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P-R-O-C-E-E-D-I-N-G-S1

(8:28 a.m.)2

CHAIRMAN RICCARDELLA:  Good morning, this3

meeting will come to order.  This is Day 1 of the4

663rd meeting of the Advisory Committee on Reactor5

Safeguards.6

I'm Pete Riccardella, Chairman of the7

ACRS.  The ACRS was established by the Atomic Energy8

Act and is governed by the Federal Advisory Committee9

Act, or FACA.10

The ACRS section of the U.S. NRC public11

website provides information about the history of ACRS12

and provides FACA related documents, such as our13

charter, bylaws, federal register notices of meetings,14

letter reports and transcripts of full and15

subcommittee meetings, including all slides presented16

at the meetings.17

The Committee provides its advice on18

safety matters to the Commission, through its publicly19

available letter reports.  The Federal Register notice20

announcing this meeting was published on March 25th,21

2019 and amended on April 29th.22

And provides an agenda and instructions23

for interested parties to provide written documents or24

request opportunities to address the committee, as25
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required by FACA.1

In accordance with FACA, there is a2

designated federal official for today's meeting.  That3

official is Mr. Christopher Brown.  Chris?4

PARTICIPANT:  He's in the corner.5

MEMBER REMPE:  He's here.6

CHAIRMAN RICCARDELLA:  Okay.  I got my7

reading glasses on, I can't see.8

During today's meeting, the Committee will9

consider the following.  NuScale's safety evaluation10

report for Chapters 4 and 5 and preparation of ACRS11

reports.12

As reflected in the agenda, portions of13

the sessions on NuScale's safety evaluation report for14

Chapters 4 and 5 may be closed in order to discuss and15

protect information designated as sensitive or16

proprietary.17

There is a phone bridge line.  To preclude18

interruption of the meeting, the phone will be placed19

in listen only mode during the presentations and20

Committee discussions.21

We have received no written comments or22

requests to make oral statements from members of the23

public regarding today's sessions.  There will be an24

opportunity for public comments as we have set aside25
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ten minutes in the agenda for comments from members of1

the public attending or listening to our meetings.2

Written comments may be forwarded to Mr.3

Christopher Brown, the designated federal official.4

A transcript of the open portions of the5

meeting is being kept, and it is requested that6

speakers use one of the microphones, identify7

themselves and speak with sufficient clarity and8

volume so that they can be readily heard.9

I'd now like to ask Mr. Mike Corradini,10

Chairman of the ACRS Subcommittee on NuScale, to11

provide any desired opening remarks.12

MEMBER CORRADINI:  Thank you very much,13

Mr. Chairman.  So, today we're going to be reviewing14

Chapters 4 and 5.15

Before we get into the details, I just16

want to make sure that the NuScale subject matter17

experts are on the line and can communicate if18

necessary.  So, we've un-muted the private line for19

NuScale.  Can somebody from NuScale confirm that20

you're out there?21

We think you're supposed to be out there.22

CHAIRMAN RICCARDELLA:  It's early on the23

west coast.24

MEMBER CORRADINI:  Were you expecting, let25
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me just ask, I thought you guys were expecting1

somebody back at home base to be online, is that true?2

MS. NORRIS:  Yes.  They are attempting to3

communicate right now, and they must still be on mute4

somehow.5

MEMBER CORRADINI:  Can you guys make sure6

that the private line is un-muted?  They have the7

private line number?8

Okay.  All right.  Let's just make sure9

that we got communication so that when we get into10

questions we can --11

Sorry.  First time back for Full Committee12

meeting in this room so we'll see how much works. 13

Okay, the line is un-muted for NuScale on the private14

line, so can somebody verify you can communicate with15

us on your side, out there?16

Rebecca, I'm looking at you.17

PARTICIPANT:  She's looking.18

MS. NORRIS:  I'm sorry, yes.  So, they are19

trying to still communicate.  We're going to verify20

which line they're on to make sure that they're on the21

private line.22

MEMBER CORRADINI:  They may be, we've23

muted the public line so they can't talk on the public24

line.25
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MS. NORRIS:  All right.1

CHAIRMAN RICCARDELLA:  Why don't you un-2

mute that to see if they're there.3

MEMBER CORRADINI:  Can you un-mute,4

Christopher, can you un-mute the public line just to5

make sure we have that?6

MS. NORRIS:  With good timing, they just7

said they're going to hang up and call back just to8

make sure that it works that way.9

MEMBER CORRADINI:  Okay.10

MS. NORRIS:  So, if we can give them a11

couple of minutes.12

MEMBER CORRADINI:  Sure.  We have lots of13

time.  Ah.14

CHAIRMAN RICCARDELLA:  Heard something.15

MEMBER CORRADINI:  Somebody is there, I16

hear something.  Derek, are you out there?17

MR. WIDMAYER:  I'm on the public line and18

I was able to hear NuScale on the line.19

MEMBER CORRADINI:  Whoever is out there is20

going to have to speak louder so we can understand who21

you are.22

MR. WIDMAYER:  This is Derek, I'm on the23

public line --24

MEMBER BROWN:  NuScale is on.25
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MR. WIDMAYER:  -- and I can hear NuScale1

on the private line.2

CHAIRMAN RICCARDELLA:  He said he can3

hear, that's Derek, he said he can hear NuScale on the4

private line but we can't.5

MEMBER CORRADINI:  So, Derek, are you out6

there?7

MR. WIDMAYER:  I am.8

MEMBER CORRADINI:  And are you on the9

public or private line?10

MR. WIDMAYER:  I'm on the public line.11

MEMBER CORRADINI:  Okay.  The people are12

out in the, outside of the room are going to have to13

speak louder, we can barely hear you.14

MR. WIDMAYER:  Can you hear me now?15

MEMBER CORRADINI:  Yes.16

MEMBER REMPE:  Yes.17

MEMBER CORRADINI:  And you're on the18

public line?19

MR. WIDMAYER:  Right.  I have not heard20

anybody from NuScale on the public line.21

MEMBER CORRADINI:  Okay.  All right.  So22

why don't we mute the public line, please, and then is23

the private line open and un-muted?24

PARTICIPANT:  This is NuScale, can you25
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hear us?1

MEMBER CORRADINI:  We can hear you but2

barely.  You're going to have to get closer to your3

conference telephone.4

CHAIRMAN RICCARDELLA:  They can turn the5

volume up.6

MEMBER CORRADINI:  We'll turn the volume7

up on this side, but you got to get closer.  We had8

the same problem the last few meetings.  Okay?9

PARTICIPANT:  Is this good for now?10

MEMBER CORRADINI:  It's good enough for11

now.  We'll turn up the volume on our end.  So why12

don't you mute yourself on your side of the line so we13

can continue, okay?  Okay.14

All right, I think we're ready to go. 15

Bruce, do you want to start us off?16

MR. BAVOL:  No, I don't have anything. 17

We're ready to go.18

CHAIRMAN RICCARDELLA:  They just turned19

the volume up.20

MEMBER CORRADINI:  Okay.  All right, so,21

Matthew, it's all on you.  Green light.22

MR. PRESSON:  Yes.  Thank you very much. 23

And good morning, everyone.  My name is Matthew24

Presson, I am the licensing project manager for25
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NuScale for Chapter 4.1

And we are here to present on the NuScale2

power modules and certification projects.  Our3

objective here today is to provide a presentation of4

Chapters 4 and 5 for the Full Committee.5

MEMBER CORRADINI:  You're going to have to6

bring that closer or speak louder.7

MR. PRESSON:  There we go.8

MEMBER CORRADINI:  Yes.9

MR. PRESSON:  Better.  All right.  And if10

I could have the team introduce themselves.11

MR. BRISTOL:  Hi, I'm Ben Bristol,12

supervisor of system thermal hydraulics.13

MR. SEXTON:  I'm Colin Sexton, I'm a14

chemical engineer with NuScale Power.15

MS. NORRIS:  And I'm Rebecca Norris, I'm16

the licensing supervisor for Chapter 5.17

MR. SEXTON:  Okay, we are going to get18

started today with a overview of Chapter 5.  This19

overview is similar to the overview we gave in the20

Subcommittee meeting, but we've abbreviated it a21

little bit, compacted it and we're going to go through22

the material for the members that weren't there during23

the Subcommittee meeting.24

And if you'd like to direct us to anything25
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in particular while we're doing that feel free.  We're1

just trying to go through the information again, as we2

were asked to do.3

So, to start we have an overview of the4

reactor coolant system.  The reactor coolant system,5

in our integral pressurized water reactor is the6

reactor pressure vessel.  The integral pressurizer is7

part of the reactor pressure vessel and part of the8

RCS.9

We have the reactor vessel internals. 10

These are the core barrel, the riser, similar11

components that direct flow inside the reactor12

pressure vessel that are not pressure boundary13

materials.14

We have our reactor safety valves that15

provide overpressure protection for the reactor16

pressure vessel and the entire reactor coolant system. 17

And then we have some piping that conveys fluid from18

the reactor pressure vessel outside the containment to19

support systems.20

So, we're going to jump through the21

introduction, which we had last time, and get right22

into the integrity of the reactor coolant pressure23

boundary.24

The main commitment in the DCA for the25
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integrity of the reactor coolant pressure boundary is1

a committee to use the ASME boiler and pressure vessel2

code, particularly the 2013 addition, with no addenda.3

We also have overpressure protection4

provided by the reactor safety valves.  And we have5

low temperature overpressure protection provided by6

the reactor vent valves.7

All of that is wrapped up into a COL item8

that is a certified overpressure protection report in9

compliance with the boiler and pressure vessel code. 10

That will be produced for the COL Applicant.11

Materials of the reactor coolant pressure12

boundary, we have some highlights here.  Our base13

material for the RPV shell is SA-508.14

Our material for safe ends and our steam15

generator tubes is alloy 690, thermally treated.16

Our piping is a stainless steel, 304/304L. 17

That's two-inch NPS piping.  All the lines are two-18

inch NPS piping.19

Then we have cladding on the inside and20

the outside of our reactor pressure vessel.  Different21

sections are clad with different.  Our two materials22

are a stainless steel and a nickel-based cladding.23

CHAIRMAN RICCARDELLA:  Why do you use24

nickel base cladding?25
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MR. SEXTON:  For the different base1

materials.  So, some locations are clad 508 and some2

are different materials like the steam generator tube3

sheet.  So they have different requirements for the4

cladding material.5

CHAIRMAN RICCARDELLA:  Thank you.6

MEMBER REMPE:  So, while we've interrupted7

you, I know I started to bring this up during8

Subcommittee meeting and it's probably not important9

for Chapter 5, but are you aware of the Rapport tests10

that were done in France for SA-508?11

Because in the U.S., most of the high12

temperature data, if you're going to predict vessel13

failure, they've used SA-533.  And the French did find14

a difference, and I'm just bringing it up now so15

you're aware of this difference because there is,16

okay?17

MR. SEXTON:  Okay.18

MEMBER REMPE:  Thank you.19

MR. SEXTON:  Yes, I will note that.  I'm20

not personally aware of that but I think our materials21

--22

MEMBER REMPE:  Not a Chapter 5 issue but23

it might be later on.24

MR. SEXTON:  Okay.  Lastly, one other25
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difference is that our threaded fastener material is1

alloy 718.  That's a corrosion resistant material2

because our threaded fasteners are submerged in water3

during refuel.4

Next, we're going to review the ways that5

we detect leakage for our reactor coolant system.  One6

main way is that we pull a vacuum on our containment.7

And everything that we pull out of the8

containment, through that line, through our vacuum9

pumps, goes through a condenser and then we measure10

how much condensate collects.  That's our condensate11

collection system.12

We also have CNV pressure indication.  The13

pressure, along with the fixed volume metric flow rate14

of our vacuum system gives us an idea of how much is15

coming out.16

So, with the measurement of pressure and17

the use of the vacuum pumps, we can get a good idea18

about the leak rate at that time.19

We also monitor the line that we pull gas20

out of the containment on for radioactivity and some21

chemistry.22

And lastly, we keep track of how much23

inventory we make up and let down to our reactor24

coolant system over long-term, to determine if we are25
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making up coolant that is leaking.1

Okay, we're going to move on to our2

subcomponents of the reactor coolant system.  And the3

first subcomponent we're going to go into here is the4

steam generator.5

So, we're showing our helical coil steam6

generator.  We had several discussions --7

(Off microphone comments.)8

CHAIRMAN RICCARDELLA:  The button.  Drop9

back on the previous slide for a second.  The leak-10

before-break bullet you didn't discuss that.11

MR. SEXTON:  Oh yes.12

CHAIRMAN RICCARDELLA:  As I understand it13

from the reading the DCA, you've done leak-before-14

break on five inch and eight-inch secondary system15

line --16

MR. SEXTON:  Yes.17

CHAIRMAN RICCARDELLA:  -- but not on the18

primary coolant?19

MR. SEXTON:  That's right.  I can review20

that.  So the piping that we've applied, leak-before-21

break considerations to inside the containment space,22

which is the RCS, well, not RCS piping, is the steam23

generator system piping that conveys feedwater from24

the steam generator to the containment, where it then25
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converts to the feedwater system outside the1

containment, and the mainsteam piping, that conveys2

steam from the steam plume to the containment.3

And those pipes are the larger pipes that4

you mentioned.  And those are under leak-before-break,5

which means that we commit to a leak rate for6

secondary leakage.  And we try to ensure that the7

crack size remains small by monitoring if a large leak8

were to develop there.9

So the reactor coolant piping, that's the10

NPS 2 piping, and the DHRS condensate line, which is11

a small line that comes back from the DHRS into the12

feedwater line, do not have leak-before-break13

considerations in our design.14

CHAIRMAN RICCARDELLA:  So then you'll do,15

look at the mechanical effects of a pipe rupture for16

those lines, is that --17

MR. SEXTON:  That's correct, yes.  So the18

large lines are the ones that we do not look at things19

like pipe width for.20

CHAIRMAN RICCARDELLA:  Okay.21

MR. SEXTON:  And the smaller lines we do22

look at dynamic effects of small lines.23

CHAIRMAN RICCARDELLA:  So the ASME code24

would allow socket welds for those smaller diameter25
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piping, is that your intention or is your intention to1

use full penetration welds?2

MR. SEXTON:  I'm not personally familiar3

that, and we can get someone on the phone to answer4

that question.5

MEMBER CORRADINI:  You want it now, Pete,6

we can get it?7

CHAIRMAN RICCARDELLA:  No, just follow-up8

with it the next time.9

MR. SEXTON:  Okay.  We'll get them on10

then, to think about that.11

CHAIRMAN RICCARDELLA:  Thank you.12

MR. SEXTON:  Yes.  Okay, so, the steam13

generator.  This is a helical coil once through steam14

generator.  We have a couple of things to highlight15

here.16

First off, we had some discussion last17

time about how we have two independent steam18

generators, but they're coiled together.  So what we19

mean by independent is that there is no fluid20

connection between the two steam generators, but they21

share the same structure and are supported by the same22

tube supports.23

So when we say two steam generators, we24

just means two independent fluid systems.25
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We're also here to just quickly review1

some of the testing that we've done for the steam2

generator to give us confidence for going into3

operation with it.  First, we have pressure drop and4

heat transfer testing at several facilities.5

A three-tube facility and a larger bundle6

facility to give us confidence in the primary flow,7

resistance and the secondary --8

MEMBER MARCH-LEUBA:  Was that full-size9

steam generators?10

Because we're interested in the pressure11

drop on the primary side, which is the shield side.12

MR. SEXTON:  They were five columns out of13

21 columns.  Is the larger one.  And the other one was14

mostly for secondary side effects, and that was just15

three tubes.16

MEMBER MARCH-LEUBA:  You're confident that17

is the data?18

MR. SEXTON:  Yes, we are confident that19

the five-column approach is showing the primary20

performance.  I think that's enough tubes.21

CHAIRMAN RICCARDELLA:  What do you mean by22

five columns?23

MR. SEXTON:  So, if you look at the black24

tube on the right --25
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MEMBER MARCH-LEUBA:  Colin --1

MR. SEXTON:  Yes.2

MEMBER MARCH-LEUBA:  -- you can use the3

mouse to point, it will help us a lot.4

MR. SEXTON:  Okay.5

MEMBER MARCH-LEUBA:  No, he can get the6

mouse himself.7

MR. SEXTON:  Yes.8

MEMBER CORRADINI:  We'll let you.9

(Laughter.)10

MEMBER MARCH-LEUBA:  It's going in11

property, make sure to return it.12

MR. SEXTON:  Yes.13

CHAIRMAN RICCARDELLA:  The schematic there14

shows about five columns but obviously there's a lot15

more?16

MR. SEXTON:  Yes.  These holes are a bit17

of a cartoon --18

CHAIRMAN RICCARDELLA:  Yes.19

MR. SEXTON:  -- in that they aren't an20

accurate representation of the size of the tubes or21

how many tubes are there.22

CHAIRMAN RICCARDELLA:  Yes.23

MR. SEXTON:  It would get messy and turn24

into just an array.25
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CHAIRMAN RICCARDELLA:  I understand.  Yes.1

MR. SEXTON:  So, a column is what we see2

here.  This is a quarter of a column.  And as you can3

see, it's quite skinny.  The tubes are five-eighths4

inch OD.5

So, we have 21 of these columns.  And the6

columns would be stacked from the first column, which7

is adjacent to the riser, and then another column is8

going to be a little bit further away from the riser9

towards the reactor pressure vessel.10

And the 21st column is going to be out11

adjacent to the reactor pressure vessel.  So when I12

saw a five column bundle for a test facility, I mean,13

we did five of the columns --14

CHAIRMAN RICCARDELLA:  Just like that15

cartoon.16

(Laughter.)17

MR. SEXTON:  Yes, a little bit.  The18

cartoon is showing like a cross-section of a tube so19

it's a little hard to read that, but it would be a20

skinnier section of the tubes, right, just five wide. 21

And then --22

CHAIRMAN RICCARDELLA:  So the annulus that23

they're in is narrow too then, right?  In the five.24

MR. SEXTON:  That's right.  Yes, you25
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wouldn't have the extra space for it to flow around so1

we're still constraining the fluid into that test2

chamber.3

CHAIRMAN RICCARDELLA:  I'll leave it up to4

my thermal hydraulics colleagues to judge the adequacy5

of that there.6

MEMBER MARCH-LEUBA:  Well, my point of7

view is a risk, an economic risk you're running if8

you're wrong with the flow which the tab, we certainly9

will know, and you get a big penalty.  So it's not a10

safety issue it's an economic risk.11

MR. SEXTON:  Understood.  Another test12

that we've done to try to ensure that we can have a13

easier eddy current testing is to look at passing a14

dummy eddy current probe to see if we could really get15

it around the coils all the way.16

And we bent a full-length tube in Oregon17

and passed a analog for a probe with a, the same18

diameter cable to try to see if we could pass it all19

the way through.  And managed to pass it through from20

one side to give us some confidence that we'll be able21

to get our inspection equipment where we need to.22

MEMBER SKILLMAN:  Colin, I'm intrigued at23

your word managed.  Does that mean you had a wooden24

mallet and --25
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MR. SEXTON:  No, no.1

MEMBER SKILLMAN:  -- six people pushing2

the cable or --3

MR. SEXTON:  No, it went well.4

MEMBER SKILLMAN:  Thank you.5

MEMBER BALLINGER:  Do you have any idea6

how long it would take to do a full inspection?7

Eddy current inspection for one of these8

steam generators?9

MR. SEXTON:  I don't personally.  We can10

get that on the, to our experts in Corvallis.11

MEMBER BALLINGER:  Because it's routinely12

done with U-tube steam generators and it's very fast13

the way they do it.  I'm just curious as to how much14

of a time sink it would take to --15

CHAIRMAN RICCARDELLA:  In terms of lengths16

and diameter, how do these tubes compare to a standard17

U-tube generator?18

MEMBER BALLINGER:  They're about the same.19

CHAIRMAN RICCARDELLA:  About the same20

length, total length?21

MEMBER BALLINGER:  A little bit different22

wall thickness but they're about the same.23

CHAIRMAN RICCARDELLA:  Same diameter.  But24

I mean the total length that you're pushing the eddy25
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current probe through?1

