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ABSTRACT
1
 

The U.S. Nuclear Regulatory Commission (NRC) requires 

that each application for a standard design certification be 

referred to the Advisory Committee on Reactor Safeguards 

(ACRS) for a review and report on those portions of the 

application which concern safety.  This paper begins with 

perspectives on the role of the ACRS in the design certification 

review process. It then summarizes the ACRS observations and 

recommendations made in the Committee’s reports during the 

AP1000 design certification reviews to date. 

 

INTRODUCTION 
For over 50 years the Advisory Committee on Reactor 

Safeguards (ACRS) has had a continuing statutory 

responsibility for providing independent reviews of, and 

advising on, the safety of proposed or existing reactor facilities 

and the adequacy of proposed reactor safety standards. The 

ACRS has played an important role in the AP1000 design 

certification process by providing an independent review of the 

NRC staff’s determination of compliance with the applicable 

standards and requirements of the Atomic Energy Act and the 

Commission’s regulations.  The ACRS identified many 

technical issues during its review process which were resolved 

before the Committee provided its final recommendations on 

the design certification. 

 

As a part of its commitment to U.S. NRC effort in 

knowledge management (KM), the Office of ACRS has begun 

an initiative to capture the institutional knowledge and memory 

of the Committee. An important motivation for this initiative is 

to increase the effectiveness and efficiency of the Committee’s 

                                                           
1 The views expressed in this paper are solely those of the authors and do not 

necessarily represent those of either the ACRS or NRC 
 

review process by providing easy access to the background 

information, insights, and understanding of the technical and 

regulatory issues.  This paper begins with discussions on the 

role of ACRS in design certification review process. It then 

provides historical perspectives of the ACRS review of the 

AP1000 design certification.  

 

THE ROLE OF ACRS IN DESIGN CERTIFICATION 
REVIEW PROCESS 

 

The ACRS provides the NRC with independent reviews of, 

and advice on, the safety of proposed and existing reactor 

facilities and the adequacy of proposed safety standards. The 

ACRS is independent of the NRC staff and reports directly to 

the Commission, which appoints its members. The ACRS is 

structured to provide a forum where experts representing many 

technical perspectives can provide independent advice that is 

considered in the Commission’s decision-making process.  

 

The NRC may approve and certify a standard nuclear plant 

design through a rulemaking, independent of a specific site and 

an application to construct or operate a plant. A design 

certification is valid for 15 years from the date of issuance, but 

can be renewed for an additional 10 to 15 years. 

 

The Commission’s policy statement regarding regulation 

of advanced nuclear power plants (NRC 1994) encourages 

early interaction (prior to a license application) between 

vendors and the NRC “to provide for early identification of 

regulatory requirements for advanced reactors, and to provide 

all   interested  parties,  including   the  public, with  a  timely,        
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Figure 1. The Design Certification Review Process 

 

independent assessment of the safety characteristics of 

advanced reactor designs.”  The NRC is particularly interested 

in any regulatory issues which could lead to the need for 

Commission policy decisions, or technical issues unique to the 

design that could require extensive effort and long lead time to 

resolve. Consistent with the policy statement, the ACRS also 

holds pre-application meetings and discussions to familiarize 

the Committee with the design and to identify topics for more 

detailed discussions before the application is submitted. 

 

Figure 1 illustrates the design certification formal review 

process and the interrelationships among various review 

activities. According to NRC regulation (10 CFR 52.53), the 

design certification application is referred to the ACRS for a 

review and report. 

  

An application for a standard design certification must 

demonstrate how the applicant complies with the NRC’s 

relevant regulations. The application presents the design basis, 

the limits on operation, and a safety analysis of structures, 

systems, and components of the facility as a whole.  In 

addition, the application must contain proposed inspections, 

tests, analyses, and acceptance criteria (ITAAC) for the 

standard design. The ITAAC program is intended to ensure that 

the plant, when built, will conform to the design parameters 

and assumptions that existed at the time of design certification. 

