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Department of Philosophy 
201 C West Duke Building 
Duke University 
Durham, NC 
sterrett@duke.edu 

July 30, 2003 

To: ACRS Subcommittee on Future Plant Designs 

Subject: AP1000 Fluid Systems Design & QA Procedures 

1. Purpose 

At the July 18th Meeting of the ACRS Subcommittee Meeting on Future Plant Designs 
held in Monroeville, Pennsylvania, I took advantage of the opportunity afforded 
members of the public to remark on a topic discussed at that meeting: the NRC's 
review of QA control of processes used in the AP1000 design currently under licensing 
review. At that meeting, the NRC staff (Ms. Joelle Starefos) responded by saying that 
the NRC staff would reply in a letter. 

As I did not know which open items were going to be discussed, my remarks were 
impromptu and I did not have a prepared text. The purpose of this letter is to provide a 
written statement of the concerns I expressed at that meeting, which made reference to 
concerns I had expressed earlier, at the 501st ACRS meeting. (References 6 and 7) 
For completeness, I also include a chronology of the questions and responses already 
received from other members of the NRC staff in sections 2.1 and 2.2 below. The 
statement jncorporatinQ the concerns I raised at the July 18th. 2003 ACRS meeting 
appears in section 2.3 below. 

According to the policy on Advisory Committee Meetings (10CFR7.12 (b»), "Any 
member of the public who wishes to do so shall be permitted to file a written statement 
with an NRC advisory committee regarding any matter discussed at a meeting of the 
committee." I am filing this letter as such a written statement, as a member of the 
public, unaffiliated with any organization. 

I am currently a professor of philosophy at Duke University in Durham, North Carolina. 
Prior to my academic career, I worked in the nuclear power industry, including a few 
years in the mid-nineties on the AP600 fluid systems design as a consultant to 
Westinghouse. My involvement with the nuclear power industry ended in early 1998 
when I began my academic career in philosophy full-time. 



• -2- Sterrett to ACRS July 30, 2003 

I began following the NRC licensing review of the AP1 000 in mid-2002 by reading the 
information publicly available via the NRC's electronic reading room. My knowledge 
about the AP1 000 design and licensing review comes from reading these publicly 
available documents. I decided to make use of the provisions for public participation 
in the AP1 000 licensing process (References 8, 9) in part because, according to the 
10CFR52 licensing process under which the AP1000 is being licensed, opportunities 
for public participation are extremely limited once design certification is granted. Thus, 
as a member of the pUblic, providing this input about the AP1000 design and licensing 
review is a "now-or-never" situation. 

2. Chronology of Questions and Statements 

2.1 Two Issues Raised with NRC Staff in July 2002 -- Systems Design & AP1000 QA 

• 
In mid-2002 (July 10), after the AP1000 design certification submittal, I asked 
questions about the general 10CFR52 process and the AP1 000 licensing review in 
particular in an email exchange with Jerry Wilson of the NRC. (Reference 3) One 
question was: what ensures that, by the close of the licensing process, the design 
process for some components was not still at the stage wherein only preliminary siZing 
of components had been performed.? In particular, I asked: 

"(i) Are there supposed to be signed-off, proof-of-design calculations, 
(using the actual piping sizes, equipment parameters, and layout) 
for the flows reported for all the systems in the AP1 000 DCD submitted? 
Or, performance analyses for the more complex pieces of equipment such as 
the pressurizer, the steam generator, large control and relief valves, 
etc.? 

(ii) Does the submittal of the DCD imply that the things in (i) are done? 

(iii) Does the NRC verify or ask for proof that the things above are in 
fact completed and signed off by the appropriate functional groups, and that 
they justify the design details in the DCD? If so, when does this occur? 
[Reference 3] 

In reply, Jerry Wilson cited 10 CFR 52.47(a)(2), and explained that the level of detail 
required for a DCD (design control document) submittal was sufficient information to 
support a safety finding in any technical area, and that this level of information 
corresponds to the level that, under the previous two-step 10CFR50 process, was 
available at the operating license stage. However, he qualified this by saying that, 
since design acceptance criteria were to be used in the "piping design area", that "we 
[NRC staff] didn't expect that signed-off, proof-of-design calculations will need to be 
completed to support construction." [Reference 10] 

