Preliminary Questions from peer review experts
TOPIC-3 (Chapter 7) “Severe Accident Management”
	Responses from Taiwan AEC

	1. Legal framework: Although it appears that the US NRC regulation and guides are applied to Taiwan NPP, there is not enough information to understand the regulatory basis for safety assessment and regulatory oversight in this severe accident area. It should be convenient to provide this information
Taipower has followed the guidelines provided by owners groups of BWROG, PWROG and the plant specific procedures then were developed accordingly. AEC has evaluated it through the audit and review of the annual emergency planning exercises and drills.
The review guidelines (in Chinese, report number INER-2326, January 2003) were published for listing the items and information related to review the severe accident management guidelines (SAMG).

The first chapter in the guidelines is an introduction. The second chapter lists the guidelines in reviewing the preparation of establishing a SAMG. The guidelines used to review whether a SAMG can achieve the three goals (to terminate core damage, to maintain containment integrity, and to reduce the radioactivity release) of severe accident management are listed in chapters 3, 4, and 5, respectively. Chapter 6 lists the guidelines in reviewing the implementation capability after establishing a SAMG. All the guidelines listed in various chapters are summarized in chapter 7. TPC unofficially provides the SAMG documentation to AEC. However, SAMG is a voluntary initiative by TPC and AEC does not review it.
For establishing severe accident management, it is necessary to consider certain severe accident scenarios which need accident management measures to mitigate severe accident. The MAAP4 code was used while establishing severe accident management. The analysis work including beyond design basis accident initiated by SBO, LOCA, and ATWS had been performed. In recent year, a Fukushima like accident scenarios were performed in the drills of each NPP using MAAP5 code.

The SAMG of Chinshan and Kuosheng NPPs were developed based on BWROG (BWR Owners’ Group) EPG/SAG generic guidelines and converted into plant specific guideline with the inclusion of PSA findings. The SAMG of Maanshan NPP was developed based on WOG (Westinghouse Owners’ Group) SAMG generic guidelines and converted into plant specific guideline with the inclusion of PSA findings.

	2. Periodical safety review: Being Taiwan NPP´s  US designed, it can be assumed the US Regulations (10 CFR 50) are applicable, but no reference is included in the national report; consequently no information is referred to, or mentioned to, Periodic Safety Review. To have a better understanding related to Periodic Safety Review application on Taiwan NPP some information should be mentioned.
Article 9 of Nuclear Reactor Facilities Regulation Act states that “After nuclear reactor facilities have been formally operated, one integrated safety assessment at least shall be implemented every ten years and then be submitted to the competent authorities for review and approval”. 

Article 6 of Enforcement Rules for the Implementation of Nuclear Reactor Facilities Regulation Act states:
Per the Article 9 of the Act, after nuclear reactor facility has been formally operated, the licensee shall submit respectively, prior to a six -month period before the expiry of every decennium, to the competent authorities for review and approval the integrated safety analysis report containing following items: 

1. The backtracking and the review of operation of the facility: including the backtracking and the evaluation of the operation safety, the radiation safety and the management of radioactive waste.
2. The review of items to-be-corrected or to-be-upgraded on the facility: including the review of issues related to items to-be-corrected or to-be-upgraded, the committed corrective actions or the explanations on items for upgrading.
3. Overview: giving a peroration for the forthcoming decennium of operation period, based upon items provided under the preceding two Sub-Paragraphs, about items to be heeded, committed corrective actions and the schedule. 

4. Other items designated by the competent authorities.

The 10-year Periodic Safety Review report includes chapters on “Overall Safety Performance” of Radiation, Radwaste Management, Major Plant Modifications, Aging Management of SSCs, Seismic Re-evaluation, Lessons Learned from Significant Events, and Feedback from Domestic and Foreign Experiences and Research Results.

	3. Please detail how the plants comply with current licensing requirements. What are the AM measures covered so far?
1. To ensure the compliance with the current licensing basis (CLB), the plant usually follows the 600 and 700 series SOP to conduct the inspection, test, and maintenance of all safety related systems, structures and components. 
If any installed equipment related to safety protection system was deviated from its normal condition, the 1100 series SOP (quality control related SOP) must be conducted to correct it. For any design change, temporary modification , the US Regulation 10 CFR 50.59 「Changes, tests and experiments」, must be conducted to evaluate the compliance with the CLB.

2. AEC requires TPC to implement the requirements of TMI Action plans, generic communications such as bulletins, generic letters issued by USNRC and so on.

3. After 311 Fukushima accidents, AEC requires the NPP annual emergency plan drill must consider compound disaster that is beyond the design basis (i.e. Japan Fukushima situation). Before holding a drill, part or all of the following items should be included into the drill plan which reported to central director to verify. All the following items of nuclear reactor facilities should be drilled every four years：

(1) Accident report and information communications.

(2) Emergency response and personnel mobilization

(3) Accident control and mitigation
(4) Accident consequence assessment

(5) Nuclear safeguards and anti-terrorist
(6) Radiation measurement and dose assessment

(7) First-aid treatment by facility personnel

(8) News release 

Regarding handling severe nuclear accident, TPC headquarters request each nuclear power plant to hold emergency plan drill considering severe nuclear accident once every 2 years. 

For LM NPP, so far, AM team and measures is still in setup and training stages. LM will set up the procedure and organization following the current licensing requirements.


	4. What are the plant upgrade measures implemented since the commissioning? There is no information included in the national report in this area.
TPC NPP fleet closely followed US NRC regulations, TPC will evaluate and implement all of the new and amended regulations. For example, all the TPC plants had implemented the post TMI modification based on NUREG-0737. Besides these modifications, TPC periodically uses risk analysis models to prioritize the risk impact, and decides what modification items required to enhance the plant safety, such as:

1. Add one air-cooled swing diesel generator, increase the reliability of diesel generator and add two gas turbine generators.(for all plants)
2. House the gas turbine generators in a rigid building.(for all plants)
3. Add ATWS mitigation circuit and procedure.(for all plants)
4. Modify the ventilation system of TDAFWP pump room. (for MSNPP)
5. Modify the heat exchangers of Component Cooling Water system and Essential Chilled Water System.(for MSNPP)
6. Add Automatic Seismic Trip System.(for all plants)
LM:
There is no plant upgrade measures implemented since the commissioning, because Lungmen NPP is still under construction.

After 311 Fukushima accidents, TPC headquarters requested the NPP annual emergency plan drill must consider compound disaster that beyond design basis (i.e. Japan Fukushima situation). Also TPC invites experts and scholars as evaluator to provide suggestions for further improvement.

There are many upgrades initiated after Fukushima accident, as follows :

1. 5th D/G (swing D/G) can now supply emergency loads for both units simultaneously.
2. Planning to bunker the air-cooled swing D/G for 3 operating NPPs, and to install air-cooled G/T for Lungmen (inside a seismically isolated building).
3. Added water-tight barrier on emergency circulating water system in KS and nuclear service cooling water system in MS.

4.Planning to build Tsunami-protective seawall for all plants with a margin of 6 meters above the current licensing basis
5. Procured 6 sets of 4.16 kV power vehicles and 26 sets of 480V portable D/Gs.
6. Extended the storage capacity of DC power in response to requirement to extend SBO coping time from 8 to 24 hours
7. Prepared portable generators and batteries to power instrumentation and control systems 
8.Checked capacity of all water resources onsite and offsite, and developed transfer and injection procedures
9.Checked fire engine resources - quantity, capacity, discharge pressure, and procured redundancies
10. Developed a scheme of alternative reactor water injection (various paths).
11. Developed a scheme for recovery of ultimate heat sink.

