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Abstract

The spent fuel pool (SFP) at Taiwan Power Company’s (TPC’s) Chinshan plant lost the full core offload (FCO) capability in 2010, even with the second SFP reracking project to expand the capacity as reported in 12PBNC. The TPC had originally planned to move some spent fuel assemblies from SFP to dry storage facility, however, the dry storage project had seriously fell behind. Thus, it is required to address insufficient FCO capability, and the following contingency measures have been employed:   
1. The first step was to explore whether there was a specific regulatory requirement for FCO capability, and none were identified. Also, the industrial experiences were explored.
2. The refueling strategy is changed from FCO to in-core shuffling. A feasibility evaluation performed indicates that Technical Specifications require: (1) alternate method of decay heat removal, and (2) verification of shutdown margin for each in vessel fuel movement. Specific methods have been successfully established.

3. A safety evaluation for operation without FCO capability was performed, and no safety concerns were identified.

4. The risk for operation without FCO capability was assessed. The previous operational experiences were reviewed to identify specific works that require FCO, and none were identified. Moreover, such works are not expected in subsequent cycles.

5. The new fuel vault is used to store new fuel assemblies. The criticality analysis has been performed and some new approaches are proposed to enhance the storage flexibility as reported in 17PBNC.

6. An inter-unit transfer cask has been designed to transfer spent fuel from the SFP of one unit to the other. The FCO capability can be effectively extended for three more years with this consideration.

The TPC discussed the contingency strategy with the ROCAEC in May 2006, and the ROCAEC’s concurrence was attained. With the proposed strategy, Chinshan units have been operating smoothly.
1. Introduction

The Chinshan Nuclear Power Station consists of two BWR-4 units rated at 1804 MWt.  The spent fuel pool (SFP) at Chinshan Nuclear Power Station lost the full core offload (FCO) capability in early 2010, even with the second SFP reracking project to expand the capacity to the maximum extent possible as reported in the 12th PBNC.1 A plan view of the SFP is shown in Fig. 1. Each of the Chinshan SFPs contains 14 rack modules with a total cell count of 3083 storage cells.
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Figure 1 Layout of Chinshan Spent Fuel Pool 

The Taiwan Power Company (TPC) had originally planned to use the dry storage facility near the end of 2009 as a contingency plan, i.e., to obtain the permit and complete the loading of some spent fuel assemblies to two dry storage casks prior to the end of 2009. Due to the political environment and the opposition from local government as well as NGOs, the dry cask storage project had been seriously delayed such that option to remove spent fuel from the SFP for dry storage could not be implemented prior to loss of the FCO capability.
The importance of the FCO capability had been emphasized during the licensing application for the SFP reracking projects, especially the implication of forced shutdown following loss of the FCO capability. Since the nuclear generation cost for the TPC is much lower than that for other energy sources, the TPC’s three operating nuclear power plants carry the important function of balancing the huge loss suffered from the inability to raise electricity tariff. The forced shutdown of the Chinshan units will not only lead to a huge loss due to the much higher replacement energy cost, but also a significant reduction in the electricity reserve and grid stability, which in turn will lead to significant impact to the economic growth. Thus, it is very important for the TPC to address insufficient FCO capability and keep the Chinshan units operating. The following contingency measures have been employed by the TPC:
1. Explore the Regulatory Requirements and industrial Experiences: Our first step was to explore whether there was a specific regulatory requirement for the FCO capability, and no explicit requirements from either the Republic of China Atomic Energy Council (ROCAEC) or the U.S. Nuclear Regulatory Commission (USNRC) regulation were identified. Also, the industrial experiences in the U.S. were explored.
2. Change the refueling strategy from full core offload to in-core shuffling: A feasibility evaluation for the in-core shuffling practice was performed, it was identified that Technical Specifications require for the in-core shuffling practice: (1) an alternate method of decay heat removal, and (2) verification of shutdown margin for each in vessel fuel movement during fuel loading sequence. To address this, an alternate method of decay heat removal and a calculational method for shutdown margin have been established and also approved by the ROCAEC.

3. Assess the potential safety concerns for operation without the FCO capability: A safety evaluation was performed to assess the potential effects for operation without the FCO capability, and no safety concerns were identified.