• 
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This reply made me wonder whether the NRC was in practice approving delaying 
performing the proof-of-design calculations for system flows, temperatures, and 
pressures to later stages as well, without explicitly meaning to do so. The rationale for 
accepting the (DAC) approach for "the piping design area", which was articulated in 
SECY-02-0059 [Reference 2 ], was based on the ability to specify piping stress and 
piping structural analysis acceptance criteria: that rationale does not support delaying 
the fluid system design to the later COL stage. It is in fact important that the finalized 
fluid system design be performed prior to or in conjunction with specifying pipe sizes 
and valve characteristics to be used in the final design. It is always possible to use 
preliminary calculations to size piping, valves and equipment in order to obtain values 
to be placed in a design certification application. Proof-of-design calculations differ 
from preliminary sizing calculations in that they are a set of calculations chosen to take 
into account all the system criteria that must be met in order for the system to perform 
the capabilities that are claimed for it. As explained in followup emails, in lieu of using 
complete piping layout information as input to "proof-of-design" calculations, UD 
criteria can be specified based upon "proof-of-design" calculations; these can then be 
used in piping layout to ensure that the considerations underlying the "proof-of-design" 
calculations are met. This kind of criteria would be the fluid systems design analogue 

• of piping DAC, My worry was that unless some attention was paid to ensuring that the 
"proof-of-design" kinds of analyses are done, whether in the form of calculations using 
"as-built" data or in the form of UD layout criteria. that the NRC would actually be 
certifying a design that was based on preliminary sizing considerations rather than on 
proof-of-design calculations that document that the various fluid systems have actually 
been designed to provide the system capabilities claimed for them. Since such 
fundamental things as the classification of initiating events assumes that even many 
non-safety systems actually do provide the capabilities attributed to them by the design 
documents, the issue is related to the safety basis of the plant even for the design of 
non-safety systems, 

The problem is particularly acute on the AP1000 because much of the AP1000 makes 
reference to AP600 documentation. This makes it especially difficult to discern 
whether a particular pipe size and equipment parameter is merely inherited from the 
AP600 design or whether final "proof-of-design" kinds of calculations specific to the 
AP1000 have been performed to support it. Further, there is the danger of making the 
false assumption that if a system configuration has not changed, the fluid system 
performance has not changed either. This is not always true; a system temperature 
or pressure in one system can affect the fluid system performance in another. Thus 
reasoning about the similarity to AP600 layout that applies for piping stresses and 
loads does not necessarily extend to fluid systems performance. A comprehensive 
review of the AP1000 fluid systems designs is called for, similar to the kind of review 
appropriate when reviewing an extended power uprating. 

•  
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In further email exchanges with the NRC (Jerry Wilson and Larry Burkhart), I tried to 
clarify my first guestion about the fluid system design. These emails are references 11 
and 12 and are attached to this letter. 

The second guestion I asked in my July 10, 2002 email to Jerry Wilson concerned the 
QA program covering the engineering design processes. I wrote there: 

The AP1000 design processes cannot be exactly the same as for 
the AP600, simply in virtue of the fact that the AP1 000 refers to so many 
design documents for the previously certified, yet different, AP600 
design. If the quality assurance program covers the engineering design 
processes, it seems it needs to be looked at (and maybe revised or 
supplemented) to ensure that it appropriately covers the case of 
producing a new design that references another, different, certified 
design, and to explicitly state what is required in such a case. 
Here's why I think it is a very important issue: 

• 
The AP1 000 DCD claims that many of the AP600 documents are applicable to 
the AP1000. The crucial question is, who (in Westinghouse) makes the 
determination that a particular AP600 document does in fact apply for the 
AP1000? It seems to me crucial that the same engineering functional group 
(preferably the same individual engineer) that was responsible for 
producing and signing off the document for the AP600 pass 
judgement on its applicability to the AP1 000. Is there a guarantee of 
this? If not, I suggest that there be such a requirement and that it be 
made explicit. 

Otherwise, there is a gigantic loophole that can be used to circumvent the 
whole intent of the quality assurance provisions covering the engineering 
design process -- Le., otherwise, individuals in other functional groups 
such as marketing, licensing, or project management, can circumvent the 
engineering process by simply stating that a certain AP600 engineering 
report or design document applies to the AP1 000. (I don't think I need 
to explain the conflict of interest involved were this to be permitted.) 
[Sterrett to Wilson July 10, 2002 Reference 3 ] 

Jerry Wilson replied to this question as well [ Reference 10]. He referred me to the 
NRC's letter on the AP1000 Design Certi'fication Review Schedule [Reference 4], and 
explained that the NRC staff did plan to inspect Westinghouse's implementation of its 
design control program for the AP1 000 design "in the future." Mr. Lyons's letter of July 
12, 2002 stated that the NRC planned to perform these inspections "as necessary", 
adding that "These inspections will be coordinated with Westinghouse to support the 
design certification schedule." [Reference 4 , p. 4] 

•  
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2.2 Clari'fication & Discussion of Issues with NRC Staff -- December 2002 

In December 2002 Larry Burkhart, who was then the NRC's AP1 000 Project Manager, 
held a telecon to discuss my questions. Jerry Wilson, Dave Terao, and other members 
of the NRC technical staff were present. In this telephone conference call, I clarified 
my question about fluid system design. Nothing was resolved other than the 
clarification of the question. However, it was agreed that we should get in contact 
again to revisit the issues closer to the time the DSER was about to be issued. 