12. Procured portable air compressors and spare nitrogen bottles for SRVs and air-operated valves.


	5. Were there any upgrading programmes initiated / accelerated after Fukushima? If yes, what is the implementation status?
There are many enhancement items required by AEC’s orders, referring to the measures adopted by other countries, the observations of OECD/NEA independent peer review report, and recommendations of the USNRC NTTF report and, in processing for all of the four NPPs. Those items include seismic isolation ERC, seawall, FCVS, PAR, 24-hour SBO Coping Time, etc. The detailed items are described in Section 1.4 of Taiwan’s national report for EU stress test. The implementation status of regulatory orders will be provided by other documentation in details below.
However, there are specific enhancement countermeasures for each individual NPP, as follows:
CS:
For CS, improvement actions were all identified by a wording “DCR” plus a “number” e.g. DCR-3184. Sometimes a “C1” or “C2” will be added for Chinshan Unit-1 or Unit-2, and “C0” is for both units. 
The status of the improvement is list below:
(1)DCRs (Design Change Requests) & MMRs (Minor Modification Requests) have been completed

Item 

Case No.
Areas of Improvement 
1

C1-1363/
C2-1364
Improvement of Control Room ceiling
2

C1-3184/ C2-3185

To install an additional loop of above-ground Raw Fire Water Pipe (Part I )
3

C1-3315/ C2-3316

To add hydrogen detectors at Reactor building 5F.
4

C1-3292/ C2-3293

Based on the recommendation of NEI 06-12, the station has completed DCR-C1-3292/C2-3293 to install new SFP make up water pipes and spray equipment, with the same seismic qualification as the SFP, to increase at least 500gpm water make up capability and 200gpm water spray capability. That will enhance the cooling and make up capability, in an alternative way, for the pool water in case normal SFP make up is unavailable.
5

C0-3307

To respond to sudden seizure of tsunami, install motor-operated closing and opening tsunami gates.

6

C0-3308

For intake structure: To install metal grid structure at the opening of ESW intake structure to prevent large debris brought by tsunami to enter the trench.

7

C1-3299/ C2-3300

The outage service air systems is connected to the plant Instrument / service air system for  supplying  instrument air in loss of plant Instrument air.
8

C0-3283

To install floating valves at the opening for the ESW wash pumps on the second basement floor (B2), which can help release accumulated water on the floor and protect against tsunami.
9

C1-3295/ C2-3296

To upgrade the seismic class of EDG Day Tank oil makeup piping to seismic category I.
10

C1-3297/ C2-3298
Blowout Panel at reactor building 5F has both remote control and manual control functions. In composite event, Blowout Panel will be opened to prevent hydrogen accumulation within the plant and prevent hydrogen explosion.
11

C1-3319/ C2-3320
If continuous actuation of ADS/SRV is considered (DCR-C1/C2-3319/3320 have been completed), air supply can actuate ADS/SRV for 43.2 hours. If not operating continuously, N2 can be supplied for longer time.
12

MMR

C1-0413/ C2-0414
The frame mounted cranes, hoists and cantilever crane in reactor building 5F, and turbine building 3F will be fixed.
(2) DCRs & MMRs will be completed

Item

Case No.
Areas of Improvement
1

C0-3312

The design change request DCR-C0-3312 has been approved. Based on this DCR, TSC lighting and ventilation control panel will be modified to have connecting points (including backup TSC) with movable diesel generators. The power transformer of the TSC building lighting system (including backup TSC has been removed from the 1st floor outdoor to a higher elevation) (2014.5.28)
2

C1-3313/ C2-3314

DCR-C1-3313: Since the procurement of safety-related components takes longer time, the proposed modification of 480Vpower source will be completed in two stages. The wiring from the movable diesel generators to the manual switchgear box (non-safety related component) will be completed in the 1st stage. The wiring from the manual switchgear box to MCC (safety related component) will be completed in the 2nd stage. This DCR will be completed at Unit 1 EOC-27. (2014.12.24) 

DCR-C2-3314: Same as Unit 1 except this DCR will be completed at Unit 2 EOC-26. (2014.5.28)
3

C1-3184/ C2-3185

To install an additional loop of above-ground Raw Fire Water Pipe”.  (Part II, 2015.2.28 )
4

C1-3301/ C2-3302

The main control room air conditioning system will be added with two each 100% air-cooled water chiller, under the composite events to supply main control room with required air conditioning capacity (Unit1:2014.12.24; Unit 2:2015.12.16)
5

C1-3303/ C2-3304

BCSS capacity will be increased from original 250gpm to improved 800gpm (Unit1:2014.12.24; Unit 2:2014.5.28)
6

C0-3294

To install an additional gravity pipe from the 100,000 Tons lower raw water reservoir (Unit1:2014.12.24; Unit 2:2014.5.28)
7

C1-3305/ C2-3306

To enhance HCVS & add FCVS system (Unit1:2016.05.31; Unit 2:2017.5.31)
8

C1-3310/ C2-3311

To upgrade the seismic class of SFPACS Cooling Tower CT-15A/B associated piping to seismic category I. This DCR can provide the alternative to reactor, drywell, suppression pool, and spent fuel pool heat removal system in case that compound disaster accident happens. (2013.8.20 Vendor will  complete the design)
9

C2-3309

To establish # 2 Conference Room (i.e. seismic TSC) with ventilation filtration equipment and power improvements (2014.5.28)
10

MMR

C1-0404/ C2-0405

Fire protection doors R1, R8, R-23, T21, T-22, T-2, T-6 and T-9 will be improved for water-tightness (2014.4.30)
11

MMR
C0-0407

To install water tight doors at the entrances of 5th EDG building (2013.12.31)
12

E-3028/ E3029

To install water level indicator and temperature indicator for SFP (Unit1:2014.12.24; Unit 2:2014.5.28)
13

CS plans to construct a 170 m long anti-tsunami seawall which is 17 m above the sea level and to build an another anti-tsunami wall in ESW pump house in order to protect the site equipment inside. (2016.12.31)
KS:
1.Replace all underground raw water pipes with new pipes housed in trenches on ground level.
Completed

2.Add mobile 480V/3Ø 200kW power connections for 1/2B3A and 1/2B4A load center.

Completed
3.Add power connection from TSC’s 480V 200kW DG to 1/2B3A load center

Completed
4.Add routes from 4.16kV 1100kW black-start diesel generator (Gas Turbine) to plant 4.16kW bus.

Completed
5.Reroute power source from 1/2C1D48 TO 1/2C3F so that reactor building normal ventilation fan 1/2VR4 can be powered from external mobile DG.

Completed
6.Enhance battery system A’s capacity to 24 hours.
Dec. 2014 

7.Upgrade spent fuel pool level instrument, according to USNRC EA-12-051

June 2016 

8.Add two series DS on line side of 1/2A213for connection to 1/2A7 bus.
Completed
9.Add compressed air connection and pipes from outside of auxiliary building to SRV’s(for mobile air compressor use)

Completed
10.Add fire hydrant connection to DST and ADST drain line 

Completed
11.Add shutoff valves and quick connections to ECW lines for mobile pumps to pump water to RHR HX.

Completed
12.Add valves and pipes from CST to external of SPF building.
Completed
13.Add spent fuel pool water spray via quick connections from outside SPF Building 

Completed
14.Add makeup water line to spent fuel pool via quick connections from outside SPF Building 

Completed
15.Add shutoff valves and quick connections from raw water supply lines for NCCW HX as alternate cooling.
Completed
16.Procure mobile 4.16kV/1500kW DG and add routes from switch yard to plant 4.16kV bus.

Completed
17.Add water lines from external TB building to RHR

Completed
18.Build anti-tsunami seawall which is 17 m above the sea level

Dec. 2016  
19.Install FCVS system
Planning Stage
20.Construction of a new seismic isolation ERC

June 2016 

MS:
No.

Areas of Improvement
DCR

M1-4256

M2-4257

Connect fire hose from BL-V023 downstream blind plate to RCS for water makeup. Completed

M1-4258

M2-4259

Connect fire hose from AP-V020 upstream blind plate to CST for water makeup. Completed

M1-4261

M2-4262

Connect fire hose from BN-V005 downstream wash blind plate to CTMT for water makeup. Completed

M1-4273

M2-4274

Add pipes from spent fuel pool to the outside of the fuel building door (of 100 ft size). Completed

M1-4304

M2-4305

Add manifolds on the upstream and downstream of AP-P100, 101 I/O isolation valves. Completed

E-M1-100118

E-M2-100119

Add spray pipes above the spent fuel pool. Completed

M1-4145

M2-4246

Displace AL-P020 fuel tank (N-AL-T021) and add fuel pipe to make its fuel supplied by auxiliary boiler feasible. Completed

M0-4285

Add flood barrier wall and water tight door to the pump building of NSCW. Completed

MMR*
M0-0683

Add cover board on the intake pool of sea water. Completed

M1-0712

M2-0713

Add fixing stands for fire spray nozzle in spent fuel pool building to allow emergency water makeup from the fire protection system. Completed

(note: MMR--Minor Modification Request)
Enhanced program 

Areas of Improvement
DCR

M0-4275

Install water-seal doors to work with PA and lighting improvement in the NSCW building  Completed

M0-4276

Install water-seal doors to work with ventilation improvement in the NSCW building  Completed

M0-4277

Install water-seal doors to work with fire-fighting improvement in the NSCW building. Completed

M0-4350 

The penetrations between the elevation of 6’-6”~25’-0” in north wall of NSCW pumps sump will be sealed with stainless steel. The manhole cover will be changed to floating type. Completed

MMR

M0-0672

The steel screen on drainage holes at the safety fences on the south side of the protection area of the plant is modified to be able to be opened outward. Completed

LM:
1. LMNPP has established the URG (Ultimate Response Guidelines) procedure (no. 1451) that clearly defines the requirement of injecting raw water or sea water to RPV and provide the guidelines for operators and maintenance people to use the mobile equipment to perform the rescue action after accident.