 

The NRC staff reviews the design certification application 

and supporting documentation. The review results are 

documented in a safety evaluation report. The design 

certification application and the staff's safety evaluation report 

are reviewed by the ACRS. The applicant and staff appear 

before the ACRS, the former defending the application and the 

latter the safety evaluation report. In-depth reviews are done by 

the appropriate ACRS Subcommittees. The subcommittee has 

the benefit of input from its own consultants as well as its own 

staff support. With input from Subcommittee members, 

Subcommittees Chairmen develop proposed ACRS positions. 

Briefings by the applicant and the NRC staff are provided to 

both the Subcommittees and the full Committee. The ACRS 

meetings are open to public and thus provide an open forum for 

public participation in the review process.  ACRS positions are 

developed after extensive deliberations by the full Committee. 

When the Committee has completed its review, its report is 

submitted to the Commission. At times, ACRS issues “interim” 

letters to identify issues of concern and items for which 

additional information, discussions, and clarifications are 

needed. 

 

ACRS operations are governed by the Federal Advisory 

Committee Act (FACA), which is implemented through NRC 

regulations (10 CFR Part 7). ACRS operational practices 

encourage the public, industry, State and local governments, 

and other stakeholders to express their views on regulatory 

matters. According to FACA requirements all the ACRS 

records, reports, transcripts, or other documents, which are 

made available to or prepared for or by the Committee, are 

publically available. 
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Figure 2. ACRS Review Activities for the AP1000 Design Certification 

 

 

ACRS REVIEW OF AP1000 DESIGN CERTIFICATION 
The Advanced Passive 1000 (AP1000) is a two-loop 

pressurized water reactor (PWR) with passive safety features.  

The AP1000 design is a larger version of the previously 

approved AP600 design. To accommodate the higher power 

[1000 Mwe for AP1000 compared to 600 Mwe forAP600], 

many systems and components were increased in size and/or 

capacity for AP1000 over those of AP600 including core length 

and number of assemblies, containment height (volume), and 

automatic depressurization system (ADS) stage-4 squib valves. 

 

 The ACRS review activities for the AP1000 design 

certification are depicted in Figure 2. These activities should be 

viewed in concert with all the ACRS review activities 

conducted for certification of the AP600 design (ACRS 1998). 

The ACRS held meetings and discussions as early as in 2000 

during the pre-application review of AP1000 design. The 

ACRS reviews did not address security matters and their 

impact on the AP1000 design. The NRC staff and 

Westinghouse adopted a three-phase approach to the AP1000 

standard plant design review.  Phase1, which was to identify 

the key review issues during pre-application review, resulted in 

the identification of four key issues: 

 1. Acceptability of the proposed use of design acceptance 

 criteria (DAC) for particular parts of the design review. 

 2. Acceptability of certain exemptions that Westinghouse   

  intended to request. 

 3. Applicability of the AP600 test program to the AP1000 

 design. 

 4. Applicability of the AP600 analyses codes to the 

 AP1000 design. 

 

 The purpose of the Phase 2 review was for the NRC staff 

to develop positions on these four key issues, as discussed 

below, and phase 3 was the design certification review.  

 

 NRC regulation (10 CFR 52.47) requires that the level of 

detail in a design certification application must be sufficient to 
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enable the Commission to judge the applicant's proposed means 

of ensuring that construction conforms to the design and to 

reach a final conclusion on all safety questions associated with 

the design. The staff interpreted this policy to mean that the 

certification application must be complete, with two 

exceptions: (1) items for which the technology is rapidly 

changing and may be significantly different at the combined 

operating license (COL) stage and (2) items for which the level 

of detail cannot be provided at the time of certification review 

(or for which the as-procured and as-built characteristics are 

needed). The staff accepted the DAC approach for the 

instrumentation and control (I&C) and for the control room 

design, both of which were deemed to satisfy one or more of 

the above criteria.  

 

 The staff also accepted the DAC approach for the piping 

design based on the similarity of AP1000 to AP600 designs, for 

which the certification included sufficient piping design detail. 

