
AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

RAI Number: 471.005 

Question: 

Section 12.2.1.1.2 of the DCD states that nitrogen-1 6 (N-1 6) is the predominant contributor to 
the activity in the reactor coolant pumps, steam generators, and the reactor coolant piping 
during operations. Table 12.2.3 shows that the N-16 activity levels in the reactor coolant during 
its transit through the primary system will be 70 to 80 percent higher than comparable N-1 6 
activity levels for the AP600. Describe how this increased N-1 6 activity will affect the dose rates 
in the vicinity of the primary coolant piping and discuss what precautions (e.g., additional 
shielding, changes in radiation zoning, limited personnel access) will be taken for the AP1 000 
design to minimize personnel exposures from this increased N-1 6 source term.  

Westinghouse Response: 

Appropriate N-1 6 levels were considered in the preparation of the radiological zone diagrams, 
AP1 000 Figure 12.3-1.  

Containment access is not normally required during power operation of the AP1 000, and access 
to the loop compartments is not anticipated. In the unusual event that containment access was 
required, this access would be accompanied by appropriate radiation surveys in order to allow 
doses to be managed. Appropriate barriers and radiation zone markings are provided to 
preclude inadvertent entry to the loop compartments at power.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

RAI Number 471.005-1
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AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information

RAI Number: 471.007

Question: 

In response to Question 471.001 for the AP600 (concerning shielding of plant radiation sources
DCD Section 12.3.2.2), you provided Table 471.1-1. This table provided data on source 
geometry, effective source density, and equipment self-shielding for dominant sources in all 
shielded areas of the plant. Verify that the data contained in this table is still valid for the 
AP1 000.  

Westinghouse Response: 

Table 471.1 -1 from AP600 RAI 471.001 is not applicable to AP1 000. The corresponding 
AP1 000 information is attached.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

RAI Number 471.007-1

* Westinghouse
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AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

Table 471.007-1 
API000 Dominant Radiation Sources By Room 

Room Dominant Radiation Identification Source Geometry Effective Source Equipment Self- DCD 
Number Source Density Shielding Source Table 

(g/cc) (Inches of steel) 

11104 Reactor Coolant Drain Tank WLS-MT-01 60" OD x 7' long 1.00 0.25 12.2-9 

11201 Cold legs 22" BBA-L001 22" ID x 20'long 0.572 1.65 12.2-3 & 11.1-2 
A&B 

11201 Hot leg 31" BBA- 31" ID x 14.6'long 0.572 2.7 12.2-3 & 11.1-2 
L00H 

11201 Steam Generator I RCS-MB-01 165" ID x 32'2" high 1.23 3.75 12.2-3 & 11.1-2 

11202 Cold legs 22" BBA-L002 22" ID x 20' long 0.572 1.65 12.2-3 & 11.1-2 
A&B 

11202 Hot leg 31" BBA- 31" ID x 14.6'long 0.572 2.7 12.2-3 & 11.1-2 
L002H 

11202 Steam Generator 2 RCS-MB-02 165" ID x 32'2" high 1.23 3.75 12.2-3 & 11.1-2 

11208 RNS valve room 10" BBB- 10.02" ID x 20' long 1.00 0.365 12.2-12 
L004A pipe 

11209 CVS mixed bed CVS-MV-01 A 4'ID x 7'high 1.00 4 12.2-7 
demineralizers & B 

11209 CVS cation bed CVS-MV-02 4'ID x 7'high 1.00 4 12.2-7 
demineralizer 

11209 CVS reactor coolant filters CVS-SO1A & 18" ID x 2.5'high 0.33 2 12.2-7 
B 

11303 Pressurizer inlet 18" BBA-L003 18" OD x 20'long 0.572 0.562 12.2-4 & 12.2-5 
pipe 

11303 Pressurizer liquid RCS-MV-20 90" OD x 13'high 0.572 4.73" 12.2-4 

11305 Refueling Water Storage PXS-MT-03 28'high x I 10'wide 1.00 0 12.2-12 
Tank 

11503 Pressurizer liquid and vapor RCS-MV-20 90" OD x 38'high 0.572 / 0.00129 4.73" 12.2-4 & 12.2-5 
phases 

12151 SFS demineralizers SFS-MV01A 48" OD x 8'high 1.00 0.25" 12.2-8 
& B 

12151 SFS filters SFS-S05A & B 12" OD x 2'high 0.33 0.25 12.2-8 
12153 Waste gas equipment WGS-MV01 12.75" OD x 9.5'high 0.56 0.365 12.2-10 

module: guard bed

RAI Number 471.007-2 
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AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

Table 471.007-1 
AP1000 Dominant Radiation Sources By Room 

Room Dominant Radiation Identification Source Geometry Effective Source Equipment Self- DCD 
Number Source Density Shielding Source Table 

(g/cc) (Inches of steel) 
12153 Waste gas equipment WGS-MV02A 20" OD x 76" 0.56 0.375 12.2-10 

module: charcoal delay bed & B (4 sections) 

12154 CVS demineralizer resin 3"-LBD- 3.07" OD x 20'long 1.00 0.216 12.2-7 
lines L174A 

12162 RNS pump A RNS-MPO1A 48" OD x 4'high 1.00 0.365 12.2-12 

12163 RNS pump B RNS-MPO0B 48" OD x 4'high 1.00 0.365 12.2-12 

12166 Waste Holdup Tank A WLS-MT-06A 12'OD x 22'high 1.00 0.25 12.2-9 

12167 Waste Holdup Tank B WLS-MT-06B 12'OD x 22'high 1.00 0.25 12.2-9 

12171 Effluent Holdup Tank A WLS-MT-05A 12'OD x 36'long 1.00 0.25 12.2-9 

12172 Effluent Holdup Tank B WLS-MT-05B 12'OD x 36' long 1.00 0.25 12.2-9 

12255 CVS Makeup Pumps A & B CVS-MP-01A 48" x 49" x 40" high 1.00 0.25 12.2-7 
& B 

12258 WLS Degasifier Column WLS-MV-01 3'OD x 36'high 1.00 0.25 12.2-9 

12264 Chemical Waste Tank WLS-MT-I 1 6'OD x 10'high 1.00 0.25 12.2-9 
12268 WLS Pumps Various 16" x 24" x 36" high 1.00 0.25 12.2-9 
12272 SFS Pump A SFS-MP-01A 20" x 31" x 20" high 1.00 0.25 Normalized to 

100 mR/hr contact 

(12.2-6) 
12273 SFS HX A SFS-ME-01A 65" x 26" x 77" high 1.00 0.25 Normalized to 

100 mR/hr contact 
(12.2-6) 

12274 SFS Pump B SFS-MP-01B 20" x 31" x 20" high 1.00 0.25 Normalized to 
100 mR/hr contact 

(12.2-6) 
12275 SFS HX B SFS-ME-01B 65" x 26" x 77" high 1.00 0.25 Normalized to 

100 mR/hr contact 
(12.2-6) 

12362 RNS Heat Exchangers A & RNS-ME-01A 60" OD x 33'long 1.00 0.25 12.2-12 
B &B 

12363 Waste Monitor Tank A WLS-MT07A 12'OD x 22 'high 1.00 0.25 12.2-9 with DF's

RAI Number 471.007-3
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AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information

Table 471.007-1 
AP1000 Dominant Radiation Sources By Room 

Room Dominant Radiation Identification Source Geometry Effective Source Equipment Self- DCD 
Number Source Density Shielding Source Table 

_(g/cc) (Inches of steel) 
12365 Waste Monitor Tank B WLS-MT07B 12'OD x 22 'high 1.00 0.25 12.2-9 with DF's 
12365 Waste Monitor Tank C WLS-MT07C 12' OD x 22 'high 1.00 0.25 12.2-9 with DF's 
12371 Spent fuel cask 3 Spent Fuel 4.22 5" lead Normalized to 

Assemblies, 8.5" x 14' 200 mR/hr contact 
long (12.2-14) 

12372 Spent Resin Pump WSS-MP-01 42" x 55" x 16" high 1.0 0.25 12.2-9 
12373 Spent Resin Storage Tanks WSS-MV-0 lA 5'OD x 20'high 1.0 0.25 12.2-11 

A&B &B 
12374 Packaged Waste - Waste 50" OD x 61.6" H: 0.7 0.125" steel plus 3" 12.2-11 (after 

container with spent ion 70 ft3  concrete walls 30 days) 
exchange resin in fill station 

12462 Spent fuel cask 3 Spent Fuel 4.22 5" lead Normalized to 
Assemblies, 8.5" x 14' 200 mR/hr contact 
long (12.2-14) 

12463 Spent Fuel Assembly 8.5" x 14'long 4.22 0 12.2-14 
12471 Spent Resin Piping 2.1" ID x various 1.0 0.15 12.2-11 
12472 New Fuel Assembly 8.5" x 14'long 4.22 0 
12563 Spent Fuel Assembly 8.5" x 14'long 4.22 0 12.2-14 
12564 Spent Fuel Assembly 8.5" x 14'long 4.22 0 12.2-14 
40358 Components being Variable Variable Variable 

decontaminated 
50350 Mobile Radwaste Systems Variable Variable Variable _ 

50351 Packaged Radwaste - Box 46" W x 72" L x 1.04 14 gauge steel 
compacted dry wastes in 47" H - 90 ft3 

steel box 
50352 Packaged Radwaste Variable Variable Variable _

RAI Number 471.007-4

*Westinghouse 11/25/2002



AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

RAI Number. 480.001 

Question: 

(DCD Section 6.2.4, "Containment Hydrogen Control System") In the redline-strikeout version of 
Section 6.2.4.2.2, "Hydrogen Recombination Subsystem," the following paragraph has been 
struck out: 

A third PAR [passive autocatalytic recombiner] is located at one of the vent 
paths from the IRWST and is utilized to limit the accumulation of hydrogen 
within the IRWST during normal and post-accident operation.  

NRC Information Notice (IN) 2002-15, "Hydrogen Combustion Events in Foreign BWR Piping," 
dated April 12, 2002 (ADAMS Accession No. ML020980466), describes two events in which 
hydrogen gas accumulated in pipes during normal plant operation and then exploded, destroying 
several feet of pipe. Although the events occurred at boiling water reactors (BWRs), the 
guidance in the IN was addressed to all operating light-water reactors. The following paragraph 
is taken from the IN: 

These events show the importance of preventing combustible gas mixtures 
from accumulating in piping. In both of the above described events, hydrogen 
and oxygen gases apparently accumulated to a combustible level which then 
catastrophically failed these piping systems. Proper venting or other 
considerations to prevent accumulation of combustible gases in piping high 
points might alleviate conditions leading to hydrogen combustion.  

Furthermore, GDC 3, "Fire Protection," states, in part: 

Structures, systems, and components important to safety shall be designed 
and located to minimize, consistent with other safety requirements, the 
probability and effect of fires and explosions.  

Finally, SRP Section 11.3, "Gaseous Waste Management Systems," provides guidance 
concerning protection of gaseous waste handling and treatment systems from the effects of an 
explosive mixture of hydrogen and oxygen. Although the IRWST is not part of a gaseous waste 
handling and treatment system ger se, there is a potential for an accumulation of hydrogen gas 
and the development of a combustible or explosive mixture.  

Considering that the PAR in the IRWST in the AP600 design was provided to limit the 
accumulation of hydrogen in the IRWST during normal operation, justify the decision to not 
include that PAR in the AP1 000 design, given the requirements of GDC-3 and the issues raised 
in IN 2002-15.  

RAI Number 480.001-1 

0 Wesfinghouse 11/19/2002



AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

Westinghouse Response: 

The instances cited in the RAI are not applicable to the AP1 000 design. The Information Notice 
refers to the potential for collecting hydrogen in local high points of closed piping systems. This 
is not applicable to the case of the IRWST, which is a large tank of water that is vented to 
containment.  

A hydrogen overpressure is maintained in the reactor coolant system during normal modes of 
operation for the purposes of excluding oxygen from the primary system. Two mechanisms for 
collecting hydrogen in the IRWST can be postulated; leakage through the ADS valves that discharge 
to spargers located in the IRWST, and leakage through the PRHR heat exchanger (HX) tubes.  

It has been postulated that hydrogen could collect in the pressurizer steam space, although 
Westinghouse is not aware that operating experience in PWR has shown this to be a significant 
issue. In the AP1 000 design, the piping systems connected to the pressurizer steam space include 
the two 14-inch lines that connect to the automatic depressurization system (ADS) valves that 
discharge to the IRWST, and the pressurizer safety valves that discharge to containment. The piping 
arrangement of the inlet of the ADS valves is designed to provide a cold water loop seal at the valve 
inlet that will prevent leakage of hydrogen past the ADS valves. In operating plants, a similar system 
and piping arrangement exists for the power operated relief valves (PORV) that discharge to the 
pressurizer relief tank. Westinghouse is not aware that hydrogen collection in the piping 
downstream of the closed PORV has been a significant issue in operating plants. The ADS valve 
arrangement is similar to operating plants, however the AP1 000 contain two closed valves in series 
(as opposed to one) which should further reduce the potential for leakage. The most likely leak path 
for hydrogen past the ADS valves is through the valve packing, which would leak into the 
containment atmosphere.  

The discharge piping of the ADS valves contain connections to route liquid leakage to the RCDT 
which is monitored as part of the leakage detection requirements. If hydrogen is postulated to leak 
past the ADS valves, it is not likely to collect in the IRWST. The ADS discharge spargers are 
located below the surface of the IRWST. The pressure at the ADS discharge spargers is greater 
than the operating pressure of the RCDT, and hydrogen that leaks past the ADS valves would be 
directed to the RCDT, where it would then be processed by the gaseous waste processing system.  
Thus, it is not likely that hydrogen will collect in the IRWST via leakage past the ADS valves. There 
is a nitrogen cover gas provided in the RCDT.  

Leakage through the PRHR heat exchanger can be postulated to provide a mechanism for 
introducing hydrogen into the IRWST. Reactor coolant that would leak into the IRWST from the 
PRHR HX would tend to be cold. Conservative estimates indicate that it would take over 50 days of 
significant continuous leakage into the IRWST from the PRHR HX to raise the hydrogen 
concentration in the IRWST air space to 3.5%, which is below the flammability limit of 4%. These 
estimates consider the following conservative assumptions: 

RAI Number 480.001-2 
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

"* leakage into the IRWST is maintained at a constant rate of 500 gallons per day at the maximum 
RCS hydrogen concentration of 40 cc/kg 

"* none of the hydrogen that enters the IRWST is dissolved in the water in the IRWST 
"* the hydrogen that leaks into the IRWST air space does not diffuse into the containment 

The overriding conservatism in this assessment is that the IRWST air space is not designed to be 
air-tight. It is not credible to postulate that hydrogen that would leak into the IRWST air space would 
not diffuse into the containment atmosphere. Even if this is postulated, it will take a very long time 
before the hydrogen can build up in the IRWST air space. The amount of Reactor Coolant leakage 
necessary to introduce sufficient hydrogen into the IRWST air space to reach the hydrogen 
flammability limit is over 25,000 gallons of water. Due to the instrumentation provided in the IRWST, 
and the arrangement of the IRWST overflows, the maximum amount of in-leakage into the IRWST 
that could go undetected by the operators is approximately 8200 gallons. If such an amount of 
leakage into the IRWST were detected, it is expected that the operators would take action to isolate 
the leakage from the PRHR HX and repair the leak. It is not credible to expect that leakage from the 
PRHR HX could cause the hydrogen to concentrate in the IRWST air space.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

RAI Number 480.001-3
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

RAi Number 480.004 

Question: 

DCD Section 6.2.1.1.3, "Design Evaluation," states that heat conduction from the wet to dry 
section is considered in the analysis, referring to Section 7 of DCD Reference 20 (the 
2-dimensional [2-D] conduction effect described in Section 7.4). While no credit for pressure 
reduction is taken for the source term evaluation, consistent with the staff's approval of 
WGOTHIC in NUREG-1 512, the inclusion of this effect prevents the staff from making a finding 
regarding compliance with GDC 38, "Containment Heat Removal." Please provide an analysis 
for the limiting LOCA case without the 2-D conduction correction to the PCS water flowrate 
(area coverage). Please provide the revised evaporation-limited PCS flow and a comparison 
plot to the PCS flowrate with the 2-D conduction effect (similar to Figure 13-93 in DCD 
Reference 20). Please provide a plot of the pressure response for at least the first 24 hours into 
the event.  

Westinghouse Response: 

The WGOTHIC code requires the user to input the water coverage fraction for the outside of the 
containment shell, and this value is held constant throughout the calculation. For the high 
flowrates expected after the PCS is first actuated, the coverage fraction is conservatively set to 
90%. At approximately 3 hours, the PCS flow is reduced by roughly one-half. In order to be 
sure that the heat removal from containment is correct, the flow rate is reduced to include only 
the water that would be evaporated given the lower expected coverage. It was shown for 
AP600 that substantial circumferential heat transfer occurs from the hotter dry areas to the wet 
areas of the shell at low flow rates. Therefore, the total heat removal was increased to account 
for this additional quantity, and the PCS flow rate was increased accordingly. This same 
methodology was used to analyze the AP1 000.  

Since the approved methodology was used to perform the LOCA pressure response transient, it 
is Westinghouse' assertion that the AP1 000 containment complies with GDC 38 since the PCS 
has been shown to rapidly reduce the containment pressure, and no other action is necessary.  

A sensitivity study was done to show the effect of 2-dimensional conduction. Figure 1 shows 
the containment pressure response for a double-ended cold leg break LOCA event with and 
without 2-D conduction. These result show that there is no effect on the peak pressure since 
this occurs when the PCS flow rate is near maximum. A small difference occurs when the PCS 
flow rate is reduced and 2-D effects become more important.  

RAI Number 480.004-1 
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AP1 000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information

DEGCL LOCA Pressure Response
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Figure 1: Effect of 2-D Conduction on AP1 000 Containment Pressure for DEGCL LOCA 

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

RAI Number: 620.008 

Question: 

DCD Rev. 1, page 3.2-5, "Acceptance Criteria." Man-in-the-loop concept test reports have been 
eliminated as an acceptance criterion. Conceptual testing and rapid prototyping are not 
included in the AP1 000 design process. For the AP600 design, man-in-the-loop concept testing 
was "an integral part of the human system interface design process" and was designated as 
Tier 2* information. The staff has no basis for accepting the elimination of the man-in-the-loop 
concept testing from the AP1 000 human factors engineering design process. Please provide a 
detailed explanation and justification for eliminating rapid prototyping and conceptual testing 
from the AP1 000 human factors engineering design process. In the explanation, please 
address questions such as, but not limited to, was concept testing completed for the AP600 
design? If so, what concept tests were completed and what were their results? Have any 
changes to the functional requirements, operator activities, cognitive demands of the operators, 
etc., occurred as a result of performing the concept tests and if changes have occurred, how 
have they affected the AP1 000 design? This comment applies to all other instances where 
reference to concept tests, conceptual design, etc. and the applicable WCAP have been 
eliminated from the AP1 000 DCD.  

Westinghouse Response: 

The plans for preliminary testing have been changed from a "Concept Test" model to an 
"Engineering Test" model, because the concept testing planned in WCAP-14396 Rev.2 is no 
longer appropriate for the AP1 000 design process. Engineering tests are preliminary tests 
performed during the design process in order to refine the design and reduce project risk prior to 
formal acceptance (i.e., validation) testing. Concept testing is no longer appropriate because the 
design concepts in question (soft controls, computer-based displays, computer-based 
procedures, wall panel information system, and computer-based alarms) have each been 
validated independently in multiple applications. Thus, the AP1 000 HSI design concepts are 
regarded as proven.  

The notions of "prototyping" and "rapid prototyping" were not formally defined for AP600. The 
informal role for such activities has not changed for AP1 000. Mockups and prototypes will be 
constructed to explore design alternatives, using these for engineering tests. Final acceptability 
of the detailed HSI design, in contrast, is tested in Human Factors Verification and Validation. Of 
the concept tests originally proposed for AP600, several on soft controls and on Wall Panel 
displays were completed. The results, which are available for review at Westinghouse, are 
summarized briefly as follows.  

RAI Number 620.008-1 
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

The AP600 soft control tests examined the effects of varying degrees of time lag on control, and 
compared two alternative HSI designs (sliders and pushbuttons). Contrary to expectation, 
skilled operators were relatively insensitive to the difference between short (2 sec.) and long (12 
sec.) lags. This suggests that the expected DCS time delays (within the shorter 2 sec. interval) 
are acceptable in terms of human performance. As to the alternative designs, both formats 
were usable for soft control, but sliders turned out to be less desirable due to the added 
demands they place on visual attention.  

Two Wall Panel Information System (WPIS) tests were performed for AP600. WPIS Test #1 
was a static test to address the situation awareness of single operators with a functionally 
organized WPIS. WPIS Test #2 was a dynamic test to address the situation awareness of 
crews by comparing alternative WPIS formats. Results from both tests demonstrated that 
operators could effectively use wall panel displays for situation monitoring and event detection, 
and that wall panel displays were well-received by operators. Test subjects judged a hybrid 
approach to WPIS (not strictly physical or functional) as most effective. Results also suggested 
that, for useful and well-organized information, high display density has more benefits than 
drawbacks (e.g., that the need to navigate among workstation displays is reduced.) Significant 
operator feedback was obtained, for example, on information that should be added to or 
removed from the WPIS display.  

No changes to functional requirements, operator activities, etc. have been identified as a result 
of these tests. However, the experience has been put to use in the detailed design of other 
ongoing projects. Furthermore, there have been ten years of progress in digital based HSI and 
control room design since the AP600 HSI review. Concepts for all of the HSI resources have 
been demonstrated in many actual nuclear plant implementations. The following table provides 
examples with which Westinghouse has been directly involved: 

Soft Wall Panel Computer- Computer- Computer
Controls Information based based based Alarm 

System Procedures Displays System 
Operating 
Beznau X X X 
Borselle X X 
EdF N4 X X X X X 
Sizewell X X 
South Texas X X 
Temelin X X X X 
Vandellos X X 

Installed 
Ringhals-2 X X X 
0KG X X X

RAI Number 620.008-2O Westinghouse
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

Soft Wall Panel Computer- Computer- Computer
Controls Information based based based Alarm 

Tested System Procedures Displays System 
Tested 
Prototype 

KNGR X X X X X 
MHI Tomari-3 X X X___ _ X X 

Other vendors and facilities have had similar experiences. In light of this, the change from 
"concept tests" to "engineering tests" as a model of preliminary testing is appropriate. The 
revised Man-In-The-Loop Test Plan Description is provided in WCAP-1 4396, Rev.3.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

WCAP Revision: 

See WCAP-1 4396, Rev. 3.

RAI Number 620.008-3

O Westinghouse 11V26/2002



AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

RAI Number 620.029 

Question: 

DCD Rev. 1, page 18.8-2, Paragraph 3. Please explain what is meant by the information in the 
middle of the paragraph that begins with the sentence "Application of the computerized 
procedure system..." and ends with "...presented by Reference 9." It appears that credit is 
being taken for computerized procedures testing by referring to applications of computerized 
procedures outside the United States. It is unclear that the application of the computerized 
procedures referred to in this paragraph are for the same type of computerized procedure 
system that is planned for use in the AP1 000 design. It is also unclear whether a computerized 
procedures system is being proposed as part of the AP1 000 design scope for review and 
approval by the NRC. Please elaborate on the basis that supports using a computerized 
procedures system for the AP1 000 design. Explain the rationale for eliminating the following 
statement from the AP1 000 DCD: "The acceptability of the computerized procedure system, 
and its backup, for application to the AP1 000 design, will be determined during the 
implementation of the AP1 000 verification and validation program." 

Westinghouse Response: 

The incorporation of a computerised procedure system (COMPRO) in the control room is 
proposed for AP1 000. COMPRO is a non-safety application that runs at user request on a Data 
Display and Processing System workstation. COMPRO has been tested extensively by 
Westinghouse, and COMPRO implementation has been approved by Swiss regulatory authority 
HSK. COMPRO is currently used for emergency operations at NOK's Beznau nuclear power 
plant, and for operations at other process control facilities.  

The COMPRO system is a proven technology and an enhancement for emergency operation.  
COMPRO and the operating crew are complementary, resulting in more accurate, reliable 
execution of emergency procedures. By simultaneously monitoring multiple plant parameters, 
by bringing all necessary information to one location, and by integrating this information with the 
decisions and actions to be made, COMPRO addresses fundamental limitations of paper-based 
procedures, thereby reducing the operators' workload and improving their awareness of the 
plant situation. COMPRO also provides a record of actions taken, pending, and deferred, 
ensuring that the path taken and the current status of procedure execution are clear. By design, 
COMPRO is highly compatible with paper versions of the emergency procedures.  

The acceptability of the COMPRO implementation of emergency procedures, including its 
paper-based backups, will be confirmed as part of the AP1 000 verification and validation 
program. A statement to this effect will be restored to the DCD, as indicated below.  

SWestinghouse RAI Number 620.029-1 eW e 11/19/2002



AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

Design Control Document (DCD) Revision: 

From DCD Chapter 18.8, page 18.8-2: 

... Options include use of a paper backup. [The acceptabilit, of the computerized procedure sy'stem and 
its backup will be confirmed as integral elements of'the APIO00 design by the implementation of the 
AP1000 verification and validation program (Reference 24).] * Procedure development is the 
responsibility of the Combined License applicant, as stated in Sections 13.5 and 18.9.  

The mission of the controls in the main control room ...  

*NRC Staff approval is required prior to implementing a change in this information, see DCD Introduction 
Section 3.5.  

PRA Revision: 

None

RAI Number 620.029-2O Westinghouse 11/19/2002



AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

RAI Number: 620.031 

Question: 

DCD Rev. 1, page 18.8-4, Paragraph 3 from the top of the page. Please explain how 
Sub-section 18.8.1.7 describes the mapping of HSI resources to the major classes of operator 
cognitive activities. In addition, we suggest re-writing this paragraph to reflect more of the 
information that was provided in Section 5.4, "Human Performance Evaluation Issues," 
contained in WCAP-1 4701, "Methodology and Results of Defining Evaluation Issues for the 
AP600 Human System Interface Design Test Program," Rev. 1, because the paragraph as 
currently written, is difficult to understand, e.g., how are the "resulting set of human performance 
issues" derived? The set of issues is nearly identical to the human performance issues 
previously identified as being addressed through the concept and evaluation test program for 
AP600. (See previous question 620.009.) 