SUbsequently, after unsucessful attempts to reach Larry Burkhart in March 2003, I 
learned that there had been a change in management of the NRC's AP1000 Licensing 
team. The entire team had been replaced with the current team (John Segala, Joelle 
Starefos and Joseph Colaccino). 

2.3 Concerns Raised at ACRS Meetings (April & July 2003) 

Soon thereafter, I requested time to speak at the 501 st ACRS meeting held on April 
11th, where I read a statement presenting the first question I had raised in the original 
July 10th email. My oral presentation followed the draft text of my comments fairly 
closely [Reference 7 , included as Attachment" to this letter] and was included in the 

•  summary report for the 501 st ACRS meeting [Reference 6] .  

The second question raised in my original email (regarding quality control procedures 
governing the design processes used in the AP1000) was brought up at an ACRS 
Subcommittee on Future Plant Designs held on July 18th, 2003, shortly after the NRC 
issued the Draft Safety Evaluation Report (DSER), and almost a year after I sent the 
original email expressing concerns about the OA process on the AP1000. 

The list of AP1000 DSER Open Items included Open Item17.3.2-2, which reads in part: 

Westinghouse stated that a project-specific quality control plan was used to 
implement the requirements of the Westinghouse OMS program. The staff 
plans to conduct an inspection of the implementation of the project-specific 
quality plan to verify that design activities conducted for the AP1 000 project 
complied with the Westinghouse OMS and the requirements of 10CFR Part 50, 
Appendix B. [Reference 5] 

However, the "project-specific quality control plan" Westinghouse refers to is just the 
AP600 plan. Although Open Item 17.3.2-2 indicates "N/A" for the original RAI 
corresponding to the open item, there was an RAI about the AP1 OOO-specific quality 
assurance plan [RAI260.008-1 dated May 13, 2003]. Westinghouse's response to 
that RAI had been to claim that the AP600 document applied to the AP1 000. The 
rationale given in Westinghouse's response to RAI 260.008-1 was: 

•  
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As the DCD identifies: " The plan ... is applicable to work performed for the 
AP1000 design." Westinghouse considers that it has identified a project 
specific quality plan (i. e., WCAP- 12600) for the AP1000 design. 

There is also a discussion of the use of the AP600 project quality plan in Chapter 17 of 
the DSER, which states: 

A project-specific quality plan was issued to supplement the quality 
management system document and the topical reports for design activities 
affecting the quality of structures, systems, and components for the AP600 
project ... This plan addresses the NQA-1-1989 edition through NQA-lb-1991 
addenda and is applicable to work performed for the AP1 000 design. 
[Reference 1, page 17-1] 

These statements raise concern, for the reasons mentioned in my original July 10, 
2002 email and excerpted in section 2.1 above. When I attended the ACRS 
Subcommitte Meeting on Future Plant Designs held on July 17th and 18th, I did not 
anticipate that the subject open item would be mentioned, and did not request time to 
speak beforehand. However, when I saw that the NRC's presentation included 

• mention of the issue of an inspection of Westinghouse's QA plan during the meeting, J 

asked to make some impromptu remarks along the lines of the concern raised in my 
email. There was not time to gather the previous correspondence, relevant Open 
Items, RAls, and RAI responses at that time. Therefore, I provide a more complete 
statement of the situation and my concerns about it here. 

My concerns regarding QA of the AP1 000 design process are: 

A. Integrity of design process for the singular kind of project that the AP1000 is 

The kind of process by which the AP1 000 design was produced resembles an 
uprating in some ways, in spite of the fact that it is not regarded as an uprating. 
That is, one constraint was to use the AP600 design details insofar as possible. 
An uprating involves activities and considerations not addressed by the kind of 
design control procedures intended to address design of a plant where the 
design process starts with the specification of plant parameters and detail is 
filled in as the design progresses from functional specifications to detailed 
equipment specifications. Thus I would not expect the AP600 design control 
procedures to cover all the design processes on the AP1 000. 

Of special concern is QA control of the overall plant parameters. both in terms of 
the design process by which they were obtained. and the design processes that 
use them as input. (Perhaps this question was dealt with in the pre-application 

• phase, but in case not, J raise it here.) J believe the generation of overall plant 
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parameters, whether for a new plant design, an uprating, or other changes to 
an existing plant design, is typically very tightly controlled, with oversight by an 
interdisciplinary committee whose membership is established independently of 
any particular project. 

An important question here that needs to be asked is whether there are 
additional oversight or formal procedures over and above those addressed in 
the AP600 QA plan that would be appropriate for an uprating in that they would 
assure that the parameters are communicated to the affected functional design 
areas, would see that the right agents identify the specific changes that are 
required, and would keep track of their implementation. My worry is that due to 
its special nature (the criterion of keeping the AP600 design details as much as 
possible). the implementation of the AP1000 project plant parameters would 
really call for the additional oversight or the kinds of procedures applicable to 
an uprating. 