2. LMNPP has took the action to implement the recommendations of NTTF 2.1/2.3/4.1/4.2/7.1/8.0/9.3 issued by the USNRC.

3. LMNPP has completed or planning to perform the following measures to enhance the capability against natural disasters:

a. Procured 2 sets of power vehicles (4.16kV/1500kW), 2 sets of mobile diesel generator (480V/200kW) and 3 sets of mobile diesel generator for emergency power supply in the event of SBO.

b. Planning to add two 60 MW gas turbine generators to supply power to 161 kV switchyard.(To be completed at 2015.5.31)

c. Planning to construct a seawall, top elevation of 14.5 meters, to enhance tsunami-protection capabilities. (To be completed by 2016.12.31)

d. Planning to build a seismic isolation TSC (Technical Support Center). (To be completed by 2016.6.30)

e. Planning to install above-ground reservoir water supply pipe to enhance earthquake-resistant capabilities. (To be completed by 2014.12.31)

f. Planning to construct second heat sink system to provide core cooling water. (To be completed by 2016.3.31)
g. Planning to build filtered containment vent system. (To be completed by 2015.12.31)


	6. Have Chinese Taipei NPPs submitted a license renewal application? Is it any intention to do so?. What is the regulatory process to be applied?
Taipower Company (TPC) submitted license renewal application(LRA) for Chinshan NPPs in July 2009. Then, AEC started technical review in Sep. 2009 after acceptance review and scheduled to complete review process within 2 years. The review activity was temporarily suspended in Dec. 2010 due to TPC submitting a Stretch Power Uprate (SPU) which could change current licensing basis. After Fukushima accident, the government announced new energy policy in Oct. 2011 that all operating NPPs will not extend their operating licenses. The review effort is therefore still suspended. 
The regulatory process for reviewing nuclear safety of license renewal is identical to that of USNRC.

	7. According the stress tests specifications, information about the provisions taken in the plant design and plant conformance to its design requirements should be included in the national report.  There is not information related to Severe Accident Management requirements, in paragraph 6 of the national report, about the compliance of regulations.
Please refer to the response to Question 1.

	8. Containment Integrity (generic): The final ENSREG report highlights the importance of the containment function, which is critical, as the last barrier to protect the people and the environment against radioactive releases resulting from a nuclear accident. It should be convenient describe in the Taiwan national report how is expected to maintain the containment integrity under severe accident conditions.
Under severe accident conditions, there are some guidelines addressed in SAMGs, including containment venting, containment spraying and injection based on the various parameters in containment. AEC requires Chinshan and Lungmen plants to conform to the requirement from Recommendation 5.1 in the NTTF report of USNRC and the consideration with the filtration function. The other nuclear power plants of TPC are also required to evaluate the installation of radioactive substance filtering device to the hardened vent systems in accordance with the standards of European Union nations. AEC also requires TPC to install passive autocatalytic recombiners (PAR) to prevent potentially hydrogen explosions consistent with recommendations in the ENSREG action plan.
CS:
For CHINSHAN, the primary containment is inerted, therefore hydrogen explosion is very impossible, it is also equipped with harden vent pipe which could release gas from primary containment to atmosphere. The secondary containment were equipped with pressure relief plates or blowout panel on the roof, it can be opened if hydrogen is detected.

     KS:

     Normally, when accidents occur, the primary containment will enclose the radioactive substance to treatment system through automatic isolation function to guarantee that the off-site radiation dosage (Off Site Dose) will not exceed the requirement of 10CFR 100.

The gas purge/exhaust system of containment is anticipated to fail owing to power loss after severe accidents when the BDBEE happened. According to the planned URG attachment#10 “containment control (including off-gas, heat removal, and hydrogen control)”, the inner motor-driven isolation valve of primary containment will be opened in advance and the power source will be turned off before power loss. Since the outboard isolation valve of primary containment is gas-driven, and it can be operated by using backup Nitrogen Gas Cylinders or manually to both maintain the integrity of primary containment and to prevent the massive uncontrolled release of radioactive gas. Due to the importance of SGTS’s operation during accident conditions, its power supply has the first priority to be restored in order to maintain the capability of containment exhaust and filtration function. (The enhancement program of electric power is described as detailed in chapter 5 of Stress Test Uitility report). Under severe accident conditions, containment isolation valve will be closed firstly if they are opened as required by containment early venting, there are guidelines addressed in SAGs, including containment venting, containment spraying and injection based on the various parameters in containment
MS:
Under severe accident conditions, there are guidelines addressed in SAGs, including management of hydrogen risk, prevention of containment overpressure, prevention of base mat melt through: retention of the corium in the pressure vessel. There are more details in section 6.2.3 and 6.2.4 of MSNPP Stress Test Utility Report.

LM:
Under severe accident conditions, there are guidelines addressed in SAGs, including containment venting, containment spraying and injection based on the various parameters in containment.



	9. Are the emergency procedures and guides (Emergency Operating Procedures, Severe Accident Management Guidelines, Extensive Damage Mitigation Guides or Ultimate response Guides) required by the Taiwan regulations? Are these procedures and guides under the oversight of the nuclear regulatory authority?
TPC adopted SAMGs voluntarily for their operating NPPs. AEC has evaluated it through the audit and review of the annual emergency planning exercises and drills. 

AEC required TPC to implement the USNRC’s Post-9/11 action (B.5.b) of USNRC 10 CFR 50.54(hh)(2) and develop EDMGs after the safety reassessment for Fukushima accident.
The order issues by AEC requiring TPC to strengthen and integrate the emergency operating procedures (EOPs), severe accident management guidelines (SAMGs), and extensive damage mitigation guidelines (EDMGs) with the ultimate response guidelines (URGs) developed by TPC following the accident at Fukushima Daiichi NPP consistent with the USNRC NTTF Report Tier 1 recommendation 8 on strengthening and integration of EOPs, SAMGs, and EDMGs. 

	10. Being the the URG´s event based and implemented in 3 phases aimed to eliminate core damage sequences it is not clear how these URG´s are applied meanwhile EOP´s are used. These three phases deal with core cooling within 1 hour, verify continuous core cooling within 8 hours and restore heat removal function within 36 hours. What is the rational basis behind these numbers?
The relationship between URG and EOP is shown in the figure below.

For phase 1, the mission goal is ensuring the capability of injection water into reactor, the RCIC is assumed running last for 1 hour upon SBO before trip (it take credit for running 8 hours in FSAR) , and the required injection flow rate, with low injection pressure, is calculated. According to that, the plant shift crew are required to align the injection path into reactor 
with enough portable low pressure fire engine or by gravity from high elevation raw water reservoir within one hour.

For phases 2 and 3, the mission goals are restoring onsite power & building up alternative heat sink and restoring long-term cooling (Ultimate Heat Sink) with the time constraint of 8hours and 36hours, respectively, considering the specific function need to be restored and the plant staff ability to restore the specific rescue measures reasonably. 
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	11. In the document, reference is often made to EOP, SAMG and URG. It is however, not clear when which procedure will be used, or what the entry points are. Moreover, it is not clear who will be executing the URGs or if these procedures contradict EOG or SAMG.
The relationship between URG and EOP, please refer to the figure above.

For phase 1, the shift crew are required to fulfil URG alone. For phases 2 and 3, the URG’s countermeasures are executed by the emergency response team.

The order issues by AEC requiring TPC to strengthen and integrate the emergency operating procedures (EOPs), severe accident management guidelines (SAMGs), and extensive damage mitigation guidelines (EDMGs) with the ultimate response guidelines (URGs) developed by TPC following the accident at Fukushima Daiichi NPP is consistent with the USNRC NTTF Report Tier 1 recommendation 8 on strengthening and integration of EOPs, SAMGs, and EDMGs. 

