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EXECUTIVE SUMMARY 

The City of Nanaimo (City) retained EBA Engineering Consultants Ltd. (EBA) to conduct a seismic 
hazard assessment for the Middle and Lower Chase Dams.  This work was requested by the City in a 
Request for Proposal dated December 2008.   

The Middle and Lower Chase Dams are located in the southern part of the City and were 
constructed circa 1911 to provide coal washing water during the early 20th century coal mining era 
of Nanaimo.  Middle and Lower Chase Dams are 13 and 24 m high and 50 and 77 m long, 
respectively.  Both dams are generally comprised of a central concrete core wall buttressed by rock 
fill slopes constructed upstream and downstream of the concrete wall.  Additional fill was placed on 
the downstream side of each dam in subsequent construction episodes  

Middle and Lower Chase Dams have become part of an urban park (Colliery Dams Park) since the 
end of the coal mining era of Nanaimo and the area downstream of the dams has been urbanized.  A 
Dam Safety Review conducted on these dams in 2003 recommended that a seismic hazard 
assessment be conducted to assess if the dams are able to continue to safely impound their 
reservoirs in the event of a significant seismic event. 

It is understood that in 2010, the City will release a request for proposal for a detailed flood 
inundation study associated with various flood emergencies, including those related to the seismic 
hazard assessment discussed herein.  This will be a key study, the results of which will be required to 
place the findings of this seismic hazard study in to perspective. 

A background information review was conducted using readily available historical information.  The 
findings of the review were supplemented by engineering judgement and experience with aging dams 
of the same vintage as the Middle and Lower Chase Dams.  The findings of the background review 
were used to prepare model input parameters, model geometry and to provide perspective when 
interpreting the results of the analysis. 

Consequence classifications of the two subject dams were reviewed as part of this assessment.  EBA 
concluded that the consequence classification is either at the upper end of High-Low or at the low 
end of High-High classification categories used by the Dam Safety Branch of the British Columbia 
Ministry of the Environment (BCMOE).  Uncertainty exists in assessing the number of lives that 
could be lost in the event of failure of one or both dams (under 10 versus over 10 respectively).  
This matter cannot be resolved until the 2010 flood inundation study is completed. 

The magnitude of seismic event selected for use in this assessment corresponds to a 1:3,000 year 
event (1.6% chance of occurring in 50 years).  The BCMOE Dam Safety Branch advised EBA 
during this study that the 1:3,000 year event established in the 2003 Dam Safety Review would be 
accepted as the design seismic event for assessing the seismic response of the dams in their existing 
condition.  However, should the City select rehabilitation or reconstruction of the dams, a higher 
return period seismic event (i.e. more severe ground shaking) may need to be selected.  A specialist 
subconsultant, CAN Engineering Ltd., was hired to provide ground motion input parameters for the 
seismic modelling phase of this work. 
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The predicted horizontal deformations for the top of the concrete wall in each dam during the 
design seismic event were estimated to range from 0.360 m to 0.924 m for the Middle Chase Dam 
and from 0.055 m to 0.065 m for the Lower Chase Dam, depending on the scenario analyzed.  The 
level of accuracy afforded by this analysis, given the nature of the input parameters, does not 
warrant millimetre accuracy. The estimated range of validity of these results is +/- 50%.  The 
concrete wall exposed on the upstream face of Middle Chase Dam is expected to topple during the 
design seismic event with development of an overtopping failure and uncontrolled discharge of the 
Middle Chase reservoir.  The rate of discharge and the capacity of the Lower Chase Dam spillway 
will determine if Lower Chase Dam is overtopped or not.  This will be assessed during the 2010 
flood inundation study. 

Additional analyses were conducted for lower return period seismic events (i.e. less severe ground 
shaking) to assess the likelihood of wall toppling at Middle Chase Dam.  The results of this analysis 
concluded that wall toppling could occur during a seismic event with a return period corresponding 
to an approximate 15% chance in 50 years. 

The ALARP principle advocated by the Canadian Dam Association (CDA) was used to assess the 
potential for loss of life to provide the City with guidance on whether seismic hazards posed by the 
subject dams justify any mitigative measures.  ALARP stands for “As Low As Reasonably Practical”.  
The ALARP Principle is used to assess whether probability and magnitude of loss of life associated 
with a dam failure is within the CDA’s view of societal tolerances.  The risk of loss of life caused by 
failure of one or both dams during the design seismic event is described as Unacceptable using the 
ALARP principle.  This assessment is for 10 fatalities.  The City will have to decide if the ALARP 
Principle as advocated by the CDA is consistent with the City’s risk tolerances.  Circumstances that 
exacerbate this situation are the likelihood that a smaller return seismic event could cause a similar 
failure and inundation or that the 2010 inundation study concludes that  more than 10 fatalities 
could occur.   

A piping assessment was also conducted to assess the likelihood of piping developing under current 
conditions and under post seismic conditions.  This assessment indicated that the current risk of a 
piping failure developing in either dam is ALARP.  The presence of a wooden conduit through to 
Middle Chase Dam core wall is a potential risk under static loading due to the continued 
deterioration of the wood.  However, the risk of piping failure developing in Lower Chase Dam 
after the design seismic event (or even one of smaller magnitude) is unacceptable according to the 
ALARP principle.  The risk of post seismic piping failure of Middle Chase Dam will be unacceptable 
due to the undecommissioned wooden conduit; however, the analysis indicates Middle Chase Dam 
will likely fail during the earthquake.  This assessment is for the case of 10 fatalities.  The 
deformation of the concrete core walls during the seismic event and associated increase in seepage 
would largely be responsible for this increased risk of piping failure at Lower Chase Dam. 

The City’s post seismic performance expectations, the budget for such work and the social and 
environmental value of the Colliery Dams Park will to a large part determine what measures are 
appropriate for addressing the seismic hazards posed by the existing dams.  It is our view that there 
are three general options the City has to address the seismic hazard risk posed by the subject dams: 

• Option 1 - Eliminate the seismic hazards by removing the dams; 
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• Option 2 - Conduct seismic upgrades to the existing dams that bring the dams to a state 
where they safely impound their reservoirs during and shortly after the design seismic event 
but will need an engineering inspection immediately thereafter to assess the damage that has 
occurred, possibly followed by major maintenance or removal and, if necessary, evacuation 
of the potential inundation area; or 

• Option 3 – Bring the impoundments into a state where not only do the dams safely 
impound the reservoirs during and after the design seismic event, but also require minimal 
maintenance after the design seismic event. This will require construction of new dams or 
extensive improvement of the fill in the existing dams with jet grouting or other in-situ 
treatment. 

Based on the proximity of the subject dams to a downstream urban area combined with the findings 
of this seismic hazard assessment it is concluded that relying solely on evacuation of the inundation 
zone will be insufficient to prevent loss of life.  Additional insight into the extent and effects of 
inundation caused by failure of one or both of the subject dams will be gained by completing the 
2010 inundation study. 

From a risk management perspective and upon consideration of the presence of a school, residences 
and a daycare within the inundation zone, the most practical and socially palateable option for 
addressing the seismic hazard risks posed by the subject dams is Option 1 – Dam Removal.  
Depending on the influence of other social and environmental factors and the risk tolerance of 
stakeholders (e.g. affected residents, school board, general public), the City may wish to accept some 
future risk and select Option #2.  Discussions with the City have indicated that constructing new 
dams as part of Option #3 is not considered to be an option at this time. 
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1.0  INTRODUCTION 
The City of Nanaimo (City) has retained EBA Engineering Consultants Ltd. (EBA) to 
conduct a seismic hazard assessment for the Middle and Lower Chase Dams.  This work 
was requested by the City in the Request for Proposal dated December 2008.  EBA’s 
proposal for this work was dated January 19, 2009 and the City authorized this work under 
PO #516718, dated February 24, 2009. 

The Middle and Lower Chase Dams are located in the southern part of the City as shown in 
Figure 1.  They were constructed circa 1911 to provide coal washing water during the early 
20th century coal mining era of Nanaimo.  The Chase River Valley is the site of a series of 
dams, progressing upstream from Lower Chase Dam, listed as follows: 

• Lower Chase Dam (earth and rock fill dam with concrete core wall); 

• Middle Chase Dam (earth and rock fill dam with concrete core wall); 

• Reservoir #1 (concrete gravity dam); and  

• Upper Chase Dam (very small earth fill dam, with an upstream concrete retaining wall 
to support road fill rather than impoundment of water, see EBA report dated 2005). 

There is an additional dam, the Harewood Dam, on a tributary to the Chase River, uphill 
from the Chase River Dam.  However, the spillway discharge and an uncontrolled discharge 
from its reservoir would enter the Chase River Valley downstream of Lower Chase Dam.  
As this study is for the Middle and Lower Chase Dams, the response of the Reservoir #1 
Dam and Harewood Dam under the design seismic event has not been considered in this 
study.  The seismic response of the Upper Chase Dam was assessed by EBA in 2005.  The 
results of this assessment are discussed briefly later in this report. 

Middle and Lower Chase Dams are 13 and 24 m high and 50 m and 77 m long respectively.  
Both dams are generally comprised of a central concrete core wall buttressed by rock fill 
slopes constructed upstream and downstream of the concrete wall.  Additional fill was 
placed on the downstream side of each dam in subsequent construction episodes.  The 
location of the subject dam is presented in Figure 1.   

Middle and Lower Chase Dams have become part of an urban park, Colliery Dams Park, 
since the end of the coal mining era of Nanaimo and the area downstream of the dams has 
been urbanized through construction of city streets, residences, a school and a daycare.  A 
Dam Safety Review conducted on these dams in 2003 (Golder 2003) recommended that a 
seismic hazard assessment be conducted to assess if the dams are able to continue to safely 
impound their reservoirs in the event of a significant seismic event. 

EBA retained Herold Engineering Ltd. (Herold), a Nanaimo based structural engineering 
consulting firm to assist with structural engineering matters for this project. 

This report is subject to the General Conditions presents in Appendix A. 
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2.0  SCOPE OF WORK 
The scope of work for this project is to complete a seismic hazard analysis of both the 
Middle and Lower Chase Dams in their current state and determine if they meet current 
Dam Safety requirements.  Additionally, EBA will also provide the City with an assessment 
of whether upgrading the dams is practical and economical and, if so, what options are 
practical as well as if other measures such as risk management or dam removal should be 
considered if the result of this study is that one or both of the dams do not meet current 
Dam Safety requirements. 

EBA’s scope of work was presented in our proposal dated January 19, 2009 and included 
the following tasks: 

• Task 1 - Project initiation meeting; 

• Task 2 - Review of background information; 

• Task 3 - Detailed inspection of dams and limited subsurface inspection; 

• Task 4 - Structural assessment; 

• Task 5 - Develop seismic criteria; 

• Task 6 - Develop parameters for use in analysis; 

• Task 7 - Assess seismic stability of each dam; 

• Task 8 - Prepare conceptual designs and costs for upgrading each option; 

• Task 9 - Discuss results with BCMoE Dam Safety branch; and 

• Task 10 - Reporting. 

Details on the scope of each task are presented in our proposal.  The results of each task are 
discussed in the following sections. 

Some of the work presented herein is based on engineering judgement and estimates of the 
extent of inundation associated with uncontrolled discharge from each of the subject dams.  
To date, the only inundation study that has been conducted is one where a massive flood 
event occurs that causes failure of all dams. The results of this assessment are not 
completely applicable to the study presented herein, although they do provide some 
valuable insight for the purposes of this assignment.  In 2010, the City will release a request 
for proposals for a more detailed flood inundation study associated with various flood 
emergencies, including those related to the seismic hazard assessment discussed herein.  
This will be a key study, the results of which will be required to put the findings of this 
seismic hazard study in to perspective. 
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3.0  BACKGROUND INFORMATION 

3.1  GENERAL 
A background information review was conducted at the outset of this assignment to 
establish what was known to date about the subject dams.  Readily available local historical 
accounts provided the basis for some deduction on the dam construction since there is 
generally a paucity of information on the actual construction and historic operation of the 
subject dams. 

3.2  SOURCES OF INFORMATION 
EBA reviewed the following key sources of background information prior to the project 
initiation meeting: 

• 2008 Annual Dam Inspection report, EBA; 

• 2003 Dam Safety Review reports for Middle and Lower Chase Dams, Golder, March 
2004;  

• Operations, Maintenance and Surveillance (OMS) Manual for Chase River Dams, 
Golder, Rev. 1, April 2004; 

• Data Books for Middle and Lower Chase Dams, EBA, May 1992; 

• Site investigation report for Nanaimo Dams, Golder Associates Ltd., 1978; 

• Bathymetric and topographic survey data of both dams and reservoirs; 

• Various rehabilitation design drawings for Middle and Lower Chase Dams, Willis 
Cunliffe and Tait, July 1978; 

• Archival photos of provincial dam safety inspections of Middle and Lower Chase Dams 
(1977 to 1982 and 1976 to 1981 for Middle and Lower Chase Dams respectively); and 

• Chase River Dams, Phase 1 of Incremental Damage Assessment, Water Management 
Consultants Inc., 2002. EBA Note: this is a study that models breach of every dam on 
the Chase River system during the Probable Maximum Flood, PMF. 

Design and construction records are not available for the Middle and Lower Chase Dams.  
Although Middle Chase Dam was rehabilitated in 1980, only design drawings are available 
for this work. Although there are some construction photographs, as-built records are 
unavailable.  The construction photos are in the City files for these dams and were reviewed 
by EBA as part of this work.  EBA discussed the 1980 rehabilitation of Middle Chase Dam 
and modifications to Lower Chase Dam with Mr. Douglas Anderson, P.Eng., the resident 
engineer for this work in 1980. 

 



N13101249 
 April 14, 2010 
ISSUED FOR USE 4 

 

  

Additionally, EBA reviewed the following sources of historical information on the coal 
mining history of Nanaimo to gain a greater understanding of the historical setting of the 
dam construction: 

• Boss Whistle, (Bowen, 2002);  

• Coal Mine Underground Workings Atlas for Nanaimo, (Coal Mine Atlas, Pacific Spatial 
Systems Inc., 2004); and 

• Various online archives available to the public via the internet. 

These documents provide background information on the ownership and sequence of 
operations of various coal mines in Nanaimo that are directly and indirectly related to the 
subject dams. The Coal Mine Atlas also provides information on historic coal mining 
activities and associated railways which are relevant to this study. 

3.3  DESCRIPTION OF DAMS 
Both the Middle and Lower Chase Dams are located in the Chase River Valley within a City 
park known as Colliery Dams Park. The Chase River Valley is narrow and steep sided 
within the park boundaries with exposed bedrock and till on the sideslopes.  Some thin 
colluvium has been noted at the base of the valley slopes, as discussed later in this report.  
Soft/loose unconsolidated channel deposits are present at the base of the valley between 
the two dams and downstream of Lower Chase Dam; they are of limited lateral extent due 
to the narrow and steep sided nature of the river valley.  Additionally, they appear to only be 
present when the valley bottom flattens below steeper reaches of the channel where 
bedrock is exposed.  Borehole investigations were completed at both dams in 1978 and 
information on the downstream shell material present in each dam in 1978 was obtained. 

A brief description of the two dams is presented in the following paragraphs. 

Middle Chase Dam 

Middle Chase Dam is a rock fill dam with a vertical, 0.6 m wide, concrete core wall.  The 
dam is approximately 13 m high and has a crest length and width of approximately 50 and 
5 m respectively.  The embankment sideslopes are approximately 2.5H:1V and 1.6H:1V for 
the downstream and upstream slopes respectively.  There are no records that verify whether 
or not there is steel reinforcing within the concrete core wall.   

The downstream shell of Middle Chase Dam was substantially excavated in 1980 as part of 
a dam rehabilitation program conducted at that time.  The purpose of the excavation was 
primarily to locate a low level conduit believed to be constructed within the dam.  While the 
low level conduit was not located in 1980, the 2003 Dam Safety Review correctly 
questioned the impact should a low level conduit be in place as it was intuitive that there 
should be one.  At the outset of this project, EBA assumed that it was a wood stave conduit 
like those present within the Lower Chase Dam and other dams of similar vintage in the 
Nanaimo region such as Westwood Lake Dam.  It is reasonable to conclude that the wood 
conduit was cast directly through the concrete core wall. 
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Based on historical construction records and photographs the backfill placed in the 
excavation in 1980 is compacted, pit run sand and gravel.  Additionally, some foundation 
drains were placed to address historical seepage which was believed to be primarily through 
the bedrock.  Plan views of Middle Chase Dam are presented in Figures 2 and 3 which 
show satellite imagery (Google Earth) and surveyed topography.  A cross-section of Middle 
Chase Dam is presented in Figure 4. 

Lower Chase Dam 

Lower Chase Dam is a rock fill dam with a 1.2 m thick, vertical, concrete core wall.  
Mine/process waste material was placed on the downstream face of the dam sometime after 
construction with an additional toe berm/filter layer placed over the lower half of the 
downstream face in 1980.  The dam is approximately 24 m high and has a crest length and 
width of 77 and 10 m respectively.  The upstream and downstream embankment sideslopes 
are 2.2H:1V and 1.5H:1V respectively.  Two wood stave conduits were constructed through 
the dam.  It is reasonable to conclude that they were cast through the concrete core wall. 
These conduits were backfilled with concrete as part of the 1980 rehabilitation works.   
Additionally, the concrete valve chamber which drained into these conduits was backfilled 
with concrete as part of the 1980 rehabilitation works, effectively sealing the entrance to the 
conduits and any seepage path between the wood and the concrete. There was no indication 
if the wood stave conduit was deteriorated or rotted. 

Review of the dam details in plan view indicates that the left abutment (north) is wider than 
the right (south) abutment and also that the downstream crest of the embankment fill is not 
parallel to the concrete wall. This is discussed further in Section 3.4.  The 1978 investigation 
also included a number of test pits, including one (TP-4, 1978) excavated at the downstream 
edge of the concrete core wall.  The excavation of TP-4 (1978) exposed a thickening of the 
concrete wall from 0.3 m wide to 1.2 m wide at a depth of 0.6 m below crest elevation.  The 
1978 boreholes and test pits encountered a layer of loose sand, gravel, cinders and ash 
overlying rock fill downstream of the concrete core wall.  Plan views of Lower Chase Dam 
are presented in Figures 5 and 6 which show satellite imagery (Google Earth) and surveyed 
topography.  A cross-section of Lower Chase Dam is presented in Figure 7.  The zonation 
within Lower Chase Dam presented in Figure 7 has been inferred from the 1978 borehole 
and test pit logs which are also shown on Figure 7. 

3.4  HISTORICAL SETTING OF DAM CONSTRUCTION 
Through review of the background information referenced in this report, EBA has deduced 
the following: 

• The subject dams were likely constructed by Western Fuel Corporation (Western Fuel) 
after 1904.  In 1903, Western Fuel purchased a number of the Nanaimo area mines 
which included several of the mines within the current city limits, including the 
Harewood Mine, the Nanaimo #1 Esplanade Mine (Bowen, 2002).  Later, the Wakesiah 
Colliery was opened by Western Fuel in 1918 (Bowen, 2002); 
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• In 1904, the Todd Bay Portland Cement Quarry (now Butchart Gardens) opened near 
Victoria which initiated the start of concrete construction for the Nanaimo coal mining 
industry (e.g., Morden Mine head frame, most likely the Harewood Dam, and the 
subject dams). It appears that the Middle and Lower Chase Dams and associated 
concrete structures are likely among the earliest concrete structures constructed in 
Nanaimo. The likelihood of poor concrete construction practices being used in the 
construction of the subject dams is considered by EBA to be high; 

• The former presence of a railway line from the Harewood Mine to the coal wharves and 
its proximity to the subject dams and presence of spur lines from this railway extending 
to each dam (EBA, 1992) suggests the dams were built with rock fill from the 
Harewood Mine that was transported to the dam sites via train. This partially explains 
why previous documents (EBA, 1992) referred to both dams as former railway crossing 
sites constructed by the Harewood Mine; 

• Although the conveyance of coal was mechanized through the use of coal fired surface 
trains and electric trains for underground use at the time of construction, the excavation 
of blasted bedrock for adits and shafts was still very much focused on hand excavation 
and hand loading of carts (Bowen, 2002).  The rock fill that was used as fill material was 
most likely mined by hand and loaded into tram cars by hand and therefore likely did 
not have particles much larger than 0.6 m diameter; 

• The majority, if not all, of Western Fuel’s coal was shipped from the Nanaimo coal 
wharves which were located to the south of the current downtown harbour front area 
(Bowen, 2002).  The coal was delivered to these wharves by Western Fuel trains from 
most of their mines.  Coal washing was conducted at the coal wharf site as indicated by 
a photograph within the Coal Mine Atlas (Pacific Geospatial Systems Inc, 2004). The 
nearest practical source of fresh, coal wash water that could be economically conveyed 
to the coal wharves was from the Chase River.  EBA has assumed that sea water would 
not have been used to wash coal due to its salinity and the need for pumping.  This 
supports the previous documentation (EBA, 1992) that the dams were constructed to 
provide coal washing water; 

• An online excerpt from the Nanaimo archives indicates that there were two original 
dams on Chase River at the southwest corner of Harewood Road to supply water to the 
City of Nanaimo.  Western Fuel started to build a dam downstream of the city dams for 
their own purposes as they expanded their operations.  The dam was completed May 1, 
1911.  The first gasoline cement mixer in Nanaimo was used to construct the dam.  It is 
not known whether or not these dams also supplied drinking water; 

• The observation of an old timber crib structure in the downstream shell of the Middle 
Chase Dam in 1980 (archived BCMoE Dam Safety Branch inspections reports) 
indicates that there may have been older dams constructed at both sites prior to 
construction of the original dams.  The Nanaimo coal wharves were in operation before 
1900 (Bowen, 2002) and would have required a source of coal wash water, presumably 
from the Chase River. Consolidation of many mines under a single corporate ownership 
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in 1903 may have required greater volumes of wash water at the coal wharves.  It stands 
to reason that Western Fuel may have upgraded their coal wash water supply 
infrastructure at this time.  It also stands to reason that a low level conduit would have 
been constructed through both dams to maximize the use of stored water from both 
reservoirs; and 

• Upon development of the Wakesiah Mine by Western Fuel in 1918 (Bowen, 2002), the 
railway used to transport the coal from the mine to the coal wharves was constructed 
over the Lower Chase Dam.  The railway is shown in historical maps in the Coal Mine 
Atlas (Pacific Geospatial Systems, 2004).  It appears that additional fill was added to 
Lower Chase Dam to permit a railway crossing at an azimuth not parallel with the 
concrete core wall. This appears to be the reason why the downstream crest of the 
Lower Chase Dam is not parallel to the concrete wall. 

