AEC Response to Preliminary Questions TOPIC-1a
	Questions and Responses 

	1. Chapter 2.1.3.3 Chinshan: If there are deviations "the station shall follow relevant procedures to carry out safety evaluation and take corrective actions: .... "
    a) Do the other sites have the same requirements?  

             b) How often since the Fukushima-Daiichi accident cases of non-conformance have been reported to AEC?

 c) Are non-conformance information processes with information of AEC also in force for other aspects of nuclear safety and were they laid down (e.g. operation manual)?
    d) And for which plants?
(a) Yes, all the nuclear power plants follow the same requirements.
(b) There has one non-conformance case, regarding the unprotected ECW system from the specified tsunami run-up height, been reported to AEC by KSNPP, since the Fukushima-Daiichi accident.
(c). Yes, it is carried out in accordance with SOP 1115.01 (The control procedure for the case which does not meet the quality requirement.), all the non-conformance information will be submitted to the AEC in all aspects.
(d). All NPPs are required to follow.


	2. The plant condition for the evaluation of plant robustness regarding external hazards shall be examined on the most unfavourable operation state permitted under plant specification.

The country file doesn’t provide information on shutdown states and doesn’t provide information regarding spent fuel pool safety. Will the analysis be completed?

1. Spent fuel pool is designed to SSE.

2. R/B overhead cranes in CSNPP and LMNPP and fuel building overhead crane in KSNPP are designed as single-failure-proof crane, and normally parked at the place far away from the upper space of the fuel storage pool and the reactor core.

3. Refueling platform is made of seismic class I structure. Under the normal condition, this platform is parked on the lower floor region which is located in between the fuel pool and the reactor core, with the rails of the supporting structure of the said platform placed along the fuel storage pool and both sides of the reactor core. Therefore, it is evident that no falling accident during an earthquake event is expected.

4. Based on NEI 06-12 B.5.b strategy, two additional pipes have been installed to provide water to spent fuel pool using fire engines, one is 500 GPM makeup water, another is 200 GPM spray water.


	3. The kuosheng and Chinshan nuclear power plant are very close. Some of their external hazards, though of the same order of magnitude, are not totally consistent. Do you consider making theses design hazard consistent through the periodic safety review?
The distance between KSNPP and CSNPP is more than twelve kilometres. Accordingly, there are some different design parameters such as local precipitation and seismic conditions. TPC conducted periodic safety review every 10 years before Fukushima event and found the monitoring records were enveloped by FSAR except newly identified seismic sources. Sanchiao fault was announced as a category 2 active fault in 2007. It became a common control earthquake source to KSNPP and CSNPP. TPC started a seismic hazard re-evaluation since four years ago. After TPC finalizes the re-evaluation, KSNPP and CSNPP would have a consistent seismic hazard.


	4. Regarding external hazard that may induce common failure cause (earthquake, tsunami, heavy rain, high wind), due to the proximity of Kuosheng and Chinshan, do you plan to consider the multisite issue for the definition of mobile and crisis management means and organisation?
For multisite issue induced by external hazard, CSNPP and KSNPP have to be autonomous in terms of beyond design safety systems and mobile means to deal with the event individually. However, “Emergency Planning Executive Committee” in TPC headquarters can redistribute between sites and support what site need in a timely manner.



	5. Do you consider that each reactor and its fuel pools must be autonomous in terms of beyond design safety systems and mobile means?
Yes, we consider that each reactor and its fuel pools must be autonomous in terms of beyond design safety systems and mobile means. Several mobile means have been set up, Including mobile diesel generators, fire trucks, mobile pumps, etc. And NEI 12-06 will be followed, in which N+1 mobile means is a requirement.
 

	6. What is the design requirement of crisis management centre? What will be their updated requirement?

CS:
The Technical Support Center was located in non seismic category I building.  After Fukushima accident, CSNPP has relocated its Technical Support Center and Health Physics Center to Unit 2 Seismic Category I Combination Structure Building (CSB) 3rd Floor and its Operation Support Center to Unit 1 Seismic Category I CSB 3rd Floor. The new design is to assure continued function till end of the External Hazards.
KS: 
Based on NUREG-0696 "Functional Criteria Emergency Response Facilities" requirements, TSC needs to have emergency ventilation filtration systems and radiation shielding, continuous monitoring of the online process parameters and radiation detection instruments, in the case of severe nuclear accident appropriate habitability, but no buildings seismic strength requirements. After the Fukushima nuclear accident AEC required power plants to build the based-isolated emergency response facility. The specifications of the facility are the same as MSNPP.
MS:
Refer to MSNPP’s report 6.4.2 (page 203): the habitability of control room, TSC and the accessibility to the site control and sampling point.
TSC is designed to maintain its availability and habitability during the accident. It has independent power source, radiation protection, and life necessities. 

The main control room of each unit of the MSNPP is equipped with 2 groups of emergency venting system, to maintain the capability of positive pressure and inhale filtering and meet the requirements of NUREG-0696 Functional Criteria for Emergency Response Facilities. Therefore if there is radioactivity release (including the fuel buildings) in any accidental situations, the habitability of the main control room can be maintained. For the site control and sampling point, the safety related facilities and all sorts of equipment are designed not to be impacted by site radiation condition. If the repair worker must enter site for urgent repair of the safety related facilities and equipment, or take URG strategies to use mobile equipment, the required radiation protection measures are described in the Section 6.1.2.2. If the compound disasters like Fukushima accident happen resulting in the long term loss of AC power and service water heat sink, the site control and sampling point can still be accessed via current procedures, but the long-term habitability of the main control room and TSC cannot be maintained.

As to the updated requirements, a new emergency response facility will be completed by TPC before June 30, 2016. The requirements of the facility are described below:
The building should be base-isolated, flood-proof, independent, and equipped with filtered ventilation, emergency power and radiation shielding, accessible to critical parameter information about reactor core, spent fuel pool and containment, with capability of internal and external communication, supplied with subsistence material and with sufficient working and resting space. The base isolated building uses review level earthquake (RLE) of 0.7g defined in NTTF 2.1 as an input motion.
LM:
After Fukushima accident, AEC required TPC to build a new emergency response facility completed before June 30, 2016. 
The specifications of the facility are the same as MSNPP.


	7. The reports use metric units and non metric units. The units in the safety demonstration and in the installations should be unified. Do you consider this risk in terms of human factors?
CS:
English System was used in CSNPP original design and in operating procedures in whole numbers (such as 1 psig, 2 psig, 10 psig, 50 psig, for Drywell pressure. 135 psig, 350 psig, 500 psig, 850 psig, 1000 psig, 1005 psig, 1055 psig, etc. for Reactor Pressure) which are easy to remember.  Once changed to Metric, they will become fraction of numbers and difficult to remember. However, Operation Manuals and Emergency Operating Guidelines now have Metric System marked next to the corresponding English System. We don’t have this risk in terms of human factors
KS: 
Only metric units used on spot, so we don’t have the risk in terms of human factors. For example, It is described that the rated flow of RCIC is 600gpm (37.85 l/s) in the report, Only metric units (37.85 l/s) used in the control room.
MS:
In general, metric unit and English unit are marked at the same time. But specifications provided by equipment manufacturers, either in metric unit or in English unit, are directly referenced. So far, no personnel operation negligence resulted from the relevant problem has ever occurred.
LM:
Only metric units are used.



	8. What is the operating experience in terms of seismic impact on nuclear power plant in Taiwan? What is the higher acceleration already measured on each site?
CS, KS:
Largest earthquake after CSNPP commissioning was Magnitude 7.3 Chi-Chi earthquake located in the middle of Taiwan on 9/21/1999 which caused Taiwan south and north power grid disconnected and blackout in North Power Grid.  CSNPP and KSNPP maintained cold shutdown using their own EDGs, and incorporated this experience into their procedures.
The highest acceleration ever measured in free field at CSNPP is 0.037g on 9/21/1999.
The peak ground accelerations measured by seismic instrumentation are from 0.0013 g at auxiliary building to 0.052 g at containment structure.
MS:
Since the construction of this plant, the site has experienced the effects of two strong earthquake events, namely the Chi-Chi Earthquake that occurred on September 21, 1999 and the Hengchun Earthquake that occurred on December 26, 2006. 0.165g was the maximum measured acceleration at free field for 2006 earthquake. Measured accelerations of these two earthquakes did not exceed OBE (0.2 g) level.

LM:
Since April 2004, the highest peak acceleration already measured at ground level on Lungmen site was 28.53 gal (horizontal) on August 30, 2010.



	9. What is your assessment of the Kashiwasaki-Kariwa earthquake on Japanese seismic regulation, and its relevance for Taiwan regulation?
NISA announced that the lessons learned and new information acquired from Kashiwazaki-Kariwa earthquake should be incorporated into the Seismic Design Safety Review (Back-Check) at all of Japan’s nuclear power plant. The major impact is the need to evaluate the margin to accommodate the beyond design earthquake and to evaluate if there is any potential weakness to cause differential settlement due to earthquake which was the root cause responsible for the fire in KKNPPs during 2007 NCO earthquake. In addition, all the underground fire water pipes should be moved above-ground for easy maintenance and repair which was the root cause responsible for not being able to extinguish fire at KKNPP for more than 2 hours.

Besides, almost at the same time, Taiwan Central Geology Survey (CGS) announced that Sanchiao Fault is a category 2 active fault which was recognized not a capable fault during CSNPPand KSNPP design and construction phases. 
Due to these new evidences, TPC has completed the differential soil settlement evaluation for 3 operating NPPs, and has started a supplementary geological investigation for all 4 NPP sites following USNRC regulatory requirements. TPC also started Seismic Margin Assessment (SMA) as well as Seismic Probabilistic Risk Assessment (SPRA) in order to assure the plant safety under beyond design basis earthquake event. 
Basically, since all the units are from USA, USNRC requirements are followed. However, since Taiwan is very similar to Japan in earthquake environment, AEC regularly required TPC to follow Japanese regulations and to implement Japanese experience on a case by case basis. 


	10. What is the design reference for the installation (is it a design spectrum (which one) or a set of conventional seismic signals)?
CSNPP and MSNPPs use RG1.60 Design Response Spectrum. KSNPP design spectrum was developed by Bechtel and LMNPP by local experts based on site specific geological data.


