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MEMORANDUM TO:	 M. R. Snodderly, Cognizant ACRS Staff Engineer 

FROM:	 G. E. Apostolakis, Chairman 
Reliability and Probabilistic Risk Assessment Subcommittee 

SUB..lECT:	 CERTIFICATION OF THE SUMMARY/MINUTES OF THE MEETING 
OF THE ACRS SUBCOMMITTEE ON RELIABILITY & 
PROBABILISTIC RISK ASSESSMENT, JANUARY 23-24, 2003, 
ROCKVILLE, MARYLAND 

I do hereby certify that, to the best of my knowledge and belief, the minutes of the subject 
meeting on January 23-24, 2003, are an accurate record of the proceedings for that meeting. 

George E. Apostolakis, ate I 
Subcommittee Chairman 



PRE-DECISIONAL
 

April 4, 2003 

MEMORANDUM TO: G. E. Apostolakis, Chairman 
Reliability and Probabilistic Risk Assessment Subcommittee 

FROM: M. R. Snodderly, Cognizant ACRS Staff Engineer 

SUB..IECT: WORKING COpy OF THE MINUTES OF THE ACRS 
SUBCOMMITTEE ON RELIABILITY & PROBABILISTIC RISK 
ASSESSMENT, JANUARY 23-24, 2003 - ROCKVILLE, MARYLAND 

A working copy of the minutes for the subject meeting is attached for your review. Please 
review and comment on them at your soonest convenience. If you are satisfied with these 
minutes please sign, date, and return the attached certification letter in the pre-addressed 
envelope attached. 

Attachment: Minutes (DRAFT) 

cc: S. Bahadur 
S. Duraiswamy 
J. Larkins 
H. Larson 
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Date:04/4/03 

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
 
MEETING OF THE ACRS SUBCOMMITTEE ON RELIABILITY &
 

PROBABILISTIC RISK ASSESSMENT
 
MEETING MINUTES - JANUARY 23-24, 2003
 

ROCKVILLE, MARYLAND
 

INTRODUCTION 

The ACRS Subcommittee on Reliability & Probabilistic Risk Assessment met on January 23-24, 
2003, at 11545 Rockville Pike, Rockville, MD, in Room T-2B3. The purpose of this meeting 
was to review the probabilistic risk assessment (PRA) for the AP1000 passive plant design and 
identify possible issues that may need to be addressed prior to or during a July 2003 Full 
Committee meeting on the staff's draft safety evaluation report (DSER). 

The Subcommittee received no written comments or requests for time to make oral statements 
from members of the public regarding the meeting. The entire meeting was open to public 
attendance. Michael Snodderly was the cognizant ACRS staff engineer for this meeting. Med 
EI-Zeftawy was the designated federal official. The meeting was convened at 8:32 a.m. on 
January 23, 2003 and adjourned at 2:20 p.m on January 24, 2003. 

ATTENDEES 

ACRS Members 

G. Apostolakis, Subcommittee Chairman 
M. Bonaca, Member S. Rosen, Member 
P. Ford, Member W. Shack, Member 
T. Kress, Member J. Sieber, Member 
G. Leitch, Member M. EI-Zeftawy, Staff (Designated Federal Official) 
V. Ransom, Member M. Snodderly, Staff 

Principal NRC Speakers 

L. Burkhardt, NRR R. Palla, NRR 
W. Jensen, NRR M. Pohida, NRR 
R. Lee, RES N. Saltos, NRR 

Principal Industry Speakers: 

M. Corletti, Westinghouse T. Schultz, Westinghouse 
E. Cummins, Westinghouse J. Scobel, Westinghouse 
S. Sancaktar, Westinghouse 

There were approximately four members of the public in attendance at this meeting. A 
complete list of attendees is in the ACRS Office File and will be made available upon request. 
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The presentation slides and handouts used during the meeting are attached to the of'fice copy 
of these minutes. 

OPENING REMARKS BY THE SUBCOMMITIEE CHAIRMAN 

George Apostolakis, Chairman of the ACRS Subcommittee on Reliability & Probabilistic Risk 
Assessment convened the meeting at 8:32 a.m. Chairman Apostolakis stated that the purpose 
of this meeting was to review the PRA provided by Westinghouse Electric Company in 
support of its application to the NRC for certification of its AP1 000 design. Chairman 
Apostolakis reminded the Committee that it had reviewed certification of the AP600 design, 
which included a design-specific PRA. He had no specific comments relative to the meeting 
agenda. 

DISCUSSION OF AGENDA ITEMS 

Westinghouse Presentations 

Michael Corletti, Terry Schulz, Selim Sancaktar, Terry Schulz, and Jim Scobel were the main 
presenters for Westinghouse. Terry Schulz began the presentation with an overview of the 
AP1000 passive plant design. Mr. Schulz emphasized differences between the AP600 and 
AP1000 and how the PRA was used as a design tool for the AP1 000. Mr. Sancaktar then gave 
an hour and 45 minute presentation on the Level 1 portion of the AP1 000 PRA. Mr. 
Sancaktar's presentation addressed internal events at power, shutdown, fire portions of the 
Level 1 PRA, including uncertainty. Mr. Schulz then gave an hour and 25 minute presentation 
on the Level 1 success criteria, including Westinghouse's thermal-hydraulic uncertainty 
assessment. On January Twenty Fourth, Mr. Scobel gave a presentation on the Level 2 and 3 
portion of the PRA and additional testing performed to support Westinghouse's in-vessel 
retention approach. Significant points raised during the presentations include: 

•	 Mr. Schulz provided a description of the major components of the AP1 000 passive plant 
design. Mr. Schulz pointed out that the canned motor reactor coolant pumps do not have 
shaft seals or lubricating oil. This design feature eliminates the seal LOCA failure 
mechanism and the likelihood of a fire in the PRA. 

•	 Mr. Schulz then laid out the AP1000 approach to safety. The designers' approach was to 
use "passive" processes only, one time alignment of valves and no support systems after 
initial actuation. This resulted in a reduced dependency on operator actions. Non-safety 
systems are not required to mitigate design basis accidents or meet the NRC safety 
goals. Active non-safety systems are primarily in the design to support normal operation 
or anticipated transients. These systems are typically powered by non-safety diesels. 
These systems also minimize challenges to the passive systems. 

•	 Mr. Schulz then described the passive core cooling system, passive decay heat removal, 
passive safety injection, LOCA long term cooling, the passive containment cooling 
system, normal residual heat removal system, I &C systems, and the control room. 

•	 Mr. Schulz provided examples of how the PRA had been used as a design tool for the 
AP600 and the AP1 000. 
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•	 Mr. Sancaktar provided an overview of the AP1 000 PRA. He provided the following: the 
26 initiating events that contribute the most to CDF, the 11 most dominant CDF 
sequences, sensitivity results, system importances for internal events. 

•	 Mr. Sancaktar explained that Spurious actuation of the fourth stage automatic 
depressurization system was separated from large break LOCA sequences because only 
one accumulator instead of two was needed to mitigate the former. 

•	 Mr. Sancaktar provided the following concerning the quantitative shutdown risk evaluation 
performed for internal events: the CDF is 1.23E-07 events per year, the four most 
dominant accident sequences. This is an 18 percent increase compared to the AP600. 
Mr. Sancaktar said that the increase was due to more frequent outages. The AP1 000 has 
an 18 month refueling cycle as opposed to a 24 month refueling cycle for the AP600. 

•	 Mr. Sancaktar provided the following concerning internal flooding and fire: the CDF for 
internal 'flooding is 8.8E-1 0 events per years, the dominant contributor is large pipe breaks 
in the turbine building with an initiating event frequency in the range of 1.4-2.0E-03, the 
CDF for internal fire events is 5.61 E-08 per year. 

•	 Mr. Sancaktar acknowledged that there may be a need for an ITAAC requiring plant 
specific walkdowns of the as-built plant to verify the internal flooding and fire PRAs. 

•	 Mr. Schulz provided an overview of the PRA Level 1 Success Criteria. He provided 
results for the following four groups of analysis: (1) Automatic ADS with CMT and IRWST 
gravity injection, (2) Automatic ADS with CMT and RNS pumped injection, (3) Manual 
ADS with Accumulator and IRWST gravity injection, and (4) Manual ADS with 
Accumulator and RNS pumped injection. 

•	 Mr. Schulz described Westinghouse's philosophy for addressing T/H uncertainty. 
Westinghouse used MAAP4 to identify low margin sequences and the PRA to identify high 
risk sequences. They then reanalyzed these sequences with more conservative design 
basis codes to see if the core remained covered. 

•	 Mr. Scobel than gave an overview of the Level 2 and 3 PRA. He explained the 
containment event tree structure as well as important simplifying assumptions. For 
example, high pressure RCS at core damage results in induced SGTR containment 
bypass and vessel failure and debris relocation into the containment results in early 
containment failure. Mr. Scobel gave Level 2 quantification results and the 11 most 
dominant LRF sequences. LRF is estimated to be 1.95E-08 per reactor year. Overall 
containment effectiveness is 92% and ATWS sequences had the lowest effectiveness. 
The containment effectiveness for a particular SGTR sequence was 57%. 

•	 Mr. Scobel than discussed in-vessel retention via external cooling of the reactor vessel. 
Mr. Scobel described design features that had been incorporated to promote in-vessel 
retention. These included: (1) post-accident RCS depressurization system, (2) smooth 
lower head, (3) ability to submerge vessel post-accident, and (4) improved reactor vessel 
insulation design. Mr. Scobel described testing and gave results from the ULPU test 
facility. 
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•	 Mr. Scobel discussed Westinghouse's assessment of severe accident phenomena 
including: in-vessel fuel-coolant interaction, high pressure core damage, hydrogen 
generation, dry containment cooling, ex-vessel steam explosion, core-concrete 
interaction, and equipment survivability. 

NRC Staff Presentations 

Nicholas Saltos, Walt Jensen, Marie Pohida, Robert Palla, and Richard Lee were the main 
presenters for the staff. Nicholas Saltos provided the first presentation on the status of the 
staff's review of the at-power Level 1 PRA for internal and external events. Walt Jensen gave 
the status of the staff's review of the thermal-hydraulic success criteria. Marie Pohida gave the 
status of the staff's review of the shutdown PRA. The three presentations occurred between 
3:25 and 5 p.m. on January Twenty Third. On January Twenty Fourth, Mr. Palla gave the 
status of the staff's review of severe accidents and Levels 2 and 3 of the PRA. Mr. Lee than 
provided an overview of confirmatory work being performed by RES in support of the AP1000 
review. These presentations took place from 1:15 to 2 p.m. Significant points raised during the 
presentations include: 

•	 Mr. Saltos stated that the major objectives of the AP1 000 PRA review were to identify 
design and/or operational changes to address weaknesses, determine appropriate 
regulatory treatment of non-safety systems, and determine the risk significance of raised 
issues. Mr. Saltos said that the staff planned to rely on the similarity of the AP1000 to 
AP600 to reduce review effort and the staff's review would focus on design differences 
having an impact on PRA models. 

•	 Mr. Saltos identified the major issues as thermal/hydraulic uncertainty success criteria, 
fire-induced spurious actuation of ADS squib valves, and identification of "certification 
requirements such as inspection, testing, and analysis acceptance criteria and regulatory 
treatment of non-safety systems. 

•	 Mr. Jensen discussed the staff's review of thermal/hydraulic uncertainty success criteria. 
As summarized earlier, Westinghouse plans to address thermal/hydraulic uncertainty by 
reanalyzing certain low margin/high risk sequences with more conservative design basis 
codes to see if the core remains covered. Mr. Jensen explained that the staff has 
performed audit calculations using RELAP5 of Westinghouse's calculations using 
NOTRUMP. Mr. Jensen than presented RELAP5 results overlapped against NOTRUMP 
and MAAP4 results. 

•	 Ms. Pohida discussed issues associated with the shutdown PRA. She mentioned 
common cause failure of the high pressure gravity injection squib valves, high pressure 
recirculation squib valves, and the low pressure recirculation squib valves. She pointed 
out the increase in power has led to shorter response times for operator recovery actions 
such as containment closure and manual gravity injection. 

•	 Mr. Palla stated that the staff intends to address all the major severe accident 
phenomena. Westinghouse is relying heavily on AP600 analyses for addressing fuel­
coolant interactions based on similar debris mass, superheat and composition. He 
discussed concerns involving external reactor vessel cooling which included the following: 
reduced margins to CHF and impact of uncertainties, implications of recent experimental 
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work on in-vessel melt retention, increased dead-load on a thinned reactor pressure 
vessel, and the design of the thermal insulation. 

•	 Mr. Lee discussed confirmatory calculations being performed by the Office of Research 
using the MELCOR. Mr. Lee explained that the analysis of lower head integrity and in­
vessel retention will not be based on MELCOR calculations. Instead, a more detailed 
approach will be utilized that will consider a wide range of uncertainties (e.g., melt 
composition and configurations). 

•	 Dr. Ali Behbahani gave a summary of the RASPLAV and MASCA testing. Dr. Behbahani 
explained that in the RASPLAV experiment if carbon was added to the mass than two 
stratified layers of oxidic melt occurred. The upper layer having more metal. In MASCA, it 
was zirconium containing corium. Separation occurred when iron was added. Thereby, 
you have heavy metal relocated to the lower part of the mass next to the vessel wall. 

SUBCOMMITTEE COMMENTS, CONCERNS, AND RECOMMENDATIONS 

Subcommittee members raised the following significant points during its discussion with the 
Westinghouse representatives. 

•	 Member Rosen inquired about the design and reliability of the Stage 4 Automatic 
Depressurization System valves. The Subcommittee identified this as a critical item. Mr. 
Schulz provided a drawing of the 14" squib valves. Westinghouse has not tested these 
valves and is relying on data for much smaller valves provided to BWRs by the vendor. 
The assumed reliability is based on a purchase specification. The manufacturer will 
certify the reliability of the propellant and the igniter. 

•	 Westinghouse claims that the uncertainty associated with the AP1000 CDF is a factor of 
six. The Members questioned how this could be less than operating plants which have 
been built and have a considerable operating history. Operating plants typically have a 
factor of ten uncertainty in CDF. Member Apostolakis concluded that Westinghouse 
considered parameter uncertainty but not model uncertainty. 

•	 Member Apostolakis asked how can you estimate common cause failure for a plant that 
has not been built. Mr. Sancaktar responded that they had no choice but to do it 
generically. Member Apostolakis contemplated that perhaps we needed an ITAAC or 
design acceptance criteria for not only common cause failure analysis but human error 
analysis too. Member Apostolakis asked to make a note of this issue for consideration by 
the Full Committee when they review the DSER. Member Apostolakis remarked what 
good is a major research effort, such as ATHEANA, if we never intend to use it? 

•	 Member Shack observed that the large break LOCA initiating event frequency was 20 
times lower than for the AP600. Mr. Sancaktar said that it was due to two factors. First, 
they separated out spurious ignition of ADS 4 because only one accumulator is needed to 
mitigate the event. The remaining Large break LOCAs require both accumulators for 
successful mitigation. Second, the large break LOCA initiating event frequency was 
assumed to be 5.04E-06 based on NUREG/CR-5750. Member Apostolakis pointed out 
that if you used the AP600 large break LOCA initiating event 'frequency than the AP1000 
CDF would go up an order of magnitude. 
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•	 Members Apostolakis and Shack asked why the plant monitoring system is so important if 
you have a diverse actuation system. Mr. Sancaktar explained that the two systems are 
independent. Mr. Sancaktar elaborated that PMS importance is related to the inverse of 
the failure probability. It so important because it is high reliability. 

•	 Member Kress asked if either the AP600 or the AP1 000 PRA had been subjected to the 
industry peer review process. Mr. Corletti believed that the AP600 PRA had been 
subjected to a peer review process. The AP1000 was not but the same model was 
followed. 

•	 Member Shack asked if the larger steam generators could be susceptible to the Palo 
Verde dry out problem. Mr. Schulz responded that the AP1 000 design team has taken 
advantage of steam generator expertise since the merger of Westinghouse and 
Combustion Engineering. Mr. Schulz also mentioned that Combustion Engineering has 
built bigger steam generators then those proposed for the AP1000. 

•	 Member Kress asked if the non-safety related systems would handle the design basis 
accidents. Mr. Schulz responded that had been considered to a large extent in the PRA. 
Mr. Schulz discussed taking credit for start-up feed water to mitigate a loss of feed water 
or the residual heat removal system to provide low pressure injection. Member Kress 
pointed out that if the non-safety related systems could also mitigate the design basis 
accidents then this would help answer questions about passive system reliability. Mr. 
Schulz said that large break LOCAs can not be mitigated without both passive 
accumulators. Mr. Cummins than stated that the active systems would mitigate most 
LOCAs but would require manual action. 

•	 Member Leitch asked about the reliability of the inlet MOV to the PRHR heat exchanger. 
Member Leitch was concerned about the pressure and temperature differences across the 
valve. Mr. Schulz explained that if the failed leaked or failed it would be contained in the 
in-containment refueling water storage tank. 

•	 Member Kress asked if they considered importance measures for active non-safety 
systems. Mr. Schulz responded that they did not use the importance measures directly. 
They recalculated the core melt frequency and large release frequencies without crediting 
the non-safety systems. If they could still meet the NRC safety goals without these 
systems then they were classified as not safety important. Mr. Schulz said that some DAS 
manual controls were classified as safety important and, therefore, technical 
specifications were placed on the DAS manual controls. 

•	 Member Sieber asked how do you model the I&C system if you haven't selected a design. 
Mr. Schulz responded that the Sequoyah protection system was assumed. 

•	 Member Kress observed that number of control room operators needed was less than 
operating plants and asked for the basis of the decision. Mr. Cummins responded that the 
decision was based on the EPRI Requirements Document that gave a goal of one 
operator and one supervisor. Mr. Cummins went on to say that the utility requirements 
document states that the control room be capable of holding at least three people. 
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•	 Member Rosen pointed out that the risk from shutdown operations is about a third. He 
went on to say that in his experience plants that perform mid-loop evolutions during 
shutdown contribute about half the risk. Member Rosen asked why AP1 000 was less. 
Mr. Corletti responded that many passive systems are available during shutdown that 
contribute to a lower CDF during shutdown. 

•	 Member Shack asked if the emergency operating procedures provided for manual 
actuation of the automatic depressurization system. Mr. Schulz said they did and those 
procedures are used to determine response times credited in the PRA. 

•	 Member Rosen observed that the AP1 000 containment is not only important as a fission 
product barrier but also is important for providing backpressure to aid ECCS performance. 

•	 Member Kress asked the staff how did they measure PRA quality and determine that the 
quality is commensurate with its intended use. Mr. Saltos said by evaluating the models, 
assumptions, and data. Member Kress than asked about the quality in terms of the ASME 
Standard and whether it was a Category 1, 2, or 3. Mr. Saltos said that the PRA was 
performed prior to the standard but that the PRA was compatible with the standard. 

•	 Member Leitch asked the staff if they were reviewing the possibility that hot shorts could 
cause the actuation of all four Stage Four ADS valves. Mr. Saltos said they were 
reviewing that issue. Mr. Cummins indicated that it may be possible for one hot short to 
actuate one pair of Stage Four but not all four. 

•	 Member Apostolakis asked the staff if they looked for possible errors of commission. Mr. 
Saltos said that they did not look for any additional errors and that he was not aware of 
any new information that would change the results. Member Apostolakis reminded him of 
the ATHEANA work performed by RES. Mr. Saltos said that some errors of commission 
were considered for the AP600. Member Apostolakis asked if Mr. Saltos would agree to 
do it for the AP1 000. Mr. Corletti stated that for AP600, the ACRS raised the issue of 
adverse system interactions. Westinghouse prepared a topical report in response which 
included a qualitative assessment of the effects of human errors of commission. The staff 
issued an RAI asking to repeat the systematic assessment for AP1 000 which has been 
just submitted. Mr. Saltos said he would look at it. 

•	 Member Kress observed that the MAAP4 results appear to be more conservative because 
reactor pressure is higher which means you are getting less injection. He asked if the 
same critical flow model is used. Mr. Scobel responded that MAAP4 use the Fauske 
critical flow model. 

•	 Member Ransom commented that there appeared to be a lot of subjectivity in the 
selection of the low margin sequences and that a statistical sample should have been 
used. 

•	 Member Apostolakis said that he would be interested in knowing what effect setting the 
human error probabilities to one would have on shutdown CDF and LERF. Neither the 
staff nor Westinghouse committed to providing such an analysis. Ms. Pohida stated that 
no release frequencies for shutdown were reported for AP1 000 because containment 
closure is maintained via technical specification until the time to boiling from decay heat is 
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greater than the time to restore containment integrity. Member Apostolakis clarified that 
there is some probability that the operators will restore containment integrity in that time. 
Mr. Cummins said that was beyond what Westinghouse normally does in the PRA. 

•	 Member Leitch asked if there is an operator action to vent the containment in a severe 
accident situation. Mr. Scobel responded that there is an action in the severe accident 
management guidelines but it is not credited in the PRA. 

•	 Member Kress asked what the basis was for the assumption that a high pressure core 
melt accident leads to induced steam generator tube failure. Mr. Scobel explained that 
the AP1 000 does not have a loop seal because of the canned reactor coolant pumps. 
This results in more uniform primary system heat up due to full loop natural circulation. 
Member Kress commented that he thought it was a good assumption because it was 
conservative. 

•	 Member Rosen asked if the exterior surface of the reactor vessel was important for in­
vessel retention. Mr. Scobel replied that the optimum surface, which resulted in the 
highest critical heat flux, was unpainted and oxidized. 

•	 Member Kress asked how in-vessel melt progression was modeled. Mr. Scobel answered 
that he looked at a spurious ADS Stage 4 case because you can't reflood the vessel and it 
progresses very rapidly. He explained that Westinghouse put together a finite difference 
model of the core and internals which used the uncovery timing from MAAP 4. 
Westinghouse concluded that the downward progression is blocked and that resulted in a 
sideways failure similar to TMI. Member Kress than asked Westinghouse to clarify the 
modeling of a variable oxide crust because of a change in heat flux. Mr. Scobel explained 
you have an isothermal boundary so the crust adjusts its thickness and you get the heat 
fluxes from the natural circulation. From those heat fluxes you calculate a crust thickness 
and that fixes the metal temperature. 

•	 Member Ransom surmised that what is important for in-vessel retention is that your melt 
progression model is considered to be conservative. He suggested a worst case type 
situation where you get the highest heat transfer and assume natural circulation exists in 
the metallic and oxide layers. Mr. Scobel agreed and said that a conservative model 
maximizes the fission products, which generate decay heat, in the bottom layer. Mr. 
Scobel went on to say that for the AP1 000 it was assumed that the bottom metal layer has 
40 weight percent of Uranium and that 100 percent of the decay heat from the fission 
products that come from an equivalent volume of the oxide needed to create that amount 
of Uranium. The initial masses of the metal involved in the reaction is 3,000 kilograms of 
stainless steel and 7,000 kilograms of Zirconium. 

•	 Member Shack asked about passive containment cooling performance if water is 
unavailable. Mr. Scobel responded that if you assume ANS decay heat plus 2 sigma and 
an outside temperature of 115 degrees, Westinghouse estimated a failure probability of 
two percent at 24 hours for an accident sequence with a dry containment. 
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STAFF AND INDUSTRY COMMITMENTS 

Westinghouse committed to providing a more complete basis for the assumed reliability of the 
Stage 4 ADS valves at an upcoming meeting of the Future Plant Designs Subcommittee. 

The staff committed to looking at Westinghouse's Adverse Systems Interaction report to see if 
it identified any new errors of commission that should be modeled in the PRA. 

SUBCOMMITTEE DECISIONS AND ACTIONS 

Since this was an information only briefing, no letter was recommended by Chairman 
Apostolakis. The Subcommittee Chairman asked each of the members for their impression of 
the presentations. Based on the members responses, Chairman Apostolakis concluded that 
there was a consensus that the staff had identified the proper issues and that upon resolution 
the PRA appears sufficient to support design certification of the AP1 000. The Subcommittee 
will make a recommendation to support the Full Committee's review of the staff's Draft Safety 
Evaluation Report in the third quarter of 2003. 

BACKGROUND MATERIALS PROVIDED TO THE SUBCOMMITTEE PRIOR TO THIS 
MEETING 

1.	 Subcommittee status report, including agenda. 
2.	 Compact Disc containing the AP1 000 PRA, the AP600 PRA, requests for additional 

information that the staff has issued on the AP1 000 PRA, and the staff's final safety 
evaluation report on the AP600 PRA. 

3.	 Letter dated July 23, 1998, from R. L. Seale, Chairman, ACRS, to Shirley Ann Jackson, 
Chairman, NRC, Subject: Report on the Safety Aspects of the Westinghouse Electric 
Company Application for Certification of the AP600 Passive Plant Design. 

4.	 Presentation Material dated November 7,2002, from Westinghouse Electric Company, to 
ACRS, Subject: AP1000 Design Certification Review. 

5.	 Internal Report dated January 2003, from Hossein P. Nourbaksh, Senior Fellow, ACRS, 
SUbject: Review of the AP1000 PRA Internal Events At-Power. 

*************************************************** 

Note:	 Additional details of this meeting can be obtained from a transcript of this 
meeting available for downloading or viewing on the Internet at 
"http://www.nrc.gov/ACRSACNW' or can be purchased from Neal R. Gross and 
Co., Inc., (Court Reporters and Transcribers) 1323 Rhode Island Avenue, NW., 
Washington, DC 20005 (202) 234-4433. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
 
MEETING OF THE SUBCOMMITTEE ON
 

RELIABILITY AND PROBABILISTIC RISK ASSESSMENT
 
ROOM T-2B3, 11545 ROCKVILLE PIKE, ROCKVILLE, MD
 

January 23 and 24, 2003
 

ACRS Contact: Michael R. Snodderly (301) 415-6927 
E-mail: mrs1 @nrc.gov 

- PROPOSED SCHEDULE ­

Thursday, January 23, 2003 

TOPIC PRESENTER 

1) Introduction 
~ Review goals and objectives 

for this meeting 
George Apostolakis, ACR
Mike Corletti, Westinghou

S 
se 

8:30-8:35 am 

2) Overview of AP1000 Design 
~ Design Changes from AP600 
~ Key AP1 000 Key Design Features 
~ Defense in Depth 
~ PRA as a Design Tool 

Terry Schulz, W 8:35-10:05 am 

** BREAK ** 10:05 - 10:20 am 

3) AP1000 PRA Selim Sancaktar, W 
~ Background / Approach / Overview 
~ Scope 
~ Level 1 PRA Internal Events At-Power, Including Uncertainty 
~ Shutdown / Fire PRA 

10:20 - 12:20 pm 

** LUNCH** 12:20 - 1:30 pm 

4) PRA Level 1 Success Criteria Terry Schulz, W 
~ Overview 
~ Thermal-Hydraulic Analysis to Support Level 1 PRA 
~ T&H Uncertainty Assessment 

1:30 - 3:30 pm 

** BREAK** 3:30 - 3:45 pm 

2) NRC Staff Presentation Nick Saltos, I\JRR 
Walt Jensen,NRR 
Marie Pohida, NRR 

Staff RAls on Level 1 PRA and Success Criteria 

3:45 - 5:30 pm 



I . 

6)	 Westinghouse Summary Mike Corletti, W 5:30 - 5:45 pm 

Friday, January 24,2003 

TOPIC PRESENTER 

1) Introduction 8:30-8:35 am 
•	 Review goals and objectives George Apostolakis, ACRS
 

for this meeting Mike Corletti, Westinghouse
 

2)	 Level 2 and 3 PRA Jim Scobel, W 8:35-10:15 am 
•	 Quantification 
•	 Level 2 Phenomenological Studies 

**BREAK** 10:15-10:30 am 

3) ULPU Testing Performed for AP1000 Jim Scobel, W 10:30-11 :30 am 
•	 AP600 Background 
•	 Test Program 
• RV Insulation Design 

4) PRA Importance and Sensitivity Studies Selim Sancaktar, W 11 :30-12:15 pm 

**LUNCH** 12:15 -1 :15 pm 

5)	 NRC Staff Presentation Bob Palla, I\IRR 1:15 - 2:15 pm 
Richard Lee, RES 

• Staff RAls on Level 2 & 3 PRA 

6) Westinghouse Summary Mike Corletti, W 2:15 -2:30 pm 

7) General Discussion and Adjournment 2:30-3:00 pm 
•	 General discussion and George Apostolakis, ACRS
 

comments by Members
 
of the Subcommittee
 

Note: 

Presentation time should not exceed 50% of the total time allocated for a specific 
item. 

Number of copies of presentation materials to be provided to the ACRS - 35. 
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December 19, 2002 

MEMORANDUM TO: Sher Bahadur, Associate Director 
for Technical Support, ACRS/ACNW 

FROM:	 Michael R. Snodderly, Senior Staff Engineer 

SUB..IECT:	 FEDERAL REGISTER NOTICE REGARDING THE MEETING 
OF THE ACRS SUBCOMMITTEE ON RELIABILITY AND 
PROBABILISTIC RISK ASSESSMENT, JANUARY 23-24, 
2003, ROCKVILLE, MARYLAND 

Attached is a Federal Register Notice regarding the subject meeting. Please have this Notice 
transmitted for publication as soon as possible. 

Attachment: 
FR Notice 

cc with Attachment: 
G. Apostolakis, ACRS 
J. Larkins, ACRS 
I. Schoenfeld, OEDO 
J. Szabo, OGC 
A. Bates, SECY 
R. Jasinski, OPA 
S. Collins, NRR 
G. Holahan, NRR 
A. Thadani, RES 
J. Lyons, NRR 
S. Newberry, RES 
M. Cunningham, RES 
PMNS 
Public Document Room 
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[7590-01-P] 

NUCLEAR REGULATORY COMMISSION 

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
MEETING OF THE ACRS SUBCOMMITTEE ON RELIABILITY 

AND PROBABILISTIC RISK ASSESSMENT 

Notice of Meeting 

The ACRS Subcommittee on Reliability and Probabilistic Risk Assessment will hold a 

meeting on January 23-24,2003, Room T-2B3, 11545 Rockville Pike, Rockville, Maryland. 

The entire meeting will be open to public attendance. 

The agenda for the subject meeting shall be as follows: 

Thursday. January 23,2003 - 8:30 a.m. until the conclusion of business 

The Subcommittee will meet with representatives of the Westinghouse Electric Company 

and members of the NRC staff to review the Probabilistic Risk Assessment for the AP1 000 passive 

plant design. 

Friday. January 24. 2003 - 8:30 a.m. until the conclusion of business 

The Subcommittee will continue its discussion of the AP1000 Probabilistic Risk 

Assessment, including fire, low power and shutdown, and external event risk assessments. 

The purpose of this meeting is to gather information, analyze relevant issues and facts, and 

formulate proposed positions and actions, as appropriate, for deliberation by the full Committee. 

Oral statements may be presented by members of the public with the concurrence of the 

Subcommittee Chairman; written statements will be accepted and made available to the 

Committee. Persons desiring to make oral statements should notify one of the staff engineers 

named below five days prior to the meeting, if possible, so that appropriate arrangements can be 

made. Electronic recordings will be permitted only during those portions of the meeting that are 

open to the public. 

During the initial portion of the meeting, the Subcommittee, along with any of its consultants 

who may be present, may exchange preliminary views regarding matters to be considered during 

the balance of the meeting. 

The Subcommittee will then hear presentations by and hold discussions with 
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representatives of the NRC staff, Westinghouse Electric Company, and other interested persons 

regarding these matters. 

Further information regarding topics to be discussed, whether the meeting has been 

canceled or rescheduled, and the Chairman's ruling on requests for the opportunity to present oral 

statements and the time allotted therefor can be obtained by contacting the Designated Federal 

Official, Dr. Medhat M. EI-Zeftawy (telephone: 301-415-6889) or Mr. Michael R. Snodderly, 

Cognizant Staff Engineer, (telephone: 301-415-6927) between 7:30 a.m. and 4:15 p.m. (EST). 

Persons planning to attend this meeting are urged to contact one of the above named individuals 

at least two working days prior to the meeting to be advised of any potential changes to the 

agenda. 

Date _ 
Sher Bahadur, Associate Director 
for Technical Support, ACRS/ACNW 
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between 7-;'30 a.m. and 4:15 p.m. (EST). 
Persons planning to attend this meeting 
are urged to contact the above named 
individual at least two working days 
prior to the meeting to be advised of any 
potential changes in the proposed 
agenda.
 

Dated: December 19. 2002.
 
Sher Bahadur.
 
Associate Director for Technical Support, 
ACRSIACNW. 
[FR Doc. 02-32694 Filed 12-26--02; 8:45 am] 
BILLING CODE 7590-01-P 

NUCLEAR REGULATORY
 
COMMISSION
 

"/Advisory Committee on Reactor 
~	 Safeguards Meeting of the ACRS 

Subcommittee on Reliability and 
Probabilistic Risk Assessment; Notice 
of Meeting 

The ACRS Subcommittee on 
Reliability and Probabilistic Risk 
Assessment will hold a meeting on 
January 23-24, 2003, Room T-2B3, 
1154[; Rockville Pike, Rockville, 
Maryland. 

The entire meeting will be ~n..W 
pub,lli: attendqnce. 

The agenda for the subject meeting 
shall be as follows: 

Thursday, January 23,2003-8:30 a.m. 
Until the Conclusion of Business 

The Subcommittee will meet with 
representatives ofthe Westinghouse 
Electric Company and members of the 
NRC staff to review the Probabilistic 
Risk Assessment for the AP1000 passive 
plant design. 

Friday, January 24,2003-8:30 a.m. 
Until the Conclusion of Business 

The Subcommittee will continue its 
discussion of the AP1000 Probabilistic 
Risk Assessment, including fire, low 
power and shutdown. and external 
event risk assessments. 

The purpose of this meeting is to 
gather information, analyze relevant 
issues and facts, and formulate 
proposed positions and actions, as 
appropriate, for deliberation by the full 
Committee. 

Oral statements may be presented by 
members of the public with the 
concurrence of the Subcommittee 
Chairman; written statements will be 
accepted and made available to the 
Committee. Persons desiring to make 
oral statements should notify one of the 
staff engineers named below five days 
prior to the meeting, if possible, so that 
appropriate arrangements can be made. 
Electronic recordings will be permitted 

only during those portions of the 
meeting that are open to the public. 

During the initial portion of the 
meeting, the Subcommittee, along with 
any of its consultants who may be 
present, may exchange preliminary 
views regarding matters to be 
considered during the balance of the 
meeting. 

The Subcommittee will then hear 
presentations by and hold discussions 
with representatives of the NRC staff, 
Westinghouse Electric Company, and 
other interested persons regarding these 
matters. 

Further information regarding topics 
to be discussed, whether the meeting 
has been canceled or rescheduled, and 
the Chairman's ruling on requests for 
the opportunity to present oral 
statements and the time allotted therefor 
can be obtained by contacting the 
Designated Federal Official, Dr. Medhat 
M. EI-Zeftawy (telephone: 301-415­
6889) or Mr. Michael R. Snodderly, 
Cognizant Staff Engineer, (telephone: 
301-415-6927) between 7:30 a.m. and 
4:15 p.m. (EST). Persons planning to 
attend this meeting are urged to contact 
one of the above named individuals at 
least two working days prior to the 
meeting to be advised of any potential 
changes to the agenda. 

Dated: December 20, 2002. 
Sher Bahadur, 
AssociateDirectorfor Technical Support, 
A CRSIACNW. 
[FR Doc. 02-32695 Filed 12-26--02; 8:45 am] 
BILLING CODE 7590-01-P 

NUCLEAR REGULATORY 
COMMISSION 

Announcement of Public Meeting on 
Proposed Plan to Risk-Inform Post-Fire 
Safe-Shutdown Circuit Analysis 
Inspection 

AGENCY: Nuclear Regulatory 
Commission. 
ACTION: Notice of meeting. 

SUMMARY: The Nuclear Regulatory 
Commission (NRC) will hold a public 
meeting, in the form of a facilitated 
workshop. to discuss and gather 
stakeholder input on proposed risk­
informed post-fire safe-shutdown circuit 
analysis inspection. 
DATES: February 19, 2003, 9 a.m. to 4:45 
p.m.
 
ADDRESSES: The meeting will be held at
 
the Nuclear Regulatory Commission,
 
Two White Flint North, Auditorium,
 
11545 Rockville Pike, Rockville, 
Maryland 20852. 

Referenced documents are available 
for review in ADAMS, NRC's online 

document management system at http:/ 
/www.nrc.gov or from the NRC's Public 
Document Room (PDR), www.pdr.gov, 
1-800-397-4209 or 301-415-4737, 
located on the first floor of One White 
Flint North, 11555 Rockville Pike, 
Rockville, MD 20852. Referenced 
documents and their Accession Nos. 
are: NRC Information Notice 99-17, 
"Problems Associated with Post-Fire 
Safe-Shutdown Circuit Analyses," 
(ADAMS Accession No. ML023510114); 
Enforcement Guidance Memorandum 
EGM-98-o02, Revision 2, (ADAMS 
Accession No. ML003710123); 
Memorandum dated, 11/29/2000, 
"Rationale for Temporarily Halting 
Certain Associated Circuits Inspection 
Lines of Inquiry During Fire Protection 
Baseline Triennial Inspections," 
(ADAMS Accession No. ML003773142); 
Draft Revision D ofNEI 00-01, 
"Guidance for Post-Fire Safe Shutdown 
Analysis, 10-15-2002," (ADAMS 
Accession No. ML023010376); Draft 
NUREGICR, "Guidance for Post Fire 
Safe Shutdown Analysis," (ADAMS 
Accession No. ML023430533). 
FOR FURTHER INFORMATION CONTACT: 
Joseph Birmingham, Mail Stop 0-l1Fl, 
Office of Nuclear Reactor Regulation, 
U.S. Nuclear Regulatory Commission, 
Washington, DC 20555-0001, 
Telephone: 1-800-368-5642, extension 
2829, or e-mail jlb4@nrc.gov. 
SUPPLEMENTARY INFORMATION: Beginning 
in 1997, the NRC noticed a number of 
Licensee Event Reports (LERs) that 
identified plant specific problems 
related to potential fire induced 
electrical circuit failures that could 
prevent operation or cause mal­
operation of equipment necessary to 
achieve and maintain post-fire safe 
shutdown. LERs identified problems 
involving Associated Circuits, Cable 
Routing, Redundant Train Separation, 
Wiring Errors, Fire-Induced Hot Shorts, 
Evaluations of Spurious Operations, 
Motor Operated Valve Evaluations, 
Transfer and Isolation Capability, Fusel 
Breaker Coordination, High Impedance 
Faults, High-Pressure/Low-Pressure 
Interfaces (See NRC Information Notice 
99-17 for more information) 
(Agencywide Documents Access and 
Management System (ADAMS) 
Accession No. ML0235101l4). On 
November 29, 2000, a memorandum 
was written that outlined the rationale 
for halting certain associated circuits 
inspections while the industry worked 
to resolve the issue (ADAMS Accession 
No. ML003773142). 

In response to this issue, the Nuclear 
Energy Institute (NEIl, with support 
from the Boiling Water Reactor Owners 
Group (BWROG), formed a circuit 
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January 10, 2003 

MEMORANDUM TO: G. Apostolakis V. Ransom 
M. Bonaca� S. Rosen 
F. Ford� W. Shack 
T. Kress� J. Sieber 
G. Leitch 

FROM:� M. Snodderly, Senior Staff Engineer 

SUBJECT:� ACRS PRA SUBCOMMITTEE MEETING, 
JANUARY 23-24,2003 - ROCKVILLE, MARYLAND 

The ACRS Reliability and Probabilistic Risk Assessment (PRA) Subcommittee will hold 
a meeting on January 23-24, 2003 in our Rockville, Maryland Offices. The purpose of 
the meeting is to: (1) review the AP1 000 PRA and Fire Study, and (2) identify possible 
issues with the AP1 000 PRA that may need to be addressed prior to or during a July 
2003 Full Committee meeting on the staff's draft safety evaluation report. Please note 
that the meeting will convene at 8:30 a.m. on January 23, 2003. 