MEMBER BALLINGER:  That's what, 80 feet,2

right?3

CHAIRMAN RICCARDELLA:  Right.  Okay.4

MEMBER BALLINGER:  U-tube is 40 by 40,5

right?6

CHAIRMAN RICCARDELLA:  Yes.7

MR. SEXTON:  Our tubes are 77 to 87 feet8

long for the different columns.9

CHAIRMAN RICCARDELLA:  Okay.10

MEMBER CORRADINI:  So the technic of11

inspection will be similar, to current technology?12

MR. SEXTON:  That's right.  So we'll be13

using, we've committed to 100 percent volume metric14

inspection.15

MEMBER CORRADINI:  Yes, I remember that.16

MR. SEXTON:  And the likely method is eddy17

current testing on the interior of the tubes.  And18

it's similar in that we'll be passing that probe19

through the length of the tube and determining if we20

can find any flaws.21

MEMBER CORRADINI:  And from the standpoint22

--23

MEMBER REMPE:  From my --24

MEMBER CORRADINI:  I'm sorry, just let me25
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ask one last question.  From the standpoint of1

balance, if you detect a tube that is smushed, not2

broken but smushed, you would cap that one and you3

would cap a symmetric one on the other side for4

balancing because you've got four, you got two helixes5

per generator, right?6

So I'm trying to think about balancing the7

generators, that if I come to, I have to do a plugging8

event, I'd have to then plug symmetrically the other9

side or, do you understand what I'm asking?10

MR. SEXTON:  I do, yes.  So, first off I'd11

like to clarify that the actual criteria for tube12

plugging and when you plug a tube --13

MEMBER CORRADINI:  Right.14

MR. SEXTON:  -- and what inspection15

results result in what actions is part of the steam16

generator management program --17

MEMBER CORRADINI:  Okay.18

MR. SEXTON:  -- which is not part of the19

DCA.20

MEMBER CORRADINI:  But just help me out --21

MR. SEXTON:  I can, yes.22

MEMBER CORRADINI:  -- that if you give23

advice to the program that the owner/operator has,24

what is the likely path?25
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MR. SEXTON:  So, for the question about,1

do you have to balance the steam generators, the2

answer is generally no.  So, as we talked about the,3

each column is split 50/50 between two steam4

generators.5

MEMBER CORRADINI:  Right.6

MR. SEXTON:  And so, if you plug one tube,7

that's going to be one tube in one column.  And you8

don't have to plug another tube in that column9

arbitrarily.10

There's very little difference to the11

primary flow, right, if you plug one tube.  Even if12

you plug all the tubes in one steam generator and none13

in the other, the primary flow isn't particularly14

going to notice, you're going to still have --15

MEMBER CORRADINI:  They're intertwined.16

MR. SEXTON:  Yes.  You still have active17

tubes in every column and you still have a lot of18

intermixing.19

This thing, it kind of acts as a mixer,20

right.  The primary flow is coming through and weaving21

around the tubes.22

So we don't see any imbalance effects from23

plugging on one steam generator as opposed to the24

other.25
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MEMBER CORRADINI:  Okay.1

MEMBER REMPE:  So, you committed to 1002

percent volume entry inspection, but remind me, did3

you say how frequently you have to do those4

inspections?  Is it every time you refuel?5

MR. SEXTON:  I will have to check my notes6

on the frequency of that inspection.  I think that's7

my understanding, but I have that in my notes.8

MEMBER REMPE:  So, in response to Ron's9

comment, you definitely would be doing it within a10

refueling time period, it's not going to extend the11

need, or the time required for the refueling because12

it's such a lengthy task?13

MR. SEXTON:  Yes.  The inspection of the14

tubes is built into our estimates for our refueling15

schedule.  It's during the time, while the upper16

module, as shown here, is separated from the core,17

where fuel shuffling is going on and you're doing18

inspections on this upper module portion.19

CHAIRMAN RICCARDELLA:  Getting back to20

Mike's question about imbalance between the two steam21

generators, you know, you've got two outlets.  And so,22

if you have a bunch of tubes plugged in one side23

versus none in the other, you'd have an imbalance24

between the steam flow and those two outlets, right? 25

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



29

In those two outlet nozzles.1

And there's no sensitivity, there's no2

concern about that?  About an imbalance between them.3

MR. SEXTON:  That would be a difference in4

the pressure losses in the mainsteam piping.  And the5

mainsteam piping is large and has low hydraulic losses6

compared to the tubes and the inlet flow restrictors7

themselves.8

So, I don't believe that you're going to9

be able to generate a substantial imbalance on the10

downstream side of the steam generator.11

CHAIRMAN RICCARDELLA:  Those two steam,12

mainsteam, they merge eventually before they go into13

the turbine, is that --14

MR. SEXTON:  Yes, they merge before they15

leave the containment vessel.16

CHAIRMAN RICCARDELLA:  Okay.  Oh, really? 17

Oh, okay.18

MEMBER CORRADINI:  So there is one exit,19

not two exits?20

MR. SEXTON:  Well, there's two steam21

generators which means there is two exists.  But22

there's --23

MEMBER CORRADINI:  That's what Pete was24

asking.  Oh, I see.  I see.  The two halves merge25
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before they go out.1

MR. SEXTON:  That's right.2

MEMBER CORRADINI:  Okay.3

MR. SEXTON:  So we only have, each steam4

generator just has one large steam line leaving the5

containment within an associated mainsteam isolation6

valve.7

MEMBER CORRADINI:  Okay.8

MR. SEXTON:  But of course, we have those9

two pipes coming from the plenum that tee together10

before they leave the containment vessel.11

MEMBER CORRADINI:  But then to ask Pete's12

question a different way.  So that's what happens13

inside containment, but outside containment the two14

mainsteam lines and the two generators merge before15

entering the turbine?16

MR. SEXTON:  That's right.17

MEMBER CORRADINI:  Okay.18

MEMBER BLEY:  As I recall from the19

drawings, that's right at the turbine, isn't it or is20

it before then?21

MR. SEXTON:  Oh, I believe it's before22

then.  Our site layout has them joining before the23

cross the yard --24

MEMBER BLEY:  Okay.25
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MR. SEXTON:  -- to the turbine building.1

MEMBER CORRADINI:  Okay, thank you.2

MS. NORRIS:  To answer a couple of3

questions.  The program manages the frequency of the4

steam generator inspections, and also the percentage5

of the inspections required.6

Also, we found an answer for the socket7

weld question.  So, on Section 5424, we require that8

any lines greater than or equal to three quarter inch9

does not have socket welds.10

CHAIRMAN RICCARDELLA:  It would be full11

penetration welds.  So that's going beyond what the12

ASME code requires.13

MR. SEXTON:  Thank you.14

MEMBER REMPE:  Actually, somewhere, it's15

been a while since I read the DCA, but I thought you16

did commit to a hundred percent volumetric inspection17

and you're saying, oh, the program does it.  You mean,18

what percent every refueling or, at some point you got19

to get 100 percent, right, because --20

MEMBER BALLINGER:  There's an NEI21

document, there's an EPRI document which defines,22

helps define the steam generator management program. 23

The initial inspection will have to be 100 percent.24

MEMBER REMPE:  That's what I recall is the25
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100 percent initially.1

MEMBER BALLINGER:  But then, the degree of2

inspection is determined by the performance going3

forward.4

MEMBER REMPE:  Okay.5

MEMBER BALLINGER:  So there's a6

statistical sample that's done each outage.  And then7

depending on what they find, they increase the number8

or decrease the number of steam generator tubes they9

have to inspect.10

MEMBER REMPE:  Okay.11

MEMBER BALLINGER:  So, with 690 there's12

been essentially no, essentially, no steam generator13

tubing failures with alloy-690 tubing.  So the only14

difference is going to be the geometry.15

And it's a new steam generator design, the16

material is 690 thermally treated, and that's very17

well performing.18

MEMBER REMPE:  But they --19

MEMBER BALLINGER:  So in the end there's20

likely to be a very small number of tubes that require21

inspections going forward.22

MEMBER REMPE:  But they did commit,23

initially, to 100 percent --24

MEMBER BALLINGER:  In that --25
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MEMBER REMPE:  -- and we don't know how1

long that's going to take.2

MEMBER BALLINGER:  They have to be able to3

do 100 percent inspection.4

MEMBER REMPE:  Oh, just that they have to5

be able?  I thought what I read was that they agreed6

to initially do 100 percent.7

CHAIRMAN RICCARDELLA:  Yes, initially.8

MEMBER BALLINGER:  They would have to do,9

initially, 100 percent inspection.10

CHAIRMAN RICCARDELLA:  That's the pre-11

service?12

MEMBER CORRADINI:  That's the pre-service13

inspection.14

MEMBER BALLINGER:  Yes.  Yes.15

MEMBER REMPE:  I --16

(Off microphone comment.)17

MEMBER CORRADINI:  I just want to make18

sure we're not confusing the issue.  From a pre-19

service inspection standpoint is that, I thought from20

the first unit, that was committed to by NuScale?21

MR. SEXTON:  Yes, that's correct.22

MEMBER CORRADINI:  Yes.23

MR. SEXTON:  Our folks in Corvallis that24

are familiar with that are indicating that your25
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assessment was correct.1

MEMBER BALLINGER:  It wouldn't surprise me2

that the first outage, after operation, they would3

also do 100 percent inspection, and then going forward4

that would establish the management program.5

MR. SEXTON:  Okay, let's move on to the6

next slide.  So, just reviewing the high-level points7

of the steam generator, which we mostly covered in the8

previous slide, the shell side is primary and the tube9

side secondary.10

As we discussed last time, that causes11

there to be a little bit less iron-based corrosion on12

the tube-to-tube support interface as opposed to a13

secondary side, which is the common practice in the14

industry for crevices for those interfaces.15

We have 690 thermally treated, that's16

1,380 tubes.  As we discussed, they're slightly longer17

than the U-tube but not a whole lot longer.  And18

they're similar diameter, five-eighths inch OD.19

One major difference is we have low flow20

in the primary side, so that's about a one foot per21

second vertical velocity as it's progressing through22

that part.  So, that's the vertical velocity.  The23

mass flow divided by the cross-sectional area.  The24

volumetric.25
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We have a tube wall degradation allowance1

of ten mills.  That's in excess of the ASME2

requirement for the wall thickness for that pressure.3

As we said, we can support a hundred4

percent volumetric inspection.  And then the last5

point that we'd like to make is that you normally6

access the shell side from below, meaning that you7

don't stand on top of the steam generator and have the8

potential to drop foreign material into it.  If you9

want to take a look at the steam generator, you're10

going to move below the steam generator and look up11

through the bundle to assess it.12

(Off microphone comment.)13

MR. SEXTON:  No.  Here we are taking a14

look at the tube supports in detail.  So as you can15

see, we have these vertical plates that are sandwiched16

in-between the columns.17

There are eight of these support18

assemblies radially spaced around.  They're not19

perfectly radially spaced, they're two next to each20

and then two next to each other and then two next to21

each other to accommodate the end bends into the22

plenum.23

If we look at the top left figure, we can24

vertical support for the tubing.  This is provided by25
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these tabs that are bent out of the plates.  That1

makes sure that when a tube passes through one of2

these support assemblies it's constrained in the3

vertical direction by three tabs.4

In the lower left figure we can see,5

actually, in the upper left figure it's easiest to see6

the plates constrain each tube in the radial7

direction, the horizontal direction.  Meaning that8

when it passes through that assembly it can't move9

radially or horizontally because there's a plate10

squishing it from each side into place.11

And then lastly, for axial movement,12

that's kind of the, each support is changing direction13

around the helix.  So, the axial movement for one tube14

in one support is not axial movement for the next one.15

And so, the friction of the combined16

supports around the five laps around the structure,17

causes our axial motion to be limited.  And you have18

a hard time moving the tube in the direction of its19

own travel.20

CHAIRMAN RICCARDELLA:  But does that21

create any differential thermal expansion concerns?22

MR. SEXTON:  Can you clarify?  I mean, the23

tubes will --24

CHAIRMAN RICCARDELLA:  The --25
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MR. SEXTON:  -- the helixes --1

CHAIRMAN RICCARDELLA:  -- constrain from2

growing axially --3

(Off microphone comments.)4

MR. SEXTON:  These bends, for the helix,5

there is thermal growth.  The tubes are going to6

thermally grow different from the tube supports and7

the riser and the RPV wall.  And we've taken a look at8

that.9

But in general, these 15 degree-ish bends10

that are lapping around are good at relieving stress11

from thermal growth.  And there's a lot of bend and12

coil per thermal growth.13

So, the deflections from thermal growth14

are small and the bending of the tubes in the15

structure is able to accommodate it.16

CHAIRMAN RICCARDELLA:  What is the17

material, these supports, what's the material?18

MR. SEXTON:  I'll have to look that up. 19

We'll get that from our folks in Corvallis.20

MEMBER BLEY:  I'm trying to envision this21

whole thing.  So, the outer helix is essentially the22

diameter of that steam generator containment piece. 23

How big around is that?24

MR. SEXTON:  What's the diameter of the25
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outer most column?  The diameter of the RPV is about1

eight feet, so the outer most --2

(Simultaneously speaking.)3

MEMBER BLEY:  -- okay.4

MR. SEXTON:  -- is similar to that.5

MEMBER BLEY:  And the inner one?6

MR. SEXTON:  The inner one, the riser7

diameter, I think, is about five feet.8

MEMBER BLEY:  Five feet.9

MR. SEXTON:  So, it's a little bit more10

than that.11

MEMBER BLEY:  So, it's still a pretty big12

helix.  It's pretty big.13

MR. SEXTON:  Yes, yes.  Yes, the inner14

helix is still quite a wide helix.  The riser15

accommodates our, controls our drive shaft, so it's a16

little bit narrower than the core.17

CHAIRMAN RICCARDELLA:  And is one of these18

tube supports between each, one of these tube supports19

between each column?20

MR. SEXTON:  One of the plates between21

each column, yes.  So if you look in the upper left22

figure, you see kind of two columns there.  One tube23

in the right one and you see four tubes in the left24

one.  That's just a simplification.  Yes, there's25
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tubes running down it.1

But the plate is right in-between them. 2

And --3

CHAIRMAN RICCARDELLA:  Oh, okay.4

MR. SEXTON:  -- so there's a plate on, in-5

between each column.6

CHAIRMAN RICCARDELLA:  Oh.7

MR. SEXTON:  And you can see over in the8

right figure, the plate doesn't lap all the around,9

it's just a three-tab wide plate structure that are10

hung on those T-bars up top.11

MEMBER SKILLMAN:  Colin, does your code12

analysis recognize the aggregate radial forces as the13

1,380 tubes grow?14

MR. SEXTON:  Yes.  Radial thermal15

expansion is part of the design.  We've toleranced in16

making sure that when the entire stack up of tubes and17

tube supports grows, it's going to actually move and18

contact the riser, whereas when it's cold it doesn't19

quite contact the riser.20

So, as it thermally grows it kind of21

establishes the support condition against the riser. 22

So the whole stack up of plates.23

MEMBER SKILLMAN:  Just a minute.  Are the24

bends at top and bottom intended to relieve part of25
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that growth?1

In other words, those bends can be your2

best friend because, for as the tubes expand, those3

bends can take some of that distortion and keep the4

stresses below allowable.5

MR. SEXTON:  They aren't altered such that6

they are taking extra long paths to accommodate7

additional relief, but they are effective in relieving8

thermal growth in that these are small diameter tubes9

with little thermal growth in-between two supports and10

a lot of bend in-between.11

So, there's a lot of ability, even within12

the helix, and in those terminal bend sections that13

adapt to the plenum, to accommodate thermal growth. 14

So we haven't customized those, because we don't need15

to.16

Because thermal growth for these small17

tubes being bent around is not that large of an issue. 18

There's not large stresses being generated.19

CHAIRMAN RICCARDELLA:  Are these support20

columns free to expand radially as well as the tubes?21

MR. SEXTON:  Yes.  So if you look at the22

interface, oh, I have the mouse.  The support plates23

are hung on this T-bar and they slide in, right.24

So when you're assembling the steam25
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generator, when you're fabricating the steam1

generator, you're moving this plate along that T-bar. 2

And so, it can move in and out on that T-bar.3

CHAIRMAN RICCARDELLA:  Okay.  It hangs and4

slides.5

MR. SEXTON:  It hangs from the top and --6

CHAIRMAN RICCARDELLA:  Okay.7

MR. SEXTON:  -- can move radially.  But8

when you have the stack up, when all of the bars are9

in there and you're pressed against the RPV and the10

riser, you get some rigidity.  They're not sliding11

around during normal operation.12

MS. NORRIS:  And the material for those13

supports is SA-240, 304/304L.  They're all certified.14

CHAIRMAN RICCARDELLA:  So there is a15

differential thermal expansion coefficient between16

them and the tubes, because the tubes are 690 and17

they're stainless steel, there's a difference.18

MR. SEXTON:  Yes.  And different lengths. 19

Yes, the tubes are much longer.20

CHAIRMAN RICCARDELLA:  Well, but the21

radial growth, I think, is just a function of the22

radius.23

MR. SEXTON:  Sure.24

CHAIRMAN RICCARDELLA:  I forget which is25
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higher.  Ron, which is the higher thermal expansion,1

stainless or Inconel?2

MEMBER BALLINGER:  Inconel.3

CHAIRMAN RICCARDELLA:  So the tubes will4

try to grow more in the radial, or in the vertical5

direction.  Okay.6

MR. SEXTON:  Okay, the last thing we7

wanted to point out is that vibration assessments are8

in 3.92, which is a upcoming chapter that the ACRS9

will be reviewing.  And that's phenomena like vortex10

shedding, a flow around one of the tubes, fluid11

elastic instability of the entire bundle and turbulent12

buffering of the entire bundle.13

MEMBER CORRADINI:  That will be where, I'm14

sorry, in 3.92?15

MR. SEXTON:  3.92.16

MEMBER CORRADINI:  But the Reynolds number17

is going cross this, is a cross load heat exchanger,18

I would expect would be much smaller?19

MR. SEXTON:  Yes, primary flow is quite20

low, but we still do assessments.21

MEMBER CORRADINI:  Okay.22

MR. SEXTON:  Yes, we assess all the23

potential phenomena.24

MEMBER CORRADINI:  Okay.25
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MEMBER BLEY:  And is the seismic1

capability considered in the same section or is that2

elsewhere?3

MR. SEXTON:  No, this is flow induced4

vibration in 3.92.5

MEMBER BLEY:  Yes.6

MR. SEXTON:  So seismic is a different7

portion of Chapter 3.8

MEMBER CORRADINI:  I was going to say it's9

3.93 is what I thought but I could be wrong.10

MEMBER BLEY:  Did we look at that yet?11

MEMBER CORRADINI:  We haven't look at that12

--13

MEMBER BLEY:  Okay.14

MEMBER CORRADINI:  -- that's June.15

MEMBER BLEY:  Okay.16

MEMBER CORRADINI:  Or July.  And the Full17

Committee is July, but we'll have the Subcommittee in18

June.19

MR. SEXTON:  Okay.  We're going to move20

through our decay heat removal system.21

So, this is a two-phase natural22

circulation system.  That's a boiler and a condenser. 23

We boil water in the steam generator and transport24

that steam to the condenser where we condense it an25
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elevation above the bottom of the steam generator. 1