	11. How is defined the seismic design spectrum. Is this spectrum adequate regarding Taiwan seismicity (acceleration/frequency)?
SSE is defined as a free surface ground motion at the foundation level. The measured accelerations since operation are small except MSNPP data in 2006. In this earthquake event, 0.165g maximun acceleration was measured at free field surface. Measured accelerations of this earthquake did not exceed OBE (0.2 g) level. And after comparing the measured response spectrum with the design spectrum, it is found that the design spectrum is still adequate.


	12. Original design code use a specific distribution for seismic signal between the horizontal and the vertical signal. Was this distribution from the original design code adequate for Taiwan seismicity? Will this transposition evolve in case of near active fault?
There is no indication showing inadequacy. It was architectural engineers (AE) company which defines the H/V ratio (but not less than the NRC requirement). Since there was no capable fault near nuclear power plants when the plant was designed, the effect of near active fault was not considered.


	13. Is the design spectrum the only design parameter? How is taken into account the earthquake duration and its cumulative effects on structures systems and components.
Time history was developed based on design spectrum and SSE. The duration of design acceleration history is adjusted to comply with US NRC Standard Review Plan requirements. Seismic category I structures were required to perform dynamic analysis accordingly.


	14. When was the seismic floor response spectrum of each building floor that house safety functions established?
During design phase the floor response spectrum had been established for components design.


	15. What is the reason of the difference of acceleration for the loss of offsite power in Chinshan and Kuosheng?
The major vulnerability of the offsite power system is in the configuration of the ceramic isolators, which may be different for different plants. The difference in the fragilities of offsite power for CSNPP and KSNPP are due to engineering evaluations by different consultant experts when each plant developed its first seismic PSA model. The seismic PSA of KSNPP was conducted in 1983, while for CSNPP, it was 1988. We are now in the process of updating the seismic PSA models, including seismic hazards and fragility assessment, the differences will be re-examined to make the analyses more consistent. 


	16. What is your appreciation of the 0,4g peak ground acceleration value for nuclear power plant compared to the 0,35g used for classical civil engineering structures in Taiwan?
When 0.4g occurred, most of the responses of safety-related structures are still in elastic range. However, 0.35g used for classical civil engineering structures following local regulation or building code would allow structure with plastic behaviour. Besides, since the response spectrum and approach used for nuclear power plant are quite different from that used in building code, it is found, for example, the design base shear force for CSNPP combination structure where the reactor is housed is 2.58 times if building code is used.

	17. What would be the impact of important ground motion and a higher vertical component on the sites (in particular some structures may be more sensitive than others: heat sink and its pipes, raw water reservoir and pipes, drainage systems, buried pipes…)?
CS:
From CSNPP’s existing 0.3g DBE design, the following have been or is going to be upgraded: 
1. Raw water reservoir has been evaluated good for 0.42g.
2. Fire water pipe from Raw Water Reservoir to the plant has been upgraded to 0.5g.
3. Two (2) Safe Shutdown paths are now under evaluation for Design Basis Earthquake upgrade from 0.3g to 0.4g.
KS: 

All the safety-related SSCs were designed as seismic category I of 0.4g in KSNPP. For the water sources that are needed for emergency core cooling will be upgraded its seismic resistance as the following:
1. Raw water reservoir has been re-evaluated and planned to enhance its seismic resistance to 0.48 g.

2. Fire water pipe from Raw Water Reservoir to the plant has been re-evaluated, the results showed that there is no significant concern. Therefore, no enhancement is required. 
MS:
1. Any structures, systems, and components not related to safe shutdown but adjacent to safety-related structures, systems, and components (SSC) are upgraded to an upper seismic resistance level. This is to ensure that the collapse of the non-safety related equipment would not affect the safety-related ones.(Refer to MSNPP’s  report 2.1.2.3.1. page 9)
2. MSNPP is carrying on an upgrading program to make the underground reactor raw fire water pipes above-ground and to improve the seismic resistance of the raw water tank and its related pipes. (Refer to MSNPP’s  report 2.1.2.3.6.(3)，page 11)
3. Although MSNPP has no concern on earthquake induced flood, TPC will, following the suggestions proposed in the report “Seismic resistance evaluation and structure enhancement of the raw water storage tanks of NPP1, 2, 3” issued by Sinotech Engineering Consultants Ltd., enhance the structures of the two 50,000 ton raw water reservoir, the 5,000 ton fire water tank, and the 2,000 ton raw water reservoir to upgrade their seismic resistance. (Refer to MSNPP’s  report 2.2.3.3, page 28)
LM:
There is no particular impact on most of the Lungmen civil structures. However the higher vertical component of the site-specific Design Response Spectra may result in procurement and/or design difficulty for some subsystem and components on the piping systems located at higher elevation of the building.



	18. Please identify the kind of information used in SHA in addition to standard earthquake catalogues (y/used, n/not used):

1.Data from specific historical research on earthquakes

y/n
y
2.Paleoseismological data





y/n

n
3.Microseismic data obtained from site-specific observation networks y/n
n
4.Geological/geodetic data on active faults (slip rates)

y/n
y

	19. Does SHA include data describing seismic sources (= active faults) in addition to earthquake data in order to compensate for any lack or deficiency in the seismological data?
Due to the fact that Sanshiao and Hengchun faults are close to NPPs, only PSHA considered this active fault effect.


	20. Which methodology has been used?

a. PSHA

b. PSHA with logic tree approach

c. Deterministic 
d. SHA based on Expert’s judgement

e. Mixed approach
All the methodologies have been used in different stage and for different purposes.

	21. The definition of seismic source zones and ground motion attenuation are key issues in the implementation of SHA. Have epistemic uncertainties related to these parameters been modelled through PSHA, e.g., by developing logic trees or Monte Carlo Simulation?
Yes, both uncertainty due to knowledge and inherit randomness in earthquake motion were considered in PSHA.


	22. Has the database or the methodology for SHA been updated during the operating lifetime of the nuclear power plants in order to cover data recorded in the elapsed time and to incorporate recent scientific findings? Did this process result in changes of the Design Basis Earthquake?
TPC updated SHA after supplementary geological survey conducted since new active faults were identified. This process did not result in changes of the Design Basis Earthquake.


	23. Has SHA been subjected to a peer review process or to IAEA Safety Missions?
SHA peer review is required according to the applicable standard.

	24. Some recent PSHA studies for Taiwan show that peak ground acceleration variation is high for Taiwan north east side, but is still bellow 0,4g on the sea shore, with a 2475 year return period with 50% of confidence. What is your analysis of possible peak ground acceleration value for a higher return period (10.000 year), or a higher level of confidence on the Lungmen Design Basis Earthquake?
LM:
The peak ground acceleration value for a higher return period (10,000 year) is 0.63 g in accordance with previous study made by NCREE in 2004. The new PSHA study of LMNPP site based on USNRC NTTF 2.1 is still on going.



	25. Seismic classification of systems and components should be explained, in particular regarding their adequacy regarding the local seismic floor response spectrum which is different according to their implementation inside the installation.
Structures, systems, and components (SSCs) important to safety are designed to withstand the effects of a safe shutdown earthquake and remain functional. They are required to remain functional to ensure: (1) the integrity of the reactor coolant pressure boundary, (2) the capability to shutdown the reactor and keep it in a safe condition, and  (3) to prevent or mitigate the consequences of accidents that could result in potential offsite exposures comparable to the guideline of 10CFR100. The seismic classification list is given in table of FSAR 3.2. And the floor response spectrums are generated for the SSCs inside the buildings.


	26. How will Chinshan seismic qualification of systems structures and component will be updated when the Design Basis Earthquake will be upgraded to 0,4g.
CS:
USI A-46 methodology will be used to evaluate Safe Shutdown path systems/ equipment for 0.4g and to reinforce where needed. Besides, all the safety-related structures will be analyzed to 0.4g and to reinforce the structures where necessary.



	

	27. What is the operating experience on the availability of seismic instrumentation? Is there any passive seismometer installed? How are they used?
CS:
We have 21 real earthquake experiences recorded by the Kinemetrics Condor system since 2005 to validate our seismic instrumentation. The trigger level of 0.01g and 0.02g for strong motion recorder are used to address EPRI NP-6695 “Guidelines for Nuclear Plant Response to an Earthquake” for plant structure and system walkdown.
KS: 
The operating experience of seismic instrumentation is similar to CSNPP since KSNPP is about 12km distance from CSNPP.
MS:
The seismic monitoring instrumentation system is the most useful for monitoring earthquake effect. For the past 20 years, the system’s function has been good and stable. It is always reliable and sensitive to detect any strong earthquake as the acceleration exceeds the set point of 0.015g.

Since 2002, a set of low range seismic sensors was added to this system’s free field channel such that it was able to detect any low scale earthquake with ground acceleration greater than 0.001g. 

The seismic monitoring system had recorded two consecutive severe earthquakes (up to Richter’s scale 6.9 magnitude) on December 26, 2006 at 20:26 and 20:34. The highest acceleration measured at free field was 0.165g in horizontal axis which was really a shock to all the TPC staff on site then. But these two earthquakes were still below the OBE setpoint. During this event, Maanshan unit #2 was manually tripped due to many alarms and dust falling from ceiling at main control room while the unit #1 was able to keep in stable operation. After the earthquake, the plant staff conducted a walkdown of all important equipment with emphasis on anchorages and found no significant damage that might be a concern for safe operation.

As for the Automatic Seismic Trip System (ASTS), it was installed between 2005 and 2006 for both units. For conservative consideration, the ASTS was put into off-line test status after the installation to avoid spurious reactor scram. It was observed for a period of about one year reliable operation, it then was put into service on November 29, 2007. The ASTS performance has been good and reliable since it went into service.

The third seismic instrumentation system is called System ID. It was a newly installed system since 2010. The trigger point for its data recorder is 0.02g, if the peak acceleration exceeds 0.08g the data must be sent to a contracted university for further analysis. We still have not any earthquake greater than 0.08g since 2010. 
LM:
According to LMNPP's report, the seismic instrumentation system has been put into services for only about half a year since this January. There has not been any operating experience on the seismic instrumentation triggered by a significant earthquake so far. 
The terminology of “passive seismometer” is not commonly used in Taiwan. Please clarify.


	28. Is the site seismic instrumentation used to improve the knowledge on attenuation laws that are used to define local peak ground acceleration’s?
Yes, when site effect was not included in the attenuation laws, the site seismic instrumentation is used to improve the knowledge on attenuation laws that are used to evaluate local peak ground acceleration.


	29. Is the site seismic instrumentation used to improve the knowledge of the filtering and amplification by structure of earthquakes?
Yes, seismic system identification instrumentation is deployed in operating NPPs to improve the knowledge of the filtering as well as the structural amplification. 