The ACRS agreed that the proposal by Westinghouse to use 

DAC for the piping design should be approved. However, in its 

March 14, 2002 report on AP1000 pre-application review 

(ACRS 2002), the Committee noted that “the piping DAC 

could have been approved without invoking the similarity to 

the AP600 design.” ACRS view was that, “as long as sufficient 

detail is available to permit resolution of safety questions, the 

degree of detail that an applicant wishes to provide at the 

certification phase is a business decision.” The Committee 

believed that the use of DAC for the piping design fitted such 

characterization (ACRS 2002). 

   

 Westinghouse requested exemptions from the regulations 

in three areas:  

 (1) 10 CFR 50.34 (f)(2)(iv) requirement for providing "a 

 plant safety parameter display console that will display to 

 operators a minimum set of parameters defining the safety 

 status of the plant, capable of displaying a full range of 

 important plant parameters and data trends on demand, 

 and capable of indicating when process limits are being 

 approached or exceeded"  

 (2) 10 CFR 50.62 (c)(1) requirement that equipment be 

 available to ensure the automatic startup of the auxiliary 

 feedwater system under ATWS conditions 

 (3) General Design Criteria (GDC) 17 of 10CFR50 

 Appendix A requirement for two physically independent 

 offsite power sources 

 

 The NRC staff agreed with the Westinghouse positions 

that: Item (1) would be part of the DAC for control room 

design; the underlying purpose of Item (2) was satisfied 

because AP1000 does not have (or need) an auxiliary feedwater 

system as the emergency core cooling system (ECCS) 

requirement is met by the passive residual heat removal 

(PRHR) system automatic initiation under ATWS; and that the 

underlying purpose of Item (3) was satisfied because, with the 

passive ECCS, AP1000 does not need offsite power to make its 

safety case. The ACRS also agreed with these positions (ACRS 

2002). 

 

 To address the applicability of the AP600 codes and test 

program, Westinghouse prepared a new AP1000 phenomena 

identification and ranking table (PIRT) and conducted new 

scaling assessments for both the codes and the tests. 

Westinghouse maintained that the AP600 test database used to 

validate the analysis codes is applicable to AP1000 and that the 

codes should be approved for use in evaluating the safety of 

AP1000 design. The NRC staff conducted independent top-

down and bottom-up scaling assessments and performed audit 

calculations using RELAP5. The staff found that, with some 

noted exceptions, the experimental data produced by the AP600 

separate effects and integral effects test programs were 

appropriate for verification of the processes expected in an 

AP1000 plant, and the analysis codes validated for the AP600 

standard plant design were applicable to the AP1000 design. 

The most significant of the exceptions was that the tests were 

not considered sufficient to validate the entrainment model 

used in the NOTRUMP code for the upper plenum regions and 

for the hot-leg exit through the automatic depressurization 

system (ADS-4) depressurization valve. Westinghouse claimed 

that the scaling test data and analyses were sufficient to ensure 

that the core remains covered and that the entrainment is a self-

limiting process that decreases as the core water level 

decreases. Westinghouse also claimed that the period during 

which the entrainment is important in affecting the water level 

is so short that entrainment is not safety significant. The ACRS 

thought such a case could be made during the certification 

review and, if so, additional tests would not be necessary 

(ACRS 2002). In its March 14, 2002 report on AP1000 pre-

application review, ACRS also noted that “the staff's position 

has merit in that it will be necessary to better predict the 

entrainment behavior before judgments can be made regarding 

its safety significance.”  The ACRS was concerned that the 

codes did not properly model entrainment because inapplicable 

maps were being used to characterize the flow regimes. The 

Committee was convinced that the technical basis codes needed 

better modeling with respect to entrainment and flow regime 

maps (ACRS 2002). 

 

 In March 2002, Westinghouse Electric Company formally 

submitted its application for design certification of AP1000. 

The application consisted of the AP1000 Design Control 

Document (DCD) and the AP1000 probabilistic risk assessment 

(PRA).  

 

 Design certification was sought for the power generation 

complex, excluding those elements and features considered site 

specific. All safety-related structures, systems, and components 

(SSCs) are located on the nuclear island and were to be 

included in the design certification.  Three aspects of the plant 

design (instrumentation and control systems, human factors 

engineering, and some piping) were to be completed by the 
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combined license (COL) applicant using the design processes 

described in the DCD and ITAAC.  