If design control procedures intended for new plant designs were used in 
implementing the AP1 000 plant parameters, rather than the design control 
procedures written to cover upratings, this raises a concern about the way that 

• the AP600 information was used on the AP1 000 project. This is because, for 
an uprating, the plant parameters are an input into a design process where an 
already existing plant is modified under the constraints of keeping much of the 
design unchanged. All kinds of QA design control questions arise in this case: 
for instance, who determines what information originally generated for the 
AP600 applies to the AP1000 or whether it needs to be reviewed? And who 
reviews it? Whose decision is final? It seems to me that the integrity of the 
design process relies upon keeping the design functions separate from project 
management functions. When a design group reports administratively to the 
project management and on a matrix basis to engineering management, the 
integrity of the design process depends upon the matrix connection being 
strong enough to ensure that technical aspects of management initiatives 
receive their due. 

This kind of situation is not explicitly addressed in 10CFR50 Appendix B, but 
there is a statement on the general topic of who gets to decide such things in 
the event of design changes: "Design changes ... shall be approved by the 
organization that performed the original design unless the applicant designates 
another responsible organization." Now, on the AP1000, where so many 
AP600 features are to be inherited, there is a kind of implicit change to an 
unspecified number of system capabilities in that the plant parameters have 
changed. Meeting the spirit of the subject criteria would mean that the 
jUdgement as to whether an AP600 design or document applies to the AP1 000 
or not should be made by those responsible for that design or document on the 

•  
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AP600 design. Since the DCD references many AP600 documents, it is not 
always clear that the author of the AP600 document or design has approved its 
applicability to the AP1000. I think an important question is: who has 
determined that a certain AP600 document is applicable to the AP1000? 

B.  Organizational Differences Between AP600 and AP1000 affecting design 
control 

The AP600 design control procedures reflected the involvement of ARC, the 
Advanced Reactor Corporation, a consortium of electrical utilities. I do not have 
access to the relevant procedures, but I recall from my previous involvement 
with the AP600 project that representatives of the ARC did have a formal role in 
the approval of design changes. Thus, beyond the straightforward point that the 
design control procedure for the AP1 000 can not be exactly the same as the 
AP600 in terms of the letter of the law, there is the more significant point that the 
involvement of such an agency provided checks and balances on the AP600 
project that may not exist on the AP1 000 project. 

• 
There may be other qrganizational changes since the AP600 QA inspection 
was performed that affect the quality and the strength of the ties between 
technical and engineering design personnel in the AP1 000 organization and 
the technical department managers reported to on a matrix basis. It would 
seem to me that these would need to be examined in order for the NRC's review 
of Quality Control to conclude that the assurance provided by the procedure 
when applied on the AP1 000 project is the same as the assurance it provided 
on the AP600 design. 

C. It seems late in the process should problems be detected 

The NRC Letter accepting the Design Certification application dated July 12 
2002 (Reference 4) stated that QA inspection would be done "as needed". 

The fact that a QA inspection is an open item is reassuring in that it means this 
item will be tracked. However, the fact that it is an open item is cause for 
concern as to whether the appropriate inspections were performed "as needed" 
in the area of review of the fluid systems design. It is a concern because of the 
possibility that the QA inspection might reveal that some design activities need 
to be performed. Should these design activities result in design changes, it is 
very late in the process. Further, it seems that the comprehensive fluid system 
design of the AP1 000 plant --- deriving the basic plant parameters from the 
AP600 design --- as well as the design details of specific systems appropriately 
designed for the AP1000, should be covered by this item. 

•  
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The issue here is the QA control on information that is in the DCD: was there 
design control guaranteeing that the generation and implementation of the 
basic plant parameters for the AP1 000. as well as the Huid systems design 
details (e.g., equipment parameters, piping size, valve specifications) were the 
result of design work of the appropriate kind (i.e.. not merely preliminary sizing 
calculations). performed in a context where there was proper control of design 
information input into the design process. and where there were the appropriate 
checks and balances that provide assurance of the integrity of the design 
process? If it turns out there were areas where it was not, it seems there is not 
a lot of time to allow review and comment on the required design changes if the 
design certification schedule is to be adhered to. 

3.  Additional Remarks·· Schedule for Resolution of DSER Open Items 
and Role of Public Review and Participation 

In general, the AP1000 design certification schedule seems to permit a number of 
potentially significant open items at the DSER stage. This limits the time available for 
review and comment by the public after the open item is resolved. Considering the 

• finality of a design certification, it seems that the time available for public review and 
comment should not be abbreviated in the only stage provided for it. 