	30. Will all the auxiliary systems necessary for active safety functions for emergency power supply be upgraded to seismic class 1 if it is not the case?
For all NPPs, all auxiliary systems necessary for active safety functions of emergency power supply are designed as Seismic Category I. So there is no SSCs seismic level enhancement under consideration.


	31. Will the post accident monitoring system be seismic class 1
All post accident monitoring system in four NPPs is designed as Seismic Category I.


	32. The fire system can be used to provide additional water if required. Some part of this system are seismically classified class 1, some are class 2. Do you consider upgrading all the class 2 components?
CS:
The fire protection water systems for Safety Shutdown related areas are all designed to Seismic Category I.  After Fukushima accident, all fire protection water pipings from the Raw Water Reservoir to the plant are upgraded to 0.5g.
KS: 
No, every upgrade shall first be evaluated, And there are many backup measures to do the same function.
MS:
Refer to MSNPP’s report 2.1.2.3 (page 11), all fire protection equipment in safe shutdown related zone is classified as seismic category I in MSNPP.  Even the associate pumps, the pipes are all classified as seismic category I. So there is no need for MSNPP to upgrade all the class 2 components.
LM:
The new resolution of RAP-LM-04-03-002 described as follows:

According to the results by run-out flow calculation in fire water system, nearly 4 hour available for operator to manually close the isolating valve. LMNPP does not consider upgrading all the class 2 components. 

According to the RAP-LM-04-03-001, the make-up water pipe between the raw water reservoir and the fire system will be moved above-ground so that it can be visually inspected and repaired as soon as it has any damage. Part of the pipes is designed flexible and supply is designed SC IIA to improve it seismic resistance



	33. 34. Chapter 2.1.2.3 indirect effects of the earthquake taken into account:

Did you take into account for all sites and plants all items as: 

1) induced in plant flooding,

2) induced fire event, 

3) loss of off-site power 

4) excavation and backfill 

5) Personnel and equipment? 

If yes, why wasn't it mentioned?

CS:
Items including earthquake induced plant flooding, fire event, loss of off-site power and delay of personnel & equipment’s arrival at plant site, are taken into account and discussed in Section 2.1.2.3 “Indirect effects of the earthquake taken into account” in stress test report.

As to excavation and backfill, CSNPP has procedure 1361 delineating requirements for excavation and backfill work. CSNPP excavation and backfill contracts all require the contractors to include price for transporting the leftover excavated soil to licensed deposit area. CSNPP compound disaster accident prevention and mitigation facilities and adjacent areas currently have no excavation work. The ongoing pipe trench excavation work for the addition of redundant raw water piping is on the slope of the small hill on the other side of Chien-Hwa Creek away from the plant. The excavation and refill will not affect the plant safety. 

KS: 
Items have been mentioned in stress test report Section 2.1.2.3 “Indirect effects of the earthquake taken into account,” including flooding impact to building, loss of off-site power, the required manpower and facilities and earthquake induced fire event. Excavation and backfill has been discussed in Section 2.2.3.1 page 40.
MS:
Items have been mentioned in Stress Test Report Section 2.1.2.3. “Indirect effects of the earthquake taken into account,” including flooding impact to building, loss of off-site power, the required manpower and facilities and earthquake induced fire event, excavation and backfill has been evaluated.

LM:
Items including earthquake induced plant flooding, fire event, loss of off-site power and delay of personnel & equipment’s arrival at plant site, are taken into account and discussed in Section 2.1.2.3 “Indirect effects of the earthquake taken into account” in stress test report. Excavation and backfill has also been discussed in Section 2.1.2.3. No construction of this plant is built on an excavation-and- backfill land. Since all safety related equipment and structure sit on a solid rock base, there exists no possibility of soil liquefaction. The earthquake wouldn’t affect the plant safety due to soil liquefaction. An operating procedure 1208 “Excavation and Back-fill Engineering” was issued to instruct and control quality of all excavation and back-fill constructions. This procedure is to assure that any excavation and back-fill construction won’t affect plant building structure and seismic resistance of the pipes.


	34. Chapter 2.1.2.1 Key systems structures and components required to achieve safe shutdown : Are the answers to the question above valid for the nuclear power plants of all 4 sites? If not, please specify for all sites or plants.
Yes, the key SSCs specified in the stress report are required to achieve safety shutdown by definition.


	35. Were indirect effects of the earthquake taken into account, including failure of systems or components that are not designed to withstand the design basis earthquake and that, in loosing their integrity could cause a consequential damage of systems structures and components  that needs to remain available (leaks or ruptures of pipes generating flooding).
Failure of systems or components which collapse could cause consequential damage to SR systems (II over I) has already been considered in the plant design. Internal flooding analysis for tank/piping leaks or ruptures has also been considered. And important oil tank have overflow protected walls around. Raw water reservoirs on site which were not designed against SSE also have been upgraded for their seismic resistance. Accumulated water on all floor ground is gathered by drainage holes on the floor and transferred to the sumps inside the buildings. Then, the water is sent to different liquid waste treatment systems via sump drainage pumps for treatment and drainage toward outside of buildings. Besides, each plant has followed flooding event procedure.


	36. The Kuosheng report shows a fuel transfer tube between two fuel pools. This transfer tube seems to cross 3 civil engineering structures, with 3 different rigidity, based on two different slabs. Do you consider this transfer tube as a weak point?
For fuel transfer system piping and valves, fuel transfer system hoists, fuel transfer tube penetration sleeve, bellows and blind flange, fuel storage racks in spent fuel pool, upper reactor building pool, and new fuel storage vaults and the transfer tube, all the structures are seismic category I design. It is considered appropriately.

	37. The report doesn’t identify structural weak points on which to focus for beyond design robustness analysis or to identify operating precautions (PWR equipment hatch when opened, Kuosheng fuel transfer tube, fuel handling)… What are the weak points identified regarding reactor types and operating states?
Weak point is the SSCs which failure could contribute to core damage or even worse state. Since all the safe related buildings were designed as seismic category Ⅰand usually the structures are with large design margin, we haven’t found any structure could be the weak point for the design basis event. However, for the beyond design basis event, the weak points of the SSCs are identified through system PRA analysis, and the resulting cliff edge showed where the weak points are. 

As to the fuel transfer tube, it is a seismic category I design in KSNPP, and there is no fuel transfer tube in LMNPP (ABWR design). 



	38. What are the precautions taken regarding high energy pipes or pipes that can contain inflammable gases (H2)? Are these pipes included in the seismic walkdown?
Yes, seismic walkdown includes high energy pipes or pipes that can contain inflammable gases (H2). Two checklists from EPRI 1025286 (Seismic Walkdown Checklist and Area Walk-By Checklist) are used during seismic walkdown. No. 6 of AWC "Does it appear that the area is free of potentially adverse seismic interactions that could cause a fire in the area" requests seismic walkdown team to check high energy pipes or pipes that can contain inflammable gases (H2) in the area.

An as-built inspection of the high-energy pipe break mitigation features shall be performed. The as-built inspection shall confirm that systems, structures and components, that are required to be functional during and following an SSE, are protected against the dynamic effects associated with high-energy pipe breaks. An as-built inspection of pipe whip restraints, jet shields, structural barriers and physical separation distances shall be performed. For pipe whip restraints and jet shields, the location, orientation, size and clearances to allow for thermal expansion shall be inspected. The locations of structures, identified as a pipe break mitigation feature, shall be inspected. Where physical separation is considered to be a pipe break mitigation feature, the assumed separation distance shall be confirmed during the inspection. 



	39. What is the influence of current fuel pool filling up regarding (including considering future fuel pool management evolution)? 

· Design loading? 

· Beyond design loading?

· Tearing risk of liners

· Cooling systems for beyond design accidents

CS:
a. Design loading

There are two SFP cooling systems to cool the SFP and the SFP cooling mode of RHR system also can be used to maintain adequate cooling. SFPCS has three cooling pumps (one operating, two in stand-by) with rated flow rate 500 gpm each for "design loading". SFPACS has two cooling pumps (one operating, one in stand-by) with rated flow rate 1200 gpm each for "design loading". The CST and DST can maintain the water level of SFP.

b. Beyond design loading

Besides the design loading, we still can use the above method ( 2~3 SFPCS pumps). Besides, two independent external installed pipes (fire truck or fire pump, at least 500 gpm makeup capacity and 200 gpm spray capacity) and BCSS system (250 gpm) are used to maintain water level.

c. Tearing risk of liner and cooling systems for beyond design accident

Based on NEI 06-12, CSNPP deploys flexible equipment (fire truck or fire pump) in 2 hours to supply at least 500 gpm makeup water or at least 200 gpm spray cooling water to SFP via the newly installed penetrating pipe of reactor building.
KS:
· Design loading
There are two cooling pumps (one operating, one in stand-by) with rated 
flow rate 1360 gpm each for "design loading" and the spent fuel pool cooling mode of RHR system can be used to maintain adequate cooling. The emergency make-up pumps (50 gpm each) are used to keep water level filled.
· Beyond design loading
Besides the design loading, the above method is used and fire hose (fire truck or fire pump) are used to maintain water level.
· Tearing risk of liner and cooling systems for beyond design accident,
KSNPP can deploy flexible equipment in 2 hours to supply at least 500 gpm makeup water or at least 200 gpm spray cooling water to SFP via the newly installed penetrating pipe of fuel building.
MS:
· Design loading
Each unit has two trains of independent SFP cooling system. Each train has 100% capacity of cooling water pumps, heat exchangers and associated pipelines; all of these are Seismic Category I design. Power of SFP Cooling water pump is supplied by safety-related buses A/B-PB-S01. In case of loss of off-site power, power can be provided by emergency diesel generator or gas turbine generator. Component Cooling Water (CCW) system provides cooling water to SFP heat exchanger, then, heat is transferred to Nuclear Service Cooling Water (NSCW) system from CCW. Finally heat is dissipated into ultimate heat sink (South Bay). The power of CCW and NSCW pump is also provided by safety-related buses A/B-PB-S01. In normal operation, each train is designed to have the capability to remove the heat generated by following sources: the total fuel assembly off loaded 150 hours after reactor shutdown, 72 fuel assemblies off loaded during previous cycle, and all the spent fuels historically off loaded. Any train of SFP cooling system can remove a total of 2,160 fuel assembly heat loads and maintain pool temperature less than 140F. The maximum design capacity of SFP cooling system is to remove all the following heat loads: the total fuel assembly off loaded 150 hours after reactor shutdown, 72 fuel assemblies off loaded 36 days ago, and all the spent fuels historically off loaded. For the maximum loads, SFP cooling system can maintain pool temperature less than 150F.
· Beyond design loading
Beyond the design loading, we can use two independent newly installed external pipes (fire truck or fire pump, at least 500 gpm makeup capacity and 200 gpm spray capacity) to maintain water level.
· Tearing risk of liners?
Based on NEI 06-12, MSNPP developed the spent fuel pool makeup/spray processes described above in the SOP 1451.2.
· Cooling systems for beyond design accidents
When the beyond design accidents happened, the spent fuel pool makeup/spray processes will be used to remove heat by evaporation.

