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Nuclear power projects are complex and sensitive to cost and schedule ……
but have a history of  large cost/ schedule over-runs

* Source: Power Gen 2010: ‘CAN UTILITIES DELIVER NUCLEAR CONSTRUCTION PROJECTS ON-TIME AND ON-BUDGET?  
Authors: Kish Khemani and Neal Walters with AT KEARNEY. 

“From this model we see that total construction cost is 
arguably the key factor, and that even a modest cost over-run 
(10-15%) could erase the cost advantage over competing fuel 
sources that a business case would have indicated.“

Challenges

Cost over runs continue to climb



Operational plants are facing increasing regulatory challenges 
   - Compliance efforts are manually-intensive and time consuming 
   - Cost of outages can run into millions of $US per day

NRC To Investigate Safety Valve Incident At Shearon Harris Plant.

The Raleigh (NC) News & Observer (5/7, Murawski) reports, "The Nuclear Regulatory 
Commission has launched a special inspection to figure out why a pair of safety valves 
failed to close last month at the Shearon Harris nuclear plant when the Wake County facility 
was shut down for refueling." Four "NRC inspectors will spend the week reviewing the 
mechanical malfunction" at Shearon Harris, because, while it "did not cause a safety 
hazard," it "could have jeopardized lives and equipment if the plant's pipes had burst and 
blasted scalding steam onto equipment and plant workers, as has happened at other US 
nuclear plants." The News & Observer adds "Progress has its own team investigating the 
mishap to determine if the enormous industrial valves can be repaired or if they will have to 
be replaced." 

Lawmaker: San Onofre won't restart until safety operations are 
assured: Southern California Edison officials won't restart the San Onofre 
nuclear plant in California until the safe operation of the plant is assured, 
Rep. Dana Rohrabacher, R-Calif., said after touring the facility. The plant 
has been offline since January because of steam-generator problems. 
"They all have families near the plant, so they're not going ... to do anything 
to put the public at risk," Rohrabacher said. 
San Jose Mercury News (Calif.)/City News Service (free registration) (5/4) 

NRC: Concrete concern is an issue for N.H. plant relicensing
NextEra Energy's bid to extend the operating license of its Seabrook nuclear 
plant in New Hampshire hinges on the company's handling of concrete 
degradation at the facility, said Chris Miller, the Nuclear Regulatory 
Commission's director of reactor safety. The company needs to pinpoint the 
cause of the concrete degradation and establish a corrective action plan 
before its relicensing application is approved, Miller said. 
SeacoastOnline (Portsmouth, N.H.) (tiered subscription model) (4/27) 

Dominion shareholders defeat safety-review plan
Dominion Resources' shareholders defeated New York Comptroller Thomas DiNapoli's 
proposal for the company to reassess its nuclear-safety practices. DiNapoli, who represents 
more than 2 million shares in the company, said that last year's 5.8-magnitude earthquake on 
the East Coast prompted the shutdown of the company's North Anna Power Station in 
Virginia, and federal regulators later determined that the incident exceeded the plant's design 
parameters. The Wall Street Journal/The Associated Press (5/11) Swiss nuclear plants clear EU-ordered stress tests

All of Switzerland's nuclear plants have passed European 
Union-mandated stress tests for such facilities. The plants 
had shown "high safety margins and strong robustness" and 
received a "special mention" for having multiple layers of 
security of energy supply, according to the Swiss Federal 
Nuclear Safety Inspectorate. SwissInfo (4/26)

Japan nuclear plant is susceptible to accident, official says
Chubu Electric Power's idled Hamaoka nuclear plant in 
Shizuoka, Japan is at risk of a major nuclear accident, said 
Shizuoka Gov. Heita Kawakatsu. Chubu Electric's safety 
measures for the plant are "inadequate," Kawakatsu said, 
adding that he will not permit its restart until the utility 
resolves the used-fuel-disposal issue. 
The Wall Street Journal/Dow Jones Newswires (4/25) 
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The tight coupling and complex interactions in nuclear plants makes them 
prone to “systems risk”

The growth in complexity leads to growth in risk.
Operators need to take a systematic approach to managing the risk.