Westinghouse Response: 
The evaluation issues presented in Table 18.8-1 are valid with respect to the AP1 000 final 
design. Their basis will be clarified by re-writing DCD Section 18.8.1.1 as suggested above.  
The reference to DCD subsection 18.8.1.7 is misleading and will be corrected as shown below.  
See also the response to RAI 620.034.  

Design Control Document (DCD) Revision: 

[in DCD Section 18.8.1.1] 

Reference 25 describes the operator decision-making model and associated operator cognitive 
activities. As shown in Figure 18.8-3, the HSI interface resources are mapped to four 
major classes of operator cognitive activities in the model (Detection & monitoring, 
interpretation, control, and feedback). As deScr;ibed in sub.ect 9o 18.8.1.7. tMe HSI interface 
resources arc mapped to the m-ajor classes of operatorF cogni*tive activit es identified tFrom th16 
medcl. A se! of human performan~e isweus i6 derived based uipon the following GOnsidcrations: 

-the mnajor Glasses of operator cognitive actiYities-.  
-the HSI resources intended to 6uppen each eperator activity class, and 
.=the operational compleYity that man arsetGicease operaator performnance demands 

The contents of this map are then considered in terms of sources of operational 
complexity that add operator performance demands. The two general sources of 
complexity considered are 1) use of multiple as opposed to single HSI resources, and 2) 
increasing situational or scenario-based complexity. Considering the impact of 
complexity on the mapping leads to "issues", that is, general cases where adequate 
human performance should be confirmed.  

Westinghouse RAI Number 620.031 -1 
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Table 18.8-1 presents the resulting set of human performance issues. Note that "feedback" 
issues have been addressed under "control", rather than as a separate activity, because 
feedback activities follow directly from control activities. -These human performance 
issues serve as input to the development of the performance requirements for the operation and 
control centers system specification document and to the individual human system interface 
functional requirement documents. The human performance issues and requirements will 
be addressed by the verification and validation activities described by Reference 24.  

PRA Revision: 

None

RAI Number 620.031 -2
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RAI Number: 620.034 

Question: 

DCD, Rev. 1, page 18.8-9, paragraph 18.8.1.8, first paragraph, top of the page. Please explain 
why the reference to WCAP-1 4701 has been eliminated. However, WCAP-1 4701 is cited in 
Table 1-1, (page Intro-8), as Tier 2* material (information that requires NRC approval to 
change).  

Westinghouse Response: 

The plans for preliminary testing have been changed from a "Concept Test" model to an 
"Engineering Test" model. This is discussed further in the response to RAI 620.008. As a 
related matter, WCAP-1 4701 has been deleted from the DCD, as its approach was intimately 
tied to the Concept Test model of preliminary testing. The subject of WCAP-1 4701 was the 
development of evaluation issues. This subject was not an input to the contents of DCD 
18.8.1.8, "General HSI Design Feature Selection", so it has been deleted. The evaluation 
issues presented in Table 18.8-1, which were originally presented in WCAP-14701, remain valid 
with respect to the AP1 000 final design. Their basis will be clarified by re-writing DCD Section 
18.8.1.1, per the response to RAI 620.031. The reference to WCAP-14701 in Table 1-1 on 
DCD page Intro-8 will be deleted.  

Design Control Document (DCD) Revision: 

[in Table 1-1 of DCD Intro] 

WCAP- 14695, "Description of the Westinghouse Operator Decision No Chapter 18 
Making Model and Function Based Task Analysis Methodology," Table 1.6-1 
Rev 0 

1ACAY i 444. "methodology & Resuit:, of D~efining Evaitunuon Ne hpe-1 
1sie fu or the AP6O(0 Hukman sv:/tem initeffaee Design Te Tabe i.&4 

WCAP- 14822, "AP600 Quality Assurance Procedures Supporting No Chapter 18 
NRC review of AP600 SSAR Sections 18.2 and 18.8," Rev 0 Table 1.6-1 

PRA Revision: 

None

RAI Number 620.034 -1
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RAI Number: 720.005 

Question: 

Many of the analyses described in Section A.3 performed to justify the core cooling success 
paths are performed using the MAAP4 code. Use of MAAP4 is based on comparisons with 
NOTRUMP as described in ADS4-14869, "MAAP4/NOTRUMP Benchmarking to Support Use of 
MAAP4 for AP600 PRA Success Criteria Analyses," for the AP600 review. Section A.2.4.2 
provides a description of MAAP4/NOTRUMP benchmark to demonstrate the acceptability of 
MAAP4 for use in the AP600 PRA success criteria analyses. It states that the benchmarking 
work provides clear definition of MAAP4 capabilities and limitations.  

For AP1 000, the NRC staff has informed Westinghouse (letter from James Lyons to W. E.  
Cummins, "Applicability of AP600 Standard Plant Design Analysis Codes, Test Program and 
Exemptions to the AP1 000 Standard Plant Design," dated March 25, 2002) of possible 
deficiencies in the NOTRUMP entrainment models at the time of ADS4 actuation. Therefore the 
NOTRUMP-MAAP4 benchmarks may not be valid for AP1 000. The NRC staff must therefore 
assess the validity of the entrainment models in MAAP4.  

Provide justification that the MAAP4 models are appropriate for AP1 000 analyses, including 
comparisons to appropriate experimental data for the liquid entrainment models in MAAP4 for 
the reactor core, upper plenum, hot legs, and ADS4. Justify that the predictions by MAAP4 for 
AP1 000 are within the range of the test data.  

A. Provide justification that the MAAP4 models are appropriate for AP1 000 analyses, 
including comparisons to appropriate experimental data for the liquid entrainment 
models in MAAP4 for the reactor core, upper plenum, hot legs, and ADS4. Justify that 
the predictions by MAAP4 for AP1 000 are within the range of the test data.  

B. Describe the nucleate boiling heat transfer correlation used to model heat transfer 
between the passive residual heat removal (PRHR) heat exchanger (HX) tube bundle 
and the in-containment water storage tank (IRWST) in MAAP4. Justify that this 
correlation is appropriate for AP1 000 by comparison to data in WCAP-12980, "AP600 
Passive Residual Heat Removal Heat Exchanger Test Final Report," Revision 3.  

C. List any limitations for the application of MAAP4 to AP1 000, such as the limitation 
described in of WCAP-1 4869 for the MAAP4 application to AP600.  

Westinghouse RAI Number 720.005-1 
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Westinghouse Response: 

A.  

The MAAP4 computer code simulates the response of light water reactor systems to initiating 
events. It was originally developed to investigate the physical phenomena that may occur in the 
event of a severe accident after significant core damage. Although the emphasis in the code 
development has been on the severe fuel damage phase of the accident, the code has also 
been used to determine the thermal-hydraulic behavior prior to core damage.  

MAAP4 is a fully integrated, systems accident code and includes models for important thermal
hydraulic and fission-product phenomena that may occur during a postulated accident in a 
pressurized water reactor (PWR) plant. The models in MAAP4 relevant to success criteria are 
the following: 

"* Reactor coolant system thermal-hydraulics 
"* Cladding water reaction 
"* Reactor core heatup 
"* Containment thermal-hydraulics 

The version of MAAP4 used for these analyses is documented in Reference 1, which provides 
details of the code models, the non-AP600 benchmarking performed, and users guidance.  

MAAP4 was used to determine the AP600 PRA success criteria because of its capability to 
analyze the reactor, passive safety-related systems, active nonsafety-related systems and the 
containment in an integrated fashion.  

MAAP4 was benchmarked for its use for AP600, as documented in Reference 2, against the 
more detailed models in NOTRUMP, the Westinghouse-validated code for AP600 small-break 
LOCAs. A total of 19 benchmarking cases were analyzed with both MAAP4 and NOTRUMP.  
The first 7 cases were chosen at limiting break sizes across the spectrum of the break sizes 
analyzed with MAAP4. They demonstrate the basic phenomena that were identified in the PRA 
Phenomena Identification Ranking Tables (PIRTs). The remaining benchmarking cases were 
sensitivities to demonstrate the capability of MAAP4 to predict trends for different break 
locations, different number of core make-up tanks or accumulators, different number of 
automatic depressurization system lines, and different parameters affecting IRWST gravity 
injection.  

The benchmarking work not only provides clear definitions of MAAP4 capabilities and 
limitations; it provides information on the response of the AP600 plant to multiple failure 
accidents. The response of the plant is based not only on MAAP4 calculations, but also on 
NOTRUMP analyses. Many of the benchmarking cases are defined based on the PRA success 
criteria, which means that the least required equipment is credited to show that successful core 
cooling is achieved.  

WestiocuseRAI Number 720.005-2 
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In NUREG-1 512, the NRC summarizes the MAAP4/NOTRUMP benchmarking work as follows: 
'The staff reviewed WCAP-1 4869 and evaluated Westinghouse's conclusions regarding the 
adequacy of MAAP4 for screening PRA sequences. The staff found that, in most cases, MAAP4 
and NOTRUMP predicted similar trends for system behavior in the base cases and sensitivity 
analyses. On the basis of the benchmark study comparisons, the staff has determined that 
MAAP4 is an adequate screening tool for evaluating PRA success criteria for the AP600, 
subject to the limitations discussed by Westinghouse in WCAP-1 4869." 

In the AP1 000 PRA, the MAAP4 code is used as a screening tool in a manner consistent with 
our approach for the AP600. MAAP4 is used in the analysis of the same type of accidents 
where good agreement with the NOTRUMP code was found in WCAP-14869. These cases are 
characterized as small LOCA events with multiple failures, and include operation of either the 
ADS valves connected to the pressurizer, the hot legs, or both. Results typically do not show 
significant core uncovery, and the calculated PCTs are much less than 2200F. For cases where 
there is significant core uncovery such that the calculated PCTs would approach 2200F, 
Westinghouse performs confirmatory NOTRUMP analyses. These cases are the Thermal 
Hydraulic uncertainty cases that are presented in Appendix A of the PRA and confirm that the 
PCTs for these lower margin success sequences are less than the acceptance limit of 2200F.  

The models in the MAAP4 code do not explicitly model in detail the upper plenum and hot leg 
entrainment discussed in this RAI. Westinghouse has submitted WCAP-1 5833 Revision 1 
"WCOBRA/'TRAC AP1 000 ADS4/IRWST Phase Modeling". This report provides the 
Westinghouse assessment of the entrainment issue for the AP1 000. Conclusions provided in 
this report, which are supported by detailed sensitivity studies on the importance of the upper 
plenum and hot leg entrainment are that these phenomena do not significantly effect the 
AP1 000 passive safety system performance following a small break LOCA. The conservatism 
in the AP1 000 NOTRUMP methodologies used in the thermal-hydraulic uncertainty analyses 
presented in Appendix A of the PRA is sufficient to account for the effects of upper plenum and 
hot leg entrainment.  

In addition, as was shown in WCAP-1 5833 Revision 1, pool entrainment correlations show that 
liquid entrainment from the upper plenum is a strong function of the distance between the two
phase liquid level and the bottom of the hot leg. Entrainment rates fall rapidly as the liquid level 
approaches the top of the fuel, and for the more severe cases which exhibit core uncovery after 
ADS4 is actuated, entrainment is not expected to be an issue.  

B. Please see the response to RAI 720.009 for a discussion of the MAAP4 model of the PRHR 
heat exchanger heat transfer correlation.  

C. The limitations identified in Reference 2 apply to the AP1000 MAAP4 model. No additional 
limitations have been identified.  

RAI Number 720.005-3 
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References: 

1. MAAP4 Modular Accident Analysis Program, User's Manual, Rev. 0, May 1994 

2. MAAP4/NOTRUMP Benchmarking to Support the Use of MAAP4 for AP600 PRA Success 
Criteria Analysis, WCAP-14869, April 1997 

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

( Westinghouse
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11/19/2002



AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

RAI Number: 720.012 

Question: 

For the AP1 000 T/H uncertainty evaluation, only 3 cases, listed in Table A5.2-1, are chosen as 
the low T/H margin, risk-significant cases. These 3 cases are chosen based on an evaluation, 
described in Section A5.1, of the applicability to API 000 of the AP600 T/H uncertainty analysis 
cases listed in Table A5.1-1. Many of these 15 AP600 cases are determined to be not 
applicable to AP1 000 because of different success criteria used in AP1 000. Limiting the 
selection of low T/H margin, risk-significant cases for the AP1 000 T/H uncertainty analysis from 
the AP600 low T/H margin cases could preclude other possible low T/H margin, risk-significant 
cases for AP1 000.  

A. Provide a systematic evaluation of the AP1 000 PRA accident sequences to choose the 
low thermal margin, risk-significant cases for T/H uncertainty evaluation.  

B. Provide an evaluation of these cases using the design basis accident (DBA)-like 
analyses to demonstrate the acceptability of the PRA success criteria.  

Westinghouse Response: 

A. A systematic evaluation of the AP1 000 PRA accident sequences has been performed to 
determine the low thermal margin, risk-significant cases, using the same process that was 
used for AP600. Specific cases have been defined that are analyzed to bound the T/H 
uncertainty for these cases. Table 720.012-1 shows these cases. A summary of this 
evaluation is attached to this RAI response (Attachment 1).  

B. As indicated in Table 720.012-1, all of these cases have been analyzed to bound their 
T&H uncertainty. This analysis was performed as follows: 

"* Case A, B, C - all three of these cases were analyzed in the AP1 000 PRA Report, 
revision 0. Note that Case A was also re-analyzed with a lower containment pressure 
in the response to RAI 720.015.  

" Case D - this case is a large CL pipe break LOCA with failure of containment isolation.  
Note that this case is the same as one of the cases in Large LOCA Case #1, in the 
AP1 000 PRA Report, rev. 0, section A5.1, except that this case has containment 
isolation failure. Analysis of this case is attached to the response to this RAI 
(Attachment 2).  

RAI Number 720.012-1 
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"Case E -this case is a spurious ADS stage 4 large LOCA with failure of containment 
isolation. Note that this case is the same as one of the cases in Large LOCA Case #1, 
in the AP1 000 PRA Report, revision 0, section A5.1, except for the failure of 
containment isolation. Analysis of this case is attached to RAI 720.010. Since RAI 
720.010 shows a very low PCT (less than 11 0OF with uncertainty) this case does not 
need to be analyzed.  

" Case F, G - these cases are long-term core cooling analysis of DVI LOCAs. Analysis 
of these cases are attached to RAI response 720.013.  

In the following table, cases that have been analyzed are identified by an "A" in the "Rev 0" 
or "Rev 1" column based on what was done for AP1 000 PRA Revision 0, or has 
subsequently been analyzed as a result of AP1 000 RAI responses that will be 
incorporated in Revision 1 of PRA. An "E" in these columns indicates that the case was 
evaluated instead of being analyzed.  

Table 720.012-1 UC Sequences Analyzed / Evaluated for T&H Uncertain ty 
Case Initiating Event Cont IRWST, CMT Ac ADS PRHR Rev Rev 

Isol Recirc(') c 4, 213 0 1 

Short-Term 
A RCS HL LOCA, 3" No Yes 0 1 4,0 Yes A A 
B DE CMT Inlet LOCA, 8.75" Yes Yes 0 2 4, 0 Yes A A 
C DE DVI LOCA, 4" No Yes 1 0 3,0 No A A 

D DE CL Large LOCA No Yes 2 2 4,0 Yes E A 
E Spurious ADS-4 No Yes 1 1 4, 0 Yes E A 

Long-Term 
F DE DVI LOCA Yes 1/1,1/1 1 0 3,0 No E A 
G DE DVI LOCA No 1/1,2/1 1 0 4,0 No E A 

Note (1) - Indicates number of valves open/ number of flow paths open.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

RAI Number 720.012-2 
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PRA Revision 1 Appendix A will be revised to include the additional analyses associated with 
this RAI response.  

Attachment 1 - Summary of AP1000 T/H Uncertainty Evaluation 

1.0 Approach 

1.1 Objective 

The objective of this evaluation is to determine the low thermal margin, risk important 
sequences in the AP1 000 PRA. These sequences will then be used to define a set of cases that 
will be analyzed to bound their T/H uncertainty. Analyzing these cases using DCD methods is 
considered sufficient to bound the T/H uncertainty. The approach used in this evaluation is the 
same that was used for AP600 (reference 1) that was accepted by the NRC (reference 2).  

1.2 Evaluation Process 

In order to identify those dominant success paths that should be examined for thermal-hydraulic 
uncertainty purposes, the method developed for AP600 is used for AP1 000. This process 
includes the following steps: 

1. The event tree success paths developed for AP1 000 PRA are "expanded" in order to 
quantify the probability of sequences with fewer failures than are assumed in the 
success criteria. Note that success paths using nonsafety-related features are not 
included in these expanded event trees.  

2. The event trees that should be "expanded" are Identified based on insights from the 
AP1 000 success criteria analysis and the AP600 T/H uncertainty evaluation.  

3. The expanded event tree end states are binned into categories that distinguish the 
accident progression. Two basic groups of end states are used, OK and UC categories.  
The OK category includes sequences that do not have low thermal margin. The UC 
category includes sequences that do have low thermal margin. These two basic groups 
of end states are further divided into sub-categories that include similar equipment 
availabilities, refer to Table 2-1. The "OK" and "UC" end state category definitions used 
in this evaluation are the same as was used for the AP600.  

4. The frequencies of success paths with UC end states are quantified, as shown in 
Figures 2-1 through 2-5.  

RAI Number 720.012-3 
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5. The success paths with UC end states are listed by their possible contributions to CDF 
and LRF, as shown in Table 3-1.  

6. The risk important sequences are identified using the acceptance criteria defined in 
Section 1.3. These sequences, shown in Table 3-2, are subject to further examination to 
bound their thermal-hydraulic uncertainty.  

7. The contribution of the "residue", namely the total CDF and LRF contribution of those UC 
success paths that are not selected as dominant is calculated and monitored to make 
sure that this contribution is relatively small.  

8. To minimize the number of analysis that are needed, a smaller number of more limiting 
cases are selected for T&H analysis. These cases, shown in Table 4-1, have additional 
failures, although not as many as the success criteria. They are analyzed, using the 
detailed DCD T&H computer codes and methods to show adequate core cooling. This 
analysis demonstrates that their T&H uncertainty has been bounded.  

1.3 Scope of Expanded Event Trees 

In the AP600 T/H uncertainty analysis, 10 expanded event trees were developed. These 
expanded event threes included: 

Large LOCA 
Medium LOCA 
CMT Line Break 
DVI Line Break 
Intermediate LOCA 
Small LOCA with PRHR HX 
Small LOCA without PRHR HX 
SGTRs with PRHR HX and ADS operation 
SGTRs without PRHR HX and with ADS operation 
Transients with ADS operation 

Based on the results of the AP600 quantification of these expanded event trees the Small 
LOCA, SGTR and Transient trees did not affect the selection of cases that were analyzed for 
T/H uncertainty. There were two reasons for this outcome.  

First, only 5 of the 24 sequences identified as dominant accident sequences were 
from these event trees. Note that 3 of these 5 sequences were included in sub
category UC6 which doesn't apply to the AP1 000 since its defining equipment 
availability was fewer ADS stage 4 valves (2 of 4) than assumed in the PRA success 
criteria. Since the minimum AP1 000 success criteria is 3 of 4 ADS stage 4 valves, 
this sub-category does not apply to AP1 000.  

RAI Number 720.012-4 
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Second, these sequences were less limiting from a T/H perspective because they 
had more equipment available and ADS occurred later with lower decay heat.  

Based on the work done in reference 1, the Westinghouse designer-PRA team has obtained 
insights about which success paths in which initiating event categories are candidates for 
potential thermal-hydraulic uncertainty evaluation. Since AP1000 design is based on the AP600 
design, and it retained the same passive safety systems and their configurations, it is 
reasonable that the insights obtained from the AP600 T&H uncertainty work are applicable to 
AP1000.  

To provide analytical support for this assertion, further work has been done and documented in 
this report for justification of dominant success paths studied for T&H analysis for AP1 000.  

Based on these considerations, expanded event trees were not developed for AP1 000 small 
LOCAs, SGTRs or Transients.  

The following event trees were expanded for the AP1 000: 

Large LOCA 
Spurious ADS Actuation 
Medium LOCA 
CMT Line Break 
SI Line Break (DVI Line Break).  

Note that there are two differences between this list and the corresponding AP600 events.  

1. AP1 000 has two large LOCA categories (Large LOCA and Spurious ADS Actuation). Where 
as AP600 has only one large LOCA category.  

2. The AP600 medium LOCA and intermediate LOCA categories are combined into a single 
category in AP1 000 PRA that bounds the same LOCA size range.  

The expanded event trees for the AP1 000 PRA event trees are developed and quantified in 
Section 2.0. The dominant success paths that are subject to further investigation are identified 
in Section 3.0, based on their percent contribution to either CDF or LRF. The cases to be 
evaluated for T/H uncertainty are identified in Section 4.0.  

1.4 Screening Criteria for Dominant Sequences 

The screening criteria for identifying a success path as "dominant" is as follows: 

A success path is considered as dominant if either its postulated CDF or LRF frequency is 1% 
or more of the base CDF or LRF frequency. This postulation is done by tentatively assuming 
that the path leads to core damage, for evaluation purposes.  

RAI Number 720.012-5 
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The base AP1 000 CDF and LRF frequencies are 2.41 E-07/year and 1.95E-08/year, 
respectively.  

In addition, the total frequency of the residue is required to be small with respect to uncertainty 
analysis purposes. Namely, even when all the residual sequences are assumed to go to CDF 
(which is overly conservative), the total CDF should not increase by more than a factor of 2. The 
same applies to LRF.  

Note that the expanded event trees do not include available success paths using nonsafety 
features. For example, if 3 ADS stage 4 valves are not available for a MLOCA then the RNS 
pumps could still provide adequate injection. However, in the expanded event trees, if 3 of 4 
ADS stage 4 valves are not available then the sequence is considered a possible core melt 
sequence. This is the same approach as was done for AP600.  

2.0 Expanded Success Paths 

The event tree success paths are expanded in the same manner as in the T&H uncertainty 
analysis made for AP600. Since the full ADS success criteria is 3 out of 4 stage 4 lines being 
available, many of the success paths that showed up in AP600 no longer show up in AP1 000 
expanded event trees (namely the 2 of 4 ADS 4 stage paths being successful); this reduces 
the paths subject to potential T&H uncertainty analysis.  

The success path end states are defined in Table 2-1 (similar to those in Reference 1) 

2.1 Large LOCA Event Tree 

The LLOCA event tree success criteria for AP1 000 PRA has been developed and provided in 
the AP1 000 PRA (Reference 3). The core damage event tree for LLOCA event is given in 
Reference 3. Based on these references, an expanded LLOCA event tree has been developed 
(along the same lines as in Reference 1), and is given in Figure 2-1. This expanded event tree 
provides the various combinations of success paths in detail. Note that the only UC end states 
that may be candidates for T&H uncertainty analysis are those when containment isolation is 
assumed to fail. Otherwise, the DCD Chapter 15 analysis covers the Large LOCA event, with 
the assumption that both accumulators are operable.  

2.2 Spurious ADS Event Tree 

The SPADS category is a variation of LLOCA where the size and location of the break is known 
due to the nature of the event. Because the ADS-4 valves are connected to the HL's less 
accumulator injection is required and only 1 of 2 accumulators is required as opposed to 2 of 2 
for a Large CL LOCA. Otherwise, the success criteria and event tree logic are the same as that 
of LLOCA core damage event tree. An expanded event tree is developed for SPADS category, 
as given in Figure 2-2.  

RAI Number 720.012-6 
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2.3 Medium LOCA Event Tree 

The medium LOCA event break range for AP1 000 includes both the MLOCA and NLOCA event 
tree ranges for AP600. The additional credit taken for NLOCA in AP600 is not taken for 
AP1 000. This helps remove some of the T&H uncertainty.  

The medium LOCA expanded event tree is shown in Figure 2-3.  

2.4 SI-LB Event Tree 

The SI-LB event tree success criteria for AP1 000 PRA has been developed and provided in the 
AP1 000 PRA (Reference 3). The core damage event tree for SI-LB event is given in Reference 
3. Based on these references, an expanded SI-LB event tree has been developed (along the 
same lines as in Reference 1), and is given in Figure 2-4. This expanded event tree provides 
the various combinations of success paths in detail.  

2.5 CMT Line Break Event Tree 

The CMT line break event tree is a special case of the Medium LOCA event tree, with the 
constraint that at most one CMT is available due to the nature of the initiating event.  
An expanded event tree is developed for CMTLB category, as given in Figure 2-5.  

2.6 Success Paths with Normal RHR 

Some success paths in the MLOCA and CMTLB event trees credit use of normal RHR (RNS).  
Since the RNS is an "active" system, it is not considered to be a significant contributer to T&H 
uncertainty. Thus, the success paths containing RNS in MLOCA and CMTLB trees are not 
further expanded, and are not included in the selection of the dominant success paths for further 
evaluation.  

Moreover, the system importance of the RNS was already calculated to be very low for the 
AP1 000 PRA internal events at power (CDF increases by a factor of 1.7 if the RNS is assumed 
to be inoperable across the board in all events). This system importance is much smaller than 
those calculated for passive systems (Table 50-12 of AP1 000 PRA).  