	12. The management of radioactive release and provisions to limit them is in paragraph 6.1.2.3, but there the possible management of large amounts of contaminated water is not mentioned
CS:
In paragraph 6.4, for CS, a capacity of 51,400 M3 (it is the underground floor of turbine building which will be sacrificed to become a temporary storage place for liquid waste if accident happened) is available for the temporary storage of contaminated water.
The radioactive materials could be drained into the plant sumps and then overflow. The first and second floors of the plant buildings could be flooded and the liquid overflows the buildings into the sewer. The liquid could permeate into the service water conduits with cracks of the bottom level. All of them finally flow into the ocean through the exit of cooling service water of the plant. However, we have mobile system including charcoal bed and resin bed to reduce radioactive liquid release into the sea
KS: 

The liquid waste management systems are designed to provide controlled treatment of all potentially radioactive liquid wastes. The processing system is sized to accommodate maximum input 950M3 for 24 hours with only one operating collector tank pump. In an accident, the possible radioactive liquid release will first flow into plant building sump and then flooding, or 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. So, the first and the second floors in the flooding area will have a capacity of 81,000 M3 available for the temporary storage of contaminated water. We have mobile system include charcoal bed and resin bed to reduce radioactive liquid release into the sea via circulating water discharged channel outlets.
MS:
Paragraph 6.1.1.5 has mentioned about increase the storage capacity for radioactive liquid after accidents. For the large radioactive liquid from a nuclear accident, MSNPP has well arranged the storage assignment in procedure 930.2. Please also refer to MSNPP Stress Test Utility Report Table 6-5 “MSNPP radioactive liquids disposal time and methods after severe accidents”. Meanwhile MSNPP can use the portable AC and DC power to transfer the liquid radwaste to Liquid Radwaste System for further process.
LM:
The liquid waste management systems are designed to provide controlled treatment of all potentially radioactive liquid wastes. The processing system is sized to accommodate maximum input of 2,000 M3 high purity liquid waste (conductivity less than 50 μS/cm , suspending solid less than 10ppm, TOC less than 5ppm ) for 24 hours with total four available collection/sampling tank pumps operating for two units.

In an accident, the possible radioactive liquid supposed to be confined in the Reactor building since there is no direct connection between Reactor building and turbine building with isolation of the main steam lines and feed-water lines. In the Turbine building, there is a space of around 8,000 M3 of the main condenser available for the temporary storage for those radioactive liquid. It’s necessary to use temporary pumping system and filtration system to transfer the radioactive liquid from Reactor building or Turbine building to the radwaste processing building.  
It is assessed that the largest waste liquid storage space of the station is 17,968 M3 (Each building sump or waste liquid collection tank for both units can temporarily store 1,968.2 M3; Turbine building Main Condenser can be temporarily used to store waste liquid and each unit has about 8,000 M3 and total 16,000 M3 for both units).

The 480V portable generators, electrical cables, piping and clamps, pumps, filtration units for the necessary counter measures will be prepared and stored in a assigned warehouse.


	13. Management of workers doses appears to be missing in the national report.
There is a summary in the section 6.1.2.3 “The management of radioactive release and provision to limit them” and 6.4 “Accident management measures to restrict the radioactive releases” of the National Report.

	14. Could the scope of EDMGs be described? When and who decides they must be applicable?
CS, KS, MS, LM: 

After Fukushima accident, AEC required Taipower to follow the post-911 action items namely B.5.b order to develop the EDMGs. The power plant may suffer damage due to wide range of incidents such as the large explosion, broad fire situation. For some reasons, the control room is unable to carry out the task of controlling the reactor, and the power plant emergency organization (TSC) has not been established yet. Each plant has developed the Extensive Damage Mitigation Guidelines, the 1450 series procedure, for emergency organization to react to an emergency situation initially.

As the power plants confronted the conflagration or explosion situation, the Extensive Damage Mitigation Guidelines (EDMG) will be applied by the plant staff survived after the incident. The staff assigned in the EDMG will rebuild the initial emergency and control structure (the team of EDMG command and control). The survived staff of the highest rank is responsible for commanding action in assembling place, until the technical support center of power plant (TSC) is established.

	15. Potential effects from the other installations at one site, multiunits accident, is described in paragraph 6.1.3.6. In this paragraph it is mentioned additional equipment installed, but nothing is mentioned about the assessment of the manpower needed to cope with this situation.
Each plant has fully reviewed to expand the manpower arrangements, e.g. the number of fireman per shift is increased from six to eight. The assessment of the manpower needed to cope with potential effects from the other installations at one site, two units accident, is described in paragraph 6.1.2.5.or 6.1.2.6. Generally, the manpower is described in the URG strategies. They arrange the shift staff to do the specific operation project while the BDBE induce two units accident. The personnel and the specific operation project of phase 1 in URG are described in procedure 1451.The form of the personnel and specific operation project list like attachment xx.  After the stage of phase 1, the head of TSC will assign the needed manpower to cope with the specific mission by the instant condition.

Currently, following the NTTF recommendation 9.3 EMERGENCY PREPAREDNESS evaluation of the staffing is on-going.



	16. Inside the national report, paragraph 6.2.3,  in case of complete loss of electrical power for Maanshan NPP, only the TDAFWP remains available to feed the steam generators for 8 hours. Which one is the rational base for this figure? Additionally, it is mentioned that the first cliff edge effect may appear at 15.2 hours after S/Gs dry out. More information should be provided to have a better understanding of these figures.
MS:
It is described in Section 6.2.1.1 of Utility Report “Under the loss of core cooling condition, MSNPP will immediately follow EOP(570.00～570.57) to proceed the accident mitigation. Major actions are feeding water to steam generator with pumps (electric/turbine/diesel driven AFW pumps or fire water system/fire engines) and open the power operated relief valve (PORV) of the steam generator to remove the decay heat of the reactor.” Besides MDAFWPs and TDAFWPs, there are diesel driven AFW pumps (added after SBO event in 2001), fire water system and fire engines which can be used to fill the SGs.

When discussing the cliff edge effect, TPC considers only the TDAFWP to obtain conservative results. MSNPP meets the 10CFR50.63 SBO requirement. During the 8-hour coping time, TPC use the TDAFWP to fill the SGs. And, TPC conservatively assume TDAFWP and other systems are not available after 8 hours to obtain the cliff edge time.

The cliff edge occurs at the time of core uncovery, not S/Gs dry out. If loss of TDAFWP at 8 hours, then the S/Gs will dry out 7.2 hours (8 + 7.2 = 15.2) later. The reactor core will be uncovered at 17.0 hours. The cliff edge occurs at the time of core uncovery not S/G dryout. Therefore, the first cliff edge effect may appear at 17.0 hours after event initiated. The description in the National Report will be modified accordingly.


	17. In case of an accident in the Spent Fuel Pool due to loss of integrity of the pool, which one is the strategy to cope with this kind of accident?
The Spent Fuel Pool (SFP) mitigation strategies described in NEI 06-12 (it is also known as the B.5.b strategy) have been established and incorporated into the site’s URG. The strategies mainly include the internal SFP makeup (diverse from the normal makeup) and the external SFP makeup and spray that are using portable pumps/fire trucks to deliver water from outside of the structure via permanently installed connection and piping into the SFP.

The strategies that we will use to cope with the accident of loss of integrity of spent fuel pool is using the mobile engine-driven water pumps to pump water via (1) permanent fire water injection piping (>500gpm) or (2) permanent fire water piping and spray equipment (>200gpm) to maintain adequate cooling the spent fuel pool of either unit. 
The above strategies meet the requirement of NEI 06-12 and AEC has required TPC to implement the USNRC’s Post-9/11 action (B.5.b) after the Fukushima accident.



	18. According the assessment of the regulatory body, per the recommendation item 5.1 in USNRC NTTF report, it has been recommended to add a robust and reliable containment venting system (hard vents) and filters. Is it the only containment venting considered?. Containment filters are mentioned only for Chinshan.
The order issues by AEC requiring TPC to install reliable hardened vents for Mark I and ABWR containments and request the installation of filtration for all different containment designs consistent with the recommendation of USNRC NTTF Report Tier 1 recommendation 5.1 on reliable hardened vents for BWR Mark I and Mark II containments.
AEC requests TPC to prudentially review if the systems for venting containments with potentially significant concentrations of combustible gases are sufficiently robust. AEC requires Chinshan and Lungmen plants to conform to the requirement from Recommendation 5.1 in the NTTF report of USNRC and the consideration with the filtration function. The other nuclear power plants of TPC are also required to evaluate the installation of radioactive substance filtering device to the hardened vent systems in accordance with the standards of European Union nations.