Previous Material 

You should have received a compact disc from me during the December 5-7,2002 Full 
Committee Meeting. The compact disc contains the AP1 000 PRA, the AP600 PRA, 
requests for additional information that the staff has issued on the AP1 000 PRA, and 
the staff's 'final safety evaluation report on the AP600 PRA. 

AP1000 PRA Review 

On March 28,2002, Westinghouse tendered its application to the NRC for certification 
of the AP1 000 design. The Committee is expected to report on those portions of the 
application which concern safety to fulfill the requirement of 10 CFR 52.53. In 
accordance with 10 CFR 52.47, Westinghouse has provided a design-specific PRA as 
part of its application for design certification of the AP1 000. Since the configuration of 
the AP1 000 reactor and safety systems is the same as the AP600, the AP600 PRA was 
used as the basis of the AP1 000 PRA with relevant changes implemented in the model 
to reflect the AP1 000 design changes. The Committee has reviewed certification of the 
AP600 design, which included its design-specific PRA. Attached is the Committee's 
July 23, 1998 report to the Commission which concluded that the AP600 PRA was 
done well and had been an integral part of the design process. 
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The Committee was briefed on the most significant AP1 000 design changes by 
Westinghouse on November 7, 2002. The associated brie'fing material has been 
attached to this memorandum and the most significant design changes are covered by 
Slides 19 through 53. The briefing also included a summary of the AP1 000 PRA, The 
Level 1 results are covered by Slides 68 to 93. During the November 7th presentation, 
the Committee was especially interested in the importance of the Protection and Safety 
Monitoring System (Slide 78) and the second peak of the core damage frequency 
distribution (Slide 80). The Level 2 and 3 results are summarized in Slides 94 through 
106. Credit is taken for in-vessel retention of molten core debris. For the AP600, the 
staff concluded that the AP600 includes several design features that make in-vessel 
retention more likely but the in-vessel retention approach to severe accident mitigation 
should be balanced with evaluation of ex-vessel phenomena to address uncertainty. I 
believe that a similar conclusion may also be applicable for the AP1 000 because the 
level of uncertainty has not changed much. Uncertainty has increased because of an 
increase in power and the number of fuel assemblies, and changes to the reactor 
vessel internals. Uncertainty has decreased because of design improvements to the 
insulation on the exterior of the reactor vessel. So the overall uncertainty in this area 
has not changed much. 

Attached you will also 'find a compact disc with Westinghouse's responses to the staff's 
request for additional information on the AP1 000 PRA. To access the PRA responses 
left click on the line that says, "720 - Reliability and Risk Assessment." Then left click 
on the specific response you would like to see. The requests are included on the other 
disc under the file, "AP1000 PRA RAls." 

The final attachment is a review of the AP1 000 internal events at-power PRA by ACRS 
Senior Fellow, Hossein Nourbakhsh. 

Meeting Agenda 

The morning of January 23rd will be devoted to an overview of the AP1 000 PRA with 
emphasis on design changes from the AP600. It is then expected that Westinghouse 
will summarize how these design changes were considered in the AP1 000 PRA. The 
rest of the morning and the early part of the afternoon will focus on the Level 1 portion 
of the AP1 000 PRA. The Level 2 and 3 portions of the AP1 000 PRA will be discussed 
in the afternoon of the 23rd

• Discussion of sensitivity, importance, and uncertainty 
analyses will take place once all three levels of the PRA have been discussed. The first 
day will conclude with a presentation from the staff on their requests for additional 
information on the internal events portion of the PRA. For the second day's discussion, 
Westinghouse has been asked to provide a presentation on the success criteria, 
including best-estimate thermal-hydraulic calculations used to develop success criteria. 
Westinghouse will then go over their fire risk assessment, low power and shutdown risk 
assessment, and external events. The staff will then present a short summary of their 
requests for additional information in these areas. A copy of a draft Agenda is 
attached. 
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Hotel reservations have been made for the Addressees at the Residence Inn in 
Bethesda MD (301/718-0200) as noted below. Please contact Ms. Barbara-Jo White 
(301/415-71301 "bjw2@nrc.gov") if you need to change or cancel these reservations. 

G. Apostolakis - 1/22-23 V. Ransom - 1/22-23 
M. Bonaca - 1/22-23 S. Rosen - 1/22-23 
F. Ford - 1/22-23 W. Shack - 1/22-23 
T. Kress - 1/22-23 J. Sieber - 1/22-23 
G. Leitch - 1/22-23 

Attachments: As Stated 

cc wlo attach (via E-mail): 
J. Larkins 
S. Bahadur 
H. Larson 
R. Savio 
S. Duraiswamy� 
ACRS Technical Staff & Fellows� 
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Division of Systems Safety and Analysis
 
Office of Nuclear Reactor Regulation
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Based on Staff review of the AP600 Shutdown PRA, SPSB issued 9 RAls on the 
AP1000 Shutdown PRA. 

RAls focused on changes from AP600 PRA to AP1000 PRA 

o	 Common cause failure of the high pressure Gravity Injection squib valves 
and the high pressure recirculation squib valves 

o	 Common cause failure of the two low pressure recirculation squib valves. 

o	 Shorter response time for operator recovery actions including: 

~ Containment Closure (required to maintain long term cooling water 
inventory) 

~  Manual Gravity Injection 

SPSB asked additional RAls on: 

o	 Trash Control during shutdown 
o Shutdown Fire/Flood risk assessment
 

~PSB  has not completed their review of the AP1000 RAI responses.
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AP1000 Design Certification Review
 
Westinghouse Electric Company
 

Pr...nt.t/M tD 

Advisory Committee on Reactor Safeguards
 
PRA SUb-Commillee
 

January 23 ·24 2003 

8 ­

e:;~ 
Agenda	 Thursday January 23, 2003 

• PRA level 1 Succe. CrhrM Terry Schulz, Westinghouse 1:30pm 

- """"""'" 
_ "fhermaI.H)'drauk ~~ Support level 1 PRA
 

_ T&H LJncertainty Assessm8rC
 

• BREAK	 3:30 pm 

•	 NRC St.n Prwsentation Nick SaJt08 - We" Jensen - Marie Pohld8 3:45 pm 
_ Staff nA. on Level 1 PRA and Succus Criteria 

• Westinghouse Summary M~. Corleni 5:30pm 

Design Certification Schedule 

Major Milestones 
1, W SUbmits DCD Application (DCD I PRA) 3J2811l2
 

2, Stall Issues RAI 9I3OIll2
 

3, W Provide Re_10 AI RAI 1212Jr12
 

2. NRC ldenlily Potential DSER Open Item. 2128103
 

4, W Addreooeo Potential DSER Open Item. 4115103
 

5, NRC Issues OSER 6/16103
 

W Goal is to Address All Open Jtems Prior to Issuance of DSER 

6. ACRS Fun Commillee & Leiter 712003
 

W OBJECTIVE IS TO PROVIDE THE NRC I ACRS WITH THE NECESSARY
 

INFORMATION SO THAT A ANAL SAFETY DETERMINATION ON AP1000
 

CAN BE MADE IN 2003
 

~~~ 
Agenda	 Thursday January 23, 2003 

•	 Introduction George Apoatalald., ACRS 1:30am 
_A _ 

• W..UnghOUM roduction Mike CorlMtl, WHllnghOUN' 8:35am 

• Overv'" of AP1000 On... Terry Schulz. WHtfngho... 8:40am _0_ CI>ongas ...... N'fJ» 

_ KeyAPtDODDnignF.......
 

_ O.....1n-()e,pIh
 

_ PRA as a 0esIgn Tool
 

10:OSam• BREAK 
• AP1000 PAA Selim Sancakt.r. W..UnghoUH 10:20.m 

_ BeckgJound J Approa<:h I Overview 
_ 5<0".
 

_ L...... 1 PRA Internal Events AI-Powltr
 

- Sensitivity and l.Jncertalnt>I AssessrnenIs
 
_ Shutdown I Fire PRJ. 

12·20 ·1:30 pm• LUNCH 

8­

e'-'1J9Ci 
Agenda	 Friday January 24, 2003 

•	 Introduction George ApOSlalakls, ACRS 8:30am 

_ Rttvi_ goals and meeting objecIives 

• Lnet 2 and 3 PAA Jim Scobel, Westinghouse_auan_ 
• Inves••' Retention of Moften Core Debris 

10:OS.m• BREAK 

• Lev.I 2 Phenomenological Studju	 10:30 am 

• Summary of PRA Resutta and Insights Selim Sancearter. Westinghouse 11:45am 

12:15 pm• LUNCH 

• NRC Stan P.....nt.tion Bob Palla, MRR· Richard L... RES 1:15pm 

• WestinghoUM Summary Mike Cor""', Westinghouse 2:15 pm 

• Gene,.1 Discuasion ACRS Mernbers 2:30pm 

3:00pm• AdJoum 

e-

W Objectives of the Meeting 

• Provide a Thorough Presentation of AP1000 PRA
 

- Level 1 12/3
 

- Supporting TIH Analyses for Level 1
 

- Supporting Phenomenological Studies for Level 2
 

• Address All ACRS Issues Related to PRA 

e-	 8­



ACRS Meetings 

• Overview to Full Committee NOY.7,2OO2 

• PRA Subcommittee	 Jan. 23/24 2003 

•	 Thermal-Hyd....Nc Subcommittee Merch2003
 

- Safety Analysis 1Entrainmant Issue
 
Overview of APl 000 Design- Contalrvnent cooling 

• AP1000 Subcommillee	 April 2003 

- Containment structural design
 

- Materials
 

- Regulatory Treatment 01 Non-Safety Systems
 

-	 Shutdown Maintenance Terry Schulz
 
AdvOOry Ensineer
• ACRS Full Commi"ee Meeting June - July 2003 

412-374-5120· schulztl@weslinsbouse.oom 

e-	 e­

AP600 to APl 000 Design Changes	 Comparison of Selected Parameters 

• Inc......... Core Length" Number of Assemblies	 Parameler Doal4ITihange 3 AP600 AP1000
 

• Increase Size of Key NSSS Components Net Electric Output, wrNe 985 610 1117 

- Increased height of Reaelor Vessel Reactor Power, wrNl 2988 1933 3400 
HoI Leg Temperature, OF 626 600 610 

- Larger Steam Generators (similar to WICE SGs) 
I'bnber 01 Fuel Assemblies 157 145 157 

- Larger canned RCPs (variable speed controller) Type 01 Fuel Assembly 11l<17 17x17 17x17 

Acl"" Fuel Leng1h, It 14 12 14- Larger Pressurizer 
Unear Hear Rating, kw.fl 5.02 4.1 5.71 

• Increase Containment Height" Design Pressure Control Rods 1Gray Rods 52/0 45/16 53/16 

•	 Capacity Increases in Passive safely System Components AN 1.0., inches 157 157 157 
Vesselllow (Thermal Design) 295,500 194,200 300,000

• Turbine Island Capacity Increased for Power Raling 
Steam Generator Sur1ace IVea, ft2 68,000 75,000 125,000 

Retained Nuclear Island Footprint I Pressurizer Volume, It3 1400 1600 2100 

e-	 e-

APlooo Major Components	 AP1000 Reactor Coolant Pump 

•	 Fuel, Internals. Reactor Vesset • Based on Field-Proven, Canned 
_ Similar to DoeJ 4, Tihange 3, s. Texa5 Motor Pumps 
_ No bottom-mounted instrumentation
 
_ Use COla shroud ... WICE plants - 1300 units in service
 
- Improved materials ~ 60 l' lite
 = 

- 12-year mean time between repair	 = •	 _ Generalors 
- No shalt seals _ Features from W SGs in oper8tion
 

_ Size from WICE SGs in operation
 _ No H8f iI1ec:1on lleakoft system 

_ No SMfI"'/1aikn•	 Reactor Coolant Pumps 
_ Canned ...... pumps - Water lubricated bearings
 

- N8va1 NKkn. _lIycornmerdal
 _ Nool"""",,/oooIngsyolem - .......
 
•	 Simplified Main Loop - CofTplct, high inertia flywheel 

_ Same as AP600 - AP600 pump lesls per10rmad 
_ Reduces wefds 50%, supports 80% 

_ Fuisizeteslolc:orJll8ClftyVltMtel	 = 
• Pressurizer	 =­

_ Scaled hydnnllca IHIs 
_ 50% larger than operating plants
 

_ A1,.mbling..aI SOl ReP cornecIon
 

2 
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APlooO Approach to Safety APlooo Passive Core Cooling System 

• Passive Safety-Related Systems • AP600 System Configuration Retained 
- Use "passive" process only, no active pumps, diesels, ..•. • Capacities Increased to Accommodate
 

- One tlme aligMleOt 01 vallles Higher Po_ (1933MW - 3400MW or 76%)
 
- No support systems required after actuation - PRHR HX CepecKy Increased 72%
 

_ No AC power. cooling water, HVAC, lAC - CMT Volume & Flow Increased 25% 
- Greatly reduced dependency on operator actions - ADS 4 Flow IllC1aesed 93% 

- M~lgate design basis accidents without nonsafety systems - IRWST Injection Incraased 89% 

- Meet NRC PRA safety goals without use of nonsalety systems - Containment Reclre.lncreased 139% 

• System Performance Malnlainetl • Active Nonsafety-Related Systems
 
- No cora uncovery 'or SBlOCA
 

- Reliably support nonnal operation 
- ~ OVlline break
 

- Redundant """"ment powered by onsne diesels
 _ large margin to PeT Nmit
 
- Minimize challenges to passive safety systems
 - No operator actions required tor SGTR
 
- Not required to mitigate design basis accidents
 

eBNFL AClSPM__·":lOD3 Sll*13 .......
 e-

Passive Decay Heat Removal APlooo Passive Safety Injection 

Pa..iw Safety Injection 
_ s.mectlfllgufaiClnas 

AP600 
_ s-n.~S8S 

AP600 
_ Same Acam capacity 
_ Increased eMT c:apacity 

_ 2S%1ar5I-1ank 
_ 25'J1,moreltow 

_ s.neplpe,lIJgeJoRlIce 

_ LargerlRWSTlines 
_ lJ"wS" 

Larger Aecirc lines 
• PRHR HX Design _ 8"w6" 

_ IrII::J-.clc:onl.Qood .... - Same configuration as AP600
 
- Same etevations as AP600
 _ 5erne ADS 11213 In. 

_ Largw ADS 4 lines - Larger pipe I vatve sizes (14- vs 101 
_ 14"ft,1(r

- Increased HX surfal;8 (more tubes 1 longer horizontaf section) 

eBNFl ACUPIlA_·_:llIU ~1lIIr1. e ­

lOCA long Term Cooling APlooo Containment Comparison 

­ APlOllO 

Tolal Free Vokme 100% 122% 
Pressure 45 59 

ShelIlhic""...- 1518" 
/W.f1 CIess 2 

1314" 
SA7:l8 Gra» B 

e- e­

3 



Passive Containment Cooling System 

•	 PeS W_ Storage Tank 
- Provides 72 Iv drain 

- Afterwards use (Q'ofttite water 
_ Nit only cooling prOVenla faltur. 

- Flow dacreases with lime 
- lJHs' standpipfi 

PeS Flow Rates 

- High InIIIaI flow 
- ~ forms water lilm 
_ EttectIYety reduces COM pressure 

- Later -.. malch decay heat 
• Added 3rd DIverse Drain Path 

-	 Adds PAA margin 
_ T&H unoerIainty 01 cont cooling 

without wale, drain 

8­

AP1000 Hydrogen Mitigation 

•	 Design Basis Accidents 
_ SloW long lerm buildup of H2 

_ Uses 2 lui size Passive Autocatalyic Aecomblners (nonsalely) 
_ No power or actuation required 

- Equipmenl is non-salely based on NAC I Industry acllvi1ies on risk-informed 
changes to 10 CFR 50.44 (C_tible Gas Control) 

• severe Accidents 

- Rapid buildup of H2 

- Uses non~satety igniters distributed in pairs around containment 

- Release paths from ReS ensure standing H2 flames tocated away from 

containment walls 

_ IRWST vents changed to discharge H2 away tJom containment wall 

8­

AP1000 Normal RHR System 

AP1000 Safety Margins 

TypIc8l Plant AP600 AP1000 

-lou Flow Margin to - 1-5% -16% -11l'Y. 
DNBR Limit 

- Foedline Break >C1'F -t7C1'F -'4C1'F 
Subcoollng Margin 

• SG Tube Ruplure Operalor actions OperalOr actIOns Operator actions 
required in 10 min NOTrequiled NOT required 

. Sma. lOeA 3'lOCA < S-lOCA <S-toeA 
cor. unc<l¥era NO cora NO cora 
PeT -t5OO'F uncove<y uncovery 

-large lOCA PeT 2000 -2200"F 1676"1' 2124°F 
(with uncenainty) 

...c1t~"",~· .... :tIln ~ellHfl.	 ...

AP1000 Active Nonsafety Systems 

•	 Active Nonsafely System Functions
 
- Reliably s'-"POfl normal operation
 
- Minimize challenge to passive safely systems
 

- Not required to mitigate design basis accidents
 
- Not required to meel NRC safely goals
 

•	 Active Nonsafety System Design Features 
- Simplifled designs (tewer components, separation not required) 
- Redundancy tor more probabte failures 

- Automatic actuation with power from ansite diesels 

•	 Active Nonsafety System Equipment Design 
- Reliable, e_ienced based, Incluslriat grade equipment 

- Non-ASME, non-seismic, timiled lire IIIoQd I wind protection 

- Availability conlroled by procedures, no shutdown requirements 

- Reliability conlrolled by maintanance program 

AP1000 I&C Systems 

• Control System (PLSlDDS)
 
- Plant wide non-1 E system for all normal displays & controls
 

- Microprocessor I software based, multiplexed communications 

• Safety System (PMS)
 
- Plant wide 1E system for all safety displays & controls
 

- Microprocessor I soltware based, multiplexed communications 

• Diverse System (DAS) 
- Limited scope non-1 E system. PRA based displays & controls 

- Backs up PMS where conmon mode lailure is risk """"",Ill 

Different hardware & software lhan PMS, no multiplexing 

Separate sensors from PMS and PLS 

4 



APlooO Advanced Control Room	 PMS Reliability Features 
•	 Compact Control Room 

_ Designed for 1 Reactor Operator and 1 Supervisor • Redundant Trains 
- 4 dlvlsions, physically separated with Improved Isolation (fiber-optic) •	 Displays 

Plant status I overviewvt8 waN panel (ODS. non tE) _ Each with own Independent battery-backed power supply 

• Detail display vt8 WQfkslation video disptays (DOS. non 1E) - 2 out of4 bypass logic. fail sate when appropriate
 
_ SmaR number dedicated displays; sale1)' (PMS. IE) & diverse (CAS. non IE)
 - Different plant paramaters provide lunctIonai diversity 

•	 Controls • Extensive Verification and Validation 
_	 Soft controls (ODS. non 1E)
 

for normal operaUon • Extensive Equipment Qualification
 
_ SmaH number dedicated - Environmental, seismic, EMC
 

switches; safety (PMS. tE) &
 • Improved In-Plant Testing 
diverse (OAS, non IE) 

- Built-in continuous sen-testing and manual periodic testing • Advanced Alarm Management 
•	 Computer Based Procedures • West. Extensive Experience with D1gital/&C Designs 

_ Operating plant upgrades and new plants (Sizewell. Tamelin) 

e­

AP1000 System Reliability	 System Defense In Depth 

• AP1000 Provides Muniple Levels of Defense 

- First feature is usually nonsafety active feature 

_ High quelily industrial grade equipment 

- One leature is salety passive leature 

- Provides salely case lor DCD 

- Highest qualily nuclear grade aquipmenl 

- Other passive leatures provide additional defense-In-depth 

- Exanl'!e; passive feedtbleed backs up PRHR HX 

- Available lor all shutdown condllions as well as at power 

- More likely events have more levels of defense 

e-

loss of Offsite Power	 loss Offsite Power, at Power 
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Mid-loop loss Power	 AP1000PRA 
COMEtH	 APl000 

• Westinghouse Uses PRA as Design & Licensing Tool 
- 7 PRA major quantifications performed on AP600 

- Fwst in"1987, 1In.lln 1997 

- Extensive interaction with plant designers 

_ Extensive NRC review I comment 

- AP1oo0 PRA quantified in 2001 

- Started wllh AP600 models ! analysis 

- Plant designers interact with risk analysis 

-	 Results reviewed, improvements made (more In AP6OO) 

- PAA analysis models and supporting 11H analysjs
r'--" ,.,---_..... ­

_ Plant operating procedures ..._----­
_ Plant design 

8 ­

PRA Based Changes (AP600)	 PRA Based Changes (AP600) 

• Analysis Changes	 • Design Changes
 
- Accum or GMT sufficient for small! medium lOGA - RNS alignment valves made remote
 
- One accum suttlcient tor large lOCA - 4th stage ADS valves made diverse trom stages 1, 2, 3
 
- Multiple ADS valve failures accep1able	 - Added DAS functions 

• Operation Changes	 - Added redundant IRWST Injecllon check valves
 

- Manually start RNS alter ADS actuation - Added redundant! diverse IRWST recirc valves
 

- Require containment closure capability during mid-loop - Made CMT check valves normally open, diverse from accum
 

- Require PXS features to be available during shUldowns - Provided logic for automatic SGTR protection without ADS
 

8­
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PRA Based Changes (AP1000) 

• AP1000 Analysis Changes 
-	 lnillaling event frequency changes 

- larger SGs (roore, longer tubes) 
- Increased number SG safety valves 
- Separated spurious ADS stage 4 and large CllOCA 

_ 2 I 2 acc:um required lor CllOCA, 1/2 accum required tor spur ADS 4 

- PAHA HX operation needed for MlOCA without CMTs 
- Provides operators sufficient time for manual ADS 

• AP1000 Operation Changes 
- Containment recirc MOV normally open (in series with squib valve) 

- Changed IAWST drain proceedure so II occurs eariier in core mell 

-	 Added Tech Spec on DAS manual controls 

8­

AP1000 Probabi listie Risk Assessment 

Selim Sancaktal
 
Fellow Engineer, Reliability and Risk Assessmml
 

412-374-5983 - sancaks@weslingbouse.com
 

8 ­

TECHNICAL SCOPE 

• Since the configuration of the AP1000 reactor and
 
safety systems is the same as the AP600, the AP600
 

PRA is used as the basis of the AP1000 PRA with
 
relevant changes implemented in the model to
 
reflect the AP1000 design changes
 

8­

PRA Based Changes (AP1000) 

• AP1000 Design Changes
 
- Increased volume and injection rale of CMTs
 

- Added 3rd Passive Cont. Cooling drain valve, MaV diverse 10 AOV
 

- Incorporated low boron core, improves ATWT
 

- ANS injection water supply changed from IAWST to Cask load PII
 

- Improved IVA heal transfer via changes to RV insulation gap
 

- Improved H2 vents from IRWST to keep H2 flames away from conI.
 

8­

OBJECTIVES 

• The purpose of the AP1000 PRA is to provide
 
inputs to the optimization of the AP1000 design and
 

to verify that the US NRC PRA safety goals have
 
been satisfied
 

•	 As in the AP600, the PRA is being performed
 
interactively with the design, analysis and
 
operating procedures.
 

8­

TECHNICAL SCOPE 

• AP1000 plant-specific T&H analyses are performed
 
in order to determine the system success criteria
 

• The CDF and LRF are calculated for internal events
 
at-power. The off-site dose risk analysis is also
 
performed. The external events and shutdown
 
models are also assessed to derive plant insights
 
and plant risk conclusions.
 

8­
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AP1000 System Failure Probabilities 

• Fault Tree Models are used to calculate system failure 
probabilities &. Identify minimal cutsets 

• All support systems are modeled In detail 

• Component random failures, human errors, tests and
 
maintenance unavallabilitles, and common cause are
 
modeled based on standard industry practice
 

8­

Contribution of Initiating Events to 
APlooOCDF 
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AP1000 PRA Dominant CDF Sequences 
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e_'~ 
Importance of PMS and DC·"I E Systems 

•	 PMS and DC·l E are the most important systems (by
 
risk increase measure)
 

•	 PMS is very reliable and redundant; its reliability is
 
only limited by postulated CCF (such as CCF
 
software).
 

• In case of a total postulated failure of PMS, the plant
 
relies on DAS (auto or manual) and control systems
 
(only for some transients); in this scenario, the plant
 
CDF goes up by orders of magnitude
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Summary ofSensitivity Analysis Results 
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APlooO PRA System Importances 
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Sensitivity Analyses Results 

• The component, operator action, and system
 
importance analyses provide us input for other
 
AP1000 programs (such as RTNSS, reliability
 
assurance program)
 

• The sensitivity analyses increase our confidence in
 
the stability of PRA numerical results.
 

e­
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UNCERTAINTY ANALYSIS 

• The plant CDF uncertainty range Is found to be 7.3 
E-G7 - 2.1 E-08 for the 95% to 05 % Interval 

• For a lognormal distribution, this would 
correspond to an error factor of 6, which can be 
considered as low for rare events 

e-

SHUTDOWN EVENTS 

• A quantitative shutdown risk evaluation Is
 
performed for AP1000 for internal events
 

• The risk profiles of AP1000 and AP600 for events
 
during shutdown conditions are almost Identical
 

• The AP1000 Shutdown PRA has a CDF of 1.23E-G7 
events per year. This CDF Is an 18% increase of the 
AP600 Level 1 Shutdown CDF of 1.04E-G7 events per 
year 

e-­

SHUTDOWN EVENTS 

• The	 twelve dominant accident sequences 
comprise n percent of the level 1 shutdown CDF. 
They consist of: 

- Loss of component cooling or service water system 
initiating event during drained condition with a 
contribution of 64 percent 01 the CDF 

e-


UNCERTAINTY ANALYSIS 

• The	 mean values of the dominant accident 
sequence frequencies are close to the upper bound 
(95%) estimates; 

• Among the initiating event categories,	 51-LB has 
the highest 95-percentile CDF of 3.2E-G7/year. 

• Among the dominant sequences, sequence # 07 of 
SI·LB event has the highest 95-percentile CDF of 
2.1 E-07Iyr. 

e-

SHUTDOWN EVENTS 

• The three events dominating the CDF for each plant 
are loss of component cooling' service water during 
drained condition, loss of offsite power during drained 
condition, and loss of RNS during drained condition 

• The initiating event CDF contributions show that the 
initiating event importance to be similar for the two 
plants 

e-

SHUTDOWN EVENTS 

- Loss of RNS initiating event during drained condition 
with a contribution 016 percent 01 the CDF 

- Loss 01 offsite power initiating event during drained 
condition with a contribution 01 5 percent 01 the CDF 

- RCS overdraining event during drainage to mid-loop 
with a contribution 01 a 2 percent 01 the CDF. 

e-
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INTERNAL FLOODING AND FIRE 

• The Internal flooding-induced CDF is estimated to 

be 8.8E-10 events per year for power operations 

• The CDF from flooding events at power Is not an 

appreciable contributor to the overall AP1000 
plant CDF 

8­

INTERNAL FLOODING AND FIRE 
• Extensive fire hazards analysis review completed for 

AP600 subsequent to fire AP600 PRA
 
_ Fire separation improved
 

- Fire suppression features incorpOrated
 

- Design features incorporated to address hot-shorts
 

• AP100G-specific Fire PRA is performed with a
 
resulting CDF of 5.61 E-08lyr (for internal events)
 

SEISMIC MARGINS EVALUATION 

• The seismic margin analysis shows the systems,
 
structures, and components required for safe
 

shutdown. HCLPF values are greater than or equal to
 

O.50g 

•	 This HCLPF is determined by the seismically induced 
failure of the fuel in the reactor vessel, core assembly 
failures, IRWST failure, or containment Interior failures 

INTERNAL FLOODING AND FIRE 

• The top five at-power flooding scenarios comprise 91 
percent of the at-power flooding-Induced core damage 

frequency 

• These scenarios are for large pipe breaks In the
 
turbine building with an initiating event frequency In
 

the range of 1.4 - 2.0 E-03/ year, leading to a loss of
 

CCWISW event
 

-	 Each scenario has a CDF 011.2 -1.8E-101year. 

8­

INTERNAL FLOODING AND FIRE 

• AP600 design features important for fire protection are 

included in the AP1000 
_ Fire separation I fire zones 

- Systems used to achieve sale shutdown 

-	 Fire suppression features 

• AP1000 design is sufficiently robust that internal fires
 
during power operation or shutdown do not represent
 
a significant contribution to plant CDF
 

SEISMIC MARGINS EVALUATION 

• The SMA resuh assumes no credit for operator
 
actions at the 0.509 review level earthquake, and
 

assumes a loss of offsite power for all sequences
 

• The SMA shows the plant to be robust against seismic 
event sequences that contain station blackout 
coupled with other seismic or random failures 

• AP1000 structural design and seismic analysis will be 
discussed at a future ACRS meeting 

e­
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Comparison of Low HCLPF SSCS Comparison of AP600 and APl 000 
in APl 000 and AP600 Designs PRA Results 
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SUMMARY OF RESULTS 

• The AP1000 PRA resuhs show that 

- The very low risk of the AP600 has been maintained in 

the AP1000 
PRA Level 1 Success Criteria 

- The AP1000 PRA meets the US NRC safety goals with
 

significant margin
 

TenyScllulz
 
Advis<JryEngineer
 

4) 2·374-5120 - schuJztl@weslioghouse.com
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Overview APlOOO Success Criteria 

• Success Criteria Justification • Similar to AP600 
- Similar system design. arrangement. capabilities - Summary 01 success criteria (Chapter 6 01 PRA)
 
- Several Changes Made to the AP1000 Success Criteria
 

- Changes in success criteria vs AP600
 
- Due 10 increase in POW" and other lactors
 

- Success criteria justification
 
• Verified Using Same Approach as AP600 

- Based on analysis' DCD. specific PRA, or olller analysis I calculations 
- Use rico analysis where appUcable
 

- Summary 01 PRA analysis
 
- Perlonn special analysis where DCO analysis not applicable 

_ Analysis results for sm8" lOCA. large LOCA and ATWS 
• AP1000 Success Criteria More Conservative! Robust 

- T&H Uncertainly Evaluations 
- Uses same or more equipment lor success than AP600 

CaJc oiloW' margin I risk important sequences 
- For oxarJ'4l/&. uses 3/4 ADS 4 instead or 2/4 ADS 4 (AP600) 

_ T&H analysis to bound T&H uncertainty
 
_ Even though AP1000 ADS 4 is larger I MW
 

- Reduces T&H issues I uncertainty 

e- 8­
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Success Criteria Basis 

• Provides Critical Functions
 
- Decay heat removal (core cooling)
 

- Peak clad temperature < 2200°F
 

- RCS inventory control
 

- RCS pressure control
 

- Less than emergency stress limits, < 3200 psig 

- Containment heat removal and containment isolation 

- Less than emergency stress limits, < ??? psig 

- Reactivity control 

eBNfL e-

Post ADS Success Criteria 

• Changes Made to Post ADS Success Criteria
 
- Full ADS (I RWST) » requires 3/4 ADS stage 4
 

_ AP600 PRA used 2/4 ADS stage 4
 

- AP1000 ADS 4 capacity has been increased by more than power
 

- Partial ADS (RNS) » requires 2 of 4 ADS stage 2 or 3
 

- AP600 PAA used 1/4 stage 2 or 3
 

- ADS siages 1,2.3 capacities not increased for AP1000
 

- Requires PRHR HX for MLOCAs with only Accum
 

- Provides operators more time (> 20 min) to take action
 

-	 Requires 2/4 Cont Recirc nCont Isol fails
 

- 1/4 Cont Recire it Cont Isol works
 

- Full ADS required for large LOCAs to support long term cooling 

8­

PRA Success Criteria Analysis 

• Transient (PRHR HX)	 DCD, LOFTRAN 

• SGTR (PRHR HX)	 DCD, LOFTRAN 

• Non-LOCA Feed-Bleed	 PRA,MAAP4 

• LOCA (SmalllMed, LOCA)	 PRA,MAAP4 

• LOCA (Lg LOCA)	 PRA, WCOBRA-TRAC 

• Spurious ADS 4 (Lg LOCA)	 PRA, WCOBRA-TRAC
 

PRA, LOFTRAN
 • ATWS 

8­

APlooO Full ADS Success Criteria 
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LOCA Size Definitions 

• Large LOCA (> 9" 10)
 
- Requires 2 of 2 accum
 

• Spurious ADS Stage 4 (1 to 4 ADS 4 valves)
 
_ Require 1 of 2 accum and 1 CMT
 

• Medium LOCA, DVI LOCA, CMT Line LOCA (2-9" 10)
 
_ Only requires 1 accum or 1 CMT
 

- Depressure RCS below ADS 4 pressure interlock
 

• Small LOCA (318-2" 10) 
-	 Requires PRHR HX or ADS 11213 todepressure RCS below ADS 4 

pressure inte~ock 

- CVS makeup not sufficient 

• RCS Leak « 3/8" 10)
 
- CVS makeup is sufficient


eBHfL	 e--­AOtSPllA.S_·_:!CllU 

MAAP4 Code Use 

•	 same Approach As AP600
 
_ Used for defining success criteria for LOCAs and feed-bleed
 

cooHng sequences
 
_ Provides integraled ReS / containment response
 

- Runs fasl (hours vs days) 
_ IJTl)Ortant because of large nurnbefs of runs (hundreds) 

• Break sqes, locations. different sets of ~ failur8$ 

_ MMP4 has been bench marked against NOTRUMP for AP600 

_ NOTRUMP has been shown to be applicable 10 AP1000 

_ T&H uncertainty analysis confirms thaI low margin / risk important 
sequences win be soc<:ess 

_ Uses detailed DeD codes and methods (NOTRUMP. WCOBRA-TRAC) 

• AP1000 Success Criteria is More Robust 
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PRA T&H Analysis 

• LOCAs and Feed"Bleed Cooling Analysis 
- Considers many diffarent factors
 

- Initiating ..ent, LOCA or Feed-Bleed Cooling after non-LOCA
 

- LOCA size and Iocatloo 
_ Available mitigating equipment including CMT. Accum. RNS. PRHR 

HX. ADS. IRWST. Cont Reclrc 

- Made use of lessons leamed from AP600 

- Test results. DCD analysis. PRA analysis (boIh suetess crheria and 
T&H uncertainty 

- Divided into lour groups of analysis 
1. AlfomIIIIcADS"'CW1''''lAWSTor~q.dion 

2 CM'TWId.-.spwIIfI8CI ..... 
3. MMuIf AOS ..... ~W1d1'WSl..,ty ~ 

<t. Aa:umand RNS""'" ~ 

e-

e:'OCIO 
1, Auto ADS with IRWST Gravity Injection 

APlOOO Ilinimum Vessel )future Level
 
Automatic ADS. ffillST Injection
 

I ClIT. No Accum. 3 Stage 4 ADS Valves
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2, Auto ADS with RNS Injection 

• Limiting Success Criteria Equipment Assumed 
- One CMT, no Accum. 1 RNS pump (SFP Cask Loading Pit) 

- 214 ADS stage 213. no ADS stage 4, no PRHR HX 
- AP600 used 1/4 ADS 213
 

- Containment isolation fails
 

• MAAP4 Analysis Was Performed 
- Break sizes 0.5' up to 8.75" 

- Core uncovery depth and duration is less than AP600 

- AP1000 success criteria verified 

~.~ 

1, Auto ADS with IRWST Gravity Injection 

• Limiting Success Criteria Equipment Assumed 
-	 One CMT. no Accum, 1 valve path in one IRWST injection line 

- Same as AP600 

- 3/4 ADS stage 4 • no ADS Slage 11213, no PRHR HX 
- AP600 used 2/4 ADS 4 

- For LOCAs < 2" some ADS 1/2/3 or PRHR HX required to reduce 
RCS p"essureto below ADS 4 p"essure interloct<
 

- Containment isolatiOn fails
 

• MAAP4 Analysis Was Performed
 
- Break sizes 0.5" up to 8.75'
 

- Core uncovery depth and duration is less than AP600
 
- Increased capacity PXS. especially ADS 4 & IRWST injection
 

- AP1000 success criteria verified
 

2" HllOCA, 3/4 ADS4, 1 CMT, l/lIRWSTe~
 
No ADS 11213, Accum or PRHR HX
 

1
 
____ ..,...o, 
--·····10, •• h •• 

.-.<I-a 
lit.	 I~ • ".," A 

2, Auto ADS with RNS Injection 

APIOOO Minimum Vessel Mixlure Level
 
Aulomatic ADS. RNS Injection
 

I CMT. No Accum. 2 Stage 3 ADS Valves
 
_",••• II'Jlh""C."./UI' ..) 
- Uh. A\lS " " ,,,. h,u,I..) 
... h, •• Co., 

.§ •
g'

... j~.f 

.. . 
IIreat lliamIt" (flCllII) 

e-	 8­
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3. Manual ADS w. IRWST Gravity Injection 3" Manual ADS w" IRWST Gravity Injection 

APIOOO Minimum Vessel Mixture Level• Limiting Success Criteria Equipment Assumed 
Manual ADS el 20 Min. lRWST Injection
 

- One Accum, no CMT, PRHR HX, 1/1 valve I path IRWST injection
 1 ACCU~:I~I~' ~~!:.~. Stale 4 ADS Vel,es. PRHR 
____ ~tu. 'I•• , •• ,., A'lI .,...... 1"'" '.lu,'.'•- AP600 does not require PRHA HX,lncreeses time for operetor action 
.•..... hI.' eo .. 

- 314 ADS stage 4 , no ADS stage 1/213, no PRHR HX
 

- ADS 4 manueIfy eclualed el 20 min.
 
_ AP600 uses 2/4 ADS 4
 

- Conlainment isolation fails 

• MAAP4 Analysis Was Performed
 
- Break sizes 0.5" up 10 8.75"
 

- Core uncovery depth and duration is less than AP600
 

_ Increased capaclly PXS, especialty ADS 4 & IRWST injection
 

- AP1000 success criteria verified 

e-	 e­

3.5" LOCA, 2/4 ADS 3, 1 Ace, 1/1 IRWST e'.~
 
PRHR HX, No ADS 4 or CMT 4. Manual ADS with RNS Injection
 .......,,~_.-____ ...'u•.• lI' ,_ _ .,_••, ..... H •• 

•	 Limiting Success Criteria Equipment Assumed 
_ One Accum, no CMT, PRHR XH, 1 RNS pump (Cask Loading Pil) 1:5; 1f~D-"'"'··'''~· I - 2/4 ADS slage 2/3, no ADS stage 4 

- ADS manually actuated at 20 min. 
j - ------,	 • ­
1:1 ~ ~. :0 :0 :0:0 J~~ :.0 :.0 :.0 :.0 _ AP600 used 1/4 ADS 2/3 

-(t) r-w - Containment isolation fails -.,.---- _ " ..­
.	 . ,., or c.•• - , .---- ;' . • MAAP4 Analysis Was Performed 

- Break sizes 0.5" up 10 8.75" 

- AP1000 success criteria verifiedil. 
e-	 e­

4. Manual ADS with RNS Injection	 large lOCA Success Criteria 
APlOOO l/inimum Vesselltixture Level • Large CL LOCAs Manual ADS at 20 Min. RNS Injection 

- Uses 2 of 2 Accum. like DCD analysis 
1 Ae~I~I~' ~~.~. Stage 3 ADS Valves. PRHR 

- Unlike DCD assumes failure of contairrnent isolation and 
::::-.:-;::.:f.::.~ h. UI , II., h)nlln) 

avaDability of oHsile power 
_ Was analyzed with WCOBAA-TRAC (RAI720.012) 

_ Cate PCT 1628 F without uncertainly 
- PeT tess than DCD case because offsi1e power was available 

• Spurious ADS 4 Large LOCAs 
- Limiting case is all tour ADS 4 valves opening 
_ Uses 1 01 2 Accum, failure conl isolation, oIls"e power available 
- Was analyzed with WCOBRA-TAAC (RAI720.010) 

- Cate PCT 833 F wilhoul uncertainty 
_ Case analyzed assumed coni isoI, beceuse of margin fail cant isol wit 

be OK 
, I 

• Both Cases Are Successful --r.."') 
e-	 e­
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ATWS Analysis AP1000 ATWS Analysis Results 

• Provides Very Low Unfavorable Exposure TIme 
- AP1000 has low boron core 

_ MTC Is more negative 
=' 
-

Equil. Core Cycle 
}OCO ,-,-'--r,-.;:':""'--r--..,--..., 

I I! \ i ! 
".. +--ti--J1tt,-~\-+! -""",!f-i-­
ar{!+---,l!-_-.,,-¥------'~l 1- ­

_ AlWS "ride ouI" cepebII1y Is possible for more lhan 98.5% of core Ife 

- Throughoul equiII>rium ..... cycles, peak RCS p'...... < 3000 poig 

_ Through 60% of 1st core cycle, peak RCS prMSUJe < 3200 psig 

_ UET < 1.5% over 40 years 

• AP1000 ATWS Analysis 
- Analyzed with LOFTRAN 

- Equilibrium core has MTC =-12.5 pcrnIF at BOL 

- 1st core has MTC =-10.0 pcmlF at 40% me 

e- e-

T&H Uncertainty Expand Event Trees 

• Same Approach As AP600 • Purpose of Expanded Event Trees
 

- Detailed evaluation performed (RAt 720.012)
 - Branches with safety equipmenf are expanded to identify the 
numbers of safety components that ere available 

- Bounds API 000 T&H uncertainty 
- The normal event trees only identify the minimum number 01 safely 

- Det"",,",ed high risk 'low margin cases components that are required 
_ MAAP4 success criteria analysis used to identify low margin sequences 

- Branches with non safety equipment are removed 
- "Expanded'" event trees used to identify high risk sequences 

- End .stales changed to differentiate success paths 
_ Bounds more than 98% of lOCA core meh 

- Two general classes, high margin (OK) and low margin lUG)
- Identified limiting analysis cases 

_ low margin cases have COfe uncovery, htgh margin cases do not 
_ 3 smallOCAs. 2 large lOCAs, 2 l TC cases Ktentified 

- More detailed sib-grouping made 
- Analyzed nmiling cases willl DCD codes and assumptions _ BaHd on equipment available I not avaitable 

.. Conservative decay heat (Appendix K), Ine rHis1eneas. ptanl _ Supports selection of T&H uncertainty ca&e$ that are anatyzed
parameters
 

.. All show successful core cooltng
 - Allows probability of low J high T&H margin cases to be calculated 

e- e-

Expanded Event Tree Example ExpandedEvent Tree End States 
1. OKl ,.,..ADs....... D.igne--(08)

Expanded Event Tre. 2. C*2 o.signBeM 
3. 0k3 MoreADS4/l_ADS-1.2,3...oe 

CMT IAccum CMT Accum '" ()K.t ~ADS-l,2.3""'0B 
5. 0K5A AOS.,CJ .... 
6. 0K58 AOS.. ,Cllalla/l_Al)S.1.2.3.2....-OKI 7. OK. D8AO$/ClWit 
I. 0K7 2~I08h:1rUOCA 

t. OK. Slhcw.--.",*,AOS,,-IMlMcICUI'~ O. OKt u-d eM" tar ......... tn.b
 

...!.....OKI ,. UCt No~.d~.ACS..-.. ...... "'1OOpslg--(C::= I 
2. UC2A 1~""'JIflDrk)""'~ 

3. UC2e 2~ ptlDflD""""""'---'0'--__ UC3 ... UC3 No,..,~ ~ 

5. UC.. ~~"••""'LLOCA"""~C~.M~ 6. UC5 No ....... wr.n ADS it; KUIIMcI
- ...!..... e"Pond 7. UCl b ..ADS-"'-DBAI... 3dl~"A[)S.-4 

• UC7 .... AI)S.. ..
 
Htnbfn on branches inIIiute number of
 9. lICe No~lilldIIlIiofl'DM.
 
ccmponenbthilltar~_1abIe. e"Pand
 ° ~. UC, No~"'Ilon'~ADS 

eBNne- e­
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Which Event Trees 

• selection of Level 1 Event Trees to Expand
 
- AP600 expanded 8 event trees, aU with ADS actuation
 

- No core uncovery in events I sequences without: ADS
 

- AP 1000 expanded 5 event trees, all with ADS actuation
 
- 3 eventlrees included in AP600 were not elCpMded for AP1000 since
 

they did not resUit in limiting T&H analysis cases
 
_ SmalllOCAs. Transients with ADS, SGlR with ADS were not expanded
 

_ These events did not add any Ilmi1ing T&H uncertainty anatysis cases
 

.. Some of their end states are nol success in AP1000 (for example, 2 I
 
4 ADS .. was considered success in AP600 but is not considered 
success in AP1000) 

• _They tend 10 have mote equipment available because they are more 
probable events 

.. ADS occurs Jeter in these events with lower decay heat 

e-

Expanded Event Tree - OVllOCA 
_ .. J ......... ~
 

e-

Calculation of COF / lRF 

• Potential CDF 
- Conservatively assumes low margin sequences (UC) 

may be core damage 

- System reliabilities based on fault tree calc 

- Base PRA or special faun trees as needed 

• Potential LRF 
- Based on potential core damage sequences 

- Uses constant ratio 6% for containment isolbranches 

- Conservative, same as AP600 

&­

Expanded Event Trees 

Initiating Event AP600 AP1000 

Large LOCA yes yes
 
Spurious ADS 4 na yes
 
Medium LOCA yes yes
 
CMT Una LOCA yes yes
 
DViLOCA yes ~s
 

Intermediate LOCA yes na
 
SmaULOCA ~s
 

SaTR with ADS yes
 
Transients with ADS ~s
 

e-

Expanded Event Tree - OVllOCA 
_'.1 ....... _- _ .. ..
 

e ­

