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P R O C E E D I N G S 1 

 (8:30 a.m.) 2 

CO-CHAIR BALLINGER:  Okay.  We're back in 3 

session starting with Chapter 18.  And Bill is there. 4 

 Would you like to say anything, hello? 5 

MR. WARD:  No, thank you.  We're happy to 6 

be here again and for the final subcommittee meeting 7 

for Phase 3.  So I'll turn it back over to you. 8 

CO-CHAIR BALLINGER:  Thanks. 9 

MR. SISK: And I will also say good morning. 10 

 This is exciting to be at the last chapter for the 11 

Phase 3 review.  So this is a milestone for us as well. 12 

 But without any further ado I will turn it over to 13 

Mr. Robert Hall to lead us through Chapter 18. 14 

MR. HALL:  Good morning and thank you for 15 

having us.  I'm not sure it's good being the last one 16 

to be reviewed.  So everyone was happy.  I'm not sure 17 

we should be. 18 

What I want to do today is run through 19 

Chapter 18 and all the supporting documents because 20 

in the human factors, as you know, there are a lot of 21 

supporting documents.  The presentation I'm making now 22 

is all non-proprietary. 23 

If we get into any of the details of 24 

methodology, system descriptions we may have to hold 25 
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some of the answers of that to the proprietary timing 1 

later on.  So this whole presentation is 2 

non-proprietary. 3 

By definition, it's therefore at a process 4 

level.  What I'm going to talk about today will be first 5 

of all an overview of Chapter 18 and then I'm going 6 

to move into a summary of the 12 sections of Chapter 7 

18 which are in standard human factors jargon and then 8 

I'll just summarize where we stand at the current time. 9 

This is a list of the sections.  There are 10 

12 sections to the document.  I'm not going to read 11 

through them.  You're quite familiar with them. 12 

Let me just point out that Section 18.8 13 

and 18.9 is different than what you might have seen 14 

before because the procedure development and training 15 

program has now been handed off lead responsibility 16 

to Chapter 13.  So the work you'll see in Chapter 18 17 

is really just supportive of how the analysis of all 18 

the other elements hopefully feeds into the training 19 

and procedural elements. 20 

In addition to that, there are two ITAACs 21 

which you are probably familiar with within human 22 

factors.  And again, that might be a little bit 23 

different than what you've seen with one or two of the 24 

earlier submittals of other vendors. 25 
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There's an ITAAC now for 18.10 which is 1 

V&V, specifically on the ISV.  And we can talk about 2 

that later if you would like.  And there is an ITAAC 3 

on 18.11 which is the design implementation. 4 

So there are two ITAACS and Human 5 

Performance Monitoring, 18.12 is the only COLA issue 6 

in this particular chapter.  This is a bit of an eye 7 

chart. 8 

So again, I don't expect you to read it 9 

all.  But it gives you a sense of all the different 10 

documents that have been submitted.  Chapter 18 itself 11 

is relatively brief and not in detail. 12 

But by reference it includes a number of 13 

implementation plans.  This lists those implementation 14 

plans where more detail is given on the process. 15 

As we go through the various sections of 16 

Chapter 18 I will highlight which of the implementation 17 

plans apply and are used in that particular section, 18 

again, just to give you a reference base of what goes 19 

into each of the analytical tools. 20 

In addition to the implementation plans 21 

there is a document and it's 14010, which is a group 22 

of scenarios that came out of part of the V&V program. 23 

 Those are scenarios that would be used in the final 24 

ISV. 25 



 10 
 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

Those scenarios are where it stands when 1 

the document when it was written.  They might need to 2 

be required depending on the rest, required to be 3 

changed depending on the rest of the evaluation of the 4 

Human Factors Program. 5 

But at the time where we stand today those 6 

are the ones that we feel cover all the sampling criteria 7 

in human factors.  The next one down which is 14011 8 

is -- 9 

MEMBER STETKAR:  Bob, before, I know 10 

you're on a roll. 11 

MR. HALL:  No, no, stop me. 12 

MEMBER STETKAR:  And I'm sorry, excuse me 13 

for coming in late.  But I happen to be the human factors 14 

guy here. 15 

So I have numerous questions on the 16 

implementation plans which are all marked proprietary. 17 

 How are we going to handle that in this meeting, 18 

numerous questions? 19 

All of the details of anything that's 20 

interesting are in the implementation plans and they're 21 

all marked proprietary. 22 

CO-CHAIR BALLINGER:  We have a closed 23 

session. 24 

MEMBER STETKAR:  Okay.  The 30 minutes in 25 
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the closed session is not long enough. 1 

CO-CHAIR BALLINGER:  Well it doesn't have 2 

to be 30 minutes. 3 

MEMBER STETKAR:  Okay.  I just want to 4 

warn you that, to be prepared.  I don't think that we'll 5 

be able to get many of them answered here.  I'm not 6 

sure.  But I at least want to get them on the record. 7 

MR. SISK:  Yes, Rob Sisk, Westinghouse.  8 

Just with that in mind, John, again they may be in the 9 

proprietary sections.  Whether they're proprietary or 10 

not I don't know.  I don't know the questions. 11 

MEMBER STETKAR:  It's really hard because 12 

there's so much stuff that's marked proprietary in those 13 

implementation plans that it's really difficult to stop 14 

mid-sentence asking a question.  And the answer, if 15 

there are answers, they are liable to wander into the 16 

proprietary material anyway. 17 

MR. SISK:  I was more interested in whether 18 

the question, if you felt the question was proprietary. 19 

 I mean we could certainly hear the question if we can 20 

answer it in a non-proprietary fashion. 21 

MEMBER STETKAR:  No, the questions have 22 

some details about pictures and text and things like 23 

that. 24 

MR. SISK:  We'll wait for the closed 25 
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session.  Thank you. 1 

MEMBER STETKAR:  I just wanted to give you 2 

a heads up. 3 

CO-CHAIR BALLINGER:  But let me ask, while 4 

we're having this discussion let me ask the question 5 

about the schedule and proprietary stuff.  Are we 6 

likely to touch on proprietary stuff during the staff 7 

presentation? 8 

MR. SANTOS:  No.  The staff's 9 

presentation is -- 10 

CO-CHAIR BALLINGER:  Turn your mic on.  11 

Okay.  So that means that we should try to get as -- 12 

MEMBER STETKAR:  No, we should go through 13 

the open stuff -- 14 

CO-CHAIR BALLINGER:  -- quickly as we can 15 

through the other -- 16 

MEMBER STETKAR:  Right. 17 

CO-CHAIR BALLINGER:  -- because it's 18 

pretty clear that we're not going to, that it's going 19 

to take longer for the proprietary, for the closed 20 

session.  Okay.  So we don't have any overlap with the 21 

staff.  Okay, thanks. 22 

MR. HALL:  Okay.  I will try to abbreviate 23 

my discussion on these so we can get -- 24 

MEMBER BROWN:  Rob wants to say something. 25 
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MR. SISK:  I was just going to ask a 1 

question.  Is the phone line open?  Are there any 2 

public in the meeting at this time? 3 

MEMBER STETKAR:  It doesn't make any 4 

difference.  One has to assume that they are.  This 5 

is an open meeting. 6 

CO-CHAIR BALLINGER:  If it's an open 7 

session it's open. 8 

MEMBER STETKAR:  Plus the transcript is 9 

fully open and available to the public from this part 10 

of the session. 11 

MR. HALL:  Okay.  So where I was, was I 12 

just mentioned the scenarios and there are seven of 13 

them.  Then there is a basic human systems interface 14 

which is a conceptual design of what this interface 15 

will look like.  And it's based really on the Shin-Kori 16 

3 and 4 plans over in Korea and then lastly style guide 17 

and I don't have to go into what that is. 18 

Okay.  Again, for brevity I'm not going 19 

to read everything.  Let me just say that the last 20 

bullet here shows that this particular evaluation was 21 

put together, this program on NUREG-0711 criteria and 22 

it was designed to meet Rev. 3 of the criteria. 23 

Again, I'm not sure if you've seen Rev. 24 

3 presentations before.  But this is a Rev. 3 document. 25 
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 And for example, one of the differences is this Chapter 1 

13 need for training and procedures. 2 

Another difference is a requirement to 3 

supply scenarios early on, that's why the scenario 4 

document, et cetera.  So there are differences between 5 

three and two. 6 

The objective really is to make sure that 7 

the HFE principles and methods are used in a systematic 8 

way within the design.  These documents are process 9 

oriented as allowed by NUREG-0711, Rev. 3. 10 

And I put the definition of human centered 11 

here.  But rather than again reading through it, in 12 

order to go quickly, I'll just make the assumption that 13 

it's understood within the group and we'll move on. 14 

The fundamental assumptions that are used 15 

in various parts of the Human Factors Program that 16 

within modes, through Modes 1 through 6 there's an 17 

operating crew of five in the control room.  That 18 

includes one operator reactor with an RO license, a 19 

turbine operator with an RO license, an electrical 20 

operator with an RO license, the shift supervisor SRO 21 

and the shift technical advisor with the SRO. 22 

And when I say fundamental assumption this 23 

is the staffing level that are used in Korea.  It's 24 

the staffing level that was assessed for them and it's 25 
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the starting point for the assessments in the task 1 

analysis in the staffing qualification analysis and 2 

also the starting point that will be tested in the 3 

scenarios with the exception of one which I'll come 4 

back to for the ISV. 5 

The first element of the program is the 6 

program management element.  The blue highlighted up 7 

on top of this is that supporting document I had 8 

mentioned. 9 

Each of the various sections in this 10 

presentation show what that supporting document is.  11 

So 14001 is the Human Factors Engineering Program Plan. 12 

And the thing about each of our program 13 

plans is since we were designing them to meet the 14 

criteria of 0711 one of the appendices in each of them 15 

is the criteria as we've pulled them out of 0711 and 16 

how, literally where in the document we feel the 17 

document addresses those. 18 

And also if we took exception which was, 19 

I don't think we took exception anywhere, but if there 20 

was an exception we put that in this matrix in the back. 21 

 So there's a road map in the back of each of the 22 

documents to help plow through them comparing it to 23 

0711. 24 

The program is geared to do main control 25 
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room, remote shutdown room, the tech support center, 1 

emergency facilities, communications and information 2 

and what I mean by that is how it affects what's going 3 

on within the main control room and local control 4 

stations, but not all, those that have been associated 5 

with important human actions. 6 

I'm just trying to think how I can go 7 

quicker on this and as I'm hesitating I probably could 8 

have read through it.  The program includes, I'm just 9 

jumping down to the last bullet, the HSIs for 10 

operations, accident management, test maintenance, 11 

inspection, surveillance, testing and it includes 12 

basically the operational performances of each of 13 

those. 14 

This is the last of the individuals that 15 

are covered by the program.  Again, I won't read through 16 

it for brevity.  And please if I'm skipping something 17 

that there are questions on please stop me. 18 

I should say before I go into the OER in 19 

the program management especially within the IP, the 20 

implementation plan, a lot of time is spent discussing 21 

the roles and responsibilities of the organization in 22 

human factors, where the human factors organization 23 

sits, how decisions are made, interfaces between it 24 

and the rest of the design team, the role it plays in 25 
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making design decisions or a design evaluation. 1 

