
  
  

 

 

1.0 INTRODUCTION 
This letter report summarizes the findings of studies carried out by Golder Associates Ltd. (Golder) for the City of 
Nanaimo (City) on the Lower Colliery Dam in Nanaimo BC.  These studies, carried out principally in May 2015, 
were primarily related to further development of flood routing remediation options for the Lower Dam.  
The remediation options that were to be evaluated were drawn from a list of options identified by the Province of 
BC, which formed part of the basis of an Order for remediation of the Colliery Dams (BC 2015).  This letter report 
documents additional work that has been carried out on two of the options identified in the Province of BC letter, 
namely, the Overtopping Option, and the Auxiliary Spillway Option.  A general arrangement of the Lower Dam, 
the existing spillway and the proposed auxiliary spillway location are shown on Figure 1. 

The work undertaken on these remediation options is of a preliminary nature (not detailed design), and is 
intended to improve the understanding of the scope and cost of the options.  It is understood that this improved 
understanding is to be used to form the basis for the City to select one of the options, which would then be 
submitted to the Province of BC for review and approval, and ultimately taken forward to final design and 
construction. 

 

2.0 OVERTOPPING PROTECTION OPTION 
2.1 Description 
Overtopping protection involves strengthening an embankment dam to allow the dam to be safely overtopped 
during rare (or long return period) storm events.  Such approaches provide a distinct alternative to larger 
spillways as a means to convey floods through reservoirs, and for some projects this approach may be 
preferable to conventional approaches such as increasing the spillway capacity.  While overtopping protection 
options have become increasingly prevalent in recent years, there is limited experience with overtopping 
protection in Canada, and limited experience with this approach on a dam of the height of the Lower Dam.  
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In the remediation order (BC 2015), the Province of BC indicated that an overtopping protection approach would 
be acceptable, provided that the design was accompanied by a review report from a qualified independent 
expert, indicating the design to be acceptable.  

Overtopping protection has been previously evaluated for this project (Golder 2014a).  For the current stage of 
study, the City wished to evaluate alternative approaches to the previous design.  Any alternative designs would 
be required to meet certain minimum design requirements, which are described in this letter report.  

As stated above, the objective of overtopping protection is to safely convey the design flood over the dam.  In the 
event of a flood, the increased reservoir level will result in a release of water over the dam as well as any other 
potential low points around the reservoir rim.  The resultant distribution of water flows from the reservoir is 
described in previous reports (Golder 2015).  To safely convey the flows over the dam, it is necessary to direct 
the flows in a controlled manner to minimize damage to the dam and abutments.  For the Lower Dam, the 
overtopping flows are anticipated to be directed either over the crest of the dam, or down the existing spillway.  
In order to direct and control the design flows, it is necessary to shape the dam crest to direct the water over the 
hardened portion of the dam or into the spillway.  Since the maximum reservoir level is increased with this 
option, it is necessary to increase the existing spillway wall height and capacity to safely convey the increased 
spillway flows in the design flood event.  

These two major components of the overtopping protection option (spillway capacity improvements and dam 
hardening requirements) are described in the following sections.  A conceptual plan and profile showing the 
overtopping protection option for the Lower Dam are shown on Figure 2.  Note that the concept presented on 
Figure 2 represents the shaped dam surface which formed part of the previously developed overtopping concept 
(Golder 2014). Alternative designs may involve a variation to the shaped dam surface shown on this figure. 

 

2.2 Existing Spillway Improvements 
2.2.1 Description 
During the design flood event, the spillway would be subject to a peak flow of approximately 100 m3/sec.  
Note that the peak flow is dependent on the final configuration of the modifications to the existing spillway bridge 
as well as the final re-shaping of the dam crest associated with directing the overtopping flows.  Varying these 
parameters within the anticipated practical limits yields a possible range of peak flows through the modified 
spillway from 90 to 110 m3/sec with the remaining portion overtopping the hardened dam embankment.  In order 
to achieve this additional flow capacity, an increase in the height of the spillway walls is required.  This section 
describes the scope of these spillway improvements.  

Spillway flow characteristics were modelled using HEC-RAS (Hydrologic Engineering Center’s (HEC) River 
Analysis System (HEC-RAS)) software.  Additional freeboard was calculated using the methodology described 
for Channel Freeboard in Design of Small Dams, third edition, by the United States Department of the Interior 
Bureau of Reclamation.  This methodology uses the flow velocities and flow depths to calculate additional 
freeboard to contain the “…surface roughness, wave action, air bulking, splash, and spray…”  The results of the 
spillway wall freeboard analysis are presented on Table 1 below. 
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Table 1: Spillway Design Requirements 

Location 
Velocity 

(105 m3/sec flow) 
Depth 

(m) 
Freeboard 

(m) 

Downstream of Bridge to the beginning of taper 3.2 2.7 0.8 
Beginning of taper to the increase in channel slope 4.6 2.1 0.8 
Increase in channel slope to the decrease in channel 
slope 5.7 2.7 0.9 

Decrease in channel slope to the end of spillway 10.2 1.9 1.1 
A profile along the spillway walls, together with the required increases to the height of the spillway walls is shown 
on Figure 3.  The structural design for the spillway improvements were provided by Herold Engineering Ltd. 
(Herold).  The structural drawings and corresponding letter report are shown in Appendix A.  

 

2.3 Existing Spillway Improvements - Construction  
This section presents a summary of the proposed methods of construction for the spillway improvements, 
together with estimated costs and construction schedule.  This section highlights access considerations, 
construction sequencing and methods, environmental controls and schedule.  The construction described in this 
section is separate from the auxiliary spillway construction described later in this letter report. 

 

2.3.1 Access  
Access is expected to be from both the north and south sides of the existing spillway (Figure 1).  The existing 
parking lot accessed from Sixth Street is approximately 200 m to the north of the existing spillway along an 
asphalt path.  The Harewood Mines Road to the south of the spillway is accessed via the existing paths.  It is 
anticipated that the bulk of construction materials and equipment can be mobilized via the parking lot to the 
north, however some limited access may be required via the trail network on the south side of the existing 
spillway.   

 

2.3.2 Construction Sequencing 
A general construction sequence for the existing spillway improvements is outlined below: 

1. mobilization: 
a. set up of small site trailer at north parking lot; 
b. survey of the existing spillway and bridge location; and 
c. installation of temporary fencing and signage to deter public access during construction. 

2. site and access preparation – channel alignment: 
a. sediment and erosion control implementation along the existing spillway; 
b. tree removal, clearing and grubbing (minor); 
c. building access path with small excavator along the outside of the existing spillway walls; and 
d. stripping and disposal of excess soil along the existing spillway walls. 

3. spillway rehabilitation: 
a. foundation preparation;  
b. forming, pouring and stripping; and 
c. backfill. 

4. bridge construction: 
a. bridge removal;  
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b. foundation preparation; and 
c. forming, pouring and stripping. 

5. aesthetics: 
a. cleanup. 

6. demobilization. 
 

2.3.3 Methods  
Consideration was given to the construction method for each stage of the work.  The list below highlights 
construction methods that can be implemented to have overall advantages to the project in terms of budget, 
safety and/or impact to the park. 

 laydown area and site offices located at the existing parking lot off Wakesiah Avenue and Sixth Street; 

 temporary safety fencing of work area to exclude public from the worksite; 

 general purpose labourers/flaggers when required will be on site during working hours to ensure the 
excavator and trucks do not interact with pedestrians; 

 7 tonne excavator (i.e., Hitachi 70X) to carry out excavation and access preparation work, with some 
assistance from a backhoe and/or bobcat; 

 small crane to swing forms across existing spillway channel may be required; and 

 asphalt removal and reinstatement where the path abuts the existing bridge. 

 

2.3.4 Construction Schedule  
A preliminary construction schedule was contemplated at the time the cost estimate was developed.  The work is 
anticipated to take approximately 2 months to complete.  The ideal construction window is during the drier 
season from mid-July to mid-September. 

 

2.3.5 Estimated Construction Costs 
An estimate of construction costs has been carried out based on the preliminary design information.  
The estimate has been developed using a resource-based (bottoms-up) method.  The cost for the spillway 
improvement, including building a new bridge, is estimated to be in the range of $0.8 M to $1.5M.  This estimate 
has been prepared on the assumptions listed in the Basis of Estimate in Appendix B.  The uncertainty underlying 
this estimated cost is principally related to the unknown ground conditions as the location of the existing spillway.  
The cost estimate for any related dam hardening work is not included.   

This estimate represents the construction cost (i.e. cost to a contractor, including overhead and profit, assuming 
a design-bid-build approach), but does not include design (including site investigations), permitting, construction 
management or related costs.  
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2.4 Dam Hardening 
As described above, the City wished to receive an alternate approach for the hardening of the dam, and 
therefore engaged Golder to assist in developing the technical requirements for a design-build submission, and 
to assist the City with the independent expert review procedure.  This section describes the basis for 
development of the design-build performance requirements that were prepared for the dam hardening.  
Cost associated with a dam hardening option would be in addition to the existing spillway improvements cost. 

Preliminary design requirements were developed to outline the general performance requirements and 
requirements for submittal of documentation by the design-build contractor.  It is noted that these preliminary 
requirements were developed in Draft, for review and comment by those involved in the review process (the City, 
the independent expert and the design-builder). 

