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	DISCLAIMERS


This report was prepared as the result of work sponsored by the California Energy Commission. It does not necessarily represent the views of the Energy Commission, its employees or the State of California. The Energy Commission, the State of California, its employees, contractors and subcontractors make no warrant, express or implied, and assume no legal liability for the information in this report; nor does any party represent that the uses of this information will not infringe upon privately owned rights. This report has not been approved or disapproved by the California Energy Commission nor has the California Energy Commission passed upon the accuracy or adequacy of the information in this report. 
AB 1632 (Chapter 722, Statutes of 2006) authorizes the California Energy Commission to work with other public entities and agencies, including the California Seismic Safety Commission, to gather and analyze information related to the vulnerability of the state's largest baseload power plants to a major disruption due to a seismic event or plant aging. In places where this report contains input from staff of the Seismic Safety Commission, it does not reflect input from the full California Seismic Safety Commission nor have the Commissioners approved the report. While Seismic Safety Commission staff members are licensed professionals familiar with certain aspects of seismic systems, they do not perform engineering, geological or other licensed work. Consequently, their input does not constitute work by licensed professionals on the Seismic Safety Commission or its staff. The Seismic Safety Commission does not assume responsibility for the accuracy, integrity or reliability of any aspect of the contractor's report nor does the Seismic Safety Commission regulate, certify, approve or disapprove of this report.
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 Chapter 3: Seismic Vulnerability of the Diablo Canyon and SONGS Plants

A magnitude 6.8 earthquake that struck Japan in 2007 damaged the world’s largest nuclear power plant. The earthquake and the plant’s performance have drawn attention both to the seismic vulnerabilities of nuclear power plants as well as their structural integrity. The seismic integrity of California’s two operating nuclear plants, Diablo Canyon and the San Onofre Nuclear Generating Station (SONGS), is a chief concern of both policymakers and the general public in light of the plants’ locations in the vicinity of active faults. 

Following federal regulations, all aspects of the plants that are important to safety were designed “to withstand the effects of natural phenomena such as earthquakes…without loss of capability to perform their safety functions.”
 However, aspects of the plants that are not related to safety may not be designed and built to withstand the maximum earthquake that might occur at the sites. As a result, some of these components could be damaged during earthquakes, causing the plants to be shut down for a period of time. The extent of damage that could occur depends on the magnitude of the earthquake and on the operating condition of the reactors at the time an earthquake occurs. The amount of time that would be needed to bring the plants back into service would also depend in part on which components were damaged.

This chapter describes the seismic design of nuclear plants and identifies the components that are most susceptible to damage during earthquakes. First, key seismic design concepts and their application to Diablo Canyon and SONGS are introduced. Second, the likely response of a nuclear plant to earthquakes and the time to return to service following earthquakes of different magnitudes are discussed. Third, seismic vulnerabilities that could lead to extended outages at Diablo Canyon and SONGS are assessed and an overview of nuclear plant probabilistic risk assessments is provided. Finally, the 2007 earthquake in Japan and the damage that occurred at the Kashiwazaki-Kariwa nuclear power plant are reviewed.

Seismic Design

Federal regulations require that “the design of each nuclear power plant shall take into account the potential effects of vibratory ground motion caused by earthquakes.”
 The seismic design process for the current generation of plants that includes Diablo Canyon and SONGS is based on an analysis of the particular seismic hazards at the power plant sites and the largest earthquakes that could occur on nearby faults. (The seismic settings for Diablo Canyon and SONGS were discussed in Chapter 2.) The plant systems, structures, and components (SSCs) were then designed to be able to withstand such earthquakes without compromising safety.

In very broad terms all of the SSCs of a nuclear power plant fall into one of two categories: safety-related and non-safety related. Safety-related SSCs are those that need to remain functional in order to maintain the safety of the reactor and to prevent the release of radioactive material offsite. Non-safety related SSCs are those whose failure would not result in the release of significant amounts of radioactive material and would not prevent reactor shutdown or degrade the operation of an engineered safety system. 
The primary functions of safety-related SSCs are as follows: 1) to ensure the integrity of the reactor coolant pressure boundary (i.e., to ensure that the reactor remains cooled and isolated), 2) to maintain the capability to safely shutdown the reactor and to maintain it in a safe condition, and 3) to prevent or mitigate the consequences of accidents that could result in offsite exposures approaching the maximum allowable levels.
, 
 
Safe Shutdown Earthquake and Operating Basis Earthquake

All safety-related SSCs, including their foundations and supports, are designed to remain functional during an earthquake of a magnitude defined as a “safe shutdown earthquake.” (These SSCs are designated as Seismic Category I under NRC regulations.)
 Non-safety related SSCs may fail during a safe-shutdown earthquake (SSE), as failure of these components, while disruptive to power generation, does not compromise safety. 

The NRC considers two categories of earthquakes in the design and regulation of nuclear plants: the safe-shutdown earthquake and the operating basis earthquake.

1. The SSE is the design basis earthquake. It represents the maximum earthquake potential for a specific site based on the regional and local geology and seismology and the local subsurface material. Nuclear plants are designed to remain safe during an SSE, though they may sustain some damage. Federal regulations require all safety-related SSCs to be designed to remain functional during an SSE.
 Non safety-related SSCs are not subject to this requirement.

2. The operating basis earthquake (OBE) is an earthquake that “could reasonably be expected to affect the plant site during the operating life of the plant.”
 Federal regulations require that “those features of the nuclear power plant necessary for continued operation without undue risk to the health and safety of the public will remain functional” during and immediately following an OBE.
 In particular, the stresses in safety-related plant structures during an OBE may not exceed 40 percent of the structures’ stress limits.
 Federal regulations require that a plant be shut down during an OBE and inspected prior to being restarted. 

By definition, an SSE has a very low probability of occurring during the plant lifetime. This is why the regulations “allow,” from a design point of view, a plant to sustain damage to non-safety related SSCs during an SSE, while they require all SSCs necessary for the safe operation of the plant to remain functional during an OBE. After an OBE, a plant is expected to be ready for restart immediately after safety inspections have been conducted. 

An OBE is also an unusual event. For example, the largest earthquakes experienced to date by Diablo Canyon and SONGS were just 25 percent and 13 percent of the plants’ OBE design conditions, respectively.
 On December 22, 2003, a magnitude 6.5 earthquake struck 35 miles north-northwest of Diablo Canyon. The earthquake became known as the San Simeon earthquake. The low intensity did not automatically shut down Diablo Canyon’s reactors, and PG&E decided not to shut down the plant while immediate inspections began. No damage or leaks were discovered. 

Only one earthquake exceeding the OBE has occurred at a U.S. nuclear plant.
, 
 This was a 1975 magnitude 5.5 earthquake centered 15 miles south of the Humboldt Bay nuclear power plant in northern California.
 The plant was inspected following the earthquake; the inspection took two days, and, based on information available to the Study Team, it appears that the plant was subsequently restarted without incident.

The NRC and the industry have not focused upon earthquakes of lower magnitudes that may have a higher probability of occurring and could lead to damage of non-safety related SSCs. More frequent but smaller magnitude earthquakes are important from a reliability standpoint.
Diablo Canyon Design Earthquakes

Diablo Canyon was initially designed for an earthquake with peak ground acceleration of 0.40 g.
 (All peak ground acceleration references in this chapter are to peak horizontal ground acceleration. The concepts of ground motion, peak ground acceleration, and ground motion attenuation are discussed in Chapter 2.) This design basis was associated with a magnitude 7.25 earthquake on the Nacimiento Fault located approximately 20 miles from the site and a magnitude 6.75 earthquake that was considered possible directly at the site as a possible aftershock to a large San Andreas earthquake.
 The design value of the peak horizontal ground acceleration for the lower magnitude earthquake is 0.20 g.
 

[image: image1]
In 1972, scientists discovered the offshore Hosgri Fault, which lies approximately 4.5 km west of Diablo Canyon. Upon this discovery, scientists inferred that the 1927 offshore Lompoc earthquake was associated with the southern end of this fault and conservatively estimated that the fault was capable of a magnitude 7.5 earthquake. They assessed the peak ground acceleration at the site from such an earthquake at 0.75 g. 
PG&E commissioned a series of seismic hazard analyses to assess the likelihood of the plant site exceeding the original design basis ground motion
 and to probabilistically assess the ground motions from a magnitude 7.5 earthquake on the Hosgri Fault and throughout area sources around the plant.
 PG&E subsequently upgraded the plant to the 0.75 g design level; this design basis is referred to by PG&E as the Hosgri Earthquake basis.

Later, as part of the Long-Term Seismic Program, PG&E reevaluated the location and magnitude of the November 4, 1927, Lompoc earthquake
 and determined that it was further seaward than previously thought.
 This new location precluded the earthquake as being associated with the Hosgri fault zone. PG&E then reevaluated the maximum capable earthquake on the Hosgri fault zone as 7.2.

SONGS Design Earthquakes
SONGS’ SSE seismic design is based on an estimated peak horizontal ground acceleration of 0.67 g. This value is associated with a magnitude 7.0 earthquake on the South Coast Offshore Fault Zone. The ground motion estimate for an OBE is estimated to be 0.335 g.
 

SCE initially developed an SSE for SONGS Units 2 and 3 based on a magnitude 6.5 earthquake on the South Coast Offshore Fault Zone. SCE based this calculation on a number of considerations including activity in the near-offshore area of the South Coast Offshore Fault Zone and fault rupture/displacement-magnitude relationships. However, given uncertainties regarding the degree of activity of the fault zone, SCE ultimately used a more conservative SSE of magnitude 7.0. SCE determined that an earthquake with a magnitude greater than 7.0 is “inconsistent with the geologic and seismologic features of the hypothesized [South Coast Offshore Fault Zone] and is therefore not credible.”


[image: image2]
Probabilistic Seismic Hazard Analysis for Diablo Canyon and SONGS

Probabilistic seismic hazard analysis is used to calculate the probability that design basis earthquakes may occur and to predict how effectively a plant will respond (see Technical Note). In analyzing the response of SSCs to earthquakes, numerous design conditions of graduated severity are considered. For example, five design conditions are evaluated for the reactor coolant systems at Diablo Canyon and SONGS: normal, upset, emergency, faulted, and testing. This information is used to determine what frequency of inspections, tests, and examinations is required in order to be confident that each safety system can fully operate during a design basis earthquake, even after enduring the worst single failure to the system or to supporting systems.

In the early 1990s, PG&E conducted a probabilistic seismic hazard analysis and calculated the probabilities that earthquakes with a range of ground motion acceleration levels would occur at Diablo Canyon. The results of that analysis are integrated into the risk assessments performed for the facility. 

For SONGS, the estimated probability of exceeding the estimated ground motions are roughly .0002 per year for an SSE and .002 per year for the OBE, corresponding to return rates of 5,000 years and 500 years, respectively (Figure 1). 
Figure 1: Seismic Probability Assessment for SONGS
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Subsidence
Significant subsidence at a plant site has the potential to weaken SSCs and could impact safety. Significant subsidence also would result in a plant being out of service as the condition is assessed and possible mitigative strategies are identified and implemented. For these reasons, subsidence potential is carefully evaluated as part of the plant design process.

Because Diablo Canyon is situated on a rock site, no subsidence is expected. Any measurable subsidence would likely require an assessment of the situation and therefore an extended plant shut down period. 

SONGS is located on a soft soil site. Investigations have concluded that subsidence in the vicinity of the plant is expected to be less than one inch over the life of the facility.

Cumulative Stress of Multiple Seismic Events

In determining the design criteria for Diablo Canyon, PG&E assumed that one SSE and 20 OBEs would occur during the 40-year license period and that 20 maximum stress cycles would occur during each OBE. Thus, the systems are designed to withstand 400 stress cycles before components need to be replaced.
 As mentioned above, to date no OBEs have occurred at the plant so the SSCs have been only minimally stressed from earthquakes.

In determining the design criteria for the plant, SCE assumed that one SSE and two OBEs would occur during the 40-year operating license. Consequently, if more than one SSE and two OBE-magnitude earthquakes occur at SONGS, the seismic capacity of SONGS’ SSCs would need to be reanalyzed and some or all of SSCs could need to be replaced. No OBEs or SSEs have yet occurred at SONGS.
Seismic Design Process

As is evident from the previous discussion, a major focus of the seismic design process is an analysis of the ground motion that could be expected to occur as a result of earthquakes. The acceleration of the ground in the north-south, east-west, and vertical directions is analyzed for a range of earthquake magnitudes. This information is used to evaluate the expected ground motion that would impact each SSC during an OBE and an SSE.
 Design standards are then calculated for each SSC based on the maximum ground motion that may be encountered and based on the classification of each SSC as safety- or non-safety related. These standards are intended to ensure that safety-related SSCs remain functional during an SSE and non safety-related SSCs remain functional during an OBE.

Diablo Canyon’s nuclear reactors are pressurized water reactors designed and manufactured by Westinghouse Electric Corporation. PG&E received construction permits in 1968 and 1970 for Units 1 and 2, respectively. The two units were designed to comply with the NRC’s General Design Criteria as published in 1967 and 1971.
 In 1981 design errors associated with the containment structure were discovered. Redesign and construction activities took an additional two years and commercial operations began in 1985 for Unit 1 and 1986 for Unit 2.

The SONGS Units 2 and 3 nuclear steam supply system (NSSS), including pressurized water reactors, was designed by Combustion Engineering, Inc. The remainder of these units, including the prestressed concrete reactor containment buildings in which each NSSS is located, was designed by the Los Angeles Power Division of the Bechtel Power Corporation. SONGS Units 2 and 3 were granted operating construction permits in 1973. Unit 2 began commercial operation in 1983 and Unit 3 began commercial operation in 1984. SONGS Units 2 and 3 were also designed to meet the NRC’s General Design Criteria.

For both plants, buildings considered to be “non-safety related” were designed to conform with the Uniform Building Code in place at the time of design. These codes have evolved significantly since the original design of Diablo Canyon and SONGS. The implication is that, unless these non-safety related buildings have been strengthened since their original design, such buildings built to meet the older standard could more readily fail during an earthquake (i.e., they would be damaged during more frequent, smaller earthquakes when compared to buildings built to conform with more recent updates to the Uniform Building Code). A probabilistic availability analysis could objectively provide insights as to the influence of the Uniform Building Code vintage on plant recovery time. The Study Team was not able to identify any such probabilistic availability analysis for the nuclear industry.

A nuclear power plant is designed to ensure that the failure of a non safety-related component during an SSE does not damage a safety-related component. To this end, whenever practical, safety-related components are separated from non-safety related components. When adequate separation of safety- and non-safety related components is not possible, non-safety related components are provided with seismic supports or barriers are placed between the safety-related and non-safety related components. Safety-related pumps, valves, motors, and other components are also protected against damage from impact with objects that may be dislodged during earthquakes.

Testing and surveillance throughout a plant’s lifetime is designed to ensure that all safety systems and components continue to operate within the limits of their technical specifications.
 Depending upon the nature of the function being verified, surveillance is performed as often as two or three times a day or as infrequently as every 18 months during refueling outages. Additional surveillance is required when a safety system is out of service to ensure that the replacement system remains available and fully functional.
 
Balance of Plant Seismic Design

Diablo Canyon and SONGS are both dual-cycle plants, meaning that the plants are divided into a nuclear (or primary) side and a non-nuclear side, referred to as the balance of plant. Radioactive water remains in a closed loop on the nuclear side of the plant and is separated completely from the non-nuclear side. This prevents the spread of radioactive material from the reactor to other areas of the plant (Figure 2).

Figure 2: Nuclear Plant Layout
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In the design, construction, operation, and management of a nuclear power plant, most resources are applied to the nuclear side of the plant, rather than to the balance of plant, for two reasons. First, standards are higher in the nuclear side because the safety consequences of equipment failure are much higher. The consequences of equipment failure in the balance of plant are limited to potential harm to personnel and a likely interruption in power generation, whereas the consequences of equipment failure in the nuclear side include the risk of release of radioactive material that could cause harm to the public and the environment. Second, it is more expensive to procure equipment and to do maintenance on the nuclear side because specialized equipment, radiation-protection procedures, and specially trained labor are required. The Study Team estimates that recovering from a problem in the nuclear side takes roughly 10 to 30 times as much money and time as recovering from a problem in the balance of plant.

For these reasons, plant owners build systems to a more robust standard in the nuclear side than in the balance of plant. As a result, systems and components in the balance of plant side are, in a relative sense, more vulnerable to seismic events. This was evidenced by the damage to the Kashiwazaki-Kariwa nuclear power plant during the 2007 Niigata Chuetsu-Oki earthquake in Japan (see “Observations from Niigata Chuetsu-Oki Earthquake”). 

It is possible to apply the same “robust” design standards to every component within a plant; however, the eventual costs would make it economically infeasible for the owner-operator of the plant and ultimately for ratepayers. There would be little benefit with respect to safety for such investments. In general, the balance of plant uses commercially available equipment when possible and where appropriate. For example, in other California (non-nuclear) power plants, the use of seismically designed or qualified equipment is very common. This equipment can be used for most balance of plant systems. On the nuclear side, specialized equipment that meets more demanding seismic criteria is required. Accordingly, the balance of plant is likely to experience the most damage from a major seismic event.

Table 3 identifies the major plant buildings, structures, and components for both Diablo Canyon and SONGS.
 As shown, there are both safety- and non safety-related components on the nuclear side of the plant and in the balance of plant. However, most of the major structures and components housed on the nuclear side of the plant are safety-related.

Table 1: Major Plant Buildings and Structures

	Building or Structure
	Function
	Characterization

	Containment Building
	Houses nuclear steam supply system, which consists of the reactor, reactor coolant system, steam generators, pressurizer, reactor coolant pumps, and associated auxiliary systems.
	Nuclear side, safety-related


	Auxiliary Building
	Houses most auxiliary and safety systems, including instrumentation and control systems and emergency cooling water systems
	Nuclear side, safety-related

	Fuel Building
	For receiving fuel, handling and storing spent fuel (in pools)
	Nuclear side, partially safety-related

	Tank Areas
	Holds reserve water for plant
	Balance of plant, safety-related

	Service water intake structure and ultimate heat sink
	Provides water for cooling system and other purposes
	Balance of plant, partially safety- related

	Diesel Generator Building

	Back-up power source
	Balance of plant, safety-related

	Turbine Building
	Electricity generation
	Balance of plant, partially safety-related

	Switchyards
	Transformers and electricity transmission lines
	Balance of plant, not safety-related


Further Analysis of Seismic Design Standards for Non-Safety Related SSCs
Seismic design standards have evolved significantly since Diablo Canyon and SONGS were designed and licensed. Indeed, the Uniform Building Code has been updated to reflect new understandings of how buildings and structures respond to seismic events roughly 10 times since the 1970s. As was discussed above, non-safety related SSCs at Diablo Canyon and SONGS were built to industry standards that were in effect at the time the plants were designed and constructed. Given the evolution of seismic design standards, non-safety related SSCs at the plants may be less seismically robust than if those same SSCs were built to current standards.

To assess the reliability of the plants, a full understanding of the vulnerability of Diablo Canyon and SONGS to a major disruption of operations as a result of seismic events is incomplete without an analysis of the implications of seismic design changes that have occurred since these plants were designed and built. The analysis should consider how newer seismic design criteria compare to the seismic design criteria employed when the plants were originally designed and constructed. The analysis should also consider whether components were built to higher standards than the formal design criteria and whether replacement components have been built to more recent standards. In evaluating non-safety related components of the nuclear plants, their design standards should be compared to California’s current seismic standards for non-nuclear power plants. In cases where plant components were built to standards that are less stringent than current seismic standards, the analysis should evaluate the reliability implications of potential damage to these components.


Response to Earthquakes

Nuclear power plants are designed to automatically shut down in the event of earthquakes. To protect the plant, the reactor protection system of the instrumentation and control system automatically trips when it detects an earthquake that exceeds a minimum magnitude, which is always less than the OBE. There is no need for operator action for at least 15 minutes. The plant is inspected after the earthquake to determine whether it sustained any damage.

As discussed below, the estimated times to repair or to replace components within a nuclear power plant may range from one week to four years. The determining factor most likely would be the location of the damage, i.e., whether the repair is on the nuclear side or the non‑nuclear side of the power plant. Equipment on the non-nuclear side of the plant is generally standard power plant equipment, such as switches and utility poles, whereas equipment on the nuclear side of the plant is often specialized. Repairs on the nuclear side tend to take longer and cost more since there are fewer sources of experienced workers and appropriate equipment.

There are many factors that would affect the extent of damage to a nuclear plant caused by an earthquake, including the magnitude of the earthquake, the amount of ground motion in different parts of the plants, and the operating condition of the plant. In addition, equipment that had been weakened by earlier earthquakes may be more susceptible to damage. Identifying the cumulative damage that might occur as a result of a series of earthquakes is complex because it depends on the damage that has already occurred. This is an area that would require further study.

This section presents scenarios to illustrate possible damage that earthquakes of various magnitudes would cause and the amount of time it would take to recover from these earthquakes. These scenarios are purely illustrative of the types of damage that could occur. Actual damage would depend on where the earthquake struck and specific conditions at the plant. It is unlikely that each of the illustrative damages would occur in a single earthquake.

The estimates of time to repair presented in this section (and throughout this chapter) are based solely on the experience and judgement of the Study Team members. A thorough review and analysis of times to repair for specific SSCs in a nuclear plant was not feasible within the time and resource constraints of this study. The Study Team attempted to support its estimates with publicly available research and information, but ultimately was unable to do so. This is an area that could benefit from a collaborative study effort involving the utilities, manufacturers, and researchers with the appropriate expertise.

Plant vulnerabilities are discussed more generally in the subsequent section called “Nuclear Plant Vulnerabilities.”

Impact of an OBE

An OBE is not expected to cause any damage within the buildings housing the reactor components, the nuclear steam supply system, safety-related SSCs, and balance of plant support systems. All of a plant’s safety systems are designed to accommodate the increased external forces on the respective systems and to continue to operate unimpeded. 

Minor damage could occur in some non-nuclear areas of the plant. Following are examples of the types of damage that could be expected:

· Temporary work platforms could fall. 

· Swaying electrical lines could cause cracking of insulators. 

· Electrical equipment surges would likely trip 4.1‑kV busses. 

· Balance of plant support systems could become inoperable if off-site power is lost. 
· Loads stripped from busses may not reactivate if 480v switch gear has been damaged or motor controller units fail to start due to tripped breakers. 

· Office filing cabinets could topple particularly if the top drawer is open. 

· Plant personnel could suffer falling injuries from moving over an unstable surface.

· Unsecured objects could fall to the ground, perhaps with consequences to persons in the vicinity. 

This damage is relatively minor. The NRC assumes that inspections following an OBE will take two weeks.
 However, a reactor could only return to service after balance of plant equipment has been repaired.
Impact of an SSE

An SSE is not expected to cause any damage within the buildings housing the reactor components and the nuclear steam supply system. An SSE would cause more severe damage to the non-nuclear areas of the power plant than an OBE, and plant personnel would face increased risk. Following are examples of the types of damage that could occur, in addition to the damages previously described for an OBE. This list is illustrative; each of the following may or may not occur.

· The switchyard could be severely damaged. 

· Hydrogen stored prior to use in cooling the main generator rotors or oil stored for use in cooling and lubricating the turbine shaft could be released. It is possible that a fire could result complicating plant recovery.

· There could be scuff marks on the inside of the turbine housings and contact marks on the turbine blades. Turbine blades could need replacement, which would be a significant repair.

· Fallen electrical lines could pose hazards to personnel if any power is still available from off-site sources. 

· Spent fuel pool water could slosh onto the floor, creating a potential radiation hazard to personnel. (See Chapter 4 for a discussion of sloshing from spent fuel pools.)

· Water leaks may appear around valve gaskets or flanged pipe joints over time as seepage progresses. A number of leaking pipes may appear in fire protection system lines. Threaded joints may separate. 

· Ceilings could fall inside of administrative office buildings and simulator training centers, and there could be damage to building decorative facades. 

· On-site roads could settle, and pavement cracks and ruts could appear. This could make it difficult for emergency personnel to reach the site or for plant employees to evacuate. 

· Equipment that had been disassembled for maintenance could be damaged if left unsupported. 

· Lighting in portions of buildings may be lost, and battery backup lights may not function.

· Some safety systems could lose power, which would slow the shutdown of the reactor. (This would not present a safety hazard.)

· The water supply system could lose power and be unable to pump water to the fuel pool. Other systems would remain available to keep water in the pool.

· A fuel bundle that is being relocated in the spent fuel pool storage racks could be dropped. This would result in extensive NRC review and could pose a hazard to personnel.

Following such an event, the nuclear plant could be ready to return to full power in roughly 60 to 90 days with repairs continuing in areas that are separate from those supporting nuclear power generation.
 The majority of this time would be spent in repair of the turbine and restoration of the switch yard equipment. 

Impact of an Earthquake Twice as Intense as an SSE

An earthquake of double the intensity of an SSE could cause some or all of the damage caused by an SSE but with more severity. No major damage would occur within the buildings housing the reactor components, the nuclear steam supply system, safety-related SSCs, and balance of plant support systems as long as the systems were designed with large safety margins, as many engineers in the nuclear industry expect them to be. Following are examples of the types of damage that could be expected, in addition to the damages previously described for an OBE and an SSE:

· The turbine building roof could deform. 

· The turbine housing could have major damage from multiple turbine blades’ impacts. This alone could require an extended outage to repair.

· The generator could have a rotor noise that will require major disassembly, testing and possible refurbishment or repair. 

· There could be spills and broken drum seals in the radioactive waste and spent fuel handling portions of the plant. Release of radioactive material from the gaseous waste systems is also possible.
· Safety-related systems could experience piping deformations, as the buildings experience greater movements. Pipe supports may yield and snubbers may break. 

· Cracks may appear in some circular floor areas that act as internal diaphragms within the building. 

· Localized failures could result in falling equipment and additional strain on other components. 

· There could be a small line rupture on the auxiliary feedwater system but there would be no leak in the reactor coolant system, and the steam generator would be isolated automatically on a low water level signal. 

· Heat removal from the steam generators could be available only through the steam-driven auxiliary feed pump train even after on-site power is restored to one emergency bus. 

· Other lines could be broken within the plant buildings, such as fire protection lines and potable water systems. 

· The balance of plant circulating water system could have a line breakage and excessive water damage in the adjacent areas. 

· Transmission towers could topple near the site boundary. 

The minimum amount of time to prepare the reactor to return to full power after such an earthquake is estimated to be two to three years. Ultimately, the time needed to prepare the plant for restart could be significantly greater than three years. Although repairs in the non-nuclear side of the plant could potentially be completed in less than six months, a significant amount would most likely be needed to reanalyze the plant for a more stringent design basis earthquake. Other factors that would affect the duration of a shut down include the amount of time needed to investigate the full plant for damage and the need for design and backfitting efforts. Repair of the turbine and generator would be completed within the same time frame as the overall plant is restored to service. Public opposition also could delay the restart of the power plant.

Nuclear Plant Vulnerabilities

Nuclear plants are designed to withstand an OBE without any damage that would require downtime for repairs due to damage to safety-related SSCs. Damage to non-safety related SSCs could result in downtime for evaluation, analysis, review and repair. In this section the Study Team considers whether there may be other plant or component vulnerabilities or regulatory conditions that could keep a nuclear plant offline for an extended period of time.
For this assessment, the Study Team reviewed numerous documents, including licensee event reports at various nuclear power plants in the U.S., recent Diablo Canyon and SONGS inspection reports, and events at overseas reactors.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Study Team applied experience and judgment to estimate the impact of defined sets of seismic events for safety-related SSCs, balance of plant SSCs, and other plant structures and to identify conditions that could result in extended outages. The results are broad estimates rather than precise predictions based on calculations. Accordingly, any design condition postulated and the consequences derived are open to further conjecture.
, 
 

Nuclear Side of Plant

As discussed above, the nuclear side of the plant is built to very high seismic standards. In particular, the containment building and the other Seismic Class I buildings that house the safety-related SSCs that support nuclear operations are the most hardened parts of the nuclear plant, and they appear to be built with large margins of safety even beyond their design requirements. Consequently, the nuclear side of the plant is less vulnerable to damage during a large earthquake of an SSE magnitude. The seismic vulnerability of the nuclear side of the plant is discussed below under “Overview of Probabilistic Risk Assessments for Nuclear Power Plants.”
Balance of Plant

The balance of plant is vulnerable to damage during earthquakes, including earthquakes of less magnitude than an SSE. The switchyard, in particular, is likely to be damaged during earthquakes. In an earthquake greater than an SSE (i.e., a beyond design basis earthquake), there could also be damage to the turbine building and the tank area. A beyond design basis tsunami could also cause damage to components in the balance of plant.
Switchyards 

In a report prepared for the Energy Commission, PG&E noted that the “vulnerability of high-voltage substation equipment, including transformers and their components, circuit breakers, and switches has been the primary reason that power grids have failed in past earthquakes.”
 This equipment, located in the switchyards, is not safety-related and is part of the balance of plant, so there are no radiological concerns associated with a potential failure. However, it is needed to deliver the power generated at the nuclear plants onto the transmission grid and into customers’ homes and businesses. Failure of this equipment would result in a loss of power from the plant, even if both reactors were in operable condition. (Loss of power to a nuclear plant is discussed separately below.)

Electrical equipment in the switchyard is vulnerable to damage in large part because the configuration of some of the equipment amplifies the ground motion. In addition, the areas where electrical equipment is located consist of many unsupported electrical cables that are strung between fixed-end supports with connectors often cantilevered from building, transformers, bushings, and towers. The differential movements during an earthquake strain these cables and connectors and can damage them. Since this equipment is outside, it does not have benefit of the support given to cables inside the plant by the electrical raceways for routing of power and instrumentation lines throughout the plant.
 
The October 1989 Loma Prieta earthquake severely damaged the switchyard associated with the Moss Landing gas-fired power plant (Figure 3). The nearest recorded peak horizontal ground acceleration to the switchyard was 0.39 g with a duration of strong shaking of 10 seconds.
,
 Four live-tank circuit breakers were severely damaged, and transformers and disconnect switches were also damaged.
 There was also some damage at the plant itself including deformed or broken pipe restraints and pipe hangers, minor leaks in tubes within the boiler, and the failure of an unanchored freshwater storage tank.
 In all, it took several weeks to restore operations at Moss Landing.

Switchyards at nuclear plants are built of standard components that are also used at other power facilities. Thus, the process of repairing a switchyard at a nuclear plant should be comparable to the process of repairing a switchyard at a fossil fuel plant. Depending on the extent of the damage, it would likely take on the order of several weeks to complete the repairs. Factors that could extend the down time at a switchyard include special analytical or administrative activities due to the switchyard’s relation to a nuclear power plant.

The vulnerability of a particular plant’s switchyard depends on the specific equipment installed and the location of the switchyard. Older equipment is much more susceptible to failure as a result of an earthquake than equipment designed to the newest Institute of Electrical and Electronics Engineers (IEEE) seismic design standards. For older equipment, a primary source of vulnerability arises from the potential to overturn during seismic events if peak ground accelerations exceed the capability of high-strength restrainers. This is a particular concern in soft soil sites such as at SONGS where ground motion can be amplified. Diablo Canyon’s 500 kV switchyard is built on deep fill making it particularly vulnerable to subsidence and ground motion amplification. Additional sources of vulnerability are the transformer porcelain bushings, which have performed well in shake table tests but have often failed in the field when earthquakes have occurred.
 The use of certain types of rigid bus connectors and other flexible connectors without load restraints also may cause electrical failures. However, equipment that complies with the most recent IEEE standards is not as susceptible to these vulnerabilities. The status of switchyard upgrades at Diablo Canyon and SONGS to newer industry standards is not known at this time.

Figure 3: Moss Landing Switchyard after the Loma Prieta Earthquake, 1989
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Turbine Building

The turbine building at Diablo Canyon is extremely large with an expansive open space inside.
 According to PG&E, the concrete shear walls are the weak links for the turbine building. In a beyond design basis earthquake, the turbine building could sustain damage that would take substantial time to repair.




Tsunami Damage 

During a large tsunami, water rushes away from the shoreline and in a tsunami larger than the design basis tsunami, there could be insufficient water for the plant’s intake system. If this were to occur, the heat exchangers would intake air instead of water and moving parts could be damaged. Loss of all water in the intake structure would have a serious safety impact. Without a connection to the ultimate heat sink, the operators of the nuclear power plant would have only a limited quantity of water in the on-site storage tanks to maintain core coverage, but no ability to remove heat. Unless the ultimate heat sink was restored, core damage would ultimately occur. This is a greater concern at Diablo Canyon than at SONGS because the SONGS intake pipes are further offshore. One way to reduce damage in this event is to shut down one of the two heat exchangers in order to reduce flow. PG&E’s procedures are not described in any public technical specifications, so the Study Team was unable to evaluate them. 

Operational Conditions

Power plants are less susceptible to damage from earthquakes if the reactors are in normal operating conditions. During a refueling or maintenance outage, disassembled equipment is more vulnerable to damage. Loss of offsite power, which can accompany an earthquake, also increases the vulnerability of the plant, as does the potential for human error.
Disassembled Equipment 

Internal components of Japan’s Kashiwazaki-Kariwa nuclear power plant were disassembled when the Niigata Chuetsu-Oki earthquake struck in July 2007. These components suffered damage during the earthquake (see “Observations from the Niigata Chuetsu-Oki Earthquake”). The most significant damage was to a component that matches alignment parts for re‑assembly. The component was sitting at its station in the refueling pond when the earthquake occurred. The component’s support legs and mating guide pins were damaged as the earthquake motion apparently lifted and shifted the position of the component in the pool. The time to repair and restore component functionality has not yet been determined.

If the reactor had been operating during the earthquake, the reactor components would have been securely situated and would not have been vulnerable to damage. The components were only vulnerable since they were situated in the refueling pond and were not tied down. Therefore, operational procedures that involved tying down or otherwise shielding components could significantly reduce this vulnerability.

Loss of Electrical Power 

Major earthquakes, grid instability, or accidents can trigger the loss of offsite power. If a plant’s emergency diesel generators lose function while offsite power is unavailable, a black out will ensue at the plant. 

Although not precipitated by an earthquake, a black out occurred at a nuclear power plant that illustrates the type of situation that could ensue if offsite power is lost. In March 1990 a truck at the Vogtle Electric Generating Station hit a support pole for one of the auxiliary transformer incoming lines. 
, 
 At the time, the second auxiliary transformer and a diesel generator were both in preventative maintenance servicing. A second generator automatically started but it tripped two successive times, and a station black out ensued. The instability in the grid resulted in successive trips of the generator, turbine, and reactor. A site emergency was declared, and critical safety‑related shutdown systems were left without any electric, steam, or diesel power to maintain shutdown cooling system heat loads. In this case, the short duration of the event did not lead to excessive boiling in fuel pools or in the open reactor vessel cavity.

Black outs at nuclear plants are serious events that significantly increase the likelihood that fuel in the reactor could be damaged.
 During a black out, reactors at full power must achieve a shutdown by relying on components that do not require alternating current power, such as the auxiliary feedwater steam-driven pump or other system diesel-driven pumps. The ability of these systems and their associated instrumentation to remain powered is limited by their components’ batteries. The time to recover any electrical alternating current source to power the emergency busses is thus critical to maintaining safe-shutdown capabilities. Historically, no plant has ever been in this situation greater than 21 hours and most average less than 90 minutes.

Operator Error
During an earthquake, the likelihood of human error increases due to the unusualness of the event, possible confusion, and even panic. One example of an operator error that could cause plant damage would be the inadvertent activation of the containment spray system. This would release water inside the containment building and could damage components and clog the sump screens.
, 
 If this were to occur and any components became submerged as a result, these components would need to be evaluated before returning to service. It could take more than six months to evaluate and repair or replace damaged components.

The vulnerability of sump screens to clogging is being addressed by nuclear plant owners. In September 2004 the NRC directed nuclear plant owners to evaluate the possibility of sump screen clogging and to take actions to ensure system function.
 PG&E and SCE addressed this issue by replacing the screens with much larger screens as well as undertaking other modifications to reduce debris. SCE completed physical modifications to the SONGS units in January 2008.
 PG&E additionally implemented other physical and operational improvements, including installing debris interceptors and initiating a more aggressive containment clean-up program. PG&E will perform final mitigation measures when the new steam generators are installed in early 2008 and 2009.

Regulatory Conditions

Another potential cause of an extended outage at Diablo Canyon or SONGS would be the discovery of new seismic information that predicts a different type of earthquake than previously assumed in the seismic design analyses. The NRC would require an analysis of the seismic hazard if the new information suggested potential earthquakes of a longer duration, higher vertical or horizontal acceleration, or a wider range of excitation frequencies. Depending on the outcome of the analysis, the NRC might require a plant owner to retrofit the plant.

Overview of Probabilistic Risk Assessments for Nuclear Power Plants

The seismic design process and seismic safety evaluation process have evolved in the decades since Diablo Canyon and SONGS were designed and constructed. The NRC summarized this evolution as follows: 

The licensing basis for existing NPPs [nuclear power plants] used historical data at each site to analyze design basis loads from the area’s maximum credible earthquake. This process [assumed] an earthquake could happen at any time. While the initial licensing process did not include a probabilistic assessment of earthquake hazards or their potential impact, the NRC later required all NPPs to assess their potential vulnerability to earthquake events, including those that might exceed the design basis…This process considered the available safety margins of the existing NPPs for various earthquakes and ensured these margins, together with the plant’s accident management programs, continues to protect public health and safety.
 

Probabilistic risk assessments are being increasingly used by the nuclear power industry with regulators allowing insights from risk assessments to be used as the basis for license amendments in specific areas such as maintenance. Below is a summary of the evolution of PRAs in the United States and their use in the nuclear industry today.

The first major study to use a risk-based approach to analyzing the safety of nuclear power plants was the Reactor Safety Study (RSS), also known as the WASH-1400 study, published in 1975. The authors of the RSS concluded that “the dominant contributor to risk [was] not the large loss of coolant accident previously emphasized as the design basis accident, [but rather] transients and small loss of coolant accidents.” PRAs for specific nuclear power plants followed in the late 1970s and early 1980s.

In 1988 the NRC published Generic Letter 88-20 requiring an Individual Plant Examination (IPE) to assess the public health risk associated with nuclear power plants. Nuclear power plants in the U.S. performed PRAs for either core damage frequency (considered a Level 1 analysis) or containment (a Level 2 analysis). The initial IPEs were eventually supplemented with additional analyses of external events; these studies became known as IPEEEs. The NRC encouraged a policy of using PRAs for nuclear regulatory activities in 1995, and many nuclear power plants continue to develop and refine their PRAs. 
While there are no specific requirements for a plant to update its IPE, plants have found their plant-specific PRAs to be valuable tools contributing to more effective training, procedures and maintenance. Other incentives also have evolved to encourage utilities to keep their PRA models up-to-date and to expand the scope of these models. The two nuclear plants in California maintain their plant-specific PRAs as “living” documents, periodically updating them as operational experience is gained and models are improved.
 

Ever since WASH 1400 and the early plant-specific PRAs that followed, the quality of the underlying analyses has been a concern. To address this concern, the NRC and the nuclear industry have developed standards for different portions of a plant-specific PRA. These standards continue to be developed under the auspices of the ASME and the ANS.
 Standards for “at-power” PRAs and for “external events” PRAs (including seismic PRAs) have been published by the ASME and ANS, respectively. Processes for an independent peer review of specific PRAs are available to “certify” compliance with these standards. These standards also include requirements for “maintenance and update” of the underlying models.

The NRC currently has an effort underway to adopt “risk-informed” regulations that would be based on PRAs. NRC policy specifies that a utility seeking to use information from their PRA in a regulatory submittal must meet the appropriate standards that have been formally in place for more than one year.

A compendium of the lessons learned from the IPEEE program was published by the NRC in 2002.
 To meet the requirements of the IPEEE program, plants in a ‘non-seismic’ location could choose to perform a simplified vulnerability analysis (a seismic margin analysis) that does not yield insights as detailed as a seismic probabilistic risk assessment. Some 27 plants, including Diablo Canyon and SONGS, performed seismic PRAs. The NRC’s review of those studies resulted in the following observations:

1. Results from the seismic PRAs indicated that the frequency of events that are precursors to impacting the public health and safety of newer plants are similar to those of older plants built before some of the later design criteria were in place. These data suggest that the seismic backfit programs for older plants have successfully brought them in line with those of newer plants.

