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Part A – Project Overview
Previous Application
Has this project/work been applied for previously - under either Preventive Maintenance or Resilience Improvements?

Yes ☐				No ☒
	
If yes, has significant change occurred since the last application (detail what has changed)? NA
Problem Definition	Comment by Author: This should only cover the problem and not even mention possible solutions. What is the problem that needs to be addressed? 
Rockfall has repeatedly affected the SH73 corridor between Mt White and Bealey resulting in high maintenance and operations costs, outages and puts road users at a safety risk. These outages cause social and economic impacts, and potential safety/personal security issues including damage to vehicles; punctures, door/panel/roof, windows and windscreens. 
Problem Background	Comment by Author: History of problem, previous work, reports, incidents etc. Still no mention of solution required.  This may include other issues (outside of resilience) that the problem is impacting i.e. safety, traffic disruption. 
Waimakariri Bluffs and Paddy’s Bend are the two most significant rockfall sites on State Highway 73 (SH73) between Christchurch and Arthur’s Pass, based upon the current NZTA rockfall hazard rating system. Several studies have indicated that based upon BCRs the current strategy of clearing up of rockfall debris is sub-optimal for maintenance costs, traffic disruption and Life Safety risk.
Previous reports include:
· Transfund New Zealand reports 134 and 135, 1999
· SH73 Route Security Strategic Study, 2007
· SH73 Waimakariri Bluffs and Paddy’s Bend - Rockfall Risk Assessment and Mitigation Effectiveness Study, OPUS 2015



Benefits of fixing the problem	Comment by Author: Only needs to be simple explanation of benefits. Reduction in maintenance costs, improved route security and reduced safety risks will generally be main benefits of resilience projects. 
Improved resilience of SH73 addressing rock fall/slips risk leading to reduction in maintenance activity, Life Safety risk levels and improved route resilience to outage from small to moderate rockslides.
Site Description	Comment by Author: Completed location information, maps and photos showing the location and extent of problem. 
There are a series of unstable rock slopes above and below SH73, starting from around 8km east of Bealey Settlement.
	SH: 73, 8km east of Bealey settlement
	ONRC Classification: Regional
	AADT (2014): 1316

	RS: 121

	RP Start: 2.650

	RP Finish: 6.500
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Baseline Rockfall and crash information 
	
	Paddy’s Bend (RP121/6.215)
	Waimakariri Bluffs (RP121/4.920)

	Length of site (m)
	Approximately 100 m
	Approx. 250 -400 m

	Height of site (m)
	80 – 90 m

	20 – 45 m

	Rockfall History/Likelihood of rocks landing on road
(e.g. few, occasional, often or constant falls throughout year).
	Constant falls throughout the year: continued detritus accumulation; individual rockfall <1500mm greywacke monthly and rockslides 5-25,000 m3 (24hr closure in 2012).
	Constant falls throughout the year: continued detritus accumulation; individual rockfall <900mm greywacke monthly and rockslides 5-25,000 m3.

	5 year History of rockfall and related crashes
	Fatal / Serious = none. 
(9 in 15 years)
Minor = approximately one vehicle / boulder interaction every other week.
	Fatal / Serious = none. 
(9 in 15 years)
Minor = approximately one vehicle / boulder interaction every other week.

	Average Recurrance Interval (ARI) for fatality
	29-52 years, 
Reduces by factor of 10 with intervention (325 to 591 years)
	41-75 years, 
Reduces by factor of 10 with intervention

	Likely Mitigation
(e.g. scaling, fencing, bolting etc.)
	Localised source removal followed by installation of a 2,000kJ 4 – 5 m high attenuator
	Scaling and Mesh and bolt/ throated drape

	RHRS Score (Highest in region 11)
	632 @2015
	563

	Cost Estimate ($k)
	$630k – $800k
NPV $0.7m to $0.9m
	$485k – $670k
NPV $0.5m to $0.7m



Sourced from:
SH73 Waimakariri Bluffs and Paddy’s Bend – Rockfall Risk Assessment and Mitigation Effectiveness Study, OPUS, June 2015.
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Project Objectives	Comment by Author: Clear, concise objectives. 
Reduce the number and impacts of small to moderate rockslides on this section of SH73 to improve route resilience, reduce maintenance activity and reduce Life Safety risk levels.
	Project Objectives