The requirements make reference to current design and construction practices for dam hardening.  
Overtopping protection systems have been the subject of a recently issued technical manual from the Federal 
Emergency Management Agency (FEMA 2014).  This manual, which was developed by FEMA in conjunction 
with the US Bureau of Reclamation (USBR), is considered to represent the current practice in the design of 
overtopping protection and was therefore the principal reference in these performance 
requirements.  The technical manual discusses best practices for design, construction, problem identification and 
evaluation, inspection, maintenance, renovation, and repair.   

The FEMA manual, and the Canadian Dam Association (CDA) Dam Safety Guidelines were also referenced in 
the Province of BC Order (BC 2015). 

The Draft design-build performance requirements are presented in Appendix C and consist of the following 
principal components: 

 Scope—This section describes the scope of the work to be undertaken. 

 Reference documents—Relevant technical guidelines are referenced in this section, and provide the basis 
for carrying out project design and construction. These include the above mentioned FEMA and CDA 
guidelines, as well as relevant specifications from ASTM (American Society for Testing and Materials).   

 Project data—This section provides relevant data from previously issued reports which may be useful in 
preparing the project design, and includes site information as well as findings from previous analyses. 

 Design principles—This section describes the overall design objective and individual design requirements. 

 Other requirements—Objectives related to other aspects of the project, including environmental 
protection, protection of park amenities/aesthetics and minimization of construction impacts are addressed 
in the design-build requirements. 

 Submittals—This section describes the documentation which is required to be submitted in order to 
demonstrate conformance with the project requirements.  

 

The Draft design-build performance requirements were issued on May 11, 2015.  A site visit to the dam with the 
proposed design-builder (GeoStabilization Inc (GSI)) was carried out on May 12, 2015. 
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3.0 AUXILIARY SPILLWAY  
3.1 Description 
The auxiliary spillway concept was developed as it provides a means to generate additional spillway capacity 
without impacting the existing spillway. With this approach, the existing spillway would remain in place and serve 
as the primary spillway, while a second spillway (the Auxiliary Spillway) would be constructed to provide the 
additional required capacity.  As it is preferable that the existing spillway, and the existing river channel 
downstream of the spillway, serve as the primary flow channel, the auxiliary spillway would only be activated in 
the event of a storm.  The following sections expand on the previous design (Golder 2015) and present four 
variations on the auxiliary spillway design concept previously presented (Golder 2015).   

The key factors considered in developing the auxiliary spillway concept are as follows: 

 Spillway capacity—The required capacity of the auxiliary spillway is 89 m3/sec, based on the design 
requirement of 144 m3/sec, and on the existing spillway capacity of 55 m3/sec. 

 Spillway crest elevation—The spillway crest elevation has been set at 72.1 m, which is 0.5 m above that 
of the existing spillway. Based on the hydrology model, at this elevation the spillway is anticipated to be 
engaged once per year, on average. 

 Location—As shown on Figure 1, the spillway entrance is located about 10 m to the south of the existing 
spillway and is set back 10 to 15 m from the perimeter of the reservoir. (This is an increase of 
approximately 7 m from the location proposed previously (Golder 2015)). The location has been selected 
based on minimizing the length of spillway channel and has been set back into the abutment to reduce its 
visibility from the dam crest, and to ease the requirements for cofferdam construction, as discussed later in 
this letter report. 

 Spillway conceptual design: 

 Spillway channel—There are four variations on the spillway channel, as discussed in Section 3.3.   

 Entrance structure (weir)—The key component of the spillway design is the design of the entrance 
(or weir) structure. The preferred weir structure is required to satisfy the conflicting requirements of; 1) 
providing the required design capacity; 2) minimizing the footprint and meeting aesthetic requirements; 
3) providing a cost effective solution and 4) being acceptable from an environmental and public safety 
standpoint. 

− Following an evaluation of different weir types (Golder 2015), a labyrinth weir was selected as the 
recommended type based on the above considerations. Preliminary analyses indicate a weir of 13.8 
m (l) x 13 m (w) and 3 m in height would be sufficient to pass the design flow.  

 

3.2 Site Description 
3.2.1 May 2015 Site Visit 
A site visit to the Lower Colliery Dam was carried out by representatives from Golder and the City on 
May 12, 2015.  The purpose of this site visit was to investigate possible methods of reducing the construction 
footprint and the cost of the auxiliary spillway.  The key findings from this site visit are: 

 
 
 
 

6/21  
 



Toby Seward, Community Development and Protective Services 1314470516-025-L-Rev0  
City of Nanaimo July 8, 2015 
 

 Setting back the spillway inlet by approximately 7 m could allow the use of a native “plug” and remove the 
requirement to construct a cofferdam or lower the lake level for construction (depending on the subsurface 
conditions encountered). 

 Significant upgrades to Harewood Creek are not expected to be required, as the auxiliary spillway channel 
could be curved to tie-in with existing bedrock along the alignment of the creek channel (again, depending 
on actual conditions encountered). 

 Design modifications could be made to better incorporate the spillway structure and channel into the 
existing parkland landscape, including the use of covered box-culverts and a narrower spillway channel. 

 No evidence of bedrock was identified along the alignment of the proposed auxiliary spillway, although 
bedrock was observed at the proposed tie-in location to Harewood Creek (Figure 4). 

 Construction access could be provided along an existing trail heading south towards Seventh Street, with a 
material laydown area in the lay-by just off the road. The access route crosses over a small bridge over 
Harewood Creek, which would require temporary removal during construction. 

 

Photos from the site visit are included below. 

 

 

 

 

 

 

 

 

 

Photo 1: Proposed location of auxiliary spillway.  

 

 

 

 

 

 

 

 

 

Photo 2: Proposed tie-in to Harewood Creek. 

 

3.2.2 Geotechnical Understanding 
As there is no subsurface geotechnical information along the proposed alignment of the auxiliary spillway, a 
review of available information was carried out in order to provide a basis for conceptual design and costing.  
The geotechnical understanding for the auxiliary spillway is based on observations noted during the site visit, 
available data from boreholes and test pits in the vicinity (approx. 50 to 120 m distant from the proposed auxiliary 
spillway location, as shown on Figure 4) and regional geology information (BC MEM 1998), as shown on 
Figure 5. 
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Bedrock Conditions 

Available information on bedrock conditions (rock type and depth to bedrock) includes the following: 

 Subsurface information from nearby boreholes (see Figure 4)—Bedrock was encountered in all 
boreholes drilled in 2014 and generally comprises massive, dark grey to grey, medium strong, clast 
supported conglomerate.   

 Surface information (nearby rock exposures; see Figure 4 and Photos 3 and 4)—The nearest rock 
exposures are located to the east and southeast of the proposed spillway, at elevations ranging between 65 
to 70 m. 

 Regional surficial bedrock geological mapping—Based on available geological maps (BC MEM 1998), 
the Lower Dam and auxiliary spillway are located within the Upper Cretaceous, Millstream Member of the 
Nanaimo Group, as shown on Figure 5.  The Millstream Member comprises conglomerate and gritstone, 
minor sandstone, siltstone and carbonaceous shale and coal.  The bedding in the area dips to the 
northeast.  A normal fault dipping to the southeast is shown running through the Lower dam where it 
appears to terminate on the downstream side.  The Chase River Fault (a normal fault) runs northeast – 
southwest and is approximately 400 m north of the dam.  A geological boundary is shown approximately 
100 m to the east of the dam, striking northwest – southeast. 

 These descriptions of the rock types in the Millstream Member are consistent with the observations 
from the boreholes drilled in the dam to the north of the auxiliary spillway, which encountered 
predominantly strong conglomerate. 

 
The above information suggests the auxiliary spillway is likely to encounter bedrock at the depth of the base of 
the spillway channel, and that bedrock is likely to consist predominantly of strong conglomerate and gritstone 
(sandstone). 

Soil Conditions 

The borehole and test pit locations from previous investigations carried out by Golder and others at the Lower 
Dam are shown in Figure 4.  A review of this information shows that glacial till generally overlies bedrock in the 
area.     
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Photograph 3: View of bedrock outcrop looking southwest 
near proposed auxiliary spillway discharge location into 
Harewood Creek. 

 
 

 

 

 

 

 

 

Photograph 4: View of north side of existing spillway 
chute from discharge pool at base looking upstream. 

Summary of Geological Assumptions 

Based on the above information, it is assumed that strong conglomerate bedrock will be encountered in the 
invert of the auxiliary spillway, and form the foundation for the weir. Dense glacial till is anticipated to overlie the 
bedrock and form the bulk of the material to be excavated for the auxiliary spillway. 

A geotechnical drilling investigation is recommended in the proposed location of the auxiliary spillway to confirm 
the ground conditions. 

 

3.3 Auxiliary Spillway Options 
3.3.1 Description 
Based on discussions with the City, including during the May site visit, the following auxiliary spillway alternative 
designs have been developed from the previously submitted option (Golder 2015): 

 Option 1 (Anchored Channel Option)—This option consists of a 13.8 m wide labyrinth weir set back into 
the abutment, as shown on Figure 6a and 6b. Water flows over the labyrinth weir then through a covered 
box culvert structure.  Downstream of the box culvert the water flows through a 10 m long tapered, anchor 
supported open channel into a 6.0 m wide anchor supported open channel before discharging into 
Harewood Creek.  The anchor supported section will require safety fencing along the crest of the slope. 
Some advantages of this revised design over that proposed previously (Golder 2015), include: 

 The weir has been moved further into the abutment – this is expected to eliminate the need for an 
artificial cofferdam (the bedrock elevation will first need to be confirmed with a geotechnical 
investigation). This is described in further detail later in this letter report. 

