal, 2 serious, 5 minor and 11 non-injury crashes reported.   

Adopting an average 140 vehicles per day, results in a reported 126 injury crashes per 100 million 
vehicle kilometres; the severe crash rate is 36 fatal or serious injury crashes per  100 million vehicle 
kilometres. These crash rates are high. 

By comparison assuming an average of 250 vpd, the injury crash rate for the 1.8 km section of 
Woodlands Road between Oxford Rd and SH3 is approximately 60 injury crashes per 100 million vehicle 
kilometres, but this is based on only one (serious) injury crash in ten years.  

A factor of 0.60 was applied to the accident data, which resulted in the Saddle Road accidents being 
25% of the directly proportionate accident costs; the respective values for the Pahiatua northern and 
eastern routes were 41% and 60%. 

The current annual cost of crashes for each route was derived and divided by the annual vehicle 
kilometres of travel to get the normalised crash cost. For the existing routes these were (per million veh -
km): 

 

                                                      
4 Pahiatua Track Route Study MWH 2008 
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Manawatu Gorge  

 SH3 route: west end  $     70,900 

 SH3 route: gorge   $   187,300 

 SH3 route: east end  $   141,800 

Saddle Road 

 Saddle Road west end  $3,361,700 

 Saddle Road hilly portion  $1,365,600 

 Oxford Rd & Woodlands Rd  $1,660,600 

Pahiatua Track 

 Pahiatua Track north route  $   644,800 

 Pahiatua Track east route  $   383,400 

 

Closure of the gorge results in a substantial increase in traffic, amounting to an increase in typical flows 
over Saddle Road of more than 30 times the base flow.  

The outcome of our assessment was that for the closure of the gorge without any upgrade options, the 
accident disbenefits from traffic being detoured to less safe existing routes were more than 25% of the 
total disbenefits. 

This provides support that the SH3 Gorge route is the safest, followed by the Pahiatua Track route(s) 
and the Saddle Road route.  

This also indicates that greater safety benefits should be obtained through targeted safety upgrades to 
the Saddle Road particularly through the western and eastern sections of the route given that these 
have the highest personal crash costs. 

The options considered have therefore also included larger scale realignments to assess the potential 
benefits across the entire Saddle Route, with this in mind. 
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Figure 1-2 : Site map  
(For a larger scale see Appendix A) 

 

1.5 Conclusions 
In terms of alternative route importance this report focussed principally on Saddle Road based on the 
following:  

 The Saddle Road is the major use route for road users when the gorge is closed. 

 TDC have a documented strategic plan for upgrades to the Pahiatua Track Route and have 
been working to implement works through their normal roading programme. 

 The Saddle Road has higher accident costs when compared to either Pahiatua Track, or SH3  
and provides more opportunity to deliver potential improvements. 
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2 Risk Assessment 
 

2.1 Methodology 
The assessment of risk from future landslides in the Manawatu Gorge focussed initially on local geology 
and geomorphology, old (prehistoric) landslides in the area, and information provided by past landslides 
that significantly affected SH3 in 1995, 1998, 2004, and 2011. The locations and extent of potential 
landslide areas that could affect SH3 through the gorge were initially identified on oblique and vertical 
aerial photos with the aid of GIS maps of bedrock, colluvium and prehistoric landslide scars, historical 
landslide data, and slope angles based on 1m LiDAR contours.  

The potential landslide areas identified along SH3 and existing slope controls were later ground -checked 
and assessed. 

Appendix B contains a copy of the GNS Science Consultancy Report 2012/2545, for supporting details 
around the Geotechnical and Geological Risk Assessment. 

 

2.2 Site Assessment  
Twenty five potential landslide areas have been identified along SH3 in the Gorge based on: 

(a) Past landslide history;  

(b) Rock types and surficial deposits;  

(c) Geomorphic features (prehistoric landslides scarps, bluffs); 

(d) Slope angles and heights, and; 

(e) Road cuts and slope support measures.  

These areas were mapped in GIS and ranked according to their estimated size (area and volume) and 
potential for future slope failures that could damage or close SH3, especially during heavy rainfall and 
strong earthquake shaking. The areas have been ranked according to their size and potential to close 
SH3 as follows: 

 R1: 10,000m3; 

 R2: 10,000–25,000m3; 

 R3: 25,000–50,000m3; 

 R4: >50,000m3. 

Eight (32%) of the potential landslide areas are in the Western Section of the gorge (Gorge Monument 
to Bluff 10, RP488/1.05–491/0.10); 

Thirteen (52%) are in the Central Section (Bluff 10 to Barney’s Point, RP491/0.10–2.45); and  

Four (16%) are in the Eastern Section (Barney’s Point to Upper Gorge Bridge, RP491/2.45–4.10).  

This is similar to the historical distribution of landslides (West - 55 (40%), Centre - 61 (44%), East - 22 
(16%).  

See Fig 2-1 for the site location plan. 

The higher percentage of potential landslide areas in the centre of the gorge is attributed to the number 
of unstable scars from landslides that occurred during the February 2004 rainstorm.  

The risk that the identified landslide areas present to SH3 in the Manawatu Gorge has been assessed 
using the General Approach outlined in the NZTA’s 2004 Risk Assessment Process Manual. This 
method provides a qualitative technique for analysing landslide risks based on the considerat ion of 

                                                      
5
 Engineering geological assessment of the risk and potential magnitude of future landslides that might close SH3 

within the Manawatu Gorge, 11 October 2012. 
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existing slope controls, and the likelihood and consequences of future slope failures. Three categories of 
future landslide threat (risk) have been identified in the Manawatu Gorge. The identified sites with 
assigned risk are tabled below. 

Table 2-1: Manawatu Gorge Identified Risk Sites 

Area 

No. 
Section 

of Gorge
4
 

Rank
2
 Likelihood 

Rating 

Consequence 

Rating 

Risk Assessment Category
1, 3

 

(Score) 

1 

Western 
 

R1 Unlikely (3) Minor (10) Moderate Threat (30) 

2 R2 Unlikely (3) Medium (40) High Threat(120) 

3 R2 Unlikely (3) Medium (40) High Threat (120) 

4 R1 Unlikely (3) Minor (10) Moderate Threat (30) 

5 R3 Unlikely (3) Major (70) VERY HIGH THREAT (210) 

6 R3 Unlikely (3) Major (70) VERY HIGH THREAT (210) 

7 R3 Quite Common (4) Major (70) VERY HIGH THREAT (280) 

8 R2 Unlikely (3) Medium (40) High Threat (120) 

9 

Central 

R2 Unlikely (3) Medium (40) High Threat (120) 

10 R2 Unlikely (3) Medium (40) High Threat (120) 

11 R1 Unlikely (3) Minor (10) Moderate Threat(30) 

12 R3 Unlikely (3) Major (70) VERY HIGH THREAT (210) 

13 R2 Unlikely (3) Medium (40) High Threat (120) 

14 R4 Unlikely (3) Substantial (100) VERY HIGH THREAT (300) 

15 R3 Quite Common (4) Medium (40) VERY HIGH THREAT (160) 

16 R1 Unusual (2) Medium (40) High Threat (80) 

17 R2 Unlikely (3) Medium (40) High Threat (120) 

18 R2 Unlikely (3) Medium (40) High Threat  (120) 

19 R2 Unlikely (3) Medium (40) High Threat (120) 

20 R2 Unlikely (3) Medium (40) High Threat (120) 

21 R1 Unlikely (3) Minor (10) Moderate Threat (30) 

22 

Eastern 

R1 Unlikely (3) Minor (10) Moderate Threat (30) 

23 R1 Unlikely (3) Minor (10) Moderate Threat (30) 

24 R1 Unlikely (3) Minor (10) Moderate Threat (30) 

25 R1 Unlikely (3) Minor (10) Moderate Threat (30) 

NOTES: 

(1) Risk Assessment carried out according to the procedures of the Risk Management Process Manual, September 
2004, Transit New Zealand (NZTA) using the “general approach” (see Appendix B, Appendix 3). 
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Figure 2-1 : Site Map (Map of recent historical landslides and potential future landslide areas) 
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The High and Very High Threat (Risk) areas are located in the Western and Central sections of the 
Gorge and have strong geological and geomorphic similarities to the 2011 landslide area, and have 
been destabilised to some degree by cutting back the toe of colluvial deposits along SH3, generally 
without support measures. 

Landslides caused by the February 2004 rainstorm had a significant influence on the risk assessments 
and the larger landslides from the 2004 event, overslips 1 – 5 are the main reason for high risk ratings. 
The scarps of the 2004 landslide scarps in Areas 12, 14, 15, 17 and 18 are oversteepened and at risk of 
large regressive failures, especially in Areas 14 and 15 where small failures have already occurred.  

The 2004 landslide, overslip 2 in Area 14, is currently believed to present the greatest potential landslide 
risk to SH3 in the Manawatu Gorge. A large failure similar to the 2011 landslide could occur especially 
during heavy rainfall or strong earthquake shaking. 

The 2011 review of landsliding in the Manawatu Gorge suggested that larger landslides (~20,000 –
100,000 m3) could occur every 5–10 years.  

The presence of several un-stabilised landslide scars caused by the 2004 rainstorm compared to 
conditions prior to that event, especially in the centre of the gorge, suggest that estimate is realistic, and 
is used as the basis for some likelihood ratings (once per 5–10 years) in the landslide risk assessment.  

A number of areas where potential localised rock fall, similar to that which occurred during mid-
September 2012, are also identifiable through over steepened batter slopes down to road level and a 
significant change in grade directly above the carriageway section.  Due to the change in grade, once 
errant rocks become loosened and mobilise, these sites provide little natural resistance or protection to 
the pavement and other structures located within the road corridor and should be considered for further 
review and the implementation of preventative maintenance measures to catch and / or significantly 
reduce the impact and velocity of errant rocks through these sections. 

 

2.3 Recommendations 
The recommended future actions for better definition and management of at risk potential landslide 
areas in the three risk categories and local rock fall sites in the gorge include: 

(a) Very High Threat (Risk) Areas: 

 Preparation of a detailed engineering geological / geotechnical report, including a slope 
stability analysis and risk assessment using the NZTA’s Advanced Approach; 

 Terrestrial laser scanning (TLS) of the landslide sites; 

 Monitor future slope failures (rock falls, debris falls, slides) and performance of existing 
controls (mesh, catch fence etc.) at each potential landslide area.  

(b) High Threat (Risk) Areas: 

 Prepare a basic engineering geological assessment on each site and monitor slope 
behaviour and future slope failures in each potential landslide area.  

(c) Moderate Threat (Risk) Areas:  

 Standard maintenance measures should apply, including signage, traffic control, 
clearance of slip debris to reopen the road, with minimal cutting back of the slope, and 
repairs to underslips and road edge failures;  

 Monitor future slope failures and performance of existing controls.  

(d) Local rock fall sites (Bluffs and rock slopes):  

 Review and repair existing slope controls (mesh, catch fences); 

 Monitor future slope failures and condition of existing controls to help mitigate damage 
or loss as result of errant of isolated rock fall; 

 Further assessment of locations and implement additional measures such as catch 
fences, or additional rock netting to prevent further damage from errant rocks falling 
directly onto the carriageway structures. 
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2.4 Strategy Development 
Taking into consideration the results of this study, the recommended methods and strategies that could 
be used to manage and reduce the consequence of future landslides to SH3 in the Manawatu Gorge are 
as follows:  

 An engineering geologist /geotechnical engineer should be part of the emergency 
response to assess the landslide and decide on actions to reopen the road. 

 A geological model of the landslide site should be considered before any earthworks 
are begun that could adversely affect or further decrease the stability of the slope.  

 Establish an inventory of slope failures in the gorge to provide improved knowledge of 
the locations, size and events that trigger debris slides and falls, rock falls and falls of 
individual boulders and effects, and the actions taken to deal with them.  

 Monitor active or very high risk landslide areas (decided on a site-by-site basis).  

 Review and repair existing slope control measures.  

 Site-specific engineering geological and geotechnical assessments of potential 
landslides sites with very high risk ratings identified in this report.  

 Limit earthworks that undercut and oversteepen colluvial and regolith6 slopes along 
SH3, and use support measures where possible to stabilise future failures. An 
engineering geologist or geotechnical engineer should be consulted before earthworks 
are begun.  

 Scaling of loose blocks and additional rock bolting is probably required at some 
locations considered to be at risk of local rock falls (e.g., Bluffs 9 and 12).  

 Prepare an engineering geology / geotechnical completion report on the 2011 landslide 
area that describes the history, geology and geomorphology of the landslide, the slope 
stabilisation works, and the stability of the site before and after these measures.  

 Detailed documentation and reporting on the engineering, geotechnical, and geological 
aspects of future large landslides within the Manawatu Gorge is essential to improve 
the management and minimise the risk that slope failures present to SH3.  

 

  

                                                      
6 Regolith - The layer of rock and mineral fragments that rests on bedrock and is produced by the weathering of rocks. 



PSW 198 – SH3 Alternative Route Assessment 
 

 

Status Final   November 2012 
Project number: 80500655  13 Our ref:  PSW 198 Manawatu Gorge Alternative Route Final November 
2012.docx 

3 Route Options  
 

3.1 Introduction 
From time to time, and usually when the SH3 Manawatu Gorge is closed for an extended period of time 
due to slips, the benefits of a new less at risk route is raised. 

In 1977, the Ministry of Works7, proposed a number of new routes. The economics of the routes was 
subsequently updated by Worley consultants in 19978. 

The option of a bridge, located away from the bank has been promulgated through the Gorge as another 
potential way to reduce the risk of closure due to slips. 

To these options, a tunnel and a shortest length route over the ranges to the south of the existing route 
have been added. These are collectively shown on fig 3-1 below. 

 

 
Figure 3-1 : Alternate Route Map  

(For larger scale See Appendix C, Sheet D010) 

 

For the purpose of this study, the works investigated by Worley has largely remained unchanged and 
the data updated to reflect todays rates, current maintenance costs and statistics. 

For the Greenfield alignments, Tunnelling and Bridging options, a high level review has been completed 
to identify those schemes that meet basic funding criteria. 

Each of the options considered was assessed from an economic, geotechnical, environmental, social, 
and construction perspective with consideration on the impact on those businesses directly affected 
through the development of a sensitivity testing tool. 

                                                      
7 First identified as Route C under the Ministry of Works 1977  
8 Manawatu Gorge Strategic Transportation Study Worley Consultants  1997 
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All new route options are likely to have long gestation periods due to complexity of design, 
environmental compliance, social and business continuity considerations and the funding approval 
process.  

The impact of these is different for each option. To this must be added construction periods for each. As 
a consequence, until routes are operational the status quo remains with existing risks and mitigation / 
remediation costs to be considered. 

Based on the gorge risk assessment (section 2 of this report) a 3-5 year and a 10 year event could be 
expected for most options with the longest time frames having to accommodate a second 3-5 year 
event. In addition to clearing SH3, the NZTA will be required to maintain the alternate TLA routes. 

This will effectively result in further heavy maintenance activities and stabilisation works to the 
alternative routes to provide route security in the event of closures until the route options are completed.  

 

3.2 Economic Evaluation 
Each route was assessed for economic evaluation purposes for which the length, average absolute grade 
(for both directions), assumed roughness and the estimated number of isolated speed change cycles were 
input. The assumed cost of each speed change was input based on the Economic Evaluation Manual 
procedures (EEM) values for rural roads; a basic value of 25 cents per speed change was assumed in all 
cases.   

To provide a sound comparison between routes, the intersection of SH3 with Cambridge Avenue, Ashhurst, 
and the intersection of SH3 with Woodlands and Troup Roads west of Woodville was selected as common 
start and end points.  

The average travel speed for each section was input for light, medium and heavy vehicles to take into 
account the road geometry and to facilitate taking into account the effect of passing lanes (and slow vehicle 
bays).   

The EEM defined 30 year analysis period, was assumed to coincide with the start of construction.  

A base level of traffic growth of 1.5 percent per annum has been applied for all vehicles.  This is less than 
the EEM default value for Rural Strategic highways in the Manawatu – Wanganui region of 2.0 percent but 
is consistent with the historical growth for the SH3 Manawatu Gorge continuous telemetry site. 

The adopted AADT for the Manawatu Gorge is 6935, consistent with recent AADT’s. 

Any potential benefits are assumed from project completion, for the next 27 years with a standard 8 percent 
discount rate applied. 

The current annual cost of crashes for each route was derived and divided by the annual vehicle 
kilometres of travel to get the normalised crash cost. For the existing routes these were (per million veh -
km). For the options being considered, the assumed road safety costs are: 

 Greenfields route   $   250,000 

 Bridge route: bridging sections $   100,000 

 Tunnel route: tunnel section  $     50,000 

 Worley option C   $   400,000 
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The table below provides details of the economic assessment. 

 

Table 3-1: Route Option BCR Assessment 

OPTION 

(Gorge is closed) 

TTC 
benefits 

VOC+CO2 
benefits 

Accident 

benefits 

Project Cost Total benefits Rough 
net costs 

BCR 

GREENFIELDS 121.6 108.9 71.4 309.0 301.8 222.3 1.4 

BRIDGING 95.2 101.3 77.1 412.8 273.6 296.0 0.9 

WORLEY option C 79.9 54.6 -23.7 117.6 106.3 69.1 1.5 

TUNNEL 102.8 95.5 77.1 1,795 275.4 1191.7 0.2 

 

See Appendix F, for full details of sensitivity testing and economic analysis completed. 

 

3.3 Design Assumptions  
The assumed base construction period for each option is 3.5, 4.0, 5.5 and 6.0 years for the Greenfields, 
Bridging, and Worley option C and Tunnel respectively (with base pre-construction period of 4.0 years 
for each). 

Designs costs (set at 6% of construction costs) have been attributed to the first two years.  

Consenting costs have been applied to the remaining pre-construction periods. Assumed costs 
(including Scheme Appraisal Report) have been arbitrarily set as two million dollars for the alternative 
routes, and nominally $0.15 million dollars for the Saddle Road realignment option. 

Given the large scale of the Greenfields, Bridging and Worley Option C alignments they have significant 
impact on the local environment. These projects will be subject to stringent environmental compliance.  
It is likely that this process could take in excess of 3-5 years to complete. 

No detailed geological assessment has been undertaken as part of the assessment. For the purposes of 
estimating, it has been assumed that the stability of the material to be excavated will be similar to that 
understood on the current SH3 route.  

For the Greenfields, Bridging and Worley C options, there is still a potential for landslide related closure 
given the height of the batters. This can be managed through the implementation of robust slip 
mitigation measures. Without further geotechnical assessment of these slopes it is di fficult to assess the 
costs for these measures. 

Given the time frames for Environmental compliance, Private and public consultation, land purchase, 
investigation, design and construction it is likely that the Current Manawatu Gorge route will need to stay  
in operation during implementation. 
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3.5 Route Option A – Greenfields  
 

Realignment Option TOTAL 

$ million 

Landslide Social Design and 
Environmen

tal 

Impact of Closure 
probability 

Construction 
Program 

(A ) GREENFIELDS  

Route Length – 5910m 

 

309 Significantly 
reduced 

Medium 
Social 
Impact on 
industry, 
and High 
Aesthetic 
Impact. 

3-5 years’ 
timeframe 

for 
compliance 

 

Significantly 
Reduced 

3-4 

Years 

 

Route Option A provides for a direct (Shortest Route) alignment with a maximum grade of 8%. It 
provides three full width lanes for passing on the uphill sections with one lane provided for the down 
grade section. To meet design, a cut depth of 200m is required.  

To minimise loss of land and impact on the wind farm, side slopes (nominally 40O) similar to that of the 
current stabilised 2011 Gorge slip face have been provided. 

The design speed environment for cars is assumed at 85-90 km/hr, with an estimated travelling speed 
for HCV’s of 40-50 km/hr given the steepness of the grade.  

Costs including construction, professional service fees, environmental compliance and some 
contingency are $309M. This generates a BCR of 1.4 on a net cost of $225M. 

The route requires the relocation of a number of wind turbines, assumed eight at this stage. No 
consultation has been undertaken with the wind farm owner or its engineers as part of this assessment.  

If relocation is not possible for all turbines, there could be a reduction in energy production, impacting 
both economically and socially if revenue generation reduces. These benefits are difficult to assess and 
assign a monetary under the EEM.  Instead these factors must be assessed under section 5 of the 
Resource Management Act (RMA). A detailed review of the wider economic impact has not been 
completed as part of this assessment. 

 

3.6 Route Option B – Bridging  
 

Realignment Option TOTAL 

$ million 

Landslide Social Design and 
Environmen

tal 

Impact of Closure 
probability 

Construction 
Program 

(B) BRIDGING  

Route Length – 6670m 

 

 

415 Low impact Low Impact 3-5 years’ 
timeframe 

for 
compliance 

Reduced against 
total length 

However risk 
increased slightly 
through isolated 

cut section. 

3-5 

Years 

 

Route Option B provides for bridged carriageway sections running the length of the current Manawatu 
Gorge route providing two full width lanes and shoulders suitable for cycle access. 

The alignment has similar vertical grades to the current route of 2-3%.  

The design speed environment for cars and trucks is assumed at 85-90 km/hr. 

Costs including construction, professional service fees, environmental compliance and some 
contingency are $415M. This generates a BCR of 0.9 on a net cost of $300M. 
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To achieve the desired horizontal geometry for the design speed and to remove a number of low speed 
hairpin bends, some bridge sections have been cut back into the southern hillside. This will require 
extensive battering back and stabilising of the batters through these sections  to minimise risk of slip 
failure. As no Geological assessment has been undertaken it has been assumed that these sections will 
need to benched back to a grade similar to that of the 2011 Gorge Slip.  

As a consequence the bridge option does not fully remove the risk of future landslide at the cut back 
points nor does it remove the possibility of a very large collapse engulfing a section of the structure.  This 
will result in future maintenance and stabilisation works of the Gorge batters to manage this risk.  

 

3.7 Route Option C – (Worley report Option C)  
 

Realignment Option TOTAL 

$ million 

Landslide Social Design and 
Environmen

tal 

Impact of Closure 
probability 

Construction 
Program 

(C) WORLEY option C  

Route Length – 10600m 

 

120 Significantly 
reduced 

Medium 
Social 

impact on 
industry 

3-5 years’ 
timeframe 

for 
compliance 

Significantly 
Reduced. 

 

4-7 

Years  

 

In addition to a data update, as outlined previously, LiDAR survey data was captured for Saddle Road to 
obtain more robust information on grades and quantities. 

Route Option C provides for a curved alignment with grades between 2-6%. It provides two full width 
lanes. 

This option also includes for the construction of a new bridged section crossing to the west of the 
Manawatu Gorge, providing the link back onto SH3. 

The design speed environment for cars is assumed at 85-90 km/hr, with an estimated travelling speed 
for HCV’s of 40-50 km/hr given the estimated grades.  

Costs including construction, professional service fees, land purchase, environmental compliance and 
some contingency are $120M. This generates a BCR of 1.5 on a net cost of $70M. 

The need to relocate two wind turbines, in the middle section of this alignment will incur a high potential 
cost of relocation given the large size of the turbines in this locality.  

Consultation has yet to be undertaken with the power provision authority or its engineers as part of this 
assessment to clarify the viability of relocation.  

If not found possible it is also likely that there will be a reduction in energy production, impacting both 
economically and socially if revenue generation reduces similar to the assessment provided for Route 
Option A. Benefits are difficult to assess under the EEM and are difficult to assign a monetary value to.  
Instead these factors must be assessed under section 5 of the RMA. 

For the duration of this period, the remaining risks therefore will remain, with no suitable alternative 
route in place.  
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3.8 Route Option D – Tunnelling  
 

Realignment Option TOTAL 

$ million 

Landslide Social Design and 
Environmen

tal 

Impact of 
Closure 

probability 

Construction 
Program 

(D) TUNNEL  

Route Length – 5380m 

1,800 Significantly 
reduced 

low Impact 3-5 years’ 
timeframe 

for 
compliance 

Significantly 
Reduced 

5 -7 years 

 

Route Option D provides a straight (Shortest Route) tunnel alignment under the Tararua Ranges with 
flat grades of between 2-3% similar to the current route and the bridge option. The option provides two 
full width lanes and one service lane provided for incident management. 

The design speed environment for cars and trucks is assumed at 85-90 km/hr 

Costs including construction, professional service fees, environmental compliance and some 
contingency are $1.8B. This generates a BCR of 0.2 on a net cost of $1.2B. 

Given overall length of the tunnel option, in the event any material or events that could compromise the 
integrity of the tunnel, consideration must be given to safe exit, assessment, and emergency 
procedures.  

The risks to this project regarding structural complexity and the unknowns around ground stability will 
also have significant impact on the levels of design and investigation phases and will be subject to 
stringent design compliance. It is likely that this process could take in excess of 3-5 years to complete 
incurring a significant impact on programme and costs. 

 

3.9 Recommendations 
Based on the information gathered and the level of assessment undertaken for each of the above 
proposals, each option has a residual risk for further closures and will require extensive further 
investigation to fully assess the geotechnical risks, environmental impacts, and design parameters.  

In addition, each of the options will still require the need for a safe and viable alternative route for detour 
traffic in case of future closures through the Gorge to provide adequate route security. 