2. Additionally, the seismic margins of plants built before some of the later design criteria were in place were found to be similar to the seismic margins of the newer plants.

3. Scenarios identified by these plants that lead to core damage typically involved loss of offsite power, loss of other electrical power sources and non-seismic failures.

One goal of the IPEEE program was to systematically search for plant-specific vulnerabilities and to identify plant improvements to overcome these vulnerabilities. The SONGS IPEEE identified actions such as improving the reliability of cross-connecting emergency diesel generators giving more flexibility to respond to a loss of power, improving supports of selected equipment and strengthening electrical cabinets.
 Diablo Canyon did not identify any vulnerabilities or improvement actions specifically as a result of the IPEEE. The NRC attributed this to actions taken in response to earlier programs including the Long Term Seismic Program and active use of their plant-specific PRA.
 Diablo Canyon’s and SONGS’ estimated frequency of core damage results were within the range of numerical results for the 27 plants performing seismic PRAs. Neither Diablo Canyon nor SONGS were found to be outliers among the plants from a seismic safety point of view.

Observations from the Niigata Chuetsu-Oki Earthquake
On July 16, 2007, a magnitude 6.8 earthquake, referred to as the Niigata Chuetsu-Oki (NCO) earthquake, struck Japan.
, 
, 
, 
 The epicenter of the earthquake was 16 km from the Kashiwazaki-Kariwa Nuclear Power Plant (KK NPP). The earthquake resulted in ground motions that were in excess of the maximum predicted for the nuclear power plant site. However, the plant shut down safely without significant damage to safety-related components.
 
Over a year after this event, the KK NPP remains shut down. Investigations into its ability to operate safely were only recently completed.
 Tokyo Electric Power Company (TEPCO), the plant owner, will be forced to buy 50-60 TWh of electricity annually until the KK NPP resumes operations. TEPCO does not expect to restart any of the plant’s reactors in 2008.

Layout of the Kashiwazaki-Kariwa Nuclear Power Plant

The KK NPP is the world’s largest nuclear power plant, consisting of seven operating reactors with a combined capacity of 7,965 MW. Of the seven reactors, five are boiling water reactors and two are advanced boiling water reactors.
 The seven reactors entered into commercial operation between 1985 (Unit 1) and 1997 (Unit 7). (The reactor type and commercial operating date for each reactor are provided in Table 2.) Reactor Units 1-4 are grouped together in one location with Units 5-7 located together a short distance from the other group (Figure 4).

Damage Sustained Due to the NCO Earthquake

At the time the earthquake struck, three reactors were operating, one unit was in start-up condition, and three units were shut down for planned outages. According to the International Atomic Energy Agency (IAEA), the “earthquake caused automatic shutdown of the operating reactors, a fire in the in-house electrical transformer of Unit 3, release of a very limited amount of radioactive material to the sea and the air and damage to non-nuclear structures, systems and components of the plant as well as to outdoor facilities.”
 (The release of radioactive material to the sea is discussed in Chapter 4 under “Spent Fuel Pools.”) 

Even though the earthquake exceeded the design basis, initial examinations revealed no damage to any safety-related SSC. In other words, all seismic Class A SSCs, Class I pipe vessels, supports, and anchors remained fully operational. Upon initial examination, the International Atomic Energy Agency (IAEA) reported that “safety related structures, systems and components of the plant seem to be in a much better general condition than might be expected for such a strong earthquake.”
 (Figure 5 displays an image of damage discovered adjacent to the plant.) 

Figure 4: Site Layout of Kashiwazaki-Kariwa Nuclear Power Plant
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The fire in the in-house electrical transformer of Unit 3 was the result of multiple failures. The main cause of the various failures was primarily ground subsidence that led to ruptured underground piping of the outside fire protection system for Units 1-4. Japan’s fire code did not require the plant’s fire protection system to be seismically qualified. Although fire walls provided adequate protection, the fire was not suppressed completely for approximately 2 hours. The practice at the plant was to rely on offsite fire fighting services. Damage to the access roadways significantly delayed the arrival of this vital service.

Because the fire was isolated to the non-nuclear side of the plant it had no impact upon radiological safety and the safety of the public. Nevertheless, the public announcement of the fire caused concern and the fire itself is significant in terms of the broader safety of a nuclear power plant from seismically induced events. TEPCO and Japanese regulators have studied the root causes of the fire and the component failures and developed a number of responses based on their findings. TEPCO intends to seismically retrofit the fire protection system and will increase the fire-fighting capacity of the plant’s fire protection system to permit firefighting of 1-2 hours without outside (i.e., the local municipality’s fire fighters’) assistance. TEPCO will also form and train an in-house fire-fighting brigade.

Figure 5: Coastal damage adjacent to the Kashiwazaki-Kariwa Nuclear Power Station
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Internal reactor components that had been removed from the reactor for refueling and servicing operations were particularly impacted by the earthquake. For example, one peripheral fuel bundle was unseated from its support on the core support plate for Unit 5, and the wedge that is unscrewed to remove the jet pump was found to be loose and mispositioned. One of the supporting legs for the Unit 1 separator core structure (which is used only when the core structure is not installed in the reactor) was bent. Additionally, one of the two vertical guide pins by which the core structure internals are positioned into place was bent. The deformed parts can all be repaired within a relatively short time frame as long as any necessary raw materials are available.

Recorded Ground Motion Data

The maximum horizontal accelerations for the NCO earthquake observed at the lowest level of the reactor building (“basemat”) were 0.694g versus the seismic design value of 0.279g. The highest vertical accelerations in the same building were 0.416g versus the seismic design value of 0.240g.
, 
 In other words, at the reactor building the earthquake exceeded the design basis in the horizontal direction by 150 percent and in the vertical direction by 75 percent. Based on the initial reports from the plant owner and limited visual inspections by an IAEA team, the IAEA concluded that damage to the plant had been less than might have been expected: 

…safety related structures, systems and components of the plant seem to be in a much better general condition than might be expected for such a strong earthquake, and there is no visible significant damage. This is probably due to the conservatisms introduced at different stages of the design process. The combined effects of these conservatisms were apparently sufficient to compensate for uncertainties in the data and methods available at the time of the design of the plant, which led to the underestimation of the original seismic input.
The sheer size of the KK NPP plant and its seven separate units that incorporate different seismic design bases allows for an interesting comparison of damage and design bases. Looking exclusively at east-west ground motion—the dominant axis in the case of the NCO earthquake—it is clear that the observed accelerations at the bases of all seven reactor buildings exceeded their respective design bases, in some cases greatly, by up to a factor of 3.6 (Unit 2). However, there was little correlation between the magnitudes by which the design bases were surpassed and the damage experienced by the units. Table 2 below provides a brief description of the damage incurred at each unit with the ground motion recorded at each unit.
Design Basis for KK NPP

In 2006 Japan’s Nuclear Safety Commission released a revised regulatory guide for reviewing the seismic design of Japan’s nuclear power plants to reflect new knowledge gained from a 1995 earthquake. Japan’s utilities were required to re-evaluate the seismic design of existing nuclear power plants as a result. A re-evaluation of geologic data for the vicinity of KK NPP was underway at the time the earthquake struck in 2007. Following the NCO earthquake, TEPCO undertook a geological investigation to reassess the active faults in the vicinity of the KK NPP. TEPCO submitted an interim report to Japanese regulators in May 2008.

TEPCO’s analysis determined that “the scale of assumed earthquakes becomes larger by postulating that active faults are longer [than initially estimated] and that multiple active faults would move simultaneously.”
 TEPCO concluded that a number of faults both offshore and inland were longer than had previously been estimated and that although the offshore faults are independent faults, there could be concurrent activity on the three faults, which in total stretch for about 90 km.
Another key finding of TEPCO’s assessment is that certain characteristics of the area around the KK NPP intensify seismic motions. First, TEPCO found that the hypocenter of the NCO earthquake was capable of generating an earthquake 1.5 times larger than normal. Second, because of the characteristics of the deep ground, seismic motion propagated at a slow speed, thereby allowing subsequent motions to catch up with the first motions. Finally, an old bended structure in the ground beneath the reactors amplified seismic motions. The magnitude of amplification to Units 1-4 was greater than that for Units 5-7 due to this bended structure. TEPCO believes that the manner in which the reactor buildings are embedded in the ground weakens the seismic motion, but not equally for each building.

Reflecting these new analyses, TEPCO recently announced that it will adopt a new ground acceleration standard for the KK NPP. Under the new standard, the maximum acceleration for Units 1-4 will be set to 2,280 Gal; this standard is approximately 5 times the previous ground acceleration standard.
 The maximum acceleration for Units 5-7 will be 1,156 Gal. TEPCO will need to undertake retrofit projects to bring the reactor units in line with these new design bases.
Implications for Diablo Canyon and SONGS

The earthquake and the plant’s performance have drawn attention both to the seismic vulnerabilities of nuclear power plants as well as their structural integrity. Although the earthquake resulted in ground motions that were in excess of the plant’s design bases, the plant shut down safely without significant damage to safety-related components. Nevertheless, more than a year after the earthquake, the plant remains shut down while investigations into the characteristics of the earthquake and the resulting damage to the plant continue. 

There are limitations to making direct comparison between the KK NPP’s performance and how Diablo Canyon or SONGS might respond to an earthquake of a similar magnitude. First, U.S. and Japanese seismic regulatory standards are not identical. Second, the KK NPP’s reactors are of a different type and different vintages to the reactors at Diablo Canyon and SONGS. Nevertheless, the experience at KK NPP does illustrate the vulnerability of the non-nuclear (the non safety-related) portions of a nuclear power plant and that even minor damage can result in an extended outage under certain circumstances. The event also demonstrated the importance of having on-site emergency services for fire fighting. Finally, the event demonstrated the dependence on dependable plant access to support plant recovery.

Table 2: Damage at Kashiwazaki-Kariwa Nuclear Plant from NCO Earthquake

	Unit #
	Status Before Earthquake
	Reactor Type
	Year Began Operations
	East-West Acceleration At Reactor Building Base ( gal: cm/s/s)
	Significant Damage Events



	
	
	
	
	Observed 
	Design Basis
	

	All
	Various
	
	
	Various
	Various
	Hundreds of solid waste drums tipped over and dozens were found with lids open. All units had water puddles on the reactor building refueling floors as well as transformer oil leakages.

	1
	Shutdown 

in an outage
	BWR
	1985
	680
	273
	Damage to fire protection system piping resulted in a 40 cm-deep radioactive puddle of water on the lowest floor of the Reactor Combination Building (leakage up to 2,000 cubic meters). The spent fuel pool temporarily experienced a low-water level. The double door of the reactor building was kept open due to power loss.

	2
	Starting up
	BWR
	1990
	606
	167
	The spent fuel pool temporarily experienced a low-water level.

	3
	Operating
	BWR
	1993
	384
	193
	The spent fuel pool temporarily experienced a low-water level. A house transformer caught on fire and was extinguished within two hours.

	4
	Operating
	BWR
	1994
	492
	194
	24 cubic meters of seawater leaked from a 4.5 meter crack. Service platform in the spent fuel pool fell on the spent fuel storage rack; the spent fuel was not damaged.

	5
	Shutdown 

in an outage
	BWR
	1990
	442
	254
	A filtered water tank leaked; the leakage was not radioactive.

	6
	Shutdown 

in an outage
	ABWR
	1996
	322
	263
	A minuscule amount of radioactivity was found on 3rd floor of the reactor building (0.6 liter) and mezzanine 3rd floor of the reactor building. Leaked water discharged to the sea (1.2 cubic meters) containing Cobalt-58, Cobalt-60, and Antimony-124.

	7
	Operating
	ABWR
	1997
	356
	263
	Iodine and particulate material were detected during a weekly measurement of the main exhaust stack. The water-tight doors of the Reactor Core Isolation Cooling System and Residual Heat Removal System degraded. A service platform in the spent fuel pool fell on the spent fuel storage rack; the spent fuel was not damaged.


Conclusions

The safety-related systems, structures, and components of Diablo Canyon and SONGS are designed to remain safe during safe-shutdown earthquakes of magnitude 7.2 on the Hosgri Fault and 7.0 on the South Coast Offshore Fault Zone, respectively. These earthquakes are expected to be the largest magnitude earthquakes that could impact the plants, given what is currently known about the geology of local faults. Nevertheless, Diablo Canyon and SONGS would incur some damage in the event an earthquake occurred at or near the plant sites.

Earthquakes with magnitudes equivalent to the safe-shutdown earthquakes would likely cause serious damage to Diablo Canyon or SONGS with the damage centered on the non-nuclear areas of the plants. The safety-related portions of the plants—the reactor, primary steam supply, containment, and associated equipment—are expected to withstand safe-shutdown earthquakes without damage that would impact safety. Notably, the largest earthquakes experienced at SONGS and Diablo Canyon have been significantly less than the plants’ safe-shutdown earthquakes. The Study Team cannot assess the plants’ true seismic vulnerabilities since seismic evaluations of the non-safety portions of the plants were not available to the Study Team. 

The switchyards of the plants could be particularly vulnerable to earthquake damage because the equipment configuration and the dispersed and interconnected nature of the switchyard facilities make them vulnerable to ground motion. In part, the degree of damage that could be sustained will depend on the extent to which SCE and PG&E have upgraded their plants’ switchyard equipment to meet the newest seismic design standards. Failure of a switchyard could result in a loss of power from the plants even if the reactor units remain safe and undamaged.

The turbine building and tank areas might also be susceptible to damage. The turbine building at Diablo Canyon is large with an expansive open space inside. The turbine building’s roof could collapse in an earthquake. At SONGS, the tank areas for the condensate storage tank and the refueling water storage tank are low-lying areas susceptible to water damage in the event of a tsunami that exceeds the design basis. Ground movement near the support pads for the tanks could cause underground pipes to burst and damage the tanks.

Diablo Canyon or SONGS could be shut down following an earthquake for as little as one week to as much as four years for repairs or component replacement. Estimates of time to repair or replace nuclear plant components are very uncertain since this information is not readily available. Other factors affecting the duration of a shutdown include the amount of time needed to investigate the plant for damage and the need for design and backfitting efforts. Public or regulatory concerns also could delay the restart of the power plant. A collaborative study involving the utilities, manufacturers, and researchers with the appropriate expertise could be beneficial to estimating power plant restart time.

There are many lessons to be learned from the experience of the Kashiwazaki-Kariwa Nuclear Power Plant (KK NPP) and the 2007 Niigata Chuetsu-Oki earthquake. The KK NPP experienced ground motions significantly higher than the design basis ground motion and yet suffered no significant damage to safety-related components. Nevertheless, more than a year after the earthquake, the KK NPP remains shut down. Extensive investigations appear to be the primary cause of the lengthy shut down, suggesting that repairing or replacing damaged components may not be the primary driver of how long a nuclear power plant is shut down following a major seismic event. Research and investigations into the earthquake and the root causes of damage at the nuclear power plant are ongoing; the Energy Commission and California’s nuclear plant owners should stay informed as new information becomes available.

Technical Note: Seismic Hazard Analysis

There are two primary types of seismic hazard analysis: deterministic and probabilistic. 

Deterministic seismic hazard analysis (DSHA) specifies the ground motion hazard at a site from a single earthquake (usually a maximum estimated event) on a specified fault or at a specified distance from the site of interest. The estimated ground motion at the site is typically given in the form of a percentile level, such as the 50th-percentile (median) or 84th-percentile motion, which is calculated from the standard deviation of the ground motion attenuation relationship used in the analysis. DSHA is most commonly applied at sites that are close to active faults since it can be expected that earthquakes on these faults dominate the ground motion hazard at the site. 

There are two types of uncertainties associated with DSHA. Aleatory variability refers to the statistical variability in parameters used in seismic hazard analyses. Epistemic uncertainty refers to the uncertainty in which of the available ground motion attenuation models to apply to represent the range of results given by different ground motion models. To account for these uncertainties, judgments are typically made in the application of DSHA results as to reasonably suitable levels of conservatism required for seismic safety. 

Probabilistic seismic hazard analysis (PSHA) is a more complex analysis than DSHA and involves a methodology that was first proposed by Cornell.
 PSHA can be summarized as the solution of the following expression of the total probability theorem:
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where ([X(x] is the annual frequency that ground motion at a site exceeds the chosen level X=x; (i is the annual rate of occurrence of earthquakes on seismic source i that have magnitudes between Mo and MMax; Mo is the minimum magnitude of engineering significance; MMax is the maximum magnitude assumed to occur on the source; P[X(x|M,R] denotes the conditional probability that the chosen ground motion level is exceeded for a given magnitude and distance; fM(m) is the probability density function of earthquake magnitude; and fR|M(r|m) is the probability density function of distance from the earthquake source to the site of interest. In application, this expression is solved for each seismic source i of a seismotectonic model. 

Once the annual exceedance rate ([X(x] is known, the probability that an observed ground-motion parameter X will be greater than or equal to the value x in the next t years (the exposure period) is easily computed from the equation
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and the “return period” of x is 
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Probability values commonly used and cited in PSHA are ground motions that have a 10% probability of being exceeded in a 50-year exposure period of engineering interest. From equation three, this gives a return period of: 
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Thus, these specific ground motions, which have a 10% probability of being exceeded during 50 years, are commonly termed to have an average 475-year return period. It is informative to note that setting the exposure period equal to the return period results in a 63% probability that the ground motions will be exceeded in t years under the Poisson assumption used to develop these relationships. 

The PSHA process models a range of earthquake magnitudes of engineering interest on all potential seismic sources throughout a region around a site of interest.
,
 Specialized computer programs are used due to the large number of calculations that are required for PSHA. Figure 6 below illustrates a simplified PSHA procedure. Sources of earthquakes are initially identified and the earthquake occurrence frequency is analyzed for each source. These sources can be individual faults or can be specified as areas where earthquakes are not clearly associated with known faults or where active faults are unknown. They can also be composite sources, in which active faults are embedded within area sources with each source perhaps having a different magnitude range of potential earthquakes. 

Epistemic uncertainty regarding the parameters of the earthquake sources is input to the PSHA process via a logic-tree, in which alternative values are weighted according to their likelihood of being correct. The generic form of the fault-source logic-tree used by PG&E in the 1988 Diablo Canyon LTSP report is shown in 

Figure 7


. Typically, several or more attenuation relationships are also incorporated into the analysis in order to encompass epistemic uncertainty related to the ground motion models. Aleatory variability for statistically determined input parameters is incorporated into the analysis through mathematical integration. 

The result of PSHA is a suite of hazard curves for spectral amplitudes at each vibration period of interest. The hazard curves can then be sampled at various annual probabilities of exceedance to obtain constant, or uniform, hazard spectral amplitudes that are plotted together as a constant, or uniform, hazard spectrum.

Figure 6: PSHA 
Procedure
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Chapter 4: Seismic and Other Vulnerabilities of Spent Fuel Storage Facilities, Transmission Systems, and Access Roadways

Periodically, about one-third of the nuclear fuel in an operating reactor needs to be unloaded and replaced with fresh fuel. Designers of nuclear power plants anticipated that the spent fuel would be reprocessed, with usable portions recycled and the rest disposed as waste. They built pools in which to store the spent fuel at the reactor sites until the spent fuel could be shipped to a reprocessing facility or permanent waste repository. However, commercial reprocessing was never successfully developed in the U.S., and a permanent waste repository has not yet been developed. As a result, many of the spent fuel pools at domestic commercial nuclear power plants are nearing capacity and nearly all will reach their full capacity by 2015 if alternative methods of storage are not employed (Figure 8). 

Figure 8: Spent Fuel Pool Capacity, U.S. Commercial Nuclear Plants
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Congress is considering options to create additional storage capacity on federal lands to store commercial spent fuel until a repository or advanced reprocessing technologies can be developed. A commercial interim storage facility remains a possibility. However, an interim storage facility, whether operated by the U.S. Department of Energy (DOE) or a private company, would take at least a decade to plan and license.

In the early 1980s, utilities began looking at options for increasing the capacity of spent fuel pools. Current regulations permit re-racking (placing fuel rod assemblies closer together in spent fuel pools) and fuel rod consolidation, subject to U.S. Nuclear Regulatory Commission (NRC) review and approval, to increase the amount of spent fuel that can be stored in the pool. Both of these methods are constrained by the size of the pool. The spent fuel pools at both Diablo Canyon and the San Onofre Nuclear Generation Station (SONGS) have been re-racked to allow for a higher density of stored spent fuel.

Another option is to build an independent spent fuel storage installation (ISFSI) at the reactor site or elsewhere. While an ISFSI technically could be a second spent fuel pool, in practice utilities that have built ISFSIs have used a dry cask design. (In this chapter and throughout the report, the term “ISFSI” refers to a dry cask storage facility.) Under this approach, spent fuel freshly removed from a reactor is stored in a spent fuel pool while older fuel that has cooled for at least five years in the spent fuel pool is transferred to the dry cask ISFSI. The dry cask storage containers are typically placed outside on concrete pads away from plant buildings but within the secured area of the nuclear power plant site. 

According to the NRC, there are 49 operating ISFSIs in the U.S.
 Another 16 nuclear power plants have applied to the NRC for licenses to build and operate an ISFSI. Both the Diablo Canyon and SONGS sites have built or are building ISFSIs.

Under normal operating conditions, spent fuel pools and dry cask storage systems both provide safe means of storing spent fuel. This chapter reviews scientific studies and data to assess whether these storage systems would continue to effectively contain radiation from the spent fuel under extreme seismic or terrorist events. The chapter then considers spent fuel transport risks, local and state emergency preparedness plans, and the vulnerability of transmission systems at the nuclear plants to damage from seismic or terrorist events.

Spent Fuel Pools 

Spent fuel pools are large structures constructed of thick, reinforced concrete walls and slabs. Pool walls are about 5 feet thick; pool floor slabs are around 4 feet thick and are lined with at least ⅛-inch of stainless steel. Overall pool dimensions are typically about 50 feet long by 40 feet wide and 55 to 60 feet deep. 

Both Diablo Canyon and SONGS’ spent fuel pools share the same seismic design basis as their respective plants (see Chapter 3). In Diablo Canyon and SONGS, the spent fuel pool structures are located outside the containment structure and supported on the ground or partially embedded in the ground. The location and supporting arrangement of the pool structures affect their capacity to withstand seismic ground motion beyond their design basis. The design and dimensions of the pool structure are generally derived from radiation shielding considerations rather than seismic demand needs. Because the radiation shielding criteria are more stringent that the seismic criteria, spent fuel structures at nuclear power plants are able to withstand seismic loads substantially beyond those for which they were designed.

Vulnerability to Seismic or Terrorist Events

The greatest risk to any nuclear spent fuel pool is the loss of water or the loss of active cooling. A loss-of-coolant event could be precipitated by earthquakes or a terrorist attack. Such an event would likely not lead to radiation release in a spent fuel pool that used open frame racks (i.e. that had not been re-racked). In this configuration, spent fuel that had cooled for more than five days after shut down before transfer to the spent fuel pool could survive a complete loss of pool water without cladding failure. However, a loss-of-coolant event in a re-racked spent fuel pool, if not mitigated, could result in overheating of the stored spent fuel, melting of the fuel cladding, and the subsequent release of radioactive material.
In order to protect against loss–of-coolant events, the NRC requires spent fuel storage facilities and all structures and equipment necessary to maintain minimum water levels necessary for radiation shielding to be designed to Seismic Category I requirements, the highest NRC standard.
, 
, 
 The Diablo Canyon and SONGS spent fuel pools are designed to these requirements and are also supported on or partially embedded in the ground to increase their ability to withstand seismic ground motion beyond their design basis. They are therefore not expected to suffer a catastrophic loss of cooling as the result of earthquakes.
In 2003 Robert Alvarez, a Senior Scholar of Nuclear Policy at the Institute for Policy Studies, evaluated the repercussions of a loss-of-coolant event in a spent fuel pool that had been re-racked and was densely packed.
 Alvarez concluded that such an event would lead to the rapid heat-up of the newer spent fuel to temperatures at which the zirconium alloy cladding would catch fire and release many of the fuel’s fission products, particularly cesium-137. He suggested that the fire could spread to the older spent fuel in the pool, resulting in long-term contamination consequences that would be worse than those from the Chernobyl accident. He did not consider the likelihood of these scenarios.

Alvarez and his co-authors recommended that spent fuel be transferred to dry storage within five years of discharge from the reactor. They noted that this would reduce the cesium-137 inventory of a typical spent fuel pool by a factor of four, allow the remaining fuel to be returned to open-rack storage to allow for more effective coolant circulation, and eliminate cladding ignition in the case of a total loss of pool water. The authors also discussed other compensatory measures, such as the installation of emergency ventilation and emergency water sprays, that could be taken to reduce the consequences of a loss-of-coolant event.

The Alvarez analysis received extensive attention and comments, including a comment from NRC staff.
 None of the commentators challenged the main conclusion of the study that a severe loss-of-coolant accident might lead to a spent fuel fire in a densely packed pool. Rather, the commentators challenged the likelihood that such an event could occur through accident or sabotage. They also challenged the assumptions used to calculate the offsite consequences of such an event and the cost-effectiveness of the authors’ proposal to move spent fuel into dry cask storage. NRC staff concluded that the analysis relied on “studies that made overly conservative assumptions or were based on simplified and very conservative models. The use of these previous studies, most of them NRC or NRC contractor studies, provides overly conservative and misleading results when assessing potential spent fuel pool vulnerabilities to terrorist events.”61
Even without a complete loss of coolant, an earthquake or other impact to a spent fuel pool could result in the spread of radioactivity if contaminated water spills from the pool. This occurred during the July 2007 Niigata Chuetsu-Oki (NCO) earthquake in Japan. The earthquake’s ground motion caused water to slosh in the spent fuel pool at the KK NPP and to spill in the Unit 6 reactor building. The contaminated water then leaked out of conduits in the reactor building floor into the Sea of Japan.
 

The IAEA noted in its follow-up report on the NCO earthquake that the “phenomenon of water spilling over from the spent fuel pool is now well known and had already been observed during previous earthquakes.”
 Both SONGS’ and Diablo Canyon’s spent fuel pools are designed to curb the effects of sloshing. At Diablo Canyon, waves of less than 2 feet would be contained by the freeboard of the spent fuel pool’s walls.
 A 12-inch high curb around the perimeter of the pool would contain water spilled due to sloshing over the freeboard area. This is what occurred during the San Simeon earthquake, which had a magnitude of 6.5. Both SONGS and Diablo Canyon have drainage systems in the floor around the pool that are designed to collect water and route it to a sump system that handles liquid radiation wastes.

As noted above, the manner in which water from the Japanese plant’s spent fuel pool leaked into the sea was through floor penetrations that were not sufficiently leakproof. PG&E stated in response to a data request that it is currently investigating the water-tightness of conduits in its auxiliary building.
 SONGS responded that the power plant does not have “pathways in the Fuel Handling Building that will allow contaminated water to flow to a "clean" sump which in turn would automatically pump water to the ocean as occurred in Japan. Therefore, no significant safety or environmental impacts are anticipated due to spent fuel pool water spillage that might result from an earthquake.”

Another potential concern at a spent fuel pool is heat build-up following the loss of active cooling (i.e. circulation pumps in the spent fuel pools). However, this scenario is much less likely to lead to a fire. As long as water does not spill out of the pool, operators would have about 100 hours (more than four days) to act before enough cooling water boiled away to expose the spent fuel. 

Dry Cask Storage

Dry cask ISFSIs are designed to resist floods, tornadoes, projectiles, temperature extremes, and other unusual scenarios. Dry casks typically consist of metal or concrete outer shells with inner sealed metal cylinders that contain the spent fuel (Figure 9). The NRC requires that spent fuel be cooled in a spent fuel pool for at least five years before being transferred to dry casks. During this period, significant cooling of the spent fuel rods occurs (see Chapter 9). 

Figure 9: Dry Cask Storage
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There are two ways a dry cask ISFSI may be licensed. A “site-specific license” authorizes operation of a storage facility at a nuclear power plant or elsewhere, subject to the NRC’s standard licensing requirements. The license specifies the type of storage system to be used. Alternatively, nuclear power plant operators may operate an ISFSI under a “general license” using NRC-approved dry storage casks. The general license option allows plants to avoid repeating certain evaluations (such as environmental impact or seismic reviews) that were already conducted for the plant’s operating license. SONGS’ ISFSI is operated under a general license, and PG&E has applied for a site-specific license for the Diablo Canyon ISFSI.

Dry cask ISFSIs are considered by many experts to be safe and environmentally sound. Over the last 20 years, there have been no radiation releases which have affected the public, no radioactive contamination, and no known or suspected attempts to sabotage ISFSIs.

Risk Assessments of Dry Cask Storage Facilities

Two comprehensive probabilistic risk analyses, performed in parallel but independently by NRC and Electric Power Research Institute (EPRI), have been conducted for dry cask storage systems. 
 The NRC study considered the HI-Storm 100 system as implemented at an unnamed East Coast boiling water reactor plant. The EPRI study considered a “generic” dry cask containing spent pressurized water reactor (PWR fuel). These studies considered both internal and external initiators. Internal initiators are those events that result from operational failures or malfunctions (e.g. the drop of a cask) that could potentially threaten the integrity of the cask or cause the release of radioactive material. External initiators are those events whose origin is outside of normal operational control (such as an earthquake or aircraft crash) that has the potential for an undesirable outcome. Neither study explicitly considered terrorist-initiated scenarios. 

The risk metric used in both studies was the frequency of early fatality of a member of the public. Both studies specifically considered the risk of prompt early fatality of a member of the public (located within one mile of the facility in the NRC study and at the site boundary in the EPRI study) and latent cancer deaths in the surrounding population. Both studies predicted zero prompt fatalities and very low values of latent cancer deaths for the scenarios considered. Both studies predicted a higher risk for a cask in its first year of use as compared to subsequent years. This is because additional operations such as cask loading and transportation occur during the first year. The NRC study predicted that the frequency of latent cancers per year per cask for the first year is on the order of 2 x 10-12; the corresponding value from the EPRI study is on the order of 6 x 10-13 per year per cask. For subsequent years, the NRC and EPRI studies predict risks on the order of 3 x 10-14 and 2 x 10-13, respectively.
General Vulnerability

Dry cask storage of spent fuel is among the safest of all the phases of the nuclear fuel cycle. The basic safety goals that must be met are to ensure that (a) sufficient shielding is provided so that workers at the facility are not exposed to hazardous levels of radiation, and (b) the fuel is contained so that any release of radioactive material from the casks to the surrounding environment is reliably prevented. These goals are not difficult to achieve. 

In dry cask storage there are few scenarios that could provide the energy needed to break the cask and spread radioactive material into the surrounding environment. This is quite different from the situation in a reactor core, where extreme care is taken to contain the intense heat and pressure generated by the nuclear reaction, or in a fuel processing plant, where a variety of strong chemical reactions are likely to be used that could potentially result in explosive energy releases. With dry cask storage, a solid material (the spent fuel assemblies) remains completely still inside a strong, thick container. In such a system, there is very little that could precipitate a significant release of radioactivity. Moreover, dry storage casks are massive structures that are subjected to extensive mechanical testing before NRC approval to ensure that they will withstand very significant physical abuse before failure and any possible release of their radioactive content. Dry casks are also less vulnerable than spent fuel pools because they contain much smaller inventories of spent fuel, less cesium-137 activity, and are not vulnerable to a loss-of-coolant accident.

To ensure that dry cask storage systems provide adequate shielding and containment, the systems are designed to meet the following requirements: (1) fuel cladding must maintain its integrity while in storage; (2) high temperatures that could cause fuel degradation must be avoided; (3) accidental chain reactions (“criticality”) must be prevented; (4) effective radiation shielding must be provided; (5) radiation releases must be avoided; and (6) fuel retrievability must be ensured in case any problem arises. 

Under normal conditions, the main vulnerability associated with dry cask storage is the loading of spent fuel from the pool into the casks. During this process, the fuel is not as fully protected as it is when it is in the casks or the pool, and it is in motion, which increases the possibility for accidents. The NRC’s PRA study (discussed above) found that the largest contributor to risk was the transfer of the spent fuel from the pool to the dry cask storage containers.
 In some cases, welding torches or other sources of energy that could precipitate a chemical reaction may also be present. An additional potential concern is that spent fuel cladding could degrade on account of exposure to high temperatures inside the casks for many years. If too much degradation were allowed to occur, the cladding could rupture and pieces of fuel could fall out into the canister. Such an occurrence would create a potential contamination risk when the fuel was eventually unloaded. For this reason, the NRC places strict limits on the maximum temperature for dry storage (effectively a limit of 380 degrees C).
 Inspections of spent fuel that had been stored in dry casks for nearly 15 years revealed no increase in the cladding creep of its fuel rods.

Vulnerability to Seismic and Terrorist Events

 The dry casks at SONGS and Diablo Canyon have been designed to withstand the design basis seismic events at the respective sites. The vulnerability of dry cask storage to a terrorist attack is still being studied. A terrorist attack that breached a dry cask could potentially result in the release of radioactive material from the spent fuel into the environment through one or both of the following processes: mechanical dispersion of fuel particles or fragments and dispersion of radioactive aerosols (e.g. cesium-137). The latter process would have greater offsite radiological consequences. Sandia National Laboratories is currently analyzing the response of several dry cask systems to a number of potential terrorist attack scenarios at the request of the NRC.

 In his 2003 study, Alvarez concluded that terrorists could cause releases from dry-cask modules, although it is difficult to imagine how they could release a large fraction of the total stored inventory, short of detonation of a nuclear weapon. Alvarez identified shape-charged missiles, aircraft turbine spindles, and fire as possible threats. To release radioactive material, Alvarez observed that either the wall of the container must be penetrated from the outside or a fire must cause failure of the container.

Setting and Design of the Diablo Canyon ISFSI

PG&E plans to use the HI-Storm 100 dry cask storage system (see “Diablo Canyon ISFSI System” below).
 This system is comprised of multipurpose canisters, storage overpacks, and HI-TRAC transfer casks located above ground.
 A photo of loaded HI-Storm casks is shown in Figure 10. 

Loaded overpacks are stored on a series of concrete pads within a protected area separate from the reactors. Each storage pad is designed to accommodate up to 20 loaded overpacks in a 4-by-5 array. Ultimately, seven such pads may be built to accommodate a full offload of Units 1 and 2 reactor cores and their spent fuel pools at the end of their existing operating licenses. The series of seven storage pads will cover an area approximately 500 feet by 105 feet. The protected area has applicable barrier, access, and surveillance controls meeting NRC requirements for an ISFSI co-located with a nuclear power plant.
Construction of the ISFSI is still in process, and regulatory reviews and approvals are not yet complete.
 

Figure 10: Photo of Loaded HI-Storm Casks at Plant Hatch
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With respect to seismic issues, in 2004 PG&E updated the Diablo Canyon ground motion analysis to account for the characteristics of the ISFSI. In particular, the new analysis accounts for near-source fault rupture phenomena. These phenomena affect long-period motions to which the ISFSI is more sensitive than power plant facilities. The Coastal Commission staff geologist agreed with PG&E and the NRC that the updated ground motion estimates are to be used in the ISFSI design. 

A number of seismic safety features are integrated into the ISFSI design to account for the updated ground motion analysis. For example, the cask storage pads are designed to accommodate the weight and necessary anchorage of the HI-STORM 100SA overpack at these high seismicity sites. A seismic restraint also will be mounted in a recess in the floor of the spent fuel pool to support the canister while it is in the pool.

Beyond seismic issues, the accidents evaluated for the ISFSI facility are predominately natural events affecting the ultimate storage position of each cask. Some limited analyses have been performed to address potential terrorist events. There appears to be little apparent credibility to the effect on operations of a concurrent seismic event; the exception would be a transporter moving a loaded cask. 

Non-terror and non-seismic risk issues for Diablo Canyon’s IFSFI include the following: 

· The cask transporter cannot get into the building because the rollup door is too small. This necessitates offloading large loads onto a temporary track to move the cask into position. Potential problems with the temporary track system have not been investigated.

· 
· There are provisions in Diablo Canyon’s ISFSI license that require PG&E to have a process for opening sealed spent fuel canisters. Part of reopening a canister entails cutting the canister lid weld. Oxidation of the boron-carbide neutron absorbers and the aluminum components contained in the canister may create hydrogen gas while the canister is filled with water. Appropriate monitoring for combustible gas concentrations must be performed prior to, and during, lid cutting operations. In addition, the space below the canister lid must be exhausted prior to, and during, lid welding operations to provide additional assurance that explosive gas mixture will not develop in this space. The NRC reviews PG&E’s procedures for reopening a canister.
· The minimum physical separation distance between the transport route and the ISFSI is 1,200 feet based on the maximum quantities of flammable material having an equivalent weight of TNT of 12,100 lb. The resultant setback distance ensures that the 1 pound per square inch maximum overpressure acceptance criterion is met. PG&E uses administrative controls to ensure that this setback distance is maintained. The NRC has the responsibility to periodically review the administrative controls to ensure their adequacy.
Setting and Design of the SONGS ISFSI

The SONGS ISFSI is a fenced, protected area located within the Unit 1 Industrial Area, which is dedicated to the dry storage of spent fuel from Units 1, 2 and 3. The ISFSI is sized to accommodate the total contents of the Unit 1 spent fuel pool in addition to all fuel to be offloaded during the current licensed lives of Units 2 and 3.

The final ISFSI configuration will consist of multiple rows of Advanced Horizontal Storage Modules located aboveground. Each storage module is a concrete structure 8'-5" across the front, 22'-7" deep, and 20'‑7" high. Modules are joined together to form rows. The modules sit above ground atop a three-foot thick concrete pad that provides a minimum 10-foot clearance around the module array to allow for sliding during a seismic event. A one-foot thick approach road provides access to the modules.

Enclosed within the storage modules are the dry-shielded canisters. A dry-shielded canister is a horizontally positioned, cylindrical vessel capable of holding up to 24 fuel assemblies. Unit 1 canisters are 67" in diameter, 186" long, and are designed for a 14 KW heat load. Unit 2 and 3 canisters are 67” in diameter, 197" long, and are designed for a 24 KW heat load.

The ISFSI is located in an area with secured access. Lightning protection is provided for the modules and the security light towers. Except for periods of facility expansion (i.e. adding additional modules onto a row), routine inspections, and during actual fuel loading operations, the ISFSI will be empty of vehicles, extraneous equipment, and personnel.
 

SONGS maintains that the seismic safety of the site has been assured through review by the NRC, during the licensing review for Unit 2 and 3 in the 1970s. In addition, the SONGS ISFSI was built to higher seismic standards at all frequencies than required by the design. In reviewing these data, the California Coastal Commission concluded that it is reasonable to conclude that even a much larger earthquake, a much lower epicentral distance, or both, will not produce ground shaking that would exceed the design of the ISFSI.

The Coastal Commission found that there is credible reason to believe that the design basis earthquake approved by NRC at the time of the licensing of SONGS 2 and 3 – a magnitude 7.0 earthquake on the Newport-Inglewood-Rose Canyon Fault system 8 km from the site, resulting in a ground shaking with a high frequency component peaking at 0.67 g – may underestimate the seismic risk at the site. This does not mean that the facility is unsafe – although the design basis earthquake may have been undersized, the plant was engineered with very large margins of safety, and would very likely be able to attain a safe shutdown even given the larger ground accelerations that might occur during a much larger earthquake. … the seismic design of the proposed project which is under consideration [sic ISFSI], so far exceeds the ground accelerations anticipated from the design basis earthquake that it is reasonable to believe that it will be safe from even a much larger earthquake whose focus is even closer than the design basis earthquake.

However, some opponents of the SONGS ISFSI believe that new information on the geologic environment offshore of the SONGS site indicates that the design basis earthquake may underestimate the seismic risk at the site. (The seismic setting for the SONGS site is reviewed in Chapter 2.) 

Spent Fuel Transport Risks

Spent fuel canisters are used for on-site transport from a spent fuel pool to an ISFSI and will also be used for off-site transport to an interim or final centralized storage location. These canisters have been developed to prevent containment failure even if the canisters are dropped or subjected to stresses that result in large plastic deformations and high strains. Significant testing of the canisters has demonstrated that the canisters can achieve the intended design goals without failure. Blandford et al. concluded that containment failure can be averted in spent nuclear fuel canisters that are accidentally dropped if the canisters conform to NSNFP specifications.
 The results of the drop testing show that the design of the standardized spent fuel canister is robust and that its containment system will remain intact and functional even if the canister is dropped. Helium leak testing has shown that leak-tight conditions are maintained after an accidental drop. These physical observations are supported by computer analyses that predict the structural responses of the canisters.