 A 10 m long box culvert has been included downstream of the weir (improved visual characteristics). 

 The channel downstream of the weir is designed as an anchored cut, which minimizes both the 
construction stage disturbance (top-down construction), as well as the permanent land take.  
The feasibility of this is to be confirmed based on future geotechnical investigations. 
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 Option 1A (Anchored Channel Option 1A)—This option is similar to Option 1, however the covered box 
culvert section is 20 m long and includes a 10 m covered tapered section, as shown on Figure 7a and 7b. 
Water flows from the weir, through the extended box culvert and into the 6.0 m wide steep, anchor 
supported open channel before discharging into Harewood Creek.  This option has similar advantages to 
Option 1 with the additional improvement of a 20 m long box culvert downstream of the weir (improved 
visual characteristics). 

 Option 2 (Open Channel Option)—This option is similar to Option 1, however water flows from the weir, 
through the 10 m long box culvert and into an open channel swale before discharging into Harewood 
Creek.  The open channel will be wider than Option 1 and will therefore require no anchor support or safety 
fencing, as shown on Figures 8a and 8b.  To prevent erosion, the channel will be armoured or cut into 
bedrock (if encountered). 

 Option 3 (Buried Option)—This option is similar to Option 1A, however water flows from the weir through 
an approximately 31 m long box culvert which tapers from 13.8 m to 6 m wide, as shown on Figures 9a and 
9b.  The water exits the box culvert and discharges into Harewood Creek from a short open channel. 

 

Note that the excavation footprint of the box culvert will be greater than for the anchored cut – the temporary 
excavated slopes (for the box culvert) will be flatter than the anchored slopes. 

 

3.3.2 Design 
Preliminary structural designs for the labyrinth weir and box culverts are presented in Appendix A of this letter 
report.  As indicated previously, it has been assumed that these structures will be founded on bedrock.  A cast-
in-place box culvert design has been adopted, rather than a pre-cast box culvert option (or bridge option), as this 
will reduce the size of equipment needed for the project (a large crane would be required to transport and place 
the heavy pre-cast box culvert sections). 

As indicated previously in this letter report, the weir has been moved further into the right abutment, as a means 
to isolate the weir from the reservoir and thereby facilitate construction and avoid the need for a substantial 
cofferdam to be constructed.  Assuming that rock is present between the reservoir and the weir location, a two 
stage weir construction procedure is envisaged, 

 Stage 1 Excavation—Excavation for the weir would be carried out below reservoir level, with a “rock plug” 
providing containment of the reservoir and avoiding the need for a cofferdam to be constructed.  If good 
quality rock does not comprise the full depth of this “plug”, it may be possible to develop a “soil plug”, 
however, this will likely require a greater separation from the reservoir and may require an artificial cut-off to 
be constructed to limit seepage and piping.  

 Stage 2 Excavation—Once the weir (and downstream channel work) is complete, the rock plug would be 
removed.  This would be carried out using underwater excavation methods, and would utilize accepted 
methods to limit impact to the aquatic environment, as discussed in subsequent sections of this letter 
report.    
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As the auxiliary spillway will be inactive most of the time, there may be a tendency for the public to attempt to 
access the spillway area during dry periods – an activity which is hazardous, as the spillway (which is 
uncontrolled) may be activated at any time in the event of a storm.  Therefore, it will be necessary to consider 
public safety features during the development of this design, which could include: 

 Safety boom—As shown in the Figures, a barrier is required to limit public access to the weir.  
An upstream boom could perform the dual function of limiting access and capturing debris (and preventing 
it from impacting weir operation). 

 Fencing—Fencing would be required around all openings and steepened slopes adjacent to the weir and 
downstream channel.  A barrier may also be required to restrict access into the box culvert, although any 
such barrier would need to be appropriately designed so as not to restrict flow in the event of spillway 
activation. 

 Signage and warnings.  

 

As indicated in previous reports, the weir structure will be used as a means to “draw down” the reservoir in the 
event of a major earthquake which results in damage to the Lower Dam.  The weir could also be provided with a 
low level outlet to supplement dry season water flows in the Chase River.  Options include the use of stop logs 
(which could be an effective means of lowering the reservoir level, but less effective for supplementing low 
season flows), large diameter valves or sluice gates (the figures in Appendix A show a concept for the use of 
stop logs in the labyrinth weir).  A detailed review of means to provide these flows has not been developed at 
this stage, but should be carried out in the detailed design stage of the project. 

 

3.4 Hydraulics 
3.4.1 Labyrinth Spillway Activation 
Based on the conceptual design spillway crest elevations, the labyrinth spillway will convey discharge during 
flood events where the inflow to the Lower Colliery Reservoir exceeds approximately 7 m3/s.  The discharge 
from the labyrinth spillway for a range of flood events is presented below in Table 2. 

Table 2: Labyrinth Spillway Discharge 
Event return period  

(24-hour) 
Peak inflow to Lower 
Colliery Dam (m3/s) 

Auxilliary spillway 
discharge (m3/s) 

Flow depth over 
labyrinth weir (m) 

1:2-year 23.4 12 0.2 
1:10-year 44.9 28 0.4 
1:50-year 64.9 42 0.6 
1:100-year 74.5 48 0.7 
1:1000-year 107.2 69 1.0 
 

A preliminary hydraulic analysis of the auxiliary spillway channel has been completed for each conceptual option. 
Manning’s Equation was used for these analyses, under the assumption that uniform flow has established at the 
upstream and downstream ends of the spillway channel.  The results of these calculations, based on a labyrinth 
spillway discharge during the inflow design flood (IDF) equal to 89 m3/s, are presented in Table 3 and Table 4. 
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Table 3: Channel Hydraulics – Directly Downstream of the Labyrinth Weir 
Option Flow depth (m) Flow velocity (m/s) 

All options (box culvert design shared among all options) 0.8 8.9 
 

Table 4: Channel Hydraulics – Channel Outlet to Harewood Creek 
Option Flow depth (m) Flow velocity (m/s) 

Option 1 and Option 1A – Anchored Channel 1.5 9.4 
Option 2 – Open Channel 1.7 5.8 
Option 3 – Box Culvert 1.2 12.9 
A detailed hydraulic analysis of the selected auxiliary spillway channel will be completed during the detailed 
design phase. 

 

3.5 Aesthetics and Park Recreation 
The Colliery Dam auxiliary spillway is located in a highly valued public park with many visitors concerned about 
potential aesthetic and functional impacts to the park user and the character of the place, in particular: shoreline, 
vegetation, pathways, and public use / safety.  Using digital terrain modelling and computer visualization 
techniques, the auxiliary spillway alternatives were examined to help illustrate how each would fit into the 
Colliery Dam Park.   

The visualization series (attached as Appendix D) begin with a Context Plan (Appendix D, Figure D-1) to orient 
the viewer to the location of the existing dam and spillway, with proposed auxiliary spillway and connection to the 
Harewood Creek and Chase River system superimposed on an ortho photograph of the Park and adjacent 
neighbourhoods.  A key map (Appendix D, Figure D-2) is also provided that illustrates the viewpoints from which 
the model illustrations are represented.  Viewpoints were selected to illustrate the spillway from several angles 
and elevations ranging from bird’s eye perspectives to shoreline vistas, to views from the lake from 
approximately the existing floating dock.  The intent of the images is to show the relative size and scale of the 
constructed options in the context of the existing park, highlight the key similarities and differences between the 
options, and approximate the impact to trees and vegetation after approximately ten to fifteen years of 
post-construction growth.   

For each of the options, a visual digital model was constructed according to design schematics, with accurate 
water and structure elevations consistent with the design concepts.  The visual digital models represent 
materials, such as concrete, guardrails, stone armoring, etc. that depict general design concepts factored into 
the cost estimates.  The structures were then placed in a 3D terrain model derived from the same LiDAR data 
being used by the project team.  For each alternative, tree images were placed in the models to approximate the 
size and character of existing trees in the park.  In the absence of accurate survey data, the project landscape 
architects used best judgement from site visits, photography, and Google Earth to approximate path locations, 
bridge structure, shoreline conditions, trees retained or removed and replaced for each of the options in an 
attempt to portray approximate post-construction conditions.  

Each of the alternatives illustrates a similar labyrinth weir on the west side of the spillway structure (meeting the 
lake).  The bird’s eye views from the east depict the key differences related to the spillway connection to the 
Harewood Creek and Chase River system.   
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Anchored Channel Option 1 (Appendix D, Figures D3-D7) illustrates a wide concrete bridge incorporating 
pathway and low plantings, with perpendicular walkway connections for viewing and interpretive opportunities. 
This alternative has a narrow open channel to the east, with excavations to bedrock, and anchored steep sides.  
The narrow channel of this alternative would reduce tree removal, but due to the high steep slopes of the 
channel requires a durable fence system to protect the public from falls.  This option may also pose a barrier to 
wildlife movement.  The aesthetics of the anchored channel slopes also requires care so that the slopes will 
eventually support vegetative growth.  Without the long term vegetation establishment, the channel would have 
on-going visual impact with hard-edge treatment out of character with the natural environment of this part of the 
park. 

Open Channel Option 2 (Appendix D, Figure D8 and D9) illustrates the same labyrinth, concrete bridge and 
spillway as Option 1, but with a wider open channel connecting to the Harewood Creek and Chase River system.  
Due to shallower sideslopes, this option does not require the extensive fences at the crest of the channel as 
does Option 1 but because of the wider cut, Option 2 requires the removal and replacement of more trees.  
Initially, this option would have a higher visual and aesthetic impact than Option 1 due to tree removals and 
wider exposed bedrock channel with potential rock armouring.  However, over time, this option, with vegetation 
restored, would present less of an aesthetic impact that Option 1 due to shallower channel side slopes with 
vegetative cover, and the absence of guardrail structures. 