From a purely economic perspective, all options return a small positive BCR, at this stage of 
assessment. However it must be noted that only modest figures have been provided for earthworks, 
geological risk, environmental aspects, the wider economic impact of each option and the need to 
relocate wind turbines. It is likely that project costs could increase considerably, and that timeframes 
may also extend depending on initial findings.  
Based on the detailed economic assessment and sensitivity analysis provided in Appendix F and the 
available information assessed in the development of the four key options outlined above, the provision 
of a new route is not justified confirming that the current strategy of using the SH3 Manawatu Gorge 
alignment, in conjunction with the upgrade of the Saddle Road Route is the best strategy. 
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4 Alternative Route Upgrades – Saddle Road 
 

4.1 Existing Alignment 
The Saddle Road commences on the western side of the Ruahine range at the north-eastern corner of 
the town of Ashhurst before crossing the Pohangina River at the Pohangina River Bridge. The road then 
climbs approximately 305m for 6kms through various grades, twists and turns to its summit at 
approximately 370m above sea level. There is another peak 38m lower at 9kms, before the road then 
descends over 6kms terminating on the eastern side at the Oxford / Hope Road intersection. The road is 
currently restricted to 70km/hr following a spate of crashes and concerns raised by the police.  

The Saddle detour could be considered torturous, with steep grades and tight radius curves leading to 
increased travel time, higher vehicle operating costs and increased maintenance from the high stresses 
imparted to the pavement and surface.  

The detour can be split into 3 main sections being the ascents on either side of the range and the 
relatively level but curvilinear section along the top.  

The issue with travel time is exasperated by laden heavy commercial vehicles as their low average 
speed further increases travel time with few opportunities to pass on the hills or through the top of the 
Saddle. Slow vehicle bays have been provided at locations where construction was easy during the 
recent closures. These are not ideal and as trucks accelerate (off incline) the number of vehicles that 
can pass is limited. 

The priority alignments feature extended slow vehicle bays which allow faster vehicles to pass the trucks 
quickly and safely through the hill sections. It was a concern that increased traffic speed would create 
safety issues through the top of the saddle so improvements have been identified to mitigate this 
however the 70km/hr speed restriction and general speed achievable by trucks would make the section 
largely self-policing. 

See Appendix D, Sheet D002 for existing route plan.   

See Appendix D Sheets D004 - D008 for Realignment Options and Sheets D012 – D016 for Upgrade 
Options. 

 

4.2 Site Description 
The portion of the Saddle road being considered for improvement is 8160m in length measured from the 
start of Realignment section A to the finish of Realignment section E and covers the three distinct 
topographies described above. 

The graded section at the Ashhurst (western) end of the Saddle Road has an average grade of 8% with 
a maximum grade of approximately 10%.  The length of this section is 2,870m.  The existing alignment 
has 33 curves ranging in radius from a tight 20m up to 300m.  Existing seal widths are approx imately 7m 
allowing for two standard lanes without shoulders.   

The combination of steep grades, narrow seal width and tight curves has the effect of slowing traffic, 
especially trucks, which struggle to maintain a constant and steady speed. 

The speed environment is in the order of 50-60 km/hr although some curves have a posting as low as 
35km/hr. 

Eastbound passing opportunity is limited to one short slow vehicle bay (SVB). 

Sight stopping distances are constantly compromised by the tight curve geometry and existing 
topography. The road surface is in poor condition which, when combined with the issues outlined above, 
contribute to reduced driver confidence in the roads ability to keep them safe. 

Maintenance improvement works could be compromised by the high pressure gas main and Telecom 
fibre optic cable laid in close proximity to the existing road alignment. 
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The middle ‘flat section’ is graded between 0 – 8% and is undulating.  Although there is the occasional 
tight curve, generally the alignment is geometrically more forgiving and the speed environment in this 
section is estimated at 80 km/hr. 

It includes two SVB’s, one eastbound and the other westbound. Sight stopping sight distance and 
passing opportunities are better in this section with existing topography being more rolling than 
mountainous.  There are no Gas or Telecom services located through this section, but the road passes 
through the Te Apiti wind farm which has turbines located on both sides of the road. 

The graded eastern section (Woodville end) has an average grade of 9% over 2km with a maximum 
grade of 13.5%.  There are 20 curves on this steep graded section which possess similar characteristics 
to the western graded section, except that the speed environment is slightly higher at 60-70 km/hr. 

There are two westbound SVB’s in the section both of which are fairly short in length. Stopping sight 
distances are compromised in places and existing topography is steep. There are few services in this 
section with only a few power poles and pylons present. 

 

4.3 Existing Maintenance Costs 
The cost of repairs on the Saddle Road has shown to be proportional to the length of the closure. Very 
short closures have not in the past caused significant damage and repairs have been effectively 
completed once the gorge was reopened. This provides an adequate LOS for the small number of local 
road users (AADT of 313 VPD). 

However in the event of long term closures, there is limited ability to close the road to make repairs. 
Repairs can only be patched to a minimum standard requiring more substantial works (permanent 
repair) once the Gorge route is reopened.  

For the period October 2011 through to September 2012, the resulting damage through extended 
increased traffic volumes has led to severe pavement distress leading to failure and extensive costly 
maintenance repairs.  

The reactive maintenance expenditure bill for the completion of dig out repairs, grader lay asphalt (to 
repair uneven surfaces), edge break and pot hole repairs, vegetation control, signage, drainage control 
and incident response of local road alternate routes for the period of the current closure is in the order of 
$1.8M with an additional $3.56M incurred to provide improvements such as seal widening, additional 
passing opportunities, pavement rehabilitation and strengthening to the Saddle Road. These 
improvements were deemed essential to maintaining route viability.  

These costs are not sustainable and to be effectively managed a number of options have been 
considered.  

 Pavement strengthening within the existing alignment; 

 Pavement strengthening with improvements including Drainage, Subsoil’s , and Shoulder 
Widening; 

 Realignment of tight curves and the provision of more passing opportunities and the redundancy 
of some sections to improve efficiencies. 

 

4.4 Maintenance Strategies 
An assessment has been carried out to define possible maintenance strategy’s and future costs.  

The cheapest option to return the Saddle road to a condition comparable to pre-Gorge closure would be 
to stabilise the potholed, cracked and deformed sections followed by full length resealing. 

A rough measure has identified approximately 10,000m2 of patching with just over 70,000m2 of reseal, 
costs totalling in the region of $850,000. This would be satisfactory for normal Saddle traffic but should 
the Gorge close again for any length of time then the pavement would rapidly deteriorate leading to high 
reactive maintenance costs as seen on the last closure and ongoing delays for road users over and 
above the inconvenience of normal Saddle travel times.  
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To improve route security and ensure minimal disruption to customers using the Saddle Road during 
future closures, the pavement requires strengthening through its entire length. The Saddle would also 
require a higher level of maintenance service to ensure drains were kept clear to avoid premature 
pavement failure due to water ingress. Pavement strengthening should be augmented with sub soil 
drainage and where necessary kerb and channel to further improve pavement resilience. Options for 
pavement rehabilitation range from $2.33M to $3.6M, with drainage upgrades estimated at up to $1M. 

Widening should also be considered. A wider sealed surface will stop trucks running along the edge of 
seal, cutting corners leading to low shoulders and edge break. Widening by 1.0m (0.5m each side) as 
part of the rehabilitation and drainage works is estimated to cost $1.25M. 

 

4.5 Safety Considerations 
The safety of road users travelling along the saddle detour has always been of the utmost concern. A 
curve speed assessment has been carried out and measures implemented, including the installation of 
additional curve advisory signage and the use of a 70km/hr speed restriction to lower the speed 
between the curved sections. Ongoing maintenance of potholes and drainage has also been a high 
priority to minimise road user exposure to other issues which could further impact safety.  

Choice of detour improvement options will have a further impact on road user safety with the possibility 
of inadvertently making sections of road unsafe causing crash migration and creating black spots. As a 
result, following discussion on the preferred alignment, further work will be required to assess the 
possible safety implications and recommend works to mitigate effects. Independent safety audits will 
also need to be carried out at various stages.  

 

4.6 Design Approach 
Sections not covered by realignment were assessed to provide an improved level of service in the short 
to medium term to derive a programme of works over the next three years. Cost reduction measures 
such as pavement strengthening and seal widening have been investigated.   

Initially a pavement depth of 300mm, including 150mm of M4 AP40, and 150mm AP65, in-situ stabilised 
to 300mm from the proposed finished surface level was considered, however, as this provided little 
return initially and limited the ability to procure any widening options to help ease traffic stresses  due to 
additional costs, a modest pavement design depth consisting of a 200mm overlay of M4 AP40 Base 
course, with in-situ stabilisation to 50mm below the existing finished surface level has been used.  

At this stage no detailed investigation or design has been undertaken to determine subgrade quality as 
part of this scheme. 

Improved drainage and widening will reduce maintenance costs; however the availability to fund 
localised widening will need to be addressed during subsequent design stages following a decision on 
the most appropriate treatment, further site investigation required, pavement construction details and 
quantities and rates to be used. 

For the purposes of this study an indicative 0.5m shoulder widening has been provided for, with a 
proposed construction depth of 400mm, including 150-200mm M4 AP40 Base course over 200-250mm 
AP65 Subbase, giving a finished carriageway surface width of 8.0m. 

 

4.7 Economic Model 
The value of cost reduction measures was derived through Net Present Value (NPV), in accordance with 
the NZTA’s Economic Evaluation Manual procedures (EEM).  

For (NPV) analysis sheets please see Appendix G.  

For the medium to long term (4-6 years), we have also provided an assessment of the potential benefits 
for full geometric realignment through each of the five sections in terms of travel time savings and a 
reduction in driver stresses.  
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For the realignment options, additional maintenance costs for the non-realigned sections of 
approximately $2.01M, $0.68M and $0.55M for rehabilitation, widening and drainage respectively (total 
of $3.24M) has been attributed to the third and fourth years of construction.  

The Economics was then completed based on the length, average absolute grade (for both directions), 
assumed roughness and the estimated number of isolated speed change cycles. The assumed cost of each 
speed change was input based on the EEM values for rural roads; a basic value of 25 cents per speed 
change was assumed in all cases.  The average travel speed for each section was input for light, medium 
and heavy vehicles to take into account the road geometry and to facilitate taking into account the effect of 
passing lanes and slow vehicle bays.   
 

4.8 Section A  
 

4.8.1 Existing Alignment Upgrade:  
See Appendix D, Sheet D012. 

Section A commences under MDC control, at approximate chainage 450m and extends for some 
3100m. This section has grades up to 10% with some 33 tight horizontal curves.  

The pavement construction through Section A, allows for a 200mm overlay of M4 AP40 Base course, 
with in-situ stabilisation to 50mm below the existing finished surface level. 

This option also provides for an additional 0.5m shoulder either side of the carriageway, the installation 
of subsoil drainage and improved surface water drainage channels. 

The cost for the existing alignment upgrade option, including drainage and widening improvements is 
estimated at $1.485M. 

 

4.8.2 Realignment:  
See Appendix D, Sheet D004. 

The realignment option replaces the existing 33 curves with seven higher speed curves at a minimum 
radius of 120m and design speeds of at least 75km/hr.  This is a major realignment which would shift the 
first half of the realignment well away from the existing route. The improved alignment would allow 
trucks, in particular, to maintain a higher speed.  The grades average around 10% with a range being 
between 8-14%.  The 14% section is a short section (200m) needed to remove a “u bend”. A passing 
lane is incorporated in the design allowing the majority of vehicles in the traffic stream (cars), safe 
passing opportunity further reducing travel times on the detour.  Sight distance is improved and seal 
width increased to 8.5m which should enhance safety and reduced maintenance costs. 

The realignment length at 2600m is some 500m shorter than the current section length of 3100m. A 
variation, Option 2 that straightens the last half of the realignment was also investigated, but the volume 
of earthworks ,some 500,000m3 and an average grade of 14% over 1100m length makes this option 
prohibitive even though a further 280m of route shortening can be achieved.  

Two crossings of the gas line are required and will require detailed discussions with the utility provider. 

The proposed realignment will reduce pressure on the Ashhurst urban section of the detour with regards 
to vehicle speed and safety. Speed and rat running through Ashhurst has been a problem as road users 
familiar with the detour are aware that once they cross the Pohangina River there are few safe 
opportunity’s for passing. The result has been speeding along Cambridge and Salisbury roads making 
unsafe overtaking manoeuvres by detour users in an attempt to avoid being stuck behind slower moving 
HCV’s. Following complaints from residents, traffic calming measures were installed and the police 
stepped up speed enforcement in an attempt to counter.  

The cost of the preferred realignment option (including professional service fees, land acquisition and  
some contingency) is estimated at $3M. 
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4.8.3  Pre Alignment Section  
The section of the Saddle prior to the commencement of alignment A, approximately length 1 kilometre 
will also require an upgrade to reduce increased maintenance costs.  

Costs assumed for the lead in section are as follows: 

See Appendix D, sheet D12. 

Rehabilitation  - $385K 

Drainage  - $105K 

 

4.9 Section B 
 

4.9.1 Existing Alignment Upgrade:  
See Appendix D, Sheet D013. 

Section B commences at approximate chainage 2720, still under MDC control, running through a 
predominantly flat section with grades ranging from 0-8%, with sound horizontal geometry. This section 
terminates at chainage 4400m, close to the eastern most wind turbine. The section is some 910m in 
length. 

The pavement construction through Section B, allows for a 200mm overlay of M4 AP40 Base course, 
with in-situ stabilisation to 50mm below the existing finished surface level. 

This option also provides for the additional 0.5m shoulder either side of the carriageway, the installation 
of subsoil drainage improved surface water drainage channels. 

The cost for the existing alignment upgrades option, including drainage and widening improvements is 
estimated at $435K. 

 

4.9.2 Realignment:  
See Appendix D, Sheet D005. 

The realignment section is located on the middle flat section and is graded between 0-8% which will 
match the existing grades. It allows for minor curve improvements and seal widening. The speed 
environment may increase slightly due to these improvements and be closer to 85-90 km/hr. 

There are no proposed SVB’s, passing opportunities won’t increase significantly but sight stopping 
distances would improve.  Only minor service relocations may be required.  Route shortening of only 
10m over the current route is expected 

The cost of the realignment option (including professional service fees, land acquisition and some 
contingency) is estimated at $575K. 

4.10 Section C 
 

4.10.1 Existing Alignment Upgrade:  
See Appendix D, Sheet D014. 

This section commences at approximate chainage 4400m under TDC control, continuing through with 
grades averaging 8%. This section terminates at chainage 5700m, in the vicinity of the  second wind 
farm look out directly adjacent to 414 Saddle Road. 

The pavement construction through Section C, includes for a 200mm overlay of M4 AP40 Base course, 
with in-situ stabilisation to 50mm below the existing finished surface level. 
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This option also provides for the additional 0.5m shoulder either side of the carriageway, the installation 
of subsoil drainage and improved surface water drainage channels. 

The cost for the existing alignment upgrades option, including drainage and widening improvements is 
estimated at $620K. 

 

4.10.2 Realignment:  
See Appendix D, Sheet D006. 

Although this section is located in the middle section, it has an average grade of 8% rising to the east for 
a significant portion of the realignment.  Once again minor curve improvements and seal widening will 
be required through this section to bring it up to the required standard, and speed environment 
improvements. 

An eastbound SVB will be included through this section.  Once again, sight distance will be improved 
along with seal widths.  There are no significant services to be relocated except one fibre cable 
crossing.  This project is 1290m long compared to the existing 1310m, a minor route shortening of 20m. 

The cost of the realignment option (including professional service fees, land acquisition and some 
contingency) is estimated at $900K. 

 

4.11 Section D 
 

4.11.1 Existing Alignment Upgrade:  
See Appendix D, Sheet D015. 

This section commences at approximate chainage 5700m under TDC control, continuing through the 
flattest section with grades between 0-5% and incorporates approx. 600m of the steep graded, 7-11%, 
Woodville end. There are 13 existing curves on this section which terminates at chainage 7420m. 

The pavement construction through Section D includes for a 200mm overlay of M4 AP40 Base course, 
with in-situ stabilisation to 50mm below the existing finished surface level. 

This option also provides for the additional 0.5m shoulder either side of the carriageway, the  installation 
of subsoil drainage and improved surface water drainage channels. 

The cost for the existing alignment upgrades option, including drainage and widening improvements is 
estimated at $1.02M. 

 

4.11.2 Realignment Options:  
See Appendix D, Sheet D007. 

This section incorporates the flattest section at the top and also 600m of the Woodville end steeply 
graded section.  Grades vary between 0- 5% at the top, to 7-11% on the graded section.  The 13 
existing curves will be reduced, depending on which of the three options is selected. 

Option 1 has seven curves with design speeds 75 km/hr or over, grades as stated above with route 
shortening of 110m. This project overlaps realignment C, by 200m.  This is minor realignment with 
widened seal and improved curves and is the preferred option (of the three) being least cost. 

Option 2 has five curves with a minimum design speed of 85 km/hr, grades are as stated above with a 
route shortening of 215m. 

Option 3 is a major alignment, essentially straight, which overlaps into realignment C by 680m, but 
provides route shortening of 560m.  Construction costs are significantly higher with more earthworks 
required. 

There are no SVB’s proposed in this realignment section or any expected issues with services.   
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All options improve sight distance. 

The cost of the realignment option (including professional service fees, land acquisition and some 
contingency) is estimated at $1.73M. 

4.12 Section E  
 

4.12.1 Existing Alignment Upgrade: 
See Appendix D, Sheet D016. 

This 910m section commences at approximate chainage 7520m with an average grade of 9%.  The 
maximum grade of 13.5% occurs near the eastern end, chainage 8520m.  

The pavement construction option provides for a 200mm overlay of M4 AP40 Base course, with in-situ 
stabilisation to 50mm below the existing finished surface level . 

This option also provides for the additional 0.5m shoulder either side of the carriageway, the installation 
of subsoil drainage and improved surface water drainage channels. 

The cost for the existing alignment upgrades option, including drainage and widening improvements is 
estimated at $435K. 

 

4.12.2 Realignment:  
See Appendix D, Sheet D008. 

This section has two options designed to achieve similar results.  Small improvements in speed 
environment are achieved with a new value of 75-85km/hr.  Grade range on both options is between 8-
11% with a realigned section at the beginning being steeper at 14%. 

Option 1 involves lowering the existing road alignment to achieve extra road width for seal wid ening and 
SVB’s along an existing ridgeline consistent with the existing road. The alignment and curves will be 
“sweetened”.  A retaining wall will be required at one location (smaller than that required on option 2 
below).  The revised route will be 880m long some 30m less than the existing length of 910m. 

Option 2 will also keep the road at existing levels, with two significant retaining walls being required at 
two narrow points on the ridge.  The horizontal alignment will closely match the existing alignment 
resulting in a lower speed than Option 1 and near the current alignment. A SVB will still be incorporated 
on this option. 30m route shortening is attained.  

Sight distance will be improved and only minor service conflicts (power poles) are expected.  

The cost of the preferred realignment option (including professional service fees, land acquisition and 
some contingency) is estimated at $1.125M. 
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4.13 PNCC Ashhurst Detour Alternatives  
See Appendix D Sheet D003 
 
Initial investigation into possible alternative routes through Ashhurst, was also completed in conjunction 
with PNCC. 
 
The additional traffic and noise particularly at night for the extended period of the gorge closure became 
problematic through the urban area and there were a number of complaints. The intention therefore was 
to identify a route that lowered or avoided these impacts on the community. 
 
The plan below shows the current route and three new routes that were raised with PNCC to test 
viability 

 

 
Figure 4-1 : Ashhurst Detour Alternatives 
 
The review with PNCC effectively discounted the new routes due to land purchase (PNCC is currently 
addressing river access problems with landowners and interest groups regarding the Mulgrave 
extension), potential high costs as most of the new routes (pink & green) would require full construction. 
For the same options there is flood risk, as a consequence the BCR is likely to be low making project 
justification difficult.  
 
The blue route offers no more than the current route as it simply shifts the problem from one section of 
the community to another. 
 
PNCC confirmed that the current diversion Route through Mulgrave and Salisbury Streets is the 
preferred option as the road has been improved over time to give a good pavement structure and that it 
is more appropriate to investigate mitigation measures. 
 
Further investigation into permanent traffic calming measures, amenity screen planting and quieter 
sealing treatments through Mulgrave Road and Salisbury Road where the impact is greatest is required. 
 
These will need to be assessed by PNCC and provided for in future renewal programmes as part of the 
Annual Planning Process. 
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4.14 Economic Assessment 
The value of each section was tested within our sensitivity model in accordance with the NZTA’s 
Funding Manual to derive an optimised Benefit Cost Ratio for the entire route . 

See Appendix F for details of the economic analysis. 

Using the advantage of the developed model to facilitate changing the values of assumptions, selective 
sensitivity testing was also undertaken.   

Through Sensitivity testing, we have been able to assess possible total benefits, by increasing the 
factors and multipliers for each of the categories as outlined in Fig 4-1 below. 

 

Table 4-1: Saddle Road Sensitivity Analysis 

OPTION 

(Gorge is open) 

TTC 
benefits 

VOC+CO2 
benefits 

Accident 

benefits 

Total 
benefits 

Net 
costs 

BCR Comment 

SADDLE ROAD 1 1.0 1.9 1.5 4.4 4.6 1.0 

Increasing roughness 
costs for existing Man. 
Gorge and Saddle Rd 
from 5 to 7 IRI 

SADDLE ROAD 1 1.0 1.1 1.9 4.0 4.6 0.9 
Reducing the accident 
unit rate by $100,000 

SADDLE ROAD 1 1.7 2.1 2.8 6.6 4.6 1.4 
Increasing the diversion 
from Pahiatua Track north 
from 0% to 20 % 

SADDLE ROAD 1 1.3 1.4 2.0 4.6 4.6 1.0 
Fast tracking the project 
timing to 2 + 2 years 

 

Using the output from the table above, the BCR’s for the Saddle Road realignments for existing traffic 
remain at or just below 1.0 except for the unlikely case that the upgrade attract some traffic from the 
Pahiatua Track route. A conservative BCR of 1.4 may be achievable assuming that there will be a 20% 
increase in traffic from the northern section of the Pahiatua Track route. 

The sensitivity testing scenarios outlined above indicate a current BCR range of 0.9 to 1.4.   In 
consideration of these and other factors it is recommended to adopt a BCR for the partial (sections A 
and E) realignment of Saddle Road of 1.1. 

The range of BCR’s achievable through sensitivity testing, indicates that there is little merit in 
undertaking the section A and E realignments of Saddle Road, given the risks outlined for each 
proposed realignment in this section. 

 

4.15 Recommendations 
Funding has been made available for the procurement of short to medium term upgrades over the next 
three years for the Saddle Road Route. The immediate benefits obtained through the delivery of full 
route seal widening particularly in terms of spreading the axle loads, the improved safety benefits 
through realigning vehicles away from unconstrained road edges, the decongestion of heavy vehicles 
around hair pin bends and the de stressing of road users through providing a wider corridor, are easily 
achievable through this period. 

For the medium to long term (four - six years), our assessment of the benefits for full geometric 
realignment through each of the five sections in terms of travel time savings and a reduction in driver 
stresses is provided below. 
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Table 4-2: Realignment A-E Summary 

OPTION Property 
Purchase 

MSQA & 
Construct 

TOTAL 

$ million 

Length 

(km) 

$ million per km 

realignment A1 83 2,439 3.08 2.60 1.2 

realignment B 1 472 0.57 0.90 0.6 

realignment C 1 749 0.90 1.29 0.7 

realignment D1 26 1,401 1.73 2.02 0.9 

realignment E1 2 923 1.13 0.88 1.3 

   7.40 7.69  

 

For the medium to long term, collectively the realignments provide a positive return. Our initial research 
indicates that more substantial realignment works may be justifiable but there are still a number of 
unknowns which would require substantiation in the next two to three years prior finalising a detailed 
approach. 

If the option to proceed with realignments was taken now, there would still be a need to update and  
maintain the alternative route in the short term to remediate any potential impacts of future heavy 
maintenance in case of slip related closures during this period.  

As such it is recommended that the NZTA proceed with planned rehabilitation and the full route widening 
programme to obtain the best short term value.  

 

Table 4-3: Saddle Road Short to Medium Term Upgrade Programme and Priority 

Section Maintenance Improvement 
Cost $(000) 

Priority Year 

Lead in section $485 1 13/14 

Section A $1,485 6 15/16 

Section B $435 2 13/14 

Section C $620 3 13/14 

Section D $1,020 4 14/15 

Section E $435 5 14/15 

Total $4,480   

 

Prior to committing to pavement construction, it is important that a robust assessment be completed of 
the subgrade layer and a thorough assessment of quantities be delivered to get some surety around 
quantities and rates. 
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5 Conclusions / Recommendations 
 

Alternative Route Assessment:  (From section 3) 

Based on the assessment completed in section 3 of this report, and the sensitivity analysis provided, the 
provision of a new route is not justified. 

The current strategy of retaining SH3 Manawatu Gorge with alternate routes when the gorge is closed to 
slips is appropriate. 