3.5  FILL AND FOUNDATION MATERIALS 
The fill and foundation materials within and below each dam are known primarily through 
the contents of the 1978 borehole logs and to a lesser extent, the 1978 test pits.  Both the 
1978 borehole logs and test pit logs are presented in Appendix B.  Fill and foundation 
materials are discussed in the following sections. 

3.5.1 Fill Materials Within the Dams 
There are five general material types within the subject dams: 

• Concrete in the vertical core wall and spillway; 

• Rock fill on either side of the concrete walls from the original construction work in 
1911 (original rock fill);  

• Compacted pit run in the downstream shell of the Middle Chase Dam;  

• Cinders, ash and sand and gravel on the downstream side of the concrete core wall on 
top of the original rock fill at the Lower Chase Dam; and 

• Timber in the low level conduit. 

Each material type is discussed in further detail in the following paragraphs. 

Concrete 

Historical concrete construction near the turn of the 20th century on Vancouver Island was 
of variable quality.  Discussions with Herold Engineering (the structural engineer for this 
project) indicated that it was possible that a mass concrete structure, or supported wall in 
the case of the Chase River Dams, could have been constructed without steel 
reinforcement.  Steel reinforcing in the Chase River Dams is discussed in more detail later 
in this report. 
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The most prominent concrete coal mining structures of this era still standing in the 
Nanaimo area that EBA is aware of, aside from the subject dams, is the Morden Colliery 
head frame (constructed in 1913) and the Harewood Dam (constructed in 1911).  Herold 
has worked on the Morden head frame and have observed that the quality of the concrete 
and construction in general is poor. The Morden head frame was reinforced with steel, 
which stands to reason as it was a hoisting structure with tensile loads in some of its 
members. While the materials within the Morden head frame and the Chase River Dams 
cannot be directly related or compared, it is worthy of mention that the Morden head frame 
was designed by experts brought in from Europe and is viewed to be representative the 
state of the art in reinforced concrete construction in the early 1900s in the Nanaimo area.  
By comparison, the Harewood Dam appears to be in much better shape and may be more 
reflective of the quality of a mass concrete structure constructed in the early 20th century in 
Nanaimo.   

The sequencing of concrete placement within the concrete walls is unknown.  It is likely the 
concrete was placed in lifts which means there are likely various concrete construction 
“cold” joints present throughout the walls.  Review of photographs taken during the 1980 
Middle Chase rehabilitation works indicates that planks were used as form work but 
construction joints were not visible.  It is not known if the wall was constructed prior to fill 
placement or if the wall was constructed in segments followed by fill placement to permit 
access for subsequent concrete work.  EBA considers the latter construction method to be 
more likely due to the decreased need for extensive formwork and access scaffolds. 

The quality of concrete at depth is unknown for both dams; a review of the photographs 
taken during rehabilitation of Middle Chase Dam in 1980 indicated no visible segregation or 
honey-combing of the concrete exposed on the downstream face of the wall.  However 
such features are visible on the concrete spillway walls at Lower Chase Dam.  EBA believes 
it to be prudent to assume the quality of the concrete core wall construction in both dams is 
poor by today’s standards. 

Discussions with Mr. Douglas Anderson, P.Eng., who was the engineer for the 1980 
rehabilitation works, indicated that he could not recall if the Middle Chase Dam concrete 
wall had any steel reinforcement.  The rehabilitation drawings did not show if the wall had 
any reinforcing steel. A hole was blasted through the concrete wall at the Middle Chase 
Dam in 1950, reportedly to allow for additional discharge capacity during a severe storm 
event.  The design drawings for repair of this hole did not indicate if the wall was reinforced 
or not. EBA considers it to be reasonable to assume that if steel was present it would have 
been indicated on the drawings. The result of the background information review is 
inconclusive on whether or not the concrete core wall was reinforced. 

Smooth bar steel reinforcement is visible on the spillway walls at Lower Chase Dam where 
deterioration of the concrete has spalled some of the cover off of the steel.  However, the 
age of this structure is unknown and it can not be confirmed whether or not this structure 
was constructed at the same time as the dam.  Extensive honey-combing of the concrete is 
present at this location as well. 
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Rock Fill 

The rock fill used in dam construction was most likely derived from the operating 
Harewood Mine as discussed earlier in this section.  The gradation of the waste rock mined 
in Nanaimo at the turn of the 20th century would be variable, but would generally have a 
top size no greater than 0.6 m as previously discussed in Section 3.4.  Photos of the rock fill 
on the upstream and downstream side of the Middle Chase Dam during the 1980 
rehabilitation works, indicates that the maximum rock fill particle size is generally 0.6 m or 
smaller.  The waste rock would also have appreciable cobble, gravel, sand and silt contents.  
It seems reasonable to conclude that the larger particles would be loaded first and the 
smaller particles loaded last which would result in segregation of the waste rock and 
formation of pockets of highly variable gradation throughout the rock fill mass. This 
variability was inferred from the data collected in the 1978 drilling program. The mineralogy 
of the rock fill particles was not indicated in the 1978 drilling report. The history of the dam 
construction discussed in Section 3.4 suggests sedimentary rock existed from the Harewood 
Mine was used to construct the upstream and downstream shells. 

The method of rock fill placement and construction is not known; however, based on the 
review of the 1978 borehole logs and understanding the historical context of construction, 
it is very likely that the rock fill was end-dumped down the south valley walls and, at best, 
spread by surface mine labourers. There would have been no compaction aside from the 
force of gravity and impact of larger particles being dropped into place.  Finer grained 
materials would have likely segregated from the coarser particles during loading of the trams 
and train cars at the mine, and the dumping, resulting in a segregated and highly variable 
rock fill mass. 

The Middle Chase Dam downstream shell was substantially excavated in 1980 in an attempt 
to locate a low level conduit within the dam.  A section of the original downstream shell fill 
was left in place adjacent to the left abutment next to the spillway.  The backfill material 
placed in 1980 was compacted with a walk behind compactor. Compaction testing was 
conducted at this time but no records are available for review.  EBA believes it is reasonable 
to conclude that the fill material placed in 1980 was compacted to a dense state.  However, 
a thin section of original, uncompacted rock fill was been left in place between the deepest 
section of the dam and the spillway, which is founded on bedrock. 

The sand, gravel, cinders and ash that are present on the downstream side of Lower Chase 
Dam appear to have been placed during construction of the Wakesiah Colliery railway 
around 1918. Based on the observations and testing conducted during the 1978 drilling 
investigation, it appears this additional fill was end-dumped without any compaction.  Finer 
grained materials, such as the sand, gravel, cinders and ash, tend to experience less 
compaction during dumping than coarse rock fill does. Therefore, it tends to be much 
looser when placed without compaction. 
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3.5.2 Foundation Materials  
The foundation materials beneath the Middle and Lower Chase Dams appear to be either 
bedrock in the case of Middle Chase Dam or till overlying bedrock in the case of Lower 
Chase Dam. This assessment is based on the limited information contained in the 1978 
borehole logs and conditions visible on the valley slopes in the vicinity of each dam 
reported in previous documents. 

4.0  FIELD WORK 

4.1  GENERAL 
EBA conducted the following field activities as part of this assessment: 

• Initial site visit and structural inspection of the walls at both dams; 

• Supplementary dam inspections when they were not snow covered, including review of 
other historical structures and conditions within the Chase River Valley within Colliery 
Dam Park as well as the urbanized area downstream of the subject dams; 

• Diving inspections of the upstream slopes of both dams; and 

• Excavating shallow test pits by hand on the downstream slope and abutments of both 
dams. 

Photographs taken during the various phases of field work are attached to this report. 

4.2  INSPECTIONS 

4.2.1 Initial Site Visit and Structural Inspections 
EBA completed a field investigation of the Lower and Middle Chase River dams and the 
area surrounding the dams on February 26, 2009.  A detailed inspection of the subject dams 
was to be conducted as this time but heavy snow cover from a storm the previous evening 
precluded this inspection.  There was a thin covering of ice on both reservoirs at this time 
due to the cold weather conditions. 

Field work included the following activities: 

• Schmidt Hammer rebound testing by EBA to estimate the approximate compressive 
strength of the concrete walls of the Lower and Middle Chase Dams;  

• A rebar survey by Herold of the aforementioned walls using a digital handheld rebar 
detector; and 

• Bathymetric profiling along sections perpendicular to the dams. 

Christopher Wintle, E.I.T., of EBA performed the Schmidt Hammer rebound testing of the 
concrete walls on February 26, 2009 to estimate compressive strength of the concrete walls. 
Access for the testing was obtained using a Zodiac inflatable boat, as presented in Photo 3.  
This test employs a handheld rebound hammer that releases a spring-loaded mass towards 
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the concrete surface. The rebound force of the mass is measured by the handheld device 
which presents the user a rebound number. A chart is provided by the manufacturer to 
correlate the rebound number to a concrete compressive strength.  

EBA measured the concrete strength at 18 locations on the upstream face of the concrete 
core wall at Lower Chase Dam. Nine of these locations were on what appeared to be a 
newer section of the concrete wall constructed on the original wall. The remaining nine 
locations were on the lower, original wall. Concrete strengths were recorded at ten locations 
along the Middle Chase Dam.  EBA noted the surface of the original concrete walls along 
both dams had varying levels and extents of spalling and loose concrete, with the most 
deterioration at Middle Chase Dam. To take into account the inherent variability of the 
Schmidt Hammer test and the added potential for error from the deteriorated face, sample 
locations were carefully selected and smoothed prior to testing and three rebound tests were 
performed at each location within 50 mm of each other. A summary of the Schmidt 
Hammer testing is presented in Appendix C. 

Craig Work, E.I.T., of Herold completed the rebar survey of the two dams on February 26, 
2009 while EBA was conducting the Schmidt Hammer testing.  The variability of Schmidt 
Hammer reading is generally accepted as +/- 20%.  Additionally, to account for spatial 
variability EBA tested nine locations on each wall with a total of three readings per location 
as indicated in Appendix C.  The rebar survey involved scanning the walls of the dams using 
a Profometer 5+ Rebar Scanner manufactured by Proceq.  According to Herold, the device 
has been used successfully in many foundation wall inspections, yielding readings with up to 
200 mm concrete cover on reinforcing steel. Beyond 200 mm, however, the accuracy of this 
device is unknown. This machine is adversely affected by deteriorated or rough concrete 
surface quality.  

Profometer readings were taken at five or more locations along each dam.  No rebar was 
found in the exposed portions of the Lower and Middle Chase Dam walls just above the 
reservoir level.  It should be noted, however, that these walls ranged from 600 mm to 
1200 mm thick, which may place any rebar in the wall outside the 200 mm testing range of 
the device. However, it is understood from Herold that steel reinforcement in concrete, 
even in the early 1900s, was typically placed as close as possible to the face of the concrete 
structure, while maintaining a minimum cover thickness, to provide maximum 
reinforcement in flexure. 

In the case of the Middle Chase Dam where the concrete wall is 600 mm thick, the 
profometer would have sensed 1/3 of the wall thickness.  As no rebar was noted, it is 
reasonable to conclude there is no rebar in the original concrete wall.  By extension and due 
to the Profometer not detecting any reinforcing steel, the thicker Lower Chase Dam wall 
has been assumed to be unreinforced as well. 

Scans of the newer concrete wall at Middle Chase Dam indicated that there was 4.8 mm 
diameter steel in the wall spaced approximately 150 mm on center in each direction which 
appears to be dowel used in 1980 to connect the new upper section of the wall with the 
original concrete wall. 
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Simplified bathymetric data was collected by EBA using a lead line and measurements of 
the distance from the upstream wall of each dam.  This data compared to the bathymetric 
data initially provided by the City and it was observed that the City’s bathymetric data was 
incorrect. The City initiated an additional survey of reservoir bathymetry for both reservoirs 
and provided EBA with the revised data by the City. Additional topographic surveying 
downstream of each dam was also conducted to provide more general information on the 
slope of the former channel beneath the dam through extrapolation from downstream of 
the dam to upstream of the dam at the reservoir bottom. 

Photographs of the two dams at the time of the February 26, 2009 inspections are 
presented in Photos 1 to 5. 

4.2.2 Supplementary Site Inspection 
An inspection of the dams and areas downstream of each dam was conducted on  
May 9, 2009 by Chris Gräpel, P.Eng.  In general, the condition of both dams do not appear 
to have changed appreciably since the 2008 inspections conducted by EBA. The vegetation 
growing on the downstream slopes of both dams had been cut within the previous month 
before the May 2009 inspections. Photos 6 through 30 were taken on May 9 and 10, 2009. 

A brief summary of observations made at each dam that are of particular note for this study 
are presented as follows: 

Middle Chase Dam 

• Sandstone and conglomerate bedrock is visible at both abutments of the dam, upstream 
of the dam at various locations at the edge of the reservoir and on the invert of the 
spillway as shown in Photos 7 through 10.  Bedrock is also visible at the downstream 
toe of the dam; 

• The bedrock appears to be overlain with a dense, sandy gravelly till, or diamictin, in 
some locations; 

• The original concrete wall has experienced surface deterioration up to 25 mm (1 inch) 
over its entire upstream face as shown in Photos 2, 8 and 9; 

• The upstream face of the concrete wall is generally vertical; 

• Inspection of the original wall contact with the bedrock at the left abutment (left and 
right are defined by looking downstream) indicates that the concrete wall was 
constructed underneath a bedrock overhang. This is indicative of poor foundation 
preparation practices albeit, in a noncritical location; 

• The extent of excavation and reconstruction of the downstream shell and slope of the 
dam is evident.  A thin zone of original fill was left in place approximately 2 to 3 m wide 
at the slope face to permit safe working conditions during the 1980 excavation and 
backfilling works.  This feature is shown in Photos 11, 12 and 13; 
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• Downstream of Middle Chase Dam the Chase River Valley is generally bedrock 
controlled with bedrock outcrops present at various locations between the downstream 
toe of Middle Chase Dam and the upstream limit of the Lower Chase Dam reservoir as 
shown in Photo 15; and 

• Seepage exiting the toe of the dam is collected in a concrete catch basin that houses a v-
notch weir that is used to record seepage rates. 

Lower Chase Dam 

• The concrete wall at the upstream face of the dam appears to be in good condition with 
a vertical upstream face.  There are some voids which indicate weathering and possibly 
construction cold joints; 

• Review of the concrete wall (Photos 19, 21 and 22) as it approaches the park areas on 
the upstream side of the dam indicates that it is straight. The various walls associated 
with the widened areas on the left and right sides of the reservoir appear to be from 
subsequent episodes of construction; 

• Honey-combing (i.e., voids between segregated cement paste covered aggregate) is 
evident in the spillway retaining walls.  Construction cold joints are also present.  The 
compressive strength of the concrete is higher then what is present in Middle Chase 
Dam.  However, the cold joints and honeycombing are still present in Lower Chase 
Dam; 

• Shallow deformation of the downstream face of the dam is evident with deflection 
cracking of the asphalt walkway near the downstream crest of the dam as shown in 
Photo 26.  The downstream face of the dam has experienced shallow slope instability, 
possibly in response to concentrated water flow over the downstream crest of the dam.  
It appears that there is an erosion channel on the upper slope of the dam; 

• The fence placed at the downstream crest of the dam does not appear to have deflected 
appreciably since installation but the fence is also curved slightly to match the 
downstream crest of the dam which could mask minor deflections; 

• There are several large trees growing out the dam fill near both abutments.  The trees 
near the right abutment are leaning in an upslope direction; 

• Ash, cinders, sand and gravel are visible in the face of the upper slope of the dam; 

• The downstream toe berm/filter layer has an insloped bench at the top that appears to 
have been designed to catch water flowing down the face of the dam as shown in 
Photo 25; 

• There are some limited toe failures approximately 0.5 m high at the downstream toe of 
the dam as shown in Photo 27. These features do appear to be recently active.  It 
appears that these are due to historic seepage exiting from the dam.  Seepage was not 
noted to be present at this elevation; 
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• Bedrock is visible downstream of the dam with a maximum outcrop elevation on the 
right valley slope that corresponds to approximately half way between the top of the toe 
berm and crest of the dam. There is an unquantified thickness of sand, gravel and silt 
colluvium over the lower quarter of the natural river valley slope but its maximum 
thickness appeared to be no more than 2 m thick; 

• The base of the Chase River Valley downstream of the Lower Chase Dam is 
approximately 6 m wide and is the location of soft, wet, unconsolidated deposits of 
unknown thickness; and 

• Downstream of Lower Chase Dam, the Chase River Valley turns sharply to the right to 
where the stream from Harewood Lake (and the Harewood Dam spillway) enters chase 
River. 

Additional Areas Upstream and Downstream of Lower Chase Dam 

Additional observations of interest to this study were made while walking around Colliery 
Dam Park on May 9 and 10, 2009. An old railway or pipeline bridge is located to the 
northwest of the Lower Chase Dam.  The age of this structure is unknown; however, the 
condition of the concrete piers is of interest. The following observations were made: 

• The concrete piers are cast to have sloping sides (estimated 1H:40V batter) that are 
visually obvious; 

• There is much concrete segregation which has created extensive zones of honey-
combing; 

• Cold joints are evident in numerous locations with honey-combing immediately above 
them.  The depth of honey-combing in some locations approaches 75 mm; and 

• There are no visible signs of reinforcing steel being used in these piers but a detailed 
rebar survey was not conducted. 

A brief reconnaissance of the school and daycare grounds adjacent to the Chase River was 
also conducted on May 10, 2009.  The following observations were made: 

• The playing field where the largest body of students would be located when not in the 
school building(s) are located to the south of the school grounds, well away from the 
Chase River, although potentially not outside of the inundation zone associated with 
one or more dam failures resulting in uncontrolled discharge; and 

• The closest building to the Chase River Valley on the school grounds is a maintenance 
garage.  However, the elevation difference between the classroom buildings, the day 
care and the crest of the Chase River channel was visually estimated with a hand level to 
be less than 0.3 m and those structures are located approximately 50 from the banks of 
the Chase River. 

The John Barsby High School and Little Ferns Daycare buildings are illustrated in Photos 
28 and 29. 
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EBA briefly viewed various single family and multifamily residences along the banks of the 
Chase River downstream of the dams in the Howard Avenue to Bruce Avenue area.  There 
are at least four houses and multifamily units that could be impacted by floodwaters caused 
by an uncontrolled discharge from one or more dams, especially one house north of the 
Chase River on Howard Avenue. The 2010 flood inundation study should request provision 
of greater resolution on which buildings would be affected by a seismically induced failure 
of one or both dams. 

The third parties downstream of the dams, be they residents, children in school or at the 
daycare, pedestrians, motorists on the streets of highway, passengers or operators of 
railroad traffic or any utility owners or operators that could be affected by an uncontrolled 
discharge are hereafter referred to as downstream stakeholders. 

EBA briefly viewed the Bruce Avenue Bridge crossing of the Chase River and noted that 
the channel narrows beneath the bridge due to the rip rap armoured abutments.  This could 
either cause erosion of the abutments or cause a backwater effect that increases flood water 
level, or some combined there of.  Additionally, there are signs indicating that a Terasen 
natural gas pipeline is located on the upstream side of the bridge.  The depth of burial of the 
pipeline is unknown.  The Bruce Avenue Bridge is illustrated in Photo 30. 

4.3  DIVING INSPECTIONS  
A diver conducted an underwater inspection of the Lower Chase Dam on February 27, 
2009.  Mr. Gräpel, P.Eng., attended the inspection and advised the diver what to look for.  
In general, visibility was poor which precluded any photographs being taken with an 
underwater camera.  However, the diver was able to confirm in several locations that the 
upstream shell consisted of compact to dense sand, gravel and cobbles and possibly some 
small boulders (0.3 to 0.6 m size).  The upstream shell was mantled with about 0.2 m of 
lakebed sediments which hindered vision. 

A diver conducted a search for the Middle Chase Dam low level conduit inlet on May 10, 
2009.  The inlet to the low level conduit was located approximately 20 m from the face of 
the dam, 9 m from the right bridge abutment. The low level conduit appears to pass 
generally below the patched area where a hole was blasted through the concrete wall in the 
early 1950s.  This may have been the site of a valve stem. 

The low level conduit appears to be located on the left abutment of the dam, possibly on a 
natural bedrock ledge, and appears to pass beneath the wedge of original fill that was left in 
place during the 1980 excavation.  The seepage noted at this location over the years is likely 
in part from the abandoned low level conduit. 

The condition of the exposed wood of the low level conduit intake was very poor.  The 
inlet of the low level conduit was rotted and partially collapsed. Approximately 1 m from 
the inlet the low level conduit was encased in an unknown thickness of concrete.  
Thereafter, it was buried in lakebed sediments. Disturbance of the lakebed sediments 
prohibited accurate measurement of the length of conduit not encased in concrete.  The 
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approximate location of the inlet is presented in Figure 3.  The area is covered with easily 
disturbed silts which quickly clouded any visibility.   