~~~ 

Determination of Risk Important Sequences 

• All Low Margin Sequences Are Collected
 
_ Includes all UC sequences
 

- Sorted by CDF and LRF
 

- Criteria lor risk importance
 
_ 1% of baseline COF or LRF 
_ Residue of less important sequences must be sma. 

_ Required to be less than twice the risk important sequences 

• Results
 
_ 102 low margin sequences quantified in 5 expanded event trees
 

- 13 low margin sequences selected as risk important
 
_ Covers 99.4% of risk ~om all low margin sequencas
 
_ Residue of other sequences is < 6% of COF and lRF
 

e­
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e~ ~~'!JOO 
Sorted UC Sequences (Top 25 of 102) Risk Important Sequences 

, ......'uc ...............,c:Ilf,......., 
t ..... u IIPtOItTatI~Law ....../ .......-........
.... .::. -ow ... co ...... ... . - .. 

~ -uco ..... ....., -....... - --
t. 

... -'-c F. CI 
..........., _... . II• .- ow ...
 'lU.JIIf 1_1 

~ - ......, "'. "'. ... F. -- - - ".... ­ue l.7Ill-oe 
ue, ..... ....., ,...... "'. to F. --, ,.. ... ... "".i.e. 371.7'4 

~ F.UJE".... _. -., ..."'. ..."'."'. At· t ". ... .. ... UIl41 
...'" t,..... ,......to · ..... "'. .

180.''S. "'.... 
~ .... - ,....., ....... · ... ... .. · -..... ,.. YES ... YU s.ollioW 1.8)f.(ll ,...... .....
 ..... ...... ."'... NO ,.. F• · -, to ....". U3E.(a .....- uco

ue '.121.
"'tE.. U1lHle

1.I1E" 
... ....... ... ... ".". ...to ·C F. ·'" ,.. .. ". 1,"Eo07 

""',..• .ft
- uco -.... ..- --
NO to 0 · ..., m ...,.14 4,.n. 

u7(.et - uco - ....... UIiE·to · --.... ... ... C F. , ".NO 
".". to ... '.tft.ce ".... .....
 

UIE..F. ... ......... 1A7(·tO .- ... ". ... · · ...--" ". ".". ',DIE.. 1:1.5'4 ....-""" - t.2Sl"-to "'. ...". · F NO to ',~IE-W a.5IE..uco ..... ...... · ...... C · .... YU ... .... ...... 
uco ...... I.-·n ......"'" 

ct!!h ... ... :~ C F. '""" ". .. ... t42f.ce .u&E·tO t.'" .... 
~ 

"",,' 
uco -- ,....... ........ ........,.. ...". ... C 

F• 
.. ". .. YU ......
 U4E.(lt un· to..... 

1.1'-:'- UIl·n 
NO 

to · YES 
I.IQE-ot 

.... .,.........
 
ue ..- ". ... ...._. "" ... ... 

1..«IE·to 6.M·" ...". NO •.'" ue - t.07E-01 1.43;·" ..- ..... "'. 0' · F. 
·F .." ...--,. NO 

YE' .. YES 
.. .ME.10 
S.1l1E·tO 
I-~" 

....
5.'SE-10

E·'O .... t .... 
t ........." ..... ..... ". .. "

YES .ue 7.771-10 
-- - NO ... " NO to ". 

ue. --..... 7211&·tO ".32£." .... ..... "S ... ·F '" ,_. .......
 U4(-cl7t..... .... ....... .... '" , F
UIll·" 0.2'''' 
ue -, '.,..1'0 ....." .... ..." "".. to RHidue 110m tIC ___... ..--0 ,...... U2E-10 .... ..'".... ..... ..... .... ".". ". OF .. F.F• ...IA4E-to UI(·n 

FlMicUfIlom~"","AHfI"", 1.&1£·10 _ oc• ..... USE-to 3.·" "'. ... OF '.67E·'~ ..... ... "" UIE·10 NO...."'" ...,. 15.1••" 
".IIE·tO 

D.2'" "S 
to ·.- 1:1 ". ... 

F. 

~ NO""-to 
O,'~ - O.tO'llo ...3.I7E.1O 1.JIll·n . YES to · ·F · · ""'" ACIIlS ...... ___ ..... :lP" --

AaS,,"~·"":'003 .. 101e-. ""M e- .BNFl e-

Bounding T&H Analysis Cases T&H Uncertainty Analysis 

• T&H Uncertainty Cases • All of These 7 Cases Have Been Analyzed
 
- 5 short term and 2 long term cooling cases are selected to bound
 - Using DeD codes and methods

the 13 risk important cases 
- All cases show successful core cooling

- These cases also bound 58 of the 102 low margin cases
 
- Covers 99.8% of risk from aN low margin sequences
 

C.I ..... IRWST REC CMT Ace A.1lS PIUIR -........""~ . .
~c.... 1RWSl& ADS ADS ... ­"=' ......~(11 ... ....... ACC . ... ACShDlJ.(loj3,0") ,.. ,.... NOTmNP "10 CCIIIJ..-.y FVlI no,Of!i 
- T_C-.he 

con ,. -- Ot:CMla.l"'IU"l ,.. ,. ,.... NOTAI.JIllIP I'k>c"',,_..,. PFVlAppA
ShDn-T_CoaIing DE 0\1""-(4' :: ,. ,. NJTRlW Pel. '&70f PFVlAppA 

ACSholllog(3·01 ~ ,. ,. 1.10.12.11

• OECMf~"'(U' yo. ,. ,. .. DE Cl LLOCA ~ ,.. ,. ~ WCOBRA-TMC PCT.ll6efll} RAI720.012 ·C OEDVI_WI ~ ,. ~ 1.7-'.11 ........ ~ ,.. ,. ,.... WC08AAPTMC PeT .lOB1 F II} I¥olno,010 

D OEClLLOCA ~ ,. ,. . 
~ 

F or ...,, ........ .., ,. ,. ... T_C.....
 

laI9T_CocIftg .or ..., :: '" '" 
F DE'" ,.. tltlll' 1.!lo.7.'.1<1 '" ~. 

~ "'8.11-'SDE'" "'12" 
I') ~OCOlMflllOCA~

,....(1)8rNII· ellKM __ ( 

:: 
Of~:_~p;p,"""*""'. 

~8pufiousADS_ .. 4AD8M1g1t4 ~81_ .... _'"*""_ 
e-

Case A, 3.0" lOCA, 1 Ace, 0 CMT, PRHR Case B, 6.8" CMT lOCA, 2 Ace, 0 CMT 
4/4 ADS 4, no Cont 1501 (NOTRUMP) PRHR, 4/4 ADS 4, Cont lsol (NOTRUMP) 

:[E]-,. 1­
I:

""'" 

j ­
"" 

I: . "'HlIHXiheJ
"" 

J.

._ ~T ,. _. __ . .. _._. !'!!.~_k .. _.k .... _iEZJI: 
-I~ 

...... t.l

••=IlNR.=------""-,-...-_--.-..-_--- .. w e- e­
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Case C, DVI LOCA, 0 Ace, 1 CMT, no PRHR e'~ 
3/4 ADS 4, no Cont Isol (NOTRUMP) 

.. 
i~B:JJ:~ ,­,-
I"'I __ 

T",. Is) -101 

~: 
i'A . 
;s. 

Tille (s) ­
e ­

~.~ 
Case G, l TC Analysis with Cont. Isol. Failure 
_" ..... '.'.'a. -"".-.. ,_.,­·······.>5·1	 .._- ...., ..... 

or:=!¥t:=:-- I·~i fb~--: ~ l§

'--r_l':i -.:- -r_w • 

---- .... '. 

~~ :jj~

a 

'L;d­
,	 . . 

r_I,l "'0 

e~!JOO 
Summary of RAI on APl 000 level 1 PRA 

LEVEL 1 

e-


T&H Uncertainty Case for long-Term e~ 
Cooling with Cont. Isol. Failure 

•	 Conservalive I Umiling Case Analyzed
 

- Largest containment penetrallon is open (18" HVAC line)
 

- DVILOCA assumed to give lowest in"ial containment level
 

_	 Causes lIooding of PXS valve room where break is located 

_ Reduces containment level by - x tt 

• LTC Analysis Results 

- Containment leakage terminated in - 2.8 hr (MAAP4) 

_ PCS is able 10 remove decay heat w~ conI. at atmospheric pressure 

_ leakage of steam/air mix removes air from containment 

_ PCS heat transler improves as partial pres 01 steam increases 

_ Containmenl racirc level is reduced by - 0.3 tt 
- Core remains covered (WCDBRA·TRAG) 

e-

T&H Uncertainty Summary 

• AP1000 T&H Uncertainty Analysis 
- Has calculated probabilities of low margin sequences 

- Has selected risk important, low margin sequences 

- Has deflOed 7 bounding T&H uncertainty cases 

- 5 Short and 2 Long-Ierm 

-	 T&H Analysis has been performed on these cases
 
_ Using DCD Codes and methods
 

- Shows successful core cooUng
 

• AP1000 T&H Uncertainty is Not Risk Important 
- - 99% 01 CDF and LRF is bounded by conservative T&H analysis 

e­

AP1000 PRA Report Updates 
Included with RAI Responses 

:; T/H Uncertainties Explici11y Addressed 

:.-Expanded Event TFeeS 

)0 Add~ional T/H Analyses Performed 

)099% ofSuccess5equences Backed ·Up 
with DBA Analysis Models 

)0 Operator Action Times Addressed 

)0 Revision 01 PRA Chapter 6 and Appendix A 

:'-AP10OO-Specific Fire PRA Performed 

e­
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AP1000 Containment Event Tree 

• Used to quantify frequency and magnitude of 
releases to the environment 

• Essentially the same structure as AP600
AP1000 level 2 / 3 PRA
 

Containment Event Tree
 

JaDle< H. S,,,I>:I 
Coolainmena ~ RiMtinlogicai Analysis
 

4J2-374-5030 . soobdjb@...eslinghoust.tom
 

8­

e ooo 
APlooo Containment Event Tree Structure AP1000 Containment Event Tree 

• Phenomena and System Availability 
- reactor coolant system pressure ~~~ - containment isolation 

Ly - cavity flooding for extemal reactor vessel cooling 

- in-vessel reflooding 

- vessel failure 

- passive containment cooling water ~.~~ 
;
,	 .­

8-	 8­

AP1000 Containment Event Tree 
(continued) APlooo Containment Event Tree 

• Phenomena and System Availability	 • Operator actions 
(continued) - Recovery Actions 

-	 hydrogen control (igniters) - depressur1ze RCS
 

- Isolate containment
 - containment overtemperature (diffusion flame) 
- actuate pcs water 

- hydrogen combustion (deflagration and detonation) 
- Manual Severe Accident Management Actions 

- containment integrity 
- flood reactor cavlty 

_ actuate hydrogen control 

8-	 8­
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Containment Event Tree Simplifying 
Assumptions Interface with Levell PRA 

nllCCTIONAoL Dlf'INITIOIG Of LEVEL I ACClHNTCLA$HS• High pressure ReS at core damage results in 
induced SGTR containment bypass 

C_ ...... _ LOCA .... ln ... wiIlI"....._'*'__ _.__LOCA
• Vessel failure and debris relocation into the 

C_'-_IIC'S.'"fl....- ......................~


containment results in early containment	 .._......_............ ­
failure	 lIE e--.. LOCAo ..... *__,.........--..
 

Bl c_ _ .. _............. _
_~ 

- highly conservative	 ."" ,...... 
e-...., _..-......_..--..,.,....LOCA. 
11ad, 'lNo"'.... 

e-	 e-

Interface with Levell PRA	 Release Categories 

A~ri6m1 a- F~mMW' 
Lr..."Jnt4 .......	 ==...~":=-

-
 r_ _....-__-....,_...0 ......
11_ __......~_.._-....._ -n...	 "'-~ --	 .,...c_...._ ......_ .._-.. 
........WIiotoof....,.... __
~_ ~IA ,.tlE-'	 I..-F.-r __ ... ... ..__........_
 

lAP I.~E·' ,"..	 __ __......._fII_
,.	 ~

441::·" ... 
bon	 __ __~_....... lioy~


.lIlE l>.'E~ ~.l_" F__ -__~ ...... .--_
:tal ,.,	 e-.;_ __.--..--.,_"'_"'_?"E-lI
 
.'I:IR UE-i 19.2
 

~_""'--_dJIIoooI-."_ 
:tC l,fIE.$ 

eo- _...-_........ _ ..-..
 
6lliE.JI lU 

1_ n.o...-,.-.- ....... __ l1o Loop,,","­
'D	 ~ -.....-"'..- -....­

e- ...-_• ..,.........--...

Y.;'lE-' SGTR .... I!iL<X-A 

hil_ --m,......._ ....-,. ­...	 --~- a-~_ ~_......._ _.., iMp....
T~CDF ~,"'IE·1 __rk-_..awt.. 

~ 

hiI_	 ..... 

...-..---.-,.......
 

e-

Level 2 PRA Quantification Results	 AP1000 Dominant LRF Sequences 

COKTIlJltlTJONOf I1lITOl." 

< _ .......
~ SGfJ.~l.ot 1.lIJl..1J 1.-.11 ,"".all I ...E-II ID-l.. .!'fl.'" P.oJE-OO 1.10.£.10	 .. 

__ un·1) __ 'lOE-U I.M-'"	 ~.o s- ,..1"'1~ '" s-,.....,­II.a3 loU..	 ._.I.....s.cno.ti C 

"...,...........,Eo.
'" .. 
e- hiIo:.~,..."" .. '" c ~ 

c ,.. 

G­

2] 



--

APlooO lRF Sensitivity Analyses 
Sensltlvity Resul 

No Credlt Taken 'or OP lRF becomes 2.49 E-()IIIyr. with 
Node 'or PDS-6 a CCFP ol10.3 percent 

lesser Rellabilily for lRF becomes ~.05 E-08Iyr. with 
Contairvnenllsolatlon a CCFP ol16.8 percenl 

lesser Rellablllly for The lRF becomes2.31E-osIyr. 
Hydrogen Igniters with CCFP ol9.6 percenI 

lesser ReHablHly for The lRF becomes 1.97E-osIyr. 
PeS with CCFP of 8.2 percenl 

NoCred~'or The LRF is 2.91E-OlVyear, willl 
oepr.......lzalion for CCFP ol12.1 percenl 
Hioh Pressure PDS 

e­

AP1000 lRF Importance Analyses 

UlF e-- e....- lkIo''''1oo 
cn~ ...-_I~............
 ........".
 

LUElJlf I,,* ­

..

" ..... ­
e ­

t!"'ooo 
APlooo level 2 Conclusions and Insights 

• LRF is 1.95x1(til per reactor year. 
- Goal is LRF less than 1x1 0-6 per reactor year 

• Overall containment effectiveness (CE) is 92% 

• POS-3A (ATWS) has lowest CEo 

• CE for P05-6 (SGTR) is 57%.
 
- If all SGTR sequences go to bypass overall CE =
 

89.7% 

G­

AP1000 lRF Sensitivity Analysis 
Sensltlvily Resull 

Sel P05-3C Vessel The lRF is 2.85E-osIyr, with a
 
Falure Probability 10 1.0 CCFP ol 11.8 percent
 

sal 3D and 1AP The LRF becomes 7.66E-08Iyr, 
Dillusion Flame and with CCFP ol31.8 percent 
Delonation Falure 
Probabit_ '0 1.0 

e­

AP1000 lRF Importance Analyses 

lltF r__ c_ frlo4o.F .. ..... ,_, ,_r,.,. Iao__ ' 'DS 

3D_I"'",,,, I.•. nl 
... .. O UII'~<o/).1 

_~l-l _..to<kDJ_ 1>0__ 

__....., ... _PD~ 

"n 
~''H)1 

e!JOO 
AP1000 level 2 Conclusions and Insights 

• LRF is not sensitive to the reliability of the 

hydrogen igniters, but if the igniters are 

assumed to be failed (probability of 1.0), the 
CE dropsto 74% 

•	 If the OF failure probability is 1.0 for all 1AP 

and 3D sequences, the CE is 84.5%. LRF 
increase by a factor of 4. 

G­
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APlooo Level 3 PRA 

• AP1000 specific source terms calculated with
 
MAAP4
 

• MACCS2 v. 1.12 used to calculate doses 

• Goal 
-	 Frequency of site boundary whole body dose >25 rem 

EDE less than 1.0x10-6 per reactor-year. 

eBNFL e ­

AP1000 In-Vessel Retention ofMolten Core Debris 

James H. Scobe) 
Conlainmenl and Radiological Analysis 

412-374-5030 - scvbeljb@weslingbouse.com 

e-

Passive Plant Features Promote IVR 

• Reliable post-accident RCS depressurization 
- tow stresses on reactor vessel 

•	 No RPV lower head penetrations 
- creep failure of lower head only failure mechanism 

• Reactor vessel submerged in water post­

accident
 
-	 automatic or manual flooding of cavity with IRWST 

water 

e­

t'-"'~ 
24 Hour Site Boundary Whole Body EDE Dose 

0 ••,.11 D III••
 
t , ••, .11 " •••• D•••• I ••It•••
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I ,GOf ,n 
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e-

e:~~ 
IVR via External Cooling of Reactor Vessel 

ellNFL e-

Passive Plant Features Promote IVR 

• Core support plate sits low in lower plenum
 
- lower plenum debris contacts and melts RPV internals
 

- thick metal layer
 

- no focusing effect of metal layer
 

• Reactor vessel insulation designed to promote 
IVR 
- standoff from reactor vessel
 

- provides ftowpath for cooling
 

e­

23 



~,~ 

AP1000 Containment Flooding	 Reactor Vessel Insulation Promotes IVR 

8­

AP600 IVR Assessment 

• Risk Oriented Accident Analysis Methodology
 
_ Analysis
 

- Test Program
 

- Peer Review
 

• DOEIID 10460, "In-Vessel Retention and Coolabillty of 
a Core Melt," Theofanous, et. al. 

• ACOPO test to investigate natural convection heat
 
transfer from debris to vessel at Ra' ~ 10"
 

• ULPU test to investigate CHF on external vessel
 
surface
 

8­

AP1000 Vs. AP600 

• Designs are similar 

• Changes to the AP1000 that potentially impact 
IVR
 
- power is increased from 1933 to 3400 Mwt.
 

- 157 14-llluel assemblies.
 

- core shroud instead 01 rellector
 

- lower core support plate is 1" thicker
 

8­

8­

AP600 IVR Assessment 

• Exceeding Critical Heat Flux (CHF) is limiting vessel 
failure criterion
 

- heat flux 10 vessel wall < CHF is success
 

• Steady-state, two-layer debris configuration presents 
limiting challenge to the reactor vessel
 

- metal over oxide debris bed in lower plenum
 

• Large margin to vessel failure 
- Res depressurized 

- caVity flooded 

8­

Implement IVR for APl 000 

• Increase	 critical heat flux (CHF) at vessel 
surface to maintain margin to failure 

• Demonstrate	 thermal failure remains the 
limiting failure mechanism for increased heat 
removal 

• Investigate in-vessel melt progression 

• Demonstrate that the	 heat load correlations 
scale appropriately to the AP1000. 

• Quantify the margin to failure 
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Increase CHF 

• UPLU Configuration IV Test - UC Santa 
Barbara
 
- Lower Head slice geometry at lull scale radius
 

- Full scale simulation via power shaping
 

- Models AP600 entrance and venting restriction
 

- movable baffle, fixed at 900
 

• Tests Completed 
- examine lower head bailie geometry impact 

- examine water level effects 

e-

UlPU Configurations 

- ~t::':::.... 

Effect of Water level during IVR 
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High Water level 
UlPlJ..IV Data Compared to 

2-Phase Nat eire UlPU-1II correlation 

UlPU Facility 

Effect of water level during IVR 

~ w ~ ~ ~ ~ • ~ m ~ 
,.,..,l'..-.t·l 

low Water level 
UlPU-IV Data Compared to 

Pool Boiling UlPU-11i correlation 

e-

UlPU Configuration IV Conclusions 

• ULPU Configuration IV test report submitted to the 
NRC
 

- DCPINRC1510 dated 6/612002
 

• CHF can be increased sufficiently to provide margin 
for AP1000
 

_ channel flow around lower head
 

_ high water level lor 2-phase natural circulation
 

• Adverse exit effect at top of baffle that reduced local 
CHF
 

- resolved by ULPU Configuration V tests
 

e-- 8­
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UlPU Configuration V UlPU Configuration V 

• Funded by DOE Internatlonal-NERI Program 

• AP1000 specific Inlet/exit modeling 

• Adjustable bame design 

• Additional aspects Investigated 
- surface effects 

- waler chemistry 

- ex" phenomena 

• Optimization of reactor vessel insulatlonlwater 
circulation flow path 

e-

UlPU Configuration V 

• Tests performed show AP1000 CHF can easily 
be met with margin. 

• Exit phenomena is negligible 

• Optimum surface is unpainted and oxidized 

In-Vessel Melt Progression 

• AP600 in-vessel mett progression influenced 
by low power density and radial reflector 
- downward relocation to lower plenum blocked 

- sideward failure through reflector into dead ended 

region 

- core barrel failure 

- quickly contacts support plate to mitigate focusing 

effect 

• AP1000 has higher power density and a core 
shroud instead of a radial reflector 
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Vessel Structural Failure 

• Confirm that thermal failure criterion is still
 

limiting for increased heat load
 
- large margin to structural failure 

• At a bounding heat flux of 2000 kW/m2, vessel 
thickness is 36 times the thickness required to 
carry dead load 

• Thermal failure criterion is still limiting 

·e­

AP1000 Core Shroud 

e­
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Modeling of Core and Internals Heatup 

• Accident Sequence 
- fully depressurized 

- earliest core uncovery is conservative (Large LOCA) 

- no vessel reflood 

- conservatively assumed spurious ADS stage 4 opening 

• MAAP4 
• Finite Difference Model of core and internals
 

- using uncovery timing from MAAP4
 

• Hand calculation of core heat up and melting 

e-

Formation of In-Core Debris Pool 

•	 Downward relocation
 
pathway blocked by frozen
 
metal and oxide
 

•	 Gap between shroud and
 
barrel fills with debris
 

• In-core _is pool contact 
with core barrel 

•	 Core barrel fails sidewards 
near upper surface of pool 

Subsequent Relocation of Debris 

11-'---------11 .......... _..... 

8 ­

Formation of In-Core Debris Pool 

• Upper core shroud melts
 
prior to fuel melting
 

• Upper core barrel 
significantly thinned and 
overheated 

• Most peripheral fuel
 
assemblies initially remain
 
intact
 

• Oxide blockage at -1 m
 
above boUom of fuel
 

Initial Relocation to Lower Plenum 

• 6.2 m' of UOz and zrOz 
• 8 m' below lower core 

support plate
 
- creep of core barrel
 

• OCcurs at 6000 seconds 

• Duration of initial relocation
 
is -500 seconds
 
-	 ablation of core barrel by
 

relocating debris
 

8­

Subsequent Relocation of Debris 

• Success Criterion
 
- debris contacts lower support plate before dry out
 

- mitigates focusing effect
 

• Debris contact occurs 6717 seconds 

.• Lower plenum dry out occurs at 6888 seconds 
- calculated conservatively assuming heat load from 8 rn> ot debris 

• Transient debris configurations are water cooled 

• Focusing effect is mitigated by inclusion of lower
 
support plate and shroud in metal layer
 

8­
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RASPLAV and MASCA Tests 

• Addressed In RAI 720,047 

• In-vessel materials testing 

• Prototypical materials 

• Non-prototypic conditions
 
- Rayleigh number 100 low
 

- Heat fluxes 100 high
 

- Ratio 01 masses not applicable
 

• Tests do not contradict position on IVR 

8­

Quantification of Thermal Loads 

• Calculate AP1000 thermal loading using OOEIID 10460
 
methodology
 

• Use ULPU Configuration IV Critical Heat Flux 

• Input parameters based on AP1000 power level,
 
geometry of reactor vessel and masses of core
 
materials
 

• AP1000 probability distributions for uncertain input 
parameters
 

- fraclion 01 cladding OXidized during melt
 

- mass 0' stainless steel in debris
 

- 'ime with respect to shutdown (decay heat)
 

e 'OOO 

Results of Thermal Load Quantification 

....... If "'1000 Ia-.,...._bUtke 01 ......c.. DHriI ~uae.uc.
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Application of Heat Transfer Correlations 

• Oxide Debris Pool Heat Transfer (Ra'- 1016) 

-	 to vessel wall and upward to metal layer
 

- AngelInl-Theo'anous correla1lons (Ra's 10'°)
 

• Metal Layer Heat Transfer (Ra - 101°) 
- to vessel wall 

- Churchill-Coo correlation (Ra < 10") 

- from oxide layer and to top surface 

- Globe-Dropkin correlation (3xlO" < Ra < 7xlO')
 

- modest extrapolation lor thick metal layer
 

AP1000 Bounding IVR Calculation 

~::"'I \~,-:.<tI/. h...... " 
--_. C,',lu' '.n " •• 1.\ .... '.),1,'0'... --_...,.U. 

AOlSJ'U,'*-_·_DO ",IM 

Conclusions 

• IVR is successfUlly demonstrated for AP1000 with 
margin to failure similar to AP600
 

- CHF is Increased
 

- ULPU Configuration V has greater margins
 

• Insulation geometry and structure are Important
 
- forms baffle to direct water smoothly over lower head
 

• Two-phase natural circulation Is required
 
- deep lIooding 01 the reactor callily Is needed
 

8­
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APl 000 severe Accident Phenomenological
 
Evaluations
 

James H. SL'Ohel
 
Contamment and Radiological Analysis
 

412.:\74·5030 - scobeljh@weslinghou.'ie.l"om
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Severe Accident Phenomena 

• In-vessel fuel coolant interaction 

• High Pressure Core Damage 
- Induced failure of steam generator tubes 

- High pressure melt ejection I direct containment 
heating 

- Melt attack on the containment pressure boundary 

• In-vessel hydrogen generation 

• Hydrogen deflagration and detonation 

• Diffusion flame overheating containment shell 

eBNFl e---­AC1I~"'t,_,,,,,);l).3 !>JidtlJI 

In-Vessel Fuel-Coolant Interaction 

•	 Lower head integrity under steam explosion
 
loads
 

• Steam Explosion Assessment for AP600
 
- large margin to failure
 

• AP600 conclusions are extended to AP1000 

• AP1000 conditions
 
- similar debris relocation pathway
 

- similar molten debris mass flow rate
 

- same lower plenum geometry
 

8­

AP1000 Severe Accident Studies 

• support Level 2 PRA Quantification 

• SECY-93-oS7 Deterministic Requirements 

8­
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Severe Accident Phenomena (continued) 

• Containment overpressure by decay heat 

• Reactor vessel integrity 

• Ex-vessel fuel coolant interaction 

• Core-concrete interaction 

• Equipment survivability 

8­

High Pressure Core Damage 

• Severe Accident Issues
 
- Induced failure of steam generator lubes
 

- High Pressure Melt Ejection/Direct Containment
 

Healing
 

- Mell attack on containment pressure boundary
 

• Prevention
 
- Diverse ReS depressurization capability
 

- two train, lour stage ADS
 

_ PRHR Heal Exchanger 

- High pressure core damage frequency < 5% total CDF 

29 
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High Pressure Core Damage (continued) 

•	 Mitigation 
- operator actions to recover ADS, PAHA 

- potential tor hot leg or surge line creep rupture 

- torturous palhway from reactor cavily to upper compartment 

• PRA Treatment 
- assess likelihood 01 operator actions 10 depressurize Aes
 
- assume induced lube rupture and containment bypass
 

• Success Criterion 
- 2 of 4 ADS stage 4 valves open 

8­

Hydrogen Generation 

• In-vessel hydrogen generation 
- cladding oxidation during core uncovery 

• Ex-vessel hydrogen generation 
- prevented by in-vessel retention of core debris 

- containment pressurization during core-concrete 
interaction 

Treatment of Hydrogen in PRA 

• In-vessel releases only 
-	 vessel failure is conservatively assumed to fail 

containment early 

• Three scenarios 
- no reactor vessel reflood 

- early reactor vessel rellood (core relatively intact) 

- late reactor vessel reflood (core geometry lost) 

HPME Debris Retention 

Hydrogen Combustion 

•	 Threat to containment integrity
 
- locally high lemperature (dillusion liame)
 

- overpressure (deliagralion)
 

- dynamic loading (detonation)
 

•	 Prevention
 
_ low core damage frequency
 

• Mitigation 
- passive autocatalytic recombiners (PARs)
 

- hydrogen igniters
 

8­

Treatment of Hydrogen in PRA 

• Diffusion Flame
 
- postulated atlRWST vents, PXS compt exits
 

- mitigated by ADS stage 4
 

- preferential release away from containment walls
 

• Success Criterion
 

- Hydrogen vented away from containment shell
 
_ ADS stage 4
 

- IAWST pipe vents
 

- PXS compartment hatches
 

8­
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Hydrogen Release Through Stage 4 Preferential Venting from IRWST 

e-


Early Detonation 

• During hydrogen release from RCS 

• Containment not well mixed
 
- IocaUy high hydrogen concentrations
 

• Mitigated by hydrogen igniters 
• Deflagration to Detonation Transition (DDT)
 

- no source for direct ignition
 

• Probabilities for early DDT based on AP600 
- RAI showed approach was conservative 

e-

Global Hydrogen Deflagration 

• Intermediate Time Frame (<24 hours) 

• Containment well-mixed 

• Mitigated by igniters 

• Adiabatic peak pressure calculation 

• Performed for three general accident 
scenarios
 
- no reflood
 

- earIy reflood
 

- late reflood
 

G-
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Sherman - Berman Methodology 

• Assign Probability of Deflagration to Detonation 
Transition
 

- flame acceleration
 

• Function of Gas Mixture and Compartment Geometry 

• Detonation cell widths
 
- equivalence ratio (measure of mixture with respect to
 

stoichiometry)
 

- steam concentration
 

• Compartment Geometry Classes 

e­
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Global Hydrogen Deflagration 

• Input probability distributions for each 
scenario
 
- mass 01 hydrogen generated (cladding oxidation)
 

- containment pressure at ignition
 

• Containment fragility success criterion
 
- probability of containment failure vs. pressure
 

• Probability of containment failure 

e­
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Global Hydrogen Deflagration 

• Safety Margin Basis Calculation 

• Deterministic Calculation 
- 100"10 cladding reactlon 

- containment pressure at 55"10 steam concentration 

- adiabatic peak pressure calculation 

• Peak pressure is 90 psig 

• Containment Service Level C is 91 psig 

G­
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Containment Overpressure by Decay Heat 

• Mitigated by passive containment cooling
 
water
 

• pcs water cooling is more reliable than AP600 
- added third diverse actualion path 

• Success criterion
 
- at least 1 of 3 pes actuation paths operates
 

Dry PCS Cooling 

• Dry PCS cooling Is sufficient to prevent containment
 
failure for 24 hours.
 

• Success Criterion
 
_ containment fragility probability distribution
 

• Nominal conditions
 
- 0.0 failuse probability in 24 hours
 

• Conservative conditions
 
- 0.02lailure probability in 24 hrs
 

- ANS 79 decay heal • 2 sigma uncertainty
 

- Outside T.....,."alUre = 115 F
 

G-

Intermediate Detonation 

• Less than 24 hours after core damage 

• Containment well mixed 

• Deflagratlon to Detonation Transition 

• Sherman-Berman Mixture Class Probabilities 
- calculated from hydrogen mass and containment pressure 

probabiHIy distributions
 

- air-steam-hydrogen mixture classes
 

- dry air-hydrogen mixture classes for CMT room
 

- resolves uncertainty with respecllo steam slralWieal10n 

• Output probability of DDT 

G­
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PCS Water Delivery 

.' . 
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Reactor Vessel Integrity 

• Vessel integrity maintained via external 
cooling
 
- caVity fully flooded
 

• Vessel Failure Modes 
- Global failure of lower head (hinged failure) 

- Locallallure 01 lower head 

• Containment conditions 
- water level at 83' elevation (loop compartment floor) 

G­
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Ex-Vessel Steam Explosion Core-Concrete Interaction 

• Prevented by in-vessel retention of core • Prevented by in-vessel retention of core debris 

debris • Vessel failure modes 
- hinged failure 

• AP600 assessment 
- loca6zed failure
 

- hinged failure of the lower head
 
• Concrete Types
 

- partially flooded cavity
 _ Limestone 

• Similar vessel failure mode for AP1000 - Basa~ic 

• Success Criteria • Similar geometry 
- Basama' intact for 24 hours 

- AP1000 vessel is closer to the floor 

• AP600 conclusions are extended to the 

G-

Core-Concrete Interaction Equipment Survivability 

• MAAP4 calculation of CCI • Identified actions to achieve controlled stable 

• Minimum time to basemat failure state
 

.;. 2.8 days to melt-through basemat • Defined time frames for each action
 

• Basemat melt-through occurs before • Identified equipment and instruments needed
 
containment overpressurization by non­ for each action
 
condensable gases
 • Determine bounding environments (MAAP4) 

• Show reasonable assurance that equipment 
will perform when needed 

G- G-

Comparison of AP600 and APl 000 PRJei~ 
Results 
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SUMMARY OF RESULIS 

• The AP1000 PRA results show that 

- The very low risk of the AP600 has been maintained in 

theAP1000 

- The AP1000 PRA meets the US NRC safety goals wllh 

significant margin 

8­

Summary of PRA Results 
The se_a raloose frequency is oboul equal lor at-power and shutdown 

events. The savere r_so frequency os e percentage 0' core damage 

frequency is 8 percent for at-power evenls and 17 percent for shutdown� 

events� 

The resul1s shoW that the design goals of low core damage frequency and low 
se_e reloasa frequency have been mel. The AP1000 'requencies are lower 
Ihan Ihe NRC and ALWR URD goals sllllar .-plant designs. 