 

Risk Assessment:  (From section 2) 

25 at risk areas have been identified. It is not considered economically viable to treat these sites.  

This review of landsliding in the Manawatu Gorge confirms that larger landslides (~20,000–100,000 m3) 
could occur every 5–10 years.  

Further work is recommended to better define the management of risk at potential landslide areas in the 
three risk main categories and local rock fall sites. 

The NZTA should adopt the methods and strategies outlined in this report for managing landslide events 
when they occur in the Manawatu Gorge. 

 

Alternative Route Upgrades:  (From section 4) 

The Saddle Road remains the priority alternate route. 

Maintenance upgrade works provide the best short to medium term solution through the Saddle Road. A 
priority programme has been provided. 

The report identifies that there are potential economic benefits for larger scale improvements through 
this route. Further investigation will be required to assess these benefits.  

The current route through Ashhurst Township has been confirmed by PNCC as the preferred route. 
Traffic calming measures, amenity screen planting and quieter sealing treatments  through Mulgrave and 
Salisbury Streets are recommended to mitigate detrimental traffic impacts.  
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EXECUTIVE SUMMARY 

The Manawatu Gorge is an antecedent gorge which has been formed by the west-flowing 
Manawatu River gradually cutting down through the low point in the Tararua–Ruahine range 
over the last ~1.5 million years.  Bedrock in the ~6 km long gorge typically comprises 
interbedded, indurated greywacke sandstone, siltstone, and red volcanic argillite.  The steep 
(~35–>60 ) slopes on either side of the gorge are overlain by surficial colluvium and old 
(prehistoric) landslide deposits, and remnants of old alluvial deposits on the upper slopes. 

The Manawatu Gorge contains a major road (State Highway 3) and rail link between the 
west and east coasts of the southern North Island. Excavations for the establishment and 
widening of SH3 on the south side of the gorge have cut back and oversteepened the toes 
of slopes, resulting in rock falls and landslides that have affected or closed the road in many 
places since it was first completed 1872.  Since the gorge road was widened in the 1940s, 
1960s, 1970s and 1980s it has frequently been closed by slips, especially during heavy 
rainfall. Most of these failures have been related to the road-widening works. The railway 
line on the north side of the gorge has been much less affected by landsliding, mainly 
because of the lower cuts, and the use of tunnels to bypass steeper sections of the gorge. 

The first significant landslide closure (more than 1-2 days) of SH3 in the Manawatu Gorge 
occurred in 1990 when a ~5000 m3 debris slide blocked the road for 8 days near Barney‟s 
Point.  Other large failures that required major stabilisation works occurred in the centre of 
the gorge in 1995 and 1998.  All of these failures were clearly related to the cutting back of 
the toe of the slope in the 1980s. Rock falls also occurred on the many rock bluffs present 
occur throughout of the gorge which had been cut back, requiring rock bolting, scaling, and 
meshing in a number of places.  The most severe episode of multiple landslides in the 
Manawatu Gorge occurred during the February 2004 rainstorm, which was probably the 
worst storm to hit the area in the last 50 years.  The prolonged high intensity rainfall spread 
over 2–3 days resulted in extensive landsliding through the gorge, causing 9 large overslips 
and at least 30 minor overslips and underslips in the ~3 km section of the gorge between 
Waterfall Stream (~RP 491/0.70) and Upper Gorge Bridge (RP491/4.10).  The largest of the 
overslip landslides was a ~100,000 m3 failure at ~RP491/1.05, which closed SH3 for 70 days. 

On 18 August 2011 the first in a series of debris (colluvium) and rock falls and slides 
occurred, ultimately involving a total of about 160,000 m3 occurred between Bluffs 2 and 3 
(RP488/1.86–2.10), about 1 km from the Ashhurst end of the gorge.  The landslide closed 
SH3 until 19 September 2012 while investigations and extensive stabilisation works were 
carried out.  The long closure of this strategic highway prompted the New Zealand Transport 
Agency (NZTA) to commission a risk assessment of the probability and potential magnitude 
of future „slips‟ (landslides, rockfalls, debris falls) that might block SH3 within the gorge.  This 
report presents the results of that assessment, which identifies and estimates the risk at 
potential future landslide sites in the gorge, and provides recommendations for a strategy to 
manage the threat at those sites and future landslide problems in the Manawatu Gorge. 

In this study our approach to assessing the risk from future landslides in the Manawatu Gorge 
focussed initially on local geology and geomorphology, old (prehistoric) landslides in the area, 
and information provided by past landslides that significantly affected SH3 in 1995, 1998, 
2004, and 2011.  The locations and extent of potential landslide areas that could affect SH3 
through the gorge were initially identified on oblique and vertical aerial photos with the aid of 
GIS maps of bedrock, colluvium and prehistoric landslide scars, historical landslide data, and 
slope angles based on 1 m LiDAR contours.  The potential landslide areas identified along 
SH3 and existing slope controls were later ground-checked and assessed. 
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Twenty five potential landslide areas were identified along SH3 in the gorge based on: 
(a) past landslide history, (b) rock types and surficial deposits, (c) geomorphic features 
(prehistoric landslides scarps, bluffs), (d) slope angles and heights, and (e) road cuts and 
slope support measures.  These areas were mapped in GIS and ranked according to their 
estimated size (area and volume) and potential for future slope failures that could damage or 
close SH3, especially during heavy rainfall and strong earthquake shaking.  The areas have 
been ranked according to their size and potential to close SH3 as follows: R1: 10,000 m3 
R2: 10,000–25,000 m3;  R3: 25,000–50,000 m3;  and R4: >50,000 m3. 

Eight (32%) of the potential landslide areas are in the Western Section of the gorge (Gorge 
Monument to Bluff 10, RP488/1.05–491/0.10); thirteen (52%) are in the Central Section (Bluff 
10 to Barney‟s Point, RP491/0.10–2.45); and only four (16%) are in the Eastern Section 
(Barney‟s Point to Upper Gorge Bridge, RP491/2.45–4.10).  This is similar to the historical 
distribution of landslides (West - 55 (40%), Centre - 61 (44%), East - 22 (16%). The higher 
percentage of potential landslide areas in the centre of the gorge is attributed to the number 
of existing unstable scars of landslides caused by the February 2004 rainstorm. 

The risk that potential landslide areas present to SH3 in the Manawatu Gorge was assessed 
using the General Approach outlined in the NZTA‟s 2004 Risk Assessment Process Manual.  
This method provides a qualitative technique for analysing landslide risks based on the 
consideration of existing slope controls, and the likelihood and consequences of future slope 
failures. Three categories of future landslide threat (risk) in the Manawatu Gorge, as follows: 

(a) Moderate Threat: – 8 Areas (Areas 1, 4, 11, 21, 22, 23, 24, 25). (Rank 1) 

(b) High Threat: – 11 Areas (Areas 2, 3, 8, 9, 10, 13, 16, 17, 18, 19, 20). (Rank 2) 

(c) Very High Threat: – 6 Areas (Areas 5, 6, 7, 12, 14, 15). (Rank 3 and 4) 

The High and Very High Threat (Risk) areas are located in the Western and Central sections 
of the gorge and have strong geological and geomorphic similarities to the 2011 landslide 
area, and have been destabilised to some degree by cutting back the toe of colluvial deposits 
along SH3, generally without support measures. 

Landslides caused by the February 2004 rainstorm had a significant influence on the risk 
assessments, and the larger 2004 landslides (numbers #1 to #5) are the main reason for 
high risk ratings.  The scarps of the 2004 landslide scarps in Areas 12, 14, 15, 17 and 18 are 
oversteepened and at risk of large regressive failures, especially in Areas 14 and 15 where 
small failures have already occurred.  The 2004 landslide #2 in Area 14 is currently believed 
to present the greatest potential landslide risk to SH3 in the Manawatu Gorge.  A large failure 
similar to the 2011 landslide could occur at that site at any time, but especially during heavy 
rainfall or strong earthquake shaking. 

The 2011 review of landsliding in the Manawatu Gorge suggested that larger landslides 
(~20,000–100,000 m3) could occur every 5–10 years.  The presence of several un-stabilised 
scars of landslides caused by the 2004 rainstorm compared to conditions prior to that event, 
especially in the centre of the gorge, suggest that estimate is realistic, and is used as the 
basis for some likelihood ratings (once per 5–10 years) in our landslide risk assessment. 
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The recommended future actions for better definition and management of risk at potential 
landslide areas in the three risk categories and local rock fall sites in the gorge include: 

(1) Very High Threat (Risk) Areas: (a) preparation of a detailed engineering geological/ 
geotechnical report, including a slope stability analysis and risk assessment using 
NZTA‟s Advanced Approach; (b) terrestrial laser scanning (TLS) of the landslide sites; 
(c) monitor future slope failures (rock falls, debris falls, slides) and performance of 
existing controls (mesh, catch fence etc.) at each potential landslide area. 

(2) High Threat (Risk) Areas: (a) prepare basic engineering geological on each site; 
(b) monitor slope behaviour and future slope failures in each potential landslide area. 

(3) Moderate Threat (Risk) Areas: (a) standard maintenance measures should apply, 
including signage, traffic control, clearance of slip debris to reopen the road, with 
minimal cutting back of the slope, and repairs to underslips and road edge failures; 
(b) monitor future slope failures and performance of existing controls. 

(4) Local rock fall sites (Bluffs and rock slopes): (a) review and repair existing slope controls 
(mesh, catch fences); (b) monitor future slope failures and condition of existing controls. 

Taking into consideration the results of this study, the recommended methods and strategies 
that could be used to manage and reduce the consequences of future landslides to SH3 in 
the Manawatu Gorge are as follows: 

● An engineering geologist/geotechnical engineer should be involved in the emergency 
response to assess landslides that block SH3 and decide on actions to reopen the road. 

● A geological model of the landslide site should be considered before any earthworks are 
begun that could adversely affect or further decrease the stability of the slope. 

● Establish an inventory of slope failures in the gorge to provide improved knowledge of 
the locations, size and events that trigger debris slides and falls, rock falls and falls of 
individual boulders and effects, and the actions taken to deal with them. 

● Monitor active or very high risk landslide areas (decided on a site-by-site basis). 

● Review and repair existing slope control measures. 

● Site-specific engineering geological and geotechnical assessments should be carried out 
at potential landslides sites that are assigned very high risk ratings. 

● Limit earthworks that undercut and oversteepen colluvial and regolith slopes along SH3, 
and use support measures where possible to stabilise future failures.  An engineering 
geologist or geotechnical engineer should be consulted before earthworks are begun. 

● Scaling of loose blocks and additional rock bolting is probably required at some locations 
considered to be at risk of local rock falls (e.g., Bluffs 9 and 12). 

● Prepare an engineering geology/geotechnical completion report on the 2011 landslide 
area that describes the history, geology and geomorphology of the landslide, the slope 
stabilisation works, and the stability of the site before and after these measures. 

● Detailed documentation and reporting on the engineering, geotechnical, and geological 
aspects of future large landslides within the Manawatu Gorge is essential to improve the 
management and minimise the risk that slope failures present to SH3. 
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1.0 INTRODUCTION 

1.1 Background 

State Highway 3 (SH3) through the Manawatu Gorge was closed for more than 365 days since 
the first in a series of slips about 1km from the Ashhurst end of the road in August 2011 until 19 
September 2012. Closure of this Nationally Strategic State highway has meant that traffic has 
been diverted onto two Local Authority roads namely Saddle Road and Pahiatua Track. In late 
2011, the New Zealand Transport Agency (NZTA) commissioned MWH New Zealand Ltd 
(MWH) to produce a Project Feasibility Report (PFR) to look at “Business Continuity and Route 
Security” for this route. The PFR was considered by NZTA in February 2012. 

This report relates to the next phase of the Manawatu Gorge investigation, for which the 
outcomes required by NZTA are: 

A. Review of previous reports and NZTA‟s Strategies and Policies and confirm (or otherwise) 
that the most viable route for SH3 between Palmerston North and Woodville, in terms of 
economic benefits compared to alternative routes, is through the Manawatu Gorge. 

B. A risk assessment of the probability and potential magnitude of future „slips‟ (landslides, 
rockfalls, debris falls etc. - see Appendix 1) that might block SH3 within the Gorge. The 
risk assessment shall also identify and rank any potential landslide sites in the future and 
provide a strategy to manage those identified risks. In undertaking this assessment, it 
will also be necessary to collate all (relevant) geological and geotechnical reports, maps 
and photos of previous landslides in the Manawatu Gorge and present them to NZTA in 
Palmerston North. 

C. Identification of possible upgrades to alternative routes to the Manawatu Gorge that can 
be constructed within the next three years, so that they can provide an improved level of 
service during the times that the gorge is closed, particularly for long periods. For any 
construction works that are proposed a BCR and profile (Strategic Fit, Effectiveness and 
Efficiency) will also be provided (referred to as outcome (d)). 

 

1.2 Purpose of study and tasks undertaken 

This report presents an engineering geological assessment of the risk and potential 
magnitude of future landslides that might close SH3 within the Manawatu Gorge and fulfils 
the requirements of Outcome (B) of the proposed investigation outlined above.  The report 
includes and expands the information presented in the 2011 review by GNS Science (GNS) 
of the geology and landsliding along SH3 in the Manawatu Gorge (Hancox 2011), which was 
included in the PFR Report by MWH and provided with the Request for Tender (RFT) for the 
Manawatu Gorge Alternative Route investigation (Contract Number: PSW198). 

The February 2012 PFR report by MWH referred to 15 potential future landslide sites which 
were identified along SH3 within the Manawatu Gorge by Hancox (2011).  The main purpose 
of this study is to investigate those landslide sites and also any other potential landslide sites 
identified during the search of historical data, aerial and ground geological inspections (as 
outlined below), assess the risk of future slope failures at those sites, and deliver a strategic 
plan to identify measures that would limit future landsliding problems in the gorge. 
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Our approach to understanding the development of past landslides and assessing the risk of 
future landsides in the Manawatu Gorge focusses initially on geological and geotechnical 
information on historical landslides that have affected SH3 through the gorge since the 
1930s, and the relationships of those landslides to older (prehistoric) landslides in the area. 

As outlined in MWH‟s proposal to NZTA for this part (Outcome B) of the SH3 Manawatu 
Gorge Alternative Route investigation, the tasks that we have undertaken to assess the 
future landslide potential and risk to SH3 in the Manawatu Gorge have included: 

(1) Collation and review of geology and geotechnical material (reports, plans, photos etc.) 
held by NZTA relating to landslide issues in the Manawatu Gorge. 

(2) Helicopter inspection and high resolution oblique photography of Manawatu Gorge, 
particularly the historical landslide sites and 15 potential landslide sites identified in the 
PFR report. However, because of persistent bad weather this was not possible until 
24 August 2012 in near-perfect conditions. In addition, we arranged for 14 new vertical 
aerial photos (with 60% overlap) of the gorge to be taken on the same day. Those 
photos were later ortho-rectified and used in GIS for the landslide assessment. 

(3) Ground inspections along SH3 in the gorge from the Gorge Monument (RP488/1.05) to 
the Upper Gorge Bridge (RP491/4.10) to observe rock and soil types, old and recent 
landslide areas and stabilisation works, and potential future landslide areas. 

(4) Preparation of GIS (Geographic Information System) maps of bedrock geology, areas 
of thick colluvium and old landslide deposits, prehistoric landslide scarps, slope angle 
and landslide susceptibility using 1 m ground contours processed from LiDAR flown on 
29 September 2011. 

(5) The geological data, old landslide records, recent aerial photography, and GIS maps 
were used to locate historical landslides in the Manawatu Gorge, and identify and map 
potential future landslide areas that could affect SH3 (done in GIS using LiDAR with 
overlays of geology, historical landslides, and slope angle and landslide susceptibility). 

(6) The potential future landslide areas were then ranked according to their geological and 
geomorphic characteristics, and probable size and potential to close SH3 for periods 
ranging from a few hours or days to several months as occurred in 2004 and 2011-12. 

(7) This information was then used to carry out a qualitative assessment of risk to SH3 
from potential future landslide sites in the Manawatu Gorge using methods used for 
roads controlled by NZTA in New Zealand. The type, size, and likely triggering events 
for future failures at those sites are assessed and discussed. 

(8) Our assessment will also considers indicative engineering methods and strategies to 
manage and reduce the consequences of future landslides in the gorge.  This will 
involve consideration of the methods used to manage previous landslide that have 
closed SH3 and their effectiveness for today‟s conditions. 

Along with the recent knowledge obtained through stabilising the 2011 landslide, MWH have 
also gained valuable knowledge of the impact of landslides on both the pavements and 
supporting structures.  Previously, the SH3 carriageway has been subject to widening 
schemes which have contributed towards slope and cut batter instability, a key contributing 
factor towards the issues we are trying to resolve today.  Our report therefore also provides 
guidance on how to manage and minimise the impacts and consequences of landslides on 
this regionally strategic route in the future. 
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2.0 CHARACTERISTICS OF THE MANAWATU GORGE 

2.1 Origin and geology of the gorge 

The Manawatu Gorge which separates the Tararua Range from the Ruahine Range contains 
major road and rail links between the west and east coasts of the southern North Island. 
Figure 1 shows the regional geology and location of the gorge, and Figures 2 and 3 show the 
topography, geographic features and vegetation patterns in the area.  Geomorphically the 
Manawatu Gorge is what is known as an antecedent gorge, having been formed by the  
west-flowing Manawatu River gradually cutting through the low point in the Tararua–Ruahine 
range as it rose slowly from the sea over the last ~1.5 million years (Stevens 1974). 

The rock types exposed in the Manawatu Gorge are generally the same as those which form 
the adjacent Tararua and Ruahine Ranges (Figure 1). Typically these rocks comprise 
interbedded, indurated greywacke sandstone and argillite (mudstone) belonging to the Esk 
Head Belt of the Torlesse Supergroup (Triassic age, ~140–200 million years).  The 
greywacke sequence through the gorge also contains thick bands and lenses of chert, 
limestone, submarine volcanics, red argillite, and limestone, within disrupted and highly 
deformed mélange zones (Lee and Begg 2002, Marden 1984). 

Figure 4 shows the distribution and bedding orientations of the main Torlesse rock types 
(lithozones) based on Marden‟s (1984) geological mapping through the Manawatu Gorge 
from the Gorge Monument to Balance Bridge.  Bedding and foliation in the gorge generally 
strikes north to northeast and dips steeply (~55°–80°) to the east and southeast.  In many 
places thick bands of sandstone that strike across the river form steep bluffs on both the 
sides of the gorge. Adjacent lithozones of weaker argillite have been more eroded by side 
streams (Figure 5). The active northeast-striking Wellington-Mohaka Fault and the Ruahine 
Fault (Figure 1) are located at the east end of the gorge, ~5 km west of Woodville (Lee and 
Begg 2002). Several inactive old faults are mapped within the gorge, which locally causes 
shattering of the rock mass, making it more susceptible to landsliding (Figure 4). 

The smooth top of the Ruahine Range north of the gorge and the Tararua Range to the 
south represent an old erosion surface on which thick marine sediments and alluvial gravels 
of Pliocene and early Quaternary age (2.5–0.5 My) occur in the Saddle Road area. Colluvium 
and old landslide deposits mantle the sides of the gorge, and remnants of early Quaternary 
alluvial deposits are present on upper slopes at the western end (see Figures 1 and 5). 

2.2 Topography 

Rising to an elevation of around 350 m north and south of the Manawatu Gorge the Ruahine 
and Tararua ranges have broad flat-topped crests, on which wind farms have recently been 
established.  The cleft of the gorge is roughly 1 km wide and 6 km long, within which the 
Manawatu River follows a winding westerly course through the range between Woodville and 
Ashhurst.  Slopes on either side of the gorge rise to 250–300 m above river level (Figure 2). 

The lower slopes of the gorge are generally steep (35°–45°) to very steep (45°–60° or 
greater), particularly in the central and western sections, with near-vertical sandstone bluffs 
and faces present in many places. The slopes along SH3 are generally very steep (>°–60°)   
mainly due to the cutting back the toe of the slope along SH3, as shown by the slope angle 
map prepared in GIS using 1 m contour data in the LiDAR digital elevation model (Figure 6). 
Towards the eastern end of the gorge the slopes are underlain by thick colluvial deposits and 
are generally less steep (moderate, 20°–35°) as shown in Figures 5 and 6. 
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Figure 1. Geological map of the Manawatu Gorge area showing the 2011 landslide blocking SH3 at 
the western end of the gorge and other features discussed in the report (after Lee and Begg 2002 
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Most of the slopes of the gorge are covered in mature native forest comprising mainly tawa 
and podocarp species, intermixed with large nikau palms.  Areas of lighter coloured younger 
forest and scrub are evident on many lower slopes of the gorge which have probably been 
affected by past landslide activity (Figure 3).  The relative age and maturity of these trees 
gives a broad indication of the minimum age of last activity of these landslides. 

State Highway 3 is located on a cut bench on the left bank of the gorge (as viewed facing 
downstream) about 20 m above river level.  Numerous steep road cuttings and „half-bridges‟ 
have been used to establish the road, particularly where the gorge slopes are very steep.  
West of Barney‟s Point (~2.5 km from the eastern end of the gorge, where the north-flowing 
Manawatu River takes a right-angle bend to the west, Figure 2) the north-facing slopes along 
SH3 generally have cut batters 2 to 10 m high, with typical batter angles ranging from about 
65° (½ to 1) to 75° (¼ to 1) in rock, to 40-45° (~1 to 1) in colluvium. 

East of Barney‟s Point the colluvium-dominated slopes are generally less steep with fewer 
high cuttings.  Cut slopes immediately adjacent to SH3 generally slope at about 40°, 
flattening off to around 25–30° about 15 to 20 m above road level (Figure 6). 

 

3.0 LANDSLIDING IN THE MANAWATU GORGE 

3.1 Prehistoric landslides 

Geomorphic studies of aerial photos, 1:5000 scale topographic maps, and recent LiDAR 
imagery has enabled evidence of many large prehistoric landslides to be identified on the 
upper slopes and sides of the Manawatu Gorge.  Many of these features were originally 
shown on Figure 4a and 4b of Appendix I (Perrin and Hancox 2000) in the SH3 Manawatu 
Gorge Scoping Study in 2001 (Beca 2001).  The 2011 LiDAR has enabled them to be 
mapped more accurately.  In this report  the scars and scarps of prehistoric landslides on the 
southern and (upstream of Barney‟s Point) western sides of the Manawatu Gorge are shown 
on a hill-shaded LiDAR image in Figure 5, together with areas of thick colluvium and old 
landslide deposits, bluffs, and other key features along SH3 in the gorge. 

Most of the prehistoric scarps are subtle bush-covered geomorphic features, which are 
inferred to have been formed during the cutting of the gorge over the last ~500,000 years.  
Although none of these landslides has active scarps, they are clearly distinguishable on the 
LiDAR imagery by their rounded arcuate head scarps and deflated areas filled with old slide 
debris and colluvium.  Areas of colluvium are exposed in many of the road cuts along SH3 
on the south side of the gorge, in places forming a mantle more than 10 m thick overlying 
bedrock. Several prehistoric landslides are present in the area of the 2011 landslide. 

The prehistoric landslide on the slope above the 2011 landslide is clearly evident on the 
LiDAR image (Figure 7) and an oblique aerial photo of the 2011 landslide (Figure 8).  Our 
studies of the 2011 landslide have shown that the prehistoric landslides and areas of thick 
colluvium have played a major role in the development of the recent slope failure.  This 
relationship between prehistoric and historical landslides in the gorge is also evident at other 
recent landslide sites along SH3, especially at several large failures which occurred during 
the February 2004 rainstorm (Figure 9).  As will be discussed later, that was one of the main 
factors used in this study for the identification of potential future landslide areas in the gorge. 
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Figure 2. Topographic map of the Manawatu Gorge showing key SH3 Route Positions (RP), sections of the gorge (as used in this report), and the locations 
of historical landslides that have closed SH3 for significant periods (more than 1–2 days) since 1985. 
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Figure 3. Annotated Google Earth Pro image of the Manawatu Gorge showing vegetation, landslides, and other geomorphic features discussed in the report.
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Figure 4.  Bedrock map of the south side of the Manawatu Gorge showing locations of historical landslides that have affected SH3 (geology from Marden, 1984) 
[ A1- in pocket at back of report ] 
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Figure 5. Hill-shaded LiDAR (29/9/2011) map of the south side of the Manawatu Gorge showing rounded bush-covered scarps of prehistoric landsides and areas of thick 
colluvial deposits and old landslide debris on the south side of the Manawatu Gorge. [ A1- in pocket at back of report ] 
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Figure 6. Slope angle and landslide susceptibility map of the south side of the Manawatu Gorge based on 1 m LiDAR contours of 29/9/2011. 
[ A1- in pocket at back of report ]
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Figure 7. Annotated oblique aerial photo of the 2011 landslide in the Manawatu Gorge showing the headscarp (hs), debris (d), and dimensions of the 18 October 
2011 failure, which is located between two sandstone spurs (Bluffs 2 and 3) on the lower slopes of a large prehistoric landslide. 
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Figure 8. Oblique aerial photo of the 2011 landslide in the Manawatu Gorge showing the headscarp (hs), slide debris (d), and extent of the 18 October 2011 
failure located between two sandstone spurs (Bluffs 2 and 3) on the lower slopes of a large prehistoric landslide (compare with 2000 photo of site, Figure 12). 
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Figure 9. Map of recent historical landslides and potential future landslide areas that could affect SH3 in the Manawatu Gorge 
(plotted on hill-shaded LiDAR base with 5 m contours). 
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Figure 9a. Map of recent historical landslides and potential future landslide areas that could affect SH3 in the Manawatu Gorge 
(plotted on base of vertical aerial photos taken on 24 August 2012, with 5 m LiDAR contours). 
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Areas of lighter-coloured younger forest on the lower slopes of some of these features on the 
south side of the gorge (see Figures 3 and 8) suggest that some of these old landslides 
might have been active as recently as ~150 years ago, perhaps during the 1855 earthquake 
(Grapes and Downes 1997, Hancox et al 1997, Hancox 2005).  The rapids and change in 
river gradient near the western end of the gorge (between Bluff 5 and Bluff 6, Figure 5) are 
believed to have been formed by large boulders from an old historic landslide from the south 
side of the gorge, possibly during the 1855 earthquake. 