4.4  APRIL 9, 2009 TEST PITTING 
Christopher Wintle, E.I.T. of EBA completed a total of 8 hand excavated test pits on 
April 9, 2009. Test pits were excavated using a spade, pick axe and post hole digger.  Five of 
the eight test pits were excavated along the downstream side of the Lower Chase Dam and 
three test pits were excavated along the downstream side of the Middle Chase Dam.  Test 
pit locations excavated by EBA are presented on Figures 3 and 6. Test pits were excavated 
to depths ranging from 0.80 m to 1.30 m, terminating either at the maximum practical reach 
of the equipment or when increasing soil density prohibited further excavation by hand.  
Test pit logs are presented in Appendix C. 

5.0  DISCUSSION ON AVAILABLE INFORMATION 
The purpose of the background review and field work conducted by EBA was to compile 
as much as could be practically and reliably obtained.   

EBA’s reasons for not conducting a drilling investigation as part of this assessment were 
provided in our proposal dated January 19, 2009 and are summarized as follows: 

• The rock fill located on the upstream side of either dam can not be practically (i.e., cost 
effectively) investigated which will require properties of this rock fill mass to be 
estimated even if a conventional drilling program is undertaken. The strength and 
stiffness of these materials will have a significant influence on the deformations 
experienced by the concrete walls.  Due to anticipated variability of the original rock fill, 
a range of values will need to be estimated; 

• There is sufficient subsurface information to permit assessment of the static stability of 
the dam (i.e., the geometry, material types and water levels within the dams are 
sufficiently defined); 

• EBA considered a number of subsurface investigation techniques to assess the stiffness 
of the dam fill materials and concluded that the risk of the difficult subsurface 
conditions (e.g., coarse rock fill, voids up to 0.3 m in width) would result in an 
unacceptably high risk that the expense of the investigation may not yield reliable 
results. Furthermore, due to the known variability of the fill materials, such an 
investigation would encounter significant variability in the few measurements that could 
be reliably made.  This would result in a high degree of reliance on properties based on 
engineering judgement, experience and the 1978 borehole logs; 

• The fill placed in the Middle Chase Dam in the 1980s is understood to be relatively 
uniform and was placed and compacted under controlled conditions.  As a result, 
estimation of material properties for this material should be relatively uncomplicated; 
and 
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• The refinement of material properties beyond the levels afforded by engineering 
judgement, experience and the 1978 borehole logs using expensive investigation and 
testing methods, that will be potentially unreliable, will not change the City’s options for 
practically addressing the hazards posed by these dams during or after design seismic 
loading. 

The first consideration in assessing the reviewed background information is that the dams 
were constructed shortly after the turn of the century by a mining company.  Furthermore, 
seismic loading was most likely not considered. Up until the late 1960s most dams in the 
Vancouver Island area were designed assuming peak horizontal acceleration of 0.1 g, far less 
than the required standards of today.  Based on the understanding of the construction, the 
two subject dams in their current state will experience appreciable damage during the design 
seismic event. This condition will need to be rectified by either seismic rehabilitation or 
removal. 

The methods of construction bear highlighting at this juncture.  All indications are that 
while the rock fill may have been transported to site by train, the method of placement was 
likely conducted with some combination of end dumping of hand carts and some spreading 
by labourers.  Compaction of the rock fill would not have been achieved through any other 
means than self weight impact upon placing.  The lack of compaction will result in a rock 
fill mass that deforms more readily than a modern compacted rock fill mass. 

The available historical information from a context wider than one limited to the dams 
indicates that concrete was a new construction material in the Nanaimo region when the 
dams were built.  Records from the City of Nanaimo archives indicate that the concrete in 
the dams was made with the first gasoline powered cement mixer in the City.  Observations 
made during the various phases of field work indicate zones of very poor durability at 
construction cold joints, poor durability of exposed concrete faces, extensive honey-
combing of concrete in various structures and relatively low compressive strength in Middle 
Chase Dam. These observations support EBA’s initial judgement that although the concrete 
walls may have performed adequately to date, the quality of the concrete is not of the level 
that would justify drilling through the walls to assess conditions.  It is EBA’s opinion that 
an unacceptably high likelihood that extensive zones of poor durability and/or honey-
combing on the upstream and downstream sides of the walls could be interconnected by a 
borehole if drilling was conducted under full reservoir conditions. 

The rebar survey conducted by Herold indicated there was no rebar within about 200 mm 
of the upstream face of the concrete walls for either dam.  In the case of Middle Chase 
Dam with its 600 mm thick wall, the reinforcing steel sensor would have sensed to within 
100 mm of the centre of the wall.  If reinforcing steel was present within the original Middle 
Chase Dam wall, it would likely have been sensed by Herold during the reinforcing steel 
survey.  Similarly, there does not appear to be steel reinforcing in the Lower Chase Dam 
wall either.  Steel reinforcing was noted in the concrete works at the Lower Chase spillway 
under a thin concrete cover.  Herold advised EBA that reinforcing steel may not have been 
included in such a structure at the turn of the century and the concrete had a high likelihood 
of being poorly constructed as is the case at the Morden Colliery head frame.   
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Given EBA’s experience with aging dam structures on Vancouver Island and using 
engineering judgement combined with the findings of the background information review 
and field work discussed in Sections 3.0 and 4.0 , the following assumptions for both dams 
can be made for the analysis: 

• The rock fill is in a generally compact state.  Compact is a term developed decades ago 
to describe soils which were not loose or dense.  The correct use of modern compaction 
methods would produce a dense material.  The actual density will vary and the analysis 
will consider a range of densities for the analysis to account for this variability; 

• The low seepage rates and free draining nature of the rock fill in the downstream shell is 
such that the water level within the downstream shell is very low; 

• The concrete walls are in poor structural condition due to the combination of low 
strength and durability of the concrete caused by lack of familiarity with concrete 
construction for dams, poor construction cold joints and poor concrete placement and 
consolidation techniques; and 

• The concrete walls are unreinforced which means that large permanent deformations 
can occur once the walls crack upon seismic loading due to the lack of ductility in the 
wall system. 

6.0  ASSESSMENT OF MAGNITUDE OF DESIGN SEISMIC EVENT 

6.1  FAILURE MODE ASSESSMENT 
The following failure modes during or after the design seismic event are considered to be 
possible for the subject dams in their current state: 

• Failure Mode #1 - Complete or partial loss of reservoir during seismic event due to 
seismic loading; 

• Failure Mode #2 - Cascade overtopping failure from a dam failure further upstream 
during or after the design seismic event; 

• Failure Mode #3 - Significant post seismic event deformations that eventually cause 
complete or partial loss of the reservoir after the design seismic event; and 

• Failure Mode #4 - Perception of impending failure after the design seismic event. 

Excessive deformations of either dam include settlement of the crest, instability of the 
upstream or downstream slopes or excessive deflection of the concrete walls below the 
crest of the dam that compromises their ability to hold water in a safe manner or causes 
them to experience shear or toppling failure and lose concrete-to-concrete contact at any 
point along the height of the wall. 
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It is EBA’s opinion that the failure modes described above may occur in response to a 
seismic event with a return period less than the design seismic event.  Although this study is 
focused on the design seismic event, the actual return period of an event that results in 
failure may be less than the return period of the design seismic event. 

Each of the aforementioned failure modes and their impact on loss of life are discussed 
briefly in the following paragraphs. Discussions regarding potential for loss of life 
associated with inundation are presented in generalities as the inundation zone associated 
with failure of one or both the subject dams due to a seismic event (rather than a PMF) is 
unknown at this time. 

Failure Mode #1 - This failure mode involves the initiation of an uncontrolled discharge 
during the seismic event, a condition which is exacerbated during the remainder of the 
seismic event. A partial uncontrolled discharge could be caused by excessive deflections of a 
portion of the concrete core walls in either dam that results in severe cracking and/or 
toppling of an upper portion of the wall.  Alternatively, instability of either the upstream of 
downstream slope could result in reduced support for the concrete wall, initiating toppling 
failure or excessive cracking and deformations of the wall that could initiate an uncontrolled 
discharge.   

This mode of failure will occur at a time when it is not practical to provide sufficient 
warning to initiate evacuation of the potential inundation zone.  The potential loss of life 
associated with this mode of failure could be a high percentage of the population at risk.  
The extent of uncontrolled discharge (and by extension, loss of life) will depend on the 
depth at which the concrete wall either fails by toppling or shear and the degree of 
downstream shell erosion. 

Failure during the design seismic event is considered to be most likely for Middle Chase 
Dam. 

Failure Mode #2 - Cascade dam failure (i.e., overtopping failure of a dam caused by 
uncontrolled discharge from a dam located further upstream) is a complicated topic.  The 
only dams upstream of Middle and Lower Chases Dams are the Reservoir #1 and Upper 
Chase Dam.  It is understood that the Reservoir #1 dam was retrofitted for seismic loading 
in the late 1990s.  More recently, the Upper Chase Dam was studied by EBA in a seismic 
hazard assessment in 2004 and 2005 and was found to be stable during the seismic event 
with some potential for post seismic instability due to the buried large diameter waterlines 
beneath the road at the crest of the dam.  Provided the risks associated with the waterlines 
have been addressed as recommended by EBA in 2005, failure of Upper Chase Dam after a 
seismic event is considered to be unlikely. 

Seismic hazards related to one or both of these two dams failing upstream of Middle Chase 
Dam is not part of the scope of this assessment. However, failure of one or both of 
Reservoir #1 Dam and Upper Chase Dam is not considered to be as likely as a rapidly 
progressing uncontrolled discharge from Middle Chase Dam causing overtopping failure of 
Lower Chase Dam. If this failure mode were to occur (without monitoring and an 
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evacuation plan in place) during or very shortly after the seismic event the loss of life could 
be a high percentage of the population at risk. 

Failure Mode #3 - This failure mode is more likely to be due to excessive seepage caused by 
damage to the wall that reduces the stability of the downstream slope.  Post seismic event 
instability of the downstream slope could cause deflection or toppling of a damaged section 
of the wall, initiating an uncontrolled discharge.  The potential loss of life can be mitigated 
if post seismic event monitoring protocols with a post seismic emergency response plan and 
proper evacuation procedures are established and followed.  If effectively administered, the 
loss of life associated with this failure mode could be as low as zero. 

Failure Mode #4 - In this case, there is no failure, but given what is known about the dams, 
it is EBA’s opinion that it would be prudent to view them as being on the verge of failure in 
their current condition after the design seismic event. The potential for failure well after the 
seismic event could cause perceived safety issues with re-inhabiting or continuing to inhabit 
the potential inundation zone. 

All of these failure modes are “sunny day” failures, meaning they could occur without a 
storm event or associated increase in reservoir level. The seismic event is considered a 
“sunny day” event.  The confirmed presence of the low level conduit in Middle Chase Dam 
constitutes a risk of a “sunny day” piping failure without an initiating seismic event.  This 
could in turn lead to an overtopping failure of Lower Chase Dam.  This is discussed further 
in Section 9.2.2.   

The following supplementary recommendations are made as they relate indirectly to the 
seismic hazard study discussed herein: 

•  The seismic hazard assessment for Reservoir #1 Dam should be reviewed in light of 
the 2004 revisions (i.e. increases) made by the Geologic Survey of Canada to the 
frequency - magnitude relationship for seismic events on Vancouver Island and Lower 
Mainland area of British Columbia; and 

• The seismic stability of Harewood Dam and potential for uncontrolled discharge should 
be evaluated. An uncontrolled discharge from Harewood Dam in response to a 
significant seismic event could contribute to the potential zone of inundation associated 
with partial or complete failure of one or both of the subject dams. 

6.2  CONSEQUENCE CLASSIFICATION 
The Consequence Classification for Middle and Lower Chase Dams were set as High in the 
2003 Dam Safety Review (Golder, 2004a, 2004b).  This consequence classification was 
based on the 1999 Dam Safety Guidelines prepared by the CDA (CDA Guidelines, 1999).  
In 2007, the CDA revised their consequence classification system which has required some 
reconsideration on how dams are classified in British Columbia. 

The BCMoE Dam Safety branch currently has the Middle and Lower Chase River Dams 
classified as High-High Consequence Dams using the draft Interim Consequence 
Classification Policy presented in Appendix D. The BCMoE High-High consequence 
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classification corresponds to a 2007 CDA Consequence classification of Very High. The 
primary reason for this classification is that BCMoE feels that between 10 and 100 people 
could die in the event of a failure of this dam.   

EBA and the City reviewed the consequence classification for these structures in 2008 and 
concluded that they were a High – Low classification which implies that 1 to 10 people 
would die in the event of a failure of either dam.  This recommendation has not yet been 
accepted by BCMoE. 

A qualitative assessment of the extent of inundation from loss of all or part of the 
impoundments for Middle and Lower Chase Dam or Lower Chase Dam alone would 
suggest that the consequences of an uncontrolled discharge will include the following: 

• Wash out of the Howard Avenue crossing of the Chase River; 

• Inundation of a portion or all of the low lying area between Howard and Bruce Avenue 
which inlcudes the school and daycare buildings, both of which are located within 50 m 
of the Chase River; 

• Potential inundation of various residences from the upstream side of Howard Avenue 
to approximately Park Avenue. Downstream of Park Avenue the Chase River Valley 
appears to deepen enough to contain the flood caused by failure of Middle and/or 
Lower Chase Dams.  This should be verified by the 2010 inundation study; 

• Potential wash out of the E&N railway crossing of the Chase River; and 

• Potential wash out of the #1 TransCanada Highway crossing of the Chase River. 

It is reasonable to assume that a rapid rise of swiftly flowing water would occur in the 
relatively low lying area between Howard Avenue and Bruce Street.  The depth and velocity 
of flood water associated with failure of either of the subject dams alone, or in concert with 
other structures, due to a seismic event is unknown.  These two variables are important for 
estimating the likelihood of loss of life.  Additionally, the depth and velocity of the water 
released from one or both subject dam reservoirs, plus any contributions from Reservoir #1 
or Harewood Lake, would be a function of the rate of uncontrolled discharge from each 
impoundment. The impact of the Chase River channel geometry downstream of Lower 
Chase Dam may also attenuate the flood flow rates. These effects will need to be 
considered during the upcoming flood inundation modeling assignment to be 
commissioned by the City in early 2010.  The proximity of a school and a daycare to the 
Chase River downstream of the subject dams heightens the need for this assessment. 

Based on the aforementioned observations and considerations, and given the unknown 
extent of flood inundation, the consequence classification is either at the upper end of 
High-Low or at the low end of High-High.  This matter cannot be resolved until the 2010 
flood inundation study is completed. 
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6.3  RETURN PERIOD OF DESIGN SEISMIC EVENT 
The consequence classification of a dam determines the design requirements.  In the case of 
seismic loading or spillway design, the consequence classification determines the return 
periods of the seismic and flood events respectively.  With the latest edition of the CDA 
Guidelines (CDA, 2007), there has been an increase in the severity of seismic and flood 
events recommended for design and for assessment. The previous version of the CDA 
guidelines (CDA, 1999) upon which the 2003 Dam Safety Review was based, supported a 
High Consequence Classification  and the 1:3,000 year return period recommended in the 
last dam safety review (Golder, 2003).  The 2007 CDA Guidelines use a different system for 
establishing a more conservative design criteria. The BCMoE classification of High-High 
discussed in Section 6.2 relates to a CDA (2007) classification of Very High which now in 
turn requires the use of a design seismic event with a 1:5,000 year return period. This 
creates a dilemma in that while the Water Act (2000) and BCMoE regulations govern in the 
province of British Columbia, they do not recommend design return periods for seismic 
events. 

The draft Interim Consequence Classification document prepared by BCMoE (included in 
Appendix D) attempts to bridge the gap between the current Canadian Dam Association 
Dam Safety Guidelines (2007) and the Water Act (2000).  The draft policy includes a key 
statement “An important distinction to note is that Dam Safety Regulation classifications 
are for dam owner requirements and the CDA Guidelines classifications are for dam design 
criteria”. Therefore, the draft Interim Consequences Classification document applies to 
owners of existing dams for operations considerations such as this study.  Engineering 
design for seismic rehabilitation of such dams would be governed by the 2007 CDA 
Guidelines with regard to return period of design seismic event. The seismic hazard 
assessment presented herein is subject to the contents of the draft Interim Consequence 
Classification document.  Furthermore, given that the primary purpose of a Consequence 
Classification is to establish the return period of the design seismic event (in this case), 
BCMoE has advised EBA that the 1:3,000 design seismic event established during the 2003 
Dam Safety Review would be accepted.  

EBA discussed seismic design considerations from a structural perspective with Herold 
Engineering.  A new school would have to be designed to withstand a 1:2,475 year seismic 
event.  It is not known if the school or daycare structures have been assessed or upgraded 
to withstand the 1:2,475 year seismic event.  

It is important to recognize that a 1:3,000 or 1:2,475 year event will not occur in 3,000 or 
2,475 years.  A different way of presenting this return period is in terms of a percent chance 
in 50 years.  A 1:2,475 event has a 2 percent chance of occurring in 50 years.  Similarly, the 
1:3,000 year event has a 1.6 percent chance of occurring in 50 years. 

The 2007 CDA Guidelines Table 6-1 Suggested Design Flood and Earthquake Levels 
(presented in Appendix D as part of the Interim Consequence Classification Policy for 
Dams in BC), Note 6 says that the Earthquake Design Ground Motions must be justified to 
demonstrate conformance to societal norms of acceptable risk. Justification can be provided 
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with the help of failure modes analysis focused on the particular modes that can contribute 
to failure initiated by a seismic event.  If the justification can not be provided, the EDGM 
(design seismic event) should be 1:10,000 (return period). The implications of this statement 
are discussed in the following paragraph. 

Ground shaking associated with a 1:3,000 year seismic event will likely result in 
unacceptable damage to either dam that will likely need to be addressed in some manner 
after completion of this study and the 2010 inundation study, especially given the proximity 
of the various downstream stakeholders to the Chase River.  The design of the rehabilitative 
measures may have to use the 1:5,000 year seismic event as it will involve modification of 
the dam.  Depending on the City’s, and other stakeholder’s, tolerance for risk, there may be 
some justification for the 1:10,000 year event due to the proximity of the school and 
daycare to the Chase River.  The upcoming flood inundation study to be commissioned by 
the City in 2010 is expected to provide further refinement of the Consequence 
Classification. 

7.0  SEISMIC LOADING INPUT FOR ANALYSIS 
EBA retained the services of Dr. Anderson, P.Geo, P.Eng. of CAN Engineering Ltd. 
(CAN) to conduct a study of the seismic loading anticipated from a 1:3,000 year seismic 
event.  Dr. Anderson’s report is presented in Appendix E.   

The seismic loading modeled by EBA during the analysis and modeling phase of this 
assignment was based on the CAN report. 

8.0  ANALYSIS INPUT 

8.1  GENERAL 
The three general factors that affect the static stability of a dam are as follows: 

• Geometry of slope and interfaces; 

• Shear strength of materials within or beneath the dam; and 

• Porewater pressures within the dam. 

In the case of seismic stability, the deformability of the various materials is also of concern, 
in addition to the potential for liquefaction which is a form of strain weakening due to 
dynamic loading. 

Each of these properties is discussed in the following sections. 

8.2  GEOMETRY 
The analysis cross sections used in the modeling phase of this assignment are presented in 
Figures 4 and 7 for the Middle and Lower Chase Dams respectively.  These figures are 
based on the information available from the review of background information and the 
results of the site reconnaissance (including diving) work conducted by or for EBA.  With 
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regard to the Lower Chase Dam, the depths to rock fill encountered in the 1978 borehole 
and test pit logs are noted on Figure 7. The steepest slope of rock fill within the 
downstream shell that could be inferred from this data was selected and this slope generally 
matched the upstream slope of the rock fill upstream of the concrete core wall. The selected 
slope of the rock fill within the downstream shell also extended to a point just inside of the 
downstream toe of the dam which matches the available historic information in that rock 
fill was not visible over the lower portion of the slope before the toe berm/filter layer was 
added in 1980. 

The basal geometry and height of wall in each dam was estimated using topographic and 
bathymetric survey data and the limited number of 1978 boreholes that intercepted bedrock 
or till beneath the dams. The soft, wet unconsolidated alluvium downstream of Lower 
Chase Dam appears to be in a relatively flat lying area at the toe of the dam. The steeper 
section of valley bottom beneath the dam would likely not have such deposits based on our 
observations elsewhere in the Chase Dam Valley.  

8.3  SHEAR STRENGTH AND STIFFNESS 
A parametric approach to the modeling analysis was briefly described in EBA’s proposal 
dated January, 2009.  A three step parametric analysis method was selected.  In this method 
EBA selected material properties of the fill materials to correspond to the following 
descriptors: 

• Best Case Scenario – the best material properties that could be reasonably expected 
given what is known about the dams; 

• Reasonable Worst Case Scenario – the reasonably worst material properties that could 
be expected; and 

• Most Likely Case Scenario – The material properties that the available data and 
engineering judgment indicates are most likely to be present. 

This approach was selected given what is known about the dams, the consequences of 
failure and the practical consideration that the City will have to implement some manner of 
rehabilitation program for the dams and it was judged that budget would be better spent on 
design and analysis of the proposed rehabilitation measures. The justification for this 
approach was presented in our proposal dated January 19, 2009. 