And that hydrostatic head flows that water back in to2

the steam generator.3

The condensers are submerged in the4

ultimate heat sink, which is our reactor pool.  So we5

don't have a external source of cooling that's6

refreshing that area.  No active system there.7

The closed loop is established by the8

containment isolation valves.  So for a two-phase9

circulation system to work indefinitely, you have to10

have an inventory in it indefinitely.11

And the way we do that is we close the12

feedwater isolation valves and the steam isolation13

valves to capture the inventory.  We have two14

independent single failure proof trains, one15

associated with each steam generator.16

And by single failure proof we mean we17

have parallel actuation valves on each train.  So if18

one of the actuation valves, the active component in19

the loop was to fail, you would still be able to pass20

flow from the steam generator to the condenser.21

The condensate side, there's a condensate22

pipe that comes out of the lower header of the decay23

heat removal system.  There's no valve on that.  It is24

always open to the feedwater system.25
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(Off microphone comment.)1

MR. SEXTON:  Yes.2

CHAIRMAN RICCARDELLA:  It might be helpful3

if you went to the next slide.  You have a nice figure4

there --5

MR. SEXTON:  Sure.6

CHAIRMAN RICCARDELLA:  -- that you can7

illustrate what's going on.8

MR. SEXTON:  Yes.  So there's no valve on9

the condensate line, which comes out of the bottom of10

the condenser and ties into the feedwater line.11

There are actuation valves here.  These12

are the actuation valves in parallel.  And these are13

the isolation valves that trap the inventory in.14

CHAIRMAN RICCARDELLA:  But you said the15

condenser was above the steam generator, it's near the16

top.  It looks like it's still in the steam generator.17

MR. SEXTON:  Yes, above the bottom of the18

steam generator.19

CHAIRMAN RICCARDELLA:  Okay.20

MR. SEXTON:  That's kind of the important21

part here where you're going to flow that, about ten22

feet of hydraulic pressure is enough to push that23

condensate into the steam generator.24

MEMBER MARCH-LEUBA:  Important thing is,25
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problem is, if I can say, this is not natural1

circulation.  You're boiling steam on the hot side,2

the steam then gets condensed, it gets sucked in by3

loss of pressure.4

So you're not circulating you're just5

condensing the steam on the outside.  I would have put6

the heat exchanger much higher.  I guess it's where it7

fits.8

MEMBER CORRADINI:  You can do it on your9

reactor.10

MEMBER MARCH-LEUBA:  Yes.11

(Laughter.)12

MR. SEXTON:  Okay, so the thermal13

hydraulic performance of the decay heat removal system14

is of course dependent on the heat source and heat15

sink, right?16

So the primary fluid is the heat source17

and the pool is the heat sink.  So that's going to18

drive, when those are close to the same temperature19

it's not going to move very much and when they're very20

far apart it's going to move a lot of heat.21

Water inventory we're going to talk about22

a lot more today.  We're going to talk about the23

protections and how we --24

MEMBER MARCH-LEUBA:  I don't need to ask25
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you, you're going to cover it?1

MR. SEXTON:  Yes.  The next slide we're2

talking about a lot of the questions you had last time3

about protections.4

We also care a lot about noncondensable5

gas accumulation.  We covered that in the Subcommittee6

meeting where we have a couple of level switches very7

high up in the DHRS loop to identify if too much8

noncondensable gas has accumulated in the loop and9

flag for a tech spec that the system would be10

inoperable.11

But we don't expect that to occur.  We12

don't have a source for noncondensable gases to13

accumulate there.14

MEMBER CORRADINI:  Just so we're on the15

same page, the way I remember you answered this in the16

Subcommittee was, in setting the DHRS up before even17

going critical, you have to verify that you have a18

minimum, I can't remember how you called it, but I'll19

call it a minimum level, a maximum level of water in20

the cold side, just down from the valves.21

MR. SEXTON:  Yes.  So the level sensors22

are right near the valves up high.  And if that were23

noncondensables or anything but liquid water, we would24

know that from our sensors.25
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And during startup we ensure that there is1

no noncondensables there and we fill it all the way2

with liquid.  But if at any point it were to develop,3

we would detect it.4

CHAIRMAN RICCARDELLA:  You could, and you5

vent?  Do you have --6

MR. SEXTON:  No, we wouldn't --7

CHAIRMAN RICCARDELLA:  -- a way to vent8

it?9

MR. SEXTON:  -- we don't expect this to10

occur and we don't have a keep fill system or a vent11

located right there.12

If we were to develop it we would shut13

down the plant.  But we don't have a source of14

noncondensables for that to accumulate there.15

CHAIRMAN RICCARDELLA:  And is this a16

safety related system?  This --17

MR. SEXTON:  Yes, the --18

CHAIRMAN RICCARDELLA:  -- for the safety19

reactor?20

MR. SEXTON:  The DHRS is a safety related21

system.22

CHAIRMAN RICCARDELLA:  And what's the size23

of the piping in that system?24

MR. SEXTON:  Which piping?  So the steam25
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piping, these are six inch valves here and six inch1

pipes coming down to the condenser.  And then it's a2

two-inch condensate line, isn't that right, Ben?  I3

think it's a --4

MEMBER CORRADINI:  That's what you say in5

the Subcommittee.6

MR. SEXTON:  Yes.7

MEMBER MARCH-LEUBA:  It does not have a8

pressure relief valve because it's designed to the9

same pressure as the primary, correct?10

MR. SEXTON:  There's a little bit of11

nuance there.  It uses the primary relief valves as12

its main source of overpressure protection because the13

energy is being transferred from there.14

However, during shutdowns and startups we15

go into a wet layup and we fill this entire system16

with liquid water when the DHRS is not operable and17

we're moving it over for inspections and shut down.18

And in that condition, if you were to19

close these isolation valves on a water solid system,20

you can't count on overpressure protection from the21

primary because it's not a temperature-based22

overpressure, right, it would be a density driven23

overpressure that could occur at low temperature.24

So, down here there is a thermal relief25
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valve that is set a little higher than the 2,100 I1

believe.  And that is exclusively for protection2

during water solid conditions for startup and3

shutdown.4

MEMBER MARCH-LEUBA:  And it relieves into5

the primary or it doesn't matter?6

MR. SEXTON:  It relieves into the7

containment.8

MEMBER MARCH-LEUBA:  Containment?9

MR. SEXTON:  Yes.10

MEMBER SKILLMAN:  How is that valve11

inspected?12

MR. SEXTON:  How is that valve inspected? 13

So, during outages, that would be with the upper14

portion of the module in the inspection bay.  So it15

would be inspected the same way other components of16

the reactor pressure vessel.17

MEMBER SKILLMAN:  This is a three quarter18

by one with a spring?19

MR. SEXTON:  I don't know the exact20

details of that, of that relief valve.21

MEMBER SKILLMAN:  That's the subtle and22

it's an important subtle.  It was a valve about that23

size that put a couple hundred thousand gallons in the24

TMI 2 containment.25
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And it was just a little thermal relief1

valve nobody thought about.  Just little.  Two-hundred2

thousand gallons.3

MR. SEXTON:  Understood.  We have some4

protections for secondary breaks that we'll talk5

about.  We have secondary isolations, tripping on high6

containment pressure, for instance.7

MEMBER SKILLMAN:  No, I'm going after your8

comment.  This is a little valve.  Just a subtle9

little valve down here for thermal expansion.10

MR. SEXTON:  I didn't mean to belittle the11

importance of the valve, I'm just describing its12

location.13

MEMBER SKILLMAN:  Okay.  I'm just making14

sure that a very small detail can have great15

consequence unless it's really addressed.16

MR. SEXTON:  Understood.17

CHAIRMAN RICCARDELLA:  Do these condensers18

and piping move with the module when you take it to19

refueling?20

MR. SEXTON:  Yes.  They're with the upper21

portion of the module, so they move with the upper22

portion.23

So you can see the flange right here, this24

is the containment flange and this is the reactor25
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vessel flange.  So if you're ever --1

(Off microphone comment.)2

MR. SEXTON:  This is the containment3

flange right here.4

CHAIRMAN RICCARDELLA:  Point to those5

again.6

MR. SEXTON:  See this thing?7

CHAIRMAN RICCARDELLA:  Yes.8

MR. SEXTON:  That's the containment flange9

and this is the reactor pressure vessel flange.  So10

everything above those lines moves with the upper11

portion and moves into the inspection bay.12

So that leaves the lower containment,13

which is just a shell, in the bottom of the pool when14

we separate it.  And it leaves the lower reactor15

pressure vessel, which is the core, in the bottom of16

the pool, where we shuffle fuel in and replace17

assemblies.18

MEMBER MARCH-LEUBA:  Okay, so we're19

talking about things now, I'll put my green light on20

again.21

So, the DHRS has, other than hardware, has22

two failure modes.  Is full with noncondensable, so23

you don't have water in it and it doesn't work, or24

it's to overfilled with water.25
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And you said you have some procedures1

during startup, when you don't have any heat in the2

primary to prevent that?3

MR. SEXTON:  Yes.  The next slide is kind4

of about that, so we'll talk about protections.5

MEMBER MARCH-LEUBA:  Okay.  And, all6

right, I'll wait for the next slide then.7

But let me just give you a hint.  The8

other one is, if you wait too long after a shutdown,9

like two or three hours when the primary is cold and10

the operator turns the DHRS manually, there is a11

chance it will overfill.  It will be overfilled also.12

MR. SEXTON:  Yes, we've thought about that13

and established protections that we'll cover on the14

next slide.15

MEMBER MARCH-LEUBA:  Can you show us?16

MR. SEXTON:  Yes.17

MEMBER REMPE:  So, before you leave that18

slide, I think you mentioned earlier the water level19

sensors.  And I know you have a slide at the end of20

your presentation about it, but you, I think pointed,21

and I missed the pointing.  Can you show us where they22

are and how they, they have to have a line of sight.23

MR. SEXTON:  The RCS water level?24

MEMBER REMPE:  Well, there's RCS but also25
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isn't there a sensor for water level in the DHRS?1

MR. SEXTON:  Oh yes.  Those are switches,2

so they're not full range level sensors, they're3

switches at a particular location.4

CHAIRMAN RICCARDELLA:  Switch?5

MR. SEXTON:  That detect a binary outcome. 6

Is there liquid here or is there gas here.  There's7

several types of them.8

There's conduction-based ones, there's a9

few other technologies.10

CHAIRMAN RICCARDELLA:  From outside the11

pipe though, so it can --12

MR. SEXTON:  It's a little probe that13

sticks into the pipe --14

CHAIRMAN RICCARDELLA:  Okay.15

MR. SEXTON:  -- and it yields to the16

control room a binary signal.  There's several ways to17

get that binary signal from a technology standpoint,18

but the point being, this is a binary outcome.  Is19

there water here or not way high up in the DHRS loop.20

CHAIRMAN RICCARDELLA:  Okay.21

MR. SEXTON:  That's opposed to continuous22

level sensors that we have in the reactor coolant23

system.24

MEMBER REMPE:  And we'll talk about those25
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later, although I'm interested how they're coming into1

the vessel too.  But these switches, how does the2

cabling go?3

Where does it come out at or it's --4

MR. SEXTON:  These are installed --5

MEMBER REMPE:  -- control room?6

MR. SEXTON:  -- right into a decay heat7

removal system pipeline.  So there's a, coming out of8

the valve --9

MEMBER REMPE:  A big pipeline --10

MR. SEXTON:  -- there's a six-inch11

pipeline.  And we have an instrument tap right there12

where we are --13

MEMBER REMPE:  Okay.14

MR. SEXTON:  -- the wires are coming15

outside the system.  So they're just routed up like16

every other wire to the top of the module.17

MEMBER REMPE:  Okay, thank you.18

CHAIRMAN RICCARDELLA:  But you disconnect19

them when you move the module I supposed, right?20

MR. SEXTON:  There's disconnection panels21

up on the top support structure, so we have a lot of22

instruments, and they come into cable routing arrays23

and panels with many disconnects at a time up at the24

top to disconnect it from the plant when you want to25
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move it on the crane.1

Okay, so let's move on to the protections. 2

My colleague, Ben Bristol, is going to review these3

protections.  And we're going to focus on overfill4

protections and talk a little bit about startup.5

MR. BRISTOL:  Yes, thanks, Colin.  So --6

(Off microphone comment.)7

MR. BRISTOL:  Oh, now I'm on?  Inventory8

controls is one of the important aspects of ensuring9

DHRS function.10

And the inventory protection scheme has11

been sort of carefully thought out with consideration12

of transients, and obviously we're not here to13

necessarily cover all the transients, we'll get to14

that in Chapter 15, but we can kind of describe the15

process by which we ensure inventory control through16

normal startup, and then as the transients progress.17

So, secondary isolation signals, not every18

secondary isolation signal causes a DHRS actuation. 19

There's a lot of inventory protection signals, or20

otherwise important signals that we want to ensure21

that the secondary is isolated, but until we have some22

sense of an overheat condition, we don't necessarily23

need to go to DHRS actuation.24

MEMBER MARCH-LEUBA:  So, let me see if I25
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understand.1

MR. BRISTOL:  Yes.2

MEMBER MARCH-LEUBA:  Any of these things3

listed here will close a few other valve on the steam4

valve, but only the top four will open DHRS?5

MR. BRISTOL:  That's correct.6

MEMBER MARCH-LEUBA:  Okay.7

MR. BRISTOL:  That's correct.8

MEMBER REMPE:  So now, that CNV is9

containment water level, right?  The CNV level, right?10

MEMBER CORRADINI:  Yes.11

MEMBER REMPE:  On this table.  If I'm12

interpreting your acronym correctly.13

MR. BRISTOL:  Which --14

MEMBER REMPE:  For the secondary15

insolation signals --16

MEMBER CORRADINI:  Number 5.17

MEMBER REMPE:  -- I see a lot of things. 18

There's 5 and then toward the bottom there's a couple19

of things too.20

MR. SEXTON:  Number 1 on the bottom there.21

MEMBER REMPE:  Yes.22

MEMBER CORRADINI:  Yes, she's looking at23

low, low pressure --24

MEMBER REMPE:  Anyway.  There's several25
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things that are enabled with CNV level.  Can you go1

back to the prior picture?2

And that's one of the ones that will use3

this new technology, right, for detecting the water4

level?  It will not be a switch.5

MR. BRISTOL:  There is no CNV level here.6

MEMBER REMPE:  Oh.  What is CNV?  What7

does that mean?8

MR. BRISTOL:  Where do you, oh, over here. 9

Enabled with CNV level.  I see what you mean.10

MEMBER REMPE:  Yes.  And so, isn't that11

saying water level will be something that will help12

you decide to enable it?  Am I interpreting the13

language correctly?14

MR. BRISTOL:  Yes.  I think that's, so the15

language is correct.  What that's meant to indicate16

is, as part of the normal startup scheme, that's when17

the trip automatically becomes active with an NPS.18

MEMBER BLEY:  There is no trip at lower19

level.20

MR. BRISTOL:  Yes.  So, part of the logic,21

we established the logic mostly considering full power22

operating conditions.23

But as we heat up and cool down, some of24

these protections need to sort of switch in or out. 25
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And we wanted to do that automatically such that1

operators weren't relied upon in order to make those2

functions happen.3

In this particular case, the low, low4

pressurizer level gets enabled as we start to drain5

containment.  So, part of the Mode 4 condition is a6

flood in containment.  And that's a condition where we7

no longer need DHRS available because our passive heat8

removal system is through the containment wall itself.9

MEMBER REMPE:  So, if you go back to the10

prior picture --11

MR. BRISTOL:  Yes.12

MEMBER REMPE:  -- you have sensors also13

for detecting, not only in the RPV but also in the14

containment for water level, and the RPV and the15

containment both are this new technology that you'll16

be discussing later, and they have to have a line of17

sight.18

And can you kind of show me where you're19

dealing, how you're getting that line of sight in a20

vessel picture, because I don't think when you talk21

about the instrumentation you talk about where they're22

measuring it and how you see it.23

MEMBER MARCH-LEUBA:  Can you tell us where24

45 feet is?25
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MR. SEXTON:  Yes.  So, first of, the1

instruments don't necessarily need a line of sight. 2

We're still working with vendors.3

And radar, of course, can bounce.  So4

there are some limitations on how much you can move it5

around.  And that's still in our technology6

development effort.7

MEMBER REMPE:  Yes.8

MR. SEXTON:  But you are correct that in9

general you need a pretty straight line.  And a pretty10

straight line is available in the containment, all the11

way down the annular space.12

So, we don't run our containment level13

sensors below our reactor pressure vessel flange.  Or14

you can't really get down here in a straight line.15

But to that point, right here and all the16

way up to the top we have a straight shot in the17

annular space.  It looks like it's obstructed by the18

steam plenum, but you got to remember, that's just one19

location --20

MEMBER REMPE:  One plate, yes.21

MR. SEXTON:  -- in the circumference.  So,22

there's a lot of other spots that you can move up and23

down in the containment.24

MEMBER REMPE:  Okay.25
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MR. SEXTON:  In three dimensions.1

MEMBER CORRADINI:  So, remind me the size2

of the annular space in the upper portion?  I can't3

remember.4

MR. SEXTON:  I think this annular space is5

about 18 inches.  In most spots.  But it bumps in and6

bumps out, depending --7

MEMBER CORRADINI:  It's, I remember,8

around a foot to two feet.9

MR. SEXTON:  Yes.10

MEMBER CORRADINI:  Okay.11

MEMBER REMPE:  And so, in this new12

qualification of this new sensor that's, although you13

add, maybe they use something like this in the spent14

fuel pool, but you're going to be looking at all the15

conditions you might see in the containment and the16

reactor vessel and qualifying them to --17

MR. SEXTON:  Yes.18

MEMBER REMPE:  -- make sure that you have19

adequate accuracy.20

MR. SEXTON:  We have some slides coming up21

about our whole program, what we're doing, when we're22

doing it and what commitments we've made in FSAR.23

MEMBER REMPE:  Okay, thank you.24

MR. BRISTOL:  Okay, so once we have the25
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secondary system isolated, the two main indications1

that we get to actuate DHR are the high pressurizer2

pressure and the high steam pressure.3

If we're at operating kind of hot4

conditions when we bottle up the secondary, we very5

quickly get a high steam pressure signal.  That6

actuates DHR.7

In terms of, there was some questions8

about what happens if we took a, some sort of an9

inadvertent reactor trip and the feedwater system was10

still functioning.  The two protections we have there11

are the low main super heat signal.12

So, as the RCS temperature starts to drop,13

we start losing our superheat, level starts climbing14

in the steam generator and we get a secondary15

isolation signal on low superheat.16

The other one that operators actually see17

in the simulator that's problematic, in terms of18

avoiding DHR actuation, is the low pressurizer level. 19

We get shrinkage very quickly.  Our makeup is quite20

small relative to the overall system volume.21

And so, low pressurizer level, while its22

primary intent is RCS inventory control, it has an23

important protective function ensuring that we get24

secondary isolation for sort of unmitigated or25
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unplanned cool down events.1