The NRC has sponsored a series of studies since the 1970s examining the risk that spent fuel could be released during transportation accidents. The NRC’s most recent assessment of spent fuel transportation accident risks was conducted by Sandia National Laboratory and was published in 2000.
 This study, like preceding accident studies, found that an accidental release of spent fuel in transit is very unlikely and that significant human health impacts are even less likely. The study estimated that in over 99.9 percent of all truck and rail accidents, the shipping container would experience no significant damage, and even in the cases where damage to the container occurred, there would be no release of radioactive material.
 A draft of an updated NRC analysis concludes that the risk of radiation release is even lower.
 These assessments are consistent with U.S. experience: of the eight accidents that occurred during 1,300 commercial spent fuel shipments between 1979 and 1995, none damaged the fuel casks, compromised the shielding, or caused any release of radioactive material.
 
The National Academies’ Committee on Transportation of Radioactive Waste similarly concluded that there are no fundamental technical barriers to the safe shipment of spent nuclear fuel and high-level radioactive waste in the United States.
 The Committee found that when conducted in strict adherence to existing regulations, spent fuel transport is a low radiological risk activity with manageable safety, health, and environmental consequences. However, they also noted that there are a number of social and institutional challenges to the successful initial implementation of large-quantity shipping programs. Careful attention to safety, including extensive preplanning and effective and independent regulation, is required in order to ensure that spent fuel shipments pose little risk to the public.

There is less public information available on the potential impacts of terrorist attacks on spent fuel shipments. A variety of studies have concluded that even an attack on a spent fuel transport using shaped-charge explosives on the casks would spread only a minor amount of radioactivity if the scenarios did not involve combustion of the zirconium cladding.
 However, Dr. Ed Lyman, director of the Nuclear Control Institute, has criticized these studies as inadequate. For example, Lyman criticized the design basis threat specified in 1999, indicated that the source term analyzed did not fully consider all relevant radionuclides, and that the impact of respirable particles had not been fully considered.
 Lyman and others have similarly criticized federal regulations pertaining to spent fuel transport security.
 

A specific terrorist scenario has been postulated for the Diablo Canyon ISFSI.
 In this scenario, it is hypothesized that an attack on a canister results in puncture of both the top and bottom of the cask and a zirconium fire. If the cask’s anchors were to survive, the passive cooling feature of the cask could result in a “chimney effect” and lead to the release of a significant amount of cesium. The scenario is presented based on its potential severe consequences; the conditional likelihood of the scenario (e.g. the occurrence of the necessary physical damage and onset of cladding fire) given a well-designed terrorist attack were not reviewed by the authors of the current report.

Local and State Emergency Preparedness Plans

Under California law, counties have the authority and responsibility to protect the lives and property of their citizens; however, the state supports emergency response activities involved in nuclear power plant planning. In 1979, following the accident at the Three Mile Island nuclear power plant in Pennsylvania, the California Legislature mandated that the Governor’s Office of Emergency Services, together with Department of Health Services and affected counties, investigate the consequences of a serious nuclear power plant accident. These agencies conducted site-specific studies and developed Emergency Planning Zones around the state's nuclear plants and integrated emergency plans.
 In addition, in the event of an emergency at one of these plants, the Office of Emergency Services would mobilize state resources in support of the counties to help mitigate the effects of radiation released into the atmosphere.

During an emergency response, the State Office of Emergency Services would have absolute coordination authority over utility, local, state, federal, and volunteer response. The Department of Health Services would be the technical lead for preventing contaminated water, food, and food animals from reaching the consumer and for restoring areas to pre-accident conditions. The state's Nuclear Power Plant Emergency Response Plan identifies the required activities in the Emergency Response Zones.

In the Emergency Planning Zone, an approximate ten-mile radius around the plants defined for the plume exposure pathway, plans are in place to protect people, property, and the environment in that zone from the effects of radioactive contamination. These plans are reviewed and approved by the NRC and periodic exercises are conducted as described below.

In the Ingestion Pathway Zone, an approximate 50 mile radius around that plant, plans are in place to mitigate the effects on agriculture, and food processing and distribution. These plans are also reviewed and approved by the NRC.

On a regular basis, the utilities distribute educational materials to inform the public within 35 miles from the nuclear plants (in the Public Education Zones) about plant operations, what to expect in the event of an accident, and what plans are in place for public protection. The utilities are required to publish and disseminate this information for both residents and transient populations, including telephone directory guidance.

Planning and preparedness are cooperative efforts by state agencies, local jurisdiction, and the utilities. These efforts aim to develop integrated and refined plans for emergency response and to prepare a cadre of trained emergency responders. The plans and attendant procedures are informed by guidance provided by the Federal Emergency Management Agency in concert with the NRC.

Emergency responders test their plans and their skills through regularly scheduled exercises, based on a federally-mandated six-year cycle. Exercises test organizations’ integrated capability and major portions of the plans. State law requires full activation of state level response every two years. 

The Diablo Canyon Independent Safety Committee is an independent organization consisting of three members, one each appointed by the Governor, the Attorney General, and the Chairperson of the California Energy Commission, serving staggered three-year terms. The role of the Committee is to review Diablo Canyon operations for the purpose of assessing the safety of operations and suggesting any recommendations for safe operations. The Committee reviewed Diablo Canyon's Emergency Preparedness Program and found that a recently-developed Strategic Plan will bring about needed improvements. In particular, the new plan will improve the communication of radiation release projections and data to the media, the county, and the public. This is an area that had been identified by the Safety Committee as needing improvement.

Access Roadways

Diablo Canyon is located in a relatively remote area, while SONGS is located along a major interstate highway. From a planning perspective, Diablo Canyon’s remoteness is preferable since there is a non-populated zone around the plant that serves as a final protective boundary for the safety of the public. This is also a beneficial feature when keeping the plant secure from external threats. However, remoteness can hinder timely emergency response. 

At Diablo Canyon, a two‑lane asphalt road is the only accessible route to and from the site. During an emergency, this restricted access could result in traffic congestion and increase the potential for traffic accidents and further road blockages. If an emergency occurred during the winter rainy season, the risk of congestion and traffic accidents would be even greater since the hills through which the road is cut and the coastal plains upon which the road is built are subject to slides and sloughing during and after heavy rains. 

In addition to this one access road, there are unpaved roads through privately held lands north of the plant that connect with a narrow windy road through a state park. To the east, there are unpaved access roads that are used to service transmission lines and towers. These roads are also located on privately held lands and used by the utility only under the grant of local easements. If the two-lane access road were blocked during an emergency, the only direct access into or out of the Diablo Canyon would be via the ocean-front landing of vessels or helicopter service landings.

Access roadways to SONGS have a much larger capacity to bring in emergency supplies, relief personnel, food, fuel, and replacement equipment within a very short period of time. However, if the emergency threatens nearby residents, there could be an unprecedented amount of traffic traveling through this corridor to escape a threatening situation. If the traffic overwhelmed the highway system, it could bring all transportation to a halt and impede emergency response. This occurred in Texas and Louisiana ahead of the 2006 hurricanes.

Both nuclear plants’ sites are vulnerable to seismic ground subsidence that can directly affect all roadways arriving to the site and the access roadways within each plant complex. These impacts were reported in the 2007 Japanese earthquake. The resulting uneven or soft surfaces can prevent large equipment vehicles from arriving until the road surfaces can be restored to handle the heavy loads. PG&E maintains roadway repair materials and equipment at the plant site and San Luis Obispo County similarly keeps equipment readily available in case of major damage to access roadways.
Vulnerability of Transmission Systems

Transmission systems have two roles at the nuclear plants: to provide power for on-site loads and to deliver power generated by the nuclear plants to the grid. Under most circumstances a disruption to the transmission system would not damage the nuclear plants since the plants are designed to successfully withstand the loss of offsite power. However, in the very unlikely event that the loss of offsite power coincided with additional independent failures of the on-site emergency generators, the plant could be damaged.

A more likely result of transmission failure would be a disruption in the delivery of power from the nuclear plants to the grid. A 1990 Federal Emergency Management Agency (FEMA) review of records from past earthquakes found that electrical transmission towers, poles, and lines are not very vulnerable to earthquake damage, particularly on the West Coast where transmission systems are generally built to be earthquake resistant.
 Notably, no transmission tower damage was reported from the Loma Prieta earthquake or from four other California earthquakes examined in the FEMA study.
 However, transmission facilities are more vulnerable to terrorist attack. It would be relative easy to dismantle a tower, to cut out structural members, or to knock down a weakened transmission tower during the night without detection. Such acts would disrupt electrical power transmission if any cables were severed or torn. 

In August Diablo Canyon’s Unit 2 automatically tripped as a result of a fire in a transformer. Unit 2 remained shut down for 20 days following the incident while the transformer was replaced and associated damage repaired. As a result of the transformer fire and reactor trip, electricity from the 230 kV switchyard flowed into the plant through a startup transformer to provide electricity to power plant equipment. Diablo Canyon has been plagued with transformer fires over the years.
 For example, an auxiliary transformer for Unit 1 caught fire in 2000 and in 1996 causing the unit to automatically trip. PG&E and the transformer vendor, Siemens, are investigating the cause of the most recent transformer fire. The NRC will then review the results of that investigation.

As discussed in Chapter 3, substations are vulnerable to earthquake damage. Particularly prone to damage are ceramic components, including bus-support structures, disconnect switches, columns supporting circuit breakers, and bushings and radiators of transformers.
 High voltage equipment are most vulnerable, and blackouts are often associated with damage to high voltage substations.
 Such damage need not result in an extended blackout: during the Loma Prieta earthquake, service was restored before repairs were completed by bypassing some of the damaged circuit breakers.
, 

Conclusion

The greatest risk to any nuclear spent fuel pool is the loss of water or the loss of active cooling. A loss-of-coolant event could be precipitated by earthquakes or a terrorist event. If not mitigated, such an event could lead to overheating of the stored spent fuel, melting of the fuel cladding, and the subsequent release of radioactive material. Loss of spent fuel pool water has occurred at plants outside California, but these events were recovered before the fuel damage occurred. Because of the risk associated with loss-of-coolant events, spent fuel storage pools are designed to reduce the possibility of draining leading to water levels lower than the stored fuel (which is what is necessary for overheating). In the case of Diablo Canyon and SONGS, the spent fuel pools are designed to the highest safety classification, and the pools are supported on or partially embedded in the ground to increase their ability to withstand seismic ground motion beyond their design basis. The pools are not expected
 to suffer a catastrophic loss of coolant as the result of earthquakes.  In addition, there are emergency back-up procedures in the event of a loss-of-coolant event to mitigate the potential loss of water from the pools.
As is the case for all operating nuclear plants in the United States, SONGS and Diablo Canyon have had to continue to store spent fuel on site well beyond original expectations. The solution the industry first turned to was to make modifications to the fuel pools to allow more fuel to be stored than was originally planned. The more densely configured (“re-racked”) spent fuel pools are considered to have a higher degree of risk than a spent fuel pool that has a more open racking arrangement. While regulations permit Diablo Canyon and SONGS to use re-racking, a loss-of-coolant event in a re-racked spent fuel pool could result in extensive radiation release and contamination.

An earthquake could result in the spread of radioactivity if contaminated water spills from the pool, as occurred during the July 2007 Niigata Chuetsu-Oki earthquake in Japan. Spilled water in one reactor building at the KK NPP leaked into the Sea of Japan from conduit leaks in the reactor building floor. The SONGS and Diablo Canyon spent fuel pools are designed to curb the effects of sloshing. However, in light of the leak at the KK NPP, PG&E is investigating the water-tightness of conduits in the Diablo Canyon auxiliary building where the spent fuel pool is housed.

The spent fuel pools, even after reracking, are nearing their maximum capacity. The solution developed to store additional spent fuel on site is to utilize dry cask storage. Under such a scheme, fuel that has cooled in the spent fuel pool for a number of years is dried and placed in special containers that are stored on site. Risk analyses of such containers, or casks, strongly suggest that they do not pose an undue risk to the public health from normal operations (loading and on-site transport), storage, or natural hazards, and, in general, a dry cask storage facility is considered to have a lower degree of overall risk than a spent fuel pool
. Over the last 20 years, there have been no radiation releases from a dry cask storage facility that have affected the public, no radioactive contamination, and no known or suspected attempts of sabotage.

Alvarez has suggested that the increased use of dry cask storage has the potential to reduce the overall risk associated with on-site spent fuel storage. If all fuel that has been cooled for several years were moved to dry cask storage, spent fuel pools could be returned to their original configuration and design loading, and mitigation features would be assured for the remaining “wet stored” fuel. 

Dry cask storage probabilistic risk analyses performed by the NRC and the Electric Power Research Institute (EPRI) concluded that cask loading and transportation, which occur primarily during the first year of operation, pose a greater risk of radiation release than routine operations.
 During the cask loading process, spent fuel is exposed and in motion, which increases the possibility for accidents. However, the probability of radiation release is low. 
The design of Diablo Canyon’s dry cask storage facility incorporated a number of seismic safety features. These features were included after analysis of near-source fault ruptures showed the potential for types of ground motion to which the dry cask storage facility is more sensitive than the power plant. The SONGS dry cask storage facility was built to higher than required seismic standards at all frequencies. In reviewing the facility’s seismic design, the California Coastal Commission concluded that even an earthquake much larger or closer than the design earthquake would not produce ground shaking that would exceed the design of the facility.

Limited information is available on the vulnerability of dry cask storage to sabotage, which is consistent with the National Academies’ finding in its 2006 
study of spent fuel storage safety and security. While terrorist scenarios have been postulated that could release a significant amount of cesium into the environment, an assessment of the likelihood of such scenarios occurring has not been publicly released.

The primary concerns with seismic vulnerability of roadways serving Diablo Canyon and SONGS is reduced ability for emergency personnel to reach the plants and for the local community and plant workers to evacuate. Diablo Canyon is served by a two‑lane asphalt road as well as by a separate emergency access road. During 
an emergency, this restricted access could result in traffic congestion and increase the potential for traffic accidents and further congestion. At SONGS, access roadways have a large capacity to bring in emergency supplies and relief personnel, but, if the emergency impacts nearby residents, there could be an unprecedented amount of traffic traveling through this corridor to escape a threatening situation. If the traffic overwhelmed the highway system, it could halt highway access and impede emergency response. This occurred in Texas and Louisiana ahead of the 2006 hurricanes.

The distributed nature of the transmission system makes the transmission system relatively more vulnerable than a nuclear plant to terrorist attack, but such an attack would not result in high human or environmental risk. Transmission towers and poles are not very susceptible to earthquake damage. However, switchyards are likely to be damaged during large earthquakes.
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Chapter 5: Plant Aging Vulnerability Assessment

Diablo Canyon and San Onofre Nuclear Generating Station (SONGS) are reliable sources of power, and continued vigilance is required to ensure that they remain so as the plants age. If plant components are not properly monitored, maintained, repaired, and replaced, as needed, age-related degradation could result in extended plant outages and impaired safety. According to the Nuclear Regulatory Commission (NRC), age-related degradation is “the cumulative degradation occurring within a reactor system, structure, or component, which, if unmitigated, may result in loss of function and impairment of safety.”

To date, Pacific Gas & Electric (PG&E) and Southern California Edison (SCE) have adequately managed aging at their nuclear plants, as evidenced by the high reliability of the plants. If not managed well, age-related degradation could increase the frequency of events challenging plant safety systems and reduce the likelihood that the safety systems will succeed in effectively mitigating these events. Degradation that impairs the performance of safety-related plant systems, structures, and components (SSC) could increase the frequency of damage to the reactor fuel core and the release of radioactive material to the public. Degradation to safety or non-safety related areas of the plant could cause extended forced outages and necessitate expensive repairs.

This chapter presents a review of the impacts of aging plant SSCs and an aging/retiring plant work force on the reliability of nuclear plants. It also identifies trends at Diablo Canyon and SONGS related to extended, unplanned plant outages and compliance with federal plant maintenance requirements, and it presents an assessment of each plant’s “safety culture.” 

This chapter builds on existing scientific studies, NRC reports, and consultations with the utilities and state and federal agencies. In particular, the Study Team conducted a literature search and review of technical reports, plant responses to survey questions, articles, and other information associated with the impacts of aging plant SSCs and an aging/retiring plant work force on the reliability of the plants. 

Historic Plant Performance

All nuclear plants in the U.S. are essentially baseload plants. This means that transmission system operators, such as the California Independent System Operator (CAISO), routinely accept 100 percent of the electricity that nuclear plants can provide in all hours of the year. Degradation of performance at a plant is reflected in periods of reduced output or reactor outages, meaning less electricity production. 

The standard metric of nuclear plant performance is the capacity factor: how much power the plant generates, or conversely, how much of the time the plant is unavailable or forced to operate at less than full capacity. A capacity factor of 100 percent indicates that a plant operated at full power throughout the period. Reductions in capacity factor over time can provide an indication of an impact of degradation at a plant. 

Historic Performance of U.S. Reactors

Figure 11 presents net capacity factor values for all operating U. S. nuclear plants from 1982 to 2007. These data represent approximately 2,800 unit-years of operating experience. Figure 11 shows an upward trend in capacity factors, from a low of 56 percent in 1982 to a high of 92 percent in 2007.
 This indicates that, up to now, operational improvements and reductions in down time for plant maintenance and refueling have, on average, more than compensated for degradation-related operational losses in most operating U.S. nuclear plants. The experiences of individual plants do not necessarily follow this trend.
These data do not indicate whether plant aging will become an impediment to performance in the future. The performance of reactors after their initial 40-year license period is subject to predictions and speculations since no commercial reactor in the U.S. has yet operated for more than 40 years.
 

Figure 11: Historical Capacity Factors of U. S. Nuclear Power Plants 
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Historic Performance of California Reactors

Figure 12 presents the historical net capacity factors for Diablo Canyon and SONGS. Consistent with the experience of other plants nationwide, the capacity factors at these plants have increased significantly since the early years of plant operation. Although capacity factors continue to vary from year to year, these variations are due in large part to the schedule for refueling outages and other planned maintenance and do not on their own indicate a lapse in performance. Some of the dips in capacity factor may be attributed to outages for replacing or repairing aging equipment,
 but the 5-year average capacity factors of roughly 90 percent at both plants indicate that the plants are reliable sources of power and that operations in recent years have not been seriously impeded by age-related degradation.
Figure 12: Diablo Canyon and SONGS Capacity Factors
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Degradation of Components

In assessing the impacts that unchecked aging could have on plant components, two types of components are considered: active components and passive components. Active components are those that continuously operate or that change states to perform their functions. These include pumps, turbines, generators, compressors, process sensors, electric breakers, relays, and switches. Passive components are those that generally remain in one state over time to perform their functions, such as pipes, tanks, pressure vessels, certain heat exchangers, electrical conduit and wiring, insulation, structures, and structural supports.

There is general agreement among plant aging researchers that age-related degradation is of greater concern for passive rather than active components. This is because most active components are constantly being monitored or can be easily tested by being turned on and off, whereas it is generally more difficult to monitor or test passive components.

Beginning in the mid-1990s, the NRC undertook an extensive analysis of which passive components were failing in older nuclear plants, how they were failing, and the age at which the failures became pronounced.
 Based on a review of nearly 500 degradation occurrences in U.S. nuclear plants, the NRC found a clear correlation between the age of the plant and the number of degradation occurrences: the occurrence rate of passive system degradation was 0.07 for plants that were 20 years old and 0.18 for plants that were 30 years old.
 Approximately one-third of degradation occurrences were identified during in-house inspections and an additional 15 percent were visually noticed by plant personnel. In 12 percent of occurrences, leaking indicated the presence of degradation.

The NRC also identified the components that were subject to the most degradation and the causes of the degradation:

· Degradation to piping, steam generators, and passive components of the reactor pressure vessel comprised over half of the reported degradation occurrences. 

· For steel passive components, doors accounted for 37 percent of degradation occurrences, followed by spent fuel racks (12 percent) and liners (11 percent). For concrete passive components, walls (including masonry walls) accounted for 49 percent of occurrences, followed by ceilings (15 percent) and cooling water intake structures (10 percent). 

· Stress corrosion cracking was the most common aging mechanism, accounting for nearly 25 percent of degradation occurrences. This was followed by simple corrosion (approximately 11 percent) and erosion (approximately 9 percent).

The impact of degradation on performance depends in part on the time to repair or replace the failed component. Table 3 presents the 10 plant components that led to the most forced energy production losses at nuclear plants nationwide between 2002 and 2006.
 The greatest overall contributors to energy production losses were caused by problems with reactor coolant systems and reactor vessels/internals. These two plant components contributed 28 percent to total lost energy production.

One example of degradation leading to  plant component failure occurred in August 2007 when a non-safety related portion of the Vermont Yankee cooling tower collapsed.
 Immediately following the collapse, power output was reduced from 100 percent to 35 percent and remained between 35 percent and 65 percent for approximately 10 days.
 The collapse was caused by structural degradation in the cooling tower from iron-salt and fungus that had weakened two wooden support beams.
 The NRC found that proper hands-on inspection of these static components had not taken place.

Table 3: Plant Components Leading to Forced Energy Production Losses (2002-2006)

	Components Leading to Forced Outages and Derates

	#
	Component
	GWh/

Unit-Yr

	1
	Reactor Coolant System
	41

	2
	Reactor Vessel And Internals
	39

	3
	Operating Env. Limitations
	15

	4
	Misc.-Steam Turbine
	15

	5
	Feedwater System
	14

	6
	Electrical
	14

	7
	Steam Generators & System
	14

	8
	Core Cooling/Safety Injection
	10

	9
	Misc.-Reactor
	9

	10
	Condensate System
	9

	 Overall Forced Outages Total
	286

	Top 10 as percent of total
	63%


In another example, plant workers at Vermont Yankee discovered in July 2008 that a pipe joint was leaking approximately 60 gallons per minute of cooling water from one of the cooling towers.
 The immediate cause of the leak was determined to be the sagging of the supply header, which occurred because an underlying horizontal support beam had detached from the vertical column to which it was bolted. The root cause of the failure has not yet been determined.

Experiences of Plant Component Degradation

Degradation of nuclear plant components can have economic, reliability, and safety implications. Plant component degradation created a safety hazard and led to an extended outage at the Davis-Besse Nuclear Power Station in Ohio in 2002. Degradation has resulted in large capital projects at many pressurized water reactors to replace degraded steam generators. It has also been raised as a concern in several nuclear relicensing proceedings. This section presents specific cases of plant aging and component degradation at U.S. nuclear power plants and the response of plant owners and the NRC to these issues.
Davis-Besse Experience

The reactor pressure vessel head cavity that was discovered at the Davis-Besse Nuclear Power Station is an example of age-induced degradation. The experience at the plant underscores the importance of oversight in identifying emerging problems and the need for enforcement of safety protocols. In this case, a failure of oversight and enforcement allowed the degradation to continue almost to the point of failure.

In February 2002 the Davis-Besse plant in Oak Harbor, Ohio, began a refueling outage that included inspecting the 69 nozzles that enter the head of the reactor pressure vessel, the container that houses the reactor core and the control rods that regulate the power output of the reactor. The inspections were conducted in response to NRC direction. However, FirstEnergy, the operator of Davis-Besse had delayed the inspections past the NRC’s deadline.
, 

During the inspections, FirstEnergy discovered cracking in three nozzles that are located near the center of the reactor pressure vessel head. Upon further investigation, FirstEnergy found that this cracking had led to corrosion and, ultimately, a large cavity in the reactor pressure vessel head. The cavity was approximately five inches long and, at its widest part, four to five inches wide. In one area, all that remained of the reactor pressure vessel head was the three-eighth of an inch thick stainless steel cladding. If the plant had continued to operate, the cladding would have burst, resulting in an accident that may have been much worse than the one at Three Mile Island. 

Following discovery of this degradation, the NRC established a lessons learned task force to evaluate regulatory processes for ensuring reactor pressure vessel head integrity and to recommend improvements for the NRC and the nuclear industry. The task force made 51 recommendations to the NRC, with an emphasis on improving NRC oversight of nuclear plant inspection programs and review of program effectiveness. The task force also concluded that the NRC failed to adequately review, assess, and follow up on relevant operating experience to bring about the necessary industry and plant-specific actions to prevent this event.

The U.S. Government Accountability Office (GAO) conducted a separate study into the Davis-Besse incident, which it referred to as “the most serious safety issue confronting the nation's commercial nuclear power industry since Three Mile Island in 1979.” GAO noted that since the NRC considered FirstEnergy a good performer, the NRC conducted fewer inspections at the plant and asked fewer questions about plant conditions. This may have contributed to the extent of the degradation that was allowed to occur at the plant. GAO found that the risk assessment that the NRC used in deciding whether the plant should be shut down was flawed and that it underestimated the amount of risk that Davis-Besse posed. Furthermore, GAO found that the level of risk that the NRC estimated, even though underestimated, still exceeded risk levels generally accepted by the agency. GAO expressed concern that the NRC had proposed no actions to help identify early indications of deteriorating safety conditions at plants, decide whether to shut down a plant, and monitor actions taken in response to incidents at plants. 

These concerns were similar to those expressed by the NRC Office of the Inspector General. In an inquiry into the event, the Office of the Inspector General found that the “NRC appears to have informally established an unreasonably high burden of requiring absolute proof of a safety problem, versus lack of reasonable assurance of maintaining public health and safety, before it will act to shut down a power plant.”

The Union of Concerned Scientists also evaluated the NRC’s role in the Davis-Bess incident and criticized the NRC’s response to the incident. In particular, the Union of Concerned Scientists faulted the NRC for not aggressively pushing FirstEnergy when a safety problem presented itself.
 In fact, Union of Concerned Scientists alleged that the NRC and FirstEnergy agreed that there was a high likelihood that Davis-Besse was violating the conditions of its operating license and that they failed to act upon this potential safety violation.
 

Tube Degradation in Steam Generators

Steam generators are large heat exchangers that transfer heat from the radioactive primary reactor coolant to the nonradioactive secondary steam piping to provide motive power that turns the turbine-driven main electric generators. A pressurized water reactor (such as SONGS or Diablo Canyon) has at least two steam generators, each weighing up to 800 tons. Although originally designed to last the life of a plant, the thousands of tubes in steam generators have degraded more rapidly than expected. Degradation can lead to leaks of radioactive primary coolant and, in extreme cases, ruptured tubes leading to more severe plant problems. 
Several methods are used to control steam generator degradation. Improved water chemistry is now widely used to reduce the rate of degradation. When inspections detect unacceptable levels of damage (e.g. cracks greater than 40 percent of a tube’s wall thickness), the tube is sleeved, plugged, or treated with heat treatments, chemical cleaning, or other methods.
 Sleeving involves inserting a new tube inside the damaged portion of the original tube. Sleeved tubes remain subject to degradation and may later need plugging. Plugging removes the tube from service. A plant can continue operating with a number of plugged tubes. However when too many tubes are plugged, the steam generator must be replaced in order to keep the plant operating at its rated output. Replacement costs are high, and the work can take several months. Steam generator replacement projects at SONGS and Diablo Canyon are expected to cost $680 million to $815 million at each plant. 
, 
, 
 
As a result of steam generator tube leakage, the NRC developed a Steam Generator Action Plan in the early 1990s.
 In February 2000, a steam generator tube leaked at Indian Point Unit 2. Approximately 146 gallons per minute of radioactive reactor coolant leaked to the nonradioactive steam piping. The plant owner issued an "Alert" declaration, which is the second level of emergency action in the NRC-required emergency response plan. The event resulted in a minor radiological release to the environment that was within regulatory limits. No radioactivity was measured offsite above normal background levels, and the event did not adversely impact the public health and safety. However, the NRC deemed this to be a “risk-significant” event and, in response, significantly upgraded the Steam Generator Action Plan in November 2000. 
, 
 

One challenge in addressing steam generator degradation is the limitation of traditional inspection techniques to identify and precisely measure the size of cracks. The NRC issued Generic Letter 95-03, “Circumferential Cracking of Steam Generator Tubes” in 1995, alerting plant operators about the importance of performing comprehensive examinations of tubes using appropriate inspection techniques and equipment capable of reliably detecting degradation. During the past decade, the industry has developed better methods of detecting cracks before tube integrity is potentially impaired. However, precisely measuring the size of cracks continues to be a challenge.

Metal Fatigue at Vermont Yankee and Oyster Creek 
One potential source of age-related failure at a reactor is metal fatigue—the deterioration of a metal from the repeated cycles of thermal or mechanical loads or strains. Fatigue is one of the primary considerations when conducting a time-limited aging analysis as part of the NRC's General Design Criteria for nuclear power plants. Fatigue of various components in a reactor can result in pipe ruptures, component failures, and the migration of loose pieces of metal through the reactor system, which can interfere with the safe operation of a nuclear plant.
Intervenors in the Vermont Yankee and Oyster Creek relicensing proceedings have suggested that metal fatigue could become a safety hazard for these plants over a 20-year license renewal period. 
, 
 Questions initially arose when Entergy submitted its relicensing application for the Vermont Yankee nuclear plant, and NRC staff responded that Entergy’s calculation of cumulative usage factors of recirculation nozzles was not sufficiently thorough.
 Dr. Hopenfeld, an expert witness for New England Coalition, Inc. in the Vermont Yankee proceeding, contended that the calculations (specifically the cumulative usage factor calculation for recirculation nozzles) could lead to an overestimation of the expected life of the nozzles by up to 40 percent.
 Entergy submitted revised calculations in February 2008, 
 but Dr. Hopenfeld was not satisfied with the adequacy of these calculations.
 The NRC Staff released proposed findings on the matter in August dismissing the New England Coalition’s contentions and finding that Entergy’s calculations are acceptable.
 Further, the NRC Staff found that Entergy demonstrated it can adequately manage the effects of aging for the specific components at issue.
In April 2004 the NRC notified all nuclear plant operators of its concern with the simplified analysis method and in particular asked AmGen, the operator of the Oyster Creek plant, to re-do its analysis.
 In response, the Nuclear Information and Resource Service (NIRS), a nuclear watchdog group, and other petitioners requested that the NRC reopen the record in the Oyster Creek relicensing proceeding. NIRS noted that since AmGen determined an initial cumulative usage factor for recirculation nozzles close to the maximum acceptable threshold, even if Oyster Creek’s cumulative usage factor would rise by significantly less than 40 percent under the more robust analysis, Oyster Creek’s recirculation nozzles would likely not be deemed fit for re-licensing.

Intervenors in the Oyster Creek proceeding have also asserted that the proposed metal fatigue monitoring for the recirculation nozzles is “inadequate to ensure that critical components do not exceed their allowable life…This issue is of high safety significance because even NRC’s spokesman has conceded that failure of one of the components at issue could cause a severe accident.”
 

Both these relicensing proceedings are ongoing. It is unclear at this point how widespread fatigue problems are for recirculation nozzles and other vital plant components and what the implications of the NRC’s more robust analysis requirement will be.

Radiation-Induced Embrittlement of Reactor Pressure Vessels

Reactor components that are exposed to neutron bombardment are subject to embrittlement, which is a change in the mechanical properties (or structure) of the materials. Embrittled metals are more susceptible to failure from cracking or fracture. 

During the Indian Point license extension proceeding, Dr. Richard Lahey of the Rensselaer Polytechnic Institute testified that embrittlement of reactor pressure vessels and associated internals as a result of long-term exposure to radiation is one of the most important age-related phenomena that the NRC must consider in relicensing Indian Point. 
 One important safety concern is that the embrittlement would degrade the reactor’s ability to withstand pressurized thermal shocks, such as might occur from a severe loss-of-cooling accident. This would threaten the integrity of internal structures in the reactor pressure vessel and the vessel itself, posing a potentially significant safety hazard. 

The NRC proceeding addressing the relicensing of Indian Point is ongoing.
Tritium Releases

Tritium is a radioactive isotope of hydrogen that is formed as a byproduct of nuclear fission.
 Similar to hydrogen, tritium can bond with oxygen to form a type of water called tritiated water. When ingested or inhaled in high concentrations, tritiated water can damage cells and increase the risk of cancer.
 At low concentrations (under 10,000 millirem), tritium poses little health risk.

Commercial nuclear plant operators routinely dilute tritiated water for safe release. These releases are planned, and they are regulated by the NRC to ensure that the impact on public health is very low.
 However, accidental releases of undiluted tritiated water have occurred at over a dozen domestic nuclear power plants, including a 1993 incident at Diablo Canyon and several incidents at SONGS. 
In addition, in some cases other radioactive elements have been released together with tritium, including cobalt-58, cobalt-60, cesium-134, cesium-137, nickel-63, and strontium-90.
 Properly disposing of contaminated soil can be very expensive.
In response to public concern following well-publicized tritium releases, the NRC created a Liquid Radioactive Release Lessons Learned Task Force in 2006. The Task Force identified two causes for inadvertent tritium releases: 1) leaking components, most often spent fuel pools, underground piping, and valves on effluent discharge lines; and 2) operator actions.
 The largest leaks were caused by inadequate preventive maintenance and inadequate design configuration.
 
It is not clear whether there has been an increasing trend in the release of tritium and other radioactive elements in recent years. It can take years for the elements to reach groundwater, so recently discovered leaks may have occurred years ago, and leaks that have already occurred may not have been discovered. Some leaks are caused by operator action and are likely independent of plant aging; other leaks are caused by age-related degradation and may become more common as the nuclear plants age. Nuclear plant owners have an incentive to prevent or mitigate tritium releases from their plants in that the discovery of previously undetected spills can significantly add to cleanup and decommissioning costs.
In January 2008, the Electric Power Research Institute (EPRI) released guidelines for a voluntary groundwater monitoring program at all U.S. nuclear plants.
 EPRI also recommended that a comprehensive evaluation be conducted of all systems, structures, and components (SSCs) that contain or could contain radioactive liquids, including radwaste systems, sumps and drains, and spent fuel storage pools. EPRI recommended a review of the preventive maintenance and inspection programs of each of these SSCs and an evaluation of work practices that could potentially contribute to groundwater contamination.

The main health risk from unintended releases is that the radioactive elements could contaminate groundwater and drinking supplies. The NRC’s Task Force determined that the inadvertent releases of tritium and other radioactive liquids have had a negligible impact on public radiation doses, though many of the releases did increase the radioactive contamination within the nuclear plant sites.
 As there are no sources of potable groundwater at Diablo Canyon or SONGS, risk of drinking supply contamination from these plants is relatively low.
 
Implications for Diablo Canyon and SONGS

The NRC study on degradation of reactor components and the experiences described above indicate that plant component degradation is occurring at nuclear plants and that, if not properly monitored, degradation could impair safety and lead to extended outages. As pressurized water reactors, Diablo Canyon and SONGS could be susceptible to the steam generator degradation, metal fatigue, embrittlement, and tritium releases described above. Indeed, the steam generators at the plants will be replaced between 2008 and 2010 and the reactor vessel heads will be replaced between 2009 and 2012.
 Other components are also susceptible to age-related degradation.
The reactor pressure vessel head cavity at Davis-Besse could have posed a significant safety hazard had it not been detected. Questions about the sufficiency of NRC oversight in this case highlight the importance of plant operators’ taking maintenance and inspections seriously. This is discussed further below in the section on Mitigating Plant Degradation through Maintenance. 

Even if Diablo Canyon and SONGS are well run and well maintained, the plants could be impacted by problems at other nuclear plants. For example, following the Davis-Besse incident the NRC ordered all owners of pressurized water reactors to inspect the reactor pressure vessel heads at their plants. A more serious incident or the identification of a safety hazard at one plant could result in a regulatory requirement for more extensive inspections, repairs, and even outages at similar plants nationwide.

Mitigating Plant Degradation through Maintenance
Maintenance plays a central role in mitigating age-related component degradation and failure. Maintenance can involve repair or replacement of components which, through inspection, are found to be showing signs of stress or failure. Ensuring that maintenance is performed effectively and that aging plant components are repaired or replaced with appropriate components in a timely fashion is best achieved through aggressive maintenance programs. 

The NRC “Maintenance Rule”
NRC requirements relating to SSC maintenance, reliability, and availability are primarily regulated via the “Maintenance Rule” (Figure 13).
 The primary objective of the Maintenance Rule is to ensure the following: 

· Safety-related and certain non-safety related SSCs are capable of performing their intended functions.
· Failures of non-safety related SSCs do not occur that prevent the fulfillment of safety-related functions. 

· Failures resulting in reactor trips and unnecessary activations of safety-related systems are minimized.

PG&E and SCE report that both Diablo Canyon and SONGS maintenance programs are in compliance with the Maintenance Rule (see “Diablo Canyon and SONGS Maintenance Programs”).
 The Study Team does not have any information to suggest otherwise.

Some nuclear watchdog groups are critical of nuclear plant maintenance programs. In a 2006 report, the Union of Concerned Scientists reviewed the causes of long-term (one year or longer) outages at nuclear plants and concluded that existing quality assurance programs were inadequate.
 (These programs, called Corrective Action Plans, are one element of the Maintenance Rule.) The report further recommended tighter NRC oversight concerning these programs and that all available reactor data be integrated “so NRC staff around the country can ‘connect the dots’ about potential problems at similar reactors.”

Figure 13: Simplified Maintenance Rule Flow Chart


[image: image20.png]SIMPLIFIED MAINTENANCE RULE FLOW CHART

Evalusto sl 5505
Torintusion in
‘scapa of the rul.

Continun sxieing
or S5Ca outaigs e
“cope of e e,

Establsh train ool Prformance. Estabish plant ove! performance
ot (o hlghsaiety sgniicance and  crieri fo ow saiety sgnicance,
Tarc ow Sty srufeance S50, el spraing S5CH
verty adequacy gt proventive perform root cause:
mainienanc s e “Cvtuation and
o redby o)) take corrcive sction
Pertorn cause Sot goals and
doterminaion snd moniof under (1)
take corrective sction " the e

Yos

(@) Pertorm perlodic evaluation ssch rofusling cycle,
‘RTE28 monine,of al ()

e g Y ——
Barancs ooy Sl wneveiaoy s

e perorming maintenance on SSCs.





The Mitigating Systems Performance Index 
The Mitigating Systems Performance Index (MSPI) is the NRC’s relatively new risk-informed performance index.
 The MSPI is one component of the broader Reactor Oversight Process framework, which is the current regulatory framework for ensuring reactor performance and safety. Under the Reactor Oversight Process, reactor performance is measured across seven areas: initiating events, mitigating systems, barrier integrity, emergency preparedness, public radiation safety, occupational radiation safety, and physical protection. This process is discussed further in Nuclear Power in California: 2007 Status Report.

Prior to 2006, the NRC relied upon the Safety System Unavailability Performance Indicators to assess nuclear plant safety system performance. By 2002, the NRC and industry found that the indicators had “significant shortcomings.”
 NRC staff and industry members collaboratively developed what became known as the Mitigating Systems Performance Index (MSPI), and the NRC conducted a year-long pilot evaluation of the proposed index at 20 plants. Based on the pilot and comments within the industry and others, the MSPI was refined and fully implemented in September 2006.

In simple terms, the MSPI reflects the composite average performance of important components and equipment within a monitored system over a 3-year period. In mathematical terms, the MSPI is the sum of two indices: an unavailability index and an unreliability index. The sum of the unavailability index and the unreliability index provide a single value for a monitored system that is expressed in terms of a change in core damage frequency.

Licensees report both an unavailability index and an unreliability index value for each of five monitored systems: emergency alternating current power, high pressure safety injection system, auxiliary feedwater, residual heat removal system, and the cooling water support system.
 The NRC indicates the MSPI value through the use of a color-coded system from green (best) to red (worst). All units at both Diablo Canyon and SONGS have been given “green” MSPI performance indicators (the highest) since the second quarter of 2006, when MSPI was initiated.
, 
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Safety Culture

The NRC defines safety culture as “the necessary full attention to safety matters,” and, “the personal dedication and accountability of all individuals engaged in any activity which has a bearing on the safety of nuclear power plants.” 
 Important attributes of safety culture include practice of safety-over-production, procedural adherence, conservative decision-making, and willingness of employees to identify safety concerns.
 The final attribute is also known as a safety-conscious work environment.

In a safety conscious work environment “employees feel free to raise safety concerns, both to their management and to the NRC, without fear of retaliation.”
 A safety-conscious work environment fosters motivation among workers to identify potential safety issues and to proactively work towards correction. Because correction of safety issues, including the replacement of degraded components, can be expensive to the operating utility, there may be a company-level incentive to ignore safety issues that are not considered urgent. To prevent accidents it is crucial that employees at all levels be rewarded, not punished, for identification of potential safety issues. As the plants age and the likelihood of component degradation increases, a good safety culture and a safety-conscious work environment become all the more important.