2.7 Calculation of Success Path Frequencies 

The frequencies of the success paths that are classified with a UC end state are quantified, 
using the system models already developed for the AP1 000 PRA. The results are shown in 
Figures 2-1 through 2-5. The same modeling assumptions as in AP600 T&H uncertainty 
analysis are used to provide the percent contribution of each of these sequences to plant CDF 
and LRF, if these sequences were assumed to be core damage. The dominant sequences are 
collected for further evaluation in Section 3.0.  
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Table 2-1 Definition of Success Path Categories for T&H Uncertainty Analysis 

1. OK1 More ADS-4 than Design Basis (DB) 

2. OK2 Design Basis 

3. OK3 More ADS-4 / Less ADS-i, 2, 3 than DB 

4. OK4 Less ADS-i, 2, 3 than DB 

5. OK5A More ADS-4 / CI fails 

6. OK5B More ADS-4 / CI fails / Less ADS-i, 2, 3 

7. OK6 DB ADS / CI fails 

8. OK7 2 Accumulators / DB for LLOCA 

9. OK8 SI line break with Auto ADS from faulted CMT 

10. OK9 Loss of CMTs for smaller breaks 

11. UC1 No make-up of inventory if RCS pressure greater than 700 psig 

12. UC2A 1 Accumulator depletes prior to operator intervention 

13. UC2B 2 Accumulators deplete prior to operator intervention 

14. UC3 No rapid inventory make-up during blowdown 

15. UC4 Reduced inventory make-up during LLOCA reflood 

16. UC5 No make-up when ADS is actuated 

17. UC6 Less ADS-4 than DBA (ie < 3 of 4 ADS-4) 

18. UC7 Less ADS-4 

19. UC8 No containment isolation / DBA 

20. UC9 No containment isolation / reduced ADS 

RAI Number 720.012-8 

Westinghouse 11126/2002



AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information

Figure 2-1 Expanded LLOCA Initiating Event Tree (1 oft2)

IRWST & 
IEV LLOCA C0 REORC CuT

Sequence Sequence Sequence 
ACCJM ADS.4 ADS 2, 3 Seq. No End State Name CDF LERF

1 OK1 

2 OK1 

3 01O 

4 OK7 

5 CD 

6 CD 

7 OI1 

8 Ow7 

9 Opq 

10 O1<7 

11 CD 

12 CD 

13 CD 

14 CD

11001 

11o02 

11005 

11004 

11o07 

Ilnn7 

11008 

11009 

Ii100 

1112 

11013 

11o04

RAI Number 720.012-9

( Westinghouse 11/26/2002



AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information

Figure 2-1 Expanded LLOCA Initiating Event Tree (2 of 2)

IRWST A 
IEV LLOCA a REaRC

Sequence Sequence Sequence 
CUT ACCUM ADS4 ADS 2, 3 Seq. No End State Name COF LERF 

1-14

15 UC8 

16 Uce 

17 UC8 

1B UC8 

19 CD 

20 CD 

21 UC8 

22 UC8 

23 UC8 

24 UC8 

25 CD 

26 CD 

27 CD 

2B CD

11015 8.51 E-0 8.51 E-(M 

11016 1 .5E-11 1.56E-11 

11o17 1.99E-1 1 1.99E-1 1 

11018 3.66E-14 3,66E-14 

11o19 

11o20 

11o21 1.25E-1 1 1.25E-1 1 

11022 2.29E-14 2.29E-14 

11o23 2.92E-14 292E-14 

11024 5.09E-17 6 09E-17 

11025 

11o26 

11o27 

1102M

RAI Number 720.012-10

( Westinghouse 11/26/2002



API000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

Figure 2-2 Expanded SPADS Initiating Event Tree (1 of 2) 

IRWST & Sequence Sequence Sequence 

IEV SPADS CI RECIRC CUT ACOJM ADS4 ADS 2, 3 Seq. No End State Name CDF LERF 

2 3 4 1 OK1 sad01 

01 7 UC a3 4E1 0El 

1 2 O K s a d i2 
3.4 ADLUAAA 

2DM13 0 3 OI sad03 

64 1CD sad04 

ADUAA 
1201.2 5 CD sad05 

ADMA 

22 3.4 6 UC4 sad6 4.56E-07 2D75E-il -4 
01 7 UC4 sad07 8.40E-10 5l4E-11 

2 34 8 UC4 sad08 1.07E-09 6.42E-11 

S1 DMA3 01 9 UC4 sad09 1.97E-12 1,18E-13 

ADMA 

11 CD sad1l 

2 3 4 12 Ow sad12 
YES4 

21 13 1C7 sad13 3 4 ADULAA_ 
2 4 14 O1C sad14 

ADMMAA3 0,1 15 Ma7 sad15 

IADDUAAA 

YES N 416 CD sad16 

162 AEMA 4 2.3.4 17 UG4 sad17 6.76E-10 4,05E-1 1 

0. 18 UC4 sad18 1.23E-12 7 4OE-14 

2 L .3.4 19 uc-4 $ad19 1.57E-12 9.4E-14 

a O, 20 UC4 sad2S 278E-15 1.67E-1n 
XCNULA1 ABOTH IADUAA 

R0m172 21 CD sad2
ADMA 

022 CD sad22 

A2B23 CD sac[23 

XCM2LA 
IEV SPADS N 24 CO sad24 

5 40E-05 )ONJREC2 

NO See nex page 25-48 

XCIC/PO 

RAI Number 720.012-11 

)tWestinghouse 11/26/2002



AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

Figure 2-2 Expanded SPADS Initiating Event Tree (2 of 2)

IRWST & 
IEV SPADS C1 RECIRC cuT ACCOM

Sequence Sequence Sequence 
ADS4 ADS 2, 3 Seq. No End State Name CDF LERF 

1-24

UC8 

UC8 

Uc8 

UC8 

CD 

UC4 

UC4 

UC4 

UC4 

CD 

CD 

UC8 

UC8 

UC8 

CD 

UCD 
UC4 

UC.4 

UC4 

CD 

CD 

CD 

CD

sad25 

sad26 

sad27 

sad28 

sad29 

sad3J 

sad3l 

sad32 

sad33 

sad34 

sad35 

sad36 

sad37 

sad3B 

sad39 

sad40 

sad41 

sad42 

sad43 

sad" 

sad45 

sad46 

sad47 

sad48

9 12E-08 5 47E-09 

1.67E-10 1.00E-11 

2.13E-10 1.28E-11 

3.91E-13 235E-14 

7.77E-10 466E-11 

1.42E-12 8.51E-14 

1.B1E-12 1.09E-13 

3.20E-15 1.92E-16 

1.34E-10 804E-12 

2.45E-13 1.47E-14 

3.12E-13 1.87E-14 

5.15E-16 3.09E-17 

1.14E-12 6.85E-14 

2.02E-15 1.21E-16 

2.62E-16 1.57E-6 

0.00E+00 0.0OE-,,O

RAI Number 720.012-12

( Westinghouse
11/2652002



AP1 000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

FkgW9 2.3 Expanded MOCA aV flMng Ever*Tres (I of 2)

K EWS-TA 
KLOCA a AscaRc Oj

S.qsemceseSquesce Se.uace 
ADS-A ADS 2.3 S~q. K. E.d Swf K.. CDF LEF

OK¶1 wi1 

OK3 MIO 

OK nA*4 

OKI nAw 

UM *11 

UC3 .1c12 

UC3 W14 

* d15 

OKI .1016 

0K3 Mholl 

OýQ W0*18 

OKi 1M.19 

OK1 nIo2l 

040 n*Mo 

UC3 nW27 

UC3 I.M 

UC3 1.2 

1E26 nmo3l 

UC2A Wx3 

UC2A ý-& 

UC2A .1.M~ 

CD ,,Wl

3,01Ea 12lE&M 

549E-11 3.3E-12 

7 00.1 I A 2DE-12 

129E-13 7 71E-15 

4 4X-11 2665E1 2 

SOSElS 4,83E-15 

I 031 66 17SE-15 

2 8SE.07 I 73E40B 

6,4E61 386EI11 

6,92E-10 415E-11 

I 79-12 I U7E-13 

2 64E 09 I 47E.10 

SA5E.1 2 3277E13 

5955E1 2 3 515.13 

1 3K-14 8,13E-I6

() Wstinghouse
RAI Number 720.01 2-13

1 1/26/2002

I
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AP1 000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

FlWm 2.3 Expndoed ULOCA h d~bg EveM Trot (2c2

tEV 1100 a 
MOCA 0, 96ORCl

Sotoeq... S~qss-o Saqos.  
61s. C 1.666RCNT A JUM ADSA ADS 2.3 Stt. N.K Eme Stel 

1-42 

24 43 A 0QOk 

1 44 01G 
3 A ADLIM 

2234 45 060 
2 3 

A~3 01 46 OVA 
ADUM 

2ý 47 
A[DM 

2 34 48 COKI 

01 44 A79 

34 3 

J.2 52 

3ADMUA 

2 33 3 M 

2ý34 63 LAM1 

ACO0 AMIO 1 96 0K4 

ADUM 

2 34 73 OKIS 

01 74 wc 
3 4 ADtO*4 

'2 34 70 w~ 
2 2 

00C 1 76 UKB 

1 2 g7 76 

122234 63 UOki 

34 64 w68 
234 96 UC2A 

9*.31 A3O~ 4403 01 8 U2 

11.2 67 

3A4ADOA 

33 C 
ADNG 01 1 U 

_______ ____A 8

W061 

.4067 

mMk 

W."I 

.I.E' 

tnhM 

,h6*4 

.1,461 

.1d68 

,"w6 

.1.72 

"6872 
.1.74 

'.1.75 

tt4079 

N.46 

.40114

Those owes. go to C0 VIA sod per"8 ADS f6.  
IfpW448 ADS is ..ti-ostU 9640.N r s.t-esoU 9"y toto OK wat... they go to CD 
Th,. suc.,,o~ pathe tMu wwoho RNS on, W futitw -Mynzd Molthe wil 45 0.plbd vi 
S-.,. 23

RAI Number 720.01 2-14

OWestinghouse 11/26/2002

5 BE.1 I 5,8E-11 

9 2AE.14 9246-14 

I ISE.13 1116-13 

I161E 16 1.51E-16 

7 46 E .:A 7 46 E-14 
I546E.17 9 51E-1 

1 26E616 12SE-16 

4g96E.10 4.8B6-tO 

I 09E-12 1.066612 

I1I76.12 1 17E-12 

4131E12 4 13E612 

o IOE-15 8.15E-I6 
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AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

Figure 2-4 Expanded SI-LB Initiating Event Tree (1 of 2) 

IRWST & Sequence Sequence Sequence 
1EV SI-LB a RECIRC CMIT ACCUM ADS4 ADS 2, 3 Seq. No End State Name CDF LERF 

4 1 OK1 silbOl 

2 3 2 0*< silb02 

4,1 3 UC5 sil 1E33 

2 33 C i~8 29-9 12E1 

03 .9E3 4 OK4 silb34 

101,2 5 CD silbl5 
ADM 

1 2.3 4 6 UCi silblO6 8.9E-07 5.37E-08 

011 7 UC5 silb07 1.64 E-09 9.63E-11 
3, 4 ADUAA 

2 3 4 8 UC5 silb08 2.09E-09 1.25E-10 

.0 ,B.96E-07 0=1 9 UCi silb09 3.85E-12 2.31E-13 
AClA ADUAA 

4.23E-03 10 CD silbl0 
ADM 

2, 3,.4 11 UC1 silbl 1 3.05E-07 1.63E-08 

YES _ _'_0,1 12 UCl silb12 6.15E-10 3.69E-11 
3,14 A CADUMM 

2 3 4 13 UC1 silb13 7.21E-10 4.32E-1N1 

1Ui NumbE-12 9.45E-14 eDes3 14nghouse 112/0 
ADUMM 

YES 10 30E07 01,f2 15 CD silb15 
XCM1A ADO 
1.44E-0,3 016 CD silb16 

AC1A 
IEV SI-IR NO 17 CD silb17 
2.12E-04 W/1NRECIRC 

3.40E-04 )INJREC 

INO See next page 

SWestin ousRAI Number 720.012-15 

e ftsinghuse11/26/2002



AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

Figure 2-4 Expanded SI-LB Initiating Event Tree (2 of 2) 

IRWST & Sequence Sequence Sequence 
1EV SI-LB C3 RECIRC CUT ACCUM ADS.4 ADS 2,3 Seq. No End State Name CDF LRF 

YES See previous page 1-17 

4 18 OK5A silb18 

01.2,3 19 OK5B silb19 
3, I 4AD 20 OKG silb20 

ADM3 01 3 21 016 silb2l 
ADUAA 

0,1,2 22 CD silb22 
IEV SI-LB ADM 
2.12E-04 1 2.3 4 23 UC5 silb23 1.52E-09 1.52E-09 

0,1 24 UC5 silb24 2.T7E-12 2.77E-12 

2, 34 25 UC5 silb25 3.53E-12 3.53E-12 

AC1A ADM3 0,1 26 UC5 silb26 6.28E-15 6.28E-15 
ADUAA 

0, 1,2 27 CD silb27 

2 3 4 28 UCi silb28 5 16E-10 5 16E-10 

0 1 29 UCi silb29 1.04E-12 1 (4E-12 

2 3 4 30 UCi silb30 1 22E-12 1.22E-12 

3DQ 0 A 1 31 UCi silb3l 2.26E-15 2.26E-15 ,NO ,I IADUMM 
XCICPO 0 520E-10 0. 1, 2 32 CD silb32 1.70E-03 XCM1A ADO 

1.44E-031 033 CD silb33 AC1A 

NO 34 CD silb34 
IWA/RECIRCl 

3.50E-04 X]NJREC1 

RAI Number 720.012-16 

11126'2002



AP1 000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

F19w. 24 Expanded CMTLB 6iUhno Event Tres (10of2) 

mE ww a Sequnce Smm-ni Smm.q..  
CAMLB a PoaCIR CUT AcaJU AMA AIDS 2,3 Sim. MN End Sta. Nam.. (3F: LRF 

2 3A I C.nt01 

1 2 w 
3 A ADIJAA 

2 34 3 .A 
2 3 

ADM3 1 4 

ADUM 

233 

34 
4 

4JA 

2 34 8 

1 3 

2CO~ A* 3 4 c n"~ 

ADUMA 

01-2 10 cmtIO 

2 234 11 cnill1 
0.00 4 

0 1 12 11,412 
3 4 AOU4A 

2 34 13 crn513 

0 ADM3 01 14 cffK14 
AC2A8 ADUAA 

3 4 16 OKI 4l6 
AAM 

1 17 0OI cn,417 
123 4 ADUJM 

234 18 OIQ cnWl 
2 33 

AZ)0 1 19 0,14 on41 
AOUAA 

1 2 26c"M~ 

2324 21 0O(1 cM,21 

1 22 043 cn422 
3 4 ADW.& 

24 23 043 cr'i2 

A0COmT ADM3 .1 24 0OKA cret24 
AOUMA 

10.12 25 cn42S 
1.03 ADM 

2314 26 .103 enS2 6.42E439 385E. 10 

01 27 1)03 en527 1 17E.1 1 7 04E-1 3 
YES 3 4 AOUOA 

234 2B 1)03 ,n426 18011' 8 97E-13 
3 

0 000. 0 1 29 1)03 cni29 2 7SE-14 I W8-16 

1 2 30 -0082 

004 

1 32 LIC28 cf8032 2 7DE.10 I 620.11 
YES 3 4 ADU1MM 

2 34 33 L1C28 ff,433 3 17E-10 1.90E-11 
2 3 

A0080 1 34 11038 4n44 6.91E.13 4188-14 
ADUMM 1 2 35 c.135 

1. r 23 4M 31E Lk~2A cam 1148.08 686E011 

I 37 U02A cnW37 2 31E12 1 3BE13 
3 4 AOUMM 

2 34 36 1.12A or43 2.69E12 1800E-13 

XCM1A ACOOTH AD03 01 39 1)02A cn'6 5.47E815 3 2SE.16 
IEV CM~TO 4nUMM 
9 31E4)5 1 2 40 41,140 

10 AOAl co cntlI 

INO A2B42 mLt42 

RAI Number 720.012-17 e Westinghouse 11620



AP1 000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

Fgur 24 Expw~dod CMTLS IMNnag Evud Tre C 0 @2)

LEV wa 
CKMB 0 REaMC CWT

So.4.. log.... Log...  
ACCOM ADS.4 9612.3 Seqil1. E.WStaft K-. OF I

06C2 

00-4 

UIZ3 

UC2B 

u4C2 

UClA 

uco

-t045 

-446, 

t0592 

0095 

on95 

o0000 

-610 

00957 

c0530 

-454 

-695 

CM&9 

-wds 

0,r.M 

efts6 

tORE 

0,096 

-1647 

0,MM? 

0.017 

rob73 

-0168 

cft76 

er0077 

-096 

.0951 

-1836 

-du9.

I 97E-14 

2.62E.14 

3 23E.17 

1237E.10 

5.35C-13 

992E,16 

1 92E-12 

3 dSE-15 

430015

I 91E-15 

I 51E-15 

I216E.13 

2 100.16 

2GOEI1 

010.ME-

Th-ePah PN~ tot CD NAi -d WW. ADS bi.$ 
I9M,.1 ADS. 4 dd -c"$ 0165.S~ .- U000. ith., go toO 04( t0.w P5. got CD 
The sutto pths. *A0 -ok ANS5 .0 410.,Ah .,0147d.10 m t ot, w. 1.W .1 

2.d.23

O Westinghouse
RAI Number 720.01 2-18

11,26,12002



AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

3.0 Risk Important Success Paths 

3.1 Sorted Success Paths 

In Section 2.0, the frequencies of success paths with UC end states are calculated, as shown in 
Figures 2-1 to 2-5. These paths are collected and sorted by their frequencies. The path 
frequency is tentatively assumed to be core damage to allow comparison with the base case 
CDF. The resulting list is shown in Table 3-1.  

Next, the risk important success paths are identified. For this purpose, the acceptance criteria 
in Section 1.3 are used. The risk important success paths are shown in Table 3-1 with their 
CMF and or LRF % numbers shown in bold letters and outlined; in addition these sequences 
are marked with a ">>" in the left column. There are 13 sequences that are identified as being 
risk important. This table also shows which sequences are bounded by the short-term and long
term analysis cases in Table 4-1.  

Table 3-2 lists these 13 risk important sequences; these sequences are subject to further 
examination for thermal-hydraulic uncertainty considerations. Note that each of these paths has 
adequate ADS actuation, and at least one CMT or one ACC injecting. Not all of these paths 
need to be low-margin cases from a T&H analysis point of view; see Section 4 for further 
discussion of these sequences.  

The residual contribution of the remaining UC sequences are at the order of 4-5% of CDF or 
LRF. This percentage is too small for modeling uncertainty considerations. Thus, the residual 
sequences need not be further examined.  

3.2 Role of Passive RHR 

In the medium LOCA (MLOCA, SI-LB and CMT-LB) success paths where both CMTs fail to 
inject, automatic actuation of PRHR is required to provide adequate time for operators to 
actuate the ADS manually. In Table 3-2, six sequences had both CMTs failed. It is expected 
that almost all of the frequency of one of these sequences is attributable to cases where passive 
RHR is available. To show this, the frequencies of these sequences is recalculated assuming 
that passive RHR failed. These success paths are labeled with the additional letter p. The 
results are shown in Table 3-3.  

From Table 3-3, it is observed that postulating the additional failure of PRHR in the risk 
important sequences with both CMTs inoperable results in a very small CDF and LRF. Thus, 
the corresponding sequences in Table 3-3 will be labeled as PRHR available; the results are 
shown in Table 3-4. These are the risk important sequences to be further discussed for T&H 
uncertainty considerations in Section 4.0. Tables 3-4 shows which analysis case in Table 4-1 
bounds it.  

Westinghouse RAI Number 720.012-19 

11 i26,'2002



AP1 000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

Table 3-1 UC Sequences Sorted by CDF Frequency

Sequence 
CDF 

8.96E-07 
4.58E-07
3.05E-07 
2.89E-07
1.34E-07
9.12E-08 
3.01 E-08

Sequence 
LRF

% CDF %LRFT Cl

2.65% NO

IRWST & 
RECIRC

t P 9 I 1 T

5.37E-08 
2.75E-08 
1.83E-08
1.73E-08 
8.05E-09

371.66% I275.60%
190.05% I140.93%
126.76%1 94.00%
119.85%1 88.88%

P I
55.67% 41.28%

5.47E-09 37.82% 28.05%
1.81 E-09 I12.48% I9.26%

YES 
YES
YES 
YES 

YES
NO 

YES

YES
YES
YES

-� I-

YES 
YES
YES
YES

YES 
YES

CMT

1
2 
0
0
0
2
2

ACCUM

0
1 
1
2
2 
2

0

-4-

kADS4 

4 
4
4 
4
4 
4
4

m4 l 3.01___ E- 0 1.81_____ E-0 1248 9. 6%

mlo32 
silbl2 
silb28 
m1o73

8.51 E-09

End 
State 

UC5 
Uc 

Uci 
UC2B 
UC2B 

Uc 
UC3 
UC8 
UC3 

UC2A 
UC5 
UC5

2.09E-09
1.64E-09
1.52E-09 
1.14E-09
1.07E-09
8.40E-10
7.77E- 10
7.21 E-10

8.51 E-09 3.53% 43.63% NO
3.85E-10 2.67% 1.98% YES
1.47E-10 
1.25E-10 
9.83E-1 1 
1.52E-09 
6.85E-1 1
6.42E- 11
5.04E-11 
4.66E-11
4.32E-1 1

1.01% 1 0.75%91 YES
0.87% 
0.68% 
0.63% 
0.47%

.9 4 -I

0.64% 
0.50%
7.77% 
0.35%

0.44% 1 0.33% 
0.35% j 0.26%

YES
YES
NO 

YES
-4

YES
YES

0.321%. 0.24% NO
0.30%
0.29% 
0.28%
0.27%

0.229/o 
0.21% 
0.21%
0.20% 
0.19%

YES
-I 4 -�

6.92E- 10
6.76E- 10 
6.44E-10
6.15E-10 
5.16E-10 
4.88E-10

4.15E-11 
4.05E-1 1 
3.86E- 11

4 4 -- t - -

3.69E-11 1 0.26% 
5.16E-10 0.21%

-- I 4 I I
4.88E-10 0.20%/o 2.50% NO

YES
YES
YES
YES

2
1
0
1

4 +

YES
YES
YES
YES
YES
YES 
YES

YES YES
YES 
YES 
YES

YES 
YES
YES

1 
1
0
2
2 
2 
0
0
1 
0
0
0 
0

2 
0
1 
0 
0 
0
1
1
1 
1 
1
2 
1 
2
1
1 
2

4 
4
4
3 
4 
4 
4

3 
4 
4 
3

3 
4 
4

4 
4 
4

L - _ _ _ _ _aSa j -. -

Seq.  
Name 

silb06 
sad06 
silbl 1 
mlo31
cmt3l 
sad25 
mloll1

6.42E-09 
2.44E-09

UC5 
UC2A
UC 
UC
UC

ADS 2,3 

2-4 
2-4

11o15 
cmt26 
mlo36

Bounded 
By Case 

C 

E

silb08 
silb07
silb23 
cmt36

2-4 
2-4 
2-4 
2-4 
2-4

A 
AB 
AB 
E 
C

sad08
sad07
sad30

-+ 4-

2-4 
2-4 
2-4

silb13 
mlo33

D 
C 
A

sad17

Uci 
UC2B

UC
UC2B 
UCI 
Uc1 

UC2B

C 
C

(2)

(2)

2-4 
0-1
2-4 
2-4
2-4 
0-1 
2-4 
2-4 
2-4 
2-4 
0-1

I I I r T

C 
A 

E 
E 

E 
AB 
A 
A 
A

RAI Number 720.012-20 
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AP1 000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

Table 3-1 UC Sequences Sorted by CDF Frequency

Seq.  
Name

Sequence Sequence 
CDF LRF

UC2B cmt33 j 3.17E-10 1.90E- 11
UC2B1 cmt32 2.70E-1 0
UC2B cmt73 2.27E-10

sad27 
sad26 
sad36

2.13E-10 
1.67E-10 
1.34E-10

1.62E-11
1.36E-11

% CDF 

0.13%

% LRF C1 IRWST & 
RECIRC

CMT IACCUM

-1- 4- 4 - -t I-

0.1%[ YES
0.11% 1 0.08% YES
0.09% 0.07% NO

YES
YES
YES

0
0
0

Respons o RqetFr Ad itoa Inforatio
1.28E- 11
1.OOE-11 
8.04E- 12

0.09% 
0.07%
0.06%

4 -t 1�
mlo13 7.OOE-11 
mlo12 5.49E-11

4.20E-12 0.03%

0.07% NO YES-

2
2
2
2

________ 4. 4 - -t - I- t

0.05% NO
0.04% 
0.02%/a

NO
YES
YES

__________ 4 .4 -4--
YES YES

2
1 
2

-4 - ______________ -�- I 1 t
3.30E-12 10.020/o 0.0210/ YES YES 2

2
2
0
0

ADS 4 ADS 2,3

3 
4
4
3
4 
4
3
4

3.30E-1__ 2 0.~- 02"/ 0.2 YEStI

UC3 m1o53 5.08E-1 1 
UC3 m1o26 4.42E-1 1

1io17 
11o16 

cmt28 
11o21 

cmt27

5.08E-1 1
2.65E-12

1.99E-11 1.99E-11 
1.56E-11 1.56E-11
1.50E-11 
1.25E-11 
1.17E-11

8.97E-13

0.029/0 0.26% NO YES 2 0 4
___________ ____________ -I I - 7-1-

0.02% 0.01% YES YES 1
I 4- 1 1 7

0.01% 
0.01% 
0.01%

1.25E-11 0.01% 
7.04E-13 0.00%

-4- 4- -4- 4-
UC3 cmt68

mlo38 
m1o37

1.09E-11
5.86E-1 2
5.45E-1 2

mlo78 4.13E-12
siIb09 
silb25

UC5 silb24

3.85E-1 2
3.53E-1 2

6.51 E-13 0.00%
3.51 E-13 
3.27E- 13

0.00%

0.10% 
0.08%
0.00%

NO 
NO

YES
0.06% 1 NO

YES 
YES 
YES
YES

4-+' 
1

0.00%
0.00% 
0.00%

YES 
NO

YES
YES

______________ 4 _ .4 -4-----
YES YES

2 
2 
1
1
1
1
0

0
2 
2 
0 
2

0
0
1

_________ 4- 4 1- 4- 7 1
0.00%

.4 -.- I-

4-

I- -4-
2.77E-1 2

4.13E-12 0.000/6
2.31 E- 13 
3.53E- 12 
2.77E- 12
1.62E-13 
1.38E-13 
1.18E-13 
1 15.1'q

0.000/0 
0.00%

0.000/0 
0.02% 
0.00%

YES 
NO

YES
YES

_____ 4 .4 +
YES YES

0.02% o NO YES

0
0 
1 
1

-4- 4- -, ± +
0.00% 
0.00% 
0.00%

0.01% 
0.00% 
0.00%

NO 
YES 
YES

YES 
YES 
YES

1 
0 
0

1
1 
0 
0 
0 
1cmt38 

cmt37
2.69E- 12 
2.30E- 12

sad09 1.97E-12 
P~mt7A O':E-1 _

--4- I- 4 --� + + -4
0.000/6 0.00% YES YES 2 
n nlo/i I flnno/^ I ml I r I n

1 
1

4 
3 
4 
3

4
4 
4
3 
4 
4 
3 
3 

4 _ 

4 
3 
4

RAI Number 720.012-21
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End 
State