MEMBER MARCH-LEUBA:  So, the low steam2

superheat guarantees that you have steam on the3

secondary side of the steam generator before you turn4

DHRS?5

MR. BRISTOL:  That's correct.  It works6

pretty effectively for some of the reactor feedwater7

transients.  As the levels starts to fill in the steam8

generator, we lose we superheat.9

MEMBER MARCH-LEUBA:  Because the concern10

would be to overfill it with cold water.11

MR. BRISTOL:  Sure.12

MEMBER MARCH-LEUBA:  And if you keep13

feedwater going, it will deliver it.  It might take an14

hour.15

MR. BRISTOL:  Yes, that's right.  So as I16

described, it's kind of the two primary ones there are17

the low superheat.  In addition, there's actually a18

shrinkage component that we get, and that causes a19

secondary isolation on low pressure --20

MEMBER MARCH-LEUBA:  So basically you will21

get an feedwater isolation when you start losing steam22

and then eventually you will get a high pressure, high23

stream pressure that will turn DHRS on?24

MR. BRISTOL:  That's correct.25
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MEMBER MARCH-LEUBA:  Yes, okay.  At least1

you thought about it.2

MR. SEXTON:  Yes, and to talk about your3

concern, or comments about startup conditions.  With4

cold RCS temperatures it can be quite difficult, in5

general, to maintain superheat, right.6

MEMBER MARCH-LEUBA:  Impossible, yes.7

MR. SEXTON:  Yes.  So, when we are at low8

RCS temperature and we are trying to use our feedwater9

system and our steam system to control so that we10

don't have a secondary isolation, we're just trying to11

run the plant, if that signal, low mainsteam superheat12

is enabled during that time, we might run into a trip13

against low mainsteam superheat at low RCS conditions.14

So, as you can see here, there's another15

component to the enable logic here.  This low16

mainsteam superheat signal, in particular, is enabled17

first when the containment level is less than 45 feet,18

oh, and I forgot to show you, it's around the19

pressurizer baffle plate, that containment level.  So20

it's up pretty high.21

And, both feedwater isolation valves are22

open.  So if you manage to close one of the feedwater23

isolation valves, this trip goes away, it's not24

enabled anymore.25
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And the idea here is that concept that we1

talked about last time, where the operators are2

confirming operability of the system.  And when you3

close one of the feedwater isolation valves, you've4

manually prevented overfill accidents for that steam5

generator, right?  You can't supply feedwater to that6

steam generator.7

MEMBER MARCH-LEUBA:  Oh.8

MEMBER CORRADINI:  Say that again please,9

slower.10

MR. SEXTON:  Sure.  So the feedwater11

isolation valve, this blue line right here --12

MEMBER CORRADINI:  Okay.13

MR. SEXTON:  -- with this isolation valve14

on it, when we close one of those isolation valves,15

this trip becomes not enabled.16

MEMBER CORRADINI:  Okay.17

MR. SEXTON:  And when you close one of18

these feedwater isolation valves, that steam generator19

is passively protected from overfill events, right?20

Your feedwater pumps can't pump through21

the valve, it can't add feedwater.22

MEMBER MARCH-LEUBA:  But it was already23

filled and your cold, you're done boiling.  I mean,24

before you start it, it was all full with water.  And25
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your RCS is cold, you're not boiling.1

MR. SEXTON:  And the containment is2

flooded at that time too.3

MEMBER MARCH-LEUBA:  Right.4

MR. SEXTON:  So, we start with the flooded5

containment, and this trip is not enabled.  We want to6

start up the plant.7

What we do is we get the inventory to a8

level where the operators can certify that that system9

is operable, based on its inventory, then we close the10

feedwater isolation valve to make it so that we could11

operate a steam generator without triggering the low12

superheat signal.13

And then we use the other steam generator14

to maneuver the plant while that superheat signal is15

not in effect.  And we have one steam generator that's16

inventory protected that entire time and operable.17

MEMBER MARCH-LEUBA:  How is inventory18

protected?19

MR. SEXTON:  Because the feedwater20

isolation valve is closed.21

MEMBER MARCH-LEUBA:  When you close the22

feedwater, it was full of water.23

MR. SEXTON:  No, no.  When you close the24

feedwater isolation valve, the operators are ensuring25
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that it has a operable inventory.1

MR. BRISTOL:  So part of the startup2

process --3

MEMBER MARCH-LEUBA:  Filled with the4

noncondensable?5

MR. SEXTON:  No, it's filled with steam. 6

You evacuate the steam generator.7

MEMBER MARCH-LEUBA:  You go to low8

pressure, to boil on low pressure?9

MR. SEXTON:  Yes.  That's right.10

MR. BRISTOL:  That's right.11

MEMBER MARCH-LEUBA:  And you have to12

guarantee that.13

MR. SEXTON:  You have to guarantee that. 14

And that's part of tech spec operability of the DHRS.15

MEMBER MARCH-LEUBA:  You fill it up with16

low pressure steam.  So a vacuum.17

MR. SEXTON:  Yes, the condenser can pull18

a vacuum that will allow you to have steam in that19

environment.  Yes.20

MEMBER MARCH-LEUBA:  Because RCS can be21

down to 50 degrees Fahrenheit.22

MR. SEXTON:  Understood.23

MEMBER MARCH-LEUBA:  You have to pull a24

lot of vacuum.25
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MR. SEXTON:  Yes, we have a heatup system,1

a module heatup system, that ensures that we don't2

have to stay at 50 degrees Fahrenheit.  So, between3

the module heatup system and the condenser vacuum, we4

have the ability to regulate the inventory there.5

MEMBER CORRADINI:  Can I say it a6

different way?  I thought I was there last time but,7

you're going to have a module heatup system before you8

go anywhere close to critical.  You've got to have9

certain tech spec requirements such that you have10

steam where you want so you could, if necessary, have11

the DHRS in operation, and then you will then go12

critical and bring it up to power.13

Because if I understood, the module heatup14

system is essentially an aux boiler.  And CVCS is15

heating up the primary.16

MR. SEXTON:  Yes, that's accurate.  Yes,17

you need the module heatup system to get up there.18

MEMBER CORRADINI:  With an aux boiler?19

MR. SEXTON:  Yes.20

MEMBER CORRADINI:  Okay.21

MEMBER MARCH-LEUBA:  Yes, but DHRS22

protects against decay heat.23

MEMBER CORRADINI:  No, I know, but you24

asked the question last time, and I think they were25
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trying to answer it is, how do I take it up before I1

go critical, and I heat up the whole system with aux2

boiler to CVCS, bring it up, get it at steam3

conditions, get the levels all set, then I take it4

critical.  I'm not allowed to take it critical until5

I have all my tech spec requirements in terms of6

startup.7

MEMBER MARCH-LEUBA:  But you need to have8

DHRS operable, even if you never --9

MEMBER CORRADINI:  Correct.10

MEMBER MARCH-LEUBA:  -- went critical.11

MEMBER CORRADINI:  But that's why they12

were trying to get at some temperature, a steam13

volume, an acceptable steam volume, so that I have the14

appropriate levels.  If I understand them.15

MR. SEXTON:  Yes, that's correct.  Yes. 16

We have to, we have committed to having always a17

passive means of cooling available during the whole18

sequence.19

And so, one of the passive means of20

cooling is the containment level being up at 45 feet,21

another is a DHRS being operable.  And so, we --22

MEMBER MARCH-LEUBA:  Now, you are draining23

the containment, so DHRS must operable?24

MR. BRISTOL:  That's right.25
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MR. SEXTON:  Well, you have to make the1

DHRS operable before you drain the containment.2

MR. BRISTOL:  Right.3

MR. SEXTON:  That's our handshake.4

MEMBER MARCH-LEUBA:  Keep it operable.5

MR. SEXTON:  Right.  You want to step6

through the other ones, Ben?7

MR. BRISTOL:  I'm not sure if there's any8

specific questions on, like I mentioned, the upper9

four there are the indications of when we actually10

want the DHRS valves to open.  That's indicates of the11

need to remove heat.12

Otherwise, the other signals are there for13

accommodation of secondary inventory control and14

primary inventory control.  So, the low pressurizer15

level, that kind of serves, ends up serving in kind of16

both functions in transient space.17

Any other questions?18

MEMBER MARCH-LEUBA:  Nope.19

MR. SEXTON:  Okay, we're going to take a20

quick look, also some of your questions about21

feedwater control.  How do we operate the plant when22

we have control of feedwater, post-reactor trip in23

particular?24

So, first off, we have variable speed25
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feedwater pumps that control flow of the feedwater1

system between 25 percent reactor power and 1002

percent reactor power.  So, the variable speed feed3

pumps are quadrupling flow if they want to from their4

minimum setting up to 100 percent power.5

Then from 25 percent power and below we go6

from a full open reg valve down to our minimum7

requirements of five percent turndown ratio for the8

feedwater regulating valve.9

When you multiple that five percent by10

that 25 percent you get about 1.25 percent reactor11

power for feedwater control, assuming the pressure is12

constant.13

MEMBER MARCH-LEUBA:  Those are units of14

flow not opening?15

MR. SEXTON:  Flow, yes, CV.  The turn down16

ratio is like a five percent CV.17

MEMBER MARCH-LEUBA:  Its five percent flow18

not five percent area?19

MR. SEXTON:  Right.20

MEMBER MARCH-LEUBA:  So you can control21

reliably down to 1.2 percent flow?22

MR. SEXTON:  Right.  And we can do a23

little bit better than that by using the turbine24

bypass to elevate the pressure of the secondary side25
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and runup the feedwater pump curve.1

So if we close off the steam flow out of2

the steam generator we can elevate the pressure of3

both the feedwater and the steam.  And that does a4

little bit more for you.5

So, the conclusion here is that when we6

have a trip, what we do is we, now, this is of course7

operations in the plant, so this isn't commitments in8

the FSAR, but we've developed a lot of automations in9

our simulator and have good, strong opinions on the10

way we're going to run the plant the way the plant11

will be run, and we progress this to a hold at 52012

degrees.  So normally we have about 545 average13

coolant temperature.14

So, when we have a trip, we come down to15

520 degrees and we hold there with feedwater flow16

controls.  And then eventually, as decay heat goes17

away, you will have to cool down.  You can't stay18

there with no heat potentially.19

And the cool down, if you want to go and20

hold at a lower condition, that might be our 43021

degree condition where the module heatup system can22

add heat while you remove a little bit with the23

feedwater system to stay at a stable condition.24

MEMBER CORRADINI:  And the 100 degrees per25
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hour is standard tech spec for even current light1

water reactors, as I understand it?2

MR. SEXTON:  That's correct.  And that's3

our mechanical design basis thermal transients for4

coming up and down in temperature.5

MR. SEXTON:  Go ahead.6

MEMBER MARCH-LEUBA:  So, is this going to7

be manual operations or automatic control or --8

MR. SEXTON:  Again, that's a lot up to the9

operator of the plant, but we anticipate a lot of10

automations where the entire automation from reactor11

trip to a hold at 520 degrees is on the table for an12

automated action.13

MEMBER MARCH-LEUBA:  So, waste a little14

time and save, getting some for Chapter 4.  My15

complaint, with the shutdown margin, is that this is16

how you plan to operate, but you're licensing basis,17

how you're licensing this device, is not this.  It's,18

you will turn on DHRS immediately.19

You will not take credit for non-safety20

related equipment, you will not take credit for any21

power, you will not credit for any operator action,22

you will not take credit for the control room be23

habitable.  I can go over, something that are24

necessary for this to happen.25
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So the licensing basis, the one that we1

are licensing you to, is not this.  Even though, and2

I this is a new paradigm for passive reactors. 3

Because you plan to do this, but you're not licensing4

to it.5

MEMBER CORRADINI:  It's not, I think6

you're right, I think you've identified it, but I go7

back to another, I'll call it passive design that we8

have, is that how they choose to depressurize under9

certain conditions were essentially hands off but they10

then, under normal operation, would take a different11

approach.12

MEMBER MARCH-LEUBA:  Yes, yes, I have no13

problem with them taking a different approach, but I14

have problem is not being able to demonstrate some of15

the margin under the licensing conditions.16

Using the more favorable, assuming AC17

power and the operators are there, to demonstrate18

shutdown margin, which is very important.  Instead of19

demonstrating it both ways.  Which you can.20

I mean, I keep saying, there's nothing21

wrong with this design, I'm complaining about the22

paperwork.  You have plenty of margin to shut down.23

You can do the calculation and show that24

for your licensing conditions you have shutdown25
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margins.  And then operate however you want.1

But we'll talk about that in Chapter 4.2

MR. SEXTON:  Okay.3

CHAIRMAN RICCARDELLA:  I'm sorry, what4

chapter?5

MEMBER MARCH-LEUBA:  Chapter 4, which is6

the one that comes half an hour from now.7

CHAIRMAN RICCARDELLA:  Okay.8

MEMBER CORRADINI:  Sooner.9

MR. SEXTON:  Lastly, at 350 degrees, when10

we're shutting down on a normal shutdown where you're11

going all the way to cold conditions, you're going to12

start flooding the containment.13

The pressurizer is at the top, it's14

integral.  We use our control for pressure.  That's15

spray and heaters.  And for level we use let down and16

makeup to control the level of the RCS.17

We have a highpoint degas line at the top18

to be able to vent the space at the very top of the19

reactor for potential noncondensable gas accumulation.20

So our sensor development program is21

described in the TR shown here.  The NuScale advance22

sensor technical report.23

Just a quick description of the24

development program.  We have several first of a kind25
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sensor applications.  We have our flow instrument, we1

have our level instruments and we have pressure in2

some more harsh environments than they have been in3

the past.4

So, what we do about it is, in the safety5

evaluation we establish the performance requirements. 6

So that's the content of the DCA is, how good is this7

instrument going to be, what's its sensitivity, and8

what's its response time, what type of technology is9

it.10

MEMBER REMPE:  Shouldn't redundancy also11

be specified in the DCA?12

And remind me for the level sensors13

because, again, I think Charlie said he didn't recall14

that they mentioned that you were going to use a radar15

device for the level sensors, but what's the16

redundancy?17

MR. SEXTON:  Yes.  Safety related18

redundancy for instruments is for instruments.  So19

that is also in the DCA.20

Then we make those commitments in the21

safety evaluation, but we simultaneously, and together22

with that, undergo a phase development program.  The23

first phase of that development program is complete.24

For all of these sensors, that's25
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technology selection.  Where we look at the available1

technologies and we decide which one we want to2

pursue.3

The next is complete for some of the4

technologies and not for others.  That's prototype and5

testing, where we build a prototype and we run it6

through some tests to see if we need to make any7

changes to the technology or if it's working well.8

Then you go into qualification.  It's full9

environmental qualification for the instrument in the10

condition.11

And lastly, you're testing the component12

and you're manufacturing it for service.13

So, we aren't through that process.  And14

I just wanted to clarify that the safety evaluation15

basis is the performance commitments.  And this16

program is taking place in parallel to have17

qualification ready by the time a COL applicant is18

ready to install one of these.19

So, again, we have the technology20

selection complete and we've selected a radar-based21

technology for level.22

MEMBER REMPE:  Have you don't much23

prototype and testing and qualification yet or you24

just have picked we're going to use this and --25
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MR. SEXTON:  For this particular1

instrument we are not to prototype and testing yet. 2

So we are at technology selection and are progressing3

towards prototype and testing of the radar level.4

MEMBER BROWN:  Does anybody else use5

those?6

MR. SEXTON:  They're used a lot, but they7

haven't been a safety related sensor in a nuclear8

application in the primary coolant.9

MEMBER BROWN:  Does steam water mixing10

inspection, as opposed to solid level type?11

In other words, does a variable12

environment in which the radar beam has to go through13

and check and whatever it's going to do, how does it,14

is it good for mixed, what I'm trying to say is non-15

solid, non-solid water type?16

MEMBER MARCH-LEUBA:  You mean froth?17

MR. SEXTON:  Frothy conditions?18

MEMBER BROWN:  Frothy, yes.  Thank you19

very much.  I couldn't find the word there.20

MR. SEXTON:  Yes.  So there's a lot of21

different vendors for the technology and they have22

proprietary corrections for things like a messy phase23

boundary.24

But it is fundamentally a little better25
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than that because the phase boundary is what bounces1

the signal back.  You need a pretty solid interface to2

bounce that signal back.3

So it is a topic of discussion for these4

instruments.  And I believe their performance is quite5

strong.  But that's why we go through this whole, a6

whole system where we try to put it through the paces7

of the actual conditions it's going to see.8

MEMBER REMPE:  What about long duration9

survivability?10

I mean, since this is a new one and it's11

a bit different, are you going to have to demonstrate12

the long duration performance with it?13

I mean, calibrations could be changing14

after time, is what I was kind of wondering about.15

MR. SEXTON:  Yes, I mean, it would be re-16

calibrated.  But qualification generally governs the17

life of the equipment.18

And I'm not exactly familiar with19

instrument qualification, it's not my area of20

expertise, but I know for valve qualification and21

other components we look at the life of service and22

the qualification effort.23

MEMBER REMPE:  So, is part of your24

shutdown, when you refuel, are you going to be25
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checking the calibrations and re-calibrate if it's out1

of spec or something?  Is that part of your plans2

here?3

MR. SEXTON:  Yes.  Calibration is a4

regular part of operation.5

MEMBER REMPE:  Okay.6

CHAIRMAN RICCARDELLA:  Stepping back, big7

picture, what is it that's driving the need for these8

innovative sensors compared to what current reactors9

use?10

MR. SEXTON:  Well, there's several11

technologies.  And we've gone through the technology12

selection for this and there's two main types, if my13

understanding is correct.14

And this isn't my area of expertise, but15

there's two main types of sensors that have been16

repeatedly used in nuclear reactors for level17

detection.  One is switches, like what you're talking18

about.  There's several technologies for switches,19

conductivity probes and other things that detect --20

MEMBER CORRADINI:  Binary.21

MR. SEXTON:  -- level, binary at a22

particular location.23

CHAIRMAN RICCARDELLA:  Yes.24

MR. SEXTON:  And then there's differential25
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pressure reference, like measurements that have had1

problems.2

CHAIRMAN RICCARDELLA:  Referenced later,3

yes.4

MR. SEXTON:  So, our decision basically5

came down to this technology that appears to work well6

in our environment and detect a continuous range,7

which is good for us, and discrete level measurements8

--9

CHAIRMAN RICCARDELLA:  As opposed to10

multiple.  You'd need multiple --11

MR. SEXTON:  Right.12

CHAIRMAN RICCARDELLA:  -- switches.13

MR. SEXTON:  That's right.14

MEMBER CORRADINI:  You'd have to have a15

rake and determine a level of granularity of your16

switches if you were to back up, as a backup position.17

CHAIRMAN RICCARDELLA:  Yes.18

MR. SEXTON:  If you want a continuous19

measurement from switches, then you need a lot of20

switches.21

CHAIRMAN RICCARDELLA:  Yes.22

MEMBER MARCH-LEUBA:  Differential pressure23

has worked very well.  I mean, it has a few problems,24

but, I will reserve the right, if I start getting25
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problems in the qualification of the radar, I put the1

Delta P, and buy it off the shelf already qualified.2

MEMBER REMPE:  But it's real important to3

think about where it's sitting between the vessel and4

the containment.5

MEMBER CORRADINI:  I think --6

MEMBER REMPE:  Where the records labeled7

--8

MEMBER CORRADINI:  I'm going to stop this9

discuss because they meet Chapter 4 and we need to10

keep on schedule, which we're not.  So, we'll let you11

design offline.12

CHAIRMAN RICCARDELLA:  Yes, my --13

MEMBER SUNSERI:  Just one question.  On14

the qualification, I'm assuming it's going to consider15

the radiation field that these detectors are going to16

be sitting in, right?17

MR. SEXTON:  Yes.  I believe that's part18

of qualification, yes.  The radiation --19

MEMBER SUNSERI:  Is it new application --20

MR. SEXTON:  -- environment and21

temperature environment.  Yes.22

MEMBER SUNSERI:  Okay, thank you.23

MR. SEXTON:  Okay, the next slide is just24

our commitments for our key safety related25
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instruments.  And as you can see here, we have level,1

our commitments are, it's a safety related risk2

significant component, so it gets all the quality3

treatment of safety related risk significant4

components.5

It's Seismic Category 1.  Its sensor6

accuracy commitment is plus or minus two percent of7

the calibrated span, and it's response time is less8

than two seconds.  So, those are our licensing9

commitments for this particular level sensor.10

MEMBER CORRADINI:  Okay, are we done with11

Chapter 5?12

So I've gotten hints from my colleagues13

that this is where they want to break.14

CHAIRMAN RICCARDELLA:  Well, does anybody15

anticipate that we're going to need to close session16

later?17

MEMBER CORRADINI:  I don't think we can18

anticipate just yet.  I don't think so, but on the19

other hand, I don't want to speak for the other20

Members.21

CHAIRMAN RICCARDELLA:  Well, you know22

we're five minutes beyond the proposed break, I23

suggest we take a break until 10:00 a.m.24

MEMBER BALLINGER:  Can I have one final25
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question?  And I wasn't sure where to ask it.1