	Objective One
	Reduction in maintenance activity

	Objective Two
	Reduction in Life Safely risk levels

	Objective Three
	Provide improvements in Route Resilience from outage due to`` small to moderate rockslides


Has the activity been included in the current RLTP and NLTP?
Yes, Enhanced Network Resilience – Canterbury is included in the current RLTP and NLTP (2015-18).	Comment by Author: Clearly indicates that Enhanced Resilience is included in the RLTP/NLTP for the Canterbury region. 
The programme is a three year programme, with this business case being for the first year top priority activity.
See SAP # 107972014 and TIO 107972014, with supporting documentation:
Resilience Strategic Case v2 Final.DOC
13 Canterbury 15_16 Enhanced Network Resilience.XLS
Primary Outcome (TIO) 
Secure and resilient network
Other outcomes: 
· Journey time reliability
· Efficient freight supply chains
· Reduced deaths and serious injuries
· Reduced environmental impacts
Project Options Development	Comment by Author: Clear explanation of all options considered and why some were discarded. Table clearly shows all options and their costs as well as the preferred option.  
A number of options were considered as reported by OPUS in the report: “SH73 RP121/2.65-6.50 Waimakariri Bluffs and Paddy’s Bend, Rockfall Risk Assessment and Mitigation Effectiveness Study”. The assessment quantified the rockfall, causes, consequences, risk and effectiveness of mitigation at the two sites. These sites have the highest Rockfall Hazard Rating in Region 11.
SH73 is a “regional” state highway that provides direct connection between Canterbury and the West Coast, particularly for connection to the national and regional support services in Christchurch. The SH73 Route Security Study (2007) considered the option of closing the route but this would be unacceptable to the public. Alternative alignments are unaffordable and have significant environmental impacts with the adjacent Waimakariri River. 
The options considered have therefore focused on how to reduce the rockfall risk on the existing SH73 corridor.
Following the Canterbury earthquake sequence (2010 / 2011) significant development and research
into the appropriate choice and design of rockfall protection systems has been made. As a result of
this the Christchurch City Council (CCC) produced a Rockfall Protection System (RPS) guideline17.
Within this guideline there are references to two methodologies used to appropriately size rockfall
protection systems18,19. These two methods, plus a general simplified method developed as part of
the Port Hills Geotechnical Group (PHGG) have been used to provide preliminary barrier designs.

Due to the need to regularly remove accumulations of debris from within any rockfall barrier and
minimise the requirement for replacement parts (i.e. brake elements), an attenuator system is
considered to be the most appropriate at Paddy’s Bend. Boulders reaching the attenuator will ultimately be guided down to highway level behind the attenuator drape. At highway level a low height wall (or small catch ditch) will be required to ensure the boulders remain outside the trafficked highway surface.

Mitigation requirements at Waimakariri Bluffs are significantly different to those required at
Paddy’s Bend with the site lending itself to an ‘at source treatment’, typically anchored mesh with
localised spot bolting or a throated drape system.
	Alternative Project Options
	Description of Activity
	Cost (Capital and maintenance)
	Assessment of Options, ALARP Appropriate mitigation expenditure ratio

	Do Nothing Option
	Leave as is, ongoing rockfall and maintenance operations
	NPV $0.85m
	The problem will get worse/road failure will occur

	Prelim. Option 1
	Monitoring/warning system
	Low
	Minimal crash reduction, indicative BCR 1.8

	Prelim. Option 2 (explore further)
	Wire mesh rockfall catchfence
	Moderate
	Good crash reduction, indicative BCR 11

	Prelim. Option 3
	Scaling, bolting and gabion wall rockfall catchfence
	Moderate
	Good crash reduction, higher cost, indicative BCR 6.1

	Prelim. Option 4
	Scaling, bolting and wire mesh netting
	High
	Good crash reduction, high cost, indicative BCR 4.3

	Prelim. Option 5
	Rock fall shed
	High
	High cost, indicative BCR 1.2

	Paddys Option 1 Attenuator
	1,000 kJ, 4-5m high attenuator fence
	$0.4m to $0.54m:
NPV $1.1m to $1.5m
	1.0:0.4