Uc 
Uc 
UC

UC3 
UC3

Bounded 
By Case

UC8 
UC8 
UC3 
UC8 
UC3

2-4 
0-1
2-4
2-4 
0-1 
2-4

(2) 
(2)

2-4 
0-1

UC2A 
UC2A 
UC2A
UC5 
UC5

2-4 
2-4 
2-4 
0-1 
2-4

UC2A 
UC2A 
Uc 

I If.2A

AB

A 

E 
E 
C 
C 

C 

D 
C

C 
C 

A 
A 
C 
C 
C 

A 

A

2-4 
0-1 
2-4
2-4 
0-1 
2-4 
0-1 
2-4 

0-1 
2-4 
0-1 

9-4

2



AP1 000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

Table 3-1 UC Sequences Sorted by CDF Frequency

Sequence Sequence 
CDF LRF

% CDF % LRF C1 IRWST & CMT ACCUM ADS 4 ADS 2,3 [ Bounded RECIRC By Case

UC sad32 1.81 E-12 1.09E-13 0.00% 0.000/0 NO YES 2 1 3 2-4 
UC2B m1o34 1.78E-12 1.07E-13 0.00% 0.00% YES YES 0 2 3 0-1 
UC1 silb14 1.57E-12 9.45E-14 0.00% 0.000/% YES YES 0 1 3 0-1 
UC sad19 1.57E-12 9.44E-14 0.00M/6 0.00% YES YES 1 1 3 2-4 
UC sad3l 1.42E-12 8.51 E-14 0.00% 0.00% NO YES 2 1 4 0-1 E (2) 
UC sad18 1.23E-12 7.40E-14 0.00% 0.00% YES YES 1 1 4 0-1 E 

UCi silb30 1.22E-1 2 1.22E-12 0.00% 0.01% NO YES 0 1 3 2-4 
UC2B mlo75 1.17E-12 1.17E-12 0.00% 0.01% NO YES 0 2 3 2-4 

UC sad4l 1.14E-12 6.85E-14 0.00% 0.00% NO YES 1 1 4 2-4 E (2) 
UC2B mlo74 1.09E-12 1.09E-12 0.000/0 0.01% NO YES 0 2 4 0-1 A 
UCi silb29 1.04E-12 1.04E-12 0.000/0 0.01% NO YES 0 1 4 0-1 A 

UC2B cmt34 6.91E-13 4.15E-14 0.00%M/ 0.00% YES YES 0 2 3 0-1 
UC2B cmt75 5.35E-13 3.21 E-14 0.000/% 0.000/0 NO YES 0 2 3 2-4 
UC2B cmt74 4.56E-13 2.74E-14 0.00% 0.000/0 NO YES 0 2 4 0-1 A 

UC sad28 3.91 E-13 2.35E-14 0.00% 0.000/0 NO YES 2 2 3 0-1 
UC sad38 3.12E-13 1.87E-14 0.00% 0.00% NO YES 1 2 3 2-4 
UC sad37 2.45E-13 1.47E-14 0.00%M/ 0.00% NO YES 1 2 4 0-1 E (2) 

UC3 mIo14 1.29E-13 7.71 E-15 0.00% 0.00% YES YES 2 0 3 0-1 C 
UC3 m1o55 1.18E-13 1.18E-13 0.00% 0.000/0 NO YES 2 0 3 2-4 C

m1o28 1.03E-13 
mlo54 9.24E-14
mlo27 I 8.04E-14

7.46E-14
3.66E-14
2.92E-14

6.17E-15 0.00% 0.00%/ YES YES 
9.24E-14 0.00% 0.00% NO YES
4.83E-15 1 0.00% 1 0.00% YES I YES
7.46E-14 
3.66E-14 
2.92E-14

0.00% 
0.00% 
0.00%

0.00% 
0.00% 
0.000/0

NO 
NO 
NO

YES
YES 
YES

1 
2 
1

1
2 
1

0 
0 
0
0
2 
2

4 + I- -� ________-+ -

i Rz-it- I nfnno/, I nAnL I Vi=-, Ivi: A

3 
4 
4 
4
3 
3

2-4 
0-1 
0-1 
2-4
0-1 
2-4 
n-i

C 
C 
C 
C

I
- I - ___ ____ ___ _ II I I _______ II I - I

RAI Number 720.012-22

11/26/2002

End 
State

Seq.  
Name

UC3 
UC3 
UC3
UC3 
UC8 
UC8

m1o68 
Ilol8
11o23

I IIY._ Imt9Q 1 9 7rF:.lA

Westinghouse



AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information

End Seq.  
State Name 

UC3 cmt70 
UC8 11o22 
UC3 cmt69 

UC2A m1o39 
UC2A mlo80 
UC2A m1o79 
UC5 silb26 

UC2A cmt39 
UC2A cmt8O 
UC2A cmt79 

UC sad33 
UC sad20 
UC sad43 

UC2B mlo76 
UCi silb31 
UC sad42 

UC2B cmt76 
UC sad39 

UC3 mlo56 
UC3 mlo29 
UC3 mlo70 
UC3 mlo69 
UC8 11o24 
UC3 cmt7l 
UC sad44 

i irgA rmlkJl

Sequence 
CDF 

2.52E-14 
2.29E-14 
1.97E-14 
1.36E-14 
9.01 E-15 
8.10E-15 
6.28E-15 
5.47E-1 5 
4.33E-15 
3.58E-1 5 
3.20E-15 
2.78E- 15 
2.62E-15 
2.30E-15 
2.26E-15 
2.02E-15 
9.92E-1 6 
5.15E-16 
1.51 E-16 
1.35E-16 
1.25E-16 
9.54E-17 
5.09E-1 7 
3.23E- 17 
O.OOE+00 
A fnnA.L.A

C

Table 3-1 UC Sequences Sorted by CDF Frequency 

ý.quence / 0CDF 0% NOLRF Cl RWST& CMT 
LRF REClRC 

1.51E-15 0.00% 0.00% NO YES I 

2.29E-14 0.00 0.00% SNO -YES _1 

1.18E-15 0.00% 0.00% NO YES 1 

8.13E-16 0.00% 0.00/a YES YES 0 

9.01 E-15 0.000/% 0.00% NO YES 0 
8.10E-15 0.00% 0.00% NO YES 0 
6.28E-15 0.00% 0.00% NO YES 1 
3.28E-1 6 0.00% 0.00% YES YES 0 

2.60E-16 0.00% 0.00% NO YES 0 

2.15E-16 0.000/0 0.00% NO YES 0 
1.92E-16 0.00% 0.00% NO YES 2 
1.-67E--16 0.00%-- 0.00%-- YES YES 1 
1.57E- 16 0.00% 0.000% NO YES 1 
2.30E-15 0.00% 0.00%- -NO -YES -0 
2.26E-15 0.000% 0.00% NO YES 0 
1.21 E-16 OO/- 0.00 0,00. NO YES 1 
5.95E-17 0.00% 0.000% NO YES 0 

3.9-1 .0% 0.00% NO YES 1 
1.51 E- 16 0.009/ W.0 O YES 2 
8.09E-1 8 0,00-o% 0.00% YES Ys--ýE s 1 
1.25E-16 0.009/ 0.00%0N/YS6 
9.54WE-17 0ý C-.00 06.600/6 -NO Y-VES - -1 
5.09E-1 7 0.60%9/ 0. 009/ -NO -YES -1 
1.94E-1 8 0.000% 0.00% NO YES 1 
0.00E+00 0.000% 0.00% N E

-� ! � -

O Westinghouse

Bounded
Bounded 
By Case 

C 

C 

A 
C 

A 

E (2)

2ACCU 

0 
2 
0 

1 
1 

0

2 
2 
0 
0 

0 

2 

0

'pl l•Ulll1 I/.VU(.Ct

11/M62002

ADS 4 ADS 2,3 

3 2-4 
4 0-1 
4 0-1 
3 0-1 
3 2-4 
4 0-1 
3 0-1 
3 0-1 
3 2-4 
4 0-1 
3 0-1 
3 0-1 
3 2-4 
3 0-1 
3 0-1 
4 0-1 
3 0-1 
3 0-1 
3 0-1 
3 0-1 
3 2-4 
4 0-1 
3 0-1 
3 0-1 
3 0-1 

R f)-1

U- A-

C_ 
C 
C 
C 

C



AP1 000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

Table 3-1 UC Sequences Sorted by CDF Frequency

Seq. Sequence 
Name CDF

Sequence 
LRF

% CDF % LRF IRWST & CMT ACCUM ADS 4 ADS 2,3 Bounded 
RECIRC By Case

Totals / % of total << all cases 
<< cases bounded by analyzed T&H uncertainty cases 
<< cases bounded by dominant cases

1 Sequences with >= 1% contribution to either CDF or LRF are highlighted by outline of % CDF / LRF.  
The remaining sequences are to be treated as "residue".  

2 Spurious ADS 4 case was analysed with cont isolation; because of large PCT margin, case without Cl is expected to 
be OK.

RAI Number 720.012-24

11/26/2002

SEnd _State 4

Notes:

OWestinghouse
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AP1 000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information

Table 3-2 Risk Important UC Sequences

Sequence 
LRF

5.37E-08

% CDF % LRF

275.60%

Cl

YES YES

IRWST & 
RECIRC

371.66%
190.05%

94.00%126.761%
YES119.85%

41.28%55.67%

43.63% 
1.98%2.67%

YES1.01%
0.63%

2.65%
NO

Residue from5.22%

CMT ACCUM ADS 
4

________ 4 +

1 0
4 4 -+ -4 4 - - I t

I. -I

2.75E-08
1.83E-08

4 + +

1.73E-08
8.05E-09

140.93%

88.88%

YES
YES 
YES
YES

YES
YES

YES

2 
0
0
0

1
1
2 
2

4 
4
4
4 
4

UC sad25 9.12E-08 5.47E-09 37.82% 1 28.05% NO YES 2 2 4 2-4 
UC3 mlol [ 3.01E-08 1.81E-09 12.48% 1 9.26% YES YES 2 0 4 2-4

8.51 E-09
3.85E-10

3.53% NO
YES

YES
YES

2
1

I 4 - I - I 1- I I

- I I- 4

silb28 5.16E-10 
mlo73 4.88E-10

2.22E-06t

I. 4

1.26E-08

1.47E-10
1.52E-09
5.16E-10
4.88E-10

1.44E-07

8.62E-1 0

0.21%
0.20%

0.75%
7.770/6

2.500/o

4.42%/o

NO
NO

YES
YES
YES
YES

0

2
0
1

4
4 
4

f 41
0 
0

0 4
1 4 
2 4

-f -4- 4- +

UC Sequences not selected

RAI Number 720.012-25

IsWestinghouse 11/26/2002

Sequence 
Name

Sequence 
CDF

End 
State

UC5
UC 

UC2B

silb06 8.96E-07
sad06 
silbl 1
mlo3l
cmt31UC2B

4.58E-07 
3.05E-07
2.89E-07
1 .34E-07

UC8 11o15
UC3 cmt26

UC2A 
UC5

8.51 E-09
6.42E-09

ADS 
2,3

2-4 
2-4

mlo36
silb23

2.44E-09
1.52E-09

UC1 
UC2B 

Totals =

2-4
2-4 
2-4

2-4
2-4 
2-4
2-4 
2-4 
2-4



AP1 000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information

Table 3-3 Sequences With CMT and PRHR Failure

Sequence 
CDF

I I-
A .!4F-11

Sequence rnvv�.� �.,m I
Sequence 

LRF 

3.92:E-1 2

% CUP~ "to LHI"
RECIRC

AP00 ESG CR IFIAINRVE
I- I-- 4 1

0.03% 0.02% YES YES

PRHR

0 NO

silb28p 1.12E-13 1.12E-13 0.00% 0.00% NO YES 0 NO 

mlo3lp 6.29E-11 3.77E-12 0.03% 0.02% YES YES 0 NO 

mlo36p 5.31 E-13 3.19E-14 0.00% 0.00% YES YES 0 NO 

mlo73p 1.07E-13 1.07E-13 0.00% 0.00% NO YES 0 NO 

cmt3lp 2.87E-11 1.72E-12 0.01% 0.01% YES YES 0 NO

1 .58E-10 9.67E-12
I

0.07% 0.05%

Sequence 
Name

o-ilhl I n

Sum =

RAI Number 720.012-26 

)Westinghouse12002

UI •,IVll I
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AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information

Table 3.4 AP000 0 T&H Uncertainty Low Margin Risk Important Sequences Respnseto ADustFrAdtoaInrmin

Cl

YES 
YES 
YES
YES 
YES

4 4-- ±

NO

IRWST & 
RECIRC 

YES 
YES 
YES
YES 
YES
YES

CMT ACCUM

1 0
2 
0 
0 
0 
2

YES YES 2 
NO YES 2

Case 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12

MLOCA NO

YES 
YES 
YES 
YES 
YES

1 
0 
1 
0 
0

1 
1 
2 
2
2
0
2
0
1 
0 
1 
2

ADS 
4 

-4-

4 
4 
4
4

ADS 
2/3

2-4
2-4 
2-4
2-4
2-4

PRHR Sequence 
CDF

Sequence 
LRF

+ 4- 4- t 4

N/A
N/A
YES

8.96E-07
4.58E-07
3.05E-07

4 -+

YES
YES

2.89E-07
1.34E-07

5.37E-08
2.75E-08 190.1% 
1.83E-08 126.8%
1.73E-08
8.05E-09

I- I-- 4 4- -I 4-

4 
4
4 
4

4 
4

2-4
2-4
2-4
2-4
2-4 
2-4

4 2-4-_ 
4 2-4

N/A
N/A
N/A
N/A 
YES 
N/A
YES
YES 

Totals =

9.12E-08
3.01 E-08
8.51 E-09
6.42E-09 
2.44E-09 
1.52E-09 
5.16E-10
4.88E-10 

2.22E-06
-4 ± 4

Residue from UC Sequences not selected
Residue from sequences with PRHR failure

1.26E-08 
1.58E-10

5.47E-09
1.81 E-09
8.51 E-09
3.85E- 10 
1.47E-10 
1.52E-09
5.16E-10
4.88E-1 0

1.44E-07

8.62E-1 0 
9.67E-1 2

Initiating 
Event

SILB 
SADS 
SILB 

MLOCA 
CMT

YES 
YES 
NO 
NO

13

SADS

% CDF

MLOCA 
LLOCA

CMT 
MLOCA 

SILB 
SILB

371.7%

Short
Term 

E 
A 
B 
B 
E 
C 
D 
C 
A 
C 
A 
A

Long
Term 

G
G 
G_ 

G 
G 
G_ 

G F _ G 

F 

F

% LRF

275.6% 
140.9% 

94.00% 
88.9% 
41.3% 
28.00/c 
9.3% 

43.6% 
2.0.8% 
0.8%

7.8% 
2.6% 
2.5%

4.4% 
0.0%

119.9% 
55.7% 
37.8%
12.5% 
3.5%
2.7% 
1.0%
0.6%
0.2% 
0.2%

5.2% 
0.1%

RAI Number 720.012-27 
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

4.0 Cases for T&H Uncertainty Analysis 

In the previous section, thirteen risk important UC sequences are identified for further 
evaluation. These sequences are listed in Table 3.4. These sequences have the following 
general characteristics: 

1. All of these sequences have 4 of 4 ADS stage 4 valves open and several of the ADS 
stage 2/3 valves open.  

2. Eight of the sequences have containment isolation successful, and five have 
containment isolation failure.  

3. Six of the thirteen sequences have only one tank (CMT or Accumulator) available; the 
remaining sequences have 2 to 4 tanks (both accumulator and CMT).  

4. The sequences with no CMTs have the PRHR HX available.  

Five short-term and two long-term cases have been selected to be analyzed to bound the 
T&H uncertainty of the 13 cases in Table 3-4. Table 4-1 lists these 7 AP1 000 cases. These 
cases were selected to minimize the total number of cases that were required to be 
analyzed while ensuring that the T&H uncertainty of the cases in Table 3-4 are bounded. As 
shown in Table 3-1, the cases in Table 4-1 bound more cases than those in Table 3-4.  

For each of these cases, Table 4-1 indicates the initiating event, the available equipment 
and which risk important case(s) that it bounds in Table 3-4.

RAI Number 720.012-28
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AP1 000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information

Table 4-1 UC Sequences Analyzed for T&H Uncertainty Evaluation

Analysis Initiating Event (1) 
Case

Short-Term Cooling
A 
B
C

D

RCS hot leg (3.0") 
DE CMT balance line (6.8")
DE DVI line (4")

Cont.  
Isol.

no 
yes 
no

IRWST 
& 

RECIRC

CMT ADS 
4

ADS 
2/3

PRHR

________ -� 4 + 4

yes 
yes 
yes

0 1 4 0 yes
1 -I 4- 4--

0 
1

2 
0

4 
3

0 
0

I- 
4 �- 4 4 -4- �- I----

DE CL LLOCA
E Spur ADS4 (2)

Long-Term Cooling 
F DE DVI
G DE DVI

no
no

yes 
no

yes
yes

2
1

2
1

4
4

0
0

yes 
no

yes 
yes

_________ + -4-- 4- - 4

i ____ + i + - -
1/1&1/1 
1/1&2/1

1 
1

0 
0

3 
4

0 
0

no
no

Notes (1) Break sizes are effective sizes (inside diameter or orifice; not outside pipe diameter).  
(2) Spurious ADS assumes all 4 ADS stage 4 valves open at same time as initiating event.  
(3) Indicates number of valves open / number of flow paths open.

RAI Number 720.012-29

Bounds Dominant 
Case

3,10,12,13
4,5 
1,7,9,11

8 
2,6 

8,11-13
1-7, 9-10

SWestinghouse
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

4.1 Description of T&H Uncertainty Analysis Cases 

Short-Term Case A, RCS Hot Leg Medium LOCA (3.0") 

This case bounds risk important sequences 3, 10, 12, 13 in Table 3.4. The specific case 
was selected because MAAP success criteria analysis indicated potential core uncovery 
with a LOCA break size that results in the accumulator just starting to inject at the time the 
operators were manually actuating ADS. The operator action time in the PRA for this 
sequence is 20 minutes. Since the CMTs are assumed to have failed and the RCS pressure 
remains above the accumulator pressure, there is no RCS injection until the operators 
actuate ADS. This sequence can lead to core uncovery prior to ADS actuation. Note that the 
PRHR HX is included because it is required by the AP1 000 success criteria for MLOCAs 
with failure of CMTs.  

Short-Term Case B, Double-Ended CMT Balance Line LOCA 

This case bounds risk important sequences 4 and 5 in Table 3.4. The specific case was 
selected because MAAP success criteria analysis indicated potential core uncovery with a 
LOCA break size that results in rapid accumulator injection such that the accumulator is 
mostly empty by the time the operators manually actuate ADS. Since the CMTs are 
assumed to have failed, there will be essentially no RCS injection during the 
depressurization to IRWST injection. The PRHR HX is included for the because the AP1 000 
success criteria requires the PRHR HX for MLOCAs with failure of CMTs.  

Short-Term Case C, Double-Ended DVI LOCA 

This case bounds risk important sequences 1, 7, 9, 11 in Table 3.4. The specific case was 
selected because MAAP success criteria analysis indicated potential core uncovery with a 
DVI break and injection from only one CMT. Since the accumulators are assumed to have 
failed, the injection will be reduced in the time frame just after ADS actuation.  

Short-Term Case D, Large Cold Leg LOCA 

This case bounds risk important sequence 8 in Table 3.4. The specific case was selected 
because large LOCAs all have significant core uncovery and the design basis DCD analysis 
(Reference 4) has successful containment isolation. In the PRA, successful core cooling can 
be accomplished event with failure of containment isolation. The case analyzed for the PRA 
also assumes that offsite power remains available until the reactor coolant pumps are 
tripped when the CMTs are actuated several seconds into the event. If offsite power is also 
assumed to be lost, this sequence would not be risk important. As discussed in the AP1 000 
DCD, having offsite power available results in somewhat lower PCTs for the AP1 000.  

RAI Number 720.012-30 
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

Short-Term Case E, Spurious ADS Stage 4 Large LOCA 

This case bounds risk important sequences 2 and 6 in Table 3.4. The specific case was 
selected because large LOCAs have significant core uncovery and the design basis DCD 
analysis (Reference 4) is a cold leg break location, has injection from 2 accumulators and 
has successful containment isolation. In the PRA, only one accumulator is considered to be 
required for these hot leg LOCAs. In addition, successful core cooling can be accomplished 
event with failure of containment isolation. Note that the case analyzed has successful 
containment isolation. Analysis of the same case with failure of containment isolation is 
considered unnecessary because of the very low PCTs calculated for the case (< 11 0OF 
with uncertainty).  

Long-Term Case F, Double-Ended DVI LOCA 

This case bounds risk important sequences 8 and 11-13 in Table 3.4. The specific case was 
selected because DVI LOCAs have lower containment water levels / driving heads available 
during recirculation operation. This accident is the same as case C except that containment 
isolation is available. Note that this case is a transient case that covers operation from ADS 
stage 4 opening through initiation of containment recirculation.  

Long-Term Case G, Double-Ended DVI LOCA 

This case bounds risk important sequences 1-7, 9, 10 in Table 3.4. The specific case was 
selected because DVI LOCAs have lower containment water levels / driving heads available 
during recirculation operation. This accident is the same as case C except that 4 of 4 ADS 
stage 4 valves open. Note that this case is a transient case that covers operation from ADS 
stage 4 opening through initiation of containment recirculation. The case continues until 
leakage from the containment is terminated when the passive containment cooling system is 
able to remove decay heat with the containment pressure at atmospheric pressure.  

The results of the analysis of three of these cases (A, B, C) are reported in revision 0 of the 
AP1 000 PRA Study, Appendix A (Reference 3). Case D (Large CL LOCA with failure of 
containment isolation) has been analyzed and the results reported in the response to this 
RAI. Case E (spurious ADS stage 4) has been analyzed and the results reported in the 
response to RAI 720.010. Note that the case analyzed in RAI 720.010 assumed that 
containment isolation was successful while case E assumes that containment isolation fails.  
Since the results shown for the case analyzed has such a low PCT (1100 F with 
uncertainty), it is not considered necessary to re-analyze this case. Cases F and G (LTC 
DVI LOCA cases) have been analyzed and the results reported in the response to RAI 
720.013.  

All of these results will be included in revision 1 of Appendix A of the AP1 000 PRA Report.  

As a conclusion, the cases selected in this AP1 000 study for analysis will allow the T&H 
uncertainty in the AP1 000 PRA to be bounded.  
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Attachment 2 - Analysis of T&H Uncertainty Case D 

T&H uncertainty case D is a large cold leg LOCA that is the same as the CD=1.0 DECLG 
break reference case presented in the RAI 440.097 response and the base case of the 
AP1 000 DCD Section 15.6 9 5 th percentile PCT determination, with the following exceptions: 

"* Containment isolation has failed, so that the containment is at atmospheric 
pressure.  

"* Offsite power is available until the reactor coolant pumps are tripped when the 
CMTs are actuated several seconds into the event.  

Note that if offsite power is assumed to be unavailable, this sequence would not be risk 
important. This case is analyzed using the same computer code (WCOBRATRAC) with 
the same assumptions as the DECLG reference case from the DCD with the exceptions 
discussed above.  

Results: 

A WCOBRA-TRAC analysis has been performed of this DECLG LOCA with both 
accumulators available. Attached are plots of the analysis results from the WCOBRA/TRAC 
analysis of this case. Figure 720.012A2-1 provides the reactor vessel pressure transient 
during Case D. Figures 720.012A2-2, 3, and 4 show the flow rates at the top of the core hot 
assembly, the fuel assemblies beneath the upper core plate open holes, and the fuel 
assemblies beneath the guide tube locations, respectively; in each of these figures the solid 
line is the vapor flow rate, and the dashed lines are the continuous liquid (FLM) and 
entrained liquid (FEM) flow rates. Figure 720.012A2-5 provides the core collapsed liquid 
level during Case D to indicate the voiding during blowdown and the subsequent reflooding 
of the core. Figure 720.012A2-6 shows the cladding temperature (PCT) for Case D at the 
peak elevation for any time during the transient. The calculated PCT is 1628F.  

Approximately five seconds into the transient, a brief period of positive liquid flow occurs 
throughout the core. The flow, while short-lived, provides adequate blowdown cooling to 
terminate the cladding temperature excursion temporarily, resulting in a relatively low 
predicted PCT for the blowdown phase. Eventually the reflood phase calculated PCT is also 
lower than in the DCD Chapter 15 large break LOCA analysis case that presumes a loss of 
offsite power at the time of the break.  

To estimate the 95h percentile PCT value for Case D, the difference between the DCD large 
break LOCA analysis reference case calculated PCT and the licensing basis result with 
uncertainty considered is applied. The difference (2124-1896) = 228F, so the estimated 
Case D PCT at the 9 5 th percentile is (1628+228) = 1856F. The Case D scenario result 
exhibits large margin to the regulatory limit of 2200F.  

RAI Number 720.012-33 
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Figure 720.012A2-1 Reactor Vessel Upper Plenum Pressure 
Thermal/Hydraulic Uncertainty Case D 
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Figure 720.012A2-2 Hot Assembly Exit Vapor & 
Thermal/Hydraulic Uncertainty Case 
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Figure 720.012A2-3 Open Hole Assembly Exit 
Thermal/Hydraulic Uncertainty 
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Figure 720.012A2-4 Guide Tube Assembly Exit 
Thermal/Hydraulic Uncertainty 
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Figure 720.012A2-5 Core Collapsed Liquid Level 
Thermal/Hydraulic Uncertainty Case D 
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Figure 720.012A2-6 Peak Cladding Temperature 
Thermal/Hydraulic Uncertainty Case D 
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RAI Numoer- 720.021 

Question: 

Section 6.3.1.5, "Containment Isolation," states that "analyses (documented in Appendix A) 
were conducted to show that sufficient water for long-term cooling of the core will be retained in 
containment even if containment isolation is unsuccessful." A) Clarify where in Appendix A 
these analyses are documented.  

