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Executive Summary 
The District contracted KWL to develop a water master plan and a prioritized asset replacement and upgrading 
program based on system condition, and current and forecasted capacity issues.  Water system capacity is 
measured as the system’s ability to deliver acceptable fire-flows under maximum day demand conditions as well 
as acceptable pressures under peak hour summer demands. 

A list of priorities and funding requirements for long term sustainable management of the water system were 
developed. 

SYSTEM CONDITION ASSESSMENT 

The system is comprised of approximately 36% Asbestos Cement (AC) with an average age of 45 years and 
60% PVC with an average age of 31 years and 4% Ductile Iron (DI) with an average age of 40 years.  The 
current main and service break frequency indicates the condition of the pipe network is quite good.  It is 
expected that the older AC mains are in good condition for their age and AC and Ductile Iron (DI) is assumed to 
have an ultimate service life of between 80-100 years; higher than average life expectancy for these materials 
elsewhere.  PVC is assumed to have a service life of 100+ years. 

The current main break frequency, 2 breaks per year and service break frequency, 5 breaks per year, is 
expected to increase to approximately 9 main breaks per year and 13 service breaks per year as the system 
matures. These rates are expected to remain stable if AC and DI renewals occur between 80-100 years and 
PVC is renewed at between 100-120 years of age. 

It is recommended that the District sample and test the remaining strength of older AC pipes that are scheduled 
to be upgraded for capacity as this data will inform of the materials deterioration rate and ultimate service life 
elsewhere in the system.  Recording of watermain break data will also assist in this regard. 

The District owns 34 PRV stations.  A PRV station condition assessment was completed and revealed a handful 
of low priority maintenance projects.  The assessment also found three stations with PRVs requiring rebuilds.  
Two of the rebuilds were completed at the time of inspection.  The PRV stations were noted as being in good 
condition overall.  The expected renewal frequency for PRV stations is between 60 and 80 years dependent on 
site conditions. 

CAPACITY ASSESSMENT 

Existing maximum day demand (MDD) is estimated at 175 L/s and future OCP MDD is estimated at 269 L/s.  
North Saanich is not expected to see significant population growth but future MDD could rise with a changing 
climate and farm market forces.  The future MDD demand scenario assumes an additional 32 L/s in farm water 
use. 

North Saanich’s oldest AC water-mains were sized to the rural water standard of the day that considered fire-
fighting capacity as secondary to the provision of safe drinking water.  The District’s system contains 100mm 
watermains and some long runs of un-looped 150mm pipe which cannot deliver 60 L/s; which is the 
recommended minimum fire flow for single family residentially zoned lands.  Fire flow deficiencies are mostly 
constrained to older 100mm AC pipes which are expected to have a shorter lifespan than larger diameter AC 
and nearing the end of their lifecycle.  These mains should be given top priority for capacity related 
replacements. 

A high level review of the CRD’s reservoirs found no existing or future deficiencies in storage volumes. 
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UPGRADES AND LONG-TERM RENEWALS FUNDING 

20.53 km of water-main upgrades with an estimated cost of $13.26 million dollars are recommended to address 
the existing capacity deficiencies.  The majority of the proposed upgrades projects renew 1960s 100mm and 
150mm AC pipe. 

In the long term a watermain renewal funding level of $1,140,000 per year (2016 dollars) will be needed if mains 
are to be replaced at or around 100 years of age.  This funding level could be reduced to $938,000 per year for 
a 100% PVC systems if these mains and service connections are found, in the fullness of time, to last 120 
years. 

The District should plan for an annual PRV station renewal budget of $60,000 per year with renewals starting 
around 2020. 

The District should plan to complete the recommended pipe upgrades and renewal of AC and DI assets by 
2084.  At this timeline, AC and DI pipe will be replaced between 80 and 100 years of age and the oldest PVC in 
the system will have reached 120 years of age.  Factoring in PRV renewals funding, the average required yearly 
funding from 2017-2084 would be $708,000. 