The resul1s show Ihe effectiveness 01 passive systems in mltigetlng severe 

accidenls and renact Ihe reduced dependence ot AP1000 on nonsafety 

systems and human actions 

Most Important Levell Insights 
The CON damage.nd ..rge,......,..,..,e1M ... Iow the co,...",.tI," 
........ptions made In specifying ~ crtlarie for ystems. 1M� 
&UCceu criteriIa have been de¥eloped 1ft. more ayatematlc. rigorous rn..ner 
than typical PM auce... criteria. The ....... MlCeMa cl'lteM an bounding� 

cuaa for. large number 0' PRA auc~ aequenceL The bHeIIne avec'" _ ........ _. wlIh'� 

worst (La.. tIM mNt limiting) brMk MMllocIlI:lon for. ginn intt'-tlna ...... 
wont .utotMtic .~.,......(ADS) ...urnpllOft in the &ucnN 

.rilorion 

worst number of core INlDup..... (CMT) and accumuWora 

.... contaJn....nI condition. for tn-cont.lnment r-Jue", ...... storage tank 
pRWST) .,.vlly InjocIIon. 
-,._hl"llsequonc..... _ ...__by._D... 

• ucceu; criteria. 

Summary of PRA Results 

The total mean cora damage frequency Is at Ieasl two orders 0' magnhude 

smaDer Ihan those lor eJCIsling pressurized weter reactors 

The total plant severe r_frequency Is another 0",", 0' magnhude smaller 

Ihan that of the core damage frequency; that places such a release frequency 

in Ihe range 01 incrediblo evenls 

A bounding analysis cAlhe core damage <Ale 10 Internal lire and Inlemal 

IIooding evenls shows thatlhese two calegories 01 Intern" evenls ara rruch 

lower for AP1000 than are calcUlated 'or ClI'rentty operating p1anls 

Most Important Levell Insights 

The AP 1000 design benellls from !he high Iovel of r_ncy and diversily 01 
!he passive safely·relaled systems; passive salaty systems have been shown 

to be highly reliable, their designs are simplo so that a Dmited number 01 
components are required to function 

APt 000 is less dependent on nonsataty-related syslems; Ihe nonsalely­

related support systems (ac power. component cooltng water, service water, 
and air) have a lmited rolo In !he plant risk protile because Ihe passive sa'ely­

related systems do not require cooling water or ae power 

AP1000 is less dependent on human actions; !he AP1000 meals Ihe NRC 
safety goal even when no credit is taken tor operator actions 

8­

Most Important Level "I Insights 

Single system or c:ornpo.-t "lures are not overly "-"ant due to the� 
r__ncy and _sily 0' sa'ety·related systems in Ihe design. For� 

exafT1lle. the folowing tines of defense are available tor reactor coolant 
system (ACS) makeup:� 

chemical and vol..... control system� 

•� core makeup tanks 

partial automatic depressuriZation system in corOOlnation wilh normal 
residual heet removal� 

full automatic depressurization system with acclmlJlators and in­�
containment refueling waler storage tank 

fuR automatic deprassunzalion system wilh core mak8up lanks and in­
containment refueling waler storage tank 

8­

34 



Most Important level 1 Insights 

Typical current PRA dominant Initiating events are slgnlllcently less important 

for !he AP1 000 • lor example: 

R....or e nt pump (RCP) SHlI...ol-coolont ..eldonl (LOCAl"""'" h. 
been .nmIMt eo,. damage Intlietor slnee AP1000 u... canned motor 
reector coolant pumpe which do not hit......... 

Station blKkout and ... of offsit_ powe, (LOOP) went ... minor 
contributor to APtOOO slnc. the peasive set.ty.r.l8t.d systems do not 
require the auppctf1 of ae power 

Passive safety-related systems arB available in aU shutdown modes 

Planned m.intena~ 0' pe...........urea is only performed during .hutdown 
mod-. when that ....",. ta rd risk important 

•� Planned maintenance of I)Onaa...y.......d defen...in-depth ".rut. used 

during shutdown ta pwformed at pow., 

8­

Most Important level 2 Insights 

•� The containment effectiveness lor AP1000 ls over 90%. which provides an 

order 01 magnitude decrease from CDF to LRF. Since the resulls already 
Includes CDF sequences thaI directiy bypass fhe containment•.!he 
containment effectiveness tor remaining sequences is actualJy moch better. 
For example, lor 5 (3BE,3IIL,3BR.3C.3D) 01 the nine accJdenl classes s1udied, 

the containment effectiveness ranges from 89.7 to 99.8% 

Preventing rhe relocation of mahen core debris to the containment eliminates 

the occurrence of several severe accident phenomena, such as ex-vessel 
fuel-eoolant interactions and core-concrete interaction, which may threaten the 

containment integrity. Therefore. AP1000. through the prevention of core 
debris relocation 10 the containment. signnicantly reduces the IlJ<elihood of 
containment failure 

8­

Most Important level 2 Insights 

The lRF resuhs are sensitive to failure of hydrogen ignitors. If no credit is 
taken tor hydrogen ignitors, the containment effectiveness drops to 74%. 

•� However, LRF is not very sensitive to !he reKabilify of hydrogen Ignitors; K tG� 
refiabilny is assumed to be degraded (0.1) across !he board for al accident� 
classes, (he containment effectiveness becomes 90.5%, which is an� 
insignificant change trom the base case.� 

Most Important level 1 Insights 
The APlooo passive contaiMlenf cooling design Is highly robust All cootIng 
alone can pravent containment laiture, although !he design has other Iinas 01 
defense 'Of containment cooling such as fan coolers end anemata soun:es of 
passive containment cooHng water 

•� The potential for containment Isolation and containment bypass Is lessened by 
having Iawer penetrationS to allow fission product reteese; an normally open 
and risk important penetrations are fall-closed, thus _ling !he 
dependence on Instrumentation and control (i&C) and batteries 

The reacto< vesseliower head has no vessel penetrations, thus etlmlnatlng 
penetration failure as a potential vessal failure mode 

The potential lor !he spreading 01 fires and IIoods to safety·ralatad equipment 
is slgnlllcantly reduced by the AP1000 layout 

Most Important level 2 Insights 

A frequency of 1.08-oa1year has been assigned to the vessel failure Initiating 
event ( accident cfass 3C). In 90% of lhasa events. the vessel Is assumed 10 
undergo lallures that will be above !he betlfina: in which casa the _ core 

could be cooled and containment would not be chellenged. In !he remaining 
10% 01 !he cases. the failure Is assumed to be below the pressure vessel 
behline. whereby the molten care would drop toto the containment. In this 
case. n Is conservahely assumed !het the corrtalnment would fait. II 
senslllvity analysis is made where by 100% 0I1he failures would be below !he 
belllne. The resuh shows that the containment effectiveness drops to 88.2%. 

This change Is not signilicant, and !he aSSUl'll'tions behind the case ara very 
conservative. 

8­

Most Important level 2 Insights 

The LRF is dominated (53.9%) by containment failures or bypasses due to 
SGTR. and unmitigated hlgll-RCS-pressure core damage sequences, 
classified as BP. The remaining containment tailures are dominated by an 
early contalnmenl taill.. due to reactor cavity lIooding failure. 

The LRF is not very sensKive fo the reliability of PeS: KPeS reliabillty is 
assumed to be 0.001 across !he board lor ail accident classes. the LRF 
becomes 1.97E-oB. which is an Inslgnitlcant change from !he base casa. 

The LRF is sensitlve to !he operator action to Hood the reactor cavity In a short 
time following core damage. This operafOf action has been moved to the 
beginning of ERG AFR.C·l fo Incraase its success IlJ<efihood. 

8­
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Most Important level 2 Insights 
The polenllal lor a release of radioactive meterials 10 the environment Is very 
smen. This is largely due 10 tha very smeN core damage "equancy and very 
smelt release "equancy. The conlainmanl design provides enhanced 
deposition 01 core meterials that colAd be released in a severe accident, and 
the passive containment cooling system minimizes Ihe energy available to 
e>epel such meterials "om the containment. 

Determinislie anelyses of seyare accident phenomena show that AP1000 
teatures are enectiva in meintaining contalrment inlegrily 

8­

AP1000 PRA Report Updates 
Included with RAI Responses 

~ IVR of Core Melt Debris Analyse 

;.. Revi,ion of PRA Chapler 34 and 39 

., Revis-ion of DCD Section 19.39 

;,.. Severe Ac.c.ident Analyses 

-, fission·Product Source Term Analyses 

;.. Revi,ion of PRA Chapler 34 and 45 

:,.. Revision of DCD Section 19.34 

8­

APlooo PRA Report Updates 
Included with RAI Responses 

~ Revi,ion of pRA Chapler 12 (IRWST CCF) 

, Revision of PRA Chapler 29 (IRWST CD) 

., Revision of PRA Chapler 30 fTime window for 
operator eaion) 

., Revision of PRA Chapler 35 (CET) 

;.. Revision of pRA Chapler 57 (fire) 

;.. Revision of PRA Chapler 59 (Insights, Fire) 

, Revi,ion of DCD Appendix J9E (Shutdown) 

G­
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Summary of RAI on APl 000 level 2/3 riA

LEVB.2&3 
Uts .. 1'IA 21 

CO/DOl... ... 
8­

APlooO PRA Report Updates 
Included with RAI Responses 

,. H2 generation, mixing and combustion analyses 

;. Revision of PRA Chapler 41 

, Revision of DCD Section 19.41 

,. MAAP 4 Analyses (Environment) 

;.. Revi,ion of PRA Appendix 0 

:r,. Offsite dose risk quantification 

, Revision of PRA Chapler 49 and 59 

,. Revision of DCD Section 19.59 

Summary 

• AP1000 PRA Report 

- Complete AP1000-Specific PRA� 

- Sufficient tor AP1000 Design Certification� 

- Demonstrates that the AP1000 meets the US NRC' 

safety goals with significant margin 

- Revision 1 will be issued to include W responses to 

staff RAt: February 2003 
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ADS Stage 4 Squib Valve 
'l:tlISION BOLT• Controls 

- Two stage "arm" / "fire" circuit prevents OJ I BOOS':~'  ASSZo'!3:"Y . .
SpUriOUS opening 

~AC:UA~C~ SUaASS!~~L~Three ignitors provided in each valve� 
- 2 wired to different PMS divisions� HOCS:lIC 

- 1 wired to DAS 

Auto opening (PMS) requires� 
- SI signal (2/4) and� 

- CMT low 1 (2/4) signal and� 

- CMT low 2 (2/4 signal and� 

- ReS pres < 1300 psig� 

Manual opening requires� 

PLS - 2 step switch & ReS < 1300 psig� 

- PMS - 2/2 dedicated switches� EUC':ROMECl!ANlo.L S".n:'!'C3 

- DAS - 2/2 dedicated switches 
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NRC STAFF REVIEW OF AP1000 LEVEL 1 PRA� 
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APIOOO PRA REVIEW - - - MAJOR OBJECTIVES 

• ENSURE PRA QUALITY COMMENSURATE WITH ITS INTENDED USE, SUCH AS 
t 

Gain insights about the design 

Support the design and certification processes 

• ENSURE PROPER INTERPRETATION AND USE OF PRA RESULTS FOR DECISION 
MAKING IN THE CERTIFICATION PROCESS, SUCH AS 

Identify design and/or operational changes to address weaknesses 

Identify "certification requirements, " such as ITAACs 

Determine appropriate regulatory treatment ofnon-safety systems 
(RTNSS) 

Determine the risk significance ofraised issues 

.. .... 



AP1000 PRA REVIEW - - - APPROACH� 

• 
•� RELIANCE ON SIMILARITY OF AP1000 TO AP600 CERTIFIED DESIGN TO REDUCE 

REVIEW EFFORT 

Same system functions, spatial arrangements and capabilities 
The API000 PRA uses the AP600 PRA as the starting point 

•� IDENTIFICATION OF DESIGN DIFFERENCES BETWEEN API000 AND AP600 HA VING 
AN IMPACT ON PRA MODELS 

Major differences are due to the power uprate 
Several other minor but potentially significant differences 
Identification ofAPI000 PRA areas for review 

•� IDENTIFICATION OF ADDITIONAL DIFFERENCES BETWEEN API000 AND AP600 

PRAs THAT ARE NOT DUE TO DESIGN DIFFERENCES 

•� FOCUS REVIEW ON IMPACT OF CHANGES ON IMPORTANT ISSUES IDENTIFIED 

DURING THE AP600 PRA REVIEW 



AP1000 PRA REVIEW -- LEVEL 1 PRA MAJOR ISSUES� 
(OPERA TION A T POWER)� 

- THERMAL-HYDRAULIC (T/H) UNCERTAINTY/SUCCESS CRITERIA 

- FIRE-INDUCED SPURIOUS ACTUATION OF ADS SQUIB VALVES 

- IDENTIFICA TION OF "CERTIFICA TION REQUIREMENTS," SUCH AS 
ITAACs AND RTNSS 

- Resulting from design differences with respect to AP600 

- Could change according to the resolution of outstanding issues 



AP1000 PRA REVIEW - - TIH UNCERTAINTY 

ISSUE DESCRIPTION 

• Passive systems rely on small driving forces. The uncertainty in the values 
ofsuch driving forces can be ofcomparable magnitude to the predicted 
values themselves. When T/H uncertainties are considered, "success" 
accident sequences may actually lead to core damage 

• This issue was addressed in the AP600 PRA by a risk-based bounding 
approach which uses conservative assumptions for key T/H parameters: 

Identification of "low T/H margin risk significant" accident scenarios 

Use ofDBA computer codes to bound T/H uncertainty 

• Such an approach relates the impact ofT/H uncertainties to changes in 
success criteria and, thus, to changes in risk 



APIOOO PRA REVIEW - - TIH UNCERTAINTY (continued) 

REQUEST FOR ADDITIONAL INFORMATION 

•� . No sequences beyond those identifiedfor AP600 are classified as "low T/H 
margin risk significant" on the grounds that the two designs are similar 

•� The staffrequested the use ofa systematic approach and/or additional 
analyses, as was done for AP600, to support this argument: 

Differences in T/H parameters (e.g., decay heat andflow rates) can 
affect plant response for PRA scenarios involving multiple failures and 
potential system interactions 

Several PRA changes (e.g., IE categories andfrequencies, and success 
criteria) could have changed the risk significance ofa sequence 

STATUS 

•� Response includes requested systematic approach (under staffreview) 

• 



..� 

APIOOO PRA REVIEW -- FIRE-INDUCED SPURIOUS ACTUATIONS 

ISSUE DESCRIPTION AND RELATED AP600 BACKGROUND 

•� AP600 at-power fire CDF is dominated (85% or about 6.5E-7/yr) by fire-induced 
spurious actuation ofADS explosive valves (EVs) leading to medium LOCA 

•� In AP600 the significant uncertainty in "hot short" probability was addressed by a 
sensitivity study and design certification requirements 

•� Design features that preventfire-induced detonation of EVs, such as 

Use controller circuit requiring multiple shorts for actuation 

Routing ADS cables in low voltage cable trays and using redundant series 
controllers located in separate cabinets 

Provisions for operator action to remove power from the fire zone 

•� Information since AP600 certification indicates that "hot shorts" may not always be 
independent events and that cable-to-cable interactions cannot be excluded 



APIOOO PRA REVIEW -- FIRE-INDUCED SPURIOUS ACTUATIONS 
(continued) ,. 

REQUEST FOR ADDITIONAL INFORMATION 

•� Hot shorts are assumed to be independent events in the AP1000fire PRA and no 
cable-to-cable interactions were considered 

•� Studies since AP600 certification (SANDIA, EPRI) indicate that spurious actuations 
from cable-to-cable interactions (conductors from separate cables could come into 
close proximity to each other) are credible and likely for some cable types 

•� IfADS cables are routed in same cable tray or a common enclosure: 

Analyze the effect ofcable-to-cable interactions 

Assess needfor additional design features, beyond AP600, to preventfire­

induced detonation of EVs 

REVIEWSTATUS: The staffis interacting with Westinghouse to resolve this issue 

a. 
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AP1000 PRA REVIEW·· CERTIFICATION REQUIREMENTS 

ISSUE DESCRIPTION 

An important objective of the AP1000 PRA review is to use PRA results 
and insights to identify "certification requirements" 

•� Identify important safety insights, related to design features and 
assumptions made in the PRA, and use such insights to support 
"certification requirements," such as ITAACs, TS, D-RAP and COL 
action items 

•� Support the process used to determine appropriate regulatory 
treatment of non-safety systems (RTNSS) 

The identification of "certification requirements" requires integrated input 
from uncertainty, importance and sensitivity studies 



AP1000 PRA REVIEW -- CERTIFICATION REQUIREMENTS (continued) 
, 

REQUEST FOR ADDITIONAL INFORMATION 

•� The staff requested information, similar to what was provided for AP600, 
showing how PRA results and insights are used to identify "certification 
requirements" as well as a list of the identified requirements 

•� Differences in "certification requirements" between AP1000 and AP600 
result primarily from design differences 

•� Several outstanding issues have the potential, individually or collectively, to 
affect PRA results and change "certification requirements" with respect to 
AP600, such as RTNSS. Examples of such issues are: 

o� Initiating event frequency changes (e.g., LOCAs, SGTR, PRHR-TR) 
o� Late containment failure modeling issue 
o� Common cause failure probability of explosive (squib) valves 

REVIEW STATUS: Response under review 

• ": a) 
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Minimum equipment requirements to prevent CD identified by Westinghouse using MAAP4 

•� MAAP4 used for scoping analyses to identify the limiting events trees. 

•� MAAP4 has not been submitted for NRC staff review. 

•� MAAP4 was benchmarked against Westinghouse licensing codes for AP600. 

•� MAAP4 results differed from those of the licensing codes because of simplifying assumption in 
MAAP4. 

•� Overall conclusions for core cooling were similar for AP600. 

•� Staff has requested justification that AP600 benchmarks using MAAP4 are valid for AP1 000. 

•� 



Minimum success paths (low margin) identified by MAAP4 are verified by bounding analyses 
using licensing codes 

• WCOBRAITRAC - LBLOCA and LT Cooling 

• NOTRUMP-SBLOCA 

• WGOTHIC - Containment 

Bounding analyses are performed by Westinghouse in lieu of uncertainty analyses for the T/H 
parameters. Westinghouse used the same approach for AP600. 

NRC staff believes all limiting success paths accepted as the basis for successful core cooling using 
MAAP4 should be verified using licensing codes.� 

Westinghouse believes that only success paths with significant risk need to be verified.� 

Staff is reviewing the risk significance of the unbounded success paths to determine their effect on PRA� 
conclusions. 



Staff Audit Calculations using RELAP5 

Comparisons with NOTRUMP 

• Uncertainty Case UC1 3.25 inch HLB assumes the following failures 
Both CMT > Manual ADS-4 actuation 
1 of 2 accumulators 
All ADS-1 ,2,3 
1 of 2 IRWST line 

• Uncertainty Case UC3 DEDVI assumes the following failures 
1 of 2 CMTs > Automatic ADS-4 operation 
Both accumulators 
All ADS-1 ,2,3 
1 of 4 ADS-4 
1 of 2 IRWST Line 
Containment isolation failed * 

* Analysis extended only to initiallRWST injection. Long term cooling was not investigated 
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Staff Audit Calculations using RELAP5 (Cant.) 

Comparison with MAAP4 

•� 3.50 inch HLB assuming the following failures 
1 of 2 accumulators 
1 of 4 ADS-4 
containment isolation failure 
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Audit Calculation Conclusions 

•� NOTRUMP and RELAP5 show the same general trends of reactor system response for the two 
cases analyzed. Both codes predicted brief periods of core uncovery which were within 
acceptable limits. 

•� MAAP4 and RELAP5 predicted different trends of pressure, break flow and ADS4 flow. Although 
the results were different both codes predicted the core to remain covered and cooled for the case 
analyzed. 

~  .� 
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Examples of Unresolved issues 

•� PRA Appendix A Section A3.3.1 indicates success in long term cooling for 3 of 4 ADS4 and 
Containment Failure. WCOBRAITRAC analysis were done for 3 of 4 ADS4 without containment 
failure and for 4 of 4 ADS4 with containment failure. 

•� PRA Section 6.3.1.5 indicates that sufficient water will be retained within the containment for long 
term cooling even if containment isolation fails. This conclusion has not been verified. 

•� AP600 analyses have been utilized to justify many of the success paths for AP1 000. These need 
to be shown to be applicable for AP1000. 

•� NRC staff is reviewing the risk significance of the minimum success paths which Westinghouse 
has not bounded by analyses using licensing codes. 
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Issues Related to Level 2/3 PRA and Severe Accidents 

Review Objectives and Approach: Same as for Level 1 PRA 

Key issues identified in RAls: 

Applicability of AP600 results based on similar debris mass, superheat, and composition 
hydrogen generation and mixing 
thermal loads and pressure loads on RPV 
in-vessel and ex-vessel FCI 
fission product release fractions and timing 

External reactor vessel cooling 
reduced margins to CHF and impact of uncertainties 
implications of recent experimental work on in-vessel melt retention 
increased dead-load on thinned RPV 
design of thermal insulation 

Hydrogen control 
Diffusion flame mitigation strategy 
Igniter placement philosophy and effectiveness 



.. . _.. 

Issues Related to Level 2/3 PRA and Severe Accidents (cont) 

Impact of containment spray on releases 

Deterministic assessment of DCH pressure loads 

Impact of alternate debris spreading assumptions on basemat melt~thru/containment  over­
pressure 

Additional analysis/documentation (equivalent to that provided for AP600): 
PIT histories to support equipment survivability assessment 
Importance analysis results based on Large Release Frequency 
Evaluation of potential cost-beneficial improvements (SAMDAs) 
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Assumptions 

• Infinite slab 

-conservative at minimum margin point of 0° 

• Bottom metal layer has 40 wtOlo uranium 

-consistent with INEL assumptions and peer review comments 

•� 100°10 of decay heat from the fission products in an 

equivalent volume of oxide needed to create uranium 

• Initial masses of metal involved in the reaction 

-3000 kg stainless steel 

-7000 kg zirconium 

eBNFL� Slide 2 esnOU3UIJS8M8 



Bottom Metal Layer Properties 

• Masses of metals 

-5566 kg zirconium 

-2277 kg stainless steel 

-5224 kg of uranium 

• Volume of layer =1.53 m3 

-layer height in lower plenum =0.58 m 

• Power density of layer =1.38 MW/m3 

eBNFl Slide 3 asn043UllS9M8 



Calculation 
• 

1 _ ot• Conduction layer T2_rr_QHb 2 
1 

2*Km 

• 
qm-dn =QH =K ~  -T*bot W---

Xw 

• Convection layer Nu up = 0.297Ra'O.233 PrO.0645 

qrn-up =h up (T2 - T3 ) 

• Equations are solved to converge on T2 
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Bottom Metal Layer Heat Flux Results� 

• Peak heat flux to the vessel wall is 415 kW/m2 

-qchf =640kW/m2 based on ULPU-IV 

-q/qchf = 0.65 

• Bounding result still has margin to failure 
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Focusing Effect in Top Metal Layer 

• Sinking metal debris to bottom thins top metal layer 

-7000 kg zirconium 

-3000 kg stainless steel 

• Don't credit reduced heat load from oxide layer 

• Bounding metal layer heat flux = 1578 kW/m2 

-qchf = 1875 kW/m2 based on ULPU-IV 

-q/qchf = 0.84 at 83°, minimum margin to failure 

• Bounding result still has margin to failure 

eBNFL Slide 6 asno~3UIJSaM  • 
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AP1000 SEVERE ACCIDENT CALCULATIONS� 

Overall Objective: 

Code Model: 

Note: 

Gain insights into severe accident evolution and containment challenges in 
AP1000, and develop the basis for understanding of other issues (e.g., in­
vessel and ex-vessel steam explosions, core concrete interactions, 
hydrogen combustion) 

A relatively detailed MELCOR 1.8.5 input deck has been developed by 
Energy Research, Inc. (ERI) utilizing the available AP1 000 drawings, 
design information, and the Westinghouse provided MAAP input deck. 
Additional design data were also"requested and received from 
Westinghouse through the RAI process. 

Due to the parametric nature of the lower head heat transfer model in 
MELCOR, results of a more detailed calculation (Le., based on a molten 
pool convection model) are used to derive certain MELCOR parameters 
(e.g., debris/molten pool to lower head heat transfer coefficients). 

The analysis of lower head integrity and in-vessel retention (IVR) will not be 
based on the MELCOR calculations. Instead, a more detailed approach 
will be utilized that will consider a wide range on uncertainties (e.g., melt 
composition and configurations) 



SPECIFIC SCENARIOS BEING ANALYZED 

Scenario Description Basis for Selection 

3BE • DVI line break 
•� CMTs and accumulators available 
•� ADS successful 
•� PRHR unavailable 
•� IRWST cavity injection successful 
•� Gutters directed to the cavity/sump 

LLOCA • LLOCA in the hot leg 
•� CMTs and 1 of 2 accumulators available 
•� PRHR available 
•� Gutters directed to the IRWST 
•� IRWST for core cooling and cavity injection partially 

successful 

3D • Spurious ADS actuation (stage 1/2/3) 
•� CMTs unavailable 
•� 1 of 2 accumulators not available 
•� Full ADS (stage 4) unsuccessful 
•� IRWST not actuated for core cooling or cavity flooding 

1A • Transient initiated by loss of MFW 
•� CMTs and accumulators available 
•� PRHR and SFW unavailable 
•� ADS unsuccessful 
•� IRWST not actuated for core cooling or cavity flooding 
•� Gutters directed to the cavity/sump 

•� PRA Sequence #1 (29°/0 of 
CDF) 

•� Fully depressurized RCS 
•� IVR expected to be 

successful 

•� PRA Sequence #2 (180/0 of 
total CDF) 

•� IVR unsuccessful due to 
delay in cavity flooding 

•� MCCI due to shallow water in 
cavity 

•� PRA Sequence #3 (9°1o of 
CDF) 

•� Highest-frequency sequence 
with partial RCS 
depressurization 

•� IVR unsuccessful 

•� PRA Sequence #20 (0.6°/0 of 
CDF) 

•� Highest-frequency sequence 
with no RCS 
depressurization 

•� IVR unsuccessful 
•� Potential for T-SGTR (to be 

studied later, possibly) 



PLANNED SENSITIVITY STUDIES 

•� MeCI Sensitivity Studies - Intended to provide insights into the impact of concrete aggregate, 
the extent of cavity flooding, and the quantity of debris relocating into the cavity, on cavity 
erosion, and noncondensible gas generation on containment loads and fission product 
release behavior. 

•� Impact of Containment Spray Operation - Intended to provide insights into the impact of 
containment sprays (to be activated manually, as designed, and to operate continuously), on 
containment loads and fission product release behavior. 



MELCOR NODALIZATION OF AP1000 REACTOR COOLANT SYSTEM� 
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MELCOR NODALIZATION OF AP1000 CONTAINMENT� 
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Discussion of results 
tiS! Redox and exchange processes between molten corium and liquid steel 

taking place during the tests can be described: 
MA-1 

(UO,51 ZrO,4,)O"4S+FeO,,, Nlo,10CrO,21 ~ (Uo.!SsZro,3sFeo,osNlo.004CrO.O,}O"S7+(UO." Zro.,o FeO,50 N1o,o,CrO,'7}OO,04 

1434.2 g 185.4 9 1265.3 g 354.3 9 

(C-33.13, U/Zr-1.45) (U/Zr=1.S0) 

MA-2 

(UO,S6ZrO,4.JO"n+Feo,.,Nlo,10CrO,22 ~ (Uo,szZro,4,Feo,04Nlo,o, CrO,OI) 0"72+(UO,06ZrO.04Feo,f2Nlo,oeCro.JJOO,OI 

1560.2 9 189.0 9 1535.5 9 213.7 9 

(C=74.63, U/Zr=1.27) (U/Zr-1.28) 

MA-3 (FP simulants are not considered) 

(UO,53ZrO,47}O'.4,+Feo,7.Nlo,o,CrO,'5 ~ (UO,54ZrO,45Feo,013NI0.00zCrO,Oo4,}O"7,+(UO.17ZrO.,,Feo,4. N1o,o.Cro"O}OO.01 

1459.9 9 176.2 9 1186.8 9 449.3 9 

C=36.52, U/Zr=1.14) (U/Zr=1.21 ) 

MA-4 (FP simulants are not considered) 

(UO,54 ZrO,,,eJO,,44+Feo,72 Nlo,o,Cro", ~  (UO,53ZrO,3,Feo,osNlo,002CrO,O1)O".o+(Uo.I' ZrO.14 FeO,5J N1o,07CrO.,.J00,OJ 

1446.0 9 365.3 9 1158.3 9 653.0 ~7  

(C=39.67, U/Zr=1.17) (U/Zr=1.37) 
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••••••••••••••••••••••••••••••••••••••••••• 

Agenda for loday's Meeting 
\ 

• 9:00 Introduction / Objectives Mike Corletti 

• 9:20 Overview of AP1 000 Plant Terry Schulz 

• 10:20 Overview of AP1 000 PRA Selim Sancaktar 

• 10:40 Level 1 PRA Selim Sancaktar 

• Lunch Break 

• 2:00 Level 2 and 3 PRA Jim Scobel 

• 3:00 Success Criteria Terry Schulz 

• 4:00 Feedback from Staff 

• 4:30 Public Comment 
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AP1000 Design Certification
 

Mike Corletti
 
AP1000 Project
 

412-374-5355 - corletrnm@westinghouse.com
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••••••••••••••••••••••••••••••••••••••••••• 

Phased Approach to AP1000 Licensing 

• Phase 1 
-Establish goals and estimate for Prelicensing Review
 
-Westinghouse prepare submittals to support goals
 

• Phase 2 
-NRC perform Prelicensing Review 
-NRC estimate Cost and Schedule for AP1 000 Design Certification 
-Westinghouse develop Safety Analysis Report 

• Phase 3 
-NRC perform Design Certification Review 
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Results from Pre-Certification Review 
(Phase 2) 

Pre-Certification Review Complete 
• SECY-02-0059 

-Design Acceptance Criteria can be used for AP1 000
 

-Main Control Room and I&C - Same approach as AP600
 

-Piping DAC approach is acceptable
 

-Detailed review will be performed as part of Design Certification 

•	 March 25th Letter to Westinghouse on Remaining Issues 

-AP600 tests are applicable to AP1 000 

-AP600 analysis codes validated to these tests can also be used for AP1 000 

-Treatment of entrainment phenomenon in the upper plenum / hot leg in SBLOCA 

analysis will be addressed in Design Certification review 

• ACRS Letter Endorsing AP1 000 Conclusions 
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AP1000 Design Certification Application 

Submitted March 28,2002 

• AP1000 Design Control Document (DCD) 

-Tier 1 Information 

-Inspections, Tests, Analysis and Acceptance Criteria (ITAAC) 

-Tier 2 - Information 

-Standard Safety Analysis Report 

-Technical Specifications
 

-PRA Insights
 

• AP1000 PRA Report submitted with application 
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Schedule for APl 000 Design Certification
 

10 ITask Name 

1 ~~1 0Q()[)~!;i911 <:E!rtific:a~i()n 

2 Engineering Design 
.. . " "", , -_ - . 

3 NRC Pre-Certification Review 
4 Prepare Safety Analysis Report 
5 NRC Review (Issue FDA) 
6 Hearings / Rule (Issue DC) 

......... , .. ",." "".
 

7 

8 

9 U.!).U~iliti~!;~~ rIY,!)itE!~~~m i..t . 
10 Decide on Plan and Select Site 
11 Prepare Application 
12 NRC Review 

13 Hearings (Issue ESP) 
......... " .
 

14 

15 

I ~~  lu.St~!;~~f~l~i!;,:~:cense.
 

2000 I 2001 I 2002 I 2003 I 2004 I 2005 
Q11Q2/Q31Q41Q11Q21Q31Q41Q11Q21Q31Q41Q11Q21Q31Q41Q11Q21Q3IQ4IQ1IQ2IQ3TQ4 

'II" 

I 

I ,,---.J I 
I " • SUBMIT 0, APPLICATION 

J' I 

I 

'II" 

I 
~  • SUBMIT ESP APPLICATION 

i I : 1 

r I 

'II" ...I I[-- --- -.""-- ~  ""8M!' COL APPlIC;jN 

~c--'-'~~"""'---'1 
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Overview of APl 000 Plant
 

Terry Schulz
 
Advisory Engineer
 

412-374-5120 - schulztl@westinghouse.com
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AP1000 Design Objectives 

• Reduce Cost by Increasing Plant Power Rating 
-Obtain a capital cost that can compete in U.S. market $1 OOO/KWe 

for nth twin plant 

• Retain AP600 Objectives and Design Detail 
-Increase the capability/capacity within "space constraints" of AP600 

-Retain credibility of "proven components" 

-Retain the basis for the cost estimate, construction schedule and 
modularization scheme 

• Retain AP600 Licensing Basis 
-Meet regulatory requirements for Advanced Passive Plants 

-Accept AP600 policy issues 
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AP1000 Design Features 

•	 Integrated Power Plant Design 

•	 Proven Power Producing Components (Reactor, Fuel, ...) 

•	 Simplified ReS Loops with Canned Motor Pumps 

•	 Simplified Passive Safety Systems
 

-Increase safety margins and address severe accidents
 

•	 Simplified Nonsafety DID Systems 

•	 Microprocessor, Digital Technology Based I&C 

•	 Compact Control Room, Electronic Operator Interface 

•	 Optimized Plant Arrangement
 

-Construction, Operation, Maintenance, Safety, Cost
 

• Extensive Use of Modular Construction 

8BNFl SlidelO 8 Westinghouse 



••••••••••••••••••••••••••••••••••••••••••• 
---------------------_._..