CHAIRMAN RICCARDELLA:  Go ahead.2

MEMBER BALLINGER:  It had to do with the3

feedwater reg valves.  Now, they are a backup for4

safety, right?5

If the safety valve doesn't work the reg6

valve has to stop flow.  Is there a spec on the7

leakage rate for those reg valves?8

I've had plenty of experience with the9

feedwater regulating valves and they have a habit of10

wiring drawing and other kinds of things.  And so,11

when you try to shut them, they say shut but they12

ain't shut.13

So, is there a spec on the leak rate as14

closed for the feedwater reg valves?15

This is a safety, Chapter 15 thing16

probably or something, but --17

MR. SEXTON:  I have the spec on my18

computer here and I can take a look at it --19

MEMBER BALLINGER:  Okay, but there is one?20

MR. SEXTON:  -- and get back with you.21

MEMBER BALLINGER:  And it's consistent22

with it being a backup for a safety valve?23

MR. SEXTON:  I believe so.  I haven't24

looked at it recently and I can get back to you on25
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that.1

MEMBER CORRADINI:  Why don't we take it as2

something to answer after break.3

MEMBER BALLINGER:  Okay.4

MEMBER CORRADINI:  But I think it's a good5

point that we want to make sure you know the answer. 6

Okay, so, why don't we take a break.7

Mr. Chairman, we'll be back at 10 o'clock8

so we'll have a very efficient break.9

CHAIRMAN RICCARDELLA:  We're in recess.10

(Whereupon, the above-entitled matter went11

off the record at 9:48 a.m. and resumed at 9:59 a.m.)12

CHAIRMAN RICCARDELLA:  So we'll proceed13

with Chapter 4.14

MR. PRESSON:  All right.  Well for Chapter15

4 we have prepared a brief summary of the slides that16

were presented at the ACRS Subcommittee Meeting on17

Chapter 4.18

So that's -- You see a lot of summary19

design, so we can discuss that and then get into any20

other details that we want, yes.21

For our fuel design itself it is based on22

proven U.S. 17 x 17 PWR technology.  We are using23

Framatome fuel.  It is very similar to fuel assembly24

setup and used for over, what, 1500 of them so far.25
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Sorry, let me get back to the notes.  With1

a lead burnup of 54 gigawatt days per metric ton and2

all the components that we use are existing technology3

currently used or used in the past.4

We've got HTP, high thermal performance,5

spacer grids for it and the high mechanic performance,6

HMP, spacer grid at the bottom, as well as a coarse-7

mesh filter plate for debris resistance and a8

Zircaloy-4 MONOBLOC guide tubes.9

So all these are typical standard10

technology.  The biggest difference that we have for11

our fuel here is that it's a little shorter than your12

typical fuel assembly.13

The same for the control rod design, the14

design itself is based on, again, existing technology,15

very similar materials.  We use standard designs,16

hybrid rods, silver-indium-cadmium, and boron carbide.17

The lower 12 inches being silver-indium-18

cadmium to protect the B4C from core flux and then19

there is 62 inches of the B4C above the silver-indium-20

cadmium.21

Flex joints allow for minor misalignments22

during insertion and withdrawal and the only23

difference for the NuScale design is the control rod24

drive shafts themselves, which that entire housing25
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kind of works its way down through the entire module. 1

Aside from that, standard materials state of design.2

All right.  For our nuclear design this3

figure depicts a representative core design.  The core4

is used for two year cycles and approximately one-5

third of the core is reloaded each cycle which gives6

you a 3-batch design.7

So in this figure the core has an out-to-8

in loading pattern and you use cross core shuffling. 9

The blue locations are fresh fuel, red locations are10

once burned, and yellow locations are twice burned.11

There is also a fixed stainless steel12

reflector to minimize neutron leakage, loading13

pattern, shuffling, and heavy reflector all help14

control radial peaking.15

This is also controlled at the assembly16

level by using gadolinia and axial and radials only. 17

So the important -- Well another aspect of this is as18

an equilibrium core we use this design to demonstrate19

the methods described in the DCA.20

When it's placed on this reference core21

design are also applied to the design of our other22

cycles.23

Any cycle design that does not meet the24

limits would either require re-design to meet those25
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limits or the applicable safety analysis would need to1

be re-performed at new limits to demonstrate that they2

are acceptable.3

So for our core power distributions, well4

we protect those by monitoring to ensure that those5

limits are not exceeded during normal operation.  We6

use 16 CRAs that are arranged into a regulated bank in7

blue in the figure in the lower left-hand corner and8

a shutdown bank, which is in green.9

The regulating bank is split into two10

groups that move independently.  Both of the groups11

can be inserted into the core while operating12

according to the power dependent insertion limits,13

which is that middle figure there.14

And both the axial offset window and those15

power dependent insertion limits are determined in16

conjunction with each other.  Permutations of axial17

and radial power distributions are analyzed within the18

protected bounds to ensure that the axial offsets and19

power dependent insertion limits are appropriately20

set.21

So the combination of protected and22

analyzed operating space ensures that analysis limits23

are not exceeded and that initial conditions for24

analysis of design basis events remains bounding.25
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CRA movement, or control rod movement, is1

the only credible source of both axial and radial2

xenon oscillations.3

Our analysis of those xenon oscillations4

demonstrates that the core is stable, which is due in5

large part to both the small core size itself and the6

height to diameter ratio which is close to one.7

And here we have our pressure versus8

temperature operation map.  That's what we use to show9

all of our nice protections.  So on this figure the10

green dash line represents our rated full powered11

temperature curve, which ranges from the RCS T-cold to12

RCS T-hot with T-average being maintained within the13

box indicated with the black dash line right there in14

the middle, and surrounded on the other side by the15

blue line.16

The span of this box covers the range of17

initial conditions considered in Chapter 15, which is18

what the safety analysis is demonstrated to meet and19

for CHF and fuel temperatures those are protected for20

the NuScale design using the MPS lines, or the module21

protection system lines, which are there in red of the22

larger box on the outside.23

And the blue lines within that are then24

protected with continuously monitored LCO, and those25
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are within the tech specs.1

MEMBER MARCH-LEUBA:  Is that on tech specs2

or in the color?  Would it change cycle to cycle?3

MR. PRESSON:  Those blue lines?4

MEMBER MARCH-LEUBA:  Because you look at5

the generic tech specs, I have, and they are very6

long, and I may have missed them.7

MR. PRESSON:  Yes.8

MEMBER MARCH-LEUBA:  They are probably in9

the COLA.10

MR. PRESSON:  Let me check.11

MEMBER MARCH-LEUBA:  It's not important.12

MR. PRESSON:  Yes.13

MR. BRISTOL:  They are in FSAR itself. 14

They are in the FSAR.15

MEMBER MARCH-LEUBA:  Well, that's the16

FSAR.  Yes, okay.  It's not important.  They are17

somewhere.18

MR. BRISTOL:  Yes.19

MEMBER MARCH-LEUBA:  You will expect the20

change in cycle to cycle?21

MR. PRESSON:  I don't expect it will22

change --23

(Simultaneous speaking.)24

MEMBER MARCH-LEUBA:  That is not what I am25
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asking, because T-hot is designed to be away from1

separation by at least either 25 or 35 which one is2

higher, right.3

So if we miss the flow a little bit, I4

thought I heard you say that you will move T-average5

a little bit down so that you are away from6

separation, is that correct?7

MR. SEXTON:  Yes, we -- If the flow were8

to be different than the nominal flow shown here we9

would keep T-hot in the exact same location and move10

T-cold and T-average towards T-hot.11

MEMBER MARCH-LEUBA:  But you do not expect12

it to move outside the black dotted line?13

MR. SEXTON:  We do not expect that.  That14

would be quite the difference in flow from nominal.15

MEMBER MARCH-LEUBA:  Yes.  It would be16

easier to remove it was in the COLA and if it's in17

tech specs?18

MR. SEXTON:  Sure.19

MEMBER MARCH-LEUBA:  If that was20

necessary.  Again, I don't want to design your21

reactor.22

MR. PRESSON:  Yes, definitely understood. 23

Let's see.  I think that is what we have for that24

slide.  And then this slide and the two slides that25
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follow are again summary information.1

This simply provides a table for your2

reference on some nice design parameters for the3

NuScale design, this would be a nice overview of4

those.5

And the next two slides describe our6

various topical reports that form the basis of --7

MEMBER CORRADINI:  I think the NuScale8

people got to mute their line on their slide because9

we can hear some background noise.  Thank you.10

MR. PRESSON:  Yes.  So this slide provides11

the NuScale topical report which describes the12

applicability of the AREVA fuel methodologies and13

lists those fuel methodologies on the right-hand14

column and the next slide includes our other topical15

reports that are used within Chapter 4.16

So that is all that we have prepared for17

our brief summary of Chapter 4, but if there are any18

topics --19

(Simultaneous speaking.)20

MEMBER KIRCHNER:  Let me go with a simple21

one.  Going back to the control rod drive assemblies,22

what's the difference of the actual operating23

environment for the drive assemblies and the latching24

mechanisms versus conventional PWR that these have25
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been derived from?1

Do you see what I am getting at?  It's2

those -- Aren't they sitting in a steam environment at3

the top of the pressurizer versus a water environment4

in the PWR?5

MR. PRESSON:  Yes.  So the drive shafts6

themselves up through the top?7

MEMBER KIRCHNER:  Mm-hmm.8

MR. PRESSON:  Yes.9

MEMBER KIRCHNER:  And the latching10

mechanism and so on?11

MR. PRESSON:  The latching mechanism I12

believe is lower down, but let me check with that.13

MEMBER KIRCHNER:  I'm just -- I'm asking14

about the environmental qualification.  I understand15

it's essentially the same design as used in the16

current fleet, but it's certainly operating in a17

different environmental set of conditions.18

MEMBER SUNSERI:  And just kind of19

paralleling on that question, at some point it's going20

to transition from being in a fully wetted environment21

to the steam environment and what about that22

transition area, will there be opportunity for boron23

to congregate on that shaft of the --24

(Simultaneous speaking.)25
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MEMBER KIRCHNER:  I think it would be more1

of a problem.  Yes, the shaft itself isn't the2

concern, it's the mechanisms which are much higher up. 3

I wouldn't expect the shaft itself to have, even if4

it's coming in and out of a water level to have that5

to be much of an issue, but --6

(Simultaneous speaking.)7

MEMBER SUNSERI:  But it's going to be8

sitting there, some of them.  So the shutdown rods are9

going to be sitting parked in a parked position for a10

really long time and I wouldn't expect the water level11

to be, you know, moving very much.12

MR. LINIK:  Excuse me.  This is Larry13

Linik from Corvallis.14

MEMBER CORRADINI:  Good.  I was waiting15

for you.  Speak up.16

MR. LINIK:  Okay.  So as far as the drive17

mechanisms inside containment they are in a high18

temperature vacuum and so the coils are actively19

cooled with a water jacket.20

Inside the mechanism shortly after startup21

the internal volume will be filled up with non-22

condensable gases and my understanding is that's not23

very different from the current designs.24

And so, yes, it sits up above a25
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pressurizer space, but, you know, the actual1

environment inside the mechanism will be, you know,2

pretty much typical.  Does that answer your question?3

MEMBER KIRCHNER:  So you'll have some4

procedure where you will not vent but actually inject5

probably nitrogen into that space until you are6

confident that you have enough non-condensable gas7

trapped in the primary side of the, inside the8

mechanism, not the mechanism themselves, but inside9

the primary envelope would be filled with a non-10

condensable gas?11

MR. LINIK:  As far as injection, we will12

not inject nitrogen, just natural evolution of non-13

condensables rising to the high point in the vessel14

will fill the voids inside the drive mechanisms.15

MEMBER KIRCHNER:  And you are confident of16

that?17

MR. LINIK:  Yes.18

MEMBER KIRCHNER:  Okay.  All right, thank19

you.20

MR. LINIK:  Yes, sir.21

MEMBER MARCH-LEUBA:  Okay.  I just wanted22

to repeat the argument I made before with like a good23

commercial, you say it once then repeat it again and24

maybe we'll sync.25
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We have an unusual situation with the1

passive reactor in which we are licensing the reactor2

through some licensing basis and all the reactors are3

the same thing, they have some licensing basis and4

they make sure they operate within this licensing5

basis.6

In this case you can duplicate way away7

from this licensing basis, or completely different,8

but you still have a licensing basis that you plan to9

license your reactor.10

And the licensing basis is right after11

shutdown the operator will keep hands off and as the12

low, low level in the pressurizer goes down you will13

isolate in the secondary and the HLS will come on.14

That is your licensing basis and that will15

force a cool down to 300 degrees within two, three,16

four hours, roughly.  It's not immediate, but it's not17

weeks.18

MR. BRISTOL:  Right.19

MEMBER MARCH-LEUBA:  It's a couple of20

hours.21

MR. BRISTOL:  Sure.22

MEMBER MARCH-LEUBA:  So in my opinion when23

we have always shutdown margin we should have all24

waited for the licensing basis and then you make sure25
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you operate within the licensing basis, and you have1

the margin.2

And I've been running simulations with pen3

and paper and you do have it, so I think you just have4

to document it.  It's not that -- It's not an issue5

with the design, it's an issue with the paperwork.  I6

keep saying that.7

So that's my opinion, the opinion of one8

member, and I want to try to push it to the rest of9

the members when we have the discussion this10

afternoon, that if you have a licensing basis you11

should ensure that you can operate within it and is12

there one more calculation, one more table to add.13

Anything to add?  Because I have a second14

--15

MR. BRISTOL:  Yes.  I guess that maybe the16

clarification would be as part of our licensing basis17

we have committed to a 72-hour coping period.18

And so when we are talking about the re-19

activity balance that length of time starts to come20

into play in terms of the immediate shutdown versus21

the longer term shutdown capability.22

And so, yes, immediately we shut down and23

stay shut down up to and through pretty cold24

conditions, but eventually we start to burn out the25
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immediate poisons at the end of cycle where the1

temperature defects start to come into play in terms2

of the overall re-activity balance.3

MEMBER MARCH-LEUBA:  The real issue is4

whether you take credit for the stack roll because5

that's the big elephant in the room.6

MR. BRISTOL:  That is correct.  That is7

correct.8

MEMBER MARCH-LEUBA:  It's over 5000 PCM9

and that's a lot of PCM.10

MR. BRISTOL:  That is correct.  We believe11

that is substantial margin in the shutdown12

characterization of the --13

(Simultaneous speaking.)14

MEMBER MARCH-LEUBA:  Your shutdown margin15

is over 5000 PCM.  The way you calculate it now you16

put 2000 towards the 498 and you still keep 300017

margin.18

I think we can go to 300 temperature and19

it still demonstrates shutdown margin and then there20

is no question about it.21

One concern I have, this is for my22

members, the members, is we may have that margin today23

but because NuScale has so much margin to24

thermalhydraulic limits you are going to be tempted to25

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



99

do changes to the plant.1

You are going to do an EPU, you are going2

to go to 3-year cycles, it's still 3-year cycles, and3

it would be nice that we have the rules that you can4

maintain shutdown margin under those conditions, those5

future conditions.6

MR. BRISTOL:  And I think one of the other7

clarifications is if we were to stay in extended DHR8

operation or even transition to ECCS-type conditions9

we expect to get below, or we could get below 30010

degrees if we are in colds, if we are sort of11

maximizing pool heat removal.12

MEMBER MARCH-LEUBA:  That would require13

operator actions.  Your licensing basis is my reactor14

will start to cool off because I have too much15

feedwater, low, low pressurizer level will heat, I16

will isolate feedwater and steam and DHRS will come in17

and it will stay there forever.  That's your licensing18

basis.19

You don't have to OPG on that.  If this is20

actual case it's because then you are in an accident21

condition I think.22

MEMBER CORRADINI:  So I think he has made23

his point.  We need to move on.24

MEMBER MARCH-LEUBA:  Yes.  I have a second25
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point.1

MEMBER CORRADINI:  I know.  But for the2

first point I think we understand it.  I think we, the3

members, have to discuss it, but I think we get it and4

we understand your response.  Now you have another5

question?6

MEMBER MARCH-LEUBA:  Yes.  And this is7

kind of related to other chapters.  We are concerned8

about moving the core with a crane next to the 119

operating cores, yes.10

And we have been told, maybe orally, that11

you can move the core without having to add boron to12

it, that you can shutdown, if your BAS system doesn't13

work you can still move it.14

And let me see, and I am looking at the15

generic tech specs and there is a reference to16

shutdown margin in it that says thou shall measure the17

margin and if not you have to add boron, yes, and the18

shutdown margin is refining the core.19

Now I have been unable to find a core for20

your equilibrium cycle, okay, but I have Table 4.3,21

hold on, 4.3-2, the nuclear design parameters for22

equilibrium cycle, which is on Page 95 of the PDF, in23

which we define boron concentration, at least targets.24

So to achieve safe shutdown you need to25
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have 240 ppm and to perform a safe refueling you need1

to have at least 736, I am talking about the end of2

cycle, even though your target, your design basis3

refueling is 2000.4

So I understand from this table that you5

will put these two numbers in the core, 240 and 7366

for end of cycle.  So to move from Mode 2, which is7

half shutdown, to Mode 3, which is safe shutdown, you8

will not be able to move down to Mode 3 unless you9

have 240 ppm.10

Is that the way I read it correctly?  I11

mean if you move below 420 degrees Fahrenheit, which12

you are out of Mode 2, to be in Mode 3 safely you need13

have 240 ppm of boron, but that's not what I am14

worrying about, but there is no way we can really the15

accruing inconsistency there.16

The real problem I have is I don't see any17

requirement for Mode 4, transition, which is when you18

put it on the crane, of how much boron you need to19

have in there.20

And I will propose to everybody on the21

table that there has to be a requirement on tech specs22

or in the COLA that to move from Mode 3 to Mode 4 you23

must have at least 736 ppm and preferably 2000.24

MEMBER CORRADINI:  So let's satisfy one25
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question at a time.  What is the 3 to 4 boron1

concentration requirement and where is it?2

MR. SEXTON:  Alison, can you cover that?3

MEMBER CORRADINI:  Back in Corvallis?4

MR. SEXTON:  Yes.5

MR. SNUGGERUD:  Hello, this is Ross6

Snuggerud in Corvallis.  I am associated with the tech7

specs.  We have shutdown margin requirements in the8

technical specifications.9

The actions from moving from Mode 3 to10

Mode 4 require operator interface which would ensure11

that we would meet the tech spec requirements prior to 12

if we ever make transition as a result -- This is a13

lot of noise, I can't even hear myself on this end,14

somebody is doing something on the mic.15

MEMBER MARCH-LEUBA:  Yes, you are also16

breaking up.  Can you understand what I am saying?17

MR. SNUGGERUD:  Yes.  Well, yes, and18

somebody was moving papers around the mic which was19

interfering with my ability to speak the other20

direction.21

MEMBER MARCH-LEUBA:  Oh, okay.22

MR. SNUGGERUD:  What I am saying is we23

can't get moved from Mode 3 to Mode 4 as a result of24

conditions that we don't control.25
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The only way we can move from Mode 3 to1