So a lot of the 18.1 attempts to address 2 

how the organization is put together to really assure 3 

that human factors is given the right view, the right 4 

authority within the overall design.  So when you look 5 

at that you'll see organization charts and things like 6 

that. 7 

Next is OER.  This is 14002 is the IP for 8 

this particular one.  And it's basically, as you would 9 

understand, to make sure that we build into the design, 10 

build into the testing program issues that have been 11 

identified. 12 

The scope includes this listing.  The 13 

listing is basically contained within 0711.  I'm going 14 

to come back and talk a bit about predecessor plans 15 

and their systems in the next slide. 16 

The reference in predecessor plans are 17 

listed here.  It's important to note that Shin-Kori 18 

Units 3 and 4 are where this design grew from and that 19 

the basic design, the conceptual design that's in the 20 

basic design document is basically an outgrowth of 21 

Shin-Kori manipulated a little bit for U.S. needs. 22 

But it does not reflect the output of the 23 

HFE Program which is not completed.  It's basically 24 

the Shin-Kori design.  Shin-Kori 3 should be noted is 25 
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now in operation and has been since December 2016. 1 

So the OER, for example, starts with the 2 

Shin-Kori OER and then builds on that.  System 80+ is 3 

part of the design and things like the FRA/FA starts 4 

with the System 80+ FRA/FA and then builds on that 5 

because it changes and so forth as we go down. 6 

If there are no questions on OE I'm just 7 

going to move quickly to the FRA/FA.  This is supported 8 

by 14003, that's where the detail is.  That's where 9 

a lot of the flow diagrams, decision trees are listed 10 

which might be some of these proprietary questions that 11 

we have to go back to. 12 

It basically defines the critical high 13 

level plan functions.  It develops the hierarchical 14 

relationship between them and then associates those 15 

functions with human, machine and also with shared 16 

responsibilities. 17 

The scope includes all functions 18 

associated with plan safety as well as power production 19 

and it's in, for Modes 1 through 6.  The FA, as you 20 

know, is where the allocation is made to the human. 21 

And the FA has a number of places will be 22 

very, will be different than earlier plans because of 23 

the type of control room this is.  The FRA encompasses, 24 

as I said, and builds on the System 80 so we're not 25 
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starting from scratch. 1 

We're starting from an approved FRA and 2 

going to be adding to it things that are listed below 3 

such as critical functions that might have changed, 4 

different levels of automation, et cetera, et cetera. 5 

 The list is here. 6 

Next is 18.4 which is Task Analysis.  That 7 

has a supporting document of 14004.  It's designed to 8 

identify the HSI inventory from the human factors point 9 

of view. 10 

It establishes the staffing for each 11 

operational task.  The staffing and qualification 12 

analysis then later on in the Human Factors Program 13 

takes that and extends it to linking tasks together 14 

to see if the staff is available to do the work. 15 

And it confirms the results of the FRA/FA 16 

and is a feedback loop to go back to the FRA/FA in case 17 

the task analysis finds that something was missed there. 18 

This is a list of the scope of the task 19 

analysis.  Important to note that all important human 20 

actions are in fact included in it.  It includes tasks 21 

in the important human actions that have a negative 22 

consequence not just those identified as important 23 

human actions. 24 

Important since we're starting with System 25 
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80+ it basically looks at new tasks that have been put 1 

forth since the predecessors have been designed.  It 2 

looks at tasks that are related to the new automation 3 

in this particular design, tasks with high workload. 4 

I should add later on you're going to see 5 

tasks with low workload as well because of the 6 

automation.  Staffing and qualification, as I said, 7 

is where the individual tasks are rolled together to 8 

a process or procedure. 9 

It takes a look at do we have the staffing 10 

to do that.  This is where that basic assumption of 11 

the five I mentioned initially as the starting point 12 

for this, the task analysis will evaluate that and 13 

assess it. 14 

If in fact the task analysis finds 15 

anomalies whether or not that group can handle it, it's 16 

identified as an HED and that HED then goes into the 17 

information tracking system and is tracked to 18 

completion to see what changes might have to be made 19 

to handle that type of change. 20 

Treatment of important human actions.  The 21 

change here which I'm going to touch on quickly is Rev. 22 

2, Rev. 1 of NUREG 0711, remember I said there were 23 

differences with Rev. 3, locked this in to focus on 24 

probabilistic assessment or Chapter 19 important human 25 
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actions, risk important human actions. 1 

Rev. 3 opens that up to include 2 

deterministic.  So the important human actions work 3 

is probabilistic as well as Chapter 7 to Chapter 19 4 

as well as Chapter 7 and Chapter 15 actions that are 5 

going to be looked at. 6 

MEMBER SKILLMAN:  Let me ask this please 7 

on the important human actions. 8 

MR. HALL:  Sure. 9 

MEMBER SKILLMAN:  As I was reviewing the 10 

material what struck me was how is the HIA inventory 11 

maintained current.  We are in the process or in the 12 

time period we were watching FLEX modifications come 13 

into the plants. 14 

It's predictable that there will be changes 15 

in the future from some event that would then create 16 

a new population of important human events, important 17 

human actions.  How is the important human action 18 

listing maintained current? 19 

Is this part of configuration management? 20 

 Is this part of configuration control?  Is this just 21 

some individual just keeping a nifty list? 22 

MR. HALL:  When you look at 18.1, which 23 

is the program management it talks about the 24 

configuration control processes both computer as well 25 
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as manual.  And as new issues are brought forth, and 1 

that's not just in important human actions but as the 2 

design changes. 3 

Remember the Human Factors Program is 4 

beginning.  All of these tasks, all of these elements 5 

haven't been started at that point.  As new information 6 

comes forward it is put into the tracking system and 7 

then identified to be reevaluated within, in this 8 

particular case, the important human action. 9 

So if something new comes up and the 10 

probabilistic risk assessment is reassessed if another 11 

IHA comes out of it then this particular task would 12 

be reissued.  It's not a once through process. 13 

MEMBER SKILLMAN:  So you're saying it's 14 

a living, it's a living process but it's triggered by 15 

change in the PRA? 16 

MR. HALL:  For example, yes, now once, the 17 

way each of these elements is written once the final 18 

report for the element and that's the RSR, is issued 19 

then in fact the element is not repeated again.  So 20 

it's an iterative process up to the final report being 21 

issued. 22 

If something comes out after that in any 23 

of the elements then in fact the way the process and 24 

the program is set up is it's handled in the last design 25 
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element, which is the design implementation to go back 1 

and take a look if something has been missed. 2 

So if something comes out after each of 3 

these and after the ISV is completed then it's handled 4 

within the program area of the design implementation. 5 

If it happens prior to the ISV being completed it's 6 

picked up and handled within the HED process and the 7 

tracking system to be looked at in the ISV and perhaps 8 

 some of these parts of the elements redone, so gone 9 

back and iterated on. 10 

MEMBER SKILLMAN:  Does that create a COL 11 

action?  Would that become an action for the COL 12 

applicant to maintain his current or do the processes 13 

automatically maintain as current?  I can ask the staff 14 

when they come up.  But it just strikes me that -- 15 

MR. HALL:  Yes, I don't know the answer 16 

to that. 17 

MEMBER STETKAR:  All of these are COLA 18 

actions.  None of this is done in the certified design. 19 

 Anything that has any meaning whatsoever is done by 20 

the COLA.  They're all COLA. 21 

MEMBER SKILLMAN:  Okay, thanks. 22 

MEMBER STETKAR:  Now more pertinent is how 23 

do I know what my risk informed important human actions 24 

are?  In particular, I can't use the design 25 



 24 
 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

certification PRA. 1 

I certainly can't use the current version 2 

of it because it's being changed, even as we speak, 3 

to reevaluate all the human actions.  So I can't use 4 

that. 5 

The COLA applicant has to update the PRA 6 

for site-specific design features and site-specific 7 

external hazards.  So the PRA will change and that could 8 

introduce additional human actions.  I don't know. 9 

More importantly is unless COLA applicants 10 

for this particular design break the norm nobody is 11 

going to quantify seismic risk in their PRA until just 12 

before fuel load.  That is after the plant is already 13 

built. 14 

So now what happens if I identify in my 15 

risk assessment really important human actions for 16 

seismic events.  Am I going to go back and rip out stuff 17 

in the design and change it because you said that report 18 

is final?  So how are you going to do that in practice? 19 

MR. HALL:  What I said was each of the 20 

elements has its own NUREG 0711 report that comes out. 21 

 So once that report is issued then that particular 22 

element is not revisited within this structured 23 

analysis. 24 

And it's expected to be looked at if not 25 
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within the ISV, tested in other words, to be looked 1 

at within the design implementation element. 2 

MEMBER STETKAR:  Well you didn't answer 3 

my question.  So I do my seismic PRA and I submit it 4 

six months before I load fuel.  I think that was the 5 

requirement.  I can't remember whether it was six 6 

months or a year but kind of in that time frame. 7 

And suddenly seismic events are now 75 8 

percent of my overall risk and operator actions during 9 

those seismic events contribute to 75 percent of that 10 

total.  And I haven't identified those operator actions 11 

because they're in the context of seismic scenarios. 12 

It's, from what you say I cannot have 13 

submitted my final report until I've identified those 14 

actions which would be one year or six months or whenever 15 

the heck it is before fuel load.  At that time, I think 16 

everything is actually bolted down inside the plant. 17 

So what do I do if I'm a COLA?  What do 18 

I do if I'm a COLA applicant, if I'm a poor guy who 19 

has bought one of these things and I'm following this 20 

whole program and suddenly I now find something that 21 

says I have to make some sort of fundamental change 22 

to the way that my displays are in the control room 23 

or how my procedures are oriented or some elements of 24 

the human factors engineering design because I didn't 25 
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know about those until the very last minute? 1 