The toes of several of these ancient landslides have been cut back by the establishment and 
widening of SH3 through the gorge in the 1960s and 1980s, and hence as at the site of the 
present failure they are likely to have contributed to the development of other significant 
historical landslides that have closed the gorge road in the past. 
 

3.2 Historical landslides in the gorge 

Excavations for the establishment and widening of SH3 on the southern side of the 
Manawatu Gorge have cut back and oversteepened the toes of slopes, resulting in rock falls 
and landslides that have affected or closed the road in many places over the last 50 years.  
The road through the gorge was first completed as a narrow track in 1872.  The road was 
widened in the 1920s to the 1940s, and again in the 1960s and 1980s. 

Since the widening of the gorge road began it has frequently been closed by slips, especially 
during or following heavy rainfall.  Most of the slope failures in the gorge appear to have 
been related to the road-widening works.  By contrast, the railway line on the northern side of 
the gorge, which was completed in 1891, has been much less affected by landslide 
problems, probably because of the lower cuts required for the railway, and the use of tunnels 
to bypass some steeper sections of the gorge on the north side of the river. 

Between 1924 and 1929 major works were carried out to upgrade and widen the gorge road 
to highway standard.  Further major excavations were later carried out in the late 1960s and 
between 1977 and 1981 at two sandstone bluffs near the western exit of the gorge, namely: 
Bluff No 1 at (Route Position) RP488/1.40 (km), and Bluff No 2 at RP488/1.80 (Figure 4).  
The rock types forming the bluffs comprise slightly weathered blocky-jointed sandstone.  The 
areas between the bluffs are generally composed of weaker foliated and sheared and 
volcanic lithozone rocks (red argillite), overlain by thick deposits of potentially unstable 
colluvium (Figures 4 and 5).  This relationship was most recently illustrated by the 2011 
landslide that closed the gorge road closed from 18 August 2011 to 19 September 2012. 
The 2011 landslide occurred in colluvium and old slide debris at the toe of a large prehistoric 
landslide between Bluff 2 (RP488/1.80) and Bluff 3 (RP488/2.10) 60 m downstream from the 
Rapids Bridge (Figure 8).  Small shallow slips occurred in this area following road widening 
in the 1930s, 1940s and late 1960s (Figure 4). The initial small debris fall that evolved into a 
major failure extending 130 m above road level occurred in September 2010 (Figure 12). 

Widening of SH 3 in the Manawatu Gorge continued during the 1980s with the trimming back 
of 15 strong jointed sandstone bluffs located between Bluff 1 at western end (RP 488/1.40) 
and Bluff 15 (RP 491/0.80) in the centre of the gorge near Waterfall Stream (Figure 4).  
These works caused small to moderate sized rock falls and colluvial debris falls in a number 
of places, often requiring rock bolting, mesh, and drainage drilling stabilisation measures 
(Perrin 1985).  The first significant (road-closing) slope failure reported in the gorge occurred 
in January 1990 near Barney‟s Point (RP491/2.45, Figures 4 and 9) when a ~5,000 m3 
landslide occurred at ~RP491/2.15, closing the gorge road for 8 days (Worley 1998). 
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Significant large slope failures occurred in the central section of the gorge in 1995 and 1998. 
These involved mainly colluvium and weathered bedrock in areas adjacent to rock bluffs 
where the toe of steep (45°–60°) marginally stable slopes were destabilised by works to 
widen the gorge road in the 1960s and 1980s.  In most cases the slope failures began as 
small rainfall-induced falls of colluvium and weathered rock following toe cutting, followed by 
lateral and upslope regression of the initial scarps. 

During an exceptionally wet winter in 1995 three separate landslides (involving a total of 
~100,000 m3) occurred on slopes up to 100 m high in the centre of the gorge between 
RP491/0.60 and 491/0.80 (Figure 9 and 9a), closing SH 3 for 67 days between July and 
November 1995 while extensive stabilisation works were carried out (Worley 1996).  These 
failures were clearly related to the cutting back of the toe of the slope in the 1980s.  
Remedial works subsequently carried out at this site included sluicing, benching and removal 
of failure debris, drainage drilling, and installation of mesh on the upper slopes. 

A smaller (4,500 m3) landslide occurred in July 1998 between RP491/0.46–0.52, ~120 m 
downstream of the 1995 failure (Figure 9), closing SH3 for 7 days while stabilisation works 
were carried out. These remedial measures involved sluicing of loose debris, benching, 
drainage drilling, and construction of a 10 m high gabion wall at the toe of the unstable slope 
above SH3 (Worley 1998). 

 

3.2.1 Landslides caused by the February 2004 Rainstorm 

The most recent episode of multiple landslides in the Manawatu Gorge occurred during the 
February 2004 rainstorm, which caused flooding and landsliding over about 16,000 km2 of 
the southern North Island (Hancox and Wright 2004, Horizons Regional Council 2004).  
During the peak of the storm about 200 mm of rain fell in the Manawatu Gorge area over the 
24 hours to 9 am on 16 February 2004 (New Zealand Metrological Service 2004).  It was 
arguably the worst storm to hit the area in the last 50 years, causing record flood levels in 
many rivers.  Within the gorge the peak flood scour level of the river was 13 m above normal, 
about 7 m below road level. 

The prolonged high intensity rainfall spread over 2–3 days caused extensive landsliding 
through most of the Manawatu Gorge, with 9 large overslips and at least 30 smaller (minor) 
overslips in the ~3 km section of the gorge between Waterfall Stream (~RP 491/0.70) and 
Upper Gorge Bridge (RP491/4.10, see Figures 4, 9, and 10).  The largest of the overslip 
landslides was a ~70,000–100,000 m3 failure of colluvium and weathered red argillite at 
~RP491/1.05, which closed the gorge road for 70 days (MWH 2004).  Three of the largest 
2004 landslides (#1, #2, and #3) were in the central section of the gorge that was affected by 
landsliding in the 1990s.  Figure 11 shows the same area in January 2000, highlighting the 
significant damage caused by the 2004 rainstorm, which has left the area more vulnerable  
to future slope failures.  However, no failures occurred at the 2011 landslide site in February 
2004, and only minor instability was evident in January 2000 (see Figures 8 and 12). 

On the Woodville side of Barney‟s Point a number of significant underslips requiring remedial 
works occurred between RP492/2.55 to RP492/3.90 (Figure 9).  Most of the underslip 
failures can be attributed to the collapse of soils and road-edge fills saturated by the heavy 
rainfall, as well as erosional undercutting by the river at near record high flood level. 
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Figure 10. Oblique aerial photo of the central section of the Manawatu Gorge from ~RP491/0.60–1.30 showing the area of the 1995 landslide works, the „Quarry‟ 
where small landslides occurred in 1940 and the 1960s, and three of the largest landslides (#1, #2, and #3) which occurred during the February 2004 rainstorm. 
The largest failure (#2) closed SH3 for over two months. Small failures (sf) have occurred on the scars of landslides #2 and #3 in the last 12 months. 
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Figure 11. January 2000 photo of the 1995-1998 landslide works and „Quarry‟ in the Manawatu 
Gorge showing the areas (1a, 2a, 3a) where landslides #1, #2, and #3 occurred in February 2004. 
A shallow debris slide occurred at the landslide #2 site during the 1960s (note the young vegetation*). 

 
Figure 12. January 2000 photo of the 2011 landslide area, which developed on a slope underlain by 
thick colluvium deposits between bluffs of strong sandstone (B2, B3) in the Manawatu Gorge. The 
lower part of 2011 landslide area is sparsely vegetated because of shallow failures 1930-1940 and 
1968-69 (compare with Figures 8 and 23). 
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3.2.2 Distribution and frequency of historical landsliding in the gorge 

Following the landslide problems in the Manawatu Gorge in the 1990s, an assessment in 
1998 by Worley Consultants Limited for Transit New Zealand concluded that “large scale 
slope failure events are common in the gorge”…, and “estimated that a 5,000 m3 to 20,000 m3 
event is likely to occur on average once every 3 to 5 years.  The frequency of larger 
landslides (20,000–500,000 m3) was found to be uncertain, but a conservative estimate of 
once every 50 years was suggested based on the history of large slope failures in the gorge 
through the 1990s (Worley Consultants 1998). 

Although Worley Consultants (1998) estimated that the risk of a large scale landslide in the 
gorge was „generally low‟ based on the limited information available at that time, they 
pointed out that a comprehensive inspection of the gorge at road level and from the air was 
required if the level of landslide risk in the gorge was to be better defined. 

The records of historical landslides in the Manawatu Gorge from the 1940s to the present 
day and especially since 1980 (Table 1) suggest, however, that large-scale landsliding in  
the gorge may occur more frequently than once every 50 years.  The potential for larger 
landslides that cause closures of SH3 is clearly greatest in the western and central sections 
of the gorge (RP488/1.0 to RP491/2.45), mainly because of the steeper slopes above SH3 
(Figure 6) and cutting back of the slope to widen the road during the 1960s and 1980s. 

Table 1. Historical landslides that have affected or closed SH 3 in the Manawatu Gorge. 

 

Historical Landslide 
Occurrence2 

Significant Historical Landslides in the Manawatu Gorge1 
Gorge Monument 
(RP488/1.05)3 

Bluff 10 
(RP491/0.10) 

Barney’s Point 
(RP491/2.45) 

Upper Gorge Bridge 
(RP491/.4.10) 

Western Section3 (1.8 km) Central Section (2.35 km) Eastern Section (1.65 km) 

1. Pre ~1930-1940  
(on 1940 aerial photos) 

13 9 - 

2. Fresh on 1940 aerial 
photos 

9 12 6 

3. Fresh on 1968-1969 
aerial photos 

4 7 1 

4. Fresh on 1978-1980 
aerial photos 

19 11 6 

5. 1985-86 1 (closed 2 days) - - 

6. 1990 - 1 (closed 8 days) - 

7. 1995 - 3 (closed 67 days)  

8. 1998 - 1 (closed 7days)  

9. February 2004 7 14 (closed 70 days) 7 (closed ~1-3 days) 

10. Aug 2011-Sep 2012  1 (closed  ~360  days) - - 

11. others 2004–2012 1 3 2 

Total landslides (slides/km) 55 (30/km) 61 (26/km) 22 (13/km) 

Notes: 
1.  Landslide locations based on mapping by Perrin and Hancox 2000 and this study (Figures 4 and 9). 
2.  Route Positions (RP, km) of landslides and Sections of the gorge used in this report. 
3.  Sections of the gorge are shown on Figures 2 and 3. 
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The historical landslide data presented in Table 1 and Figures 4 and 9 shows that there 
have been more landslides in the steeper western and central sections of the gorge than 
there have been upstream of Barney‟s Point.  All of the larger overslip landslides that have 
caused long-term closures of SH3 are located in the central and western sections of the 
gorge.  The five underslips that occurred in the eastern section of the gorge during the 2004 
storm also had the potential to close the road for a several days. 

 

3.3 Earthquake-induced landsliding in the gorge 

Although there is limited historical evidence of earthquake-induced landsliding in the 
Manawatu Gorge, strong earthquake shaking (intensity MM8 or greater) associated with a 
potential magnitude 7.5 earthquake on the nearby Wellington-Mohaka Fault could potentially 
trigger large landslides in the gorge and severely damage the road.  Recent studies of 
earthquake-induced landslides in New Zealand (Hancox et al. 1997, 2002) have shown that 
shaking of Modified Mercalli (MM) intensity MM 6 generally causes very small (≤103 m3) soil 
(earth/debris) and rock falls on steep slopes and cuts.  At intensity MM7 (peak ground 
acceleration (PGA) ~0.1–0.3 g) small rock falls from steep slopes and cuts are common, with 
a few small to moderately large landslides (103–105 m3).  Larger landslides (105–106 m3 or 
greater) generally occur at MM8 or greater (PGA ~0.2 –0.5 g or >, see Appendix 2). 

Over the last 170 years the Manawatu Gorge area has been affected by ~MM7 or greater 
shaking on three occasions.  The most reliable reports of earthquakes causing landslides in the 
gorge are of small isolated rock falls in the Manawatu Gorge (at MM7) during the Ms 7.6 
Pahiatua earthquake in 1934, and isolated boulders falling on the gorge road (at MM6-7) during 
the Mw 7.2 Masterton earthquake in June 1942 (Hancox et al. 1997, Downes et al. 2001). 

Historically, the strongest earthquake shaking that has affected the Manawatu Gorge 
occurred during the 1855 magnitude 8.2 Wairarapa earthquake which is believed to have 
caused MM8 shaking in the Woodville to Palmerston North area (Grapes and Downes 1997, 
Hancox et al.1997).  Shaking of that intensity would have triggered landslides on both sides 
of the gorge.  The large boulders which form rapids in the gorge between Bluffs 5 and 6 
(Figures 9 and 11) are thought to be the remains of a large landslide from the south side of 
the gorge, which may have occurred during the 1855 earthquake. 

 

3.3.1 Modelled recurrence of strong ground shaking 

Using the NZ probabilistic seismic hazard model (Stirling et al. 2002), recurrence intervals of 
strong ground shaking of MM intensities can be calculated.  The model predicts that MM7 
shaking, the threshold to trigger significant landslides, will occur in the Palmerston North to 
Manawatu Gorge area on average every 30 years (Table 2).  The return time for MM8 
shaking (equivalent to the 1855 earthquake), the intensity at which large to very large 
landslides can be expected, is about 125 years (annual probability ~0.008 or 8 x 10-3). 
Table 2. Recurrence intervals of MM intensities in the Palmerston North–Manawatu Gorge area. 

Modelled MM Intensity Recurrence Intervals 

MM Intensity 5 6 7 8 9 10 

Return Period (yrs) 3 10 30 125 700 14,000 
Note: MMI return periods calculated by N. Pondard (GNS Science, Lower Hutt using a model developed by 
W. Smith from the probabilistic seismic hazard model of Stirling et al. 2002. 
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3.3.2 Potential for future earthquake-induced landslides 

A future ~M 7.5 earthquake on the Wellington-Mohaka Fault at the eastern end of the 
Manawatu Gorge (Figure 1) or another nearby active fault (see Figure 13) is likely to 
generate very strong shaking (MM8-10) in the Manawatu Gorge.  Shaking of intensity MM8 
or greater is likely to trigger large and very large (1 Mm3 or >) landslides on both sides of the 
gorge. Very large landslides could potentially dam the Manawatu River and have 
catastrophic effects on SH3, possibly causing closure of the road for up to 1 year or longer. 

Typically, landslides and rock falls triggered by strong earthquake shaking (Appendix 2) are 
larger and more numerous than the rather shallow earth and debris falls (Appendix 1) of 
colluvium and regolith triggered by rainstorms, such as those which occurred in the gorge 
during the 2004 rainstorm.  Earthquake shaking is likely to be amplified on steep slopes and 
bluffs within the gorge, possibly by at least 1–1½ intensity units. This could cause large slope 
failures, not only of oversteepened (cut-back) toes of colluvial slopes, but also from steep 
rock bluffs along SH3. As was demonstrated during the February 2004 storm, steep rock 
slopes in the gorge are less affected by heavy rainfall. The potential sites of future rainfall 
and earthquake-induced landslides in the gorge are discussed in more detail in Section 4. 

 

 
Figure 13. Active faults (red lines) in the Manawatu Gorge area which could generate large 
earthquakes that could trigger landslides in the gorge. The most significant faults are the Wellington-
Mohaka Fault and the Ruahine Fault at the east end of the gorge (from GNS Active Fault Database). 
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4.0 POTENTIAL FUTURE LANDSLIDES IN THE MANAWATU GORGE 

Following the earlier review of the geology, geomorphology, and historical landsliding in the 
Manawatu Gorge (Hancox 2011), and the expanded appraisal presented above based on 
recent work on the 2011 landslide and other parts of the gorge, we believe it is possible to 
identify specific areas and sites where future landslides could occur.  From the 2011 review 
it was concluded that future landslides that could close SH3 will be located where thick 
colluvial deposits have been destabilised by steep (~50°–60° or >) unsupported road cuts.  
Most of these slopes are located between bluffs of relatively strong, jointed sandstone and 
argillite, as is the case with the 2011 landslide. 

In the 2011 review (Hancox 2011) fifteen areas were tentatively identified in the western and 
central sections of the gorge where large landslides could potentially occur in the future. The 
more detailed aerial photo studies, 2011 LiDAR-data, GIS analysis, and field mapping carried 
out during this 2012 study have enabled the potential future landslide areas and sites in the 
Manawatu Gorge to be more accurately located, characterised, and ranked according to their 
extent and capacity to significantly damage or close SH3.  The methodology used to identify 
the potential future landslide sites and results of the assessment are discussed below. 

 
4.1 Methodology 

Areas where potential future landslides could occur in the Manawatu Gorge were identified 
from several types of information including: 
(a) Precedent evidence from historical landslides and remedial works in the gorge. 
(b) Rock types and surficial deposits (especially areas of thick colluvium). 
(c) Geomorphic features (prehistoric landslides scarps, bluffs, rapids). 
(d) Slope angles and heights (from 1 m LiDAR contours). 
(e) Man-made modifications to the natural slopes (e.g. road cuts). 

Most of this information is discussed in detail above and illustrated by several figures.  In 
assessing landslide susceptibility it is widely accepted that the most important factors are 
slope angle, slope height, rock and soil types, groundwater conditions, and natural (erosion 
and landsliding) or man-made modifications to the long-term stable angles of slopes. 

Assessment of landslide susceptibility involves both knowledge of the spatial distribution of 
terrain types, geological materials and properties, and their propensity to produce landslides 
based on past performance, and a degree of interpretation (Fell et al. 2008).  It is important 
to know about the behaviour of past landslides in any area being considered, and to consider 
all types of landslides that could occur.  An area may be susceptible to different types of 
landslides (e.g. rock fall, debris fall, debris slide, and earth/soil fall etc., Appendix 1) 
depending on the terrain and soil and rock types present. 

In this study landslide susceptibility has been assessed from a slope angle model based on 
historical earthquake-induced landslide data and relationships to historical landsliding in 
greywacke terrain.  The susceptibility/slope angle model used in this study of the Manawatu 
Gorge is defined in Table 3.  This model was used in ArcGIS to prepare the slope 
angle/landslide susceptibility map shown in Figure 6.  This map is based on a digital terrain 
model derived from 1 m LiDAR contours.  The landslide susceptibility model used is similar 
to others used for other landslide hazard assessments in greywacke terrain in the Wellington 
region (e.g. Brabaharan et al. 1994, Kingsbury 1995), but has been updated to take into 
account the geology, terrain, and local site conditions in the Manawatu Gorge. 
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Table 3. Slope angle and landslide susceptibility classes used for landslide risk assessment  
along SH3 in the Manawatu Gorge. 

Slope 
 Class 

Slope 
Angle 

Landslide 
Susceptibility 

Slope types and characteristics 

Low < 25° LOW 

Very low to gentle (0–25°) slopes on broad ridge crests and 
the upper slopes of the gorge, and also on alluvial fans and 
terraces upstream of Barney‟ s Point, at least 10 m above cut 
batters along SH3.  Very few landslides. 

Moderate 25–35° MODERATE 

Moderate (25–35°) slopes on upper levels of the gorge, 
underlain by thick colluvium and old alluvium, especially 
upstream of Barney‟s Point.  Few small landslides (earth 
slides and flows) which have little effect on SH3.  

Moderate 
to Steep 35–45° HIGH 

Moderate to steep (35–45°) slopes on mid-level slopes of 
gorge, side streams, and upper slopes of old landslides. 
Generally underlain by thick colluvium and old landslide 
deposits.  Landslides relatively common, many affect SH3. 

Steep 45–60° 

VERY HIGH 

Steep to very steep (45–>60°) slopes, mainly on the lower 
slopes of the gorge, head scarps of existing landslides, on 
strong sandstone bluffs, and in road cuts along SH3.  Larger 
landslides are most common in this slope range, many of 
which affect SH3.  On steep rock bluffs mainly small local 
rock falls and isolated boulder falls.  

Very 
Steep >60° 

 

The slope angle and landslide susceptibility model defined in Table 3 has been used to 
prepare Figure 6, which shows the spatial distributions of the five slope angle classes.  Areas 
of red and purple on that map have very high landslide susceptibility, as demonstrated by the 
distribution of historical and more recent (post 2003) landslides shown in Figures 4 and 9. 

Areas with high and very high landslide susceptibility in the Manawatu Gorge are believed to 
have significant potential for future landsliding that could affect SH3. As proposed in the 
guidelines of Fell et al. 2008, these areas include: 
(a) Sites where there has been a history of landsliding and retrogression of the head scarps 

or lateral scarps of landslides is likely.  Most of these areas were identified in previous 
reports on landslide works in the gorge (e.g. Worley 1996 and 1998, Perrin and Hancox 
2000, Beca 2001, MHW 2004, Hancox 2011), and are shown in Figures 4 and 9. 

(b) Sites where there is no history of landsliding but topography (slope angle and height) 
indicates that landsliding may occur.  If slopes are steep enough (either naturally or due 
to anthropogenic factors) they may be susceptible to landsliding for a wide range of 
geological conditions.  These areas were identified in the gorge on historical and recent 
oblique and vertical aerial photos with the aid of contoured, hill-shaded, and slope angle 
maps generated in GIS from 2011 LiDAR, followed by ground inspections along SH3. 

(c) Sites where there is no history of landsliding but geological and geomorphological 
conditions are such that landsliding is possible under appropriate triggering conditions. 
These areas were identified from geological and geomorphic data (Figures 4 and 5), 
aerial photos, and ground inspections along SH3. 

The positions and characteristics of potential future landslide areas that could affect SH3 
within the Manawatu Gorge are discussed next. 

 



Confidential 2012 

 

GNS Science Consultancy Report 2012/254 (DRAFT 11October 2012) 31 

 

4.2 Characteristics of potential landslide areas 

The locations and extent of potential future landslides within the Manawatu Gorge that were 
identified in this study using the methods outlined above are shown in Figure 9 and 9a.  The 
RP positions of these areas along SH3, their characteristics (slope failure history, 
approximate slope angle, height, area, and volume), rock types and surficial deposits, and 
potential for future landslides that could affect SH3 are presented in Table 4.  Historical 
landslides that have caused long closures of SH3 in the gorge requiring major remedial 
works are also included in this table, mainly for comparative purposes.  The main landslide 
areas are illustrated by annotated aerial photos taken on 24 August 2012 (Figures 14 to 19). 

The large historical failure and potential future landslide areas have been ranked according 
to their estimated size and potential to close SH3 using a simple four-fold scale, as follows: 
R1 -10,000 m3; R2 - 10,000–25,000 m3; R3 - 25,000–50,000 m3; R4 - >50,000 m3.  In this 
scale the areas ranked R1 and R2 are thought to be less hazardous than those ranked 
R3 and R4.  The 2011 and 1995 landslides areas are ranked as R1 because major slope 
stabilisation works have been carried out in those areas to reduce the risk of slope failures  
(Figures 14 and 15).  However, the 1998 landslide, which has also been stabilised, is ranked 
R2 because the gabion wall at the toe of the stabilisation works is bulging and there are fresh 
cracks in the concrete base (Figure 15).  It is possible therefore that the gabion wall could fail 
during strong earthquake shaking, and may not survive a rainstorm similar to that of 
February 2004.  This will be discussed further in the risk assessment below (Section 5.0). 

Twenty five existing or potential landslide areas have been identified in this study (Table 4). 
Eight (32%) of these areas are in the Western Section of the gorge (Gorge Monument to 
Bluff 10, RP488/1.05 – 491/0.10); thirteen (52%) are in the Central Section (Bluff 10 to 
Barney‟s Point, RP491/0.10 – 491/2.45); and only four (16%) in the Eastern Section 
(Barney‟s Point to Upper Gorge Bridge, RP491/2.45 – 491/4.10, see Figures 2 and 9).  This 
dispersal is similar to the distribution of historical landslides in the Manawatu Gorge shown in 
Table 1 (West - 55 (40%), Centre – 61 (44%), East - 22 (16%).  The greater percentage of 
potential landslide areas identified in the Central Section compared to the historical landslide 
pattern is attributed to the greater number of potentially unstable February 2004 landslide 
scars in that part of the gorge (Figure 9). 