Westinghouse Response: 

Long term cooling is discussed in Sections A2.2, A3.5, and A5.1 of Appendix A and explains the 
reasoning that AP600 long term cooling success criteria analyses can be used for AP1 000. In 
addition, the response to RAI 720.013 contains long-term core cooling analysis for a sequence 
with failure of containment isolation. This core cooling analysis was performed using the 
WCOBRA-TRAC LTC model in support of the T&H uncertainty evaluation. The containment 
conditions for this analysis were calculated outside WCOBRA-TRAC using the MAAP4 AP1 000 
model and were input to WCOBRA-TRAC. The WCOBRA-TRAC analysis shows that the core 
cooling is successful for this event.  

The sequence modeled in both MAAP4 and WCOBRA-TRAC is a DVI line LOCA with failure of 
containment isolation and other failures. The available equipment includes: 

"* Four ADS stage 4 valves open and no ADS stage 1,2,3, 
"* Injection from one CMT and one accumulator, 
"* One IRWST injection line with one open valve 
"* Containment recirculation from one screen with two open valves, 
"* PCS water drain operating, and 
"* One containment penetration failure to close.  

Note that this case is an T&H uncertainty case, so it uses DCD methods and assumptions 
except for the additional failures. These assumptions include Appendix K decay heat and 
conservatively high line resistances.  

An extreme containment isolation failure of an eighteen-inch HVAC penetration was assumed.  

Figure 720.021-1 shows the containment water pool elevations out to 18 hours, indicating that 
the containment flood level is sustained at - 107 foot elevation in the long term. This level 
provides the driving head for injection through the intact DVI line (elevation of DVI nozzle - 99 
feet). The water level in containment is sustained in the long term by return of condensate from 

RAI Number 720.021-1 
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the passive containment cooling (PCS) of the steam from the RCS. Figures 720.021-2, 720.021 
3, and 720.021-4 show the containment pressure, containment leak flow, and containment heat 
removal, respectively. In the long term the result is atmospheric pressure in containment with 
decay heat steam being condensed by PCS and essentially no flow through the containment 
leak.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

RAI Number 720.021-2
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AP1000 DVI Break with Cont Isol Fail, PCS Water 
Containment Water Pool Elevations 
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AP1000 DVI Break with Cont Isol Fail, PCS Water 
Containment Pressure
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AP1000 DVI LOCA IN PXS-B CONT ISOL 
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AP1O00 DVI Break with Cont Isol Fail, PCS Water 
PCS Heat Removal and Decay Heat 
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RAI Number: 720.035 

Question: 

In Chapter 26 on the Protection and Safety Monitoring System (PMS), in Chapter 27 on the 
Diverse Actuation System (DAS), and in Chapter 28 on the Plant Control System (PLS), the 
following statement is made: "Because of the rapid changes that are taking place in the digital 
computer and graphic display technologies employed in the modern human systems interface, 
design certification of the AP1 000 focuses upon the process used to design and implement 
instrumentation and control systems for the AP1 000, rather than on the specific 
implementation." To be able to take advantage of such changes in technology, design options 
in additions to the ones used in the AP600 design certification are proposed for the safety
related PMS and the non-safety related DAS and PLS. For the safety-related PMS, the option 
to use the Common Qualified Platform (Common 0) is proposed. For the non-safety-related 
DAS and PLS, the option to use commercial off-the-shelf hardware and software which will be 
current at the time of construction is proposed. Please provide more detailed information 
regarding the implementation of the proposed options by responding to the following questions: 

A. Regarding the PMS, it is stated that the AP600 Instrumentation and Control (I&C) functional 
requirements, which have received design certification, will be retained to the maximum 
extent compatible with the Common 0 hardware and software. Also, it is stated that 
although the details of the AP1 000 PRA model follow the AP600 design, the Common Q 
hardware and software provide a degree of redundancy that is equivalent to the redundancy 
modeled in the AP1 000 PRA. Please explain the process that will be used to verify that a 
PMS designed with the "Common Q" option will have equivalent or better reliability with the 
system modeled in the PRA. Also, please explain how the introduction of the "Common Q" 
option will affect important PRA-based insights about the PMS, such as the ones identified 
during the AP600 PRA review (i.e., the design certification information "PRA-based insights" 
documented in Table 19.59-29 of the AP600 DCD).  

B. Regarding the non-safety-related DAS and PLS, it is stated that the AP1 000 PRA is based 
on "one possible .... configuration designed to meet the requirements of DCD Chapter 7" and 
that "the functional requirements and the degree of redundancy modeled in the PRA are 
representative of the expected final .... design." Please explain the process that will be used 
to verify that the DAS and PLS ,designed with the "commercial off-the-shelf hardware and 
software current at the time of construction" option, will have equivalent or better reliability 
with the systems modeled in the AP1 000 PRA. Also, please explain how the introduction of 
such an option will affect important PRA-based insights about the DAS and PLS, such as 
the ones identified during the AP600 PRA review (i.e., the design certification information 
"PRA-based insights" documented in Table 19.59-29 of the AP600 DCD).  

RAI Number 720.035-1 
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Westinghouse Response: 

The responses to questions A and B are given below. Note that in general, all risk-important 
components, including those in PMS, DAS and PLS systems, of an operating AP1000 plant will 
be subject to the maintenance rule and their performance will be monitored and kept within the 
established goals. Moreover, the maintenance rule also requires assessment of plant 
configuration as components become out-of-service (planned or forced) on a continuous basis, 
further strengthening the adherence to the component performance goals.  

A. Although the PMS as a system has high importance, the PRA results are not sensitive to 
small changes in PMS failure probabilities. For example, a factor of two increase in PMS 
failure probability produces less than a one-percent change in plant CDF for at-power 
events and the PRA results still meet the NRC safety goals. This low level of sensitivity 
is a result of the following: 

"The PMS, using either platform, is designed to be a highly reliable system.  
- The PMS has four redundant divisions.  
- Redundancy is provided within each division.  
- The PMS uses highly reliable components.  
- The software is developed, verified and validated using processes that conform 

to applicable standards for safety applications.  
- Modular design enhances the rapid isolation and repair of failures.  
- The PMS has continuously running diagnostic features that will alert the 

operations and maintenance staffs promptly of component malfunctions that 
occur. This assures that malfunctions will be repaired promptly, minimizing the 
amount of time that the plant has to operate with malfunctioning components.  

- Circuit isolation is used to electrically isolate segments of the instrumentation and 
control architecture and to prevent propagation of electrical faults.  

- Physical separation is provided between the four redundant divisions of 
equipment for the PMS, which in turn, is separated from nonsafety systems such 
as the PLS.  

- PMS equipment is qualified to environmental requirements, including 
temperature, humidity, vibration/seismic, electromagnetic interference/radio 
frequency interference (EMI/RFI), and surge withstand criteria commensurate 
with its safety classification and intended usage.  

"* The AP1000 is designed using fail-safe design features.  

"* The AP1000 plant is designed with diverse back up for important functions.  

The general architecture of the Common Q PMS is similar to that modeled in the 
AP1 000 PRA and includes the features listed above. Based on the Common Q 
characteristics and AP1 000 PMS design features described below, the "PRA-based 

Westinhouse AI Number 720.035-2 
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insights" documented in response to RAI 720.038 are applicable to the AP1 000 PMS 
using the Common Q product.  

The AC1 60 and flat panel display equipment used in the Common 0 product have a 
commercial experience base that assures that they are reliable and predictable for 
process control and monitoring applications.  

The AP1 000 Common Q based PMS application includes redundancy features to help 
assure system reliability, including: 

"* Redundant inputs for sensors 

"* Redundant processing of algorithms and channel bistable functions 

"* Inter-communication of bistable statuses so that each channel can use the 
information from all channels in its coincidence logic 

"* Redundant coincidence logic subsystems in each channel 

"* Actuation of any required safety function by the output from either of the redundant 
coincidence logic systems in each channel 

"* Redundant network busses in each channel to communicate information between 
PMS subsystems.  

This summary indicates that the AP1 000 with the Common Q option is expected to meet 
the NRC safety goals because the functional requirements and the basic design features 
are essentially the same. It is unlikely that modeling Common 0 in the PRA would have 
a significant impact on the PRA results and, as stated above, even a factor of two 
increase in PMS failure probability has a minimal impact on the PRA.  

B. The manual DAS controls are implemented in a manner that bypasses the signal 
processing equipment. Manual DAS controls are also subject to Technical Specification 
requirements. Automatic DAS is one of the systems that are subject to availability 
controls of DCD Section 16.3. Both DAS and PLS have medium importance in plant risk 
as shown by the sensitivity analyses performed for AP1 000. Since PLS is a normally 
operating system, its reliability and availability are crucial to plant performance, and are 
expected to be kept at prescribed goal levels. DAS is a standby system and its reliability 
and availability are controlled by the availability controls. The PRA results and insights 
derived from the current AP1 000 PRA are discussed in response to RAI 720.038.  

Westin ouse RAI Number 720.035-3 
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Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

* Westinghouse
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RAI Number: 720.037

Question: 

In Appendix A (pages A-28 and A-29) it is stated that a process to evaluate T/H uncertainty was 
developed for the AP600 design certification. This process included the identification of "low 
T/H margin PRA important accident scenarios" which were analyzed with design-basis accident 
analysis computer codes to bound the T/H uncertainty. It is argued that no additional 
sequences can be classified as "low T/H margin PRA important accident scenarios" for AP1 000 
beyond those identified and analyzed for the AP600 design because the AP1 000 plant/systems 
are very similar in design and capability to the AP600's and the PRA results are similar. The 
staff believes that additional analysis is needed to support this argument. Even though the two 
designs use similar systems with comparable capabilities to respond to design-basis accidents, 
differences in sizes, flow rates, heat transfer areas and decay heat production exist between the 
two designs. The impact of such differences to plant response can be significant for beyond 
design-basis accident scenarios involving multiple failures and, potentially, system interactions.  
In addition, changes in initiating event categories, initiating event frequencies, and success 
criteria in the AP1 000 PRA, as compared to the AP600 PRA, could have increased the risk 
significance of accident scenarios. Please use a systematic approach to identify "risk significant 
low margin" sequences for detailed T-H uncertainty assessment and provide additional 
information addressing this issue.  

Westinghouse Response: 

Please see the response to RAI 720.012 for discussion of the systematic approach used to 
identify "risk significant low margin" sequences for the AP1 000.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

RAI Number 720.037-1
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RAI Number 720.041 

Question: 

A late containment failure (LCF) endstate has been added to the Level 1 event trees.  
Table 4A-1 indicates that these events are assigned to plant damage state (accident class) 2.  
The footnote to Figure 4A-2 indicates that the LCF end state is not added to the core damage 
end states and is discussed in the Level 2 analysis. However, the Level 2 PRA does not include 
containment event trees (CETs) for accident class 2 (Chapter 35), and the assessment of 
events with failure of the passive containment cooling system (PCS) (Chapter 40) is limited to 
containment pressure response rather than core cooling. Please clarify whether/how the 
frequency associated with LCF endstates is addressed in the Level 2 PRA and CETs.  

Westinghouse Response: 

The LCF plant damage states are not addressed in the level 2 PRA since a very small fraction 
of them result in containment failure within 24 hours, if at all, and even if the containment fails, it 
is uncertain if that failure will result in core damage. Therefore, LCF is presented as sensitivity 
to the core damage frequency. It is not quantified as a large release in the level 2 analysis.  

If LCF were postulated to result in core damage, the containment would be failed 
catastrophically prior to the core melting. There would be no containment fission product 
retention capability from the beginning of the release.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

RAI Number 720.041-1

S)Westinghouse 11,19/2002



AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

RAI Number: 720.043 

Question: 

Time windows available for operator actions in AP1 000 are shorter than for AP600 (see Table 
35-6 of the AP1 000 PRA). For every human action in the Level 2 PRA, please describe the 
basis for the revised time estimates, and their impact on human error probabilities (HEPs) and 
containment performance (i.e., large release frequency).  

Westinghouse Response: 

Attachment 43C at the end of the AP 000 PRA Chapter 43 provides an evaluation of operator 
actions pertinent to the containment event tree nodes. Attachment 43C includes a comparison 
to the AP600 time windows and HEPs, and a sensitivity study showing the impact on large 
release frequency if larger HEP is assumed for the shorter time window for cavity flooding.  
Some inconsistencies were noted between Attachment 43C and Table 35-6 in the AP1 000 PRA 
and will be revised as indicated below.  

In addition, the time windows for AP1 000 were verified with AP 000 MAAP4.04 analyses.  
These MAAP4.04 analyses are discussed in AP1 000 RAI response 720.042.  

For top event DP, the following MAAP4.04 analyses were used to test the 30-minute time 
window: 

0 1A-3, 
0 1A-4, 
0 lAP-3, 
S1AP-4, 

* 6E-1, and 
* 6L-1.  

Of these runs, only 1AP-3 and 6L-1 exhibited core damage. Both of these runs support the 30
minute time window. The 3A event was not analyzed because it is an ATWS that does not have 
any operator actions associated with it.  

For top event IS, the following MAAP4.04 analyses were used to test the 30-minute time 
window: 

* 1AP-3, 
* 3BE-2, 
* 3BE-4, 

RAI Number 720.043-1 
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"* 3BE-5, 
"* 3BE-6, 
"* 3BE-8, 
"* 3BE-9, 
"* 3BL-1, 
"* 3BL-2, 
"* 3D-1, 
"* 3D-2, 
"* 3D-3, and 
"* 3D-5.  

1A-3, 1A-4, 1AP-4 and 3BE-1 were not used because they do not exhibit core damage. All of 
these runs support the 30-minute time window.  

For top event IR, two IVR analyses (see AP1 000 PRA Chapter 39) were used to verify the 5
minute time window.  

For top event PC, AP1 000 containment venting analyses were used to verify the 60-minute 
operator action time window. The time between containment pressure of 3 bars and 
containment pressure of 6 bars (containment pressure corresponding to a 10-3 probability of 
failure from AP1 000 PRA Chapter 42) supports the 60-minute time window.  

For top event VNT, the same venting analyses were used to verify the 60-minute operator 
action time window. Venting was assumed to start at -5.5 bars (containment pressure with 5% 
failure probability from AP1 000 PRA Chapter 42, less 10 psig). The time window is the time 
from -5.5 bars to 6 bars (containment pressure corresponding to a 10.3 probability of failure 
from AP1 000 PRA Chapter 42). The 60-minute time window is supported by these analyses.  

For top event IG, AP1 000 hydrogen mixing analysis 3C-1 was used to verify the 10-minute 
operator action time window. The time from core-exit temperature > 1200 OF to the global 
flammability hydrogen limit (0.10 mass fraction hydrogen) is 19 minutes per the analysis. This 
supports the 10-minute operator action time window.  

Design Control Document (DCD) Revision: 

None

RAI Number 720.043-2
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AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

PRA Revision:

Table 35-6 

SUMMARY OF OPERATOR ACTIONS CREDITED ON CONTAINMENT EVENT TREE 

Top 
Event Description of Operator Error Event ID Cue(s) Time Window 

DP Failure to recognize need for post-core-uncovery RCS depress LPM-REC01 core-exit T/C > 1200'F 30 minutes 

during small LOCA or transient with loss of PRHR (ERG AFR.C-1) 

Failure to complete ADS as recovery from failure of automatic ADN-REC01 core-exit T/C > 1200*F 30 minutes 

actuation or manual actuation after core damage (ERG AFR.C-1) 

IS Failure to recognize need and failure to isolate the containment, CIC-MAN01 high containment pressure, 30 minutes 

given core damage following an accident high containment 
temperature, high 
containment radiation 
(ERG E-0) 

IR Failure to recognize need and failure to open recirculation valves to REN-MAN03 core-exit temperature 5 minutes 

flood reactor cavity after core damage > 1200°F (ERG AFR.C- 1) 

PC Failure to recognize need and failure to open PCS water valves to PCN-MAN01 high containment pressure 60 minutes 
drain cooling water on containment shell (ERG E-0) 

VNT Failure to recognize need and failure to open containment vent to VNT-MANO 1 high containment pressure 60 minutes 
reduce containment pressure (SAMG) 

IG Failure to recognize need and failure to actuate hydrogen control VLN-MAN01 core-exit T/C > 1200'F 10 minutes 
system, given core damage following an accident (ERG AFR.C-1)

RAI Number 720.043-3 
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Response to Request For Additional Information 

ATTACHMENT 43C 

EVALUATION OF OPERATOR ACTIONS 

The operator actions pertinent to the CET event tree nodes are listed in Table 43C-1. A comparison with the 
operator actions modeled in the AP600 PRA indicates that all but one operator action still have the same 
performance shaping factors and time windows except one, REN-MANIMA N03.  

The REN MANO I MAN03 time window is estimated to be shorter for the AP 1000 design since higher water levels 
are needed in the reactor cavity, thus a longer flooding time. To compensate for the shorter time window, the action 
to open valves has been moved to the first step of Emergency Response Guideline (ERG) AFR.C-1. With this 
revision it is estimated that the A600 HEP of 3.4E-03 for this operator action is maintained for AP1000. However, 
two sensitivity analyses are made to study the effect of this operator action HEP being higher, namely 3.4E-02 or 0.1.  
The operator action affects the IWF fault tree cutsets, and thus the probabilities q2 and q20 calculated for use in the 
CET. The calculations are stored in sec-44iwf folder.  

The results are summarized in the following table:

REN -MANO4 3.4E-03 3.4E-02 0.1 
M.AN03 HEP= 

Q2 2.671E-09 5.088E-09 1.029E-08 

Q20 2.059E-09 3.851E-09 7.712E-09 

LRF 1.95E-08 2.62E-08 3.5E-08 

Ceff 91.9% 89.1 85.5%

If the REN MANfO -MN N03 failure probability were two orders of magnitude higher than the base case, the plant LRF I 
would have been doubled, which shows that the results are somewhat sensitive to this operator action.  

RAI Number 720.043-4 eO Westinghouse 11126/2002
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Response to Request For Additional Information 

Table 43C- I 

EVALUATION OF CET-RELATED OPERATOR ACTIONS 

SUMMARY OF OPERATOR ACTIONS FOR CONTAINMENT EVENT TREE NODES 

AP600 
Top Time AP600 HEP/Cond AP1000 

Event Description of Operator Error Event ID Cue(s) Window Tw/Tu/Stress HEP HEP Comments 

DP Failure to recognize need for post-core- LPM-RECOI core-exit T/C > 1200'F 2•430 20/15/H 1.34E-03/ 1.34E-03/ 
uncovery RCS depress during small (ERG AFR.C- 1) minutes 5.OE-02 5.OE-02 
LOCA or transient with loss of PRHR 

Failure to complete ADS as recovery ADN-RECOI core-exit T/C > 1200°F 24-30 5/3/H 3.02E-03/ 3.02E-03/ 
from failure of automatic actuation or (ERG AFR.C-I) minutes 5.OE-02 5.OE-02 
manual actuation after core damage 

IS Failure to recognize need and failure to CIC-MANOI high containment 430 60/30/H 5.71E-03/ 5.71E-03/ 
isolate the containment, given core pressure, or minutes N/A N/A 
damage following an accident temperature, or 

radiation 
(ERG E-0) 

IR Failure to recognize need and failure to REN-MAN03 core-exit temperature 5 minutes 20/10/H 3.4E-03/0. 15 3.4E-03/0.15 See sensitivity 
open recirculation valves to flood > 1200OF analyses 
reactor cavity after core damage (ERG AFR.C- I) 

PC Failure to recognize need and failure to PCN-MANOI high containment 24h-HN60 300/120/H 1.48E-04/ 1.48E-04/ 
open PCS water valves to drain cooling pressure minutes N/A N/A 
water on containment shell (ERG E-0) 

VNT Failure to recognize need and failure to VNT-MANOI high containment 60 minutes N/A 1.0 Not credited 
open containment vent to reduce pressure 
containment pressure (SAMG) 

IG Failure to recognize need and failure to VLN-MANOI core-exit T/C > 1200OF 10 minutes 15/10/H 1.28E-03/0.5 1.28E-03/0.5 
actuate hydrogen control system, given (ERG AFR.C- I) 
core damage following an accident 

DP Failure to perform ADS as recovery PDS6- Late Recovery Hours 0.1 0.1 Screening 
from failure of automatic actuation or MANADS available valve 
manual actuation in later phases of 
SGTR event

RAI Number 720.043-5
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

RAI Number: 720.045 

Question: 

For AP1 000, the thickness of the vessel wall conducting heat at the peak critical heat flux (CHF) 
is 36 times the minimum required to carry the dead load. Although a factor of 36 may appear 
substantial, 1 pound-per-square inche (gauge) [psig] of internal pressure within the reactor 
pressure vessel (RPV) would be roughly equivalent to the dead load for AP1 000. Thus, a 
pressure pulse of 35 psi would be sufficient to eliminate this margin. This is more limiting than 
the 150 psig criteria used for determining whether the reactor is adequately depressurized to 
support in-vessel retention. (The analysis of in-vessel retention assumes all sequences with 
successful depressurization (DP) will have sufficiently low reactor coolant system (RCS) 
pressure to prevent RPV failure by over-pressure/dead-load. For accident classes 3BE, 3BL, 
3BR, and 3D/1 D the primary system pressure by definition of the accident class is 150 psig or 
less, and success at DP is assumed.) Reflood of the damaged core may also produce RCS 
pressures in excess of the margin. Please address whether some portion of the sequences with 
success at DP or eventual reactor reflood can result in reactor vessel failure due to over
pressure.  

Westinghouse Response: 

Accident classes 1 A, 1 AP, 3A, or 6E are comprised of accident sequences that are not 
depressurized. IVR is not credited in these accident classes unless operator actions to recover 
full depressurization via a minimum of 3 stage 4 ADS valves prior to core uncovery are 
successful. In these sequences, the probability of successful ADS recovery is small.  

Accident classes 3BE, 3BL, 3BR, 3C, and 6L are comprised of accident sequences that are fully 
depressurized. For these sequences, at least 3 stage 4 ADS valves are open. IVR is credited 
in these accident classes and the RCS pressure is essentially 0 psig.  

The partial depressurization accident class, 3D, by definition of the success criteria, has a 
minimum of two stage 2/3 valves open and, at most, 2 stage 4 ADS valves open. The most 
likely 3D accident sequence is initiated by spurious opening of one stage 4 ADS valve, thus 
guaranteeing at least one open stage 4 valve. During IVR, RCS pressure is low since there is 
no water in the vessel to create steam, and thus there is no flow through the open ADS valves.  
If water seeps into the vessel through the gravity recirculation line or through the break and 
creates steam, the RCS pressure will increase to achieve the pressure drop required to relieve 
the steaming rate through the open ADS valves. The inadequate venting area limits the flow 
rate of water that can get into the vessel, limiting the subcooling and maximizing the steaming.  
The accident class 3D partial depressurization cases are bounding for IVR reflood pressure.  

RAI Number 720.045-1 
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Response to Request For Additional Information 

The pressurization of the RCS during reflooding is calculated below.  

Assumptions 

"* The steaming rate from the debris in the lower head during reflood is found from the flat 
plate critical heat flux, 1.5 MW/m 2 (reference 1) at the surface of the debris bed in the lower 
plenum.  

"* The surface area of the debris bed is 12.5 M2 , the inside cross-sectional area of the reactor 
vessel.  

"• The heat of vaporization of water is 2260 kJ/kg. The flow rate of steam is 8.3 kg/s.  
"* The steaming rate is not limited by the inlet flow rate of water.  
"* The vessel is dry prior to debris quenching and as limited vent path does not permit 

sufficient water injection to fill the vessel, the calculation assumes steam flow with no water 
entrainment through the ADS valves.  

"* The containment backpressure is atmospheric. The IRWST is drained into the cavity to 
flood the reactor vessel, so the spargers are uncovered.  

"* The initial steam velocity through the vessel is 0 m/s.  
"* The final steam velocity is determined by the volumetric flowrate at atmospheric pressure 

(13.8 m3/s) through the discharge area of the open ADS. The discharge areas are chosen 
conservatively to maximize the velocity.  

"* Under these conditions, the pressure of the RCS can be calculated for the various ADS 
valve configurations using Bernoulli's equation. The final results are checked to assure that 
the flow is not choked.  

"* The molten fuel and the coolant do not interact energetically. The initial temperature of the 
surface of the debris is on the order of 16001K and will initially produce film boiling, making a 
fuel/coolant interaction highly unlikely.  

Results of the Reflood Pressure Calculation 

ADS Valve Configuration Discharge Area Pressure Drop 
(psid) 

2 of 4 ADS stage 2/3 1 Spar er 21.8 
1.9 Wt 

1 of 4 ADS stage 4 1 ADS-4 Line 6.3 
1.1 ft2 

2 of 4 ADS stage 4 2 ADS-4 Lines 1.8 
2.2 ft2 

Conclusion 

For all cases that credit long-term IVR, reflooding the vessel is not predicted to fail the 
weakened vessel lower head wall due to the pressurization by steam.  

RAI Number 720.045-2 
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Response to Request For Additional Information 

References 

1. Incropera, Frank P., and David P. DeWitt, Fundamentals of Heat Transfer, John Wiley and 
Sons, 1981.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

* Westinghouse
RAI Number 720.045-3 
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AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information 

RAI Number. 720.048 

Question: 

Please provide a quantitative assessment of the uncertainties in the reliability of in-vessel 
retention for the AP1 000 design using the analytical approach and tools developed through the 
Idaho National Engineering and Environmental Laboratory (INEEL) assessment of in-vessel 
retention for the AP600 (i.e., J. L. Rempe, et al., "Potential for AP600 In-Vessel Retention 
Through Ex-Vessel Flooding," INEEL/EXT-97-00779, December 1997). This should include an 
assessment of the uncertainties in heat transfer, decay heat, and material property assumptions 
described in Appendix B of the report, and the implications of forming the alternate debris bed 
configurations described in Section 2.1.2 of the report. Please provide AP1000-specific 
probability density function results for the final bounding state (comparable to Figures 3-5 
through 11 in the report) and for each alternate debris configuration. Justify that the margins to 
failure are sufficient to support the lower head failure assumptions used in the AP1 000 PRA.  