What am I to do?  This is a real, I'm not 2 

asking this rhetorically.  I'm asking this from the 3 

perspective of somebody who buys one of these plants 4 

and follows this program.  What am I to do? 5 

MR. HALL:  It's a valid question.  But in 6 

any design process that can happen, not just in this 7 

process.  In other words, as the design matures and 8 

it's done in a parallel and sequential level at the 9 

last minute something always can turn up that would 10 

require a reconsideration of another design. 11 

So I'm not trying to downplay the 12 

importance of what you're saying.  But it's not unique 13 

to Chapter 18. 14 

MEMBER STETKAR:  Well it wouldn't be, for 15 

example, if there was a requirement that I did my 16 

site-specific quantitative risk assessment during the 17 

COLA application phase when I still have time to make 18 

changes to the design. 19 

And I'll ask the staff about this because 20 

we've gotten ourselves in a situation where potentially 21 

important contributions to risk that may affect not 22 

only hardware design of the plant but also human factors 23 

engineering because they're integrated are left to the 24 

very end. 25 
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And that could be solved because there's 1 

no fundamental reason why I can't do a quantitative 2 

assessment of the seismic risk during the COLA 3 

application phase before the COL was issued because 4 

I have the site.  I know the basic, I know the design 5 

at that time.  I know the systems. 6 

I don't have final, you know, all the t's 7 

cross and i's dotted procedures.  But I have a pretty 8 

good, because of the predecessor plants and this is 9 

not a novel design I pretty much know what those 10 

procedures are going to look like. 11 

So I'll ask the staff about this.  I just 12 

wanted to get feedback from you because it's a concern. 13 

MR. HALL:  I understand the question and 14 

the concern.  Move on. 15 

(Off the record comments.) 16 

MR. HALL:  Okay.  We're now at 18.7.  18.7 17 

is the system interface design.  There are three 18 

documents that come into play with this one.  The 19 

implementation plan, like with the others that's 14007. 20 

Second, is the basic system interface and 21 

that's 14011.  Now remember, what I said was as stated 22 

in the basic interface document that this basic design 23 

is "conceptual in nature".  It doesn't represent the 24 

final APR1400. 25 



28 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

It's kind of the starting point for that 1 

design.  It's the starting point of once the HFE Program 2 

is in fact implemented and completed it gets modified 3 

to the final APR1400. 4 

So when you look at it consider that in 5 

nature that this is a conceptual level, I guess I think 6 

you referred to in that particular document.  The third 7 

document that comes into play is the style guide and 8 

that's, as I said earlier, 14012. 9 

The style guide is used in the design by 10 

the designers.  It is also used later on in the V&V 11 

program and it will be listed there as well. 12 

13 

14 

15 

16 

17 

The objectives of the design is to 

translate the I&C function and tasks requirements that 

come out of the task analysis into the functional design 

of these, of the HSI and its basic facilities and to 

make sure that a systematic approach iteration, 

feedback loops, et cetera are applied within the HFE 18 

program into the basic design of the entire plant. 19 

The scope is listed here.  It's basically 20 

that same scope of what's included in the program that 21 

I showed you under program management. 22 

MEMBER KIRCHNER:  May I interrupt you here 23 

and ask a question?  Okay.  You've made the point a 24 

few times that it's a conceptual design.  I think what's 25 
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conceptual at this point is perhaps the final details 1 

of laying out the control room. 2 

But pretty much the plan is designed.  I 3 

mean that's what we've been reviewing over the last 4 

year. 5 

MR. HALL:  I'm sorry.  When I say 6 

conceptual it's basically the conceptual design of the 7 

main control room. 8 

MEMBER KIRCHNER:  Okay, all right.  So let 9 

me back up a little bit.  One of the requirements in 10 

this Human Factors Program is operating experience. 11 

Let me just ask has any, based on the 12 

experience that KHNP has had any, have any substantial 13 

changes to the plant design configuration layout been 14 

made based on human factors engineering? 15 

(Off microphone comment.) 16 

MEMBER KIRCHNER:  Yes, 18.2 is an 17 

operating experience review.  So I'm curious to know 18 

if we're taking this seriously what human factor 19 

elements or design features have been changed, 20 

improved, simplified. 21 

In other words, what if any substantial 22 

changes have been made to the design considering human 23 

factors engineering or is this just a paper exercise? 24 

 I don't mean that to be pejorative of human factors 25 
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engineering. 1 

It's very important.  But are we just going 2 

through a process here and filling out paperwork or 3 

have we substantially in any manner improved the design 4 

of the APR1400 based on operating experience? 5 

MR. HALL:  The APR1400 as a derivative 6 

coming from SKN 3 and 4 has not yet gone through the 7 

completion of the OER.  So the OER that was done for 8 

SKN 3 and 4 is represented in what this "conceptual 9 

design" looks like. 10 

In other words, it's what's built into the 11 

human factors designs of SKN 3 and 4.  It hasn't gone, 12 

the OER has not -- 13 

MEMBER KIRCHNER:  When would you have an 14 

OER? 15 

MR. HALL:  Okay.  The OER for this design 16 

has begun but has not been finished yet.  So to look 17 

at the basic design and see any changes that came out 18 

of it would be premature.  It wouldn't be the case. 19 

But let me ask from the OER that's been 20 

done so far have any changes been made from the SKN 21 

3, 4 in the design?  Let me ask the question because 22 

I don't know the answer. 23 

MEMBER KIRCHNER:  Well I think you're 24 

missing my point.  This is all well to do all this. 25 
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It's a requirement as part of this exercise. 1 

But if you're taking it seriously you would 2 

look at your operating experience with the existing 3 

plants and then look for places where you actually, 4 

and it's not just the layout of the control room, it's 5 

the layout of the plant and how it functions and look 6 

for places where you can, based on human factors 7 

engineering make a substantial improvement. 8 

It may be in the safety arena.  It may be 9 

in the operational efficiency.  It may be in 10 

maintenance.  But it's a more catholic look at what 11 

human factors engineering means rather than just saying 12 

well when this is all done maybe I'll go and change 13 

the layout of the main control room and the panel 14 

displays. 15 

That's a rather simplistic use of human 16 

factors engineering, in my mind.  It's probably the 17 

only area in hardware once the design is finalized that 18 

we can make any substantial changes. 19 

But again, I'm just making kind of a 20 

rhetorical point here in that it's a bigger thing than 21 

just, you know, how fast one human can do a task and 22 

the sequence of and the buttons and the displays. 23 

There's a lot more to human factors engineering and 24 

the operation of a nuclear plant and its safety than 25 
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the control room displays.  Do you see what I'm getting 1 

at, Ron? 2 

CO-CHAIR BALLINGER:  Yes.  I mean I have 3 

an even more sort of -- 4 

MEMBER KIRCHNER:  Because we got good 5 

examples from the applicant of where they made 6 

significant changes to the layout of the plant from 7 

a safety standpoint.  Their choice of the diesel 8 

generators and the turbine driven, I'm sorry, the gas 9 

fired unit, et cetera. 10 

So they, you know, there have based on 11 

operating experience the applicant has made changes 12 

to the plant configuration to improve the safety.  I'm 13 

just asking in a general sense have you looked at what 14 

you've done and made any changes that are in this area 15 

of human factors engineering. 16 

CO-CHAIR SUNSERI:  Yes, and so may I just 17 

add an example.  We heard one yesterday that might fit 18 

in this arena that Walt is talking about. 19 

So on this digital control system we heard 20 

that there was a change made that, you know, the operator 21 

selects the button then they verify it and then they 22 

actuate it, right. 23 

MEMBER STETKAR:  That's proprietary. 24 

CO-CHAIR SUNSERI:  Okay. 25 
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MEMBER STETKAR:  The problem is if you talk 1 

about any specifics it's all in the proprietary 2 

presentation yesterday and it's in the proprietary 3 

stuff that I'll talk about later. 4 

CO-CHAIR SUNSERI:  If I'm getting too 5 

close to that then I'll withhold the -- 6 

MEMBER STETKAR:  That's too close. 7 

CO-CHAIR SUNSERI:  I'll withhold. 8 

CO-CHAIR BALLINGER:  I have what is 9 

probably going to be a dumb question.  But that is 10 

Shin-Kori 3 and 4 or 1 and 2, the Shin-Kori plants are 11 

the plants that you're basing it on. 12 

But the prototype plant is Palo Verde if 13 

I remember reading it right.  Well I'm an American. 14 

A Korean person is a Korean person and I've been to 15 

Korea enough times to know that Korean people do things 16 

slightly differently than American people do. 17 

And I'm curious as to when you do the human 18 

factors analysis is there the potential for making 19 

decisions based on what would happen in Korea that might 20 

be different if you did the same scenario in the U.S. 21 

where you have U.S. operators versus Korean operators. 22 

I don't mean to be pejorative at all. 23 

People just do things differently.  But is somebody 24 

considering that potential when you're looking at the 25 
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human factors analysis? 1 

MR. HALL:  Let me come back in a second 2 

to that question -- 3 

CO-CHAIR BALLINGER:  Okay. 4 

MR. HALL:  -- and first address the OER 5 

question.  The OE work within the domain of human 6 

factors has just begun.  So there's really no results 7 

we can point to or KHNP or KEPCO can point to that 8 

influence design outside of the control room. 9 

I think that was where the issue was coming. 10 

 However, excuse me, the Human Factors Program does 11 

go broader to that across those parts of the plant 12 

including maintenance, surveillance, et cetera.  And 13 

if during the OER OE is found to influence those things 14 

it is anticipated the program should be such that it 15 

does go out and affect those designs, you know, feed 16 

back to those designs. 17 

But that has not been done yet.  So I was 18 

hopefully going to give you an example of where from 19 

SKN 3, 4 to the current plant design where that has 20 

happened. 21 

And from the human factors point of view 22 

we don't have an example for you.  So that's the first 23 

question.  I'm sorry. 24 

CO-CHAIR BALLINGER:  Okay.  But there's 25 
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another plant -- 1 