LM:
Design loading
There are two parallel 250 m3/h pumps to provide a system design flow of 500 m3/h. AND the spent Fuel pool cooling mode of RHR system can be used to maintain adequate cooling.
Beyond design loading

Besides the design loading, the above method is used and fire hose (fire truck or fire pump) are used to maintain water level.
Spent fuel pool is considered as a part of the reactor building structure.

Reactor building is seismic I design including spent fuel pool.

If integrity of reactor building can be maintained during disasters, the integrity of spent fuel pool also can be maintained, too.

If spent fuel pool leaks or loses cooling system, LMNPP implements NEI 06-12 to supply makeup and spray water to SFP.


	40. Robustness analyses are based on the fact that the reactor scrams as required. As this function would generate a cliff edge effect if it doesn’t occur do you consider that increased criteria shall be applied to this particular function for beyond design analysis (better than 5% of probability of failure).
Although the ATWS event has been considered in the EOP procedure, in the stress test of seismic events, we did consider the failure to scram due to the deformation of fuel channel caused by earthquake (for example, according to the screening analysis result of the equipment seismic capacity, the seismic capacity of all equipment related to the control rod insertion are greater than the screening value, HCLPF=0.9g in LMNPP). Besides, the Automatic Seismic Trip System (ASTS) could activate the control rod insertion at the very beginning when earthquake is detected. The boron injection can also be used to shutdown the reactor as well. However, it is not credited in the test conservatively.


	41. In terms of beyond design behaviour, tanks and electrical systems are commonly identified as sensitive components. The resistance value claimed for beyond design for such components in Taiwan are relatively high. Are they due to particular design measures?
The resistance values of tanks (e.g. Condensate storage tank) and electrical systems (MCCs or relays) are taken from the results of the fragility analysis in the seismic PSA. They are relatively high due to the required high seismic design basis in Taiwan. 


	42. What is the range of the earthquake severity above which loss of fundamental safety functions or severe damage to the fuel in fuels pools become unavoidable?
CS:
Design Basis Earthquake is 0.3g for CSNPP.
Therefore, if earthquake severity large than 0.3g, the safety system may be inoperable.
KS: 
The fuel storage building, including structures and systems, is designed as Seismic Category I under the guidelines of USNRC Regulatory Guide 1.29.  It is designed to remain functional in the event of an SSE (0.4g).
MS:
According to our FSAR, the spent fuel storage facility and the fuel racks are designed to remain functional following a safe shutdown earthquake (0.4g).
LM:
All safety-related LMNPP structures, components, and systems are classified as Seismic Category I which shall remain functional after the event of a 0.4g SSE. 


	43. What is the link between safety classification and seismic classification? Some safety class system may be seismically classified in class 2 for which the design earthquake is the OBE. If an earthquake occurs, some operating procedure uses the design basis earthquake criteria and the OBE criteria to decide to continue operation or make an inspection of the plan. What is the consistency of these different operating procedure on the different nuclear power plant?

Safety classification usually refer to the quality group, Class 1, 2, 3 in safety classification corresponds to quality group A, B, C and they are usually refer to NSSS scope. While the seismic classification is specific to the seismic design requirement. So, for those safety related SSCs, they belong to safety class and subjected to 10 CFR 50 App. B nuclear quality assurance program, and they belong to seismic category I, have to resist the SSE to perform the designated function. In ASME nuclear piping code, where seismic category I piping is also divided to class 1, 2, or 3, for structures or equipment. We use the term seismic “category” instead of seismic “class”.

Hopefully these explanations could clarify the confusions, and so it should be clear that the operating procedures for earthquake response are consistent in this regard among the plants in Taiwan.


	44. When OBE is almost reached (<), some procedures may allow continuing operation without an inspection. Do you consider that this is adequate for non seismic components that are safety class or for seismic class 2 components for which the OBE is the design criteria?
For all NPPs, if the seismometer triggers an alarm, even the earthquake neither reaches the SSE set point nor to the OBE warning level, the on-shift manager /on-shift supervisor still has to follow the 500 series earthquake response operating procedure, to check the important parameter’s indication status in main control room and conduct a walkdown to check the operability of component, examine and judge the damaged condition of the equipment and its anchorages, carry out initial system evaluation, determine whether to continue operation, shutdown in sequence, or shutdown manually.



	45. What is the risk of seismically induced ground packing on systems that are not based on the reactor building slab, for design basis earthquake, beyond design basis earthquake and near field earthquake?
We do not understand the meaning of “seismically induced ground packing”



	46. In the robustness analysis for some components, some absolute acceleration values for the loss of functions are very High (3 to 5 g for the loss of confinement for instance). What are the methods and criteria that are used for such studies, when were there performed? Do you consider updating these values?
The fragility analysis is the method used to obtain the SSCs fragility. The fragility analysis is a part of plant seismic probabilistic risk assessment (SPRA) and was performed during the SPRA project of each plant. The fragility values should be updated when the new guideline is issued. For the time being, there is no evidence to suggest that those calculations should be updated.



	47. What is component and failure mode assessed for beyond design containment failure?

The beyond design capacities of the containments were analyzed during the PSA study. The followings are the results:
1. Seismic:

CS: the critical failure mode of the combination structure was determined to be the flexural failure of the east-west shear wall, estimated at <7.5 g> (median).

KS: the failure mode with the lowest capacity for the reactor building is the failure of the wall due to impact with the auxiliary building, estimated to be <2.0g> (median). But this failure mode is expected to be local failure, though it will create a potential leak path. 

MS: the failure mode of the containment exterior shell is the shear failure of the wall, estimated at <5.8g> (median value).

LM: to be provided

2. Overpressure:

CS: the failure pressure of the containment is 170 psig (median) corresponding to the failure mode of membrane tensile failure of suppression chamber shell. 
KS: the failure pressure of the containment is 53 psig (median) corresponding to the failure mode of breach at the personal air lock assembly.

MS: the failure pressure of the containment is 182 psig (median) corresponding to the failure mode of hinging at the base of the cylinder wall.

LM: to be provided

 

	48. What is the seismic robustness of water intake structures?
CS:
Emergency Pump House is designed as Seismic Category I and Normal Circulating Pump House is designed as Seismic Category II.
KS:
Seismic category I for ECW (Emergency Circulating Water system) while seismic II for CW (Normal Circulating Water system).
MS:
Based on FSAR Section 3.8.4.1.8, the nuclear service cooling water structure , e.g., intake water tunnel, intake pool, and pump house, are Seismic Category I structures.
The design basis for ground horizontal acceleration is 0.4g. Thus, the possibility of intake water tunnel damaged by earthquake is very low. The wall of tunnel bank is strong structure located on rock. The possibility of collapse due to earthquake to block pump suction is also low.(Refer to MSNPP’s  report  5.1.4.2.(3), page 144)
LM:
LMNPP safety-related RBSWPH (Reactor Building Services Water Pump House) is designed as Seismic Category I structure.


	49. Is the relative position of structures and building regularly measured?

TPC has measured differential settlement of buildings of CSNPP, KSNPP and MSNPP once a year since 1986 and found results acceptable. 
As for LM, since LMNPP has not carried out fuel loading yet. According to procedure “DONG-CV-5.4-T”, TPC will plan to measure differential settlement of buildings once a year after commercial operation.



	50. What is the seismic resistance of containment venting and filtering function?

CS:
The containment venting and filtering systems including Standby Gas Treatment System and added “Hardened Vent”, were designed as seismic category I .

The specification of planned FCVS is under preparation. It will also be designed as Seismic Category I.
KS: 
The containment venting and filtering systems, both Post Accident Purge Supply Unit and Standby Gas Treatment System Exhaust Unit were designed as seismic category I
MS:
MSNPP’s containment ventilation and filtering function was designed as seismic category I.
LM:
The Containment Overpressure Protection System (COPS) which includes Standby Gas Treatment System and hardened vent, etc. are Seismic Category I design. 


	51. How is verified the integrity of fuel tank regarding Design Basis Earthquake?

CS:
850 thousands Ton Oil Tank, EDG Oil Day Tank, 5th EDG Fuel Oil Day Tank and Fuel Oil Storage Tank are all designed as Seismic Category I.
KS: 
Emergency D/G fuel oil tanks are seismic category I, they can withstand the condition of DBE. Moreover, the integrity can be verified by various alarms such as “fuel oil day tank level low” and “fuel oil low pressure”.
MS:
Emergency diesel generator systems and Components are designed as seismic category Ⅰ, they can withstand the condition of DBE. (Refer to MSNPP’s  report 2.1.2.1.B.1, page 7)

LM:
The fuel storage tanks of EDGs are designed as Seismic Category I equipment.



	52. What would be the impact of a near field earthquake in fuel pool water inventory?

CS, KS, MS:
After the 2007 Kashiwaski-Kariwa earthquake, AEC required all the NPPs to install the waterproof plates around the spent fuel pool to prevent water spilling from the pool. Moreover, per NEI 06-12 the alternate spent fuel pool water make-up and spray equipment and piping were newly installed to ensure water inventory.
LM:
Spent Fuel pool water would be spill out of the fuel pool during a near field earthquake. To avoid the spent fuel pool water overflowed by the earthquakes, the design of installing the plate around the spent fuel pool has been completed. Moreover, the alternate spent fuel pool water make-up and spray equipment and piping are planned to ensure water inventory.


	53. What is the seismic resistance of employee’s dormitory? Are they at least stable under design basis earthquake to guarantee that these people will be available for plant rescue if needed (and will not need rescue themselves)?
NPP employee’s dormitory was designed in accordance with Taiwan building code. They will be stable when suffered from an earthquake specified in the code. 