Significant potential for future landsliding exists in the Western Section of the gorge in the 
vicinity of the 2011 landslide, particularly between Bluffs 4 and Bluff 7 (~RP488/2.16–2.50, 
Figure 9).  Three large potential landslide areas (Areas 5, 6 and 7) with similarities to the 
2011 landslide have been identified in this part of the gorge.  All of these areas are located 
below prehistoric landslide scarps in „deflated‟ zones filled with thick colluvial deposits 
between the spurs and bluffs of more resistant sandstone (Figure 14).  Small shallow debris 
slides occurred on cut slopes in these areas in 1930–1940, 1968–69, and two small failures 
occurred in February 2004 (Figure 9).  An old rock fall scar in Area 6 appears to be the 
source of large boulders which form the rapids in the river channel between Bluffs 5 and 6 
(Figure 14).  These boulders appear to be the remains of a landslide dam which possibly 
dates back to the 1855 earthquake. 

There is clearly potential in Areas 5, 6, and 7 for future failures of colluvium and regolith 
similar to the 2011 landslide, especially during heavy rainfall or strong earthquake shaking. 
As at the 2011 landslide site, these slopes are more vulnerable to slope failures if small 
failures occur at the toe, or is cut back and oversteepened in any way without the restoration 
support at the base of the slope. Any future slope failures in these areas need to be 
approached with caution to ensure that the slope is not destabilised to a greater extent. 
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Table 4. Locations and characteristics of major historical landslides and potential future landslides areas that could affect SH3 in the Manawatu Gorge. 

Area 
No. 

Route Position 
(RP) on SH3 (km)1 

Type of Landslide Feature and  
Previous Slope Failure History2 

Approx. 
Height3  

(m) 

Approx. 
Area4 
(m2) 

Approx. 
Volume5  

(m3) 

Average 
Slope3 

Angle ( ) 

Geology – Main Rock Types 
and Surficial Deposits6 

Potential for future landsliding that 
 could affect SH 3 and other comments7 

Rank8 

1 RP488/1.22 – 1.38 Three potential landslide sites (A, B, C) down-
stream of Bluff 1. Small shallow landslides in 
1930-40, 1968-69, 1978-80, Feb. 2004 (from ~60 
m above SH3 at Bluff 1). 

1A – 60 
1B – 40  
1C – 35 

1800 
1500 
 800 

9000 
8000 
4000 

45–60 
35–60 
35–60 

Foliated lithozone, argillite dominated, 
with sandstone at Bluff 1. Thin (~1- 3 m) 
surficial angular colluvium and loess. 

Potential for further regressive failures (debris falls) at these 
sites, especially the very steep top of Site 1A during strong 
earthquake shaking. 

R1 

2 RP488/1.42 – 1.47 Potential landslide site in area of small landslides 
1930-1940, 1978-80, and two in Feb. 2004, 

50 2500 15,000 60 Volcanic lithozone (red argillite), with 
 ~1- 3 m surficial angular colluvium and 
thin loess. 

Potential for debris falls of colluvium from steep scarps of the 
2004 failures, especially during heavy rainfall and strong 
earthquake shaking. 

R2 

3 RP488/1.51 – 1.64 Two potential landslide sites (A, B) in area of 
previous small slope failures in 1930-40,1968-69, 
1978-80, and three small failures in Feb. 2004 

3A – 70 
3B – 50 

3000 
1500 

15,000 
8000 

> 60 (H) 
35–60 (T) 

Sandstone and Volcanic lithozone (red 
argillite), with thin (~1- 3 m) angular 
surficial colluvium and thin loess. 

Potential for moderate to large debris falls from scarps of 
previous failures, especially during heavy rainfall and strong 
earthquake shaking. 

R2 

4 RP488/1.86 – 2.10 2011 Landslide area and stabilisation works 
between Bluffs 2 and 3. The 2011 landslide 
developed from a small failure in Sep 2010.  
Small, shallow failures in this section of the gorge 
in 1930-1940 and 1968-69.  

130 16,000 160,0005a 45–60 (H) 
45–35 

(above head) 

Sandstone and (minor) Volcanic lithozone 
(red argillite), with 1- 5 m and in places 10 
or more surficial colluvium, alluvium, and 
thin loess deposits (on the upper slope). 

Extensive stabilisation works undertaken in this area during 
2012.  Future slope failures are considered to be unlikely in 
this area.  This is the largest landslide that has occurred in 
the Manawatu Gorge landslide in the last 100 years. 

R1 

5 RP488/2.16 – 2.20 Potential landslide area below a large prehistoric 
landslide scarp between Bluffs 4 and 5. Small 
shallow colluvial debris slides occurred in this 
area from 1930 to 1960s, and in Feb. 2004 on cut 
slopes along SH3. 

90 5000 25,000 –   
30,000 

45–60 (H) 
25–45 (T) 

Sandstone and Volcanic lithozone (red 
argillite) in the upper slope, with ~thick 
(2-5 m or more) surficial colluvium and 
thin loess (mainly between bluffs).  

Potential for large colluvium/regolith fall during heavy rainfall 
and/or strong earthquake shaking, especially if the toe of the 
slope fails again or is cut back.  Slope needs to be handled 
with care.  

R3 

6 RP488/2.23 – 2.35 Two potential landslide areas (A, B) below large 
old (prehistoric) scarp between Bluffs 5 and 6.  A 
more recent scar and rapids formed by boulders 
in the river channel were possibly caused by the 
1855 earthquake. Small shallow debris slides 
occurred in this area between 1930 and 1940, 
1998-2003 and Feb. 2004. 

6A – 90 
6B – 40 

5500 
800 

40,000 
1500 

45–60 (H) 
35–45 (T) 
6B - 45–60 

Foliated lithozone, argillite-dominated, 
and Volcanic lithozone (red argillite). 
Sandstone exposed in bluffs mid slope, 
with ~1-5 m or more surficial colluvium 
and thin loess. The rapids are formed by 
large sandstone boulders inferred to have 
been derived from this slope. 

Potential for large colluvium/regolith fall during heavy rainfall 
and/or strong earthquake shaking, especially if the toe of the 
slope fails again or is cut back.  This slope needs to be 
maintained handled with care. 

R3 

7 RP488/2.42 – 2.47 Large potential landslide area between Bluffs 6 
and 7, below a prominent elongate prehistoric 
landslide scarp. Small historical landslides at toe 
of slope 1930-40. Small rock falls from Bluff 6 Sep 
1985. 

80 3600 25,000 45–60 (H) 
35–45 (T) 

Volcanic lithozone and foliated, argillite-
dominated. Thin (~1- 3 m) surficial 
angular colluvium on slope between Bluffs 
6 and 7. 

Potential for a large colluvium/regolith fall during heavy 
rainfall and/or strong earthquake shaking, especially if the toe 
of the slope is cut back. Slope needs to be handled with care. 

R3 

8 RP488/2.52 – 2.6 Two potential failure areas between Bluffs 7 and 9 
in areas where small road cut failures occurred in 
1930-40, 1978-80, and a larger failure occurred at 
the top of Bluff 8 (8A) between 2004 and 2011. 
Tied-back wall built in 1985 on the west side of 
Bluff 9 to stabilise a rock wedge failure. 

8A – 50 
8B – 30 

1000 
500 

5000 
1500 

45–>60 (H) 
35–45 (T) 

Foliated lithozone, argillite-dominated 
bedrock, with 1-3 m surficial colluvium 
between Bluffs 7-8. Graded-bedded 
(sandstone/argillite) at Bluff 9. 

Potential for retrogressive upslope failures at these sites 
during strong earthquake shaking or heavy rainfall, especially 
at Site 8A where recent failures have occurred. Toe of 
colluvial slope at Site 8B potentially more vulnerable if cut 
back.  

R2 
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Area 
No. 

Route Position 
(RP) on SH3 (km)1 

Type of Landslide Feature and  
Previous Slope Failure History2 

Approx. 
Height3  

(m) 

Approx. 
Area4 
(m2) 

Approx. 
Volume5  

(m3) 

Average 
Slope3 

Angle ( ) 

Geology – Main Rock Types 
and Surficial Deposits6 

Potential for future landsliding that 
 could affect SH 3 and other comments7 

Rank8 

9 RP491/0.23 – 0.34 Two potential landslide sites between Bluffs 11 
and 12 at sites where previous failures have 
occurred.  At 9A minor colluvial failures occurred 
in the 1960s, again in 1996.  Extensive failure of 
colluvium at Site 9B in 1985 after the toe of the 
slope was cut back. 

9A – 40 
9B – 35 

1700 
1100 

9000 
5000 

35–45 (H) 
45– >60(T) 

Volcanic lithozone rocks (red argillite, 
sandstone), overlain by thick colluvial 
deposits. 

Potential for retrogressive upslope failures (debris falls/ 
slides) at both sites especially during heavy rainfall where 
recent failures have occurred. The toe of these slopes will  
be more vulnerable to failures if they are cut back and they 
need to be maintained with care.  

R2 

10 RP491/0.46 – 0.52 A major landslide occurred here in July 1998, 
requiring extensive stabilisation works, including 
sluicing of loose material, benching, drainage 
drilling, and a 10 m high gabion wall at the toe of 
the slope above SH3. 

50 2000 10,0005a 45–60 (H) 
> 60 (T) 

Foliated lithozone, sandstone dominated; 
closely jointed and shattered due to 
proximity of major, old ENE-striking fault 
(Figure 4).  Extensive, thick colluvial 
deposits overlie bedrock in this area. 

The benching stabilisation works are effective.   However,  
the MSE wall and gabion facing wall is bulging, and the ~1 m 
high concrete wall base has fresh cracks spaced ~ 3 m apart. 
Remedial works are needed here to repair this damage. 

R2 

11 RP491/0.64 – 0.78  Three large failures occurred on slopes up to 100 
m high in this area in sites A (2) and B during a 
wet winter in 1995.  These failures were related to 
cutting back of the toe of the slope, not the 
shallow failures that occurred from 1930 to 1940.  
Extensive remedial works carried included 
sluicing, benching and removal of ~100,000 m3 of 
failure debris, drainage drilling, and installation of 
mesh on the upper slopes.   A small soil slide and 
flow occurred at the top of Site B during the 2004 
rainstorm. 

11A – 100 
11B – 100 

7000 
3000 

100,0005a 
(A & B) 

45–> 60 
 (H & T) 

Foliated lithozone, sandstone dominated; 
closely jointed and shattered weak rock 
due to proximity of major, old ENE-striking 
fault.  Thick colluvium also overlies 
bedrock in this area. 

The stabilisation works at site 11A appear to be working  
well, and few problems are anticipated in this area.  Recent 
landsliding at the top of site 11B in 2004 suggest that future 
problems could occur in this area. The mesh on this steep 
slope is loose and is probably ineffective.  

 

R1 

12 RP491/0.81 – 0.91 Potential landslide area at 12A, the site of a 
moderately large colluvial debris fall during the 
Feb.2004 rainstorm (#1), and a smaller colluvial 
failure at road level (12B) which occurred 
sometime between 1998 and 2003. 

12A – 60 
11B – 30 

3000 
900 

15,000 
5000 

A35–60 (OS) 
B45–>60(OS 

Sandstone lithozone bedrock, shattered 
due to fault proximity, with thick (~3-5 m) 
angular colluvium. 

Potential for significant regressive failures (debris falls of 
colluvium/regolith) from oversteepened head scarps at 2A 
and 12B, especially during heavy rainfall and strong 
earthquake shaking.  

R3 

13 RP491/0.92 – 0.98 This area (aka the “Quarry”) was the site of small 
slip pre 1940, a larger failure during the 1960s, 
and another small debris fall in Feb. 2004. 

50 2000 5000 – 
10,000 

45–>60 Volcanic lithozone (red argillite), shattered 
and/or closely jointed, overlain by thick 
colluvium. 

Potential for a large regressive failure (debris fall) from the 
steep face near SH3, especially during heavy rainfall and 
strong earthquake shaking. 

R2 

14 RP491/1.00 – 1.13 This area is the site of the largest landslide (#2) 
that occurred during the February 2004 rain-
storm, although there is no history of previous 
failures at this site.  A small failure occurred on 
the steep failure scar in July/ August 2012, 
making it vulnerable to future collapses.  

70 10,000 70,000 45 –>60 (H) 
 35–45 (T) 

Volcanic lithozone (red argillite), closely 
jointed, shattered, and weathered. This 
weak bedrock is overlain by thick colluvial 
deposits. Open tension cracks in bush 
~20 upslope of head scarp- pins placed 
for monitoring (pers. comm. P. Wopereis). 

There is potential for large upslope failures (rock/ colluvium/ 
regolith falls) from the over-steepened head scarp, especially 
during heavy rainfall and strong earthquake shaking.  Any 
further earthworks at this site would need to be carefully 
designed and implemented. 

R4 

15 RP491/1.23 – 1.32 Potential landslide area at the head of a large 
colluvial debris fall during the February 2004 
rainstorm (#3). No slope failures previously noted 
in this area until February 2004.  Rock fall from 
scarp in 2005 destroyed guard rail and blocked 
SH3 temporarily (pers. comm. P. Wopereis).  A 
small section of the steep head scarp failed again 
in last 12 months (post 30/9/2011 LiDAR). 

45 3500 20,000 45–>60 (H) 

35–45 (T) 

Thick colluvium overlying sandstone and 
foliated sandstone lithozones. 

At this site there is potential for moderate to large regressive 
upslope failures of colluvium and weathered rock from the 
over-steepened head scarp, especially during heavy rainfall 
and strong earthquake shaking. 

R3 
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Area 
No. 

Route Position 
(RP) on SH3 (km)1 

Type of Landslide Feature and  
Previous Slope Failure History2 

Approx. 
Height3  

(m) 

Approx. 
Area4 
(m2) 

Approx. 
Volume5  

(m3) 

Average 
Slope3 

Angle ( ) 

Geology – Main Rock Types 
and Surficial Deposits6 

Potential for future landsliding that 
 could affect SH 3 and other comments7 

Rank8 

16 RP491/1.37 – 1.54 Two potential landslide sites noted in this area 
(16A, B). A very small debris fall occurred at 16B 
in Feb.2004. Three small failures occurred here in 
~1978-80, caused mainly by minor cutting back 
and over-steepening the toe of the colluvial slope 
along this section of SH3. 

16A – 40 
16B – 20 

3700 
700 

10,000 
2000 

45–>60 (H) 

35–60 (T) 
(A and B) 

Thick (~3-5 m) colluvium overlying 
sandstone and foliated sandstone 
lithozone bedrock. 

Potential for moderate to large colluvial failures (debris falls 
and slides) at sites 16A and 16B from the steep slope above 
SH3, especially during heavy rainfall and strong earthquake 
shaking. 

R1 

 

17 RP491/1.57 – 1.81 Three potential landslide sites were noted in this 
area (17A, B, C).  In Feb. 2004 a moderate to 
large debris fall occurred at 17A (#4), with a 
smaller failure at 17C. Several failures moderate 
to large landslides occurred along this section of 
SH3 in the late 1940s and 1968-69, caused by 
minor cutting back and oversteepening the toe of 
the colluvial slope along this section of SH3. 

 

17A – 40 
17B – 35 
17C – 40 

3300 
1300 
1500 

10,000 
4000 
5000 

45–60 (OS) 

35–60 (OS) 
45–>60 (OS) 

Thick (~3-5 m) colluvium overlying 
sandstone and foliated sandstone 
lithozone bedrock 

Potential for moderate to large colluvial failures (debris falls 
and slides) at sites 17A, 17B and 17C from the steep slope 
above SH3, especially during heavy rainfall and strong 
earthquake shaking.  Sites 17A and 17C are more vulnerable 
because of oversteepening of the toe by the 2004 failures. 

R2 

18 RP491/1.85 – 2.03 Potential landslide area on slope above a large 
colluvial debris fall caused by the February 2004 
rainstorm (#5). 
Small debris fall occurred in this area in ~1940, 
1968-69, and 1978-80 due to minor toe cutting to 
widen SH3. 

70 8000 20,000 25–35 (AH) 

35–>60 (OS) 

Volcanic lithozone (red argillite) and 
argillite-dominated foliated lithozone 
overlain by thick (~3-5 m) colluvium. 

Potential for future moderate to large regressive colluvial 
failures (debris slides and falls) from the steep headscarp at 
this site, especially during heavy rainfall and strong 
earthquake shaking. 

R2 

19 RP491/2.04 – 2.16 Potential failure area above a moderately large 
colluvial debris fall which occurred during the 
February 2004 rainstorm (#6), and a large debris 
slide just upstream which occurred in 1990, 
blocking SH3 for several days. 

70 5000 15,000 25–35 (AH) 

35–>60 (OS) 

Argillite-dominated foliated lithozone 
overlain by thick (~3-5 m) colluvium. 

Potential for future moderate to large regressive colluvial 
failures (debris slides and falls) from the steep headscarp at 
this site, especially during heavy rainfall and strong 
earthquake shaking. 

R2 

20 RP491/2..20 – 2.33 Potential failure site in area of thick colluvium.  
Several small failures occurred on this section of 
SH3 in ~1940, 1968-69, and 1978-80; small 
debris slide/flow occurred high on the slope 
between 2004 and 2012. 

90 7000 20,000 35–45 (H) 
45–60 (T) 

Foliated argillite-dominated and graded 
bedded lithozones overlain by thick  
(~3-5 m) colluvium. 

Potential for future small to large debris slides and falls at this 
site, especially during heavy rainfall and strong earthquake 
shaking.  

  

R2 

21 RP491/2.33 – 2.49 Potential landslide area on the steep cut slopes 
above at the toe of an old alluvial/debris fan built 
by the Barney‟s Point stream.  A minor road cut 
failure occurred here in 1978-80, and four very 
small soil (earth) and debris falls occurred during 
the February 2004 storm. 

5–10 1500 
(total 
area) 

3000 45–60 (OS) 
and  > 60 (T) 

Thick (~5-10 m) alluvial fan deposits with 
thin (<0.5 m) surficial loess, overlying 
graded bedded lithozone bedrock 
(moderately weathered and closely 
jointed sandstone and fissile argillite). 

Potential for further small earth and debris slides and falls on 
the steep ~10 m high road cuts in this area, especially during 
heavy rainfall and strong earthquake shaking. 

R1 

22 RP491/2.52 – 2.69 Potential landslide area on steep road cuts along 
SH3, where the colluvial wedge at the toe of the 
slope east of Barney‟s Point was cut back in the 
1960s and 1980s.  A small failure occurred here 
in 1978-80, and a larger debris fall/flow and 
underslip occurred in February 2004 (#7; U/S#1). 
The 2004 slip area was benched, but there is still 
failure potential at the upstream (south) end. 

15–25 6000 
(total 
area) 

10,000 35–45 (H) 
45–60 (T) 

Thick (~5-10 m) colluvial wedge/ fan 
deposits with thin surficial loess, over-
lying graded bedded lithozone bedrock 
(moderately weathered and closely 
jointed sandstone and fissile argillite). 
Mainly colluvium (with sparse bedrock 
outcrops) at road level, and bedrock at 
river level. 

Potential exists for further small to moderate-sized debris 
falls and flows in this area, especially during heavy rainfall 
and strong earthquake shaking.  

R1 
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Area 
No. 

Route Position 
(RP) on SH3 (km)1 

Type of Landslide Feature and  
Previous Slope Failure History2 

Approx. 
Height3  

(m) 

Approx. 
Area4 
(m2) 

Approx. 
Volume5  

(m3) 

Average 
Slope3 

Angle ( ) 

Geology – Main Rock Types 
and Surficial Deposits6 

Potential for future landsliding that 
 could affect SH 3 and other comments7 

Rank8 

23 RP491/2.70 – 2.83  Potential landslide area (similar to Area 22) where 
three small debris falls and flows (#8 and U/S#2, 
Figure 7) occurred during the February 2004 
rainstorm. The overslips were meshed, and a 
similar failure occurred close to Windy Bridge 
between 2004 and 2011 just south of where the 
mesh ends. 

15–25 3000 
(total 
area) 

6,000 35–45 (H) 
45–>60 (T) 

(upper slope 
35–25 or<) 

 

Bedrock in the section of the gorge 
upstream of Barney‟s Point is relatively 
weak, closely jointed, and in places 
shattered due to the proximity of the 
active Ruahine Fault, which is mapped 
running northeast across the gorge close 
to the western abutment of the Upper 
Gorge Bridge (Figure 1). 
 
 
The topography and geology upstream of 
Barney‟s Point to Upper Gorge Bridge is 
also very different to the section of gorge 
(downstream) to the west.  Upstream of 
Barney‟s Point the rock is graded bedded 
lithozone overlain by thick colluvium, 
alluvial fan deposits.  This is in marked 
contrast to the repeated sequence of hard 
sandstone spurs and intervening areas of 
colluvium in the Central and Western 
Sections downstream of Barneys‟ Point. 

 

Potential exists for further small to moderate-sized debris 
falls and flows in this area, especially during heavy rainfall 
and strong earthquake shaking.   The existing area of mesh 
protects SH3 from small debris falls and flows, but the mesh 
needs to be extended ~15 m across the recent failure area to 
the Windy Bridge Stream.  Underslips are also expected to 
occur along this section of the gorge. 

R1 

 

 

 

 

24 RP491/2.89 – 3.20 Two potential landslide areas where small debris 
falls and flows (#9 and U/S #3 and #4, Figure 7) 
occurred during the February 2004 rainstorm. The 
underslip damage to the road edge has also been 
repaired. 

25–40 A –3500 
B –3900 
(totals for 
A and B) 

 

6000 
7000 

35–45 (H) 
45–>60 (T) 

(upper slope 
35–25 or<) 

Potential exists for further small to moderate-sized debris 
falls and flows and underslips in this area, especially during 
heavy rainfall and strong earthquake shaking.   

R1 

25 RP491/3.20 – 4.00 Mainly small underslip failures in this section of 
the gorge, and small to very small debris falls on 
the 3-5 m high road cuts into the toe of the thick 
colluvial slope 

2–5 NA Minor 35–60 (cuts) 
<25–35 

(above cuts) 

Thick colluvium, fan and terrace alluvium 
with thin loess at road level, overlying (at 
river level) graded bedded lithozone bed-
rock (moderately weathered and closely 
jointed sandstone and fissile argillite). 

 

Potential exists for small to very small road cut failures (soil 
and debris falls) and future underslips in this area, especially 
during heavy rainfall and strong earthquake shaking. 

R1 

NOTES: 
(1) Route positions (km) on SH 3 are measured from the junction of SH3 and SH57 (RP488/0.00) shown on Figure 2.  Locations and RPs of specific landslide areas are shown on Figure 9 and 9a. 
(2) Historical landslides are shown on Figures 4 and 9.  
(3) Maximum slope heights (above SH3) and slope angles were determined from Figure 6 using 1 m LiDAR contours (29/9/2011).  Average slope angles are given for the head scarp (H) and toe (T), areas above the head scarp (AH), or the overall 

slope (OS) at each site. 
(4) Areas of potential landslide sites determined in GIS from Figure 9 polygons. 
(5) Volumes of potential future landslide areas were estimated from area of the site and depth of a possible slope failure, based on the depth of surficial colluvium and/or regolith (soils and weathered bedrock). 
(5a) Approximate volumes of past landslides that have been stabilised or regraded (1995, 1998, 2011) from works records. These values are included for comparative purposes. 
(6) Geology based on Figure 4 (bedrock and structures from Marden 1984), surficial deposits from Figure 5, and field observations. 
(7) Assessment of future landslide potential are based on: (a) slope angle and height; (b) rock types and surficial deposits; (c) previous slope failures at sites; and (d) triggering events (heavy rainfall, earthquake shaking) that have affected the 

slopes and are expected in the future. 
(8) Historical and potential landslide areas that could affect SH3 in the gorge are roughly ranked according to their size and potential to close the highway and need for remedial measures, as follows:  

R1 - ,10,000 m3;  R2 - 10,000–25,000 m3;  R3 - 25,000–50,000 m3; R4 - >50,000 m3. 
 p4/4 
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Figure 14. Aerial view of the 2011 landslide stabilisation works (Area 4) and potential landslide Areas 5, 6 and 7 between RP488/1.8 and ~488/2.50.  Those areas 
are located in areas of thick colluvium (col) below subtle scarps of prehistoric landslide areas (PLA) between bluffs (B2-B8) of resistant sandstone.  Area 6 is the 
likely source area of a large rock fall (possibly during the 1855 earthquake) responsible for a boulder deposit which forms rapids in the river channel. 
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Figure 15. Aerial photo of the 1995 and 1998 landslide stabilisation areas and potential landslide Area 9 near Waterfall Stream in the centre of the gorge. 
Most of these are located in areas of thick colluvium (col) below scarps of prehistoric landslide areas (PLA) between bluffs (B10-14) of resistant sandstone. 
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Figure 16. Aerial photo of potential landslide areas 12 to 15 in the Manawatu Gorge from RP491/0.80 to 491/1.25 on 24 August 2012.  Regressive failures of the 
over-steepened (~45–>60 ) scarps of the 2004 landslides (LS#1-3) are likely to occur in all these areas, especially at landslide #2, which could potentially extend 
~25 m upslope from its present position.  Small new failures (nf) have occurred on two of the 2004 scars in the last 12 months and more are expected in the future.  
Few slope failures have occurred on bluffs of harder rock (B15, B16), which show little change since January 2000 (compare with Figure 11). 
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Figure 17. Closer view of the 2004 landslide #2, the largest potential landslide site (Area 14).  A small failure (sf) on the lower slip face in July/August 2012 
removed part of the rock fall mesh.  Bedrock at this site is weak, closely jointed, weathered red argillite overlain by thick colluvial deposits.  The steep (45–>60 ) 
head scarp now extends ~70 m above SH3 and is likely to retreat further upslope in the future.  Open tension cracks are present ~20 m above the head scarp. 