4. Assess the risk for operation without the FCO capability: A study was performed to assess the need to offload the core to perform inspection or repair works. The past operational experiences at Chinshan were reviewed, and no such works were identified. Moreover, a review of the future operation and maintenance plan indicated that the possibility of needing the FCO in the subsequent cycles is very small. Full core offload is only needed for repair or replacement works performed with a low RPV water level. Through consultation with the reactor vendor, the equipment or systems which may need the FCO action to perform such works include: core shroud, core plate top guide, shroud support plate, CRD guide tube, RPV bottom drain, etc. Since the Chinshan plant is not expected to perform such works in the subsequent cycles, the risk for operation without the FCO capability is very low.
5. Use the new fuel vault (NFV) to store new fuel assemblies: The TPC requested the fuel vendor to perform the NFV criticality analysis for the ATRIUM-10 fuel design currently used at Chinshan. Originally, the vendor estimated that number of assemblies allowed to be stored in each SFP would be limited severely to about 60. To enhance the storage flexibility, TPC proposed some new approaches as reported in the 17th PBNC and consequently all the 130 locations are allowed to store fuel.

6. Develop an Inter-Unit Transfer (IUT) system to allow sharing the capacity of Chinshan Units 1 and 2: Although the Chinshan plant is not expected to be in need of the FCO capability, in order to minimize the risk for operation without the FCO capability, a special transfer canister has been designed to transfer spent fuel from the SFP of one unit to the SFP of the other unit, in case additional space is needed in one specific unit. With the SFP capacity of the two units considered jointly, the FCO capability can be effectively extended for another three years.

The TPC discussed the contingency strategy for operation without the FCO capability with the ROCAEC on May 8, 2006. The ROCAEC did not raise any concerns on the TPC’s strategy. With the proposed strategy, Chinshan Units 1 and 2 have been operating smoothly without the FCO capability.
2. Explore the Regulatory Requirements and Industrial Experiences
The importance of the FCO capability had been emphasized during the licensing application for the SFP reracking projects, especially the implication of forced shutdown following loss of the FCO capability. It seems that many stakeholders are under the impression that the FCO capability is a regulatory requirement, therefore, this issue needs to be addressed very carefully. Our first step was to explore whether there was a specific regulatory requirement for the FCO capability, and the conclusion reached was that the ability to fully offload the core is not a regulatory requirement from either the ROCAEC or the USNRC regulation, but an operational consideration to maintain operational flexibility. The significance of the FCO capability has been well described in some relevant statements provided in Reference 2 (given by Mr. William Russell, the then Director for the Office of Nuclear Reactor Regulation of the USNRC): 
· Although core reserve or full core reserve is not a requirement, it is very much on the minds of the utilities who need to plan for the possibility of operation and maintenance and the need to have a full core reserve.

· In most cases facilities have maintained a full core off-load capability.  There have been periods of time when they have been expanding pools or others that maybe for a short period of time they did not have that, but generally the practice has been to have the capability to off-load the core to be able to perform inspections, but that is not an NRC requirement.   