Respectfully submitted, 

Susan G. Sterrett 
Assistant Professor of 
Philosophy 
Duke University, Durham, NC 

Attachment I Email correspondence Sterrett to NRC dated September 15, 2003. 

Attachment II Draft Text of Comments Read at 501st ACRS Meeting --Dr. S. G. Sterrett 

•  
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ATTACHMENT I 

Emails Sterrett to NRC (L. J. Burkhart; J. N. Wilson) dated September 15, 2003 

This first email clarifies a question sent earlier to Jerry Wilson and discussed by 
telephone with Larry Burkhart . In it, I explain why the question is not addressed by the 
considerations provided in the rationale used in accepting DAC for the AP1000, nor 
covered by the RAls sent to Westinghouse as of that date. The email below is 
followed by a longer one addressed to Jerry Wilson and cc'd to Larry Burkhart and 
Marsha Gamberoni. 

Date: Sun, 15 Sep 2002 16:21:36 -0400 (EDT) 
From: sterrett@duke.edu 
To: Lawrence Burkhart <LJB@nrc.gov> 
Subject: Thanks for RAls 

Dear Larry, 

• I have looked over the RAls, and don't see any that address the question I 
asked Jerry Wilson about paying attention to fluid system performance in 
doing the piping layout. The RAls do mention thermal-hydraulic loads, but 
that isn't what I meant; thermal-hydraulic loads are still related to the 
mechanical loads on the piping and concern the piping structural-mechanical 
analyis. 

What I meant is the fluid system performance -- flowrates, pressures and 
temperatures that are achieved by the combination of driving head and 
fluid piping resistance. The fluid piping resistance is affected by the 
piping layout. In an email to Jerry Wilson, which I put you on cc for, 
and which I will send immediately after this one, there is more 
explanation. The bottom line is that even though the piping layout isn't 
final, the piping resistance criteria (/IUD criteria") for the AP1000 
should be computed and provided at this point. In that email, following 
this one, there is also an explanation as to why the UD criteria for the 
AP1000 will be different in many cases from the AP600. 

In our conversation, you mentioned that the AP1 000 is so similar to the 
AP600. That may be, but the question is, should the piping layout really 
be so similar? It is the fluid system's performance that sets the 
requirements of the design, and the layout has to meet those criteria. 
That's the point. One has to check, not just assume it will all turn out 
okay. 

• 
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, imagine that there are people at the NRC whose reviews will address 
this, perhaps on a system-by-system basis. And whether or not the UD 
criteria (piping resistance layout criteria) differ much for the AP1 000 
vis a vis the AP600 for a particular system may be a design detail. 
However, the overall point that UD criteria for the AP1 000 should be 
calculated at the DCD application stage is a plant-level issue. It's a 
very general point. In the email that follows, I explainwhy'think it 
is a policy issue about the new licensing process. 

I am asking these questions as an individual member of the pUblic, 
unaffiliated with any organization. 

Sincerely,  
Susan G. Sterrett  
Assistant Professor of Philosophy  
Duke University  
Durham NC 27708  
sterrett@duke.edu  
919-660-3054 (office)  
919-660-3050 (receptionist)  

• The ..email that follows" referred to in the above email is appended below. It is: 
Email dated September 15, 2002 from Sterrett to NRC staff (Jerry Wilson, cc to Larry 
Burkhart and Marsha Gamberoni) 

Date: Sun, 15 Sep 2002 16:46:21 -0400 (EDT) 
From: sterrett@duke.edu 
To: Jerry Wilson  
Cc: LJB@nrc.gov, MKG@nrc.gov, sterrett@duke.edu 
Subject: Piping layout UD Criteria for Fluid System Performance 

To: Jerry Wilson, Senior Policy Analyst, NRC 
cc:  Larry Burkhart, AP1000 Project Manager, NRC 

Marsha Gamberoni, Deputy Director, New Reactor licensing 

Subject: Piping Layout UD Criteria for Fluid System Performance 

Dear Jerry, 

In a previous email, you responded to a question I asked regarding whether 
proof-of-design calculations of fluid system performance were performed 
for the AP1 000. This email is to (a.) clarify the question I was asking, 
and (b) explain Why I think UD criteria is an issue of policy regarding the 10CFR52 
design process, not merely a minor design or schedule detail. 

•  
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In spite of the length of this email, the two points are simple; I am 
just including the text of the things I reference to avoid any possible 
ambiguity. 

(a) Clarification of Question Re: Calculations Supporting Fluid System Performance 

To recapitulate, the question I asked (July 10) was: 

"1. What point of maturity is the design supposed to have at the stage 
the AP1 000 application is presently at? I take it that by the time a 
design is certified, it is not supposed to be one for which only 
preliminary sizing calculations have been performed to size the equipment. 
What ensures this doesn't happen? 