	19. What are the provisions to allow MCR and ECR habitability under AM conditions, including filtered air supply. Control room: isn't an online surveillance monitor (with alarm) is available for radiation monitoring?
CS:
CSNPP follows NUREG-0696 “Functional Criteria Emergency Response Facilities” regulations, MCR is equipped with emergency ventilation and filtration system and radiation monitoring instrument to fit habitability in AM condition.

TSC/OSC is going to install the HEPA filter.
KS, MS:
      (1). KSNPP follows NUREG-0696 “Functional Criteria Emergency Response Facilities” regulations, MCR is equipped with emergency ventilation and filtration system and radiation monitoring instrument to fit habitability in AM condition.

(2). Yes, control room is installed with online surveillance monitor (with alarm) which is available for radiation monitoring.

(3) After review, AEC concludes that the TSC was not designed for the multi-units and natural disasters scenarios. Therefore, TPC is now planning to build a seismic-isolation building to accommodate possible multi-units and natural disasters scenarios. The modification will be completed before 2015.
LM:
(1)Based on Emergency Preparedness Procedure1400, the provisions in MCR and TSC(Technical Support Center) are communication, radiation monitor/radiation protection devices, food, water, air(supplied by normal or emergency air handling unit),procedures, copy/FAX machines, air-supply mask.
(2)Radiation of MCR and TSC can be monitored on screen of the computer. When high radiation occurs, normal intake dampers will be automatically closed, emergency intake dampers will be automatically opened, and emergency air handling unit (attached filter) will be automatically started to supply fresh filtered air.
(3) LMNPP is also planning to build a seismic-isolation building to accommodate possible multi-units and natural disasters scenarios.


	20. Control room: FSAR study shows that after design base accident (DBA), the operator dose is 15.4 mSv in 30 days. Since this was a DBA, not considering total failure of all safety trains, this might not be a conservative estimate for acquired dose during severe accident conditions?
KS: 
According to the nuclear power plant FSAR Sec. 15.6.4.5 “Radiological Consequences” and Sec. 15.6.4.5.1 “Fission Product Release from Fuel”, it is assumed that 100 percent of the noble gases and 50 percent of the iodine are released from an equilibrium core operating at a power level of 1.05 times rated power for 1000 days prior to the accident. This assumption implies fuel damage approaching melt conditions and is not only the DBA analysis. This should have been a relatively conservative assumption.

If the safety trains had failed, the control room had installed the radiation detector and radiation protection personnel can also use portable radiation detector to survey control room and the dose control of the operator will comply with the following regulations of emergency exposure issued by AEC.

1. To save life or prevent serious health effect, as far as possible the effective dose does not exceed 500 mSv.

2. To reduce a large number of collective effective dose and to prevent a disaster, as far as possible the effective dose does not exceed 100 mSv.
If all AC power sources lost, the control room ventilation system damper will close automatically. The control room will become a confined space. The provision in accordance with URG procedure has three strategies within the first hour ESF AC power restored, including the 5th diesel generator, gas turbine generators and TSC / OSC diesel generators, will ensure the control room ventilation system operable.
KSNPP is now planning to build a seismic isolation building to accommodate possible multi-units and natural disasters scenarios. The construction will be completed before 2015.

	21. What are the arrangements to ensure plant access for the AM teams considering a destroyed infrastructure?
Each plant has prepared a name list of numerous engineers, technician of all specialties resided in the vicinity district. They will be first informed to enter the plant during the accident in assisting the units' operation. The contractors with various specialties are all listed correspondingly and permission acquired to enter the plant to assist the maintenance. At the same time, National Nuclear Emergency Response Centre will be called to provide boat or helicopter to pick up staff in the assigned place.


	22. In case of an extensive destruction of infrastructure around the installation, according paragraph 6.1.3.1, for Chinshan NPP and Kuosheng NPP, it is mentioned that by survey, a number of staff (23 for Chinshan and 48 for Kuosheng) is residing in the stand by duty dormitory, and additional staff is considered available to carry out equipment-repairing work. Is this personnel considered in the emergency plan?  On the other hand, for Maanshan NPP nothing related to this possibility is mentioned.  The document also states that there are "enough" licensed personnel available in the simulation centre to relief the shift on-duty. Does this mean that there is a list of available licence holders on training? The documents state that (per site) about 100 maintenance staff are available for support. On a given working day, this is of course true, but is there enough qualified personnel available to coordinate them? What about the availability of maintenance staff outside normal working hours? Moreover, in case of external release these people need to be evacuated off site, will there be a list available of who is where?
CS:
Operation personnel living in nearby off-duty dormitory can take over manpower who can’t arrive in-time to give assistance. It is listed in procedure and manpower supporting list that the maintenance personnel living in nearby off-duty dormitory can be mobilized to repair equipment immediately. The training personnel including licensed reactor operators and equipment operators in Simulator Training Center are trained routinely and can be dispatched to support on-shift personnel. CSNPP emergency re-entering team has divided into 3 teams including commander, vice-commander and leader based on duty. If emergency accident happened outside normal work-hour, personnel could be called by phone and message according to team lists

KS: 

Operation personnel living in nearby off-duty dormitory can take over manpower who can’t arrive in-time to give assistance. It is listed in procedure 1408/1409 and manpower supporting list that the maintenance personnel living in nearby off-duty dormitory can be mobilized to repair equipment immediately. The training personnel including licensed reactor operators and equipment operators in Simulator Training Center are trained routinely and can be dispatched to support on-shift personnel. KSNPP emergency re-entering team has increased repairing personnel to 120, and divided into 3 teams including commander, vice-commander and leader based on duty. If emergency accident happened outside normal work-hour, personnel could be called by phone and message according to team lists.

MS:
     For MSNPP, there are 99 plant staff (do not include two operation shifts regularly stay at site) and 252 contractors lived close to the site (within 15 minutes by car). We have created a communication lists to include all the personnel, and those persons are considered in the emergency plan.
     As stated in the MSNPP Stress Test Report: If the TSC members and the professional engineers of Mechanical Engineering, Electrical Engineering, Instrumentation & Control, and Repairing Sections cannot arrive the plant because of the traffic interruption or any other reasons, TSC should recall and organize the staff living in dormitory and in Hengchun district according to their professions, in order to execute the missions following the occurrence of accidents. Moreover, a list of the MSNPP supporting contractors’ manpower and MSNPP employees had been set up. The list includes detailed information about the professional specialties, professional licenses and contact information of these people. TSC can also recall and organize them to carry out the mitigation operation according to the missions required under the commands of OSC Chief.
LM:
1.Employee living in the dormitory will be in the list of emergency plan.(The details will be developed before fuel loading)

2. Staff are all qualified specialist or technician.


	23. Are off site emergency centres foreseen to ensure the long term operation of AM teams and interventions? 
AMT crews are mainly comprised of TSC members. When EOP is initiated and conditions of SAG are met, or AMT leader (Operation Manager) considers necessary, TSC chief will be advised to activate AMT team work. Therefore, AMT assists TSC to assess the accident indicators and to make recommendations.

The members of AMT are the Operation Coordination Team (abbreviated as Operation team), Nuclear Safety Evaluation Team (abbreviated as NSE team), Reactor Engineering Technology Assessment Team (abbreviated as Reactor team), and SPDS operator. 
The AMT is an on-site team to support TSC; its long term operation is similar to the TSC.
The off-site emergency response is mainly handled by the National Nuclear Emergency Response Center.


	24. Is it foreseen to establish a national emergency centre having trained intervention groups and essential equipment available?
The National level response organization is called the National Nuclear Emergency Response Center. It’s a committee in which the members are the Ministers from nuclear accident related ministries, such as the Ministry of Interior, Ministry of Defense, Ministry of Economic Affairs, etc. The Minister of AEC is the Chairperson of the National Nuclear Emergency Response Center and its staff is from AEC. 