MR. HALL:  But don't let me lose your -- 2 

CO-CHAIR BALLINGER:  But there's another 3 

plant that's getting ready to operate right now.  It's 4 

in the UAE and that's in a different culture. 5 

MR. HALL:  That's correct. 6 

CO-CHAIR BALLINGER:  So I'm curious as to 7 

whether the human factors analysis, if there are 8 

differences between what you would suspect for, would 9 

see in Shin-Kori versus plants in the UAE? 10 

MR. HALL:  Let me answer the cultural 11 

question.  I'm going to first answer it from personal 12 

experience and then I'll answer it for this program, 13 

okay.  So the first part of this is Bob Hall. 14 

And I would say you're absolutely right. 15 

 There are changes and differences, substantial 16 

differences that the individual culture, the use of 17 

procedures, sizes of people, interfaces between 18 

operating staff, communication levels, hierarchical 19 

levels.  These are very significant differences 20 

between cultures. 21 

And an example I could use is moving from 22 

Japan to the U.S., moving from Germany to the U.S., 23 

definitely.  And I've worked in those areas.  So your 24 

question is very, very well taken. 25 
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You just don't pick it up, move it and plop 1 

it down.  However, five, six years ago that's what the 2 

industry thought you could do.  You could design it 3 

in one part of the world and just move it around. 4 

And if you look at studies, some of my own 5 

and others you can't do that.  That's Bob Hall personal. 6 

Now from this program, the Human Factors 7 

Program is meant to really look at what those changes 8 

need to be.  And it does it in kind of three steps. 9 

First, it takes the Shin-Kori 3, 4 design and basically 10 

says well that's a functioning, now operating design. 11 

It's our starting point.  How do we modify 12 

it to move it into the U.S. from some of the basic 13 

changes?  And again, I'm going to use just as examples 14 

sizes of body shape and do desks have to be higher or 15 

lower, different uses of color, different applications 16 

or procedures. 17 

Those kinds of issues is the first step 18 

that the Human Factors Program looks at.  Those 19 

differences resulted in, past tense, this first cut 20 

at a design that we're calling the basic HSI moving 21 

it, just picking it up but making the needed, required 22 

changes to bring it to this country. 23 

The rest of the HFE Program is designed 24 

in part to identify the very details that are needed, 25 
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what exactly goes on a screen, where should it be placed, 1 

how do the procedures interface with that screen, for 2 

example.  Those things that are different with the way 3 

we operate plants is what, the image for one of the 4 

things the Human Factors Program that we're talking 5 

about today is really meant to do to really pick up 6 

how Americans run these plants, how it's done in this, 7 

in the USA. 8 

And in fact, I believe, KEPCO and KHNP are 9 

beginning, they might have even started so tell me if 10 

this is wrong.  I think they've started doing testing 11 

of some of the design elements. 12 

It's not full scale testing.  But some of 13 

the design elements to answer some of these questions 14 

within the human factors domain. 15 

And when you look at the program put forth 16 

this concept of testing, not ISV but let's call it design 17 

testing the way NUREG 711 calls it is embedded in this 18 

to as changes have to be done to test that individual 19 

piece part, if I can call it that, of the design and 20 

then use that test result in how the design moves 21 

forward. 22 

And that design could be in a display 23 

system.  That design may end up affecting something 24 

in Chapter 7.  It may end up going back and affecting 25 
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safety analysis depending on the results of the test 1 

program. 2 

Now my question is, do I understand 3 

correctly that design process has started, those design 4 

tests have started because I don't want to make a wrong 5 

statement?  Yes, I have one head shaking up and down. 6 

So I am correct with saying it has started. 7 

 And that's embedded in here as we, you know, move 8 

forward in the program.  But cultural, yes. 9 

CO-CHAIR BALLINGER:  Thank you. 10 

MR. HALL:  Five seconds, I can move on. 11 

MEMBER BROWN:  No, that was faster than 12 

five seconds.  I didn't ask this question yesterday 13 

because it was hardware-based, you know, computer- 14 

based and stuff like that. 15 

But the issue of soft, safety soft control 16 

devices.  I wasn't quite sure what was meant by that 17 

yesterday.  So I tried to translate it into my past 18 

experience in the Naval nuclear program as we transition 19 

from roughly analog type systems into computer-based 20 

systems and displays. 21 

Some, so I'm going to say what we have 22 

looked at and then you tell me whether it's the same 23 

or not because that's the only way I can relate this. 24 

 Some of the initial proposals we got for control 25 
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functions were, as we phrased it, soft control where 1 

there was a screen where you selected something and 2 

then the display would come up and then you would take 3 

operations. 4 

MEMBER STETKAR:  Charlie, be careful that 5 

we don't get into proprietary. 6 

MEMBER BROWN:  I'm not going to go into 7 

detail. 8 

MEMBER STETKAR:  Okay, because all of this 9 

-- 10 

MEMBER BROWN:  I'm talking about 11 

non-program.  I'm only talking about non-program. 12 

MEMBER STETKAR:  But when you talk about 13 

their program it's all marked as proprietary. 14 

MR. HALL:  Yes, I think I know where he's 15 

headed and I think -- 16 

MEMBER BROWN:  Do you want to wait? 17 

MR. HALL:  No, I think I can answer it. 18 

Let's hear the question and we'll see. 19 

MEMBER BROWN:  Okay.  What we looked at, 20 

and this is just you've got it written in the 21 

non-proprietary part that's why I went ahead and asked 22 

the question. 23 

So we then did, we looked at that and we 24 

decided positively to not do that for critical 25 
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operation.  We went and stayed with direct control. 1 

In other words, single functions you don't 2 

have to select a screen or what have you to go figure 3 

out, you know, what function, I see the multi-division 4 

versus divisionalized.  So I'm trying to envision it 5 

within that. 6 

And we did that for a real reason, you know, 7 

we have a submarine boring holes in the water so -- 8 

MR. SISK:  Excuse me, this is Rob Sisk, 9 

Westinghouse.  I want to propose we reserve this 10 

discussion until we get to the proprietary session. 11 

MEMBER BROWN:  Okay, mistake on my part. 12 

 I'll wait. 13 

MR. SISK:  Thank you. 14 

MEMBER BROWN:  Because I've got a couple 15 

anecdotal stories to tell and I'll tell them then. 16 

You'll get a little humor later.  Thank you.  I'm 17 

sorry.  Don't answer the question.  We'll wait.  Don't 18 

take a shot.  We'll just postpone it. 19 

MR. HALL:   That's fine.  I just want to 20 

jot it down.  So if you don't I will bring it up. 21 

MEMBER BROWN:  I will not forget. 22 

MR. HALL:  Okay.  Good question. 23 

MEMBER BROWN:  I've got three hours.  I'm 24 

good for that. 25 
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MR. HALL:  Three, four, five.  I can -- 1 

(Off microphone comment.) 2 

MR. HALL:  Okay.  I'm going to 18.10, V&V. 3 

 This is personal opinion.  One of the most important 4 

parts of the project.  This is the, I would like to 5 

tell people when I teach human factors that the V&V 6 

in the program is really the final exam, the cumulative 7 

exam at the end of four years of college. 8 

This is where it fails or succeeds.  So 9 

this is a critical area within the program.  There are 10 

three documents that relate to it.  First, is the 11 

implementation plan where the details of it, and by 12 

far this is the longest and most complicated 13 

implementation plan and that's 14008. 14 

Second, are the scenarios we've talked 15 

about a number of times.  And in this particular case 16 

when we applied the sampling criteria as discussed in 17 

the IP, sampling criteria is how do you make sure all 18 

the things that are important, elements either by 19 

hardware, human procedures, et cetera are tested, 20 

pushed within the program. 21 

Using that sampling criteria we came up 22 

with seven scenarios that address at least one, I'm 23 

sorry let me back it up, at least one of the scenarios 24 

addresses each of the criteria that we have in fact 25 
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identified and there are matrices there that show what 1 

we've identified. 2 

However, as the design matures and we'll 3 

be relating to this a little bit later on those scenarios 4 

may have to be changed based on things that happen in 5 

the analysis and the design as it matures.  The last 6 

thing I said was the style guide. 7 

And the style guide is used here to really 8 

do an audit of the final design.  And that audit is 9 

the process of looking at the style guide and comparing 10 

it to the final color code symbol sizes, whatever to 11 

make sure in a sampling of the displays, controls, et 12 

cetera that in fact nobody kind of screwed up a little 13 

bit and didn't link to the style guide. 14 

And that review also looks at cross 15 

cutting.  I mean it looks at not only an individual 16 

design of let's say a display but looks at how it was 17 

applied across displays to make sure there's uniformity 18 

there. 19 

The scope is all the HSIs in the main 20 

control room and the RSR.  And as I said it includes 21 

voice communications from other areas that may 22 

influence what's going on within those control 23 

facilities and it includes the important human actions 24 

that are related to local control stations. 25 
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In the case of local control stations the 1 

V&V could end up using mocked ups and things like that 2 

because one doesn't normally have a simulator of that. 3 

 But that is decided as we get closer to doing the V&V. 4 

The design verification has these three parts. 5 

 This is the last black bullet here.  I mention what 6 

goes on within the verification of the design.  There's 7 

also a task support verification and that really is 8 

to compare the output of the task analysis in an audit 9 

form to the final design too. 10 

And here's where the evaluators, the 11 

subject matter experts look at what information, what 12 

controls, what alarms did the task analysis say was 13 

needed and what ended up in the final design.  And if 14 

there are differences between that again this process 15 

of HEDs is written and then a design evaluation made 16 

as to what has to be changed. 17 

I agree as one of the earlier questions 18 

this is done late in the process and there's a lot of 19 

concrete poured already by the time this is done.  But 20 

that's the way this process works. 21 

The integrated system validation, my 22 

opinion, the most important of this most important task 23 

18.10 is critical.  ISV is the most critical part of 24 

that.  This is the dynamic testing. 25 
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I'm sure you've heard other applicants talk 1 

about this so I need not, I don't think, go through 2 

all the elements of what's included in here.  The 3 

important part is to note that we use test procedures 4 

and in the KHNP and KEPCO approach most of the test 5 

procedure is embedded in each of the scenarios. 6 

So if you look at the scenarios you'll see 7 

a format developed that goes everywhere, not only from 8 

what happens when but what does the simulator software 9 

engineer have to do and when does he or she do that. 10 

 What is the dialogue that should be used if people 11 

are in the scenario calling into the control room, the 12 

written dialogue? 13 

It goes into what should be expected to 14 

occur within this particular event.  This valve should 15 

be stroked.  It should not be.  If it isn't what does 16 

that mean. 17 

So it goes into a lot more detail than just 18 

Step 1, Step 2, Step 3.  And in this process the bulk 19 

of the specific procedures can be found within those 20 

scenarios. 21 

Design implementation is the last, that's 22 

18.11.  And as I said the object of this is to confirm 23 

the as built, what we ended up building and we're going 24 

to start operating is in fact what went through V&V. 25 
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So it looks at the design of the V&V, that 1 