 

 In its March 17, 2004 interim letter on AP1000 design 

certification review (ACRS 2004a), the ACRS identified the 

following 7 remaining technical issues to be resolved before 

the Committee would provide its final recommendations on the 

design certification. A discussion of these issues and the bases 

for their resolutions is provided below. 

 

Issue 1 – Automatic Depressurization System (ADS)-4 Squib 

Valve Function 

 An important safety function in the AP-1000 design is the 

automatic depressurization of the primary system. The ADS-4 

squib valve reliability/performance assumptions are based on 

the experience with similar but much smaller valves. The 

concern was how one can be assured of the validity of the 

reliability/performance claims.   

 

 The staff indicated that the ADS-4 squib valves are 

designed constructed and tested with the requirements set forth 

in Section III of the Boiler and Pressure Vessel Code 

promulgated by the American Society of Mechanical Engineers 

(ASME) and are actuated by redundant and diverse 

instrumentation and control systems (NRC 2004).  

 

 In addition, the staff indicated that AP1000 Design Control 

Document (DCD) includes an ITAAC that ensures that the 

ADS-4 squib valves would perform their active safety-related 

function to change position. Tests or type tests of ADS-4 squib 

valves would be performed to demonstrate the capability of the 

valves to operate under their design conditions. Therefore the 

staff concluded that the performance characteristics of the 

ADS-4 squib valves would be adequately verified (NRC 2004). 

 

Issue 2 – Assurance of Long-Term Cooling (Strainer Blockage) 

 The AP1000 appears to incorporate a robust design to 

prevent sump screen blockage. The design utilizes screen areas 

slightly larger than those of current pressurized water reactors 

(PWRs); locates the screens higher off the floor with a flow 

guard overhead; uses deeper water levels; uses much lower 

recirculation flow rates and consequent lower flow velocities 

approaching and entering the screen; and uses reflective 

insulation and high density non-safety coatings. Since the issue 

of ensuring long-term cooling was still under regulatory 

discussion, the ACRS recommended that the AP1000 design 

for this be the subject of ITAAC to ensure that it complies with 

the generic regulatory resolution of this issue (ACRS 2004a). 

The COL applicant using NRC guidance that is approved at 

that time would confirm the assurance of long-term 

recirculation cooling following a LOCA.  

 

Issue 3 – Code Deficiencies 

Neither the Westinghouse code NOTRUMP nor the staff’s 

RELAP5 code proved adequate for accurately modeling certain 

important phenomena, such as liquid entrainment from the 

core, de-entrainment and entrainment in the upper plenum, 

entrainment into the ADS-4 line and pressure drop in the ADS-

4 line. The approach taken by Westinghouse to resolve these 

issues was to perform code predictions with bounding 

assumptions and to make confirmatory hand calculations 

showing that in all cases the core would be adequately cooled. 

The staff performed independent calculations and sensitivity 

studies to help guide their assessment of these predictions. In 

its March 17, 2004 letter on AP1000 design certification review 

(ACRS 2004a), the ACRS noted “while these approaches have 

resolved these technical concerns for AP1000 design, they 

illustrate a need for awareness of situations where additional 

work may be needed in addition to a set of code predictions.”  

The ACRS also noted “when deficiencies such as these are 

identified in codes, they should lead to the consideration of 

research programs to correct the weaknesses and avoid 

resorting to a patchwork of ad hoc methods.” 

 

Issue 4 – Range of Pi-Group Values for Appropriate Scaling 

 Scaling evaluations in the AP1000 review assumed an 

acceptance range of 0.5 to 2.0 for various Pi-groups in 

identifying distortions between test facilities and the full-scale 

prototype. In its March 17, 2004 letter on AP1000 design 

certification review (ACRS 2004a), the ACRS noted that the 

Committee has “yet to be shown a sufficient technical 

justification that a range of 0.5 to 2.0 for various scaling Pi-

groups represents general adequate scaling.” The ACRS, 

therefore, recommended “the staff undertake confirmatory 

research on pertinent scaling issues for relating test facilities to 

prototypic systems and verify that the Pi group range of 0.5 to 

2.0 is appropriate.” 