AP600 to APl 000 Design Changes 

• Increase Core Length & Number of Assemblies 

• Increase Size of Key NSSS Components 

-Increased height of Reactor Vessel
 

-Steam Generators (~125,  similar to AND replacement)
 

-Larger canned Reps (variable speed controller)
 

-Larger Pressurizer
 

• Increase Containment Height 

• Some Capacity Increases in Passive Safety System Components 

• Turbine Island Capacity Increased for Power Rating 

I Retained Nuclear Island Footprint I 
eBNFl Slide 11 • Westinghouse 
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AP1000 General Arrangement
 
Containment Section View 

AP600. EL 333'-9" 

El_ 308'3" 

f1inl
)kx ><y~J~
/~ --- .~~.- ..-.._.:.:~:x~ 

~~~;'I
01""'11:- _. '\ I ,..' ~.~ a,y- -. .'IV . _uumu.. m.. mmmmm~~J l··.,..,11- - .=~;~!,II  

I ... • in nil 

'II'.'. .J.'."',. ~' .'1
III!; . ;i'/; ~'\\""'9-if!i I ­

I ;J \i If. • • I I , .. ', I .~ 

I 

,; ....•................. ,............•....... ' , J\··:f"'-.'.·.H.......••.......•..... '.· ...•. lit""'' ~~.:....•.....Iil
...• •..... , ,·, ··.~t]1·· ..,· ..•..•..1: :.\.:,II,· · ·.··.··.~l+r!  ;:~. ·'.~ ~L1i.'~ 
. _""'~"  L, f .7': I.~h~ tIn I 8r:!;~lH)J~' , "II~~.~' ~.__ ].d.yuIL.J...."' 

EL.- 60 -6 L --_. -~- . ,4, ~.-' ..•..' ., [W· ·I__ '." 
. "'. 

EL 60'-6"'----1__
,'" 
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Comparison of Selected Parameters
 

PARAMETER 

Net Electric Output, MWe 

Reactor Power, MWt 

Hot Leg Temperature, of 

Number of Fuel Assemblies 

Type of Fuel Assembly 

Active Fuel Length, ft 

Control Rods / Gray Rods 

RN 1.0., inches 

Vessel flow (Thermal Design) 

Steam Generator Surface Area, ft2 

Pressurizer Volume, ft3 

eBNFl 

West 3XL 

985
 

2988
 

626
 

157
 

17x17
 

14
 

52/0
 

157
 

295,500
 

68,000
 

1400
 

Slide 14
 

AP600 

610
 

1933
 

600
 

145
 

17x17
 

12
 

45/16
 

157
 

194,200
 

75,000
 

1600
 

AP1000 

1117
 

3400
 

610
 

157
 

17x17
 

14
 

53/16
 

157
 

300,000
 

125,000
 

2100
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AP1000 Major Components 
//~~ 

• Reactor Vessel (J)~~1\ FRESSUR'ZER 

-w 3XL Vessel 
-No bottom-mounted instrumentation lSTEAM/~ I
-Improved materials - 60 yr life 

• L\125 Steam Generators iJ) 
~

~
 

-AND RSG
 

~• Reactor Coolant Pump 
PACKAGE-Canned motor pumps '~I~ I 

-Naval reactors; AP600; early I •.~jl_ fJ-~-"~J--_--~_~:~jJ 

commercial reactors - ~;___ ~/_  ~ LlNESURGE 

~  ~::v  

o ~--• Simplified Main Loop 
"--~ ~  

,_/ '.EG 
'-- HOT PIPE 
l\., - ;) (~ COLD 

-Same as AP600 
..

~,(~  ~~....  .",ce 
SAFETY 

INJECTION 
NOZZL-Reduced welds / supports 

::::-...~-----)~(-=J/
ill I REACTOR [

VESSEL 
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AP1000 Reactor Vessel 
UPPER GUIDE TUBE 

CLOSURE STUDS 
HOLD Do\·/fj• West. 3 Loop Reactor SPRING 

UPPEP SUPPORT 
CORE BARRE'LPLATE-157" ID, 157 fuel assemblies "LANGE 

-Ring forged construction SUPPORT COLUHN 
CORE BARREL

-No welds in core region NOZZLE 

LOwER GUIDE 
TUBE-Improved materials permit 60
 

yr design life
 

-W-CE type Core Shroud
 
.'J 

CORE BARREL
-Replaces radial reflector SPECIMEN HOLDER 

~________ COR E 5 HR OU 0-All-welded design
 

-Top mounted incore I&C
 ____ ~LOwER CORE
RADIAL SUPPORTS - SUPPORT PLATE 

-Fixed position, online readout 
VORTEX SUPPRESJON 
PLATE

-No penetrations in bottom of
 
vessel
 

SECONDARY CORE SUPPORT 
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APl 000 Steam Generator
 

-Based on Proven W Designs 
-AP1000 design based on AND RSG 
-Design Features 

-Inconel 690 IT tubes 
-Stainless steel support plates 
-Improved access 

-Excellent Operating Experience 
-Over 1200 SG years of operation 
-Less than 0.1 % total tubes plugged 

,~ :~~:M R::::I~ETOR ?7~~ 

:-------- SECONDARY	 \ 

E2::'h r""W';ci:~:"~:.~  ~\)  

NOZZLE ,"!!'!) 
PRIMARY
 

SEF'ARATORS '~ 

 

/
FEEDWA TER RING /' 

r FEEDWA TER NOZZLE 

~Wll;1  =MD~/TUBE BUNDLE 
\,~  

INSPECTIOfl 
PORT '~ANTI-VIBRATION  BAR 

1111 I 1111 ~	
 

TUBE SUPPORT
 
c'L ATE
 

\ 
IHI I Ii 

TUBESHEET -\ ~  I llei-
PRIMARY 
MANWAYS 

k-------,,----~ / CHANNEL HE AD 

~-D'IVIDER  PLATE 

INLET NOZZLES 
CANNED MOTOR 
PUMP CASING 

8 Westinghouse 
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Reactor Coolant Pump 

AP600 
EL, 105 I 7, 5 II ~_-

.------. --n; 

I 

17/ - 3 76 //'~'ldIH~--1 

I I 11 I - 3 ,g 6 1/ 

:

[I. 8G'-J7~t~,)j J--~  
Parameter
 

Design Flow, gpm
 
Des ig n H e ad, ft
 

Rotating Inertia, Ib-ft2
 

Motor Rating, Hp
 

eBNFL Slide 19 

AP1000 
EL, 106/- 3,4 II 

~ f ~ 

IIJJJIIIIUrn! ~ I
 

18 --0,92 11
 

I I 1?'OG1' 

~----r  I I

L ~ ~EL_,  88/ - 2 48/1 

AP600 A P1 000
 
78,750
51 ,0°° 

240 365
 
5,000 16,500
 
3200 7000
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AP1000 Passive Core Cooling System 

• AP600 System Configuration 
Retained 

• Capacities Increased to 
IRWST 

Accommodate Higher Power 
-PRHR HX Capacity Increased 72%
 

-CMT Volume & Flow Increased 250/0
 

-ADS 4 Flow Increased 890/0
 
-IRWST Injection Increased 84%
 

-Cant. Recirc. Increased 113%
 SCreen 

• System Performance Maintained 
-No core uncovery for SBLOCA
 

- DVI line break
 

-Large margin to PCT limit 

eBNFL Slide 20 8 Westinghouse 



----------------------------••••••••••••••••••••••••••••••••••••••••••• 

Passive Decay Heat Removal 
VENTS _ I"" CONTAINMENT 

M llfl~__ CONDENSATE 
PRESSURIZER 

STEAMJ=~-~~~~~-~  -I~-~~~  " 

-1 /J,,\ • UN' 

( STEAM I 
PRHR IRWST 

IHX GEN. I _ FEEDWATERI 
~ ~ UNE 

\ JJlI\ 

gjJ 
I 

II 
4TH
 

STAGE
 
ADS - I J. I "'" .r-I I)/ -" =1"(/ 

r __f-~_~_ -- IJ RCPCL ­II___HL_ -----r-l _ c 

• PRHR HX Design 
- Same configuration as AP60a CORE II VESSEL

j- Same elevations as AP600 L __


- Larger pipe sizes (14-inch vs 1a-inch)
 
-Increased HX surface (more / longer horizontal tubes)
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Passive RHR Heat Exchanger 

AP600 AP1000 
15' -9 I" 18' -9 I" 

10' SCH lb~ : , : " _ I 7 ? _~ NOZZLE 14' SCH 16~ :,~C:'::, ,N07ZLE ~,._'
", ' I If ,L~,'l . ~ I ==-11 ==1'- " ,: I 

~- 77 

/ 

EL, 127' -7 5' EL 127' "7.5' f;jU Ilr~~ -1­
~-=====i 

--==-----...,.­

1"EL-lJ..Q'..::Q-.2"_ EL 1 10 -0 5- _ 
~ t-----J I~ I-LL ===--- '0. II 

EL 103' -0'
~~-'-- ~~'"" " ~ 

"'. ".... .' '. . . ~ . . ,DO 

'C:::~~7 

• PRHR Heat Transfer Capacity Increased 72% 
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AP1000 Passive Safety Injection 
ADS
 

STAGES 1-3
 
(10F2)
 

CONTAINMENT 

LLI 
'A~~  REFUEL 

~_~  CAVITY 

t 
CORE MAKEUP 
TANK (1 OF2)A,,,,c,J ]PRESSURIZER I (1 OF 2) I ,------t>!<J--­

HX I 

t ,,' >.IRWST ) 
PRHR

I l IRWST SCREEN~ ~,~"
f1~". m.;: ~ 

y
I ~,;':.11 ]FF" 

LOOP FAI
 
COMPART.
 

RECIRC Db: ' I n--~ 

~~~ ~ ;~," (t'l'~\l(¥- l!l FOADS I 
STAGE 4 
(1 OF 2) .., h :f(I 

• PasSlve Safety I . r- -. - H..!: _ c-- "" j. ,/--, '""" I ~~guFM...,~. 
nJeer _ . I 2) __ Same confl'g , Ion '"""'" ------.JV ~. rL~  CI - II i I j ~-~ 11;· 1' - __ lJ /~~~N,2,  ~A  dt.ft~.Auratlon as A -_. ! 

Same elev ,P60P "'co,"' ' \ 1,-"1' Plfi_ L atlons as AP600 CORE. "0'"' ' \ I,' .'.1J /.'. tl 

_ arger CMT and C MT flo' REACTORVESSEL lLJI ~':Jj j ' ,t\f;~·Vr v 

Larger IRWST R' w tUning orifice - ;~H'·  

, eclrc, ADS 4 . ' pipe sizes 
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Core Makeup Tanks 

AP600	 AP1000
 
--	~  - - ..l C/8111--IT-IO!/---~  

/ll	 H -L r 
/ 

~ ~ 

•	 Core Makeup Tank volume and flow rate increased 25%
 
- Tank volume increased 2000 to 2500fP
 

- Pipe / valves stay same, flow tuning orifice made less restrictive
 

- Maintains same ADS timing
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Comparison of IRWST Injection &Cont. Recire. 
TO REACTOR VESSEL ~  •	 AP1000 IRWST Injection 

FROM	 IRWST, .10" 

~~  / Capacity Increased 

AP1000 , - Pipe / valves 6/8" > 8/10" 
~/FROM CONTAINMENT 

...."-/~ 

-Initial water level increased 
\ 

TO CONTAINMEtH ISOLATION VALVE~_",  /!' FROM CMT 

- Flow capacity increased 840/0
" //8'" /

8	 FROcl ACCUMULA fOR 

•	 AP1000 Cont. Recirc. Capacity 

Increased 

TO Rc ACTOR VESSEL >'"	 ­ Pipe / valves 6/8" > 8" 
FROM	 IRWS ~ / bT	 , ., ~//8/ 	 -Initial IRWST level increased

"-:c~ /
~'~  ,/ 
~~  -Initial flooding of refueling cavity

AP600 
~::::,AROM CONTAINMENT prevented> check valves
\ - RNS suction from outside cont. 

CCC,	 '" 1 
6//	 6 

FROM	 ACCUMULATOR -Flow capacity increased 113% 
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Comparison of 4th Stage ADS 

14­

AP1000 
J4"---/ 

,"_AJ ~ I' 
i mOM Res HOT LEe, • AP1000 ADS 4 Capacity 

APIOOO Increased 

TO PRHR HX -Pipe / valves 10" > 14" 

10' - Flow capacity increased 890/0 
AP600 

i FROM Res HOT LEG 

AP600 
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APl 000 Safety Margins 
Typical Plant 

Loss Flow Margin to .... 1 - 5% 
DNBR Limit 

Feedline Break >O°F 
Subcooling Margin 

SG Tube Rupture Operator actions 
required in 10 min 

Small LOCA 3" LOCA 
core uncovers 
PCT .... 1500 of 

~  Large LOCA PCT 2000 - 2200°F 
. .. (with uncertainty) 

AP600
 

15.8% 

-170°F 

Operator actions 
NOT required
 

< 8" LOCA
 
NO core uncovery
 

1676°F 

AP1000
 

.... 19% 

.... 140°F 

Same as 
AP600
 

Same as
 
AP600
 

-2120°F
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APl 000 Containment Comparison 
EL 333'-9" 

E'L 308'3" 

AP600 AP1000 

I 
- .1 

~f-4=Yhr . r 5ITIl 

-w
[;J8[J 

... '"S:' 

'~.' [IEL. 60'-6" _ ___~ _ 

AP600 AP1000 

Total Free Volume 100% 122% 
DesiQn Pressure, psiQ 45 59 

Shell Thickness 1 5/8" 1 3/4" 
Material A537 Class 2 SA738 Grade B 

PCS Water Drain Vol (72 hr) 100% 162% 
Design - Peak Cont. Pres. (psi) 1.6 (LLOCA) 3.6 (LLOCA) 

0.9 (MSLB) 1.7 (MSLB) 
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AP1000 Design Changes Considered in PRA
 

• Core Power 
- vs pxs / pes increased capacities
 

- Low boron core improves ATWT response
 

• Larger SG 
- More / longer SG tubes impacts SGTR IE Freq. 

• Variable Speed RCPs 
-Only used during startup / shutdown conditions 

'. More SG Safety Valves 
- Impacts steam line break IE Freq. 

• Main Feedwater 
- 3 constant speed pumps vs 2 variable speed pumps 

• Circulating Water Pumps, 2 > 3 pumps 

eBNFL Slide 29 • Westinghouse 



••••••••••••••••••••••••••••••••••••••••••• 

AP1000 Design Changes Considered in PRA
 

• PXS Design Changes 

-PRHR, ADS 4, IRWST inject & Cont Recirc capacities increased by 

power ratio
 

-Verify success criteria with T&H analysis
 

-Larger PRHR HX could affect PRHR HX tube rupture IE Freq.
 

-CMT size & injection rate increased 25% 

-Verify success criteria with T&H analysis 

-Accum size not increased 

X -Impacts success criteria for large CL LOCAs ~  l~\  F!2L DI!}Y~l 

-Verify success criteria with T&H analysis 

-IRWST vents changed to prevent H2 release near containment wall 
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AP1000 Design Changes Considered in PRA
 

• PCS Design Changes 

-PCS design pressure increased
 

-Thicker wall, higher strength steel, code changes
 

-Reduces overpressure margin for PRA
 

--Check performance without PCS water drain
 

-3rd / diverse PCS water drain valve reduces importance 

• Nonsafety Defense-In-Depth Systems 

-RNS injection water supply changed from IRWST to Cask Load Pit 

-Outside containment water supply avoids possible adverse interaction 

-Other DID system capacities increased to cover power increase 

• Electrical Bus I Component Train Assignments 
• BNFl Slide 31 • Westinghouse 
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Summary 

• AP1000 Plant Is Very Similar To AP600 

-Same Res configuration 

-Same Safety system arrangement, capabilities 

-Same Non-Safety DID system functions, arrangement, 

capabilities 

• AP1000 Uses AP600 PRA As Starting Point 

-Make few changes to account for differences 
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OVERVIEW OF AP1000 PRA
 

Selim Sancaktar
 
Fellow Engineer, Reliability and Risk Assessment
 

412-374-5983 - sancaks@westinghouse.com
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OBJECTIVES 

• The	 purpose of the AP1000 PRA is to provide 

inputs to the optimization of the AP1000 design 

and to verify that the US NRC PRA safety goals 

have been satisfied. 

• As	 in the AP600, the PRA is being performed 

interactively with the design, analysis and 

operating procedures. 
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TECHNICAL SCOPE 

• Since the configuration of the AP1 000 reactor and 

safety systems is the same as the AP600, the 

AP600 PRA is used as the basis of the AP1 000 

PRA with relevant changes implemented in the 

model to reflect the AP1 000 design changes. 
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TECHNICAL SCOPE 

• AP1 000 plant-specific T&H analyses are performed
 

in order to determine the system success criteria.
 

• The CDF and LRF are calculated for internal 

events at-power. The off-site dose risk analysis is 

also performed. The external events and 

shutdown models are also assessed to derive plant 

insights and plant risk conclusions. 
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CONTENTS 

• Internal Events at Power 

-Initiating Events 

-Event trees and success criteria 

-Systems Analysis 

-CDF Quantification 

-Sensitivity and Importance Analyses 

-Uncertainty Analysis 
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. /1 // :l /) ./',;1 L / /J /1 . [;;; --~7--:'5 W'~  ()#~"U  lL~/l  ;" . ~~1'.-. '. '. ......, 
. .' '. .j 1\_ •

•'. &-''';) ,l--"	 '- 7' /.c.~  . I'; . '. ...~.  .. J .....' ( 

/0C~~;pari~~~6f'A~600 and APl 000
 
Initiating Events
 

~rftJ-~~"~l1t ~~t~fJory 

" ",\. oJ --;. 1 Large LOCA 
. f.·l- { ':. ..:: , . ,-- "." _--.-.- . 

I	 . 2' Lflrg~~puri()lJli.t\[)~ActlJati()n 
 

3 •• Medium LOCA
 
. 4 .. Core makeup tank line break 

/I.t>H'· t. 5 ....•• $atetyi~Ie~ii()hlill~~reak 

;1 ",,, '" ):I~OO  ·.Intermediate LOCA -r j }/ 6 iSmall L()tA 

7 ••. ~C~ If:lfl~aQf:l.. . 
8 IPflssive reliidualheflt rerJl()\J8I. tU~f:lrupture 

9 ~tf:lflrJlQf:l~f:lrflt()rtul:>e  rupture 
1O~f:lact()r~lilif:llruptur~ . 
11 .·lnt~~fl~ins;l~y~tf:lmL2~~ 

12 Transient with main FW 

13~L()ssof~9~~()"'" . . . 
14 .ILoss()frJlain~"y to on~stf:lflrJl  gen~l'fltor  

15 IC()re po....,~r~xcurl;ion 

16 Loss of component cooling waterlseMce water 
17·.·~()ss·.·.of·.rl1~ill·.·.·F\fJ.·.·.t().·.~()itl··sieam··ije~·~.r~t()rl;... 
18 •• Loss of condenser 
19 .Loss of compressed air 

. . ,..... .. . 

20 Loss of offsite power 
21 ·••. ·.~·ai.~•.·.si~arl1.·.·.lih~.·.·br~~k.·.·~()lIJllstre~rl1 •.·.()f.·.·~SI\!S 
22 iMain steam line break upstream of MSIVs 

23~~ill'  si~~rl1Iille~~~~~~()pen\J8l~  . 
24ATWS precursor without main feedwater 
25 .. IATVy$.·.·pre~~rs()r.·Vjiitl.·.·si.·.·.· •.·.·...·.·.·.·.·....•••••..........•......................................... 

26 1.t\!Y"~P.~~lJrl;()r....,it~ rTll!i~f~~~....,flter 

·.·.·..·.rf()i~I(§~cl~~illij·ATVy.·~.·p~<:~~()iSf~·.·.······· '. 

AP1000 AP600 

~re9lJEtI1c::Yj  Frequency ~e~s()l1fo~~h~l1fJEt  
5.04E-06 1.05E-04 use industry data 
5.40E-05 NtA .. ........n~w~flt~Qory~rJl0~~ outofLflrg~~OCA 

4.36E-04 1.62E-04lJ~e in.dlJlitry~fltfl 

9.31E-05 B.94E-05 ·num~er()f pip~segrJlents 
2.12E-04 1.04E-04 ....• nurJl~~rofpip~ses;lrJl~nts 

NtA 0.00077 included in mloca 
5.00E-04 1.01 E-04u~e in~ustry datfl 
6.20E-03 1.20E-02 
1.34E-04 2.50E-04 
3.88E-03 5.20E-03 
1.00E-08 1.00E-08 
5.00E-11 5.00E-11 
1.40E+00 1.44E+OO 
1.80E-02 1.80E-02 
1.92E-01 1.92E-01 
4.50E-03 4,50E-03 
1.44E-01 1.44E-01 
3.35E-01 3.35E-01 
1.12E-01 1.12E-01 
3.48E-02 3.48E-02 
1.20E-01 1.20E-01 
5.96E-04 5.96E-04 
3.72E-04 3.72E-04 
2.39E-03 1.21 E-03 
4.81 E-01 4.81 E-01 
1.48E-02 . 2.05E-02 
1.17E+00 1.17E+00 

2.42E+OO 

•uliei~~lJstrydata 

nurJlber()fpipe~~s;lrnents;up~ated~flta~l:lse 

•number of pipe segments; updated database 
..... -.--- , -.- - " , , _- - _-, -- - ,.- _-_.,- ", ---­

•number of valves increased 

•contributing events changed· "." " - . 

R:- 122:1:/'/:' . . p,j-./ 
/ /' a/."-.,j >i'~'  ! <t.?~:. \; .' 

. 

. 
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EVENT TREES AND SUCCESS CRITERIA 

• For each initiating event, an event tree model is 

created. 

• Differences between AP600 and AP1 000 ET 

models are discussed in the next slide. 

• Success criteria for each event tree node is 

reviewed and modified if needed. 
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~. f,LJ 
rt,}-· u}-2f,v-d;-,& ,I,ty{-.' vC t .,r:" " . ', f/ r C ;\ (, 

li.I-..f. . .tll.l \ .....1., '. l r-Q}::1!"I ;J-' ) ~/  . ..t I, .'-'I. I. !\ 
IJ 

nfT," :i'..t- . ; 1 I" '\ / J)J- ~ \ Ii i
Jq))T ftv r.AA )J..l'!\ . i 1// \ fl L LI c­

// j r ,!\:J)A1 ~ 'J ,S' !'F\:p-t c u.,I:\-Z OD I ltC/,t It l .' < ' 

L6CA~E~1 nt~~~~~;;v\~~';<:?/./"<'
o ,1AP1000 Large / ~nt /aw ~l  ~ , . /v.-,;! 

VV" I ./)
-;::::::;:;:;:::;=::;:;=;:::~;::;:::::;:::;:::;::;;;::::;=~=:;::::;:;::::~::;:~=:::J::;;:::==::;:::::::::::::::::;:::::::::::::=;----r;:::tl~~IX (/f/'lI LLOCA I ACC I ADS-F I IRWST I CIS I RECIR I CHR I I PDS I FREQ. I CF of /', c ' 

1 LLO-OK1 

I 
NJ·!.JJMV 

IpCT 2 LCF Icllo-02 6.87E-12 

RECIRC 3 3BL 8.43E-11 21110-03 

4 LLO-OK2 
. \ I
l~lJ  I. 

I 5 LCF Icllo-05 1.60E-12 
XCICPO PCT 
CIC/PO RECIRC1 6 3BL 1.77E-14 21110-06 

XIW2ABA 7 3BE 3.40E-10 2ello-07
 
IEV-LLOCA IW2ABAlCM2LA
 

5.04E-06 XADMA 8 3D 1.97E-09 3dllo-08
 
ADMAlCM2LA
 

ACBOTH 9 3BR 4.26E-08 2rllo-09
 

I (l ; C /l(£,(t,,·~  /. , r 1',· [er L~ (I' / ': .f< " ~ 

Total CDF = 4.50E-08 8.47E-12 
'-' 

List of Top Events 

Event Description 

LLOCA Large LOCA Event Occurs
 
ACC Accumulators Inject
 
ADS-F Full RCS Depressurization by ADS occurs
 
IRWST RCS Refill from IRWST by Gravity Injection Occurs
 
CIS Containment Isolation Occurs
 
RECIR Water Recirculation to RPV from the Sump Occurs
 
CHR Containment Cooling is Established
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Event Tree Node Success Criteria
 
Internal Events At-Power
 

Node fII()dei:lE!scription Success Criteria 
AC1A· •FAILURE OF 1/1 ACCUMULATOR Same as AP600 
AC2AB FAILURE OF 2/2 ACCUMULATORS :Same as AP600 
,<\<?BOll-t ··ANY···ONEOFTWOACCUMULATORTRAINSFAIL .··.·.···.·.·.ISall1e~sA(j2A~exceptfailureof1  of?~~6lJm~l~iors~f()r  Large LOCA 
·AD1 FAILURE OF PARTIAL ADS DEPRESSURIZATION j1:)l1lTlel1sJ\fl600e)(~ept?l:)tage?l~J\[)S lin~l:)needt()open 

AD1A FAILURE OF PARTIAL ADS DEPRESSURIZATION Same as AP600 except 2 stage 2/3 ADS lines need to open 

:ADA ·•• T~AI~q~§()~~q~~A~$ DEPRESSURIZATION ..... ;1:)all1e~sA~~92exc~pi~/4l:)t~~e4 ~~$lines,,~~~io 0P~F1 

•ADABY,<\I~LJ'3E()~FLJ~LA[)1:) DEPRESSURIZATION ··1:)l1lTle as'<\Fl~20exc~pt3/4 stl1~~~J\[)1:)lines need to open 
ADAL ;FAILURE OF FULL ADS DEPRESSURIZATION ·.1:)arnel1sJ\F'600except3/4stl1ge~ AD1:)lines nEl~~t()open 

·ADB .FAILURE OF FULL ADS DEPRESSURIZATION SalTl~l1s J\F'~92 excElP!3/4 stage 4AD1:) lines need to open 
ADF FAILURE OF PARTIAL ADS DEPRESSURIZATION Same as AP600 

·,<\[)LFAII..UREOFFULCAbs DEPRESSURIZATlON 1:)l1mel1~'<\Fl60qex~ept :3/~stage 4J\[)S lines nEle~to open 
'ADM •FAILURE OF FULL ADS DEPRESSURIZATION ·1:)arne as J\F'€>()Oexcept :3/4sta\:le4J\[)1:) .Iines nee~to open 
ADMA FAILURE OF FULL ADS DEPRESSl,lRIZATlON Same as AP600 except 3/4 stage 4 ADS lines need to 

·ADQFAILURE OF Fl.Jl..CADs DEPRESSURIZATlONSameas Ap600 excepi3i4 stage 4ADsTinesneec:lto open 
•ADR .·FAii..uREOFPARTiAC AOSI::>EPRESSURIZATiON . '. Same as Ap606 excepf2 stage 2i3ADS lines need to ope··n····· . 

·ADRA .FAI~qRE()~ ...·.pA~"llA~,\~S ..... [)EF''3~1:)1:)U'3I?J\TlON ··$.~·ll1e as.. J\F'~OO e)(c~pi··2·5t~g~.2t~AbSline5I1eecit()()pen 

•ADS	 •FAI~LJ'3E  .C::>F FULLJ\[)1:) [)~Fl'3ESSLJ'3I?J\llc::>N .SalTleas AF'600ex~~pt 3/4 stl1ge 4 J\[)1:)lines need to open 
ADT .FAILURE OF FULL ADS DEPRESSURIZATION Same as AP600 except 3/4 stage 4 ADS lines need to open 

:AbU ..... ·FAII..UREOFPARTiACAbs DEPRESSURIZATlON·$~ll1ea5Ap~66exc~pt2siage2i3AoSli"e5nee~toopen 

J\[)LJfv1 •FAILURE OF PARTIAL ADS DEPRESSURIZATlON1:)alTleas'<\Fl~()0E!)(~E!pt 2l:)tl1~e2/~J\[)1:) IinE!~need to ope" 
ADV FAILURE OF PARTIAL ADS DEPRESSURIZATION 'Same as AP600 except 2 stage 2/3 ADS lines need to open 

;ADWFAII..URE OF Fl.Ji..CAbs······· DEPRESSURIZAtiON .$l1ll1e~~J\P66qE!)(cepi31~stagE!4A~$li,,~s  needt() ()pen 
•ADZ	 .FAILURE OF PARTIAL ADS DEPRESSURIZATION ··1:)l1lTleCi~,<\P~00E!)(~E!pt?~tCi~e. ?I~,<\[)SlinE!snE!E!dtoopE!n 

BL MSLB UPSTREAM OF MSIVs OUTSIDE CONTAINMENT Same as AP600 -.............•. - "
 

91,<\ ~,<\I~LJ'3§ c::>~~~1~9~1lC?t'J!~CirTlE!I1~,<\Fl69q . 
CIB FAILURE OF SG ISOLATION :Same as AP600 

:CIC ·····CONTAINMENfisoLAiioN FAILURE •Same as AP600 
......................................................
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Event Tree Node Success Criteria
 
Internal Events At-Power
 

Node Node Description Success Criteria 
CM1A •RCPS DO NOT TRIP OR fTRAiNOF C MT FAILS - 1/1 Same as AP600 

CMTTRAIN AVAILA. 
CM2AB .FAILURE OF TWO OF TWO CORE MAKEUP TANKS :Same as AP600 
CM2LA 1FAiLURET'NO OFT'NO CORE MAKEUP TANKS •Same as AP600 
CM2NL "FAILUREOF2!2CMT •Same as AP600 
q~?~FAiLUREOFT'NOOFTW6C6REMAKEUP TANKS "'Sameas"AP600 

CM2SL FAILURE OF TWO OF TWO CORE MAKEUP TANKS •Same as AP600 
CONDTURBINE BYPASS TO MAIN CONDENSER (214 Same as Ap600 

VALVES TO OPEN) 
CONb1 .... 'FAiLURE OF STEAM bUMP TO cONDENSER Same as AP600 
CSAX FAILURE OF PRIMARY DEPRESSURIZAllON BY CVSSame as AP600 

9~~OR1~AILq~g(j~~ANuAl..BORAiioNBY  CVS ..~am~C1~~f>~~~ 

.CSP .FAILURE OF CVS •Same as AP600 

:C"s}~AILqBgC)~CY$  Same as AP600~  . 
DASFAILURE OF DIVERSE ACTUATION SYSTEM Same as AP600 

•OAS1 rf:AI~Q~g(j~ ..~lygB$g.~9~~!lqt:J.~Y~T~~.. ··.·Same·as··Ap600 
DGENFAILURE OF TWO OF TWO DIESEL GENERATORS .Same as AP600 
FWFMAIN FEEDWATER SYSTEM FAILS TO CONllNUE Same as AP600 - although 3 MFW pumps are a\tailable, only two are 

OPERATING credited 
FWT FW"pLJmps"are'available,"'only"two'are.FAil..l.JRE·OF· MFWSYSTEM	 ·.·Same·as··AP600··~··althoLJgh·3··M

•credited 
IW1AFAILURE OF ONE OF ONE IRWST INJECllON LINE Same as AP600 
IW1AM •FAiLURE OF ONE OF ONE IRwsT iNJECiioN .liNE .Same as AP600 
IVV?A~.  .FAILUREOFTWboFTWbIRWSTINJECllONUNESSame as AP600" 

.IW2ABA FAILURE OF TWO OF TWO IRWST INJECTION LINES Same as AP600 

·1\/J2A$B ...• FAiLuBEOFiW(j(jFiWOIBW$TINJEC!I(jN1..INg$ Same as AP600 
.IW2ABBMFAILURE OF TWO OF TWo IRWST INJECTION UNES?C1m~C1s. AP~09 

IW2ABMFAILURE OF TWO OF TWO IRWST INJECTION LINES Same as AP600 

•••.IW?A$•.~.·.•.•.•• If:AI~QBg •.•.·(j~!YV(j· .•.•(j~•.•. !YV(j••. IBW$!IN~gC!J(jN ..~INg$ ..•••. $~~.~ •• asA~ .• ~()() 

'IW2ABPM FAILURE OF TWO OF TWO IRWST	 INJECTION LINES Same as AP600 
MGSETCONTROL ROD MG SETS FAIL TO TRIP Same as AP600 
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Event Tree Node Success Criteria
 
Internal Events At-Power 

Node 
PCB 

pC~. 

PCT 
:po 

:PRES 
PRES\.T 

PRI 

PRL 
PRP 

·PRS 
t~~SoV 

PRT 
PRTA 

·PRW 
R05 

'RCL 
RCN 
RCT 
.RECIRC 

Node ~scription..  .. . .. .......!)uccessc:riteria

pAssTVECONTAINMENTCOOLlNGSYSTEM FAILS -AFrERsame asPCT -with Station blackout power Sl.lpportsyslemconcliti()ns 
SBO EVENT 
PAssIVE cONTAINMENTCOOUNG FAILS 
PAssivE CONTAINMENTCOollNGSVSTEMFAILS 
PRE~E)(JsiiNG CONTAiNMENTOPENINCf; 100 SOCM 

PRzSV FAILURE FOR [ass bFMFW ATWS, NO (JET 
iNADEoUAtEPRSRE[IEFFORLossbFMFWAiWs,··· 
WfTHUET 
PRHRISOL.AiioN FAILURE FOLLOWINGPRHR ruBE 
.RUPTURE
 
.FAi[UREOFPASSI\iERHRSVSTEM
 
•• FAILURE bFPAsSIVE RHRSVStEM
 
FAILURE OF PASSIVERHRSYSTEM
 

... EiTHERPRZRSV··F.AILSTo··RECLOSE·····
 
. FAiLUREOFPAssiVERHRSYSTEM
FAiLURE OFPRHR . 

··FAILUREbFP.ASSiVE RHRSVSTEM 
FAi[URETO RECOVEROFFSlfEAcPOWERIN 30 
MINUTES 

.. ---------_ _-_ _----------", . 
.• FAILURE OF REACTOR COOLANT PUMPS TO TRIP 
FAILURE OF RCP TRIP 

. FAILURE OF REACToR COOLANT pUMPsfo TRIP 
.. FAiLURE OFRECiRCULAiioN 

RECIRC1 CONTAINMENT SUMP REcIRcULATION· FAiLS 

RECIRC1 B RECIRC FAILS DUR BLACKOUT GIVEN CONTAIN ISOL. 
.FAILS 

RECIRC1 PRECIRCFAIlSbUR LOSP GIVEN CONT.ISOL.FAI[S 

REC:I~C:~··· .... rC('jN-rAINfv1gNf~Ufv1~RE<::I~<::ULA ilON··FAILS 
.RECIRCPFAILURE OF RECIRCULATlON 
RNH •• RNS FAILSfo INJECTTRECiRCULAtE) REMOVE HEAT 

. Sal11E'l~sPc:T~V\lithl()f)sof()ffsitep()V\lersupp()rt. systel11 conditions .... 
•• 1/3 PCS lines must inject; other wise the same as AP600
 
Same as AP600 (scalar quantity, no additional success criterion is
 
needed.)
 

!Same as Ap1500
 
.Same as AP600 with UET = 0
 

.. .Sameas.AP600 and aileast 1i2 gutter isoiation valves must dose 

·SameasJ\P600andatleast1i2gutterisoiationvalvesmust·Close
 
Same as AP600 and at least 1/2 gutter isolation valves must close
 

.;~amE'!.Cif).  A.P~O~~n~Ci(leas(1/?.~.uit~r  .if)()I~ti('Il.\alves ..mustclose ....
 
Same as AP600 and at least 1/2 gutter isolation valves must close
 

........... """,- .. " " .. , , .. , ,.,., .. , "" , _ "."" "" -- .
 

SamE'! as I\fl~o9andatleast 1/2gutterisol~tiol1valvesmu~t closE'!
 
! §amE'l ..~~.. l\fl~OO. and atleast11?guttE'lris()lation\alves l11ust~losE'l ....
 
;Same~f)A.P699~nd atleast 1/2 ~utter isolation valves must close
 
Same as AP600 

.. Same as AP600
 
Same as AP600
 
Same as Ap1500
 
,Same as Ap600
 

............................... , "" , " , , ..


Same as RECIRC with 2/4 recirculation lines need to open (after failure of
 
CIS)
 
SameasREClRCwitl'l 2i4recirculationlines need to open (after failure of.
 
.CIS) 
·.same as RECIRC witl'l 2/4 recircl.llationlines neecltoopen(after failLJreof 
CIS)
(Same as Ap1500 . 
Same as AP600 
1~~rne··~~.· .. ~NR pllJ~at··least·1/2CC:\iJ8)(rnl.lsir~rn~~~ecayh~~i· 
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Event Tree Node Success Criteria
 
Internal Events At-Power 

Node .. ~()d~l)esc::ription 

RNHP RNS FAILS TO INJECT IRECIRCI REMOVE HEAT WITH LOSP 

iRNSFAIi..STOREMOVE bECAYHEATFORTRANSWITHPRHRSlJCC . 

RNNP :RNS FAILS TO REMOVE DECAY HEAT FOR TRANS WITH PRHR SUCC, 
•FOLLOWING A LOSS OF OFFSITE POWER EVENT
 

RNP •FAILURE OF NORMAL RHR IN INJECTION MODE
 

RNR :FAii...l..JREOF NORMAL RHRIN iNJECTiON iRECiRCLJLAiioN MOOE···· 

RTPMS ,FAILURE OF ROD INSERTION BY PMS 
RTPMS1 FAII.IiREOFROO·INSERTIONS'{PMS 

:RTSTP ·FAILLJREOFMANLJACREACTORfRIP 
SOMAN OPERATOR FAILS TO PERFORM CNTAL REACTOR SHUTDOWN DURING 

:ACCIDENT
 
SFW !sfARTUPFEEOWATER FAIL.S
 
SFW1 ,FAILURE OF STARTUP FEEDWATER SYSTEM
 
SFWA .FAILURE OF STARTUP FEEDWATER SYSTEM
 
SFWM FAILuRE OF SFWSYSTEMwiTHl..ossoF COMPRESSED AIR 

·SFWP FAILURE OF STARTUP FEEDWATER SYSTEM 
'SFwT ,FAILURE OF STARTUP FEEDWATER SYSTEM 
,SGHL FAIi..LJREOFcvs ANOSTARTlJPFEEOWATER ISOLAtiON 
,SGTR ,CONSEQUENTIAL SGTR OCCURS 
'SGTR1 :SINGLE CONSEQUENTIAL SG1R 
•...... -.-... . _--. 

·SLSOV ····ANYSECONb. SiOERELlEFVA[VEFAILsfoRECLOSE(1sv';'PORV) 
.SLSOV1 .. 'ANY$E¢<:>N~·.S.I~§.·.·.Fl§~I§~ .. \!A~V·§.·.· •...~AIL$·.·.TC?.¢L<:>~§·.·.·(?· .• $\!~·.·.·P<:>FlV)· ...·.·. 
:SLSOV2 ANY SECOND. SIDE RELIEF VALVE FAILS TO CLOSE (1 SV) 
SLSOV3 .•. FAiLLJRE TORECLoSE OFSG PORV&1SGSVON RLJPTlJREbSG 

Success Criteria 
:Same as RNH - with loss of offsite power 

...i. slJpp<>rtsystern c()l'lditi0l'l~ 
At least 1/2 RNS pump trains take suction 

•from the IRWST and inject into the IRWST; 
the HX in the operating train(s) remow heat 

through Cr;W. . . . 
iSame as RNN - with loss of offsite power 
•support system conditions 
SameasRNR~witl1loss  

•supportsy~ternc:onditions  

.	 Same as AP600 wiif-tfniiialsuction source 
coming from Cask loading pit. ·Same as Ap600 . 

Same as AP600 

•Same as AP600
 
·Same as AP600
 

Same as AP600 

•Same as AP600
 
,Same as AP600
 
Same as AP600
 
·Same as AP600
 
Same as AP600
 

•Same as AP600 
Same as AP600
 

·Same as AP600
 

•Same as AP600
 
·Same as AP600
 

....... _- _" " ,., .
 

....:Same al; AP600 
·Same as AP600 
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SYSTEMS ANALYSIS 

•	 Fault tree models are used for systems analysis
 

• Same FT guidelines as AP600 PRA are used. 

•	 Fault trees are modified as needed to reflect the 

current AP1 000 design. 
i (' r ".A~ AliaLf.A ';	 ,,/, ' ,/ ' ... ,'., '~:; 

~!	 : 1,1 - , fl,·1 t,,(vt /1- ", ~.-i ."-'/ ! "A-""	 ' I	 / ' ' l 'V:'L>yr"'<'-'~' 

, ,I /" .!.- ."/' ' (. (.! ,.' r ~"..... ,,' //"C\c, ,'.'.","	 :/ 
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Typical AP1000 PRA System Failure
 
Probabilities
 

.Failure 

•SY!ltl!!n/Function 

•¢MTvCilve$ignal 
:PRHR Valve Signal 

•Passive Cont. Cool. 

ReaciorTrip by PMS . 

•Accumulators 
IRWSTinj. 
Abs 

•PassivePAHR 
c;orElMakeup Tanks 
125 \de 1E Bus 

[>C::E3us(N()~-1  E) 
.RC Pump Trip 

•ChiliedWCiier 
·C::0ntainment Isol. 
:~eactor Tripby[)AS 
failure)) 
6966wc Bus
cVs 

........................... -.... -.---.
 

480 wc Bus 
SerlAceW'Ciier 

.. C::0mp'C::0oUnQ\oVB:ter 

Probability 

5.70E-07 
1.10E-06 
1.80E-06 

1.20E-05 
6. 96E-OS 
6.96E-05 
9.30E-Q5 

2.00E-04 
1.10E-04 
:f10E:04 
3.40E-04 
5.96E~64  

1.40E-03 
1.60E-03 
1.70E-03 

3.20E-03 
3.40E-03 
5.90E-03 
6.20E-03 
6.30E-03 

Fault Tree Name 

.. CMT~IC11 (onetrain; auto and manual actuation) 
RHR-IC01 (one train; auto and m·anual actuation) 
PCT 

RTPMS(inCiuding operator aciions)AC2Aef	 . 
IW2AB	 . 

. AbsjinciudinQoperator actions) 

PRT 
CM2SL 
IDADS1 (one bus only) 

~~1D$1jonebu~only)  

RCT
 

VWH
 
CIC
 
DAS. (including operator action; excluding MGSET
 

ECES1 (obe bus only)
 
CVS1
 
ECEK11 (one bus only)

SWT .
 