thing that was tested and sees if in fact it's the same 2 

as what ended up being built.  And again, late in the 3 

game but if it is not then this HED process kicks in 4 

again and an evaluation process occurs to decide what 5 

do you do about it. 6 

I mean is it critical enough to take action. 7 

 Do procedures change things?  Does concrete have to 8 

be moved?  Hopefully not, but that process goes on. 9 

And it's also used to make sure that the 10 

HFE Program, all these things because it's mostly 11 

program at this point, were put in place correctly, 12 

things were not done incorrectly resulting in something 13 

wrong. 14 

The scope of it includes also those design 15 

aspects that were not verified or validated during the 16 

V&V.  And one can assume things like abnormal 17 

environmental conditions, noise in the control room 18 

may not be easily simulated in a simulator for the V&V. 19 

If it's not simulated in the simulator that 20 

would be something identified and then revisited during 21 

the actual plant when the plant is up and running, when 22 

the plant is completed I should say.  And also HEDs 23 

that were not resolved prior to the V&V. 24 

The goal is to have any of the HEDs that 25 
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were developed during the verification phase completed 1 

prior to the ISV.  But when the ISV is done there could 2 

be, just as I can't come up with an example, but there 3 

could be HEDs that aren't resolved and therefore tested, 4 

if necessary, within the ISV and the design 5 

implementation phase of this is developed in order to 6 

assure that if there needs to be something done, looked 7 

at, tested, whatever it's done here if it wasn't closed 8 

during the validation phase of it. 9 

And then any design changes we wouldn't 10 

expect it, but if in fact design changes occurred after 11 

the validation and verification, i.e. the actual 12 

interface, the actual HSI was different than what was 13 

tested again, it's identified here and a decision is 14 

made as to how one handles it. 15 

And it could mean additional simulator 16 

tests.  I mean I'm just speculating.  But whatever 17 

needs to be done to make sure that what goes into service 18 

was in fact tested. 19 

MEMBER SKILLMAN:  Let me ask a question 20 

here.  And my question is driven out of the safety 21 

evaluation on Safety Evaluation PDF Page 156.  And 22 

here's why I'm asking the question. 23 

You're saying a lot of the HEDs, which are 24 

the engineering discrepancies, human engineering 25 
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discrepancies really don't get vetted until the end 1 

of the program.  You've got to wait until the end of 2 

the program for a lot of this stuff to be, to have 3 

information that's mature enough to be able to evaluate 4 

this. 5 

The safety evaluation communicates that 6 

the applicant will evaluate HEDs as indications of 7 

broader issues, including a determination of whether 8 

an HED indicates a potentially broader problem or an 9 

extent of the issue across the HSI system, the whole 10 

system. 11 

Further, section on PM notes that HEDs may 12 

cut across scenarios and thus represent cross cutting 13 

issues.  Here's my question and it's based on real life 14 

experience. 15 

So we presume that for a given insult or 16 

interrogator the operators are going to do thus and 17 

so.  And we find out in the middle of the scenario that 18 

for some reason the ventilation system has been cranked 19 

up to full dump which means all the doors are sucked 20 

closed. 21 

But the event requires an operator to go 22 

an manipulate a control on an emergency feedwater pump 23 

or take some action in the battery room.  And the vacuum 24 

system because of a prior command is preventing opening 25 
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the doors because the vacuum is so great because the 1 

compartment is being evacuated. 2 

The operator is not able to complete the 3 

task because in all candor the operator cannot get 4 

there.  It's a completely manual action.  Things like 5 

that don't get discovered until you actually do some 6 

of these things in the physical plant. 7 

In other words, getting back to Walt, Dr. 8 

Kirchner, it's not a paper exercise.  You get to a point 9 

where you really have to put on your boots and your 10 

hard hat and safety glasses and go and do this stuff. 11 

How then do we get confidence that the HSI 12 

analysis really protects the licensee in their 13 

investment and the public? 14 

MR. HALL:  I think there are two questions 15 

in what you just asked.  One you made as a statement 16 

and that was that the HEDs get handled at the back end 17 

of the assessment. 18 

And that's not correct.  The HEDs that come 19 

out of ISV, by definition of when the ISV is done and 20 

it's done very, very late in the design phase because 21 

you need a functioning simulator. 22 

So you need all the information from the 23 

design of the rest of the plant to build that simulator. 24 

 Those are very late evaluations.  But the rest of the 25 
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HEDs because this program identifies HEDs in each of 1 

the elements. 2 

So an HED could come out of task analysis. 3 

 And that HED could say, you know, we looked at this 4 

and when we were looking at important human actions 5 

the assumptions made in the PRA we don't think, from 6 

our task timing it's correct.  We think more time is 7 

needed. 8 

So an HED would be written in that task 9 

analysis at the time of the task analysis which is much 10 

earlier than the back end and would go into the system 11 

to resolve it.  So the resolution should happen earlier 12 

than what I think you said.  So that's just one 13 

description of how the HED program handles. 14 

MEMBER SKILLMAN:  But, Robert, that 15 

assumes that the people doing the analysis are, if you 16 

will, aware enough of the conflict that is yet to come. 17 

 That presumes that the task analysis is intelligent 18 

enough to identify the type of wrinkle that I'm -- 19 

MR. HALL:  Yes, it does. 20 

MEMBER SKILLMAN:  -- trying to postulate. 21 

MR. HALL:  You're correct.  Not only does 22 

the task analysis have to identify that wrinkle, meaning 23 

the people doing this because this is heavily dependent 24 

on the quality of the subject matter experts doing the 25 
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analysis, but also I mentioned the scenarios that were 1 

developed were based on a bunch of criteria. 2 

And the criteria you just mentioned does 3 

not show up in one of these things we have to be careful 4 

of for this design.  So at this point there was no 5 

credibility given to what you just gave as an example 6 

of literally locking the doors shut because of negative 7 

pressure. 8 

So this program does not at this time pick 9 

up on that kind of nuance.  But you have to remember 10 

that all of the tests that are done in the ISV are 11 

intended to try to envelope the most dominant, credible 12 

sequence of events that could challenge the system and 13 

the operator. 14 

It's not meant to capture every 15 

perturbation.  The subject matter experts used in 16 

things like task analysis, things like the ISV are 17 

vetted to a high level.  Their credentials are checked 18 

to make sure the operational expertise is there. 19 

And during the preparation for the ISV 20 

testing, if that's what we're now we're talking about 21 

back end of this design process there is a series of 22 

checks and balances to make sure that anything that 23 

might be considered credible from an operating point 24 

of view, now I'm not an operator by training, you have 25 
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a different background than I do, would be in fact added 1 

into it. 2 

And it could be added into it prior to the 3 

ISV program starting.  It could be added into it during 4 

the prototype testing.  There is a, you know, a pre-test 5 

before the ISV is done to see if all the pieces work 6 

together and what might have been missed. 7 

And then the ISV is performed.  The kind 8 

of issue you brought up of the negative pressure in 9 

the control room locking the doors so nobody can get 10 

out you wouldn't be able to test in the ISV anyhow 11 

because I don't know if you could pull that kind of 12 

a vacuum, not in the simulators that I've been in. 13 

MEMBER SKILLMAN:  I didn't say control 14 

room.  I said where you need to go in the particular 15 

case it's an intermediate building in which all 16 

emergency feedwater and their tanks are located and 17 

it's a real event at a real plant. 18 

So, Bob, thank you.  You've answered my 19 

question.  What you are saying is even though the ISV 20 

is late in the design you're saying that there are 21 

analytical activities prior to that lateness in design 22 

that should smoke this stuff out and there's a 23 

prescription for what you're going to go after in terms 24 

of risk.  And the scenario I pointed to is not on that 25 
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list. 1 

MR. HALL:  Not now. 2 

MEMBER SKILLMAN:  That's dandy.  But 3 

that's a real example of people trying to get to 4 

equipment that is essential for core cooling.  So my 5 

concern remains there are scenarios that may not be 6 

discovered that are in fact important which gets to 7 

what Walt was talking about. 8 

MR. HALL:  And I'm not disagreeing with 9 

what you're saying.  I'm just saying there are 10 

limitations to the kind of process that could be done. 11 

And when you look at the sampling criteria, 12 

now we're just talking ISV now, when you're looking 13 

at the sampling criteria you're really counting on 14 

people with backgrounds such as yours to identify some 15 

of those in addition to the standard shopping list. 16 

And if you look at that sampling criteria 17 

there are matrices in there, the hope is that the 18 

operational people that were on the team that helped 19 

develop it both from KEPCO, KHNP and here in the United 20 

States we had a three ex-SROs, one plant manager that 21 

helped to develop that listing if I can call it that, 22 

that we captured enough of it. 23 

Am I 100 percent sure we didn't miss 24 

something?  No, but I'm pretty sure we captured enough 25 
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to feel confident that we've enveloped typical issues. 1 

 And if what you just said was something that had or 2 

close to had happened within the industry or related 3 

industries I would hope the OE would pick that up too. 4 

MEMBER SKILLMAN:  Fair enough, okay. 5 

MR. HALL:  But it may not.  I can't give 6 

100 percent assurance.  I couldn't do that.  Okay. 7 

Design implementation, so it's looking at these three 8 

things. 9 

One, aspects that were not verified or 10 

validated.  Two, and those are identified during the 11 

V&V.  Two, HEDs that haven't been closed hopefully all 12 

will be but all may not be, but those be identified 13 

and followed up on in the design implementation. 14 

And then finally, if in fact there were 15 

any changes and those changes might have come out of 16 

the first two bullets here, you know, something wasn't 17 

tested and in fact it turned out there was a problem 18 

area when the plant was actually up and running and 19 

it was identified at that point then those design areas 20 

have to be evaluated. 21 

That evaluation could be a testing program 22 

or something like that.  Could be, didn't say would 23 

be.  I mention at this point human performance 24 

monitoring is expected to be a COLA.  It's the 25 
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responsibility of the applicant. 1 

We do say in this section of the document 2 

that all of the preceding analytical tools for the task 3 

analysis, for example, will be then available turned 4 

over to the applicant so they can use it, build on it, 5 

et cetera. 6 

And then my last slide is the summary. 7 

I hope I didn't confuse everybody by jumping through 8 

this thing.  But as far as we know at this time with 9 

the staff's evaluation there are no open items. 10 

There's a grouping of confirmatory 11 

actions, but nothing opened.  And we feel that Chapter 12 

18 does in fact represent a structured Human Factors 13 

Program.  It applies good industry practices. 14 

And in the mapping we've done to Rev. 3 15 

of 0711 we have in fact shown, in our mind, that all 16 

the criteria have been met.  And that's my last slide. 17 

CO-CHAIR BALLINGER:  Questions.  Okay, we 18 

have picked up six minutes.  So we'll take a break until 19 

-- 20 

MEMBER STETKAR:  Just bring the staff up. 21 

CO-CHAIR BALLINGER:  I'm having a revolt 22 

here. 23 

MEMBER STETKAR:  Bring the staff up. 24 

CO-CHAIR BALLINGER:  Okay, it's on the 25 
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schedule. 1 