Implications of a Weak Safety Culture

Problems with safety culture have been linked to high profile near-misses and operational issues. For example, the NRC determined that weak safety culture was a root cause of the incident at Davis Besse.
 In the wake of the incident, the NRC modified the Reactor Oversight Program to better identify problems with safety culture.

Palo Verde Nuclear Generating Station (Palo Verde) in Arizona has also experienced a number of operational issues that have been partially attributed to poor safety culture. As discussed in detail in Nuclear Power in California: 2007 Status Report, Palo Verde’s performance has degraded significantly since 2002.
 The plant has experienced multiple reactor trips and unplanned outages and has operated at a low capacity factor. In 2004 the NRC attributed the cause of an incident at the plant to “a lack of questioning attitude, lack of technical rigor and poor operability determinations by workers.”
 Since that time, the technical issues have been resolved but the plant operator, Arizona Public Service, has not effectively remedied the safety culture issues.
 In late 2006, the NRC cited Palo Verde for further issues and downgraded the plant’s Unit 3 reactor to the “Multiple/Repetitive Degraded Cornerstone” category, the fourth lowest of five regulatory classifications.
 If downgraded further, Palo Verde would be deemed unfit to continue operating.

In the 2007 annual assessment of Palo Verde, the NRC found persistent issues related to human performance and problem identification and resolution.
 The NRC noted that this was the seventh consecutive assessment since March 2005 to identify these issues and that Arizona Public Service’s corrective actions had been ineffective. The NRC determined that Palo Verde’s self-assessment lacked depth and that Arizona Public Service did not always effectively specify or implement corrective actions. The NRC required Arizona Public Service to undergo a series of inspections, including an independent safety culture analysis which was conducted in October 2007. In response to the findings from the independent safety culture assessment, Arizona Public Service formulated an action plan to address underlying safety culture issues.
 

It is evident from Palo Verde’s experience that safety culture issues can be far-reaching and difficult to address. In this case, self-assessment has been insufficient to correct safety culture issues and problems persist years after original identification in 2004. It is unclear how effective the Arizona Public Service safety culture action plan will be at correcting the problems, and the Arizona Corporation Commission expects Palo Verde to remain in the Multiple/Repetitive Degraded Cornerstone category for roughly two to four years.

Safety Culture at Diablo Canyon

Diablo Canyon has not received any significant enforcement actions from the NRC since 1995, when unescorted access was granted to a contract employee who should have been denied access.
 NRC inspections between June 2007 and June 2008 revealed just seven findings, six of which were classified as non-cited violations and determined to be of little safety significance.
 The findings included discovery of a degraded fire door, inadequate maintenance procedures, failure to identify a degraded emergency diesel generator, and failure to effectively monitor for radioactive particulate matter. In all cases, the NRC noted underlying safety culture issues in terms of human performance, work practices, decision-making, and problem identification and resolution.
 

Members of the public and nuclear plant workers are encouraged to submit safety allegations to the NRC. These allegations are generally handled confidentially and may be pursued by NRC investigation and result in enforcement action.
 Only two of 13 allegations that were submitted regarding Diablo Canyon between 2004 and 2007 have been substantiated by the NRC and none have resulted in enforcement action.
 There has been, however, a recent spike in allegations regarding Diablo Canyon—10 allegations were submitted between January and May 2008. At this point it is for the most part unclear whether these allegations will be substantiated and whether they will result in enforcement action.

San Luis Obispo Mothers for Peace (MFP) filed one of the allegations, stating in a letter in April  2008 that it had received information from Diablo Canyon employees reporting that workers perceive a high likelihood of managerial retaliation if they raise safety concerns.
 The allegation describes an incident in which a worker received a poor performance evaluation after filing a Difference of Professional Opinion. In addition, MFP alleges that workers have lost trust in the Employee Concerns group and that PG&E has skirted qualifications requirements in hiring new supervisors and managers.
 According to MFP, the NRC investigation found that while a few employees believed that another individual had been subjected to retaliation for raising a Differing Professional Opinion and some individuals lacked confidence in the Employee Concerns Group, these beliefs would not prevent the employees from raising concerns. The NRC thus concluded that the allegation was not substantiated.

In addition to NRC regulation, safety at Diablo Canyon is monitored by the Institute for Nuclear Power Operations (INPO) and the Diablo Canyon Independent Safety Committee (DCISC) (see text box below). Extensive involvement from the local San Luis Obispo community also provides an extra layer of public oversight. 
INPO is a private, industry-funded agency that uses peer pressure to encourage enhanced safety and reliability at U.S. nuclear power plants.
 As part of this effort, INPO conducts plant inspections and rates each nuclear plant on a quarterly basis. For the first half of 2007, INPO rated Diablo Canyon’s overall performance at 96.4 out of 100.
 This represents a marked improvement over Diablo Canyon’s 1996 rating of 64.9 and 2003 rating of 82.1.

The DCISC, in its most recent annual report covering the year ending June 30, 2007, also concluded that Diablo Canyon had operated safely. DCISC found that Diablo Canyon had increased its emphasis on safety culture in part by formalizing Safety Culture and Safety Conscious Work Environment programs that conduct quarterly surveys to assess organization-wide safety culture. DCISC also identified several concerns. Among these concerns, the DCISC noted that the emergency preparedness program and fire protection scheme need improvement and that recent NRC licensed operator exams showed a high failure rate. The DCISC will continue to investigate these concerns.
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Safety Culture at SONGS

The NRC has issued several enforcement actions and notices of violations to SCE over the past decade. In the late 1990s SCE received three separate enforcement actions regarding failure to comply with technical specifications and the loss of the safeguards contingency plan.
 In 2006 SONGS incurred another violation when workers failed to properly secure a canister of low-level waste before transport, and a small amount of low-activity radioactive material leaked from the tanker onto the ground.
 Because workers discovered the leak and removed the material shortly after the release occurred and SCE initiated remedial action, the NRC determined that the incident had low safety consequences.

Between November 2006 and January 2008, SONGS received enforcement action for five willful violations.
 Among the violations, SONGS workers failed to follow a Radiation Work Permit and failed to control work of unqualified technicians operating on safety-related equipment.
 In 2007 SONGS notified the NRC that a midnight shift employee had, over a period of five and one-half years, deliberately falsified fire watch records to indicate that hourly fire watch rounds had been completed when they had not been.
 NRC inspections between June 2007 and June 2008 yielded 19 separate findings. Of these findings, 14 were classified as non-cited violations and one was classified as a violation.
 All of the findings were found to have low safety significance. Among the findings, the NRC identified crosscutting aspects of human performance, problem identification and resolution, and work practices as potential safety culture issues.

As a result of these incidents and violations, the NRC has become concerned that there may be an underlying problem with the safety culture at SONGS. In January 2008, the NRC ordered SCE to undertake a series of tasks to improve SONGS’ safety culture.
 Among these tasks, SCE was required to develop a Corrective Action Plan, to conduct multi-day interventions with plant employees to reinforce safety culture values, and to undergo an independent safety culture assessment.
 

SCE recently discovered additional falsified work records at the plant. SCE is currently investigating an incident in which a supervisor appears to have falsely reported that monitoring of painting tasks at the plant had taken place.
 At this time it is unclear whether the NRC will seek enforcement action related to this incident.

In a September 2008 inspection report, the NRC noted new instances of employees not being provided with adequate procedures or work instructions and of corrective action programs failing to address the root causes of problems.
 Concerned with the persistence of these problems, the NRC has requested that SCE address these issues at a public meeting with the NRC.

INPO has also reportedly identified deficiencies at SONGS. According to a report by the Los Angeles Times based on an internal SONGS newsletter, SONGS ranks among the bottom 25 percent of all U.S. nuclear plants in overall performance. The report noted that employee injury rates at SONGS are several times higher than the industry average and are the highest among all the plants and that SONGS “lags far behind in areas such as power production and the readiness of backup safety systems.”
 According to the report, INPO rated SONGS as a three on a five-point scale.

There is no independent safety committee at SONGS analogous to the DCISC. However, SCE does monitor the safety culture at SONGS via employee surveys. Survey results reveal an employee perception that safety culture at the plant improved from good (about 3.5 on a five-point scale) in 1996 to very good (about 4.0) in 2000 and 2003. Survey results declined slightly (to about 3.9) in 2005.
 SONGS’ management concluded that the results of these surveys are unsatisfactory and that improvement is needed.

As with Palo Verde, it may prove difficult for SCE to remedy underlying safety culture issues at SONGS. In fact, SONGS maintenance employees recently discovered a loose electrical connection on an emergency battery that left it inoperable and that similar issues had occurred for over three years.
 In response the NRC conducted a special inspection beginning on August 4, 2008. A report on the findings is expected in mid-September 2008.

Plant Staffing and Training

In order for nuclear plants to maintain a strong safety culture and a safety-conscious work environment, they must be fully staffed with well-trained employees. This could become more difficult in coming years since the nuclear energy industry is faced with a potential workforce shortage. According to the NRC, tens of thousands of professionals and skilled craft workers will be needed in coming years to replace retiring workers and to assist in the construction of new plants.
 The NRC forecasts that 90,000 new workers will be needed by 2011 to continue operating current plants.
 A 2001 study by NEI estimated that demand for nuclear engineering graduates would be about 150 percent of supply by 2010.
 Great need similarly exists in other employment categories such as qualified radiation protection professionals. According to NEI, demand for these workers is currently 130 percent of supply and is expected to reach 160 percent in the next five years.
 These projected shortages are driven by the demographics of an aging workforce: NEI estimates that only 8 percent of nuclear industry employees are younger than 32 and that one-third to one-half of industry workers will be eligible to retire by 2015.
, 

The workforce demographics at Diablo Canyon and SONGS roughly match the national trend. In 2006 the average age of Diablo Canyon employees was 47.6, and 42 percent of employees were within five years of being eligible for retirement with full benefits.
 Similarly, the median age of SONGS employees was around 45 in 2005, and roughly 30 percent of the SONGS workforce was 53 or older (Figure 14).
 In anticipation of skilled worker retirements, PG&E and SCE have intensified their recruiting and training efforts in recent years at an annual cost of roughly $1 million to $3 million per year.

In addition to short-term increases in recruiting and training expenses, utilities could face operational challenges as experienced workers are replaced by new hires. A recent study by the American Public Power Association found that loss of critical knowledge would be the biggest challenge facing public power utilities as a result of upcoming retirements.
 In its 2005 survey, 62 percent of respondents reported that the inability to find replacements with utility-specific skills was also a challenge.
 Successful recruiting and effective training and knowledge transfer are critical for ensuring that the plants continue to operate safely and reliably.
Figure 14: SONGS Workforce Demographics
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In response to potential labor availability issues, PG&E and SONGS are implementing new recruitment tactics. PG&E is currently seeking to hire 50-75 engineers, but anticipates that it will be difficult to recruit them.
 PG&E has also launched a new program to collaborate with community colleges, community-based organizations, workforce investment boards and labor unions in order to recruit new employees.
 SCE has supplemented its recruitment processes by offering sign-on bonuses, relocation benefits, enhanced housing allowances, and loan repayment plans.
 In addition, SCE has increased partnerships with high schools, community colleges, and technical schools to bolster future recruitment efforts.

Conclusions

The primary concern with plant aging is how aging, if not properly managed, could degrade plant structures, systems, and components, which, in turn, could impair safety and result in extended outages. There is a clear correlation between the age of a plant and the number of degradation occurrences experienced at that plant. A plant that is 30 years old experiences passive system degradation occurrences at a rate twice that of a 20-year old plant.

Significant plant degradation should be reflected in a decline in the plant’s capacity factor. The capacity factors at Diablo Canyon and SONGS have averaged approximately 90 percent for the past five years, suggesting that, up to now, operational improvements and reductions in down time for plant maintenance and refueling have more than compensated for degradation-related operational losses.
Age-related degradation is of greater concern for passive rather than active components. The NRC found that piping, steam generators, and the passive components of reactor pressure vessels experience the greatest number of degradation occurrences. This is consistent with the experience at Diablo Canyon and SONGS, both of which are replacing their steam generators and reactor vessel heads prematurely. Problems with reactor coolant systems and reactor vessels/internals have contributed to the greatest losses in energy production at nuclear plants nationwide. 
Effective maintenance and oversight can forestall outages and prevent the safety hazards that could arise as a result of age-related degradation. PG&E and SCE both have maintenance programs in place at their plants to detect and remedy component degradation. A key element of an effective maintenance program is the plant’s safety culture. Problems with safety culture have been linked to high profile near-misses and operational issues, such as the incident at Davis-Besse. 

The NRC has rated both Diablo Canyon and SONGS with the highest performance ratings in recent years; however, as a result of continuing violations, the NRC has become concerned that there may be an underlying problem with the safety culture at SONGS. In January 2008 the NRC ordered SCE to undergo a series of tasks to improve the SONGS safety culture. Diablo Canyon appears to have an excellent safety culture, having no NRC violations since 1995. In this regard, Diablo Canyon may benefit from the oversight of the DCISC, which investigates concerns that do arise, and from the participation of the local community. There is no analogous independent safety committee that oversees SONGS, and overall there has been  less active participation from the local community near this plant.

Effective maintenance programs and safety cultures require well-trained workforces
 at the plant who have a strong “safety-first dedication and accountability”. As with virtually all nuclear plants, the staffs at Diablo Canyon and SONGS are getting older—the average age of workers at the two plants is over 45. Both PG&E and SCE have instituted programs for the retiring staff to pass on their institutional knowledge to newer staff. It is critical to the ongoing reliability and safety of the plant that programs to transfer knowledge from retiring workers to new workers are successful and that strong safety cultures are maintained throughout this shift in the plants’ workforce.
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CHAPTER 6: Impacts of a Major Disruption at Diablo Canyon and SONGS

Diablo Canyon and SONGS are large power plants that provide 12 percent of California’s electric power supply.
 As discussed in Chapters 3 and 5, while the plants have been very reliable in recent years, they could be vulnerable to long-term disruptions as a result of major earthquakes or age-related plant degradation. Other unexpected events, such as a major accident or a terrorist attack at any U.S. nuclear plant, could also result in extended shutdowns.

Short-term power outages at nuclear power plants are not uncommon, whether from planned refueling outages that last approximately one month to shorter-term outages and output reductions due to loss of offsite power or weather conditions ranging from winter storms to wildfires. These sorts of reductions in power production are built into expectations about nuclear power plant performance, and under normal circumstances they do not significantly impair system reliability. An extended disruption at Diablo Canyon and SONGS, however, could have more significant impacts, especially if the disruption extended through a period of high demand or low system resource availability. The disruption would reduce the state’s power supply and could also impair transmission system reliability.
 In the short term, the lost power from the nuclear plants would be replaced mostly by fossil-fueled power. This would increase the cost of power and overall greenhouse gas emissions from power generation.

This chapter presents a literature review and analysis of the impacts of a major outage at Diablo Canyon or SONGS. The first section summarizes existing literature on the impacts to the transmission system from a prolonged outage at either of the plants. The second section presents an analysis of the availability of replacement power following the loss of one or both of the plants. The third section presents an evaluation of historic nuclear outages, which is used to develop modeling scenarios for a replacement power (production cost modeling) analysis. The fourth section presents the modeling results along with a discussion of the reliability, economic, environmental, and public safety impacts of relying on replacement power during a nuclear plant outage. In the final section, the implications of the extended outage at the Kashiwazaki-Kariwa nuclear power plant in Japan are considered.

Existing Studies on Diablo Canyon and SONGS and Grid Reliability 

A major extended disruption of operations at either Diablo Canyon or SONGS (or both) could cause transmission reliability issues as a result of 1) an inability to respond immediately to the loss of supply, such as a lack of spinning reserve capacity or other operational issue, 
2) a shortage of replacement generation needed to meet peak loads, or 3) a reduction in grid support.
 This section describes plant reliability studies of Diablo Canyon and SONGS. In particular, this review focuses on studies of long-term outages and any associated local and system reliability issues. These studies indicate that a prolonged shutdown of Diablo Canyon would not pose reliability concerns under expected conditions

, whereas a prolonged shutdown of SONGS could result in serious grid reliability shortfalls unless transmission infrastructure improvements are completed. In addition, while replacement power would be available under most circumstances, the outage of either plant would exacerbate electricity supply-demand imbalances during peak demand and adverse supply conditions.
Diablo Canyon Operational Study 

PG&E prepared the Diablo Canyon Power Plant Operational Study in 2000 in response to the California Independent System Operator’s (CAISO) concerns regarding the potential transmission reliability impacts of generation plant shutdowns in the 2000-2007 time period.
 The study focused on the impact of a full shutdown of Diablo Canyon on the CAISO transmission system.
 
As shown in Figure 15 below, the Diablo Canyon substation is interconnected to the Gates substation to the northeast and to the Midway substation to the southeast. There are two constrained transmission paths that are affected by Diablo Canyon’s operations, Path 15 and Path 26. The PG&E study analyzed transmission transfer capability and potential violations of reliability criteria with and without Diablo Canyon under a variety of load and resource scenarios. When constructing the load and resource scenarios, PG&E assumed that the resources would be available in the regions from which makeup generation was assigned and did not analyze the availability of resources in those areas.
The study found that some generation replacement scenarios would result in violations of reliability criteria in the event of a Diablo Canyon shutdown, but that these criteria violations could be mitigated without the construction of additional transmission lines, voltage support equipment, or generation. In the case of reliability impacts, the two scenarios in which Diablo Canyon generation is replaced entirely with generation either north of Path 15 or south of Path 26 would result in violations of the reliability criteria. However, the study showed that these violations could be mitigated in one of two ways:

1. Limit Path 15 and Path 26 transfers to a level that is supported by the presently available post-contingency remedial actions. This can be accomplished by reducing generation makeup in the sending zone to approximately one-third of Diablo Canyon capacity and providing the rest of make-up generation in the receiving zone. Allowing make up in both the sending and middle zones provides greater transfers to the receiving zone.

2. Increase remedial actions following outages of two transmission lines and two generating units. For up to 3,300 MW of north-to-south Path 15 transfers, the presently available remedial actions should be supplemented by 1,300 MW of load dropping in northern California and about 1,500 MW of load dropping in southern California. For up to 4,000 MW of south-to-north Path 26 transfers, the presently available remedial actions should be supplemented by 1,350 MW of load dropping in southern California.

Figure 15: Diablo Canyon Interconnections to CAISO Transmission System
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PG&E’s Diablo Canyon Power Plant Operational Study demonstrates that while it is possible to conceive generation replacement scenarios that lead to reliability criteria violations, there are viable mitigation options available to prevent these violations. As such, operation of Diablo Canyon is not necessary to meet the transmission reliability criteria.

SONGS Transmission Assessment for CAISO

SCE also prepared an assessment for the CAISO on the potential transmission reliability impacts of a SONGS shutdown. The SONGS transmission assessment found that a significant number of mitigation measures would be required if SONGS were permanently shut down. Mitigations would include construction of a 500 kV line, re-wiring and upgrading existing 230 kV lines, installing shunt capacitors and reactive power compensation devices, reducing area import capabilities, or dropping load.
 The CAISO report noted that installation of new generation reduces the need for some of these transmission upgrades but does not eliminate them. 

The assessment identified two transmission-only mitigation scenarios and two mitigation scenarios involving both new generation and transmission resources. In addition to specific transmission or generation resources, each scenario assumed a common set of required transmission upgrades:

· Upgrade the conductors on SCE's Del Amo-Ellis and Barre–Ellis 230 kV lines, and form a second Barre-Ellis 230 kV line.
· Install 750 MVAR of shunt capacitors on the SCE system.
· Bypass the Southwest Power Link series compensation.
· Install series compensation (75 percent) on the four 230 kV lines north of SONGS or construct a new 15 mile Ellis-Santiago 230 kV line.

The first transmission-only mitigation scenario, which focused primarily on upgrades to the 230 kV system, assumed the installation of 4,460 MVAR power support, mostly dynamic, in both SCE’s and SDG&E’s systems. The second transmission-only mitigation scenario, which focused primarily on 500 kV transmission system facilities, assumed the installation of the Valley-Rainbow 500 kV line including a 230 kV connection to SDG&E’s system and installation of 3,300 MVAR reactive power support in both SCE’s and SDG&E’s systems. Approval to build the Valley-Rainbow line was denied by the California Public Utilities Commission (CPUC) in 2002.

The first generation/transmission mitigation scenario assumed construction of up to 3,000 MW of new generation in the Orange County area. SCE assumed that this generation consisted of repowering existing power plants at Alamitos, Huntington Beach, and San Bernardino. In addition, this scenario assumed installation of 2,100 MVAR reactive power support in both SCE and SDG&E systems. The second generation/transmission mitigation scenario assumed construction of the (then) proposed Otay Mesa Power Plant near Miguel Substation and installation of shunt capacitors. It should be noted that this scenario also assumed a significant reduction in import capability by SDG&E.
 

2004 SCE Testimony on SONGS

SCE testified in the SONGS steam generator replacement proceeding at the CPUC that if SONGS were shut down, significant transmission mitigation would likely be required in addition to the development of new generation resources.
 SCE proposed three different transmission mitigation scenarios. One of these scenarios involved upgrades to the 230 kV system; the other two scenarios involved development of alternative 500 kV transmission lines. The upgrades to the 230 kV system would involve upgrading the Barre-Ellis line and adding 2,520 MVAR of static VAR compensator devices.
 SCE estimated that this upgrade would cost $287 million (in 2004 dollars) and could be completed in five years.
 The first 500 kV upgrade scenario involved constructing a transmission line from the Imperial Valley substation in SDG&E’s service territory to the Ramona substation, which corresponds to a major element of SDG&E’s currently proposed Sunrise Powerlink transmission project. This scenario would also involve upgrades to Path 49 and the addition of 1,374 MVAR of series static VAR compensator devices. SCE estimated that the upgrade would cost $673 million (2004 dollars) and could be completed in five years. The second 500 kV scenario involved construction of the Valley-Rainbow line (with a small addition to the proposed scope of this project) and 924 MVAR of series SVC dynamic reactive devices. SCE estimated that this upgrade would cost $491 million (2004 dollars) and could be completed in five years.
 For each of these scenarios, SCE assumed that the Devers-Palo Verde No. 2 line and upgrades to the Southwest Power Link are implemented (with a cost of approximately $700 million).
 
SDG&E and other parties pointed out that SDG&E would likely add a 500 kV interconnection to its system regardless of whether SONGS was shut down and that with the addition of such a line only a modest amount of voltage support equipment would be needed. The CPUC in Decision 05-12-040 agreed that it was reasonable to assume the addition of a 500 kV line, and in fact SDG&E has since applied for regulatory approval to build the Sunrise Powerlink.
 Consequently, while a shutdown of SONGS today would result in grid reliability shortfalls, SONGS will be less important for grid reliability if proposed transmission lines are constructed.

West-Wide Power Supply Assessment

The Western Electricity Coordinating Council (WECC) released in September 2008 a draft forecast of electricity supply and demand across the western interchange through 2017.
 The purpose of this assessment is to reveal the extent to which peak planning needs are not satisfied by existing resources and committed additions. It is thus, by design, a conservative assessment. For example, the base cases exclude power plant proposals that are not already undergoing regulatory review or construction as well as those that have projected in-service dates after 2013. In addition, all cases assume adverse hydro conditions, restricted transfer capabilities, and the simultaneous peaking of demand in all WECC regions.
 On the other hand, the tightening credit market may impact whether planned new generation resources are actually built in a timely manner.
The WECC draft forecast results indicate that, given these adverse conditions, there would be sufficient capacity to replace the power from Diablo Canyon and SONGS during winters through at least 2013.
 The forecast additionally shows that an outage at either plant during July under these same conditions could reduce reserve margins below five percent in 2013 (southern California) or 2014 (northern California) if additional plants are not constructed, and reserve margins would continue to decline through 2017 (see Table 4). This result is a consequence of the exclusion in the supply forecast of all new power plants with in-service dates after 2013. 
It should be expected that new power plants will continue to be built, in part because the CPUC requires PG&E and SCE to maintain 15 percent reserve margins
.
Table 4: Projected Reserve Margins during Outages at Diablo Canyon and SONGS

	Northern California

	
	2009
	2012
	2015
	2017

	Winter
	38%
	23%
	18%
	13%

	Summer
	7%
	7%
	4%
	2%

	Southern California

	
	2009
	2012
	2015
	2017

	Winter
	14%
	14%
	10%
	3%

	Summer
	10%
	6%
	(1%)
	(4%)


Reliability Studies Related to Aging Plants and Once-Through Cooling

Diablo Canyon, SONGS, and 17 other coastal power plants in California use ocean water in a process called once-though cooling. Due to its significant harmful effects on marine organisms, the use of once-through cooling may be restricted in the future. A full discussion of the environmental impacts of once-though cooling and the potential policy implications is included in Chapter 9. The State Water Resources Control Board commissioned a preliminary analysis of the reliability impacts of retrofitting, repowering, or retiring the power plants using once-through cooling.
 (The study did not specifically address the reliability benefits of Diablo Canyon and SONGS.) The study concluded that excess capacity provided by sufficient investment in transmission could potentially compensate for any once-through cooling plant retirements.
 However, if sufficient lead time is not provided, and all once-though cooling plants including the nuclear plants were retired, new generation capacity and transmission could cost ratepayers as much as $11 billion.

A similar study is being conducted by the CAISO which will examine reliability implications of removing older thermal generating units and units with once-though cooling. 
 The goal of the study is to formulate plans to mitigate reliability problems including transmission, new generation, distributed local area generation, and load management programs.
 The CAISO study will provide a more comprehensive reliability analysis than the State Water Resources Control Board study and will include potential retirement impacts from each plant.
 The full report is expected in the fourth quarter of 2008.









Characterization of Major Disruptions 

The remainder of this chapter presents a more detailed analysis of the reliability, economic, and environmental implications of a major disruption at Diablo Canyon or SONGS. The first step in this assessment was to identify an appropriate outage scenario. For this step, the Study Team reviewed historical outages at reactors in the U.S. and in Japan.

Typical Outages at Nuclear Plants
Between 2002 and 2006, pressurized water reactors with net power ratings over 1,000 megawatts electric (MWe), such as Diablo Canyon and SONGS, were unavailable just 10 percent of the time. At each plant, there was an average of 3.25 forced outages lasting a total of 7.7 days per year, suggesting an average of 2.4 days per forced outage. Maintenance and planned outages were longer, averaging 10 days and 27.6 days per outage, respectively (Table 5).

Table 5: Outage Durations at Pressurized Water Reactors (> 1,000 MWe), days

	
	2002
	2003
	2004
	2005
	2006
	5-yr average

	Average Duration of Forced Outage
	3.2
	6.5
	3.9
	0.6
	4.9
	2.4

	% of Year in Forced Outage
	1.7%
	3.7%
	1.9%
	1.4%
	1.9%
	2.1%

	Average Duration of Maintenance Outage
	23.3
	4.2
	3.2
	5.1
	33.2
	10.0

	% of Year in Maintenance Outage
	1.2%
	0.3%
	0.2%
	0.5%
	1.1%
	0.7%

	Average Duration of Planned Outage
	21.3
	32.0
	33.8
	26.5
	27.3
	27.6

	% of Year in Planned Outage
	6.5%
	7.1%
	6.6%
	7.6%
	7.8%
	7.1%

	Total Unavailability Percent
	9.4%
	11.1%
	8.7%
	9.5%
	10.8%
	9.9%


These data indicate that on average unplanned and maintenance outages at large pressurized water reactors do not last very long. However, the data do not indicate the longest outages experienced by each plant, which, for reliability planning, is more important than the average durations. In addition, major disruptions could be longer than any disruption that occurred at these 33 reactors over the past five years. It is thus important to consider also the major disruptions that have occurred at these or other nuclear plants.

Major Disruptions at Nuclear Plants

Many commercial nuclear reactors in the United States have experienced significant operational disruptions. David Lochbaum of the Union of Concerned Scientists chronicled 51 incidences of reactor outages lasting more than a year.
 The majority of these year-plus outages were attributed to components that had degraded to the point that shutdown and system-wide maintenance were needed in order to ensure safe operation.
 Half of the year-plus outages lasted between one and two years. The longest outage to date occurred at Browns Ferry Unit 1, which was offline for over 20 years. 

The most recent year-plus outage at a U.S. nuclear plant occurred at Davis-Besse in 2002 when the reactor was taken offline for a routine refueling and maintenance outage, and a large cavity was found in the reactor vessel head (see Chapter 5).
 As a result, what was originally intended as a standard maintenance and refueling outage kept the plant offline for nearly two and a half years.

In addition, the Kashiwazaki-Kariwa nuclear plant in Japan has been shut down since the Niigataken Chuetsu-oki earthquake on July 16, 2007. Although the safety protection system worked as designed to secure safety for the reactors, various instruments were broken and some radioactive leaks occurred. As discussed in Chapter 3, repairs on the plants are largely completed but regulatory requirements are delaying the restart of the operations. 

Definition of a Major Disruption

The experiences of nuclear plants presented above indicate that most unplanned outages last just a few days, but outages lasting a year or longer do occur. The replacement power analysis presented in the remainder of this chapter is based on a hypothetical year-long outage at either plant. 

The results of this analysis are not applicable for permanent outages. In the case of a permanent outage, the utilities would construct new renewable or conventional power plants to replace the nuclear unit, and the cost and environmental impacts of this scenario would depend on the replacement power that the utilities chose to develop. The implications of potential replacement power options are discussed in Chapter 9.

Replacement Power Analysis 

When any of California’s nuclear reactors are not operating, the power from these reactors must be replaced with power from other sources. PG&E and SCE generally schedule refueling outages and other maintenance so as to avoid periods of peak power demand and reduce the cost of replacement power. However, unplanned outages can occur at any time. This section evaluates what replacement power options would be used in the event of a hypothetical year-long unplanned outage at one or both of the nuclear plants in 2012. 

Production Simulation Model

For the replacement power analysis, the Study Team simulated the operations of the electricity market with and without one of the nuclear plants utilizing a proprietary hourly chronological production simulation model (MARKETSYMTM). MARKETSYMTM dispatches generating resources to match hourly electricity demand and minimize the total system cost, including costs of fuel, operations and maintenance, emissions, and start-up. 
Underlying this model is a detailed database of expected retail power demand and of the operating characteristics of generation and transmission facilities within the Western Electricity Coordinating Council (WECC). The data in this database are based on (a) utilities’ regulatory filings to the U.S. Energy Information Administration and the Federal Energy Regulatory Commission regarding projected demand and operating characteristics of existing generating and transmission facilities, (b) public announcements of generation and transmission developments and upgrades, and (c) forecasts of fuel prices, emission allowance costs, and other technical and economic parameters. This database was recently used by the Energy Commission in its 2007 Integrated Energy Policy Report (IEPR) Scenario Analysis of California’s Electric System and by the Ocean Protection Council and the Water Resources Control Board in a study of the impact of regulating once-through-cooling technology in California. 

Methodology and Assumptions for Simulations

Using MARKETSYMTM, the Study Team simulated the operation of individual generators, utilities, and control areas to meet fluctuating loads within a region each hour. The simulation minimizes the cost of serving load within the modeled electric system subject to a number of operational constraints and assuming strategic bidding by market participants.
 The result is a price forecast that allows existing and new generators to recover all short- and long-term costs (including financing costs) from the market. 
Three fundamental principles guided the forecast development:

· Maintain sufficient reliability in all market areas. Each market area is delineated by critical transmission constraints. Within a market area, it is assumed that there are no transmission limits.

· In the short term, benchmark the model against observed historical market prices and market heat rates.
· In the long term, allow new base-load capacity to recover all costs, including fixed and financing costs from the energy market.

The base case for this analysis is the same as the aging plants retirement scenario from the 2007 IEPR. The Study Team developed this scenario by starting with current resources and adding and subtracting resources according to the following rules:

· Plants are added that are under construction or under contract and are reasonably assured to be on line by 2012.

· Baseload resources (mainly combined cycle gas turbines): Beyond plants under construction or contract, baseload resources are added only if the costs of these resources would be fully recovered from the energy market. To project the economic entry of baseload capacity, the Study Team started at current market conditions and gradually added capacity.
 
· Renewable resources are added based on filings from utilities and other load serving entities to the Energy Commission, and other likely resource additions estimated by Energy Commission staff. 

· Beyond plants under construction or contract, peaking resources are added as needed to fulfill system reliability and reserve margin requirements. The costs of these capacities may not be fully recovered from the energy market since profitability of peaking capacity is determined not only by the simulated deterministic prices but also by the cost of supporting necessary reliability and the likelihood of failure of other generation and transmission facilities.

· Units are removed first based on publicly announced retirement or repowering dates. For example, the Humboldt Bay steam turbines will be replaced by 10 diesel generators (16.3 MW each) during the fall of 2008 and the Potrero gas turbines will be replaced by the San Francisco Electric Reliability Project. Units that are recommended by the Energy Commission for retirement prior to or in 2012 are removed. These include Alamitos Unit 3, Etiwanda Units 3 & 4, and Ormond Beach Unit 1. For units whose retirement dates are unknown, the Study Team used a rule-of-thumb of 55 years lifetime for gas and coal units and 60 years for nuclear units.

· Forced outages are based on Monte Carlo analysis.
In addition to the base case, the Study Team simulated two outage scenarios in which one of the nuclear plants does not operate throughout the year 2012 as the result of unanticipated repairs or maintenance. These scenarios follow the same rules as the base case. No capacity was specifically added to replace the nuclear units since the units in these scenarios have been unexpectedly shut down for a limited time. Instead, power from the nuclear units is replaced by power from existing generating facilities that otherwise would not operate as much. Since the model determines which facilities generate power by ordering the facilities based on operating costs, operating costs of the replacement power are higher than operating costs of the nuclear units.
Results

The simulations find that for a year-long outage in 2012 at Diablo Canyon, 62 percent of the replacement generation would come from California gas-fired power plants, mostly combined cycle plants. Another 35 percent would come from gas-fired plants in neighboring states, and just under two percent from out-of-state coal plants (Table 6). For a year-long outage in 2012 at SONGS, 55 percent of the replacement generation in the outage scenarios would come from gas-fired power plants in California, 42 percent from gas-fired plants in neighboring states, and less than two percent from out-of-state coal plants. 

Table 6: California 2012 Power Supply, GWh
	
	Base Case
	Diablo Canyon Outage
	SONGS Outage

	
	Total Generation
	Total Generation
	Change from Base Case
	Total Generation
	Change from Base Case

	In-State Nuclear Generation
	31,000
	16,000
	(15,000)
	15,000
	(16,000)

	Other In-State Generation
	200,000
	211,000
	10,000
	210,000
	9,000

	Imported Power
	81,000
	86,000
	5,000
	87,000
	7,000

	Total California Load
	312,000
	312,000
	-
	312,000
	-


Reserve Margin Implications

Reserve margins reflect the amount of capacity available to the system in excess of anticipated need. Positive reserve margins are required to maintain system stability and prevent blackouts in the event of plant outages or higher than anticipated demand. 

An outage at Diablo Canyon or SONGS would reduce system capacity by about 2,200 MW. According to the simulations, this would reduce the statewide planning reserve margin from 26 percent to 23 percent (Table 7).
 As noted earlier, a 23 percent planning reserve margin is greater than the 15 percent reserve margin currently required by the CPUC. Therefore, the simulations suggest that no supply shortages would occur as the result of either Diablo Canyon or SONGS being unexpectedly off-line for an extended period, nor would remedial action, such as additional demand response, energy efficiency, or additional capacity be needed for reliability purposes. Depending upon the exact nature of the replacement power, such programs might be justified on economic grounds. 

Table 7: California 2012 Planning Reserve Margin

	
	Base Scenario
	Diablo Canyon Outage
	SONGS Outage

	Peak Load (MW) 
	60,780
	60,780
	60,780

	Total Capacity

	76,841
	74,593
	74,609

	Reserve Margin
	26%
	23%
	23%


Economic Implications

The primary costs of an extended outage are the costs to purchase replacement power and the costs to repair the plant so that it can resume operating. 

Replacement power costs would include the operating costs of the units providing the replacement power (for units controlled by PG&E or SCE) and the costs to acquire power from out-of-state at market rates.
 For a year-long loss of either nuclear plant, the simulations find that these costs would be $470 million higher than the cost to obtain the power from the nuclear plant. This would increase average rates for customers of either PG&E or SCE/SDG&E by approximately 0.5¢ per kilowatt-hour (kWh) for one year.

Replacement power costs are roughly the same for either plant’s outage due to the fact that the two plants are of similar size and the replacement power is dominated by gas-fired combined cycles. Replacement power costs are somewhat lower during the spring, when gas prices tend to be lower and the large hydro runoff prevents the need for less efficient (i.e. more expensive) units and peaking units to run. This allows the more efficient generators to set the marginal market price. Replacement power costs are higher from the early fall through winter, when demand is higher (pushing less efficient generators to set the marginal market price) and gas prices peak.

These results should be interpreted only as indicative because of the uncertainties in future fuel prices, technology improvements, and regulatory requirements. A carbon tax or greenhouse gas cap and trade program, which was not incorporated into this modeling, could alter the unit dispatch in the simulation and would likely increase the cost of the replacement power.

Plant repair costs would depend on the outage cause and could vary widely. For example, the cost to repair seven reactors that had extended outages between 1982 and 1998 ranged from $136 million for a 1.3 year outage at Nine Mile Point Unit 1 to $702 million for a 2.3 year outage at Rancho Seco.
 Overall, outage repairs at these plants cost between $100 million and $300 million per year of outage, with an average of $203 million per year of outage.
 Should capital improvements of this scale be required to repair Diablo Canyon or SONGS, these repair costs would likely be included in the plant’s ratebase and recovered from ratepayers over the expected lifetime of the capital improvement.
 This would reduce the rate impact in any given year. For example, a $203 million capital improvement recovered over 10 years would cost ratepayers at most $46 million in one year, which would raise rates by roughly 0.05¢ per kWh.

Environmental Implications

The environmental implications of an outage arise from replacing nuclear power with replacement power, which would primarily be fueled by natural gas. The simulations found that an outage at either nuclear plant would have notable impacts on greenhouse gas emissions. A year-long outage at SONGS would increase in-state greenhouse gas emissions from power generation by 7 percent (+4.3 million tons CO2), while the analogous outage at Diablo Canyon would increase in-state greenhouse gas emissions from power generation by 7.6 percent (+4.7 million tons CO2). Taking into account the out-of-state replacement generation, the total greenhouse gas impact would be the additional emissions of approximately 7 million tons of CO2.

As shown in Table 8, emissions of NOx and SOx would also increase, albeit by a much smaller percentage than seen for CO2. 

Table 8: Emissions Changes from year-Long Plant Outage in 2012

	
	Base Case Emissions, Thousands of Tons
	Change in emissions due to Diablo Canyon Outage
	Change in emissions due to SONGS Outage

	
	
	Thousands of Tons
	Percent Change
	Thousands of Tons
	Percent Change

	In California

	CO2
	61,376
	4,684
	7.6%
	4,308
	7.0%

	NOx
	235
	1.6
	0.7%
	0.6
	0.3%

	SOx
	63
	0.8
	1.3%
	0.4
	0.6%

	Out of State

	CO2
	379,861
	2,179
	0.6%
	2,849
	0.7%

	NOx
	547
	0.7
	0.1%
	0.9
	0.2%

	SOx
	451
	0.6
	0.1%
	0.7
	0.2%


Public Safety Implications

There are several ways in which an extended outage at Diablo Canyon or SONGS could impact public safety: via transmission instability, via power outages, or via the direct safety implications of operating a replacement power plant in place of operating a nuclear reactor.

· Transmission Instability: In the unlikely event that an outage at Diablo Canyon or SONGS destabilizes the transmission system, widespread and extended power outages could ensue. 

· Power Outage: Under most circumstances, a plant outage would not result in the loss of power for customers since there are sufficient system reserves to replace the lost power with other power supplies. However, if the plant outage occurred during a time of unusually high demand and/or coincided with other supply outages or low hydro supplies, the plant outage could contribute to a need for customer outages. These outages would likely be constrained to short durations, such as the 2-hour rolling blackouts that Californians experienced during 2000 and 2001. Hospitals and other essential services would not be impacted. The overall public safety implications of these outages would thus likely be limited.

