Culture of Reliability Excellence:
Surry Nuclear Power Station Tornado Event
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Good Morning!

I am Carl Eng, Manager – System Operations Engineering for Dominion Virginia Power.  I am here to make a presentation on the tornado event that affected Dominion’s Surry Nuclear Power Station this past Spring.

This presentation was originally made to NERC’s Member Representatives Committee on August 3, 2011 by Scot Hathaway, Dominion Virginia Power’s Vice President for Electric Transmission and Substations.

It is a privilege and an honor to speak before NERC’s Operating Committee / Planning Committee; particularly on such an important topic:

	A Culture of Reliability Excellence

 I thank you for this opportunity.
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I intend to address the following topics this afternoon:

Who is Dominion?

What is Dominion’s Culture of Reliability Excellence?

Review a Case Study highlighting how Dominion’s Culture of Excellence enhanced our response to the “Perfect Storm” – a EF3 tornado touching down inside a nuclear unit’s switchyard!

And, finally, how the pursuit of excellence demands continuous improvement.



Dominion Profile

Leading provider of energy and energy services in the Midwest,
Northeast and Mid-Atlantic regions of the U.S.

- ~27,600 MW of electric generation

6,000+ miles of electric transmission

12,000 miles of natural gas transmission,
gathering and storage pipeline

942 billion cubic feet of natural gas storage
operated

D
B covePoint NG Facility

- 2.4 million electric customers in VA and NC
[ 1.3 million natural gas customers in OH & WV

2.1 million non-regulated retail customers in 13 states
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I work for a great company, so I beg your indulgence while I share a few details about what makes us great.
Dominion is one of the nation's largest producers and transporters of energy, with a portfolio of approximately 28,200 megawatts of generation, 12,000 miles of natural gas transmission, gathering and storage pipeline and 6,300 miles of electric transmission lines. 
Dominion operates the nation's largest natural gas storage system with 947 billion cubic feet of storage capacity and serves retail energy customers in 15 states. 
Dominion's strategy is to be a leading provider of electricity, natural gas and related services to customers in the energy-intensive Midwest, Mid-Atlantic and Northeast regions of the U.S., a potential market of 50 million homes and businesses where 40 percent of the nation's energy is consumed.

Some Financial Metrics
$15.2 billion in revenue
$5.7 billion in operating income, or EBIT, and $2.8 billion in net income
Market Cap = $28.8 billion based on 575 million shares outstanding
Total assets = $42.8 billion



Our Integrated Business Model

Dominion Virginia Power
e Electric Distribution
e Electric Transmission
e Unregulated Retail

Dominion Generation
e Regulated Generation
e Merchant Generation

Dominion Energy
* Gas Transmission
e Gas Distribution
e Producer Services
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Dominion’s three primary operating segments operate in 14 states in the mid-Atlantic, Northeast and Midwest.

Dominion Virginia Power operates regulated electric transmission and distribution franchises in Virginia and North Carolina, providing electric service to 2.4 million customer accounts in the two state area.

Dominion Generation operates the company’s fleet of regulated power stations serving its electric utility franchise, as well as a merchant power fleet supplying wholesale markets in the Midwest and Northeast. 

Dominion Energy operates the nation’s largest natural gas storage system; a network of 11,000 miles of natural gas transmission, gathering and storage pipelines; a natural gas distribution system serving 1.3 million customer accounts in West Virginia and Ohio; and a liquefied natural gas terminal in Maryland.



Building a Culture of Reliability Excellence

|Core Values:

Safety, Ethics, One Dominion, Excellence

Compliance Organization:

Structured for corporate oversight in
each business unit

Goals:

Reinforcing culture through Annual
Incentive Program
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The building blocks to Dominion’s Culture of Reliability Excellence are 
shared core values, 
organizational structures that provide clear lines of sight to accountabilities and 
goals that reinforce and reward appropriate behaviors.
The key is core values shared by all employees.  Dominion’s core values of are the bedrock on which we have build a culture of reliability excellence.

Safety: Our highest priority in the workforce – both employees and contractors - and in the community.
Ethics: Acting responsibly and with integrity in all circumstances.
Excellence: The standard of performance to which we aspire.
One Dominion: A unifying focus on teamwork companywide.

More on our Compliance Organization in a moment.

As to a goal example, Dominion’s Electric Transmission and Substations organization has goals impacting bonus payouts to over 800 people.  Our compliance goal is to have zero violations that are not self-reported.  Self-reported violations have no impact on bonus payouts.  This is done to encourage critical self assessment without punitive consequences.



Building a Culture of Reliability Excellence

BOD Audit Committee
Chairman, President & CEO

Dominion Resources Inc

Responsible for policy setting, NERC Compliance Administration
program administration and

corporate consistency across ,
registered entities ITRM & Corp Security

Responsible for implementing

compliance programs and . - . . . .
oolicies, day to day compliance Dominion Registered Entity Compliance Officer
obligations including necessary and Staff

documentation
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This is our corporate compliance organization.  Highlights include:

Independent reporting silos with direct access to Dominion’s Board, President and CEO, and Senior Officers,
A corporate umbrella organization responsible for policy setting, program administration and corporate consistency across registered entities; and
Separate business unit organizations responsible for implementing compliance programs and policies, and day-to-day compliance obligations including necessary documentation.
For example, the Electric Transmission & Substations’ (ET&S) compliance organization consists of 8 full-time, dedicated employees:
1 Director
3 Managers, and
4 Compliance Specialists.

Additionally, there are approximately 30 Subject Matter Experts embedded in the ET&S operating organization.