Mode 4 is by operator action and one of things the2

operators would have to assure based on the technical3

specifications is that the shutdown requirements for4

Mode 3 and Mode 4 were met before that transition5

occurred.6

MEMBER MARCH-LEUBA:  And my question is7

what is the boron requirement to move from 3 to 4?8

MR. SNUGGERUD:  It's cycle specific and9

time and core life specific, so there isn't a number. 10

The number changes.  If it's a brand new core it's11

2000 ppm, if it's an end of life core it's probably12

close to the number you are suggesting based on the13

equilibrium cycle.14

But the operators have -- Whoever is15

moving papers needs to stop.16

(Laughter.)17

MEMBER CORRADINI:  It must be somewhere18

else in the world, not here.19

MR. SNUGGERUD:  Our phone won't let me20

speak if there is noise coming the other direction. 21

But so that number is designated as part of the cycle22

operating limits report.23

Operators would be evaluating that, just24

like operators do at every one of the existing PWRs25

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



104

when they have to make a transition to cold shutdown. 1

It is time and core life and design of cycle2

dependent, but the requirement exists within the text3

specs as they are written.4

MEMBER CORRADINI:  Thank you.5

MR. DRZEWIECKI:  This is Tim from the6

staff.  I just wanted to weigh in.  If you are --7

Okay, so, all right, so if you are in Mode 4 that8

means that you are flooding up your containment and so9

if you are there that means you have to be at your10

core, at your refueling boron concentration and that's11

going to be, you know, of the same pool temperature.12

And that's going to -- And that13

calculation I think it assumes two rods out of the14

core.  So it's -- Yes, so it's --15

(Simultaneous speaking.)16

MEMBER MARCH-LEUBA:  That is correct.  My17

comment is that when -- I haven't seen the core, but18

when I look at Chapter 4, this Table 4.3-2, I believe,19

only has requirements for boron for safe shutdown,20

Mode 3, and refueling, Mode 5.21

It does not seem to put any requirements22

for Mode 4 which would indicate that you can move to23

Mode 4 as safe shutdown conditions.24

I'm saying that the logic would require,25
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would tell me that to transport the core you should be1

refueling boron concentration and we should ensure2

that the COLA reflects that.3

And I -- That's what you intend to do. 4

And, yes, again, once more complaining about the5

paperwork, does the COLA actually say it says so? 6

Because if we -- My concern is we inflict too much7

flexibility to the operators eventually they are going8

to mess up.9

MR. SNUGGERUD:  The technical10

specifications are the limits for operations.  The11

table in Chapter 4 is a description of the12

requirements from that perspective, but the13

limitations for the operators are in the technical14

specifications.15

MEMBER MARCH-LEUBA:  Technical16

specifications --17

(Simultaneous speaking.)18

MR. SNUGGERUD:  I believe the paperwork is19

in order, that you are applying a table that isn't the20

table that controls the operator actions for normal21

operations.22

The technical specifications shown in Part23

4 are the rules for operations.24

MEMBER MARCH-LEUBA:  The technical25
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specifications says LCO 3.1.1, SDM, shutdown margin,1

shall be within the limits as specified in the COLA.2

And I am asking does the COLA specify3

limits for you to move between 3 and 4 and are the4

limits for operating in Mode 4 the same as refueling,5

which in my opinion they should be?6

MR. SNUGGERUD:  And they are.7

MEMBER MARCH-LEUBA:  Okay.  And they will8

be in the COLA?  Because the generic technical9

specifications of Section 5 that says while we are in10

the COLA and it says thou shall have the shutdown11

margin in there.12

It doesn't say what numbers.  So my13

recommendation, this member, is that before you move14

to Mode 4 you need to be on refueling ppm, and better15

yet 2000.16

MR. SNUGGERUD:  We agree, yes.17

MEMBER CORRADINI:  I think you guys are18

agreeing.  I am not sure where there is a19

disagreement.20

MEMBER MARCH-LEUBA:  He complained about21

the paperwork, Mike.22

MEMBER CORRADINI:  But what -- I23

understand that, but I think what I thought I heard24

from the NuScale folks and Corvallis is it's in the25
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tech specs.1

MEMBER MARCH-LEUBA:  It is not in the tech2

specs.  It is not the tech specs.  The tech specs says3

go look at the COLA, and I haven't seen a COLA.  Does4

the COLA exist?5

MR. SNUGGERUD:  Well, that's the -- Jose,6

for every PWR that is how that is handled.  The7

expectations for the COLA and the expectations for us8

providing the methodologies that will be used in the9

COLA and the way the operators will use that10

information is no different than how anybody else uses11

it.12

MEMBER MARCH-LEUBA:  Is the COLA for the13

equilibrium cycle available?  Do you have a draft14

COLA?15

MR. SNUGGERUD:  No.16

MEMBER MARCH-LEUBA:  Okay.  Okay, so I17

think we can stop there, we are in agreement, but I do18

believe -- I am making the recommendation that we19

should specify that that requirement should be in the20

COLA.21

MEMBER CORRADINI:  But when --22

(Simultaneous speaking.)23

MEMBER CORRADINI:  I understand, but I24

want to make sure that we are not misinterpreting what25
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I heard from the experts at NuScale is that this is1

standard procedure for PWRs.2

MEMBER SUNSERI:  And my experience is that3

every mode at the PWR has a shutdown requirement, even4

Mode 1 has shutdown requirements, so -- because5

shutdown requirements are defined as what would the6

reactor be shutdown after it chirped, right?7

MR. SNUGGERUD:  We are in agreement with8

the members of the ACRS as to the importance of9

shutdown margin, the way it needs to be managed, and10

all of those things we have written into our11

requirements in the same way they are handled in the12

existing PWRs.13

It's not to say that somebody couldn't14

provide a bad value in the COLA, but the way we intend15

to handle it is consistent with the way the industry16

handles it.17

There are unique things about NuScale's18

design that will have to be considered, but the kinds19

of things you are concerned about are the same things20

we are concerned about and we believe they are21

adequately laid out in the documentation that we have22

provided to ensure that going forward operators will23

be given the correct recommendations and guidance.24

MEMBER MARCH-LEUBA:  Back to that, is we25
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have been told verbally that if the boron addition1

system does not work we can still move the core.  We2

were told that here on the record.3

And I think that was an error, it was a4

mistake, it was a spur of the moment comment and not5

real documentation, but we were told that.6

MEMBER CORRADINI:  Okay.  So then -- So7

just -- We're back to the original question.  So is8

that an error that we had heard orally?9

MR. SNUGGERUD:  I don't think we can say10

categorically under all conditions that we would be11

able to transition into Mode 4 by following the rules12

as laid out if we had no ability to add boron.13

I think there are conditions where we14

could and there are conditions where we would expect15

to be able to certainly when all rods are inserted,16

but if we assume a stuck rod there are conditions17

where we wouldn't be able to meet the technical18

specification requirements to transition to Mode 4 if19

we had no boron capability.20

MEMBER MARCH-LEUBA:  So you are affirming21

again it was not an error that if you can confirm that22

all your control rods are inserted there are certain23

conditions where you may not need to have boron?24

MEMBER BROWN:  You may not be able to.25
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MR. SNUGGERUD:  That is correct.1

MEMBER BROWN:  Or don't need it.2

MEMBER MARCH-LEUBA:  All right.  We will3

need to discuss this among ourselves, Mike, because it4

was not in error.5

MEMBER CORRADINI:  I just don't want to6

discuss it and misrepresent it.  What I am7

understanding is that under the normal conditions that8

you would expect to have boron at some concentration9

to move the module and those conditions are --10

MR. SNUGGERUD:  Yes.11

MEMBER CORRADINI:  Is that correct?12

MR. SNUGGERUD:  Yes.13

MEMBER CORRADINI:  Okay.14

MR. SEXTON:  Yes, just to clarify, I think15

what we are saying is, you know, you might have a16

beginning of cycle unit that has 1300 ppm and it shuts17

down and you want to transition to Mode 4 you may not18

need to add any boron if you have all of the rods in,19

you know, it's already at 1300 ppm.20

You don't necessarily need the boron21

addition system in that specific case.  And Ross is22

clarifying that there may be some specific cases,23

particularly those with stuck rods, where you do need24

to add boron before you transition to Mode 4.25
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MEMBER MARCH-LEUBA:  So you want to assure1

the flexibility of not meeting the boration2

requirements because you can demonstrate that you are3

sufficiently shut down?4

MR. SEXTON:  No, I wasn't saying anything5

like that.  I was just clarifying what Ross was saying6

about some cases you may not need to use the boron7

addition system to achieve the required concentration8

to transition to Mode 4.9

MEMBER MARCH-LEUBA:  I think I made my10

point and this is my opinion that the COLA, or the11

basis for the tech specs should say that to transition12

to Mode 4 thou shall be of refueling condition, which13

is K effective 0.95 with two stuck rods and one way of14

achieving it is by having a boron concentration of15

743.  The basis doesn't say that.16

MR. SNUGGERUD:  The basis can't say that17

because the number you are quoting isn't correct for18

all conditions.19

That is only correct for the end of core20

life, which is why those types of requirements live in21

a COLA that can be specified on a cycle-by-cycle22

basis, again which is standard for the industry.23

But we are in complete agreement that it24

is NuScale's expectation that there is no reason and25
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no way that you would transition to Mode 4 without1

meeting the requirements for refueling boron2

concentration for the core that it is currently inside3

that module.  That we agree to.4

And the need to transition to Mode 45

implies that you have power and if we have power the6

idea that we wouldn't be able to add boron is fairly7

remote.8

But we would not be in a hurry to9

transition to Mode 4 if we had had trouble adding10

boron in a condition where the expectation was that11

the boron would be added.12

We would stay in Mode 3 until that was13

resolved and transition to Mode 4.14

MEMBER MARCH-LEUBA:  What you say now is15

great.  Unfortunately, it is inconsistent with what16

you said five minutes ago.17

MEMBER CORRADINI:  No, it isn't.18

MEMBER MARCH-LEUBA:  It is, Mike,19

MEMBER CORRADINI:  Not what I heard.  It20

was exactly consistently.  He is saying that the PWR21

industry has a set of conditions, under the conditions22

of end of life you are correct, but it may not be end23

of life when they may want to go to Mode 4.24

MEMBER MARCH-LEUBA:  In the COLA there25
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will be a table or a line or a figure that tells you1

how much boron you need to be on refueling.2

MEMBER CORRADINI:  And I think he is3

affirming that.4

MEMBER MARCH-LEUBA:  Right.  But he a5

moment ago said that if I have all the rods in I do6

not have to meet that.7

MEMBER CORRADINI:  Under certain8

conditions.  If it is beginning of life you may not. 9

You might already have enough boron in that it doesn't10

have to borate further.11

MEMBER MARCH-LEUBA:  No, no -- Well, okay,12

I'll just stop there, but I don't think you13

understand, Mike.14

MR. SNUGGERUD:  I think I understand what15

-- The fact that all the rods were in would not change16

the expectation that the boron concentration would17

support two rods withdrawn.18

If you thought that I was saying that then19

I misspoke.20

MEMBER MARCH-LEUBA:  Look on the record,21

you did.  But if what you are saying now is correct22

the COLA should say, should have a table of boron23

concentration, a function of burnup, that you must24

satisfy to be in the refueling mode and that should be25
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the same number for transportation, Mode 4.  And I1

will shut up now.2

MEMBER CORRADINI:  Anybody from Corvallis,3

are we on the same page now?  Are we misrepresenting4

your plans?5

MR. SNUGGERUD:  No.  I think from the6

start we have agreed.  It's just been a matter of7

getting the communication clear.8

MEMBER CORRADINI:  Thank you.9

MEMBER REMPE:  I have a question.  So I am10

thinking about the fact that a certified design11

actually could be used by someone other than NuScale12

and I am thinking about the discussion we had earlier13

about the instrumentation and where is the paper trail14

and the QA if, I mean you have a new technology,15

you've got a technical or topical report that talks16

about your plans and the ongoing development -- By the17

way, could someone from NuScale put themselves on mute18

because I can hear your static right now, please.19

MS. NORRIS:  They are muted.  It must be20

someone else on the --21

MEMBER REMPE:  Oh, okay, sorry.  Okay.  I22

am so glad we have improved our system.  But anyway,23

where is the paper trail?  Is it an open design item24

about your new technology?25
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I mean you basically have some issues is1

why you went away from a DP cell.  I don't think it2

was in the Section 7 stuff that we reviewed.3

How does someone know, oh, they've got,4

think about a different technology and it needs to be5

qualified, it needs to be perhaps calibrated, and I'm6

trying to understand how you are going to calibrate7

when you have a flooded containment, to check the8

calibration when you are refueling.9

There is bunch of questions I have, but I10

can understand you are going to say, well, that's11

something that will be determined at the COL12

Applicant, but is it an open design item, is it a tech13

spec, how often it has to be calibrated, where do I14

find the paper trail?15

MR. SEXTON:  We can look into that for you16

for the particular COL action item, but in general,17

you know, we have made commitments for the performance18

of the instrument that will be confirmed by19

qualification reports for the instrument when it is20

produced.21

MEMBER REMPE:  And there is a COL action22

item?23

MR. SEXTON:  I don't know that for sure. 24

Let me figure that out.25
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MEMBER REMPE:  Can you find that out today1

because I think I'd like to have something that notes2

that we have been thinking about this in our letter3

and if I understand where it's documented I might word4

it differently.5

MR. SEXTON:  Okay.  We will look into that6

with exactly where the commitment is.7

MEMBER REMPE:  Thank you.8

MEMBER CORRADINI:  Other questions for9

NuScale before we go to the staff?10

(No response.)11

MEMBER CORRADINI:  Okay.  Let's have a12

transition.  Staff is up.  Thank you.  So we are13

enough behind that we are going to go past 12 o'clock,14

so everybody don't get all itchy at noon.15

(Off microphone comment.)16

MEMBER CORRADINI:  Well then some of you17

can get itchy, but we're going to continue.  I want to18

get through this so that we finish up.19

PARTICIPANT:  All right.20

MEMBER CORRADINI:  It's not an21

anticipation we need a closed session.  On the other22

hand I don't think necessarily we are going to finish23

exactly at noon.24

PARTICIPANT:  Okay.25
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MEMBER CORRADINI:  And I think it is1

appropriate and important that we get our questions2

answered from the staff as much as we need to.  Bruce,3

I think you are driving this.4

MR. BAVOL:  I am.  Good morning.  My name5

is Bruce Bavol.  We are going to go through the safety6

evaluation with open items for Chapter 4 reactor for7

the ACRS whole committee meeting.8

What we did was we got some feedback from9

the subcommittee meeting, the members, and we have10

compressed the subcommittee presentation to highlight11

major open items and open items associated with GDC12

27, 35, and Chapter 15, also associated RAIs.13

So we are primarily going to go through a14

highlighted portion of 4.2, 4.3, 4.4, and 4.6.  The15

staff are going to be taking over their selected16

sections and describing said open items.17

Along the way we have had a couple of18

modifications also in the number of open items and19

confirmatory items and that was based on some20

supplemental information that came in from NuScale21

that that was primarily backed up to the subcommittee22

meeting on April 17th.23

So with that I am going to turn it over to24

Chris Van Wert to go through Section 4.2.25
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MR. VAN WERT:  All right.  Well, good1

morning.  In the interest of time I'm not going to2

focus too much on some of these extraneous slides,3

but, again, this was the areas of review that were4

included in the staff's evaluation.5

Going to the next slide, again, as you6

heard before in general the NuScale fuel assembly is7

very similar to the Framatome HTP fuel assembly.  It's8

a little bit shorter, therefore it has fewer grids. 9

The operating parameters are a little bit different as10

well.11

Next slide.  So the staff was able to make12

a finding in regards to meeting the staff goals for13

the normal operation in AAOs as they were encompassed14

within the 4.2 section of the DCD.15

However, we did have a few open items that16

were associated with GDC 2 and also GDC's 27 and 35,17

and we'll discuss those in the next couple slides18

here.19

For GDC 2 the staff had concerns in the20

modeling of the fuel assembly for seismic response and21

the original concern was tied to the RFT location of22

the plant layout.23

However, subsequent to that the internal24

evaluation was being revised and so the staff was not25
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able to make a GDC 2 finding for both the RFT and1

operating bay locations.2

However, the plan currently is for that3

information to come into the staff on July 31st of4

this summer and we plan to complete our review at that5

time.6

And, again, this is a high overview in7

case anyone is curious.  The RFT location is right --8

the one below that.  Yes, right there.  Skip the next9

one.10

For GDC 27 and 35, these are tied to GDC11

exemptions that are presented in Section 3.1.  For 2712

and 35 the evaluations of those PDCs are contained in13

Chapter 15.14

So while the staff had no concerns15

regarding the meeting of the general gist of these16

GDCs within the context of 4.2, we couldn't say that17

they complied exactly with the PDC since that PDC was18

still under evaluation.19

That will be presented in the Chapter 1520

ACRS date coming up.  I think that's it.  Were there21

any questions on that or should we move on to 4.3?22

(No response.)23

MR. VAN WERT:  Okay.24

MR. DRZEWIECKI:  Okay.25
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MR. VAN WERT:  Very well.1