· Operations: During an outage, the power from the nuclear reactor would be replaced by power from a gas-fired plant. On balance, this increases public safety since the public safety risk from reactor operations are greater than public safety risks from gas-fired plant operations. However, given the extensive safety procedures and mechanisms in place for nuclear reactor operations, the public risk from reactor operations is small. The increase in public safety due to the reactor outage is consequently not significant.

Implications of Outage at Kashiwazaki-Kariwa

The simulation modeling described above provides insight into the potential impacts of a hypothetical year-long outage in California. It is also instructive to consider the impacts that have been experienced from an actual outage at a large nuclear plant. The outage at the Kashiwazaki-Kariwa plant in Japan, the largest nuclear plant in the world, provides such a case study. 
Since the Niigataken Chuetsu-Oki earthquake shut down the Kashiwazaki-Kariwa nuclear plant in July 2007, Tokyo Electric Power Co. (TEPCO), the plant owner, has been forced to depend on thermal power plants for about 40,000 GWh of electricity in FY 2007 alone and 50,000-60,000 GWh annually until the plant resumes operations.
 This has resulted in the incremental emissions of 24 million tons of CO2, representing two percent of Japan’s emissions in FY 2007 and approximately three percent of Japan’s emissions per year of outage going forward.

 

Liquefied natural gas (LNG) and oil power plants have played a central role in making up for the lost nuclear capacity. TEPCO consumed 21 percent more LNG and 38 percent more fuel oil over the summer of 2007 than over the summer of 2006.
 A recent study from the Institute of Energy Economics, Japan found that the increase in demand did not notably impact the prices for LNG and fuel oil due to fuel inventories and adjustments to refinery product mixes.
 However, the potential impacts of the shutdown could become more severe as fuel inventories are depleted.

Less than a month after the earthquake, on August 22, 2007, a heat wave brought the anticipated electrical demand peak within TEPCO’s service area to 61.5 GW—a near record demand level. In order to preserve a reserve margin TEPCO initiated its demand-response program for the first time in 17 years and had 23 large customers reduce demand by a total of 3 GW. TEPCO also purchased about 3 GW of capacity from other utilities.
 With these measures, TEPCO managed to continue serving customers and even maintain a reserve margin of at least 4.1 percent through the day.

An outage at a California nuclear plant would result in different impacts than experienced in Japan on account of the differences in electricity supply options and electricity markets between California and Japan. However, there are a number of lessons that can be learned from this experience that relate directly to California:

· Similar to the situation in Japan, the lost power from a shut-down nuclear plant in California would be replaced by fossil-fueled power, at least in the near-term, resulting in an increase in greenhouse gas emissions.

· Potential market impacts from an increased reliance on fossil fuels depend on overall market conditions. If an outage in California occurs during a time when there is a surplus of natural gas in storage, market implications may be minor. If the outage continues for an extended period, storage reserves could become depleted and market implications may become more significant.

· The loss of the nuclear plant would be most strongly felt during periods of peak electricity demand. Demand response and imported power could be important for maintaining reserve margins during these periods. 
Conclusions

Computer production simulations or modeling of electricity market operations and a WECC study of future supply and demand conditions both indicate that adequate replacement power would be available in the event of extended outages at Diablo Canyon and SONGS during winter peak demand conditions in the near term (2012). The studies differ in their assessments of the adequacy of replacement power during summer peak demand conditions: the production simulation modeling indicates that sufficient replacement power would be available to meet California’s 15 percent reserve margin requirement, and the WECC study indicates that the loss of the plants would reduce reserve margins to six or seven percent. The
 difference between these results is primarily a consequence of input assumptions about supply conditions: the production simulation modeling was based on the assumptions that there is currently excess capacity in the system and that new generation capacity will be added to the system as needed in order to maintain a 15 percent reserve margin. The WECC study was based on assumptions of adverse supply conditions, high peak demand, and limited new generation projects coming on-line in future years. Together, they indicate that, while replacement power would be available under most circumstances, the outage of either plant would exacerbate supply-demand imbalances during peak demand and adverse supply conditions. Both studies will need to be revisited in the coming years to reflect updated supply and demand conditions. In addition, more detailed study will need to be conducted to assess the availability of replacement power at the local level given transmission constraints that could restrict the deliverability of replacement power to some areas.
The production simulation modeling indicates that during a year-long disruption at either nuclear plant in 2012, replacement power would be supplied primarily by combined cycle natural gas plants. Over a year, this would increase the cost of power by $470 million and increase CO2 emissions from California’s electricity generation by about eight percent.

Previous studies have shown that while Diablo Canyon represents a significant generation resource and supports power flows through transmission Path 15 and Path 26, the plant is not needed to maintain reliable operation of the transmission system. However, SONGS is a more integral part of the Southern California transmission system, and imported power flows are restricted when it is shut down. Consequently, there would likely need to be modification to the transmission system in the event of a long-term SONGS shutdown. The extent of the transmission system changes would depend on the transmission configuration in place at the time of the shutdown.
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Chapter 7: Nuclear Waste Accumulation at Diablo Canyon and SONGS

Nuclear reactors produce radioactive waste during the process of electricity generation and plant maintenance. Both spent fuel and low-level waste are stored at Diablo Canyon Power Plant (Diablo Canyon) and at San Onofre Nuclear Generating Station (SONGS). 

Spent nuclear fuel is a byproduct of electricity generation. Approximately every 18 to 24 months, a portion of the fuel rods in a reactor are removed and replaced with fresh fuel rods. The spent or “used” fuel is then placed into storage. All commercial nuclear power plants in the U.S. store spent fuel in water-filled pools for at least five years at the power plant site. In the past decade or so, nuclear plant owners have also begun to use dry casks for storing older spent fuel. Because off-site spent fuel storage and disposal options are currently unavailable, the volumes of nuclear waste stored at the plant sites will increase in the years to come. Already, Southern California Edison (SCE) and Pacific Gas & Electric (PG&E) have accumulated over 2,200 metric tons of spent fuel at the plant sites. The federal government is responsible for the ultimate disposal of this spent fuel. 

Storing nuclear waste at the plants imposes financial costs and also exposes nearby populations and the environment to risks of radiological contamination. Ratepayers bear some of the costs for storing nuclear waste at the plants, and taxpayers will bear the remaining costs. The taxpayer obligation arises from damage payments that the federal government is making to utilities for failing to take on-time delivery of spent fuel for disposal at a geologic repository. This obligation is increasing with time and with the amount of nuclear waste stored at plant sites throughout the country.

The U.S. Department of Energy (DOE) is pursuing a permanent geologic repository for spent fuel at Yucca Mountain, Nevada. The license application for Yucca Mountain was filed with the NRC on June 3, 2008. If the license is granted, Yucca Mountain will begin operations sometime after 2020.
 The history and current status of Yucca Mountain and other federal spent fuel initiatives are discussed in Appendix A.

If Yucca Mountain or another geologic repository is opened in the future, spent fuel will be shipped from the plant sites to the repository. Similarly, if an off-site spent fuel storage facility is opened, PG&E and SCE could choose to ship the waste from their nuclear plants to this facility. As many as 390 shipments could be needed to move off site all of the spent fuel generated by Diablo Canyon and SONGS during the current operating period. Each shipment creates risks for the state and its residents. The state will also incur costs for training and emergency preparedness that may not be fully reimbursed by the federal government.

This chapter provides an assessment of the growing amounts of spent fuel and low-level waste accumulating at Diablo Canyon and SONGS. First, it presents an overview of the characteristics of radioactive waste. Next, it describes the spent fuel storage options pursued by PG&E and SCE and the storage capacity these options provide. Next, it presents the costs associated with storing nuclear waste at the plants and the packaging requirements, transport costs, and emergency preparedness costs associated with the nuclear waste. Finally, it discusses the cost and availability of disposal options for low-level waste from Diablo Canyon and SONGS.

Characteristics of Radioactive Waste

There are two major categories of radioactive waste from commercial nuclear reactors: spent fuel and low-level radioactive waste.
 Spent fuel is composed of uranium, plutonium, and fission byproducts that remain after the fuel has been used for electricity generation.
 Low-level waste is radioactive waste that does not meet the classifications of spent fuel and other high-level waste categories. It includes items that have been contaminated with radioactive material or have become radioactive through exposure to neutron radiation. These items include everything from protective clothing and cleaning supplies to water treatment residues and discarded reactor parts.
 
Spent fuel recently removed from a reactor is significantly more hazardous than low-level waste. Spent fuel emits a lethal dose of radiation in a one-meter radius for roughly 50 years, and it can take hundreds of thousands of years for the radioactive materials to decay to a harmless state.
 Figure 16 compares the radiation dose that would be received by someone located one, five, or ten meters from spent fuel that has cooled for up to 50 years. Health risks associated with specific radiation levels are also shown.

The risks from exposure to low-level waste depend on the type of radioactive material in the waste and its concentration.
 Some forms of low-level waste pose no hazard unless inhaled or consumed; others can increase the risk of cancer or death to unprotected people nearby.
 The U.S. Nuclear Regulatory Commission (NRC) has defined four disposal categories of low-level waste that require differing degrees of confinement and monitoring: Class A, B, C, and Greater than Class C (GTCC).
 Of these categories, Class A waste generally has the lowest concentration of long and short-lived radioactive material and remains a hazard for the shortest period. Class A and Class B wastes are intended to decay to acceptable levels of hazard within 100 years, and Class C waste within 500 years (Table 9).
 

Figure 16: Radiation Dose Rate from a Pressurized Water Reactor Spent Fuel Assembly
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Table 9: Low-Level Waste Characteristics and Disposal Methods

	Category
	Description
	Disposal Method

	Class A
	Least hazardous – short and long-lived waste that will not endanger inadvertent human intruder beyond 100 years
	Near-Surface

	Class B
	More hazardous – short-lived wastes that will not endanger inadvertent intruder beyond 100 years
	Near-Surface with 300 year waste stability

	Class C
	More hazardous – short and long-lived wastes that will not endanger inadvertent intruder beyond 500 years
	Near-Surface with 300 year waste stability and either greater depth or 500 year intruder barrier

	GTCC
	Most hazardous of LLW - dangerous to inadvertent intruder beyond 500 years. Current law requires it to be disposed in geologic repository 
	Geologic repository or alternate approach to be determined 


Low-level waste is packaged for storage according to its level of hazard and can require shielding with lead, concrete, or other materials to protect workers and members of the public.
 GTCC low-level waste, including reactor control rods and other activated metal hardware, is the most hazardous of low-level waste and emits dangerous amounts of radiation for more than 500 years.
 Unlike Class A-C low-level waste, GTCC low-level waste may not be disposed of in a surface or near-surface level facility and may require disposal in a deep geologic repository.
 State governments are responsible for the disposal of Class A, B, and C waste. The federal government is responsible for the disposal of GTCC waste and spent fuel.
 There are no facilities currently licensed by the NRC for the disposal of GTCC low-level waste or spent fuel.
Waste Volumes TC "Waste Generated by California’s Reactors" \f C \l "2" 
Through the end of 2007, Diablo Canyon and SONGS operations had generated 2,300 metric tons of uranium (MTU) in spent fuel, 44,000 ft3 of Class A low-level waste, and 1,700 ft3 of Class B and C low-level waste.
 Operations at the facilities will continue to generate spent fuel until the plants cease operating and will continue to generate low-level waste through decommissioning. Table 10 provides a summary of the waste that has been and will be generated at these plants under the current license period, during a possible 20-year license extension, and during decommissioning. 

Table 10: Waste Generated at Diablo Canyon and SONGS (Unit 2 and Unit 3 only)

	
	Spent Fuel
	Low-Level Waste

	
	(No. of assemblies)
	(MTU)
	Class A (ft3)
	Class B (ft3)
	Class C (ft3)
	GTCC
 (ft3)

	Diablo Canyon

	Generated through 2007
	2,642
	1,136
	8,130

(‘02-‘07)
	804

(‘02-‘07)
	563

(‘02-‘07)
	Unknown

	
	2008 through Initial License
	1,836
	789
	22,406

	2,546
	1,786
	Unknown

	
	License Extension
	2,112
	908
	17,480
	2,680
	1,880
	Unknown

	
	Decommissioning
	None
	None
	240,752

	23,308
	1,148
	866

	
	Total
	6,590
	2,833
	288,768
	29,338
	5,377
	

	SONGS

	Generated through 2007
	2,702
	1,138
	35,914 

(‘01-’07)
	220 

(’01-’07)
	115 

(‘01-’07)
	Unknown

	
	2008 through Initial License
	2,270
	988
	SCE declined to provide this information.

	Unknown

	
	License Extension
	3,024
	1,326
	
	Unknown

	
	Decommissioning
	None
	None
	
	~2,700

	
	Total
	7,996
	3,452
	
	


The main component of spent fuel by mass is uranium-238, which is a weakly radioactive naturally occurring element. Spent fuel also contains other uranium isotopes, transuranic elements such as plutonium and neptunium, and fission products. Cesium-137, strontium-90, and other short-lived fission products contribute most of the spent fuel’s heat and radiation.
 The composition of Diablo Canyon’s spent fuel is provided in Table 11.
Table 11: Composition of Spent Fuel

	
	Isotope
	Diablo Canyon
	SONGS

	
	
	All extracted spent fuel (mass percent)

	Most recently extracted 
(mass percent)

	All extracted spent fuel
	Most recently extracted 

	Uranium
	 U-238 
	93.1%
	92.2%
	SCE declined to provide this information
	SCE declined to provide this information

	
	 U-235 
	0.90%
	0.98%
	
	

	Transuranic Elements
	 Pu-239 
	0.51%
	0.55%
	
	

	
	 Pu-240 
	0.24%
	0.26%
	
	

	
	 Pu-241 
	0.09%
	0.15%
	
	

	Fission Products and Other Isotopes

	5.16%
	5.86%
	
	


On-Site Spent Fuel Storage

Spent fuel is transferred directly from the reactor to a spent fuel pool, where it must cool for at least five years. The spent fuel pools at Diablo Canyon and at SONGS Units 2 and 3 have capacities of 2,948 and 3,084 spent fuel assemblies (1,267 and 1,326 MTU), respectively.
 This is sufficient to store the spent fuel from roughly 25 years of operations. Since the spent fuel pools are approaching capacity, PG&E and SCE have been constructing on-site dry cask storage facilities, also known as independent spent fuel storage installations (ISFSIs), to provide additional storage space.
 SCE has already begun moving spent fuel from its spent fuel pools to its ISFSI (see “ISFSI Construction Schedules”). PG&E is currently awaiting approval for license amendments to allow for the preparation and loading of its spent fuel canisters. PG&E is also awaiting a final decision from the NRC on challenges to the ISFSI license by the Mothers for Peace; nevertheless, the Diablo Canyon ISFSI license remains valid (see “Mothers for Peace Challenge Diablo Canyon ISFSI License”).


[image: image27]
PG&E has designed, permitted and is constructing a dry cask storage facility for Diablo Canyon that will allow the utility to transfer most of the spent fuel produced during the current operating license. SCE has designed, permitted and is constructing a dry cask storage facility for SONGS with capacity to store 36 percent of the spent fuel generated during the current license period (with additional storage available in the SONGS spent fuel pool). Both utilities may need to develop additional on-site storage or secure offsite storage to store all the spent fuel that will be produced over the plants’ current operating licenses (Table 12). 




[image: image28]

Table 12: On-Site Spent Fuel Storage Capacity (number of assemblies)

	
	Diablo Canyon
	SONGS Units 2 & 3

	ISFSI Capacity
	1,280

	312


	Planned Expansions
	3,136
	1,488

	Total Planned ISFSI Capacity
	4,416
	1,800

	Spent Fuel Pool Capacity
	2,648
	3,084

	Total On-site Storage Capacity
	7,064
	4,884

	Assemblies Generated during Current Licensing period
	4,478
	4,972
 


Utility dry cask storage is an interim solution for waste disposal. NRC licenses for ISFSIs are valid for 20 years but may be renewed. PG&E’s ISFSI has a design life of 50 years, and SCE’s ISFSI has a design life of 100 years with canisters rated for 40 years.
 If the spent fuel is not transported off-site within the design lives of the ISFSI components, the spent fuel may need to be repackaged on-site and transferred into new storage canisters, or the current canisters or other ISFSI components may need to be bolstered. At this time there are no estimates as to how long the spent fuel will remain in interim dry-cask storage, and no additional off-site or on-site interim fuel storage facilities are being considered by either PG&E or SCE.
 

Spent Fuel Storage Costs

Based on data provided by PG&E and SCE, constructing and filling the Diablo Canyon and SONGS ISFSIs will cost roughly $160 million and $300 million (present value), respectively (Table 13).

Table 13: ISFSI Construction and Loading Costs
 

	Cost Component
	PG&E
	SCE


	Costs through 2007
	$81 million

	$139 million


	Construction and Loading Costs (present value)
	$260 million
	$300 million

	
	
	


PG&E additionally provided data on ongoing ISFSI costs (Table 14). Based on these estimates, the present value of PG&E’s expenditures to store all of the spent fuel generated by Diablo Canyon in the ISFSI through the end of the plants’s current operating license will be $180 million.
 Delays in shipment to offsite storage of up to 25 years might incur $1.5 million (2008 dollars) per year in operations, maintenance, and security costs.
 Additional delays could require that the spent fuel be removed from the ISFSI and repackaged in new canisters.
Table 14: ISFSI Ongoing Costs

	Cost Component
	PG&E
	SCE

	Annual Operation and Maintenance Costs
	$600,000
	SCE did not provide this information

	Annual Security Costs
	$900,000
	

	Total Cost through Current License (present value)
	$180 million
	



Nuclear Waste Fund Litigation
Ratepayers of utilities generating spent nuclear fuel contribute to a Nuclear Waste Fund to finance U.S. Department of Energy (DOE) costs related to the transport, storage, and disposal of nuclear waste. In turn, DOE was obligated to begin receiving spent fuel from the utilities by January 31, 1998.

Through 2007, PG&E ratepayers contributed $332 million (nominal dollars) to this fund, and ratepayers of SCE and other SONGS co-owners contributed $407 million (nominal dollars).
 Including interest, California ratepayers have contributed over $1 billion to the Nuclear Waste Fund.
 If Diablo Canyon and SONGS continue to operate at the same levels as they did from 2001 through 2007 (i.e. roughly 90 percent capacity factors), ratepayers will contribute an additional $506 million through the end of the current operating license periods. If the Diablo Canyon and SONGS licenses are extended and the plants continue to operate at these levels, ratepayers will pay an additional $636 million (Table 15).

Table 15: Nuclear Waste Fund Payments, millions (nominal dollars)

	
	Paid through 2007
	2008 through end of Current Operating License
	Extended Operating License

	Diablo Canyon
	$332
	$285
	$331

	SONGS
	$407
	$221
	$305


These payments notwithstanding, ten years after the federal statutory and contractual deadline for accepting commercial spent nuclear fuel, DOE has not yet begun to receive spent fuel from the utilities nor has it licensed a federal repository for the waste.

PG&E and SCE, along with many other utilities, have sued DOE for breach of contract because DOE did not begin to receive spent fuel at a federal repository by the 1998 statutory and contractual deadline. The utilities’ lawsuits are ongoing. The U.S. Court of Appeals ruled in 2005 that utilities suing DOE on this account may claim only damages that have already been incurred unless they are willing to release DOE of all contractual obligations to receive the spent fuel.
 Therefore, claim amounts represent only partial damages, and future lawsuits will likely be necessary to supplement damage claims. 

PG&E claimed $36.9 million in damages through 2004 for ISFSI-related costs at Diablo Canyon (Table 16). The court awarded PG&E $7 million for ISFSI licensing and construction costs at Diablo Canyon but dismissed PG&E’s request to recover costs to evaluate on-site and off-site storage and to construct temporary spent fuel racks, reasoning that these costs were not a direct result of DOE’s breach of contract.
 The court did not allow PG&E to recover the full cost of dry cask storage at Diablo Canyon because it found that even if DOE had begun accepting the waste on time, some dry cask storage would have been necessary since Diablo Canyon spent fuel would not have been shipped to the repository by the end of 2007. 
PG&E appealed the Court’s disallowance of Diablo Canyon dry cask storage costs and requested that its award be increased. The Court of Appeals remanded the basis on which the original court had calculated damages.
 The first decision relied on a spent fuel acceptance schedule that was released in 1991. The Court of Appeals determined that by 1991 it had already become clear that DOE would breach the contract and that damages should have instead been based on an earlier acceptance schedule, namely the schedule released in 1987. The Court of Appeals remanded the original court to go back and calculate damages based on this earlier schedule.
 The 1991 schedule originally relied upon indicated that by the end of 2007, DOE would have accepted approximately 6,000 MTU of spent fuel from the nation’s commercial reactors, but would not yet have accepted any waste from Diablo Canyon. For this reason the original court denied most of PG&E’s claims of damage. The 1987 schedule, however, indicated that by the end of 2007, DOE would have accepted roughly 30,000 MTU of spent fuel—roughly five times that estimated in 1991.
 It is unclear how much waste was expected to be accepted from Diablo Canyon under the 1987 schedule, but it is possible that this reconsideration will lead to an increase in PG&E’s damage award. The original court will be recalculating damages based on this schedule. As the original decision stands, PG&E ratepayers would not be reimbursed for $29.8 million of costs incurred through 2004.
 
SCE claimed $150 million in damages through 2005 (Table 16).
 In its claim SCE contended that had DOE not breached its contract, SCE would not have needed to construct an ISFSI at SONGS.
 In addition to ISFSI licensing, construction and operation costs, SCE is seeking compensation for payments made to General Electric for storage of Unit 1 spent fuel and investments in the proposed Private Fuel Storage facility in Utah.
 The standard discovery phase of the proceeding has ended, though SCE has indicated that additional discovery may be required.
 No trial date has been set.

Spent Fuel Packaging and Transport Issues

Diablo Canyon and SONGS spent fuel will remain at the power plants until a federal repository or offsite interim storage facility is opened. Under DOE’s current plan, shipments of commercial spent fuel would contain one to five casks per train or a single cask per overweight truck.
 Based on the expected volume of waste to be generated at Diablo Canyon and SONGS, it would require between 70 and 340 shipments to transport all of the spent fuel to be generated during the current operating periods and an additional 40 to 190 shipments to transport the spent fuel that would be generated over 20-year license extensions.
 
Table 16: Nuclear Waste Fund Litigation

	Facility
	Damages Claimed through 2004
	Status
	ISFSI Costs through 2007

	Diablo Canyon
	$31.7 million for licensing and construction of ISFSI
	$7 million awarded, remanded by appellate court
	$36.6 million for licensing and construction

	
	$2.7 million for licensing and construction of temporary storage racks
	Claims denied
	

	
	$1.5 million for pre-1998 evaluation of on-site storage options
	
	

	
	$0.9 million for evaluation of off-site storage options (including Humboldt Bay)
	
	

	SONGS
	$122 million for licensing and construction of ISFSI
	Trial date TBA
	$138.5 million for licensing and construction

	
	$26 million for storage of Unit 1 waste at the Morris Facility
	
	

	
	$2 million for investment in Private Fuel Storage
	
	


Spent fuel must be packaged in special transportation-safe canisters in order to be shipped off-site. These canisters—called “casks”—are designed to remain intact and withstand high-speed crashes, long-lasting fires, and submersion in water even under extreme accident conditions. It remains highly uncertain what would be involved in packaging the spent fuel for shipment and transporting it to an off-site repository, particularly since this will likely not occur for at least another decade.

Packaging Requirements
DOE has proposed designing and developing a Transportation, Aging and Disposal (TAD) canister system for shipments from reactors to the proposed repository at Yucca Mountain. With this system, spent fuel could be moved directly from a spent fuel pool into a TAD canister and then remain in the same canister (with different overpacks) for above-ground dry storage, transportation to Yucca Mountain, and disposal at Yucca Mountain. However, spent fuel that is packaged in canisters that are not TAD-compatible may need to be repackaged either at Yucca Mountain or prior to shipment. Repackaging would likely result in additional costs to the utility, though these costs may be recoverable through the Nuclear Waste Fund (NWF) litigation discussed above. 

At a November 2007 public hearing on the draft Environmental Impact Statement (EIS) for Yucca Mountain, Barbara Byron conveyed concerns on behalf of the California Energy Commission regarding the compatibility of proposed TAD regulations with interim storage processes already in place in California. The state claimed that, due to the potential need for repackaging at a reactor site, the “use of the TAD canister system will significantly increase workers' radiological exposure and the risks associated with handling bare spent fuel assemblies, and loading and welding canisters at reactor sites (routine exposures and accidents).”
 Byron also recommended that DOE examine how the TAD system will interface with the dry cask storage system at reactor sites and requested clarification on the financial responsibility for developing a repackaging system at reactor sites.

The Nuclear Energy Institute (NEI) anticipates that spent fuel in dry cask storage will not be repackaged into TAD canisters for shipment to Yucca Mountain.
 NEI explains that by the time Yucca Mountain is in operation, the amount of spent fuel at utility sites will exceed the current legal capacity of Yucca Mountain. Utilities will have the choice of which spent fuel to ship, and they will choose to ship spent fuel from spent fuel pools, since these have never been packaged into canisters, instead of spent fuel from dry-cask storage, which would need to be repackaged.
 NEI anticipates that utilities would only adopt the TAD system for on-site interim storage if DOE offered compensation to cover the increased cost and reduced capacity of the TAD canisters.

To date, DOE has specified only preliminary performance specifications for the proposed TAD system, and no TAD canisters have yet been developed.
, 
 In the absence of final regulations, the utilities have adopted their own canister systems. PG&E’s spent fuel canister system is not compatible with DOE’s proposed TAD system.
 SCE states that at this point it is unclear whether its storage system will comply with DOE’s final TAD requirements.
 

Spent Fuel Transport Costs

DOE will be responsible for paying to transport spent fuel from reactors to a permanent repository. Like repository costs, transportation costs will be paid out of the Nuclear Waste Fund. Spent fuel transportation costs will depend on the quantity of fuel, the distance traveled, and the level of security provided. DOE has estimated that the total cost to transport commercial spent fuel to primary Nevada rail and truck hubs would be $6.3 billion, or $75,000 per MTU.
 (These estimates do not include the cost to build transportation infrastructure from these hubs to the Yucca Mountain facility.) The State of Nevada has estimated that these costs would be $7.5 billion total or $90,500 per MTU.

If, instead of a permanent repository, DOE or another entity builds an off-site interim storage facility, and PG&E or SCE opt to store spent fuel at the facility, the utility could be responsible for the costs of transporting spent fuel to that site.
 Since no such facility exists today, it is not known how many shipments, what distances, or what transport methods would be involved. Costs would also vary depending on mode of transport, size of transport vehicles, and security considerations. Using an average of DOE and Nevada’s estimates of $75,000 and $90,000 per MTU as a ballpark figure for the cost to transport spent fuel, it would cost the utilities roughly $160 million each to remove the spent fuel generated during the plants’ current license terms.
 It would cost each utility roughly $100 million more to ship the spent fuel that would be generated during a 20-year license extension.
Accident Prevention and Emergency Preparedness Costs

Emergency preparedness in California is funded in part by taxpayers and in part by the nuclear plant owners. State appropriations fund the Radiological Health Branch of the Department of Public Health and the Governor’s Office of Emergency Services for emergency response preparation for nuclear plants in California. PG&E and SCE fund the Nuclear Planning Assessment Special Account, which is administered by the California Office of Emergency Services and used to fund local planning authorities for nuclear power plant-related emergency response planning. Funds are distributed to the counties of San Luis Obispo, San Diego, and Orange and to the cities of Dana Point, San Juan Capistrano, and San Clemente. These cities and counties distribute the funds to local governments within the 10-mile emergency planning zone surrounding the two sites. In FY 2009/2010, the Nuclear Planning Assessment Special Account will provide $1.7 million for Diablo Canyon-related emergency response and $1.6 million for SONGS-related emergency response.
 Legislation passed in October 2007 extended this funding mechanism through 2019.
 
Emergency planning costs reflect the risks of reactor operations and of on-site spent fuel storage. In a study on the Indian Point nuclear power plant in NY, the authors presumed that emergency planning costs would not materially change if the reactors ceased operating as long as spent fuel remained on site.
 However, the authors did not provide supporting information for this assumption, and there is some evidence to the contrary. For example, after the Rancho Seco nuclear plant was shut down and its operating license terminated, state and local governments stopped receiving funding because of the reduced hazard.
 
Under the Nuclear Waste Policy Act (NWPA) Section 180(c), DOE is required to provide technical and financial assistance for emergency response preparation for repository shipments. DOE has proposed a grant program for safe routine transportation and emergency response training.
 DOE proposes to make two grants available to states: 1) a one-time assessment and planning grant of up to $200,000, and 2) an annual training grant with a base amount of $100,000 and a state-specific variable amount.
 The assessment and planning grant is to be made available no sooner than four years prior to the first shipment, and the annual training grants are to begin three years prior to the first shipment and to continue for each year of shipments. According to DOE’s current schedule, shipments will begin sometime after 2017 and likely after 2020.

Many parties submitted comments on DOE’s proposed grant program. Among them, the Western Interstate Energy Board (WIEB) noted that DOE has not yet established a national transportation plan for repository shipments.
 WIEB commented that states would require at least three years after shipment routes had been identified and funding dispersed to adequately prepare for the shipments.

Commissioner James Boyd of the California Energy Commission also submitted comments on DOE’s proposed 180(c) funding policy. Commissioner Boyd described California’s unique transportation situation. California has multiple waste generator sites and several large metropolitan areas potentially impacted by spent fuel shipments. The State will need significant time and resources to ensure the safe transport of spent nuclear fuel and to prepare for emergency response along shipment corridors in California.
 Commissioner Boyd stressed that the grant timeline should be flexible to accommodate large, populous states like California. He estimated that California will need a minimum of 4-5 years prior to shipments for grant application, funding, initial needs assessments, plan development, and emergency response training.
 He also characterized DOE’s proposed funding levels as “seriously insufficient” for California.
 Commissioner Boyd estimated that it would cost over $712,000 per year for training and equipment for shipments originating from the four commercial reactor sites in California.
 Additional costs associated with the routing of other states’ shipments through California are not included in that figure. Table 17 below summarizes DOE’s proposed policy and Commissioner Boyd’s recommendations.
DOE has not yet clarified the extent to which state accident prevention and emergency preparation costs related to the shipment of spent fuel will be reimbursable from DOE through the Nuclear Waste Fund. In February 2005, WIEB, the Midwestern Council of State Governments, the Southern States Energy Board, and the Eastern Regional Conference of the Council of State Governments created the “Principles of Agreement among States on Expectations Regarding Preparations for OCRWM Shipments.”
 Among these principles, the state governments asked that DOE define transportation-related activities for which funding from the Nuclear Waste Fund will be provided. The parties are still awaiting clarification from DOE.

Table 17: DOE’s Proposed Emergency Response Grant Program

	
	DOE’s Proposed Policy
	California Estimates

	Required time before first shipment for dispersal of assessment and planning grant
	4 years
	Minimum of 4-5 years

	Required time before first shipment for annual dispersals of training grants
	3 years
	More than 3 years

	Amount of assessment and planning grant
	$200,000 maximum
	$200,000 “seriously insufficient”

	Amount of annual training grant
	$100,000 plus variable state-related adder
	More than $712,000


Low-Level Waste Disposal
The Low-Level Radioactive Waste Policy Amendments Act of 1985 encourages states to enter into compacts with one another to arrange for disposal of low-level waste at common facilities. Currently there are only three low-level waste disposal facilities operating in the U.S. Until recently, two of those facilities accepted low-level waste from California: the EnergySolutions facility in Clive, Utah, which accepts only Class A waste, and the EnergySolutions facility in Barnwell, South Carolina. The Barnwell facility closed to California and all other states not part of the Atlantic Compact on June 30, 2008.
 
PG&E disposed of all the Class A, B, and C waste generated at Diablo Canyon prior to 2007 except for activated metal in the spent fuel pools, which is being accumulated until a sufficient quantity is available for packaging. Since the Barnwell facility closed to California generators in June 2008, remaining Class B and C waste will be stored in a shielded storage building on site.
 These on-site facilities have sufficient capacity to store all of the Class B and C waste to be generated through the end of the current operating license and through an extended operating license.
 PG&E reports that it will review other options for the disposal of Class B and C low-level waste if they become available.
 PG&E also plans to store large reactor components on-site until decommissioning in order to minimize low-level waste shipments and costs.
 (This includes the soon-to-be replaced steam generators.) A summary of PG&E’s low-level waste disposal activities at Diablo Canyon since 2002 is shown in Table 18. 
Table 18: Low-Level Waste Disposal Activities 2002-2007

	
	
	Diablo Canyon
	SONGS

	Time Period
	Waste Class
	Disposal Volume (ft3)
	Disposal Volume (ft3)

	2002-2006
	Class A
	7,178
	SCE declined to provide this information

	
	Class B
	706
	

	
	Class C
	547
	

	2007
	Class A
	952
	

	
	Class B
	98
	

	
	Class C
	15
	


Faced with the Barnwell closure, SCE will also store all Class B and C waste at SONGS pending development of additional disposal options.
 SCE will continue to ship Class A waste to the Clive, Utah facility and will evaluate any treatment and disposal options that become available. SCE also plans to prepare the SONGS steam generators for transportation and disposal off-site once the new steam generators are installed.
 

As a result of the Barnwell facility closure, there is no Class B or Class C off-site disposal facility available for over 80 percent of the country’s reactors.
 In addition, large quantities of low-level waste will be created when the oldest reactors running today begin decommissioning.
 In October 2007 the NRC issued an assessment of its low-level waste regulatory program in order to address upcoming challenges regarding low-level waste disposal.
 The NRC determined that its regulations are outdated and do not address the current large amounts of on-site low-level waste at the nation’s reactors. The assessment identified seven high-priority near-term tasks that could improve low-level waste regulation. The first task is to update guidance on extended storage of low-level waste for materials and fuel cycle licensees, to review industry guidance for reactors, and to identify whether there are any gaps in safety or security considerations.
 The NRC expects to complete this task by the end of 2008.

Costs related to the transportation and disposal of low-level waste are the generators’ responsibility. Between 2002 and 2006, PG&E spent roughly $6 million on the storage and disposal of low-level waste.
 A summary of PG&E’s present and estimated future low-level waste transportation and disposal costs is provided in Table 19.
SCE reports that costs to transport low-level waste vary by the type of material, mode of transportation, and destination. For example, it costs SCE roughly $5 per cubic foot by rail and $10 per cubic foot by truck to ship Class A low-level waste from SONGS to the Clive, Utah facility and $400 per cubic foot to ship Class B and C wastes to Barnwell, South Carolina by truck.
 SCE declined to provide the Energy Commission information on SONGS low-level waste disposal costs.

Table 19: Diablo Canyon Low-Level Waste Transportation and Disposal Costs

	
	Cost through 2006
	Through end of Current Operating License
	Through Extended Operating License

	Class A
	$450/ft3 – Resin

$50/ft3 – Trash & Debris
	$500/ft3 – Resin

$150/ft3 – Trash & Debris
	$500/ft3 – Resin

$150/ft3 – Trash & Debris

	Class B
	$2,500/ft3
	Unknown
	Unknown

	Class C
	$3,200/ft3
	Unknown
	Unknown

	Total Disposal Cost
	$1 million/year
	$1.1 million/year
	$1.1 million/year


Low-level waste disposal costs have risen significantly in recent years. A 2004 GAO report noted that over the prior 25 years disposal costs had risen from $1 per cubic foot to over $400 per cubic foot and that costs were expected to exceed $1,000 per cubic foot in the future.
 These cost increases will have the biggest impact when the plants are decommissioned. For example, PG&E estimated in 2006 that waste disposal costs during Diablo Canyon decommissioning would total $242 million (2004 dollars).
 This estimate was based on a total waste disposal cost of $248 per cubic foot, which is much less than the blended cost of Class A-C low-level waste disposal today.
 An updated estimate of disposal costs would likely be significantly higher. For example, a blended disposal cost of $450 per cubic foot would increase total waste disposal costs to $438 million (2004 dollars), and a blended disposal cost of $1,000 per cubic foot would increase total waste disposal costs to $974 million (2004 dollars).
, 
 

Conclusions

Diablo Canyon and SONGS produce significant quantities of radioactive waste in the form of spent fuel and other radioactively contaminated materials. These wastes must be carefully handled, stored, transported, and disposed of to protect humans and the environment from exposure to radioactive materials. In the case of spent fuel, which remains extremely radioactive for thousands of years, it is necessary to store the fuel assemblies in a water-filled pool for a minimum of five years following removal from the reactor core to shield plant workers against high levels of radiation. 

Both Diablo Canyon and SONGS lack sufficient spent-fuel pool capacity to store the quantity of spent fuel to be produced over the period of their operating licenses. The proposed federal repository at Yucca Mountain, which was to accept this spent fuel for disposal, has experienced repeated delays and is not expected to begin accepting waste before 2020, if at all. As a result, both Diablo Canyon and SONGS have been forced to increase their on-site storage capacity for spent fuel through the construction of ISFSIs. 

PG&E and SCE have taken different approaches for the design and use of ISFSIs at Diablo Canyon and SONGS, respectively. In the case of Diablo Canyon, PG&E has designed and permitted an ISFSI that will allow the utility to store most of the spent fuel produced during the period of the current operating license. SCE has designed, permitted, and is constructing an ISFSI with a capacity to store 36 percent of the spent fuel generated during the current license period (with additional storage available in the SONGS spent fuel pool). Both utilities may need to develop additional on-site or secure off-site storage to store all the spent fuel that will be produced over the plants’ current operating licenses. 

Both PG&E and SCE have sued DOE for reimbursement of their ISFSI costs, claiming that DOE has breached the contract requiring the federal government to begin accepting waste for permanent disposal by 1998. PG&E received a favorable judgment that provides for reimbursement of certain ISFSI costs while denying other claims. PG&E is currently appealing the decision. A trial date to hear SCE’s claim has not been set. 

Utility dry cask storage is an interim solution for waste disposal. PG&E’s ISFSI is designed for a lifetime of 50 years, and the canisters used in SCE’s ISFSI are designed for a lifetime of 40 years. If the spent fuel is not transported off-site within the design lives of the ISFSI components, the spent fuel may need to be repackaged on site and transferred into new storage canisters, or the current canisters or other ISFSI components may need to be bolstered. The long-term storage, packaging, and transport of this waste add to the expense and the risk of nuclear power in California. At this time there are no estimates as to how long the spent fuel will remain in interim dry-cask storage, and no additional off-site or on-site interim fuel storage facilities are being considered by either PG&E or SCE. 

If a federal repository is established, spent fuel will need to be packaged for transport, aging, and disposal (TAD) at a repository. DOE has proposed designing and developing a new TAD canister packaging system, but has not yet established federal TAD packaging requirements, forcing PG&E and SCE to move forward with dry cask storage cask designs that may not be compatible with federal TAD requirements. The costs for transport of spent fuel to off-site storage or disposal facilities will be substantial, including costs for security, accident prevention, and emergency preparedness. Policies are being developed to federally fund state and county emergency response preparation for shipments to the proposed repository; however, California has claimed that the proposed federal program may be insufficient, both in the planned timing of the grant program and the amount of the proposed grants for state planning and for training emergency response personnel to respond to potential accidents involving California’s spent fuel shipments.

Low-level radioactive waste also requires care in handling, transport, and disposal. There are only three facilities in the U.S. that accept low-level waste for disposal and, as of June 30, 2008, only the Energy Solutions facility in Clive, Utah, accepts low-level waste from Diablo Canyon and SONGS. This facility accepts only Class A waste. PG&E and SCE expect to continue to ship Class A waste to Clive and to store Class B and C wastes at the reactor sites until a new or existing facility agrees to accept this waste. This does not pose a significant problem at present because the volume of this waste is relatively small, and the waste can be safely stored on site. However, the plants cannot be fully decommissioned until the waste is removed from the plant sites. The NRC is currently reviewing its policies regarding on-site low-level waste storage and expects to complete this task by the end of 2008.