Buried Channel Option 3 (Appendix D, Figure D10 and D11) incorporates the same labyrinth structure as the 
Options 1 and 2, but instead uses underground concrete box culverts to convey flows, backfilled and covered 
with growing medium and vegetation to more closely restore original park conditions.  The illustrations show the 
establishment of younger trees growing into the covered portion of the underground channel.  This option has a 
small portion exposed to daylight at the eastern end of the channel as it connects to the Harewood Creek and 
Chase River system.  As in the other options, the bottom of the channel is expected to be exposed bedrock.  
This option presents the least visual impact of the three options but requires planting and vegetation 
establishment efforts to gain the aesthetic benefits this configuration provides.  This option also provides more 
flexibility and smoother trail transitions than the other options.  The illustrations indicate a secondary path that 
follows the approximate alignment of the existing shoreline granular path, but relocated to run adjacent to the 
labyrinth guardrail for viewing opportunities. 

 

3.6 Construction of the Auxiliary Spillway 
Based on the design assumptions discussed above, key aspects related to the construction of the auxiliary 
spillway are discussed below.  This section highlights access considerations, construction sequencing and 
methods, environmental controls and schedule.  The construction topics described in this section is separate 
from the existing spillway rehabilitation construction described above. 

 

3.6.1 Access  
Different access routes were considered during the May site visit. Access routes from south of the site were 
considered to avoid crossing the bridge over the existing spillway.  The shortest route with the least impact to the 
trails and trees is expected to be from Harewood Mines Road via an approximately 200 m long pedestrian trail 
comprising 170 m of gravel path and 30 m of asphalt path (Figure 1).  This will require: 

 a laydown area at the existing path gate on Harewood Road; 
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 removal and reinstatement of asphalt (the existing asphalt will be damaged by trucks during construction); 

 removal of the existing wooden pedestrian bridge, replacement with a temporary culvert (or bridge), and 
eventual reinstatement of the existing bridge; and 

 removal of approximately nine trees to facilitate trucking and equipment access along the pedestrian 
pathway. 

 

3.6.2 Construction Sequencing 
A general construction sequence for the auxiliary spillway is outlined below starting with the downstream channel 
excavation and following by the labyrinth weir. 

1. mobilization to site – set up site trailers, survey, install temporary fencing and signage; 

2. access preparation – bridge removal (temporary during construction). Tree removal along access path, 
asphalt removal along access path; 

3. site preparation along the auxiliary spillway channel alignment: 

a. sediment and erosion control implementation; 

b. clearing and grubbing; and 

c. stripping and disposal of excess topsoil. 

4. mass earthworks – downstream of plug (natural rock plug has been assumed at entrance to auxiliary 
spillway location): 

a. overburden removal and disposal of excess topsoil; 

b. drilling, blasting and excavating of main channel; 

c. soil stabilization and shotcreting (in parallel with excavation); and 

d. armouring and planting of downstream channel. 

5. labyrinth weir construction: 

a. foundation preparation (suitable rock assumed at base); and 

b. forming, pouring and stripping of concrete walls. 

6. bridge, taper and box culvert/ tunnel construction (depending on option): 

a. foundation preparation (suitable rock assumed at base); and 

b. forming, pouring and stripping of concrete walls. 

7. plug removal at entrance to labyrinth weir: 

a. final overburden removal; 

b. bubble curtain installation; and 
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c. drilling, blasting and excavation of the rock plug. 

8. aesthetics: 

a. install fencing for public safety; 

b. reinstate bridge across access path; 

c. planting grass and trees as designed by landscape architect; 

d. landscaping of site and access as designed by landscape architect; and 

e. cleanup. 

9. demobilization from site. 

 

3.6.3 Methods 
Consideration was given to the construction method for each stage of the work.  The list below highlights 
construction methods that can be implemented to have overall advantages to the project in terms of budget, 
safety and/ or impact to the park: 

 laydown area and site offices located at the intersection of the access path and Harewood Mines Road 
limits the footprint at the worksite in the park; 

 bridging Harewood Creek with a culvert eliminates the use of a Bailey Bridge, thus reducing cost and width 
of access (tree cutting) required along the footpath; 

 a Commando multipurpose drill rig will be used to drill for blasting purposes and install soil anchors; 

 a 30 tonne excavator (i.e. Cat 330) will be used to do the bulk of the excavation work, with some assistance 
from a backhoe and bobcat;  

 a 30 tonne crane will be used to swing forms and move the drill in and out of the spillway channel during 
the drilling and blasting work; 

 14 tonne tandem dump trucks will be used to access the site via path system to remove surplus material 
that can not be reused onsite; 

 general purpose labourers/ flaggers will be onsite during working hours to ensure the excavator and trucks 
do not interact with pedestrians; and 

 asphalt removal and reinstatement. 

 

3.6.4 Environmental Controls  
As the worksite and access are within the park, environmental considerations during construction will include at 
least the following: 

 standard sediment and erosion control measures: 

 sediment fence installed where useful and practical; 
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 hay bales, polyethylene covers and drain rock onsite for rapid response to rain events; and 

 restriction of work in topsoil or other material prone to sediment deposition during rain events. 

 concrete works: 

 installation of small perimeter dams to protect against blow out; 

 labourers to clean concrete trucks to higher standard; and 

 training, supervision for staff and truck driver to ensure compliance with site rules. 

 blasting: 

 use of bubble curtain in the water to protect aquatic life against shockwaves; and 

 use of mats on top of blast to protect against flyrock. 

 additional measures: 

 siltation curtain in lake surrounding inlet to protect during plug excavation; and 

 drain rock / filter fabric berms at channel outlet and any other drainage points to filter surface water from 
work area. 

 
3.6.5 Construction Schedule  
A preliminary construction schedule was contemplated at the time the cost estimate was developed.  The ideal 
construction window is during the drier season from July to October.  The work is anticipated to take 
approximately 3 months to complete (if constructed during the summer/ early fall months) plus an additional 
1 month for mobilization and demobilization (2 weeks at the start and 2 weeks at the completion of construction).  
If constructed during the winter months, the project would likely take 6 months to complete.   

 

3.6.6 Construction Impacts 
The construction of the proposed auxiliary spillway will result in impacts on park users and nearby residents.  

 There will be increased traffic, including heavy trucks and equipment accessing the site via Harewood 
Mines Road and path system. 

 There will be potential damage to trees, pathways and greenspace from trucking and heavy equipment. 
Reinstatement of pathways and reseeding of impacted greenspace and landscaping will occur following 
construction to minimize long term visual and environmental impacts.  At this stage, at least 27 large trees 
(150 mm diameter or greater) will require removal in addition to smaller brush and shrubs in the area of the 
proposed auxiliary spillway footprint. 

 As previously noted, the existing wooden bridge over Harewood Creek will be removed during construction 
and reinstated following completion of the project.   

 The site will be fenced off and the public prohibited from the existing spillway area to the tee in path 
southwest of spillway. 
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Shorter work hours of ten hours per day five days per week will be implemented to reduce construction noise 
disruption (heavy equipment, trucks backing up, concrete pumps, blasting). 

3.7 Estimated Constructions Costs 
An estimate of construction costs has been carried out based on the conceptual design information. 
The estimate has been developed using a resource-based (bottoms-up) method with Heavy-Bid cost estimating 
software. It is noted that the cost ranges for Options 1, 1A and 3 are similar, and within the accuracy of our 
current estimate, we have reported the same cost range below.  The cost for Option 2 is lower.  

 The cost range for Options 1, 1A and 3 is $2.5M to $4.7M. A potential reason why Option 3 is not markedly 
greater than Options 1 and 1A is the high costs of the anchored channel.  This differential may change, 
once there is further information on ground conditions. 

 The cost range for Option 2 is $2M to $3.8M. 

 The principal uncertainties affecting the accuracy of the cost estimate are the unknown ground conditions, 
in particularly in the vicinity of the weir. 

This estimate represents the construction cost (i.e. cost to a contractor, including overhead and profit, assuming 
a design-bid-build approach), but does not include design (including site investigations), permitting, construction 
management or related costs.  

4.0 CLOSURE 
We trust that the information provided herein meets your present requirements.  Should you have any questions 
regarding the above, please do not hesitate to contact us. 

GOLDER ASSOCIATES LTD. 