	Paddys Option 2 Attenuator (Preferred)
	2,000 kJ, 4-5m high attenuator fence
	$0.63m to $0.80m:
NPV $0.95m to $1.5m
	1.0:0.6, improved level of mitigation at appropriate cost

	Paddys Option 3
	Drill and blast benching (entire crest)
	$1.43m to $2.31m
	1.0:1.3, High cost rejected

	Waimak Bluffs (Preferred)
	Mesh & bolt / throated drape rockfall mitigation system
	$0.48m to $0.67m
	1.0:1.5	Comment by Author: Only one option may be appropriate, but lack of other options should be reasoned.



Project Description and costs
Paddys Bend: rock scaling with design and installation of a 2,000 kJ, 4 – 5 m high attenuator, Expected cost $875,000 ($0.7m to $0.90m, NPV including maintenance $1.1m to $1.7m)
Waimakariri Bluffs: rock scaling with mesh & bolt / throated drape rockfall mitigation system, Expected cost $485,000 (NPV $0.48m to $0.67m)  
Total Expected cost for Enhance Network Resilience Year 1:
$1.36m ($1.11m to $1.47m)

Benefits of solution	Comment by Author: Shows clearly that the preferred solution addresses all of the problems mentioned earlier in the business case and explains how the option achieves the benefits to fixing the problem. Confirms that the preferred option is affordable and provides value for money. If the preferred option does not fully address the problem / benefits – the trade-offs of option selection can be made here.
	Benefit
	Measure
	
	
	

	Reduction in maintenance activity
	Do Minimum capital and maintenance cost, whole of life NPV $0.85m for unplanned maintenance activity
	Option capital and maintenance cost, whole of life NPV $0.95m, including planned maintenance activity $0.25m
	Improved option for lower cost planned maintenance activity 
	

	Life Safety risk levels (reduced)
	Do minimum risk of fatal crashes, NPV $1.3m 
	Option risk of fatal crashes, NPV $0.15m, significant reduction
	ARIfatality from unacceptable to acceptable
	AIFR (PMAR), Tolerable (ALARP)
7.4*10-5 down to 6.9 *10-6
(1 in 13514 year return down to 1 in 144,928)

	Improved route resilience
	Societal risk: Do Minimum: unacceptable small or large rockslide buries coach or large boulder impacts coach
	Societal risk reduced
	Reduced risk profile by 25 to 50%

	





Resilience Information
Do - Nothing Option
	Description of the failure mode if nothing done: Rockfall


	Cost of reinstatement + Annual Maintenance 
	(A)
	$75k

	Probability of occurrence in next 12 months
Certain = 0.8 Probable = 0.5 Possible = 0.2
	(B)
	
0.8


	National Cost
	(C) = A x B
	$60k




Resilience Options 
	Options Considered

	Capital Cost
	Life
	Any Additional Abnormal Maintenance Costs
	Agency Costs
25 yr NPV (D)
	Maintenance Priority Index
C/D

	(Examples)
1. Attenuator
	
$700k
	
40
	
$250k
	
$950k
	
0.06



Safety Consequences
	Describe safety consequences of doing nothing: Rockfall related fatality within the next 30 years.

	Probability of occurrence: 0.033





	Describe route security consequences of doing nothing:

	Probability of occurrence
	(B) (See B in 8.1)
	0.8

	Probable length of full road closure (Days)
	(X)
	0.25

	Detour length (Km)
	(Y)
	100

	ADT
	(Z)
	1269

	Security Factor 
	Multiply B, X, Y& Z
	25380



Part B – Project Assessment
Risk Assessment	Comment by Author: Clear explanation of how risk assessment was carried out. Table shows how the risk level was derived.  Where possible, only one probability should be derived.
The risk assessment has reviewed existing rockfall and crash records, interviewed key personnel, undertaken quantitative rockfall risk assessment and considered the return period of fatality, the annual individual fatality risk, and the societal risk. This has identified that incidents have happened in the past leading to a 24 hour closure (25,000 m3 of rockfall) and are likely to occur in the future. The risk is therefore considered as High to Extreme.
	Risk assessment procedure