CCT
 

.DGEN
 
SFWT
 
CAIR
 
CDS
 

•FWT (including condenser) 
RNRANS 9.10E~62  

VLH!.8Ydrog~~.¢()~ir()1 1.00E-01 ~.. /.j~d:;  
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![)iesel GEl~erators  1.00E-02 
;Startup Feedwater 1.70E-02 

•Compressed Air	 1.30E-02 

C::()nd~ser  . 2.40E-02 
·Main Feedwater 2.80E-02 



••••••••••••••••••••••••••••••••••••••••••• 

CDF QUANTIFICATION 

• 26 event trees a're quantified sequence by 

sequence 

• 190 of the sequences had frequencies calculated 

for them 

• The plant CDF is calculated to be 2.41 e-07/year.
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' 1/I.V.~' t.,(P1 

.' I/O / ~v('Y"!.'  
/r.J.I f' 

J CI i..l,Ctf . " Contribution of Initiating Events t O 
'j)I.. ~"~'.'.t' ..l!"/)/ III'"1'vJ- ",c,,) ./'i:f A II ,';,/pl 'AP1000 CDF /L,L' i 

'icONTRleUTICJN· CONTRIBUTION lEV . NUMBER OF ,CONDITIONAL 
~'l/;(,.",<,,,,,f J< /!:,/ 

~ f"I.J ~.< lEV CATEGORY TO CDF % TO CDF % FREQUENCY' CUTSETS CDF.-41 

({ .......::'.. •........ 1 /t.J:tjfc.'" '! = ::",11 (/",IUl"
IEV-SI-LB 9.50E-08 39.43 2.12E-04 1160 4.48E-04 ( :(/ :..".1)/-'
 

)A~-~ ~.< / -JF 2'2 IEV-LLOCA 4.50E-08 18.66 5.00E-06 286 8.99E-03
 
. 3 IEV-SPADS 2.96E-08 12.28 5.40E-05 1078 5.48E-04 

4; IEV-SLOCA 1.81E-08 7.5 5.00E-04 1638 3.62E-05 
5: IEV-MLOCA 1.61E-08 6.69 4.36E-04 1681 3.70E-05 
61 IEV-RV-RP 1.00E-08 4.15 1.00E-08 1 1.00E+00 
7 IEV-SGTR 6.79E-09 2.82 3.88E-03 3076 1.75E-06 
8 IEV-CMTLB 3. 68E-09 1.53 9.31 E-05 987 3.95E-05 
9 IEV-AlWS 3.61 E-09 1.5 4.81 E-01 136 7.49E-09 

10 lEV-TRANS 3.08E-09 1.28 1.40E+00 1500 2.20E-09 
11· IEV-RCSLK 1.71E-Q9 0.71 6.20E-03 1526 2.75E-07 
12 lEV-POWEX 1.66E-09 0.69 4.50E-03 701 3.69E-07 
131 IEV-LCOND 1.24E-09 0.52 1.12E-01 858 1.11E-08 
14' IEV-LOSP 9.58E-10 0.4 1.20E-01 530 7.98E-09 
15. IEV-LMFW 8.70E-10 0.36 3.35E-01 1334 2.60E-09 
16 IEV-AlW-T 7.12E-10 0.3 1.17E+00 13 6.09E-10 
17 IEV-LCAS 6.72E-10 0.28 3.48E-02 417 1.93E-08 
18 IEV-SLB-V 6.06E-10 0.25 2.39E-03 305 2.54E-07 
191 IEV-PRSTR 5.02E-10 0.21 1.34E-04 317 3.74E-06 
20 IEV-LMFW1 4.53E-10 0.19 1.92E-01 763 2.36E-09 
21 IEV-LCCW 3.23E-10 0.13 1.44E-01 690 2.24E-09 
22: IEV-SLB-U 1.31E-10 0.05 3.72E-04 160 3.51E-07 
23 IEV-AlW-S 1.11E-10 0.05 1.48E-02 55 7.48E-09 * -The total 
24, IEV-ISLOC 5.00E-11 0.02 5.00E-11 1 1.00E+00 initiating event 
25 IEV-LRCS 3.52E-11 0.01 1.80E-02 143 1.96E-09 frequency excludes 
261 IEV-SLB-D 9.15E-12 0 5.96E-04 18 1.54E-08 the three ATWS 

precursor 
Totals: 2.41E-Q7 100 2.38* 19374 frequencies 
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Comparison of AP600 and APl 000 CDF
 
AP600 AP1000 

lEV CONTRIBI..rTION cONTRIBUTioN lEV CONDITIONAL CONTRI BUTION •• CONTRIBUTION lEV CONDITIONAL RATIO 
CATEGORY TOCDF ': To¢Di=("Io) • FREQUENCY" C[)P (~1)  TOCDF TO CDF (%) • FREQUENCY: CDP (P2) P2IP1 

iEV~LLocA 

.IEV-SI-LB 
5.02E-08 
3. 82E-08 

29.67 
22.58 

1.05E-04 
1.04E-04 

4. 78E-04I 
3. 67E-04 

4.50E-08 
9.50E-08 

18.66 
39.43 

5.00E-06 
2. 12E-04 

8.99E-03 
4.48E-04 I 18.8 

1.2 
·IEV-NLOCA 3. 15E-Q8 18.63 7.70E-04 4.09E-05 

.IEV-RV-RP 1.00E-08 5.91 1.00E-OB 1.00E+OO 1.00E-08 4.15 1.00E-08 1.00E+OO 
IEV-AlWS 8. 98E-09 5.31 4.81E-01 1.87E-08 3.61E-09 1.5 4.81E-01 7.49E-09 
IEV-MLOCA 6. 23E-09 3.68 1.62E-04 3. 85E-05 1.61E-08 6.69 4.36E-04 3.70E-05 1 
IEV~SGtR 6.08E-09 3.6 5.20E-03 1.17E-06 6. 79E-09 2.82 3.88E-03 1.75E-06 1.5 

IEV-~~Oc;A  4.05E-09 2.4 1.01E-04 4.01 E-05 1.81E-08 7.5 5.00E-04 3. 62E-05 0.9 
'IEV-CMTLB 3.54E-09 2.09 8.94E-05 3. 96E-05 3.68E-09 1.53 9.31E-05 3. 95E-05 1 
IEV-RCSLK 2.26E-09 1.34 1.20E-02 1.89E-07 1.71E-09 0.71 6.20E-03 2.75E-07 1.5 

'IEV-POWEX 1.83E-09 1.08 4.50E-03 4.07E-07 1.66E-09 0.69 4.50E-03 3.69E-07 0.9 
•lEV-TRANS 1.14E-09 0.67 1.40E+00 8.14E-l0 3.08E-09 1.28 1.40E+00 2.20E-09 2.7 
,IEV-LCOND 1.03E-09 0.61 1.12E-Ol 9.23E-09 1.24E-09 0.52 1.12E-01 1.11E-OB 1.2 
iEV~Losp'  1.01E-09 0.6 1.20E-Ol 8.40E-09 9.58E-l0 0.4 1.20E-Ol 7. 98E-09 
IEV~AiW-T 7.12E-l0 0.42 1.17E+00 6.09E-l0 7.12E-l0 0.3 1. 17E+00 6.09E-l0 
IEV~PRSTR  5.58E-l0 0.33 2.50E-04 2. 23E-06 5.02E-10 0.21 1.34E-04 3. 74E-06 
IEV-SLB-V 4.82E-l0 0.28 1.21E-03 3. 98E-07 6.06E-l0 0.25 1.21E-03 5.01E-07 
IEv~AiW~S  3.82E-l0 0.23 2.05E-02 1.B6E-OB 1.11E-l0 0.05 1.48E-02 7.48E-09 

'IEV-LMFW 3.03E~10  O.lB 3.35E-Ol 9.04E-l0 8.70E-10 0.36 3.35E-Ol 2.60E-09 2.9 
IEV-LMFWl 1.76E-l0 0.1 1.92E-Ol 9.16E-l0 4.53E-l0 0.19 1.92E-Ol 2.36E-09 2.6 

·IEV-LCAS 1.73E-l0 0.1 3.48E-02 4.9BE-09 6.72E-l0 0.2B 3.48E-02 1.93E-OB 3.9 
IEV-SLB-U 1.23E-l0 0.07 3. 72E-04 3.31E-07 .31E-10 0.05 3.72E-04 3.51E-07 1.1 

'IEV-LCCW 1.23E-l0 0.07 1.44E-01 8.52E-l0 3.23E-10 0.13 1.44E-01 2.24E-09 2.6 
:IEV-ISLOC 5.00E-ll 0.03 5.00E-ll 1.00E+OO 5.00E-ll 0.02 5.00E-11 1.00E+00 1 
IEV-LRCS 1.27E-l1 0.01 1.80E-02 7.06E-10 3.52E-11 0.01 1.80E-02 1.96E-09 

:IEV-SLB-D 
.IEV-SPADS 

9.46E-12 0.01 5.96E-04 1.59E-08 9.15E-12 
2.96E-08 

0 
12.28 

5.96E-04 
5.40E-05 

1.54E-08 
5.48E-04 k fi....//.~ .) 

~.:~'H(~IJ  

lfotals: "m, 1.69E-07 100 2.38E+00 I 2.41E-07 100 2.37E+OO 
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AP1000 PRA Dominant (DF Sequences
 
Sequence . ~ld~'  Cum. 0/0 Sequence 

.~req,:,~~~y  '% Contrib C()~trib  10 . 
1" 6.88E-08 28.52: 28.52 2esil-07 

2' 4.26E-08 17.66 46.18 2r110-09 

3 2.13E-08 8.82 55 3dsad-08 

.....-...',.,-..'.'.-,., ..•.. , .•.•....... -.-.-.-.-.-.-.-,-",-.-,',-...-.-.
 

4 1.98E-08 8.23 63.23 3dsil-08 

5 1.00E-08 4.15 67.38 3crvr-02 

............. ._--.-"
 

6 8.44E-09 3.51 70.88 21s10-05 

~~.9I.1enf::~  .....~sc:rip~i,()n 

·SAFElY INJECTION LINE BREAK INI1lATING EVENT OCCURS 
iRCPS TRIP AND CMT INJECTION IS SUCCESSFUL - 1 OF 2 CMT TRAINS 
SUCCESS OF FULL ADS DEPRESSURIZATION 

.• FAILURE OF ONE OF ONE IRWST INJECTION LINE 
..................................
 

LARGE LOCA INI1lATING EVENT OCCURS
 
ANY ONE OF TWO ACCUMULATOR TRAINS FAIL
 

"_,'.'.".w.'.'.w." ,., ' -.-,.-,.,.,.,.,.,.,•••""",•••••,., .••, '._'..•..... '._._._•. '_._..'.' .•.•• '.•.,' ...•.•• '•....•." ...•.. _ "._._,.,..,.,.,-••- , -._ _ ,',-.",·,·,',',·,·,".'••W, , _._._._,._.'. 

SPURIOUS ADS INI1lATING EVENT OCCURS
 
SUCCESS OF 1/2 OR 2/2 ACCUMULATORS
 
FAILURE OF ADS OR CMT
 

SAFElY INJECTION LINE BREAK INI1lATlNG EVENT OCCURS 
TRIP AND CMT INJECTlON IS SUCCESSFUL -1 OF 2 CMTTRAINS 

FAILURE OF FULL ADS DEPRESSURIZATION 

REACtOR VESSEl.. RuPtuRE INITIATING EVENT OCCURS 

SMALL LOCA INI1lATlNG EVENT OCCURS
 
.' SUCCESS OF CMT & RCP TRIP
 
iSUCCESS OF PASSIVE RHR SYSTEM
 
SUCCESS OF FULL ADS DEPRESSURIZATlON
 

·FAILURE OF NORMAL RHR IN INJECTlON MODE
 
·SUCCESS OF TWO OF TWO IRWST INJECTlON LINES
 

.rsl.JccEssOFCls&PRE~EXJs-nNGcbNtAjNMENt  OPENING 
•FAILURE OF RECIRCULATlON 

•Event 
•Identifier 
iIEV-SI-LB 
DEL-XCM1A 

•DEL-ADM
 
iSYS-IW1A
 

IEV-LLOCA 
SYS-ACBOTH 

IEV-SPADS 
bEL-Ac2As 
·SYS-XADMA 

.IEV-SI-LB 
DEL-XCM1A 

•SYS-ADM 

IEV-RV-RP 

.IEV-SLOCA 
•DEL-XCM2SL 
·DEL-PRL 
•DEL-ADS 

"SYS~RNR 

DEL-IW2AB 
DEL-XCICPO 
SYS-RECIRC 
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AP1000 PRA Dominant (DF Sequences
 
Sequence ! Cum. % .Sequence Event 

. Frequency % Contrib[ Contrib • 10 Sequence Description Identifier 
jl··j.35E:09··io5 73.93. 2Imlo-05f0~r5IUM~()C5AINriiATlNGE\t~NTOCCURS IEV-MLOCA 

.• SUCCESS OF CMT & RCP TRIP •DEL-XCM2NL 
SUCCESS OF FUI..L. AbsbEPRESSURIZATlON DEL-ADM 

·FAII..UREOFNORMAl..RHRIN··'NjECiioNMObE ·SYS-RNR 
SUCCESS OF lWO OF lWO IRWST INJECTION LINES .DEL-IW2AB 
SUCCESS OF CIS & PRE-E>QSTING CONTAINMENT OPENING bEL-XCICPO 
FAILURE OF RECIRCULATION ·SYS-RECIRC 

,.,­ ,.' ,.,.:.,' . 

8 5.11E-09 2.12 76.05 3dmlo-12 SMALL LOCA INITIATING EVENT OCCURS IEV-SLOCA 
SUCCESS OF CMT & RCP TRIP DEL-XCM2SL 
SUCCESS OF PASSIVE RHR SYSTEM DEL-PRL 
FAILURE OF FULL ADS DEPRESSURIZATION SYS-ADS 
SUCCESS OF PARTIAL ADS DEPRESSURIZATION DEL-ADV 
FAILURE OF NORMAL RHR IN INJECTION MODE SYS-RNR 

9 4.46E-09 1.85 77.9 3dmlo-12 MEDIUM LOCA INITIATING EVENT OCCURS 
SUCCESS OF CMT & RCP TRIP . 

.IEV-MLOCA 
·DEL-XCM2NL 

FAILURE OF FULL ADS DEPRESSURIZATION SYS-ADM 
.............................. 

SUCCESS OF PARTIAL ADS DEPRESSURIZATION DEL-ADU 
•• FAILURE OF NORMAL RHR IN INJECTION MODE SYS-RNR 

10' 3.j2E~09  1.54· 79.44. 2rsad-09~~URI()q~Ar5~INITlATlN<3g\tgNT6ccURS
•• FAILURE OF 2/2 ACCUMULATORS . 

IEV-SPADS 
SYS-AC2AB 

. 3.67E-09 1.52 
,.-._--_ .. ­ -,-.-, __ .,.­ --.".'-.-, ..-.-.-_ - ".,., - - -­ ------­ --­ ._---_.', . 

80.96 . 2esad-07~~LJ'3I()LJ~ADSIt-JI!l,4.11NG~\f El'rrC:>C;C;LJ'3s 
SUCCESS OF 1/2 OR 2/2 ACCUMULATORS 

TSUCCESSOF AbS&CMT 
FAII..UREOFIRW ORCMT 

IEV-SPADS 
DEL-AC2AB 

D~~~)(,t\Drv1,4.  ... ) 
.. SYS-X1W2ABA • 
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AP1000 PRA Dominant CDF Sequences
 
" Sequence • ! Cum. % iSequence	 Event
 

Identifier
; ~rtlqutlr:'cy~C()r:'trib' Contrib i 10 ............................................ ...........................................~tlqlJtlnc:el:>t)~ripti()r:' . 
12 ... 3.57E~09 '... 1.48 82.44 215i1-03 SAFETY INJEC1l0N LINE BREAK INITIAllNG EVENT OCCURS "IEV~SI-LB  

.RCPS TRIP AND CMT INJECTlON IS SUCCESSFUL - 1 OF 2 CMT TRAINS DEL-XCM1A 
t$q¢¢Ess(j~~lJL~A[j$·bEP~gSSlJRI~1l6N····.·.·.· ·.·.·.·.· . DEL-ADM 
ilRWST INJECTlON IS SUCCESSFUL - 1 OF 1 TRAINS DEL-IW1A 
SlJCCESS OF CIS &PRE-EXiSllNG cONTAINMENTOPENING •6EL~xClcpo 

FAILURE OF RECIRCULATION SYS~RECfRC 

131 3.55E-09 1.47 83.91~esgt-41  SGTR EVENT SEQUENCE CONTINUES	 ,SYS-SGTRC . 
.-'.', ..,.,." ..,-.-.., ,., , '." .•., .. -,",--.-.-.-.-.-.-.-.-.-.-.-.-.---'..'.'. 

FAILURE OF CMT OR RCP TRIP .SYS-XCM2SL 
SUCCESS OF PASSIVE RHR SYSTEM 'DEL-PRL 
FAILURE OF FULL ADS DEPRESSURIZATlON SYS-ADT 
FAILURE OF PARTlAL ADS DEPRESSURIZATION SYS-ADZ 

14 3.31 E-09 1.37 85.28 3aatw-23J\lWSPRE:9lJ~~O~Y"rrr1NO MFW EVENT SEQUENCE CONTlNUES SYS-AlWSC 
SUCCESS OF SFW OR PRHR SYSTEM 'DEL-XSRT 

•SUCCESS OF MANUAL REACTOR mlP DEL-RTSTP 
"FAILlJREOF MANlJALsORAllONBY CVS SYS-CSBOR1 
'FAILURE OF CMT OR RCP mlP . SYS-XCM2AB 

151 3.30E-09 1.37 86.65. 2e510-09 SMALL LOCA INITIATlNG EVENT OCCURS .IEV-SLOCA 
'. SUCCESS OF CMT & RCP mlP .DEL-xCM2sL 
··$qc¢g$$OF~AS$I\jERHRSYSTEM  DEL-PRL 

SUCCESS OF FULL ADS DEPRESSURIZATION DEL-ADS 
FAILURE OF NORMAL RHR IN INJECTION MODE 'SYS-RNR 
FAILURE OF TWO OF TWO IRWST INJECTION LINES SYS-IW2AB 
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AP1000 PRA Dominant CDF Sequences
 
Sequence i . Cum. % Sequence 
Frequency % Contrib Contrib . 10 

162.88E~09  1.19·87.84T2emio~09  

.. 

i 17 2.19E-09 0.91 88:?~L~es~t~1~ 

Sequence Description 
•• MEDIUM LOCA INITIATING EVENT OCCURS· . 
" ,- . , "............. . . " .
 

•SUCCESS OF CMT & RCP TRIP 
•SUCCESS OF FULL ADS DEPRESSURIZATION .- -.. - -_. __ ._-- _---_ , . 

·FAILURE OF NORMAL RHR IN INJECTION MODE 
FAILl.JREOF TWO OF TWO IRWST INJECTION LINES 

... ~Gl13E:YE:NT~E:9lJEf\Jc;E: ..q()f\JllNUES 
•. SUCCESS OF CMT & RCP TRIP 

...• SUCCESS 6F PASSIVE RHR SYSTEM 
FAii.l.JRE 6F FuLl..· ADS··DEPREssl.JRliAiibN ... 

FAILURE OF PARllAL ADS DEPRESSURIZATION 

18. 1.97E-09; 0.82 89.57 3dllo-OaLARGEL6CAINITJATJNGEVENT6CcURS 

............... "".--_ .. __ ,: .
 

19\ 1.57E-09i 0.65 90.22 21cmt-05 

•ACCUMULATOR INJECTION IS SUCCESS FUL - 2 OF 2 TRAINS 
FAILURE OF ADS OR CMT 

CMTLINEBREAKINITJATJNGEVENT6ccURS 
RCPS TRIP AND CMT INJECTION IS SUCCESSFUL - 1 OF 2 CMT TRAINS 
SUCCESS OF FULL ADS DEPRESSURIZATION 

•FAII..l.JRE OF NORMAL RHR IN INJECllON MODE 
•SUCCESS OF TWO OF TWO IRWST INJECTION LINES 
'SUCCESS OF CIS & PRE-EXISTING CONTAINMENT OPENING 
FAILURE OF RECIRCULATION 

Event 
Identifier 
IEV-MLOCA 

.DEL-XCM2NL 
\DEL-ADM 
SYS-RNR 
SYS-IW2AB 

·SYS-SCHRC 
DEL-XCM2SL 

iDEL-PRL
 
SYS·ADS
 
SYS-ADV
 

iIEV-LLOCA 
DEL-ACBOTH 
SYS-XADMA 

'IEV-CMTLB 

.DEL-XCM1A 
DEL-ADM 

... ", ------ . 

.SYS-RNR 
······DEL-IW2AB 

DEL-XCICPO 
.SYS-RECIRC 
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AP1000 PRA Dominant CDF Sequences
 
Sequence. •Cum. % ., Sequence 
Frequency%Contrib Contrib •• 10 . Sequence Description 

.20 ·····1.41E-09\0.59 90.81· 1atra-17i~AN$IENtWI"TBr0~WINliiAiiN<3~\'~Nf(j¢CLJRS 

·FAILURE OF MFW & SFW & PRHR SYSTEMS 
•SUCCESS OF CMT & RCP lRlP 
.·FAILURE OF FULL ADS DEPRESSURlZA1l0N 
.'FAILURE OF PARllAL ADS DEPRESSURlZA1l0N 

21 1.29E-09 0.54. 91.35 3dsil~16	 SAFElY INJEC1l0N LINE BREAK INI1lAllNG EVENT OCCURS 

qrv1TIr'-J~Eql1()r'-J(10F1lR~II\J13) OR RCP lRlP FAILS 
SUCCESS OF FULL ADS DEPRESSURIZA1l0N 
FAILURE OF 1/1 ACCUMULATOR 

22 1.13E-09 0.47 91.826Isl;jtc;05 CONSEOUENllAL SGlR EVENT OCCURS
 
·SUCCESS OF CMT & RCP lRlP
 
•SUCCESS OF PASSIVE RHR SYSTEM 

·····.SlJCCESSOF FlJLCAbsbEPRESSlJRlzAiiON 
FAILURE OF NORMAL RHR IN INJEC1l0N MODE 

iSUCCESS OF TWO OF TWO IRWST INJEC1l0N LINES 
SLJCCESS OF CIS & PRE-E><JsiiNG CONTAINMENT OPENING 

".- ' , -- , , -.- .. - - - _-_._-----.- . 

·FAILURE OF RECIRCULA1l0N 

........... " .••••••••• _ ••• __ ••....•••••••••••••.• •••••...•.. " •.• .•..•••••••• ..• " ••••••••.••....... __ •••••••• " ••.• __ - , .•......•••• ,, __ - • .-0' •••••••••..............•••••••
 

23 9.98E-10! 0.41 92.23 3dsiI-17	 SAFElY INJEC1l0N LINE BREAK INI1lAllNG EVENT OCCURS 
CMT INJEC1l0N (1 OF 1 TRAINS) OR RCP lRlP FAILS 

•. FAII..UREbFFlJI..LA6SbEPRESSlJRlzAiioN·· . 

Event 
••. Identifier 

··1IEV-TRANS 

SYS-XSlW 
iDEL-XCM2AB 
·SYS~AbA 

SYS-AD1A 

IEV-SI-LB 
SYS-XCM1A 
DEL-ADO 
SYS-AC1A 

SYS-IECSGTR 
DEL-XCM2SL 
DEL-PRL 

,DEL-ADS 
·SYS-RNR 
DEL-IW2AB 
DEL-XCICPO 
SYS-RECIRC 

IEV-SI-LB 
SYS-XCM1A 
SYS-ADO 
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SENSITIVITY AND IMPORTANCE 
ANALYSES 

• A set of sensitivity and importance analyses are 

made. 

• The results of some of these analyses are provided 

in the attached tables. 
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AP1000 PRA System Importances
 

!),sternName . 

PMS 
DC-1 
IRWST-REC 
ADS 
IRWST-INJ 
CMT 
ACC 
PRHR 
PLS 
DC-Non 1E 
DAS 
AC 

'CAS 
N-RHR 
SWS 
CCS 
SFW 

!DG 
,MFW 

SG Overfill Protection 

Case Description 

No credit is taken for PMS in core damage sequences 

No credit is takenfor1§[)c;~()'vVElr in coredCirl'lageseguences 
No creditistCik~nforli={\JIISl".Re~irclJlationinc()redCirl'lCi!:J~sequ~l1~es  

No credit is taken for A[)~ in core~arl'lCi!:Jeseguences . 
is taken for Ii={WST Injection in core damage sequences 

credit is taken for CMT in core damage sequences 
.... "- "" ,, _-.---.- . 

No credit is taken for Accumulators in cor~darl'lCi!:Jes~guences
 

N()~~~itis takel1forF'a~siVE!i={HRin~()r~darna!:Je sequenc~~
 

•r-J()~reditista~enforP~~il1coredCirl'lCige  sequ~nces  

.r-J0 credit is taken for Non-1 E DC Power in core damage sequen~es  

tr-J0~r~dit  is tCik~l1for[)ASin c()r~darl'la!:J~seque nces . 
..	 r-J0~~~iti~.takel1f()rp.C;.P()'vVElril1.~ore~CirnCi!:Je sElCllJElnces 
'No credit is taken for CAS in core damage sequences 

•r-J() crElditistCikEll1for r-J0ITTlCiIF{HF{In~()re darl'la!:JEls~qu~n~~s 

Lr-J()cn:~ditis tCi~Elnfor~'.N?in c()re~arl'lag~s~Cluences  

ir-J()~rediti~takel1forC;C;S  in coredCirl'lCigElsElCluElnces . 
No credit is taken for Startup Feedwater in core damage sequences 

....	 . 

No credit is taken for Diesel Generators in core damage sequences
,--.---.- -.- - _--_._--- .. " ", ." ", 

No credit is taken for Main Feedwateril1~ore~arl'lB:!:JeseqlJEll1ces  

N()~~~itis  takElI1 .. for~§<:>VE!rfiIIProt~cti()11 il1corEl~arl'la{;JesElguenc:Els 

Core Damage 
Frequency With 
System Failed 

(Qf\.IE:\IV) 
1.59E-02 
5.65E-03 
1.47E-03 
1.46E-03 
3.93E-04 
7.08E-05 
6.01E-05 

Core Damage
 
Frequency
 

Increll!in9.J=actor ..... 
.. L(R= QNEW I 2~~1E:~?>'  

" . 65878 .!}
. 23454' • 

.... 

1.84E-05"··················· 76 
9.00E-06 7 
6.56E-06 27 
2.63E-05 16 
2.36E-06 10 
4.14E-07 1.7 
4.11E-07 1.7 
4.00E-07 1.7 
3.78E-07 1.6 
2.78E-07 1.2 
2.56E-07 1.1 
2.54E-07 1.1 
2.41E-07 1 

6119 ../,'6()4,()' '.' ! .' 

1631 
294 
249 

J " .. "i/c : 
.'. /" 
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Summary of Sensitivity Analysis Results
 

L-Gy1,	 CASE 2 

CASE 3 

CASE 4 

CASE 5 

CASE 6 

CASE 8
 

CASE 9
 

CASE 10
 

CASE 11
 

CASE 12
 

........................... C.ase. D~~ription 

Initiating E\ent Importances Assuming 
AP600 Initiating E\ent 
Set LCF sequences to core damage 

Initiating E\ent Importances 

Accident Sequence Importances 

End State Importances 

Common Cause Failure Importances 

Human Error Importances 

Component Importances 

No credit is taken for ADS in core 

No credit is taken for CMT in core 

No credit is taken for Accumulators in 

Results 
LLOCA initiating e\ent is the major contributor 

to CDF. CDF increases by a factor of 4.4. 
SI-LB initiating e\ent is the major contributor bXL!1 

- I 
to CDF. CDF increases a factor of 1.3. /:~  

(39.43) and LLOCA (18.66) initiating e\ents 
are the major contributors to CDF 
IEV-SI-LB, DEL-XCM1A, DEL-ADM, SYS-IW1A 

is t~~ majo~ sequ~nce~ontributorto CDF. 
3BE (33.4%) and 3D+ 1D (23.9%) are the major 
contributors to CDF. 
Software CCF of all cards and IRWST sump 
strainers plugging CCF are the major contributors to 
CDF. 

................. 

Operator failure to diagnose SG tube rupture e\ent is 
the contributor to CDF. 

..................................................................... ...•....................................... .... 

IRWST strainer plugged, PRHR H/X plug/leak and 
IRWST tank failure are major contributors to CDF. 
CDF increases by a factor of 6040. 

CDF increases by a factor of 294. 

CDF increases by a factor of 249. 
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Summary of Sensitivity Analysis Results
 
ResultsCase Name .' Case ~!if?~iption
 

CASE 13 .No credit is taken for IRWST CDF increases by a factor of 6119.
 
IRecirculation in core damage
 

l~~quences  

CASE 14 iNo credit is taken for Passive RHR in CDF increases by a factor of 76. 

Ic()~edamag~s~qLJen~~~  

CASE 15 iNo credit is taken for PMS in core CDF increase by a factor of 65878. 
Idamage sequences

: : 

CASE 16 i. No credit is taken for PLS in core CDF increases by a factor of 7. 

•. ~arT1ages~qLJ~l1ces
 

CASE 17 ;No credit is taken for DAS in core CDF increases by a factor of 16.
 

IdarT1age~~quences  

CASE 18 No credit is taken for Normal RHR in CDF increases by a factor of 1.7. 

•• ~()re ~a.rT1a.gesequel1ces
 

CASE 19 No credit is taken for SG O\erfill CDF increases by a factor of 1.0.
 

l~rotecti()n  in~()re~a.rT1a.g~~~quences  
CASE 20 •. No credit is taken for Main Feedwater in CDF increases by a factor of 1.1.
 

;core damage sequences
 
CASE 21 No crediiis iakenforStartupFeedwater CDF increases by a factor of 1.2.
 

Lil1.cor~~a.rT1a.g~ ... ~.~quen~.~.~
 
CASE 22 •• No credit is taken for AC Power in core CDF increases by a factor of 10.
 

damage sequences
 
CASE 23 INo creditistakenforbieseiGenerators tcbFlncreasesbycifactorof 1.1.
 
.. ;in c()r~~a.rT1a.g~~equ~l1~es
 

CASE 24 •• No credit is taken for 1E DC Power in CDF increases by a factor of 23454.
 

..~()r~~a.rT1a.g~~eq u~I1~~~ 
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Summary of Sensitivity Analysis Results
 
Case Nam~.. ~~~[)~~~ipti~.~.w . 

CASE 25 1No credit is taken for Non-1 E DC Power 

... •• in~?re~amClQ~ se9~e~~es. 

CASE 26 

CASE 27 

CASE 28 

CASE 29 

CASE 30 

CASE 31 

CASE 32 

CASE 33 

CASE 34 

CASE 35 

CASE 36 

eBNFL 

.• No credit is taken for SWS in core 
Idamage sequences 
.• No credit is taken for CCS in core 

.~ClITlClQ~.  ~~9~~~.~ ~.~..  . . . 
•• No credit is taken for CAS in core 
.. damage sequences 
ISet HEPs to 1.0 in core damage output 
file (no credit for HEPs) 

II Set HEPs to 0.0 in core damage output 
Ii file. (perfect operator) 
·Set HEPs to 0.1 in core damage output 
ilfile 
:•...•.••.•.•.•.•.•.• ' .•.•.• _••• _._..•'.'.'.'._,_.'.,_'.'.'.'.'.'".,_..'" •. '.',._._••_._ ,._•••••••• _._•••···.·.·.'.'.·.·.-.·.·.',.' ,w.·,·,··,·.. ······ .. ··.'.'.'.'.'.',•• ' ,•• -••-.-.' ..•.• ' ",.-,•••,.,.,.,-•••--••• -._,.,.,.,.,........••...•...._._._, •• '._.,-.-.".',••••_
 

•• Impact of passi\e system check val\te 
.'failure probabilities 

IImpact of explosi\e val\te failure 
.• probabilities 
•Impact of reactor trip breaker failure 
Ipr?~Clbilities 

•Impact of RCP breaker failure 
Iprobabilities 

• ...q

ISensiti\Aty to standby non-safety 
systems (CVS,SFW,RNS,DAS,DG) 

Slide 63 

Results 
••....................•.....
 

CDF increases by a factor of 27.
 

CDF increases by a factor of 1.7.
 

CDF increases by a factor of 1.6.
 

CDF increases by a factor of 1.7.
 

CDF increases by a factor of 57.
 

CDF decreases 8%.
 

CDF increases by a factor of 6.5.
 

CDF increases by a factor of 3.7.
 

CDF increases by a factor of 2.7.
 

CDF has negligible increase.
 

CDF increases by a factor of 1.2.
 

CDF increases by a factor of 31.
 

• Westinghouse 
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AP1000 Importance of Non-Safety Systems
 
•	 For AP600 - W determined safety importance of Non-Safety Systems 

-Part of the resolution of Regulatory Treatment of Non-Safety Systems 

(RTNSS) Policy Issue 

-Included PRA sensitivity studies / evaluations 

-IE Frequency Evaluations 

-Mitigation importance - Focused PRA, NSS importance sensitivity studies
 

-OeD contains availability controls for selected NSS
 

•	 For AP1 000 - W determined safety importance of Non-Safety systems 

-Non-safety systems have same functions, configurations, capabilities 

-PRA risk importance similar for both plants 

-PRA risk profile of AP1 000 is similar to AP600
 

-PRA system importance of NSS is similar to AP600
 

• AP1000 DeD contains same availability controls as AP600 
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list of Non-Safety Systems Covered by 
Availability Controls 

• Diverse Actuation System 

• Normal Residual Heat Removal System 

• Component Cooling Water System 

• Service Water System 

• PCS Ancillary Water Makeup 

• MCR and I&C Room Ancillary Fans 

• Hydrogen Igniters 

• AC Power Supplies (Offsite and / or Standby Diesel Generators) 

• Non-Class 1E DC and UPS 
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UNCERTAINTY ANALYSIS
 

• The plant CDF uncertainty range is found to be 7.3 

E-07 - 2.1 E-08 for the 95% to 05 % interval. 

• For a lognormal distribution, this would correspond 

to an error factor of 6, which can be considered as 

low for rare events. 
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Distribution for CDF-1 000/82233 

s.ooov V 
4.500 Mean=2.258037~7  

4.000 ­
3.500 
3.000 
2.500 
2.000 
1.500 
1.000 
0.500 
0.000 

o 6.25 12.5 18.75 25 

Values in 101\..6 
f;;:/7gZ<~~</:;::./;?>??/%~c:--r>--,-/:;~<>-r~;cL--c-;/?~//-,,--/Zc-7//c--y-///-,,--c;;;T7{-,,--07-0'.7~/7>-,,--;~:7'/>~ ... ~77/TT//l ~O~&J-

.02 23 

Name 
Cell 
Minimum 
Mean 
Maximum 
Std Dev 
Variance 
Skewnes~  

Kurtosis 
Mode 
Lett X 
Left P 
Right X 
Right P 
Ditt. X 
Ditt. P 
5th Perc. 
95th Perc 
#Errors 
Filter Min 
Filter Max 
#Filtered 

CDF·1000 
82233 

4.33E-09 
2.26E-07 
2.11 E-05 
6.78E-07 
4.60E-13 
16.32415 
386.4707 
2.91 E-08 
1.78E-08 

3% 
0.000023 

100% 
2.30E-05 

97% 
2.11 E-08 
7.29E-07 

o 

o 

~  ~1:v/0~A  (2,,'4/ ~dlr/;:"?~<..1"'01­
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UNCERTAINTY ANALYSIS 

•	 The mean values of the dominant accident 

sequence frequencies are close to the upper 

bound (950/0) estimates; 

•	 Among the initiating event categories, SI-LB has 

the highest 95-percentile CDF of 3.2E-07 /year. 

•	 Among the dominant sequences, sequence # 07 of 

SI-LB event has the highest 95-percentile CDF of 

2.1 E-07/yr. 
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SHUTDOWN EVENTS 

• A quantitative shutdown risk evaluation is 

performed for AP1 000 for internal events. 

• The risk profiles of AP1000 and AP600 for events
 

during shutdown c<;>nditions are almost identical.
 
'i<, .<'l 

(13,,· '. ,
( 

• The AP1000 Shutdown PRA has a CDF of 1.23E~ '.
 
.~ ,I .'. ;v' /:,,/ " " /{Ntc/:,tr. ., (j (}1:7(~-J'  

07 events per y~ar.  This CDF is an 180/0" increase 
</ U rI'IV()/1 ,.< \, I.'·' 

of the AP600 
~ 

Level 1 Shutdown CDF of 1.04E-07
 

events per year.
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SHUTDOWN EVENTS 

• The three	 events dominating the CDF for each 

plant are loss of component cooling / service water 

during drained condition, loss of offsite power 

during drained condition, and loss of RNS during 

drained condition . 

• The initiating	 event CDF contributions show that 

the initiating event importance to be similar for the 

two plants. 
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SHUTDOWN EVENTS 

• The twelve dominant accident sequences comprise 

77 percent of the level 1 shutdown CDF. They 

consist of: 

-Loss of component cooling or service water system 

initiating event during drained condition with a contribution 

of 64 percent of the qDF 
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SHUTDOWN EVENTS 

-Loss of RNS initiating event during drained condition with 

a contribution of 6 percent of the CDF 

-Loss of offsite power initiating event during drained 

condition with a contribution of 5 percent of the CDF 

-RCS overdraining event during drainage to mid-loop with 

a contribution of a 2 percent of the CDF. 
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INTERNAL FLOODING AND FIRE 

• The internal flooding-induced CDF is estimated to
 

be 8.8E-1 0 events per year for power operations.
 

• The CDF from flooding events at power is not an 

appreciable contributor to the overall AP1 000 plant 

CDF. 
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INTERNAL FLOODING AND FIRE 

• The top five at-power flooding scenarios comprise 

91 percent of the at-power flooding-induced core 

damage frequency. 

• These scenarios are for large pipe breaks in the 

turbine building with an initiating event frequency 

in the range of 1.4 - 2.0 E-03 / year, leading to a 

loss of CCW/SW event. Each scenario has a CDF 

of 1.2 - 1.8E-1 O/year. 
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INTERNAL FLOODING AND FIRE 

• AP600 Fire PRA quantified with bounding focused 
, ../ . . ':f/' 

/7.· / "V' /,}~'J  'PI . ,",..' 
( 

/PRA madeI (/J' (iic£l({-/ ;<" \ /l't1,;1 'l ! ..'.-t1v 'C!) /- . ! J,: '" 

~tJuI  1l;~V~)  

.' 

-CDF is 6.SE-O? /yr
 

-No credit for non-safety systems
 

• Extensive fire hazards analysis review completed 

for AP600 subsequent to fire AP600 PRA
 

-Fire separation improved
 

-Fire suppression features incorporated
 

-Design features incorporated to address hot-shorts
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INTERNAL FLOODING AND FIRE 

• Qualitative evaluation of risk from fire performed 

-AP600 design features important for fire protection are 

included in the AP1 000 

-Fi re separation / fi re zones 

-Systems used to achieve safe shutdown 

-Fire suppression features 

-AP1000 design is sufficiently robust that internal fires 

during power operation or shutdown do not represent a 

significant contribution to plant CDF 
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SEISMIC MARGINS EVALUATION 

• The seismic margin analysis shows the systems, 

structures, and components required for safe 

shutdown. HCLPF values are greater than or equal 

to 0.50g 

• This HCLPF is determined by the seismically 

induced failure of the fuel in the reactor vessel, 

core assembly failures, IRWST failure, or 

containment interior failures 
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SEISMIC MARGINS EVALUATION 

• The SMA result assumes no credit for operator 

actions at the 0.50g review level earthquake, and 

assumes a loss of offsite power for all sequences 

• The SMA shows the plant to be robust against
 

seismic event sequences that contain station
 

blackout coupled with other seismic or random
 

failures
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Comparison of low HClPF SSCs in APl 000 
and AP600 Designs 

Basic Event 10 .' ~scri pti()n 
,EQ-GER-INSULATOR .•• Failure of Ceramic Insulators 

.-------.--.•. ' ..,•.•.......',' ,..-.-.--..•.--., -.-......• -.....•,.,.__..'-'-'..,., ,.. ',.".-,'.-.-.'.-,., - ,.'.'..,.,-.-..-.-----,......•.-.-•.......-.­

iEO=CORE=ASSEMS[Y ,Core Assembly Failure (not fuel) 
........... , ". -, ".......... . " .
 

'. EQ-GV-INTER i Interior Containment 
! EQ-IRWST-TANK 'IRWST Failure 

•.:'..•.•••_._._._._._._._, ...•.. . .•.•.••••.•_••• ._.·.·.,·,w._.·.·••_,·,·,_._.•

'EO=RV=FOEL.··· iFuel Failure 
EQ-AB-EXTWALL .J.\~}(.E3~il~ing  Exteri(Jr wall 

IAux. Building Floor 
EQ-AB-IN1WALL 1Aux.E3ui Idinglnteri(Jrwall 
EQ-PGG-TANK ;PCG Tank Failure 

'~""',""~"':2='"  

EQ-SHDBLD-ROOF ..• ShiE3ldE3uil~in~tf3oo~ 

EQ-SHDBLD-WALL Shield Building Wall
 
EQ-CABLETRAY 'C?abletrf;lYs .-support ~(JntrollE3~ 
 

EQ-GMT-TANKS iTank PXS 2A/B (Core Makeup Tank)
 Steam' Generator Fails . 
EQ-SG-FAILS 
EQ-SGTR Steam Generator (one or a few) 
EQ-AGDISPANEL 120 vac distribution n~n~1  

EQ-DG-SWBRD 125 wc switchboard 
........................................................'
 