This National Nuclear Emergency Response Center has three sub units, Regional Nuclear Emergency Response Center operated by local governments, Radiation Monitoring and Dose Assessment Center operated by AEC, and Nuclear Emergency Support Center operated by military. Of course, Nuclear power plant should play the first line job to mitigate the accident.

The National Nuclear Emergency Response Center is responsible for (1)Planning and supervising the implementation of the response measures (2)Analysis, assessment, and management of the accident (3) Press release and activation of the public notification systems (4) Promulgating orders for the public protective measures (5)Allocation of the resources

The Regional Nuclear Emergency Response Center is responsible for  (1)Performing the protective measures of sheltering, iodine tablet distribution, and public evacuation/transportation (2) Assisting the press release and activating public notification systems (3) Arranging the accommodations, temporary relocations, and emergency medical aids for the evacuees (4) Holding out the security, order, and traffic control of the accident affected areas (5) Implementing any other measures to prevent the enlargement of the regional hazards

The Radiation Monitoring and Dose Assessment Center is responsible for (1) Performing the radiation measurements for personnel, vehicles, and the environment (2) Assessing the extent and areas affected by the accident, evaluating radiation dose of the public, and proposing protective measures (3) Providing sufficient information and related technologies to every  emergency response centers

The military plays the leading role of the Nuclear Emergency Support Center which is responsible for  (1) Performing the decontamination of contaminated personnel, vehicles, and major roads (2) Providing assistance in carrying out public sheltering, evacuation, transportation, accommodation, temporary relocation of evacuees, emergency medical aids, KI tablet distribution, traffic control, and security and order maintenance. (3) Assisting the environmental radiation measurement
All the response units have their own preparedness and response plan which includes programs of personnel training, equipment maintenance and test, regular communication test and exercise etc.
The TPC and National organization structure for emergency plan is as shown in figure 6-1, 6-2 of National Report, which shows the off-site technical support upon request will be offered to plant site. There has annual exercise and drill to verify the emergency plan. It shown as the incompleteness of Figure 6-2 in the page 157 of National Report pdf file. Please refer to the attached figure in the last page. 

	25. What are the provisions to avoid common cause AM equipment damage i.e. hardened storage locations, diverse locations etc.
AEC issues regulatory order to require TPC to address the USNRC NTTF Report Tier 1 recommendation 4.2 on equipment covered under USNRC regulation 10 CFR 50.54(hh)(2) followed by NEI 12-06 guidelines.
CS:
Diverse locations and hardened storage location for equipment (i.e.  seismic proof/flood proof) had been taken into consideration. For example, 1500kW  power vehicle purchased after Fukushima is stored at higher ground with elevation of 21.8M, 480V EDGs are installed at 22 M elevation, proof of seismic category I building. All the measures will follow the NEI program requirements.

KS: 

Regarding severe accident, KSNPP stored rescue equipment at different heights and places. For example, warehouses 29 and 30 are located at height of 16m, gas turbine building and switchyard are located at height of 22m and 31m respectively. All the measures will follow the NEI program requirements.
MS:
The FLEX equipment is stored in two warehouses (24m and 26m above normal sea level, and more than 12m above design tsunami height.) The distance of two warehouses is more than 1 km. The heavy machines are placed in a crane warehouse which is 24m above normal sea level. All the measures will follow the NEI program requirements.
LM:
Besides the original RPV Warehouse (EL 12.3m, used for heavy machinery storage), the square in front of Low Radioactive Radwaste Warehouse (EL 43m), is used for open storage. LMNPP will build seismic isolation TSC (Technical Support Center) as part of diverse location for AM equipment. All the measures will follow the NEI program requirements.


	26. Is there an inter plant support foreseen including the sharing of equipment, related logistics and transport?
CS, KS, LM: 

In procedure 1426, NEPEC (Taipower Nuclear Emergency Planning Executive Committee) is in charge of the overall planning of resources and manpower to support the power plant with  accident at request, including the inter plant support plan.

MS:
MSNPP has enough equipment. The only demand for inter-plant supports is the consumables like boron acid, oil, etc. 

As stated in MSNPP Stress Report 6.1.1.1.2: If outside rescue material and resources are required by MSNPP, the external assistance requests will be sent to CDRC (Central Disaster Response Center) and its Forward Command Post (FCP) by NEPEC. The outsourcing resources and material will be dispatched and utilized under the commander of CDRC. 

Inter-plant supports will be carried out in this manner.



	27. Is there a remote monitoring of plant parameters foreseen, including essential process parameters including dose rates at strategic locations for AM measures?
TSC (Technical support center, on-site emergency support center), NEPEC ( Nuclear Emergency Planning Executive Committee, off-site at Taipower headquarters) and AEC headquarters are equipped with safety parameter display system to monitor important parameters of power plant and radiation dose in each region under serious nuclear accident situation.  



	28. What is the autonomy of the sites regarding food, drinking water, sheltered locations for emergency teams etc.?
CS:
An adequate amount of food and water are stored in the control room and TSC/OSC. Some areas currently used for ordinary offices which are seismic category I design, will be re-arranged (per US NRC NUREG-0696) to become sheltered location for the emergency teams.

KS: 

Each assembling place of emergency team has preserved food and drinking water. A scheme for building a new seismic-isolation ERC is progressing (meet NUREG-0696 ) to become sheltered location for the emergency teams.

MS:
An adequate amount of food and water are stored in the control room and TSC/OSC. A plan for building a new seismic-isolation ERC is progressing (meet NUREG-0696 ) to become sheltered location during an emergency.

LM:
An adequate amount of food and water are stored in the control room and TSC/OSC. (the details will be developed before fuel loading). A plan for building a new seismic-isolation ERC is progressing (meet NUREG-0696 ) to become sheltered location for the emergency.


	29. Are there studies available about accident timing, including core melt, reactor pressure vessel (RPV) failure, basemat melt-through, SFP fuel uncovery, etc. to have a better idea about the feasibility of accident management measures foreseen.
For the SFP, TPC used Computational Fluid Dynamics (CFD) code to analyze the SBO event. It is assumed that all the fuels are moved to the spent fuel pool certain days after shutdown, and at the same time the spent fuel pool loses cooling. The CFD model of each plant calculated the time of boiling, the time the water level lowered to 10 feet above TAF, the time the water level reaches TAF, and the time the fuel heated to 600°C and 1200°C after fuel uncovery.

Other than SFP, TPC has performed the severe accident analyses for SBO scenarios after Fukushima accident by using MAAP code.

The analyses results indicate all the timings including TAF, PCT reaching 2,200°F, core melt, BAF, RPV failure, suppression pool temperature reaching 100°C, and containment overpressure failure, etc. The following table shows Lungmen study of SBO timings for various available RCIC operations.

Event

RCIC

0 hr

RCIC

1 hr

RCIC

8 hr

RCIC

24 hr

TAF

0.53

2.34

9.63

28.33

PCT=2200℉
1.12

3.23

10.89

30.11

CDF > 0

1.3

3.48

11.2

30.46

BAF

2.35

4.56

12.63

32.47

RPV Failed

5.24

7.99

17.73

39.11

SP Temp > 100℃

6.4

8.44

8.66

9.44

CTMT Design Pr

(Pr > 0.41 MPa)

6.54

8.7

17.73

20.43

CTMT Failure

(Pr > 0.72 MPa)

18.75

19.42

21.03

27.39

Assumptions for RCIC Simulation:

RCIC starts on L-2 water level.

RCIC stops on L-8 water level.

RCIC water supply from CST.



	30. Before sending in workers for radiation monitoring, is there a conservative study of the expected radiation doses in each part of the installation? If yes: can this be extrapolated to severe accident conditions?
With electric power supplied by post-Fukushima purchased diesel generators, radiation condition can be monitored via normal way. We can evaluate the in-situ dose rate through the real time data from the installed ARMs (Area Radiation Monitors) and 11 ERMs (Environmental Radiation Monitors) distributed around the plant. Otherwise, We shall also place remote and battery-powered radiation monitors in the high radiation area / inaccessible area to get the real time data for evaluation. Before the worker comes to the site, the health physics staff will survey or assess the dose rate and give everybody a thermal luminescence dosimeter and electronic pocket dosimeter to monitor its received dose. All of these could be extrapolated to severe accident conditions.

CS:
The instrument number, location and measurement range of wide range radiation monitors are described below:
D11-K618A/B / Unit  (Location: Drywell)  (Measurement range: 0~1.0E+05 Sv/hr)
D11-K619A/B / Unit  (Location: Torus)    (Measurement range: 0~1.0E+05 Sv/hr)

When the wide range radiation monitors fail, the alternative portable survey meters such as Telletector 6112B will be used. Their measurement range is 0~10 Sv/hr.