MEMBER STETKAR:  No, you get through the 2 

open, it's okay, you get through the open stuff, have 3 

public comments and then go into closed session. 4 

(Off microphone comments.) 5 

MEMBER STETKAR:  Tanny, it's been a long 6 

time, but push the button. 7 

(Off the record comments.) 8 

MR. SANTOS:  So good morning, thank you. 9 

 My name is Cayetano Tanny Santos.  I'm the PM for this 10 

chapter, Chapter 18 review.  So during this portion 11 

of the meeting the staff is going to be presenting its 12 

safety evaluation report for Phase 2 of the design 13 

certification, APR1400. 14 

As mentioned earlier, even though this is 15 

Phase 2 there are no open items.  There are only 16 

confirmatory items at this time.  So moving along to 17 

the second slide this just acknowledges that the 18 

reviewers for this particular chapter. 19 

This includes Jacqwan Walker and Paul 20 

Pieringer who are no longer on the NRO staff and also 21 

John O'Hara and Jim Higgins from Brookhaven National 22 

Laboratory.  But that contract is no longer active. 23 

The current reviewers we have right now 24 

are Laurent Kent, who you'll be hearing from shortly, 25 
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and Brian Green from the Human Performance Operator 1 

Licensing and ITAAC Branch in NRO, that's a mouthful. 2 

And then on the project management side 3 

of course Bill Ward is the lead PM and again, I'm Tanny 4 

Santos, the PM for this particular chapter.  And with 5 

that I'll just turn it over to Lauren for the remainder 6 

of the presentation. 7 

MS. KENT:  Good morning.  This morning 8 

I'll discuss the scope of the review and some of the 9 

challenges that we encountered and how we worked with 10 

the applicant to resolve those challenges. 11 

I understand that there are a lot of 12 

questions pertaining to the proprietary information 13 

so I'm going to plan to go through this as efficiently 14 

as possible so that we can use our time most effectively. 15 

Since you have heard the applicant 16 

submitted an implementation plan or included a COL item 17 

in the application for each of the HFE program elements 18 

described in NUREG 0711, the Human Factors Engineering 19 

Program Review Model. 20 

The staff uses the review criteria in NUREG 21 

0711 to evaluate whether control room design complies 22 

with HFE related NRC requirements.  And for this review 23 

we performed what we call an implementation level review 24 

which is where we use the review criteria to review 25 
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the HFE design process that is described in the 1 

application that will be used to develop an APR1400 2 

HSI control room design. 3 

As explained in the application the 4 

starting point for the development of the APR  1400 5 

HSI design is the APR1400 basic HSI conceptual design 6 

which I might just simply refer to going forward as 7 

the conceptual design. 8 

The application described the concept in 9 

a technical report that was provided with the 10 

application which I'll refer to this morning as the 11 

basic HSI tech report.  The applicant also provided 12 

a style guide which we reviewed that contains HFE design 13 

guidelines that are applicable to the APR1400 HSI 14 

design. 15 

And as part of our review we compared that 16 

style guide to NUREG 700 which is Human System Interface 17 

Design Review Guidelines.  And additionally the 18 

application also contained HFE related ITAAC to verify 19 

that the HFE design was developed in accordance with 20 

the implementation plans. 21 

As Tanny mentioned there are no open items 22 

but we do have multiple confirmatory items that we will 23 

be evaluating against a future revision to be submitted 24 

by the applicant.  Next slide please. 25 
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MEMBER STETKAR:  Lauren, when you say a 1 

future revision we received Rev. 1 of the DCD for this 2 

meeting and I dutifully read Rev. 1 of Chapter 18. 3 

There seem to be a number of confirmatory items that 4 

the staff has identified that are not reflected in Rev. 5 

1 of the DCD. 6 

Do you expect another revision of the DCD 7 

or Rev. 2? 8 

MR. SANTOS:  Yes, we are expecting, yes. 9 

MEMBER STETKAR:  You do, okay, thanks. 10 

MR. SANTOS:  Rev. 2, yes. 11 

MEMBER STETKAR:  Thank you. 12 

MS. KENT:  Okay, the first challenge I 13 

would like to address is a generic challenge associated 14 

with performing an implementation level review and 15 

certainly was encountered in our review here which is 16 

making sure that the level of details in the 17 

implementation plans is sufficient to ensure that the 18 

process will result in a design that would satisfy HFE 19 

related NRC requirements, specifically the requirement 20 

to provide a control room design that reflects state 21 

of the art human factors principles. 22 

So the majority of our RAIs, the requests 23 

for additional information, were focused on either 24 

gaining an understanding of the words that were written 25 



59 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

in the application to make sure that we the staff 1 

understood what the applicant was proposing.   2 

Additionally, we also were interested in getting 3 

additional detail put into the application such that 4 

someone reading the implementation plan could perform 5 

the activities with sufficient, I guess, I should say 6 

with enough detail that they could perform them the 7 

way that we the staff were anticipating those activities 8 

to be performed. 9 

So I, we the staff performed our review 10 

with that in mind from the perspective of if someone 11 

was going to read this could they actually perform this 12 

process and what would be the expected outcome and would 13 

that outcome be adequate. 14 

For example, the kinds of RAIs, I'll touch 15 

on the kinds of RAIs we asked.  When we reviewed the 16 

style guide we found that some portions of the style 17 

guide contained headings related to criteria for HFE 18 

design that are in NUREG 700 but there were portions 19 

of the style guide that just didn't have any information 20 

there almost like that part had been not copied into 21 

the application. 22 

So we requested information about 23 

information that was omitted.  Additionally, there 24 

were some steps in the style guide that said, for 25 
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example, procedure steps will be written in Korean and 1 

we know that would not be acceptable for American 2 

plants.  So we asked the applicant to revise that and 3 

they provided the information and revised the 4 

application. 5 

Let's go on to the next slide.  Another 6 

challenge that we encountered in our review was ensuring 7 

that the scope of the facilities in the HFE design 8 

program were comprehensive.  One of our colleagues who 9 

works in the Instrumentation and Controls Branch 10 

brought to our attention that there was a portion of 11 

the Chapter 7 application that talked about a remote 12 

control console or the RCC. 13 

And that facility is not described in 14 

Chapter 18.  So we worked with that individual to 15 

understand what the purpose of that facility was.  We 16 

came to the conclusion that it was essentially akin 17 

to a main control room or the remote shutdown room. 18 

And so we engaged the applicant to require, 19 

not require but to ask them how this would be addressed 20 

in the HFE design program.  And so they revised the 21 

application to include that facility within the scope 22 

of the program. 23 

MEMBER STETKAR:  Okay, Lauren. 24 

MS. KENT:  Yes. 25 
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MEMBER STETKAR:  This is why I got on the 1 

record that you're expecting a Rev. 2 because this slide 2 

leads me to believe that this has already been done. 3 

 But I've read Rev. 1 of DCD Chapter 18 and it does 4 

not mention anywhere this facility. 5 

MS. KENT:  Okay.  I will say that I have 6 

not gotten to the -- 7 

MEMBER STETKAR:  This is just a, it 8 

doesn't. 9 

MS. KENT:  Thank you.  Let's go on to the 10 

next slide.  Another challenge that we faced dealt with 11 

the staffing concept.  Specifically we have criteria 12 

related to the integrated systems validation or the 13 

ISV validating the expected staffing levels which 14 

include a minimum staffing level, a nominal level and 15 

a maximum staffing level. 16 

We engaged the applicant through the RAI 17 

process and the applicant clarified that the nominal, 18 

the minimum and the maximum staffing levels are the 19 

same.  And I'll refer back to Mr. Hall's slide where 20 

he had the fundamental assumption of the number of 21 

operators in the main control room. 22 

However, when we read through the concept 23 

of operations described in the basic HSI technical 24 

report there was information in there that said not 25 



62 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

all of those operators may be in the main control room 1 

at the same time.  And so when we compared that 2 

information to what would be modeled during the 3 

integrated system validation we found a mismatch. 4 

And so we wanted to know if x number of 5 

operators are going to be out of the main control room 6 

at any given time why is the ISV not simulating that 7 

condition.  Specifically, the instance where an event 8 

could occur and those folks are out of the control room 9 

would the remaining assumed staffing be able to handle 10 

the event at least until a reasonable point in time 11 

where you could have assurance that those people would 12 

be back in the control room. 13 

So we engaged the applicant to discuss 14 

that.  We found that there was actually some additional 15 

detail that needed to be added to the basic HSI technical 16 

report to clarify who and when could be out of the 17 

control room.  And then we found that was modeled in 18 

the ISV scenario document. 19 

MEMBER STETKAR:  Lauren or Tanny or 20 

someone, I need to understand something.  So we now 21 

have Chapter 18 and the associated technical reports 22 

that are part of the certified design. 23 

The certified design now documents for the 24 

purposes of human factors engineering and the physical 25 
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design and layout of the main control room this 1 

complement of operators that you show on this screen 2 

here.  In particular, three licensed reactor 3 

operators, the RO, the TO and the EO. 4 

If I as a combined license applicant now 5 

want to buy and build one of these things and I do not 6 

want to have three licensed reactor operators in my 7 

control room and I want to change the physical 8 

configuration of the layout of the control room which 9 

I can't talk about because it's proprietary 10 

information, must I then take a formal departure from 11 

the certified design and apply to the NRC for a review 12 

of that formal departure of the certified design or 13 

an exception? 14 

I always forget whether they call it 15 

departures or exceptions.  But you get my intent. 16 

MS. KENT:  I understand. 17 

MEMBER STETKAR:  Do I now have to come back 18 

to the NRC and say the certified design does not apply 19 

to my plant because I don't want to have three licensed 20 

reactor operators and the configuration of control 21 

consoles?  Do I need to do that? 22 

MS. KENT:  I'm going to say -- 23 

MEMBER STETKAR:  I'm looking for a yes or 24 

no answer. 25 
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MS. KENT:  -- I don't know. 1 

