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Rebuilding Infrastructure

Lessons learned from one of New Zealand’s most challenging civil engineering projects:
rebuilding the earthquake damaged pipes, roads, bridges and retaining walls in the city of
Christchurch 2011 - 2016.

Evaluation of Whole of Life Costs for Rebuild
Option Evaluation (Calculating Spreadsheet)

Story:  Evaluation of Alternative Rebuild Options

Theme: Governance and Decision Making

A pdf of a spreadsheet tool used by designers to undertake a whole of life evaluation of rebuild
options.

This document has been provided as an example of a tool that might be useful for other

organisations undertaking complex disaster recovery or infrastructure rebuild programmes.

For more information about this document, visit www.scirtlearninglegacy.org.nz
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Total Project Cost Estimate

Updated - Martin Dasler (9/05/14) with correction to
calculation of P&G within Construction Allowances

Changes from the
last updates in red

Option 0 - Direct Repair or
Replacement of Existing Gravity
System (not IDS compliant)

Option 3 - Renewal with Complete
Vacuum Sewer System

Option 4 - Mixed System

ABCD - Pressure
Average Comments
Ref Item Unit Cost/Unit No. Cost No. Cost No. Cost No. Cost No. Cost
Fill in this cell with quantity or rate
1 | Construction Estimate TOC team to control these cells
Res Ref |Repairs to Gravity
GR GS: Minor works to small pump station No. it De to review cost before using rate 0 - - N -
GR GS: Minor works to large pump station No. 50000 if it De to review cost before using rate 0 - - - -
GR GS: Major works to small pump station No. it De to review cost before using rate 0 - - N -
GR| GS: Major works to large pump station No. 500000 i t D to review cost before using rate 0] N N B B
GR GS: Dig up repair Om to 1.5m deep No. 4,000 | Per repair (up to 6m Assume average of 2 repairs per pipe 0] - 4 16,000 - -
GR| GS: Dig up repair 1.5m to 2.5m deep. No. 10,000 Per repair (up to 6m; Assume average of 2 repairs per pipe 0] N 4 40,000 B B
GR| GS: Dig up repair 2.5m to 3.5m deep No. 14,000 Per repair (up to 6m; Assume average of 2 repairs per pipe 0 - - - -
GR| GS: Dig up repair 3.5m to 5m deep No. 20,000 Per repair (up to 6m; Assume average of 2 repairs per pipe 0] N B B B
GR GS: Dig up repair >5m deep No. 25,000 Per repair (up to 6m; Assume average of 2 repairs per pipe 0 - - - -
GR| GS: Dig up repair to repair lateral in berm No. 3,000 0] B B B B
GR| GS: Rehab. MH Om to 1.5m deep No. 1,000/ This is approx 1/3 new build cost 0 - - - -
GR| GS: Rehab. MH 1.5m to 2.5m deep No. 1,250 This is approx 1/3 new build cost 0] B B B B
GR GS: Rehab. MH 2.5m to 3.5m deep No. 1,500/ This is approx 1/3 new build cost 0 - - - -
GR| GS: Rehab. MH 3.5m to 5m deep No. 1,750 This is approx 1/3 new build cost 0] B B B B
GR GS: Rehab. MH >5m deep No. 2,000/ This is approx 1/3 new build cost 0 - - - -
GR| GS: Flush tank (new) No. 10,000 0] B B B B
GR GS: Flush tank (upgrade) No. 5,000 0 - - , ,
GR| GS: Patch repair DN150 No. 3,900 Does not include for over pulincludes all for cleaning and lateral 0] B B B B
GR (GS: Patch repair DN225 No. 4,100 Does not include for over puincludes al for cleaning and lateral 0 - - - -
GR| GS: Patch repair DN300 No. 5,000 Does not include for over pul includes all for cleaning and lateral 0] B B B B
GR (GS: Patch repair DN375 No. 6,000{Does notinclude for over pul includes all for cleaning and lateral 0 - - - -