There is added risk and costs in managing assets as the system ages.  The system is still young; reactive 
maintenance costs are expected to increase over the next twenty years to approximately $130,000 for main and 
service leak repairs.  It is assumed that this level will be sustained if renewals funding is set at sustainable levels 
as discussed above.  This level of reactive maintenance budgeting is below the average system with an average 
age of 60 years, which is attributed to the low break frequency associated with PVC pipe.  It is noted that these 
reactive maintenance costs are over and above that which is needed for a renewals funding.  In 20 years, the 
total cost of managing the water system, excluding regular maintenance activities, is estimated at $838,000 per 
year.  

The gap in funding between the current annual renewal funding of $522,000 per year and the estimated 
$708,000-$838,000 per year over the next 67 years needs to be addressed.  An increase in the short term will 
shorten the duration required to complete the recommended upgrade projects, reducing the risk of managing 
these assets. An increase in the short term would also lower the percentage of rate increase needed once a rate 
increase is applied.  A second funding gap will need to be addressed, in the distant future, sometime after 2084 
to reach the ultimate long term level of funding. 
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1. Introduction 

1.1 Terms of Reference 

In January 2014, the District of North Saanich (the District) contracted Kerr Wood Leidal Associates 
Limited (KWL) to build a water model for 2013 base demand, maximum day and assess the system 
capacity to deliver fire flows.  A model calibration was completed in September 2014 along with 
inspection of all PRV stations to both assess condition and determine each PRVs set-point to assist in 
the model calibration.  Following the initial model build and calibration, the District contracted KWL to 
develop a water master plan and a prioritized asset replacement and upgrading program.  This plan was 
commissioned to address the objectives outlined in Section 1.3. 

1.2 Background 

Community and Growth Forecast 

The District of North Saanich, at the top of the Saanich Peninsula, has the following defining 
characteristics: 

• Large portions of the District are within the Agricultural Land Reserve and the community is 
focussed on retaining its largely rural agriculture feel. 

• Bordered primarily by the ocean and having large forested parkland the community is committed to 
protecting both the land and marine ecosystems. 

• North Saanich has large residential lots.  The highest density areas have lots 30% larger than the 
average lot size in the District of Saanich and the more rural residential areas are comprised of 
acreages.  With an aging demographic wanting to stay in North Saanich, the community recognizes 
a need for more seniors housing.  Growth of industrial business has also added some pressure for 
higher density, more affordable housing choices, however this need is balanced with the 
communities desire to maintain its large lot character.  It is assumed that Sidney will absorb much of 
the densification and more affordable housing growth pressures with densification in North Saanich 
happening in close proximity to Sidney and within a few carefully chosen and controlled 
developments. 

Infrastructure 

Development of the North Saanich’s water system began in the early 1960’s with approximately 37% of 
the total system built between 1963 and 1965.  Approximately 19km of pipe was installed per year in 
this initial rapid growth period with 50% AC and 50% PVC.  The next nineteen years saw a moderate 
development rate of 1.9km of pipe per year.  System growth increased in the eleven year period from 
1986 to 1996 with a growth rate of 5km per year.  This 1986-1996 growth era represents 35% of the 
system and is mostly comprised of PVC pipe.  From 1997 to present day North Saanich has not seen 
any significant development and the majority of the pipe installed in this timeframe, 0.4km on average 
per year, has been renewals. 
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Key Issues  

The following is a list of the key issues that will be addressed by this plan: 

• Infrastructure renewals funding is the greatest challenge facing today’s municipal governments.  
North Saanich’s investment rate in water-mains over the past 5 years, approximately 400-600m of 
pipe per year, will need to be increased.  A replacement frequency of 500m per year in a system 
consisting of 149,000m of pipe relates in the long term to an average age of pipe at replacement of 
298 years which is too old. 