MEMBER STETKAR:  I'd like an answer to that 2 

formally on the record at some time because to me this 3 

is quite, I'll just say it's important.  If I'm going 4 

to buy one I need to know what sort of licensing issues 5 

I might face if I want to -- 6 

MS. KENT:  We walked through this 7 

exercise, the staff did internally and I have this in 8 

my notes.  I say I don't know because I don't remember. 9 

MEMBER STETKAR:  Because it's my 10 

understanding this is in the certified design.  It's 11 

established there and in fact the basic design of the 12 

main control room and the layout of the hardware is 13 

consistent with this. 14 

And if I now want to build it and make it 15 

not consistent with this I believe that I have to come 16 

back to the NRC and take a, I've forgotten whether it's 17 

called a departure or exception but a formal change 18 

to the certified design as it applies to my facility. 19 

MS. KENT:  I understand. 20 

MEMBER STETKAR:  Which to me is onerous. 21 

MR. WARD:  This is Bill Ward.  Yes, we've 22 

had discussions with General Counsel's Office on this 23 

and, yes, they would have to take a departure and there's 24 

other things they would have to do. 25 
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They would have to do other V&V and ISV 1 

scenarios. 2 

MEMBER STETKAR:  Sure, yes, yes. 3 

MR. WARD:  They would have to detail all 4 

their differences. 5 

MEMBER STETKAR:  Yes, okay.  And thanks, 6 

Bill, I'm glad we have that on the record. 7 

MS. KENT:  Next slide.  This is what I have 8 

essentially prepared for today to move on to discussing 9 

the questions in the closed session. 10 

I would just say our review of the 11 

application did find that the design process conforms 12 

to our NRC HFE related guidance and provides reasonable 13 

assurance that the HFE related NRC requirements will 14 

be satisfied if that process is followed. 15 

MEMBER STETKAR:  Lauren, I had a couple 16 

questions for the open session for the staff.  As was 17 

mentioned earlier, each section of Chapter 18 indicates 18 

that there are no COL information items which to me 19 

seems really curious because the COL applicant has to 20 

actually do everything in the implementation plan if 21 

you look at the schedule. 22 

So it's curious to me that although the 23 

COL applicant needs to actually perform each of the 24 

steps in the implementation plan there's nothing in 25 
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the DCD that says the COL applicant needs to do that. 1 

 Why is that and why is the staff okay with that? 2 

I couldn't find anything that says the COL 3 

applicant has to do all of this which in fact, according 4 

to the overall HFE plan it's the responsibility of the 5 

COL applicant. 6 

MS. KENT:  Perhaps the answer to your 7 

question is that it's, since what is provided in the 8 

application is a process with steps to follow when they 9 

have the application and you see that there is no control 10 

room design you instead are having to undergo these 11 

activities they would know that. 12 

But that might be taking that for granted. 13 

 So we'll need to reevaluate that.  I can say -- 14 

MEMBER STETKAR:  Check that just because 15 

-- 16 

MS. KENT:  I understand. 17 

MEMBER STETKAR:  Just please.  I just 18 

found that really surprising.  And one other.  This 19 

is kind of detailed but it is in the non-proprietary 20 

part of the SER. 21 

This is a nit but a potentially important 22 

nit.  In, I'll give you a section number, it's 18.7.4.4, 23 

you noted that they in their implementation plan, and 24 

I don't want to quote stuff from the implementation 25 
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plan. 1 

But the concern was that they did not have 2 

alarms to alert personnel to leakage outside of the 3 

containment after an accident.  And again, I don't 4 

want, there's stuff that's marked proprietary in the 5 

SER so I want to skip that stuff. 6 

But you pointed them to Section 5.2.5.4 7 

of the DCD which is non-proprietary and said that you 8 

really ought to consider that.  And they said, yes, 9 

we'll put that in there. 10 

Well, okay, so I looked at Section 5.2.5.4 11 

of the DCD and it says that during normal plant operation 12 

they have to have capability to detect leakage from 13 

the safety injection system, steam generator leakage, 14 

shutdown cooling system and component cooling water 15 

system, good, great. 16 

There's a system called the CVCS that's 17 

normally operating and it's got stuff going in and it's 18 

got stuff coming out.  And that's why you don't look 19 

at leakage on that system because it's going in and 20 

going out normally. 21 

After an accident it probably ought to be 22 

isolated.  And since it's normally open and normally 23 

connected if it's not isolated that's a potentially 24 

big source of leakage that goes outside from the reactor 25 
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coolant system outside the containment. 1 

Why did you guys not identify that system? 2 

 As long as you're telling them what they need to have 3 

in their plan and they're saying, yes, we'll put 4 

anything that the staff tells us into our plan shouldn't 5 

you be careful about -- 6 

MS. KENT:  I'm going to have to look back. 7 

MEMBER STETKAR:  So go back and look at 8 

that because -- 9 

MS. KENT:  Because when we write an RAI 10 

to prescribe something I would have to look at the basis 11 

for that. 12 

MR. WARD:  If I can add. 13 

MEMBER STETKAR:  Well you don't write them 14 

to prescribe except you said go look at this section 15 

and they said, yes, we'll put a reference to that section 16 

in our plan. 17 

MS. KENT:  Okay.  I have to look at the 18 

basis. 19 

MEMBER STETKAR:  My point is that section 20 

does not pertain to all sources of leakage outside 21 

containment after an accident which is what you're 22 

concerned about -- 23 

MS. KENT:  Okay, thank you. 24 

MEMBER STETKAR:  -- or what they ought to 25 
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be concerned about. 1 

MR. WARD:  I'd like to add that Chapter 2 

13, section 13.4 has an operational program that 3 

requires monitoring leakage and it should be covered 4 

in there. 5 

MEMBER STETKAR:  No, that's operational 6 

leakage.  I'm not talking about leakage inside the 7 

containment to identify leakage from the primary system 8 

either inside the containment or outside the 9 

containment when the plant is operating at power. 10 

I'm talking about what the purpose of this 11 

is which is to monitor sources of leakage outside 12 

containment after an accident happens.  And one source 13 

of that leakage is leakage through either the normal 14 

let down line, the reactor coolant pump seal return 15 

line, the charging line if it's not isolated or if the 16 

event happens during shutdown conditions the so-called 17 

low pressure let down line. 18 

All of those are potential leakage paths. 19 

 None of those are identified in Chapter 13 for leakage 20 

during normal plant operations because those lines are 21 

open.  By definition they're not leaking because 22 

there's water flowing through them. 23 

MR. WARD:  Just to be clear you're talking 24 

just post-accident? 25 
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MEMBER STETKAR:  That's what this was 1 

written for, yes.  It's a requirement to have 2 

monitoring capability to identify sources of leakage 3 

outside the containment after an accident. 4 

MR. WARD:  We'll get back to you on that. 5 

CO-CHAIR BALLINGER:  Is that it? 6 

MS. KENT:  Yes, sir. 7 

CO-CHAIR BALLINGER:  Okay.  I think we 8 

have to ask for public comments prior to the closed 9 

session.  Are there any people in the room that would 10 

like to make a comment?  Same five second rule. 11 

Is the bridge line open?  I don't know if 12 

the bridge line is open.  It's always open.  Is there 13 

anybody out there in the public that would like to make 14 

a comment? 15 

Hearing none we'll close the bridge line 16 

and we will take, let's try a ten minute break from, 17 

without being overridden again until ten minutes after 18 

ten. 19 

(Whereupon, the above-entitled matter went off the record at 9:58 a.m.)20 

21 

22 

23 

24 

25 
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Overview of Chapter 18 

 List of Submitted Documents
Document No. Title Revision Type 

APR1400-K-X-FS-14002-P and NP Design Control Document TIER 2 Chapter 18, 
Human Factors Engineering 1 DCD 

APR1400-E-I-NR-14001-P and NP Human Factors Engineering Program Plan 1 IBR 

APR1400-E-I-NR-14002-P and NP Operating Experience Review Implementation Plan 1 IBR 

APR1400-E-I-NR-14003-P and NP Functional Requirements Analysis and  
Function Allocation Implementation Plan 1 IBR 

APR1400-E-I-NR-14004-P and NP Task Analysis Implementation Plan 1 IBR 

APR1400-K-I-NR-14005-P and NP Staffing and Qualifications Implementation Plan 1 IBR 

APR1400-E-I-NR-14006-P and NP Treatment of Important Human Actions 
Implementation Plan 1 IBR 

APR1400-E-I-NR-14007-P and NP Human-System Interface Design Implementation Plan 1 IBR 

APR1400-E-I-NR-14008-P and NP Human Factors Verification and Validation 
Implementation Plan 1 IBR 

APR1400-K-I-NR-14009-P and NP Design Implementation Plan 1 IBR 

APR1400-E-I-NR-14010-P and NP Human Factors Verification and Validation Scenarios 1 TER 

APR1400-E-I-NR-14011-P and NP Basic Human-System Interface 1 IBR 

APR1400-E-I-NR-14012-P and NP Style Guide 1 IBR 

* TER: Technical Report, **IBR: Incorporated by Reference
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 Goal of the HFE program is to provide
reasonable assurance that the HFE design is
properly developed and effectively
implemented.
 The HFE program will be in effect from start of the HFE

design cycle through completion of initial plant start up
testing program.

 The HFE program will be in accordance with the
applicable review criteria of the elements of NUREG-0711
revision 3.

Overview of Chapter 18 
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 Objectives of the APR1400 design are that the HFE
program incorporates HFE principals and methods,
and is developed according to a systematic
approach.

 Human Centered
 Personnel tasks accomplished within time and performance goals
 HSIs, procedures, staffing and qualifications, training,

management and organization support personnel situation
awareness

 Design supports personnel vigilance over plant operations and
provides acceptable work load levels to minimize periods of
operator underload and overload

 HSIs minimize personnel error and support detection and recovery
capabilities

Overview of Chapter 18 
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 Fundamental Assumption
 It is possible to operate the plant during postulated plant operating

modes (1 through 6) for normal, abnormal and emergency
conditions with main control room staffing of
• One reactor operator (RO license)
• One turbine operator (RO license)
• One electric operator (RO license)
• One shift supervisor (SRO license)
• One shift technical advisor (SRO license)

Overview of Chapter 18 
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 Human Factors Engineering Program Plan,
APR1400-E-I-NR-14001

 Applicable plant facilities:
 Main control room
 Remote shutdown room
 Technical support center
 Emergency facilities - communication and information
 Local control stations - associated with IHAs

18.1 HFE Program Management 
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 Applicable HSIs, procedures and training:
 HSIs developed in accordance with the HFEPP
 HSIs designed under the HFE program
 HFE program provides input to the Procedures and Training

program
 HFE program includes

• HSIs for operations
• HSIs for accident management
• HSIs for test, maintenance, inspection and surveillance tasks that operational

personnel perform or supervise

18.1 HFE Program Management 
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 Applicable plant personnel:
 Licensed control room operators (10 CFR Part 55), including:

• Instrumentation and control technicians
• Maintenance personnel
• Radiological protection technicians
• Chemistry technicians
• Engineering support personnel
• Additionally personnel who perform tasks identified directly related to plant safety

18.1 HFE Program Management 
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 Operating Experience Review Implementation Plan,
APR1400-E-I-NR-14002

 Objective:
 To enable the HFE analyst to identify and understand experience-

based HFE related safety issues and keep them out of the
APR1400 design while retaining positive features

18.2 Operating Experience Review 
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 Scope includes:
 Predecessor plants and systems
 Recognized industry HFE issues
 Related HSI technology
 Issues identified by plant personnel
 IHAs
 US nuclear industry operating experience
 Interviews with predecessor plant operations personnel
 Non-nuclear experience of similar HSI or system design

18.2 Operating Experience Review 
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 Reference/predecessor plants and systems
 Shin-Kori Units 3 and 4 (SKN 3 and 4)

• SKN 3 started commercial operation in 12/2016

 System 80+
• None in commercial operation

 System 80 plants
• Such as Palo Verde Nuclear Generating Station

 APR1400 OER based on SKN 3 and 4 OER

18.2 Operating Experience Review 
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 Functional Requirements Analysis/Function
Allocation Implementation Plan, APR1400-E-I-NR-
14003 

 Objective:
 Define the critical (high-level) plant functions that must be

accomplished to meet safety and productions goals.
 Delineate hierarchical relationships between critical functions,

plant processes, systems, components and control actions.
 Allocate these functions to human and/or machine based on

human strengths while avoiding human limitations.