Westinghouse Response: 

The calculations performed in INEELUEXT-97-00779 show that the results of the IVR 
quantification were insensitive to the additional uncertainties in heat transfer correlation and 
material property assumptions considered by the authors. The results were sensitive to 
assumptions related to heat partitioning and the alternate debris bed configurations, but 
Westinghouse considered these assumptions to not be physically reasonable based on the core 
melt progression in the AP600.  

Additional analyses of AP1 000 debris relocation will be added to AP1 000 PRA Chapter 39 as 
described in the response to RAI 720.088.  

Design Control Document (DCD) Revision: 

See the response to RAI 720.088.  

PRA Revision: 

See the response to RAI 720.088.  

RAI Number 720.048-1 
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Response to Request For Additional Information 

RAI Number: 720.050 

Question: 

Westinghouse claims in Chapter 5.3.5.4 of the AP1 000 DCD that the forces on the AP1 000 
reactor vessel insulation following core relocation and cavity flooding can be based on AP600 
test results from the ULPU-2000 test program for Configuration Ill. Although this test data was 
used to develop the functional requirements for the AP600 reactor vessel insulation and support 
system, its suitability and applicability for AP1 000 has not been established, and is questionable 
given the substantial differences between the AP600 and AP1 000 insulation system designs 
and accident conditions. The AP1000 design would have higher heat fluxes from the vessel, 
higher water/steam flow rates and flow velocities through the insulation system, a considerably 
smaller gap between the insulation and reactor vessel, and closely-fitted hemispherically
shaped insulation panel (versus conically-shaped insulation with a substantial standoff distance 
from the reactor vessel in AP600). Collectively, these differences could result in substantially 
different pressure loads and functional requirements for the AP1 000 reactor vessel insulation 
and support system. Westinghouse needs to either: (1) establish the applicability of the ULPU 
Configuration Ill test results to AP1 000 considering the impact of each of the above factors, or 
(2) develop AP1 000-specific test data based on the prototypical insulation and flow conditions 
for AP1 000, i.e., ULPU-2000 Configuration IV. Note: Westinghouse also states in Chapter 
5.3.5.4 that further evaluation of the forces on the reactor vessel insulation and supports is 
provided in the AP1000 PRA. Such information is not provided in the PRA, e.g., in Chapter 39 
"In-Vessel Retention of Molten Core Debris." 

Westinghouse Response: 

The structural analysis of the AP1 000 reactor vessel insulation support frame has not been 
completed. The analysis will be completed by the COL applicant. A new COL item has been 
added to the DCD. The structural loads are expected to be similar to the AP600 loads and no 
feasibility issues exist for the structural design.  

As stated, the insulation design for AP1 000 is different than AP600, and the loads on the 
insulation are expected to be different than those derived from the ULPU-2000 Configuration III 
tests. It is expected that the hydrostatic loads on the insulation will be similar to those 
measured for AP600. The dynamic loads from boiling are expected to be higher due to the 
higher heat flux in the coolant channel. These calculations will be compared to test data to 
assure that the insulation and supports are adequately designed for severe accident loads.  

Design Control Document (DCD) Revision: 

See attachment 

RAI Number 720.050-1 
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PRA Revision: 

None

* Westinghouse
RAI Number 720.050-2 

11 21 ,2002



RAI 720.050 Attachment

5.3.5 Reactor Vessel Insulation 

5.3.5.1 Reactor Vessel Insulation Design Bases 

Reactor vessel insulation is provided to minimize heat losses from the primary system. Nonsafety

related reflective insulation similar to that in use in current pressurized water reactors is utilized.  
The AP1000 reactor vessel insulation contains design features to promote in-vessel retention 
following severe accidents. In the unlikely event of a beyond design basis accident, the reactor 
cavity is flooded with water, and the reactor vessel insulation allows heat removal from core 
debris via boiling on the outside surface of the reactor vessel. The reactor vessel insulation permits 
a water layer next to the reactor vessel to promote heat transfer from the reactor vessel. This is 

accomplished by providing: 

" A means of allowing water free access to the region between the reactor vessel and 
insulation.  

" A means to allow steam generated by water contact with the reactor vessel to escape from the 
region surrounding the reactor vessel.  

" The insulation support frame and the insulation panels form a structurally reliable flowpath 
for the water and steam.  

The reactor vessel insulation and its supports are designed to withstand bounding pressure 
differentials across the reactor vessel insulation panels during the period that the reactor vessel 

is externally flooded with water and the core heat is removed from the vessel wall by water and 

generated steam is vented. This is accomplished by providing steam vents with a minimum flow 
area of 12 ft2 from the vessel insulation annular space. The flow path from the reactor loop 
compartment to the reactor cavity provides an open flow path for water to flood the reactor cavity.  
The reactor vessel insulation water inlets are designed to minimize the pressure drop during 

ex-vessel cooling to permit water inflow to cool the vessel.  

5.3.5.2 Description of Insulation 

A schematic of the reactor vessel, the vessel insulation and the reactor cavity is shown in 
Figure 5.3-7. The insulation is mounted on a structural frame that is supported from the wall of 
the reactor cavity. The insulation panels are designed to have a minimum gap between the 

insulation and reactor vessel not less than 2 inches when subjected to the dynamic loads in the 
direction towards the vessel that result during ex-vessel cooling.  

The bottom portion of the vessel insulation is constructed to provide a flow channel conducive 

for heat removal.  

The structural frame supporting the insulation is designed to withstand the bounding severe 
accident loads while maintaining the flow path. The fasteners holding the insulation panels to the 
frame are also designed for these loads.  

At the bottom of the insulation are water inlet assemblies. Each water inlet assembly is normally 
closed to prevent an air circulation path through the vessel insulation. The inlet assemblies are 

Tier 2 Material 5.3-1 Revision 0 
RAI Number 720.050-3 

11/26/02



RAI 720.050 Attachment

self-actuating passive devices. The inlet assemblies open when the cavity is filled with water. This 
permits ingress of water during a severe accident, while preventing excessive heat loss during 
normal operation.  

The total flow area of the water inlet assemblies have sufficient margin to preclude significant 
pressure drop during ex-vessel cooling during a severe accident. The minimum total flow area for 
the water inlets assemblies is 6 ft2. Due to the relatively low approach velocities in the flow paths 
leading to the reactor cavity, and due to the relatively large minimum flow area through each 
water inlet assembly, with an area of at least 7 in2, the water inlet assemblies are not susceptible 
to clogging from debris inside containment. This 7 in2 minimum area precludes clogging of the 
much larger steam flow path.  

Near the top of the lower insulation segment are four steam vent ducts that provide a flow path 
for the steam/water within the reactor vessel/insulation annular space to flow back to the 
containment flood-up region. Each of the four ducts is 3 ft 2 in area, and they extend horizontally 
form the vessel/insulation annular space at 90 degrees circumferential spacing into the concrete 
forming the vessel cavity. The vents then turn upward and are routed to discharge the steam/water 
back to the containment flood-up region. Each of the vents is covered with a cap that will be 
dislodged by the steam/water flow generated under the insulation with the cavity filled with water, 
but which remains in place when only normal air cooling flow is operating.  

Extensive maintenance of the vessel insulation is not normally required. Periodic verification of 
the vessel insulation moving parts can be performed during refueling outages.  

5.3.5.3 Description of External Vessel Cooling Flooded Compartments 

Ex-vessel cooling during a severe accident is provided by flooding the reactor coolant system loop 
compartment including the vertical access tunnel, the reactor coolant drain tank room, and the 
reactor cavity. Water from these compartments replenishes the water that comes in contact with 
the reactor vessel and is boiled and vented to containment. The opening between the vertical 
access tunnel and the reactor coolant drain tank room is approximately 100 ft2. Removable steel 
grating is provided over the inlet to the vertical access tunnel to restrict access to the lower 
compartments. This grating precludes large debris from being transported into the reactor cavity 
during ex-vessel cooling scenarios. Figure 5.3-8 depicts the flooded compartments that provide 
the water for ex-vessel cooling. The doorway between the reactor cavity compartment and the 
reactor coolant drain tank room consists of a normally closed door and a damper above the door.  
The door and damper arrangement, shown in Figure 5.3-9, maintains the proper air flow through 
the reactor cavity during normal operation. The damper prevents air from flowing into the reactor 
coolant drain tank compartment, but opens to permit flooding of the reactor cavity from the 
reactor coolant drain tank compartment. The damper opening has a minimum flow area of 8 ft2 

and is not susceptible to clogging from debris that can pass through the grating over the inlet to 
the vertical access tunnel. It is constructed of light-weight material to minimize the force necessary 
to open the damper and permit flooding and continued water flow through the opening during 
ex-vessel cooling. The damper provides an acceptable pressure drop through the opening during 
ex-vessel cooling.  

Tier 2 Material 5.3-2 Revision 0 
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5.3.5.4 Determination of Forces on Insulation and Support System 

The forces that may be expected in the reactor cavity region of the AP 1000 plant during a core 
damage accident in which the core has relocated to the lower head and the reactor cavity is 
reflooded can be based on AP600 test results. The AP600 forces have been conservatively 
established based on data from the ULPU test program (Reference 5). The particular configuration 
(Configuration I1) reviewed closely models the full-scale AP600 geometry of water in the region 
near the reactor vessel, between the reactor vessel and the reactor vessel insulation. The ULPU 
tests provide data on the pressure generated in the region between the reactor vessel and reactor 
vessel insulation. These data, along with observations and conclusions from heat transfer studies, 
are used to develop the functional requirements with respect to in-vessel retention for the reactor 
vessel insulation and support system. Interpretation of data collected from ULPU Configuration 
Ill experiments in conjunction with the static head of water that would be present in the AP 1000 
is used to estimate forces acting on the rigid sections of insulation. Further evaluiateiin Of the fr'fe.  
on the rea.t.. vessel in...lation an. d suppot., i. pro,;vided in the API00() Pr-ahabihtie R.•ik 

5.3.5.5 Design Evaluation 

A structural analysis of the AP1000 reactor cavity insulation system will be performed to 
demonstratedeffienstiate that it meets the functional requirements discussed above. The analysis 
mvill encompass eiee••passed-the insulation and support system and included a determination of 
the stresses in support members, bolts, insulation panels and welds, as well as deflection of 
support members and insulation panels.  

Loads on the insulation and the support structure include hydrostatic loads and dynamic 
loads from boiling. These loads are expected to be the same order as those analyzed for 
XP6(l0. and the results of the AP1OO0 analysis The refults of the a-a:,oses is expected to show 
that the insulation is able to meet its functional requirements. The reactor vessel insulation 
provides an engineered pathway for water-cooling the vessel and for venting steam from the 
reactor cavity. These results will also be compared to the available test data.  

The reactor vessel insulation is purchased equipment. The purchase specification for the reactor 
vessel insulation will require confirmatory static load analyses.  

5.3.6 Combined License Information 

5.3.6.1 Pressure-Temperature Limit Curves 

The pressure-temp. curves shown in Figures 5.3-2 and 5.3-3 are generic curves for AP1000 
reactor vessel design, and they are the limiting curves based on copper and nickel material 
composition. However, for a specific AP1000, these curves will be plotted based on material 
composition of copper and nickel. Use of plant-specific curves will be addressed by the Combined 
License applicant during procurement of the reactor vessel. As noted in the bases to Technical 
Specification 3.4.15, use of plant specific curves requires evaluation of the LTOP system. This 
includes evaluating the setpoint pressure for the RNS relief valve.  

Tier 2 Material 5.3-3 Revision 0 
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5.3.6.2 Reactor Vessel Materials Surveillance Program 

The Combined License applicant will address a reactor vessel reactor material surveillance 
program based on subsection 5.3.2.6.  

5.3.6.3 Reactor Vessel Materials Properties Verification 

The Combined License applicant will address verification of plant-specific belt line material 
properties consistent with the requirements in subsection 5.3.3.1 and Tables 5.3-1 and 5.3-3.  

5.3.6.4 Reactor Vessel Insulation 

The Combined License applicant will address verification that the reactor vessel insulation is 
consistent with the design bases established for in-vessel retention.  

The verification will include structural analysis of the API 000 reactor vessel insulation 
and support structure.

Tier 2 Material 5.3-4 Revision 0 
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Figure 5.3-7 

Schematic of Reactor Vessel Insulation

Tier 2 Material 5.3-6 Revision 0 
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

RAI Number 720.051 

Question: 

Details of the insulation design (e.g., specific dimensions or clearances as a function of angle) 
and the insulation support frame are not provided. The discussion in Chapter 39.10.2 indicates 
that a detailed mechanical analysis of the insulation and support frame will verify the specified 
structural aspects of the support frame and insulation panels. The discussion in Chapter 5.3.5.5 
of the AP1 000 DCD indicates that a structural analysis of the AP1 000 reactor cavity insulation 
system demonstrates that it meets the functional requirements discussed in Chapter 5.3.5.4.  
Have these analyses been completed? If not, when will the analyses be completed. Please 
confirm the status of the insulation design. Provide the functional requirements and the 
structural analysis showing how these functional requirements are met by the AP1 000 insulation 
system.  

Westinghouse Response: 

Please refer to the response to 720.050.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

RAI Number 720.051-1
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

RAI Number: 720.054 

Question: 

AP1000 addresses diffusion flames through a defense-in-depth philosophy in the design. As 
the last level of defense, Westinghouse claims that there is sufficient margin to failure even if 
design features fail and diffusion flames occur near the containment shell. Westinghouse bases 
the last statement on previous assessments for AP600, where the quantities of hydrogen 
produced were lower than for AP1 000, and which did not include features (dampers) to 
preferentially direct hydrogen away from the shell. Failure of an in-containment refueling water 
storage tank (IRWST) vent damper could result in local thermal loads greater than if no 
dampers were present. Please provide additional justification for the application of AP600 
insights on creep failure if this is to be considered an additional level of defense.  

Westinghouse Response: 

The diffusion flame assessment performed for AP600 concludes that hours of diffusion flame 
exposure are needed to threaten the containment integrity via creep rupture. Even in the 
AP1 000, the duration of a postulated diffusion flame is not expected to be longer than an hour.  
Regardless of this expectation, in the quantification of the large release frequency, the AP1 000 
containment is assumed to fail via creep rupture in the early time frame (release category CFE) 
if the hydrogen is released through a stuck open IRWST vent along the containment wall.  
Although the containment is not expected to fail from a diffusion flame along the wall, success is 
not credited unless the vents are predicted to perform as designed to mitigate a diffusion flame 
along the containment wall.  

The statement claiming that the API 000 containment wall can most likely withstand the thermal 
load of a diffusion flame will be removed from the PRA discussion. This change does not 
impact the quantification of the large release frequency.  

Design Control Document (DCD) Revision: 

The final paragraph of DCD section 19.41.7 is deleted in its entirety.  

19.41.7 Diffusion Flame Analysis 

Diffusion flames can be postulated to occur at vents or exits from compartments with a 
hydrogen source that are dead-ended or not well-mixed. Incombustible gas mixtures that 
include a high concentration of hydrogen may develop in the compartment. When the plume 
of hydrogen exits the compartment into a room containing oxygen and an ignition source, 

RAI Number 720.054-1 
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Response to Request For Additional Information 

burning of the plume as a standing flame at the vent may produce locally high temperatures.  
If the release of hydrogen is sustained, the heat load from the burning may threaten 
equipment, including the containment shell integrity.  

The overall geometry of the AP1000 containment is relatively open. Ninety-seven percent of 
the containment free volume participates in containment natural circulation and is well
mixed. However, the IRWST, PXS and CVS compartments are small, confined rooms that 
may have a hydrogen source, and thus may be postulated to produce a diffusion flame at 
vents. This section discusses the conditions that may produce a standing diffusion flame in 
these locations, and presents the quantification of the containment failure probability given 
the presence of a sustained diffusion flame at a dead-ended compartment vent.  

AP1000 Diffusion Flame Mitigation Strategy 

Hydrogen is a byproduct of a severe accident, and hydrogen pathways to the IRWST, PXS and 
CVS subcompartments cannot be completely ruled out, particularly in the IRWST, to which the 
effluent of the first stages of the reactor coolant system automatic depressurization system are 
directed. The other compartments can only have hydrogen releases in the event that a break 
occurs there, but some of the highest frequency severe accident sequences have breaks in a DVI 
line, which traverses a PXS compartment. Therefore, the potential for diffusion flames from 
these subcompartment locations cannot be excluded from the probabilistic risk assessment.  

The AP1000 addresses diffusion flames by adopting a defense-in-depth philosophy in the 
design. In the highest frequency severe accidents, sustained hydrogen release is prevented from 
occurring in the dead-ended compartments. In sequences where diffusion flames at IRWST or 
PXS/CVS compartment vents may be postulated, design strategies are initiated to mitigate the 
threat to the containment integrity by locating hydrogen plumes away from the containment 
shell.  

The first level of defense against the threat to containment integrity from diffusion flames is the 
prevention of sustained hydrogen releases to dead-ended compartments. The highest frequency 
severe accident sequences have full reactor coolant system depressurization prior to core 
damage. Hydrogen is released at low pressure to the containment as it is produced in the core.  
Stage four of the automatic depressurization system provides a pathway of substantially lower 
resistance (by approximately one order of magnitude) compared to the maximum break size in 
the DVI line that relieves to the PXS compartment and to the other three ADS stages that 
relieve to the IRWST. Additionally, the ADS spargers in the IRWST generally have a 
10-ft static head of water above them, which further increases the resistance to flow of 
hydrogen to the IRWST.  

Hydrogen released from ADS stage 4 is relieved to the loop compartments, which are supplied 
with oxygen by the containment natural circulation and shielded from the containment shell by 
high concrete walls. Hydrogen is able to bum in the loop compartments without threatening the 
containment integrity. Therefore, ADS stage 4 provides the first level of defense against 
diffusion flames.  

RAI Number 720.054-2 
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In the event that ADS stage 4 fails to adequately direct hydrogen away from confined 
compartments, the compartment vents are designed to preferentially release the hydrogen at 
locations where it burns away from the containment shell.  

Vents from the PXS and CVS compartments to the CMT room are located well away from the 
containment shell and containment penetrations. Access hatches to the subcompartments that 
are near the containment shell are covered and secured closed such that they will not open as a 
result of a pipe break inside the compartment. Therefore, hydrogen releases to the CMT room 
from the subcompartments are not considered as a threat to the containment integrity.

As. anr additional level of defense. ev.  
open and r-efanm open, the Fesuktag 
anailysts of the heati loading to the eefth

e RRWST vents along the. eantatinment wall were to~ 

ig fiame ts not expeeted to fail the eeontaifnment. A~ 
fffent shell fromff stwidmg flaffes at the IRIAST 
ft she!! tim attm atur-e is not suffieient to eatise

the wall to cr-eep to failure. Signiificanit ffargin to failure is demenstrated.  

PRA Revision: 

The final paragraph of PRA section 41.7.1 is deleted in its entirety.  

41.7.1 AP1000 Diffusion Flame Mitigation Strategy 

Hydrogen is a byproduct of a severe accident, and hydrogen pathways to the IRWST, PXS and 
CVS subcompartments cannot be completely ruled out, particularly in the IRWST, to which the 
effluent of the first stages of the reactor coolant system automatic depressurization system are 
directed. The other compartments can only have hydrogen releases in the event that a break 
occurs there, but some of the highest frequency severe accident sequences have breaks in a DVI 
line, which traverses a PXS compartment. Therefore, the potential for diffusion flames from 
these subcompartment locations cannot be excluded from the probabilistic risk assessment.  

The AP1000 addresses diffusion flames by adopting a defense-in-depth philosophy in the 
design. In the highest frequency severe accidents, sustained hydrogen release is prevented from 
occurring in the dead-ended compartments. In sequences where diffusion flames at IRWST or 
PXS/CVS compartment vents may be postulated, design strategies are initiated to mitigate the 
threat to the containment integrity by locating hydrogen plumes away from the containment 
shell.  

The first level of defense against the threat to containment integrity from diffusion flames is the 
prevention of sustained hydrogen releases to dead-ended compartments. The highest frequency 
severe accident sequences have full reactor coolant system depressurization prior to core 
damage. Hydrogen is released at low pressure to the containment as it is produced in the core.  
Stage four of the automatic depressurization system provides a pathway of substantially lower 
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resistance (by approximately one order of magnitude) compared to the maximum break size in 
the DVI line that relieves to the PXS compartment and to the other three ADS stages that 
relieve to the IRWST. Additionally, the ADS spargers in the IRWST generally have a 
10-ft static head of water above themn, which further increases the resistance to flow of 
hydrogen to the IRWST.  

Hydrogen released from ADS stage 4 is relieved to the loop compartments, which are supplied 
with oxygen by the containment natural circulation and shielded from the containment shell by 
high concrete walls. Hydrogen is able to burn in the loop compartments without threatening the 
containment integrity. Therefore, ADS stage 4 provides the first level of defense against 
diffusion flames.  

In the event that ADS stage 4 fails to adequately direct hydrogen away from confined 
compartments, the compartment vents are designed to preferentially release the hydrogen at 
locations where it bums away from the containment shell.  
The IRWST has four types of vents. Two hooded vacuum breaker vents are located along the 
containment wall but only allow flow into the IRWST. The vacuum breaker vents are not 
considered to be potential diffusion flame locations. There are 21 hooded IRWST vents, which 
are located along the containment wall, 5 pipe vents, which are located along the steam 
generator doghouse wall, and 6 overflow vents to the refueling canal. The IRWST vents are 
pictured in Figure 41-1.  

The five F'-10" inner diameter pipe vents are normally closed, and are designed to open at a low 
pressure differential. After opening, these dampers do not automatically re-close. The flow area 
of the pipe vents is sufficient to relieve early reflood hydrogen releases of 100 kg/min with a 
low pressure drop from the IRWST to the upper compartment. The hooded IRWST vents have 
louvers that are normally closed and open with a sufficiently higher differential pressure than 
the pipe vents. Once opened, the louvers close again under their own weight when the 
differential pressure is reduced. The IRWST overflows operate in the same way and with the 
same differential pressures (DPs) as the hooded vents.  

During hydrogen release to the IRWST in which the steam is quenched in the IRWST water, 
only the pipe vents will open, preferentially releasing the hydrogen through the pipe vents, 
which are located a minimum of 18-ft away from the containment shell.  

ADS steam and hydrogen releases into a saturated IRWST could be sufficient to open all the 
vents simultaneously. This situation would only occur for very small LOCAs, in which the 
PRHR HX operates for several hours before ADS is actuated. However, such releases would 
produce a copious amount of steam that would be released through the vents along with the 
hydrogen, which would inert the burning at the vents.  

Vents from the PXS and CVS compartments to the CMT room are located well away from the 
containment shell and containment penetrations. Access hatches to the subcompartments that 
are near the containment shell are covered and secured closed such that they will not open as a 
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result of a pipe break inside the compartment. Therefore, hydrogen releases to the CMT room 
from the subcompartments are not considered as a threat to the contaimnment integrity.  
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RAi Number 720.061 

Question: 

The list of risk-significant structures, systems, and components (SSCs) within the scope of 
ITAAC (DCD Table 2.3.9-3) and design reliability assurance program (D-RAP) (DCD Table 
17.4-1) includes the hydrogen igniters but does not include the IRWST louvered vents. The 
design and testing of these vents should also be included since they are a key element of the 
defense-in-depth philosophy for hydrogen control and are important for minimizing the potential 
for creep failure of the containment from diffusion flames.  

Westinghouse Response: 

The IRWST vents meet the screening criteria for the D-RAP so they will be added to DCD Table 
17.4-1. However, they are less important than the hydrogen ignitors because the sequencing of 
the opening of the IRWST vents is only important in a small number of severe accident 
sequences when no ADS stage 4 valves open and when some ADS stage 1, 2, 3 valves do 
open. As a result, it is seem appropriate to include the IRWST vents in the ITAACs.  

Design Control Document (DCD) Revision: 

Revisions to DCD Table 17.4-1:

RAI Number 720.061-1
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Table 17.4-1 (Sheet 6 of 10) 

RISK-SIGNIFICANT SSCs WITHIN THE SCOPE OF D-RAP

System, Structure, or 
Component (SSC)(')

IRWST Screens

IRWST Vents RA\\'/CCF

Insights and Assumptions 

The IRWST injection lines provide long-term core cooling 
following a LOCA. These screens are located inside the 
IRWST and prevent large particles from being injected into the 
RCS. They are designed so that they will not become 
obstructed.  

The IRWS'I vents provide a pathway to vent steam from 
the tank into the containment. The IR\VST vents also have 
a severe accident function to prevent the formation of 
standing hydrogen flames close to the containment ,salls.  
This function is accomplished bN designing the %ents 
located further from the containment Nalls to open with 
less IRN\'SI internal pressure than the other vents.

Containment Recirculation RAW/CCF The containment recirculation lines provide long-term core 

Squib Valves cooling following a LOCA. These squib valves open 
automatically to allow containment recirculation when the 
IRWST level is reduced to about the same level as the 
containment level. These squib valves can also allow long-term 
core cooling to be provided by the RNS pumps.  

These squib valves can provide a rapid flooding of the 
containment to support in-vessel retention during a severe 
accident.

PRA Revision: 

None
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RAI Numberý 720.064 

Question: 

The following questions/comments pertain to: (1) the frequency of RCS-OD (4.4E-6 per year), 
the frequency of overdraining the RCS required for midloop operations, and (2) the design of the 
step nozzle for residual heat removal system (RNS) pump suction. Please address as 
requested.  

A. The HEP designated as RCS-MANODS1 evaluates the probability of failure to observe 
failure of the hot leg level instruments and failure to close the air-operated chemical and volume 
control system (CVS) valves to preclude overdraining.  