Low-level waste disposal costs are relatively modest during ongoing plant operations. However, a substantial quantity of low-level waste will need to be disposed of when the plants are decommissioned, and the cost to transport and dispose of this waste, presuming a disposal facility is available, is expected to be hundreds of millions of dollars or more. Low-level waste disposal costs have been rising in recent years, and costs may be substantially higher than estimated during the last CPUC review in 2005.
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CHAPTER 8: Land Use and Economic Implications of On-Site Waste Storage 
The considerable uncertainty as to when and if a geologic repository or other interim waste storage facility will allow the removal of spent fuel from the plant sites requires policymakers to consider the land use and local economic implications of extended on-site storage, and even the possibility of nuclear waste remaining at the plant sites after the reactors have been decommissioned. It is widely assumed that long-term storage of spent fuel at the plant sites would have a negative effect on future land uses, local property values, business, and tourism. Underlying this assumption is the perception that spent fuel storage creates health and safety risks that precludes certain land uses or depresses economic conditions. 

In this chapter, the Study Team explores this presumption by examining the experiences of other communities and by reviewing the available academic research. To provide focus to the discussion, the Study Team considers the land use and economic implications of maintaining spent fuel in dry cask storage facilities at the plant sites after the reactors have been shut down. This scenario represents a highly probable long-term outcome if the plants are shut down at the end of their current operating licenses in the 2020s and a possibility even if the plants continue operating throughout a 20-year license extension.

Land Use Implications of On-Site Waste Storage

Diablo Canyon and SONGS are both located near public beaches along the Pacific coast; however, land use in the vicinity of Diablo Canyon is substantially different from land use in the vicinity of SONGS. Diablo Canyon is bordered directly to the northeast by Montaña de Oro State Park and is located on a scenic and habitat-rich coastline about 12 miles southwest of San Luis Obispo. SONGS is located within the boundaries of the U.S. Marine Corps Base Camp Pendleton (Camp Pendleton), approximately four miles south of San Clemente. Diablo Canyon is located in a sparsely-populated region along the central coast; SONGS is located near the border of Orange County and within 60 miles of the San Diego metropolitan area. The Diablo Canyon site is surrounded by about 12,000 acres of Pacific Gas & Electric (PG&E)-owned land, a portion of which is used for farming and ranching.
 SONGS is bordered by a state beach on two sides, the Pacific Ocean to the west, and mostly open land within Camp Pendleton on the other side of Highway 5. The Diablo Canyon site is 760 acres large; the SONGS site is just 84 acres large. As a result of these differences, extended on-site waste storage will have different land use implications for the two plants. 
This section describes current land use in the immediate areas surrounding Diablo Canyon and SONGS. It then presents the Study Team’s assessment of the impacts on future land use in these areas of extended on-site storage of nuclear waste in dry cask facilities.

Existing Land Uses at Diablo Canyon

The Diablo Canyon power plant is located along the central California coast in an unincorporated area of San Luis Obispo County. According to PG&E, in the year 2000 approximately 424,000 residents lived within 50 miles of the power plant site.
 Closest to the site are the communities of Avila Beach, located seven miles southeast of Diablo Canyon, and Los Osos, located eight miles north of Diablo Canyon. Avila Beach and Los Osos had populations of 797 and 14,351, respectively, in 2000. San Luis Obispo, the county hub, lies approximately 12 miles northeast of the plant and has approximately 42,970 residents.

San Luis Obispo County covers over 3,300 square miles and is bordered by a national forest to the south and the Santa Lucia Mountain range to the north (Figure 17). PG&E and its subsidiary, Eureka Energy Company, own 12,000 acres surrounding the plant site, of which about 760 acres are used for the high security zone that includes the power plant.
 Land use on PG&E-controlled lands includes farming and ranching. Approximately 200 acres are currently under cultivation, and cattle graze on 2,500 acres.
 The agricultural land is considered by the California Department of Conservation to be productive farmland that is subject to protection under the California Environmental Quality Act.

Recreational and scenic opportunities are vital aspects of this part of the California coast. Montaña de Oro State Park to the north of Diablo Canyon features over 8,000 acres of rugged cliffs, secluded sandy beaches, coastal plains, streams, canyons, and hills, including the 1,347‑foot Valencia Peak. Avila Beach is a popular beach for residents and tourists. The area offers hiking and biking trails, including the Pecho Coast Trail and the City to the Sea Bikeway, and docent-led tours to the Point San Luis Light​house. In addition, the Port San Luis Harbor District, in which Diablo Canyon is located, supports commercial and recreational boating and fishing activities.

Figure 17: Diablo Canyon Area Land Use Map
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Existing Land Uses at SONGS 

SONGS is located on the coast in San Diego County entirely within the boundaries of Camp Pendleton. Camp Pendleton is an active federal military installation dedicated to military training and other mili​tary uses. The SONGS site is under a federal easement and lease agreement. Real estate rights are through nine Department of Navy-issued easements and two leases totaling 438 acres.
 Current real estate grants authorize SONGS to maintain a presence on Camp Pendleton until approximately 2024.

Figure 18 shows the location of the SONGS site and surrounding land uses. The Camp Pendleton area includes 2,600 buildings and structures and 7,300 housing units.
 It is surrounded by open space and recreational land uses that are managed by the California State Depart​ment of Parks and Recreation and Camp Pendleton. Camp Pendleton maintains a number of recreational facilities at Camp Del Mar near the Camp Pendleton Del Mar Boat Basin, which are used throughout the year by active and retired military personnel and their families. Camp Pendleton extends to the south of SONGS for approximately 18 miles.
SONGS is located within 30 miles of several mid-size Orange County cities, including Costa Mesa, Irvine, and Mission Viejo, and 60 miles from San Diego, which is the seventh largest city in the U.S.
 The City of San Clemente, the nearest municipality, is located two miles north of SONGS and has a population of approximately 61,000.
 The City of Oceanside, with a 2006 population of 165,803, lies outside Camp Pendleton approximately 20 miles south of SONGS.
 There are also 900 housing units located approximately one mile northwest of SONGS in Camp Pendleton.
 

San Onofre State Beach borders SONGS to the northwest and southeast. It includes over 3,000 acres of land in four separate subunits and is operated by the State under a 50-year lease with the U.S. Navy.
 The beach provides hiking, camping, swimming, surfing, beach access, and scenic viewing. In addition, there is an existing bicycle transit route that begins in San Clemente and traverses Camp Pendleton. Access to the Camp Pendleton section of the bicycle transit route is dependent on military training activities and security concerns and is periodically restricted if military training activities are being con​ducted. 

Future Land Uses
After a nuclear plant is permanently shut down, the plant site is decommissioned. The decommissioning process includes removal and cleanup of all contaminated materials from a site, including spent fuel.
 However, if a federal repository is not prepared to accept the spent fuel from the plant at the time of decommissioning, spent fuel could remain in an independent spent fuel storage installation (ISFSIs) at the site after the rest of the site has been decommissioned(see Chapter 7). When this occurs, plant owners can release most of the land for alternate uses; only a parcel containing the ISFSI surrounded by a 100-meter security zone must remain under NRC license.
 This has occurred at several decommissioned plants in the U.S. (see “Experiences with Land Use Following Decommissioning”).

Figure 18: Land Use for San Onofre State Beach Lease on MCB Camp Pendleton
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Future land uses of the Diablo Canyon and SONGS sites and surrounding areas will depend on many factors. First, owners of the various land parcels will have to determine their objectives and how to best meet those interests. Second, public perceptions about land formerly used for nuclear power could influence land use decisions. Third, state and local planners and the general public may have specific goals such as public use and enjoyment or habitat preservation that they would want to achieve through land use decisions.

As is discussed below, the citizens of San Luis Obispo County have already expressed a strong preference for reserving the Diablo Canyon lands for public access and public use spaces, habitat preservation, and sustainable agriculture. The SONGS site will remain under the control of the U.S. Navy. The Navy will have the option to use the land for military purposes, to lease or sell it to another party, or to open it for recreational use.

[image: image31]
Diablo Canyon
A ballot initiative in 2000 asked the citizens of San Luis Obispo County about their land use priorities for the “post-Diablo Canyon” period. Nearly three-quarters of voters responded that the county should “recognize the Diablo Canyon Lands as an exceptionally precious coastal resource by adopting policies that promote habitat preservation, sustainable agricultural activities, and public use and enjoyment consistent with public safety and property rights once the lands are no longer needed as an emergency buffer for the Diablo Canyon Nuclear Plant after its remaining operating life.”

The experiences of other communities where nuclear plants have been decommissioned while spent fuel has remained on-site, though limited, indicate that extended on-site waste storage need not interfere significantly with plans to maintain the lands surrounding Diablo Canyon for habitat preservation, sustainable agricultural activities, and public use and enjoyment. However, a small portion of the land would need to be set aside for restricted access as long as the ISFSI remained. PG&E estimates that the amount of land needed for the ISFSI itself is between 3 and 10 acres.
 In addition, PG&E would be required to create and maintain a security zone around the ISFSI with a minimum distance of 100 meters in all directions,
 and to the extent that additional spent fuel is generated during an extended license period, the ISFSI could require a larger amount of land. This land is all part of the larger land parcel, known as Parcel P, of 585 acres on which the power plant sits. In response to an information request from the California Energy Commission (Energy Commission), PG&E stated it would likely retain Parcel P even after the power plant is decommissioned.
 PG&E stated it is too early to speculate about any other plans for land around this parcel.

SONGS

Future land uses for the SONGS plant site are restricted by the presence of the San Onofre State Beach and Camp Pendleton. The closure of SONGS should not impact land uses at the beach since the San Onofre State Beach Revised General Plan recommends preserving and protecting the significant natural resources, cultural resources, and agricultural preserves within the State Beach.
 The closure of SONGS could lead to other uses of the site at Camp Pendleton. Once the NRC terminates the SONGS operating license, Southern California Edison (SCE) presumably would return the power plant site to the Department of the Navy with the exception, if spent fuel remains on-site, of the land directly surrounding the ISFSI.
 Camp Pendleton presumably would then have the option of leasing or selling the land to another party. 

The Camp Pendleton Integrated Natural Resources Management Plan states that future federal lease reviews will require consideration of Camp Pendleton’s interest 100 years into the future. Moreover, any proposal would have to conform to the following conditions:

· Cannot adversely affect training;

· Cannot degrade Camp Pendleton quality of life;

· Must be environmentally non-degrading;

· Must ensure safety of operating forces; and

· Must be consistent with Base architecture.

According to these guidelines, many commercial and non-polluting industrial enterprises would be eligible for a land lease. Fossil-fueled power plants would likely not be eligible.

The Coastal Commission may restrict allowable land leases, even though the land is owned by the federal government. In February 2008 the Coastal Commission set precedent by attempting to exert partial jurisdiction over San Onofre State Beach, which is also owned by the federal government.
 The Coastal Commission rejected a proposed toll road in the vicinity, citing adverse impacts to public access and to recreation, surfing, visual resources, and endangered species and habitat.
 In particular, the Commission considered the impacts to wetlands and listed species at the State Beach and to a campground originally provided as mitigation for impacts from SONGS to constitute coastal zone effects, which fall under the Coastal Commission’s jurisdiction.
 The Transportation Corridor Agency has appealed the Coastal Commission’s ruling to the U.S. Department of Commerce.
 If the Coastal Commission prevails, the Coastal Commission could potentially be similarly active in reviewing any proposed land leases for the SONGS site. The Coastal Commission’s objectives would be to restrict commercial development, enhance public access, and protect coastal resources.
Regardless of whether the SONGS facility is replaced by a commercial or industrial facility or is opened up to the public for recreational use, the area of land containing the ISFSI would not be accessible for public use. However, as discussed above, the amount of land with restricted usage due to the ISFSI would be just a portion of the overall SONGS site. Most of the site, with the exception of the ISFSI and its security zone, could be opened up for development, recreational use, or open space even with the ISFSI remaining on the land. 
Economic Implications of On-Site Waste Storage 

Communities near nuclear power plants are concerned about living near a long-term nuclear waste storage facility. For residents, their property may be their most important financial asset. For businesses, actual and perceived risk by the public could deter customers and harm the local economy. However, public concerns may overstate the true economic implications of on-site waste storage. This section presents the available research on the effects that dry cask storage facilities have had or are expected to have on property values, business, and tourism.

Property Values
Dry cask storage facilities at Diablo Canyon and SONGS are located within the footprint of the operating nuclear plants. This section examines the potential property value impacts associated only with the addition of dry-cask storage facilities to the plant sites. The impact on property values associated with the operating plants is a complex issue and is discussed in detail in Chapter 10.

There is limited academic research on the impacts of long-term on-site spent fuel storage on property values in part because dry cask storage of spent fuel is a relatively recent development.
 The authors of this study were not able to identify any property value research that was conducted for an area surrounding a dry cask storage facility after the facility became operational or research regarding the impacts of long-term spent fuel storage that remained after a plant had been decommissioned. The research that is available and which was reviewed for this present study was completed in the 1990s and evaluated either perceptions about potential nuclear waste storage sites or the impact of announcements of plans to build a dry cask storage facility. Because these studies do not address the same situation as is being considered here, i.e. property value implications of an operating dry cask storage facility, the results of the studies are necessarily limited in their relevance. 

In a study published in 1999, David Clark and Tim Allison of Marquette University and Argonne National Lab, respectively, analyzed property sales data for properties within a 15-mile radius of the Rancho Seco nuclear power plant, which was located near Sacramento. At the time of the study, the plant had been recently shut down and the plant owner applied to the NRC for a license to construct a dry cask storage facility.
 Clark and Allison found that within this 15-mile radius property values increased with greater distance from the plant. However, over the course of the study the extent of this effect declined. The authors attributed this decline to a decreased aversion to the plant. They did not speculate on whether the decreased aversion was related to the plant’s not being operational. Notably, they did not observe an increase in aversion (i.e. a decrease in property values) when the plant owner applied for the ISFSI license. The authors concluded that “there is no evidence to support a significant detrimental influence of the announcement of a dry storage facility on [home] sale prices.”

Clark conducted a related study with William Metz of Argonne National Lab in 1997, in which the researchers evaluated property sales data in the vicinities of Rancho Seco and Diablo Canyon. Metz and Clark concluded in this study, as well, that “decisions and announcements about spent nuclear fuel storage activities have not affected the local residential property market to the extent predicted by surveys of attitudes and images…this finding of no property value effect is the case regardless of whether a plant is operating or closed.”

However, the Clark-Allison and Clark-Metz studies may not incorporate the full impacts of on-site waste storage at Diablo Canyon and SONGS. The studies only examine property values within a 15-mile radius of the plants. Within this small sample area, potential negative effects may already be internalized in the property values and may not vary with distance. The studies do not compare property values with comparable areas that do not have on-site fuel storage.
 

A 1996 study by Gilbert Bassett of the University of Illinois was based on a survey instead of empirical analysis and arrived at different conclusions than these studies. Bassett surveyed over 600 residents living near nuclear power plants in the Midwest about their attitudes and perceptions related to the plants.
 When asked to predict what would happen if it became widely known that a nearby nuclear power plant would become a nuclear waste storage site for the foreseeable future, 39 percent of respondents reported that they expected their home values to decrease, and 21 percent reported that the announcement would greatly increase the chance that they would move. Respondents also reported that they perceived spent fuel storage and spent fuel transportation to be roughly equally risky and both to be significantly more risky that nuclear power generation.
 In other words, these residents felt comfortable enough about the risk of nuclear power generation to continue to live near a nuclear plant, yet they expected that they would feel substantially less comfortable about the risks of long-term spent fuel storage.

Metz and Clark explained the difference between their results and the Bassett survey results by noting that the studies evaluate different things—the Bassett study evaluated risk perception, while their study evaluated economic impacts. Metz and Clark concluded that perceived risk does not necessarily translate into a change in economic behavior: 

“A major challenge for policy makers in their efforts to site temporary and permanent nuclear waste facilities…is the need to balance survey evidence, that suggests that adverse economic impacts and stigmatization are likely to result, with findings of [statistical] analyses, that suggest that any risk perceptions that exist may not be reflected in local economic behavior.”

This is consistent with the finding of Simons and Saginor based on a comparative analysis of articles and case studies on the effects of contamination on property values: “The most consistent result…is that the use of survey and case study techniques provides larger estimates of property losses regarding contamination than regression studies [of property sales data] do.”
 The authors concluded that statistical analysis “provides a more conservative, statistically accurate estimation of property value loss.”
 In other words, surveys are likely to overstate potential economic impacts; whereas analyses like the studies done by Clark-Allison and Clark-Metz are more likely to reveal economic effects with greater accuracy.

There could also be other explanations for the difference in results. For example, the studies were performed in different parts of the country. Also, the Bassett survey asked about the expected impacts of a hypothetical situation, whereas the Clark studies evaluated real situations. In a study on homebuyer attitudes near Yucca Mountain, Hoyt, Schwer, and Thompson found that residents who had been aware of the possibility of a high-level waste facility being sited near their homes were less concerned than those who had been unaware.
 They concluded that “unawareness breeds concern.” Consequently, asking about a hypothetical situation could evoke greater concern than asking about an actual situation of which the respondents had been informed. This issue is further illustrated by survey results from a decade long University of New Mexico study examining public perception of risks associated with the Waste Isolation Pilot Plant, as reported in a study by the National Academies.
 Researchers found that over time following the announcement of the plant, support gradually increased and appeared to increase significantly once the first transuranic waste shipments had been completed.
 

In conclusion, analytical studies that have measured the property value impacts of waste storage facilities have not identified a negative impact. However, there are only a few relevant analytical studies, their results disagree with survey results, and none assess property value impacts in an area in which a dry cask storage facility had already been constructed and operational. Also, the analytical studies and the surveys are all approximately ten years old and may no longer be relevant now that there is an 18-year history of accident-free operations of dry cask storage facilities nationwide.
 More study is required to determine with certainty the impacts of dry cask storage remaining at Diablo Canyon or SONGS after the rest of the plant is decommissioned. 

To fully explore the property value impacts of spent fuel storage, a study would also need to consider whether property owners would be better or worse off if, instead of remaining on-site, the spent fuel was shipped off-site to a spent fuel disposal facility such as Yucca Mountain. The Bassett study found that spent fuel transport was perceived as equally risky as spent fuel storage.
 Several surveys, including those discussed by the National Academies, have also shown that spent nuclear fuel transport is associated with negative public perception and an anticipated decrease in property values.
 As surveys, these studies may overestimate the actual economic impacts of spent fuel transport, as discussed above; however, they suggest that there may be negative property value impacts associated with spent fuel transport that should be weighed against the property value implications of spent fuel storage. 
A study on property value impacts of spent fuel storage might also consider how property values could be impacted by a major accident or incident at a dry cask storage facility at the plant site or elsewhere. However, as discussed in Chapter 4, the likelihood of such an event is very small.

Business and Tourism
Business and tourism are vital to the local economies in the areas surrounding Diablo Canyon and SONGS. Local businesses generate jobs and tax revenues, and visitor spending generates revenue for local businesses and tax revenue for local governments (see insert on “Tourism Revenues” below). Business and tourism could be directly affected if on-site waste storage is perceived by the public as posing health and safety risks. 

There is limited research on this topic and much of it is focused on how tourism in Nevada would be affected by the opening of a geological repository for nuclear waste at Yucca Mountain. According to the Nevada Agency for Nuclear Projects, this research generally has found that the repository could cause visitors to avoid southern Nevada by a) increasing the perceived risk associated with visiting the area, b) giving rise to “noxious imagery that becomes associated with Nevada,” or c) conferring a stigma on the area.
 In other words, the impact of the repository on tourism would depend on whether the repository would lead the public to perceive Nevada as a riskier place.
 This would likely be the case if a transportation accident resulted in a release of radioactive materials in the state, especially if this release resulted in death or illness. Media reports focused on the risks of the repository could also lead to a reduction in tourism.

In the unlikely event of an accident at an on-site waste storage facility, adverse impacts on business and tourism would be expected in the area. In a review of literature concerning tourism impacts related to the 1979 incident at Three Mile Island, Himmelberger, et. al. found that these effects are short-lived and distance dependent.
 The researchers found that businesses within 30 miles of the accident suffered mild adverse impacts for four to six months and businesses further than 60 miles from the accident were not adversely affected.
 

In conclusion, the local economies in the areas surrounding Diablo Canyon and SONGS could be impacted if these areas were stigmatized or seen as riskier on account of the waste storage. Some businesses could also be temporarily impacted in the unlikely event of an accident at one of the storage facilities. Most residents surveyed in the Bassett study thought that long-term waste storage would “result in about the same or fewer tourists in to the area,” with similar impacts on new business formation and overall employment.
 As discussed in the section on property values, the perceptions reported in surveys do not always correlate well with actual economic actions. Since there currently is on-site spent fuel storage at both power plants, local business and tourism are unlikely to be further impacted unless increased media attention on waste storage or an accident at a waste storage facility increases the perception of the risk of on-site storage.
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Conclusions

A federal spent fuel repository will likely not be ready to accept spent fuel from Diablo Canyon and SONGS at the end of the plants’ current operating licenses, and spent fuel may remain at the plant sites for an indeterminate period of time. NRC regulations allow the majority of a plant site to be decommissioned and redeveloped for other uses while spent fuel remains at the former plant site surrounded by a 100-meter security zone. In fact, local communities near the Rancho Seco and Maine Yankee nuclear power plants successfully converted the land once used for the power plant and immediately around it into areas that provide recreational or economically-productive mixed uses. The Connecticut Yankee nuclear plant site may also soon be developed. Accordingly, the presence of dry cask storage facilities at Diablo Canyon and SONGS after the plants are decommissioned should not prevent alternate uses from being established. 
Voters in San Luis Obispo County have expressed a strong preference to convert the Diablo Canyon site to primarily recreational use; however, PG&E has not indicated publicly how it would use the decommissioned plant site. In the case of SONGS, the plant site, which is located on military land, will remain under the control of the U.S. Navy. The Navy will have the option to use the land for military purposes, to lease or sell it to another party, or to open it for recreational use. As long as spent fuel remains stored at their respective plant sites, PG&E and SCE will need an NRC license.
Even with a plant site converted to alternate uses, the question remains as to whether the continued presence of the spent fuel has a negative impact on property values, business, and tourism in the area. Literature on economic implications of long-term spent fuel storage is extremely limited. Survey-based literature shows the potential for substantial negative effects on property values, business, and tourism. However, surveys potentially overstate actual economic effects and can be unreliable economic predictors. Statistical studies have not found the announcement of an on-site waste storage facility to clearly impact nearby property values. In addition, there have not been any studies completed that examine the long-term property value impact of on-site dry cask storage, that evaluate whether removal of the waste would result in economic benefit for the surrounding community, or that consider the relative impacts on property values of spent fuel storage and spent fuel transportation. An analysis of property sales data and other economic indicators in areas where a dry cask storage facility is operating would provide a useful starting point to assess potential impacts of extended spent fuel storage at California’s nuclear plants.
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CHAPTER 9: Power Generation Options

The California legislature, through Assembly Bill 32 (AB 32, Nunez, 2006), mandated greenhouse gas reductions statewide. The California Air Resources Board, the California Public Utilities Commission, and the California Energy Commission (Energy Commission) are integrating this mandate into the highest levels of the state’s energy policies. As the Energy Commission stated in the 2007 Integrated Energy Policy Report, “AB 32 requires California to determine how to meet its electricity needs in a way that leaves an ever-shrinking greenhouse gas footprint.”
 

State policy sets a “loading order” for meeting California’s growing energy demand while lowering greenhouse gas emissions. Energy efficiency, renewable resources, and distributed generation are at the top of the order.
 However, there are technical limits to the availability of renewable power sources, conservation, and energy efficiency, and all resources pose economic and environmental costs. 

It will be a challenge to meet the growing demands for electricity in California while reducing greenhouse gas emissions, keeping costs down, and avoiding other environmental damage or hazards. At least some aspects of this challenge will be made more difficult if California’s current nuclear power plants, which have very low greenhouse gas emissions, are shut down. Shutting down the plants would also pose a financial burden on the local communities near the plants until jobs and a tax base are provided by new industry. However, shutting down the plants would also benefit the public by reducing waste generation, radioactivity, and the potential spread of nuclear materials. The net benefit or cost of keeping the plants operating would depend on the economic and environmental characteristics of the replacement power portfolio.

This chapter provides an overview of available studies on life cycle impacts of nuclear power and alternative generating sources. It reviews information on the availability of each resource and associated costs, environmental impacts, land use impacts, and local economic impacts. It also presents the results of a preliminary analysis of the cost to replace the power from the nuclear plants with power from other sources.

Nuclear Power and Alternative Power Sources
California has several policies in place to guide the selection of power resources for the state. Since 2003, California’s energy policy has relied on a loading order to meet growing energy needs—first with energy efficiency and demand response; second, with renewable energy and distributed generation energy resources, including combined heat and power; 
 and third, with clean fossil-fueled generation resources and infrastructure improvement.
 A 2006 state law restricts the development of baseload power plants by prohibiting utilities from making long-term commitments for electricity generated by plants that emit any more carbon dioxide (CO2) than clean-burning natural gas plants emit.
 In addition, AB 32, which sets a target for a reduction in statewide emissions to 1990 levels by 2020, pushes greenhouse gas emissions levels to the forefront of any resource decision. 

In the past, power plant comparisons have focused on the costs and impacts of specific facilities. This study attempts to go beyond specific facility impacts to examine the full life cycle environmental impacts of power supply options that are consistent with California’s electricity procurement policies and laws. The study should be considered a first step of a larger potential study that would be required to identify a specific mix of resources that could be used to replace the power from Diablo Canyon or SONGS. Such an analysis would need to consider local transmission constraints and the characteristics of each resource, such as whether it is a baseload plant or a peaking unit and whether it provides firming or shaping support to the grid. The information in this chapter can be used to identify resources that should be considered for such an analysis and to provide economic and environmental input data that could be used in the analysis. The chapter first considers the technical potential of energy efficiency, demand response, and renewable generation to supply California’s energy needs. It then considers the costs, environmental impacts, and local economic impacts of nuclear, gas-fired, and renewable generation options.

Technical and Economic Potential

Broadly speaking, the technical potential of a given resource refers to the amount of the resource that is theoretically attainable after accounting for basic physical, environmental, regulatory, and geographic constraints
. The economic potential is that portion of the technical potential that is cost-effective to develop in the near term. However, some economic constraints are also implicitly included in assessments of technical potential. For example, in assessing the technical potential of wind power, locations with wind speeds below 14.3 miles per hour at 50 meters are not generally considered for development because these locations are not currently economically viable for utility-scale generation.
 The distinction between technical potential and economic potential often depends on the perspective of the assessment and the resource being considered.

The technical and economic potential for improved energy efficiency options for California has been studied for several years, most recently in the 2006 and 2008 ITRON studies conducted under CPUC and Energy Commission program development initiatives. Estimating these potentials is extremely complicated, as analysts must consider an energy efficiency measure’s performance within the complex of actual buildings, the costs of the measure, and the cost to deliver the measure to industrial, commercial, agricultural, and residential customers. Estimates of the technical and economic potentials for energy efficiency and demand response are shown in Table 20 and discussed further in Appendix B.

Technical and economic potential studies of renewable power options may address attributes such as energy capacity, intermittency, dispatchability, and environmental impacts. Available studies tend to be general and are used to establish which options deserve further study for specific resource procurement. For example, the studies identify the abundant high quality wind, solar, and geothermal resource potential in the Tehachapi Mountains, Mojave Desert, and Imperial Valley of southern California. They do not evaluate the suitability of a resource for a specific purpose.

The technical and economic potentials of a given resource can vary with technology and market developments. For renewable resources, technological improvements could increase the technical potential, and reductions in the cost to develop renewable resources and increases in the cost of non-renewable power would both increase the economic potential. Appendix B discusses current estimates of the technical and near-term economic potential for selected renewable energy technologies and demand-side resources in California.
 A summary of these assessments is shown in Table 20. 
It is evident from Table 20 that potential cost-effective renewable energy resources are abundant in California. Statewide power consumption from all sources was 300,000 gigawatt-hours (GWh) in 2007.
 As shown in Table 20, there appears to be sufficient potential to meet statewide energy demand with renewable power sources. However, solar plants, which supply the bulk of the economic and technical potential, do not generate power at night, and output is reduced on cloudy days. Wind resources are intermittent, and geothermal options are available only at select sites. These reliability and operational limitations of current renewable power technologies, along with economic considerations and transmission constraints, limit the widespread replacement of fossil-fueled and nuclear plants with renewable power alternatives at this time.
 

Table 20: Summary of California Renewable and Demand Side Resource Technical Potential

	Resource
	Technical Potential


	Near-Term   Economic Potential 

	
	MW
	GWh
	MW
	GWh

	Wind

	21,000-23,000

	61,000-66,0000
	5,000
	16,000

	Solar Thermal

	1,000,000
	2,700,000
	450,000-800,000
	1,000,000-2,000,000

	Solar PV

	17,000,000
	24,000,000
	75,000
	100,000

	Geothermal

	3,000
	17,000
	1,500-2,500
	10,000-15,000

	 Biomass

	2,000-5,000
	15,000-35,000
	N/A
	N/A

	Demand Side Resources – Energy Efficiency

	12,000-15,000
	50,000-60,000
	7,000-11,000
	40,000-50,000

	Demand Side Resources – Demand Response

	15,000
	N/A
	7,000
	N/A

	Demand Side Resources – Combined Heat and Power

	30,000
	N/A
	2,000-7,000
	N/A


Cost of Electricity Resource Options 

The cost of power from new power plants of all kinds is highly uncertain. Appendix B presents a range of cost estimates for replacement power technologies that could be built in California in the near-term and discusses how these costs could change over time
. Table 21 summarizes the near-term cost estimates, and the remainder of this section provides a brief overview of the major drivers of these costs. For comparison, PG&E ratepayers paid $34 per MWh for power from Diablo Canyon in 2007.


The numbers presented below derive from several studies, including a comprehensive 2007 study of power generation costs conducted by the Energy Commission and studies by Weisser and by Gagnon, et al, which present values from the national and international literature.
, 
, 
 These values generally do not include the costs of facility integration, transmission expansions that could be required to connect the plants to the transmission grid, or backup power and ancillary services that would be required to accommodate intermittent resources on the transmission grid. In addition, there is implicitly a large uncertainty in the cost estimates presented. Please see Appendix B for more information on the assumptions and sources behind the data in the table. 

Electric generation technologies can be differentiated between capital intensive and fuel intensive resources.
 As shown in Table 21, most of the renewable power options are capital intensive technologies with high construction costs; natural gas plants are less capital intensive and more fuel intensive. 

Table 21: Summary of New Power Costs by Technology (2007 dollars)
	Resource
	Construction Cost, $/kW

	Levelized Cost, $/MWh
 

	Biomass (cofired)

	$300 - $500
	-$1 - $22

	Natural Gas (Combined Cycle)

	$763 - $834
	$36 - $97

	Biomass (not cofired)

	$2,263 - $5,925
	$51 - $150

	Geothermal

	$2,988 - $5,000
	$54 - $107

	Wind (Class 5, onshore)

	$1,600 - $2,400
	$49 - $128

	Solar Thermal (several technologies)

	$3,600 - $6,446
	$110 - $519

	Solar PV

	$6,500 - $9,672
	$201 - $705

	Natural Gas (Small Simple Cycle)

	$846 - $1,053
	$352 - $647



	
	
	

	
	

	
	
	

	
	
	


The cost of power from capital-intensive power sources, such as solar, wind, and geothermal, is particularly dependent on materials, labor, and financing costs at the time of plant construction. The weakening dollar and increasing global demand for commodities such as steel have driven up capital costs in recent years. This has significantly increased construction costs for natural gas and coal-fired plants, as well as the estimated construction and levelized costs for new nuclear power plants. Similarly, after decades of cost declines, wind power prices increased in 2006 as a result of rising materials costs and a supply-demand imbalance. 

Costs for solar photovoltaics (PV) and solar thermal plants will also be exposed to upward pressure from materials costs in the coming years. However, costs for these emerging technologies are widely expected to continue to fall as economies-of-scale and technological improvements counterbalance the upward pressures of rising demand and supply cost increases.

The levelized cost of power from combined cycle natural gas plants is more sensitive to the price of natural gas than to construction costs. Natural gas prices have risen sharply in recent months and years, and the future cost of natural gas is highly uncertain. In addition, the extent of the impact of greenhouse gas emissions regulations on the effective cost of power from natural gas plants is unknown at this time since federal legislative proposals for greenhouse gas emissions reduction and state regulations are under development. However, it is expected that these regulations will increase the effective cost of power from natural gas relative to the cost of power from nuclear and renewable technologies.

Other policy and legislative changes could also impact the costs of these technologies. For instance, renewable technologies are currently subsidized via a federal production tax credit. The elimination of this credit would increase the cost of renewable power. Federal or state renewable portfolio standards could also temporarily increase the cost of renewable power if the available supply is insufficient to meet a sudden increase in demand. New nuclear power plants may also be able to take advantage of a number of financial incentives that may or may not continue in the future.

The great uncertainty in future fuel and construction costs, as well as potential regulatory changes, makes comparing the overall levelized costs of various technologies particularly difficult. A recent Congressional Budget Office (CBO) report compares the costs of nuclear, natural gas, and coal electricity under multiple scenarios and finds that a number of factors will contribute to determining the relative costs of electricity generating sources. The CBO report does not include renewable power; however, resource scenarios in which nuclear power appears competitive would also tend to show renewable power as competitive because these technologies share large up-front capital costs and relatively low operations and fuel costs. The CBO reports that coal and natural gas plants appear most competitive in an environment characterized by high construction costs along with declining fuel costs and an absence of greenhouse gas regulations.
 Nuclear power and other capital-intensive technologies such as renewable energy are most competitive under a regime of low capital costs
, high fuel costs, continued federal subsidies, and the presence of a greenhouse gas emissions cap.

Comparison of Life Cycle Environmental Impacts 

Environmental impacts can occur throughout the power production “life cycle.” The life cycle begins with mining or processing raw materials and includes construction, operations, waste management and disposal, and decommissioning. These activities emit greenhouse gases (GHG) and other pollutants, impact land use and water use, and in some cases can have significant impacts on wildlife and marine environments. In the case of nuclear energy, radioactive waste management, health, safety and security issues are also concerns. The major life cycles impacts of nuclear power and alternate power sources are discussed in Appendix B and summarized in Table 22. 

Comparing life cycle analyses of different technologies is limited by analytical and information constraints: data availability varies considerably for different energy sources, and investigators define life cycle impacts differently, making the consideration of environmental impacts more or less comprehensive. These constraints make it difficult to ascertain the total environmental impact of any one technology. Review of the literature suggests that there is adequate information to compare across technologies some specific impacts, such as GHG emissions, while comprehensive comparisons of other impacts, such as impacts from land use, are still under development. 
This section continues with a comparison of life cycle GHG emissions and land use impacts of various technologies. While each technology is considered separately, in practice, intermittent renewable facilities generally require fossil-fueled generation for backup power. The environmental impacts of the backup generation must also be considered.

Finally, the section ends with a discussion of marine impacts from the use of once-through cooling at coastal power plants. Environmental impacts that are particular to just one or a few of the technologies are discussed in Appendix B. 

Table 22: Summary of Life Cycles and Environmental Impacts of Generation Technologies
	 
	Raw Materials/ Processing
	Construction and Operations
	Decommissioning

	Nuclear
	Ore mining: radioactivity from waste piles and mine tailings

In-situ leaching: potential for groundwater contamination 

Enrichment: GHG emissions
	Typical construction impacts
Once-through cooling impacts 
On-site accumulation of spent fuel 

Potential for radiation release and tritium leaks
Radioactive waste storage, transport and disposal
	Radioactive residue; waste removal; transport, storage and disposal; land restoration 

	Gas
	Drilling: Surface disruption; coastal industrialization; gas or oil leaks; waste 

LNG liquefaction and regasification: habitat disruption; air quality impacts; impingement; waste discharge; thermal pollution; entrainment 

LNG transport: marine impacts; GHG emissions
	Typical construction impacts 
Combustion: GHG emissions; nitrogen deposition
Once-through cooling impacts at coastal plants

Potential contamination from wastewater, discharge, spills, and effluent
	Waste removal; land restoration 

	Wind
	Turbine tower: Steel mining and fabrication


	Typical construction impacts 
Bird and bat mortality; visual pollution; noise pollution 
Acreage requirements; habitat fragmentation
	Waste removal; recycling costs; land restoration

	Solar Thermal
	Limited data available
	Typical construction impacts 
Habitat fragmentation and barriers
Coolant leakages: Risk of soil/water contamination
Dish/ Stirling engines: Potential for hydrogen gas leakage
	Waste removal; land restoration

	Solar PV
	Silicon: Open pit mining and high-temperature processing; hydrofluoric acid burns; silane gas flammability/explosions

CdTe: Cadmiuim toxicity and carcinogenity 

CIS: Hydrogen selenide toxicity
	Typical construction impacts 
Habitat fragmentation and barriers; acreage requirements with potentially high compensation ratios


	Disposal/recycling of toxic materials in panels; waste removal; land restoration 

	Geo-thermal
	Limited data available; expected impacts from development of drill and well components, infrastructure
	Potential impacts on surface features and visual resources 
Hydrogen sulfide emissions from geothermal extraction; potential water pollution from boron and arsenic; potential land subsidence, lowered water table, and induced seismicity 
	Waste removal; land restoration 

	Biomass
	GHG emissions from collection and transport of biomass

Land and water use for crop growth (if not using crop residues); habitat conversion
	Typical construction impacts
Combustion/ gasification: Air emissions; ash generation; high cooling water needs (80 m3/hour for 1 MW gasifier); liquid waste generation 
	Waste removal; land restoration


Greenhouse Gas Emissions

The majority of GHG emissions from non-fossil fuel technologies come from fuel and/or raw materials transportation; materials processing; facility construction, operations, and maintenance; and facility dismantling and clean-up. It
 is relatively straightforward to identify these impacts qualitatively, but there is no standard methodology for quantifying them.

Existing studies of life cycle GHG emissions use different methodologies and assumptions and consider plants of different scales and locations. This makes it difficult to compare results across studies and to apply them to new situations. For example, a study of a single solar PV panel may not translate into results for an industrial scale solar PV plant, and results for a plant in Europe may not be representative for a plant in California. Finally, with ongoing improvements in technology, the results are not static. 

While specific values for GHG emissions are under debate, there is general agreement about the relative emissions of various energy technologies. For examples, most studies find that nuclear power and renewable technologies have comparable life cycle GHG emissions and that these emissions are significantly less than the life cycle GHG emissions of gas-fired power. 

Appendix B discusses the assumptions that enter into the estimates for each technology and the results of various studies. Nearly all the studies reviewed were completed between 2002 and 2008, and most were published in peer-reviewed journals or by government agencies. Some of the studies are themselves reviews of other studies. Together, these studies have provided a wide range of technically feasible results for GHG emissions of the various technologies. The emissions from a particular project would depend on site-specific factors, such as the technology used, the amount of transportation required for fuel and materials, and the quality of the fuel used (where applicable). The results of these studies are presented in Appendix B are summarized in Table 23.
 

Table 23: Summary of CO2 Emissions from Alternative Generation Technologies

	Generation Technology
	Life cycle GHG Emissions  (g CO2-eq/kWh)
	Major life cycle contributor of CO2 emissions

	Gas-fired

	400-600
	Direct fuel combustion during operations (81% of total emissions)

	Nuclear

	5-140
Likely range: 25-55
	Uranium enrichment, plant construction, plant maintenance, and decommissioning

	Wind

	10-150

Nationwide median: ~45

California median: ~65
	Turbine production

	Solar PV

	20-50
	Panel production 

	Biomass

(non-cofiring)
	45-120
	Feedstock production and transportation, biomass burning

	Geothermal

	0-40
	Similar emissions throughout life cycle


Land Use

The land use requirements of a generating technology provide another indication of its biological impacts.
 Land use effects from generating technologies occur both directly through the actual plant footprint, and indirectly through mining, fuel processing, and waste storage and disposal. Table 24 provides a summary of direct land use impacts of the different technologies.
 