	54. Is the safety case of impact of load dropping from a crane studied?

CS:
According to the station’s calculation and evaluation for the impact to the refuelling floor structural integrity due to 100/10 Tons overhead crane falling down. The crash impact force to refuelling floor will cause smaller crack in concrete. Refuelling Floor shall not be damaged and the structural integrity can be maintained.
Note: The overhead crane was upgraded to have single-failure-proof capability to avoid potential load drop accident during dry cask campaign starting this year.
KS: 
There are two crane dropping cases evaluated as the following:
i. spent fuel pool
According to the station’s calculation and evaluation for the impact to the Spent Fuel Pool structural integrity due to heavy materials falling down: the weight of Cask Crane is 244,000lbs, 30’-4” height above the floor; the weight of Service Crane is far lighter than that of Cask Crane; the height of Fuel Handling Platform above the floor is very low. Therefore, the impact force of the crash of Cask Crane with Cask and its hangers (The total weight of Cask and its hangers is 220,000lbs) is the maximum. Its average crash impact force onto RC wall is 14.82 N/mm2 far smaller than RC concrete crack intensity of 23.8 N/mm2 so that RC wall shall not be damaged and the Spent Fuel Pool structural integrity can be maintained.

Cask Crane rail is designed to carry equipment and components only in the outside area of East Pool so as not to damage the fuels in Spent Fuel Pool in case of material falling down. Service Crane is usually parked in the east of East Pool where is far away from Spent Fuel Pool so as not to damage the fuels in Spent Fuel Pool in case of material falling down.
Note: The overhead crane will be upgraded to have single-failure-proof capability to avoid potential load drop accident during dry cask campaign.
ii. upper pool
According to the station calculation and evaluation for the impact to the Upper Pool structural integrity due to heavy materials fall down: the weight of Polar Crane is 583,930lbs, 26’-1 1/2”in height above the floor; the height of refuelling Platform above the floor is very low. Therefore, the impact force of Polar Crane with RPV Top Head and its hangers (The total weight of RPV Top Head and its hangers is 165,000lbs) of heavy materials falling down above 7 floor is the biggest. Its average impact force onto RC wall is 7.4 N/mm2 far smaller than RC concrete crack intensity of 29.8 N/mm2 so that RC wall shall not be damaged and the Upper Pool structural integrity can be maintained.

Polar Crane is usually parked far away from the Upper Pool in order to avoid falling to damage the Upper Pool. The 360-Degree Reactor Vessel Work Platform above Reactor Cavity shall not be moved to above the Upper Pool during outage so that there is no safety concern to the fuel.
MS:
In case the crane falls flat on, the stress formed instantaneously as calculated previously, is within the allowable limit.
i. The polar crane in containment:
The polar crane in containment, its body width is 39.04 ft; its length, the diameter of the track, 124 ft; the elevation at the bottom 223.87 ft. During non-working period, the crane is usually parked in the north-south orientation. In case of crane falling, the likely damage caused is evaluated as follows:
(1) Overall fall: Regardless of the time or angle of the impact, the falling object will firstly hit the top of biological shielding wall at elevation of EL.164 'to 187'. The maximum impact force will make biological shielding wall (reinforced concrete material, Fc’ = 280 kg/cm2) partially damage, deformed and energy consumed, but without compromising the structural integrity of the shielded equipment such as steam generator.
(2) If one side of the crane is falling lengthways, that is the north or south side of the crane falling firstly, but the another side of the crane still hanging on the track. In such case, since the crane is 124 feet long, longer than the distance of 36.87' between the crane bottom at EL.223.87 ' and the top of the biological shield wall at EL.187', one side of the crane will hit the top of the biological shield wall. In case the north side of the crane falls, the crane will hit the biological shielding wall of Steam Generator A at EL.187 '(east). In case the south side of the crane falls, the crane will hit the biological shielding wall of Steam Generator C at EL.187 '(east). In the process of intermittently falling, the crane will only hit and partially damage the biological shielding wall, without compromising the structural integrity of the shielded equipment.
(3) If one side of the crane is falling widthways, that is the east or west side of the crane falling firstly, but the another side of the crane still hanging on the track. In such case, since the crane is 39.04 feet wide, wider than the distance of 36.87' between the crane bottom at EL.223.87 ' and the top of the biological shield wall at EL.187', one side of the crane will hit the top of the biological shield wall. In case the west side of the crane falls, the crane will hit the west side of the biological shielding wall of Steam Generator A at EL.187’. In case the east side of the crane falls, the crane will hit the biological shielding wall of Steam Generator A & C at EL.187 '. In the process of intermittently falling, the crane will only hit and partially damage the biological shielding wall, without compromising the structural integrity of the shielded equipment.
All of the above mentioned falling, the falling heights are small, acceleration time is short and terminal velocity is not high, it will only cause a partial damage of the biological shielding wall, without compromising the structural integrity of the shielded equipment. On the top of the reactor lid at EL.148 ', the reactor is protected by a concrete beam from flying objects, so it will not be damaged by hitting.
ii.   Cask Crane in Fuel Building:
Cask Crane in Fuel Building, width 25'-2 ", length (span) 81'-0", usually parked on the most eastern side of the building by the column line 26, with the minimum horizontal distance of 37 ' to spent fuel pool.
(1) In case the crane falls flat on, as examined previously, it will not damage structure.
(2) In case of tilt drop, one side of the crane is falling lengthways, it will fall on the south or north side by the column line A.1 or D.4. Because of the small contact area, the instant bearing stress may be greater than the allowable stress. Because the fall height is small, the acceleration time is short, terminal velocity is not high, the crane will only hit and deform the surface of the concrete floor partially at EL.148 '-0 ". Then another side of the crane falls on the concrete floor at EL.148 '-0 "; or the other side of the crane does not fall and stay on the track but fall entirely, will not cause damage to affect the structural integrity.
(3) In case of tilt drop, one side of the crane is falling widthways, it will fall on the east or west side by the column line 26 or 25. Because of the small contact area, the instant bearing stress may be greater than the allowable stress. Because the fall height is small, the acceleration time is short, terminal velocity is not high, the crane will only hit and deform the surface of the concrete floor partially at EL.148 '-0 ". Then another side of the crane falls and stays on the concrete floor at EL.148 '-0 ", will not cause damage to the structural integrity.
LM:
Yes. The evaluation of spent fuel drop is included in calculation 31113-0U71-1129-0012“Fuel Assembly Drop Evaluation”. The evaluation of the cask pit bottom liner integrity against fuel cask drop is included in calculation 31113-1U71-1511-0012“Cask Pit Bottom Bearing Plate”. These load dropping evaluations have been considered in LMNPP Project.


	55. What is the operating experience in terms of flooding in the different nuclear power plant locations?

CS:
CSNPP design is based on 10,000 years return period of Typhoon or heavy rain fall,    which result in Chien Hua Creek design water level of 2.75m (i.e, EL 4.6M). According to FSAR Section 2.4.2.2, the maximum probable flood of Chien-Hua Creek is 764 cms. The highest water level for this flood is 91 cm below the plant grade elevation EL.39.83’ (12m) and will not overflow into the plant. There is no flooding experience in CSNPP.
KS: 
There is one flooding experience. In 1987 typhoon brought the heavy rain, resulted in flooding of battery room of switchyard station and the ground floor of turbine building. 
1. The ground floor of turbine building flooded because the seal of the pipe penetration of turbine building has not filled properly. TPC has already improved the procedure 1265 of KSNPP (electric cable, the pipeline punch and bore and cut one to fill out procedure), the similar situation has not been happened. 

2. The battery room of switchyard station flooded. The reason is that water gate in the flood discharge channel A is jammed by the waste, lead to the fact what drained off floodwater flowed all over the place, and enter into the battery room of switchyard station. KSNPP has already followed the procedure 576.1 (Second nuclear power station defend the typhoon operating procedure) and the procedure 576.2 (Second nuclear power station’s flood prevention operating procedure) to prevent the accident from the external hazard, so the similar situation has not happened again.
MS:
Since operation, MSNPP has experienced so far the maximum rainfall intensity of 156.5 mm /hr by Typhoon Damrey on 9/23/2005 and 168 mm /hr by Typhoon Tembin on 8/24/2012. However, no flooding event occurred. MSNPP also experienced the intense typhoon, such as Typhoon Amy on 7/19/1991 with maximum wind speed of 49.4m/s, but no building and equipment were damaged.
LM:
Presently LMNPP has not carry out fuel loading and is conducting Post-Construction Test (PCT) or Pre-Operational Test (Pre-Op Test). There is no operating experience in terms of flooding.


	56. Has some emergency procedures already been used?

All the NPPs have the emergency operating procedure as follows:
CS:
CSNPP has not experienced design based Flooding.  
But we do have related procedures:
513 Operation during Typhoon
514 Operation during Tsunami
515 Site Flooding Emergency Operating Guidelines

515 Plant Flooding Operating Procedures
KS: 
Pro 576 Operation during Typhoon
Pro 577.2 Operation during Tsunami
Pro 577 Site Flooding Emergency Operating Guidelines
Pro 577.1 Plant Flooding Operating Procedures
MS:
AOP 584 Operation during Typhoon
AOP 582.2 The procedure taken against tsunami.
AOP 583 Emergency flooding event.
LM:
LMNPP already established the Flooding related emergency operating procedures:  Procedure 528.03.01--“Typhoon response”, 
Procedure 528.03.02--“Flooding response” , 
Procedure 528.03.03--“Emergency drainage operation during power outage and abnormal water entry in buildings”. 
Currently LMNPP is under construction, no emergency operating procedures have already been used.



	57. What is the regulatory return period required for phenomenon considered in the design?

CS:
The 10,000 year recurrence of probable maximum 1-hour precipitation at site was calculated to be 297 mm in the design.

KS: 
For conservatism, the 10,000-year maximum hourly rainfall of 241 mm at Keelung is assumed as the probable maximum precipitation for the site area.

MS:
The 10,000 year recurrence of probable maximum 1-hour precipitation at site was calculated to be 228 mm in the design.(Refer to MSNPP’s report  3.1.1.1.2, page 41)
In response to the climate change in the recent years, the plant uses totally 32 historic records of the maximum daily precipitation measured in each of the past 30 years by Henchun Weather Station of Central Weather Bureau to again estimate the once every 100 year and once every 10,000 year storms. The result is that once every 100 year storm is 169 mm/hr and once every-10,000 year storms is 303 mm/hr.(Refer to MSNPP’s  report  3.1.1.3.2, page 45)

LM:
Regulator Guide 1.59「Design Basis Floods for Nuclear Power Plant」and NUREG/CR-7046 ”Design-Basis Flood Estimation for Site Characterization at Nuclear Power Plants in the United States of America” does not require to calculate the return period of Design Basis Flood, but demands that site drainage should be designed to handle the probable maximum flood associated with the probable maximum precipitation. However, according to the engineering evaluation, the recurrence period of LMNPP PMP is 15,000 years at least, more than 10,000 year return period used by the EU standards.