(i) This HEP is based on the availability of the pressurizer wide range level instrument which 
is not safety-related and is not in Technical Specifications (TSs), and therefore may not be 
available during midloop operations. The HEP assessment should not credit the availability of 
pressurizer wide-range level indication. Please revise the HEP assessment. (An alternative 
would be to evaluate the pressurizer wide-range level indication against the four criteria of 
10 CFR 50.36(c)(2)(ii) for possible inclusion in the TSs.) 

(ii) This HEP should be based on the time to drain the hot leg to the point of the low critical 
vortexing level based on the current step nozzle configuration, since a comparison is being 
made between the hot leg level instruments and the pressurizer wide range level instrument.  
The time window of 3 hours is not applicable for this HEP.  

1. In the HEP assessment in the PRA and the DCD, document the time to drain the hot leg 
to the critical vortexing level given the current step nozzle configuration.  

2. Revise the time window in the HEP assessment to reflect the time to drain the hotleg to 
the low critical vortexing level and revise the HEP assessment 

B. The HEP designated as RCS-MANODS2 evaluates the probability of failure to detect the 
failure of automatic closure of the air-operated valves (CVS-V045 and CVS-V047). The 
estimated time window for the diagnosis and completion of the action appears to be five 
minutes. The HEP of 1.3 E-2 seems optimistically low considering the data provided by 
NUREG/CR-1278, "Handbook on Human Reliability Analysis with Emphasis on Nuclear Power 
Plant Operations," Table 12-4 which suggests that the median joint HEP for diagnosis of an 
abnormal event annunciated closely time to be around 0.5. Please revise the HEP or document 
and justify the method used to arrive at the HEP.  

RAI Number 720.064-1 
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C. In the Shutdown PRA (Chapter 19E of the AP 1000 DCD), on page 19E-5, it states that, 
should a vortex occur, the maximum air entrainment into the pump suction as shown 
experimentally will be no greater than 5 percent. This appears to be based on the results 
reported in Westinghouse letter to NRC, dated July 6, 1994, entitled "AP600 Vortex Mitigator 
Development Test for RCS Mid-loop Operation," (Reference 4 on page 19E-39 of the AP1 000 
DCD).  

In its letter to P.G. Trudel, Sequoyah Project Engineer from B. J. Garry, Manager, TVA 
Sequoyah Plant Domestic Customer Projects, TVA-90-1050, September 27,1990, entitled 
"Tennessee Valley Authority, Sequoyah Nuclear plant, CCP Gas Issue," Westinghouse states 
that "minimizing the gas accumulation does not preclude the possibility of initiating a longer term 
mechanism such as shaft fatigue, wear ring degradation, bearing wear or seal wear. Therefore, 

for the long term Westinghouse believes that any accumulation is detrimental to the pump 
reliability." 

(i) If the RNS pump is continually subjected to vortexing during midloop conditions, 
discuss how RNS pump reliability would be impacted? 

(ii) Please document in the DCD Chapter 19E and the AP1 000 PRA at what level in the 
hot leg is the critical vortexing level reached given the current step nozzle configuration? 
Is this critical vortexing level above or below the hot leg level at which the CVS system 
isolates (hot leg level low 1)? 

D. Failure of both hot leg level instruments was reported to be 2.9E-4 per demand/draindown 
on page 54-36 of the AP600 PRA (Revision 8, dated September 30, 1996). Please 
document in the AP1 000 DCD (Chapter 19E) and the AP1 000 Shutdown PRA (Chapter 54) 
the differences between the hot leg level instrumentation used in current Westinghouse 
plants versus the AP1 000 design which supports using this value. The staff has observed 
problems with incorrectly installed RCS level indication which has resulted at a greater 
failure rate than 2.9E-4 per RCS draindown.  

Westinghouse Response: 

A(i) The importance of the availability of the nonsafety-related wide range pressurizer level 
indication during RCS draining operation was recognized and addressed for the AP600 
plant. The same level of significance of the availability of these components is applicable 
to the AP1 000 plant. This issue was addressed for the AP600 in the responses to 
Questions 5 and 7 of RAI 720.434F. As stated in the response to Question 7 of that RAI, 
Westinghouse and the NRC agreed that the documentation should reflect that it is 
important to maximize the availability of wide range pressurizer level indication during 
RCS draining operation during cold shutdown. It was also stated in the response to 
Question 7 of that RAI that the Combined License applicant is responsible for developing 
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procedures and training which encompass this item. The responses to Questions 5 and 
7 of RAI 720.434F are attached to the response to this RAI (see Attachment).  

A(ii)1 The time to drain the hot leg to the low critical vortexing level is estimated as at least 
160 minutes and is based on the RCS drain rate of 20 gpm. This information was 
provided in Section 2.1.2 and Table 2.1-1 of the AP600 Shutdown Evaluation Report, 
WCAP-1 4837 Revision 3 for the AP600. The timing for the AP1 000 is the same, based 
on the same improved RCS draindown method discussed in the AP1 000 DCD Appendix 
19E.2.1.2.4.  

A(ii)2. The time window for assessing the failure of the operator action (RCS-MANODS1) to 
drain the hot leg to the low critical vortexing level is 160 minutes. The HEP assessment 
is based on the assumption of available slack time (i.e., the time window minus the 
estimated actual time) of more than 60 minutes to complete this action. This assumption 
remains valid with the revised time window of 160 minutes. Therefore, the HEP for RCS
MANODS1 is not affected by changing the time window to 160 minutes from 3 hours.  

B. The data in Table 12-4 or Table 20-3 of the THERP HRA Handbook suggests a 
time-dependent diagnosis model that is regarded as inappropriate for application in the 
AP1 000 models that are governed by symptom-based procedures. A similar question from 
the NRC was addressed for the AP600 in the response to Question 5 of RAIs Related to 
DSER Open Item 19.1.3.1-17.  

The THERP HRA Handbook states (on page 12-10) that, with the advent and acceptance of 
symptom-based procedures, it is possible that the need to diagnose an unusual event may 
diminish in importance for PRA. The Handbook also states that the cognitive models 
recommended there-in are based on then current written procedures that are not 
symptom-based in most cases.  

The Handbook has cited two examples in which the cognitive component (time-dependent 
diagnosis) and annunciator-response rediagnosis are modeled; these are shown in Figures 
21-2 and 21-5 of the Handbook. The incorporation of crew dependency in these models has 
resulted in HEPs well below 105. Westinghouse agrees with the THERP insight into the 
possible impact of the use of symptom-oriented procedures on the cognitive element of 
diagnosis. Therefore, time-dependent diagnosis (THERP Table 20-3) was excluded from the 
AP600 and AP1 000 models. On the other hand, alarm-response diagnosis in these models 
has been modeled very conservatively by applying stress factors to the basic human error 
probabilities (BHEPs) from THERP Table 20-23; the HEPs in Table 20-23 include the effects of 
stress.  

If the cognitive (time-dependent) diagnosis were included in the AP600 and AP 000 models, 
the annunciator-response rediagnosis would also be applicable because the alarm cues 
currently modeled would not clear (i.e., the analog process parameters will usually move before 
the discrete alarm message system is able to recognize that an alarm message should clear).  
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Therefore, the cognitive error would be multiplied by the alarm response error resulting in 
diagnosis HEPs about one to three orders of magnitude smaller. In other words, the diagnosis 
models in the AP600 and AP1 000 provide higher HEPs than would be produced by the models 
recommended in the Handbook.  

A related question from the NRC was addressed for the AP600 in the response to 
Question 12 of RAIs Related to DSER Open Item 19.1.3.1-17. The annunciator prioritization 
process assumed in the AP600 models is applicable to the AP1 000 models.  

In the AP600 and AP1 000 HRA, the primary cues for operator diagnosis are modeled with the 
assumption that an associated alarm is provided for each cue. The models reflect diagnosis 
success if the operator responds to N-out-of-N alarms, which translates to diagnosis failure if 
the operator does not respond to 1 -out-of-N alarms. This modeling is conservative for many 
cases, since correct diagnosis can be made by responding to M-out-of-N alarms, where 
1 •M<N.  

Based on human factors engineering (HFE) design requirements for the AP1 000 alarm system, 
the operators are expected to be presented with the diagnosis cues, modeled in the HRA, in 
the highest priority, and be able to focus primarily on these cues. The AP1 000 alarm system 
addresses the problem of alarm avalanching and operator data overload by reducing the 
number of indications presented simultaneously during major disturbances. In that regard, 
highest priority messages are clearly indicated to the operators, and minor alarms are 
prioritized and elevated to a place (or level) of attention importance significance; those active 
alarm messages which are not currently displayed shall be accessible and available to the 
operator upon his request.  

C. The AP1 000 normal residual heat removal system (RNS) design employs a step nozzle 
connection to the reactor coolant system hot leg. Correlation of test results with the AP1 000 
mid-loop operating conditions show that the normal mid-loop hot leg operating level is above 
the critical vortexing level. Therefore, during mid-loop operation in the AP1 000, no vortexing 
and no air entrainment into the RNS pump suction are expected to occur. The hot leg level 
at which automatic isolation of CVS letdown occurs is above the critical vortexing level for 
the AP1000. See the response to RAI 440.122 for additional information on AP1 000 mid
loop operation.  

In the Sequoyah plant, the concern was related to the presence of both pockets of gas and 
continuous gas entrainment in the suction line of the chemical and volume control system 
charging pumps. The specific incident addressed in TVA-90-1050 involved a significant 
quantity of gas that resulted in a severe degradation of pump performance. In Sequoyah 
the charging pumps are continuously operating during power operation to provide makeup 
to the reactor coolant system and seal water injection to the reactor coolant pumps. The 
concerns with gas entrainment expressed for the Sequoyah plant are long term effects such 
as shaft fatigue, wear ring degradation, bearing wear, or seal wear.  
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In the AP1 000, the only time air entrainment in the RNS suction line could be a concern is 
during mid-loop operation, which occurs only over a very short time during the life of the 
plant. Also, any air entrainment that might result if the mid-loop operating level 
unexpectedly drops below the critical vortexing level is limited to less than 5%, which has 
been shown to have minimal impact on pump performance (see the response to RAI 
440.122). No large pockets of air would be expected to be ingested in the AP1 000 RNS 
pumps, as was the case with the Sequoyah charging pumps. Therefore, the long term 
fatigue and wear concerns expressed for the Sequoyah charging pumps are not applicable 
to the AP1 000 RNS pumps because of the significantly shorter pump operating time and 
much less severe (if any) air entrainment.  

D. The failure rate of the hot leg level instruments used in the AP600 PRA is consistent with the 
failure rates recommended for passive plants in the ALWR Utility Requirements Document, 
Volume Ill, Chapter 1, Appendix A. Based on the staff's comment on the use of a failure 
probability of 2.9E-04 per demand for the hot leg level instruments, two sensitivity cases 
were run to determine the effect of increasing the failure probability of the hot leg level 
instruments on the AP1000 core damage frequency. For these sensitivity cases, the failure 
probability of the hot leg level instruments was increased to 3.OE-03 per demand and 3.OE
02 per demand.  

When the failure probability of the hot leg level instruments is changed to 3.OE-03 per 
demand, the core damage frequency of the AP1 000 Shutdown PRA changes to 1.239E-07 
events/year (from the current CDF of 1.231 E-07 events/year). This reflects an increase in 
the CDF of less than 1%, which is judged to be insignificant.  

When the failure probability of the hot leg level instruments is changed to 3.OE-02 per 
demand, the core damage frequency of the AP1 000 Shutdown PRA changes to 1.322E-07 
events/year (from the current CDF of 1.231 E-07 events/year). This reflects an increase in 
the CDF of approximately 7%, which is also judged to be insignificant. Moreover, a CDF of 
1.322E-07 events/year is still very low.  

The results of these sensitivity studies indicate that the AP1 000 shutdown model is not very 
sensitive to postulated failures of the hot leg level instruments as high as 3.OE-02 per 
demand/draindown. The AP1 000 hot leg level instruments are specified as DP cells, which 
are similar to the DP cells used in other applications of level measurement in operating 
reactors such as the pressurizer level instruments. The AP1 000 hot leg level instruments 
are the same as those specified for the AP600.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 
None 
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ATTACHMENT 720.064 

EXCERPT FROM ATTACHMENT OF AP600 RAI 720.434F Revision 1 

Reactor Coolant System 

5. Wide range pressurizer level indication (cold calibrated) is provided that can measure RCS level to 
the bottom of the hot legs. The upper level tap is connected to an ADS valve inlet header above the 
top of the pressurizer. The lower level tap is connected to the bottom of the hot leg. This non-safety 
related pressurizer level indication can be used as an alternative way of monitoring level and can be 
used to identify inconsistencies in the safety related hot leg level instrumentation.

WResponse: Although this may be stated within the Shutdown Evaluation Report, it is not understood 
why this information is an important insight from the PRA. Per the 2/12/98 W/NRC 
meeting, Westinghouse agreed to include the staff's first and last sentence into PRA 
Table 59-29. [disposition = SSAR Figures.5.1-S] (see item #62 of Table 720.434F-1)

7. The COL applicant should have procedures and policies to maximize the availability of the non
safety related wide range pressurizer level indication (cold calibrated) during RCS draining 
operations during cold shutdown. The operators shall be trained to use this indication to identify 
inconsistencies in the safety related hot leg level instrumentation to prevent RCS overdraining.

W_ Response: SSAR section 13.5 provides the commitment that the Combined License applicant is 
responsible for developing procedures. The COL items reported in section 13.5 provide 
the commitment at a higher level than described in the staff's statement above. Per the 
2/12/98 W/NRC meeting, Westinghouse agreed to include the following statement into 
PRA Table 59-29: "It is important to maximize the availability of the nonsafety-related 
wide range pressurizer level indication during RCS draining operations during cold 
shutdown. The Combined License applicant is responsible for developing procedures 
and training which encompass this item." [disposition = SSAR 13.5] (see item #62 of 
Table 720.434F-1)
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RAI Number 720.065 

Question: 

The reduced time to boiling during cold shutdown as compared to the AP600 is given in Table 
54-3, of the AP1 000 Shutdown PRA, 

A. Please re-calculate and document the new containment closure failure probability and the 
revised AP1 000 Shutdown large early release frequency (LERF) in Chapter 54 of the 
AP1 000 Shutdown PRA, and 

B. Please document in Chapter 19 of the AP1 000 DCD and Chapter 54 of the AP1 000 
Shutdown PRA how containment recirculation would function if the containment could not be 
closed during cold shutdown/refueling, considering containment integrity is not required 
during these modes.  

Westinghouse Response: 

A. The earlier time to boiling for the AP1 000 will not increase the probability that containment 
closure will not be successful. This is because the AP1 000 technical specification bases 
(TSB 3.6.8) require that anytime the equipment hatch is open, that it must be able to be 
closed before steaming would start. The AP1 000 hatch will not be able to be opened as 
early after shutdown (when compared to AP600) in order to provide the same time for 
closure. No change in the shutdown PRA is necessary.  

B. As discussed in item A, the probability of being able to close the containment in AP1 000 is 
the same for AP1 000 and AP600. Also refer to the response to the following RAIs: 

"* RAI 720.021, describes the analysis performed to show that sufficient water for long
term core cooling is retained even if containment isolation is unsuccessful.  

"* RAI 720.013, describes the analysis that shows that the core is adequately cooled with 
the water retained in the containment when containment isolation is unsuccessful.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None 
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RAI Number: 720.067 

Question: 

In Figure 54-7 of the AP1 000 Shutdown PRA, "Loss of Offsite Power During RCS Drained 
Condition Event Tree," failure of the onsite alternating-current (AC) power through Diesel 
Generators top event is missing. Please correct the event tree and re-calculate the sequences 
adding the diesel generators.  

Westinghouse Response: 

Failure of the diesel generators (DG) is accounted for in the accident sequences for the loss of 
offsite power event during RCS drained condition. The diesel generator-related failures are 
modeled in the I&C sub-trees that are not visible in the event tree. Failure of the diesel 
generators is considered in the LOSP accident sequences during drained (as well as non
drained) conditions, when recovery of the grid is unsuccessful. This is evidenced in the AP1 000 
core damage frequency results in Chapter 54, as shown by the basic events (such as 
Z01 MOD01, ZOX-DG-DR or ZOX-DG-DS) in the LOSP sequences; for example, in cutsets 106, 
150 and 151.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

RAI Number 720.067-1
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RAI Number: 720.068 

Question: 

The HEP designated as RHN-MAN05 represents the failure of the operator to initiate gravity 
injection from IRWST via the RNS suction line. The cues for this HEP include high core exit 
temperature; however, the core exit thermocouples are not required to be available/operable 
during Modes 5 and 6. Therefore, the HEP assessment should not credit the core exit 
thermocouples. Please revise the HEP assessment.  

Westinghouse Response: 

RHN-MAN05 is an operator action to manually actuate alternate gravity injection through the 
RNS suction line following the failure of automatic gravity injection from the IRWST on low hot 
leg level. Automatic gravity injection has an alarm to alert the operator that this actuation signal 
has been generated. The automatic actuation alarm occurs nearly simultaneously with the low 
hot leg level alarm signal that actuates automatic gravity injection. In addition, an alarm will be 
generated to show that gravity injection has not successfully actuated.  

In general, the core exit thermocouples remain connected and operable for as long as possible 
during the plant shutdown and startup processes to provide the operators additional core 
monitoring capability. These instruments are disconnected as part of the reactor vessel head 
removal preparations and reconnected following reactor vessel head installation. Based on the 
current AP1 000 refueling outage schedule, the incore instrumentation are NOT expected to be 
available during mid-loop operation (at either the beginning or end of refueling) to provide cues 
for manual actions.  

The discussion on the HEP for the actuation cue for RHN-MAN05 and IWN-MANO0 will be 
revised as shown below to use the alarm for failure of automatic gravity injection and correct 
timing assumptions.  

The HEP for RHN-MAN05 did not change. The HEP for IWN-MANO0 changed slightly from 
1.1 5E-03 to 2.12E-03. A sensitivity study was performed based on this change, and the overall 
change to the shutdown CDF was less than 1 percent, which is not significant.  

RAI Number 720.068-1 

Westinghouse11/252002



AP1000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

See the attached markup of AP1 000 PRA, Sections 30.6.26 and 30.6.60.

O Westinghouse
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RAI Number 720.068 Attachment 

30.6.26 IWN-MAN00 (Operate In-Containment Refueling Water Storage Tank 
Motor-Operated Valves) 

The IWN-MAN00 operator action evaluates the probability of failure to recognize 
the need and failure to open the in-containment refueling water storage tank motor
operated valves during shutdown conditions, given that the normal residual heat 
removal system is unavailable.  

The following assumptions are used as input to the quantification of IWN-MANOO: 
* Procedure (LONG/SHORT): LONG 
* Time window: ->--f6018 minutes 
0 Estimated actual time: approximately -44 5 minutes 
0 Cues: primary - automatic grav-ity injection actuation alarm (occurs 

simultaneousil with the low hot leg water level alarm that generates the 
acutation signal) 

(It is assumed that response to one alarm is required.) 
0 Stress level: HIGH (multiplier of 5 is applied) 
* Recovery by: shift technical advisor and senior reactor operator 
* 4 is, asstumed that siaek timol longer than one hour exists forf this task. High 

Eiependenle:. amfOng reweA mfemblerS is assumned durfing this penod. and th-e 
r 4"r"nt~r- A'ff 1'1 F v- nnrrh"'1

IWN-MANOO is quantified as follows:

Source: 
Table 

Item Subtask Description for Mean Stress 30A-4 Recovery Modified 
No. IWN-MANOO HEP Level (Item) Factor HEP 

1 Failure to respond to one of 2.7E-04 5 46 249 4.05E- 2446 
one alarm 02 5.47E-05 

2 Select wrong control for one 1.3E-03 x 2 5 29 2-44 4.05E- 2-9-5 
of two recirculation lines = 2.6E-03 02 5.28E-04 
MOVs 

3 Omit one of two steps to 3.8E-03 x 2 5 9 249 4.05E- 42 
open recirculation lines = 7.6E-03 02 1.54E-03 
MOVs 4 

Total HEP = Item 1 + Item 2 + Item 3 
2.12E-03 

RAI Number 720.068- 3 
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Notes: 
1. Recovery is evaluated by "item 40 in HRIA data table" x "stress level" x "0.1"4 ; where item 40 

represents recovery by STA, 0.1 is recovery by SRO. and 0.51 i. s;lack time credit hc'.c'd ont nmu:.  
2. "Modified HEP" = "mean HEP" x "stress level" x "recovery factor" 

30.6.60 RHN-MAN05 (Initiate Gravity Injection from IRWST via RNS Suction Line) 

The RHN-MAN05 operator action evaluates the probability of failure to recognize the need and failure to 
initiate alternate gravity injection via the normal residual heat removal system hot leg connection by using 
the normal residual heat removal system line from the IRWST to the normal residual heat removal system 
pumps suction header. Automatic gravity injection occurs at approximately 22 minutes after the loss 
of RNS cooling, after RCS boiling has occurred and hot leg level has decreased to the automatic 
IRNN'ST gravity injection actuation set point.  

For this scenario, the control room operators are required to detect that gravity injection through the 
IRWST injection lines has failed due to failure of the squib valves on the injection lines. The time window 
used for operator action IWN-MAN00 is also applicable to operator action RHN-MAN05; this time 
window is assumed to be approximately 18 greater than 60 minutes.  

The following assumptions are used as input to the quantification of RHN-MAN05: 
"* Procedure (LONG/SHORT): SHORT 
"* Time window: •-6 18 minutes 
"* Estimated actual time: approximately 5 -t4- minutes 

-Cues: primary - automatic gra-ity injection actuation alarmhigh cere exit temperature, check 
valves in injection lines remain closed, hot leg level instruments do not show increase in reactor 
coolant system level 

(It is assumed that response to one alarm related to automatic gravity 

injection actuation to high ere e... •. .f-m e•r-r is required) 
"* Stress level: HIGH (multiplier of 5 is applied) 
"* Recovery by: shift technical advisor and senior reactor operator. i-lack - ine 

oevond ene hour is ntie eredited eo thts aper-ator aetteio.  

RHN-MAN05 is quantified as follows: 

Source: 
Item Subtask Description for Mean Stress Table 30- Recovery Modified 
No. RHN-MAN05 HEP Level 4 (Item) Factor HEP 

1 Failure to respond to one of 2.7E-04 5 50 4.05E-02 5.47E-05 
one alarm for automatic 
gravity injection actuation 

2 Omit action to check status of 1.3E-03 5 8 4.05E-02 2.63E-04 
check valves 

RAI Number 720.068- 4 
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Source: 
Item Subtask Description for Mean Stress Table 30- Recovery Modified 
No. RHN-MAN05 HEP Level 4 (Item) Factor HEP 

3 Misread status of check 1.2E-03 5 22 4.05E-02 2.43E-04 
valves 

4 Omit action to check RCS 1.3E-03 5 8 4.05E-02 2.63E-04 
level 

5 Misread RCS level 1.2E-03 5 17 4.05E-02 2.43E-04 

6 Omit action to open MOV 1.3E-03 5 8 4.05E-02 2.63E-04 
RNS-V023 

7 Select wrong control for 1.3E-03 5 29 4.05E-02 2.63E-04 
MOV RNS-V023 

Total HEP = Item 1 + Item 2 + Item 3 + Item 4 + Item 5 + Item 6 + Item 7 1.60E-03

Notes: 
1. Recovery for control room actions is evaluated by: "item 40 in HRA data table" x 

"0.1"; where item 40 represents recovery by STA; and 0.1 is recovery by SRO.  
2. "Modified HEP" = "mean HEP" x "stress level" x "recovery factor"

"stress level" x

RAI Number 720.068- 5 
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Response to Request For Additional Information

RAI Number- 720.074

Question: 

Chapter 34.2.2.1 states that the mass flow rate, superheat and composition of debris is 
expected to be essentially the same as the AP600 and, therefore, it is reasonable to extend the 
results of the AP600 in-vessel steam explosion analysis to the AP1 000. Please, provide either 
a sample calculation, an analytical justification, or an equivalent basis for this conclusion.  

Westinghouse Response: 

Additional analyses of AP1 000 debris relocation will be added to AP1 000 PRA Chapter 39 as 
described in the response to RAI 720.088.  

The expected relocation pathway for core debris to the lower head in the AP1 000 is through a 
breach in the core barrel wall that occurs at the top of a molten oxide debris pool inside the core 
barrel. This is essentially the same mechanism as in the AP600 with similar structural 
limitations. The failure size is expected to be the same as the AP600 and produce the same 
mass flow rate of core debris into the lower plenum water pool. Because the AP1 000 has a core 
shroud instead of a reflector, as in the AP600, the core barrel is more preheated by the core 
melt progression prior to being contacted by the molten debris. It takes less energy to fail the 
core barrel wall in the AP1 000, and therefore, the degree of superheat in the AP1 000 debris 
pool is bounded by the superheat predicted for the AP600 debris relocation.  

Design Control Document (DCD) Revision: 

See the response to RAI 720.088.  

PRA Revision: 

See the response to RAI 720.088.
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Response to Request For Additional Information 

RAI Number: 720.075 

Question: 

Chapter 34.2.2.2 states that initial debris mass, superheat, and composition are assumed to be 
the same as the AP600 and, therefore, the results of the AP600 ex-vessel steam explosion 
analysis are considered appropriate for the AP1 000. Please, provide either a sample 
calculation, an analytical justification, or an equivalent basis for this conclusion.  

Westinghouse Response: 

The bounding AP600 ex-vessel steam explosion calculation was performed assuming a hinged 
failure of the lower head at the top of the metal pool, which resulted in a large-scale mass flow 
of molten metal to the reactor cavity with a superheat of +800K. The water depth was 3.9 
meters from the cavity floor.  

The AP1 000 reactor vessel sits 19.5 inches lower in the reactor cavity than the AP600. The 
hinged failure of the AP1 000 reactor vessel is also postulated at the top of the metal layer. The 
geometry of the lower reactor vessel is the same as the AP600. The driving head of the flow 
rate of the metal is the same, so the mass flow rate and velocity are the same as AP600. The 
superheat in the AP1 000 metal layer is +1 200K, which does not add significant energy to the 
system since most of the energy is in the latent heat of fusion of the metal. The cavity water 
depth to the top of the metal is 3.5 m from the cavity floor, which results in less debris and water 
pre-mixture. Therefore, the AP600 steam explosion analysis are considered to be appropriate 
for the AP1 000.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

RAI Number 720.075-1
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RAI Number: 720.079 

Question: 

The applicable environment for equipment survivability accepted by the staff in Section 
19.2.3.3.7 of the AP600 FSER included the late in-vessel and ex-vessel phases of NUREG
1465, "Accident Source Terms for Light-Water Nuclear Power Plants." The severe accident 
radiation environment defined in Section D.7.1 of the AP1000 PRA appears to no longer include 
the late in-vessel and ex-vessel release phases. Please provide additional information to 
support the position that the equipment identified will survive late in-vessel and ex-vessel source 
terms for the AP1 000.  