Table 24: Direct Land Use Requirements for Alternative Generation Technologies

	Generation Technology
	Operational Land Use (acres/MW)

	Nuclear 
	0.75 (see discussion in text on total land usage)

	Natural gas
	1.65 

	Geothermal
	1.7 

	Wind
	5.4 

	Solar thermal (non-hybrid)
	5-8.5 

	Solar PV

	2.5-13.3 (effectively 0 for rooftop PV)

	Hydroelectric
	20.45

	Biomass
	Depends on source of biomass


Based on plant footprint alone, less land is required for a nuclear power plant than for each of the alternative generation technologies. However, these values do not include indirect land use requirements. In addition, the direct and indirect land impacts of a given technology depend not only on used acreage, but also on intensity of the land usage and the land use duration. For example, indirect land use of nuclear power includes land required for mining and enrichment of nuclear fuel and land that will be dedicated for the disposal of nuclear waste for tens of thousands of years. Incorporating this indirect land usage would increase the land use impact of nuclear energy up to 200 times that shown in Table 24.
 On the other hand, lands used by some alternative generating technologies have complementary uses. For example, the land surrounding wind turbines may be used for agriculture, and solar PV can be developed on rooftops of new or existing buildings. These factors reduce the land use impacts of wind and solar below that implied by the simple acreage comparison in Table 24.
Once-Through Cooling

California’s two operating nuclear power plants and 17 operating coastal gas-fired plants use ocean water for cooling their electricity generation systems.
 Plant operators pipe water from the ocean to the power plants and then discharge warmer water back to the ocean. This can impact the marine environment in three ways: 1) by taking in small organisms (such as eggs and larvae), fish, and in some cases larger marine animals, including seals, sea lions, and sea turtles (entrainment); 2) by trapping fish and other marine organisms against the cooling water intake screens (impingement); and 3) by discharging heated water into the ocean and raising the temperature of the receiving water.

For any particular plant, the impacts of the cooling system depend on the volume of water used, the marine environment near the system’s intake and outflow pipes, and the technologies utilized. Collectively, the coastal power plants are allowed to cycle or take in around 16.3 billion gallons of water per day. With the exception of Diablo Canyon and SONGS, most of the coastal fleet operates well below the design capacity and permitted levels.
 The State Water Resources Control Board (SWRCB) reports that collectively and on an annual basis the coastal fleet’s cooling systems impinge around nine million biological specimens having a mass of about 97,000 pounds and entrain about 80 billion biological specimens. In addition around 55 to 60 larger animals, such as seals, sea lions, or sea turtles, are entrained per year.

Diablo Canyon and SONGS can withdraw up to 4.8 billion gallons of water per day. However, on account of differences in the plants’ local marine environments, respective designs, and intake and discharge technologies, the impacts from the plants are quite different (Table 25). 

The SWRCB estimates that Diablo Canyon entrains over 1.8 billion fish but impinges relatively few biological specimens (around 400, plus 1 large marine animal) on a yearly basis.
 PG&E, in May 2008 comments to the SWRCB, questioned the validity of the impact assessments and expressed extreme doubt that the reported fish larval mortality would translate into any actual effects on adult fish populations.
 Thermal impacts from Diablo Canyon, which discharges into a natural rocky cove, have resulted in significant changes to 150 species of marine algae and invertebrates and have greatly altered over a mile of shoreline intertidal and subtidal communities.
 

The SWRCB estimates that SONGS annually entrains over 5.6 billion fish and impinges over 3.5 million fish (nearly 48,000 pounds).
 The plant also impinges around 47 large marine animals per year. In fact, the SONGS once-through cooling system is responsible for 70 percent of California’s total fish impingement and 82 percent of the tetrapod impingement.
 Scientists believe that the disproportionate impact from the SONGS cooling system is linked to the system’s long intake pipe, which may be attractive to marine animals as a place of refuge.
 Thermal impacts at SONGS are reportedly minor; however, turbidity (haziness caused by suspended solids) caused by the discharge has resulted in the loss of 179 acres of kelp forest.
 
Thermal impacts at the natural gas-fired plants are site specific and depend on the location and volume of the discharge. For example, thermal discharge from the Morro Bay Power Plant alters 600 feet of rocky intertidal and shallow subtidal habitat, while impacts of discharges from the Moss Landing and Huntington Beach power plants into subtidal zones appear to be minimal.
 

Currently, entrainment impacts from the state’s coastal plants are dominated by the impacts of the Encina and Pittsburg gas-fired plants: the Encina cooling system is responsible for 54 percent of fish entrainment (26 billion per year), and the Pittsburg cooling system is responsible for 75 percent of invertebrate entrainment (12 billion per year).
 The SONGS cooling system is responsible for an additional 12 percent of fish entrainment (6 billion per year). The Diablo Canyon cooling system is responsible for less than 1 percent of statewide impingement and roughly 4 percent of statewide entrainment.
 However, these impacts result in the loss of 10-30 percent of larva for five near-shore species.
 These impacts are discussed further in Appendix B and are summarized in Table 25. 

Table 25: Water Intake and Once-through Cooling Impacts for

California Coastal Power Plants
	Power Plant
	Seawater Intake

	Impingement/ Entrainment

	Habitat Impacts


	Diablo Canyon (2,200 MW)
	~2.7 billion gallons 
(1.2 million gallons per MW)
	Impingement of roughly 400 fish per year; 
Entrainment of 1.8 billion fish 
	Alteration of rocky intertidal and shallow subtidal communities over 1.4 miles of shoreline, due to warm water discharge

	SONGS 
(2,254 MW) 
	~2.6 billion gallons
(1.2 million gallons per MW)
	Impingement losses average 3.5 million fish per year; 
Entrainment of 5.6 billion fish per year resulting in 13% loss of standing stock of certain fish
	Discharge near San Onofre kelp bed; loss of 179 acres of kelp forest due to turbidity 

	17 coastal natural gas plants 
(~18,500 MW combined)
	~11.9 billion gallons total
(0.6 million gallons per MW)
	Total impingement losses average 1.5 million fish; 

Total entrainment averages 40 billion fish per year
	Site specific alteration of intertidal and shallow subtidal habitat; 

Impacts from some plants not yet assessed


The impact of a cooling system on a marine population depends only in part on the number of organisms impacted—the habitat can moderate or exacerbate the impact. For example, according to an October 2007 study by the Electric Power Research Institute (EPRI), entrainment losses in a coastal environment have a less significant impact than entrainment losses in a coastal lagoon or embayment since species along the open coast have larger geographic distributions, and coastal larvae that are lost are replaced by other larvae.
 Similarly, the Energy Commission noted in a 2005 report that intakes located in estuaries or bays are more likely to have significant entrainment impacts than intakes located in deeper waters since species use the protected estuary and bay environments as sites to reproduce in great numbers. However, the report noted that intakes in deep waters that are located near rock outcrops (like Diablo Canyon) or near kelp forest (like SONGS) could also have significant impingement and entrainment impacts.
 

In some cases, the nuclear plants and other plants have been required to mitigate impacts to coastal habitats.
 For example, in response to requirements imposed by the California Coastal Commission, Southern California Edison (SCE) has implemented several programs to mitigate the impact of the SONGS cooling system on the nearby marine environment. These measures include restoration of the San Dieguito River mouth and coastal lagoon, construction of a kelp reef, and support for a California sea bass hatchery. Under the program, SCE must restore and maintain over 160 acres of wetland as well as 280 acres that will become a protected park.

Entrainment losses can be partially mitigated by placing mesh screens over the intakes. Impingement losses can be mitigated by use of technologies that keep water intake velocities low enough for most fish to swim against the intake current. 
 Thermal impacts are site specific and appear to have less of an environmental effect if volumes are small or if the point of discharge is offshore along the open coast where dilution is rapid. Although these measures reduce impacts, major environmental effects continue to be reported by the SWRCB and other agencies. In addition, many scientists, fishermen, and environmental groups have expressed concern about the harmful effects of seawater-based cooling systems on marine life.

Local Economic Impacts of Alternative Power Sources 

Power plants and renewable generating facilities contribute to the economies in the localities in which they are located through jobs, property taxes, and sales taxes. If the nuclear plants were to shut down, the state and the local communities in San Luis Obispo, Orange, and San Diego counties would lose these benefits. However, these communities or other communities could benefit from the development of replacement power sources.

Table 26: Contribution of California Power Sources to their Local Economies
, 

	Generation Technology
	Nuclear

	Oil/Gas
	Wind
	Solar Thermal
	Geo-thermal
	Biomass

	Percent of Projects Surveyed
	100%
	66%
	11%
	48%
	40%
	47%

	Tax Payments, per MW

	Property Tax 
	Installed Cap.
	$5,800
	$2,800
	$7,400
	$2,100
	$13,200
	$4,700

	
	Effective Cap.
	$6,500
	$4,800
	$22,700
	$8,000
	$19,100
	$5,400

	Sales Tax 
	Installed Cap.
	$30
	$200
	$10
	$420
	n/a
	$590

	
	Effective Cap.
	$30
	$350
	$20
	$1,620
	n/a
	$680

	Payroll, per MW


	Permanent Employees
	Installed Cap.
	$70,436
	$10,248
	$7,968
	$31,991
	$48,809
	$61,057

	
	Effective Cap.
	$78,777
	$17,874
	$24,435
	$122,317
	$70,617
	$70,450

	Contract Employees
	Installed Cap.
	$980
	$820
	n/a
	$2,329
	$388
	$2,657

	
	Effective Cap.
	$1,096
	$1,430
	n/a
	$8,907
	$561
	$3,065


Table 26 compares the economic benefits per unit capacity of power plants located in California to evaluate the socioeconomic benefits from different technologies.
 The data in this table are based on responses to a 2005 Energy Commission survey from the owners of 27 percent of California’s operational plants (as of 2005). The table compares socioeconomic impacts per unit capacity in terms of both installed and effective capacity.
 In some cases, effective capacity is similar to installed capacity. However, the effective capacities of wind and solar plants are significantly less than their installed capacities since the capacity factors of these plants are low.
 

Diablo Canyon and SONGS each provide California with about 2,000 MW of effective capacity. If either of these plants were to shut down, 2,000 MW of effective capacity would need to be installed to replace them.
 Table 27 shows the total property tax, sales tax, and payroll payments that would be generated were this entire amount of effective capacity replaced by a natural gas plant or a renewable resource.

Table 27: Total Payments for 2,000 MW Effective Capacity (thousands of dollars)
, 

	
	Nuclear
	Oil/Gas
	Wind
	Solar Thermal
	Geothermal
	Biomass

	Property Tax
	$15,000
	$10,000
	$45,000
	$15,000
	$40,000
	$10,000

	Sales Tax
	$60
	$700
	$40
	$3,000
	-
	$1,500

	Payroll
	$160,000
	$40,000
	$50,000
	$260,000
	$140,000
	$150,000

	Total Payments
	$175,000
	$50,000
	$95,000
	$280,000
	$180,000
	$160,000


Table 27 suggests that nuclear power plants provide roughly the same state and local economic benefits as geothermal and biomass plants, less than solar thermal plants, and more than wind and gas-fired plants. However, actual economic impacts could differ depending on whether benefits are concentrated in one location (as with a large power plant) or dispersed, whether the plant is located in a densely or sparsely populated area, and whether the plant is located in an area with other economic opportunities. 

The payments shown in the table are based on current technologies. An increase in capacity factors for renewable technologies would mean that more capacity would be realized with the same costs. This may mean that less capacity would need to be installed, and local and state economic benefits would decrease. Similarly, if efficiency improvements allowed the plants to be built less expensively or to be operated with fewer employees, property taxes or payroll taxes would decrease. In any of these scenarios, the state would benefit from a lower cost of power.

State or local incentives could also reduce tax payments for particular projects. For example, legislation (AB 1451 - Leno) recently passed by the California Senate and Assembly would exempt certain solar energy systems from property tax assessments through 2016.
 

The construction of new plants adds additional jobs not shown in the tables. A study prepared by the California Public Interest Research Group in 2002 used Energy Commission data to assess the impacts of an aggressive wind scenario in California. The California Public Interest Research Group estimated that 3,700 MW of incremental wind generation in California would create 43,774 total jobs or 11.8 jobs per MW over a period of 30 years. The vast majority of the jobs created for this scenario would be associated with plant construction. According to the data in Table 26, only 0.15 permanent jobs are created per megawatt of wind capacity.
On account of data limitations, Table 26 and Table 27 do not consider the economic impacts of solar PV plants or demand-side resources. As of May 2008, California has no operational utility-scale solar PV plants. However, two firms, OptiSolar and SunPower, have announced plans to build large-scale PV farms in San Luis Obispo County with a combined capacity of 800 MW.
 The Renewable Energy Policy Project (REPP) estimated the local economic impacts of manufacturing, producing, and installing 9,260 MW of incremental solar PV at a price of $3.68 per watt by 2015. For California, REPP estimated a total investment of $8.54 billion and the creation of more than 10,000 jobs as a result of this aggressive scenario. 
Demand-side resources do not provide substantial tax and employment benefits to the local communities in which the efficiencies occur in the same way that a power plant or other industrial facility does. However, demand-side resources do provide local employment for engineers, implementation contractors, and utility personnel. These benefits vary depending on the technologies used; the number of employees used to develop, advertise, and manage the programs; and whether the equipment used for the program is manufactured in California. Additional benefits arise from not having to build or dispatch other generation resources. According to a study prepared for PJM Interconnection, a 3 percent reduction in peak demand for a block of several Mid-Atlantic States would reduce energy market prices by $8-$25 per megawatt-hour (MWh). If all customers were exposed to the spot market, this would generate annual economic benefits to the Mid-Atlantic states of $60 million - $180 million.
 
Potential Replacement Power Portfolio 

If California’s nuclear plants were shut down at the end of their current operating licenses, the state would require new generation to replace the capacity and energy that had been provided by the plants.
 To begin to explore the possible economic and environmental impacts of this situation, the Study Team performed some preliminary production cost model simulations of the western electricity system in 2020, both with and without SONGS and Diablo Canyon.
 For the simulations, the Study Team used a proprietary hourly chronological production simulation model (MARKETSYMTM) in conjunction with a detailed database of expected retail power demand and operating characteristics of generation and transmission facilities within the Western Electricity Coordinating Council (WECC). This model and database were also used by the Energy Commission in the 2007 Integrated Energy Policy Report (IEPR) Scenario Analysis of California’s Electric System and by the Ocean Protection Council and the Water Resources Control Board in a study of the impact of regulating Once-Through-Cooling technology in California. 
, 
 See Chapter 6 for a more detailed description of the model algorithms and database.

The base case assumed that both nuclear plants are operating and that current renewable portfolio standards are met.
 For the case where the plants are removed, the lost nuclear capacity is replaced with renewable generation (with natural gas plants providing backup power, as needed).
 Replacing nuclear capacity with renewable capacity is consistent with the state’s adopted loading order and GHG reduction goals (i.e. the replacement scenario was set to be effectively carbon neutral). 

The preliminary results suggest that replacing the nuclear plants with the selection of renewable technologies modeled would come at a non-trivial cost to California—on the order of hundreds of millions or billions of dollars. The National Research Council, which assessed the cost to replace the power from the Indian Point nuclear plant, found that replacing this power with power from efficient natural gas power plants would also significantly raise costs (see insert on Indian Point replacement power study below). For the Diablo Canyon and SONGS replacement power analysis, replacing the nuclear capacity with natural gas resources was not modeled since doing so would increase carbon emissions. The cost implications of such a scenario would be strongly dependent upon future natural gas prices. With high gas prices, the annual cost of a gas replacement scenario could exceed that of the renewable replacement scenario. Additional model runs would be required to understand at what gas price the gas replacement scenario annual cost exceeds that of the renewables replacement scenario modeled here.

Additional detailed modeling is needed to (a) better reflect the evolving cost and performance of renewable technologies; (b) optimize the renewables replacement portfolio, (c) update the underlying gas price; (d) understand the tradeoffs between replacing the nuclear plants with gas generation versus renewable generation; and (e) integrate a transmission load-flow model so as to fully incorporate the cost of incremental transmission investment needed to connect the new renewable power sources to the grid.


Conclusions
California has substantial potential for renewable energy resources. In the long term, renewable resources could be suitable replacement power options if either Diablo Canyon or SONGS were to be shut down, assuming the resolution of key operational and cost issues. However, most current renewable energy technologies cannot replace the operational characteristics of baseload nuclear plants. If either nuclear plant is shut down, natural gas plants would likely be required to provide backup power and ancillary services. Operational and local transmission issues must be studied more carefully to identify which attributes of these plants would need to be replaced should the plants be shut down, and sufficient planning, siting, and construction time would be needed to develop these resources and any necessary transmission infrastructure.
No power generation technology is free of environmental impacts. A comparison of the life cycle GHG emissions for nuclear power, wind, solar PV, geothermal, and biomass shows that these technologies have comparable levels of life cycle GHG emissions. In addition, each of these technologies has some impact on the environment, affecting land, water, or wildlife. Moreover, the fossil fuel power plants needed to support many renewable units emit greenhouse gases and cause additional environmental impacts. Nuclear energy generation also imposes adverse impacts, including impacts from nuclear waste storage, transport, and disposal and from a potential major plant accident or act of Nature or a terrorist. 
Life cycle analyses can provide decision-makers a clearer and more complete understanding of the health and environmental impacts of different generating technologies. However, the usefulness of these analyses in comparing technologies is constrained by widely varying methodologies and assumptions and, in many cases, limited data. Extreme care must be taken to interpret the results of such analyses in light of these limitations. 

Local economic impacts of generating facilities can be important factors in policy decisions about resource options. Replacing the nuclear plants with an equal mixture of in-state wind, solar thermal, geothermal, and biomass power could result in roughly the same overall tax and employment benefits to the state as provided by the nuclear plants. However, these benefits may be conferred to different localities. The communities currently benefiting from the nuclear plants would lose jobs and revenue unless the nuclear plants were replaced by other income-generating facilities. Notably, several large-scale solar projects are currently being planned in San Luis Obispo County.

Preliminary analysis suggests that replacing the state’s two nuclear plants with renewable generation and using existing fossil-fuel units for reliability support could incur significant costs. Additional modeling is needed to fully understand the economic and environmental tradeoffs, as well as the implications on the California power grid, of permanently retiring Diablo Canyon and SONGS.
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CHAPTER 10: State Considerations for License Renewal

Diablo Canyon and San Onofre (SONGS) have been operating for approximately half of their 40-year initial license periods, and Pacific Gas & Electric (PG&E) and Southern California Electric (SCE) are exploring the feasibility of seeking 20-year license renewals for the plants.
 If granted, license renewals could keep Diablo Canyon and SONGS in operation until the early to mid 2040s (Table 28).

Table 28: Licensing Dates at California’s Nuclear Reactors

	Plant
	Unit
	Size
	Date Commercial Operation Began
	Expiration of Current License
	Potential License Expiration with Renewal

	Diablo Canyon

	Unit 1
	1,122 MW
	May 7, 1985
	Nov. 2, 2024
	Nov. 2, 2044

	
	Unit 2
	1,118 MW
	Mar. 15, 1986
	Aug. 26, 2025
	Aug. 26, 2045

	SONGS
	Unit 2
	1,070 MW
	Aug. 8, 1983
	Feb. 16, 2022
	Feb. 16, 2042

	
	Unit 3
	1,080 MW
	Apr. 1, 1984
	Nov. 15, 2022
	Nov. 15, 2042


The U.S. Nuclear Regulatory Commission’s (NRC) license renewal process consists of a safety review, environmental review, plant inspections, and a separate review by the Advisory Committee on Reactor Safeguards.
 The safety review focuses on identifying and managing the detrimental effects of plant aging. The environmental review considers plant-specific impacts from license renewal, such as once-through cooling impacts.
 Other issues, including examination of seismic hazards, operational issues, environmental review of the existing operations or independent spent fuel storage installations, and analysis of spent fuel storage options are outside the scope of license renewal. The NRC Office of the Inspector General completed an audit of the license renewal process in 2007 and concluded that improvements were needed in reporting.

The role of the State in the license renewal decision is limited by the NRC’s regulatory authority over all radiological aspects of nuclear power. However, state agencies retain authority to issue certain operating permits, such as the National Pollutant Discharge Elimination System (NPDES) permit, which is required for the continued operation of the plants’ once-through cooling systems. Consequently, the NRC confers with state agencies as part of the environmental review and defers to agencies with appropriate regulatory authority. 

In addition, the limited role of the State within the license renewal proceeding is counterbalanced by the State’s much broader authority to set electricity generation priorities based on economic, reliability, and environmental concerns. The California Public Utilities Commission (CPUC) relied on this authority in establishing a framework for considering the cost-effectiveness of the Diablo Canyon license renewal (see “CPUC Framework for Evaluating Cost-Effectiveness of License Renewal”). Should the CPUC determine that a license renewal is not cost-effective, the CPUC could use its rate authority to effectively restrict the operation of the plant through an extended license period, even if a license renewal is granted. Such an action would not conflict with the NRC’s regulatory authority over the radiological aspects of nuclear power.

This chapter presents some of the major policy questions from the state’s perspective that could arise in considering license renewals for the nuclear plants. It begins with an analysis of how much power the plants might generate over the license extension period and how important the plants are for local and system reliability. It continues with an assessment of state and local impacts from the nuclear plants. Finally, it concludes with a discussion of the impacts of once-through cooling retrofit costs and potentially higher costs for labor, fuel, and security on the overall cost of nuclear power. 

Estimated Electricity Production

The largest potential benefit from license extensions would accrue from power generated by the nuclear plants. In 2007 Diablo Canyon and SONGS generated 36,000 gigawatt-hours (GWh) of electricity (12 percent of California’s total power supply).
 Under ideal circumstances the plants would continue to produce power at or close to that level for as long as they remain in operation. However, it is difficult to predict plant performance after an additional 20 or 30 years of use. No U.S. commercial reactor has yet operated for a 60-year period, and it is unclear how plant aging processes will affect plant reliability and electricity production.

Annual electricity generation from Diablo Canyon and SONGS has fluctuated since startup. In the initial start-up periods both plants operated with annual capacity factors of less than 70 percent, as operators resolved start-up issues and learned how best to operate and maintain the plant.
 As operators have gained experience they have been able to run the plants at much higher capacity factors, and over the past five years they have operated Diablo Canyon and SONGS with average capacity factors of 91 percent and 88 percent, respectively. Annual capacity factors still vary according to the number of refueling outages in a given year and the extent of required repairs and maintenance (Figure 19).
 


[image: image33]
Figure 19: Historical Diablo Canyon and SONGS Capacity Factors
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Assessment of Future Electricity Production

The following three scenarios illustrate a possible range of electricity production trends from Diablo Canyon and SONGS during extended license periods (Table 29): 

· Scenario 1: Future production is maintained at the level at which the plants have operated over the past five years. Scenario 1 assumes that the operational improvements and expertise gained over the past 20 years are sufficient to keep the reactors operating at high capacity factors over the extended license periods. This is a best case scenario, where no major outages occur due to plant aging, and the reactors successfully operate until the end of their extended licenses.

· Scenario 2: The mid-case scenario is based on the theory proposed by the Union of Concerned Scientists that, much as at the outset of a reactor’s lifetime, a reactor nearing the end of its lifetime will be more likely to experience operational difficulties requiring extended outages and even a possible early shutdown.
 The replacement of the steam generators at Diablo Canyon and SONGS may be an example of the impact of plant aging on reactor components and the expensive repairs and extended outages that can ensue.
 To account for these outages, Scenario 2 shows a gradual decline in production beginning at the end of the initial operating license period. 
· Scenario 3: The final scenario represents a more drastic decline than the mid-case scenario. Under Scenario 3, electricity production is assumed to decline after the reactors have operated for only 30 years, and the reactors are shut down five years before the end of the extended license periods. 

Table 29: Summary of Future Electrical Production Scenarios

	Scenario
	Description
	Age at First Decline
	Capacity Factor at End of 60-year License Period

	Scenario 1
	Production at most recent 5-year average
	Does not decline
	Same as most recent 5 year average

	Scenario 2
	Production declines slowly over 20 years
	40 years
	50 percent capacity factor

	Scenario 3
	Production declines rapidly over 30 years
	30 years
	Reactor is shut down 5 years prior to end of license


Results

Under the three scenarios, Diablo Canyon would generate 120,000-360,000 GWh over the course of an extended operating license period, and SONGS would generate 100,000-310,000 GWh. The results are shown in Figure 20 and Figure 21 and are summarized in Table 30 below.

Figure 20: Estimated Electricity Production at Diablo Canyon
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Figure 21: Estimated Electricity Production at SONGS
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Table 30: Results of Scenario Analysis

	
	Total Production (GWh)
	Capacity Factor: 60-Year Reactor Lifetime
	Production: Extended License (GWh)
	Capacity Factor: Extended License

	Diablo Canyon
	Scenario 1
	1,030,000
	90%
	360,000
	90%

	
	Scenario 2
	970,000
	85%
	300,000
	75%

	
	Scenario 3
	780,000
	65%
	120,000
	30%

	SONGS
	Scenario 1
	950,000
	85%
	310,000
	90%

	
	Scenario 2
	900,000
	80%
	260,000
	75%

	
	Scenario 3
	730,000
	65%
	100,000
	30%


These results illustrate uncertainty regarding future output from Diablo Canyon and SONGS. They do not represent the full range of possible outputs, and they do not indicate the likelihood of each scenario. Since the amount of expected production from the nuclear plants is one of the most critical factors in determining the cost-effectiveness of a license renewal, this is an area that merits further investigation. 

The performance of commercial reactors in the U.S. older than Diablo Canyon and SONGS should shed light on the impacts of plant aging on performance in the years ahead. However, by 2013, the date the CPUC has targeted for making a decision on the Diablo Canyon license renewal, only 14 currently operating reactors will have operated for more than 40 years and none will have operated for more than 43 years.
 Without historical experience illuminating the aging process of reactors through year 60, significant uncertainty will remain regarding plant performance at Diablo Canyon and SONGS during an extended license period.

Reliability Benefits

The importance of Diablo Canyon and SONGS to the reliability of California’s electricity grid over an extended license period will depend on the rate at which electricity demand in California increases, how much new generation and transmission capacity is built, how much old capacity is retired, and the location of each of these capacity changes. With proper planning, both plants could likely be replaced without eroding the electricity system’s reliability.
 The CPUC proposal to consider license renewal issues (that fall within the state’s purview) approximately 10 years prior to potential plant retirements should provide sufficient opportunity for this planning. 

One factor that could complicate reliability planning is a proposal by the State Water Resources Control Board to restrict the use of once-through cooling at California’s coastal power plants.
 A recent study by the California Independent System Operator (CAISO) found that the coastal plants that use once-through cooling technology provide important near-term reliability benefits to the state.
 Over the past 5 years these plants have produced between 20 and 35 percent California’s power.
 The Energy Commission and the CAISO have initiated an aging plant study to determine which of the coastal plants using once-through cooling are essential for grid reliability.
 If new regulation resulted in the early retirement of some of those plants, the reliability benefits provided by the nuclear plants could increase, which would make it more difficult to replace the nuclear plants without eroding reliability.
 

Another factor in the reliability benefits of the nuclear plants is how well they will operate over an extended license period. As discussed above, there is considerable uncertainty regarding the operations of aging nuclear plants. One possibility is that the plants will not provide the same level of reliability benefits over some or all of the extended license period, even if they continue to operate. 

Local Economic Impacts 

Diablo Canyon and SONGS are integral components of their respective local economies and the state economy. The local economic benefits these plants provide include the contribution of tax dollars to the local economy, provision of employment opportunities in the local area, and direct purchases of goods and services. In addition, the plants provide significant indirect, or secondary, economic benefits.
 Closing either of the nuclear plants could thus have significant financial repercussions for their respective regions due to loss of plant-related jobs, reduced property tax payments, and foregone local purchases of products and services. (As discussed in Chapter 9, some amount of economic benefit would be transferred to those areas where replacement power is developed.) Property value implications of plant closure are less certain.

Tax and Employment Benefits

Both Diablo Canyon and SONGS pay property taxes based on the assessed value of their plants.

· In fiscal year 2007-2008, PG&E paid $23.03 million in property taxes to San Luis Obispo County.
 Of that amount, an estimated $20.42 million was for Diablo Canyon. The $20 million PG&E paid in property taxes for Diablo Canyon in 2002 made up nine percent of the county’s total property tax levy.
 

· In 2006, SONGS paid $4.85 million in property taxes to San Diego County.
 This accounts for just one-tenth of one percent of San Diego County’s total property tax levy.
 

Estimates of future property tax payments are shown in Table 31.

Table 31: Estimated Future Property Tax Payments

	Year
	Diablo Canyon
	SONGS

	2007
	$20,400,000
	SCE declined to provide this information

	2008
	$21,200,000
	

	2009
	$22,900,000
	

	2010
	$24,900,000
	


Both Diablo Canyon and SONGS are large employers. Diablo Canyon employs 1,250 full time workers and an additional 25 to 50 part-time employees during normal operations.
 PG&E reported that 94 percent of the Diablo Canyon workforce resides in San Luis Obispo County.
 The average full-time Diablo Canyon salary in 2007 was $88,148, well above the San Luis Obispo County median household income of $50,209. The total compensation paid to all Diablo Canyon employees in 2007 was $114.06 million.
 

SONGS employed 2,043 people in 2007.
 The average SONGS employee salary of $102,000 is significantly higher than the 2007 Orange County median family income of $78,700 or the San Diego County median annual family income of $63,400.
,
,
,
 Unlike Diablo Canyon, SONGS is located in a broad urban area and has employees living in several counties. SCE did not provide a county-by-county breakdown of its employees; therefore, it is difficult to determine SONGS’ contribution to employment and expenditures within each county.

Property Values
Several academic studies have addressed the question of whether proximity of a nuclear plant has an effect on property values. Public opinion surveys have consistently shown aversion to a nearby facility and an expected decrease in property values. However, empirical results are less clear because the presence of a nuclear facility is associated with economic benefits, such as employment and property tax income, in addition to the negative effects associated with public risk perception. 

Folland and Hough examined the effect of nuclear facilities on the value of farmland across the United States from 1945-1992.
 Their study examined whether the presence of a nuclear facility within 60 miles would have an effect on property values. This distance was chosen as the result of a survey that asked laymen to state the distance from a nuclear reactor that they would accept when choosing a residence location.
 By including data from years prior to the installation of any nuclear reactors, the study corrected for the fact that nuclear facilities were often sited in less prosperous areas with lower population densities and that such locations may have had historically depressed property values. Folland and Hough’s analysis concluded that the presence of a nuclear facility within 60 miles decreased the value of farmland by approximately 10 percent.
 Their results also showed that the older the reactor, the larger the negative impact on property values.

The Folland and Hough study may be limited in its application to the assessment of Diablo Canyon and SONGS. The paper examines the property value of agricultural land, not residential. The risk perception profiles of agricultural and residential land owners may be different and the benefits associated with a nuclear facility may accrue disproportionately to residential owners who are most likely to benefit from employment at the facility. It is therefore unclear whether the effect on agricultural property values can be applied to property values as a whole. In particular, this may be of concern at SONGS, which has less adjacent farmland than Diablo Canyon.

Another study, completed by Clark and Nieves examined the effect of the presence of a nuclear facility on residential property values and on income.
 The study examined data from 1976-1980 for 76 large market areas across the country and measured the effects of a nuclear facility within the study area. Two data sets were used: one quantifying the property value impacts and another analyzing the wage impacts. The results showed that nuclear power plants are “productive disamenities,” meaning that they generate income for an area but still reduce property values.

The Clark and Nieves study may be instructive for evaluating impacts from Diablo Canyon and SONGS. However, the analysis is based on data that are over 25 years old. Since that time public perception of nuclear power may have evolved, and property value impacts associated with a nuclear facility may have changed. In addition, the relatively short time-period considered in the study may not be representative of overall trends. Finally, the study provides no indication of the relative magnitude of the observed impacts.

A third study, by Clark, et. al. took a different approach. Whereas the Folland and Hough study and the Clark and Nieves study measure whether the presence of a nuclear plant in a given area affects property values, Clark, et al. instead employed a distance gradient to measure the property value impact of proximity to the plant (i.e. is property valued differently when it is five miles from the plant versus 10 miles from the plant?). 

Clark, et. al. examined residential property sales within 25 miles of Diablo Canyon and Rancho Seco for the years 1990-1994.
 They found that within this distance, being closer to the plant is associated with an increase in property values.
 The authors believe that the increase in property values may be due to the high value of the relatively uncongested areas surrounding the plants. They interpret the result as demonstrating that within the local area, any negative effect associated with being close to the nuclear plant does not overwhelm the desirable attributes associated with proximity to the plant.
 

While these results appear to contradict the other studies, that is not the case. Because the Clark, et. al. study only examines the effects of proximity to the plant within a short distance from the plant (25 miles), the relevance of these results may also be limited. Folland and Hough found negative impacts associated with a nuclear facility within 60 miles of the study area, and Clark and Nieves found negative impacts from a facility within 1,500 square miles. It is possible that within 25 miles of the plant, the risks associated with the facility have been accepted and are already internalized into the property value. What Clark et. al. does show is that within this acceptance area, there is no aversion related to proximity; that is, there is no preference for being 10 miles away from the plant as opposed to 5 miles away.

The studies described above all seek to measure the effects of the presence of a nuclear facility, including perceived risk of an accident at the facility. While it may be assumed that an accident at one of the facilities would further decrease property values, the literature shows otherwise. To date Three Mile Island has been the only major accident at a commercial reactor in the U.S. Following the 1979 incident, several studies were published examining potential property value impacts. Among them, a study by Nelson and another by Gamble and Downing employed statistical analyses of property sales in the area surrounding the plant and determined that while an immediate decrease in property values near the plant may have been observed, a long term effect was not present.
 

In the context of California’s nuclear facilities, these studies show that the presence of Diablo Canyon and SONGS may have decreased property values surrounding the plants to some extent. However, Diablo Canyon and SONGS are large employers that offer relatively high salaries. These benefits must also be considered when examining the overall economic impact of the plants. Indeed, Clark and Nieves found that nuclear facilities are associated with higher than average income.
 In the case of Diablo Canyon, which is situated in largely rural San Luis Obispo County, the plant may provide proportionately larger positive economic benefits for the surrounding communities than SONGS, which is located in a broadly urban area between Orange and San Diego counties. 

Economic Implications of Plant Closures

Closure of the two nuclear plants would have complex economic implications for their local communities. Plant closures would inevitably lead to a loss of jobs and property taxes. Adverse impacts would materialize over several years as decommissioning activities progressed. At the same time, property value increases may partially offset this loss of income. If nuclear waste remains on-site, property value implications would be less certain. 

Economic impacts in a post-decommissioning period would depend on how the plant sites are developed. As discussed in Chapter 8, residents of San Luis Obispo County expressed a strong preference that the plant site be used for habitat preservation, sustainable agriculture, and public use. The economic benefits of such uses would need to be studied. The SONGS site will remain under control of the U.S. Navy, and the Navy will have the option to use the land for military purposes, to lease or sell it to another party, or to open it for recreational use. The local economic impacts of plant closures will depend on the economic benefits from the new land uses. However, benefits from new land use would not accrue for a number of years until the plant is fully decommissioned and the land is developed for future use. 
The extent of the local economic impact of plant closure would differ significantly for each plant. Closing Diablo Canyon could have a substantial impact on the regional economy. Based on current tax payments, if Diablo Canyon closed, San Luis Obispo County could lose nearly 10 percent of its tax base.
 This loss could be partially offset by an increase in property taxes if property values of nearby properties were to rise upon plant closure, but this is not guaranteed. Plant closure would also result in the loss of high-paying jobs for over 1,000 people in the county. This could result in reduced spending on goods and services by laid-off employees until they find new employment. It could also lead to an exodus of these workers to other areas to find new employment. On the other hand, redevelopment of the Diablo Canyon site for new uses could bring economic benefits that may offset the negative impacts of plant closure. In addition, recent announcements of several large-scale solar facilities in San Luis Obispo County indicate that the county has resources to attract other income-generating development and to become less economically dependent on Diablo Canyon.
 In order to understand the overall economic impacts of a Diablo Canyon closure, costs and benefits and development potentials need to be analyzed further.

Closing SONGS would likely have a much less significant impact on the San Diego and Orange County economies. SONGS provides just one-tenth of one percent of San Diego County’s annual property tax revenue, and SONGS employees are spread throughout a large region. In addition, there are many alternate sources of employment and other areas of economic activity in the vicinity of the plant.

In order to quantify the net impacts to local economies from plant closure, area-specific studies would be needed. Property value impacts would need to be assessed through comparison with similar communities that did not have nuclear plants or by comparing property values in the vicinity of the plants over an extended period of time. Employment and income benefits would also need to be quantified and put into context of other economic activity in the region. Absent such an analysis, the net impact of Diablo Canyon and SONGS closures on their local economies remains uncertain.

Potential Increases to the Cost of Nuclear Power

The cost-effectiveness of extending the licenses at Diablo Canyon and SONGS depends on the cost of power from these plants relative to the cost of power from alternate power sources. Over the past five years, power from Diablo Canyon has averaged $38 (2007$) per megawatt-hour (MWh).
 (SCE declined to provide information on the cost of power from SONGS.) Future costs will depend on the amount of power generated from the plants (discussed above), unanticipated capital projects, future policy decisions and regulatory requirements, and market changes. 

This section considers the impact of four potential sources of upward pressure on the cost of power from the nuclear plants: a policy that would require once-through cooling retrofits at the plants, tight supply for skilled labor, an increase in the price of nuclear fuel, and more stringent security requirements.
Once-Through Cooling Retrofit Costs 

As discussed in Chapter 9, once-through cooling systems can have significant and negative impacts on the marine life near the cooling system intake and outfall pipes. Due to these impacts, both federal and state governments have proposed regulations that limit the use of once-through cooling at new and existing power plants. While the regulations are still being finalized, it appears possible that Diablo Canyon and SONGS will be required to replace their cooling systems or to retrofit them in a manner that significantly reduces marine impacts.
 The alternative and more modern methods for plant cooling include air cooled condensers (dry cooling), in which large fans blow air over the condensers to prevent overheating, and closed-cycle “wet” systems, in which the water used for cooling is recycled.

Proposed Regulations

In July 2004 the U.S. Environmental Protection Agency (EPA) established regulations which required that, beginning in July 2008, all cooling water intake structures at existing power plants must use the best technology available to reduce impingement mortality by 80 to 95 percent and entrainment mortality by 60 to 90 percent in order to be issued a National Pollutant Discharge Elimination System (NPDES) permit. Such a permit is required to continue using a once-through cooling system. Should the cost of compliance significantly outweigh the environmental benefits, this EPA regulation authorized an NPDES permit director to establish site-specific alternative requirements that minimize adverse environmental impacts without resulting in undue costs.
 However, the U.S. Court of Appeals for the Second Circuit ruled that the EPA regulations did not comply with the Clean Water Act. In particular, the court found that the Clean Water Act does not allow for a cost-benefit analysis to guide technology selection and ruled that the best technology available or an alternative technology that achieves that same level of results must be used. The court also remanded provisions for compliance through restoration measures.
 The EPA subsequently suspended its regulations and directed regional offices to exercise their Best Professional Judgment in considering NPDES permit applications.

In April 2006, the California State Lands Commission (CSLC) passed a draft resolution requiring existing power plants to fully comply (or work toward full compliance) with federal and state water regulations, including EPA regulations, as a condition for receiving land lease extensions or amendments.
 The draft resolution includes a provision that would allow CSLC to re-open leases if an environmentally superior alternative technology that can be feasibly installed is identified. It does not include an exemption if the cost of the technology outweighs the environmental benefits. 
 

In June 2006, the State Water Resources Control Board (SWRCB) presented a proposed state-wide policy that would require once-through cooling facilities to achieve the upper end of the impingement and entrainment reduction ranges provided by EPA’s Phase II regulation (i.e. 95 percent reduction in impingement and 90 percent reduction in entrainment). This proposed policy would not have allowed for a site-specific determination of the best available technology based on cost considerations. In response to the U.S. Court of Appeals 2007 ruling, the SWRCB issued a revised preliminary draft Statewide Water Quality Control Policy on the Use of Coastal and Estuarine Waters for Power Plant Cooling in March 2008.
 The draft policy would require existing power plants to reduce intake flow and velocity to a level comparable to that which could be attained by a closed-cycle cooling system (Track 1). If this is not feasible, “the power plant must reduce the level of adverse environmental impacts from the cooling water intake structure to a comparable level to that which would be achieved under Track 1, using operational or structural controls, or both.” A “comparable level” is defined as a reduction in both impingement and entrainment mortality to at least 90 percent of the reduction that would be achieved under Track 1 with closed-cycle cooling technology.
 The compliance date for nuclear power plants would be no later than January 1, 2021, which is near the end of the plants’ current operating licenses.

Both the recently suspended EPA Phase II regulations and the preliminary draft SWRCB policy recognize the unique safety issues associated with California’s nuclear power plants and provide for a site-specific assessment of the best available technology (including operational or structural controls) in the event of a conflict with NRC requirements.