~145 m 

~75 m 

sf  

SH3 

Oversteepened  
head scarp  
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Figure 18. Aerial view of potential landslide Areas 18 and 19 and the sites of landslides which closed SH3 in1990 and 2004 (#5 and #6) between RP491/1.80 
and 491/2.20, about 200 m downstream of Barney‟s Point.  The small recent failure (rf) on the head scarp of the 2004 landslide #5 suggests that Area 18 in perhaps 
more vulnerable to future failures than Area 19.  The potential for failures at these sites is slightly less than those in the centre of the gorge. 
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Figure 19. Aerial view of potential landslide Areas 20 to 24 from RP491/2.20 to 491/3.20 in the vicinity of Barney‟s Point and Windy Point Bridge in the Eastern 
Section of the Manawatu Gorge.  The slopes in this area are lower and less steep.  There is significant landslide potential in Area 20 (note recent failure, rf), but 
generally only moderate hazard potential (from overslips and underslips similar to those in February 2004) in Areas 21 to 25. 



Confidential 2012 

 

GNS Science Consultancy Report 2012/254 (DRAFT 11October 2012) 42 

 

There are several areas with significant landslide potential in the Central Section of the gorge 
(Areas 12-15, Table 4).  As can be seen by comparing Figures 10 and 11, there has been a 
significant increase in landslide density in this area since January 2000.  The February 2004 
rainstorm caused several moderate to large landslides (#1 to #5) in the centre of the gorge 
between Bluff 15 and Barney‟s Point (Figure 9).  Area 14 at the site of 2004 landslide #2 
is the largest and most significant of the areas where future landsliding is expected to occur 
in the future.  A small failure occurred on the steep (45–>60 ) failure scarp in July/August 
2012, making it more vulnerable to future collapses (Figures 15, 16 and 17). 

The bedrock at Area 14 is weak, closely jointed, shattered, and weathered red argillite 
(Volcanic Lithozone) overlain by thick colluvial deposits (Figure 17).  The steep (45–>60 ) 
head scarp in this material now extends ~70 m above SH3 and is likely to retreat further 
upslope in the future.  There is clearly potential at Area 14 for large regressive upslope 
failures (rock/colluvium/regolith falls and slides) from the over-steepened head scarp, 
especially during heavy rainfall and strong earthquake shaking.  There is an open tension 
crack in the bush ~20 m upslope of the head scarp.  Monitoring pins have been set up on 
either side of this crack (pers. comm. P. Wopereis), but the results to date are not known. 

A high level of landslide hazard exists at both Area 12 and Area 15.  The centre of the gorge 
is more prone to landsliding because of the steep slopes and thick colluvium in that area 
(Figures 5 and 6), and bedrock is more jointed and shattered due to the presence of an old 
(inactive) fault that runs east-northeast through that part of the gorge (Figure 4).  Similar 
steep slopes and adverse geological conditions are also present at Areas 18 and 19 
(Figure 18).where large overslips occurred in 1990 and again 2004 (#5, #6). 

The topography and geology in the Eastern Section of the gorge from Barney‟s Point to 
Upper Gorge Bridge is different to Central and Western sections downstream.  Upstream of 
Barney‟s Point the rock is graded-bedded rocks overlain by thick colluvium and alluvial fan 
deposits which have moderate to gentle slopes (35–25  or <) above the very steep ~3-10 m 
high cuts along SH3 (Figure 19).  This is in marked contrast to the very steep (45–60  or <) 
slopes and the repeated sequence of sandstone spurs and intervening colluvium areas 
downstream in the Western and Central Sections of the gorge. 

These geological and geomorphic differences in the gorge upstream of Barney‟s Point are 
reflected in the reduced landslide potential identified in Areas 21 to 25 (Figure 19).  
Historically there have been a number of small slope failures on road cuts (overslips) in these 
areas and several significant underslips that have necessitated remedial works (Table 4). 

The potential exists therefore for further small earth and debris slides, falls, and flows on the 
steep ~10 m high road cuts in Areas 21 to 23, especially during heavy rainfall and strong 
earthquake shaking.  The area of mesh that protects SH3 from small debris falls and flows in 
Area 23 needs to be extended ~15 m across the recent failure area to the Windy Bridge 
Stream.  Minor to moderate sized underslips are also expected to occur along this section of 
the gorge during future heavy rainfall and flooding events similar to that of February 2004.  
Collapses and lateral spreading of road edge fills are also likely to occur during strong 
earthquake shaking. 
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5.0 LANDSLIDE RISK ASSESSMENT 

The hazard presented by landslides to SH 3 in the Manawatu Gorge has been identified in 
this study and several previous studies (e.g., Worley 1998 and Beca 2001) as a significant 
and on-going problem that presents significant risk.  This risk has been assessed in this 
study according to guidelines specified in the Risk Management Process Manual, September 
2004, Transit New Zealand, extracts from which are included here as Appendix 3. 

In this study the risk assessment has been completed for each of the 25 potential landslide 
areas that have been identified (Table 4) using the qualitative General Approach, which is 
based upon the risk management process and definitions presented in AS/NZS 4360:2004 
(Appendix 3).  The assessment presented does not specify site-specific treatment options, 
and there is no discussion of residual risk as that is beyond the scope of this study. 

The General Approach to risk management specified by NZTA is a qualitative approach. 
This approach is targeted at achieving the appropriate management of opportunities and 
threats, through the systematic application of generalised risk management processes and 
qualitative tools.  This approach is believed to be appropriate for this study given the time 
frame and budget available to undertake the landslide assessments. 

The results of the landslide risk assessment in this study may indicate, however, that a more 
rigorous risk assessment is justified using the Advanced Approach outlined in the NZTA 
guidelines (NZTA 2004).  The Advanced Approach to risk management is quantitative, and 
is based on the modelling of individual risks (landslide events).  For the Manawatu Gorge 
study this would probably involve modelling different types and sizes of landslides and 
triggering events to provide greater certainty and confidence in the levels of risk assessed. 

The Advanced Approach may be used where: (a) professional judgement suggests a more 
robust approach is required; (b) the General Approach reports a significant risk (e.g. one 
“extreme” risk or five “very high” risks);  (c) there may be a prolonged service disruption (road 
closure); or (d) expenditure in excess of $5m is likely.  Given these criteria and the long 
history of landslide problems and recent year-long closure of SH3 in the Manawatu Gorge  
it would be appropriate to use the Advanced Approach to assess future landslide risk in 
gorge, but that is beyond the scope of the present study. 

 

5.1 Risk assessment process 

The factual information on geological conditions, historical slope failures, and location details 
already presented in relation to the potential landslides areas assessed is vital in applying 
and guiding the General Approach risk assessment process we have used.  This information 
is critical to understanding the nature of landslide hazard in the Manawatu Gorge, and 
determining the conditions and trigger events under which future slope failures may occur. 

The first step in the risk assessment process was to identify and create a register of the 
„risks‟.  In this case the risks are the potential landslide areas discussed previously (Table 4). 
Events that may trigger a landslide, such as a rainstorm, strong earthquake shaking, 
anthropogenic activities (cutting back of slope), or spontaneous failures caused by gradual 
weakening of slopes over time due to weathering and natural erosional processes, are 
factors that influence the likelihood of a landslide occurring. 
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The General Approach provides a qualitative technique for analysing the identified landslide 
risks.  This technique is useful for considering diverse types of risk exposure, which would 
not otherwise be readily comparable.  The analysis includes consideration of: (a) existing 
controls (b) likelihood, and (c) consequences. These parameters and their ratings are 
described in Appendix 3 and are discussed below. 

 

5.1.1  Existing controls 

This step in the analysis involves detailing the existing processes, devices, practices, and 
control systems (e.g., catch fences, benches, slope drainage, toe supports) that act to 
minimise landslide threats and reduce the opportunities of slope failures, including an 
indication of how they might reduce the level of risk.  The slope failure control measures that 
are used in different parts of the gorge are discussed in Appendix 4, and listed in Table 5 
along with other risk assessment criteria. 

 

5.1.2 Likelihood rating 

Evaluation of the likelihood rating for each site provides a qualitative (descriptive) estimate of 
the probability of landslide events, as defined in Figure 20.  This requires consideration of the 
following inputs: 

(1) Historical landslide data (inferred landslide activity and frequency of landsliding). This 
allows the approximate annual probability of landslide events to be estimated. 

(2) Slope failure scenarios and unfavourable geological conditions. 

 
Figure 20. Rating the Likelihood of a Threat (Table 1a from NZTA General Approach, 2004). 
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5.1.3 Consequence rating 

Evaluation of the consequence rating for each site using the criteria set out in the NZTA 
General Approach, as defined in Figure 21.  Evaluation of the consequence rating for each 
site requires consideration of the following inputs: 

(1) Potential to cause harm to public. 

(2) Potential to damage road assets. 

(3) Potential „cost‟ associated with repair. 

(4) Potential „time‟ incurred with closure. 

(5) Potential „ecological damage‟. 

(6) Potential „media‟ coverage. 

 

 

Figure 21. Rating the Consequences of a Threat (Table 2 from NZTA General Approach, 2004). 
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5.2 Results of landslide risk evaluation 

The risk from potential landslide areas has been assessed in the General Approach by 
integrating the Likelihood and Consequences ratings in a matrix, as defined in Figure 22. 
In this approach the risk for each risk type (landslide area) was evaluated by establishing: 

(a) A risk score – the multiple of the likelihood and consequences ratings for each  
specific risk. 

(b) A risk (or threat) category – a description of the risk score in words (i.e. “negligible”, 
“low”, moderate”, “high”, “very high”, and “extreme”). 

(c) A risk (threat) ranking – established by listing all the risks associated with the activity or 
business level, in order of decreasing risk score. 

 

 
Figure 22. Risk ratings and threat categories (Table 3a from NZTA General Approach, 2004). 

 

The risk of potential landslide areas in the Manawatu Gorge was assessed using the General 
Approach described above.  The results of these assessments for each area are presented 
in detail in Table 5, summarised in Table 6, and discussed in Section 6. 
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Table 5. Risk assessment of existing landslides and potential future landslides areas that could affect SH3 in the Manawatu Gorge. 

Area 
No. 

Route 
Position 

(RP)1 

Approx. 
Height2  

(m) 

Approx. 
Area3 
(m2) 

Approx. 
Volume4  

(m3) 

Average 
Slope2 

Angle ( ) 

History of slope failures 
and remedial works 

Potential for future landsliding 
that could affect SH 35 

RISK ASSESSMENT (Based on NZTA Risk Management Process)6  

Existing 
stability controls 

Likelihood 
Rating 

Consequence 
Rating 

Risk Assessment 
(Score) 

1 488/1.22–1.38 1A – 60 
1B – 40  
1C – 35 

1800 
1500 
 800 

9000 
8000 
4000 

45–60 
35–60 
35–60 

Small shallow landslides 1930-40, 
1968-69, 1978-80, Feb2004. 

Potential for further regressive failures (debris falls) at 
these sites, especially the very steep top of Site 1A during 
strong earthquake shaking.  7Ranking – R1 

None Unlikely 
(3) 

Minor 
(10) 

Moderate Threat 

(30) 

2 488/1.42–1.47 50 2500 15,000 60 Small landslides 1930-1940, 
1978-80, and two Feb. 2004. 

Potential for debris falls of colluvium from steep scarps of 
the 2004 failures, especially during heavy rainfall and 
strong earthquake shaking. Ranking – R2 

None Unlikely 
(3) 

Medium 
(40) 

High Threat 

(120) 

3 488/1.51–1.64 3A – 70 
3B – 50 

3000 
1500 

15,000 
8000 

> 60 (H) 
35–60 (T) 

Small failures 1930-40, 1968-69, 
1978-80; 3 (small) Feb. 2004. 

Potential for moderate to large debris falls from scarps of 
previous failures, especially during heavy rainfall and 
strong earthquake shaking.  Ranking – R2 

Rock fall drape 
mesh (50% toe 

coverage) 

Unlikely 
(3) 

Medium 
(40) 

High Threat 

(120) 

4 488/1.86–2.10 130 16,000 160,0004a 45–60 (H) 
45–35 

(above HS) 

2011 Landslide/stabilisation works 
between Bluffs 2 and 3. Small, 
shallow failures here 1930-1940 
and 1968-69. 

Extensive stabilisation works were undertaken in this area 
during 2012.  Future slope failures are considered to be 
unlikely in this area.  Largest landslide in the Manawatu 
Gorge landslide in last 100 years.  Ranking – R1 

Benches / High 
energy catch 
fences. Wide 

verge. 

Unlikely 
(3) 

Minor 
(10) 

Moderate Threat 

(30) 

5 RP488/2.16 – 
2.20 

90 5000 25,000 –   
30,000 

45–60 (H) 
25–45 (T) 

Small shallow colluvial debris 
slides 1930 to 1960s, and Feb. 
2004 on cut slopes along SH3. 

Potential for large colluvium/regolith fall during heavy 
rainfall and/or strong earthquake shaking, especially if the 
toe of the slope fails again or is cut back.  Slope needs to 
be handled with care. Ranking – R3 

Rock fall drape 
mesh (50% toe 

coverage) 

Unlikely 
(3) 

Major 
(70) 

VERY HIGH 
THREAT 

(210) 

6 488/2.23–2.35 6A – 90 
6B – 40 

5500 
800 

40,000 
1500 

45–60 (H) 
35–45 (T) 
6B - 45–60 

Small shallow debris slides 1930 
to 1940, 1998-2003, Feb. 2004. 

Potential for large colluvium/regolith fall during heavy 
rainfall and/or strong earthquake shaking, especially if the 
toe of the slope fails again or is cut back.  Slope needs to 
be maintained with care.  Ranking – R3 

None Unlikely 
(3) 

Major 
(70) 

VERY HIGH 
THREAT 

(210) 

7 488/2.42–2.47 80 3600 25,000 45–60 (H) 
35–45 (T) 

Small slides at toe 1930-40. Small 
rock falls from Bluff 6 Sep 1985. 

Potential for a large colluvium/regolith fall during heavy 
rainfall and/or strong earthquake shaking, especially if the 
toe of the slope is cut back. This slope needs to be 
handled with care.  Ranking – R3 

Rock fall drape 
mesh (50% toe 

coverage) 

Quite 
Common 

(4) 

Major 
(70) 

VERY HIGH 
THREAT 

(280) 

8 488/2.52–2.6 8A – 50 
8B – 30 

1000 
500 

5000 
1500 

45–>60 (H) 
35–45 (T) 

Small road cut failures 1930-40, 
1978-80 and larger failure top of 
Bluff 8 (8A) 2004-2011. Tied-back 
wall built 1985 on west side Bluff 9 
to stabilise rock wedge failure. 

Potential for retrogressive upslope failures at these sites 
during strong earthquake shaking or heavy rainfall, 
especially at Site 8A where recent failures have occurred. 
Toe of colluvial slope at Site 8B potentially more 
vulnerable if cut back.   Ranking – R2 

None Unlikely 
(3) 

Medium 
(40) 

High Threat 
(120) 

9 491/0.23–0.34 9A – 40 
9B – 35 

1700 
1100 

9000 
5000 

35–45 (H) 
45– >60(T) 

Minor colluvial failures at site 9A 
in 1960 and 1996.  Larger colluvial 
failure at 9B in 1985 after toe of 
the slope was cut back. 

Potential for retrogressive upslope failures (debris falls/ 
slides) at both sites especially during heavy rainfall where 
recent failures have occurred. The toe of these slopes will  
be more vulnerable to failures if they are cut back and 
they need to be maintained with care.   Ranking – R2 

 

Concrete barrier. 
Excavated drop 

zone. 

Unlikely 
(3) 

Medium 
(40) 

High Threat 

(120) 
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Area 
No. 

Route 
Position 

(RP)1 

Approx. 
Height2  

(m) 

Approx. 
Area3 
(m2) 

Approx. 
Volume4  

(m3) 

Average 
Slope2 

Angle ( ) 

History of slope failures 
and remedial works 

Potential for future landsliding 
that could affect SH 35 

RISK ASSESSMENT (Based on NZTA Risk Management Process)6  

Existing 
stability controls 

Likelihood 
Rating 

Consequence 
Rating 

Risk Assessment 
(Score) 

10 491/0.46–0.52 50 2000 10,0004b 45–60 (H) 
> 60 (T) 

Failure July 1998 required major 
remedial works, including sluicing, 
benching, drainage drilling, and 
10m gabion wall at toe of slope. 

The benching stabilisation works are effective, but the 
MSE wall and gabion facing wall is bulging, and ~1 m high 
concrete wall base has fresh cracks ~3 m apart. Remedial 
works needed to repair damage.  Ranking – R2  

Gabion wall 
(failing) 

Unlikely 
(3) 

Medium 
 (40) 

High Threat 

(120) 

11 491/0.64–0.78  11A – 100 
11B – 100 

7000 
3000 

100,0004b 
(A & B) 

45–> 60 
(H & T) 

Three large failures 1995 at sites 
A (2) and B.  Remedial works 
included sluicing, benching and 
removal of failure debris, drainage 
drilling, and meshing of upper 
slopes.  Small soil slide/flow at top 
of Site B during 2004 rainstorm. 

The stabilisation works at site 11A appear to be effective; 
few problems anticipated in this area.  Recent soil flow at 
top of site 11B in 2004 suggests future minor problems 
could occur in this area. The mesh on this steep slope is 
loose and probably ineffective.   Ranking – R1 

 

Rock fall drape 
mesh (50% toe 

coverage) 

Unlikely 
(3) 

Minor 
(10) 

Moderate Threat 

(30) 

12 RP491/0.81 – 
0.91 

12A – 60 
11B – 30 

3000 
900 

15,000 
5000 

A35–60 
B45–>60 
(both OS) 

Site of moderately large debris fall 
February 2004 (#1); small colluvial 
failure at road level (12B) between 
1998 and 2003. 

Potential for significant regressive failures (debris falls of 
colluvium/regolith) from oversteepened head scarps at 2A 
and 12B, especially during heavy rainfall and strong 
earthquake shaking.   Ranking – R3 

Concrete barrier. 
Excavated drop 

zone. 

Unlikely 
(3) 

Major 
(70) 

VERY HIGH 
THREAT 

(210) 

13 491/0.92–0.98 50 2000 5000 – 
10,000 

45–>60 The “Quarry” - site of small slip 
pre 1940, larger failure in 1960s; 
and small debris fall in Feb. 2004. 

Potential for a large regressive failure (debris fall) from the 
steep face near SH3, especially during heavy rainfall and 
strong earthquake shaking.   Ranking – R2 

Excavated drop 
zone 

Unlikely 
(3) 

Medium 
(40) 

High Threat 

(120) 

14 491/1.00–1.13 70 10,000 70,000 45 –>60 (H) 
 35–45 (T) 

Largest landslide (#2) caused by 
the February 2004 rainstorm.  A 
shallow debris slide at this site 
during the 1960s.  Small failure on 
failure scar July/ August 2012. 

Potential for large upslope failures (rock/ colluvium/ 
regolith falls) from over-steepened head scarp, especially 
during heavy rainfall and strong earthquake shaking, as 
indicated by small failure of failure scar July/August 2012.  
Any further earthworks at this site would need to be 
carefully designed and implemented.   Ranking – R4 

Concrete barrier. 
Excavated drop 
zone. Rock fall 

drape mesh (50% 
toe coverage) 

Unlikely 
(3) 

SUBSTANTIAL 
(100) 

VERY HIGH 
THREAT 

(300) 

15 491/1.23–1.32 45 3500 20,000 45–>60 (H) 
35–45 (T) 

Large debris fall (#3) at this site in 
February 2004.  Small failure on 
headscarp in the last 12 months. 

Potential for moderate to large regressive upslope failures 
of colluvium and weathered rock from the over-steepened 
head scarp, especially during heavy rainfall and strong 
earthquake shaking.   Ranking – R3 

Bench Quite 
Common  

(4) 

Medium 
(40) 

VERY HIGH 
THREAT 

(160) 

16 491/1.37–1.54 16A – 40 
16B – 20 

3700 
700 

10,000 
2000 

45–>60 (H) 
35–60 (T) 
(A and B) 

A very small debris fall at 16B in 
Feb.2004. Three small failures 
occurred at this site in ~1978-80. 

Potential for moderate to large colluvial failures (debris 
falls and slides) at sites 16A and 16B from the steep slope 
above SH3, especially during heavy rainfall and strong 
earthquake shaking.   Ranking – R1 

None Unusual 
(2) 

Medium 
(40) 

High Threat 

(80) 

17 491/1.57–1.81 17A – 40 
17B – 35 
17C – 40 

3300 
1300 
1500 

10,000 
4000 
5000 

45–60 (OS) 
35–60 (OS) 

45–>60 (OS) 

Moderate to large debris fall at 
17A (#4); smaller failure at 17C 
Feb. 2004. Several failures here 
late 1940s and 1968-69, caused 
by cutting back of colluvial slope. 

Potential for moderate to large colluvial failures (debris 
falls/slides) at sites 17A, B and C from slope above SH3, 
especially during heavy rainfall and strong earthquake 
shaking.  Sites 17A and C more vulnerable because of 
oversteepening of toe by 2004 failures.   Ranking – R2 

None Unlikely 
(3) 

Medium 
(40) 

High Threat 

(120) 

18 491/1.85–2.03 70 8000 20,000 25–35 (AH) 
35–>60 (OS) 

Large colluvial debris fall caused 
by February 2004 rainstorm (#5). 
Small debris falls in this area in 
~1940, 1968-69, and 1978-80 due 
to minor toe cutting to widen SH3. 

Potential for future moderate to large regressive colluvial 
failures (debris slides and falls) from the steep headscarp 
at this site, especially during heavy rainfall and strong 
earthquake shaking.   Ranking – R2 

 

Rock fall drape 
mesh (50% toe 

coverage) 

Unlikely 
(3) 

Medium 
(40) 

High Threat 

(120) 
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Area 
No. 

Route 
Position 

(RP)1 

Approx. 
Height2  

(m) 

Approx. 
Area3 
(m2) 

Approx. 
Volume4  

(m3) 

Average 
Slope2 

Angle ( ) 

History of slope failures 
and remedial works 

Potential for future landsliding 
that could affect SH 35 

RISK ASSESSMENT (Based on NZTA Risk Management Process)6  

Existing 
stability controls 

Likelihood 
Rating 

Consequence 
Rating 

Risk Assessment 
(Score) 

19 491/2.04–2.16 70 5000 15,000 25–35 (AH) 
35–>60 (OS) 

Moderately large colluvial debris 
fall Feb. 2004 (#6); large debris 
slide just upstream in 1990, 
blocked SH3 for several days. 

Potential for future moderate to large regressive colluvial 
failures (debris slides and falls) from the steep headscarp 
at this site, especially during heavy rainfall and strong 
earthquake shaking.   Ranking – R2 

Rock fall drape 
mesh (20% toe 

coverage) 

Unlikely 
(3) 

Medium 
(40) 

High Threat 

(120) 

20 491/2.20–2.33 90 7000 20,000 35–45 (H) 
45–60 (T) 

Several small failures in this area 
~1940, 1968-69, 1978-80; small 
debris slide/flow 2004-2012. 

Potential for future small to large debris slides and falls at 
this site, especially during heavy rainfall and strong 
earthquake shaking.   Ranking – R2 

None Unlikely 
(3) 

Medium 
(40) 

High Threat 

(120) 

21 491/2.33–2.49 5–10 1500 
(total 
area) 

3000 45–60 (OS) 
and > 60 (T) 

A road cut failure here 1978-80; 
four very small soil (earth)/debris 
falls February 2004. 

Potential for small earth/debris slides and falls on steep 
~10 m high road cuts in this area, especially during heavy 
rainfall and strong earthquake shaking.   Ranking – R1 

None Unlikely 
(3) 

Minor 
(10) 

Moderate Threat 

(30) 

22 491/2.52–2.69 15–25 6000 
(total 
area) 

10,000 35–45 (H) 
45–60 (T) 

Small failure here in 1978-80; 
large debris fall/flow and underslip 
in February 2004 (#7; U/S#1). 