· Our requirements are to ensure the capability to cool the fuel and maintain it long term in the vessel.  If they had a requirement to perform an inspection and they were not able to perform that inspection, they would either have to get relief or shut down and not operate until such time as they could perform the inspections.
Also, the INPO experts had been consulted during a technical exchange visit to the TPC headquarter in September 2006. They concurred that the FCO capability was not a regulatory requirement and suggested that the works require FCO be completed prior to the loss of the FCO capability.
Regarding the industrial experiences, our exploration indicates that the Arkansas Nuclear One (ANO) Units 1 and 2, San Onofre Unit 1 and Indian Point Unit 3 have the experience of operating without the FCO capability.  For the case of ANO Units 1 and 2, ANO-1 operated without the FCO capability around 1998-1999,3 and later was able to maintain margin to the FCO capability through dry cask loadings.  ANO-2 had not maintained the FCO capability post-outage for a longer period.  Essentially, a large amount of dry cask has to be loaded post-outage to recover the FCO capability for the upcoming refueling outage, and following the next refueling outage, the FCO capability is again lost due to discharge assemblies.  In some cases, ANO-2 has went for 13-15 months prior to restoring the FCO capability via dry cask loading campaign in an 18 month cycle.4
For San Onofre Unit 1, the SFP was designed to store 216 spent fuel assemblies, and following the refueling outage in August 1988 only about 15 unfilled spaces remained.5 Therefore, the plant would not be capable of refueling at the following refueling outage scheduled in 1990 unless additional space was made available by transshipment. Fuel was transshipped from San Onofre Unit 1 around 1989 to the SFP in Unit 2 (70 fuel assemblies), and then again approximately a year later to the SFP in Unit 3 (118 assemblies).6
Indian Point Unit 3 operated without the FCO capability around 2009, a minimum of 96 fuel assemblies must be removed from the SFP by the end of 2010 to restore the full core reserve capability prior to the spring 2011 refueling outage and ability to receive new fuel.7
3. Change the Refueling Strategy from Full Core Offload to In-core Shuffling
A feasibility evaluation for in-core shuffling strategy has been performed. All the relevant safety systems, Technical Specifications, and operating procedures have been carefully reviewed to ensure that all the potential issues for operation without the FCO capability are addressed. Two major tasks are completed: (1) Identify the problems that may be encountered due to the use of in-core shuffling strategy, and propose the solutions, such as the need to complete volume reduction works for control rod blades, and the need to utilize a special fuel gripper to store fuel in 94 cells in the SFP periphery. (2) Complete the planning of the outage schedule for the in-core shuffling practice.
Full core offload refueling practice had been employed at Chinshan in the past, the main reasons are that: (1) Technical Specifications require one RHR shutdown cooling subsystem to be operable with irradiated fuel in the reactor pressure vessel, otherwise, it is required that an alternate method of decay heat removal be established. For the Chinshan design, all the RHR shutdown cooling subsystems could be inoperable simultaneously due to some maintenance activities (such as Valves E11-F009 and E11-F008); and (2) an alternate method of decay heat removal was not available in the past because the heat removal capability for the SFP cooling systems was insufficient; during the full core offload period, cooling assistance with RHR systems was already needed in order to avoid undesirable high pool temperature. Thus, an alternate method of decay heat removal was not available and full core offload refueling practice had been employed instead.
As a result of the capacity increase for the second SFP reracking project,1 two new SFP additional cooling systems have been added to facilitate removal of the increased decay heat load as well as to meet the more restrictive acceptance criteria specified in the Standard Review Plan for the SFP reracking issued by the ROCAEC.  Since the heat removal capability of the newly added cooling systems far exceeds that of the existing cooling systems, the results of the thermal-hydraulic analyses performed indicates that the available margins to safety limits are significantly improved. Subsequently, an alternate method of decay heat removal utilizing the enhanced (new and existing) SFP cooling systems has been successfully established and the ROCAEC approval also has been obtained, this allows the TPC to remove the previous constraint and implement the in-core shuffling refueling strategy.
It was also identified that Technical Specifications require the verification of shutdown margin for each in vessel fuel movement during fuel loading sequence, for the in-core shuffling practice. Thus, a shutdown margin calculation method has been submitted to the ROCAEC and approval has been obtained. A computer program for the planning of in-core fuel shuffling sequence has also been developed.
4. Address the Safety Concerns
A safety evaluation was performed to assess the potential effects for operation without the FCO capability on the design bases of the Chinshan plant, and no safety concerns were identified. The main issues addressed are:
In the Chinshan FSAR, the safety analyses which may be related to “offload the fuel from the core to the SFP” include the safety analyses in Chapters 6 and 15, as well as the SFP cooling analysis in Chapter 9. Although the FCO capability is very important for the operational flexibility, a review of the safety analyses in Chapters 6 and 15 indicates that none of the analyses involve the FCO operation since it is not a safety requirement. Even for the most severe Loss of Coolant Accident (LOCA), the requirement is just to ensure that the long term cooling capability in the core is maintained, and the analysis results indeed demonstrate that the long-term cooling ability can be maintained. Therefore, operation without the FCO capability has no effects on the safety analyses in Chapters 6 and 15.
For the SFP cooling analysis in FSAR Chapter 9, operation without the FCO capability will limit the amount of fuel that can be discharged from the core to the SFP. In the very unlikely event that a need for the FCO action occurs, part of fuel in the SFP must be removed first (such as utilizing an IUT system to transfer spent fuel to the SFP of the other unit as described in Sec. 7) prior to full core of fuel can be discharged from the core to the SFP. For the thermal-hydraulic analyses assuming normal refueling practice, the maximum decay heat load and consequently the maximum SFP temperature, occurs shortly after the time at which all the fuel have been discharged from the core to the SFP. For this unlikely event, the time duration from shutdown to all the fuel discharged to the SFP will be prolonged and the maximum decay heat load will be reduced; thus, margin for the maximum SFP temperature actually will be increased.
The potential safety effects for changing the refueling strategy from full core offload to in-core shuffling were also addressed, and the main safety issue identified is the need for an alternate method of decay heat removal while all the RHR shutdown cooling subsystems are inoperable. As described in Sec. 3, an alternate method of decay heat removal utilizing the enhanced SFP cooling systems has been successfully established, and this allows the TPC to change the normal refueling strategy from full core offload to in-core shuffling.
5. Assess the Risk for Operation without the FCO Capability
A study was performed to assess the need at Chinshan to offload the core to perform inspection or repair as well as the risk for operation without the FCO capability. The past operational experiences at Chinshan were reviewed, and it was found that there are no instances in the Chinshan history that need to offload the full core to perform inspection or repair works.
Full core offload is only needed for repair or replacement works performed with a low RPV water level. Through consultation with the reactor vendor, the equipment or systems which may need the FCO action to perform such works include: core shroud, core plate top guide, shroud support plate, CRD guide tube, RPV bottom drain, etc. Moreover, a review of the future operation and maintenance plan indicated that the possibility of requiring such works is very small in the subsequent cycles. Since Chinshan plant is not expected to perform such works, the risk for operation without the FCO capability is very low.
6. Use the New Fuel Vault to Store New Fuel Assemblies
Prior to 2008, the new fuel vault had never been used and the practice by the TPC was to temporarily store the fuel assemblies in the shipping containers after the new fuel delivered to the plant, until the new fuel inspection work was started at approximately two months before the outage. After the inspection work had been completed, the fuel assemblies were loaded directly into the SFP. Starting from 2009, this practice has been revised since the fuel vendor would only provide a small amount of the shipping containers for storage of the new fuel; therefore, after the new fuel assemblies are delivered to the site, majority of them must be stored either in the NFV or the SFP. With the insufficient SFP storage capacity, the use of the NFV to store fuel assemblies becomes extremely crucial.
The original new fuel vault criticality analysis for Chinshan was performed by GE for the initial fuel design (GE 8×8), although many new fuel designs had been used at Chinshan, no reanalysis had been performed while licensing the use of those designs, e.g., ATRIUM-10 reported in the 14th PBNC,8 because the new fuel vaults had never been used and it was not anticipated that they would be used in the future. Therefore, the TPC requested the fuel vendor to perform the analysis for the ATRIUM-10 fuel design currently used at Chinshan.9 Although each of the NFV contains 130 locations, the fuel vendor originally provided an estimate that the number of fuel assemblies allowed to be stored would be limited to only 60 per vault. To enhance the storage flexibility and preclude the abnormal location incident, the TPC proposed some innovative new approaches which are not part of the vendor’s analysis method: (1) All assemblies are assumed in vendor’s standard method to contain a single limiting lattice for entire fuel length, it is suggested that axially zoned limiting lattices be selected based on characteristics of reloads to be delivered, and this significantly improves flexibility. (2) The maximum k-effective equation used by vendor was corrected (manufacturing tolerances were conservatively mistreated). Also, the vendor typically used 0.95 k-effective as the criterion, it is suggested that NUREG-0800 requirement (<0.98 for optimum moderation conditions) be applied. After several iterations, all the 130 locations are allowed to store fuel. The analysis report has been approved by the ROCAEC in June 2008.
7. Develop an Inter-Unit Transfer System