Source: Final Report: NASA Study on Flight Software Complexity, Commissioned by the NASA Office of Chief 
Engineer, Technical Excellence Program, Adam West, Program Manager (2009)

Challenges



Combination and permutation formula illustrates the complexity

Challenges



Additional challenges are being driven by the transition to digital 
Instrumentation and Controls (I&C)

Diversity and defense-in-depth and protection against common-cause failures

Self-diagnostics within a digital I&C platform

Communications between safety and non-safety channels

Highly-integrated control rooms

Qualification of safety system platforms

Software verification and validation (V&V)

Software quality

Cyber security

Configuration management

Probabilistic Risk Assessment (PRA) for digital systems

Challenges



10 of the top issues to avoid as energy systems modernize throughout the life cycle. 

1. Requirements grow and change at rates in excess of 1 percent 
per calendar month.

2. Few applications include greater than 80 percent of user 
requirements in the first release.

3. Some requirements are dangerous or “toxic” and should not be 
included.

4. Some applications are overstuffed with extraneous features no 
one asked for.

5. Most software applications are riddled with security 
vulnerabilities.

6. Errors in requirements and design cause many high-severity 
bugs.

7. Effective methods such as requirement and design inspections 
are seldom used.

8. Standard, reusable requirements and designs are not widely 
available.

9. Mining legacy applications for “lost” business requirements 
seldom occurs.

10. The volume of paper documents may be too large for human 
understanding.

Software Engineering Best Practices: Lessons from Successful Projects in the Top Companies by Capers Jones 

Challenges



We have seen value in implementing a better collaboration platform 
across the ecosystem
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Change in one area ripples 
across the other areas

All participants must be 
synchronized during the plant’s 
life, from conception to 
decommissioning



Effective, comprehensive, and well-integrated requirements management 
is often chosen as a place to start

 The relationships become difficult to manage as well as the change - a solid and integrated 
platform is needed

Best practices
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PLM centric                                 PLM centric                                 

Effective requirements management is a foundational element that 
needs to needs to be addressed from project conception

EAM centricEAM centricRequirements Management (RM)Requirements Management (RM)
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Decisions made here can have 
impacts for up to 100 years



Method Requirements Completeness Requirements Defects per 
Function Point

Dynamic Modeling 97% 0.10

Quality Functional Deployment 96% 0.25

Requirements Inspections 95% 0.10

Use Cases 80% 0.80

Energy Legacy Applications 70% 0.20

Prototyping 62% 0.55

Information Requirements 
Gathering

57% 1.00

Normal Text Documents 50% 1.10

Requirements Methods (Capers 2010)

Standard procedure 
today 

Interim step 

Advanced step 

Text-based approaches introduce risk into the system and project but that 
is the norm today.

Best practices



Nuclear customers are moving forward with this approach

US Department of Energy (DOE)

US Nuclear Regulatory 
Commission (NRC)

Florida Power and Light
GE-
Hitachi 
Nuclear 
Energy

All Russian Scientific Institute

US DOE - Waste Isolation 
Pilot Plant

US DOE - National Nuclear 
Security Administration
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Why Westinghouse Electric Company chose DOORS

DOORS connects requirements to test cases and test 
results

DOORS provides the ability to hold online document 
review process

Customer example



Westinghouse

Regulator

Construction & 
Engineering

Owner- 
Operator

Westinghouse’s collaborative example
   - Collaborating among ecosystem partners for new-build design work

Customer example



US Department of Energy (DOE)  - Yucca Mountain Repository
Develop a national site for spent nuclear fuel & high-level radioactive waste storage.
Project lead by a consortium of government contractors, URS Corporation, Shaw Corporation and Areva Federal 
Services LLC.

Requirements in ~20 areas managed with DOORS

Emergency Mgt.

Safety and Heath

Safeguards & Security

The program used Rational’s DOORS product to develop an extensive requirements 
database to track and manage an extremely broad range of program and regulatory 
requirements ranging from US CFRs to Contract Requirements.

Customer example

http://en.wikipedia.org/wiki/Radioactive_waste


Summary

The challenges facing the nuclear community continue to rise
The introduction of software-based I&C is one of the key drivers

There is a need for more effective collaboration and 
synchronization amongst all parties is the ecosystem

Better collaboration is achievable through the use of existing 
integrated, scalable, and battle-tested IT platforms
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