• Rural areas of the system have insufficient fire flow capacity by today’s standard which is due to 
100mm AC watermains and long un-looped runs of 100-150mm mains. 

• It is not expected that population growth will create significant additional strain on the system 
however agricultural use could become a significant factor.  The cost of water for farm use is not 
likely to decrease but it is equally not likely to increase.  It is probable that agricultural water use 
could expand given the right market conditions. 

1.3 Study Objectives 

The objectives of this plan are to: 

• Use computational modelling to identify deficiencies of the water system in meeting level of service 

design criteria; 

• Identify system improvements to remedy deficiencies; 

• Develop a likely future growth scenario and determine how levels of service are met under these 

conditions; 

• Recommend upgrades to address existing level of service deficiencies, and requirements to meet 

future demands; 

• Recommend renewals timing based on likelihood and consequence of failure; and 

• Identify renewal/upgrade priorities and funding requirements for long term sustainable management 

of the water system (Class D cost estimates). 
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1.4 Abbreviations 

The following abbreviations have been used throughout the report. 

ADD  Average Day Demand 
AC  Asbestos Cement 
BDD  Base Day Demand (Typical Indoor Winter Water Usage) 
ca  Capita (Person) 
CI  Cast Iron Water Main 
CRD  Capital Regional District 
DI  Ductile Iron Water Main 
GD  Geodetic Datum 
FUS  Fire Underwriters Survey 
ha  Hectare 
HGL  Hydraulic Grade Line 
HP  Horsepower 
ICI  Industrial, Commercial and Institutional 
ILI  Infrastructure Leakage Index 
KWL  Kerr Wood Leidal Associates Ltd. 
MDD  Maximum Day Demand 
MF  Multifamily 
ML  Megalitre (10

6
 L) 

PE  Population Equivalent 
PHD  Peak Hour Demand 
PRV   Pressure Reducing Valve 
PRS   Pressure Reducing Station 
SD  Seasonal Demand (Irrigation Demand on Max Day; BD+SD = MDD) 
SF  Single Family 
TWL  Top Water Level 
UARL  Unavoidable Annual Real Losses 
VAA  Victoria Airport Authority 

 
 



 

 2-1 

The Corporation of the District of North Saanich
Water System Master Plan

Final Report
July 2016

2148.010-300 
 

2. Water Modelling 

2.1 System Overview 

The District of North Saanich is supplied with bulk water by the Capital Regional District (CRD).  The 
bulk water typically originates from the Sooke Reservoir.  From the Sooke Reservoir, the water travels 
to the various communities in Greater Victoria via a series of transmission mains.  The Saanich 
Peninsula Water System, which includes portions of Saanich, Central Saanich, Victoria Airport Authority 
(VAA), Sidney, and the District of North Saanich, is supplied by CRD Transmission Main #4.   

The existing District of North Saanich water system is shown in Figure 2-1.  The District owned 
infrastructure (“the system”) does not include reservoirs or pump stations which are all the responsibility 
of the CRD.  The components of the CRD’s Peninsula Water System which directly supply the District 
include: 

• Transmission Main #4; 
• Lowe Pump Station; 
• Upper, Middle and Lower Dean Park Reservoirs; 
• McTavish Reservoir; 
• Deep Cove Pump Station; and 
• Cloake Hill Reservoir.   

The system is comprised of approximately 150 km of water main, thirteen pressure zones controlled by 
34 District owned pressure reducing valve (PRV) stations, and five CRD operated PRV stations. 