MR. DRZEWIECKI:  So I'm going to talk2

about both 4.3 and 4.4, which the core nuclear design3

and core thermohydraulic design.4

So as far as 4.3, these are the areas in5

which staff made findings.  The ones that are in bold6

are where we still have items that are open and staff7

did not make a conclusion in their phase II safety8

evaluation.  So as far as going through those and the9

first one is GDC 12, this is on stability. 10

There was stuff done that had looked at11

xenon stability.  There's no further concerns there,12

but there is a stability and methodology which is13

still under review, and we'll be speaking to you about14

that methodology in June.15

As far as GDC 27 goes, this is where, and16

this is where NuScale submitted an exemption request17

for this.  This is being evaluated in Section 15-06 of18

the staff safety evaluation, and we'll be talking to19

you about that when we discuss Chapter 15.20

There was a SECY paper that was written,21

we had spoken about before, as a SECY 18099, that22

states what the basis for that exemption is going to23

be, what the established criteria for that exemption24

are.25

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



121

As far as evaluating those established1

criteria, two of those aspects was a thermal margin2

evaluation of the fuel cladding, as well as a3

probability of frequency of occurrence.  And so4

there's questions on that.  That'll be discussed5

further in Chapter 15.6

Also, staff has questions in terms of the7

boron distribution during longterm cooling.  This also8

affects this exemption evaluation, and that will also9

be discussed in Chapter 15.10

For GDC 28, this is reactivity limits, and11

what is keeping this open is, one, is there, is a12

variety of ejection methodology which is still under13

review by staff.  We will be meeting with you in14

November to discuss that methodology.  As well as the15

boron distribution also affects this, because that has16

an impact on the reactivity insertion and the amount17

in longterm cooling.  Okay, so that was all for 4.3.18

Looking at the core thermohydraulic19

design, the areas in which staff still has open items20

are on GDC 10 and GDC 12.  As far as GDC 10, the first21

item is the core bypass flow rate.  The basis for the22

NuScale design is eight and a half percent.  Current23

basis from what we've seen, that is supported by a CFD24

analysis.25
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Staff sought further verification of that,1

whether that was through a test or conservative2

analysis.  We don't have the REA response yet, but we3

think we have a clear path forward.  We expect that4

the response from NuScale is going to be a5

conservative analysis showing that they have lots of6

margin to their design limit.7

There is --8

MEMBER CORRADINI:  Just to make sure I9

understand.  But this is no different of an approach10

that we've seen in other cases where it was a11

calculation biased conservatively.12

MR. DRZEWIECKI:  That's right.13

MEMBER CORRADINI:  And then based on14

operation they're going to have to then see where they15

are.16

MR. DRZEWIECKI:  That's right.  Now, there17

is, you know, some startup testing that looks at the18

overall, you know, like loop flow resistance and19

things like that.  And there's testing of, you know,20

each component that goes into that.  But yes, that's21

right.  That's consistent with how it's been done, and22

this is for the AP1000 APR1400.23

Also, there is a non-LOCA analysis24

methodology.  This is used to select which scenarios25
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for each event are going to be used to do a formal1

thermal margin evaluation, among other things.  And so2

that's why this is an open item in Chapter 4, and3

we'll be speaking to you about that in November.4

There was an open item when I was here for5

the Subcommittee that has since been a status as a6

confirmatory item.  And this had to do with a7

surveillance for the RCS flow rate.  8

And so really what it was is that there9

are things that can happen on the secondary side, you10

know, that can have an impact on the thermal center of11

your steam generator, as well as changes in the axial12

that could have an impact on the thermal center of13

your heat source, so that can impact the overall flow. 14

And so what this RAI response did is, and15

it clarified that they're going to account for those16

additional aspects in the uncertainty when they do17

that surveillance.18

Okay, GDC 12, again, this is, you know,19

this is again, a methodology.  NuScale is using a20

regional exclusion solution for this.  And the basis21

for that is this topical report, and we'll be meeting22

with you in June to discuss this topical report.23

That's all for 4.3 and 4.4, unless there's24

more questions.  Also, just put this out there, you25
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know, we have some backup slides that's for the closed1

portions.  If you want to go over some of the details2

of the shutdown margin calculation, how those are done3

and the inputs to those, we can talk about that in4

more detail.5

MEMBER CORRADINI:  But we'd have to do it6

in closed session.7

MR. DRZEWIECKI:  That's right.  Yeah,8

because, yeah, yeah.9

MEMBER MARCH-LEUBA:  The shutdown margin,10

no it wouldn't be closed session.  But I don't want to11

end the closed session, I just want to put for the12

record that via my federal representative I've been13

talking to the staff about it, and I'm convinced that14

the calculations in those tables are correct.15

UNIDENTIFIED SPEAKER:  Okay.16

MEMBER MARCH-LEUBA:  And I don't have any17

problem.  I just wanted to make you a question, maybe18

I get this off my back, about the item I brought out19

before.  The licensing basis for NuScale is to turn on20

DHRS automatically and do not rely on operator21

actions.  I have not found, I've been looking through22

the CFR for a definition of shutdown margin and it is23

not there.24

MR. DRZEWIECKI:  It's not there, yeah.25
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MEMBER MARCH-LEUBA:  There is a definition1

of safe shutdown, which is where the one-stack role2

comes from.  So what's the position of the staff about3

designing, approving a reactor that is planning to4

operate differently than what we're approving to, and5

it's fusing how they plan to operate instead of what6

we're approving for demonstrating?  What's the7

position of the staff on that?8

MR. DRZEWIECKI:  Well, I will say I don't9

believe it has changed what we've done in the past. 10

For example, as far as a design basis, that means11

that's how that's going to be evaluated in Chapter 15. 12

So if you look at, you know, safe, you know, I'll take13

the example of, you know, of the APR1400.  Or, but14

this would be similar to, you know, several of the15

operating PWRs.16

Many of the AOOs result in an actuation of17

the safety injection system in order to provide, you18

know, some kind of makeup.  Like one example, you19

know, is the inadvertent opening of an ADB, or an20

atmospheric dump valve.  That's an AOO, it's an21

overcooling event.22

I would expect that an operation, you23

know, it's a kind of operator, would take an action to24

provide some kind of makeup to that, some kind of a25
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non-safety-related makeup.  I would expect that to be1

inside of the EOPs.2

However, in this safety analysis, you3

know, you have there's no action taken, and that4

results in an actuation of the safety injection5

system.  If they don't do that, you would be in a6

similar situation here where you continue to overcool,7

get that reactivity insertion, and they you would, you8

know, have an issue.9

So I don't see it as a departure from the10

way we've done it before.11

MR. NOLAN:  So we'll move onto 4.6.  So in12

Section 4.6, the staff evaluated the functional design13

of the control rod drive system.  The safety-related14

function of the system is to release the control rod15

assemblies into the core for a reactor trip, as well16

as maintain the RCS pressure boundary.17

The staff ensured that the system is18

environmentally and seismically qualified.  It's19

designed to 2000 ppm boron, 2100 psi pressures, and20

650 degree design temperatures.  It's also scoped into21

the qualification program in 3.11 for, you know, harsh22

environment.23

We looked at the control rod drive cooling24

system to ensure that CVCS is capable of maintaining25
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the control rod drive mechanism temperatures within1

the expected ranges.  We reviewed failure modes and2

effects analysis.  Any test programs, prototype3

testing, startup testing.4

We also reviewed the tech specs.  Included5

in the tech specs is a periodic rod movement6

surveillance.  And I looked, I went back and looked it7

up.  It's every quarter that they would verify rod8

movement and ensure operability of the safety-related9

functions.10

MEMBER MARCH-LEUBA:  Do they ensure full11

motion and shutdown timing?12

MR. NOLAN:  So the shutdown timing is done13

before you go re-critical.14

MEMBER MARCH-LEUBA:  So once every two15

years.16

MR. NOLAN:  Yeah, or any time you go. 17

Yeah, so if you shut down midcycle, you would do it.18

MEMBER MARCH-LEUBA:  So they will do a19

full slow in and out of the rod every three months?20

MR. NOLAN:  Yeah, it's, I think it's a21

minimum of four steps.22

MEMBER MARCH-LEUBA:  Okay.23

MR. NOLAN:  Yeah, it's not full, it's just24

more than four steps.  If you can go to the next25
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slide.1

This slide presents which GCDs we made2

findings on and safety evaluation, and as far as the3

open items you see the same sort of placeholder open4

items that point back to the GDC 27 exemption, as well5

as the longterm cooling and potential for boron6

redistribution, both evaluated in Chapter 15.7

That concludes the staff's presentation on8

Chapter 4.9

 MEMBER CORRADINI:  Questions by the10

members?11

MEMBER MARCH-LEUBA:  Yeah, since we have12

time, a concern I have with this control rod system is13

very long.  I have this skeleton spaghetti, and I'm14

hoping that when the seismic qualification comes15

along, they will have evaluated the probability of16

this system failing under severe horizontal loads. 17

You have not done that.18

MR. NOLAN:  I will say the mechanical19

design of the system will be presented as part of20

Chapter 3.  And so we did audit, we looked at elements21

of test programs, what testing has been performed,22

what will be performed.  So you'll see more of the23

staff's review on the mechanical aspects of the system24

for Chapter 3.25
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MEMBER MARCH-LEUBA:  So we will see it,1

the failure modes following a seismic of the control2

rod insertion in other chapters.3

MR. NOLAN:  Yeah.4

MEMBER CORRADINI:  Any more?  Why don't we5

move to Chapter 5 then.6

MR. BAVOL:  Okay.  I'm going to transition7

the staff members for Chapter 5, please.  No, I'll8

just, we'll walk through the sections.9

Okay, we'll get started with the Chapter10

5 safety evaluation with open items.  So again, we're11

going to go in succession with sections, 5.2.2, 5.2.5,12

5.4.2, 5.4.4, and 5.4.5.  13

For this chapter, members have asked for14

major open items to be discussed.  Decay heat removal,15

open items for Chapter 15, associated RAIs, steam16

generator inspections.  And there was a question from17

the Subcommittee on leak-before-break.18

The staff were selected for those19

individual sections, the system matter are experts. 20

And we'll start, oh, also, again, there were some21

confirmatory items, open items that have since been22

updated.  I just wanted to make that, and it might be23

a little bit different from the Subcommittee24

discussion.25
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With that, I'll turn it over to Section1

5.2.2, which is John.2

MR. BUDZYNSKI:  Yeah, my name's John3

Budzynksi, I'm Section 5.2.2, overpressure protection. 4

This is the same slide as before.  It depicts that5

there's two types of operation, one at full power6

conditions, which is the reactor safety valves due to7

protection in those conditions.  8

And then at low temperature conditions,9

which I call the LTOP system.  And that's where the10

RVVs from the emergency cooling system use, we use11

those valves to protect us at low temperature12

conditions.  It's basically the same slide from last13

time.  Go ahead.14

Okay, the first one's confirmatory items,15

and that was broken down into sections.  There was a16

S-1 supplemental response by NuScale that made17

revisions to Rev 2 of the DCD.  And I confirmed that. 18

And then there was a second supplemental revision19

that's, will be presented in Rev 3 of the DCD.  And20

that's, makes it still, that's why it's still a21

confirmatory item.22

The second is open item, and it's based on23

the operation of the RVVs.  There's a ongoing audit,24

and where we will observe the operation of these25
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valves at LTOP conditions and basically at the1

emergency cooling conditions.  That's all I have.2

MR. BAVOL:  Was there any questions for3

overpressure protection for John Budzynski?  Okay,4

we'll go to Section 5.2.5, Chang Li.5

MR. LI:  I'm the reviewer for Section6

5.2.5.  The review of Section 5.2.5 was using DSRS7

Section 5.2.5 and Reg Guide 1.45.  We went through all8

the elements that, in the DSRS, as listed in this --9

CHAIRMAN RICCARDELLA:  Excuse me, would10

you please get a little closer to the microphone,11

yeah.12

MR. LI:  I reviewed elements as listed in13

the third bullet there, which covers all the review14

elements that require in Section 5.2.5 of DSRS.  We15

have one COL information items.  We found, identified16

one open items.  Next.17

The open items has to do with the leak-18

before-break application that the NuScale's leak-19

before-break application for main steam and main20

feedwater line break.  Limit it by using the leak-21

before-break as eliminate pipe break analysis and22

protection requirements, such as pipe width restraints23

and jet shields.24

In the RAI that 92.01, we've asked25
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questions about what happens when the leakage limit,1

it's, when the leakage is higher than the leakage2

limits in the leak-before-break analysis.  And the3

response that we got from NuScale, they provide us4

with a procedures to take care of it. 5

We don't think that's adequate, and we go6

into the 10 CFR 50.36 tech spec rule.  And based on7

the criteria II, we identified this limit, leakage8

limit, in the leak-before-break satisfy that criteria. 9

So the tech spec should be imposed.10

And recently that NuScale provided tech11

specs, and we are reviewing the contents of the tech12

specs.13

CHAIRMAN RICCARDELLA:  So just let me14

understand.  The concern is that they had a procedure15

for what they would do, but that that procedure wasn't16

incorporated in the tech spec, is that the concern?17

MR. LI:  They have a owner-controlled18

procedure which doesn't explicitly require plant19

shutdown when the limit is exceeded.  When the limit's20

exceeded, the leak-before-break analysis fracture21

mechanics what's exceeding the limit is, that's22

invalid.  And there is no real control on it.23

CHAIRMAN RICCARDELLA:  And so you say24

they've just recently submitted a tech spec that25
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you're reviewing?1

MR. LI:  Yes.  And that tech spec will2

require the operator to shut the plant down.3

CHAIRMAN RICCARDELLA:  Okay.4

MR. LI:  Under certain conditions.5

CHAIRMAN RICCARDELLA:  If they get above,6

I think it's a half a gpm.7

MR. LI:  Yeah, it's, the criteria is 1.58

gallon per hour.9

CHAIRMAN RICCARDELLA:  Oh, okay.  That's10

very small.11

MR. LI:  Yeah, we're still reviewing it,12

and so far we don't find any significant problems with13

it.14

CHAIRMAN RICCARDELLA:  Okay.15

MEMBER CORRADINI:  It's still under16

review, although you see a path to closure.17

MR. LI:  Yes.18

There was questions raised in the19

Subcommittee meeting, however, that's in the area of20

Chapter 3, which will be discussed in a future ACRS21

meeting, Chapter 3.22

That's all for leak-before-break.23

MR. MAKAR:  We perform a review of24

materials and of the steam generator and certain25
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design features that relate to materials performance1

of the steam generators.  And we also conduct a review2

of the steam generator program.  3

And this is a review of whether the4

applicant or the design can implement a steam5

generator program capable of maintaining tube6

structural and leakage integrity.7

This, it's based largely on a program, on8

an industry guideline program called, numbered NEI 97-9

06.  That includes tech specs, limiting conditions for10

operation, as well as administrative controls, and a11

limit on the change and the types of degradation of12

the tubes that would require plugging.  That's in the13

tech specs as well.14

And there are also COL items related to15

the plugging criterion and also the milestones and the16

program which the COL applicant would submit.  Next,17

please.18

These steam generators have some first-of-19

a-kind, to us, features that affected our review. 20

They also have a lot of familiar features.  So on this21

slide, this lists on the left the, some of these22

unconventional design features, and on the right how23

they affected our review.24

And so some of the things that were25
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changed is what's different about this is the plugging1

criterion, the access for inspection or how we2

evaluate the plugging criterion, because the tubes are3

under external pressure more than internal pressure. 4

And the ability to qualify inspection5

techniques, and there are new types of components in6

it including flow restrictors and different kind of7

tube supports.  And also questions about the surface8

that will be inspected, since it will be on the9

secondary side that a inspection probe would be10

inserted.11

MEMBER CORRADINI:  So but just to make12

sure we're on the same page, my impression is from13

reading the SE, the draft SE, that staff is still14

accepting the in-service inspection as planned, as an15

appropriate eddy current.  16

And two, and I'm going to get this wrong,17

but there's a pre-service, 100% in the first go-round18

of this, so that there's confidence gained with this,19

I'll use the word innovative, generator design.20

MR. MAKAR:  Yes, and I'll respond to two21

parts I see.  That one is what amount of inspection22

they need to do and what we're approving here.  I23

think at this stage we're seeing are these tubes, is24

it designed in a way that can be inspectable.  Do we25
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have confidence that an inspection program can be1

implemented for this design?2

And so we concluded that yes, even though3

there's work to do to qualify techniques, that we'll4

be able to demonstrate that they're maintaining tube5

integrity.6

The other part is what they're required to7

do.  There's a pre-service inspection of all the tubes8

after the hydro test and before the tubes are put into9

operation.  And after the first cycle of operation,10

there's a volumetric inspection of 100% of the tubing11

is required in all steam generators.12

After that, it becomes more performance-13

based.  And so it could be as much, for this tube14

material, it could be after the initial inspection,15

after the first cycle of operation, it could be as16

long as six years before they do any inspection.  That17

depends on, and then changes from there.18

So this is performance-based with certain19

prescriptive timing elements.  So that, the licensee20

is required to perform a degradation assessment to21

determine what kinds of degradation they think they22

might have, and this is all in the tech specs.  And23

then be able to inspect for that type of degradation24

using techniques that are qualified to find it.25
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And so if there were, based on what they1

find in that initial inspection after the first cycle2

of operation, that would determine when they inspect3

next and what tech specs --4

MEMBER CORRADINI:  Okay, let me say it5

back to you in a different way to make sure that I'm6

not misunderstanding.  The program looks good.  There7

is a pre-service inspection that's going to be8

required and in-service, the first time through 100%. 9

But the technique for inspection, although anticipated10

to be similar to what is currently done, has to be11

qualified.12

MR. MAKAR:  That's right.13

MEMBER CORRADINI:  So how does one qualify14

the inspection?  Isn't it the initial pre-service15

inspection qualifies the technique?  I'm struggling16

here.17

MR. MAKAR:  The techniques are developed18

with, industry develops these techniques.  And I don't19

want to speak too much for what NuScale and potential20

combined license applicants are doing, but I would21

imagine they are working with organizations like EPRI,22

other steam generator owners to find techniques that23

can, with the right types of probes, that can look, do24

volumetric inspections at high speeds for detection of25
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things like wear. 1

And then also do localized inspections,2

more detailed ones that they might perform, say where3

the tube is expanded into the tube sheet.  So there4

would be a number of things that they would want to5

look for in an inspection.  And before they even do6

the pre-service inspection --7

MEMBER CORRADINI:  There's got to be a --8

MR. MAKAR:  There would be a technique. 9

And if you're familiar with welding procedures at all,10

it would be kind of like that.  There are parameters11

that are defined.  It's we're using this type of12

probe, we're using these type of electrical13

characteristics.  14

And there would be some flexibility for15

these different parameters.  But some would be if you,16

once, if they identify the qualified procedure they17

were using, that would tell you a lot about what18

they're doing.19

And so for now, when we receive an20

inspection procedure from an operating plant,21

depending on what they're looking for and what kind of22

degradation they have, there may be a dozen, I'm just,23

that's an example, it could be a few, it could be more24

than a dozen, of qualified techniques they're using. 25

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



139

It may be for detection, it may be for sizing.1

So these things are very detailed, and2

they've been shown to detect what you're looking for. 3

In addition --4

MEMBER CORRADINI:  That's all right,5

you're being very comprehensive in, but let me just6

ask one little thing so I'm clear.  So there is7

existing guidance, it's just not been applied to this8

innovative design.  And that's got to be done and9

qualified prior to the, even the pre-service10

inspection.11

MR. MAKAR:  Right.12

MEMBER CORRADINI:  Yeah, okay, right.13

MR. MAKAR:  And then it's qualified14

onsite.  There's a site performance demonstration also15

before you actually perform the demonstration.  Or16

before you perform the inspection.17

MEMBER CORRADINI:  Okay.18

CHAIRMAN RICCARDELLA:  But that requires19

them to identify certain degradation mechanisms and20

then demonstrate that whatever inspection technique21

they're using is capable of finding those degradation22

mechanisms.  It's not the initial pre-service or first23

cycle inspection that qualifies it, that just shows24

that they can get the tube, get the --25
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MEMBER CORRADINI:  Well, they've got to1

have --2

CHAIRMAN RICCARDELLA:  Into to the tubes.3

MEMBER CORRADINI:  They've got to have an4

inspection procedure that has been thought through and5

has been submitted and is qualified, and then use that6

--7

CHAIRMAN RICCARDELLA:  Yeah, for projected8

degradation mechanisms.  But I mean, and that's9

somewhat of a conjecture as to, you know, we really10

don't know much about degradation mechanisms until11

we've operated and seen some OE, right?12

MR. MAKAR:  Right.  And on one hand,13

you're projecting what kind of performance you're14

expecting, what could happen to cause degradation.  On15

the other hand you're, physically you're looking at16

tubing that has artificial or maybe pull tubes that17

have real degradation in them and showing that you can18

at least detect them, and in some cases characterize19

them by size and, I lost my train.20

There are some, even without degradation,21

there are some features you would want to find in a22

pre-service inspection, like little dents and dings23

that are acceptable, but you want to know about them24

when you do your first in-service inspection so you25
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can see if they've changed or you're not confused by1

what they are, oh, yes, we found that in our first2

inspection.3

MEMBER BALLINGER:  Now you've hit a trip4

wire for me, and that is U-tube steam generators that5

can pull tubes, can they pull tubes in this kind of6

steam generator?7

UNIDENTIFIED SPEAKER:  Just push.8

MEMBER BALLINGER:  Yeah, that's.9

MEMBER CORRADINI:  I don't understand what10

you're saying.11

MEMBER BALLINGER:  It's a verification of12

if you've got a degradation mechanism going on, the13

ultimate thing is to pull a tube that's got the14

degradation mechanism and look and see what it is.  In15

a U-tube steam generator, they can pull, they can go16

in and cut a tube, pull it out, and stabilize it in a17

certain location.  They don't have to pull the whole18

tube.19

But in this design, ay yay yay, how do you20

pull a tube on this thing?21

MR. MAKAR:  I guess two parts.  One, my22

assumption is you cannot.  And I thought that we might23

have heard in the Subcommittee I'm not sure that that24

wouldn't, that wasn't possible. But I'm --25
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MEMBER BALLINGER:  Yeah, I don't remember.1