GR GS: Patch repair DN450 No. 6,550 | Does not include for over pu|includes all for cleaning and lateral 0 - - B B
GL GS: Reline gravity sewer DN150 m 225 | Does not include for over pumping 0] - 522 117,450 - -
GL GS: ai DN225 m 250 Does not include for over pumping 0] B - B B
GL GS: Reline trunk sewer DN300 m 480 Does not include for over pumping 0 - - - -
GL GS: Reline trunk sewer DN375 m 700 Does not include for over pumping 0] B B B B
GL GS: Reline trunk sewer DN450 m 800 | Does not include for over pumping 0 - - - -
GL GS: Reline trunk sewer DN525 m 1,450 Does not include for over pumping 0] B B B B
GL GS: Reline trunk sewer DN575 m 1,550 | Does not include for over pumping 0 - - - -
GL GS: Reline trunk sewer DN675 m 1,650 Does not include for over pumping 0] B B B B
GL GS: Reline trunk sewer DN750 m 1,800 Does not include for over pumping 0 - - - -
GL GS: Additional CCTV to check pipes for lining m 60| CCTV inspection rate 0 - 522 31,320 - -
GL GS: Lateral opening (post lining) No. 500 Does not include for over pu] Opening of lined pipes at all lateral locations
GL GS: Lateral lining DN100 No. 4,000 | Does not include for over pul| For laterals in relined pipes. Includes junction box at boundary 0] N 50, 200,000 N B
GL GS: Lateral connection repair DN150/100 No. 1,600 Does not include for over pumping 0 - - - -
GL GS: Lateral connection repair DN400/100 No. 4,000 | Does not include for over pumping 0] B B B B
GL GS: Over pumping using temporary (diaphragm) pump Day 1,000 [Apply to any trenchless work that requires over pumping 0 - N -
Enhanced Gravity - - - B
PS GS: Low lift pump station < 15 lls No. 150,000 0 N 2 300,000 N N
PS GS: Conventional pump station 10 I/s No. 450,000 Doesn't include for land purchase 0 - 2 900,000 N -
PS GS: C tional pump station 20 ls No. 600,000 Doesn't include for land purchase 0 - 1 600,000 - -
PS GS: Conventional pump station 40 /s No. 800,000 Doesn't include for land purchase 0 - 0 - - -
PS GS: C tional pump station 60 ls No. 1,000,000 Doesn't include for land purchase 0 - 0 - - -
PS GS: Conventional pump station 80 /s No. 1,200,000 Doesn't include for land purchase 0 - 0] - - -
PS GS: C tional pump station land purchase LS Land purchase for pump sta| De to review land purchase costs with CCC property team 0] 0] B B B
G GS: Collector Sewer DN150 PVC Om to 1.5m deep m 40 | For works in road Laid in same trench as main 0 - 0 - N -
G GS: DN150 PVC Om to 1.5m deep m 620 | For works in road 0 - 1291 800,420 - -
G GS: DN150 PVC 1.5m to 2.5m deep m 1,100 | For works in road 0 - 1448 1,592,800 - -
G GS: DN150 PVC 2.5m t0 3.5m deep. m 1,400 For works in road 0 - 586 820,400 - A
G GS: DN150 PVC 3.5m to 5m deep m 3,200 Includes for sheet pile Not normally laid at this depth - review with TOC team 0 - 188 601,600 - -
G GS: DN175 PVC Om to 1.5m deep m 640 | For works in road 0 - 0 - , A
G GS: DN175 PVC 1.5m to 2.5m deep m 1,100 | For works in road 0 - 0 - - -
G GS: DNL75 PVC 2.5m t0 3.5m deep. m 1,400| For works in road 0 - 0 - , A
G GS: DN175 PVC 3.5m to 5m deep m 3,200 | Includes for sheet pile Not normally laid at this depth - review with TOC team 0 - 0 - - -
G GS: DN225 PVC Om to 1.5m deep m 700] For works in road 0 - i) 8,400 , A
G GS: DN225 PVC 1.5m to 2.5m deep m 1,150 | For works in road 0 - 220 253,000 - -
G GS: DN225 PVC 2.5m t0 3.5m deep m 1,450 For works in road 0 - 192 278,400 , A
G GS: DN225 PVC 3.5m to 5m deep m 3,300 | Includes for sheet pile Not normally laid at this depth - review with TOC team 0 - 0 - - -
G GS: DN300 PVC Om to 15m deep m 850] For works in road 0 - 0 - , A