Review of the background information for the various materials indicated the following for 
each material: 

Original 1904 Vintage Rock Fill 

The 1978 drilling investigation included Standard Penetration Testing (SPT) which consists 
of driving a standard dimension sampler a specified distance using a specified hammer 
weight dropped a specified height at a specified rate.  For all of the specifications involved 
in an SPT test, it is affected by many factors, not the least of which is the size of the 
particles it is driven into.  The SPT was designed for sand and the tests where the SPT was 
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successfully conducted indicate that the tested zones contain an appreciable amount of fine 
gravel, sand and silt.  The presence of cobbles and particles up to about 0.6 m within the fill 
places a limitation on the usefulness of the SPT test as indicated by some tests meeting 
refusal with minimal sampler penetration. However, when the tests are considered, the 
general range of the completed SPT test results (known as “N values”) fall into the density 
description of “compact” (N values between 10 and 30).  Furthermore, the maximum blow 
count corresponds to the upper limit of “compact” (i.e., N= 30), the minimum blow count 
corresponds to the approximate lower limit of the compact zone (i.e., N=9) and the mean 
and median blow count corresponds to the mid point of “compact” (i.e., N=15) as noted 
on EBA’s Geotechnical Description Terms sheet in Appendix B.  There is a large body of 
empirical correlations used to relate SPT “N” values to material properties which is the 
cornerstone of EBA’s method for preparation of input parameters for the modeling phase. 

EBA selected the following “N” values for the various scenarios used in the analysis: 

• Best Case Scenario – Rock fill behaves like material with an SPT “N” value of 30 
(highest value, upper end of “compact” range); 

• Reasonable Worst Case Scenario – Rock fill behaves like material with an SPT “N” 
value of 9 (lowest value, upper level of loose range); and 

• Most Likely Case Scenario – Rock fill behaves like material with an SPT “N” value of 
15 (mean of “compact” range). 

This range of values applies to all original rock fill zones within the two dams.  

1918 Railway Fill Placed at Lower Chase Dam 

The cinders, slag, sand and gravel appear to have been end-dumped into place with no 
compaction based on the low SPT “N” values (N=1 and 4) for this material.  The relatively 
fine grained nature of these soils would not have experienced the impact of placement that 
the rock fill particles experienced during placement; as such, the 1918 fill is generally “very 
loose” to “loose”, based on the 1978 SPT blow counts.  Loose to very loose soils, and even 
those of the lower range of “compact” are more likely to experience significant 
deformations during a seismic event. If they were saturated they would likely experience 
loss of strength known as “liquefaction”.  However, this is unlikely for the majority of the 
mass of this material within Lower Chase Dam as they are almost entirely above any water 
table or seepage except for those at the valley bottom fill contact.  The water table within 
the dams is discussed in Section 8.4. 

Using a similar logic as was used for the original rock fill, EBA selected the following “N” 
values for the various scenarios used in the analysis: 

• Best Case Scenario – 1918 fill behaves like material with an SPT “N” value of 4 (highest 
value); 

• Reasonable Worst Case Scenario – 1918 fill behaves like material with an SPT “N” 
value of 1 (lowest value); and 
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• Most Likely Case Scenario – 1918 fill behaves like material with an SPT “N” value of 3. 

These low values are consistent with EBA’s experience in investigation and assessing 
historical dams constructed as part of Cumberland coal mining activities and elsewhere on 
Vancouver Island using end-dumped sand and gravel fill. 

1980 Fill Placed in Downstream Shell of Middle and Lower Chase Dams 

The 1980 fill placed in the downstream shell of Middle Chase Dam was reasonably high 
quality fill that was placed in thin lifts, compacted with a walk behind vibratory compactor 
and was density tested.  Although no records are available for review, it is expected that a 
compaction standard of 95% of the maximum dry density achieved using moisture-density 
relationship testing with standard effort (95% Standard Proctor) would have been used to 
guide density testing.  This suggests the fill is in a dense state.   

Using a similar logic as described above, EBA selected the following “N” values for the 
various scenarios used in the analysis using our engineering judgment and experience: 

• Best Case Scenario – 1980 fill behaves like dense material with an SPT “N” value of 40; 

• Reasonable Worst Case Scenario – 1980 fill behaves like compact material with an SPT 
“N” value of 25; and 

• Most Likely Case Scenario – 1980 fill behaves like material with an SPT “N” value of 30 
(boundary between compact and dense). 

This range of values are also considered to be representative of the filter zone placed on the 
lower slope of Lower Chase Dam which was also compacted sand and gravel. 

Concrete Core Walls 

The concrete core wall properties are discussed in Section 9.3. 

Bedrock or Till Foundation 

The lack of any sign of cracking, settlement or distortion of the concrete walls indicates they 
are on a firm competent foundation, mostly likely bedrock at Middle Chase Dam and till 
overlying bedrock or bedrock beneath Lower Chase Dam. It is possible that the valley 
bottom beneath the Lower Chase Dam may have some unconsolidated channel deposits 
and alluvium beneath the upstream and downstream shells.  However, due to the generally 
V-shaped nature of the valley, there will be an arching and three dimensional effect of the 
abutment-fill contact which will minimize the destabilizing effect of any valley bottom 
alluvium.   

8.4  POREWATER PRESSURES 
There is no porewater pressure data available for either dam.  However, it is EBA’s opinion 
based on experience and judgement that pore pressures are low within the downstream 
shells of both dams for the following reasons: 
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• The downstream shells of each dam are relatively free draining which would not 
support development of a high phreatic surface (e.g., water table within the downstream 
shell) or high pore pressures; and 

• Seepage rates through the dams are relatively low, based on review of v-notch weir data 
from each dam.  The water levels within the upstream shell have been assumed to be 
equal to lake level which is reasonable for a coarse rock fill shell and concrete core wall 
founded on bedrock or bedrock and till. 

In addition to these considerations, Middle Chase Dam has a number of under drains 
constructed beneath the 1980 fill to collect seepage in addition to the relatively free draining 
sand and gravel fill in the downstream shell.  Lower Chase Dam has a rock fill shell covered 
with a mix of free draining cinders, slag, sand and gravel and a sand and gravel filter design 
to act as a drain.   

Seepage rates for Lower Chase Dam are low and the majority of the seepage at Middle 
Chase Dam is believed to be either from bedrock discontinuities or the low level conduit 
left in place at the left abutment of the dam. These low seepage rates do not introduce 
enough water into the downstream shell of the dam to support high pore pressures  

Based on these considerations, the groundwater levels within the downstream shell of each 
dam under normal reservoir level conditions are anticipated to be generally within 0.5 m 
above the base of the dam. 

9.0  ANALYSIS 

9.1  GENERAL 
The analysis conducted by EBA included consideration of the seismic response of both 
dams. EBA also conducted a semi-quantitative piping risk assessment starting with the 
current condition of the subject dams under static loading. 

9.2  PIPING RISK ASSESSMENT 

9.2.1 General 
The potential for piping developing after a significant seismic event has been assessed by 
EBA.  To provide a basis for comparison, a piping risk assessment for the current condition 
of Middle and Lower Chase Dams has been conducted as well. 

9.2.2 Potential for Piping Under Current Conditions 
The condition of the Middle and Lower Chase Dams presents a challenge in that each dam 
has performed reasonably well since the late 1970s (and most likely earlier) with no reported 
or available reports of occurrences of turbid seepage.  The condition of the dams in the late 
1970s indicates that dam performance prior to that appears to have been generally 
satisfactory although records are not available prior to 1970. 
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The dams have different scenarios for a piping failure to develop under current conditions.  
In the case of Middle Chase Dam, the confirmation of the existence of the low level 
conduit at the left abutment raises the concern that continued deterioration of the wooden 
low level conduit pipe will eventually result in a sudden increase in seepage through the 
concrete wall.  The downstream shell of Middle Chase Dam consists mostly of compacted 
sand and gravel, which could experience piping erosion under high gradients and high rates 
of seepage.  However, the fill at the left abutment above the low level conduit is original 
rock fill left in place during the 1980 repairs. Depending on the rapidity of increase of 
seepage around/through the low level conduit passing through the concrete core wall, a 
significant portion of the downstream shell could be eroded with subsequent initiation of 
downstream slope instability which would increase the potential for toppling of the 
deteriorate concrete wall due to loss of support.  An uncontrolled discharge of the Middle 
Chase reservoir could cause an overtopping failure of Lower Chase Dam as discussed in 
Section 6.1. This is a “sunny day” failure mechanism that could occur with little 
forewarning.  Piping through the foundation appears to be unlikely due to the competency 
of the bedrock visible upstream and downstream of the dam. 

The occurrence of a significant seismic event could initiate a piping failure at Middle Chase 
Dam similar to what has been described for non-seismic conditions, but more due to 
deflection of the wood stave pipe within the concrete wall. 

In the case of Lower Chase Dam, the low level conduits were backfilled with concrete and 
the valve chamber at their inlets was backfilled with concrete. Therefore, there is limited 
potential for seepage to pass through concrete core wall due to any continued deterioration 
off the wooden low level conduits. Finally, the majority of the fill in contact with the 
abutments and concrete core wall that could experience piping from seepage through or 
beneath the core wall is rock fill.  A sand and gravel filter/toe berm has been constructed at 
the toe of the dam to stabilize and most likely filter the slag, cinders, sand and gravel that 
EBA believes was placed over the rock fill around 1918.  In the unlikely event of an 
increase in seepage through or beneath the concrete core wall (with the wall founded on 
competent bedrock) under current conditions, the sand and gravel toe berm/filter would 
inhibit or prevent transfer of a significant amount of fines from within the body of the dam.   

EBA has used a probabilistic method, the University of New South Wales (UNSW) 
method, for assessing the relative likelihood of failure of the dams by piping in their current 
condition as presented in Foster et al. (2000).  This paper is included in Appendix F for 
reference.  The UNSW method is based on a retrospective, critical review of dam failure 
case histories for piping failures that were included in the ICOLD database of dam failures.  
As a result of its dependence on judgement in selecting weighting factors and its semi-
qualitative nature, the results of this assessment should be viewed as providing a general, 
high level indication of the likelihood of a piping failure occurring sometime in the future. 
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Based on EBA’s application of the UNSW method, the total annual likelihood of piping 
failure under current conditions, without a seismic event occurring, is as follows: 

• Middle Chase Dam – 1.85 x 10-5 per annum (or 1:54,054 years); and 

• Lower Chase Dam – 3.08 x 10-5 per annum (or 1:32,467 years, for wall founded on 
bedrock case). 

This methodology indicates Lower Chase Dam is more susceptible to piping then Middle 
Chase Dam.  However, because there appears to be a timber conduit passing though the 
Middle Chase Dam wall, the Middle Chase Dam has a higher potential for piping.  

These probabilities are the sum of individual probabilities for piping through the 
embankment, piping of the embankment into the foundation and piping of the foundation.  
The selection of weighing factors for each piping mode with justification is presented in 
Appendix F. While these figures imply a high degree of accuracy, it is not possible to 
estimate the likelihood of failure for either dam this accurately given what is known about 
the dams.  The implied accuracy is due to the statistics used in the Foster et al. (2006) study.  
This probability confirms EBA’s intuition that, while the good performance to date of 
either dam is encouraging, there is still a small probability that it could develop a piping 
failure even if it experiences the same loading conditions in the future as it has in the past. 

The case of Middle Chase Dam, the presence of the old deteriorating timber conduit and 
the sand and gravel fill in the downstream shell present the primary risk of piping, even 
under static loading. The probability of piping presented earlier reflects the clear and 
relatively steady seepage rate recorded at the Middle Chase Dam v-notch weir.  An increase 
of seepage or the development of turbid seepage without a seismic event would raise this 
probability of piping failure by a factor varying from 2 to 10 as per the UNSW method.  In 
the case of Lower Chase Dam, the potential for the wall being founded on till or bedrock 
with infilling or poorly indurated/weathered zones is the primary concern.  The probability 
of piping calculated herein is for the assumed case that the concrete wall is founded on 
bedrock.  The possibility that the concrete wall is founded on till appears to be remote given 
the anticipated long-term performance of the dam with high gradients across the base of the 
concrete wall.          

9.2.3 Potential for Piping After a Significant Seismic Event 
In the event of a significant seismic event, the integrity of the dams could be compromised 
by increased seepage through the body of the dam due to cracking of the concrete wall or 
shifting of the dam foundations.  In this event, the dams would be impounding water under 
significantly different conditions than they currently are; therefore, the past 100 years or so 
of generally satisfactory service could not be relied upon to continue in the future. The 
probability of a piping failure being able to develop would increase accordingly. EBA 
anticipates that the concrete walls will either deform in a manner that causes or exacerbates 
cracking at construction cold joints or weaker sections where concrete honeycombing is 
present.  It is reasonable to conclude that seepage rates through the wall would significantly 
increase due to wall damage experienced during a seismic event.  The magnitude of the 
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seismic event that causes wall damage and increased seepage may be less severe than the 
design seismic event. 

Piping more frequently occurs within five years of first filling (Foster et al, 2000); however, 
there are many examples of dams where the effects of piping were only observed many 
years after first filling.  In the case of a significant seismic event, the satisfactory time record 
of dam performance would then start at the day of the significant seismic event, not the 
date of first filling about 100 years ago, or after the significant seismic event that occurred in 
1946.  The 2003 Dam Safety Review report indicated that the peak  ground acceleration 
experienced by both dams to date was about 0.03 g, due to distance to the earthquake 
epicentre. Additionally, since that time 63 years have passed which is a long time for 
additional wood deterioration to occur in the low level conduit. 

The probability of a piping failure developing at each in the first five years after a significant 
seismic event is estimate during the UNSW method to be as follows: 

• Middle Chase Dam – 1.59 x 10-4 per annum (or 1:6,289 years); and 

• Lower Chase Dam – 2.78 x 10-4 per annum (or 1:3,597 years, for wall founded on 
bedrock case). 

In general, the occurrence of a significant seismic event, not necessarily as large as the 
design seismic event, increases the probability of piping failure predicted by the method of 
an order of magnitude. 

An important distinction to be made is that this assessment has only modified the factor 
relating to the age of the dam to one where the dam is considered to be less than five years 
of age.  An increase of seepage or the development of turbid seepage would raise this 
probability of piping failure by a factor varying from 2 to 10 as per the UNSW method.  
This confirms EBA’s intuition that a severe seismic event would tend to increase the 
potential for a piping failure developing. 

9.3  SEISMIC RESPONSE ANALYSIS 
Seismic response of the Middle and Lower Chase Dams were carried out using the 
computer program FLAC v 6.0 (Itasca, 2009). These dynamic analyses were performed in 
time domain using the earthquake motions provided by CAN for the 1:3,000 year design 
event (see Section 7.0 and Appendix E).  

Figure 8 presents the FLAC layout and material zones used in the models for both dams.  
Non-linear behaviour of the rock fill, sand and gravel, as well as cinders/slag zones were 
simulated using the UBCSAND constitutive model (e.g. Byrne et al., 2004). This model has 
been developed by Dr. Byrne, EBA’s external seismic reviewer for this project, at UBC, 
primarily for simulating the seismic behaviour of liquefiable sand; however, its general 
features allow the use of it for materials that will not undergo liquefaction as well. 
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The primary input parameter for this constitutive model is the SPT “N” value. Values 
selected for the three cases (Reasonable Worst, Most Likely, and Best) are described in 
Section 8.3. For the rock fill zone, the SPT “N” was used as a parameter to define the shear 
modulus number and friction angle at failure (Saboya and Byrne, 1993). The resulting values 
are shown in Table 1: 

TABLE 1:  FRICTION ANGLE AND SHEAR MODULUS NUMBER BASED ON SPT “N” VALUES 
 SPT Number Friction Angle  

at Failure (°) 
Shear Modulus  

Number 

Material Worst Most  
Likely 

Best Worst Most  
Likely 

Best Worst Most  
Likely 

Best 

Rock Fill 9 15 30 41 42 43 675 800 1010 

Sand/Gravel 25 30 40 38 38 39 950 1010 1110 

Cinder/Slag 1 3 4 33 33 33 325 470 515 

The shear modulus number is a means to reflect the dependence of shear stiffness of a 
material with increased confining stress.  The shear stiffness has been estimated based on 
the SPT N values but is also known to increase with confining stress.  Therefore, materials 
at the base of each dam under the load (or confining stress) of the overlying fill will tend to 
be stiffer. 

The concrete wall was modelled using beam elements with elastic and inelastic (moment 
capacity) behaviour. Structural properties of the wall were provided by Herold. Most 
importantly for the dynamic analyses, the effective moment of inertia of the wall was 
selected as 20% of the value for the gross section; and, the damping ratio was set to 10%. 
Young’s modulus values of 17.3 and 21.9 GPa were used for the concrete walls of the 
Middle and Lower Chase Dams, respectively, based on Schmidt hammer test results. 

Figures 9 and 10 present contours of horizontal displacement and the deformed shape of 
the concrete wall (when modelled as an elastic member i.e. does not crack) for the Middle 
and Lower Dams, respectively, at the end of shaking. Although displacements larger than 
0.5 m are predicted, the contour plots are limited to +/- 0.5 m to clearly show the 
movement zones within the upstream/downstream shells Deflections predicted for the top 
of the concrete wall are also presented on Figures 9 and 10. 

Figure 11 presents contours of total displacement (i.e., resultant of horizontal and vertical 
components, limited to + 0.5 m), deformed shape of the concrete wall and its top deflection 
(m) for the Most Likely case.  

As illustrated by contours of horizontal displacement (Figures 9 & 10), and total 
displacement (Figure 11), the deformation mechanisms of the two dams are as follows: 

a) Middle Chase Dam: large and deep-seated deformation of the upstream shell, concrete 
wall, crest and the upper section of the downstream shell in an upstream direction. 
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b) Lower Chase Dam: large deformation of the cinder/slag zone located under the rail 
tracks and consequently the toe berm in a downstream direction; and, relatively small 
and shallow-seated deformation of the upstream shell and concrete wall in an upstream 
direction. 

The predicted deformations for the top of the concrete wall (as shown on Figures 9 & 10) 
range from 0.360 to 0.924 m for the Middle Chase Dam and from 0.055 to 0.065 m for the 
Lower Chase Dam, depending on the scenario analyzed.  The level of accuracy afforded by 
this analysis, given the nature of the inputs does not warrant millimetre accuracy. The 
estimated range of validity of these results is +/- 50%.   

Effect of inelastic (in other words: elastic perfectly plastic) behaviour of the concrete wall 
was considered using bending moment capacities of 150 and 600 kN/m for the 0.6 and 
1.2 m thick walls of the Middle and Lower Chase Dams, respectively. Beam elements with 
defined bending moment capacity will yield and deform indefinitely when/if the bending 
moment applied to the element during earthquake shaking exceeds the capacity. Figure 12 
presents the deformations predicted in case of inelastic behaviour of the wall for the Most 
Likely case for both dams. The deformations predicted for the top of the walls were 
increased by a factor of about 3 to values of 1.5 and 0.2 m for the Middle and Lower Chase 
Dams, respectively. The mechanisms of deformations, however, were similar to the elastic 
case.  Figure 13 shows the bending moment diagram at the end of shaking and the depth at 
which the maximum bending movement exists. 

Figures 14 and 15 present the time histories of horizontal displacements predicted for the 
top of the walls relative to the input motion applied at the base (bottom) of the model.  As 
illustrated, for both dams, the wall movement builds up in the upstream direction with 
almost no downstream relative movement during shaking. 

The final deformed mesh at the end of the modelled design seismic event is presented for 
both dams on Figure 16. 

10.0  DISCUSSION 

10.1  GENERAL 
The background review, field work and analysis conducted to date indicate that the Middle 
and Lower Chase Dams are complex structures due to the nature of the following factors: 

• Age; 

• State of concrete construction practices in Nanaimo when these dams were built; and 

• The varying methods of fill placement used in their initial construction and subsequent 
modifications. 

This complexity inherent in the dam structures is exacerbated when the seismic and post 
seismic response of these dams and the presence of a downstream stakeholders in an urban 
environment is considered. 
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The discussion presented within this section will put the results of the previous analyses 
into context with regard to what options the City has for addressing the seismic hazards 
presented by the subject dams. 

It is of paramount importance for the City to be aware that it is EBA’s opinion that a 
seismic event of lesser magnitude than the design seismic event could cause significant 
damage to the dams which could have similar outcomes to what is described in this report. 
Determination of the seismic event which could trigger a failure was outside the scope of 
this assignment. 

10.2  ALARP PRINCIPAL 
Management of dam safety is the cornerstone of managing the liability associated with 
potential risk of dam failure.  Societal tolerances for loss of life have generally been 
decreasing though the years. 

For the Middle and Lower Chase River Dams, the following questions need to be asked: 

• “How safe is safe enough?”; and 

• “How does one balance equity and efficiency”. 

The first question deals with tolerance of risk of failure and defining a frequency or 
probability of failure beyond which it isn’t practical to be concerned about.  The second 
question deals with how to balance risk tolerance with financial costs associated with 
reducing risk. 

The 2007 CDA Guidelines introduced the “ALARP” principal to the Canadian Dam Safety 
community with regards to tolerable risk.  ALARP stands for As Low As Reasonably 
Practicable.  This principal is demonstrated in Figure 17 which relates magnitude of loss of 
life to probability of loss of life.  This chart shows the suggested relationship between the 
probability of occurrence, potential loss of life and varying degrees of risk tolerance is 
within the dam community in Canada, as defined by the CDA.  EBA can not define the 
City’s tolerance for loss of life, therefore, it is up to the City to decide if the ALARP limits 
shown on Figure 17 are acceptable or not. 

EBA has applied the ALARP principal to the results of this assessment presented herein.  
The probability of one or more people being killed by the flood wave from failure of one or 
both dams is the product of three probabilities as below. 

Ploss of life = Pfailure x Ppersons in way x Ppersons in way being killed 

“P” refers to “Probability”. 