		 Descriptor
	Consequence
	Insignificant
	Minor
	Moderate
	Major
	Critical

	Probability
	Description
	Minor delays during clean-up and/or insignificant risk to users
	Reduced capacity and/or low risk to users
 
	Reduced to half the capacity for more than 24 hours and/or unacceptable risk to users
	Route closed for more than 24 hours and/or major risk to users
	Sever the route and/or extreme risk to users

	Almost Certain
 
	Expected to occur in most circumstances
	High
	High
	Extreme
	Extreme
	Extreme

	Likely 
	Will probably occur in most circumstances
	Low
	High
	High
	Extreme
	Extreme

	Possible 
	Might occur at sometime
	Negligible
	Low
	High
	Extreme
	Extreme

	Unlikely 
	Could occur at sometime
	Negligible
	Negligible
	Low
	High
	Extreme


 


Strategic Fit and Effectiveness Profile (MM)
STRATEGIC FIT 	Comment by Author: Strategic fit (of the problem) should discuss the scale of the ‘level of service gap’ from the roads appropriate level of service – i.e. national strategic routes will have different requirements from a collector route. 

	Explanation
	Rating

	Safety
Reduces risk of death and injury to road users
Reduces risk of damage to vehicles
Resilience
Reduces likelihood of outage due to rockfall
Reduces ongoing maintenance activity and costs

	MEDIUM


MEDIUM

OVERALL RATING:
MEDIUM



EFFECTIVENESS	Comment by Author: Effectiveness (of the solution) should discuss the alignment (or not) to the 6 components below. The final rating should be High, Medium or Low as the lowest of all components.

	Component
	Explanation
	Rating

	Outcomes focussed
	· Clearly defined benefits
· ONRC= regional, target for resilience is:
· route is always available except during major-extreme weather or emergency events and viable alternatives nearly always exist
· Rapid clearance of incidents affecting road users.
· Road users may be advised in advance of issues
	HIGH

	Integrated
	Resilience is the key problem that leads to safety risks. Intervention reduces risk of both.
	MEDIUM*

	Correctly scoped
	A range of options have been considered and appropriate ALARP solution chosen.
	MEDIUM*

	Affordable
	Enhanced Network Resilience included in NLTP as three year programme. Paddys’s Bend and Waimak Bluffs are year one of this programme.
The options chosen are at appropriate level of investment and offer reduced whole of life maintenance costs.
	MEDIUM*

	Timely
	There are ongoing rockfall events with risk to road users and high ongoing maintenance cost. Reducing the risk and likelihood is timely for intervention.
	HIGH

	Confidence
	The problem has been well researched and is able to be implemented.
	HIGH*

	Overall
	
Assessment based on lowest rating of all components

	MEDIUM*




Efficiency Profile - Present Value Calculations
The early development work used Transfund Research Report 134 and Economic Evaluation Manual (EEM) procedures with assumed risk reduction of 25 to 40%. This identified high benefits cost ratio (up to BCR =13) for the installation of rockfall mitigation measures. This analysis was then updated using the latest EEM to assess 10% discount over 25 years, and 6% over 40 years, and a lower risk profile, that reduced the BCR by around 14%.
The economic analysis was then updated for Paddy’s Bend using the latest project capital and maintenance costs, and resultant costs of crashes.  This identified NPV of fatal accidents reduce from $1.3m for the Do Minimum to $0.15 million for the option. Fatal crashes represent around 32% of the total crash savings, and hence total NPV crash benefits are around $5.55m.
The NPV cost (maintenance and capital) for the option is $1.69m, as opposed to $0.85m for the Do Minimum. The NPV net cost is therefore $0.84, giving an overall BCR of 6.6. Sensitivity testing using the 95%ile cost gives a BCR of 4.9.
Refer: SH73 Waimak Bluff and Paddys Bend ENResilience EEM_Summary.xlsx
Supporting Documents
SH73 Waimakariri Bluffs and Paddy’s Bend – Rockfall Risk Assessment and Mitigation Effectiveness Study, June 2015, OPUS
SH73 Waimak Bluff and Paddys Bend ENResilience EEM_Summary.xlsx




Recommendation endorsed by: ________________________________________

Network Manager/Maintenance Contract Manager
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Principal Asset Manager Integrator (local)
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