KS:
The instrument number, location and measurement range of wide range radiation monitors are described below:
1SD-RISH-144 / Unit 1 (Location: R/B 3F West Side) (Measurement range: 0~1.0E+05 Sv/hr)
1SD-RISH-145 / Unit 1 (Location:D/W 2F West Side) (Measurement range: 0~1.0E+05 Sv/hr)

1SD-RISH-146 / Unit 1 (Location: D/W 2F East Side) (Measurement range: 0~1.0E+05 Sv/hr)

1SD-RISH-147 / Unit 1 (Location: R/B 3F East Side) (Measurement range: 0~1.0E+05 Sv/hr)

2SD-RISH-144 / Unit 2 (Location: R/B 3F West Side) (Measurement range: 0~1.0E+05 Sv/hr)

2SD-RISH-145 / Unit 2 (Location:D/W 2F West Side) (Measurement range: 0~1.0E+05 Sv/hr)

2SD-RISH-146 / Unit 2 (Location: D/W 2F East Side) (Measurement range: 0~1.0E+05 Sv/hr)

2SD-RISH-147 / Unit 2 (Location: R/B 3F East Side) (Measurement range: 0~1.0E+05 Sv/hr)

When the wide range radiation monitors fail, the alternative portable survey meters such as Telletector 6112B will be used. Their measurement range is 0 ~ 10 Sv/hr.

MS:
The instrument number, location and measurement range of wide range radiation monitors are described below:
RT-225 / 226 / Unit       (Location: Containment  EL:148ft) 
(Measurement range:1.0 ~ 1.0E+06 Sv/hr)

When the wide range radiation monitors fail, the alternative portable survey meters such as Telletector 6112B will be used. Their measurement range is 0 ~ 10 Sv/hr.

LM:
The instrument number, location and measurement range of wide range radiation monitors are described below:
T62-RDT-0001A /B / Unit (Location：Drywell)

(Measurement range: 0.01 ~ 1.0E+05 Sv/hr)

T62-RDT-0002A /B / Unit (Location：Suppression pool) 

(Measurement range: 0.01 ~ 1.0E+05 Sv/hr)

When the wide range radiation monitors fail, the alternative portable survey meters such as Telletector 6112B will be used. Their measurement range is 0 ~ 10 Sv/hr.

	31. URGs: For all units, the document states that early RPV and containment venting will happen in a relatively short time frame. What will be the radiological consequences? Has the allowed activity of primary coolant been revised in the technical specifications? Have all personnel been evacuated to secure areas in this short time? What is the impact on the water inventory?
Containment early venting is executed on the stage that fuel still maintains its integrity and the radioactive release will be small. When normal AC power are not available, using either fire trucks or gravity feed from onsite water tanks to inject water into the reactor vessel is the only way to keep fuel flooding by water. Part of this strategy involves containment venting to assure the equipment can overcome the backpressure associated with high containment pressures. Injecting water into reactor has higher priority over small amount radioactive release. Containment early venting strategy has been also revised in BWR EPG/SAG revision 3 (Feb. 2013).

It is an EOP/SAMG situation, so the allowed activity of primary coolant will not be revised in the technical specifications.

For BWR, the RPV early venting is a controlled depressurization process through opening one SRV. The water inventory will be made up by RCIC, and water level will be kept high. The scenario has been calculated by RELAP 5 code. 

For PWR, the SGs are vented via PORVs to remove the decay heat and the water inventory will be made up by TDAFWP or medium pressure or low pressure pumps. This kind of venting will not have bad impact on RCS inventory.



	32. Adequacy of current accident management measures, Maanshan NPP, after fuel damage, the containment will be vented. What will be the trigger and what are the constraints of this action with possible wide ranging consequences? If there is fuel damage, there are a number of leak ways to the containment (PRT, primary pump seal, allowed leaks normal operation,…)
MS

If a beyond design basis accident happens but does not induce long-term SBO and LUHS (Ultimate Heat Sink), the SAMG will guide the venting process using filtered system. 

If a beyond design basis accident results in long-term SBO and LUHS, the containment venting action need to follow the URG process and inform TPC headquarters and ROCAEC. 

All the venting path and compensatory measures will be suggested by the Accident Management Team (AMT) and decided by the TSC.


	33. What are the provisions foreseen for core melt scenarios?
For BWRs, there are guidelines addressed in SAGs, based on the water level of RPV, availability of pressure suppression pressure and RPV failure signature for core melt scenarios.
For MSNPP, the only PWR of TPC, guidelines are the same as PWROG SAMGs. Accident Management Team analyze the plant parameters (SG water level, RCS pressure, RCS temperature, etc.) and decide what Severe Accidents Guidelines (SAG-1~8) should be entered. If the plant is under severe challenge for fission product release, AMT will enter the Severe Challenges Guidelines (SCG-1~4) to reduce the failure probability of the containment or decrease the fission product release rate.

The core melt scenarios will be monitored from the various parameters as follows:
1. detecting high radiation in primary containment

2. detecting high hydrogen concentration in primary containment

3. time after loss of injection water source

4. metal temperature of RPV raising

5. RPV pressure peak due to support plate failure

6. RPV water level decreasing below TAF

	34. In the Kuosheng NPP, it is foreseen to stop containment leakages by injecting high pressure foaming leakage-proof agent into containment cracks. How and where will this activity be done? What is the expected outcome? How will the cracks be found in the first place?
KS: 

In the Kuosheng NPP, we will use the soluble glass because of the property of extension and quick solidification to prevent the containment leakages. If the nuclides concentration of water sample of monitored areas had been increased, there should be some leakage at the containment. The maintenance staff will check out and find the leakage areas.



	35. URG: loss of core cooling (all BWR plants). The maximal allowed gradient for cooling (55°C/h) may – in all procedures – be exceeded. What will the maximum allowed gradient be? What is the risk of RPV damage caused by thermal loads?
For BWR plants, the limited RPV cooldown rate (55°C/h) can be ignored when the emergency RPV depressurization is required, i.e., the staff should reduce RPV pressure as rapidly as possible.  The methods available could include:

•Depressing ADS manual initiation pushbutton(s).

•Manually placing individual SRV control switches in the OPEN position.

The emergency depressurization is performed “irrespective of the resulting cooldown rate,” since the need for rapid depressurization takes precedence over normal cooldown rate limits. Under emergency conditions, if the emergency depressurization is not performed, the goal to depressurize the RPV and maintain it in a depressurized state, would be unnecessarily delayed and certainly cause RPV failure, thus the uncertain damage caused by thermal loads will not be considered. The cooldown rate of 55°C/h has been the limited conditions for general or normal cases; while for emergency cases, the cooldown rate will not be a concern and only depend on the opening numbers of ADS or SRV.
Going faster may cause concerns of future normal operation of equipment or components. But after such accident event, a plant will have to go through extensive review and assessment, there are procedures to re-evaluate the potential RPV damage caused by thermal loads for the excess cooling rate situations, before restart anyway.



	36. What is meant by "fuel damage due to reactor core high pressure"?
It indicates that we shall decrease the RPV pressure as soon as possible, even exceeding the cooldown rate limit, and bring the reactor to a lower pressure state. Otherwise, the available lower pressure alternative injection systems may not function under high RPV pressure condition and cause fuel damage.
It means that "fuel damage due to water injection hindered by reactor core high pressure". 


	37. Cliff edge effects in outage situation are only covered for Maanshan NPP (and only the situation where reactor is open and in mid-loop conditions). Analysis should be expanded for all units in all outage states
CS:
For Chinshan NPP, The Cliff edge of the refueling outage is in POS3 (Plant Operation Status 3). The plant condition in this POS is the time that RPV Head had just being removed. At this condition, RPV water level is 1 feet below the flange of the RPV head while the decay heat is still high, so the core damage frequency(CDF) is the highest during refueling outage
[image: image4.png]CS#2 EOC24 refueling outage CDF history

<
T @
ST — /
=]
{5WG0 monsec -
T

w





KS: 

For Kuosheng, the Cliff edge of the refueling outage lies in POS3 (Plant Operation Status 3). The plant condition in this POS is the removal of RPV Head. At this process, RPV water level is 1 feet below the flange of the RPV head and decay heat is still high, so the core damage frequency(CDF) is the highest during refueling outage. 
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MS:

For MSNPP, the highest risk period during refuelling outage occurs at the hot mid-loop operating condition which has minimum RCS water inventory and higher decay heat. The other outage states are bounded by the hot mid-loop operating condition.