G GS: DN300 PVC 1.5m to 2.5m deep m 1,300 | For works in road 0 - 0 - - -
G GS: DN300 PVC 2.5m t0 3.5m deep. m 1,700| For works in road 0 - 0 - , A
G GS: DN300 PVC 3.5m to 5m deep m 3,550 | Includes for sheet pile Not normally laid at this depth - review with TOC team 0 - 0 - - -
G GS: DN375 PVC Om to 15m deep m 1,050 0 - 0 - , A
G GS: DN375 PVC 1.5m to 2.5m deep m 1,500 0 - 0 - - -
G GS: DN375 PVC 2.5m t0 3.5m deep m 1,750 0 - 0 - , A
G GS: DN375 PVC 3.5m to 5m deep m 3,600 | Includes for sheet pile Not normally laid at this depth - review with TOC team 0 - 0 - - -
G GS: Manhole Om to 1.5m deep. No. 4,500 0 - 16 72,000 , A
G GS: Manhole 1.5m to 2.5m deep No.. 6,500 0] - 26 169,000 B B
G GS: Manhole 2.5m to 3 5m deep No. 8,700 0 - 17 147,900 , A
G GS: Manhole 3.5m to 5m deep No. 17,000 | Includes for sheet pile Not normally laid at this depth - review with TOC team 0 - 4 68,000 - -
G GS: Lateral to property DN100 m 280 Estimate an average length per property (typically approx 10m) 0 - 4512 1,263,360 - -
PS GS: Pressure main DN110 PE m 300 0 - 0 - - -
PS GS: Pressure main DN125 PE m 320 0 - [ - - -
PS GS: Pressure main DN160 PE m 340 0 - 1660 564,400 - -
PS GS: Pressure main DN200 PE m 360 0 - 0 - - -
PS GS: Pressure main DN250 PE m 400 0 - 0 - - -
G GS: Connection of pressure main to existing sewer system No. 2,000 0 - 0 - , A
G GS: Sheet piling pipe 3.5m to 5.0m m 1,500 | Extra-over, per m of trench, 1| For use in peat ground - review with TOC team 0 - 188 282,000 - -
G GS: DNI50 PVC Om t0 1.5m deep collector sewer 500in berm Not usual. Collector normally laid above main along road centreline 0 - 987 493,500 , A
0 - 0 - - -
Dy 0 - 0 - - -
NA GS: sewer DN150 m 20| Grout with flowable fill Flowable fill, refer to IDS Part 6. Not all pipes <=300mm diameter need to 0 - 2120 42,405 2500 50,000 2500 50,000
NA GS: sewer DN225 m 25 | Grout with flowable fill Flowable fill, refer to IDS Part 6. Not all pipes <=300mm diameter need to 0 - [ - 2000 50,000 2000 50,000
NA GS: sewer DN300 m 50| Grout with flowable fill Flowable fill, refer to IDS Part 6. Not all pipes <=300mm diameter need to 0 - 0 - - -
NA GS: sewer DN375 m 80| Grout with flowable fill Flowable fill, refer to IDS Part 6 0 - 1500 120,000 1500 120,000 1500 120,000
NA GS: sewer DN450 m 115 | Grout with flowable fill Flowable fill, refer to IDS Part 6 0 - 0 - - -
NA GS: sewer DN525 m 158 | Grout with flowable fill Flowable fill, refer to IDS Part 6 0 - [ - - -
NA GS: sewer DN575 m 200 | Grout with flowable fill Flowable fill, refer to IDS Part 6 0 - 0 - - -
NA GS: manhole No. top/break walls, AP65 0 - 63 47,250 119 89,250 119 89,250
0 - 0 - - -
Pressure Sewer 0 - , , A
P pits. PS: Simplex pump unit (one pump) No. 8,000 Supply and installation of pump unit with non-trafficable lid 0 - - 682 5,456,000 -
P pits. PS: Duplex pump unit (one pump) No. 12,500 Supply and installation of pump unit with non-trafficable lid 0 - - - -
P pits. PS: Duplex pump unit (two pumps) No. 15,000 Supply and installation of pump unit with non-trafficable lid 0 - - - -
P pits. PS: Quad pump unit (two pumps) No. 18,000 Supply and installation of pump unit with non-trafficable lid 0 - - - -
P pits. PS: Quad pump unit (four pumps) No. 24,000 'Supply and installation of pump unit with non-trafficable lid 0] - - B B
Ppits__|PS: Trafficable installation No. 3,000 Includes trafficable Iid and vent 0 - - , A
P pits PS: Direct electrical connection (Orion) No.. 5,000 Per tank - Only for tanks located in the berm 0] - - B B
P pits. PS: Control cabinet in berm No. 2,000 Per tank - Only for tanks located in the berm 0 - - - -
