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Presenter
Presentation Notes
We are here to provide you with the results of an important six-year research project that BC Hydro has completed regarding the seismic hazards on Vancouver Island, and throughout the Province where BC Hydro has dams and generating stations. 
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BC HYDRO DAM SAFETY PROGRAM 

• 41 dam facilities province-wide in 23 watersheds 

• Ongoing dam safety studies and modelling, maintenance and 

upgrades 

• Near real-time dam safety monitoring, including 24/7 monitoring, 

and weekly visual inspections by crews 

• Semi-annual inspections; independent reviews (7 – 10 years) 

• 2013 Independent Dam Safety Audit  

Go to www.bchydro.com/damsafety 

Presenter
Presentation Notes
BC Hydro dams are safe.  We have an extensive Dam Safety Program to manage our 41 dam sites in 23 watersheds.  Please go to www.bchydro.com/damsafety for more information. 
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NEW SEISMIC HAZARD MODEL 

• Updated model provided better understanding of ground motion 

and hazard for all BC Hydro dams. Previous models outdated. 

 

• First hydroelectric utility in North America to develop the rigorous, 

best-in-class seismic hazard model. Comparable to process 

used by nuclear industry.  

 

• Six years of research by BC Hydro and international experts 

 
 

Presenter
Presentation Notes
For all of our sites, we now have a better understanding of the seismic hazard and ground motion in the event of a major earthquake.   Our previous modelling had become outdated and we also wanted to have a more uniform process of assessing seismic hazards across our entire system. This was a very large body of research over nearly six years bringing together some of the foremost experts in North America – seismologists, geologists, physicists, engineers, and other disciplines of study. Our work was also peer reviewed. 



4 

WHY NEW RESEARCH? 

 
• What has changed since then? 

 
• More data 

 
• Improved understanding of B.C. seismotectonics 

 
• Ground motion models 

 
 

Presenter
Presentation Notes
Much has changed in the past twenty years in terms of earthquake science.More detailed data on large earthquakes has been collected in Japan, New Zealand and Chile.There have been advances in studies on how the energy from an earthquake gets transmitted through the earth, and what the resultant ground motions can be at a particular site.We know more about BC’s seismic profile and, in particular, the Cascadia subduction zone, which is explained in the next slide
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THE CASCADIA SUBDUCTION ZONE 

Presenter
Presentation Notes
New oceanic plate material is being formed at the junction between two oceanic plates, causing them to spread apart.  This, in turn, is causing the plate closest to Vancouver Island to be pushed under the Continental crust.  There is great friction in this process, and the plates get “stuck”.  The pressure builds up, causing an upward thrust on the edge of the continental crust, until it is suddenly released, causing a major subduction zone earthquake.  The last major earthquake was in January, 1700 and is known due to tsunami records in Japan.
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IMPACT ON SYSTEM 

Presenter
Presentation Notes
The study showed that the seismic hazard at the province’s largest generating facilities in the North and Southeast has decreased or remained the same. The same is true for our plants and dams in the Lower Mainland. 
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BC HYDRO SEISMIC SAFETY 

IMPACT ON SYSTEM 

Presenter
Presentation Notes
 The study also indicated three areas where the seismic hazard increased:The Bridge River system near LillooetThe Campbell River system The Jordan River SystemThis information is not a surprise for Vancouver Island as we are already aware of the seismic reality in this part of the world.  This coastal region alone experiences some 400 earthquakes every year, most of which are never felt. 
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IMPACT ON SYSTEM – ALL EARTHQUAKES 

Bear Creek 
Jordan 
Elliott 

Presenter
Presentation Notes
This shows the difference in maximum ground acceleration (or g force) that would be expected in various areas of the province at a yearly chance of 1 in 10,000 . The range across the province is striking as you move from east to west, due to the different types and magnitudes of earthquakes expected in the different areas.
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JORDAN DIVERSION DAM 

Current seismic withstand = 0.45g 

40m high  
230m long  

Presenter
Presentation Notes
This is an aerial photo of the Jordan River Diversion Dam. The checker board appearance is due to the cross bracing that was added to the dam in the 1990’s.   
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CONCRETE BUTTRESS DAM 

  

Presenter
Presentation Notes
The Jordan River Diversion dam is a concrete buttress dam, where a relatively thin slab of concrete forms the water barrier, and this is supported by a number of buttresses as shown.
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1990’S UPGRADES 

Presenter
Presentation Notes
The 1990’s work added cross-bracing as shown in red.�The type of dam is difficult to anchor against upward g acceleration because of the relatively thin concrete elements of the dam. 
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CASCADIA EARTHQUAKE EVENTS 

Presenter
Presentation Notes
Jordan River is about 40 km away from the “locked” portion of the Cascadia Subduction Zone.  As noted before, the extreme ground motion would be 1.5g, and this could be produced by a M9 earthquake at this distance.  The dams would not be expected to survive this ground motion. However, they would survive very large earthquakes along the Cascadia; although a M7.5 event would cause great damage to the surrounding area, the dams would not be damaged.  At about M8, the ground motions will damage the dams, but they still may not fail.
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ASSESSMENT / CONSIDERATIONS  
 

1. Upgrade Further or Replace  
 

2. Lower the reservoir or Decommission 
 
 
   