In order to minimize the risk for operation without the FCO capability, an IUT system has been developed for transferring spent fuel from the SFP of one unit to the SFP of the other unit, in case additional space is needed in the SFP of one specific unit. For simplicity, this IUT system makes use of the transfer cask, the auxiliary equipment, and the transporter (dolly) available from the TPC’s dry storage project at Chinshan. The modifications needed for the inter-unit transfer and repeated shipment have been implemented; mainly, the transportable storage canister of the dry storage project has been modified to have a bolted lid to allow repeated opening and closure. With this consideration, the FCO capability can be effectively extended for another three years. It is noted that inter-unit transfer is not a new idea, transport cask had been used at San Onofre around 1989 to transport fuels from Unit 1 to Units 2 and 3 as described in Sec. 2.6 Also, transport cask has been used at South Korea’s Kori nuclear power plant from 2002 to transport spent fuels from the SFP of one unit to the SFP of another unit at the same site.10 KHNP has transferred 504 fuel assemblies using KN-12 in Kori site without any problems from November 2002 to early 2007.
The safety analysis report for the IUT system was submitted on June 6, 2009 to the ROCAEC for review and approval. After all the review questions were clarified, this report was approved on February 3, 2010. The storage canister for the IUT system has been shipped to the Chinshan site on November 30, 2010, and a dry run exercise has been completed in October 2011 (steps for moving the transfer cask and canister into the SFP are not included in the exercise).
8. Conclusions
Although operation without the FCO capability is not considered a regulatory issue, the TPC reported this issue and discussed the contingency measures for operation without the FCO capability with the ROCAEC on May 8, 2006. The ROCAEC concurred that the FCO capability is only an operational risk issue for the utility, not a specific regulatory requirement. The ROCAEC did not raise any concerns on the TPC’s strategy.
An alternate method of decay heat removal utilizing the SFP cooling system has been successfully established and approval by the ROCAEC also has been obtained. Also, method for calculation of shutdown margin and the NFV criticality analysis have been reviewed and approved by the ROCAEC. With the strategy, Chinshan Units 1 and 2 have been operating smoothly without the FCO capability.
The TPC’s Kuosheng units will also encounter insufficient SFP storage spaces (and FCO capability) around 2016, similar strategy could be developed if needed (such as utilizing the reactor building upper pool to store fuel assemblies that have decayed for a long time and with very insignificant decay heat load).
Acknowledgments