 

In its response, the staff acknowledged that this range did not 

have a firm technical basis, but had been used as a de facto 

standard in scaling analyses (NRC 2004). The staff also 

indicated that, as a long-term effort, it would work to develop 

and document a procedure to define an appropriate Pi group 

range for scaling integral test facilities. 

 

Issue 5 – Potential for failure of in-vessel retention and 

subsequent fuel/coolant interaction potential to fail the 

containment 

 In its March 17, 2004 interim letter on AP1000 design 

certification review (ACRS 2004a), the ACRS noted “the 

assessment of in-vessel retention has not included exothermic 

intermetallic reactions which have been shown by some 

prototypic experiments to be important.” The ACRS also noted 

that if these factors were properly accounted for, the associated 

energetics of any resulting ex-vessel steam explosions were 

likely to be greater than had been evaluated. The ACRS 

requested to review the FCI models used and needed to see 

additional justification that the initial conditions related to 

intermetallic reactions would not give rise to an energetic FCI 

that could fail containment.   
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Issue 6 – Organic iodine formation in water films on 

containment walls 

 In its March 17, 2004 interim letter on AP1000 design 

certification review (ACRS 2004a), the ACRS also noted “the 

acidification of containment water as a result of radiolysis of 

organic material could give rise to significant airborne fission 

product iodine in gaseous organic form.” The Committee 

requested to review how Westinghouse and the staff had dealt 

with this potential.  

 

Issue 7 – Potential for catastrophic failure of free standing steel 

containment vessel and subsequent re-suspension of fission 

products 

 The ACRS noted the experimental evidence that a 

freestanding steel containment can fail in a catastrophic manner 

when its failure pressure was exceeded (ACRS 2004a). The 

committee also noted that such a failure mode could lead to 

very rapid depressurization and, potentially, to re-suspension of 

fission products that had been previously deposited or settled 

out” (ACRS 2004a). While the surrounding concrete structure 

of the AP1000 design may impede such a catastrophic 

depressurization, the Committee, nevertheless, needed to see a 

sensitivity study on the fission product source term to assess 

the potential maximum effect on the risk of latent fatalities as 

compared to the U.S. NRC Safety Goal (ACRS 2004a). 

 

In its final report on safety review of the Westinghouse Electric 

Company application for certification of its AP1000 passive 

plant design (ACRS 2004b), the ACRS agreed with the staff’s 

proposed resolutions (NRC 2004) of all but two of these issues. 

In the case of the “in-vessel retention” and “organic iodine 

production” issues, the Committee noted that it developed its 

own arguments for the resolution. Thus, all ACRS issues were 

resolved. The Committee concluded that “the AP1000 design is 

robust and there is reasonable assurance that it can be built and 

operated without undue risk to the health and safety of the 

public” (ACRS 2004b).  

 

 The AP1000 safety approach was to credit only passive 

systems to meet all the design basis accident (DBA) 

requirements with only a one time realignment of valves. 

Available active pumps, diesels, AC power, cooling water, 

HVAC, I&C, etc., are not required. The active nonsafety-

related systems support normal operation and minimize 

challenges to the passive safety systems. Although these 

systems were not credited in the safety evaluation case, they 

provide additional defense-in-depth. The regulatory treatment 

of nonsafety systems (RTNSS) process was used to impose 

special requirements on some nonsafety systems to ensure, with 

high confidence, that they would be available when needed. 

 

 The NRC issued NUREG-1793, “Final Safety Evaluation 

Report Related to Certification of the AP1000 Design,” in 

September 2004 and published the proposed design 

certification rule on April 18, 2005.  In December 2005, the 

NRC staff evaluated the conforming Revision 15 to the 

AP1000 DCD in Supplement 1 to NUREG-1793. The NRC 

issued a final rule certifying the AP1000 standard plant design 

on January 27, 2006. 

 
ACRS REVIEW OF AMENDEMENT TO THE AP1000 
DESIGN CONTROL DOCUMENT 

By letter dated May 26, 2007, Westinghouse submitted an 

application to amend the AP1000 design certification rule and 

Revision 16 of the AP1000 DCD. On September 22, 2008, 

Westinghouse updated its application to amend the AP1000 

DCD. The update, Revision 17, contains changes from those 

submitted in Revision 16.  On December 1, 2010, 

Westinghouse submitted Revision 18 to the AP1000 DCD. On 

June 13, 2011, Westinghouse submitted Revision 19 to the 

AP1000 DCD. 