For the purposes of this assessment, EBA has assumed that the maximum number of 
deaths that could occur is ten as discussed in Section 4.3.   This loss of life estimate could 
be revised upon completion of the flood inundation study the City will initiate in early 2010. 
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Based on the ALARP Principal, the ALARP range of probability for ten fatalities is 
bounded by 1x10-6 to 1x10-4 per annum, or between a 1:1,000,000 and a 1:10,000 per year 
event. 

10.3  RISK ASSESSMENT OF PIPING POTENTIAL 
The potential for a piping failure developing under current conditions and after a significant 
seismic event is present on Figure 17 for an assumed ten lives lost in the event of a failure. 

The dams in their current condition fall within the ALARP zone.  As discussed in 
Section 9.2, the presence of the timber low level conduit within the left abutment and 
concrete core wall of Middle Chase Dam presents a potential piping risk that could increase 
under static loading conditions if the rate of seepage increases or if the seepage becomes 
turbid.  Should that occur, the piping risk for Middle Chase Dam without seismic loading 
could increase by a factor of 2 to 10, approaching or entering the Unacceptable Zone 
presented in Figure 17.   

For post seismic conditions, both dams fall above the ALARP zone in the Unacceptable 
zone.  This rating does not include consideration of any increased or turbid seepage.  The 
reduction in the risks of piping failure for a post seismic event will be briefly discussed in 
Section 11.0 where the candidate rehabilitative measures are presented. 

10.4  INTERPRETATION OF SEISMIC RESPONSE 
The analysis results discussed in Section 9.3 and presented in Figures 9 through 16 indicate 
that the effect of the design seismic event will vary between the two subject dams.  Both 
dams have upstream shells that have a lower top elevation than the downstream shells.  
This condition is more pronounced in the case of Middle Chase Dam as shown in Figures 4 
and 7.  This creates an imbalance in the forces available to support the concrete wall in that 
the upstream shell will provide less support to the concrete wall than the downstream shell.  
Additionally this results in higher dynamic loading of the concrete wall from the fill on the 
downstream side of the dam when the ground is being accelerated in an upstream direction.  
The effect of this imbalance is a net upstream deflection of the top of the concrete walls in 
both dams with the most severe deformations being experienced at Middle Chase Dam. 

The concrete walls are most likely unreinforced and the quality of concrete construction 
appears to be poor as indicated by other historical concrete structures in Collier Dams Park 
and the known state of concrete construction practice in Nanaimo when these dams were 
constructed.  Based on the results of the analysis and EBA’s judgement, the loading and 
deformations experienced by the concrete walls in both dams during the design seismic 
event is such that cracks will readily form in the following areas: 

• Construction cold joints; 

• Locations where significant honeycombing has reduced the effective structural wall 
thickness; 

• Zones of poor quality concrete; and 
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• Locations where zones of loose or reduced stiffness fill are present such as zones of 
segregated fines within the original rock fill mass(es). 

The modelling conducted by EBA was to gain insight into the nature of deformations.  
Exact predictions of wall deflection and depth of cracking are not possible given the 
uncertainties and variability’s associated with the subject dams.  However, the modelled 
response of the dams to seismic loading associated with the design seismic event can be used 
with engineering judgement to provide practical predictions of dam behaviour that can then 
be used to prepare conceptual designs to address/mitigate the seismic hazards associated 
with each dam. 

A comparative analysis for the Most Likely Case using elastic and inelastic behaviour for the 
concrete walls was conducted for each dam.  For small transient deflections in the order of 1 
or 2 cm it would be justifiable to use an elastic model where no permanent deformations 
were modeled.  However, the magnitude of wall deformation observed in both cases lead to 
the conclusion that the flexural strains experienced by the wall would exceed the tensile and 
possibly the compressive strength of the concrete as the wall cyclically deflected under the 
seismic loading. Once cracked, the concrete wall would then deform more significantly 
above the crack with an accumulation of movement in an upstream direction as shown in 
Figures 14 and 15.  It is for this reason that inelastic wall properties were used which resulted 
in large permanent deformations.  

The seismic response of each dam and the most likely mode of failure are discussed in the 
following paragraphs. 

Middle Chase Dam 

In the case of Middle Chase Dam, the wall appears to crack three to four seconds into the 
modelled seismic event and is gradually deflected in an upstream direction throughout the 
rest of the seismic event.  This is evident as the top of wall movement diverges from that of 
the base movement. Although the model predicts a top of wall maximum deflection of 
about 1.5 m using inelastic concrete parameters (1.47 m as shown on Figure 12), in reality 
the upstream wall would topple into the reservoir shortly after cracking and likely relatively 
early during the design seismic event.  The maximum depth of persistent cracking appears to 
be approximately 8 m below the crest of the wall (as shown on Figure 13) which 
corresponds to the point of maximum bending moment experienced by the wall. This 
corresponds to about 2.0 to 2.5 m below the top of the upstream rock fill.   Given the state 
of deterioration of the Middle Chase Dam wall, the lack of steel reinforcement, it is expected 
that portions of the concrete wall above the rock fill buttress will topple completely with 
severe cracking or opening of cold construction joints occurring to 2.0 to 2.5 m below the 
top of the rock fill.  Cracking below this depth would occur but is anticipated to be less 
severe than what would occur above due to the increased confinement at depth provided by 
the upstream rock fill berm.   
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The base of the toppling failure will likely be below normal operating level of the reservoir 
which means the amount of seepage that starts to pass through the dam after a toppling 
failure, even without counting seepage through cracks, will be very high with the potential to 
saturate the downstream shell of the dam in a very short period of time resulting in failure 
and uncontrolled discharge. More importantly, the crest of the dam would be left 
unsupported upon toppling failure for the remaining 15 to 20 seconds of the modelled 
seismic event. As shown in Figure 9, upstream horizontal deflections of the crest fill between 
0.3 and 0.5 m would occur which extend to the downstream crest. The modelled 
deformations are presented in the deformed mesh shown on Figure 16.  The depth of these 
movements is such that a breach would be likely to occur during the modelled seismic event 
or within an hour, if not minutes, after completion of the modelled seismic event (i.e., 
Failure Mode #1 discussed in Section 6.1).  The hydrodynamics of a breach and overtopping 
erosion were not modelled using the software used in this assessment.  However, although 
the downstream shell would not experience any significant damage at depth due to the 
seismic event, it could be quickly washed away to a depth of at least 8 m below the current 
top of the wall. 

An additional analysis was undertaken to assess the impact of the wall toppling on the 
performance of the fill behind the wall at Middle Chase Dam. This effect was modelled by 
deleting a portion of the wall from the FLAC model when cracking was initiated in the 
model.  The results were that greater lateral deflections to greater depths occurred. This 
confirms EBA’s intuition that wall toppling would exacerbate the deformations experienced 
by the fill within the dam during the remainder of the seismic event.  In this modified case, 
the deformations of the fill were of sufficient magnitude that the reservoir would start to 
over top the dam before the seismic event was over. 

A second series of additional analyses was undertaken to assess the impact of less severe 
seismic events on Middle Chase Dam.  It is recalled that the 2003 Dam Safety Review report 
(Golder 2004a) indicated that the 1946 earthquake near Campbell River resulted in the dam 
experiencing peak horizontal ground accelerations in the order of 0.03g (3% of gravity).  The 
degree of deformation of the concrete wall is not known.  The results of the initial analysis 
are presented as follows: 

• 0.1g (10% of gravity) – 85 mm total horizontal deflection; and 

• 0.2g (20% gravity) – 177 mm total horizontal deflection. 

The potential for toppling of the Middle Chase Dam wall upon experiencing modeled 
seismic events with peak ground accelerations of 0.1 to 0.2 g is unclear.  However, assuming 
the concrete remains rigid above the basal crack (assumed to be 8 m below crest of wall); 
the vertical force of the cracked wall will be located within the middle third of the wall 
section for the 0.1g case and just inside of the middle third of the wall section for the 0.2g 
case.  This leads EBA to conclude the following: 

• The wall has a remote chance of toppling some time after the 0.1g peak ground 
acceleration seismic event; and 
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• The wall could possibly topple near the end of a seismic event with a 0.2 g peak ground 
acceleration. 

The potential for wall toppling depends on a number of factors such as cold joint bond 
strength, segregation, variability in concrete strength. Given the potential for variability in 
these features and given the overall poor state of the Middle Chase Dam concrete wall it is 
reasonable to conclude that any prediction on the exact level of ground shaking required to 
topple the Middle Chase Wall and at what time during the seismic event will be subject to a 
low degree of reliability.  It is EBA’s opinion that any possibility of wall toppling during the 
seismic event should be accompanied by the expectation that sufficient fill deformations 
will occur that will permit overtopping during the late stages of the seismic event or shortly 
after it ends. 

The data available from the Pacific Geoscience Centre in Sidney, BC indicates that a  
1:475 year seismic event (10% chance in 50 years) will have a peak ground acceleration of 
0.27g and a 1:100 year event (40% chance in 50 years) will have a peak ground acceleration 
of 0.13g. Given the variability associated with the Middle Chase Dam concrete wall, it is not 
reasonable to predict the exact return period of the seismic event that will result in toppling.  
However, seismic events generation peak ground accelerations of 0.1g and 0.2 g will occur 
with a 15% and just over 40% chance in 50 years respectively. 

Lower Chase Dam 

In the case of Lower Chase Dam, the wall appears to crack nine to ten seconds into the 
modelled seismic event and is gradually deflected in an upstream direction throughout the 
rest of the seismic event.  The increased time to cracking with respect to what was modelled 
for Middle Chase Dam reflects not only the increased thickness of the wall at Lower Chase 
Dam but also the overall greater degree of confinement provided by the increased height of 
the rock fill berm. The model predicts a top of wall maximum deflection of about 7 cm 
using inelastic concrete parameters. The smaller magnitude of movement indicates that 
height of concrete wall that is not supported on the upstream side will not topple. The 
reduced deflections compared to Middle Chase Dam are due to the shorter height of 
unsupported wall, the softer response of the fill upstream of the wall and, possibly, the 
amount of loose crest fill movement in a downstream direction as the downstream slope 
deforms under seismic loading. 

The difference in response between the downstream fill in both dams is described as 
follows. In the case of Middle Chase Dam, the 1980 fill that was apparently densely 
compacted in place tends to induce a much higher cyclic load than the loose 1918 fill and the 
underlying compact original rock fill at Lower Chase Dam which tends to absorb or dampen 
the seismic energy input into the fill. The density of the downstream shell fill in Middle 
Chase Dam transfers the seismic energy more efficiently from the foundation into the 
concrete wall.  
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With regard to deflection induced wall cracking, the maximum depth of persistent cracking 
appears to be approximately 9.5 m below the top of the wall (as shown on Figure 13) which 
corresponds to the point of maximum bending moment experienced by the wall which 
corresponds to about 7.0 m below the top of the upstream rock fill, well below normal 
operating water level. The permanent deflection in an upstream direction means that the 
portion of the wall will tend to rotate upstream.  However, the relatively small magnitude of 
deflection qualitatively indicates that the degree, extent and magnitude of cracking and 
corresponding rate of seepage would not be as great as what would occur at Middle Chase 
Dam. However, it would represent a significant increase in seepage.  The downstream slope 
of the Lower Chase Dam, especially the 1918 railway fill, will experience significant 
movements during the seismic event, in the order of 1.0 to 2.0 m, due to its loose state.  The 
underlying rock fill will not experience as much deformation, generally less than 0.2 m of 
horizontal movement. Therefore, the primary effect of downstream slope movement will be 
distortion of the 1918 fill with crest settlement of over 0.5 m and, more importantly, 
distortion causing loss of continuity to the 1980 filter zone.  The modelled deformations are 
presented in the deformed mesh shown on Figure 16.  Damage to the filter zone will result 
in loss or reduction in the degree of protection against internal erosion from seepage that is 
anticipated will be initiated upon cracking of the concrete wall. 

Due to the presence of soft unconsolidated alluvial deposits at the valley bottom, there may 
be more deformations experienced during the actual seismic event at the upstream and 
downstream toe of the dam than modelled. For the downstream shell, the extent of filter 
layer, 1918 fill and original rock fill distortion will be more severe near the toe. The influence 
of the soft alluvial materials will be limited as the relatively competent materials on the valley 
walls and associated three dimensional effects associated with the v-shape valley at the dam 
site will have a greater influence on the seismic response of the downstream shell and 
concrete wall.   

The increased seepage through the concrete wall will result in an increase of the water levels 
in the downstream shell of Lower Chase Dam.  Damage to the foundation materials could 
increase seepage through the bedrock due to dilation of joints. The relatively free draining 
nature of the original downstream rock fill will tend to keep water levels low within the 
downstream shell, although finer zones would be likely washed out with corresponding 
settlement of the dam crest.  The presence of the relatively fine grained 1918 fill on the 
downstream face, even after deformation during the seismic event, will tend to cause water 
levels to build up within the generally intact downstream rock fill shell.  This would tend to 
destabilize the downstream shell material (i.e. risk of Failure Mode # 3 discussed in Section 
6.1).   However, it is EBA’s opinion that this will result in eventual erosion of the 1918 fill 
and the damaged filter layer at the base of the valley which would cause subsequent drainage 
of the downstream shell rock fill with associated improvement in the stability of the 
deformed and failed downstream slope.   
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It is important to keep in mind the interaction between the two subject dams after the design 
seismic event (or a large seismic event) in their current condition.  The flood wave from 
failure of Middle Chase Dam would overtop Lower Chase Dam and likely cause an 
overtopping failure, erosion of the downstream shell and loss of support for the concrete 
wall followed by toppling and subsequent uncontrolled discharge from Lower Chase Dam 
(i.e., Failure Mode #2 discussed in Section 6.1).  This failure mode would occur irrespective 
of the influences of elevated seepage rates and water levels on the stability of the of Lower 
Chase Dam downstream shell. 

10.5  ALARP ASSESSMENT OF LIKELY SEISMIC RESPONSE 
The analysis and modelling conducted by EBA indicates that a 1:3,000 year (1.66 percent 
chance in 50 years) seismic event will likely cause uncontrolled discharge from both 
reservoirs during or shortly after the seismic event. Assuming ten people die due to the 
resulting flood wave and inundation, this results in the potential for loss of life in the event 
of the design seismic event being in the Unacceptable Risk Zone suggested by the CDA as 
shown in Figure 17.  Circumstances that exacerbate this situation are the likelihood that a 
smaller return seismic event could cause a similar failure and inundation or that the 2010 
inundation study concludes that more than ten people could die.  Based on this assessment, 
it becomes apparent that the City will be obliged to reduce the risk associated with the 
seismic hazards posed by the subject dams.  This ALARP assessment needs to be reviewed 
by the City to ensure it meets with their expectations and tolerances for risk of loss of life. 

11.0  CONCEPTUAL DESIGN OF RISK MANAGEMENT OPTIONS 

11.1  GENERAL 
The City’s post seismic performance expectations, the budget for such work and the social 
and environmental value of the Colliery Dams Park will to a large part determine what 
measures are appropriate for addressing the seismic hazards posed by the existing dams.  In 
general, there are three general options that the City has to address the seismic hazard risk 
posed by the subject dams: 

• Option 1 - Eliminate the seismic hazards by removing the dams; 

• Option 2 - Conduct seismic upgrades to the existing dams that bring the dams to a state 
where they safely impound their reservoirs during and shortly after the design seismic 
event but will need an engineering inspection immediately thereafter to assess the 
damage that has occurred, possibly followed by major maintenance or removal and, if 
necessary, evacuation of the potential inundation area; or 

• Option 3 – Bring the impoundments into a state where not only do the dams safely 
impound the reservoirs during and after the design seismic event, but also require 
minimal maintenance after the design seismic event. This will require construction of 
new dams or extensive improvement of the fill in the existing dams with jet grouting or 
other in-situ treatment. 
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Evacuation measures are not viewed to be stand alone options to address the loss-of-life 
risks associated with the seismic hazards posed by the subject dams. Evacuation is discussed 
in Section 11.2. 

EBA also considered the feasibility of the City purchasing residences at risk and relocating 
the school and daycare. However, this option was not pursued further as, the cost of 
relocation and school reconstruction aside, it would be prohibitively expensive to sterilize 
an significant parcel of land within City limits to address the risks associated with dam 
failure.  This would be a more practical and feasible option if the degree of development 
was much lower and if the site was outside of the City limits. This option has not been 
developed further. 

Major maintenance is defined as the repairs or reconstruction necessary for the dams to 
safely impound their reservoirs in the long term and meet all required design criteria, such 
as withstanding another design seismic event.  Minimal maintenance is the repair work 
necessary to restore elements of the dam to operable condition that are not critical for the 
continued safe impoundment of the reservoirs. 

The design seismic event for Options 2 and 3 may not be the 1:3,000 year event approved 
by BCMoE for the existing structures as per the 2003 Dam Safety Review report and the 
2008 Interim Consequence Classification document presented in Appendix D.  Depending 
on the findings of the flood inundation study, the consequence classification may change 
with a possible increase in the design seismic event for rehabilitation works to the  
1:5,000 year event or greater. The design of any of the options discussed herein will require 
completion of the inundation study to be initiated by the City in 2010 and subsequent re-
assessment of the consequence classifications. 

More importantly, should the City be favourable to Option 2, for both dams the City 
should consider the impact of having three structures (Westwood, Middle and Lower Chase 
Dams) with toe berms designed to allow dams to survive a seismic event but sustaining 
enough damage where major maintenance or removal is necessary.  Responding to the 
damages experienced by multiple structures requiring immediate attention could overtax the 
ability of the City to safely manage the aftermath of a major seismic event. 

Each risk management option is discussed further in Sections 11.3, 11.4 and 11.5.  Initial 
discussions with the City in early December 2009 indicated that significant investment in 
new dams or extensive and expensive in-situ treatment of the fill within the dams to 
maintain a public park may not be considered to be a wise use of tax payer funds. 

It is important to note that the scope of work for this assignment did not include designing 
the various options, but to prepare conceptual sketches and cost estimates for the following: 

• Engineering design required to bring the option selected by the City to a state where 
“Issued for Tender” drawings could be released to procure the services of a contractor; 

• Approximate construction costs based on historical bid averages for similar work 
conducted for the City; and 
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• Approximate construction monitoring costs. 

The concepts proposed in this report will need to be the subject of detailed analysis similar 
to what has been conducted as part of the seismic hazard assessment described herein.  The 
degree of wall deformation that is modelled during the detailed design phase may 
necessitate additional measures or considerations that can not be predicted at this time.  An 
additional consideration is the contractual arrangements under which any future 
rehabilitation design would be conducted.  To date, EBA is satisfied that our approach to 
this assessment, which did not include drilling boreholes and conducting additional in-situ 
testing, was sufficient.   

These costs are discussed further in Section 11.8. 

11.2  USE OF EVACUATION TO MITIGATE RISKS 
The proximity of the subject dams to a downstream urban area combined with the findings 
of this seismic hazard assessment means that relying solely on evacuation of the inundation 
zone will be insufficient to prevent loss of life.  EBA recommends that the City commission 
the upcoming 2010 flood inundation study to consider cascade dam breach as described 
herein with the purpose of providing sufficient information for the City to decide if 
evacuation should be included as an Emergency Preparedness Plan/Emergency Response 
Plan action in the event of a large seismic event in the time between the present and the 
time when any of the aforementioned options are implemented. The upcoming flood 
inundation study should also be commissioned to refine the extent of inundation from a 
seismic event so that any evacuation notices, trials or other related actions are as focussed as 
reasonably practical.  In the interim, with respect to completion of the flood inundation 
study, the City should consider what measures are necessary to address the potential 
inundation associated with seismically induced dam failure as described herein to address 
the potential for loss of life downstream of the dams.  

EBA recognizes the roll-out of any short-term or long-term recommendation to include 
evacuation is a sensitive matter for the City to carefully consider in terms of their overall 
dam safety management systems and public communications protocols as well as impact on 
the general public. 

11.3  OPTION 1 – DAM REMOVAL 
Dam removal is an option for addressing the seismic hazards posed by the dams.  From a 
long-term risk management perspective, removing the risk is the most appealing option. 
However, given that the dams are part of a popular public park and constitute fish habitat 
as well as support a sport fishery, any decision to remove the dams will need to consider the 
financial, social and environmental aspects of dam removal. The financial side of this 
assessment will have to consider the likely continued increase in design seismic loading as 
advances are made in understanding the potential magnitude of earthquakes near 
Vancouver Island.  The triple bottom line (TBL), a popular sustainability model, can be 
used to illustrate the difference between a traditional financial bottom line and a balanced 
approach that seeks to find more appropriate solutions by including environmental and 
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social aspects.  Although this work is not part of EBA’s scope of work for the seismic 
hazard assessment, conducting this assessment should be part of any detailed future 
assessments of the feasibility and cost of dam removal. 

11.4  OPTION 2 – SEISMIC REHABILITATION OF DAMS (MAJOR MAINTENANCE OR DAM 
REMOVAL REQUIRED AFTER DESIGN SEISMIC EVENT) 
In this option, the dams would be seismically rehabilitated to survive the design seismic 
event and safely impound the reservoir for a short period of time to allow the City to 
respond to the damage caused by the seismic event. However, the rehabilitation works 
conducted would be such that major maintenance or removal, with associated dewatering of 
the reservoir, may be required upon post-seismic event inspection. The Westwood Lake 
Dam seismic stabilization conducted in 2008 would fall into this class of rehabilitation in 
that the downstream toe berm was for stabilizing the dam until the repairs could be made to 
the dam or the dam removed given that the upstream slope of the dam was expected to fail.  
That repair is similar to the Option 2 repairs described herein.   