Jenna Girdner, B.Sc. Eng. Reilly Casement, P.Eng. 
Geotechnical Group Construction Cost Estimator 

For 
Josh Myers, P.E. Don Crockett, B.E.S., M. Land. Arch., BCSLA, CSLA 
Water Resources Engineer Principal, Senior Landscape Architect 

Bruce Downing, P.Eng. 
Principal, Senior Geotechnical Engineer 
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Attachments:  
Figure 1:   General Arrangement 
Figure 2:   Lower Dam Overtopping Protection Option – Conceptual Plan and Profiles 
Figure 3:   Lower Dam Overtopping Protection Concept - Existing Spillway Wall Raise 
Figure 4:   Auxiliary Spillway Available Geotechnical Information 
Figure 5:   Site Geology 
Figure 6a:   Auxiliary Spillway to Harewood Creek Option 1 – Anchored Channel Conceptual Plan 
Figure 6b:   Auxiliary Spillway to Harewood Creek Option 1 – Anchored Channel Conceptual Sections 
Figure 7a:   Auxiliary Spillway to Harewood Creek Option 1A – Anchored Channel Conceptual Plan 
Figure 7b:   Auxiliary Spillway to Harewood Creek Option 1A – Anchored Channel Conceptual Sections 
Figure 8a:   Auxiliary Spillway to Harewood Creek Option 2 – Open Channel Conceptual Plan 
Figure 8b:   Auxiliary Spillway to Harewood Creek Option 2 – Open Channel Conceptual Sections 
Figure 9a:   Auxiliary Spillway to Harewood Creek Option 3 – Buried Channel Conceptual Plan 
Figure 9b:   Auxiliary Spillway to Harewood Creek Option 3 – Buried Channel Conceptual Sections 

Appendices: 
Appendix A:   Structural Design – Herold Engineering 
Appendix B:   Raising Walls of Existing Spillway – Basis (Exclusions and Limitations) 
Appendix C:   Draft Design Build Performance Requirements 
Appendix D:   Visualizations of Auxiliary Spillway Design Concepts 
Appendix E:   Auxiliary Spillway – Basis (Exclusions and Limitations) 
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IMPORTANT INFORMATION AND LIMITATIONS OF THIS REPORT 
Standard of Care:  Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that level of 
care and skill ordinarily exercised by members of the engineering and science professions currently practising under 
similar conditions in the jurisdiction in which the services are provided, subject to the time limits and physical 
constraints applicable to this report.  No other warranty, expressed or implied is made.  

Basis and Use of the Report:  This report has been prepared for the specific site, design objective, development and 
purpose described to Golder by the Client.  The factual data, interpretations and recommendations pertain to a specific 
project as described in this report and are not applicable to any other project or site location.  Any change of site 
conditions, purpose, development plans or if the project is not initiated within eighteen months of the date of the report 
may alter the validity of the report.  Golder can not be responsible for use of this report, or portions thereof, unless 
Golder is requested to review and, if necessary, revise the report.  

The information, recommendations and opinions expressed in this report are for the sole benefit of the Client.  No 
other party may use or rely on this report or any portion thereof without Golder’s express written consent.  If the report 
was prepared to be included for a specific permit application process, then upon the reasonable request of the client, 
Golder may authorize in writing the use of this report by the regulatory agency as an Approved User for the specific 
and identified purpose of the applicable permit review process.  Any other use of this report by others is prohibited and 
is without responsibility to Golder.  The report, all plans, data, drawings and other documents as well as all electronic 
media prepared by Golder are considered its professional work product and shall remain the copyright property of 
Golder, who authorizes only the Client and Approved Users to make copies of the report, but only in such quantities as 
are reasonably necessary for the use of the report by those parties.  The Client and Approved Users may not give, 
lend, sell, or otherwise make available the report or any portion thereof to any other party without the express written 
permission of Golder.  The Client acknowledges that electronic media is susceptible to unauthorized modification, 
deterioration and incompatibility and therefore the Client can not rely upon the electronic media versions of Golder’s 
report or other work products.  

The report is of a summary nature and is not intended to stand alone without reference to the instructions given to 
Golder by the Client, communications between Golder and the Client, and to any other reports prepared by Golder for 
the Client relative to the specific site described in the report.  In order to properly understand the suggestions, 
recommendations and opinions expressed in this report, reference must be made to the whole of the report.  Golder 
can not be responsible for use of portions of the report without reference to the entire report.    

Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended only for the 
guidance of the Client in the design of the specific project.  The extent and detail of investigations, including the 
number of test holes, necessary to determine all of the relevant conditions which may affect construction costs would 
normally be greater than has been carried out for design purposes.  Contractors bidding on, or undertaking the work, 
should rely on their own investigations, as well as their own interpretations of the factual data presented in the report, 
as to how subsurface conditions may affect their work, including but not limited to proposed construction techniques, 
schedule, safety and equipment capabilities.  

Soil, Rock and Groundwater Conditions:  Classification and identification of soils, rocks, and geologic units have 
been based on commonly accepted methods employed in the practice of geotechnical engineering and related 
disciplines.  Classification and identification of the type and condition of these materials or units involves judgment, 
and boundaries between different soil, rock or geologic types or units may be transitional rather than abrupt.  
Accordingly, Golder does not warrant or guarantee the exactness of the descriptions.  
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Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions and even 
a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface conditions.  
The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder interprets to exist 
between and beyond sampling points may differ from those that actually exist.  In addition to soil variability, fill of 
variable physical and chemical composition can be present over portions of the site or on adjacent properties.  
The professional services retained for this project include only the geotechnical aspects of the subsurface 
conditions at the site, unless otherwise specifically stated and identified in the report. The presence or 
implication(s) of possible surface and/or subsurface contamination resulting from previous activities or uses of the site 
and/or resulting from the introduction onto the site of materials from off-site sources are outside the terms of reference 
for this project and have not been investigated or addressed.  

Soil and groundwater conditions shown in the factual data and described in the report are the observed conditions at 
the time of their determination or measurement.  Unless otherwise noted, those conditions form the basis of the 
recommendations in the report.  Groundwater conditions may vary between and beyond reported locations and can be 
affected by annual, seasonal and meteorological conditions.  The condition of the soil, rock and groundwater may be 
significantly altered by construction activities (traffic, excavation, groundwater level lowering, pile driving, blasting, etc.) 
on the site or on adjacent sites.  Excavation may expose the soils to changes due to wetting, drying or frost.  Unless 
otherwise indicated the soil must be protected from these changes during construction.   

Sample Disposal:  Golder will dispose of all uncontaminated soil and/or rock samples 90 days following issue of this 
report or, upon written request of the Client, will store uncontaminated samples and materials at the Client’s expense.   
In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be present, all 
contaminated samples shall remain the property and responsibility of the Client for proper disposal.  

Follow-Up and Construction Services:  All details of the design were not known at the time of submission of 
Golder’s report.  Golder should be retained to review the final design, project plans and documents prior to 
construction, to confirm that they are consistent with the intent of Golder’s report.    

During construction, Golder should be retained to perform sufficient and timely observations of encountered conditions 
to confirm and document that the subsurface conditions do not materially differ from those interpreted conditions 
considered in the preparation of Golder’s report and to confirm and document that construction activities do not 
adversely affect the suggestions, recommendations and opinions contained in Golder’s report.  Adequate field review, 
observation and testing during construction are necessary for Golder to be able to provide letters of assurance, in 
accordance with the requirements of many regulatory authorities.  In cases where this recommendation is not followed, 
Golder’s responsibility is limited to interpreting accurately the information encountered at the borehole locations, at the 
time of their initial determination or measurement during the preparation of the Report.  

Changed Conditions and Drainage:  Where conditions encountered at the site differ significantly from those 
anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a 
condition of this report that Golder be notified of any changes and be provided with an opportunity to review or revise 
the recommendations within this report.  Recognition of changed soil and rock conditions requires experience and it is 
recommended that Golder be employed to visit the site with sufficient frequency to detect if conditions have changed 
significantly.  

Drainage of subsurface water is commonly required either for temporary or permanent installations for the project.  
Improper design or construction of drainage or dewatering can have serious consequences.  Golder takes no 
responsibility for the effects of drainage unless specifically involved in the detailed design and construction monitoring 
of the system. 
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LOWER DAM OVERTOPPING PROTECTION CONCEPT –
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NOTE

1. PROFILES DEPICTED ARE ALONG THE STRAIGHT CENTERLINE ALIGNMENT
SHOWN IN THE SPILLWAY PLAN VIEW.  THE LEFT WALL'S LENGTH IS
ACTUALLY LONGER DUE TO THE SPILLWAY'S TAPERING SECTION.
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2. TOPOGRAPHIC DATA FROM HEROLD ENGINEERING,
CAD FILE: collier park bwer dam 2003.dwg, DATED: OCTOBER 20, 2003.

3. WILLIS CUNLIFFE TAI & COMPANY LTD.,
PDF FILE: Appendix C - 1980 Repairs As-built.pdf, DATED: JULY 1978.

4. SEISMIC HAZARD ASSESSMENT MIDDLE AND LOWER CHASE DAMS, (EBA 2010).
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UPPER CRETACEOUS – NANAIMO GROUP 
    EXTENSION FORMATION: 
7 MILLSTREAM MEMBER: Conglomerate and gritstone; minor sandstone, siltstone,  carbonaceous shale and coal 
6 NORTHFIELD MEMBER: Siltstone, carbonaceous shale and coal (Wellington Seam at base); locally contains lenses of 

conglomerate and sandstone 
5  EAST WELLINGTON FORMATION: Sandstone; minor gritstone and siltstone 
4  HASLAM FORMATION: Siltstone, with sandstone interbeds at top; grades down to black silty shale at base 
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Survey Branch Open Fil 1998-07 (Sheet 2 of 6) Geology of the 
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APPENDIX B 
Raising Walls of Existing Spillway – Basis (Exclusions and Limitations) 

  

 



 

APPENDIX B 
Basis of Estimate - Existing Spillway 

 

1.1.1 Raising Walls of Existing Spillway - Basis (Exclusions and limitations) 
1.1.1.1 Basis of Estimate 
The cost estimate has been prepared based on sketches that were developed into the drawings A-S301 and A-
S302 prepared by Herold Engineering found in Appendix A. 