P pits PS: Telemetry No. 750 Per tank - Only for tanks located in the berm 0 - - - -
P pits. PS: Berm services protection and diversion No. 500 Per tank - Only for tanks located in the berm 0 - - - -
P pits PS: Additional project costs to tanks in the beil Ls Designer to enter following review with Asset Owner Representative 0] - - 682 - B
P pits. PS: Boundary kit No. 600 Supply and installation. One required per tank 0 - - 682 409,200 -
P pits PS: Lateral inspection and connection No.. 500 0] - - 682 341,000 B
P PS: Pressure lateral DN40 PE m 80! [Assume average 20m per property (typical variance from 10m to 40m) 0 - - 13640 1,091,200 ,
Ppis__|PS on property No- 1,500{ Typical variance $500 to $3¢| Most properties likely to be towards the lower end of the range, particularl 0 - - 682 1,023,000 -
NA PS: Consultation with property owner No. 500, Considered appropriate for alarge scheme with well managed consultatior| 0 - - 682 341,000 ,
P pits. PS: Tappings & couplers per property No. 150 Supply and installation. One required per tank 0] - - 682 102,300 B
P PS: Pressure sewer DN50 PE m 55 0 - - - -
P PS: Pressure sewer DN63 PE m 60 0 - - - -
P PS: Pressure sewer DN75 PE m 75 0 - - - -
P PS: Pressure sewer DN90 PE m 80 0 - - - -
P PS: Pressure sewer DN110 PE m 120 0 - - 3500 420,000 -
P PS: Pressure sewer DN125 PE m 130 0 - - 1000 130,000 -
P PS: Pressure sewer DN160 PE m 180 0 - - 1142 205,560 -
P PS: Pressure sewer DN180 PE m 190 0] - - 500 95,000 B
P PS: Connection of pressure sewer to existing sewer system No. 2,000 0 - - - ,
P PS: Flowmeter prior to discharge (o gravity sewer No. 10,000 If requested by the Asset Owner Rep. 0] - - 1 10,000 B
P PS: Extra for open cut in road m 150 Important to keep this to a minimum by drilling where reasonably possible 0 - - - -
P PS: Extra for open cut not in road m 25 Preference for driling rather than open cut 0] - - B B
P PS: Air valve No. 4,500 Only provide on mains with significant local high points 0 - - 10 45,000 -
P PS: Flushing point No. 1,500/ Provided at the top of any line. 0] - - 25 37,500 B
P PS: Isolation valves < DN100 No. 1,000 0 - - 20 20,000 -
P PS: Isolation valves >= DN100 No. 1,750 0 - - 25 43,750 ,
0 - - - ,
Vacuum Sewer 0 - - - -
Vs VS Vacuum station 20 Us No. 2,500,000 Doesn't include for land purchase 0 - - - ,
Vs VS: Vacuum station 40 s No. 3,000,000 Doesn't include for land purchase 0 - - - 1 3,000,000
Vs V'S Vacuum station 60 Us No. 4,000,000 Doesn't include for land purchase 0 - - - -
Vs V'S: Vacuum station 80 Uis. No.. 4,500,000 Doesn't include for land purchase 0] - - B B
Vs V'S Vacuum station land purchase s Land purchase for vacuum s| Designer to review land purchase costs with CCC property team 1 - - , ,
V pit VS: Vacuum valve with pit No. 16,000 Assume 3.5 properties per pit. Cost includes all costs associated with pit, 0 - - - 195 3,117,714
V pit V'S Storage tank with vacuum valves (interceptor chamber) No. 40,000 [ Provisional Required for commercial and institutional discharges 0 - - - ,
V pit VS: Lateral inspection No.. 500 Assuming any repairs are covered by EQC as on private property 0] - - - 195 97,500
v VS Extend laterals to valve pit m 280, Estimate an average length per property (typical variance from O to 30m 0 - - - 853 238,700
V. vs: for extend laterals m 80/ Estimate an average length per property (typical variance from Om to 30m]| 0] - - - 853 68,200
v VS: Vacuum lateral DN90 PE m 170, [Assume average per pit of 5 m 0 - - - 10230 1,739,100
v VS: Vacuum main DN110 PE m 250 0] - - - 1000 250,000