 

 The application to amend the AP1000 DCR proposed to 

incorporate changes in the AP1000 certification rule reflecting 

the following: 

• Design standardization, which was enhanced by 

elimination of numerous combined license (COL) open 

items in the original rule 

• New regulatory requirements, including requirements 

related to aircraft impact  

• Design finalization and thus reducing reliance on design 

acceptance criteria (DAC). 

 

 Examples of significant proposed design changes included 

the following: 

 

• Redesign of the shield building to use a modular, steel 

concrete composite structure, replacing the existing 

reinforced concrete design. The redesign reduces passive 

heat removal airflow and affects seismic, aircraft impact, 

and other loading analyses. 

• Redesign of the Reactor Vessel Support System to 

increase stiffness. 

• Increase in the range of foundation soil conditions 

considered. 

• Closure of four digital instrumentation and control 

(DI&C) DAC, with only one remaining open. Numerous 

I&C changes were made to reflect design evolution, such 

as addition of a reactor trip function, implementation of a 

rod withdrawal prohibit, and modification of the 

containment isolation logic for the Component Cooling 

System. 

• Closure of four human factors engineering (HFE) DAC, 

with none remaining open. 

• Modification of the reactor coolant pump (RCP) design, 

including an increase in its rotational inertia. 

• Addition of a flow skirt at the inlet to the reactor vessel 

lower plenum. 

 • Redesign of the Steam and Power Conversion Systems. 
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Figure 3. ACRS review activities for amendment to the AP1000 design control document 

 

 

 The ACRS review activities for amendment to the AP1000 

design control document are depicted in Fig. 3. The ACRS held 

a number of subcommittee and full committee meetings to 

review the technical aspects of the amendment. The ACRS 

identified many technical issues during its review process 

which were resolved before the Committee provided its final 

recommendations on the amendment to the AP1000 design 

control document. A discussion of some of these issues and 

their resolutions is provided below. 

 

Shield Building Redesign 

 Westinghouse proposed a new shield building design 

replacing the existing reinforced concrete (RC) design. The 

new shield building uses a modular, steel concrete composite 

(SC). The SC modules had not been used previously in nuclear 

construction in the United States and were a focus of the ACRS 

review.  

  

 Westinghouse used American Concrete Institute (ACI) 

349, a design code for RC in nuclear safety-related structures, 

to guide their design of the SC cylindrical wall modules. 

Significant efforts were made to validate this adaptation of 

ACI-349, including conducting a testing program at Purdue 

University by Westinghouse. In its December 13, 2010 report 

on the final safety evaluation report associated with the 

amendment to the AP1000 design control document (ACRS 

2010a), the ACRS stated that “The effort and scope of analysis 

and assessment required for the shield building in this case 

suggests that if SC composites are to be more widely used in 

nuclear applications, a consensus code should be developed, as 

has been done for other types of nuclear construction.” 
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Analysis of Containment Vessel Cooling 

 The ACRS review of WCAP-15846, Volume 1, Revision 1, 

“WGOTHIC Application to AP600 and AP1000,” revealed that 

the calculated time required to establish steady state coverage 

of the water film on the containment surface at prototypical 

flow rates was underestimated because of incorrect scaling of 

the 1/8 sector experimental result. This is non-conservative, 

inasmuch as a shorter time to reach steady state reduces the 

calculated peak containment pressure (ACRS 2010a). 

Westinghouse acknowledged the error, but, indicated that the 

analysis of record is based on an assumed value for the time to 

reach steady state coverage, which is greater than that 

calculated using the correct scaling. Hence, the error should not 

impact the calculated peak containment pressure in the analysis 

of record.  