(i) Are there supposed to be signed-off, proof-of-design calculations, 
(using the actual piping sizes, equipment parameters, and layout) for the 
flows reported for all the systems in the AP1 000 DCD submitted? Or, 
performance analyses for the more complex pieces of equipment such as the 
pressurizer, the steam generator, large control and relief valves, etc.? 

(ii) Does the submittal of the DCD imply that the things in (i) are 
done? 

(iii) Does the NRC verify or ask for proof that the things above are in 
fact completed and signed off by the appropriate functional groups, and 
that they justify the design details in the DCD? If so, when does this 
occur?" [excerpt from email of July 10, 2002 Sterrett to Wilson] 

In your response (August 13) you explained why proof-of-design 
calculations for fluid system performance were _noe expected to have been 
performed at the time of DCD submittal: 

"With regard to question #1, 
the Commission expects that when submitted, the design maturity is 
equivalent to the level of design information available at the operating 
license stage under the old 2-step process in Part 50 (Final Safety 
Analysis Report). The NRC's requirement for the level of detail of design 
information supporting an application for design certification is set 
forth in 10 CFR 52.47(a)(2). Specifically, it is sufficient information 
to support a safety finding in any technical review area. However, with 
regard to piping design, Westinghouse is proposing to use design 
acceptance criteria in lieu of detailed design information for design 
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certification. The Commission found that approach acceptable for the ABWR 
and System 80+ designs. Therefore, for questions #1 (i) and (ii), we did't 
expect that signed-off, proof-of-design calculations were complete when 
the DCD was submitted. However, piping design calculations will need to 
be completed to support construction and the NRC will do verification 
inspections of the design andconstruction activities [#1 (iii)]. " 
[excerpt from email of August 13, 2002 Wilson to Sterrett] 

• 

I would like here to clarify my earlier question: by "proof-of-design 
calculations", I was referring to proof-of-design calculations for fluid 
system performance, rather than to piping design calculations. By 
"piping design calculations", I assume you are referring to 
calculations concerning things such as piping stress, fatigue and 
mechanical loads. But, of course, the proper flow performance of fluid 
systems sets another kind of criterion: that is, in addition to the 
criteria that aim to ensure that the structural/mechanical behavior of the 
piping is acceptable, piping layout activities also have to take into 
account criteria that ensure that the piping How resistances will result 
in the flows through the system called for by the fluid system design (and 
for which the design of numerious interfacing systems may take credit) . 
In addition, pressures (and, sometimes, temperatures) in the system at 
various key points, such as at heat exchangers and control valves, are 
influenced by the piping layout. And here i am including normal system 
operation. Your response to the question of whether there have been 
proof-of-design calculations for fluid flow performance was that you did 
not expect them to be done, because the piping layout wasn't final. 

However, if the piping layout isn't far enough along to permit 
proof-of-design calculations to be performed, the calculations related to 
fluid system performance should still be done -- the only difference is 
that they would result in piping fluid flow resistance criteria; or "UD 
criteria." 

From your response, I wasn't sure if "UD criteria", or piping fluid 
resistance criteria were included in the DAC. After looking at various 
meeting transcripts and the RAls regarding DAC attached to the meeting 
notice for September 9, 2002 (Reference 3), it doesn't appear to me that 
the" UD criteria" are addressed in these places. 

So, the question is whether UD criteria have been provided for the AP1000 
fluid systems. Even if the piping layout for the AP1000 were _exactly_ 
the same as the AP600 layout, new UD criteria would need to be calculated 
for the AP1000. For, anytime the design flowrate for a system changes, the 

•  
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UD criteria need to be re-calculated, since piping flow resistances vary 
with flowrate. Even for those systems, if any. where the fluid Jlowrate 
of the system is exactly the same for the AP1000 as it was for the AP600, 
there is still the question whether there are differences in the inlet or 

. outlet pressures -- i.e., in the pressure in the system or piece of 
equipment to which it connects and from which the fluid enters the fluid 
system or to where it discharges. Hence the fluid flow performance would 
be different for the same layout. Thus, the layout criteria would differ 
between the AP1 000 and the AP600 for cases where a system's inlet or 
discharge pressures differ. (An example here of such a difference in the 
AP1000 is the significant change in main steam pressure: obviously UD 
criteria will be different between the AP600 and the AP1 000 for the inlet 
piping to the steam relief valves, for example.) 

Thus, to rephrase the question in my July email: 

• 
"(i) Are there supposed to be signed-off, UO criteria and supporting 
calculations, (using the AP1000 fluid system functional requirements and 
equipment parameters) for the system flows and pressures reported for all 
the systems in the AP1 000 DCD submitted? Or, UD criteria for the piping 
associated with the more complex pieces of equipment such as the 
pressurizer, the steam generator, large control and relief valves,etc.? 

(ii) Does the submittal of the OCD imply that the things in (i) are done? 