Westinghouse Response: 

The total core inventory released and the timing of these releases for both the AP600 and 
AP1000 are based on NUREG-1465. For the AP600, additional considerations were made as 
defined by SECY-94-300 (December 1995). For the AP1 000, the guidance provided in 
Regulatory Guide 1.183 (July 2000) was utilized. For additional information, see the response to 
RAI 720.080.  

This RAI focuses on equipment survivability during late in-vessel (late Time Frame 2) and ex
vessel (Time Frame 3) release phases. Since severe accidents are very low probability events, 
it is satisfactory to provide reasonable assurance that the designated equipment will operate 
following a severe accident by comparing the AP1 000 severe accident environments to design 
basis event/severe accident testing or by design practices.  

For equipment located in containment, the exposure to elevated temperatures as a direct result 
of the postulated severe accident or as a result of hydrogen burning is the primary parameter of 
interest. Radiation environments do not exceed the design basis event conditions throughout 
Time Frames 1 & 2. A limited amount of equipment has been designated for the long term (Time 
Frame 3).  

Additional details about radiation exposure and survivability during Time Frame 3 for the 
equipment identified in Section D8.2 is provided below: 

Differential pressure and pressure transmitters -- The only long-term application for differential 
pressure or pressure transmitters is the containment pressure transmitter, which may eventually 
be impacted by the severe accident radiation dose. Containment pressure can be measured 
outside containment if necessary.  

RAI Number 720.079-1 es Westinghouse 1119/2002
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Thermocouples -- The functions defined for severe accident management that utilize 
thermocouples are core-exit temperature and containment water level. The core-exit 
temperature is only required during Time Frame 1 and the containment water level is only 
required through Time Frame 2.  

Resistance temperature detectors (RTDs) -- RTDs are utilized through Time Frame 3 for 
containment temperature measurement and are exposed to temperature transients that exceed 
design basis qualification conditions. EPRI NP-4354 documents RTD performance during 
several temperature transients with acceptable results. It is reasonable to expect some of the 
RTDs qualified for design basis events to survive the severe accident radiation environment.  

Hydrogen monitors -- Containment hydrogen is defined as a parameter to be monitored 
throughout the severe accident scenarios. The hydrogen monitors are located in the main 
containment area. The design limits of this device may be exceeded after the first few hours of 
some of the postulated accidents and performance may be uncertain. If the device fails, 
hydrogen concentration can be determined through the containment atmosphere sampling 
function.  

Radiation monitors -- Containment radiation is defined as a parameter to be monitored 
throughout the severe accident scenarios. The containment radiation monitors are located in the 
main containment area. Early in the accident, the design basis event qualified containment 
radiation monitor provides the necessary information until the environment exceeds the design 
limits of the monitor. If the device fails, containment radiation can be determined through the 
containment atmosphere sampling function.  

Solenoid valves -- Throughout Time Frame 3, access to the containment environment from the 
containment atmosphere sampling function is through solenoid valves located in the 
maintenance floor. Shielding provided by the location of the valves limits the severe accident 
radiation dose to the typical design basis qualification dose for these valves.  

Motor-operated valves (MOVs) -- Throughout Time Frame 3, containment venting is available 
through motor-operated valves. Shielding, provided by the location of the valve, limits the 
severe accident radiation dose to the typical design basis qualification dose for these valves.  

Squib valves -- Squib valves are only required during Time Frame 1.  

Position sensors -- Position sensors are only required during Time Frame 1.  

Hydrogen igniters -- The hydrogen igniters are distributed throughout the containment and are 
designed to perform in environments similar to those postulated for severe accidents. The 
igniters' transformers are located outside containment. The successful results of glow plug 
testing through several hydrogen burns is documented in EPRI NP-4354 and provides 
confidence in the performance of these devices. Radiation effects on igniters are expected to be 
minimal.  

RAI Number 720.079-2 
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Electrical containment penetration assemblies -- Electrical containment penetration assemblies 
identified for use during Time Frame 3 are designed for radiation resistance and meet IEEE-317 
total radiation exposure and DBE radiation exposure criteria. It is reasonable to expect these 
penetration assemblies to survive the severe accident radiation environment.  

Cables -- Cables identified for use during Time Frame 3 use radiation resistant insulation and 
meet IEEE-383 total radiation exposure and LOCA radiation exposure criteria. It is reasonable 
to expect these cables to survive the severe accident radiation environment.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

RAI Number 720.079-3
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RAI Number: 720.083

Question: 

It is stated in Chapter 34 of the API 000 PRA that the fuel-coolant interaction (FCI) cannot 
produce sufficient energy on a short time scale to produce a missile that would fail the AP1 000 
containment. This statement is based on direct extension of AP600 assumptions and analysis 
for AP1 000. Please provide the justification that results of AP600 in-vessel steam explosion can 
be directly extended to containment failure in light of melt progression uncertainties in AP1 000.  

Westinghouse Response: 

Additional analyses of AP1 000 debris relocation will be added to AP1 000 PRA Chapter 39 as 
described in the response to RAI 720.088.  

The expected relocation pathway for core debris to the lower head in the AP1 000 is through a 
breach in the core barrel wall that occurs at the top of a molten oxide debris pool inside the core 
barrel. This is essentially the same mechanism as in the AP600 with similar structural 
limitations. The failure size is expected to be the same as the AP600 and produce the same 
mass flow rate of core debris into the lower plenum water pool. Because the AP1 000 has a core 
shroud instead of a reflector, as in the AP600, the core barrel is more preheated by the core 
melt progression prior to being contacted by the molten debris. It takes less energy to fail the 
core barrel wall in the AP1 000, and therefore, the degree of superheat in the AP1 000 debris 
pool is bounded by the superheat predicted for the AP600 debris relocation. Thus the in-vessel 
fuel-coolant interaction analyses from AP600 can be extended to AP1 000.  

Design Control Document (DCD) Revision: 

See the response to RAI 720.088.  

PRA Revision: 

See the response to RAI 720.088.

RAI Number 720.083-1
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RAI Number. 720.084 

Question: 

The thick core reflector in AP600 has been replaced by a core shroud in AP1 000 to allow for the 
additional fuel assemblies. Please justify that this change would not increase the size of the 
crucible failure at the shroud boundary, and thereby increase the initial pour rate into the lower 
plenum. In addition, please provide justifications for excluding other in-core crucibles that may 
be in more cylindrical forms that would support a failure at some mid-level location, instead of 
the hemispherical crucible with high heat fluxes near the upper surface of the pool. Under these 
conditions, the axial heat flux distribution may be somewhat different that would affect the initial 
pour rate into the lower plenum. Please demonstrate that your analyses consider the impact of 
melt progression uncertainties.  

Westinghouse Response: 

Additional analyses of AP1 000 melt progression and debris relocation will be added to AP1 000 
PRA Chapter 39 as described in the response to RAI 720.088.  

The downward relocation pathway through the core is blocked by a thick layer of frozen control 
rod material and zirconium that is at least 20 cm thick and cooled with water from below. The 
AP1 000 melt progression will melt a significant portion of the core shroud and some of the core 
barrel in the upper part of the active fuel region prior to the formation of a debris pool in the core 
region. The core bypass flow area that cools the shroud and barrel during normal operation is 
through sixteen 0.675 inch diameter holes in the 4 inch thick bottom plate of the core shroud.  
Prior to melt relocation, the holes plug with steel melted from the shroud and barrel. Therefore, 
the only relocation pathway for the molten debris is through the core barrel.  

The failure size through the shroud is moot since much of the shroud is melted away in the 
region where the in-core debris pool will form. The sides of the debris pool are formed by oxide 
frozen in the peripheral fuel assemblies, which are relatively intact. The crust of the in-core 
debris pool fails when the pool becomes superheated. The debris pours into the annular 
volume between the core barrel and the lower part of the shroud, and the pool contacts the core 
barrel.  

The relocation pathway for core debris to the lower head in the AP1 000 is through a breach in 
the core barrel wall that occurs at the top of a molten oxide debris pool inside the core barrel.  
This is essentially the same mechanism as in the AP600 with similar structural limitations. The 
failure size is expected to be the same as the AP600 and produce a similar mass flow rate of 
oxide debris to the lower plenum. Because the AP1000 has a core shroud instead of a reflector, 
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as in the AP600, the core barrel is more preheated by the core melt progression prior to being 
contacted by the molten debris. It takes less energy to fail the core barrel wall in the AP1 000, 
and therefore, the degree of superheat in the AP1 000 debris pool is bounded by the superheat 
predicted for the AP600 debris relocation.  

Design Control Document (DCD) Revision: 

See the response to RAI 720.088.  

PRA Revision: 

See the response to RAI 720.088.

RAI Number 720.084-2
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RAI Number 720.089

Question: 

Please demonstrate that considering the above-mentioned phenomenological uncertainties, the 
AP1 000 lower head integrity will not be challenged. In any re-analysis, please consider the 
uncertainties associated with the measured critical heat flux on the outside surface of the 
AP1 000 lower head (see AP1 000 RAI 720.88.A.iv).  

Westinghouse Response: 

Additional analyses of AP1 000 debris relocation will be added to AP1 000 PRA Chapter 39 as 
described in the response to RAI 720.088. The critical heat flux values used in Chapter 39 are 
conservative, so including the uncertainties of this parameter would increase the margin 
available for vessel integrity.  

Design Control Document (DCD) Revision: 

See the response to RAI 720.088.  

PRA Revision: 

See the response to RAI 720.088.

RAI Number 720.089-1
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RAI Number: 720.090 

Question: 

Since long-term core debris cooling on the cavity floor has not been demonstrated, please 
provide the implications of extended Core-Concrete Interactions (CCls) on combustible gas 
generation and combustion-induced containment failure.  

Westinghouse Response: 

Evaluation of core-concrete interaction is provided in Appendix B of the AP1 000 PRA. The 
AP1 000 includes igniters to mitigate combustible gas generation during severe accidents. The 
AP1 000 PRA assumes that the containment fails if reactor vessel failure is predicted.  
Therefore, there is no impact on the large release frequency of core-concrete interaction 
combustion induced containment failure.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

RAI Number 720.090-1
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RAI Number: 720.091 

Question: 

As part of the verification of the long-term integrity of the AP1000 containment during CCI, 
several calculations with MAAP and other supporting codes were carried out and discussed in 
Appendix B.4 of the PRA. These runs indicated that, absent water cooling from the Passive 
Containment Cooling Water Storage Tank (PCCWST), basemat melt-through would occur at 
between 2.8 and 4.5 days, and containment pressure at 24 hours would reach values between 
20 psig and 39 psig. There are significant uncertainties regarding the coolabilty of ex-vessel 
core debris by an overlying water pool. In view of these uncertainties, please provide basemat 
erosion and containment pressurization results for MAAP scenarios identical to those examined 
in Appendix B.4 of the PRA, with the following differences: (1) the cavity is dry (so that credit is 
not given to debris quenching); and (2) water cooling from the PCCWST is assumed to be 
unavailable.  

Westinghouse Response: 

The MELTSPREAD analyses that were performed for the two vessel failure scenarios looked at 
potential molten jet/water interactions during the debris relocation, using the THIRMAL code.  
The impact of such interactions affects the partitioning of the core debris between the reactor 
cavity and the reactor coolant drain tank room. The bounds of debris quenching and spreading 
during relocation are included in the investigation.  

The MAAP4 analyses do not model thermal interaction between the molten jet and the water, in 
either case. Debris cooling starts when the melt turns into a debris bed with the water on top 
and the concrete floor underneath.  

In the AP1 000, the first line of defense for ex-vessel severe accident challenges to the 
containment is in-vessel retention of core debris. The PRA conservatively assumes early 
containment failure if vessel failure is predicted. Given the defense-in-depth approach to the 
mitigation of ex-vessel severe accident challenges, the AP1 000 ex-vessel core-concrete 
interaction analysis, like the AP600 analysis, was performed using best estimate assumptions 
regarding debris coolability. However, the supply of water to the debris was limited to the initial 
water in the cavity, and all condensing steam was conservatively retained in the IRWST without 
allowing it to overflow and recirculate water back to the cavity.  

The MAAP4 analyses as presented in Appendix B of the PRA report do not credit PCS water 
cooling of the containment shell.  

RAI Number 720.091-1 
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The analyses in Appendix B are sufficiently conservative.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

( Westinghouse
RAI Number 720.091-2 

11/26/2002



AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

RAI Number 720.092 

Question: 

What is the philosophy of igniter placement in the upper compartment? The AP600 
containment volume is 1.69xl 06 cubic feet (ft3) as compared to 2.07xl 06 ft3 for the AP1000.  
Presumably, the bulk of the increase in volume is in the upper compartment. Given that there is 
a certain volume of coverage for each igniter in the AP600, how does the AP1 000 igniter 
scheme cover the increase in volume of 380,000 ft3 with the same number of igniters? 

Westinghouse Response: 

For AP1 000 hydrogen control is provided at three separate levels within the upper 
compartment. At the 162-176 ft. elevations, 10 igniters are distributed over the area primarily 
above the major release flow paths including the loop compartments, refueling cavity, 
pressurizer compartment and above the stairwell from the lower compartment area. The 
igniters are split between the two power groups. At 228 ft. elevation, an igniter is provided in 
each quadrant at the mid region of the upper compartment with two igniters on each of the two 
power groups. At the upper region elevation 257 ft. four additional igniters are located to initiate 
recombination of hydrogen not ignited at either the source or along its flow path. The four 
igniters are split between the two power groups.  

In the upper compartment the potential for large hydrogen concentrations and detonation is very 
low since there are large natural circulation currents driven by the heated releases from the 
postulated break and the cooling action of the containment shell and there are effectively no 
barriers for confinement of the break discharges. Additionally, there are no 
compartmentalization with geometries that increase the potential for detonation. The AP1 000 
design includes igniters, which would burn hydrogen as it is released such that its global 
concentration in containment would not exceed 10%. A hydrogen concentration of less than 
10% in dry air (note: the AP1 000 containment has a steam-laden environment) is not detonable.  

The number of igniters and igniter placement for the AP600 and AP1 000 designs is based on 
engineering criteria from insights on how the hydrogen is released during a severe accident and 
how it is expected to behave in containment. The primary criteria for an igniter system is to 
promote hydrogen burning at as low a concentration as possible, and to the extent possible, to 
burn hydrogen continuously so that the hydrogen concentration will not build up in the 
containment. To achieve this goal igniters have been placed in major regions of the 
containment where hydrogen may be released, through which it could flow, or where it may 
accumulate.  
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

The release paths and severe accident behavior for the AP600 and AP1 000 designs are similar.  
In addition, the upper containment dome configuration is identical. Therefore, the number of 
igniters is the same and igniter placement is similar. As discussed above, igniter number and 
placement for the AP600 and AP1 000 designs is defined by providing igniters in the major 
transport paths and is not dictated by the volume of hydrogen produced. The major transport 
paths remain the same for AP600 and AP1 000, and therefore, the number of igniters provided is 
the same. The following design criteria has been established and followed for igniter placement 
(Reference: AP1000 DOD, Table 6.2.4-6 (Sheet 1 of 3)): 

" A sufficient number of igniters are placed in the major transport paths (including 
dominant natural circulation pathways) of hydrogen so that hydrogen can be burned 
continuously close to the release point. This prevents hydrogen from preferentially 
accumulating in a certain region of the containment.  

" Igniters (minimum of 2) are located in major regions or compartments where hydrogen 
may be released, through which it may flow, or where it may accumulate.  

" It is preferable to ignite a hydrogen-air mixture at the bottom so that upward flame 
propagation can be promoted at lean hydrogen concentrations. Igniters within each 
subcompartment are located in the vicinity of, and above, the highest potential release 
location within the subcompartment.  

" In compartments with relatively small openings in the ceiling, the potential may exist for 
the hydrogen-air mixture to rise and to collect near the ceiling. Therefore, one or more 
igniters are placed near the ceiling of such compartments. Igniter coverage is provided 
within the upper 10 percent of the vertical height subcompartments or 10 feet from the 
ceiling whichever is less. In cases where the highest potential release point is low in the 
compartment, both this and the previous criteria are considered.  

"* To the extent possible, igniters are placed away from walls and other large surfaces so 
that a flame front created by ignition at the bottom of a compartment can travel 
unimpeded up to the top.  

" A sufficient number of igniters are installed in long, narrow compartments (corridors) so 
that the flame fronts created by the igniters need to travel only a limited distance before 
they merge. This limits the potential for significant flame acceleration.  

" Igniter coverage is provided to control combustion in areas where oxygen rich air may 
enter into an inerted region with combustible hydrogen levels during an accident 
scenario.  

"* Igniters are located above the flood level, if possible. Those which may be flooded have 
redundant fuses to protect the power supply.  
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Response to Request For Additional Information 

"* In locations where the potential hydrogen release location can be defined, i.e. above the 
IRWST spargers, at IRWST vents, etc igniter coverage is provided as close to the 
source as feasible.  

"• Provisions for installation, maintenance, and testing is considered.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information 

RAI Number: 720.093 

Question: 

How effective is the AP1 000 igniter scheme in removing hydrogen with an increase in hydrogen 
generation rates over that of the AP600? The larger core of the API 000 suggests that there 
may be a 30% increase in hydrogen generation rates. A MAAP4 calculation for a scenario with 
a conservative oxidization of 100% of reactive cladding would provide assurance that the 
AP1 000 igniter scheme is as effective as that of the AP600.  

Westinghouse Response: 

A MAAP4 assessment of the AP1 000 igniter effectiveness is presented in Attachment B of the 
AP1 000 PRA Chapter 41, revision 1, shown below.  

Design Control Document (DCD) Revision: 

None 

PRA Revision:

Change to Section 41.5

41.5 Hydrogen Burning at Igniters

MAAP4 analyses of AP600 cases demonstrated the effectiveness of the hydrogen igniter system as placed (Reference 
41-2) in the passive containment geometry. The cases in the burning analysis were chosen for variation in hydrogen 
generation rate, release locations into containment, in-containment refueling water storage tank water level, and PXS 
compartment flooding. The cases considered 100 percent cladding reaction. The behavior of the AP 1000 is essentially 
the same as the AP600 with respect to hydrogen release rates and locations.  

Generally, the reactor coolant system is depressurized prior to hydrogen generation. Hydrogen is released to the 
containment through ADS stage 4 as it is generated in the core. Natural circulation in the containment provides oxygen 
for burning the hydrogen at the igniters in the loop compartments, close to the source. The loop compartments are 
shielded from the containment shell and most equipment and instrumentation that would be used to mitigate and 
monitor the accident.  

Igniters located in the IRWST, PXS and CVS compartments, CMT room and at various elevations in the upper 
compartment provide coverage for hydrogen that may be released through the IRWST, PXS/CVS or in the CMT room.

RAI Number 720.093-1
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Response to Request For Additional Information 

The igniter system maintains the global uniform hydrogen concentration in the containment at or below lower 

flammability limits. In the most likely severe accidents, the hydrogen is burned primarily in a favorable location that 

protects the integrity of the containment and mitigative and monitoring equipment 

An AP1000-specific M.AAP4 assessment of igniter effectiveness is presented in Chapter 41 Attachment B.  

Chapter 41 Attachment B 

Analysis of Hydrogen Burning at the Igniters 

The purpose of this section is to demonstrate the effectiveness of the AP1000 hydrogen igniter system as placed in the 

passive containment geometry (Section 6.2.4 of the DCD). The AP 1000 containment has 64 igniters. Below the 

operating deck and inside the steam generator doghouses, the igniters are placed as in the AP600. Above the operating 

deck, in the upper compartment, the AP 1000 has the same number of igniters as the AP600, but they have been 

redistributed to provide appropriate coverage given the taller containment shell. Igniters located in the IRWST, PXS 

and CVS compartments, CMT room and at various elevations in the upper compartment provide coverage for hydrogen 

that may be released through the IRWST, PXS/CVS or in the CMT room.  

The igniter system maintains the global uniform hydrogen concentration in the containment at or below lower 

flammability limits. In the most likely severe accidents, the hydrogen is burned primarily in a favorable location that 

protects the integrity of the containment and mitigative and monitoring equipment.  

One MAAP4 igniter burning case is presented. The case is considered to be bounding as it releases hydrogen to the 

containment at an artificially rapid rate (-300 kg/min) to tax the igniter performance. Typical hydrogen release rates 

during a reflooded case are expected to be on the order of 100 kg/min. The case is initiated by a large loss of coolant 

accident with failure of accumulators. The core uncovers during the blowdown, and gravity injection is unable to 

recover it before it overheats. The accident produces 100 percent cladding reaction, much of it generated during 

reflooding. The reactor coolant system is depressurized prior to hydrogen generation. Hydrogen is released to the 

containment through the break as it is generated in the core.  

Burning at the Igniters Results and Conclusions 

The MAAP4 results are presented in Figures 41B-I through 41B-17. The RCS is depressurized (Figure 41B-l) by the 

break, and the core uncovers very early in the accident (Figures 41B-2 and -3) and is reflooded. Decay heat is high 

early in the accident and the cladding is overheated at the time of the reflood. Hydrogen is produced rapidly early in 

the accident with some residual oxidation occurring over time (Figure 41B-4). Burning at the igniters is evident from 

the fluctuations in the containment pressure and temperature (Figures 4 1B-5 and -6).  

The results show that the igniters keep the overall hydrogen concentration at the lower flammability limit (Figure 41 B

7), except during the large release of hydrogen and steam into the loop compartment (Figure 41B-8) before the 

containment mixes. During this time, the gas concentrations (Figures 4 1B-9, -10 and -11) in the loop compartment will 

not support combustion in this compartment. As the containment begins to mix, the loop compartment mixture 

becomes flammable. The steam concentration is high and the minimum detonation cell width (Figure 41B-12) in the 

loop compartment is large at the time when the hydrogen concentration is greater than 10 percent and compartment is 

predicted to be flammable. Therefore, there is no potential for detonation in the loop compartment during the mixing.  

RAI Number 720.093-2 
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Response to Request For Additional Information 

Hydrogen is released directly into the IRWST (Figure 4 1B- 14) after the water level in the compartment (Figure 4 1B
13) drops low enough to allow flow from the pressurizer through to the spargers. The hydrogen concentration in the 
IRWST (Figure 41B-15) is never predicted to exceed 6 percent.  

The hydrogen igniters effectively control the containment hydrogen concentration for this bounding hydrogen release 
case.
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AP1000 Case 3BR - LLOCA with Accum Failure 
Reactor Coolant System Pressure
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Response to Request For Additional Information

AP1000 Case 3BR - LLOCA with Accum Failure 
Core-Exit Gas Temperature
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Response to Request For Additional Information

AP1000 Case 3BR - LLOCA with Accum Failure 
Containment Pressure
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Response to Request For Additional Information

AP1000 Case 3BR - LLOCA with Accum Failure 
Containment Compartment Hydrogen Concentration 
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Response to Request For Additional Information

AP1000 Case 3BR - LLOCA with Accum Failure 
Hydrogen Flowrate Through Break
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Response to Request For Additional Information

AP1000 Case 3BR - LLOCA with Accum Failure 
Well-Mixed Compartment Hydrogen Concentration 
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AP1000 Case 3BR - LLOCA with Accum Failure 
Well-Mixed Compartment Oxygen Concentration 
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Response to Request For Additional Information

AP1000 Case 3BR - LLOCA with Accum Failure 
Well-Mixed Compartment Steam Concentration 
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Response to Request For Additional Information

AP1000 Case 3BR - LLOCA with Accum Failure 
Approximate Detonation Cell Width in SG Compt
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AP1000 Case 3BR - LLOCA with Accum Failure 
Containment Compartments Water Level 
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AP1000 Case 3BR - LLOCA with Accum Failure 
Hydrogen Flowrate Through ADS to IRWST
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AP1000 Case 3BR - LLOCA with Accum Failure 
Confined Compartment Hydrogen Concentration 
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AP1000 Case 3BR - LLOCA with Accum Failure 
Confined Compartment Oxygen Concentration 

I RWST 
PXS Compt

.18

.16 

.14 

.12 

.1

Time (hr)

Figure 41B-16

RAI Number 720.093-19e Westinghouse
11/25/2002

.18 

.16 

.14 

.12

CD 

0 

M-

.1



API000 DESIGN CERTIFICATION REVIEW 

Response to Request For Additional Information

AP1000 Case 3BR - LLOCA with Accum Failure 
Confined Compartment Steam Concentration 
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Response to Request For Additional Information 

RAI Number: 720.096 

Question: 

What would be the safety margin basis for containment performance if the uncertainty in the 
range of steam inerting concentrations was used? The safety margin is less than 1 psi when 
hydrogen produced from 100% active cladding reaction is mixed with air saturated with 55% 
steam. However, there is uncertainty in the steam-inerting limits, as measurements have 
ranged from 490/6-63% (M. G. Zabetakis, "Research on the Combustion and Explosion Hazards 
of Hydrogen-Water Vapor-Air Mixtures," AECU-3327, U. S. Atomic Energy Commission, 
September 1956.) 

Westinghouse Response: 

The safety margin basis is a beyond design basis calculation, and it is appropriate to use a best 
estimate value for the maximum steam concentration. Higher steam concentrations reduced 
the hydrogen and oxygen concentration to values below the lower bounds for globally 
flammable mixtures The safety margin basis calculation as presented contains adequate 
conservatism in assuming 100% cladding reaction, failure of hydrogen control, and global 
burning that occurs at a high pressure that is highly unlikely at the time when hydrogen is 
present in the containment. Additional conservatism is unnecessary.  

Design Control Document (DCD) Revision: 

None 

PRA Revision: 

None

RAI Number 720.096-1

( Westinghouse 11/26/2002