 

Reactor Coolant Pump 

 The AP1000 utilizes four, hermetically sealed, high-

rotational inertia; centrifugal canned-motor reactor coolant 

pumps (RCPs). In order to provide the rotational inertia 

necessary for flow coast down, each pump uses two heavy 

flywheels of unique design. The flywheels contain high-density 

tungsten alloy segments. A shrink fitting process uses a high 

strength retaining ring to hold the segments against a heavy-

wall stainless steel inner hub. The retaining ring is fabricated 

from a high strength 18% Cr, 18% Mn, iron based stainless 

steel (a material commonly used in electric generator 

applications but not in PWR primary coolant circuits). The 

ACRS was concerned that adequate stress corrosion cracking 

(SCC) resistance of the AP1000 flywheel retaining ring had not 

been demonstrated by testing (ACRS 2010a).  Westinghouse 

responded to the ACRS concerns, and indicated that it would 

perform a test program to demonstrate the SCC resistance of 

the retaining ring material (ACRS 2010a). 

 

Digital Instrumentation and Control 

 Westinghouse proposed the closure of DAC associated 

with the design requirements and system definition phases for 

the Protection and Safety Monitoring System (PMS) and the 

Diverse Actuating System (DAS). The ACRS reviewed the 

proposed PMS architecture based on evaluating compliance 

with the four fundamental pillars of reliable DI&C 

microprocessor based system designs: redundancy, 

independence, deterministic processing behavior, and diversity 

and defense in depth (D3)  and  concluded that the redundancy 

and D3 pillars were met (ACRS 2010a). 

 
Diverse Actuating System Out of Service Limits 

 During the course of its review, the ACRS identified a 

concern which appeared to apply to the existing certification, as 

well as to the proposed amendment. The Committee was 

concerned that allowing both automatic and manual DAS to be 

out of service at the same time would result in an unnecessary 

and significant reduction in diversity of protection capability, 

which was credited in the AP1000 PRA. Accordingly, the 

ACRS recommended that the staff seek commitments from 

COL holders to not allow both automatic and manual DAS to 

be out of service at the same time (ACRS 2010a). 

 

Long-Term Core Cooling   

 The ACRS reviewed the NRC staff’s safety evaluation of 

the adequacy of long-term core cooling as it applies to the 

AP1000 design certification amendment application. In its 

December 20, 2010 report on long-term cooling for the 

Westinghouse AP1000 (ACRS 2010b), the ACRS concluded 

that “the regulatory requirements for long-term core cooling for 

design basis accidents have been adequately met, and the issue 

is closed for the AP1000 design.” This conclusion was based 

on the cleanliness requirements specified in the amendment. 

The Committee also stated that “any future proposed relaxation 

of these requirements will require substantial additional data 

and analysis” (ACRS 2010b). 

 

Safety Aspects of the Aircraft Impact Assessment 

 The ACRS also reviewed the staff’s Safety Evaluation 

Report on the Aircraft Impact Assessment (AIA), which was 

part of the AP1000 Design Certification Amendment 

application. In its January 19, 2011 report on the safety aspect 

of AIA (ACRS 2011), the ACRS concluded that AIA for the 

design described in the AP1000 DCA application, as modified 

to resolve NRC inspection findings, complies with the 

requirements of 10 CFR 50.150.  The Committee stated that the 

analyses showed that the containment remains intact following 

the impact of a large commercial aircraft and the reactor core 

remains cooled, and spent fuel pool integrity is maintained 

(ACRS 2011). 

  
 In its December 13, 2010 report on the final safety 

evaluation report associated with the amendment to the AP1000 

design control document (ACRS 2010a), the ACRS concluded 

that “the changes proposed in the AP1000 DCA maintain the 

robustness of the previously certified design.” The Committee 

also concluded that “there is reasonable assurance that the 

revised design can be built and operated without undue risk to 

the health and safety of the public.” 

 
SUMMARY AND CONCLUSIONS 
 The U.S. NRC design certification formal review process 

and the interrelationships among various review activities were 

discussed.  The ACRS played an important role in AP1000 

design certification process by providing an independent 

review of the NRC staff’s determination of compliance with the 

applicable standards and requirements of the Atomic Energy 

Act and the Commission’s regulations.  

 
 The ACRS identified many technical issues during its 

review process which were resolved before the Committee 

provided its final recommendations on the design certification. 
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