	38. Adequacy of current accident management measures, Maanshan NPP, Before fuel damage, the steam generators will be filled by an outdoor fire hydrant. In hot shut-down, the pressure in a SG is normally in the order of 70-80bars (depending on the plant), whereas the fire circuit is normally in the order of 10 bars. How will this be implemented?
     MS:
     MSNPP has diesel-driven AFWP (DDAFWP), and they need to reduce the S/Gs pressure to about 60Kg/cm2 to deliver the water by using DDAFWP. The staff has regular training for this kind of operation. 

     If staff want to use fire truck or fire hydrant, then they need to manually open the SG PORVs to decrease the SG pressure to about 9Kg/cm2, otherwise it will not get enough flow rate. 



	39. Management of hydrogen risk: for the active combiners: what is their capacity and what will be the expected amount of hydrogen?
CS:
The active recombiner in CS was named POST-LOCA COMBUSTIBLE GAS RECOMBINER SYSTEM, it was designed for DBA LOCA.
KS: 

In terms of hydrogen management, operators will use the H2 recombiners, H2 ignitors, and containment venting, etc. Typically, the recombiners will take care of the conditions less than 6 percents of H2.  And, AMT will follow the SAGs guidelines to cope with the hydrogen risk.

MS：

The Hydrogen Recombiner has a minimum flow rate of 50 SCFM, and is required to be started before hydrogen concentration reaches 3.5%(by volume) to prevent hydrogen explosion.

LM:
(1) According to ABWR manual, the capacity of FCS(H2 Recombiner) is 225 M3/hr for each train.
(2) When PCV(Primary Containment) O2＞4.5%& H2＞3.5%,operators should manually start FCS, and stop at O2＜3.5%.

AEC also requires TPC to install passive autocatalytic recombiners (PAR) to prevent potentially hydrogen explosions consistent with recommendations in the ENSREG action plan.

	40. For H2 management of Maanshan NPP: "…dilute the hydrogen via steam released in the containment". Where will steam come from?
MS:
According to SAG-7 in Maanshan SAMG, the plant will release the steam from RCS into containment by opening pressurizer PORVs or/and RPV head vent to dilute the hydrogen concentration in containment. 

	41. Start of testing pump BH-P020 to supply flow (cooling) of primary pump seals. This action will take place within the hour after URG-procedures have been entered. Does this mean that primary pump seals have been without cooling for a period of one hour? What isolation measures for the leak path exist (manually/automatically)? What will be the total leak before the testing pump was started? Will the seal survive the transient? Will the testing pump inject borated water?
MS:
1.  Yes.

2.  EOP 570.20 will instruct operator to close RCP seal leakoff isolation valve to reduce the leakage.

3.  According to NUMARC 87-00, within coping time (8 hours) it is to assume each RCP has 25 gpm leak flow in the MNNPP FSAR. 

4. The current plant procedure will guide the operator to reduce the SG pressure to 15 Kg/cm2 at the most probable highest rate. 

According the SBO experience on March 18, 2011, RCP losses seal injection for more than 2 hours but no seal leakage occurred. The duration of loss of RCP seal cooling with high RCS temperature and pressure is just 15 minutes. It demonstrates that: with proper operation of SG’s PORV, the core temperature and pressure continued to reduce throughout the event, and the high-temperature RCP seals used by MSNPP could maintain their function.

5.   BH-P020 injects borated water from RWST.

AEC required TPC to address the issue with the PWR reactor coolant pump (RCP) seal loss-of-coolant-accident leakage issue for Maanshan Nuclear Power Plant consistent with the ENSREG action plan.

	42. According to EOP or SAMG, in order to reduce the RCS pressure, the operator will open steam generator PORV…However both operations require power to proceed, therefore it will be very difficult to perform this operation under loss of all AC-power condition. In the document, it has been stated (multiple times) that using URG-attachment 8, the SG-PORV can be opened manually. Also: why would a PORV need AC to operate? Please clarify this discrepancy.
MS:
The normal EOP procedures are using SG PORVs which can be operated by DC power in the control room. 
Under beyond design basis accidents, if we lose all the AC and DC power, we can manually operate the SG PORVs in the local equipment room but not in the control room. 
Manual operation of the PORVs is not a normal practice and requires special training following B.5.b order.



	43. Design: The equipment to mitigate the SG release to the condenser. What will be the effectiveness under SBO? (No pumps available for condenser cooling)
MS:
MSNPP Stress Test Utility Report 6.2.4.1: After loss of the containment integrity, MSNPP will follow SAMG, operate the above equipment, and reduce the release quantity of the fission products as much as possible.
…………
However, if the compound accidents happen resulting in the loss of the AC and DC power, none of these measures are operable.
Possible additional provisions are described in 6.2.4.3.



	44. Spent fuel pool: if steam is evacuated using HVAC-system (VF), is there a risk that any filters (active coal eg) lose their function? Is this taken into account?
KS: 

According to design base, the humidity limitation is <70% for HEPA (particulate absorber) and <95% for HECA(charcoal). So, if the steam at spent fuel pool building is evacuated and over the limitation, these 2 HVAC systems (VF) probably will lose their function. But there is a heater installed at VF that can resist 100% humidity and prevent the above situation from happening.
After Fukushima accident, KSNPP installed the spent fuel pool makeup and spray system to flood the fuel that can ensure the fuel integrity and no radioactive material will escape from fuel.



	45. Spent fuel pool: calculations are performed with 1 totally discharged core.  What was the begin temperature in the calculation (or according to FSAR?). Has fuel from previous cycles has been taken into account? (see for example LM NPP).  If not: this is not a conservative calculation of the cliff edge effect
KS:

(1).The beginning temperature is 33 ℃ in normal operating condition.
(2) The decay heat of the fuels from previous cycles is also taken into account.



	46. What is reactor building sea water system and reactor building cooling water system and what is their role in accident mitigation?
LM:
RBSW(Reactor Building Service Water) supplying sea water to RBCW HX(Reactor Building Cooling Water Heat Exchanger) to remove heat, acts as the ultimate heat sink of the safety-related loads. RBCW provides cooling water to EDG, HPCF, RHR, Essential Chillers, Fuel Pool HX, Aux Fuel Pool HX, and RCIC/HPCF/RHR AHUs .



	47. The turbine driven pumps (RCIC) will be – if necessary operated manually. How will this be achieved technically (eg: issues with governor, actuator,..)
CS:
A drill had been performed during the shutdown stage while the reactor was in refueling outage. Some important data and skill were obtained. The detailed steps are stated in the URG procedure.
KS: 

We have described the operation method manually step by step in the URG procedure 1451. Its procedure of operation is briefly described below:  a. Send a staff to go to the first floor of reactor auxiliary building. Manually open the door of radiation protection of the RCIC room. (Keep opening) b. Open the valve E51-F046 manually completely. (lubricate oil cooler) c. Send a staff to fully open the injection valve E51-F013 in the main steam tunnel. d. Open the steam supply valve E51-F045 manually. (Need to confirm the injection valve E51-F013 be opened before opening the steam supply valve E51-F045, open the steam supply valve E51-F045 slowly and prevent overspeed trip) e. Go to the instrument shelf (1/2S03) and check the discharge pressure at EK-PI-120 is greater than reactor pressure about 7 kg/cm2 and confirm flow rate about 38 l/s at the flow meters EK-FI-112A.

LM:
8 or 21 hours after station blackout incident, turbine stop valve(uv104) will fail closed due to de-energized solenoid . Manually turn handwheel and open stop uv104 will keep RCIC continuous running ( RCIC is mechanical governor, no I&C needed )



	48. The time for containment over pressure after 24h of RCIC operation is considerably less as for 8h (3.57h vs 9.73h). In the LMNPP report this time is even negative. Are these values correct?
Without containment venting, the energy will accumulate inside the containment following SRV blowdown and RCIC turbine exhaust. Therefore, the containment pressure will be increased and eventually exceed the design limit of the RCIC operation. 

The containment failure timings for 8h and 24h RCIC operating cases will be 17.73 hours and 20.43 hours from time zero respectively for Lungmen plant.
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