It is noted that subsurface site conditions remain to be determined and design development is ongoing.  The 
current concepts have been analyzed as if the designs were frozen and details have been inferred from those 
concepts.  Assuming that the designs do not change in scope, but are merely developed into further detail, we 
can expect accuracy on the order of -20 / + 50%.   

Given the current uncertainties, this estimate may be used for initial comparison of options but should not be 
used for final budgeting purposes.      

The following paragraphs describe the assumptions, limitations, inclusions and exclusions of the estimate.  

 

1.1.1.2 Available Site Information 
There is no borehole or geotechnical subsurface exploration results available along the proposed auxiliary 
spillway alignment.  Conditions have been extrapolated from site visits and information available from past 
studies and investigations, as discussed in Section 3.2.1 and 3.2.2.  Completion of a geotechnical investigation 
program would be essential if the City desires to reduce the uncertainties associated with the cost of the project. 
Ground conditions will have some impact on the spillway channel rehabilitation and pedestrian bridge foundation 
construction costs.  

 

1.1.1.3 Groundwater during Construction 
Some minor seepage from the lake near the spillway inlet is not anticipated, but it is expected this can be 
removed from the foundation and trench with small pumps.  

 

1.1.1.4 Vegetation 
Vegetation removal adjacent to the existing spillway and pedestrian bridge will be required. 

1.1.1.5 Access 
Access is expected to be from both the north and south side of the existing spillway.  The existing parking lot 
accessed from Sixth Street is approximately 200 m to the north of the existing spillway along an asphalt path.  
The Harewood Mines Road to the south of the spillway is accessed via a path consisting of approximately 170 m 
of gravel pedestrian path and approximately 90 m of asphalt path.  It is anticipated that the bulk of construction 
materials and equipment can be mobilized via the parking lot, however some limited access may be required via 
the trail network on the other side of the existing spillway.  This will require: 

 A laydown area and small office site at the existing parking lot approximately 200 m to the north of the site; 

 Removal and reinstatement of asphalt (the existing asphalt will be damaged by trucks during construction). 
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APPENDIX B 
Basis of Estimate - Existing Spillway 

 

 

1.1.1.6 Disruptions 
No allowances have been made to account for issues such as work stoppages and other restrictions beyond a 
contractor’s control.  The estimate contemplates unrestricted access to the site during normal working hours. 

 

1.1.1.7 Labour Agreements  
The estimate contemplates an “open site” with no restrictions on union or non-union labour. 

 

1.1.1.8 Project Management, Construction Management and Quality Control  
The estimate is provided from the perspective of a contractor bidding on the project, who will provide Site and 
Construction Management for the benefit of the contractor.  Project Management, for the benefit of the owner, 
will be provided by the City and is not included in the estimate. 

Standard MMCD quality control is included in the estimate.  Owner-side quality assurance is not. 

 

1.1.1.9 Environmental Protection during Construction and Permitting 
Sediment fencing is included to control surface runoff only.   

 

1.1.1.10 Overhead and Profit 
The estimate assumes a competitive tendering process in the Nanaimo marketplace.  It includes a 15% 
allowance for overhead and profit, in addition to the bare direct and indirect costs for equipment, labour and 
materials. 

1.1.1.11 Disposal 
It is expected that only minor surplus material will be generated from excavating. 

 

1.1.1.12 Slope Treatments and Visual Enhancements 
No allowance has been made for vegetated covering of the concrete walls.  

 

1.1.1.13 Asphalt 
No allowance has been made for damage to, or re-instatement of the existing asphalt pathway.   
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1.1.1.14 Schedule  
The current schedule contemplates mobilization and completion within a two-month period, during the drier 
months of the summer.   Working into the wetter months would incur additional costs and double the 
construction period.  Delaying the work until 2016 would probably incur additional costs. 

Work would normally occur Monday to Friday from 7 am to 5:30 pm, with occasional night or weekend work to 
accommodate discrete events or conditions.   

Forest fire season presents a risk to the schedule, since work will occur in the forest and thus subject to any 
bans issued by the Ministry of Forests or local Fire Department. 

 

1.1.1.15 Rebar 
As the detailed design is not yet complete, the estimate contemplates a rebar density of 75 kg/m3. 

 

1.1.1.16 Permanent Fencing 
No allowance for fencing along the spillway walls has been included. 

 

1.1.1.17 Value engineering and other options not contemplated in the estimate 

 Vegetative slope treatments for aesthetics; 

 

1.1.1.18 Contingency and Risk 
A contingency has not been included in the estimate. 

 

o:\final\2013\1447\13-1447-0516\1314470516-025-r-rev0\app b\appendix b - basis of estimate ex spill.docx 
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1. INTERPRETATION 

A. Scope  

This document provides the design requirements for the Dam Overtopping Protection facility, which 
includes the following components; 

1. Overtopping protection of the dam crest; 

2. Overtopping protection for the downstream face of the dam, and abutment contacts (if 
necessary); 

3. Erosion protection in the vicinity of the downstream toe of the dam; 

4. Re-grading of the dam and dam crest in order to meet the hydraulic requirements of the facility; 

5. Temporary works (roads, work areas, and clearing requirements, etc) as required in order to 
construct the facility. 

6. Maintenance or replacement of park features, aesthetics and landscape, trails. 

 

The facility does not include a new bridge over the existing spillway and improvements to the existing 
spillway, which will be carried out by Others. 

B. Intent 

This document provides the design and construction requirements for the Dam Overtopping structure 
including: 

1. the technical and performance requirements for the facility; 

2. the environmental requirements to be observed during the construction of the facility; 

3. recreation and aesthetic requirements for the completed facility. 

C. Reference Documents 

All design shall be carried out to internationally recognized standards, including the latest version or 
edition of the following references:  

1. Canadian Dam Association, Dam Safety Guidelines (2013);  

2. FEMA Technical Manual – Overtopping Protection for Dams, May 2014; 

3. Relevant ASTM Specifications, in particular ASTM D7276-08 (Standard Guide for Analysis and 
Interpretation of Test Data for Articulating Concrete Block (ACB) Revetment Systems in Open 
Channel Flow); and D7277 -08 (Standard Test Method for Performance Testing of Articulating 
Concrete Block (ACB) Revetment Systems for Hydraulic Stability in Open Channel Flow). 

D. Project Data 

The following reports provide background information relevant to the design and construction of the Dam 
Overtopping protection facility. 

1. Golder Associates Ltd. 2014a. “Factual Geotechnical Report on Colliery Dams Remediation 
Project”, April, 2014. 

2. Golder Associates Ltd. 2014b. Report on “Colliery Dams– Dam Stability”, July 2014. 

 



 

3. Golder Associates Ltd. 2014c. Report on “Colliery Dams – Hydraulics, Hydrology and Dam 
Breach Analysis”, July 2014.  

4. Golder Associates Ltd. 2014d. Report on “Colliery Dams – Remediation Options”, August 2014. 

2. DESIGN PRINCIPLES 

A. The purpose of the Dam Overtopping protection facility is to increase the flood routing capacity of the 
Lower Colliery Dam. The total required flood routing capacity (inflow design flood, IDF) of the Lower 
Dam is 144 m3/sec, part of which will be contained within the spillway and part of which will be routed 
over the dam. Based on analyses carried out for a re-shaped downstream dam surface (Golder 
2014d), the flow over the dam in the IDF for that design is approximately 45.4 m3/sec. This value may 
differ depending on the final contouring of the dam crest.  

The purpose of this Specification is to address the requirements for the Dam Overtopping Protection 
in order to provide protection to the dam to resist erosion caused by that portion of the flow which 
passes over the dam.  

B. The design-build contractor shall demonstrate, through comprehensive geotechnical and hydraulic 
analyses, that the performance requirements and tolerances for the facility will be met over the 
Design Service Life of all components of the facility. 

C. The design-build contractor shall demonstrate, through examples of previous successfully completed 
dam projects (which have characteristics similar to the Lower Colliery Dam) to suitability of the 
proposed Dam Overtopping protection design for the Lower Dam. 

D. The design-build contractor shall carry out analyses and model testing to verify the suitability of the 
proposed design.  The design shall be demonstrated to provide sufficient hydraulic capacity to route 
the design storm per the requirements stated herein.  For storm events up to the design storm, the 
overtopping protection design shall be demonstrated to adequately resist failure which could involve, 
but is not limited to the following mechanisms: 

1. Sliding of the overtopping protection down the embankment slope; 

2. Scour of the overtopping protection approach and exit channels. 

3. Scour of the overtopping protection throughout the entire area of protection, including the 
embankment crest, slope, and toe. 

4. Undermining of the overtopping protection at the perimeter of the armoring on the embankment 
crest, abutments, and toe. 

5. Uplift of the overtopping protection due to hydrostatic and hydrodynamic forces. 

6. Piping of embankment materials below the overtopping protection. 

7. Damage to the overtopping protection due to debris impact. 

8. Loss of components of the overtopping protection (anchors or cables) which provide resistance to 
movement and uplift. 

Engineering analyses shall be completed that demonstrates resistance to these failure mechanisms 
in both present and future conditions.  Therefore the potential for settlement and movement of the 
embankment should be determined.  Critical values for embankment movement which will make the 
overtopping protection unsuitable shall be provided.  Critical values for the resisting components 
which will make the overtopping protection unsuitable shall also be provided.  

E. The Design Service Life of the facility shall be a minimum of 75 years.  

 



 

F. Overtopping Protection should be installed on a dam surface that has been re-graded to produce 
smooth and uniform flow across the overtopping protection and to minimize hydraulic turbulence. 