The Option 2 type repairs will minimize, but not eliminate, deflection of the concrete walls 
during the design seismic event.  Deflection and cracking of the concrete walls in either 
dam, most likely due to opening of cold joints or along weak zones due to honeycombing 
or poor quality concrete, will cause leakage through the concrete wall.  The purpose of the 
Option 2 type repair is to provide the City with time to either draw down the 
impoundments or effectively evacuate the downstream inundation zone.  The extent of post 
seismic event leakage will need to be assessed by an engineer and the decision made then to 
conduct additional repairs, remove the dams or implement other measures such as 
dewatering of the impoundments or evacuation of the inundation area.   

Option 2 type repairs should include installation of performance monitoring instruments 
within the dams such as piezometers to record groundwater levels in the downstream shell 
before and after the seismic event and inclinometers, and/or fibre optics sensors either 
within or attached to the concrete walls to record their deflection and points of inflection, 
as well as seepage monitoring. These latter instruments may only sense the uppermost 
depth of damage but they would provide some insight into how the dam deformed during 
the design seismic event.  Finally, survey monitoring points should be established at various 
points of the upstream and downstream crest to be initially surveyed upon installation and 
then again after any seismic event to provide an indication on lateral movement. A “straight 
line of sight” array of survey monitoring points should be used on the upstream and 
downstream crests. 

In the case of Middle Chase Dam, Option 2 rehabilitation measures include: 

• Excavation of the upstream rock fill berm and replacing it with a compacted rock fill 
buttress (this will require sequential excavation and backfilling techniques)(Figures 18 
and 19); and 

• From the upstream side, decommission the low level conduit where it passes through 
the concrete wall and cast a concrete bulkhead over the existing wall. 
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The relatively thin concrete wall at Middle Chase Dam combined with its more apparent 
deterioration is such that EBA does not believe installing steel rebar in holes drilled through 
the existing wall is as feasible as it is at Lower Chase Dam with its thicker wall and 
apparently more durable concrete. EBA considered installation of steel columns on the 
upstream face of the Middle Chase Dam wall to add additional stiffness but the poor 
durability and condition of the concrete wall combined with its relatively thin section did 
not appear to be compatible with this kind of solution. However, a new reinforced concrete 
wall constructed immediately upstream of the existing concrete wall could be used in 
conjunction with a new dense upstream rock fill berm.  This new concrete wall would have 
to be constructed in sections to avoid instability of the existing concrete wall due to the full 
height of fill downstream of the concrete wall. 

In the case of Lower Chase Dam, Option 2 rehabilitation would include constructing a rock 
fill buttress upstream of the concrete wall to minimize the deformations and associated 
cracking experienced by the wall during the design seismic event. Although it seems 
intuitive that the proposed upstream rock fill buttress should be compacted to a dense state 
throughout its full extent, the detailed design of this option should consider the imbalance 
of material stiffness on either side of the upper portion of the wall.  The hammering action 
caused by the denser sand and gravel fill in the downstream shell of Middle Chase Dam 
could be replicated at Lower Chase Dam if a uniformly dense upstream rock fill berm was 
constructed.  It may be necessary to include an undensified, compact zone of rock fill 
adjacent to the concrete wall to act as a dampening layer to absorb any imbalance of shaking 
energy created by a dense rock fill buttress on the upstream side of the wall. 

Although significant deformations of the downstream shell of the Lower Chase Dam have 
been modelled, these deformations are mostly within the loose, end-dumped 1918 fill and 
do not appear to impact the seismic response of the wall.  The small deformations of the 
concrete wall in Lower Chase Dam lead to the initial conclusion that a downstream buttress 
is not required.  However, the presence of a school, day care and residences downstream of 
the subject dams is an important consideration.  Without any rehabilitative work on the 
downstream side of the dam, Lower Chase Dam could be viewed to be a latent threat of 
failure (i.e., Failure Mode #4 discussed in Section 6.1). Additionally, the piping risk 
assessment discussed in Sections 9.2.3 and 10.3 indicates that the risk of piping failure 
developing after a significant seismic event would be in the Unacceptable Risk Zone as 
shown in Figure 17.  Therefore, a downstream berm should be included in Option 2 type 
repairs to Lower Chase Dam (Figures 20 and 21). 

The final design of any Option 2 rehabilitation works for the Lower Chase Dam should 
include an assessment of the following: 

• Impact of a downstream berm used in conjunction with an upstream berm on the 
performance of the concrete wall; 

• Impact of settlement of the loose, 1918 fill upon loading with a downstream toe berm 
should be considered with regards to maintaining the continuity of the toe filter placed 
in 1980; and 
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• Limiting the lateral spreading capacity of any alluvial sediments under the downstream 
toe of the dam through a rock filled key trench excavated to bedrock near the 
downstream toe of the buttress, similar to what was constructed at Westwood Lake 
Dam. 

Additional considerations relating the potential for modifying the downstream slope of 
Lower Chase Dam to improve flood discharge capacity are discussed in Section 11.6. 

EBA had initially considered drilling boreholes through the 1.2 m wide section of the 
concrete wall at Lower Chase Dam and grouting reinforcing steel into the holes to ensure 
the wall remains as one structural unit, though most likely severely cracked and leaking after 
the design seismic event.  However, the relatively small deformations modelled, as discussed 
in Section 9.3, are such that this measure does not appear to be required for an Option 2 
type repair.   

All options relating to construction on the upstream side of either dam will require 
dewatering of the reservoir(s).   

It is important to recognize that future changes to the design seismic events will likely result 
in increased ground shaking severity associated with the design seismic event.  Therefore, as 
a function of future increases in knowledge of seismicity in the Vancouver Island area, the 
design seismic loading may increase in the future, requiring additional future assessments 
and upgrading work. Additionally, as public risk tolerance decreases, future seismic design 
codes or guidelines may result in a higher return period design earthquake being adopted, 
similar to the increased conservatism inherent in the 2007 Canadian Dam Association 
Guidelines. 

11.5  OPTION 3 – REPLACEMENT OF DAMS ( MINIMAL MAINTENANCE REQUIRED AFTER 
DESIGN SEISMIC EVENT) 
In this option the City would select a new concrete dam structure to act as the primary 
water retention element.  The majority, if not all, of the existing dams would be left in place 
to preserve existing aesthetics and to minimize costs associated with removing them.  EBA 
had initially considered the option of conducting significant in-situ improvement of the 
dams such as jet grouting, foam injection but will not carry these options forward for the 
following reasons: 

• The City has advised EBA that the state of the dams and expected budget for 
rehabilitation of dams to maintain the current condition of a park and upgrade safety of 
the permanent and temporary inhabitants of the inundation area will be such that high 
cost options, while innovative, would not be a wise use of the tax payers money given 
the other priorities the City has within their dam safety management program; and 

• Rehabilitation of the subject dams with in-situ treatment such as jet grouting, Uretek 
foam injection or other means could improve their performance during the design 
seismic event.  However, it is EBA’s opinion that it will not remove the potential that 
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the treatment will not improve the dams sufficiently to provide reliability in that it will 
provide a minimal maintenance solution. 

In the case of Middle Chase Dam, the most feasible and reliable Option 3 repair consists of 
removing the upstream rock fill buttress and constructing a concrete gravity dam upstream 
of the existing concrete wall. The low level conduit would be decommissioned from the 
upstream side of the dam similar to what was proposed for an Option 2 type repair. 

In the case of Lower Chase Dam, the most feasible and reliable Option 3 repair consists of 
constructing a new concrete gravity dam downstream of the existing dam. The void 
between the two structures could be backfilled with rock fill if a cushioning layer of finer 
material was placed against the concrete structure to protect it from damage. 

Post tensioned anchors are an option to reduce the mass of the new concrete gravity dam 
section. However, anchor service life and the potential for corrosion will necessitate a 
monitoring program and possibly retrofits in the future.  Considering the cost of the City’s 
monitoring, maintenance and future retrofits, it may be more economical in the long term 
to use a larger concrete section and develop resistance due to mass as opposed to tension in 
anchors. 

Concrete gravity dams are not immune to damage or failure due to seismic loading, but they 
are among the most stable dam structures when constructed on a competent foundation.  
Future increases in the severity of the design seismic event would not have as much of an 
impact on a properly designed and constructed concrete gravity dam as they would on the 
aforementioned Option 2 repairs. 

11.6  OPTIONS FOR IMPROVING FLOOD DISCHARGE CAPACITY 
The 2003 Dam Safety Review conducted on the subject dams recommended that the 
spillways be enlarged to accommodate a 1:3,000 flood event (Golder, 2004a, 2004b).  The 
estimate flood flow rate associated with a 1:3,000 flood event was provided in the 2003 
Dam Safety Review reports to be 85 m3/s.  A flood inundation study using the PMF was 
conducted in 2002 which used the Probable Maximum Flood (PMF) as flood discharge plus 
flood waters released by breach of all dams on the Chase River system.  One of the findings 
of the 2003 Dam Safety Review was that the spillways need to be enlarged to pass the 
1:3,000 year flows, not the PMF which was judged to be unnecessarily conservative for a 
design flood in 2003 (Golder, 2004a, 2004b). 

The content of the BCMoE Interim Consequence Classification document (BCMoE, 2008) 
applies in the case of the flood event to be used in Dam Safety Assessment and in design of 
rehabilitation measures.  The design flood event used for design of spillway improvements 
will depend on the results of the flood inundation assessment and confirmation of 
consequence classification.  A higher consequence classification than the interim one 
presented herein would result in a higher magnitude of design flood event. 
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Discussions with the City during execution of the seismic hazard assessment study 
described herein indicated that the City was looking for an opportunity to find a solution 
that addressed some or all of the seismic hazard risks as well as some or all of the flooding 
risks.  If this option was considered, a concrete gravity dam with integral overflow spillways 
could be considered to address flood discharge capacity concerns with the existing 
spillways. 

Depending on the results of the 2010 flood inundation study and subsequent re-assessment 
of consequence classification, the City may have the following options: 

• Spillway Option A - Construction of a heavy rock rip rap, armoured channel over the 
crest and downstream slope of each dam; and 

• Spillway Option B - Construction of a concrete spillway over the crest and downstream 
slope of each dam. 

In both cases, it is recommended that the additional spillway capacity be only used for high 
return period flood events (e.g., 1:500 or larger). Each option is described briefly in the 
following paragraphs. 

Spillway Option A will require construction of rock fill buttress on the downstream slope of 
the subject dams to permit placement of a heavy rock rip rap armoured channel on the 
downstream slope of each dam. The 1995 CDA Guidelines (CDA, 1995) provided 
preliminary guidance on the design slope of a flow over rock fill dam.  Based on the 1995 
CDA Guidelines, a maximum slope of 5H:1V would need to be provided. Given the 
magnitude of flows and the height of the subject dams, the spillway slope may need to be 
flatter, and incorporate very large rip rap as well as some form of steel mesh designed to 
minimize displacement of rip rap particles by tractive forces associated with overflow, a 
sacrificial layer or some combination of all of these measures.  The crest of each dam would 
have to be modified with armouring and a lowered crest to confine overtopping flow and 
direct it into the armoured channel.  Erosion of the natural channel downstream of the dam 
would have to be assessed for the channel reach below Lower Chase Dam.  In the case of 
Lower Chase Dam, the rock fill buttress would have to be designed to stabilize the 
downstream slope to minimize seismic damage that impairs the serviceability of the 
overflow spillway.  This may result in the toe of the rock fill berm and channel reaching the 
bend in the Chase River channel that occurs where the Harewood Creek joins the Chase 
River Valley.  This may prove to be a hydraulic control section which may require physical 
modelling in the design process. 

Spillway Option B would require construction of a concrete spillway channel over the crest 
and downstream slopes of the subject dams.  Middle Chase Dam, with its compacted 
downstream shell would offer the best spillway foundation but would still experience some 
degree of deformation. Typical earthworks compaction standards are usually less than those 
used for structural fill supporting a rigid structure like a concrete spillway channel.  In the 
case of Lower Chase Dam, the loose nature of the 1918 fill and underlying original rock fill 
is such that significant settlements would occur causing extensive cracking and deflection of 
the concrete spillway channel.  The downstream shell would have to be improved with in-
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situ treatment or require excavation and replacement with compacted materials to provide 
an acceptable base for a concrete spillway channel.  Extensive concrete reinforcement may 
permit a structural slab approach to be used if a maintenance program was considered to be 
acceptable by the City to address cracking due to settlements. 

11.7  ADDITIONAL DESIGN WORK REQUIRED 
The Option 2 and 3 rehabilitative measures will require detailed design effort to be 
expended to produce the engineering report, design drawings and specifications required to 
procure the services of a contractor through a competitive bid process.   

The modelling conducted to date as part of the seismic hazard assessment has focused only 
on the current condition of the dams.  The seismic response of the modified dam geometry 
for the Option 2 measures (i.e. upstream toe berms) will need to be modelled using analysis 
methods similar to what has been conducted as part of this assessment. Note that this 
modelling was outside the scope of this study. It is possible, but not probable that the 
addition of upstream rock fill berms will cause the dams and, in particular, the concrete 
walls to behave adversely in the computer model created to support the detailed design 
process.  However, based on EBA’s judgement and experience, this is judged to be unlikely. 

In the case of Option 3, the selection of a concrete gravity dam will require a subsurface 
drilling program to assess the properties and permeability of the bedrock foundation.  This 
is due to the much higher stresses that are applied to the foundation and the much shorter 
seepage path associated with a concrete gravity dam. With regard to an extensive fill 
improvement program, any specialty contractor involved in such works would likely require 
additional boreholes drilled through the body of the dam with potential for specialized in-
situ testing upon which to base their tendered cost estimates.  However, it is understood the 
probability of Option 3 being selected by the City is remote. 

11.8  ROUGH ORDER OF MAGNITUDE COST ESTIMATION FOR VARIOUS OPTIONS 
Part of the scope of work for the seismic hazard assessment presented herein was to 
provide rough, order of magnitude cost estimates for the various options described herein 
for addressing the seismic hazards posed by the subject dams.  It is understood the City will 
need a sense for what the general cost will be to implement Options 1, 2 or 3 for each of 
the subject dams.   

Conceptual level plans and sections have been discussed in the previous sections and 
presented in the figures; however, the detailed design work necessary to prepare design 
quantities and specifications upon which an engineering cost estimate could be based has 
not been completed. As such, the cost estimates presented herein are rough order of 
magnitude.  The cost associated with each option has been presented to the nearest  
$0.5 million. Without any design work it is not possible to assign a confidence level to these 
costs (e.g., +/- 20%, 50% or higher).  Completion of an engineering study into each option 
would permit assignment of such confidence levels.  The costs as presented should be used 
comparatively, recognizing that future study and refinement may change how the costs 
associated with the various options compare to one another. 
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Discussions with the City have indicated that constructing new dams as part of Option 3 is 
not viewed to be a wise use of the tax payer’s money.  New concrete gravity dams to replace 
the Middle and Lower Chase Dams with integral overflow spillways to aid in addressing the 
flood discharge capacity of the spillways will cost in the order of $10 million, or more, 
combined.  This cost could be refined with some preliminary design work.  However, for 
the purposes of this report, Option 3 will not be considered further. 

EBA has reviewed the Westwood Lake Dam rehabilitation tenders submitted to the City in 
2008 to get a sense for what the unit costs were for the tasks necessary to do that work.  
That project has some relevance to the berms that could be implemented as part of Option 
2, but less so for the Option 1 – Dam Removal concept.  The scale of berming at Middle 
Chase Dam and on the upstream side of Lower Chase Dam is within the general magnitude 
of the Westwood Lake Dam work, but, should a berm be required on the downstream side 
of Lower Chase Dam (depending on the results of the 2010 inundation study), the scale of 
that work would exceed that of the Westwood Lake Dam work which introduces a level of 
reliability into using these costs. 

In review of the Westwood Lake Dam costs, EBA noted the following bid items had 
relevance: 

• Mob/demob; 

• Public access management; 

• Survey and layout of the proposed works, including quantity surveys; 

• Unit costs for fill materials, clearing/grubbing, excavation, low level conduit removal; 
and 

• New v-notch weir structure. 

Although there was a dewatering cost, the extent of dewatering was not defined in the bid 
items.  As such, it was judged that the maximum cost bid for the Westwood Lake Dam 
works would be insufficient for dewatering one of the reservoirs and maintaining that water 
level throughout construction.  The cost of dewatering would apply to each impoundment.  
Additionally, the extent of dewatering and discharge of pumped water could also become 
environmentally sensitive depending on the turbidity of the discharged water.  Depending 
on the nature of work conducted (Option 1 versus Option 2), management of public 
interaction could become a significant undertaking with corresponding increase of costs 
well beyond what was incurred at Westwood Lake Dam. 

It is important to recognize that the following costs are not included in the rough, order of 
magnitude costs presented herein: 

• Public consultation associated with reservoir drawdown and/or dam removal.  It is 
expected that dam removal, or even prolonged drawdown of the reservoir associated 
with upstream works associated with seismic rehabilitation, could be a contentious issue; 
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• Environmental baseline studies to establish what environmental measures are necessary 
for temporary dewatering or full removal. This should include internal and 
disbursement costs of environmental studies, meetings with DFO and any other 
regulators having or claiming jurisdiction, legal matters (if necessary) and other 
interactions with regulators, engineers and the public to get the approvals necessary to 
temporarily lower the reservoirs or permanently dewater them in a dam removal 
scenario; 

• In the case of dam removal, any costs associated with any regulator mandated fish 
habitat compensation or rehabilitation of pre-impoundment habitat, any third party 
costs or claims associated with dam removal such as reduced property value, whether 
justified or not, along with any legal and internal costs associated with them and the 
costs associated with re-establishing public access across the river channel to restore the 
functionality of the park, if preserved after dam removal; 

• Cost premiums associated with working in or adjacent to the lowered impoundments 
that was not as pronounced with the Westwood Lake work; and 

• Costs of any environmentally related work stoppages, work scope revisions and other 
delays which appear to be more likely than what was possible during the Westwood 
Lake Dam works. 

The environmental and public interaction/communication/consultation costs could well 
approach or surpass the engineering costs as dam removal is an environmentally, and in this 
case, socially, contentious issue.  The cost of City involvement is also unknown at this time 
and similarly has not been included in the costs presented in this section. 

The rough, order of magnitude costs presented herein should not be used for establishing 
budgets but rather only to gain insight into the relative magnitude of cost associated with 
each option, subject to the limitations discussed herein.  The following rough, order of 
magnitude engineering and construction costs, with all aforementioned limitations, caveats 
and exclusions, have been estimated: 

Option 1 – Dam Removal 

• Middle Chase Dam (approximately 4,700 m3, including concrete) - $0.5 million, not 
including dewatering, environmental or public interaction costs; and 

• Lower Chase Dam (approximately 18,800 m3, including concrete) - $1.5 million, not 
including dewatering, environmental or public interaction costs. 

Middle Chase Dam is about ¼ of the volume of Lower Chase Dam.  Although the cost of 
removal appears to be 1/3 of that required for Lower Chase Dam, this reflects the rounding 
to the nearest $0.5 million.  The precise, but inaccurate (as discussed), unrounded figures 
calculated by EBA indicate that the cost of removal of Middle Chase Dam is approximately 
¼ of that of Lower Chase Dam which proportionally makes sense.  An important 
consideration is that the unaccounted aforementioned environmental, dewatering and 
public interaction costs will likely be the same for each dam. 
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Option 2 – Seismic Rehabilitation (Major Maintenance of Dam Removal Required After 
Design Seismic Event) 

• Middle Chase Dam (upstream berm, 2,800 m3) - $0.5 million, not including dewatering, 
environmental or public interaction costs; and 

• Lower Chase Dam (upstream berm, 1,100 m3) - $0.5 million, not including dewatering, 
environmental or public interaction costs. 

The rounding to the nearest $0.5 million obscures the difference between the Middle and 
Lower Chase Dams berms.  The costs calculated by EBA indicate that the cost of the 
upstream Lower Chase Dam upstream berm will be less than the Middle Chase Dam 
upstream berm, but not proportionally so due to the increased difficulties anticipated with 
construction access at Lower Chase Dam.  The unaccounted for dewatering, environmental 
or public interaction costs associated with both berms is anticipated to be approximately the 
same.  

The need for a downstream berm will depend on the results of the 2010 flood inundation 
study.  Due to the valley geometry and height of the dam as measured from its downstream 
toe), the volume of the conceptual downstream berm will be 25,000 m3, a greater volume 
than the existing dam.  It should be recognized that detailed design will be needed to refine 
this conceptual design, but the volume of a downstream berm, if required, will still end up 
being quite high compared to the volume of the existing Lower Chase Dam. 

The cost of the downstream berm at Lower Chase Dam, if required, will be in the order of 
$1.5 million, not including environmental and public consultation costs. 

The total cost of berming the Lower Chase Dam does not appear to justify constructing a 
new concrete dam; however, it is viewed as justification for installing steel reinforcement in 
boreholes drilled through the concrete wall to limit wall deflection during the design seismic 
event and afterwards due to increased seepage and possible post seismic instability of the 
deformed downstream shell. The upstream berm may still be required, but additional design 
would be needed to verify this. The rough, order of magnitude cost of installing steel 
reinforcement in the wall is expected to be in the order of $1.0 million, depending on the 
diameter, length and spacing of the bars and difficulty in drilling, insertion of bars and 
grouting.  Corrosion considerations could also increase the cost of this option through the 
potential need for corrosion protection.  This option is one that would require dewatering 
of the reservoir due to the unknown condition of the concrete wall and anticipated zones of 
honeycombing, cold joints and zones of poor durability concrete. 