2.2 Data Sources 

The water model was built using the sources of data described below: 

District of North Saanich 

• CAD file (DNS Watermap.dwg provided December 2013) – water system composite map, source of 
water main data and closed valve locations; 

• GIS shapefiles (DNS Water.mdb provided November 2014) – source of water main install date 
information and used to verify material and diameters from CAD file; 

• LiDAR elevation data file (flown October 2012) – used to determine elevations; 
• 2013 Top 35 Service Meter Records (2013 Top 35 water users.xlsx) – annual water meter records 

for top 35 water users; 
• North Saanich zoning data (DNS_Zoning_Complete.shp) – source of land use data; and 
• PRV data table (PRV setpoints.pdf) – source of PRV station location, valve sizes and settings; 

Capital Regional District 

• SCADA records including flows, pressures and reservoir levels for July 1, 2013 to January 31, 2014 
– used to determine max day demands and boundary conditions; and 

• McTavish Reservoir Replacement Drawings (D-13026.00 As Recorded Drawings.pdf); 
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2.3 Water Model Components 

2.3.1 Water Mains 

The District’s GIS, supplied in November 2014, was used to verify the pipe attributes populated in the 
initial water model build.  The initial water model build was built from attributes in the DNS 
Watermap.dwg provided in 2013. 

Material type was used to assign roughness coefficients (Hazen-Williams C-Factors).  A summary of the 
water main materials, roughness coefficients and lengths for all the water mains included in the model 
(including CRD water mains) is provided in Table 2-1.  Flow testing was completed in October 2014 to 
validate the roughness coefficients used in the model.  Details of the flow testing results are described 
in Section 2.4. 

Table 2-1: Water Main Summary 

Material 
Modelled Roughness 

Coefficient 
(C-Factor) 

Length of Main 
in Model (m)

(1)
 

District Owned 
Mains (m) 

Asbestos Cement 
(AC) 

110 59,142 52,105 

Concrete 110 3,057 0 

Ductile Iron (DI) 120 9,038 5,575 

Fibre Glass (FG) 100 2,314 0 

Galvanized (GALV) 90 58 58 

High Density 
Polyethylene (HDPE) 

135 71 71 

Polyethylene (PE) 135 1,390 1,390 

Polyvinyl Chloride 
(PVC) 

135 88,749 85,765 

Steel 120 219 219 

Unknown 100 4,483 4,483 

TOTAL   168,522 149,666 

Notes: 
(1)    Length includes CRD mains 
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2.3.2 PRV Stations 

There are 34 District owned PRV stations and five CRD owned PRV stations.  Diameter and set point 
data for the District owned PRVs were input using the PDF file “PRV setpoints.pdf” provided in 
December 2013.   

The majority of the stations have a typical two valve arrangement; a smaller lead valve set to a higher 
pressure to provide domestic flows, and a larger lag valve to provide peak hour demands and fire flows 
when the system pressure is lowered.  To improve model stability, all stations are modelled as one 
equivalent diameter valve with the lower pressure set point.   

All pressure zones have multiple PRV feeds. It was important to determine the current operating point of 
each PRV to properly validate the model.  Confirmation of PRV set-points as well as valve sizes and 
piping arrangement for District owned PRVs was completed through a condition assessment by District 
operations.  More information on the model validation is included in Section 2.4.  More information on 
the condition assessment is included in Section 3.2.  

Information for the CRD PRV stations was collected through correspondence with CRD operators and 
SCADA records.  The location and function of the CRD PRVs included in the model are described as 
follows: 

• PRV-CRD-AM: Amity PRV, located at Amity Drive and Highway 17, supplies flow from Pressure 
Zone 2B to 1C; 

• PRV-CRD-BA: Bazan Bay PRV, located at Bazan Bay Road and Manwaring Road, supplies flow 
from Pressure Zone 2A to 1D; 

• PRV-CRD-CAR: Carmanah Terrace PRV, located at Dean Park Middle Reservoir, lowers pressure 
supplied from Dean Park Upper Reservoir (275.8 m TWL) to Pressure Zone 5; 

• PRV-CRD-MC: McDonald PRV Station, located at McDonald Park Road and Highway 17, allows 
flow to go between Pressure Zones 1D and 1, normally closed; 