1. It is anticipated that the dam crest and downstream face of the dam will be contoured to 
concentrate flow in the central part of the dam and direct the flow away from the dam abutments.  

2. Where modifications are made to the dam crest, the crest elevation shall not be lowered below 
the current minimum crest elevation (El 73.4 m). 

G. Design of the Overtopping Protection should be carried out to meet the stability requirements of the 
Lower Dam, including; 

1. The addition of Overtopping Protection for the dam shall not adversely affect the seismic 
performance of the dam; 

2. The installation of Overtopping Protection for the dam (re-grading and installation of erosion 
protection elements) shall not adversely affect the dam stability (shallow and deep slope stability), 
and shall not cause dam settlement, displacement or damage to the dam and concrete core. 

3. The addition of Overtopping Protection for the dam shall not adversely affect the groundwater 
conditions (phreatic surface, seepage flows, etc) within the dam, or the downstream drainage 
collection and monitoring system within the dam. 

4. The design of Overtopping Protection shall consider the stability of the dam during a dam 
overtopping event.   

H. An energy dissipation structure or an extension of the armoring at the downstream toe is needed to 
minimize scour from the hydraulic jump which is expected to form at the downstream toe of the dam. 

I. Where articulated concrete blocks are to be used for Overtopping Protection,  

1. Block stability during the design storm in to be in accordance with manufacturer’s design criteria. 

2. Manufacturer’s design criteria shall be developed in accordance with ASTM D7276 and D7277. 

3. Requirements for an underdrain system, filtration, separation and subgrade preparation shall be 
addressed.  

4. Articulated concrete block material and manufacturing processes shall meet ASTM D6684. 

5. Articulated concrete block, cables, and anchors shall have a minimum design life of 75 years. 
Materials shall be compatible with the site conditions and the existing dam embankment 
materials. 

6. Articulated concrete blocks should be placed on the smooth, re-graded dam surface in a way 
such as to minimize block protrusions. 

7. Articulated concrete blocks shall be keyed into the subsurface at the upstream and downstream 
ends.  The depth of embedment should be greater than the scour depths expected at the 
upstream and downstream ends of the overtopping protection during the design storm. 

J. Where soil anchors are to be used with articulated concrete blocks as part of the Overtopping 
Protection, the following shall apply;  

1. Articulated concrete block anchors extending into the embankment shall be designed using soil 
parameters anticipated during overtopping performance of the structure for the materials in the 
embankment.  Anchor capacity should be reduced due to pore pressure development occurring 

 



 

during saturated embankment conditions.  Anchor performance shall be evaluated during positive 
and negative pressure fluctuations which will occur at the toe of the dam during a hydraulic jump. 

2. Articulated concrete block anchors shall not impact the performance of the existing dam under 
normal or seismic conditions. 

3. ENVIRONMENTAL REQUIREMENTS 

A. The design-build contractor shall be responsible for environmental protection during all 
construction activities at all locations it performs work. Work locations may include, but are not 
limited to, the Work Site, contractor laydown areas and site access routes. 

B. If in-stream works are contemplated, the design-build contractor will apply additional 
environmental controls as required. An on-site Environmental Monitor will be provided during all in-
stream works.  

C. No deleterious materials may enter any watercourse at any time. 

D. All machinery working on the project is to be inspected and confirmed to be free of contaminants 
and in good working order prior to commencement of work. 

E. All machinery working on or adjacent to water will be required to use non-petroleum vegetable oil 
based hydraulic fluids. 

F. Imported construction materials must be confirmed to be clean and free from contamination prior 
to use.  

4. CONSTRUCTION REQUIREMENTS 

A. The design-build contractor shall design the works and develop construction means and methods 
to prevent damage to existing structures.  

B. The design-build contractor is responsible for selecting the appropriate machinery and equipment 
that considers the site conditions, character of materials, facility usage and existing structures that 
may be encountered during construction activities. 

5. RECREATION AND AESTHETIC REQUIREMENTS 

A. Maintenance or replacement of park features, aesthetics and landscape, trails, public access 
including access for disabled persons on trails and to swimming, and service vehicle functions to 
the dam crest and any other existing park areas disturbed by construction. 

B. Protection of existing trees, woods and vegetation outside of the core construction disturbance 
area, and re-vegetation of all non-paved or non-manicured disturbed areas to provide erosion 
control, habitat and park setting.  

6. SUBMITTALS 

A. The following submittals shall be provided with the preliminary design submission:  

1. Preliminary geotechnical and hydraulic analyses to demonstrate the conformance of the design to 
these Design Requirements. 

2. Prior to mobilisation to site, the design-build contractor will be required to develop an 
Environmental Protection Plan (EPP) for review and acceptance. The EPP shall present the 
procedures by which the design-build contractor shall establish and maintain quality control for 
environmental protection of all items of the work, and the means and methods that will be used to 

 



 

comply with the project Environmental Management Plan (EMP) and all required permit 
conditions. The EPP shall address all construction activities.  
 

3. Prior to mobilisation to site, the design-build contractor will provide a comprehensive Construction 
Work Plan that details the means and methods for completion of the construction work.  
 

4. Provide a park, trail, re-vegetation and recreation restoration site plan, grading plan and 
sections/profiles, planting concept plan, vegetation retention plan, and related written design 
rationale. Include related estimates for capital cost and for one year maintenance of all installed 
works and one year warranty in the overall project budget, and provide separate cost breakdowns 
for information. Both maintenance and warranty period shall be one year from the date of 
Substantial Completion. Costs included will be for all park, trail restoration and revegetation works 
by the design/build contractor including full supply of all hard and soft landscape, installation, and 
establishment watering and landscape maintenance to BC Landscape Standard levels (medium 
for park areas and background for slope areas).Documents describing the construction 
methodology, sequencing, equipment, materials and construction schedule shall be submitted to 
demonstrate conformance to these Requirements. 

END OF SECTION 
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Auxiliary Spillway to Harewood Creek 
Context Plan 

Figure D-1 
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Auxiliary Spillway to Harewood Creek 
Illustration Key 

Figure D-2 
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Auxiliary Spillway to Harewood Creek 
Anchored Channel Option 1 

Figure D-3 

View from across the lake 
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Auxiliary Spillway to Harewood Creek 
Anchored Channel Option 1 

Figure D-4 

View from the lake 
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Figure D-5 

View approximately from the floating dock 

Auxiliary Spillway to Harewood Creek 
Anchored Channel Option 1 
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Figure D-6 

Auxiliary Spillway to Harewood Creek 
Anchored Channel Option 1 

Areal view from the north 



Colliery Dams 
Nanaimo, BC 

1314470516 PROJECT No. 
DESIGN 
CADD 
CHECK 
REVIEW 

PHASE No.  3000 
REV. SCALE: 

TITLE 

PROJECT 

  
  

24 June 15 

  
  

DC 
---- 

NTS 

25 June 15 JG 

File Path: O:\Active\_2013\1447\13-1447-0516 Nanaimo Colliery Dams Nanaimo\6.0 Deliverables\June 2015 Aux Spillway and OT Summary Report\Appendix D - visualizations 

03 July 15 BD 

---- 

Figure D-7 

Auxiliary Spillway to Harewood Creek 
Anchored Channel Option 1 

Areal view from the south 
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Figure D-8 

Auxiliary Spillway to Harewood Creek 
Open Channel Option 2 

Areal view from the north 
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Figure D-9 

Areal view from the south 

Auxiliary Spillway to Harewood Creek 
Open Channel Option 2 
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Figure D-10 

Areal view from the north 

Auxiliary Spillway to Harewood Creek 
Buried Channel Option 3 
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Figure D-11 

Areal view from the south 

Auxiliary Spillway to Harewood Creek 
Buried Channel Option 3 
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APPENDIX E 
Basis of Estimate - Auxiliary Spillway 

 

1.1.1 Auxiliary Spillway - Basis (Exclusions and Limitations)  
1.1.1.1 Basis of Estimate 
The cost estimate has been prepared based on the design concept outlined in the report, but it must be noted 
that subsurface site conditions remain to be determined and design development is ongoing.  The current 
concepts have been analyzed as if the designs were frozen and details have been inferred from those concepts.  
Assuming that the designs do not change in scope, but are merely developed into further detail, we can expect 
accuracy on the order of -20 / + 50%.   

Given the current uncertainties, this estimate may be used for initial comparison of options but should not be 
used for final budgeting purposes.   

The following paragraphs describe the assumptions, limitations, inclusions and exclusions of the estimate.  

 

1.1.1.2 Available Site Information 
There is no borehole or geotechnical subsurface exploration results available along the proposed auxiliary 
spillway alignment.  Conditions have been extrapolated from site visits and information available from past 
studies and investigations, as discussed in Section 3.2.1 and 3.2.2.  Completion of a geotechnical investigation 
program would be essential if the City desires to reduce the uncertainties associated with the cost of the project.  

It has been assumed that a layer of organic material overlays glacial till, which are in turn underlain by bedrock, 
varying between one and five metres below the surface.  The rock is assumed to be competent and require no 
temporary support if exposed in the walls of the excavation and no major treatment to cracks in the invert if 
exposed.   

It is anticipated that the existing ground and bedrock can serve as a plug, or “natural cofferdam” while work 
downstream in the new channel occurs.  The plug would be excavated and removed during the final stage of 
construction.  