12.0  CONCLUSIONS 
The following conclusions can be drawn based on the findings of this study: 

Background Information 

• The dams were constructed by Western Fuel Corporation around 1911; 
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• The subjects dams appear to have constructed using a combination of poor concrete 
construction practices (by today’s standards) and either end dumping or labour intensive 
fill placement.  The fill materials placed during initial construction and in 1918 are 
relatively deformable compared to modern dam fills due to the expected lack of fill 
compaction by any recognizable engineering standard; 

• The concrete walls in both dams should be expected to be of poor quality without steel 
reinforcement.  Construction cold joints, honeycombing and zones of poor durability 
concrete should be expected to be prevalent from the top to the bottom of the original 
walls in both dams; 

• The foundation beneath the Middle Chase Dam fill is bedrock whereas the foundation 
of Lower Chase Dam appears to be either till or bedrock; 

• The original rock fill in both dams is generally in a compact state but material variability 
associated with excavation from the Harewood Mine and subsequent placement has 
likely caused extensive segregation with varying rock fill density; 

• The rock fill is most likely sedimentary rock associated with excavation of adits in the 
Harewood Mine; 

• The cinders, slag and ash placed in the Lower Chase Dam were most likely an end 
dumped sliver fill placed as part of the Wakesiah Mine railway crossing constructed over 
the Lower Chase Dam in 1918.  This fill is generally loose; 

• The 1980 fill placed in the downstream shell of the Middle Chase Dam and in the filter 
zone at Lower Chase Dam was compacted during placement and is most likely in a 
dense state;  

• Although the Reservoir #1 Dam and Upper Chase Dam have been assessed in previous 
seismic hazard assessments, the increase in the understanding of magnitude of possible 
seismic events has likely increased the seismic loading on these structures for their 
design seismic events. The seismic hazard assessment for Upper Chase Dam is 
considered to be adequate given its small size provided the water line issues identified in 
2004 have been addressed; and 

• Failure of Harewood Dam appears to contribute to the inundation area associated with 
the subject dams. 

Field Work 

• The results of the reinforcing steel survey are that it can be concluded that steel 
reinforcement is not present in the Middle Chase Dam and similarly not in the Lower 
Chase Dam; 

• The compressive strength of the exposed concrete wall above reservoir level in both 
dams is quite low compared to current standards for similar structures; 

• The concrete used in the concrete walls has low strength and poor durability, especially 
in Middle Chase Dam; 
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• A zone of original rock fill was left in place in Middle Chase Dam which has been 
shown to be the likely location of the low level conduit located by diver inspection as 
part of this study; 

• The seepage observed over the years from the downstream toe of the Middle Chase 
Dam is most likely from the original low level conduit which appears to still be in place; 

• At Lower Chase Dam, bedrock is the foundation material for the majority of the 
abutments with a thin layer of colluvium of the lower quarter of the valley walls and 
alluvial soils at the base of the valley.  The lack of cracking the concrete wall and low 
seepage rates suggests that the concrete wall is founded on bedrock; 

• The downstream slope of the dam has had historical shallow slope inability indicated by 
the presence of shallow slope deformations at the crest of the dam.  This could be 
related to run off from rainfall events; 

• Historical concrete structures present elsewhere in Collier Dam Park indicate poor 
concrete construction practices in the construction of bridge piers;  

• The low seepage rates at both dams combined with the relatively free draining nature of 
the downstream shells of both dams permits the conclusion that the water levels in the 
downstream shell of each dam are low; and 

• Liquefaction of the fill material in both dams does not appear to be a concern due to 
the expected low water tables within the downstream shell of each dam. Some 
saturation of a thin zone of 1918, fine grained fill in the Lower Chase Dam may be 
possible but has been judged to be of minor influence.  Additionally, the presence of 
saturated, fine grained alluvium at the downstream toe of Lower Chase Dam may be the 
source of some liquefaction mobility, but the extent of this material beneath the 
downstream shell is expected to be minor due to the steepness of the channel beneath 
the dam inferred from the topographic and bathymetric survey data. 

Consequence Classification 

• Until the 2010 inundation assessment is complete, it is considered reasonable to assume 
that 10 people could die as a result of dam failure during or after the design seismic 
event; 

• Both dams are classified as being on the border between a BCMoE High-Low and 
High-High (2007 CDA Guidelines High and Very High) consequence classification on 
the basis of the potential for loss of life downstream of the dams; 

• As this seismic hazard assessment is being conducted on the current state of the dams, 
the 1:3,000 seismic event recommended in the 2003 Dam Safety Review will be 
accepted by BCMoE; and 

• Rehabilitation of the subject dams to address seismic or flood hazards may require 
reclassification of the dams based on the results of the 2010 inundation study. This 
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could result in higher return flood and seismic periods being used for design instead the 
design events recommended in the 2003 Dam Safety Review. 

Analysis 

• Both dams, under current conditions (e.g., static), appear to be within the ALARP zone 
suggested by the CDA; 

• An increase in the rate or turbidity of seepage at Middle Chase Dam due to continued 
deterioration of the low level conduit will result in the risk of piping approaching or 
entering the Unacceptable Risk Zone as suggested by CDA; 

• The occurrence of a seismic event, even one smaller than the design seismic event will 
bring the risk of piping failure at both dams into the Unacceptable Risk Zone suggested 
by the CDA; 

• EBA can not decide for the City or their stakeholders what an acceptable risk of loss of 
life is; 

• The modelling indicates that design seismic event will likely cause the concrete wall at 
Middle Chase Dam to topple into the reservoir early in the design seismic event.  The 
depth of cracking will be well below the normal reservoir operating level; 

• Middle Chase Dam will start to develop an uncontrolled discharge either during or 
shortly after the design seismic event. Due to the presence of sand and gravel in the 
downstream shell, the breach will erode towards the valley bottom  quickly and the 
floodwater could cause an overtopping failure of Lower Chase Dam; 

• The modelling indicates that Lower Chase Dam will experience a much smaller degree 
of wall deflection with cracking occurring later in the modelled design seismic event.  
Increased seepage into the downstream shell will occur due to cracking. The 
downstream shell, in particular the 1918 fill, will be displaced significantly downstream, 
disrupting the filter zone constructed in the early 1980s.  The free draining nature of the 
downstream shell will eventually permit drainage of the increased seepage.  However, 
overtopping due to failure of Middle Chase Dam could cause uncontrolled discharge 
through Lower Chase Dam; 

• The rate of failure at Middle Chase Dam is unknown.  The potential for uncontrolled 
discharge from Middle Chase Dam causing an overtopping failure is unknown but is 
considered to be likely; and   

• The presence of unconsolidated alluvial sediments at the base of the Chase River Valley 
below the downstream toe of Lower Chase Dam could result in the toe deformations 
being greater than what is predicted by the modelling conducted by EBA.  However, 
the three-dimensional effects associated with the valley shape and rock fill valley wall 
contact will impart additional stability to the downstream shell that is not considered in 
our analysis. 
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Risk Management Options 

• Due to the expected failure of Middle Chase Dam during or shortly after the design 
seismic event and possible overtopping failure and uncontrolled discharge from Lower 
Chase Dam, it is EBA’s opinion that a post- seismic event evacuation immediately after 
the design seismic event will be ineffective as a risk management method on its own; 
and 

• Evacuation notices will be a useful part any Emergency Preparedness/Response Plan 
between the present time and when seismic hazard risk reduction measures are 
implemented. 

13.0  RECOMMENDATIONS 
The following recommendations can be made based on the findings of this study and 
conclusions presented in Section 12.0. 

Background Information 

• Any rehabilitative solution selected by the City should have minimal reliance on the 
structural integrity of the concrete walls due to their anticipated poor condition; 

• Any rehabilitative solution selected by the City should consider the inherent variability 
of the original rock fill placed within the dams.  This variability is expected to be such 
that it will detrimentally affect any in-situ treatment measures in that they will produce a 
highly heterogenous material that may not be adequate for seismic rehabilitation; 

• The 1980 fill placed in the downstream shell of the Middle Chase Dam and in the filter 
zone at Lower Chase Dam does not need retrofitting to improve it’s performance 
during the design seismic event; 

• The seismic retrofit conducted on Reservoir #1 Dam should be reviewed to ensure that 
it provides adequate stability during the design seismic event appropriate for this 
structure; and 

• The seismic stability of Harewood Dam should be reviewed for a design seismic event 
appropriate for its consequence classification. 

Field Work 

• The concrete in the original walls, especially at Middle Chase Dam is sufficiently weak 
and appears to be of sufficiently poor construction quality that it should not be relied 
upon for any rehabilitative works; and 

• The low level conduit passing through Middle Chase Dam should be decommissioned 
as soon as possible. 

Consequence Classification 

• The 2010 inundation assessment should include the following tasks: 
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1. Assess consequences of failure associated with loss of the Chase River reservoirs at 
normal operating levels due to a sunny day failure event and during the design flood 
event (not the PMF).  Reservoir loss should assess the consequences of cascade type 
failures involving Lower and Middle Chase Dam as well as combinations of failure of 
Reservoir #1, Upper Chase Dam and Harewood Dam. 

2. Assess the time required to breach the dams and cause an uncontrolled discharge of 
the reservoir for Middle and Lower Chase Dams. 

3. Provide insight to the extent of inundation as well as peak water depths and 
velocities near the school, daycare, various residential areas,  as well as the Bruce and 
Howard Avenues, E&N railway and the Trans Canada Highway crossing of the 
Chase River. 

4. Provide an estimate of the number of lives lost associated with the various 
combinations and permutations of dam failure under sunny day failure conditions.  
The number of lives potentially lost in the school and daycare area should be 
reported. 

5. Revise the consequence classification which will indirectly establish the design 
seismic and flood events for any rehabilitation measures.  Additionally, consideration 
will have to be given to societal tolerances for loss of life in the event of a dam 
failure, especially given the proximity of a school, daycare and residences within what 
appears to be the inundation area(s). 

Analysis 

• Decommission the Middle Chase Dam low level conduit as soon as possible or 
depending on the schedule for future works, as part of Option 2 rehabilitation works; 

• The City should review the ALARP assessment presented herein and confirm what their 
tolerance for loss of life is and advise EBA if the ALARP limits presented in Figure 17 
need to be revised or not; 

• The City should review the EPP/ERP for the Chase Dams in light of the findings of 
this assessment and report and, if necessary, prepare a subsection of the EPP/ERP that 
deals with the failure mechanisms described herein for the dams in their current 
condition until completion of the 2010 inundation study and, later, upon 
implementation of the chosen measure(s) of seismic hazard risk reduction.  Updates to 
the City EPP/ERP documents for the subject dams may include post seismic event 
evacuation measures in the short term or long term.  This would apply to any large 
earthquake event where noticeable ground motions have occurred and 
deflection/damage to infrastructure has occurred.  The observations needed to trigger 
the EPP/ERP will need to be developed further to minimize the occurrence of false 
alarms; 
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• Any seismic hazard risk reduction measures selected by the City that involve 
maintaining the dams in their current locations through modifications (i.e. Option 2 
repairs) should focus on limiting deformations of the concrete walls as much as practical 
combined with post seismic event measures such as engineering inspection, reservoir 
lowering, major maintenance or removal and, if necessary, evacuation measures; 

• The 2010 inundation study should assess the rate of failure at Middle Chase Dam and 
assess if it could cause an overtopping and uncontrolled discharge from Lower Chase 
Dam.  The inundation area from failure of Lower and Middle Chase Dams should be 
quantified for the purposes of evacuation plans for areas downstream of the subject 
dams; and 

• The extent of inundation associated with failure of one or both of the subject dams, 
with consideration given to the likelihood of failure from other dams on the Chase 
River system should be considered when deciding if a downstream toe berm is required 
as part of any selected Option 2 repairs. 

Risk Management Options 

• The City should review the EPP/ERP for the Middle and Lower Chase Dams in light 
of the findings of this assessment and report and, if necessary, prepare a subsection of 
the EPP/ERP that deals with the failure mechanisms described herein for the dams in 
their current condition until completion of the 2010 inundation study and, later, the 
chosen measure(s) of seismic hazard risk reduction. This may include post seismic event 
evacuation measures in the short term or long term.  This would apply to any large 
earthquake event where noticeable ground motions have occurred and 
deflection/damage to infrastructure has occurred.  The observations needed to trigger 
the EPP/ERP will need to be developed further to minimize the occurrence of false 
alarms; 

• The City should install remotely operate seepage monitoring instrumentation 
downstream of both Middle Chase Dam and Lower Chase Dam.  The historical data 
should be reviewed to permit establishment of alarm levels that trigger inspection or 
other actions by City staff; 

• In EBA’s opinion, based on the results of the study presented herein, the City should 
consider three options for seismic hazard risk reduction at Middle and Lower Chase 
Dams: 

1. Dam removal; 

2. Seismic Rehabilitation (Major Maintenance of Removal Required After the Design 
Seismic Event); and 

3. Replacement of dams (Minimal Maintenance Required After Design Seismic Event). 

• From a risk management perspective and upon consideration of the presence of a 
school, residences and a daycare within the inundation zone, the most practical and 
socially palatable option for addressing the seismic hazard risks posed by the subject 
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dams is Option 1 – Dam Removal.  Depending on the influence of other social and 
environmental factors and the risk tolerance of stakeholders (e.g. affected residents, 
school board, general public), the City may wish to accept some future risk and select 
the Option #2; 

• If Option #2 seismic rehabilitation works is selected, consideration should be given to 
the following: 

1. The potential that the dams may need major maintenance or removal after the design 
seismic event and the City’s resources and abilities may be allocated to address 
damages to three structures (Westwood, Middle and Lower Chase Dams) that have 
been designed to survive the design seismic event with subsequent major 
maintenance; 

2. Implementing repairs at Middle Chase Dam first consisting of reconstruction of the 
upstream rock fill buttress and possibly construction of a new concrete wall at 
Middle Chase Dam, in addition to decommissioning of the low level conduit; and 

3. Construction of an upstream and downstream rock fill buttress at Lower Chase Dam 
or installing reinforcing steel in boreholes drilled through the concrete wall, 
evaluation of a cushion zone upstream of the concrete wall to limit loading on the 
wall, consideration of existing filter integrity in response to settlement of the 1918 fill 
under loading from the downstream toe berm and inclusion of a rock fill key trench 
excavated to bedrock beneath the downstream buttress. 

• Finally, and most importantly, the 2010 flood inundation study should be completed to 
address the various unknowns with regard to the extent and variability in the severity of 
flooding throughout the inundated area so that the consequences of seismically induced 
or other “sunny day” uncontrolled discharges associated with the dams in their current 
condition can be better quantified; and 

• The results of the 2010 flood inundation study should be incorporated into the design 
of rehabilitation works associated with Options 2 and 3 and into any interim EPP/ERP 
sections addressing “sunny day” failure mechanisms. 

14.0  OWNERSHIP OF REPORT 
As per the conditions included in the Request for Proposal, this report is the property of 
the City of Nanaimo. 
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15.0  LIMITATIONS OF REPORT 
This report and its contents are intended for the sole use of The City of Nanaimo and their 
agents.  EBA does not accept any responsibility for the accuracy of any of the data, the 
analysis or the recommendations contained or referenced in the report when the report is 
used or relied upon by any Party other than The City of Nanaimo, or for any purpose other 
than the subject site.  Any such unauthorized use of this report is at the sole risk of the user.   
 

16.0  CLOSURE 
We trust this report meets your present requirements.  Should you have any questions or 
comments, please contact the undersigned at your convenience. 

 
Respectfully Submitted; 
 
EBA Engineering Consultants Ltd. 
 

  
 
Chris Grapel, P.Eng. Ali Azizian, Ph.D, P.Eng. 
Project Manager/Senior Project Engineer Senior Geotechnical Engineer 
Direct Line: 780.451.2130 x516 Direct Line: 604.685.0017 x243 
cgrapel@eba.ca aazizian@eba.ca 
 
 
Reviewed by: 
 

 
Bob Patrick, P.Eng. 
Direct Line: 250.756.2256 x243 
bpatrick@eba.ca 
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Middle Dam – Horizontal Displacements 
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Contours of horizontal displacement (limited to +/- 0.5 m), deformed shape of the concrete wall and 
its top deflection (m). 
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Lower Dam – Horizontal Displacements 

LEGEND 

Case Lower Chase Dam 

R
ea

so
na

bl
e 

W
or

st
 

 
 

 
M

os
t L

ik
el

y 
 
 

 

B
es

t 

 
 

 
Contours of horizontal displacement (limited to +/- 0.5 m), deformed shape of the concrete wall and 
its top deflection (m). 
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Middle & Lower Dam – Total Displacements 
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Contours of total displacement (i.e., resultant of horizontal and vertical components, limited to + 
0.5 m), deformed shape of the concrete wall and its top deflection (m) for the Most Likely case. 
(Arrows indicate the direction of movement.) 
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Middle & Lower Dam – Moment Capacity 

Effect 
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Contours of total displacement (i.e., resultant of horizontal and vertical components, limited to + 
0.5 m), deformed shape of the concrete wall and its top deflection (m) for the Most Likely cases, 
illustrating the effect of inelastic behavior of concrete walls on deflections. Moment capacities of 
150 and 600 kN.m were used for the 0.6 and 1.2 m wide walls of the Middle and Lower dams, 
respectively. (Arrows indicate the direction of movement.) 
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Middle & Lower Dam – Bending Moment 

Diagrams 
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Bending moment diagrams for the walls at the end of shaking for the Most Likely cases with 
inelastic wall behavior (moment capacity); and, contours of total displacement (limited to + 0.5 m). 

 

Mmax = 578 kN.m @ 9.5 m 

Mmax = 137 kN.m @ 8 m 



Q:\Edmonton\Drafting\CIVIL3D\Other Offices\N131\N13101249 - Lower and Middle Chase Dams\Figures from Vancouver\ChaseFigure14.doc 

 

Seismic Hazard Assessment 
Middle and Lower Chase River Dams 

N13101249 AA CG 0 

EBA-VANC April 2010 
 

Figure 14 

 
Middle Dam – Top of Wall Horizontal 

Displacement Time Histories 
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Time histories of horizontal displacement of the top of the wall for Middle dam. 
Top/Bottom plots: cases for elastic/inelastic wall behavior, respectively. 
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Lower Dam – Top of Wall Horizontal 

Displacement Time Histories 
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Time histories of horizontal displacement of the top of the wall for Lower dam. 
Top/Bottom plots: cases for elastic/inelastic wall behavior, respectively. 
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Deformed grids (no exaggeration) at the end of shaking.  
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PHOTOGRAPHS 



Photo 1
Upstream face of Middle Chase Dam in February 2009

Photo 2
Concrete deterioration on upstream face of Middle Chase Dam
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Photo 3
Upstream face of Lower Chase Dam from left abutment in February 2009. 

 Zodiak is being used for rebar survey and Schmidt Hammer testing of concrete strength

Photo 4
Deteriorated construction cold joints on upstream face of Lower Chase Dam near left abutment
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Photo 5
Deteriorated construction cold joints on entrance to spillway at Lower Chase Dam

Photo 6
Crest and downstream slope of Middle Chase Dam and bridge over spillway, viewed from left abutment in May 2009
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Photo 7
Upstream face of Middle Chase Dam viewed from left abutment in May 2009

Photo 8
Concrete placed beneath a rock overhang on the right 

abutment near the crest of the concrete wall
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Photo 9
Upstream face of Middle Chase Dam viewed from right abutment.

Photo 10
Crest of Middle Chase Dam viewed from right abutment.
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Photo 11
Downstream crest and slope of Middle Chase Dam viewed from crest of dam near right abutment.
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Photo 12
Downstream face of Middle Chase Dam
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Photo 13
Mound of fill material adjacent to Middle Chase Dam spillway wall is believed to be the original rock fill left in place in 

1980 when the downstream shell was substantially excavated and replaced.

Photo 14
Middle Chase Dam spillway
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Photo 15
Bedrock is visible at the bottom of the Chase River valley downstream of Middle Chase Dam

Photo 16
Upstream face of Lower Chase Dam viewed from confluence of Chase River with Lower Chase reservoir
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Photo 17
Lower Chase Dam spillway, facing towards left abutment

Photo 18
Honey combing and construction cold joints in left spillway wall at Lower Chase Dam.
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Photo 19
Upstream face and crest of Lower Chase Dam.  The photograph is lined up with the original concrete wall.  

The concrete wall that angles off from the original wall appears to have been constructed 
at a later date for a different purpose.

Photo 20
Original concrete wall with subsequent concrete wall cast on top of it.

  Note beveled edge of original wall and deterioration at cold joints or zones of poor quality concrete.

N13101249_photos 1-10, 13-30a.cdr

N13101249
April 2010

Seismic Hazard Assessment
Middle and Lower Chase Dams



Photo 21
Looking towards right abutment and spillway along the original concrete wall from valve chamber.  

The concrete wall that angles off from the original wall appears to have been constructed at a later date
 for a different purpose.

Photo 22
The lower original concrete wall continues to extend in a straight line towards the right abutment.  

The concrete wall that angles off from the original wall appears to have been constructed at a later date 
for a different purpose

N13101249_photos 1-10, 13-30a.cdr

N13101249
April 2010

Seismic Hazard Assessment
Middle and Lower Chase Dams



Photo 23
Looking along the upstream face of Lower Chase Dam towards left abutment along the original concrete wall from 

valve chamber. 

Photo 24
Crest of dam viewed from left abutment
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Photo 25
Upper portion of downstream slope and top of toe berm/filter layer viewed from right abutment

Photo 26
Settlement and cracking of asphalt walkway near downstream crest of dam where some shallow 

instability of the upper downstream face of the dam has occurred in the past.
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Photo 28
Proximity of Chase River channel crest to Barsby High School buildings

Photo 27
Downstream face of dam viewed from downstream toe.  

Note backscarps of small slope movements
 (less than 1.0 m high) at toe of dam.
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Photo 29
Little Ferns Daycare and Barsby High Scool Buildings located near crest of Chase River channel

Photo 30
Bruce Avenue crossing of Chase River
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APPENDIX A 
APPENDIX A EBA’S GENERAL CONDITIONS  



 

General Conditions - Geotechnical 

GEOTECHNICAL REPORT – GENERAL CONDITIONS 

This report incorporates and is subject to these “General Conditions”. 