(iii) Does the NRC verify or ask for proof that the things above are in 
fact completed and signed off by the appropriate functional groups, and 
that they justify the design details in the DCD? If so, when does this 
occur?" 

This is the question I have now, given your repsonse that you did not 
expect" proof-of-design calculations" to be performed due to the fact 
that the piping layout is not final at the DCD application stage. 

(b) Previous process versus new 10CFR52 process 

It is simply good common sense to provide UD criteria for the preliminary 
piping layout, in order to have confidence that when the final piping 
layout is in fact completed, the design will be such that the fluid 
performance functional requirements of the system are in fact met, 
avoiding major changes to the preliminary layout. As you may be aware, 
this is the process that was followed on the Westinghouse standard 
plants. 

•  
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As I see it, requiring that UD criteria for performance of fluid system 
functional requirements be provided at the DCD submittal stage in the 
AP1000 design process is also a _policy_ issue. Here is why: under the 
older process, UD criteria were provided to the architect-engineer for 
use in laying out piping, that is, in the preliminary layout. Thus they 
were performed PRIOR to the application for an operating license under the 
old process. UD criteria can be provided now, as they do not depend 
upon the piping layout, much less on the piping layout being final. 
(They are criteria calculated for use in laying out piping such that the 
fluid system functional requirements (which should be final at the DCD 
submittal stage) are met.) The UD criteria are criteria that apply for 
_preliminary_ layout as well as final layout. 

• 
Certainly the ITAACs and other operational tests are going to provide a 
checkpoint where deficiences in system performance are found, but, I 
trust, it certainly isn't the intent of the new 10CFR52 process to 
increase the surprises encountered during operational testing! I assume 
that everyone agrees that the intent is to have confidence that the 
certified design results in fluid systems that meet their functional 
requirements in terms of flowrates, pressures, and temperatures, even if 
the piping layout for the certified design may not be final in every 
detail. 

Thus, it seems clear that the UD criteria should be provided at the OCD 
submittal stage in the 1OCFR52 process. It's an issue of policy 
because, otherwise, the 10CFR52 process would result in the NRC certifying 
a design for which there was less confidence in the design than 
existed under the old process at a comparable stage. 

It would be great to hear the answer that UO criteria for all the AP1000 
systems have in fact been calculated and provided, but, in any case, I look 
forward to your reply. As with my previous inquiry, I am asking these 
questions as an individual member of the public, unaffiliated with any 
organization. 

Susan G. Sterrett  
Assistant Professor of Philosophy  
Duke University, Durham, NC 27708  
sterrett@duke.edu  
919-660-3054 (office)  
919-660-3050 (receptionist)  
919-660-3060 (fax)  

•  
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ATTACHMENT" 

Draft of Remarks by Dr. S. G. Sterrett - 501 st ACRS meeting. April 11 tho 2003. Rockville. MD 

I'm Susan G. Sterrett. I am currently a professor at Duke University in Durham, North Carolina. I should 
perhaps mention that, prior to my academic career, I worked as a design engineer in the commerical 
nuclear power plant industry, including on fluid system design of the AP600 and EPP plants in the mid-
nineties. I am making these remarks as a member of the public, unaffiliated with any organization. 

I'm here today because I have some questions about the NRC's review of the AP1 ODD. Put briefly, my 
question is whether the NRC verifies or asks for proof that the system parameters reported in the AP1 000 
design certification application (and used in the analyses) are actually justified by a detailed design, as 
opposed to the AP1 000 system designs being at the stage of conceptual system design or justified only 
by preliminary equipment sizing calculations. I'd like a few minutes to explain the relevance and the 
significance of the question. 

According to the rules under which the AP1000 is being licensed by the NRC, the level of design 

• information required in a design certification application is, with a few explicit exceptions, the level of 
information that was required at the operating license stage under the previous two-step licensing 
process. I think this requirement makes sense, too, inasmuch as what the NRC is licensing in approving 
the AP1 000 is an actual plant design that is certified to be constructed and operated. 

In following some of the AP1 000 licensing activities via the NRC's website, I have noticed that much is 
often made of the similarities between the AP1 000 systems and the AP600 systems. This can be 
misleading: the performance of the various fluid systems in the plant -. that is, the flows, temperatures, 
and pressures that obtain at various points within a system are affected by many kinds of differences in a 
plant design. As I am sure everyone here realizes: 

--. Anytime a system f10wrate changes, pressure drops in the system will change. 

--. Likewise, anytime the pressure at some point in a system changes, flowrates in it or some other 
system can be affected. 

--. Thus, even for those systems that are exactly the same physically speaking (Le., same pipe 
size and layout) for the AP1 000 as for the AP600, there is still the question of whether there are 
differences in the inlet or outlet pressures in a system or piece of eqUipment to which it connects. 
Different inlet or outlet pressures will result in differences in fluid system performance. 