 

1.1.1.3 Groundwater during Construction 
Some seepage from the lake near the inlet is anticipated, but it is expected this can be managed and removed 
from the foundation and trench with small pumps.  Groundwater and surface water at the spillway outlet will be 
filtered with a series of drain rock and filter fabric decanting berms, prior to draining into Harewood Creek.  
No allowance has been included for cut offs or similar measures to control seepage. 

 

1.1.1.4 Alignment and Cross Sections 
The horizontal and vertical alignments are shown on Figures 6a through 11b and on drawing C-S201 of 
Appendix A.  These can generally be subdivided into five cross-sections: 

 Labyrinth Weir (intended to control flows and dissipate energy in the peak event); 

 Box Culverts (intended to provide a pathway and natural look over the channel); 
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 Soil-anchored channel (intended to convey peak flows in a narrow channel, thus minimizing footprint and 
visual impact near the lake); 

 Rip-rap channel (intended to convey peak flows at minimal cost); and 

 Rip-rap swale (intended to limit erosion during occasional non-peak flows). 

 

The alignment daylights into Harewood Creek, at which point significant upgrades are not anticipated due to the 
curved alignment of the downstream channel and flow velocities. 

 

1.1.1.5 Vegetation 
It is estimated that 25-40 trees will need to be removed to make way for both the spillway alignment and 
construction machinery access.  These trees are anticipated to be left onsite to decompose naturally, and no 
sale value has been assigned.  It should be noted that the actual number of trees removed will be a function of 
the solution selected.  For example, the use of box culverts necessitates the use of larger heavy equipment with 
larger clearance requirements.  

 

1.1.1.6 Access 
It is anticipated that the site will be accessed from Harewood Mines Road, via a narrow gravel and paved path 
system.  Providing construction equipment access will require: 

 Removing some trees along the perimeter of the path; 

 Removing and reinstating an existing wooded pedestrian bridge across a tributary to Harewood Creek; 

 Bridging the creek with a combination of a CSP culvert, drain rock, filter fabric and temporary structural fill.  
This will prevent excavation in the creek bottom, and all but eliminate sediment deposition.  It will ensure 
that flow remains unrestricted.  However, in the event that DFO requires the crossing span the wetted 
perimeter of the creek, a temporary bridge may be required complete with additional foundation work and 
tree-cutting along the access path; 

 Closing the south side of the existing spillway and the path to Harewood Mines Road to the public for the 
duration of construction; and 

 The use of the gravel parking area on Harewood Mines Road as a laydown area for parts and some 
equipment, complete with a site trailer.  This parking area will also likely be used for staging dump trucks 
entering and leaving the work site. 
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1.1.1.7 Disruptions 
No allowances have been made to account for issues such as work stoppages and other restrictions beyond a 
contractor’s control.  The estimate contemplates unrestricted access to the site during normal working hours. 

 

1.1.1.8 Labour Agreements  
The estimate contemplates an “open site” with no restrictions on union or non-union labour. 

 

1.1.1.9 Project Management, Construction Management and Quality Control  
The estimate is provided from the perspective of a contractor bidding on the project, who will provide Site and 
Construction Management for the benefit of the contractor.  Project Management, for the benefit of the owner, 
will be provided by the City and is not included in the estimate. 

Standard MMCD quality control is included in the estimate.  Owner-side quality assurance is not. 

 

1.1.1.10 Environmental Protection during Construction and Permitting 
Sediment fencing is included to control surface runoff only.  A floating filter dam and/or bubble curtain is included 
to limit the impact on fish in the lake during removal of the upstream plug upon the completion of the project.   

Compliance with environmental regulations and best practices is included to the extent known.  Pursuit of and 
adherence to project-specific fisheries or other environmental permits are not included but are expected to be 
required. If authorization were required to remove the upstream plug or install fish curtains to facilitate blasting, 
this could engender further costs and risks to the schedule.  

 

1.1.1.11 Overhead and Profit 
The estimate assumes a competitive tendering process in the Nanaimo marketplace.  It includes a 15% 
allowance for overhead and profit, in addition to the bare direct and indirect costs for equipment, labour and 
materials. 

 

1.1.1.12 Disposal 
It is expected that any surplus material generated from excavating (i.e., the bulk of the excavation) will be hauled 
offsite and disposed in the Nanaimo area. 

 

1.1.1.13 Slope Treatments and Visual Enhancements 
No allowance has been made for vegetated covering of the rip rap or shotcrete walls.  Numerous options can be 
explored at later stages, such as spraying growing medium from Denbow, Hilfiker or other specialty suppliers.  
Natural wood debris can be placed in or around the shotcrete flume.  
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1.1.1.14 Asphalt 
The existing asphalt pathway crossing the proposed spillway alignment will be removed and reinstated over the 
new box-culvert crossing.  Asphalt damaged during trucking and equipment access operations will be removed 
and reinstated (likely extending from the existing bridge over the existing spillway, to the junction southwest of 
the new spillway).  This will result in little if any net gain or loss in the length of asphalt path system. 

 

1.1.1.15 Schedule  
A preliminary construction schedule was contemplated at the time the cost estimate was developed.  The ideal 
construction window is during the drier season from July to October.  The work is anticipated to take 
approximately 3 months to complete (if constructed during the summer/ early fall months) plus an additional 1 
month for mobilization and demobilization (2 weeks at the start and 2 weeks at the completion of construction).  
If constructed during the winter months, the project would likely take 6 months to complete.   Delaying the work 
until 2016 would probably incur additional costs. 

Work would normally occur Monday to Friday from 7 am to 5:30 pm, with occasional night or weekend work to 
accommodate discrete events or conditions.   

Forest fire season presents a risk to the schedule, since work will occur in the forest and thus subject to any 
bans issued by the Ministry of Forests or local Fire Department. 

 

1.1.1.16 Rebar 
As the detailed design is not yet complete, the estimate contemplates a rebar density of 75 kg/m3 in the weir. 

 

1.1.1.17 Channel Bottom 
The estimate does not contemplate the need for a uniform channel bottom, and some variations are anticipated 
owing to the minimum depth required for drilling and blasting.  

 

1.1.1.18 Shotcrete Walls 
For the Anchored Channel Option, the estimate contemplates conventional shotcrete and soil nail shoring over 
the full depth of the excavation. 

 

1.1.1.19 Permanent Fencing 
Budget pricing has been included for wood post fencing over the box culverts (parallel to the pathway) and along 
the sides of the new shotcrete channel (for applicable options). 
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1.1.1.20 Value engineering and other options not contemplated in the current 
estimate 

 Vegetative slope treatments for aesthetics; 

 Possible options to replace rip-rap with other slope treatments; and  

 Using the timber generated onsite to generate visually pleasing features. 

 

1.1.1.21 Contingency and Risk 
A suggested contingency of 20% has been added to allow for items, conditions or events for which the state, 
occurrence or effect is uncertain, and which are expected to result in additional costs.  These include but are not 
limited to planning and estimating errors, minor price fluctuations, and minor design developments.  The 
contingency is part of the estimate, and is expected to be expended. 

The contingency does not include major scope changes such as end product specifications, capacities, sizes, or 
locations; extraordinary events such as strikes and civil disturbances; management reserves; or escalation and 
currency effects. 

 

1.1.1.22 Notes 
Items which should be considered while evaluating the options include: 

 Little or no information exists about the subsurface conditions or location of the bedrock horizon.  Potential 
impacts of ground conditions that differ from what was assumed include but are not limited to: 

 A higher bedrock horizon could require additional blasting; 

 A lower bedrock horizon could reduce the stability of the slopes during construction and thus increase 
the amount of material to be excavated;  

 The balance of topsoil, overburden and bedrock, combined with landscaping and aesthetic 
requirements, may alter the amount of material that must be disposed of or imported from offsite; 

 Given the desire for a natural appearance and lack of flows outside of the PMF, no rip-rap has been 
imported at present and armouring is limited to the rock that has been generated onsite (with surplus 
rock disposed of offsite); 

 Discovery of coal slag beyond could increase disposal costs; and  

 Groundwater inflows, if greater than expected, could significantly increase the amount of dewatering 
required and thus the construction cost. 

 A longer construction schedule could push overheads up, and a late start pushing construction into the 
winter months could significantly increase costs; 

 Longer, higher, deeper or more visually appealing weirs, tunnels or surface treatments would have 
increased costs; 
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 If tree cutting is further restricted, reduced working room and access road width could result in lower 
productivities and increased costs; 

 Site security (beyond what is required to protect equipment and seacans from everyday thieves, or prevent 
the general public from getting hit by trucks) is not included; 

 We have assumed that Harewood Creek, south of the lake, can be bridged with a combination of a CSP 
culvert, drain rock, filter fabric and temporary structural fill.  This will prevent excavation in the creek bottom, 
and all but eliminate sediment deposition.  It will ensure that flow remains unrestricted.  However, in the 
event DFO requires the crossing span the wetted perimeter of the creek, a temporary bridge may be 
required complete with additional foundation work and tree-cutting along the access path; 

 We have assumed that a plug can remain upstream of the labyrinth weir, to be removed only upon 
commissioning of the channel.  We have allowed for bubble curtains to protect aquatic life while blasting, 
and expect the plug removal can be conducted with a minimum of sediment deposition in the lake. 
However, if DFO requires a Fisheries Authorization and additional mitigation measures, cost increases and 
schedule delays could result; 

 Geotechnical investigation program and detailed design have not been included; and, 

 Public safety measures have not been addressed in detail at this stage. 

o:\final\2013\1447\13-1447-0516\1314470516-025-r-rev0\app e\appendix e - basis of estimate aux spillfinal.docx 
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