18.3 Functional Requirements Analysis and Function Allocation
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 Scope:
 FRA; All functions needed to achieve the plant safety and power

production goals considering all operating modes (Modes 1-6).
 FA; Allocate the control actions associated with each success path

identified in the FRA to personnel manual control, system
automatic control and shared control.

 FRA encompasses and builds on the system 80+
design’s analysis to account for:
 Changes in critical functions
 Changes resulting in modifications to functional hierarchy
 Increased detail in definition of the functional hierarchy to level of

control actions
 Recent operating experience
 Additional information to facilitate review to NUREG-0711 rev. 3

criteria

18.3 Functional Requirements Analysis and Function Allocation
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 Task Analysis Implementation Plan, APR1400-E-I-
NR-14004 

 Objective:  
 Identify the HSI inventory 
 Establish the staffing for each operating task 
 Confirm human performance assumptions for the IHA, transient 

and accident analysis and diversity and defense-in-depth coping 
analysis 

 Confirm allocation results from FRA/FA 
 Establish the bases for task support verification (18.10) 

18.4 Task Analysis 
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 Scope:
 All IHAs
 Tasks not identified in IHAs but have negative consequences if

performed incorrectly
 Tasks that are new compared to the predecessor
 Tasks performed differently from predecessors
 Tasks related to monitoring automated systems important to safety
 Tasks related to identifying degradation of automated systems
 Tasks with high workload
 Tasks important to safety during maintenance, test, inspection and

surveillance
 Tasks with potential concerns for personnel safety

18.4 Task Analysis 
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 Staffing and Qualifications Implementation Plan,
APR1400-E-I-NR-14005

 Objective:
 To determine the number and necessary qualifications for

operating personnel over a full range of plant conditions and tasks,
including operations, maintenance, surveillance, testing and all
IHAs

 In addition to plant control room operating staff
• I&C technicians
• Electrical maintenance personnel
• Mechanical maintenance personnel
• Radiological protection technicians
• Chemistry technicians
• Engineering support personnel

18.5 Staffing and Qualifications 
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 Treatment of Important Human Actions
Implementation Plan, APR1400-E-I-NR-14006

 Objective:
 To create a consolidated list of IHAs including HFE characteristics

from plant level analyses
 Support integration of IHAs into the HFE program elements

 Scope:
 Risk-important human actions from Chapter 19, Probabilistic Risk

Assessment
 Deterministically important human actions from the defense-in-

depth and diversity coping analysis in Chapter 7 and from Chapter
15, transient and accident analyses

18.6 Treatment of Important Human Actions 
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 Human System Interface Design Implementation
Plan, APR1400-E-I-NR-14007

 Basic Human System Interface, APR1400-E-I-NR-
14011 

 Style Guide, APR1400-E-I-NR-14012
 Objective:

 Translate I&C, function and task requirements into the functional
design of the HSI and HSI facilities through the systematic
application of HFE principles and criteria

 Scope:
 MCR
 RSR
 TSC
 LCSs associated with IHAs

18.7 Human-System Interface Design 
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 Basic HSI Resources
 Large display panel
 Integrated alarm system
 Video display unit based information display
 Computer-based procedures
 Soft control
 Safety console

 APR1400 and SKN 3 and 4 basic HSIs are the same except;
APR1400 safety components are normally controlled through
separate safety soft control device for each safety division (i.e.,
changed from multi-division soft control to divisionalized soft
control).

18.7 Human-System Interface Design 
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 Human Factors Verification and Validation
Implementation Plan, APR1400-E-I-NR-14008

 Human Factors Verification and Validation
Scenarios, APR1400-E-I-NR-14010

 Style Guide, APR1400-E-I-NR-14012
 Scenarios supports integrated system validation.
 Style Guide supports HFE design verification.

18.10 Human Factors Verification and Validation 
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 Objective:
 Confirm that the HSI design conforms to HFE design principles.
 Confirm that the HSI design enables plant personnel to successfully

perform tasks to achieve plant safety and performance goals.

 Scope:
 All HSIs in the MCR and RSR
 Voice communications, when it influences the MCRs crew performance,

between the MCR and the TSC, EOF and other offsite emergency entities
 LCSs associated with IHAs

 Design Verification
 HSI inventory characterization
 HSI task support verification (based on the results from the TA)
 HFE design Verification (based on the Style Guide)

18.10 Human Factors Verification and Validation 
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 Integrated system validation
 Human-in-the-loop performance testing of the HSI
 Applications of the defined scenarios, including imbedded test procedures
 Application of actual operating procedures
 Test bed containing an ANSI/ANS-3.5-2009 simulator
 Use of trained operating crew members and test personnel
 Evaluation based on pass/fail and diagnostic measures
 Final HSI design will be tested, all HEDs from prior HFE program resolved
 Only HSI design changes after the ISV will be based on ISV HEDs
 HSI not tested in the ISV will be part of 18.11 (design implementation)
 Independent third part review of results

18.10 Human Factors Verification and Validation 
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 Design Implementation Plan, APR1400-E-I-NR-14009
 Objective:

 Confirm that the as-built HSI is the same as the final verified HSI
 Provide reasonable assurance that any changes to the finally

verified design are done using proper HFE change process

 Scope
 HSI design aspects not verified and validated in the HF V&V
 HEDs not resolved or closed during the HF V&V
 Design changes made after the completion of the HF V&V

18.11 Design Implementation 
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 No Implementation Plan
 The COL applicant is to provide the HPM

{COL.18.12(1)}
 Analytical products and results from the HFE program are

available to the COL applicant in support of their program

18.12 Human Performance Monitoring 
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 There is no open item.
 In chapter 18, a HFE program applying good industry

practices and addresses the review criteria set forth
in NUREG-0711 Revision 3 has been established.

Summary 
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Acronyms 
CBP computer-based procedures 

EO electric operator 

EOF emergency operations facility 

FRA/FA functional requirements analysis and
function allocation 

HED human engineering discrepancy 

HF human factors 

HFE human factors engineering 

HPM human performance monitoring 

HSI human system interface 

IHA important human action 

IP implementation plan 

LCS local control station 

LDP large display panel 

MCR main control room 

OER operating experience review 

RO reactor operator 

RSR remote shutdown room 

SKN Shin-Kori nuclear power plant 

S&Q staffing and qualifications 

SRO senior reactor operator 

SS shift supervisor 

TA task analysis 

TIHA treatment of important human actions 

TO turbine operator  

TSC technical support center 

V&V verification and validation 

VDU visual display unit 
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• Staff Review Team
 Lauren Kent and Brian Green (currently working in HOIB)
 Jacqwan Walker and Paul Pieringer (no longer working in 

HOIB) 
 John O’Hara and Jim Higgins (Brookhaven National 

Laboratory)
• Technical Staff Presenter
 Lauren Kent

• Project Managers
 William Ward– Lead Project Manager 
 Cayetano Santos – Chapter 18 Project Manager
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• The staff reviewed the following items:
• Conceptual design of the APR1400 HSI Design
• Style Guide
• HFE IPs

• Describe the processes and methods to develop the
APR1400 control room design (i.e., the DAC) using the
conceptual design as the starting point

• HFE-related ITAAC
• There are no open items, but there are confirmatory

items that will be included in the revision to the
application

Scope
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• The level of detail in the IPs must be sufficient to ensure
the process will result in a design that will comply with
HFE-related NRC requirements

• The staff issued RAIs to provide additional detail and
improve clarity in the application

• The applicant submitted proposed revisions to the
application to improve clarity and provide detail

Challenges (1/3)
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• The HFE design process should be applied to all
applicable facilities
• The design includes a remote control console (RCC),

which is an alternative to the MCR and RSR for use under
specific plant conditions

• The RCC should therefore be included in the HFE design
process

• However, the RCC was not described in Chapter 18
• The NRC staff issued an RAI to address the issue
• The applicant revised the application to include the RCC

within the scope of the HFE design process

Challenges (2/3)
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• The ISV should validate the minimum, nominal, and
maximum staffing levels
• The application said that the nominal, minimum, and

maximum staffing levels are the same
• MCR crew includes an SS, STA, RO, TO, and EO
• The EO position is unique compared to existing plants

• However, the application describes that in some cases,
some licensed operators could be outside of the MCR, and
no ISV scenarios modeled these conditions

• The NRC staff issued RAIs to address this issue
• The applicant submitted proposed revisions to the

application to clarify the staffing concept
• A scenario models the staffing concept

Challenges (3/3)
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• The applicant’s HFE design process conforms to NRC
HFE-related guidance

• The applicant’s HFE design process provides
reasonable assurance that HFE-related NRC
requirements will be satisfied

Findings
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DAC: design acceptance criteria 
EO: electrical operator 
HFE: human factors engineering
HOIB: Human Performance, Operator Licensing, and ITAAC Branch
HSI: human-system interface
IP: implementation plan
ISV: integrated system validation
ITAAC: inspections, tests, analyses, and acceptance criteria  
MCR: main control room
RAI: request for additional information
RCC: remote control console
RO: reactor operator
SS: shift supervisor 
STA: shift technical advisor
TO: turbine operator

Acronyms
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