The author would like to express his sincerest appreciation to Dr. Y. B. Chen and Dr. S. Chang of the ROCAEC for the full insight of the issue, and the very valuable and constructive advices. Appreciation is extended to T. F. Chen, J. T.  Lee and many other engineers at the Chinshan site and the TPC headquarter, for the extensive efforts on addressing the extremely cumbersome works involved.
References

1. P. H. Huang, “Criticality Analysis for Second Spent Fuel Pool Reracking at Chinshan Nuclear Power Station,” Proceedings of 12th Pacific Basin Nuclear Conference, Seoul, Korea, Oct. 29 - Nov. 2, 2000.
2. United States Nuclear Regulatory Commission, “Transcript for Briefing on Status of Dry Cask Storage,” May 30, 1996.

3. United States Nuclear Regulatory Commission, SECY 99-069, “Exemption from 10 CFR 72.212 AND 72.214 Conditions of Use for the VSC-24 Dry Storage Cask at the Arkansas Nuclear One Independent Spent Fuel Storage Installation,” March 5, 1999.

4. E-mail,  J. H. McCoy and R. G.  Heuertz (Arkansas Nuclear One) to R. F. Su (Taiwan Power Company), “Re: Capability of Full Core Offload Reserve in Spent Fuel Pool,” September 1, 2005.
5. United States Nuclear Regulatory Commission, “Issuance of Amendment No. 63 to Facility Operating License No. NPF-10 and Amendment No. 52 to Facility Operating License No. NPF-15 for the San Onofre Nuclear Generating Station, Units 2 and 3 (TACS 66970 AND 66971) (Dockets 50-361 and 50-362, ML021980192),” June 22, 1988.
6. E-mail, Jorge Morales (Southern California Edison) to P. H. Huang (Taiwan Power Company), “Re: Information Related to the On-Site Fuel Movements at San Onofre Unit 1,” October 08, 2009.
7. Entergy Nuclear Operations, Inc., NL-09-076, “Indian Point Nuclear Power Plant Units 2 and 3 Application for Unit 2 Operating License Condition Change and Units 2 and 3 Technical Specification Changes to Add Inter-Unit Spent Fuel Transfer Requirements,” July 08, 2009.
8. P. H. Huang, and L.Y. Liao, “Critical Issues from Licensing of ATRIUM-10 Fuel at Taiwan Power Company’s BWR Units,” Proceedings of 14th Pacific Basin Nuclear Conference, Honolulu, HI, Mar. 21 - 25, 2004.
9. P. H. Huang, “New Fuel Vault Criticality Analysis at Chinshan Nuclear Power Station with New Approaches to Improve the Storage Flexibility,” Proceedings of 17th Pacific Basin Nuclear Conference, Cancún, Q.R., México, October 24-30, 2010.
10. E-mail, B. K. Jun (Korea Hydro and Nuclear Power Corp.) to P. H. Huang (Taiwan Power Company), “Re: Information Data for Spent Fuel Transfer Cask,” January 18, 2007.
























PAGE  
17