Potential exists for further small to moderate-sized debris 
falls and flows in this area, especially during heavy rainfall 
and strong earthquake shaking.   Ranking – R1 

Bench for 50% of 
exposure length 

Unlikely 
(3) 

Minor 
(10) 

Moderate Threat 

(30) 

23 491/2.70–2.83  15–25 3000 
(total 
area) 

6,000 35–45 (H) 
45–>60 (T) 

(upper slope 
35–25 or<) 

Three small debris falls and flows 
(#8 and U/S#2) February 2004. 

Potential for further small to moderate-sized debris falls 
and flows in this area, especially during heavy rainfall and 
strong earthquake shaking.   The mesh protects SH3 from 
small debris falls and flows, but needs to be extended 
~15 m across the recent failure area to the Windy Bridge 
Stream.  Underslips are also expected occur along this 
section of the gorge.   Ranking – R1 

Rock fall drape 
mesh (50% toe 

coverage) 

Unlikely (3) Minor (10) Moderate Threat 
(30) 

24 491/2.89–3.20 25–40 A –3500 
B –3900 
(totals for 
A and B) 

6000 
7000 

35–45 (H) 
45–>60 (T) 

(upper slope 
35–25 or<) 

Small debris falls and flows (#9 
and U/S #3 and #4 Feb. 2004. 

Potential exists for small to moderate debris falls/flows 
and underslips in this area, especially during heavy 
rainfall and strong earthquake shaking.   Ranking – R1 

None Unlikely 
(3) 

Minor 
(10) 

Moderate Threat 

(30) 

25 491/3.20–4.00 2–5 NA Minor 35–60 (cuts) 
<25–35 

(above cuts) 

Mainly small underslip in this area;  
small to very small debris falls on 
3-5 m high road cuts into the toe 
of the thick colluvial slope. 

Potential exists for small to very small road cut failures 
(soil and debris falls) and future underslips in this area, 
especially during heavy rainfall and strong earthquake 
shaking.   Ranking – R1 

None Unlikely 
(3) 

Minor 
(10) 

Moderate Threat 

(30) 

NOTES: 
(1) Route positions (km) on SH 3 are measured from the junction of SH3 and SH57 (RP488/0.00) shown on Figure 2.  Locations and RPs of specific landslide areas are shown on Figure 9 and 9a. 
(2) Maximum slope heights (above SH3) and slope angles determined from Figure 6 using 1 m LiDAR contours (29/9/2011).  Average slope angles given for head scarp (H), toe (T), areas above head scarp (AH), or overall slope (OS) at sites. 
(3) Areas of potential landslide sites determined in GIS from Figure 9 polygons. 
(4) 4a – Volumes of past landslides (1995, 1998; 2011) from works records. 4b – Potential landslide volumes estimated from area and depth of colluvium or regolith (soils and weathered bedrock). 
(5) Assessment of future landslide potential based on: (a) slope angle and height; (b) rock types and surficial deposits; (c) previous slope failures; and (d) triggering events (heavy rainfall, earthquake shaking) that are expected in the future. 
(6) The Risk Assessment was carried out according to the procedures of the Risk Management Process Manual, September 2004, Transit New Zealand (NZTA) using the “general approach” (see Appendix 3). 
(7) Ranking classes (R1, R2, R3, and R4) are defined in Table 4.  P3/3 
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Table 6. Summary of risk assessments and rankings of potential future landslides areas that could 
affect SH3 in the Manawatu Gorge. 

Area 
No. 

Section 
of Gorge4 

Rank2 Likelihood 
Rating 

Consequence 
Rating 

Risk Assessment Category1, 3 
(Score) 

1 

Western 
 

R1 Unlikely (3) Minor (10) Moderate Threat (30) 

2 R2 Unlikely (3) Medium (40) High Threat(120) 

3 R2 Unlikely (3) Medium (40) High Threat (120) 

4 R1 Unlikely (3) Minor (10) Moderate Threat (30) 

5 R3 Unlikely (3) Major (70) VERY HIGH THREAT (210) 

6 R3 Unlikely (3) Major (70) VERY HIGH THREAT (210) 

7 R3 Quite Common (4) Major (70) VERY HIGH THREAT (280) 

8 R2 Unlikely (3) Medium (40) High Threat (120) 

9 

Central 

R2 Unlikely (3) Medium (40) High Threat (120) 

10 R2 Unlikely (3) Medium (40) High Threat (120) 

11 R1 Unlikely (3) Minor (10) Moderate Threat(30) 

12 R3 Unlikely (3) Major (70) VERY HIGH THREAT (210) 

13 R2 Unlikely (3) Medium (40) High Threat (120) 

14 R4 Unlikely (3) Substantial (100) VERY HIGH THREAT (300) 

15 R3 Quite Common (4) Medium (40) VERY HIGH THREAT (160) 

16 R1 Unusual (2) Medium (40) High Threat (80) 

17 R2 Unlikely (3) Medium (40) High Threat (120) 

18 R2 Unlikely (3) Medium (40) High Threat  (120) 

19 R2 Unlikely (3) Medium (40) High Threat (120) 

20 R2 Unlikely (3) Medium (40) High Threat (120) 

21 R1 Unlikely (3) Minor (10) Moderate Threat (30) 

22 

Eastern 

R1 Unlikely (3) Minor (10) Moderate Threat (30) 

23 R1 Unlikely (3) Minor (10) Moderate Threat (30) 

24 R1 Unlikely (3) Minor (10) Moderate Threat (30) 

25 R1 Unlikely (3) Minor (10) Moderate Threat (30) 

NOTES: 
(1) Risk Assessment carried out according to the procedures of the Risk Management Process Manual, 

September 2004, Transit New Zealand (NZTA) using the “general approach” (see Appendix 3). 
(2) Ranking classes (R1, R2, R3, and R4) are defined in Table 4. 

(3) Number of potential landslide areas in Risk Assessment Categories/Ranking 
  Moderate Threat (30) / R1 = 8 areas (1, 4, 11, 21, 22, 23, 24, 25). 
  High Threat (120) /R2 = 11 areas (2, 3, 8, 9, 10, 13, 16, 17, 18, 19, 20). 
  Very High Threat (160 or >) / R3 and R4 = 6 areas (5, 6, 7, 12, 14, 15). 

(4) Number (and %) of potential landslide areas in Sections of Gorge compared to historical landslides: 
  Western  = 8 (32%)    /  Hist. LS - 55 (40%) 
  Central    = 13 (52%)  /  Hist. LS - 61 (44%) 
  Eastern   = 4 (16%)    /  Hist. LS - 22 (16%) 
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6.0 DISCUSSION OF RISK ASSESMENTS 

The risk assessments were completed for each of the 25 identified potential landslide areas 
using information from historical landsliding, and especially the 2011 landslide which, being 
the largest landslide in the gorge in the last 100 years, represents a worst-case scenario. 
An important part of the assessment process involved the identification of areas with similar 
geology, slope morphology, slope failure potential, and slope failure controls.  This allowed 
us to provide a balanced assessment of the differences in slope hazard and the risk 
presented by each of the potential future landslide areas. 

Historical landsliding in the gorge provided us with the basis for our estimates of the 
likelihood and approximate annual probabilities (Figure 20) of landslides at the 25 identified 
landslide areas.  In doing this we also took account of the existing control measures at the 
various sites, especially where extensive stabilisation measures were completed, such as the 
1995, 1998, and 2011 landslides.  The performance of these measures over time, for 
example the bulging and cracking deformation of the gabion wall at the 1998 landslide works, 
was also considered and factored into the risk assessment. 

The summary of the landslide risk assessments presented in Table 6 indicates three 
categories of future landslide threat (risk) in the Manawatu Gorge, as follows: 

(a) Moderate Threat: – 8 Areas (1, 4, 11, 21, 22, 23, 24, 25).   [Rank 1] 

(b) High Threat: – 11 Areas (2, 3, 8, 9, 10, 13, 16, 17, 18, 19, 20). [Rank 2] 

(c) Very High Threat: – 6 Areas (5, 6, 7, 12, 14, 15).    [Rank 3/4] 

As shown above the High and Very High Threat (Risk) areas are located in the Western and 
Central sections of the gorge.  All of the higher threat areas have strong geological, 
geomorphic similarities to the 2011 landslide area, and all have been destabilised to some 
degree over many years by cutting back and oversteepening the toe of thick colluvial 
deposits without putting support measures in place. 

Because of the marked geological and geomorphic differences, particularly the lower and 
less steep slopes (Figure 19), there is considerably reduced landslide potential in Areas 21 
to 25 upstream of Barney‟s Point (Section 4.2).  This is reflected by the lower (Moderate) risk 
ratings for these areas in the Eastern Section of the gorge.  As previously discussed, the 
potential exists in Areas 21 to 25 for continued small to moderate earth and debris slides, 
falls, and flows on the steep road cuts along SH3, especially during heavy rainfall as 
occurred in 2004, and also during strong earthquake shaking.  Underslips are also expected 
occur along this section of the gorge. 

The study has shown that the landslides caused by the February 2004 rainstorm had a 
significant influence on the risk assessments, especially in the Central Section of the gorge.  
Several of the larger 2004 landslides (numbers #1 to #5, Figure 9) are the main reason for 
the high to very high risk ratings of Areas 12, 14, 15, 17 and 18 (Table 4 and 5).  As shown in 
Figures 16, 17, and 18, the 2004 landslide scarps are significantly oversteepened and at risk 
of regressive failures, especially in Areas 14 and 15 where small failures have already 
occurred.  Future slope failures at these sites should be geotechnically assessed to ensure 
that appropriate controls and stabilisation measures are used to minimise the size and 
upslope growth of failures.  The 2004 landslide #2 in Area 14 is thought to pose the greatest 
landslide risk in the gorge.  A large failure similar to the 2011 landslide could occur at this site 
at any time, but especially during heavy rainfall or strong earthquake shaking. 
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6.1 Recommended actions 

It has not been possible in this report to consider in detail the specific actions or procedures 
that are required to provide a more robust assessment of the future risk at each of the 
potential landslide areas identified in the gorge.  However, some general recommendations 
are provided as a guide to what would be appropriate for potential landslide areas in the 
three main risk categories.  These recommendations mainly involve the collection of more 
site-specific information in each potential landslide area, especially in the higher risk areas. 
Collection of additional data is invariably the basis for preparing a geological/geotechnical 
model of a landslide site, slope stability analysis, and a more robust risk assessment using 
the quantitative „Advanced Approach‟ described in the NZTA risk management process 
manual (NZTA 2004).  The „Advanced Approach‟ should result in detailed recommendations 
for specific landslide management and remedial options that are appropriate for each site. 

General recommendations for future actions for better definition and management of the 
risk at potential landslide areas in each of the risk categories, as well as local rock fall 
sites within the gorge, are discussed below. 

6.1.1 Very High Threat (Risk) Areas 

For those areas assessed to have the highest landslide risk ratings (Score 210–300:  
Areas 5, 6, 7, 12, 14, and 15) the following actions are recommended: 

(a) Engineering geology report:  An engineering geological report on the landslide site(s) 
should be prepared.  This should include: geological and geomorphic mapping of the 
landslide face and areas upslope and adjacent to active scarps; geological cross 
sections; documentation of past slope failure history; limit equilibrium slope stability 
analysis; landslide risk assessment using the Advanced Approach; recommendations 
for future sites investigations; and suggestions for potential remedial measures. 

(b) Terrestrial Laser Scanning (TLS):  TLS scans of the landslide site will provide a highly 
accurate digital elevation model of the current landslide faces and scarps, similar to 
what was completed at the 2011 landslide site.  The TLS slope model would be 
integrated with the 29 September 2011 LiDAR slope model for the Manawatu Gorge.  
This will allow topographic changes in the landslide scars over the last 12 months to 
be detected.  Follow-up TLS surveys after any future slope failures at the sites will 
allow the positions and landslide volumes to be accurately determined. 

(c) Detailed assessment:  If the initial engineering geological report (a) suggests it is 
warranted, or new slope failures occur, more detailed geological mapping of the slip 
face and adjacent areas may be required, possibly using roped access.  Investigation 
drilling may also be required across and above the site.  This may be essential to 
accurately determine the depth of the overburden (colluvium, regolith) and the volume 
of potentially unstable material on the slope, which is critical in preparing an accurate 
geological model of the landslide.  These methods were used effectively adjacent to 
the 2011 landslide site, where it resulted in the design and construction of an 
anchored and tied back wall to reduce the risk of further slope failures above SH3. 

(d) Monitor slope behaviour:  An accurate record should be kept of future slope failures 
(rock falls, debris falls and slides) and performance of existing controls (mesh, catch 
fence etc.) at each potential landslide area.  Information on the location, size, type, 
and cause (trigger) of small-scale slope failures at each site will give an indication of 
the behaviour of the slope and the likelihood of larger failures that could close SH3. 
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(e) Instrumental monitoring:  More sophisticated monitoring methods may be required  
if small slope failures occur more frequently, or another large failure occurs.  Such 
methods may include the installation of survey control points, down-hole inclinometer 
monitoring, and local rain fall recording.  This should be considered on a site-by-site 
basis if and when it is deemed to be necessary. 

6.1.2 High Threat (Risk) Areas 

For potential landslide areas assessed to have a High Risk rating (Score 120–210, 
Areas 2, 3, 8, 9, 10,13, 16, 17, 18, 19 and 20), the following actions are recommended: 

(a) Engineering geology report:  A basic engineering geological report on each landslide 
area should be prepared which includes: a description of landslide site, geological and 
geomorphic maps, cross sections, and an appraisal of slope stability and the potential 
for future retrogressive failures (in-depth stability analysis may not be needed). 

(b) Monitor slope behaviour:  An accurate record should be kept of future slope failures 
(rock falls, debris falls and slides) and performance of existing controls (mesh, catch 
fence etc.) at each potential landslide area.  Information on the location, size, type and 
cause of small-scale slope failures at each site will provide valuable information on the 
behaviour of the slope and the likelihood of larger failures that could close SH3. 
If such a failure does occur the actions and methods recommended above for the  
Very High risk areas should be adopted. 

6.1.3 Moderate Threat (Risk) Areas 

For potential landslide areas assessed as having a Moderate Risk rating (Score 0–30, 
Areas 1, 4, 11, 21, 22, 23, 24, and 25), the following actions are recommended: 

(a) Standard maintenance measures. These should include signage and traffic control, 
clearance of slip debris to reopen the road, preferably with minimal cutting back of the 
slope, and repairs to any underslips and road edge failures (mainly in Areas 21 to 25). 

(b) In addition, the slope behaviour in these areas should be carefully monitored by 
keeping a record of future slope failures (rock falls, debris falls and slides) and 
performance of any existing controls, as outlined in 2 (b) above. 

6.1.4 Local rock fall sites (bluffs and rocky slopes) 

In addition to the risk from identified potential landslide areas discussed above, there is also 
a risk of small rock falls and falls of individual boulders in the gorge, not only from rock bluffs 
(many of which have control measures), but also from isolated boulders on other slopes. 
Recording data on future rock fall activity (see 2 (b) above) could be used effectively to 
determine which slopes and bluffs have the highest failure activity, and also develop a spatial 
magnitude/frequency probability model for rock falls in the gorge. 

Control measures for isolated, local rock falls in the Manawatu Gorge are in a state of 
disrepair in some places (Appendix 4).  Although many of the control systems have worked 
effectively, multiple small rock falls have damaged the control structures in a number of 
places.  It is no known, however, how much repair and replacement is required to mitigate 
the hazard from local rock falls in the gorge.  It is therefore recommended that the condition 
of meshed areas and catch fences is reviewed to determine what repairs are needed, and 
what new control structures are required in areas where none currently exist. 
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6.2 Future landslide frequency in the gorge 

The 2011 review of historical landsliding in the Manawatu Gorge (Hancox 2011) suggested 
that larger landslides (~20,000–100,000 m3) could possibly occur every 5 to 10 years.  The 
scars of landslides caused by the 2004 rainstorm compared to conditions prior to that event, 
especially in the centre of the gorge (Figures 10 and 11), suggests that estimate is realistic.  
We have used that estimate for many of our likelihood ratings (unlikely/once per 5–10 years) 
in the landslide risk assessments (Tables 5 and 6). 

Based on the information presented in this report the risk of future large landslides that could 
significantly affect or close SH3 in the Manawatu Gorge in the next 20 years is therefore 
considered to be high to very high, especially during future high intensity rainstorms or an 
average wet winter, and also strong earthquake shaking. 

The most hazardous areas of the gorge where future large landslides could occur are located 
at the toes of colluvial slopes that have been destabilised by steep (>45–60°) unsupported 
road cuts.  In most cases these slopes are located between bluffs of resistant sandstone and 
argillite, as is the case with the 1995, 1998, and 2011 landslides (Figures 14 and 15). 

There have been occasional rock falls from some rock bluffs in the past, but in general the 
existing controls (rock bolting and mesh mainly) have effectively minimised stability problems 
at these sites.  A few areas were noted in this study where rock bolting should be carried out, 
for example adjacent to Bluffs 9 and12 (Appendix 4).  These and other areas of the gorge 
should be reviewed to determine what additional bolting and slope scaling is needed to 
reduce the risk of local rock falls and isolated boulders falls in the gorge. 
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7.0 MANAGEMENT OF FUTURE LANDSLIDES 

7.1 Introduction 

In this section we will look briefly at the effectiveness of methods used to manage previous 
landslides that have closed SH3 in the Manawatu gorge, and then consider some indicative 
engineering methods and strategies that could be used to manage and reduce the 
consequences of landslides in the future. 

One of the most obvious lessons from the 2004 landslides (Figures 16 and 18) and the 2011 
landslides (Figures 8) was the significant increase in the size of all of these landslides, both 
up slope and laterally, compared to the initial failures that occurred. This resulted in much 
more extensive slope stabilisation works and longer road closures at all these sites. 

No slope failures occurred at the 2011 landslide site in February 2004, and only minor 
instability was evident in January 2000 (Figure 12). The first of the more recent failures at the 
2011 landslide site occurred in September 2010 with a small debris fall midway between 
Bluffs 2 and 3.  This was followed on 18 August 2011 by a larger failure about 10 m 
upstream during a prolonged wet period (~50 mm of rain fell over 7 days in Palmerston 
North, and probably more fell in the Manawatu Gorge). 

The 18 August 2011 debris slide closed SH 3 and it remained closed for more than 360 days 
as further slope failures and extensive stabilisation works were eventually carried out. The 
failure sequence that followed at the 2011 landslide site is illustrated in Figures 23 and 24.  
Over the next two months the failure scar grew considerably, extending both upslope and 
laterally downstream (to the west) as efforts were made with diggers and bulldozers to 
remove slide debris from the road and stabilise the slip face. The cutting back the toe to 
create a debris „catch area‟ was one of the main adverse factors in this process (Figure 24c).  
Because of the weak nature of the surficial colluvium and regolith within an old (prehistoric) 
landslide area, these efforts had the effect of further over-steepening the slip face and 
headscarp, making it more vulnerable to regressive failures (Figure 25).  The road through 
the gorge was about to be reopened to road traffic when the final (apart from minor collapses 
around the head scarp) and largest failure (debris slide) at the site occurred, sending at least 
50,000 m3 cascading across the road into the river in the early hours of 18 October 2011.  
The failure scar extended ~80 m upslope and ~50 m west towards the sandstone spur above 
Bluff 3, and increased the area affected by the landslide by ~150% (Figures 24c and 24d). 

From the failure processes observed at the 2011 landslide site it was clear that the methods 
used to clear the slide debris away at the site, which significantly oversteepened the toe of 
the slope, were probably responsible for the size of the 18 October failure.  Despite the 
planned reopening of the road that day, we had expected that further slope failures would 
occur at the site, possibly falls of up to about 5,000-10,000 m3, but we were surprised by the 
extent and size of the final en masse failure, which would not have been contained by any of 
the rock fall protection measures that were being considered to protect traffic on SH3. 

One reason that the behaviour of the 2011 landslide site came as a surprise was that several 
of the 2004 landslide sites (e.g. #2 and #3 in the centre of the gorge, Figures 15 and 16) had 
been treated in a similar manner (clearing the slide material and cutting back the toe of the 
slope to create a debris „catch‟ area) but that had not led to a massive regressive failure.  
However, as shown by the risk ratings discussed earlier, the potential risk of future 
landsliding at all those sites is rated as very high (Tables 5 and 6). 
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Figure 23. January 2000 photo of the 2011 landslide area showing the original slope between Bluffs 2 and 3, and the sequence and approximate locations and 
extent of the failure scars that developed from September 2010 to 18 October 2011. 
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Figure 24. Sequence of photos showing the upslope and lateral growth of the 2011 landslide area on: 19 August 2011 (a); 29 September 2011 (b); 7 October 
2011 (c); and 1 November 2011.  A and B (in c) indicate the location of the cross section shown in Figure 25. 

A 

B 
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Figure 25. Cross section through the 2011 landslide showing sequence of failure profiles and original ground surface profile (location on Fig. 24c). 
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7.2 Suggestions for future landslide management strategy 

Prior to the 18 October failure the risk of future failures at the 2011 landslide site was also 
considered to be „very high‟, although at the time a formal risk assessment had not been 
undertaken.  It was because of this knowledge that the 2011 review of landsliding in the 
Manawatu Gorge (Hancox 2011) recommended that a review should be undertaken of how 
past landslide problems in the gorge have been managed and resolved, as a first step in 
developing an appropriate engineering strategy for managing future landslides in the gorge. 

It has not been possible within the scope of this study to undertake a thorough review of 
previous landslides in the gorge, or develop a detailed landslide management strategy.  It 
has, however, enabled some general concepts to be established, which should be 
considered in the development of more detailed management strategy guidelines in the near 
future.  The recommended methods and strategies that could be used to manage and reduce 
the consequences of future landslides in the Manawatu Gorge are as follows: 

(1) Emergency response:  It is recommended that when a landslide event large enough to 
close both lanes of SH3 occurs, an experienced engineering geologist or a geotechnical 
engineer familiar with slope failures in greywacke terrain is involved in the emergency 
response and decision-making process to assess the landslide and reopen the road. 

(2) Geological model:  A geological model of the landslide site should be considered before 
any earthworks are begun that could adversely affect or further decrease the stability of 
the slope.  This should involve looking at the local and site geology, and previous slope 
failure history of slopes above and below the landslide site, and adjacent areas. 

(3) Slope failure inventory:  To provide better knowledge of slope failures in the gorge a 
simple inventory or register of landslide events (rock falls, falls of individual boulders, 
debris falls and slides etc.) in the gorge should be maintained by the road maintenance 
contractor.  Basic event information to be recorded on a Landslide Report Form should 
include: the date and time, SH3 location (RP), type and size of slope failure, and 
remedial actions taken. Copies of these forms should be provided to the engineering 
consultant responsible for the highway.  This is one of the actions recommended to 
provide further data on the High Risk and Very High Risk potential landslide areas 
identified in this study (Section 6.1).  A basic rock fall and slip inventory will make it 
possible to determine the frequency and location of these events in the gorge, and this 
will provide a basis for assessing the annual probability and locations of future events.  

(4) Monitoring of slope failures: The landslide inventory suggested above (3) would provide 
basic monitoring of slope failures at existing or potential landslide sites or areas in the 
gorge.  If future failures occur in the very high risk areas more sophisticated slope 
monitoring should be considered, possibly using the installation of survey monitoring 
points, or Terrestrial Laser Scanning, and may require warning signage and traffic 
control systems. This would be decided on a site-by-site basis. 

(5) Review slope controls: Review and repair of the existing draping mesh and catch fence 
systems is suggested.  Observations from our field work (Appendix 4) indicate that 
several areas require immediate repairs to sections of steel mesh, and other areas 
need scaling or rock bolting of loose blocks on rock faces (mainly bluffs).  Mesh and 
catch fences are considered suitable for small boulders and small local failures, but are 
generally not suitable for falls involving several cubic metres (as at Site 15, Figure 17) 
or larger mass failures as occurred at the 2011 landslide site. 
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(6) Site specific assessments:  Engineering geological and geotechnical assessments 
should be carried out at potential landslide sites that are assigned very high risk ratings 
(e.g. Areas 5, 6, 7, 12, 14, and 15) to establish a geological and geotechnical slope 
model, analyse slope stability, and reassess the landslide risk at each site in more 
depth using the Advanced Method. 

(7) Remedial methods – limit steepening toe of slope:  In clearing a landslide site every 
efforts should be made to limit earthworks that undercut and oversteepen the toe of the 
slope adjacent to SH3, especially slopes formed in thick colluvium and regolith.  As at 
the 2011 landslide site and 2004 landslide #2 site, this is often done to form a debris 
catch area, which may be suitable for small debris falls but not for larger failures. 
Where possible, support measures should be the preferred method of stabilising the 
toe of a failing colluvial and regolith slope.  If the toe of such a slope is cut back and 
oversteepened (50-60  or >) without support it may have short-term stability at that 
angle (as it has at Area 14), but eventually the slope will fail back to the long-term 
stable angle of ~40-45 .  It is strongly recommended that before any earthworks are 
begun an appropriate Engineering Geologist or Geotechnical Engineer is consulted. 

(8) Performance of Bluffs: The bluffs within the gorge are generally performing well with 
the existing controls (mainly mesh and rock bolts).  However, our walk-over inspection 
(Appendix 4) suggested that scaling of loose blocks and rock bolting is required at 
some locations considered to have a high risk of local rock falls (Bluffs 9 and 12). 