	58. The design methodology and the combination of phenomenon seem different between different sites. What is the regulatory requirement for the definition of tsunami induces flooding, and non tsunami induced flooding? What are the phenomenon’s taken into account in terms of combination with tsunami or heavy rainfall: high tide, storm surge, seiche, wind wage taken into account?
CS and KS:
Since it is judged that the probability of the simultaneous occurrence of typhoon and highest astronomical tide is very low, the design tsunami considered only the concurrence of wind waves. And these two event are combined by SRSS (square root of the sum of the squares)
MS:
Per FSAR, the design basis flood, by tsunamis and extremely heavy rain is considered separately and there is no combination between these two events. (MSNPP report  3.1.1.2/ 3.1.1.3, page 43～46)

LM:
Nuclear regulatory order LM-JLD-10102 in accordance with NTTF Recommendations 2.1 required re-assessing flood (including tsunamis) hazards. LM-JLD-10102 has requested that tsunami, heavy rains and storm surges which could cause flooding should be put into assessment and take composite effects into consideration.



	59. When the design value of drain systems is based on a rainfall with a 100 year return period, was the drain system checked for rain fall with a 10,000 year return period?
CS:
CSNPP discharge channel is designed for 10,000 year return period.
KS: 
The adequacy of design basis flood has been re-evaluated using Log Pearson type III method by analysing the daily probable maximum precipitation (PMP) data measured at Keelung weather stations for over the past 30 years. The calculation result indicates that KSNPP is still adequate and meet 10,000 year return period described in FSAR.
MS:
1. During construction of MSNPP, (1) 120mm/hr precipitation intensity once every 100 year was estimated as design value based on the existing weather data (1940~1975) collected from the weather stations at Hengchun, Dawu, Taitung, Kaohsiung.  (2) Comparing the maximum precipitation intensity in different periods in Taiwan area, the maximum precipitation intensity (176 mm / hr) before the plant was built corresponds the precipitation intensity once every 10,000 (183 mm / hr) fairly. Therefore, the precipitation intensity once every 10,000 (228 mm / hr), taken from Da wu weather station, the maximum value of the four weather stations, was adopted as Probable Maximum Precipitation (PMP). Based on the above, the drainage channel design capacity at the east side of main plant area is designed as 11 CMS (M3 / Sec), the west side as 9 CMS. As a result, the total drainage capacity of 20 CMS (equivalent to the precipitation intensity 325 mm/hr), more than the storm flow 14 CMS made by the precipitation intensity once every 10,000 years (228 mm/hr), which still maintains the drainage capacity margin about 30%.
2. According to Central Weather Bureau Hengchun station, due to climate change, there were 32 historic records of the maximum precipitation in a single day of the years in the last 30 years. Based on a re-calculation, the precipitation intensity once every 100 years is 169mm/hr and every 10,000 years is 303mm/hr, which are still smaller than the drainage capacity of 325mm/hr at the drainage system to the east and west sides of the plant.
3. MSNPP has an emergency drain at southwest corner of the plant with capacity of 20 CMS(M3/Sec), to increase plant drainage margin.
LM:
Site drainage around Units 1 and 2 in LMNPP is designed and constructed to handle the probable maximum flood associated with the probable maximum precipitation. According to the engineering evaluation, the recurrence period of LMNPP PMP is 15,000 years at least, more than 10,000 year return period used by the EU standards.


	60. Beyond design analysis use probabilistic assessment to identify operating safe path for earthquakes and for flooding (tsunami). In some cases phenomenon are combined. Does the consideration of cumulative events modifies the beyond design analysis for the identification of safe paths?
CS, KS, MS:

The success path identified in the beyond design analysis is applied for the ‘installed’ systems, structures and components. The combined phenomena of hazards are not explicitly addressed in terms of the headings listed in the margin evaluation event trees. While in a few headings in the event tree, such as the ‘alternate makeup’ or ‘S/G backup’, the plant’s defence against the combined effects of multiple hazards is implicitly addressed through the consideration of the use of flexible mitigation measures which operate with diverse mobile equipment.

LM:
No cumulative event was considered when performing LMNPP stress test for earthquake. But, the LMNPP tsunami stress test did consider a beyond design basis earthquake occurred before the tsunami attack. The consideration is based on the experiences on Lungmen site that large earthquake usually won’t cause significant tsunami. On the other hand, significant tsunami most likely caused by the seabed faults nears the site and along with a beyond design earthquake on the site.



	61. What is the impact of the leak tightness of buildings and systems that can be submerged on the cooling of these systems that are sheltered in such buildings? Would the cooling systems survive a submersion?  How is taken into account the evacuation of smokes in case of fire in such buildings?
CS:
Analysis of internal flooding event as a result of a rupture of the water containing facilities such as the pipe, tank body inside the buildings has been performed by Nuclear Engineering Department of TPC in December, 1988. The combination structure building and turbine building were covered in the scope of the above analysis work. Based on the said analysis report, it was concluded that the postulated flooding event did not have any adverse effects on the safe shutdown capability of CSNPP.

Periodic inspection of penetrations includes two procedures. One is procedure 791.1-- “Penetrator periodic inspection procedure” and the period of the inspection cycle is 18 months. The other is procedure 791.2-- “Inspection procedure for the seal completeness of the perforated pipes and reserved holes at outer walls of buildings” and the period of the inspection cycle is18 months.
CSNPP has performed NTTF 2.3 plant walkdown for flood protection. The inspection results will be evaluated. The water proof capability of piping and cable penetration will be enhanced based on NTTF 2.3 findings, if any.
In addition, CSNPP will install flood barriers at entrances of Combination Structure Building and Turbine Building and water-tight door for 5th EDG Building in order to prevent water from flowing into the buildings.
KS: 
Analysis of internal flooding event as a result of a rupture of the water containing facilities such as the pipe, tank body inside the buildings has been performed by Nuclear Engineering Department of TPC. Based on the said analysis report, it was concluded that the postulated flooding event did not have any adverse effects on the safe shutdown capability of KSNPP.
In KSNPP site, all buildings and emergency equipment areas have floor sumps and drain pumps, so the plant can monitor water level in sumps from main control room or waste control rooms at any time when there is abnormal inflow of water.
KSNPP has performed flooding walkdown following the guideline of EPRI 1025286.  For instance, piping and electrical penetrations, openings, were reviewed to ensure the capability of design basis, all the findings of deficiency were inputted into CAP for tracking and evaluation.

KSNPP is planning to construct a 17 meters seawall for tsunami protection. The completion date will be the end of 2016.

Corresponding enhancement measures are already included in all plant procedures, and installation of 1-meter flood barriers to enhance protection capability of the plant, which will separate the main building area from east /west sides of the plant. Moreover, flood barriers at exterior openings at main buildings or buildings with important equipment will be installed to increase the elevation of the overall protection for 1 meter to prevent water from entering the main building area or main buildings. At the same time, operators in the control rooms can also have enough time to take care of onsite flooding to ensure that buildings are safe. 

MS:
To prevent flood inside the plant building, the flooding analysis and design for all safety related equipment rooms has been made. No flood in all rooms without waterproof seal will occur, since the appropriate seals have designed and installed.
Every 18 months, all the through wall piping and cable penetrations for the critical equipment building have been inspected per SOP 630-S-015. All the inspection results were normal. 
Currently, MSNPP is carrying out NTTF2.3 plant walkdown for flood protection. The through wall piping and cable penetrations for the critical buildings are main focus of the inspection. The inspection results will be re-reviewed, evaluated based on flood protection capacity of anti-tsunami walls and flood barrier, to enhance the waterproof capacity of piping and cable penetrations. The periodic inspection on the integrity of penetration seals will be included in the procedure or MMCS PM Control and Execution, which is scheduled to complete before December 31, 2013.
To prevent the extreme conditions that the water overflow into plant buildings, MSNPP will install flood barriers at the entrance or passage of each building which houses safety-related equipment such as diesel generators, battery pack, battery charger, 4.16kV switchgear room, the 5th air-cooled diesel generators, and pumps and other critical equipment and related support systems, etc.
LM:
To prevent flood inside the plant building, the flooding analysis and design for all safety related equipment rooms has been made. 
Every 18 months, the plant complies with procedure 769.P16.117 --“Procedure for periodic inspection of cable penetrations and fire-barriers at buildings” to ensure complete sealing of penetration holes and ventilation ducts. 
When water brought by typhoons or extremely heavy rain enters buildings, the emergency response team of each building complies with the procedure to send workers to pile sandbags at entrances/exits of related buildings and to remove the accumulated water inside the buildings in order to keep water from entering. To prevent the water overflow into plant buildings under the extreme conditions, LMNPP will install flood barriers at the entrance or passage of each building which houses safety-related equipment.

All sites:
The evacuation of smokes in case of fire in such buildings would rely on ventilation systems or portable smoke ejectors operated by fire-fighters with light rescue rope (procured after the 2001 Maanshan Station Blackout event).


	62. Some safety systems may be submerged during a tsunami, are the hydrodynamic forces on structure taken into account?
All of the plants are planning to build seawall to enclose power block. So safety systems will not be subject to hydrodynamic force. For those structures not enclosed within the seawall, including emergency pump houses of CSNPP and MSNPP, plans are developed to enhance tsunami resistance capability. However, for KSNPP, the emergency pump houses, full dynamic effects of tsunamis were considered in the design of the ECW (Emergency Circulating Water) intake structure.


	63. Is clogging of water intake and outlet due to sedimentation and debris taken into account in case of tsunami.
TPC has extensive experience dealing with clogging of water intake due to large amount of debris during and after typhoon attack. For example, the procedure 505.8 in CSNPP is to handle the clogging. If a beyond design basis tsunami occurs, the intake structure may be seriously blocked. The mitigation strategy has been written in the Ultimate Response Guideline procedure 1451, which listed the needed equipment, manpower and shift plan.



	64. In case of flooding, according to the different phenomenon, what is the estimated duration of the floods?
Considering the high topographic gradient in Taiwan and drainage system, the flood duration would not last too long. Even intense precipitation occurs, it will not cause flooding for few days. The flood duration due to raw water reservoir rupture would only last for a few minutes since the limited volume and its high elevation. 