1.0 USE OF REPORT AND OWNERSHIP 

This geotechnical report pertains to a specific site and a specific 
scope of work.  It is not applicable to any other sites nor should 
it be relied upon for purposes other than that to which it refers.  
Any variation from the site or purpose would necessitate a 
supplementary geotechnical assessment.  

This report and the recommendations contained in it are 
intended for the sole use of EBA’s Client.  EBA does not 
accept any responsibility for the accuracy of any of the data, the 
analyses or the recommendations contained or referenced in 
the report when the report is used or relied upon by any party 
other than EBA’s Client.  Any unauthorized use of the report is 
at the sole risk of the user. 

2.0 ALTERNATE REPORT FORMAT 

Where EBA submits both electronic file and hard copy 
versions of reports, drawings and other project-related 
documents and deliverables (collectively termed EBA’s 
instruments of professional service), only the signed and/or 
sealed versions shall be considered final and legally binding.  
The original signed and/or sealed version archived by EBA 
shall be deemed to be the original for the Project. 

Both electronic file and hard copy versions of EBA’s 
instruments of professional service shall not, under any 
circumstances, no matter who owns or uses them, be altered by 
any party except EBA.  EBA’s instruments of professional 
service will be used only and exactly as submitted by EBA. 

Electronic files submitted by EBA have been prepared and 
submitted using specific software and hardware systems.  EBA 
makes no representation about the compatibility of these files 
with the Client’s current or future software and hardware 
systems. 

3.0 ENVIRONMENTAL AND REGULATORY ISSUES 

Unless stipulated in the report, EBA has not been retained to 
investigate, address or consider and has not investigated, 
addressed or considered any environmental or regulatory issues 
associated with development on the subject site. 

 

4.0 NATURE AND EXACTNESS OF SOIL AND 
ROCK DESCRIPTIONS 

Classification and identification of soils and rocks are based 
upon commonly accepted systems and methods employed in 
professional geotechnical practice.  This report contains 
descriptions of the systems and methods used.  Where 
deviations from the system or method prevail, they are 
specifically mentioned. 

Classification and identification of geological units are 
judgmental in nature as to both type and condition.  EBA does 
not warrant conditions represented herein as exact, but infers 
accuracy only to the extent that is common in practice. 

Where subsurface conditions encountered during development 
are different from those described in this report, qualified 
geotechnical personnel should revisit the site and review 
recommendations in light of the actual conditions encountered. 

5.0 LOGS OF TESTHOLES 

The testhole logs are a compilation of conditions and 
classification of soils and rocks as obtained from field 
observations and laboratory testing of selected samples.  Soil 
and rock zones have been interpreted.  Change from one 
geological zone to the other, indicated on the logs as a distinct 
line, can be, in fact, transitional.  The extent of transition is 
interpretive.  Any circumstance which requires precise 
definition of soil or rock zone transition elevations may require 
further investigation and review. 

6.0 STRATIGRAPHIC AND GEOLOGICAL 
INFORMATION 

The stratigraphic and geological information indicated on 
drawings contained in this report are inferred from logs of test 
holes and/or soil/rock exposures.  Stratigraphy is known only 
at the locations of the test hole or exposure.  Actual geology 
and stratigraphy between test holes and/or exposures may vary 
from that shown on these drawings.  Natural variations in 
geological conditions are inherent and are a function of the 
historic environment.  EBA does not represent the conditions 
illustrated as exact but recognizes that variations will exist.  
Where knowledge of more precise locations of geological units 
is necessary, additional investigation and review may be 
necessary. 
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General Conditions - Geotechnical 

7.0 SURFACE WATER AND GROUNDWATER 
CONDITIONS 

Surface and groundwater conditions mentioned in this report 
are those observed at the times recorded in the report.  These 
conditions vary with geological detail between observation sites; 
annual, seasonal and special meteorologic conditions; and with 
development activity.  Interpretation of water conditions from 
observations and records is judgemental and constitutes an 
evaluation of circumstances as influenced by geology, 
meteorology and development activity.  Deviations from these 
observations may occur during the course of development 
activities. 

8.0 OBSERVATIONS DURING CONSTRUCTION 

Because of the nature of geological deposits, the judgmental 
nature of geotechnical engineering, as well as the potential of 
adverse circumstances arising from construction activity, 
observations during site preparation, excavation and 
construction should be carried out by a geotechnical engineer.  
These observations may then serve as the basis for 
confirmation and/or alteration of geotechnical 
recommendations or design guidelines presented herein.  
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APPENDIX B 
APPENDIX B HISTORICAL SUBSURFACE INFORMATION 



Chase River Dams Seismic Hazard Assessment
Summary of SPT Blow Counts from 1978 Investigation

BH# Dam Depth (m) Material N

4 Middle 2 1904 rockfill 31
3 1905 rockfill 13
4 1906 rockfill >100

6 Lower 1.1 1918 cinders etc 4
2 1919 cinders etc 1

3.5 Loose S,G and Cobbles 9
4.5 1904 rock fill 17

8 1904 rock fill 22
11 1904 rock fill >100

7 Lower 1.4 1904 rock fill 17
1.6 1904 rock fill 16

Review of N values for density descriptions

0 to 4 Very loose
4 to 10 Loose
10 to 30 Compact
30 to 50 Dense
>50 Very dense

Cinders, slag, sand and gravel Design value N value
N values Max N Not enough data Best Case Scenario, upper limit of "Loose" 10

4 Average N 3 Most Likely Case Scenario, average of 2 tests 3
1 Mean N Reasonable Worst Case Scenario, lower end of tests 1

Min N

1904 Rock fill
N values Max N 31 Best Case Scenario, upper end of "Compact" 30

31 Average N 18 Most Likely Case Scenario, middle of "Compact" 15
13 Median N 17 Reasonable Worst Case Scenario, lowest test result 9

9 Min N 9
17 *Statistically underpowered
22
17
16

1980 Fill in Downstream Shell of Middle Chase Dam and 1980 Lower Chase Dam Toe Berm (No SPT N values available)
Scenario N value
Best Case Scenario 35 Upper Practical Limit for S&G compacted to 95% SPD (assumed)
Most Likely Case Scenario 30 Mean between two ranges
Reasonable Worst Case Scenario 25 Upper range of "Compact", judged to be lower limit for S&G that was compacted to 95% SPD (assumed)
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Project: Chase River Dam Seismic Inspections 
Project Number: N13101249  
Task: Lower and Middle Chase Dam Testpitting 
Excavation Method of Testpits: Spade and Pick Axe 
Date: March 6, 2009 
 
Middle ChaseDam: 
 

TABLE 1:  TESTPIT - TP09-01 
 START: 12:45PM, END: 1:15PM 

Depth (m) Sample 

From To 

Soil Description 

Type Depth (m) N/PP 
0.00 0.05 Veneer of grass/topsoil    
0.05 1.10 SAND (FILL) – gravely, some cobbles to 200 mm, trace silt, 

dense, angular to rounded gravel and cobbles, moist, greyish 
brown, trace organics (roots) to 0.30 m. 
Groundwater not observed 
Testpit backfilled on completion. 

D 0.60-0.70 SA-01 

 

TABLE 2: TESTPIT - TP09-02 
  START: 1:25PM, END: 2:00PM 

Depth (m) Sample 

From To 

Soil Description 

Type Depth (m) N/PP 
0.00 0.05 Veneer of grass/topsoil    
0.05 1.10 SAND (FILL) – gravely, some cobbles to 200 mm, trace silt, 

dense, angular to subrounded gravel and cobbles, moist, 
greyish brown, trace organics (roots) to 0.3 m. 
Groundwater not observed 
Testpit backfilled on completion. 

D 0.80-0.90 SA-01 

 

TABLE 3:  TESTPIT - TP09-03  
 START: 2:10PM, END: 2:30PM 

Depth (m) Sample 

From To 

Soil Description 

Type Depth (m) N/PP 
0.00 0.20 SAND (TOPSOIL) – gravely, trace silt, compact, subrounded 

gravel, damp, blackish brown, organics (roots) 
   

0.20 0.80 SAND – gravely, trace cobbles to 250 mm, dense, subangular 
to subrounded gravel and cobbles, reddish brown, trace roots. 
Groundwater not observed 
Testpit backfilled on completion. 

D 0.70-0.80 SA-01 
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Lower ChaseDam: 
 

TABLE 4: TESTPIT - TP09-04  
 START: 11:40AM, END: 12:00PM 

Depth (m) Sample 

From To 

Soil Description 

Type Depth (m) N/PP 
0.00 0.01 Veneer of mowed brush/topsoil    
0.01 0.50 CLAY (FILL) – some silt, trace gravel, firm, low to medium 

plastic, rounded gravel, moist, brown, organics (roots). 
   

0.50 1.30 SLAG AND CINDERS (FILL) – some sand, trace coal, loose 
to compact, subrounded to rounded slag, cinders, sand and 
coal, damp, grey/brown, trace organics (roots) to 1.0 m. 
Groundwater not observed 
Testpit backfilled on completion. 

D 0.80-1.00 SA-01 

 

TABLE 5: TESTPIT - TP09-05 
  START: 11:10AM, END: 11:30AM 

Depth (m) Sample 

From To 

Soil Description 

Type Depth (m) N/PP 
0.00 0.05 Veneer of grass/topsoil    
0.05 1.30 SLAG AND CINDERS (FILL) – some sand, trace coal, loose 

to compact, subrounded to rounded slag, cinders, sand and 
coal, damp, grey/brown, trace organics (roots) to 1.0 m. 
Sloughing to 1.0 m 
Groundwater not observed 
Testpit backfilled on completion. 

D 0.60-0.80 SA-01 

 

TABLE 6: TESTPIT - TP09-06 
 START: 10:30AM, END: 11:00AM 

Depth (m) Sample 

From To 

Soil Description 

Type Depth (m) N/PP 
0.00 0.40 SAND (TOPSOIL) – some silt, some gravel, trace clay, dense, 

subrounded gravel, damp, black and brown, trace organics 
(roots) 

   

0.40 0.80 SAND (GLACIAL TILL) – some gravel, some silt, trace clay, 
dense to very dense, subrounded gravel, damp, light brown. 
Groundwater not observed 
Testpit backfilled on completion. 

D 0.60-0.70 SA-01 
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TABLE 7: TESTPIT - TP09-07 
 START: 9:00AM, END: 9:40AM 

Depth (m) Sample 

From To 

Soil Description 

Type Depth (m) N/PP 
0.00 0.05 Veneer of grass/topsoil    
0.05 0.15 SAND (TOPSOIL) – trace silt, compact, subrounded medium 

sand, moist, brown and black, organics. 
   

0.15 1.10 SAND (FILL) – gravely, trace cobbles to 250 mm, dense, 
rounded to subrounded gravel and cobbles, moist, brown. 
At 0.9 m, becomes wet 
Groundwater not observed 
Testpit backfilled on completion. 

D 0.60-0.80 SA-01 

 

 

TABLE 8:  TESTPIT - TP09-08 
  START: 9:50AM, END: 10:20AM 

Depth (m) Sample 

From To 

Soil Description 

Type Depth (m) N/PP 
0.00 0.80 COBBLES & CLAY – gravely, some silt, dense, angular 

cobbles and gravel, wet, brown, trace organics (roots) to 0.5 m 
The soil encountered is likely weathered bedrock in a clay/silt 
matrix 
Groundwater not observed 
Testpit backfilled on completion. 

D 0.60-0.70 SA-01 
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APPENDIX D 
APPENDIX D CONSEQUENCE CLASSIFICATION FOR DAMS IN BC 
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APPENDIX E 
APPENDIX E CAN ENGINEERING LTD. REPORT “CHASE RIVER – 3000-YEAR RETURN PERIOD 

SEISMIC HAZARD ASSESSMENT 
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APPENDIX F 
APPENDIX F UNSW PIPING FAILURE RISK ASSESSMENT 
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UNSW PIPING FAILURE RISK ASSESSMENT 

The UNSW method of assessing the probability of piping failure for dams involves the following 
steps: 

• Assess the average annual frequencies of failure for embankment piping (Pe), foundation piping 
(Pf) and piping of the embankment into the foundation (Pef).  This includes consideration of 
whether or not the dam is greater or less than 5 years in age as approximately 2/3 of piping 
failures  (Foster et al, 2000) have been found to occur in the first five years following first filling: 

• Calculate weighting factors for each of the aforementioned piping failure modes (we, wf, wef) 
which take into account dam characteristics such as core materials/properties, compaction and 
foundation geology as well as past performance of the dam.  The weighting factors are the 
product of a series of weighting factors for each particular characteristic of the dam or 
foundation; and 

• Calculate the annual likelihood of piping failure (Pp) using the following formula\ 

• Pp = Pe x we + Pf x wf + Pef x wef 

A drawback of the UNSW method is that is based on a retrospective study that tends to lump 
together the factors that influence the initiation and progression of piping and breach formation for 
historical failures and dam safety incidents (an event where the integrity of the dam has been 
compromised but failure has not occurred) documented in the ICOLD database on dam failures.  
As such, it is not possible to specifically isolate the influence of each factor.  Another key 
consideration is the inherent assumption that the Middle and Lower Chase Dams will have enough 
similar characteristics to the population of dams within the database that the findings of the database 
review are statistically relevant for the purposes of this assessment. 

EBA has assumed that the Middle and Lower Chase Dams qualified as an “Rockfill Dam with Core 
Wall” as presented in Table 1 of the Foster et al, 2000 paper.  One key consideration is that there 
appears to have been no dam within the database with this description that has failed.  This may not 
be due superiority in design concept, but rather due to the limitations of the database.  The paper 
prepared by Foster et al, 2000 presents an assumed average probability of failure for this type of 
dam.  Looking at the Chase River Dams, the following piping failure mechanisms are considered to 
be credible: 

• Middle Chase Dam – continued deterioration or seismic damage of the wooden low level 
conduit causes an increase in seepage through the downstream shell which accelerates and 
erodes a large part of the downstream shell.   The original rock fill downstream shell has been 
replaced with a sand and gravel downstream shell in 1980.  Loose rock fill has a high degree of 
erosion resistance compared to sand and gravel.  This results in loss of support for the concrete 
wall which could topple and cause an uncontrolled discharge.  The nature and characteristics of 
the exposed bedrock abutments suggests that piping within the foundation or piping of the 
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embankment into the foundation is much less likely.  However, no records are available to 
confirm this; and 

• Lower Chase Dam – the low level conduits have been sealed with concrete and the entrance 
chamber filled with concrete.  Seepage rate increases through or around the wooden low level 
conduit pipes are not credible given the attention given to these features in 1980.  The 
overburden cover and results of drilling in 1978 suggest that either the concrete wall is founded 
on rock or dense till.  The original rock fill is still in place in the downstream shell which means 
cracks that form in the wall are less likely to result in leakage that causes initiation of piping.  
There are limited bedrock exposures near Lower Chase Dam which does not support any 
comment on the relative likelihood of piping within the foundation or piping from the 
embankment into the foundation.   

Based on the aforementioned discussion, the UNSW method is viewed to be more applicable to 
Middle Chase Dam than Upper Chase Dam.  Therefore, the results for Lower Chase Dam may not 
be reliable but are presented in Figure 8 and discussed in the body of this report for comparative 
purposes. 

The average annual probabilities presented in table F1 were selected from the Foster et al 2000 study 
and the weighting factors were calculated using the descriptors presented in the same paper.  The 
tabulated weighting factors are presented as follows. 
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TABLE F1:  MIDDLE CHASE DAM CALCULATION OF ANNUAL LIKLIHOOD OF PIPING FAILURE 

Piping Failure Mode 

Average Annual 
Probability of 

Failure (before 
seismic event 

i.e. "age" > 5 yrs) 

Average Annual 
Probability of 
Failure (after 
seismic event 

i.e. "age"< 5 yrs) 

Overall 
Weighting 

Factor 

Weighted 
Likelihood of 
Piping Failure 

Before Seismic 
Event 

Weighted 
Likelihood of 
Piping Failure 
After Seismic 

Event 
Piping through embankment 1.30E-05 1.30E-04 0.72 9.36E-06 9.36E-05 
Piping through foundation 1.90E-05 2.55E-04 0.13 2.55E-06 3.43E-05 
Piping from embankment into 
foundation 4.00E-06 1.90E-05 1.65 6.59E-06 3.13E-05 

   SUM 1.85E-05 1.59E-04 
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CALCULATION OF WE 
Embankment filter 0.2 Downstream shell fill unknown self filtering capacity 
Core geologic origin 1 Not applicable, factor of 1.0 does not modify result 
Core soil type 1 Not applicable, factor of 1.0 does not modify result 
Compaction 0.5 Downstream shell compacted and tested, no test results available 
Conduits 5 Conduit through core wall, anticipated to be in very poor shape 

Foundation treatment 1.2 
Irregularities in foundation or abutment, steep faces (untreated vertical faces or overhangs gives 
factor of 2) 

Observations of seepage 1 Leakage clear and steady, has increased and decreased in early 1990s 
Monitoring and surveillance 1.2 Monthly inspections conducted by City 

 

CALCULATION OF WF 
Filters 0.8 No foundation filter, not likely one required, sand and gravel will provide some filtering 
Foundation below Cut Off 0.2 Expect good rock foundation 
Cutoff (soil foundation) 1 Not applicable, factor of 1.0 does not modify result 
Cutoff (rock foundation) 1 Assume average or not required 
Soil geology (below cutoff) 1 Not applicable, factor of 1.0 does not modify result 
Rock geology (below cutoff) 0.7 Sandstone, conglomerate foundation 
Observations of seepage 1 Leakage clear and steady, has increased and decreased in early 1990s 
Observations or pore pressures 1 None available, no modification of rating 
Monitoring and surveillance 1.2 Monthly inspections conducted by City 

 

CALCULATION OF WEF 
Filters 1 Core or shell won't pipe into foundation 
Foundation cutoff 0.8 Shallow or no cut off trench 
Foundation 1.5 Founded on rock 
Erosion control measures in fndn 1 Core foundation not an issue for concrete 
Grouting? 1.3 No grouting 
Soil geology 1 No soil beneath core 
Rock geology 0.8 Sandstone, conglomerate 
Core geological origin 1 Core is concrete, factor of 1 does not modify result 
Core soil type 1 Core is concrete, factor of 1 does not modify result 
Core compaction 1 Core is concrete, factor of 1 does not modify result 
Foundation treatment 1.1 Irregularities in foundation or abutment, steep abutments 
Observations of seepage 1 Leakage clear and steady, has increased and decreased in early 1990s 
Monitoring and surveillance 1.2 Monthly inspections conducted by City 
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TABLE F2:  LOWER CHASE DAM CALCULATION OF ANNUAL LIKLIHOOD OF PIPING FAILURE 

Piping Failure Mode 

Average Annual 
Probability of 

Failure (before 
seismic event 

i.e. "age" > 5 yrs) 

Average Annual 
Probability of 
Failure (after 
seismic event 

i.e. "age"< 5 yrs) 

Overall 
Weighting 

Factor 

Weighted 
Likelihood of 
Piping Failure 

Before Seismic 
Event 

Weighted 
Likelihood of 
Piping Failure 
After Seismic 

Event 
Piping through embankment 1.30E-05 1.30E-04 1.44 1.87E-05 1.87E-04 
Piping through foundation 1.90E-05 2.55E-04 0.20 3.83E-06 5.14E-05 
Piping from embankment into 
foundation 4.00E-06 1.90E-05 2.06 8.24E-06 3.91E-05 
   SUM 3.08E-05 2.78E-04 
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CALCULATION OF WE 
Embankment filter 1 If core wall on soil, need a filter which isn't likely present 
Core geologic origin 1 Not applicable, factor of 1.0 does not modify result 
Core soil type 1 Not applicable, factor of 1.0 does not modify result 
Compaction 0.5 No compaction in majority of shells 
Conduits 2 Conduit through embankment and core wall, some poor details 

Foundation treatment 1.2 
Assume irregularities in foundation or abutment, steep faces (untreated vertical faces or overhangs 
gives factor of 2) 

Observations of seepage 1 Leakage clear and steady 
Monitoring and surveillance 1.2 Monthly inspections conducted by City 

 

CALCULATION OF WF 
Filters 1.2 No foundation filter 
Foundation below Cut Off 0.2 Could be soil 
Cutoff (soil foundation) 1 Shallow or no cut off trench 
Cutoff (rock foundation) 1 Assume soil foundation 
Soil geology (below cutoff) 1 Glacial till possibly beneath core wall 
Rock geology (below cutoff)\ 0.7 Assume soil foundation 
Observations of seepage 1 Leakage clear and steady, has increased and decreased in early 1990s 
Observations or pore pressures 1 None available, no modification of rating 
Monitoring and surveillance 1.2 Monthly inspections conducted by City 

 

CALCULATION OF WEF 
Filters 1 Core or shell won't pipe into foundation 
Foundation cutoff 1 Shallow or no cut off trench 
Foundation 1.5 Founded on or partly on rock (abutments) 
Erosion control measures in fndn 1 Core foundation not an issue for concrete 
Grouting? 1.3 No grouting 
Soil geology 1 No soil beneath core 
Rock geology 0.8 Sandstone, conglomerate 
Core geological origin 1 Core is concrete, factor of 1 does not modify result 
Core soil type 1 Core is concrete, factor of 1 does not modify result 
Core compaction 1 Core is concrete, factor of 1 does not modify result 
Foundation treatment 1.1 Irregularities in foundation or abutment, steep abutments 
Observations of seepage 1 Leakage clear and steady, has increased and decreased in early 1990s 
Monitoring and surveillance 1.2 Monthly inspections conducted by City 
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