EQ-DGDISPANEL 125 wc distribution panel
 
EQ-PRZR-FAILS Pressurizer Fails
 

EQ-TRSFSWITGH Transfer switch
 

,AP600 AP1000
 
'HCLPF HCLPF _fJ. • ~ . I ,/' j'
~  -:"]Q:"" vC') ~  

0.09g .~9g  ~.t:cv--l  

0.50g .50g 
0.60g 

. 

.'.50g
. 

..... -:" -., ., . 

0.60g ',50g
 
0.50g •.. 50g
 
0.58g .51g
 
0.58g .'.51g
 
'O,58g ..
 .51g
 
0.58g
 .~!?1  g ...
 

'O.58g •.. 51g
 
0.58g ,. 51 9
 
0.54g ... 54g
 

.54g
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OTHER EXTERNAL EVENTS 

• High winds and tornadoes 

• External floods 

• Transportation and nearby facility accidents 

-As per the site selection criteria defined in Chapter 2 of the OCD, a 

frequency of occurrence of 10-6 per year, for an accident external to 

AP1000 that has a potential consequence serious enough to affect 

the safety of the plant according to 10 CFR 100 guidelines, is not 

exceeded. 
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Comparison of AP600 and APl 000 PRA
 
Results 

Scope 
Le\A91 1 At-Power 
Internal Initiating E\A9nts 

Le\A91 2 At-Power 
Intemal Initiating E\A9nts 

Le\A91 3 At-Power 
Internal Initiating E\A9nts 

Internal Fire E\A9nts 

Internal Flooding E\A9nts 

Shutdown E\A9nts 

Focused PRA 
Internal E\€nts At-Power 

8BNFL
 

AP600 
Quantification Performed 
CDF = 1.7E-07 
Se\A9ral additional cases quantified in 
response to NRC RAls 

Quantification Performed 
LRF = 1.8E-08 
Containment Effecti\A9ness =89.5% 

Quantification Performed 

Conservati\A9 (via focused PRA) 
Quantification Performed 
CDF =6.5E-07 (intemal) 
CDF =3.5E-07 (shutdown) 

Quantification Performed 

CDF =2.2E-10 

Quantification Performed for 
Le\€1 1 and 2 
CDF =1.0E-07 
LRF =1.5 E-08 
Se\€ral additional cases quantified in 
response to NRC RAls 

Quantification Performed 
CDF =9. 1E-06 
LRF =8.1 E-07 
Availability controls of NSS adopted 

Slide 81 

AP1000 
Quantification Performed 
CDF =2.4E-07 
AP600 additional cases incorporated 
into the model 

Quantification Performed 
LRF =2.0E-08 
Containment Effecti\A9ness =91.8% 

Quantification Performed 

Assessment Performed 
AP600 fire PRA quantification bounds 
AP1000 

Quantification Performed 
CDF =8.8E-10 

Quantitati\€ Evaluation 
Performed 
CDF =1.2E-07 
AP600 additional cases incorporated 
into the estimation model 

Sensitivity studies performed 
demonstrate that NSS are not important 
for AP1000 risk. 
Same availability controls on NSS 
adopted for AP1000 

• Westinghouse 
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SUMMARY OF RESULTS 

• The AP1 000 PRA results show that 

-The very low risk of the AP600 has been maintained in 

the AP1000 

-The AP1 000 PRA meets the US NRC safety goals with 

significant margin 
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AP1000 Level 2 PRA
 

Jim Scobel
 

Containment and Radiological Analysis
 

Phone 412-374-5030 - scobeljh@westinghollse.com
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Purpose of level 2 PRA 

• Status of containment integrity
 

-system failures (unisolated SGTR, isolation failure)
 

-failure due to high energy phenomena
 

-induced tube rupture 

-Steam Explosion (in-vessel and ex-vessel) 

-Hydrogen Combustion 

-High Pressure Melt Ejection / Direct Containment Heating 

-Debris Impingement 

-Core-Concrete Interaction 

-Long Term Containment Pressurization from Decay Heat Steaming 
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Purpose of level 2 PRA 

• Quantify Magnitude and Timing of Offsite Release 

-Accident Classes (same as AP600) f D5 

-Release Categories (same as AP600, plus CFV) 

-Source Terms (assumed same fractions as AP600) 
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APl 000 Containment Event Tree 

• Pretty much the same as AP600 

• Added possiJ)ility of containment venting
h"/"l,b, / ~AJ- ,/,/ 4 , ,///, ,1.0 /)Jj - L21 /\ rv---..i

r.iI-')J~l!j<~>:j!"  \" / VV1 " ;:1//'-', ~JJJ aJ- ""lJ't'/' /VV ~. rl P'/OLA..JV\, . 

-added CFV"release category� 

-assumed failure probability of unity� 
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••••••••••••••••••••••••••••••••••••••••••• 

Containment Event Tree Quantification� 

• System Nodes 

-Quantification 

-Linked Fault Trees 

-Scalars defined by accident class definition� 

-containment isolation� 

-cavity flooding� 

-pes water cooling� 

-hydrogen control� 
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Containment Event Tree Quantification 

• Phenomenological Nodes 

-Quantification 
ilP60C\ ,Af; (f ,~,  

-Scalars defined by analysis of phenomena 
//> <7 £­'+/ 70/\ C 

v l.-boundary conditions defined by accident class ;rJtYJ-<4 '/ 
nz. 

-induced SGTR tube rupture 
, '" , -'11 . .~ . 

~.-'  

-core reflooding 

-in-vessel retention of molten core debris 
• 11tiktv_A''''''0 7/'· '2-7if/>~/L}4}~S  /1L 

t £X,';;" ~' D 
-hydrogen combustion ~.4e,~ PAR ~  ~J  /t2'WST 

A~  

-containment integrity 
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In-Vessel Retention of Molten Core Debris 

• Changes to the AP1 000 that potentially impact IVR 

-power is increased to 3400 MWt. 

-157 14-ft fuel assemblies. 

-core shroud instead of reflector 

-lower core support plate is 1" thicker 
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In-Vessel Retention of Molten Core Debris� 

• DOE/ID-10460 methodology to quantify heat flux� 

-AP600 CHF success criterion not sufficient for AP1 000 

AP1000 Base Case In-Vessel Retention of Molten Core Debris 
Heat Flu, (kWjm2) 
--- Heat Flux to Lower Head 
---- CHF (ULPU~2000  Configurotion III) 
Ratio of Heat Flux to CHF 
-------- q I q c h f 

2000 '1---------------------, 
1" ..... 

) f-.9 .­
" .. ,," 

1500 .8 l.L................... -­
::I: 

N u........ ...� 
E .7 ..8

:'~'/ x/ / / / / 
::>~ ;:;: 

x 1000 -- _... -'",/ 
(l)::> '" ;:;: ::I: 

.5 '0 
(l) / '" ~ / 

::I: // -- ,,// 
.6 ~ 

~ 

/ '" 500 .4 "" 

.......... .J� 

o I I .2 
o 20 40 60 80 100 

Angle of the Lower Head (degrees) 
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In-Vessel Retention of Molten Core Debris� 

• Effort to achieve margin similar to AP600 

-testing 

-design changes 

• Performed UPLU Configuration IV Testing 

-examined changes to increase CHF on vessel surface 

-CHF increased more than 30%� 

-two-phase natural circulation is required� 

-insulation geometry and structure is important� 
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UlPU Configuration IV 

V'L[" T~mY  
...;;.:':':;. .··Ht}.Exit Restrictor ~  Exit Restrictor ~ 


 

Condenser Condenser�
',--.., ',-.. "",_.,.
r" 

ULPU-2000 ULPU-2000 
Configuration III Configuration IV 

Downcomer _ Downcomer 

1_ Riser -- Riser 

{) 

,__-- ~lectromagnetic  Electromagnetic~~ Flow Meter Flow Meter 

Baffle -Baffleo 

Heater Blocks /Hea~er  Blocks 

Observation Windows Observation Windows 

I PTI PTI 
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UlPU Configuration IV Results� 
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N-1600 
E-.1400­
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X 1000··1 
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AngIe (degrees) 

eBNFl SIide94 • Westinghouse� 



••••••••••••••••••••••••••••••••••••••••••• 

IVR Results 
Bottom of Lower Heod� 

---- Top of Oxide Layer� 
-------. Bot tom 0 f Met a I Po 0 I� 

80 I I 

>... 
~ 60 
c 
(1) 

Cl 

2> 40 

~ I" I-8 20" J \ ', " '. " 
CL ," _ h BI~ 11 ~~~- _/", \, , 

I _~1~  '.- I . 
I , j .6 

o 
.2 

.4 qjqchf 

-Reclaim most of the margin of the AP600� 

-Continuing ULPU program to define design 
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In-Vessel Steam Explosion 

•� In-Vessel Steam Explosion Analysis for AP600� 

-DOE/ID 10541 In-Vessel Steam Explosion ROAAM� 

-Large margin to failure� 

•� Debris relocation mechanism for AP1 000 same as AP600 

-sideward failure 

-similar mass and superheat as AP600 

• Geometry the same for AP1000 as AP600 

•� Extrapolate AP600 results to AP1 000 
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Ex-Vessel Steam Explosion 

• Prevented by IVR 

• Vessel failure assumed to produce early 

containment failure on CET 

• Assumed same vessel failure modes as AP600 

-similar mass and superheat in the debris 

• AP600 ex-vessel steam explosion results 

extrapolated to AP1 000 
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Hydrogen Combustion 

• Hydrogen control system� 

-PARs (not credited in PRA)� 

-Igniters (same number and layout as AP600)� 

-If igniters working diffusion flame is only failure mode� 

• pes water assumed to be working� 

-steam inert if pes water not working� 

-no ~,onsideration  of sprays� 

• Detonation assumed to fail containment 
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Early Hydrogen Burn 

• During H2 release 

-before containment is well-mixed 

• Diffusion Flames 

-ADS stage 4 releases hydrogen in loop compts 

-IRW8T release hydrogen away from shell 

-stand pipe vents near SG doghouse open preferentially 

-GET failure probability defined by stuck open wall vents in accident 

classes with no ADS-4 

-PXS compt vents hydrogen away from shell 
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Early Hydrogen Burn (continued) 

• Deflagration to Detonation Transition 

-igniter failure 

-use AP1 000 specific sequence conditional probabilities· 

-use AP600 DDT probabilities (Sherman-Berman Method) 

-CET assumes containment failure if DDT occurs 
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Intermediate Hydrogen Burn 

• Occurs before 24 hours 

• Igniter failure 

• Containment well-mixed 

• Global deflagration 

-used AP600 probability distributions 

-hydrogen mass scaled up by mass ratio of active cladding 

-pre-burn pressure same as AP600 

-adiabatic peak pressure calculation 

-containment failure defined by containment fragility curve 
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Intermediate Hydrogen Combustion 

• DDT 

-acceleration of global burn in well-mixed compartments 

-CMT compartment considered to be dry air 

-DDT assumed to fail containment 
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"" 

High Pressure Melt Ejection 

• SECY 93-087� 

-provide a reliable depressurization system� 

-provide debris retentive cavity design� 

• AP1 000 has reliable 4 stage ADS 

• Cavity layout is water-filled torturous pathway 

-no direct pathway for debris impingement 

• High pressure core melt assumed to fail SG tubes 

on containment event tree 
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Core Concrete Interaction 

• Mitigated by IVR 

• Vessel failure assumed to fail containment on GET� 

•� AP1 000 specific analysis 

-basemat failure not expected within 24 hours 

-containment overpressurization does not occur before 

basemat failure 
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Long Term Containment Pressurization 

• Mitigated by PCS water cooling
'* -added third diverse pathway e(ff~B.7~% 

-failure of water produces small probability of cnmt failure (Ztv 

• Containment pressurization with no PCS water 

-nominal case� 

-Ambient Temp =80 F and best estimate ANS 79 decay heat� 

-bounding case� 

-Ambient Temp =115 F and ANS 79 + 2 sigma decay heat� 

• Containment Fragility Curve defines failure 
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long Term Containment Pressurization 
. t7 - - / .'". " ' /l; jQ/11 '/ '/ I I I' ~~  

, ',u" uO 0 j / co t: ' 1/1:, ) .' ',' /1 ''1/, : Ie: ,//',' I.. .". . ";' .. 1'1: /'\•. //,. Z ~ ;C(!" V 'j/ 
;~j..,.-''';  /' " .: / , ' f' ./ ,./ 

• Assigned 0.02 failure probability for < 24 hours 

-assumed failure probability = 1.0 after 24 hours 

• Containment Venting 

-investigated performance with various line sizes 

-concluded that operator could vent through any line> 4" 

-containment underpressure 

-assigned venting failure probability of 1 
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level 2 At-Power Results 

• Core Damage Frequency = 2.41 x1 0-7 per year� 

• Large Release Frequency =1.95x1 0-8 per year� 

• Frequency by Release Categories� 

-Containment Bypass =1.05x1 0-8� 

-Early Containment Failure = 7.47x1 0-9� 
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level 3 PRA 

• Used AP600 Release Fractions 

-AP1000 fission product inventories 

• Calculated off site doses with MACCS2 1.12� 
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level 3 PRA Resu Its� 

Ove rail Dose Risk� 
Site Boundary Whole Body EDE Dose, 24-Hour� 
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8 BNFL Slide 109 • Westinghouse 



••••••••••••••••••••••••••••••••••••••••••• 

Success Criteria /� 
Thermal-Hydraulic Analysis� 

Terry Schulz� 
Advisory Engineer� 

412-374-5120 - schulztl@westinghouse.com� 
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Overview 

• Success Criteria (Chapter 6 of PRA) 

-Changes in success criteria vs AP600 

• Thermal Hydraulic Analysis (Appendix A of PRA) 

-Analysis used, DeD, specific PRA, or other analysis / calculations 

-Summary of results 

-ADS analysis 

- T&H Uncertainty Analysis 
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APl 000 Success Criteria 

• Based on AP600 
-Similar system design, arrangement, capabilities 

• Several Changes Made to the AP1000 Success Criteria 
-Due to increase in power vs capacity of mitigating features 

-Due to design changes to accommodate the power increase 

-Due to other factors 

• AP1000 Success Criteria More Conservative I Robust 
-Requires same or more equipment for success� 

-For example, requires 3/4 ADS 4 instead of 2/4 ADS 4� 

-Even though AP1 000 ADS 4 is larger / MW� 

-Reduces T&H issues / uncertainty� 
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AP1000 Success Criteria� 

Event 

Transients 
ATWS 
SLB (down MSIV) 
SLB (up MSIV) 
SGTR 
RCS Leak 
PRHR Tube Rupture 
Small LOCA 
Medium LOCA 
CMT BL LOCA 
DVI LOCA 
Spurious ADS (Lg) 

Large LOCA 

Same as� 
AP600� 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
no 
no 
no 
no 
no 

no 

Comments 

UET = 0 because of low boron core 

See next slide 
See next slide 
See next slide 
See next slide 
Requires ADS 4, cont. recirc (was part of 
AP600 Large LOCA) 
Requires 2/2 accum, ADS 4, cont. recire. 

eBNFL Slide 113 8 Westinghouse 



••••••••••••••••••••••••••••••••••••••••••• 

Post ADS Success Criteria 
• Changes Made to Post ADS Success Criteria 

-Full ADS (IRWST) » requires 3/4 ADS stage 4 

-AP600 PRA used 2/4 ADS stage 4 

-Later PRA T&H analysis showed that AP600 needed 3/4 

-AP1000 ADS 4 capacity has been increased by more than power 

-Partial ADS (RNS) » requires 2 of 4 ADS stage 2 or 3 

-AP600 PRA used 1/4 stage 2 or 3 

-ADS stages 1, 2, 3 capacities not increased for AP1 000 

-Requires PRHR HX for MLOCAs with only Accum 

-Provides operators more time (> 20 min) to take action 

-Requires 2/4 Cant Recirc if Cant Isol fails 

-1/4 Cont Recirc if Cont Isol works 
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Thermal Hydraulic Analysis 

• Thermal Hydraulic Analysis Has Been Performed to 

Determine the AP1000 Success Criteria 

-Use OCD analysis when applicable 

-Otherwise 

-Use special PRA analysis 

-Use other calculations 

-Use evaluations 

• Thermal Hydraulic Uncertainty Has Been Performed 

-Uses DCD analysis methods to bound T&H uncertainty for low margin / 

risk important accident scenarios 

-Same approach as AP600 

eBNFl Slide 115 • Westinghouse 



••••••••••••••••••••••••••••••••••••••••••• 

PRA T&H Analysis 

• Events That Utilize PRA Specific Analysis 

-ATWS > LOFTRAN analysis 

-LTC> OCD analysis, AP600 lessons learned, AP1000 hand� 

calculation (margin)� 

-Spurious ADS (large LOCA) > insights from operating plants (HL vs 

CL LOCAs), hand calculation (margin) 

-LOCAs (other than LLOCAs) and Feed-Bleed Cooling> MAAP 

analysis 
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PRA T&H Analysis 

• LOCA and Feed-Bleed Cooling Analysis 

-Considers many different factors 

-Initiating event, LOCA or Feed-Bleed Cooling after non-LOCA 

-LOCA size and location 

-Available mitigating equipment including CMT, Accum, RNS, PRHR HX, 

ADS, IRWST, Cont Recirc 

-Made use of lessons learned from AP600 

-Test results, DCD analysis, PRA analysis (both success criteria and T&H 

uncertainty 

-Divided into four groups of analysis 

-Automatic ADS with IRWST gravity injection or RNS injection 

-Manual ADS with IRWST gravity injection or RNS injection 
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Auto ADS with IRWST Gravity Injection 

• Limiting Equipment Assumed 
-Same as AP600� 

-One CMT, no Accum, 1 valve path in one IRWST injection line� 

-3/4 ADS stage 4 , no ADS stage 1/2/3, no PRHR HX� 

-For LOCAs < 2" some ADS 1/2/3 or PRHR HX required to reduce RCS 

pressure to below ADS 4 pressure interlock 

-Containment isolation fails 7l~~ /1C/C(-j! k"/1' "7'/1/' ,,</-j' !/'~~/'i/<;r/!//'~f  

/ "~,,  / 

• MAAP Analysis Was Performed 

-Break sizes 0.5" up to 8.75"� 

-Core uncovery depth and duration is less than AP600� 

-Increased capacity PXS, especially ADS 4, IRWST injection� 

-AP600 success criteria remains valid for AP1 000� 
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Auto ADS with IRWST Gravity Injection 
APlaaa Minimum Vessel Mixture Level� 

Automatic ADS, IRWST Injection/� 
1 CMT, No Accuffi, 3 Stage 4 ADS Valves� 
-- Before ADS (During CMT Injection)� 
---- After ADS (During ADS Blowdown / IRWST Injection)� 
-------. Top of Core� 
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Auto ADS with IRWST Gravity Injection 

2.0 Inch Hot Leg Break, Auto ADS, IRWST Injecti0n,,) 0'JJ 
3 stage 4 ADS, 1 CMT, No Accumu!ato_rs,\~p{~Ar 

-- AP6 0 0 f' I iJ: f\' ~ j/I~)J ~ i) 
Y---- AP1000 f' I , 

-------. Top of Core 
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Auto ADS with Injection By RNS 

• Limiting Equipment Assumed 

-Same as AP600, except a second ADS stage 2/3 required 

-One CMT, no Accum, no IRWST gravity inject line, one RNS pump 

-2/4 ADS stage 2/3, no ADS stage 1/4, no PRHR HX 

-Containment isolation fails 

• MAAP Analysis Was Performed 

-Break sizes 0.5" up to 8.75" 

-DVI not analyzed, RNS not credited as success for this LOCA 

-Core uncovery depth and duration less than with "full" ADS and 

IRWST gravity injection 

-AP600 success criteria remains valid for AP1 000 
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Auto ADS with Injection By RNS� 

AP1000 Minimum Vessel Mixture Level� 
Automatic ADS, RNS Injection� 

lCMT, No Accum, 2 Stage 3 ADS Valves� 
-- Before ADS (During CMT Injection)� 
---- After ADS (During ADS Blowdown / RNS Injection)� 
-------. Top of Core� 
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Manual ADS with IRWST Gravity Injection 
• Limiting Equipment Assumed 

-Same as AP600, except for use of PRHR HX for MLOCAs� 

-No CMT, 1 Accum, 1 valve path in one IRWST injection line� 

-3/4 ADS stage 4 , no ADS stage 1/2/3, no PRHR HX� 

-For MLOCAs 2" to 9" PRHR HX is required to give operators at least 20 min 

to open ADS 4 

-Containment isolation fails 

• MAAP Analysis Was Performed 
-Break sizes 0.5" up to 8.75" 

-Core uncovery depth and duration is similar to AP600 

-Increased capacity PXS, especially ADS 4, IRWST injection, use of PRHR 

-AP600 success criteria remains valid for AP1000 
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Manual ADS with IRWST Gravity Injection� 

AP1000 Minimum Vessel Mixture Level 
Manual ADS at 20 Min, IRWST Injection 
1 Accum, No eMT, 3 Stage 4 ADS Valves, PRHR 

------ I ni t ial Blowdown 
---- After ADS (During ADS Blowdown / IRWST Injection) 
-------- Top of Core 
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Manual ADS with IRWST Gravity Injection� 

3.5 Inch� Hot Leg Break, Manual ADS, IRWST Injection 
3 stage 4 ADS, 1 Accumulator, No CMTs 

--�AP600. wi thout PRHR 
---- AP1000. with PRHR� 
-------" Top of Core�
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Manual ADS with IRWST Gravity Injection� 

8.75� Inch Hot Leg Break, Manual ADS, IRWST Injection 
3 stage 4 ADS, 1 Accumulator, No CMTs 

------ AP600. wi thout PRHR� 
---- AP1000. wi th PRHR� 
-------. Top of Core 
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Manual ADS with Injection By RNS 

• Limiting Equipment Assumed 

-Same as AP600, except a second ADS stage 2/3 opens 

-No CMT, 1 Accum, no IRWST gravity inject line, one RNS pump 

-2/4 ADS stage ~/3,  no ADS stage 1/4, no PRHR HX 

-For MLOCAs 2" to g" PRHR HX is required to give operators at least 20 

min to open ADS 4 

-Containment isolation fails 

• MAAP Analysis Was Performed 
-Break sizes 0.5" up to 8.75"� 

-DVI not analyzed, RNS not credited as success for this LOCA� 

-No core uncovery is calculated for these events� 

-AP600 success criteria remains valid for AP1 000� 
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Manual ADS with Injection By RNS� 

APlOOO Minimum Vessel Mixture Level� 
Manual ADS at 20 Min, RNS Injection� 

1 Accuffi, No� CMT, 2 Stage 3 ADS Valves, PRHR 
------ I ni t iol Blowdown� 
---- Alter ADS (During ADS Blowdown / RNS Injection)� 
-------- Top 0 I Co r e 
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large lOCA Success Criteria 

• Large LOCA Pipe Breaks 
-Use OCD LLOCA analysis since use 2/2 Accum 

• Spurious ADS (Large HL LOCA) 
-Uses 1/2 Accum > need specific PRA justification 

-Less severe than CL large LOCAs, much lower PCT end of blowdown 
r AP600 AP1000� 

Break Location CL HL� 

Break size DECL 4 x ADS-4 valves 

PCT at end of blowdown (OP) 1000 500 

Number accumulator injecting 1 1 

Core heatup time (sec) 106 120� 

Core linear power (kw/ft) 4.100 5.707� 

PCT increase (OP) 786 1239� 

PCT without uncertainty (OP) 1786 1739� 

PCT uncertainty COP) 244 251 

peT with uncertainty (OP) 2030 1990� 
,� 
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Post ADS Long Term Cool ing� 

• For AP600 

- T&H uncertainty LTC analysis showed acceptable results 

• For AP1000 

-LTC features all improved by more than power increase 

-Power increase - 72% 

-ADS 4 capacity - 89% 

-IRWST injection - 84% 

-Containment recirc -113% 

-AP600 success criteria remains valid for AP1 000� 
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T&H Uncertainty 

• AP600 Approach 

-Bounds T&H uncertainty� 

-Selected high risk / low margin cases� 

-6 LOCAs, 3 LLOCAs, 3 LTC� 

-Analyzed with DeD codes / assumptions� 

-Conservative decay heat, line resistances, ....� 

• AP1000 Approach 

-Same as AP600 

-Because of similarity of designs and PRA results 

-Considered same T&H uncertainty cases 

-Some no longer apply because of changes in success criteria 
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SmalilOCA T&H Uncertainty 

• AP600 Small LOCA T&H Uncertainty Cases 

-First 3 cases also apply to AP1 000 

-Add PRHR to cases 1 & 2 since required by AP1 000 success criteria 

-Last 3 cases not required for AP1 000 

-Success criteria has changed> these cases would not be success 

AP600 T&H Uncertainty Cases / Equipment Availability 

Cont ADS IRWST Recirc Applicable to AP600 API000 
Isol 1/2/3 ADS 4 CMT Acc VallPath VallPath APIOOO PCT(F) PCT (F) 

Small LOCAs 

1. 3.25" HL yes 0 4 0 I 1/1 na yes 1157 719 

2. DE CMT inlet yes 0 4 0 2 III na yes none none 

3. DEDVI no 0 3 1 0 III na yes 1435 1570 

4. DEDVI no 0 2 1 1 III na no 1235 -­

5.2"HL yes o . 2 1 1 1/1 na no none -­

6.9"HL yes 0 0 2 2 III na no none -­

8 BNFl Slide 132 • Westinghouse 



••••••••••••••••••••••••••••••••••••••••••• 

T&H Uncertainty 
3.25 Inch� Hot Leg Break/Manual ADS4/No Stage 1-2-3 ADS/No CMTs 
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T&H Uncertainty 
. 

DE DVI Break/Auto ADSS4, 1/2 CMTs, 0/2 ACCs, No Stage 1-3 ADS 
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large lOCA T&H Uncertainty 

• AP600 Large LOCA T&H Uncertainty Cases 

-Performed to verify 1 / 2 Accum was success 

-AP1000 requires 2/2 Accum and 3/4 ADS 4� 

-Verified by OeD analysis� 

- T&H uncertainty analysis not required� 

AP600 T&H Uncertainty Cases I Equipment Availability 

Cont ADS IRWST Recire Applicable to AP600 APIOOO 
Isol 1!1J3 ADS 4 CMT Acc ValIPath VallPath APlOOO PCT(F) PCT (F) 

Large LOCAs 

1. DECL yes na na 1 1 na na no 2017 -­

2. Split CL yes na na 1 1 na na no 2030 -­

3. DECL no na na 1 2 na na no 1925 -­
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long Term Cooling T&H Uncertainty 

• AP600 LTC T&H Uncertainty Cases 

-3 cases with 2 windows per case 

-2" LOCAs not limiting> not needed for AP1 000 

-Other cases covered by AP1 000 DeD analysis and extra 

margin provided in ADS 4 / IRWST inject / Cant Rcirc 

AP600 T&8 Uncertainty Cases / Equipment Availability� 

Cont ADS IRWST Recirc Applicable to AP600 AP1000� 
Isol 1/2/3 ADS 4 CMT Acc VallPath VallPath AP1000 PCT (F) PCT (F)� 

Long Term Cool� 

1. 2" CL, IRWST yes 0 3 0 1 1/1 na no na -­

2. 2" CL, recire yes 0 3 0 1 1/1 1/1 no na -­

3. DVI, IRWST yes 0 3 0 1 2/1 na no na -­

4. DVI, reeire yes 0 3 0 1 2/1 1/1 no na -­

5. DVI, IRWST no 0 4 1 1 2/1 na no na -­

6. DVI, recirc no 0 4 1 1 2/1 2/1 no na -­
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APl 000 Success Criteria / T&H Analysis 

• Success Criteria. Made More Robust� 

-Minimizes T&H issues / uncertainty� 

• Success Criteria Verified 

-oeD analysis, specific PRA analysis or other calculations� 

-Specific PRA Analysis Performed� 

-Used insights / lessons learned from AP600� 

-Analysis shows similar / less severe results than AP600� 

• T&H Uncertainty Bounded 

-oeD analysis methods used to bound T&H uncertainty for low margin / 

risk important accident scenarios 

-Fewer cases analyzed because of more conservative success criteria 
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July 23, 1998 

The Honorable Shirley Ann Jackson 
Chairman 
u.s. Nuclear Regulatory Commission 
Washington, D.C. 20555-0001 

Dear Chairman Jackson: 

SUBJECT:� REPORT ON THE SAFETY ASPECTS OF THE WESTINGHOUSE ELECTRIC 
COMPANY APPLICATION FOR CERTIFICATION OF THE AP600 PASSIVE 
PLANT DESIGN 

During the 454th meeting of the Advisory Committee on Reactor Safeguards, July 8-10, 1998, 
we completed our safety review of the Westinghouse Electric Company application for 
certification of its AP600 passive plant design. This report is intended to fulfill the 
requirement of 10 CFR 52.53 that ·the ACRS shall report on those portions of the application 
which concern safety.· During our review, we had the benefit of discussions with representativef 
of Westinghouse and its consultants, and the NRC staff. We also had the benefit of the 
documents referenced. 

AP600 Application 

On June 26, 1992, Westinghouse tendered its application to the NRC for certification of the 
AP600 design. This application was submitted in accordance with Subpart B, ·Standard Design 
Certifications,' of 10 CFR Part 52, ·Early Site Permits; Standard Design Certifications; and 
Combined Licenses for Nuclear Power Plants,' and Appendix 0, ·Standardization of Design: 
Staff Review of Standard Designs.· The application was docketed on December 31, 1992, and 
assigned Docket Number 52-003. 

The application consists of the AP600 Standard Safety Analysis Report (SSAR) , the Tier 1 
Material, and the probabilistic risk assessment (PRA). On June 26, 1992, Westinghouse 
submitted the SSAR and the PRA. In December 1992, Westinghouse submitted the Tier 1 
Material, which contains inspections, tests, analyses, and acceptance criteria (ITAAC) and Tier 
1 design descriptions. Design certification is sought for the power generation complex, 
excluding those elements and features considered site-specific. All safety-related structures, 
systems, and components (SSCs) are located on the nuclear island and are to be included in 
the design certification. 

Three aspects of the plant design (i.e., instrumentation and control (I&C) systems, human 
factors engineering, and some piping) will be completed by the combined license (COL) 
applicant using the design processes described in the SSAR and ITAAC. 

The staff issued a Draft Safety Evaluation Report (DSER) on November 30, 1994, a 
supplement to the DSER in April 1996, and an Advance Final Safety Evaluation Report on May 
2, 1998. Our activities related to the review of the AP600 design are listed in the Attachment. 
As a result of our review, we issued three interim letters identifying several issues. The 
resolution proposed by Westinghouse to these issues is acceptable, pending staff review and 
approval. 

AP600 Design Description 
., 

The AP600 plant is designed for use at either single-unit or multiple-unit sites. The scope of 
design is complete except for site-specific elements. The AP600 design has a nuclear steam 
supply system rating of 1933 MWt, with an electrical output of at least 600 MWe. The plant has 
a design objective of 60 years without a planned replacement of the reactor vessel. The design 
does provide, however, for the replacement of other major components, including the steam 
generators. 

The primary objective of the AP600 design is to meet safety requirements and goals defined for 
advanced light-water reactors with passive safety features as specified in the Electric Power 
Research Institute Utility Requirements Document. An additional objective is to provide a 
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greatly simplified plant with respect to design, licensing, construction, operation, inspection, 
maintenance. 

The plant arrangement consists of five principal structures; the nuclear island, the turbine 
building, the annex building, the diesel generator building, and the radwaste building. 

The nuclear island, which includes all safety-related or seismic Category I structures, is 
designed to withstand the effects of natural phenomena and postulated events. It consists of a 
containment building, a concrete shield building, and an auxiliary building, which are described 
below. 

The containment building consists of a free-standing steel containment vessel which has 
a design pressure of 45 psig and associated internal structures. The vessel performs 
the function of containing the release of radioactivity to the atmosphere following 
postulated design-basis accidents. The vessel is also part of the passive containment 
cooling system. 

The shield building comprises the structure and annulus area that surrounds the 
containment building. In the event of an accident, the passive containment cooling 
system releases water that runs down the outside of the containment vessel to enhance 
heat removal. 

The auxiliary building is designed to provide protection and separation for the seismic 
Category I mechanical and electrical equipment located outside the containment 
building. The building also provides protection for safety-related equipment against the 
consequences of internal or external events. The main control room, Class IE I&C 
systems, Class IE electrical systems, and reactor fuel handling area are contained in 
the auxiliary building. 

The turbine building houses the main turbine generator and associated fluid and electrical 
systems. The annex building includes the health physics area, the technical support center, 
access control, and personnel facilities. The diesel generator building houses two diesel 
generators and their associated support systems. The radwaste building contains facilities for 
the handling, processing, and storing of radioactive wastes. 

The overall plant arrangement utilizes building configurations and structural designs to m1n1mizr­
the building volumes and quantities of bulk materials (concrete, structural steel, rebarl 
consistent with safety, operational, maintenance, and structural needs. The plant arrangement 
provides separation between safety and nonsafety equipment and systems to preclude adverse 
interactions among them. Separation between redundant safety equipment and systems 
provides confidence that the safety functions can be performed. In general, this separation is 
provided by concrete walls. 

The ITAAC program is intended to ensure that the plant, when built, conforms to the design 
parameters and assumptions that existed at the time of design certification. For example, the 
efficacy of the passive emergency core cooling system depends on the flow resistances of 
piping segments, relief valves, and other components. The flow resistances will be measured 
in the as-built plant to ensure that they conform with the values derived and validated by the 
test and analysis program. 

Safety Enhancement Features 

The AP600 design contains many features that are not found in current operating plants. For 
example, a variety of engineering and operational improvements provide additional safety 
margins and comply with the Commission's Severe Accident, Safety Goal, and Standardization 
Policy Statements. Unique features of the AP600 design include an improved reactor core 
design, a large reactor vessel, a large pressurizer, an in-containment refueling water storage 
tank (IRWSTl, an automatic depressurization system, a digital microprocessor-based I&C 
system, hermetically sealed canned rotor coolant pumps mounted to the steam generator, and 
increased battery capacity. 

The AP600 design represents a significant departure from previous commercial nuclear reactor 
technology in that it places more dependence on passive systems for accident resp'onse. 
Passive systems depend on gravity, condensation, and small pressure differences to prevent or 
mitigate damage to the core and to ensure containment of radioactive fission products in the 
event of accidents. Active systems, on the other hand, employ flow loops and pumps that 
require electrical or other sources of motive power. The performance of active systems is, in 
general, better known because of existing test data and extensive operating experience. 
Passive systems, although not tested under full-scale conditions, are more likely to ensure 
safety functions, especially under conditions where external or emergency motive power could 
be compromised. 

The AP600 I&C systems are significantly different from those in current operating plants. The 
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primary differences result from using software-based digital systems with multiplexed and fiber� 
optics data links in place of the analog systems. Thr use of digital systems with multiplex and� 
fiber optics data links reduces the amount of cabling in the plant, thereby reducing configuratic� 
complexity and fire hazards.� 

The AP600 design does not require Class IE electrical power except that provided by the Class� 
IE dc batteries and their inverters. This feature significantly reduces the complexity of the p]� 
electrical systems and the reliance on safety-grade diesel generators.� 

The AP600 plant includes an innovative security plan which features the use of defensive� 
capabilities at various vital area access points. This feature results in elimination of the� 
protective area boundary and associated security attributes used at current operating nuclear� 
power plants.� 

AP600 Test and Analysis Program� 

Westinghouse conducted an extensive test and analysis program, utilizing separate-effects and� 
integral-system facilities both to investigate the behavior of the AP600 passive safety systems� 
and to develop a database for validation of the computer codes used to perform accident and� 
transient analyses. Key aspects of the test and analysis program include:� 

Core Makeup Tank (CMT) Test Program to characterize the CMT over an extended 
range of thermal-hydraulic conditions. 

Automatic Depressurization System (ADS) Test Program, both to characterize the 
steam flow through the IRWST sparger and to test the thermal-hydraulic behavior of the 
ADS piping network. 

Passive Residual Heat Removal (PRHR) System Test Program to generate data for 
design and characterization of the AP600 PRHR heat exchanger. 

Oregon State University Advanced Plant Experiment (APEX) Test Program to obtain 
integral-systems data for code validation; emphasis was placed on low-pressure and 
long-term core cooling behavior for design-basis, small-break loss-of-coolant accidents 
(LOCAs) . 

SPES-2 High-Pressure, Full-Height Integral-Systems Test Program to obtain integral-systems 
data for code validation; the particular focus was on accident progression from 
initiation to establishment of stable IRWST injection. 

Passive Containment Cooling System Test Program to obtain integral-systems test data 
un the thermal-hydraulic performance of this system to support code validation. 

This extensive test and analysis program was necessary to validate the accident analysis codes 
applied to new, passive emergency core cooling systems for which there is not a significant 
experience base. The accident analysis codes used by Westinghouse included: 

LOFTRAN/LOFTTR2 for analyses of non-LOCA transients� 
NOTRUMP for evaluation-model analyses of small-break LOCAs� 
WCOBRA/TRAC for best-estimate analyses of large-break LOCAs� 
WCOBRA/TRAC for analyses of long-term core cooling� 
WGOTHIC for design-basis accident analyses of the containment� 

To ensure that the test and analysis program adequately addressed important phenomena with 
respect to the passive systems and that the results would scale to the prototype size, 
Westinghouse developed a phenomena identification and ranking table and performed a scaling 
analysis for both the primary coolant system and the containment. 

In addition, the NRC staff performed confirmatory experimental and analytical programs in 
support of the AP600 design certification review. These programs included the integral-systems 
testing performed at the Japan Atomic Energy Research Institute ROSA-AP600 facility, and 
follow-on testing performed at the Oregon State University APEX facility. The NRC 
staff also performed confirmatory analyses utilizing the NRC codes RELAP-S and CONTAIN. 
The results of the staff's programs significantly aided our review of the Westinghouse test 
and analysis program. 

During the extensive reviews of the Westinghouse test and analysis program, we raised 
numerous issues. These issues have been documented in our interim letters and meeting 
minutes. Based on discussions with representatives of Westinghouse and the NRC staff, all of 
our issues pertaining to the westinghouse test and analysis program have been adequately 
resolved. 

There are, however, a number of issues that arose during our review that, while not directly 
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affecting the acceptability of the AP600 test and analysis program, should be considered in the 
context. of future design certification reviews. We plan to address these issues in a future lett 
pertaining to lessons learned from the AP600 design certification review. 

Probabilistic Risk Assessment 

~The AP600 design certification application included a PRA, in accordance with regulatory� 
requirements. This PRA was done well and rigorous methods were used to quantify risk� 
metrics, including core damage frequency (CDF) and large, early release frequency (LERF).� 
Point estimates of the risk metrics are:� 

CDF = 2 X 10-7 per reactor year 
LERF = 2 X 10-8 per reactor year 

These risk metrics are low compared to those estimated for existing nuclear power plants. The 
PRA was an integral part of the design process. This contributed significantly to design 
modifications, which resulted in the low CDF and LERF. 