However, the capacity of site drainage system is designed and constructed to handle the probable maximum flood associated with the probable maximum precipitation. The floods will not occur in each plant area.



	65. What is the influence of the different flooding phenomena on coastal area instability (site boundaries)?
The building close to the shoreline, such as pump house, is designed carefully and able to withstand the coastal area instability. Nuclear island is located more than five hundred meters from shoreline. Therefore there is not any risk to this instability issue.



	66. What is the delay to operated watertight flood gates? Is this delay adequate in case of Tsunami?
Only CSNPP has tsunami flood gates. The tsunami gates are normally at closed position. Therefore, there is no operation delay concerned.


	67. In case of raw water reservoir bank or slopes damaged by an earthquake, is there an operating procedure to secure this reservoir? How long will take this process. How is defined the minimum quantity of water required in these raw water reservoir?
In case of raw water reservoir bank or slopes damaged by an earthquake, there is no procedure to stop its rupture or break. However each plant has evaluated that it will not have a impact to the main building on site. And according to procedure 1451---“Reactor ultimate response procedure”, another water source like water from other reservoirs or  creek or sea, etc. can be used for URG make-up water into the reactor.


	68. Regarding the risk analysis of raw water reservoir rupture under earthquake, the mitigation of the effects of this rupture requires the drain system. Do you consider that this analysis is adequate regarding the fact that this drain system may also be affected by the same earthquake?

CS:
For 100,000 metric-ton raw water reservoir, because the topography of east side in this area is higher and north side and west side is lower, it is judged that large amount of water will flow from high to low in the direction from the north to west, which is far away from plant site.
KS: 
Even if the drain system would be affected by the same earthquake that caused rupture of raw water reservoir, according to a careful contour map assessment, only southern part of Gas Turbine building may be affected, therefore, flood barrier panels were installed on the entrance of the building to block water flowing into the building.
MS:
Refer to MSNPP’s  report 2.2.3.1.2 (page  28):
Here are two 50,000 ton raw water reservoirs on the northwest side of the site. The altitude of the two reservoirs is about 51 m and 36 m higher than the site. However, it is shielded and separated by high lands from the site. Furthermore, the west side of the reservoirs is lower than the base. There is no concern of water overflow or mudflow from the raw water reservoirs during earthquake.
LM:
The raw water reservoir of LMNPP is located on the west side flat hills. The volume of water storage is 48,000 cubic meters. If the earthquake with intensity exceeding the design basis cause the raw water reservoir to crack, based on the report of “the Raw Water Pool Leakage Analysis due to Crack Damage” prepared by Sinotech Engineer Consultants, LTD, if the southern side wall of raw water reservoir experiences failure and the crack damage location of pool wall depend on the structural type. Assuming that the crack damage location is in the elevation of 116.6 meters (the base plate elevation of upper pool is 116.6 meters) and the crack damage section of pool wall is similar to the rectangular weir section with 112 meters bottom width (the crack damage width of pool wall is the design width of upper pool southern side), the maximum peak leakage flow is 46.6 cms and the water flow direction is toward the LMNPP after the wall crack damage. When the overland flow caused by crack damage of pool wall passes the plant, the flow of sub-drainage Channel No.III-1 is attenuated to 32 cms. However, the design flow of upstream sub-drainage Channel No.III-1 is 57 cms and is much higher than the flood discharge caused by wall crack damage



	69. Chinshan level is lower that expected by design, what is the origin of the difference (ground packing? original measurements?)?
After the plant construction, the ground grade level benchmark point had been changed and the original benchmark results could not be found. So, there was altitude difference due to different Survey System with different benchmark point.



	70. What is the range of levels of groundwater close to the reactor building? What is the variation during the year?
CS:
The groundwater level in CS site is very high. The range of groundwater levels close to the reactor building based on water level gauges data from January to July 2013 are as follows:
CSNPP Unit 1 EL 8.89m to EL.10.02m
CSNPP Unit 2 EL 7.66m to EL. 8.45m
CSNPP Unit 1 & ground Elevation is EL.11.988m
KS: 
According to measurement implemented in 1986, the groundwater level around the reactor building ranges from 2.98m to 8.62m in MSL. Since it not being performed periodically, we do not know the variation during the year.
MS:
1. MSNPP structure is located directly on the plate of fresh mudstone soil. Groundwater is very low beneath plant buildings.
2. The groundwater observation positions in the vicinity of MSNPP Power block are shown below:
(1) An engineering and technical service work for the new indoor type 161 kV switchyard building was carried out in October 2008, no groundwater was found below the drilling holes ( position A1 and A2,10m below the grade).

(2) The seismic evaluation and reinforcement for raw water reservoir for MSNPP was carried out in July 2012. The water level is about 12 ~ 13m below the surface of the drilling position B1. The water level is about 15M below the surface of the drilling position B2. 
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LM:
According to measurement in 2002 ~2005 (LMNPP FSAR Table 2.5-11), the range of groundwater levels near the reactor building is 7.96 to 8.33m in MSL. 



	71. In case of flooding, water is collected by sumps and evacuated by pumps through different possible outlets. According to different type of sump in different rooms how is oriented the pumped water through a given outlet according to the fact that it can be contaminated or not? How will this requirement be fulfilled in case of loss of outside power or in case mobile pumps should be required? Are sump pumping and radiological measurement electrically secured?
1. For piping leakage and/or flood water, different areas sumps will collect water from floor drains and pump the water to contaminated collection tank or not contaminated collection tank.
2. On loss of offsite power, we have mobile gasoline and diesel generators to provide power to mobile sump pumps.  We also have different types of internal combustion engines drain pumps, fire water pumps, etc. to handle the flooding.
3. Waste water is discharged by “batch discharge”.  Each batch will be sampled for meeting radioactivity release limit prior to discharge.  When continuous discharges are needed due to flooding, samples must also be taken to assure water discharge is not contaminated.  If degree of contamination is not clear, water will be stored in plant collection tanks for handling later. In an accident, the possible radioactive liquid release will first flow into plant building sump, the worst case is that the liquid release submerges into the first and the second floors in the building and then further overflows outside the building and flow into station district rain-water sewers. We have mobile system including charcoal bed and resin bed to reduce radioactive liquid release into the sea via circulating water discharged channel outlets.


	72. The values of extreme rainfall for Kuosheng and Chinshan are different (10%) though they are 10 km far away. What is your conclusion on this point on the consistency of the design requirement?
The inconsistency is due to geographical and geometrical differences of two sites. The extreme values are different by ten per cent. It is acceptable because of safety margin applied in the flooding design.



	73. What is the operating experience in terms of other external hazards on the different nuclear power plant? Has some emergency procedure already been used?
For external hazards (i.e., flooding, earthquake, typhoon and mudslide, landslide) we have the operating procedure, including Emergency procedure after a strong earthquake, Operation during Typhoon, Operation during Tsunami, Site Flooding Emergency Operating Guidelines, Plant Flooding Operating Procedures, Mudslide and Landslide Monitoring Procedure. Except earthquake or typhoon, there is no operating experience in terms of other external hazards on the different nuclear power plants; Only KSNPP has one flooding experience.


	74. Will the beyond design analysis be extended to take into account: 

· Volcanoes,

· Tornadoes and missiles that could be associated with tornadoes.

· Salt fog, salt spray.

· Extreme temperature

· Lightning.
The extreme natural events were selected basically according to the natural events mentioned in FSAR. Only those events significantly affect plant safety, such as earthquake, tsunami, typhoon, heavy rainfall, etc. was chosen and evaluated. However, natural event such as lightning was also evaluated, and the result showed no significant affect to plant safety. The most probable multiple extreme natural events are typhoon, heavy rain and mudslides. The hazard of tornadoes, salt fog and extreme temperature has no safety concern in Taiwan. For salt fog, salt spray for transmission line, switchyard and substation, brushing and insulator cleaning programs are implemented on a regular time schedule. Under some circumstances, insulators will be coated with HVIC (High Voltage Insulator Compound) or silicon compound. However, hazard evaluations of volcanoes are ongoing required by AEC order. Additionally, following the recommendation of OECD/NEA peer review expert team, external hazard evaluation followed ASME/ANS-RA-Sa-2009 and the combination effect evaluation followed ANSI/ANS-2.12-1978 are on going required by AEC order, also.


	75. Regarding the lightning issue, how the evolution of performances of the electrical ground system will be taken into account?
1. TPC’s NPP lightning protection system meets the RG 1.204 (DG-1137) regulation, which has included the electrical grounding system in the design.

2. Lightning protection system and grounding system require measurement of resistance periodically by PM.



	76. What is the influence of high wind on ventilation systems? What is the design wind for ventilation functions?
CS:
All HVAC equipment is installed inside the plant buildings. CSNPP has not experienced any typhoon damage to HVAC equipment.

The wind load of our Off-Gas Stack are:

a. EL. 99m ~ 164m    464Kg/m2
b. Above EL. 164m     514Kg/m2
KS:
Ventilation system is designed against the wind. For instance, main control room ventilation system took the meteorological data of maximum monthly mean speed into account. KSNPP has not experienced any typhoon damage to HVAC equipment.
Design wind: 18.6 mph for main control room

MS:
The ventilation systems may fail when the wind speed over design basis.

Design wind for ventilation functions:
Winter: 15 mile/hr: Spring: 7.5 mile/hr

MSNPP has not experienced any typhoon damage to HVAC equipment
LM:
LMNPP design parameters are as below:

Normal /design wind speed: 9 meters above the ground floor is 54 m/s (Beaufort Force 16); the maximum instantaneous wind speed: 9 meters above the ground floor is 70meters /sec (Beaufort Force 17).
The design wind speed is to protect the structures of the buildings and the transmission towers, not considering the impact to the ventilation system.



	77. What is the reference in terms of definition and combination of external hazards?
Concurrently the combined external hazards are defined to be multiple concurrent hazards, though it was recognized that the combined hazardous effect might have consequence in short term or in long term. However, external hazard evaluation followed ASME/ANS-RA-Sa-2009 and the combination effect evaluation followed ANSI/ANS-2.12-1978 are on going required by AEC order 


	78. Consideration could be given in the safety analysis to the possible duration of extreme events.
The consideration of the possible duration of extreme events is implicitly given to the effect caused by extreme hazards and subsequent plant response. If the hazard destroys the power system and triggers station blackout, possible recoveries of ‘installed’ power systems, i.e. offsite power and on-site power, are not credited. But the mitigation measures using ‘mobile’ equipment are considered as appropriate and as reasonable. The same consideration is also given to the loss of ultimate heat sink as an effect caused by extreme hazard.