Presenter
Presentation Notes
Decommissioning: Jordan is an important generating facility and provides additional reliability for our system during peak hour usage or when we do work on our transmission system and need to take outages. In addition, removing the dams will increase the flood risk for people downstream.  Upgrading: The newly calculated 1.5 g ground motion at Jordan River is extremely high. While BC Hydro has not prepared an estimate for a dam upgrade to the new seismic level, we have done a conceptual study up to 0.9g.  Based on this, we are concerned about the technical feasibility and financial viability of a further upgrade to 1.5g. We are not aware of any dam in the world that is built to this level of seismic withstand.  Replacing:.  There are technical and financial challenges to building a new dam to withstand a worst-case scenario earthquake in Jordan River.  Again, BC Hydro is not aware of any dam in the world that is built to this level of seismic withstand.  Lowering the reservoir: this would require us to build new transmission lines to carry new power into the system to compensate for the loss of power generation caused by the reduction of water levels in the reservoir. 
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DAM DESIGN LEVELS 

Chance per year Ground Motion (g) 

1 in ten thousand 1.5 
1 in a thousand 0.9 
1 in 500 0.37 Current Withstand 

 about 0.45g 

CDA Guideline  

Feasible Upgrade 

Presenter
Presentation Notes
This slide compares the various levels of ground motion against the yearly chance of that ground motion occurring.Any dam with downstream population at risk should be able to resist a ground motion with a 1 in 10000 chance of occurring each year as per the CDA Guidelines.  At Jordan, this motion is 1.5g.  The Jordan Diversion Dam can currently withstand 0.45g, and we have a concept design that could raise this to 0.9g.  However, the yearly chance of 0.9g occurring is about 1 in 1000, which is not sufficient as per current guidelinesMajor damage to buildings, roads and bridges at Jordan is possible even at a ground motion with higher chances of occurrence than 1 in 1000 because of the seismic hazard due to the Cascadia Subduction zone.  A 0.37g ground motion is likely higher than what any structures would have been originally designed to, or would survive without significant damage in the Jordan area, and this has about a 1 in 500 yearly chance of occurring.



15 

JORDAN RIVER ELECTRIC SYSTEM 
 • Bear Creek Dam (1912) 

• Upgrades in the 1970s/1990, including seismic 

• Jordan River Diversion Dam (1913) 
• New powerhouse (1971), extensive upgrades in 1958,1971 

and 1991, including seismic 

• Elliot Dam (1970) 
 

• Used as needed to provide electricity during peak use 
hours for Southern Vancouver Island and to support 
transmission line outages.   

• System supplies about 10% of the Island’s needs.  

Presenter
Presentation Notes
The Jordan River system is comprised of:The Jordan River Diversion Dam built in 1913The Bear Creek Dam built in 1912The Elliot Dam built in 1970Used mainly to provide capacity during peak hours or support for transmission line outagesThe system supplies about 10 per cent of the Island’s needs
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VANCOUVER ISLAND TRANSMISSION 

Presenter
Presentation Notes
Vancouver Island is served, in part,  by on-Island power (about 20 percent), with the remaining power coming from the mainland through three underwater cables. There are six transmission lines serving the southern half of Vancouver Island.  One of those lines is sourced from the Jordan River system. 
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JORDAN RIVER FINDINGS 
 • In a major earthquake resulting in structural damage to 
buildings, immediate downstream evacuation will be 
critical.  

• In a worst-case scenario where the dam is jeopardized 
or fails, water could arrive into the inundation zone as 
quickly as 20 minutes; a tsunami could arrive in 45 
minutes. 
 
 
 

Presenter
Presentation Notes
While we know that Vancouver Island is the most seismically active region in the province,  Jordan River is a particularly vulnerable area. Ground movement and shaking following a major earthquake will be much longer and stronger than we previously understood -- almost three times greater.  It is at least 2 – 3 times greater than would be the case in the Lower Mainland, and  about double the east coast of Vancouver Island.  Jordan River has the highest seismic hazard on the Island, and likely in the province and in the country. In a worst-case earthquake scenario (8 – 9 magnitude near Jordan River) that results in structural and serious damage to buildings, the dam could begin to fail and result in the release of water downstream. What people need to know is that if there is an earthquake that causes serious damage to any buildings, they need to evacuate this area immediately. 
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Presenter
Presentation Notes
This is the evacuation map that has been prepared. You will see in the light red/pink area from the dam site to the mouth of the Jordan River depicts where water is expected to flow in the event the Diversion Dam is damaged and unable to hold back the water.  It is in this area where nine residences are located, in addition to local business, including a commercial operation. 
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NEXT STEPS 
• Work with local residents, businesses, First 

Nations and local authorities to: 

• Improve local emergency planning/awareness 

• Ensure businesses and recreational interests 
can continue to operate 

• Limit future development within evacuation 
area 

• Offer to purchase homes 
   

Presenter
Presentation Notes
BC Hydro is now working with all of the local interests to:Improve local emergency planning and awareness.  We will continue to work with the Capital Regional District on signage and other means to increase the level of awareness for area residents and those travelling through and/or recreating in this area.We are working with local businesses – like the dry land log sort operation – to ensure full awareness of the seismic hazard. Other day-time activities like surfing, hiking and the conduct of business should continue without disruption. We will also be working with the Capital Regional District to explore the possibility of limiting future residential development in the evacuation area.And finally, BC Hydro is now offering to purchase the homes of landowners in the evacuation area. 
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