Case Study:
Surry Nuclear Power Station



Background

April: “Shoulder Season”
* Maintenance outages
e Construction outages
e Typically milder
temperatures (lighter
loading)

Unpredicted Extreme Heat
e Several days in 90 degree range
e Heavy loading conditions

Incoming Storm Cell Activity

e Coming in from the south
e More than 90 verified tornados in neighboring North Carolina
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A very warm Saturday in early Spring, providing a glimpse of the upcoming summer.


Summary of Tornado Event

J EF 3 tornado struck switchyard X
~6:45 p.m. Saturday, April 16

[ Units 1 and 2 shutdown
automatically

(d Emergency backup power
sources started immediately

J Safety Systems responded as

designed "8 0L . Surry Nuclear
A TR\ B ~ Power Station
 There were no resulting S Vi SRR § N
injuries S ' , T &

...-,-.‘.(100816'

Eyealt 4917 mi

Fukushima Daiichi disaster had occurred one month earlier in Japan.
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 EF 3  (Enhanced Fujita Scale 3 – 136 to 165 MPH wind speed) tornado touched near Surry Power Station and destroyed the electrical switchyard (Estimated Wind Speed...136 TO 165 MPH)
 Both units shutdown automatically and back-up diesel generators started powering emergency cooling systems, as designed
 Fortunately, there were no resulting injuries at station despite more than 100 people working in preparation of the Unit 2 outage, which was scheduled to begin after midnight.
 Event occurred about a month after Fukushima Daiichi earthquake/tsunami in Japan, with the national population tuned in to the tragedy and problems TEPCO experienced with the multiple unit damage caused by the loss of electricity to power safety systems.
 Public awareness was heightened to loss of off-site power consequences at nuclear stations



Tornado Path Heading into Surry Facilities
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View looking Southwest on Right of Way leading to the Surry Substation.
Note tree damage outside the right of way.


Tornado Path Through Switchyard

21 Seconds:

500kV line lockout

230kV line lockout
Second 500kV line lockout
Surry Unit 2 trips offline
Third 500kV line lockout
Second 230kV line lockout
Surry 34.5KV bus lockout

Surry transformer 2
lockout

Surry unit 1 trips offline

1800 MW of generation

500kV network serving
Williamsburg-Virginia Beach

LOST
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 Above is a site map that shows the direction of the tornado on station property.
 The location of the reactors is 100 yards west of the path. It is left/center of the green line.
 The tornado also crossed the 2-mile long water intake canal and damaged some buildings and vehicles on the construction side of the station.
Fortunately, a lot of outage related equipment, such as scaffolding, had been pre-staged for the Unit 2 outage. The tornado did not disturb this equipment.

Note: had the tornado struck the reactors, the containment buildings and spent fuel pools would have withstood the winds. The concrete containment buildings housing the reactors are designed to withstand winds of 300 miles per hour. The winds from this tornado were half the speed of the design.

The sheet metal panels on the turbine building would have been damaged by the tornado had it been in the path, but the panels are designed to blow off before the structural integrity of the building is compromised.


CONFIDENTIAY
NOT FOR PUBLIC DISTRIBUTION
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 The is a satellite photograph of the switchyard with the path of the tornado identified.


The Damage

AR
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The blue dumpster was originally located outside of the substation fence prior to the tornado’s arrival.


Electrical Switchyard: Splintered Bus Work




Transmission Line Damage
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Transmission line damage included broken jumpers and debris lodged into the conductors.
The lower left photo shows a soft drink can that wrapped around the conductor.


Electrical Switchyard: Bus Damage
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Insulators broken by airborne debris resulted in damage to buses.



Electrical Switchyard: Flying Debris
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Flying debris included 50 pound concrete covers that protect cable trays.
Note the damage to the conduit and debris lodged into the cooling fins.


Vehicle Maintenance and Carpenter Shop




The Impact

Photo of tornado taken from station security camera



The Keys to Restoration Success

1 Personnel response was exceptional from all segments of the
company supporting restoration activities in a safe manner

J Excellent contractor support and response for both
Transmission Lines and Substations

J Relaying systems at Surry operated as designed and isolated
the plant

J Use of 34.5kV “swing bus” with three sources of 34.5kV to
serve critical loads at Surry Power Station
— Allowed flexibility to restore service on day 1

— Allowed for the repair of 230kV bus without interrupting service to
critical plant loads



Switchyard Restoration
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Crews worked 24/7 to restore switchyard in 3 days, enabling Surry 1 to return to service
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  Dominion line crews responded immediately after tornado struck.

  Within 6 hours, crews restored enough off-site power enabling Surry to secure two of four emergency diesel generators.

  By Sunday evening, working round the clock, power was restored so that the remaining two diesel generators could be secured.

  Within 3 days, normal redundant power feeds were completely restored for Unit 1, support restart in less than one week from the initial storm.

  The team worked together to prioritize repairs which best supported nuclear and personnel safety.

  There was not a single injury during the restoration effort, which included contractor crews in the switchyard,  and for Surry multiple divers to retrieve tornado debris from the cooling water intake canal.


Excellence: Continuous Improvement

[ The loss of digital relays due to water was not a significant issue in this
event but if more damage had occurred it could have created a different
restoration time line.

(d New air conditioned facilities did not allow for an equilibrium of pressure
and rubberized roof membrane was breached. Review design of existing
control houses to improve their ability to handle high winds.

O Work trailers although tied down with concrete blocks could not be
restrained. Use of vehicles in critical locations will need to be considered.







	Presentation Eleven - Surry Nuclear Power Station Tornado Event