• PRV-CRD-TO: Towner PRV Station, located at West Saanich Road and Towner Park Road, allows 
flow to go between Pressure Zones 1D and 1, normally closed; 

• PRV-MCTAVISH-1: McTavish PRV located in a valve chamber adjacent to the McTavish Reservoir, 
supplies Pressure Zone 1D  

A summary of the modelled PRV station data is included in Table 2-2. 
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The following points are noted with regards to the timing and rate of renewals: 

• Given a future total system length (with additional system looping as proposed in Section 7) of 
approximately 155km, assuming the future system is 100% PVC, an average 100-120 year life 
expectancy for PVC, and a 70 year renewal cycle for PRV stations, a future average renewal 
length of 1.3-1.6km/year will be necessary relating to an annual infrastructure replacement 
budget of $938,000-$1,140,000 (2016 dollars). 

• Assuming the first PVC main renewals occur when the oldest PVC reaches 120 years of age, 
the approximate date of these renewals will be 2084 at which time the youngest AC pipe in the 
network will be approximately 95 years old. 

• At the current rate of funding for water infrastructure replacement, $522,000 annually, the 
upgrade replacements provided in this plan will take 28 years, assuming $60,000 will be needed 
annually, starting in 2020, for PRV station renewals. 

• The total cost to replace all AC and DI mains and complete the upgrade replacements provided 
in this plan is estimated at $43.6 million.  If AC and DI mains are replaced at sometime between 
80-100 years of age, these renewals should be completed by 2084.  Factoring in PRV renewals 
funding, the average required yearly funding from 2017-2084 is $708,000.  It is noted that 
assuming an 80-100 year replacement frequency for AC is less conservative than the average 
estimated life expectancy of 76 years for these assets. 

• Conversely, if the current water infrastructure budget is kept constant for the medium to long 
term, it will take an additional 27 years to renew all AC and DI mains, leading to unsustainable 
levels of reactive maintenance sometime in the future. 

• Strength and pipe wall degradation testing of 100mm AC pipes being upgraded in the short term 
plan will inform the necessary budgeting for the short to medium term. 

• Collecting historical break frequency data will also inform necessary funding levels moving 
forward. 

A rate increase will need to occur at some point in the future.  An increase in the short term will shorten 
the duration required to complete the recommended upgrade projects, reducing the risk of managing 
these assets. An increase in the short term will also lower the percentage of rate increase needed once 
it’s applied.  If a rate increase is not applied, applied to late, or applied too low to manage the type and 
age of the infrastructure, the District will take on a level of risk that the total cost of providing service 
may increase as the cost of reactive maintenance spikes past the useful life of the assets, 
corresponding with a reduced level of service and reduced level of confidence for residence.  The level 
of this risk is a function of the planned funding shortfall. 

The above discussion on renewals funding does not take into consideration the costs of regular 
maintenance which should remain constant or reactive maintenance which is directly related to the rate 
of renewals, increasing as assets age out. 

Managing Reactive Maintenance Costs 

The District’s water infrastructure is still relatively young, with no assets having yet reached renewal 
age.  The infrastructure also appears to be in relatively good shape for its age, considering the current 
main and service break frequencies.  As such, current reactive maintenance costs are quite low.  These 
costs will however increase as assets age out and the average age of infrastructure reaches 50-60 
years.   

Table 8-1: Project Prioritization

Project 

Priority

KWL 

Project #

Length 

(m) Description TOTAL Cost

1 1 3542

Replace early 1960s 100mm AC with 200mm PVC on Lands End Road and Chalet Road.  Install new 

hydrants. 2,430,000$      

2 18 136 Upgrade 1963 100mm AC to 150mm PVC on Kalitan Road. 98,000$           

3 19 121 Upgrade 1965 100mm AC to 200mm PVC on Birch Rd from West Saanich Road to hydrant. 99,000$           