\a VS: Vacuum main DN125 PE m 340 0 - - - 500 170,000
\a VS: Vacuum main DN160 PE m 370 0 - - - 5000 1,850,000
\a VS: Vacuum main DN200 PE m 400 0 - B B N
\a VS: Vacuum main DN225 PE m 415 0 - - - 1146 475,590
\a VS: Vacuum main DN250 PE m 430 0 - - - 500 215,000
\a VS: Vacuum main DN315 PE m 450 0 - - - -
v VS: Sawcut and in road m 150 0 - - - 1000 150,000
v Vs: notin road m 25 0 - - - 500 12,500
v VS: Air valve No. 5,000 Provisional (Only provide on mains with vacumm valves greater than 300m apart 0 - - - -
V. V'S: Sucking point No.. 3,000] Provisional i riser - required every 20 chambers’ 0] - - - 10 30,000
v VS: Isolation valves No. 2,500| Provisional Division valves - required every 12 chambers 0 - - - 16 40,000
Subtotal - 9,829,605 10,079,760 11,763,554
Construction
Sum of items subject to TMP Only applies to ‘works in the road - 7,836,105 1,316,060 5,158,940
TMP. 6% - 470,166.28 78,963.60 300,536.40
P&G 10% | - 982,960.46 1.007.976.00 1,176,355.43
[& 25% | - 820,682.8: 2,791,674.90 1
Construction Estimate - 14,103,414 13,958,375 16,561,808
2 | Design Costs 6% B T e nanl-stimate [ 846,205 837,502 993,708
3 | Indirect Costs 45% | Applied to the Construction Estimate + Design Estimate’ [ 6,727,329 6,658,145 7,899,082
(includes include for asset costs, SCIRT delivery team Limb 2 profit) |
Total Project Cost - 21,676,948 21,454,022 25,455,498
Unit Cost Breakdown
Total Cost per Household : | Enter number of households served by the project - 682 31784 682 31458 682 37325
Length of Saved Pipe: |Enter length of saved pipe | 0] 0] 0]
Cost per Metre of Repaired Pipe: | Enter length of pipe assets that have been repaired - 1700 33 0] [
Cost per Metre of Lined Pipe: - 522 668 0 ol
Cost per Metre of New Pipe: o[- 3937 1294 0 0]- 0
Cost per Metre of Pressure Pipe: o[- [ 6142 164 ol 0
Cost per Metre of Vacuum Pipe: of- 0 0 18376 268 0
Resilience Calculation Res Ref
split of physical works costs Proportion of total Proportion of total Proportion of total Proportion of total Proportion of total
Repaired Gravity Component GR #DIV/O! - 1% 56,000 0% - 0% - #DIV/O!
Lined Gravity Pipe Component GL #DIV/O! - 4% 348,770 0% - 0% - #DIV/O!
New Gravity component (Includes MH Replacements) [ #DIV/O! - 75% 7,415,180 0% - 0% - #DIVIO!
Pressure pipe component #DIVIO! - 0% - 21% 2,098,010 0% - #DIV/O!
Pump/ift Stations PS #DIV/O! - 18% 1,800,000 0% - 0% - #DIVIO!
Pressure Pits P pits #DIVIO! - 0% - 76% 7,672,500 0% - #DIV/O!
Vacuum pipe component v #DIV/O! - 0% - 0% - 45% 5,336,590 #DIV/O!
Vacuum Stations Vs #DIVIO! - 0% - 0% - 26% 3,000,000 #DIV/O!
Valve Pits V pits #DIV/O! - 0% - 0% - 27% 3117714 #DIV/O!
Items not subect to resilience NA H#DIV/O! - 2% 209,655 % 309,250 3% 309,250 H#DIV/O!
Summation Check (should equal zero) - - - -
Non-physical works component (excluding allowances and contingency) - 11,847,343 11,374,262 13,691,944
split of total project costs (with design, overheads, contingency included)
Repaired Gravity Component #DIV/O! 123,495.21 - - #DIV/O!
Lined Gravity Pipe Component #DIV/0! 769,132.57 - - #DIV/O!
Gravity component (Includes MH Replacements) #DIV/O! 16,352,485.65 - - #DIV/O!
Pressure component #DIV/0! - 4,465,458.69 - #DIV/O!




Pump/lift Stations.

Pressure Pits

Vacuum component

Vacuum Stations

Valve Pits.

Items not subject to resilience

Total - check (chould equal zero)

#DIVIO!
#DIVIO!
#DIVIO!
#DIVIO!
#DIVIO!
#DIVIO!
#DIVIO!

3,969.488.83

462,345.33

16,330,347.23

658,215.69

11,548,002.81
6,491,787.53
6.746,512.91
669,195.10

#DIV/O!
#DIV/O!
#DIV/O!
#DIV/O!
#DIV/O!
#DIV/O!
#DIV/O!