	79. What is the storage requirement of mobile means to protect them against external hazards (earthquake, flooding, high wind, tornadoes’, heavy rainfall)?
TPC followed the USNRC B.5.b or NEI 06-12 requirements about mobile measures storage separately, e.g. KSNPP has mobile rescue equipment stored in the No.29 & 30 warehouses. We need to consider not only its location and frequency of use but the seismic capacity and elevation of storage site when storing mobile means.  Regarding rarely used rescue equipment, such as mobile diesel generators, spare cables, spare motors and other tools, we will store in a warehouse at high elevation enough to protect from tsunami attack. TPC will store often used equipment or exclusive facilities such as cranes, fire engines and forklift trucks at appropriately places. When tsunami warning is issued, we can drive them immediately to higher elevation of site to avoid tsunami. TPC is required to evaluate the impact of SSE earthquake.The evaluation to improve the strength of the warehouses is still on-going.


	80. Are mobile means stored so as to be protected against design base earthquake and aftershocks?
CS:
Most of the mobile rescue equipment is stored in the Ultimate Response Facility Storage Building and elevation higher than flooding level in order to protect the equipment from attack by earthquake, tsunami, typhoon, flooding, etc. The rest of mobile rescue equipment stored at others places in the plant, are also well-protected from attack.

KS: 
The mobile rescue equipment is stored in the No.29 & 30 warehouses. They are protected by steel covers which were designed as seismic category I in case of DBE. Some of the equipment will finally store in the Emergency Response Facility to be well protected against earthquake, flooding, typhoon, etc. 
MS:
MSNPP is required to evaluate the impact of earthquake. An evaluation to improve the strength of the building is on-going. After above-mentioned evaluation, MSNPP’s rescue equipment storage sites are expected to meet requirements in case of the earthquake, flooding, high wind, typhoon, and heavy rainfall.
LM:
To avoid equipment damage by building collapse during an earthquakes, outdoor operation mobile devices are planned to be stored at open space located in front of the low level waste warehouse. Also, we plan to place indoor operation equipment such as submerged pumps and small generators in the base isolation TSC and fire brigade building in order to quickly help emergency rescue.


	81. Is there any particular requirement to protect mobile equipment against falling, in particular in case of near flied earthquake, during storage? (The feedback of Kashiwasaki Kariwa shows that some heavy vehicles felled, on the contrary most of safety equipments and vehicles in fire brigade are stored with specific requirements to avoid their unavailability after a big earthquake).
All the mobile equipment is required to consider against falling in case of earthquake during storage. For example, the crane will be automatically brake locked when it stops. So it wouldn’t slide during earthquake. Besides, there are bolts between trolley and the beam frame to firm up the trolley. There are also bolts between beam frame and tracks to avoid slide displacement. So the crane can be totally secured when it is not in use to avoid additional damage.


	82. What is the particular precaution for the implementation of mobile means after an earthquake (due to after shocks), or in case of flooding (are specific non flooded area identified), heavy rain, high wind.... or what would be the impact on the capacity of implementation of such means?
The particular precaution for the implementation of mobile means after an earthquake, or in case of flooding, heavy rain, high wind is described as follows: 

(1)Mobile devices which can be used in outdoor with bad weather are adopted.

(2)Mobile means are stored near the rescued system.

(3)Configure heavy machinery equipment for hoist and transport heavy items and plant road repair
(4) The inspection of mobile equipment after an earthquake, heavy rain or high wind, to ensure the availability of mobile backup device is added into corresponding procedures.



	83. What are the operating conditions of mobile means under long duration external hazard (typhoon, heavy rain, high wind)?
The operating conditions of mobile means under long duration of external hazard have been described in URG procedure 1451. In the beyond design basis accidents, shift staff and shift fire fighters are responsible for the operating condition of mobile means in the duration of phase 1 strategy. This strategy is directed by the shift manager on duty and the strategy disposal is required to be completed within one hour. After TSC has been established, the personnel of OSC, which are assigned by TSC, are charged with the operating condition of mobile means in the duration of phase 2 and phase 3 strategies. The phase 2 and phase 3 strategies for the long term disposal is directed by TSC.


	84. What is the strategy in terms of site autonomy regarding mobiles means?

How is guaranteed the autonomy of these mobile means.

· What are the refuelling means? How this fuel is protected against external hazards. In particular due to the important number of such equipment.

Based on assumption of the arrival of small rescue equipment from outside should be within 24 hours, and the arrival of large rescue equipment from outside should be within 72 hours, the plant has the autonomy rescue capability more than 72 hours. However, each site has stored adequate fuel supply for more than 7 days.

The measure for refuelling device: Connect the drain line of auxiliary boiler storage tanks by hose to 50 gallons of diesel oil drums to extract diesel fuel. Install storm hood for 50 gallons drums inlet. 50 gallons drums are placed on the pallet set in the iron cage. The diesel oil of 50 gallons drums are transported by forklift to the mobile diesel engine generator. Then the DC motor pump extracts diesel fuel from 50 gallons drums to fill into the fuel tank of diesel generator. 


	85. Does the communication means include autonomous satellite communication systems?
TPC has satellite voice communication system and is currently setting up a new autonomous VSAT (Very Small Aperture Terminal) satellite communication system. The terminals including CSNPP, KSNPP, MSNPP and Headquarters will be completed by Sep. 30, 2013. The LMNPP terminal set-up schedule depends on when unit 1 fuel loading schedule is confirmed.


	86. Safety systems shall not be shared between units (5 or 7 diesel generators, and some fire pump house)… What is the safety Authority requirement on this issue?
Safety systems do not share between units (5th or 7th swing diesel generators, and some fire pump) neither during normal operation nor DBA. It is an enhancement mitigation strategy, safety systems could be shared between the units (5th or 7th diesel generators, and some fire pump) following URG procedure 1451 only if the accident is BDBEE.
AEC requirement on this issue is the same as 10 CFR 50 Appendix A criteria 5 under the title "Sharing of structures, systems, and components ". The specific requirement is written as the followings: Structures, systems, and components important to safety shall not be shared among nuclear power units unless it can be shown that such sharing will not significantly impair their ability to perform their safety functions, including, in the event of an accident in one unit, an orderly shutdown and cooldown of the remaining units.


	87. The amount of small mobile means seems important. What is the impact of this choice on the operation of a large amount of means regarding human factor under accidental conditions (ergonomic, operability…), and autonomy of these means (ability to refuel them in a timely manner without inducing a too heavy workload…). 
We arrange the shift staff to do the specific operation project while the BDBE induce multi-units accident. The personnel and the specific operation project of phase 1 in URG are described in procedure 1451. So the shift staff will not have extra working load.
Most small mobile means can be handled by one man.  Many are stored in same location and of similar type for mutual support use.  Gasoline engine pumps and diesel engine air compressors consumed about 5 L/hour. Refuelling need is about every 4-5 hours.  Man power required is not a problem.
To share the workload of operator and to reduce the impact of the choice on operation of large amount of mobile means, a contingency procedure as URG  have already been established against expected or unexpected accidental condition. All members in plant have been divided and assigned into certain groups by functional mission separately to accomplish the mission timely. For example, the manpower contingency plan as fire brigade is assigned to be responsible for fire mobile means related operation, certain maintenance groups are also assigned to take charge of mobile power means and backup operation for phases 2 and 3 of URG strategy, etc.
Tests have been conducted for system lineup, system connections and operations.  For areas not meeting the required time limit, improvements have been planned, i.e., increase manpower and pre-locate /install certain hardware in needed locations, such as fire water hose, N2 bottles, compressed air connections, power cable connections, fixed fire water inlets, etc. Past drills showed that all of the requested time frame of these three URG strategy phases is achieved.


	88. What is your analysis in terms of interoperability of mobiles means (types of fuels used, plugging technology)?

According to the interoperability of mobiles means, types of fuels used are common fuel of gasoline and diesel, types of connector such as: fire hose, fire plug, 4.16 kV 1,500KW power vehicle are standardized generic connector between plants.



	89. For Maanshan it is considered that fresh water can be provided to steam generators under accidental conditions by fire trucks. Does repetitive thermal shock induced by intermittent water injection by fire trucks will be adequate for the steam generator as a second containment barrier under accidental conditions?
MS:
Firstly, the steam turbine will drive auxiliary feed water pump (AL-P019) and diesel engine will drive auxiliary feed water pump (AL-P020) for continuous water replenishment. If a fire truck is used for water replenishment, the water replenishment will be implemented on a single steam generator each time, to reduce the risks of the both steam generators failure at the same time. Because of the low flow injection rate by fire truck, it will inject continuously, and therefore no repetitive thermal shock will be induced by water injection from fire trucks.

MSNPP Procedure 1450 (The Guidelines for Severe Nuclear Accident for MSNPP), is written in accordance with WOG SAMG (Westinghouse Owners Group Severe Accident Management Guideline). The thermal shock caused by intermittent water injection by fire trucks has been taken into account. The best measure after evaluation is to "limit the water flow into S/G in the initial 10 minutes to100gpm.” If such measure is taken under an emergency condition, the damage arisen from thermal shock can be reduced.


	90. Is the requirement for operator qualification to use mobile means defined (in terms of operating these means and in terms of intervening on the systems of a nuclear installation under accidental conditions)?
Field lineup will be operated by equipment operators. Mobile means are operated by Fire Protection Team. Overall operations are controlled by Shift Supervisor using Procedure 1451. To assure all mobile means can be operated properly by fire brigade, yearly training courses and drill, which are defined in URG procedure, have been conducted to ensure all members of fire brigade and backup manpower can operate mobile means against any expected or unexpected accidents correctly.


	91. Chapter 2.1.3.2 Lungmen: How is the present status in respect to the general rescue equipment?
The general rescue equipment as per procedure 186.01 “Focuses of disaster prevention and Rescue” are being prepared. The present status of general rescue equipment is shown in Section 3.3 of “EU Stress Test for LM NPP –Licensee Report”. Several rescue equipment have been procured, including 4.16 kV 1,500 kW power vehicle, fire trucks, mobile pumps, etc. And some other rescue equipment is being procured. Presently, LMNPP has not carried out fuel loading. Parts of rescue equipment are being used in Post-Construction Test (PCT) or Pre-Operational Test (Pre-Op Test). LMNPP will set up all the general rescue equipment before commercial operation.
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