4 20 1627 Upgrade 1963 150mm AC to 200mm PVC on Downey Road. 1,017,000$      

5 30 707 Upgrade 1960s 100mm AC TO 150mm PVC on Barrett Drive, East Saanich Road and Emard Terrace. 437,000$         

6 33 828 Upgrade 1963 & 1970 100mm AC to 150mm PVC on Ebor Terrace. 507,000$         

7 34 290 Upgrade 1963 100mm AC to 150mm PVC on Aldous Terrace. 174,000$         

8 35 90 Upgrade 1963 150mm AC to 250mm PVC on Amity Drive. 69,000$           

9 31 255 Upgrade 1966 100mm AC to 150mm PVC on Moxon Terrace. 160,000$         

10 36 100 Upgrade 100mm AC to 150mm PVC on Griggs Road. 74,000$           

11 32 359

Install new 150mm PVC along Central Saanich Boundary between Aldous Terrace and Bourne Terrace, 

also connecting Ebor Terrace. 172,000$         

12 9 1866 Upgrade 1966 100mm AC to 200mm PVC on Curteis, Inwood and Tryon Roads. 1,345,000$      

13 5 248

Decommission PRV Station 525 (Oceanspray) to rezone discrete section of Zone 2 to Zone 6.  Install 

new 150mm PVC main through park easement to connect Hawthorne Place and Hummingbird Place. 118,000$         

14 11 256 Upgrade 1966 100mm AC to 150mm PVC on Tryon Road to hydrant (Section of Road to the Point). 156,000$         

15 3 552

Install new 200mm PVC main to connect Sumac Drive from Hillgrove Rd at the South to Sumac Park at 

the North. 324,000$         

16 21 2176 Upgrade 1963 150mm AC to 200mm PVC on Towner Park Road, Towner Road and Madrona Road. 1,442,000$      

17 26 58 Rezone McTavish Rd from Zone 2A to Zone 1D. 47,000$           

18 27 7 Connect 100mm and 200mm pipes on Mainwaring Road, North of McTavish. 17,000$           

19 29 228 Upgrade 1970 100mm AC to 150mm PVC on Llwellyn Place. 142,000$         

20 7 326 Upgrade 1964 150mm AC & PVC to 200mm PVC on Lands End Road North to Piers Road. 216,000$         

21 8 717

Upgrade 1970 & 1988 100mm AC to 150mm PVC on Piers Road and Neptune Road. 200mm PVC from 

Lands End Road to Piers/Neptune intersection. 460,000$         

22 14 587 Install new 250mm PVC main from Maple to Wain Road along Alder Road in right of way. 375,000$         

23 28 216 Upgrade 1975 100mm AC & PVC to 150mm PVC on Lowe Road. 123,000$         

24 22 1872

Install new 200mm PVC main on West Saanich Road as supply from Zone 2A (Dean Park Reservoir) to 

Zone 1D.  Rezone PRV Station 535 to supply Zone 1D and install new 150mm PVC on West Saanich 

between Ardmore and Friszell for Zone 1B. 1,032,000$      

25 25 146 Upgrade 1970 100mm AC to 150mm PVC on Marshall Road. 101,000$         

26 2 198

Upgrade section of 100mm pipe (1989 PVC) to 200mm PVC on Cloake Hill Road between PRV Stations 

520 and 521. 145,000$         

27 17 131 Upgrade 1988 100mm AC to 200mm PVC on Trillium Place from Clayton Road to hydrant. 106,000$         

28 12 654 Install new 200mm PVC main connecting Littlewood Road to Greenpark Drive through easement. 335,000$         

29 15 172 Install new 150mm PVC on Cypress Road to connect to Heather Road main. 95,000$           

30 24 89 Upgrade 1970 100mm PVC to 200mm PVC on East Saanich Road North of Dickson Avenue. 74,000$           

31 10 153 Upgrade 1980 150mm PVC to 200 PVC on Boas Road between existing hydrant locations. 111,000$         