•  
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For example, suppose the main steam system pressure is different on the AP1 000; then, on the 
AP1000, there would be a different driving head for lines connected to it than there was on the AP600. 
So, even if the system hardware and layout of a system connected to the main steam system, say, is 
exactly the same on the AP1 000 as it was for the AP600, the resulting values of major fluid system 
parameters -- e.g., the mass and volume flowrates and the pressures that result -- could be qUite different. 
Obviously the effects on things like the flow capability of relief valve piping and valve arrangements would 
need to be looked at. Accomodating these changes could require resizing piping or control valves in 
order to achieve the flowrate claimed for the system. 

I've given the main steam system as an example, but the general point holds for every system in the plant. 
To infer from the fact that the hardware and layout on an AP1000 system is exactly the same as on the 
AP600, to the conclusion that the performance is the same, is incorrect. The various AP1 000 analyses 
now under review are only as valid as the assumptions made in them about the performance of the plant 
systems. 

What does this point mean for the review of the AP1 000 design, which makes frequent appeal to the 
certified AP600 design? In many aspects of the safety analyses, the NRC has been very alert to the 
differences between the AP1000 and the AP600. The point of my examples is that this awareness ought 
to be extended to plant fluid system performance, specifically, that some reassurances should be sought 
that the fluid system design details for all the plant systems have been properly attended to, and that, 
given that the level of detail required at this stage is supposed to be the same as that at the operating 
license stage, these should not be just preliminary sizing calculations. I worry about the complacency with 
which the AP600 design is referenced in justifying the AP1000 system designs. 

The AP1 000 is sometimes referred to as an uprating of the AP600 design. Of course this would be 
significantly larger than any uprating that the NRC has licensed so far, and of course it differs from most 
upratings in that there is no AP600 operating experience to draw upon. To the extent that thinking of the 
AP1000 as an uprating of the AP600 is appropriate, however, it would make sense to require that all the 
plant system reviews that would be required for an extended power uprating be performed for the 
AP1000. As there is now a draft review standard for extended power uprates that could be used to guide 
such a review of the AP1 000 (RS-001, dated December 2002), this seems a natural thing to do. I wonder 
whether there has in fact been a review of this sort for the AP1 000. So let me ask: has there? 

For those systems whose layout is finalized at this stage of the AP1000 design certification application, 
there should be formally signed-off engineering calculations justifying the claims that the AP1 000 system 
flow, temperature, and pressure parameters will actually be achieved using the AP1000 equpment and 
layout. These are often referred to as fluid system "proof-of-design" calculations. I gather from the NRC's 
approval of the use of DAC (design acceptance criteria) for structural piping analysis on the AP1000 that 
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there may be some systems for which the layout details will not be completed until after design 
certification. For those systems, what is needed as far as ensuring proper fluid system performance is to 
provide layout criteria related to the piping flow resistance, so that the fluid flowrates claimed for the 
system will actually be achieved. Such criteria are commonly called "UD criteria" and are considered part 
of the fluid system design. In fact, for the Westinghouse standard plant designs licensed under the 
previous two-step process, UD criteria were provided for various fluid systems prior to construction so that 
the architect engineer could properly perform the piping layout. As I see it, at least this level of design 
detail is required at the time of the DCD submittal. 

• 

Why not just rely on the ITAACs (Inspections, Tests, Analysis, and Acceptance Criteria) to provide such 
reassurance? Certainly the ITMCs and other operational tests provide a checkpoint where some 
deficiences in the plant design would show up. However, I trust that it isn't the intent of ITAACs to relieve 
the designer of the responsibility of the engineering design work of designing the plant systems so that 
the system parameters crucial to safety are achieved. Certainly increasing the number of surprises 
encountered during plant testing is not part of the intent of the new one-step licensing process! I assume 
that everyone agrees that the intent of design certification is to provide confidence that the certified 
design will result in fluid systems that meet their stated functional requirements in terms of f1owrates, 
pressures, and temperatures, even if the piping layout for the certified design may not be final in every 
detail. 

In conclusion, I am asking whether the review of the AP1000 design has included ensuring that the 
design details upon which the analyses that the ACRS has been reviewing depend, have in fact been 
attended to. In particular, I think it is clear that UD criteria should be provided at this stage for systems 
whose layout is to be finalized at a later date, and "proof-of-design" calculations be provided for those 
whose layout is determined at this stage. Otherwise, there is no assurance that the analyses you are 
reviewing so carefully and thoughtfully apply to the plant design you are certifying. 

Thank you for listening. 

Respectfully submitted, 

Dr. Susan G. Sterrett 
Duke University 
Durham, NC 27708 
sterrett@duke.edu 
919-660-3054 (office & voicemail) 
919-660-3050 (receptionist) 
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