Retrofit Feasibility and Cost 
Federal and state regulations limiting the use of once-through cooling technology for power plants have prompted investigations into the feasibility of retrofitting power plants with technologies to reduce impingement and entrainment impacts. The availability of sufficient land is the most limiting factor in assessing the technical and logistical feasibility of retrofitting existing once-through cooling systems with alternative technology.

With regard to nuclear power plants, converting to wet cycle closed-cooling has received the most study, because dry-cooling is not considered a commercially viable option. The general consensus from the studies is that retrofitting California’s nuclear power plants with wet cycle closed-cooling technology is technically feasible (although challenging due to siting constraints), but the costs would be very high in comparison to retrofitting natural-gas fired power plants. Pertinent studies are described below.

California Energy Commission

In its responses to the CSLC regarding the possible effects of the CSLC Draft 2006 resolution on California’s coastal power plants, the Energy Commission stated that there may not be sufficient reclaimed water for use in cooling towers at Diablo Canyon and SONGS and that a retrofit to install these towers would be an expensive engineering challenge.
,
 

The Energy Commission’s 2007 Environmental Performance Report produced recommendations to retire or repower numerous aging once-through cooling power plants by 2012. However, it recognized that California’s nuclear power plants present special circumstances due to their size, costs, and unique contribution to grid stability, fuel diversity, and resource adequacy, and therefore “should be evaluated carefully before new regulations on once-through cooling are finalized in California.”

Electric Power Research Institute

The Electric Power Research Institute (EPRI) conducted a study to document the costs of wet closed-cycle cooling retrofits compared to new facility installations, assess the feasibility of dry cooling at certain facilities, and discuss the environmental impacts of wet closed-cycle cooling. EPRI determined that retrofitting the nuclear plants would be very difficult and that the capital cost for retrofitting would be $750 million - $1.2 billion for Diablo Canyon and greater than $650 million for SONGS. These estimates do not include costs for replacement power while the plants are shut down during construction.

The EPRI report also noted that environmental impacts associated with retrofitting nuclear power plants to wet closed-cycle cooling technology include increased air emissions due to decreased plant efficiency, drift and visible plume, 
 water and wastewater discharge and/or disposal, increased noise, visual impacts from taller cooling towers, temporary construction-related impacts, intake losses,
 solid waste from accumulation of suspended solids in cooling tower makeup water, and impacts to terrestrial ecology. Both Diablo Canyon and SONGS pose site-specific siting constraints because of their proximity to sensitive coastal habitat. 

California Ocean Protection Council

In April 2006, the California Ocean Protection Council adopted a resolution regarding the use of once-through cooling in ocean waters. The resolution called for the formation of a technical review group to review Clean Water Act related studies of the technical feasibility of converting each of the coastal power plant once-through cooling systems to alternative cooling technologies. The resolution established a benchmark of a 90-95 percent reduction in impingement and entrainment impacts. Pursuant to this resolution, the Ocean Protection Council commissioned Tetra Tech to evaluate the feasibility of converting the cooling systems to wet cooling towers. The feasibility analyses included an engineering assessment and cost profile for each subject facility.
 
Tetra Tech found that retrofitting the existing once-through cooling system at Diablo Canyon and SONGS with closed-cycle wet cooling towers is technically and logistically feasible, though particularly difficult at Diablo Canyon. Further, retrofitting would reduce cooling water withdrawals from the Pacific Ocean by approximately 96 percent for Diablo Canyon and 95 percent for SONGS. Accordingly, impingement and entrainment impacts would be reduced by similar proportions.

The location of Diablo Canyon along a narrow coastal terrace may pose siting constraints for additional facilities required for retrofitting. Tetra Tech recommended that the retrofit include two conventional wet cooling towers.
 However, sufficient area does not exist at the site for the installation of plume-abated towers, which would reduce the aesthetic impact of the cooling towers and which may be required under the California Coastal Act.
 In addition, Tetra Tech found that retrofitting would require the relocation of several support facilities including maintenance facilities, warehouses, and employee parking.
 Because both units share a common water intake structure, retrofit would require both units to be offline concurrently for eight months or more.
 

At SONGS, the study recommended installation of two water cooling complexes each with six plume-abated towers.
 Retrofitting SONGS’ once-through cooling system would also require an eight month outage. However, the study found that the configuration of SONGS may enable staggered retrofit, causing only one unit to be offline at a time.
 The installation and operation of wet cooling towers at SONGS may require additional regulatory approval due to potential impacts to sensitive coastal habitat and special-status plant species. 

Tetra Tech estimated the total net present cost for cooling system retrofits at Diablo Canyon and SONGS to be $3.02 billion and $2.62 billion, respectively.
 These estimates include all costs associated with the construction and installation of cooling towers, annual operations and maintenance, and purchases of electricity from other sources to replace the electricity that would otherwise be generated during the construction periods.

Retrofit of the once-through cooling systems at Diablo Canyon and SONGS would reduce capacity at the plants due to the additional electrical demand of cooling tower fans and pumps and a reduced thermal efficiency.
 Compared to a once-through cooling system, a closed-cycle system would decrease plant output an average of 5 percent at Diablo Canyon and 5.5 percent at SONGS.
 The use of other power plants to compensate for the reduced energy output could increase emissions from pollutants such as SOx and NOx and could result in increased particulate matter emissions that approach maximum permitted levels. Additionally, the change in quantity and characteristics of effluent discharge could require amended NPDES permits (if required at all).

In comments regarding the Tetra Tech report, both PG&E and SCE responded that retrofit is not feasible.
,
 PG&E noted that there is no nuclear plant in existence that uses mechanical draft salt water cooling towers as suggested by the Tetra Tech report.
 Both utilities claimed that the Tetra Tech report was limited in scope and should not be considered a comprehensive review. In addition, PG&E found that the 8 months that Tetra Tech estimated it would take to retrofit the cooling system at Diablo Canyon was not reasonable. PG&E estimates that the outage would be 12 to 18 months long. In addition, PG&E claimed that the methods Tetra Tech used to estimate replacement power costs were inaccurate. PG&E estimates that replacement power alone would cost $1.3 to $2 billion, at least twice as much as the Tetra Tech estimate. Overall, PG&E estimates that a retrofit project would increase rates by 5 percent.

Others
PG&E commissioned a study of the economic benefits of reductions in entrainment losses from installing cooling towers at Diablo Canyon. The study found that the cost to retrofit the once-through cooling technology at Diablo Canyon substantially outweighed the benefits.
 The study determined that retrofitting with a wet closed-cycle cooling system would create “significant adverse environmental impacts including: 1) 7 million pounds of salt drift annually causing negative impacts for flora and fauna and electrical arcing incidences on the 500 kV line; 2) 69 million gallons a day of saltier, warmer discharge water; and 3) significant safety and visual issues from the vapor plume, as well as noise issues.”

Implications for California’s Reactors

A restriction on the use of once-through cooling in California is likely to be implemented in the future. If the SWRCB preliminary draft policy is adopted, Diablo Canyon and SONGS would need to either adopt closed-cycle cooling systems or reduce the negative effects of their once-through cooling systems to a level comparable to the effects of a closed-cycle system.

The studies described above show the closed-cycle cooling system retrofits to be technically feasible, though costly. The most recent cost estimates provided by the California Ocean Protection Council predict that total retrofit costs would be $3.02 billion at Diablo Canyon and $2.62 billion at SONGS. Extended outages would be required to complete the project—at Diablo Canyon, both reactors would need to be shut down simultaneously for 8-18 months. Additionally, closed-cycle cooling would decrease the efficiency of the plants by roughly 5 percent, requiring replacement power sources to make up the difference.
Labor Availability 

The nuclear industry is facing a potential labor shortage, as discussed in Chapter 5. The labor shortage may result in higher costs to nuclear utilities, as competition to hire employees drives up the price of labor. Further costs may be incurred for recruiting, training, and personnel management. 
Nuclear Fuel Prices

In 2006 and the first half of 2007, spot market prices for uranium rose over 300 percent from approximately $38 per lb in January 2006 to $135 per lb in June 2007. Spot market prices have since declined to an average of $59 per lb in June 2008 (Figure 22).
 

Figure 22: Uranium (U3O8) Nominal Spot Market Prices, January 2006-June 2008
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Spot uranium prices do not have a direct impact on PG&E and SCE’s nuclear fuel costs because the utilities purchase their nuclear fuel via medium and long-term contracts.
 However, since market prices are generally used to set or inform contract prices, over the long term an increase in market prices will increase the utility’s fuel costs. 

PG&E and SCE both anticipate that their nuclear fuel costs will increase in the coming years and be 70 percent higher in 2014 than they were in 2007. 
 PG&E anticipates that its fuel costs will decline after 2014, while SCE anticipates that its fuel costs will continue to rise through the end of the SONGS license period (Figure 23). These projected price increases will not have a significant ratepayer impact since fuel prices represent just 10-20 percent of the levelized cost of nuclear power.
 For example, had PG&E’s nuclear fuel costs been 70 percent higher than they were in 2007, the total cost of power from Diablo Canyon would have increased by just 11 percent, from $34 per MWh to $38 per MWh.
 

Figure 23: Utility Nuclear Fuel Price Predictions
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Security Requirements 

Following the attacks of September 11, 2001, the NRC began to review nuclear power plant security requirements. Following this review, the NRC updated the design basis threat for the plants, increased requirements for security personnel, and enhanced force-on-force exercises.
 The NRC also proposed a rulemaking to amend 10 CFR Part 73 requirements for physical protection of the nation’s nuclear plants.
 

The proposed physical protection rules would enhance requirements for access controls, event reporting, security personnel training, safety and security activity coordination, contingency planning, and radiological sabotage protection. They would also impose additional requirements related to background checks for firearms users and to authorization for enhanced weapons.
 The NRC received 48 comments on the proposed rules during the comment period, which closed in March 2007.
 Among them, several intervenors noted that the proposed requirements do not include any provisions addressing the threat of an air-based suicide attack.
 No date for the final ruling has been released, though the ruling is expected by the end of 2008.

Comprehensive security requirements in line with the intervenor request to require protection against an air-based suicide attack could result in significant capital expenditures to build steel shields around the plants. However, the NRC is not likely to impose such requirements. The NRC rejected a proposal to protect against air attack when it was raised in the 2007 design basis threat review, and the NRC continues to maintain that the likelihood of an air attack is low and that it is the responsibility of the federal government and the military, not nuclear plant operators, to protect against any such attack.
 
Given current and expected NRC security requirements, spending for security is likely to remain a small portion of overall nuclear power costs.
 PG&E and SCE estimate that they will spend $28 million and $36.5 million, respectively, for security at the nuclear plants in 2008.
 For PG&E this represents just 4 percent of the overall Diablo Canyon revenue requirement.

Conclusions
The decision whether or not to renew the Diablo Canyon and SONGS operating licenses will have a significant impact on the state’s power supply portfolio and on the communities located near the reactors. The full implications of this decision are unknown. Even the most straightforward question of how much power would be impacted by this decision cannot be answered with certainty. While current production levels from the plants are known, it is unclear how performance will change as the plants age—no commercial reactor has yet operated for a full 60 years. 

The cost of power from the nuclear plants over the license renewal period will be linked to the performance of the plants. If the plants maintain high levels of performance and safety and do not require significant repairs or capital additions the costs should remain comparable to current levels with relatively minor increases due to higher nuclear fuel costs and potentially stricter security requirements. However, significant equipment failures or extended outages could result in much higher costs. In addition, prior to a license renewal the plants may be required to undertake a retrofit of their once-through cooling systems at a cost of several billion dollars.
In addition, it is important to consider the environmental impacts from plant operations over an extended 20-year license period, including once-through cooling ocean impacts and impacts from continuing waste accumulation at these plants. The extent of the impacts will depend on the outcomes of state and federal policies and requirements for once-through cooling and on whether a long-term solution to the waste disposal problem is found.

The impact that shutting down one or both of the plants would have on the reliability of California’s electricity grid is unclear at this time. The impact will depend on what other generating and transmission resources are built or retired over the next two decades and on the pattern of population growth in the regions near the plants. This is an area that needs to be investigated further prior to any decision on license renewal. 

The loss of the plants would mean the loss of high-paying jobs and tax revenues for the communities located near the reactors. This loss would be felt more strongly in San Luis Obispo County following the closure of Diablo Canyon than it would be in the much larger San Diego and Orange Counties following the closure of SONGS. Some of the lost jobs or reduced tax revenues could be recouped over time by the use of the reclaimed land for other income-generating enterprises or by the development of renewable energy projects elsewhere in the county to replace the nuclear plants. It is also possible that some of the loss could be offset by a rise in property values, if current property values are depressed by the presence of the plants. However, additional study is required to assess whether this is the case and whether the closure of the plants would reverse this impact, especially if nuclear waste remains on-site. 
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Acronyms and Abbreviations

AB



Assembly Bill

CAISO



California Independent System Operator

Camp Pendleton

U.S. Marine Corps Base Camp Pendleton

CBO



Congressional Budget Office

CO2



Carbon Dioxide

Coastal Commission

California Coastal Commission

CPUC



California Public Utilities Commission

CSLC



California State Lands Commission 

Diablo Canyon 

Diablo Canyon Power Plant

DCISC



Diablo Canyon Independent Safety Committee
DOE



U.S. Department of Energy

EIS



Environmental Impact Statement

Energy Commission

California Energy Commission

EPA



U.S. Environmental Protection Agency

EPAct



Energy Policy Act of 2005

EPRI



Electric Power Research Institute

FY



Fiscal Year

g (acceleration)

Gravitational Acceleration, 9.8 m/s/s

g (weight)


Gram

GAO



U.S. Government Accountability Office

GHG



Greenhouse Gas

GNEP



Global Nuclear Energy Partnership

GPS



Global Positioning System

GTCC



Greater than Class C

GW



Gigawatt

GWh



Gigawatt-hour

IAEA



International Atomic Energy Agency

IEPR



Integrated Energy Policy Report

ISFSI



Independent Spent Fuel Storage Installation

KK NPP


Kashiwazaki-Kariwa Nuclear Power Plant

km



Kilometer

kV



Kilovolt

kW



Kilowatt

kWh



Kilowatt-hour

LCA



Life Cycle Analysis

LNG



Liquefied Natural Gas

LTSP



Long-Term Seismic Program

MFP



Mothers for Peace

mi



Mile(s)

mm



Millimeter

MSPI



Mitigating Systems Performance Index

MTU



Metric Tons of Uranium
MVAR



Million Volt-Amperes Reactive

MW



Megawatt

MWe



Megawatt Electric 

MWh



Megawatt-hour

NCO Earthquake

Niigata Chuetsu-Oki Earthquake

NEI



Nuclear Energy Institute

NIFZ



Newport-Inglewood Fault Zone

NIRS



Nuclear Information and Resource Service

NOx



Nitrogen Oxides

NP26



North of Path 26

NPDES


National Pollution Discharge Elimination System

NRC



U.S. Nuclear Regulatory Commission

NRDC



Natural Resources Defense Council

NREL



National Renewable Energy Laboratory

NWF



Nuclear Waste Fund

NWPA



Nuclear Waste Policy Act

OCRWM


Office of Civilian Radioactive Waste Management 

OBE



Operating Basis Earthquake

Palo Verde


Palo Verde Nuclear Generating Station

PGA



Peak Ground Acceleration

PG&E



Pacific Gas & Electric

PSHA



Probabilistic Seismic Hazard Analysis

PV



Photovoltaic

PWR



Pressurized Water Reactor

RCFZ



Rose Canyon Fault Zone

REPP



Renewable Energy Policy Project

RETI



Renewable Energy Transmission Initiative

RPS



Renewable Portfolio Standard

SCE



Southern California Edison

SCOFZ



South Coast Offshore Fault Zone

SDG&E


San Diego Gas & Electric

SEGS



Solar Energy Generation Station

SMUD



Sacramento Municipal Utility District

SOx



Sulfur Oxides

SONGS


San Onofre Nuclear Generating Station

SP26



South of Path 26

SSC



Systems, Structures, And Components

SSE



Safe-Shutdown Earthquake

SWRCB


State Water Resources Control Board

TAD



Transportation, Aging And Disposal

TEPCO
Tokyo Electric Power Co.

UCERF


Uniform California Rupture Forecast

USC



U.S. Code
USGS



U.S. Geological Survey

VAR



Volt-Amperes Reactive

WECC



Western Electricity Coordinating Council

WIEB



Western Interstate Energy Board

Glossary of Technical Terms

Active components – The components of nuclear power plants that continuously operate or change states to perform their functions. These include pumps, turbines, generators, compressors, process sensors, electric breakers, relays, and switches.

Age-related degradation – The cumulative degradation occurring within a reactor system, structure, or component, which, if unmitigated, may result in loss of function or impaired safety.
Blind thrust faults – A thrust fault that does not rupture all the way up to the surface so there is no evidence of it on the ground. It is "buried" under the uppermost layers of rock in the crust.
Capacity factor – The ratio of the electrical energy produced by a generating unit for the period of time considered to the electrical energy that could have been produced at continuous full power operation during the same period.
Compressive stress– Squeezing stress, the stress component perpendicular to a given surface, such as a fault plane, that results from forces applied perpendicular to the surface or from remote forces transmitted through the surrounding rock.
Dip slip fault - Inclined fractures where the blocks have mostly shifted vertically. If the rock mass above an inclined fault moves down, the fault is termed normal; if the rock mass above the fault moves up, the fault is termed reverse.

Directivity– An effect of a fault rupturing whereby earthquake ground motion in the direction of rupture propagation is more severe than that in other directions from the earthquake source.
Earthquake occurrence frequency curve – A combined assessment of the maximum earthquake magnitude that is physically possible on a fault and a statistical distribution of earthquakes across a range of magnitudes up to this maximum used to develop a distribution of earthquake magnitudes versus time.

Embrittlement – A change in the mechanical properties (or structure) of reactor pressure vessels and associated internal materials as a result of long-term exposure to radiation. Embrittled metals are more susceptible to failure from cracking or fracture.
Entrainment – Taking in marine organisms through power plant pipes used for once-through cooling of electricity generation systems.
Epicenter – The epicenter is the point on the earth's surface vertically above the hypocenter, or focus point in the crust where a seismic rupture begins.
Fault “fling” – Inertial effect of the tectonic displacement on a fault resulting in amplified long-period motions close to fault ruptures.

High-level waste – Highly radioactive waste from reprocessing. Spent fuel, which is also highly radioactive, is sometimes called high-level waste.

Impingement – Trapping marine organisms against the cooling water intake screens used for once-through cooling of power plant generation systems.
Liquefaction – A process by which water-saturated sediment temporarily loses strength and acts as a fluid; can be caused by earthquake shaking.
Low-level waste – Radioactive material that is not high-level radioactive waste, spent nuclear fuel, transuranic waste, or by-product material.
Metal fatigue – Deterioration of a metal from repeated cycles of thermal or mechanical loads or strains.

Normal fault – A dip slip fault where the rock mass above an inclined fault moves down.

Once-through cooling system – The process of piping water from the ocean to power plants for cooling and then discharging warmer water back into the ocean.
Operating basis earthquake (OBE) – An earthquake that could reasonably be expected to affect the plant site during the operating life of the plant; often designated at half the magnitude of a safe-shutdown earthquake.
Passive components – Components that generally remain in one state over time to perform their functions, such as pipes, tanks, pressure vessels, certain heat exchangers, electrical conduit and wiring, insulation, structures, and structural supports.

Probabilistic seismic hazard analysis (PSHA) – Process used to calculate the probability that design basis earthquakes may occur and to predict how effectively a plant would respond.

Reserve margin – A reflection of the amount of capacity available to the system in excess of anticipated need. Positive reserve margins are required to maintain system stability and prevent blackouts in the event of plant outages or higher than anticipated demand.

Reverse fault – A dip slip fault where the rock mass above an inclined fault moves up.

Safe-shutdown earthquake (SSE) – Maximum earthquake potential considered feasible at a site. Structures, systems, and components that are important to safety are designed to remain functional after sustaining such an earthquake.

Seismic moment - Measure of the size of an earthquake based on the area of fault rupture, the average amount of slip, and the force that was required to overcome the friction sticking the rocks together that were offset by faulting.
Slip rate – A measure of the average long-term activity of a fault. A fault’s average annual slip rate is the total displacement on a fault divided by the period of time over which the total displacement occurred.

Spent fuel – Fuel removed from nuclear reactors.

Strike-slip fault – Vertical (or nearly vertical) fracture where the blocks have mostly moved horizontally.

Tensional stress– The stress component perpendicular to a given surface, such as a fault plane, that results from forces applied perpendicular to the surface or from remote forces transmitted through the surrounding rock.

Tetrapod – Vertebrate animals having four feet, legs, or leg-like appendages.

Thrust fault – A reverse fault with a dip of 45° or less.
Turbidity – Haziness caused by suspended solids in water.
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Diablo Canyon ISFSI System


Diablo Canyon will utilize the “HI-STORM 100” dry cask storage system. In this system, spent fuel is stored in multi-purpose canisters. These canisters are stainless steel, integrally-welded cylindrical pressure vessels that hold up to 24 or 32 Diablo Canyon spent fuel assemblies in individual fuel baskets. The fuel baskets use a honeycomb configuration and boron carbide neutron absorbers to prevent nuclear chain reactions. Canisters are moved from the spent fuel pool to a storage “overpack” inside a transfer cask made of a carbon steel shell with neutron and gamma shielding provided by water and lead, respectively.


Loaded canisters are anchored and vertically stored in “overpacks.” The overpack is a rugged, heavy-walled cylindrical container that provides gamma and neutron shielding, ventilation passages, and protection from terrorist and natural phenomena. Each loaded overpack is approximately 11 feet in diameter, 20 feet high, and weighs about 360,000 pounds. The overpack is in turn enclosed by cylindrical steel shells, a thick steel baseplate, and a top plate. Additional concrete shielding is attached to the top of the overpack lid. Inlets and outlets allow air to circulate naturally to cool the canister.


A transporter is used to move transfer casks to the transfer facility, which is about 100 feet from the ISFSI storage pads. The transfer facility has a lifting platform to position an overpack below grade to facilitate the transfer of a loaded canister from the transfer cask to the overpack. After the canister is placed in the overpack, the transporter is again used to move the loaded overpack to the storage pads. 


(The design and operation of these components are described in detail in the HI-STORM 100 System Final Safety Analysis Report. (FSAR, 2000))





Diablo Canyon and SONGS Maintenance Programs


PG&E reports that it “undertakes a formal Equipment Reliability Process which integrates a broad range of activities into one process. Using this process, personnel can evaluate important plant equipment, develop and implement long-term equipment health plans, monitor equipment performance and condition, and make adjustments to preventive maintenance tasks and frequencies based on equipment operating experience.”


SCE reports that “SONGS’ maintenance and surveillance programs are designed to provide assurance that plant equipment will fulfill its design functions and perform reliably. To achieve this goal, we rigorously test and evaluate the performance of those systems to ensure they are performing as designed. We also maintain and upgrade our equipment on an on-going basis.”


Sources: Pacific Gas & Electric. “PG&E’s Response to Data Requests AB 1632 Study Report.” March 25, 2008. Request L.2; and Southern California Edison. “SCE response to AB 1632 Nuclear Power Plant Assessment: Data Request for San Onofre Nuclear Generating Station (SONGS).” Request L.2.





Diablo Canyon Independent Safety Committee (DCISC)


In 1988 the CPUC established the Diablo Canyon Independent Safety Committee (DCISC) as part of a PG&E rate proceeding. The committee is tasked with “reviewing and assessing the safety of operations” of Diablo Canyon. Three members are appointed by the Energy Commission, the Attorney General and the Governor’s Office and serve staggered three-year terms on the committee. Committee members conduct public meetings twice each year, visit the plant, and are given extended access to Diablo Canyon reports and records. Each year the committee issues an annual report on its findings.


Source: Diablo Canyon Independent Safety Committee. “DCISC 17th Annual Report.” July 1, 2006 – June 30, 2007. <http://www.dcisc.org/annual-report-17-2006-2007/preface.html>.














ISFSI Construction Schedules


PG&E’s ISFSI has been licensed and permitted for a capacity of up to 4,416 spent fuel assemblies (roughly 1,900 MTU). PG&E plans to build the ISFSI with capacity for 1,280 assemblies initially and to expand the facility in the future, though no schedule has been set. PG&E expects to finish the initial phase of construction in late 2008 and to begin transferring spent fuel from the spent fuel pools in June 2009.


The ISFSI at SONGS is being constructed using two concrete storage platforms, or pads. SCE completed Pad 1 of the SONGS ISFSI and began loading spent fuel in 2003. Since that time, SCE has loaded all of the on-site spent fuel from SONGS Unit 1 and 168 assemblies from Unit 2. SCE plans to load 144 spent fuel assemblies from Unit 3 into the ISFSI in June 2008. A second phase of construction will complete Pad 2 in January 2009. Pad 2 will have a capacity of 1,488 assemblies (roughly 640 MTU) housed in 62 storage modules. SCE plans to install these modules over a span of roughly 10 years, with 16 new modules installed every 2-3 years. 


Sources: Pacific Gas & Electric. February 27, 2008: C1, C4; Southern California Edison. March 21, 2008: C1, C4;   and Southern California Edison Letter to Energy Commission re: AB 1632 Nuclear Power Plant Assessment, (Docket No. 07-AB-1632). Supplemental Data Request for San Onofre Nuclear Generating Station. May 9, 2008. 





Mothers for Peace Challenges Diablo Canyon ISFSI License


In 2005 San Luis Obispo Mothers for Peace (MFP) filed a lawsuit contending that the EIS Environmental Assessment for the Diablo Canyon ISFSI was incomplete because it did not address the environmental impacts of a terrorist activity attack at the facility, as required by the National Environmental Policy Act. In June 2006 the Ninth Circuit of the U.S. Court of Appeals ruled in favor of MFP. In response, NRC staff produced a brief supplemental Environmental Assessment that concluded PG&E appealed that ruling to the Supreme Court in January 2007, but the Court declined to review the case. As a result, the NRC completed a supplemental analysis that considered the environmental impacts of a potential terrorist attack on the Diablo Canyon ISFSI. The NRC found that the probability of a successful attack on the Diablo Canyon ISFSI is very low and that, in the event of a successful attack, the radiation dose to members of the public near the facility would be below the dose limit for workers in the nuclear industry. NRC staff therefore issued a Finding of No Significant Impact.


In response to the supplemental environmental impact statement, MFP filed several five contentions before the NRC Commissioners. MFP argued that NRC staff did not disclose supporting documentation, failed to adequately consider land contamination and latent human health effects from a terrorist attack, made improper assumptions, and failed to consider credible threat scenarios. The Commissioners accepted the first two of these contentions. In response, NRC staff released further documentation, and iIn July 2008 the NRC Commissioners held a hearing regarding on the second contention. 


 


The NRC has not announced a date for a finalits decision. Until a decision is made, the Diablo Canyon ISFSI license remains valid, and PG&E retains full authority to begin operating the facility as planned.


Sources: San Luis Obispo Mothers for Peace; Santa Lucia Chapter of the Sierra Club; Peg Pinard v. Nuclear Regulatory Commission: Opinion by Judge Thomas On Petition for Review of an Order of the Nuclear Regulatory Commission. Page 6096. (U.S. Court of Appeals for the Ninth Circuit No. 03-74628 June 2, 2006). Accessed: October 3, 2006. <http://www.ca9.uscourts.gov/ca9/newopinions.nsf/ 2BFBC6088AF13AA98825718000723C79/$file/0374628.pdf?openelement>; Pacific Gas and Electric Company. Petitioner v. San Luis Obispo Mothers for Peace, et al. Docket 06-466 (U.S. Supreme Court October 3, 2006). Accessed: March 23, 2007. <http://www.supremecourtus.gov/docket/06-466.htm>; U.S. Nuclear Regulatory Commission. "NRC Seeks Public Comment on Supplemental Environmental Assessment for Diablo Canyon Spent Fuel Storage Facility." News Release. May 29, 2007; U.S. Nuclear Regulatory Commission. Memorandum and Order. CLI-08-01. January 15, 2008; U.S. Nuclear Regulatory Commission – Atomic Safety and Licensing Board. “Order Granting NRC Staff’s Unopposed Motion For Summary Disposition Of San Luis Obispo Mothers For Peace’s Contention 1(B).” Docket No. 72-26-ISFSI. May 14, 2008; and U.S. Nuclear Regulatory Commission. “Hearing: Diablo Canyon Subpart K Proceeding, Oral Arguments.” July 1, 2008, page 4. Accessed: July 15, 2008.





Experiences with Land Use Following Decommissioning


The Maine Yankee nuclear plant occupied 820 acres during its years of operation. After the plant was shut down in 1996 and decommissioning activities were completed, the operator of the plant received approval from the NRC to release the majority of the plant site from NRC oversight. Remaining under NRC oversight is the ISFSI, which is located on 8.5 acres with a surrounding security zone of 300 meters in all directions. (The security zone was increased to 300 meters due to design basis threat regulations and conditions specific to Maine Yankee.) The remainder of the land is divided among the former plant owner, which retains between 100 and 150 acres of the original land; a 400 acre mixed-use development that incorporates a clean technology park; and a non-profit organization that will maintain the remaining area as open space with public access. 


Another New England power plant, the Connecticut Yankee plant at Haddam Neck, has also completed the decommissioning process. The plant’s owner, Connecticut Yankee Atomic Power Company, recently issued a request for Expressions of Interest for development at the old plant site. More than 580 acres once occupied by the nuclear plant may ultimately be made available for development. Within this tract of land, the plant’s ISFSI occupies 5 acres with an additional 70 acre security zone to remain under NRC regulation as long as the ISFSI remains.


The Sacramento Municipal Utility District’s (SMUD) Rancho Seco nuclear facility was shut down in 1989. Since that time, SMUD has built a 500 MW natural-gas fired power plant less than one mile from the former nuclear plant and a solar photovoltaic plant less than one-half mile from the former nuclear plant. Approximately 1,200 acres were set aside in 2006 for a nature preserve to the east and south of the former plant location. The Rancho Seco Recreational Area located approximately 1.5 miles to the west includes a 160-acre lake and 400-acre park. A separate wildlife refuge adjoins the park on the southwest. 


Sources: Electric Power Research Institute. Maine Yankee Decommissioning Experience Report: Detailed Experiences 1997-2004 , pages 1-2, 8-11. Accessed: June 18, 2008. <http://www.maineyankee.com/public/pdfs/epri/my%20epri%20report-2005.pdf.>; Coastal Enterprises, Inc. “Maine Yankee Power Plant.” Accessed: June 10, 2008. <http://www.ceimaine.org/content/view/12/24>;   Connecticut Yankee. “The Connecticut Yankee Atomic Power Plant.” Accessed: May 20, 2008. <http://www.connyankee.com/html/future_use.asp>; Connecticut Yankee, “Haddam Neck Point, Haddam, Connecticut: Property Fact Sheet,” page 4 <http://www.connyankee.com/_pdf/CY_Property_factsheet_F.pdf >;   and Sacramento Municipal Utility District. “Rancho Seco Nuclear Facility.” Accessed: June 4, 2008. http://www.smud.org.





Tourism Revenues


Tourism revenues in San Luis Obispo County, where Diablo Canyon is situated, result primarily from visitor spending on recreation, hotels, restaurants, shops, and other entertainment venues. In 2006, the tourism industry accounted for 11 percent of county employment and 12 percent of sales tax receipts. In addition, travel spending in San Luis Obispo County accounted for 4 percent of total spending and exceeded $1 billion. 


Economic Impacts of Tourism and Visitor Spending, 2006


County�
Employment (jobs)


(percent of total)�
Travel Spending ($ Million)


(percent of total)�
Sales Tax Receipts ($ Million)


(percent of total)�
�
San Luis Obispo�
16,610


(10.6%)�
1,085


(4%)�
29.7


(11.8%)�
�
Orange�
86,430


(2.3%)�
8,307


(4.7%)�
210.2


(6.2%)�
�
San Diego�
114,230


(3.4%)�
10,556


(5.2%)�
281.3


(9.9%)�
�



San Diego and Orange Counties, which are both adjacent to SONGS, also receive economic benefits from tourism. As shown in Table 1, the percentage of workers employed in the tourism industry and percent of the county’s sales tax receipts that come from tourism are lower than in San Luis Obispo County, but travel spending as a percent of total spending is slightly higher. Tourism revenue results in part from beach-going visitors. San Onofre State Beach is considered a major tourist attraction, and the area is particularly known for its surfing. Trestles Beach, to the north of SONGS, is considered one of the premier surfing locations in California due to the ideal sedimentary outflow of the San Mateo and Christianos Creek drainages. Visitor spending by surfers at San Clemente and Trestles Beach contributes significantly to Southern Orange County’s and Northern San Diego County’s local economies. A 2007 socioeconomic survey estimated that surfers visiting Trestles provide an economic impact of from $8 million per year to $13 million per year to the City of San Clemente. Looking beyond just Trestles Beach, another study estimated the overall economic value of San Clemente’s beaches at about $37 million per year. Total travel spending in Orange and San Diego counties exceeded $18 billion in 2006.


Sources: California Division of Tourism. “California Travel Impacts by County 1992-2006.” Prepared by Dean Runyan Associates. March 2008. Accessed: June 18, 2008. http://www.deanrunyan.com/pdf/ca07p.pdf; McKee, B. “The Future of Trestles.” Surfer Magazine. Accessed: April 24, 2008. http://surfermag.com/features.oneworld/trestles/index.html; Nelsen, C. L. Pendleton, and R. Vaughn. “A Socioeconomic Study of Surfers at Trestles Beach.” Accessed: April 30, 2008. http://www.surfrider.org/surfecon/Trestles2007-WP1.pdf; and King, P. “Economic Analysis of Beach Spending and the Recreational Benefits of Beaches in the City of San Clemente.” <http://userwww.sfsu.edu/~pgking/sanclemente%20final%20report.pdf>.





Indian Point Replacement Power Study


In 2006 the National Research Council published a review of options available for replacing the power produced by the 2,000 MW Indian Point nuclear plant. The report identified no insurmountable technical barriers to the replacement of Indian Point power; however, significant financial, institutional, regulatory, and political barriers would have to be overcome.


For the report, the National Research Council assumed that new generating capacity would come primarily from high-efficiency natural gas combined-cycle units. Accordingly, they found that the expected economic impact of replacing the Indian Point units would be heavily dependent on the cost of natural gas. They also emphasized that there would be an overall increase in carbon dioxide emissions from this substitution of fossil fuel for nuclear fuel.


The report points out that it is reasonable to expect that replacing the nuclear plant, which has low operating costs and depreciated fixed costs, would raise the ultimate cost of electricity to consumers. The report estimated that the net change in the wholesale electricity price solely due to shutting down Indian Point might be an increase of $7 per MWh for the New York Control Area and $13 per MWh in New York City, by 2015. The analysis underling these values accounted for load growth and scheduled retirements and utilized the “higher” fuel price forecast. (Note that even the gas prices in the report’s “higher” fuel price scenario are lower than current prices.)


In order to shed some light on how similar the results of such an analysis would be for the replacement of a nuclear plant in California, one must be mindful of the enormous uncertainty present in the report’s numbers. The price of natural gas has risen significantly since the report’s issuance, California’s wholesale and retail electricity markets are different from New York’s, and the state is more dependent on natural gas than New York is. Nonetheless, the replacement of nuclear capacity with natural gas capacity would also likely raise the price of wholesale power in California, as the report expected in New York. Furthermore, California’s greenhouse gas regulations would likely limit the utility’s ability to replace the carbon-free nuclear power with gas generation.


Source: National Research Council, Committee on Alternatives to Indian Point for Meeting Energy Needs. “Alternatives to the Indian Point Energy Center for Meeting New York Electric Power Needs.” ISBN: 0-309-66231-1. 2006, pages 1, 70-74.





CPUC Framework for Evaluating Cost-Effectiveness of License Renewal


The CPUC established a framework for evaluating a possible Diablo Canyon license renewal in response to a PG&E December 2005 request for $16.8 million for a license renewal feasibility study. The CPUC approved the requested funds and ruled that PG&E must submit the study to the CPUC by June 30, 2011, along with an application that addresses the results of the Energy Commission AB 1632 study, the cost-effectiveness of license renewal, and any legislative framework that may be established for reviewing the costs and benefits of license renewal. The study is to include a scoping analysis to review the structures, systems, and components at Diablo Canyon that would be reviewed under the NRC license renewal process; an aging analysis of the identified components; and a draft environmental assessment, which is required by the NRC application. The CPUC plans to review the study and the application and make a determination regarding license renewal by 2013. 


Following the framework established for Diablo Canyon, SCE requested $17 million for a license renewal feasibility study for SONGS as part of its 2009 General Rate Case. The proposed study has the same scope as the Diablo Canyon feasibility study. SCE proposed to submit the study to the CPUC in 2011 together with an application that includes a cost-effectiveness analysis. Following CPUC approval, SCE would then submit a license renewal application to the NRC. The CPUC is expected to rule on SCE’s General Rate Case including funding for the proposed study in late 2008. 


Sources: California Public Utilities Commission. ”Opinion Authorizing PG&E’s General Rate Case Revenue Requirement for 2007-2010.” D.07-03-044, pages 102-103; Pacific Gas & Electric. “PG&E Response to AB 1632 Study Report Data Requests.” Docket No. 07-AB-1632, question G.1.; and Southern California Edison. “SCE 2009 GRC Testimony Part 2.” Volume 2, A.07-11-011, pages 9-11.
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Generation Technology�
Nuclear�
Oil/Gas�
Wind�
Solar Thermal�
Geothermal�
Biomass�
�
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�
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0.75�
0.08�
0.15�
0.39�
0.46�
0.86�
�
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0.84�
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0.67�
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$92,000�
$132,400�
n/a�
$19,800�
$46,300�
$51,100�
�
Source: California Energy Commission. “Socioeconomic survey of power plants in support of the Environmental Performance Report.” 2005.
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�Spell out PSHA in figure.


�Spell out in this figure.


�Reference No. 158 has ?  in the reference.  Is that a typo?


�You should reference the NAS SNF storage safety and security report, since some disagree with this conclusion.


�Reference??


�Note PG&E’s comments say they have two roads accessing Diablo Canyon.


�Isn’t this true?  Reason for deleting?


�Should mention Commissioner Boyd’s letter to SCE expressing concerns about the safety culture at SONGS (see Committee Report).  Should note the California’s State Liaison Officer to the NRC has expressed concerns.  This supports one of the Committee’s recommendations that the CEC continue to monitor NRC’s investigations and activities with respect to SONGS.


�It’s more than just being well trained.  It’s employees and management having a strong “safety first” dedication and accountability.


�Do you mean an “extended major disruption”?  These plants have periodic disruptionsfor plant refueling, maintenance, kelp clogging, equipment malfunctions.  Didn’t the Executive Summary say that this is a problem for SONGS, but not Diablo Canyon?  Check that this section is consistent with the  Executive Summary findings.  Explain “lack of spinning reserve capacity”.


�This is inconsistent with statement in last paragraph in previous page.


�Meaning?


�Explain.


�However, financial considerations may delay projects.  PG&E announced recently a delay in a planned project due to financial considerations.  


�What about the cost impacts (replacement power plus plant repair)?


�Can you put this into perspective for the reader?  For example, Stage 2 emergencies are when the reserve margin falls below 5% and voluntary load reductions may be undertaken.  When the reserve margin falls below 1.5%, mandatory load curtailment programs go into effect (you’ll need to check on this).   


�Aren’t these statements true?  Why delete?  I think these are important points, although steam generators can be cut up and shipped offsite as was done at Rancho Seco.


�Does this reflect statements in PG&E’s and SCE’s comments on the Draft report?


�Explain why new nuclear power plants built inland aren’t an option (CA statutes). 


�Please add the information that Commissioner Boyd wanted included in the Committee report explaining why operating costs for Diablo Canyon and SONGS are relatively low mainly because large capital costs were passed on to ratepayers.


�Can one assume low capital costs for new nuclear power plants given that some recent estimates project new construction costs at $7-9 billion per reactor?  Check out the Florida Power & Light estimates for a new reactor.


 


�Should mention when AB 32 is first discussed in this chapter that the 2007 IEPR concluded that substantial economic, environmental, and regulatory barriers to developing new nuclear power plants in California mean that new nuclear plants cannot be relied upon, at least in the near term, to meet California’s AB 32 GHG reduction goals by 2020.


� Would help to provide somewhere a perspective on the relative importance of transportation when compared to electricity generation in reducing GHG emissions.   
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