32 37 119 Upgrade 150mm PVC to 200mm PVC on Portland Place. 95,000$           

33 23 1158 Install new pipe connections and upgrades in Ardmore to change Zone 2A and 1B boundaries. 804,000$         

34 4 377

Upgrade 1987 150mm PVC to 200mm PVC on Oceanspray Drive from Sumac Drive to hydrant on 

Honeysuckle Place. 241,000$         

35 6 137 Upgrade 1987 150mm PVC to 200mm PVC on Camas Drive. 99,000$           

36 16 14 Connect hydrant on Baxendale and Clayton to 200mm on Clayton (This may already be the case). 22,000$           

13,262,000$   TOTAL

8-4

Potential Project Prioritization

2-5 

Table 2‑‑‑‑2: PRV Station Summary

PRV Station

Supplies 

Pressure 

Zone

From 

Pressure 

Zone

Valve 1 

Diameter 

(mm)

Valve 1 

Setting 

(HGL)

Valve 2 

Diameter 

(mm)

Valve 2 

Setting 

(HGL)

Modelled 

Equivalent 

Valve 

Diameter 

(mm)

Modelled 

Set Point 

(HGL)

513 1 2 50 84.5 150 78.9 158.1 78.9

514 1 2 75 83.2 150 77.6 167.7 77.6

515 1 2 50 85 150 78.6 158.1 78.6

516 1 6 50 89.5 100 83.8 111.8 83.8

517 1 2 100 83.4 200 77.8 223.6 77.8

519 1 2 64 89 150 84.1 163.1 84.1

521 1 2 50 90.1 100 84.4 111.8 84.4

539 1 2 64 89.1 100 84.2 118.7 84.2

540 1 2 64 88.7 100 82.3 118.7 82.3

520 2 6 50 110.5 100 104.8 111.8 104.8

523 2 6 50 97.9 150 91.5 158.1 91.5

524 2 6 50 101.6 100 96 111.8 96

525 2 6 50 108.9 100 103.3 111.8 103.3

526 2 6 50 92.2 100 86.6 111.8 86.6

527 2 6 100 97.7 300 90.6 316.2 90.6

528 2 6 100 102 200 97.8 223.6 97.8

529 2 6 50 104.2 150 98.6 158.1 98.6

30 3 4 50 145.1 100 150.7 111.8 145.1

31 3 4 50 152.8 100 147.2 111.8 147.2

32 3 4 50 149.1 100 142.8 111.8 142.8

33 3 4 50 155.2 100 151.7 111.8 151.7

34 3 5 50 152.8 100 146.4 111.8 146.4

35 4 5 50 184.3 100 179.4 111.8 179.4

530 6 7 100 140.8 250 134.5 269.3 134.5

531 6 7 100 142.1 300 136.4 316.2 136.4

532 6 7 75 141.5 150 136.6 167.7 136.6

518 1A 1 64 86.2 150 80.6 163.1 80.6

534 1B 2A 64 75.9 150 71 163.1 71

535 1B 2A 64 74.9 150 69.2 163.1 69.2

536 1B 2A 50 75.2 100 75.2 111.8 75.2

537 1C 1D 50 63.9 100 58.3 111.8 58.3

538 1C 1D 75 65.3 150 59.7 167.7 59.7

36 2A 3 50 107.4 100 100.4 111.8 100.4

506 2B 2A 50 94.9 100 89.3 111.8 89.3

CRD-AM 1C 2B 150 63.33 150 63.33

CRD-MC 1D & 1 1D & 1 150 78 200 78 NA 78

CRD-TO 1D & 1 1D & 1 200 77 200 77 NA 77

CRD-BA 1D 2A 150 77 150 77

CRD-CAR 5 DP-HIGH 75 ? 150 200.72 168 200.72

CRD-

MACTAVISH

Sidney / 

Bazan Bay
MacTavish 200 77.5 300 85.29 NA

77.5 / 

85.29