The PRA addressed passive safety systems and software-based digital I&C systems. 
Qualitative analyses and extensive sensitivity studies were used to compensate for incomplete 
modeling of these important features of the plant. In addition, the concept of the "focused" PRJ 
was introduced to reduce uncertainties in the estimated performance of passive systems. The 
objective of the "focused" PRA was to determine whether the goals for CDF and LERF could be 
met without the support of the nonsafety-related systems. The regulatory treatment of 
nonsafety systems (RTNSS) process was used to impose special requirements on some 
nonsafety systems to ensure, with high confidence, that they would be available when needed. 
For example, Westinghouse used the RTNSS process to impose administrative controls on the 
availability of the engineered safety feature actuation function of the diverse actuation system 
order to reduce uncertainties associated with the digital system software. The RTNSS process 
is an excellent example of a good risk-informed and performance-based approach. 

We applaud the use of the "focused" PRA and the RTNSS process in developing defense-in-depth 
measures. But, we caution against establishing the practice of comparing the results of 
"focused" PRAs with Safety Goals. These Goals apply to a plant as it is designed and 
operated. Comparison of these Goals with results of analyses, restricted to include only safety 
systems, would amount to the imposition of a new goal that does not appear in the 
Commission's Safety Goal Policy Statement. 

Additional Observ~tions 

Westinghouse's approach for quantifying digital systems software in the PRA is consistent with 
the guidance in Regulatory Guide 1.152, "Criteria for Digital Computers in Safety Systems in 
Nuclear Pow~r Plants." This approach provides a method for identifying and assessing design 
strengths and weaknesses. 

The AP600 plant will use passive autocatalytic recornbiners to maintain hydrogen 
concentrations below the flammability limit within the containment following design-basis 
accidents. We agree, in principle, that these devices are improvements over hydrogen 
recornbiners used in existing plants. The COL applicant is responsible for qualifying passive 
autocatalytic recornbiners. The present regulatory requirements for qualifying mechanical 
equipment are insufficient to ensure continued passive autocatalytic recornbiner operation for 
the expected duty cycle. 

The AP600 reactor containment is a steel shell. It has been designed to meet Service Level C 
of the ASME Boiler and Pressure Vessel Code. The containment meets all regulatory 
requirements. Testing has shown that steel shell containments are susceptible to catastrophic 
failure when overpressurized. For the AP600 design, however, under the peak pressure 
calculated in the Level 2 PRA for severe accident conditions. the probability of failure of the 
containment is estimated to be approximately 0.01. Deformation of the pressurized 
containment vessel and its interaction with the shield building could also induce leakage and 
further reduce the likelihood of failure. In any event, we have not been able to identify 
significant risks associated with possible catastrophic failure modes of the AP690 containment. 

vlWestinghOuse has concluded that external reactor vessel cooling will prevent core debris from 
penetrating the reactor vessel. This conclusion is based on a scenario for degradation of the 
core that avoids consideration of direct contact by metallic core debris with the reactor vessel. 
The NRC staff has concluded that reactor vessel failure is not precluded and has required that 
Westinghouse consider ex-vessel core debris interactions. Westinghouse performed these 
evaluations and found that the AP600 containment performs satisfactorily under these severe 
conditions. 

ACRS Conclusion Concerning AP600 Design 
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Based on our review of those portions of the AP600 application which concern safety, we 
believe that acceptable bases and requirements have been established to ensure that the 
AP600 design can be used to engineer and construct plants that with reasonable assurance 
can be operated without undue risk to the health and safety of the public. 

Dr. Thomas S. Kress did not participate in the Committee's deliberation regarding external 
reactor vessel cooling. 

Dr. Dana A. Powers did not participate in the Committee's deliberation regarding the AP600 
source term or the results of Sandia National Laboratories tests on containment structural 
integrity and on environmental qualification of passive autocatalytic recombiners. 

Dr. George Apostolakis did not participate in the Committee's deliberation regarding the AP600 
passive system reliability assessment or the analyses performed by the Idaho Engineering and 
Environmental Laboratory concerning the use of the WCOBRA/TRAC code and external reactor 
vessel cooling. 

Sincerely, 

lsi 

R. L. Seale 
Chairman 
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Attachment: Chronology of the ACRS Review of the Westinghouse Application for the AP600� 
Passive Plant Design Certification� 

ATTACHMENT 

CHRONOLOGY OF THE ACRS REVIEW OF THE WESTINGHOUSE APPLICATION� 
FOR THE� 

AP600 PASSIVE PLANT DESIGN CERTIFICATION� 

The extensive ACRS review of the AP600 design and its interactions with representatives of the� 
NRC staff and Westinghouse are discussed in the minutes of the following ACRS meetings.� 
The questions raised by ACRS members during meetings which were not formally documented� 
in ACRS reports and letters were answered during subsequent discussions.� 

ACRS� MEETING/DATES SUBJECT 

Thermal Hydraulic Phenomena Proposed Commission Paper on Need for Full­�
12/17/91 Height, Full-Pressure Integral System Testing� 

of AP600 Design� 

Thermal Hydraulic Phenomena Integral System Testing Requirements for AP600� 
3/3/92 Design� 

Thermal Hydraulic Phenomena Integral System Testing Requirements for AP600� 
6/23-24/92 Design� 

Thermal Hydraulic Phenomena Office of Nuclear Regulatory Research (RES)� 
3/4-5/93 RELAP5/MOD3 Code� 

Thermal Hydraulic Phenomena Westinghouse Test and Analysis Program (TAP)� 
7/22-23/93� 

Thermal Hydraulic Phenomena TAP - Oregon State University APEX Test Facility� 
9/21/93� 

Thermal Hydraulic Phenomena RES - ROSA-V (ROSA-AP600) Confirmatory Test� 
10/2B/93 Program� 

Thermal Hydraulic Phenomena RES - RELAP5/MOD3 Code� 
1/4-5/94� 

Thermal Hydraulic Phenomena TAP - Core Makeup Tank Test Facility,� 
3/15-16/94 Passive Containment Cooling System� 

Thermal Hydraulic Phenomena TAP - WCOBRA/TRAC Code� 
5/1B-19/94� 

Thermal Hydraulic Phenomena RES - Confirmatory Test Programs� 
8/25-26/94� 

W Standard Plants Designs overview and General Description of the AP600 Plant� 
1/11/95 Design� 

Thermal Hydraulic Phenomena TAP - WCOBRA/TRAC Code� 
2/15-16/95� 

Thermal Hydraulic Phenomena RES - Phenomena Identification and Ranking� 
3/27-2B/95 Table (PIRT) for RELAP5 Code� 

Thermal Hydraulic Phenomena TAP - Passiv~ Containment Cooling System� 
3/29-30/95� 
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W Standard Plant Designs 
5/31/95 

Thermal Hydraulic Phenomena 
7/26-27/95 

Thermal Hydraulic Phenomena 
1/18-19/96 

Thermal Hydraulic Phenomena 
2/22-23/96 

Thermal Hydraulic Phenomena 
5/9-10/96 

Severe Accidents 
6/5/96 

W Standard Plant Designs 
7/19/96 

433rd ACRS Meeting 
8/8/96 

W Standard Plant Designs 
12/4/96 

Thermal Hydraulic Phenomena 
12/18-19/96 

Thermal Hydraulic Phenomena 
2/12-14/97 

Thermal Hydraulic Phenomena 
2/19/97 

Thermal Hydraulic Phenomena 
3/28/97 

442nd ACRS Meeting 
6/13/97 

Thermal Hydraulic Phenomena 
7/29-30/97 

Thermal Hydraulic Phenomena 
9/29-30/97 

Thermal Hydraulic Phenomena 
12/9-10/97 

Thermal Hydraulic Phenomena 
12/11-12/97 

Advanced Reactor Designs 
2/3-4/98 

448th ACRS Meeting 
2/5/98 

7 ofB 

Commission Paper on ~tatus of Ten Key 
Technical and Policy Issues 

Qualification Document for the WCOBRA/TRAC Code 

Qualification Document for the WCOBRA/TRAC Code 

RES Program for Demonstrating Adequacy of the 
RELAP5/MOD3 Code to Assess Behavior of AP600 
Design 

TAP - Overview 

Probabilistic Risk Assessment of Severe 
Accidents 

SECY-96-l28, "Policy and Key Technical Issues 
Pertaining to the AP600 Design" 

SECY-96-128, "Policy and Key Technical Issues 
Pertaining to the AP600 Design" 
ACRS Report Issued 8/15/96 

Chap. 4: Reactor 
Chap. 5: Reactor Coolant System and Connected 

Systems 
Chap. 9: Auxiliary Systems 
Chap. 11: Radioactive Waste Management 

TAP - Scaling and PIRT Closure Report 

RES Program for Demonstrating Adequacy of the 
RELAPS/MOD3 Code to Assess Behavior of AP600 
Design 

RES - ROSA-AP600 Confirmatory Test Program 

TAP - Long-Term Cooling with WCOBRA/TRAC 
Code 

AP600 Containment Spray System 
ACRS Report issued 6/17/97 

TAP - NOTRUMP Small-Break LOCA Code 

TAP - Passive Containment Cooling System 

TAP - PIRT; Scaling of Reactor Coolant System; 
NOTRUMP Code 

TAP - WGOTHIC Containment System Code 

Chap. 7: Instrumentation and Controls 
Chap. 8: Electrical Power 
Chap. 13: Conduct of Operations 
Chap. 18: Human Factors Engineering 

TAP 
Chap. 1: Introduction and General Discussion 
Chap. 4: Reactor 
Chap. 5: Reactor Coolant System and Connected 

Systems 
Chap. 7: Instrumentation and Controls 
Chap. 8: Electrical Power 
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Advanced Reactor Designs 
3/30 - 4/1/98 

451st ACRS Meeting 
4/2/98 

Thermal Hydraulic Phenomena 
5/11-12/98 

Advanced Reactor Designs 
5/13-15/98 

453rd ACRS Meeting 
613/96 

Thermal Hydraulic Phenomena 
6/11-12/98 

Advanced Reactor Designs 
6/17-18/98 

Advanced Reactor Designs 
7/7/98 

Chap. 11: Radioactive Waste Management 
Chap. 13: Conduct of Operations 
Chap. 18: Human Factors Engineering 
Interim ACRS letter issued 2/19/98 

Chap. 2: Site Characteristics 
Chap. 9: Auxiliary Systems 
Chap. 10: Steam and Power Conversion 
Chap. 12: Radiation Protection 
Chap. 13: Conduct of Operations (Security) 
Chap. 15: Accident Analyses 

TAP 
Chap. 2: Site Characteristics 
Chap. 9: Auxiliary Systems 
Chap. 10: Steam and Power Conversion 
Chap. 12: Radiation Protection 
Chap. 13: Conduct of Operations (Security) 
Chap. 15: Accident Analyses 
Interim ACRS Letter 2 Issued April 9, 1998 

TAP - Primary Coolant System 

Chap. 1: Introduction and General Discussion 
Chap. 6: Engineered Safety Features 
Chap. 14: Initial Test Program 
Chap. 16: Technical Specifications 
Chap. 17: Quality Assurance 
Levels 2 and 3 PRA 
Regulatory Treatment of Nonsafety Systems 

TAP 
Chap. 3: Design of Structures, Components, 

Equipment, and Systems 
Chap. 6: Engineered Safety Features 
Chap. 9: Appendix A - Fire Protection Analysis 
Chap. 14: Initial Test Program 
Chap. 16: Technical Specifications 
Chap. 17: Quality Assurance 
PRA 
Interim ACRS Letter 3 Issued June 15, 1998 

TAP - Passive Containment Cooling System 

ITAAC; Level 1 pRA; Adverse Interaction 
Evaluation Report; and Containment Spray System 

TAP and Responses to ACRS Questions 
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The Nuclear Regulatory Commission (NRC) staff identified the following issues as needing 
further review during the design certi'fication phase in the March 25, 2002, AP1 000 pre­
application review assessment (these issues are documented on page 2 of this assessment). 
Some of these issues were also raised in the NRC staff RAls as discussed below. Original 
wording from pre-application review assessment is in bold. 

(1) Westinghouse has not demonstrated that the eXisting AP600 integral tests provide 
data over the range of conditions necessary to validate entrainment models in the 
NOTRUMP and WCOBRAITRAC codes that they intend to use. In particular, the 
NOTRUMP code lacks acceptable models for liquid entrainment in the upper plenum or 
from a horizontal stratified water level in the hot legs during the ADS-4 actuation. 

NRC Staff position: Westinghouse should provide appropriate test data over the range of 
conditions necessary to validate entrainment models in NOTRUMP and WCOBRAITRAC that 
they intend to use for the AP1 000. 

The NRC staff documented its questions associated with this issue in requests for additional 
information (RAls) 440.149 through 440.173. Westinghouse provided its responses to these 
RAls via letters dated October 2, 2002 (RAls 440.149, 150, and 167), October 18, 2002 (RAls 
440.152, 153, 156, and 169), November 1, 2002 (RAls 440.151, 158, 159, 160, 164, 170, 171, 
and 172), November 15, 2002 (RAls 440.154,161,165, and 166), November 26,2002 (RAls 
440.155,157,163,168, and 173), and December 2,2002 (RAI440.162). In response to 
identification of this issue in the pre-application review, Westinghouse submitted WCAP-15833, 
"WCOBRAITRAC AP1000 ADS-4/IRWST [automatic depressurization syestem phase 4/in­
containment refueling water storage tank] Phase Modeling." In its RAI responses, 
Westinghouse proposed changes to WCAP-15833 to address issues raised by the NRC staff. 
(The NRC staff has not yet received the next revision of WCAP-15833.) The NRC staff has 
reviewed the design certification application, the RAI responses, and WCAP-15833, and has 
determined that the information submitted to date does not address the issues raised in the 
RAls with respect to upper plenum liquid entrainment. The NRC staff believes that 
Westinghouse should provide appropriate test data over the range of conditions necessary to 
validate entrainment models in NOTRUMP and WCOBRAITRAC that they intend to use to 
support the AP1 000 design certification application. (Submission of new test data is necessary 
to resolve the issues of modeling entrainment phenomena, including upper plenum 
entrainment, that occur during a small-break loss-of-coolant accident (SBLOCA).) The NRC 
staff is in the process of documenting this position in a letter to Westinghouse (the NRC staff 
will deliver a copy of this letter to the ACRS members). 

As reflected in the staff's letter dated February 28, 2003, to Westinghouse, the staff considers 
thefollowill9 RAlstobe unresolved: 440.151, 152, 154, 157, 160, 161, 162, 164, 169, 171,and 
173 (these represent potential open items in the draft safety evaluation report [DSER]). 

(2) The review of the ability of the LOFTRAN code to evaluate potential steam voids 
within the reactor system following a main steamline break (MSLB) will be deferred to 
Phase 3, since Westinghouse did not provide an MSLB analysis for the AP1000 plant 
design. 

NRC staff position: Westinghouse should demonstrate that voids are not produced in the 
reactor coolant loops following a MSLB beyond the capability of the LOFTRAN code. 



Westinghouse submitted its MSLB analysis in its design certification application dated� 
March 28, 2002 (Section 15.1.5). The NRC staff documented its questions associated with this� 
issue in RAJ 440.054. Westinghouse provided its response to RAI 440.054 on November 1,� 
2002.� 

Main steam line break analyses were performed with and without off site power present.� 
Voiding was not calculated to occur in the reactor coolant loops.� 

The NRC staff has reviewed these documents and considers this issue (and RAI 440.054) to be� 
resolved by the docketed information (see letter to Westinghouse dated February 28,2003).� 

(3) Westinghouse needs to qualify the penalty factor used with the NOTRUMP passive 
residual heat removal (PRHR) heat exchanger (HX) model. Existing PRHR HX test data 
show the boiling heat transfer correlation used in NOTRUMP to be non-conservative at 
high heat fluxes. The difference between the correlation predictions and test data 
becomes significant for the PRHRHX heat fluxes predicted for the AP1000, which are 
larger than those predicted for the AP600 standard plant design. 

NRC staff position: Westinghouse needs to justify PRHR HX for high heat flows. 

The staff's RAI assoicated with this issue is RAI 440.054. Westinghouse responded to this RAI 
on November 1,2002. Westinghouse reduces the PRHR HX heat transfer area by 50% in all 
NOTRUMP calculations for AP1 000. A calculation was performed showing that the 50% 
reduction produced conservative results in comparison to test data. 

The NRC staff has reviewed these documents and considers this issue (and RAI 440.054) to be 
resolved by the docketed information (see letter to Westinghouse dated February 28,2003). 

(4) Westinghouse did not justify that the increased flow area of the ADS-4 would support 
the liquid expulsion to avoid boron precipitation in the vessel during long-term cooling. 

NRC staff position: Westinghouse needs to justify ADS-4liquid entrainment model under long­
term cooling conditions and to quantify the expulsion of liqUid from the vessel. 

This issue was addressed in RAI 440.091. Westinghouse provided its response on 
December 2, 2002. Qualification of the WCOBRAITRAC model is needed to calculate liquid 
entrainment for the AP1 000 ADS4 configuration. Also needed is the quantification of liquid flow 
from the vessel. 

The staff considers RAI 440.091 to be unresolved (additional information is necessary to 
resolve the issue raised in the RAI). This represents a potential open item in the DSER 

(5) Westinghouse did not justify the methodology used to calculate peak clad 
temperature (PCT) in the event that the core becomes uncovered during a small break 
LOCA. 

NRC staff position: Additional SB LOCA break sizes need to be analyzed. If core uncovery is 
predicted, the staff must review core heatup codes for AP1 000. 



This issue was addressed in RAI 440.098. Westinghouse provided its response on 
November 1,2002. Additional break sizes were analyzed. No core uncovery was calculated. 

The staff considers RAI 440.098 to be resolved. 

(6) Westinghouse did not properly scale the containment large scale test (LSn for 
transients, and the test is only valid for steady-state conditions. This limitation was 
identified during the AP600 review and also applies to the AP1000 design. However, the 
LST does support the mass and heat transfer correlations used in the WGOTHIC code 
for the AP600 and the AP1000. Westinghouse needs to perform the WGOTHIC 
containment analyses with an evaluation model and appropriate boundary conditions to 
ensure that the mass and heat transfer correlations remain valid for the AP1000 design. 

This issue was addressed in Westinghouse's design certification application dated March 28, 
2002. The WGOTHIC licensing evaluation model was developed to account for scaling related 
issues identified with the Large Scale Test (LST) facility. Conservative modeling was 
developed to address mixing and stratification, as well as the mass and heat transfer 
correlations. The AP1 000 WGOTHIC model is now consistent with the staff approved model. 

No RAls were necessary and this issue is considered resolved. 
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RA1720.038 

As discussed in RAI number 720.038, an important objective in the AP1 000 design certification 
is to identify important PRA insights and assumptions to ensure that they have been addressed 
in ITAAC and D-RAP and COL action items. The following questions concern the lack of 
documentation regarding shutdown risk significant assumptions and features of the AP1 000 
design. Given the updated common cause analyses for the HP and LP squib valves and the 
shorter operator response times, the staff needs importance and sensitivity analyses for the 
AP1000 shutdown PRA documented in the AP1 000 shutdown PRA rather than referring the 
reader to the AP600 Shutdown PRA. The sensitivity analyses should include: 

a.� The AP1 000 Shutdown CDF based on a licensee following the minimum 
compliance with Technical Specifications which includes the licensee having only 
one IRWST injection and recirculation path operable during modes 5 and 6. 

b.� The results of the focused AP1 000 shutdown PRA. 
c.� The AP1 000 Shutdown CDF assuming all human error probabilities (HEPs) are 

set to .5 which includes HEPs RCS-MANODS1 and RCSMANODS2. 

e justify in t AP10 
P rm d or e A 6 pia ow the pi nse t I of R ooli 

od with the RCS intact and in Mode 5 with the RCS is acceptable for the AP1 000 

~ lJtLfLfO·tfq 
3.� Vacuum refill of the RCS from drained conditions was mentioned; however, no risk 

assessment was done for this plant configuration. Passive RHR should be operable 
according to the AP1 000 Technical Specifications during this plant configuration since 
the RCS would be closed which should reduce risk. However, Westinghouse should 
document in the AP1 000 Shutdown PRA the additional plant risk occurring from vacuum 
refill of the RCS during drained conditions and how this risk affects the AP1 000 
shutdown PRA results. 

4.� Based on the RAI response to 720.065, the staff does not believe that the ability to close 
the containment in the AP1 000 is the same for AP600 because the time to boiling is 
reduced from 17 to 10 minutes. The staff also noted that shutdown LRF frequencies 
were reported in AP1 000 Implementation of the Regulatory Treatment of Nonsafety­
Related Systems Process (on Table 2-2). However, there is no discussion of 
shutdown LRF in the AP1 000 shutdown PRA, nor is there a discussion regarding the 
failure likelihood of closing containment given a severe accident at shutdown. The staff 
is requesting Westinghouse to document in the AP1 000 shutdown PRA : (1) the 
assessment used to estimate that likelihood that the operators could fail to close 
containment during shutdown, and (2) a corresponding discussion of the shutdown LRF 
frequencies in the AP1 000 shutdown PRA. 

5.� Westinghouse's response to RAI 720.070 is not adequate for the staff to derive 
AP1000 risk insights regarding shutdown fires, shutdown floods and seismic events at 
shutdown. 



a. As reported in RAI 720.070, the AP600 shutdown fire frequency is comparable to 
the AP600 at power fire frequency. Thus, Westinghouse is requested to 
document changes in the AP1000 shutdown fire assessment from the AP600 
shutdown fire assessment. Specifically, Westinghouse needs to identify and 
document in the AP1 000 Shutdown PRA: (1) any differences in equipment 
locations in the various fire areas and zones with respect to the AP600 design 
and (2) the qualitative or quantitative impacts (if necessary) of such differences 
on shutdown risk results and shutdown risk insights. 

b. The staff did not find any AP1 000 PRA based insights regarding how transient 
combustibles will be controlled at shutdown to maintain the assumed shutdown 
ignition frequencies. Westinghouse needs to document in the AP1 000 shutdown 
PRA how transient combustibles at shutdown will be controlled. 

c. Considering the updated common cause analysis for the HP and LP squib valves 
and the revised shutdown initiating event frequencies based on an 18 month 
refueling cycle, Westinghouse is requested to provide the dominant AP1 000 
shutdown fire scenarios in the AP1 000 shutdown PRA. 

d. Westinghouse is requested to document in the AP1 000 Shutdown PRA any 
changes from the AP600 s~lutdown internal floods assessment that could impact 
AP1000 shutdown risk insights. 

e. Westinghouse is also requested to document in the AP1 000 Shutdown PRA the 
dominant AP1 000 shutdown flooding scenarios. 



DISCUSSION TOPICS RELATED TO RESPONSES TO RAI's TO BE DISCUSSED AT THE 
2126/2003 MEETING BETWEEN NRC AND WESTINGHOUSE 

RA1720.027 

The staff had requested additional information about several differences in initiating event 
category frequencies used in the AP600 and the AP1 000 probabilistic risk assessments 
(PRAs). These differences are related to (a) various loss of coolant accident (LOCA) 
categories, (b) steam generator tube rupture (SGTR) accidents, and (c) passive residual heat 
removal (PRHR) tube rupture accidents. Westinghouse's response need further clarification in 
the following areas: 

1.� For LOCA categories, Westinghouse states that in the AP1 000 PRA "operating 
experience" data reported in NUREG/CR-5750 for pipe breaks as opposed to data from 
a pipe break analysis used in the AP600 PRA were used. However, the NUREG/CR­
5750 data rely on expert opinion and include significant uncertainty. In addition, since 
NUREG/CR-5750 was published additional information (e.g., Davis Besse finding) is 
available. The impact of this uncertainty on results and conclusions, especially in 
combination with other outstanding issues (e.g., late containment failure modeling and 
common cause failure probabilities of squib valves), needs to be investigated. In 
particular, the combined effect of such uncertainties on the process used to identify "low 
margin risk significant" sequences for bounding thermal-hydraulic (T-H) uncertainty and 
on the regulatory treatment of non-safety systems (RTNSS) process should be 
investigated. Westinghouse's response to this RAI refers to other RAI responses which 
do not really include a response to the staff's question (e.g., about the combined impact 
of this uncertainties on the RTNSS process). 

2.� It is stated that the frequency of SGTR events assumed in the AP1 000 PRA is based on 
a more recent calculation that was performed in conjunction with a replacement steam 
generator project which is proprietary to Westinghouse. The staff would be interested in 
reviewing this information. 

RA1720.028 

The staff requested additional information about the impact of two potentially significant 
differences between the AP600 and the AP1 000 PRAs in the categorization of LOCA initiating 
events on the approach used to identify "low margin risk significant sequences" and address T­
H uncertainty. One difference involves combining two AP600 PRA LOCA categories (Le, the 
medium LOCA and the intermedium LOCA) into one AP1 000 PRA category (labeled medium 
LOCA). The other difference involve$ the splitting of the AP600 PRA large LOCA category into 
two categories, the large LOCA category (pipe breaks) and the spurious opening of the 
automatic depressurization system (ADS) valves category (SPADS). 

Westinghouse'S response covers the major part of the question. However, the staff would like 
to get further clarification on the following points: 
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1.� The SPADS category includes a sequence with one accumulator available and only 
three ADS valves opening (sequence 8 in expanded event tree) which is assumed to be 
a success (Le., no core damage). This frequency of this sequence was estimated to be 
1.07E-9 (could be significantly higher if uncertainty associated with the CCF probability 
of squib valves is considered) which does not appear to be bounded. Please clarify. 

2.� In the RAI response it is stated: "NLOCA required one ADS stage 2/3 valve to open to 
allow RNS injection and MLOCA did not require any of these valves. In the AP1 000, the 
more restrictive NLOCA success criteria was applied to all breaks in the MLOCA 
range..." However, in the expanded MLOCA event tree for AP1 000 sequences with no 
ADS 2/3 success are shown as Ok (e.g., sequences 2 and 4). 

RA1720.029 

The staff requested clarification about the basis for time windows available for several operator 
actions associated with specific LOCA sequences. Westinghouse's response needs further 
clarification regarding the following items: 

1.� Table provided in the response does not appear to provide adequate information for the 
reader to understand what human actions are involved and what assumptions are made 
in calculating the human error probabilities involved. First column, labeled "Event" 
reports the initiating event category, the second column, labeled "Time Window" does 
not discuss time windows. 

2.� Discuss whether the T-H analyses used as the basis for calculating the time windows 
used in the HRA include T-H uncertainties. 

3.� The time window for event RHN-MAN01 was revised in Table 6-3 to 10 minutes. 
However, it appears that the HEP calculated in Chapter 30 of the PRA is based on a 
time window of 20 minutes. 

4.� It is stated in Table 6-3 that the time window for human action CMN-MAN01 is 
consistent with associated recognition action but it is not stated what the time window is. 
Also, in Chapter 30 where the HEP is calculated, event CIT-MANOS is listed instead of 
event CMN-MAN01. 

5.� In the revised Section 6.3.2.5 under "Medium LOCA," successful PRHR is required for 
successful operator action. However, PRHR does not appear at all in the MLOCA and 
CMT line break event trees or in the tables where the steps for calculating HEP are 
reported. 

RA1720.030 

The AP1 000 PRA event trees include a top event for containment cooling (event CHR). It is 
stated that "For success paths that result in steam release to the containment, the success of 
containment cooling (peS or RNS) is modeled. If containment cooling is successful, then the 
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path ends in an OK state. If PCS water cooling is not successful, then the path goes to a 
special OK end state to allow containment integrity sensitivity studies to be made." This 
"special OK" end state is labeled "late containment failure (LCF)" end state on page 4-141 and 
defined as an end state '~ .. where the containment heat removal by either passive containment 
cooling system (PCS) or component cooling water (CCS) heat exchangers via normal residual 
heat removal (RHR) fails. " 

The staff requested clarification about the meaning of the "special Ok" status. Westinghouse 
responded that a sensitivity study shows that even if the LCF state is considered to be a core 
damage, the plant CDF would increase by only 29%. The staff needs further clarification about 
the following: 

1.� The major contributors to the 29% CDF increase and how this impacts the LRF. 

2.� The impact of this assumption on the focused PRA where no credit is taken for the non­
safety related systems and the RTNSS process. 

RA1720.033 

The staff requested clarification on several statements and common cause failure (CCF) 
probabilities related to explosive (squib) and check valves, included in Chapter 12 on Passive 
Core Cooling/In-Containment Refueling Water Storage Tank and in Chapter 29 on Common 
Cause Failure Analysis. Westinghouse's response states that the same group of valves are 
available following a safety injection (SI) line break as when there is no SI line break. The staff 
does not agree with this assumption because when an injection line fails the valves in that line 
are obsolete. In addition, the calculation of the common cause failure probabilities for two and 
three-out-of-six valves needs clarification (e.g., number of valves in injection vs. recirculation 
lines required to mitigate an SI break accident). 

RA1720.035 

The staff requested Westinghouse to explain the process that will be used to verify that a PMS 
designed with the "Common Q" option will have equivalent or better reliability than the system 
modeled in the PRA and how the introduction of the "Common Q" option will affect important 
PRA-based insights about the PMS. Westinghouse responded that "the PRA results are not 
sensitive to small changes in PMS failure probabilities" and "The general architecture of the 
Common Q PMS is similar to that modeled in the AP1 000 PRA and includes the features listed 
above." The staff needs further clarification, including a direct comparison of the design 
features found to be important in the PRA between the "Common Q" option and the PMS 
modeled in the PRA. In addition, a direct comparison of the "design certification requirements" 
for the two cases can help clarify the issue. Based on the results of these comparisons, the 
identification of new "design certification requirements" to ensure PMS reliability may be 
required. The same comments apply also for DAS and PLS designed with the "commercial off­
the-shelf hardware and software current at the time of construction" option. 
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RA1720.037� 

The staff requested the use a systematic approach to identify "risk significant low margin" 
sequences for detailed T-H uncertainty assessment. Westinghouse provided such an 
approach. However, there are some points that need further clarification. Examples are: 

1.� Impact of open issues on the frequency of analyzed sequences. 

2.� Scope of expanded event trees. It appears that there are some gaps in the rational 
used to limit the event trees that were expanded. The staff needs more details about 
the reasons for limiting the number of the event trees that were expanded and analyzed. 

3.� Discussion of investigation performed to ensure that there are no adverse system 
interactions between passive and active systems. 

4.� Explanation of LLOCA sequences 7 to 10. On what basis are these sequences found to 
be successful even when T-H uncertainties are included? Why sequence 6 (2 CMTs 
and one Acc available) leads to core damage but sequences 7 to 10 (1 CMT and two 
accumulators available) are ok? 

5.� Sequence 21 of LLOCA classified as UC8 but was not analyzed because the calculated 
frequency is less than 1E-9/year. However, if a more conservative frequency for large 
breaks and a more conservative probability for the failure to isolate the containment are 
considered, the frequency of this sequence will be higher than the cutoff frequency. 

6.� Discussion of impact of timing of operator actions on T-H analysis (e.g.• for sequences 
requiring manual ADS actuation). 

7.� Discuss the basis for assuming that the SI-LB sequences 18 to 21, involving failure to 
isolate the containment and availability of only one CMT and one Acc, are Ok. Similarly 
for sequence 23 (one CMT and no Acc. available) and sequence 28 (no CMT and only 
one Ace. available). 

8.� If credit is taken in the T-H analysis for the PRHR, this system needs to be included in 
the appropriate event trees. 

9.� Discussion of the impact of T-H uncertainty on passive containment cooling success 
criteria assumed in the PRA. 

RA1720.038 

Westinghouse identified important PRA insights and assumptions and provided a list of design 
certification requirements, such as requirements for inspection, tests, analyses and acceptance 
criteria (ITAAC), the requirement for a design reliability assurance program (D-RAP) and 
combined operating license (COL) action items. However, the staff cannot close this issue until 
all other outstanding issues are closed and significant progress in preparing the final safety 
evaluation report (FSER) and the design control document (DCD) is being made. 
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RA1720.039 

The staff requested Westinghouse to provide all important steps in the process of using PRA 
results to identify systems, structures and components (SSCs) for regulatory oversight as well 
as the type and level of such oversight for non-safety-related systems. This information should 
account for uncertainties in the AP1 000 PRA so that it can be used by the staff to make similar 
conclusions, about the need for non-safety-system oversight, to those made for the AP.600 
design (e.g., as documented in the AP600 FSER Chapter 19.1.7 "PRA input to the RTNSS 
Process.)" Westinghouse did not provide this information with its response. 
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Review of W Responses to RAls Related to Level 2 and 3 PRA 
and Severe Accidents (RAls 720.041 -720.063) 

RAls 720.041 through 720.063 address concerns regarding the Level 2 and 3 PRA, portions of 
the deterministic analyses of severe accidents, and the evaluation of severe accident mitigation 
design altematives (SAMDAs) for AP1 000. Additional aspects of the deterministic analyses of 
severe accidents (e.g., fuel coolant interactions) are addressed in other 720-series RAls and 
are not addressed below. 

The additional information provided by W is generally responsive to the concerns raised in the 
RAls. However, for many of the RAls, portions of the requested information was not provided. 
Those RAls which have not been fully addressed are: 

RAls 720.042, 043, 046, 048, 050, 053, 055, 056, 058, and 060. Those aspects of the RAI 
requiring additional information from Ware summarized below. 

720.042� The RAI requested AP1 OOO-specific analyses and stated that the information 
provided "should include a comparison of event timing, fraction of core melted, 
hydrogen generation rates and quantities, mass and superheat characteristics of 
debris relocating into the lower plenum, and fission product release histories for 
representative sequences in each accident class." This has not been provided. 

720.043� The RAI noted that time windows available for operator actions in AP1 000 are 
shorter than for AP600 and requested that W provide an assessment of the 
shorter times on human error probabilities and containment performance. The 
response addressed these impacts for 1 operator action, but 3 additional actions 
have shorter times in AP1 000 and were not addressed. 

720.046� The RAI questioned the completeness of the containment isolation fault tree 
success criteria tables in Chapter 24. The response explained why some of the 
valves are not included, but certain disparities still exist. Specifically, the 
following valves appear to be modelled for "CI" but are not listed in Table 24-8: 
V058B, V074A, V075A, AOV250A. Startup feedwater penetration check valves 
256A and B are mentioned in the response, but are not shown in any of the 
containment isolation valve tables. 

720.048� The RAI requested that W provide AP1 OOO-specific assessments for each of the 
alternate debris configurations identified in INEEL's review of external reactor 
vessel cooling for AP600. W did not provide these assessments in their 
response, but appears to have performed such analyses based on information 
they presented during a 1/24/2003 meeting with ACRS. 

720.050� The RAI requested that W either: (1) establish the applicability of the ULPU 
Configuration III test results to AP1 000, or (2) develop AP1 OOO-specific test data 
based on the prototypical insulation and flow conditions for AP1 000. This was 
not addressed in the response. 

720.053� The RAI noted that events with core damage could result in higher containment 
pressures than the sequence on which the probability value for node "IF" is 



720.055 

720.056 

720.058 

720.060 

based. The response provided qualitative arguments regarding sequence 
selection. Request that W provide pressure histories for core melt sequences 
representative of those evaluated at node "IF" to confirm. 

The RAI requested a deterministic assessment of DCH pressure loads based on 
the methodology developed as part oJ DCH issue resolution. The response 
repeated the same qualitative arguments contained in PRA, Appendix B. 

The RAI noted a number of inconsistencies between the offsite consequence 
estimates for AP1 000 and AP600. AP1000-specific results have now been 
provided and the noted inconsistencies have been eliminated. However, two 
new inconsistencies are noted -- the dose for release category "CI" is identical to 
the AP600 value, and the dose for release category "CFE" is less than the 
AP600 value. The reasons need to be explained. 

The RAI requested that W provide an assessment of the impact on basemat 
melt-through times and containment pressure (for both limestone and basaltic 
concretes) assuming that oxide/metallic separation does not occur, in order to 
confirm their conclusion regarding basemat failure and the adequacy of the 
sump curb design. In their response, W indicated that the sump curb height will 
be increased, but they did not provide the requested assessment. 

The evaluation of SAMDAs was omitted from the PRAIDCO and submitted in 
response to this RAI. The evaluation does not address a number of items called 
out in the RAI and has several additional deficiencies, as summarized below: 

the cost benefit methodology appears to be based on an outdated 
guidance document (NUREG/CR-3568, 1983). The current guidance for 
regulatory analysis contained in NUREG/BR-0184 (1997) and 
NUREG/BR-0058 (2000) should be applied. 
replacement power costs were omitted. These averted onsite costs need 
to be included consistent with SECY-99-169. 
the CDF and population dose values used in the evaluation only reflect 
internal events. The contribution to CDF and population dose from 
shutdown and 'fire events should also be included. 
the RAI requested an explanation of how insights from the AP1 000­
specific PRA and supporting risk analyses for external and shutdown 
events, including importance analyses and cutset screening, were used 
to identify potential plant improvements. This was not addressed in the 
response. 
the RAI requested justification that the potential improvements identified 
through a systematic process (as suggested above) are included within 
the set of 15 SAMOAs identified in Appendix 1B of the AP1 000 OCD. 
This was not addressed in the response. 



RAls 720.82, 85, 88/89, 92, 95, 96 - need clarification (see below follow-up questions) 

RAI 720.082: 

1. Please clarify the following aspects of sequence #20 (1 ATRA-17) of the AP1 000 PRA. If the 
cutsets comprising this sequence include substantial relative contributions with different 
characteristics regarding these points, also specify approximate 'frequency contributions. 

a. Although IVR by means of lower head cooling cannot be credited for this high-pressure 
sequence, what is the status of cavity flooding from the IRWST? 

b. Are the gutter drain valves assumed to close successfully? (Le., is condensate from the 
containment directed to the containment sump or to the IRWST in this scenario?) 

RAI 720.085: 

The AP600 in-vessel steam explosion analysis that was cited in support of the AP1 000 neglects 
the possibility of initially small Fels (with little energetic potential) being a driver for larger melt 
crucible failures that would increase the melt pour rate. Please elaborate on how these events 
were considered or bounded for RPV survival in-vessel? 

RAI 720.088-089: 

1. A detailed description of the finite-difference model that has been used to perform 
calculations to support the side failure and melt relocation arguments. This should include the 
description of the model assumptions, pedigree, and their experimental basis. 

2. A demonstration of its technical position by considering a wider range of phenomenological 
uncertainties including the effects of other debris relocation alternatives, the metallic layer 
depths, and the melt pool stratification and layering, on the AP1 000 lower head integrity. In any 
reanalysis, please consider the uncertainties associated with the measured critical heat flux on 
the outside surface of the AP1 000 lower head. 

RAI 720.092: 

The Westinghouse design criteria do not address how many igniters should be placed within 
each AP1 000 compartment. The issue of igniter spacing has not been addressed for the AP600 
or AP1 000 plants. Please provide the technical basis for the numbers and the placement of 
igniters in AP1 000 containment. 

RAI 720.095: 

1.What are the mixture compositions within the AP1 000 containment for a representative 
accident with 100% active cladding reaction throughout the entire sequence, including times 
beyond the intermediate time frame? 

2.What is the probability of DDT for mixture compositions beyond the intermediate time frame 
and when the entire containment is treated as an individual room for the purposes of the global 
burn? 



RA1720.096 

Please provide a detailed sample calculation for the problem of solving the AICC pressure 
(equations shown in Section 41.9.2 (Revision 0)). It is presumed that this is the procedure used 
to produce the values in Table 41-4 and the basis for the values reported in Section 41.11. For 
example, using Equation 41-2 and the values given below the equation, it is not possible to 
obtain the same values for gas masses shown in Table 41-4. Furthermore, Equation 41-6 lists 
four gas constituents yet Table 41-4 lists five. If one uses the values provided in Section .41.9.2, 
one would get estimates of the AICC pressure that exceed the ASME service level C stress 
intensity limit of 91 psig. 