(9) Reporting on 2011 landslide:  In carrying out this study it was again apparent that the 
lack of good engineering works records and geological completion reports on past 
landslide problems and stabilisation works in the gorge may be a significant constraint 
in assessing and dealing with future landslide problems.  It is therefore recommended 
that a detailed completion report be prepared on the 2011 landslide area.  This should 
describe the nature and history of the landslide, the geology and geomorphology of the 
site, and the stabilisation works that were undertaken. It should also include a limit 
equilibrium stability analysis of the 2011 landslide slope before and after the 
stabilisation measures.  Such a report will be extremely valuable in managing similar 
large colluvial and regolith failures in the gorge when they occur. 

(10) Documentation of future landslides problems: Full documentation and reporting on the 
engineering, geotechnical, and geological aspects of significant future landslides in the 
gorge is recommended.  This is considered to be an essential component of the 
strategy that is needed to improve the management and minimise the risk from future 
landslides to SH3 within the Manawatu Gorge. 
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8.0 CONCLUSIONS 

(1)  In this study we have identified estimated the risk at potential future landslide sites in the 
gorge, and provided recommendations for a strategy to manage the threat at those sites, 
and future landslide problems in the Manawatu Gorge.  Our assessment focussed initially on 
the geology and geomorphology, old (prehistoric) landslides in the area, and information 
provided by past landslides that significantly affected SH3 in 1995, 1998, 2004, and 2011. 

(2)  The locations and extent of potential landslide areas that could affect SH3 through the 
gorge were initially identified on oblique and vertical aerial photos with the aid of GIS maps 
of bedrock and colluvium, prehistoric landslide scars, historical landslide data, and slope 
angles based on 1 m LiDAR contours.  The potential landslide areas along SH3 and existing 
slope controls were later ground-checked and assessed. 
 
(3)  Twenty five potential landslide areas were identified along SH3 in the gorge based on: 
(a) past landslide history, (b) rock types and surficial deposits, (c) geomorphic features 
(prehistoric landslides scarps, bluffs), (d) slope angles and heights, and (e) road cuts and 
slope support measures.  These areas were mapped in GIS and ranked according to their 
estimated size (area and volume) and potential for future slope failures that could damage or 
close SH3, especially during heavy rainfall and strong earthquake shaking.  The areas have 
been ranked according to their size and potential to close SH3 as follows: R1: 10,000 m3; 
R2: 10,000–25,000 m3; R3: 25,000–50,000 m3; and R4: >50,000 m3. 

(4)  Eight (32%) of the potential landslide areas are in the Western Section of the gorge 
(Gorge Monument to Bluff 10, RP488/1.05–491/0.10); thirteen (52%) are in the Central 
Section (Bluff 10 to Barney‟s Point, RP491/0.10–2.45); and only four (16%) are in the 
Eastern Section (Barney‟s Point to Upper Gorge Bridge, RP491/2.45–4.10).  This is similar to 
the historical distribution of landslides (West - 55 (40%), Centre - 61 (44%), East - 22 (16%). 
The higher percentage of potential landslide areas in the centre of the gorge is attributed to 
the number of unstable scars of landslides caused by the February 2004 rainstorm. 

(5)  The risk that potential landslide areas present to SH3 in the Manawatu Gorge was 
assessed using the General Approach outlined in the NZTA‟s 2004 Risk Assessment 
Process Manual.  This method provides a qualitative technique for analysing landslide risks 
based on the existing slope controls, and the likelihood and consequences of future slope 
failures. Three categories of future landslide threat (risk) in the Manawatu Gorge, as follows: 

(a) Moderate Threat: – 8 Areas (Areas 1, 4, 11, 21, 22, 23, 24, 25). (Rank 1) 

(b) High Threat: – 11 Areas (Areas 2, 3, 8, 9, 10, 13, 16, 17, 18, 19, 20). (Rank 2) 

(c) Very High Threat: – 6 Areas (Areas 5, 6, 7, 12, 14, 15). (Rank 3 & 4) 

(6)  The High and Very High Threat (Risk) areas are located in the Western and Central 
sections of the gorge and have strong geological and geomorphic similarities to the 2011 
landslide area, and have been destabilised to some degree by cutting back the toe of 
colluvial deposits along SH3, generally without support measures. 
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(7)  Landslides caused by the February 2004 rainstorm had a significant influence on the risk 
assessments, and the larger 2004 landslides (numbers #1 to #5) are the main reason for 
high risk ratings.  The scarps of the 2004 landslide scarps in Areas 12, 14, 15, 17 and 18 are 
oversteepened and at risk of large regressive failures, especially in Areas 14 and 15 where 
small failures have already occurred.  The 2004 landslide #2 in Area 14 is currently believed 
to present the greatest potential landslide risk to SH3 in the Manawatu Gorge.  A large failure 
similar to the 2011 landslide could occur at that site at any time, but especially during heavy 
rainfall or strong earthquake shaking. 

(8)  The 2011 review of landsliding in the Manawatu Gorge suggested that larger landslides 
(~20,000–100,000 m3) could occur every 5–10 years.  The presence of several un-stabilised 
scars of landslides caused by the 2004 rainstorm compared to conditions prior to that event, 
especially in the centre of the gorge, suggest that estimate is realistic, and is used as the 
basis for some likelihood ratings (once per 5–10 years) in our landslide risk assessment. 

(9)  The recommended future actions for better definition and management of risk at potential 
landslide areas in the three risk categories and local rock fall sites in the gorge include: 

(a) Very High Threat (Risk) Areas: (a) preparation of a detailed engineering geological/ 
geotechnical report, including a slope stability analysis and risk assessment using 
NZTA‟s Advanced Approach; (b) terrestrial laser scanning (TLS) of the landslide sites; 
(c) monitor future slope failures (rock falls, debris falls, slides) and performance of 
existing controls (mesh, catch fence etc.) at each potential landslide area. 

(b) High Threat (Risk) Areas: (a) prepare basic engineering geological on each site; (b) 
monitor slope behaviour and future slope failures in each potential landslide area. 

(c) Moderate Threat (Risk) Areas: (a) standard maintenance measures should apply, 
including signage, traffic control, clearance of slip debris to reopen the road, with 
minimal cutting back of the slope, and repairs to underslips and road edge failures; (b) 
monitor future slope failures and performance of existing controls. 

(d) Local rock fall sites (Bluffs and rock slopes): (a) review and repair existing slope controls 
(mesh, catch fences); (b) monitor future slope failures and condition of existing controls. 

(10)  Taking into consideration the results of this study, the recommended methods and 
strategies that could be used to manage and reduce the consequences of future landslides 
to SH3 in the Manawatu Gorge are as follows: 

● An engineering geologist/geotechnical engineer should be involved in the emergency 
response to assess landslides that block SH3 and decide on actions to reopen the road. 

● A geological model of the landslide site should be considered before any earthworks are 
begun that could adversely affect or further decrease the stability of the slope. 

● Establish an inventory of slope failures in the gorge to provide improved knowledge of 
the locations, size and events that trigger debris slides and falls, rock falls and falls of 
individual boulders and effects, and the actions taken to deal with them. 
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● Monitor active or very high risk landslide areas (decided on a site-by-site basis). 

● Review and repair existing slope control measures. 

● Site-specific engineering geological and geotechnical assessments should be carried out 
at potential landslides sites that are assigned very high risk ratings. 

● Limit earthworks that undercut and oversteepen colluvial and regolith slopes along SH3, 
and use support measures where possible to stabilise future failures.  An engineering 
geologist or geotechnical engineer should be consulted before earthworks are begun. 

● Scaling of loose blocks and additional rock bolting is probably required at some locations 
considered to be at risk of local rock falls (e.g., Bluffs 9 and 12). 

● Prepare an engineering geology/geotechnical completion report on the 2011 landslide 
area that describes the history, geology and geomorphology of the landslide, the slope 
stabilisation works, and the stability of the site before and after these measures. 

● Detailed documentation and reporting on the engineering, geotechnical, and geological 
aspects of future large landslides within the Manawatu Gorge is essential to improve the 
management and minimise the risk that slope failures present to SH3. 
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APPENDIX 1. CLASSIFICATION OF LANDSLIDES 

 

1. Definition of landslides and related terminology 

Landslide is a general term for gravitational movements of rock or soil down a slope.  In this 
context, „soil‟ includes both earth (material smaller than 2 mm) and debris (material larger 
than 2 mm); rock is a hard or firm intact mass and in its natural place before movement 
occurs (Cruden and Varnes 1996). 

Landslides are usually classified or described in terms of: (a) the type of material involved 
(rock, earth, debris, or sometimes sand, mud etc.), and (b) the type of movement – fall, 
topple, slide, flow, spread, which are kinematically-distinct modes of movement.  Combining 
these two terms gives a range of landslide types such as: rock fall, rock slide, rock topple, 
debris slide, debris flow, and earth flow. 

The characteristics of the main types of landslides based on the Cruden and Varnes (1996) 
classification are summarised in Table A1.1 and illustrated in Figure A1.1. 

Table A1.1 Characteristics of the main types of landslides (after Cruden and Varnes 1996). 

Landslide Type  
(Based on 
movement) 

General Characteristics 

Landslides 
(generic term) 

Downslope gravitational movements of rocks and „soils‟ (top soil, colluvium 
etc.) by falling, sliding, or flowing.  Slope failures occur when the destabilising 
forces (slope steepness, weight, and ground water) exceed the resisting 
forces (shear strength of rock and soil materials). 

Falls 
Falls are masses of rock, soil, or debris that move rapidly down very steep 
slopes (>40°) by free fall, bounding or rolling.  Disrupted soil and debris falls 
most common. 

Slides 

Slides are masses of rock, soil, or debris that slide down planes of weakness 
(bedding, joints, and faults) and other surfaces.  Rotational slides (or slumps) 
in soft rocks and soils move on curved failure surfaces.  Disrupted soil and 
debris slides are most common.  Landslides are also referred to (non-
specifically) as slips, landslips, or slippages. 

Avalanches 
Rock and debris avalanches are very rapid, long run-out failures on steep 
slopes (>35-40°) more than 150-200 m high.  They may start as falls or slides, 
and transform into flows (wet or dry) as they travel downslope. Such 
landslides occur mainly in hill country and on high mountain slopes. 

Debris Flows  
and  

Debris Floods 

Debris flows are a type of landslide: they have much higher sediment 
concentrations (like wet concrete) than debris floods, and are potentially 
much more hazardous and destructive. Objects impacted by debris floods are 
surrounded or buried by gravel, but are often largely undamaged. 

Debris floods are rapid hyper-concentrated flows of water loaded with 
sediment, often mainly coarse gravel and sand. Debris flows and debris 
floods are mainly responsible for building alluvial (debris) fans. 
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Figure 4.1 Examples of landslide types (after Cruden and Varnes 1996). 

Landslides involving soil and rock are often called „slips‟ or „landslips‟, while small failures with 
rotational slide surfaces are widely referred to as „slumps‟.  Small landslides often do little 
damage, but large failures involving thousands or millions of cubic metres moving rapidly 
(say ~1–50 m/min or >) can damage or bury roads, buildings, and other structures.  Effects of 
landslides can range from minor deformation of foundations and structural failures to total 
destruction of sites and all buildings, lifelines and infrastructure above or below slopes.  

Landslides can occur without an obvious trigger („spontaneous‟ slope failures), or they can 
be triggered by toe undercutting (natural or man-made), but are most often initiated by heavy 
rainfall (e.g. ~100 mm or > in 24 hours), or strong earthquake shaking.  Shaking of Modified 
Mercalli (MM) intensity MM7 can cause small failures ( 103–104 m3), but MM8 or greater is 
generally required for larger landslides (≥104–106 m3).  Detailed descriptions of landslides 
and environmental effects that occur at different shaking intensities are described in 
Appendix 1 (based on Hancox et al. 1997, 2002; and Dowrick et al. 2008). 

The terms used in Appendix 1 and throughout this report to describe landslide size are: 
Very small (< 103 m3);  Small (103 –104 m3);  Moderate (104–105 m3);  Large (105–106 m3); 
and Very large (≥106 m3).  These terms were introduced by Hancox et al. (1997, 2002) in 
their studies of earthquake-induced landslides in New Zealand, and have now been adopted 
internationally (Guerrieri and Vittori 2007). More recently the term „giant landslide‟ was 
introduced for less common, extremely large landslides with volumes of 100 million m3 or 
greater, of which there are two historical examples in New Zealand (Hancox et al 2002), and 
at least twelve prehistoric examples in Fiordland. 
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APPENDIX 2. MODIFIED MERCALLI INTENSITY SCALE 
A2a Landslide and Environmental Criteria for the Modified Mercalli (MM)  

Intensity Scale – NZ 2007 
MM5 ■ Loose boulders may occasionally be dislodged from steep slopes. 

MM6 ■ Trees and bushes shake, or are heard to rustle. 
■ Loose material may be dislodged from sloping ground, e.g. existing slides, talus and scree slopes. 
■ A few very small (≤103 m3) soil and regolith slides and rock falls from steep banks and cuts. 
■ A few minor cases of liquefaction (sand boil) in highly susceptible alluvial and estuarine deposits. 

MM7 ■ Water made turbid by stirred up mud. 
■ Small slides such as falls of sand and gravel banks, and small rock-falls from steep slopes and cuttings common. 
■ Instances of settlement of unconsolidated, or wet, or weak soils. 
■ A few instances of liquefaction (i.e. small water and sand ejections). 
■ Very small (≤103 m3) disrupted soil slides and falls of sand and gravel banks, and small rock falls from steep 
   slopes and cuttings are common. 
■ Fine cracking on some slopes and ridge crests. 
■ A few small to moderate landslides (103 –105 m3), mainly rock falls on steeper slopes (>30˚) such as gorges, 
  coastal cliffs, road cuts and excavations. 
■ Small discontinuous areas of minor shallow sliding and mobilisation of scree slopes in places. 
■ Minor to widespread small failures in road cuts in more susceptible materials. 
■ A few instances of non-damaging liquefaction (small water and sand ejections) in alluvium. 

MM8 ■ Cracks appear on steep slopes and in wet ground. 
■ Significant landsliding likely in susceptible areas. 
■ Small to moderate (103-105 m3) slides widespread; many rock and disrupted soil falls on steeper slopes 
 (steep banks, terrace edges, gorges, cliffs, cuts etc.). 
■ Significant areas of shallow regolith landsliding, and some reactivation of scree slopes. 
■ A few large (105-106 m3) landslides from coastal cliffs, and possibly large to very large (≥106 m3) rock slides 
  and avalanches from steep mountain slopes. 
■ Larger landslides in narrow valleys may form small temporary landslide-dammed lakes. 
■ Roads damaged and blocked by small to moderate failures of cuts and slumping of road-edge fills. 
■ Evidence of soil liquefaction common, with small sand boils and water ejections in alluvium, and localised lateral 
   spreading (fissuring, sand and water ejections) and settlements along banks of rivers, lakes, and  canals etc. 
■ Increased instances of settlement of unconsolidated, or wet, or weak soils. 

MM9 ■ Cracking of ground conspicuous. 
■ Landsliding widespread and damaging in susceptible terrain, particularly on slopes steeper than 20˚. 
■ Extensive areas of shallow regolith failures and many rock falls and disrupted rock and soil slides on moderate  
   and steep slopes (20˚-35˚ or greater), cliffs, escarpments, gorges, and man-made cuts. 
■ Many small to large (103-106 m3) failures of regolith and bedrock, and some very large landslides (106 m3 or  

  greater) on steep susceptible slopes. 
■ Very large failures on coastal cliffs and low-angle bedding planes in Tertiary rocks.  Large rock/debris avalanches 
   on steep mountain slopes in well-jointed greywacke and granitic rocks.  Landslide-dammed lakes formed by large 
  landslides in narrow valleys. Damage to road and rail infrastructure widespread with moderate to large failures of  
  road cuts and slumping of road-edge fills.  Small to large cut slope failures and rock falls in open mines and quarries. 
■ Liquefaction effects widespread, with numerous sand boils and water ejections on alluvial plains, and extensive, 
  potentially damaging lateral spreading (fissuring and sand ejections) along banks of rivers, lakes, canals etc.). 
  Spreading and settlements of river stop-banks likely. 

MM10 
■ Landsliding very widespread in susceptible terrain. 
■ Similar effects to MM9, but more intensive and severe, with very large rock masses displaced on steep mountain 
   slopes and coastal cliffs.  Landslide-dammed lakes formed.  Many moderate to large failures of road and rail cuts  
   and slumping of road-edge fills and embankments may cause great damage and closure of roads and railway lines.  
■ Liquefaction effects (as for MM9) widespread and severe.  Lateral spreading and slumping may cause rents over 
   large areas, causing extensive damage, particularly along river banks, and affecting bridges, wharfs, port  
   facilities, and road and rail embankments on swampy, alluvial or estuarine areas. 

Notes: (1) “Some or ‘a few’ indicates that threshold for response has just been reached at that intensity. (2) Environmental damage (response criteria) occurs 
mainly on susceptible slopes and in certain materials, hence the effects described above may not occur in all places, but can be used to reflect the average or 
predominant level of damage or MM intensity in an area.  (3) Environmental criteria not defined for MM11 and 12, as those intensities have not been reported in 
New Zealand.  Earlier versions of the MM intensity scale suggest that environmental effects at MM11-12 are similar to MM9- 10, but are more widespread and 
severe. (4) This appendix is based on Hancox et al. 1997, 2002, and Dowrick et al., 2008. A summary of the full MM Intensity Scale is given below (A1c). 
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A2b Relationship of MM Intensity to Peak Ground Acceleration (PGA) and 
earthquake-induced landslide opportunity (after Hancox et al. 2002). 

 

 

The graph above shows the relationship of MM Intensity to peak ground acceleration (PGA) 
range based on the mean and mean plus one standard deviation correlations of Murphy and 
O'Brien (1977) landslide opportunity on New Zealand (from Hancox et al. 2002).  The overlap in 
the PGA values for different MM intensities reflects the considerable scatter in PGA/MM data. 

The EIL Opportunity classes define the relative likelihood of earthquake-induced landslides 
occurring in areas of different shaking (PGA/MM Intensity) based on ground damage effects 
established for New Zealand.  Five classes of relative EIL opportunity are recognised, as follows: 

1. Very Low (≤ MM5-6):  Very small rock and soil falls on the most susceptible slopes. 

2. Low (MM6-7): Small landslides, soil and rock falls may occur on more susceptible 
slopes (particularly road cuts and other excavations), along with minor 
liquefaction effects (sand boils) in susceptible soils. 

3. Moderate (MM7-8): Significant small to moderate landslides are likely, and liquefaction 
effects (sand boils) expected in susceptible areas. Noticeable damage 
to roads. 

4. High (MM8-9):   Widespread small-scale landsliding expected, with a few moderate to 
very large slides, and some small landslide-dammed lakes; many sand 
boils and localised lateral spreads likely. Severe damage to roads, with 
many failures of steep high cuts and road-edge fills.  

5. Very high (≥MM9): Widespread landslide damage expected.  Many large to extremely large 
landslides; sand boils are widespread on alluvium, and lateral 
spreading common along river banks; landslide-dammed lakes are 
often formed in susceptible terrain. Extensive very severe damage to 
roads - failures of steep high cuts and road-edge fills. 
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APPENDIX 3. NZTA RISK MANAGEMENT PROCESS MANUAL 

(Pages 22-29 illustrating the Risk Assessment Method used in this report) 
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Reference: 

NZTA 2004. Risk Management Process Manual. NZTA AC/Man/1,ISBN 0-478-10560-6, 
Version3, September 2004. p49. 
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APPENDIX 4. NOTES FROM GORGE WALKOVER INSPECTION 

Notes from geological ground inspections along SH3 in the Manawatu Gorge  
by GT Hancox and CD Robson, 5 and 6 September 2012. 

 

SH3 Route 

Position (RP) Notes Photos 

488/1.00 Gorge Memorial car park. LS hazard decrease as slopes reduce in height.  Bedding tighter 
and more defined contacts, boundinage. High EIL potential at Area 2. Area of mass EIL (?) 
from Bluff 1 - 2. 

488/1.50 SDST benched Bluff 1. LS release feature 
~40m above shotcreted "shoot".  High 
potential for further LS. 

 

488/1.4 –1.75 Historical feature with high potential for further mass movement in debris and ARG/Soil 
between bluffs 1 and 2. Large massive sandstone blocks perched  
up high. EIL risk. Check aerial photography for debris in river. 

488/1.38 BLUFF 1. 

488/1.80 BLUFF 2. 

488/1.85 No 3 creek adjacent to colluvium/debris slope currently under toe reinforcing construction. 

488/1.85–2.02 2011 landslide site. 

488/2.02-2.15 Rapids bridge, Totara Fault creek. Bluffs 3 and 4. 

488/2.2–2.6 Area of multiple high risk slopes inferred to 
be responsible for failure during 1855 EIL 
(blocks/boulders of landslide debris in river 
channel and on north bank). Long slopes, 
similar geomorphology to 2011 LS site. Steep 
toe cuts in colluvium/debris slopes bounded 
by sandstone at Bluffs 5, 6, and 7. 

 

488/2.61 Large engineered, tied back anchored wall 
adjacent to Bluff 9. 

Local rock fall potential from Bluff. May 
require further investigation for rock bolting 
and meshing (?) 

 

TDC – PNCC 
boundary 

Small gulley development in soft completely weathered argillite between sandstone of 
Bluffs 10 and 11. Minor LS potential. 
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SH3 Route 

Position (RP) Notes Photos 

499/0.30 Gully in soft completely weathered argillite 
bedrock. Adjacent to colluvium/weathered 
sandstone slope. Moderate-high potential for 
upslope regression ~25m. Chaotic slip debris 
(Area 9a). Requires toe support system 
similar to 488/1.85. 

 

499/0.41 Sandstone at Bluff 12. Open moderate spaced jointed rock mass. Some sheared 
interbedded argillite bands. May require rock bolting. Local and EIL potential stability 
issues. 

499/0.50 1998 Gabion wall stabilisation works (Area 10).  Gabion wall requires detailed 
structure/geotechnical assessment. Appears on first inspection to be cracking 
from frontal heave. Scarp behind dates to ~1998. 

499/0.60 Bluff 13 

499/0.70 Waterfall Stream bridge and creek. Area of mass landsliding 1995. Meshing and rock 
fence (Area 11B) in poor condition. Some moderate potential above Waterfall Stream 
~25 m above highway. Large g/wacke boulders under mesh. Small 2004 slip. 

499/1.00 Area 14 (next to „Quarry‟). Site of large 2004 
slip (#2). Meshed toe. Recent rock fall 
requiring rebuild of catch fence. Very High 
potential for further LS. Immediate local rock 
fall issue. Argillite and weathered volcanics. 
Request maintenance records? 

 

499/1.20 Area 15. Site of 2004 LS #3. Slip scarp 
continues to grow via joint-joint controlled 
rock fall in weathered dilated siltstone and 
sandstone. Bench only just wide enough for 
debris "catching". High potential for additional 
growth/regression. Highway requires better 
protection system. 

 
 

 

499/1.80 2004 Slip. Argillites. Toe "controlled" by 
concrete road barriers. Catch fence in poor 
state. Area of multiple failures. SDST 
bedding difficult to determine. Joint-joint 
controlled rock fall failure on sandstone bluff.  
Large pieces at risk of further failure from 
10m above highway. High potential for further 
EIL growth/regression. 
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SH3 Route 

Position (RP) Notes Photos 

499/1.8-2.10 Areas 17-18. High Potential for movement in Colluvium. Check low level photos. 
Regression both laterally and upwards. 

491/2.0 Bedding dips 840 @ 2200 - block loose (confirm with historical mapping) 

491/2.20 Schistose" argilitic fine sediments + chlorite.  
Bedding dips 850 @2440 (confirm with historical mapping). 

491/2.45 Barneys Point Rest area. Area of small land sliding 2004. Bluff 17 area . 

491/2.60 Area of 2004 LS#7. Also site of underslip #1. Moderate potential for up slope growth. 

491/2.80 High potential for EIL.  Check X-section. 

491/3.05 South of windy bridge. 2004 Slip #9. Dipping 
folded sandstone and argillite. No significant 
colluvium deposits at risk. 
Check rock outcrop in low level photography 
above slip plane. Funnel/shoot scarp, shallow 
failures. Catch fence lacking U-bolt on side 
cables – requires immediate attention. 

 

491/3.2-3.3 10m High former scarp, now grassed over, 
adjacent to debris deposit in cut bank.  
Debris deposits show some rounded cobbles 
and large coarse boulders in sandy coarse 
flow deposit. 

 

 

Notes: Landslide (LS) Potential = High, Moderate, Minor, EIL, Local rock fall 
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Appendix  C SH3 Gorge Bypass Options  
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Appendix  D Saddle Road Upgrade Options
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Appendix  E     Cost Estimates 
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 Alternative Route Estimates E.1
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 Saddle Road Upgrade Estimates E.2
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Appendix  F  Economic Analysis  
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Appendix  G  NPV Calculations  
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