(Simultaneous speaking.)2

CHAIRMAN RICCARDELLA:  I'm going to ask3

someone from NuScale to address that question as to4

whether it'd be possible to extra a steam generator5

tube.6

MR. SEXTON:  Hi, this is Colin Sexton.  We7

do not believe that it is possible to extract a steam8

generator tube in situ.9

MEMBER BALLINGER:  One other thing.  And10

usually with a U-tube steam generator they use a low11

frequency signal to find a support plate, which is how12

they locate themselves where they are.  With this13

design, there really is no support plate.  But there's14

these tabs.  Is that going to complicate locating15

themselves if they look at, if they see degradation?16

MR. MAKAR:  I think that's, to me that17

would be one of the goals of inspection, is being able18

to distinguish support locations from possibly a loose19

part or a foreign object that's sitting on a tube. 20

It's an area of development for an eddy current.21

MEMBER CORRADINI:  Can't you just use the22

traverse length?  I mean, you know how much is stuck,23

yeah.  That's, I don't want to design this for them,24

I just want to make sure that they --25
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MEMBER BALLINGER: You get a gross1

location, but remember this things shrinks and grows2

six or seven inches when you heat the thing up.  And3

so everything moves around a little bit, and if you've4

got a piece of degradation that's an eighth of an inch5

or something which is a circumferential crack or6

something like that that's in there, you really have7

to know where you are with respect to, you have to8

know where you are pretty accurately. 9

So that's typically what they do, they10

find the support plates, and then they go from there. 11

So it's just a matter of developing a technique.12

MEMBER BLEY:  It's true, but they're going13

to see different kind of problems because the14

pressure's on the outside.  15

MEMBER BALLINGER:  Yeah.16

MEMBER BLEY:  Probably not going to be17

able to put the probe through.18

MEMBER BALLINGER:  It's failure to19

traverse.  If they can't put a probe through, they20

pretty much know.  Yeah.21

MR. MAKAR:  And then speaking of that, one22

of the questions is how much thinning, the plugging23

criteria, how much thinning can be allowed.  And we24

had help doing this calculation.  Normally, since all25
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of the operating reactor steam generators are so1

similar, we don't need to do a detailed review on that2

for those designs.3

For this we did, and we had help from a4

contractor, Engineering Mechanics Corporation of5

Columbus.  And if, one of our contractors there,6

Elizabeth Twombly, I welcome her if she's on the phone7

line.  And, Elizabeth, are you on the line?8

CHAIRMAN RICCARDELLA:  We may need to open9

the line.  She's on the public line?10

MR. MAKAR:  No.  But she could help answer11

questions about how we determine the plugging12

criteria.  And it was done with, according to our reg13

guide on that subject, although it's, normally that's14

been assumed to be for burst. 15

In this case, we applied it to collapse. 16

The reg guide actually does address, and the tech17

specs address burst and collapse and maintaining18

structural margins in both cases.19

CHAIRMAN RICCARDELLA:  So I have a20

question that I just thought of.  So in a conventional21

steam generator, we have the ability to detect steam22

generator leakage by finding radioactivity in the23

secondary side system.  But here, if you had tube24

leakage, it would be secondary fluid going into the25
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primary.  No?1

MEMBER CORRADINI:  No, that's still the2

same, because it's still the same pressure difference. 3

These are --4

CHAIRMAN RICCARDELLA:  Okay, okay just5

inside versus outside.6

MEMBER CORRADINI:  Right.7

CHAIRMAN RICCARDELLA:  All right.8

MR. MAKAR:  Oh, Elizabeth, are you on the9

line?  Okay, maybe she had trouble getting in.10

CHAIRMAN RICCARDELLA:  They can hear her11

but we can't.12

That's interesting, because we heard13

NuTech, I mean we heard NuScale.14

MEMBER CORRADINI:  We're IT champs in this15

room.16

MEMBER BLEY:  While we're trying to solve17

this, is anybody from NuScale on there who can speak18

so we can make sure we can hear you guys?  If they can19

hear her, they should be on the line.20

UNIDENTIFIED SPEAKER:  I think we got the21

wrong line opened up.22

MR. MAKAR:  Well, the, should I?23

MEMBER CORRADINI:  Keep on going.24

MR. MAKAR:  So the, NuScale evaluated the25
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two plug-in criteria, and with the type of degradation1

they felt was most likely they looked where, they also2

looked at cracking.  As you know, we haven't had any3

stress corrosion cracking in 692, so we would agree4

that wear is most likely.  5

And we evaluated that and determined that6

at 40% through-wall, which is in the tech spec,7

proposed in the tech specs, that they can maintain8

those structural margins.  And but that it may depend9

on the, how long the, a wear scar is.10

So what we've approved is a value that's11

bracketed in the tech specs.  It means it will have to12

be, a COL applicant will submit that with, and either13

affirm that value, and/or propose a different value. 14

And so we will review it at that time, and then we'll15

know more.  16

That is possible that degradation17

assessments may change in that time.  There may be18

other things to look at, but that's the approach now,19

is --20

CHAIRMAN RICCARDELLA:  What do you mean by21

the value bracketed in it?22

MR. MAKAR:  It actually has brackets23

around it in the tech specs.  That means it's a, it's24

not a final value, it would be a COL applicant will25
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have to --1

UNIDENTIFIED SPEAKER:  Define it.2

CHAIRMAN RICCARDELLA:  It's not a range of3

values.4

MR. MAKAR:  No, in this case it's just a5

value that has to be --6

CHAIRMAN RICCARDELLA:  Single that just7

has to be --8

MR. MAKAR:  Either affirmed or changed in,9

with the COL application.10

So Bruce, can you go ahead little more,11

yeah, that's good.  So our guidance and our12

regulations here are related to structural and leakage13

integrity.  And these guidelines address a lot of14

areas, including the degradation assessment and the15

integrity assessment, inspection, primary and16

secondary water chemistry, reports, as well as the17

shell side maintenance and other things.18

So that's where our regulations and19

guidance point us.  And so, and you can go ahead,20

Bruce.  And looking at all these, we concluded that21

this does, this design would allow for implementation22

of a steam generator program and that it is following23

the NEI guidance and the associated EPRI guidelines.24

The generic tech specs are following the25
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standard tech specs.  We say appropriately because1

there are some exceptions for design-specific wording2

changes, like using the word tube failure instead of3

tube burst.4

And we evaluated the generic plugging5

criterion and found that acceptable for this stage. 6

And there are some COL items coming in.  I mentioned7

the plug-in criterion, as well as the, their plans for8

implementing the program and the milestones for the9

in-service and pre-service inspections.10

So based on all that, we found the steam11

generator program acceptable.12

CHAIRMAN RICCARDELLA:  Well, no, I think13

NuScale and you, you're doing the best we can, but we14

have to understand that all of these guidelines and15

all of the, is all based on OE with a different type16

of steam, you know, a basically different concept.  I17

don't think we'll ever, we'll really be certain about18

this until we have some OE with this particular type19

of generator.  I don't know what else we can do.20

MEMBER KIRCHNER:  Well, just along those21

lines, Pete, what I was thinking is what's different22

about this and where would I look.  One thing that23

comes to mind for me is the primary side of the24

feedwater tube sheet.  It's in a low flow on the25
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primary side, so it's probably, and a cold, it's1

essentially a cold trap there.  That'd be the coldest2

point in the system when it's operating.3

And I would look for crud and other4

deposition on the primary side of that tube sheet as5

a potential area that's different from what we would6

see in the existing fleet.  Just an observation.7

MEMBER CORRADINI:  You would, wouldn't you8

see it though, you would have to be inspecting in a9

similar manner that you have with current ones with10

the U-tube.  The tube sheet, although not inclined,11

would still be a place where things would build up. 12

It just would be on the secondary and this case the13

primary.14

CHAIRMAN RICCARDELLA:  In this case the15

primary.  I'm not a water chemist, but I think we16

expect a lot less crud on the primary than in the17

secondary.  18

MEMBER KIRCHNER:  If they follow the EPRI,19

the primary and secondary water chemistry guidelines20

this should not be an issue.  It should be a pretty21

clean plant.  But again, that's an example of a place22

where it's different.23

CHAIRMAN RICCARDELLA:  Again, that's24

something that their inspection, that the inspection25
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would certainly pick up, if they had something1

happening right at the tube sheet.2

MR. MAKAR:  And their program does commit3

to shell side, what we call side secondary side in the4

operating fleet, but shell side inspections.5

MEMBER SKILLMAN:  Yeah, the area where I6

would be concerned is getting into the tube.  Every7

tube has a throttle, every tube has a flow restrictor. 8

There are 380 per, there are four of those.  And9

that's a cantilever design sticking up into the tube. 10

So I would be very suspicious about two11

things, how you'd pull that array out to allow12

inspection, and number two, how those devices rest in13

the tube and where they would provide at the lower end14

of the first vent.15

MEMBER CORRADINI:  Go ahead.16

MR. MAKAR:  I'm finished.17

MR. TRAVIS:  So I'm Boyce Travis, I'll be,18

I was the primary reviewer for DHRS, and I'll be19

presenting the staff's findings on that.20

Before I move onto the slides, there was21

some discussion in the Subcommittee meeting about the22

thermal relief valves and the DHR signals.  The23

applicants covered that in large part, but if you guys24

have any questions I'll be happy to address them as25
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well.1

If you'll move onto the next slide, Bruce. 2

In DHRS there was one open item on the staff's review.3

It's related to the methodology, which is documented4

in the non-LOCA topical report, and that'll be5

presented at the ACRS in a forthcoming meeting.  The6

analyses that the staff used to make its findings on7

DHRS rely on that methodology, so I think it'll be8

presented along with it.9

MEMBER SKILLMAN:  Boyce, let me ask this10

question, please.  I was looking in Chapter 5 for11

cooldown rate.12

MR. TRAVIS:  Okay.13

MEMBER SKILLMAN:  And rate is used14

numerous times, but not in context or in conjunction15

with cooldown.  Are there any rate limits on this16

design?17

MR. TRAVIS:  So there is --18

MEMBER SKILLMAN:  Delta T versus time is19

my real question.20

MR. TRAVIS:  Yeah, so for technical21

specifications, there is obviously a 100 Fahrenheit22

per hour rate limit.  With for the DHRS, there is not23

an explicit rate limit in that it's, that the system,24

the physical characteristics of the system are what's25
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going to be rate-limiting.1

And so there is, the applicants documented2

in the FSAR what I'll call the nominal cooldown3

characteristics with two-train DHRS performance. 4

That's about as good as, or as fast as the DHRS can5

cool the system down.  6

And it is on the order of 100 degrees per7

hour, maybe a little less, maybe a little more,8

depending on pool temperature, how many trains in9

service, initial conditions, things like that.  But10

there's not an explicit limit on --11

MEMBER SKILLMAN:  What is the basis of 10012

Fahrenheit per hour?13

MR. TRAVIS:  So to the best of my14

knowledge, and I would have to get the staff experts15

on this, I believe it's a materials concerns with16

regards to the, like, thermal shock effectively in17

that we don't want to cool this, you don't want to18

cool the components of the system down faster than19

thermal shock would.20

CHAIRMAN RICCARDELLA:  Well, it's PT21

limit, PT, pressure temperature limit curves based on22

reactor vessel toughness.  But I would think --23

MR. TRAVIS:  Yeah, it's a material --24

CHAIRMAN RICCARDELLA:  Given the modern25
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materials that we're using here, that shouldn't be a1

limit.  We shouldn't be anywhere near 100 degree per2

hour being limiting.3

MEMBER SKILLMAN:  Yeah, most of the PT4

limits are based on pulling tubes out of tube sheets5

or twisting or bending.6

CHAIRMAN RICCARDELLA:  Yeah?7

MEMBER SKILLMAN:  Yeah.8

CHAIRMAN RICCARDELLA:  I thought they were9

based on reactor vessel embrittlement.10

MEMBER SKILLMAN:  Well, sometimes yes.  I11

know on the OTSGs, if you cool down fast enough, you12

can either buckle the tube sheet or pull the tube13

sheet out or pull the tubes out of the tube sheet. 14

So.15

MR. TRAVIS:  Yeah, my expectation would be16

that for almost every DHRS cooldown, it's going to be17

less than 100 degrees per hour, because you're limited18

by the physical characteristics of what's going into19

the system.20

MEMBER CORRADINI:  You just can't do it.21

MR. TRAVIS:  Right, exactly.  It's, I22

mean, not natural circulation, but yes.  Boiling and23

condensation on, in a pool that's roughly 120 degrees24

or 100 degrees is going to limit your cooldown.25
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CHAIRMAN RICCARDELLA:  Is there any sort1

of a PTS concern here?2

MR. TRAVIS:  No, I don't believe so.  But3

that is a technical specification limit, just like4

every operating PWR.5

MEMBER SKILLMAN:  Thank you, Boyce, thank6

you.7

MR. TRAVIS:  And so that's all for DHRS,8

if you guys have any other questions.  There's one9

more section with an open item in Chapter 5.  That's10

related to the exemption for RCS high-point vents. 11

NuScale, as we discussed in the Subcommittee meeting,12

NuScale is requesting an exemption for high-point13

vents.14

As the system, ECCS system functionally15

performs that, they have no safety-related high point16

vents in the system.  The analyses that the staff used17

to reach its determination are based on the18

methodology that's documented in the LOCA topical19

report, and that'll be presented to ACRS at a20

forthcoming meeting in conjunction with Chapter 15.21

MEMBER CORRADINI:  So Chapter 15 is the22

place where all things, where all roads meet.23

MR. TRAVIS:  That is, functionally that's24

correct, yeah.  I'm done, yeah.25
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MEMBER CORRADINI:  Members, do you have1

any other questions about Chapter 5 from the staff? 2

And we've confirmed that we have no questions that3

will take us into closed session, is that correct?4

MEMBER MARCH-LEUBA:  Yes, I don't have any5

questions left.6

MEMBER CORRADINI:  I talked to him7

privately, so I'm sure about that.  But I want to make8

sure if the other members that we have to go into9

closed session about?  Okay, with that, I'll thank the10

staff and thank NuScale. 11

Before I turn it back to the Chairman, the12

way the day has arranged itself, we'll probably take13

up the draft letter so the Committee can talk about it14

right after lunch.  So the staff and the applicants15

that want to sit and watch the sausage being made, I16

invite you.  Thank you very much.  17

Mr. Chairman, it's yours.  Oh, I'm sorry,18

excuse me, I apologize, I forgot.  We have to go to19

public comments.  Are there anybody from the public in20

the room that wants to make a comment or additional21

information?22

MR. SEXTON:  Yeah, we were going to23

provide some additional information about the set24

points for you.25
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MEMBER CORRADINI:  Okay.1

MR. SEXTON:  So there are two main2

programs that confirm the operation of the instruments3

that are, you know, hooks in the FSAR.  One is an4

ITAAC, and I'll try to show you the, so if you look at5

table 2.8-1 of DCA tier 1, section 2.8, you'll find a6

ITAAC for qualification of instruments of many kinds7

of safety-related instruments, including the level8

sensors.9

Then, there's another way that we have10

confirmation of the performance of instruments11

enshrined in the FSAR, and that is through the tech12

specs.  13

So if you look in tech spec section 5 for14

the setpoint program, you will find the way that we15

confirm that our instruments are calibrated and16

operable.  And the definition of operable goes into,17

you know, that they have been confirmed to work in18

their environment as well.  19

So two elements, ITAAC for qualification20

and operability in the tech spec under the setpoint21

program.22

MEMBER REMPE:  So because it's easier just23

to ask and you and I don't have to look it up, on the24

calibration, how much detail does it go into?  Does it25
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actually, again, my comment about how are you going to1

do this when you have the containment full of water? 2

Do they actually have to do something in situ every3

refueling outage?  Or how much detail is there?4

MR. SEXTON:  There isn't a lot of detail5

on the procedures for calibrating specific6

instruments.  That will be in the setpoint program,7

which is a document that will be maintained by the8

licensee, similar to the steam generator program.  9

So as far as the details of how you10

calibrate which instrument and how much drift you11

expected over the non-calibrated operation time,12

that'll all be defined in the setpoint program, which13

is committed to in the technical specifications.14

MEMBER REMPE:  So a COL applicant would15

buy the reactor, the net document would be provided to16

them, but the staff would never be reviewing it at all17

probably.18

MR. SEXTON:  Oh, no, I think as part of19

the COL application the staff would be reviewing the20

setpoint program, along with the other operating21

programs.22

MEMBER REMPE:  Okay, thank you.23

MEMBER CORRADINI:  Okay, other comments24

from the audience in the room?  Okay, let's go the25
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phone line.  I think it is open.  Are there comments1

from the members of the public?  Could somebody from2

the public at least acknowledge you're out there so we3

know it's open?4

PARTICIPANT: I am a member of the public.5

MEMBER CORRADINI:  Okay, so please go6

ahead with your comment if you have one.7

PARTICIPANT:  I really didn't have one,8

that's why I wasn't talking.  However, I do have one9

comment.  When you do get on, the operator announces10

there's only six persons in this conference.  Now, I11

think that's an error, and I'd sure like to know a12

little more about how many people are listening in on13

this conference.  Thank you.14

MEMBER CORRADINI:  Okay, is there anybody15

else on the line that wants to make a comment?16

MS. FIELDS:  Yes.  This is Sarah Fields. 17

I have a couple of comments.  First, the slides were18

not made publically available to, I guess a service of19

where normally the NRC and NuScale slides are sent out20

before the meeting.  I did have available the slides21

NuScale for Chapter 4 and 5 for the Subcommittee.22

Then I believe the slides for this program23

were different.  So they're not yet on ADAMS.  And I24

guess Mr. Snodderly is on vacation or out of the25
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office.  And he usually sends them out, but nobody1

took over that responsibility.  And so it's helpful to2

have the slides. In terms of staff and ACRS are going3

over everything.4

The second comment I have has to do with5

the application review schedule.  And you know how in6

phase III for the ACRS review go through some urgent7

items.  And then the ACRS will go to the review with8

the, during the review with open items, and then9

they'll go to the review.  It's not all open items. 10

Unless it goes to test to be completed in June of11

2020.12

And then the NRC staff will issue the13

final SER with no open items, excuse me, September 8,14

2020.  However, the NRC staff is going to commence the15

rulemaking process in December of this year, 2019. 16

I'm not sure when exactly the public comment process17

will commence. 18

But it appears that the final SER will not19

be available for during the public comment period. 20

And it's unclear whether the ACRS final prefers to end21

the meetings for phase V before, during, or after the22

public comment period on the draft rule.23

In the past, the NRC staff has not24

commenced the rulemaking until after the issuance of25
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the final SER.  But this time they have an accelerated1

schedule.  The accelerated schedule has not been2

placed on the application review schedule for the3

NuScale design webpage.  But I've been made aware of4

this schedule and NuScale was made aware of the5

schedule.  But it was not announced to the public.6

I have concerns about this accelerated7

rulemaking schedule and what will not be yet available8

during the rulemaking comment period on the draft9

rule.  Thank you.10

MEMBER CORRADINI:  Okay, just so that11

we're clear.  The first part of your discussion about12

the slides, please contact Christopher Brown of our13

staff and he will make those available to you, since14

they are non-proprietary and public.  15

And as to the second thing, Christopher16

will direct you to the appropriate individual to17

answer those questions.  But Christopher Brown is the18

Designated Federal Official for this meeting and will19

help you.20

Any other comments from members of the21

public?  Okay, so Mr. Chairman, I think we are22

completed.  Thank you very much to the staff and the23

applicant.24

CHAIRMAN RICCARDELLA:  Okay, and so I25
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think we'll stick with our schedule and reconvene at1

one o'clock by that clock for letter-writing, right? 2

And we're done with the recorder.3

(Whereupon, the above-entitled matter went4

off the record at 11:38 a.m.)5
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5.1 – Summary Description

Overview of RCS Components
• Reactor pressure vessel
• Integral pressurizer
• Reactor vessel internals
• Reactor safety valves
• RCS piping inside the 

containment vessel
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5.2 - Integrity of Reactor Coolant Boundary 

5.2.1

• Code of Record - ASME BPVC, 2013 Edition with No 
Addenda

5.2.2

• RCPB Overpressure protection provided by RSVs –
primary and secondary sides

• LTOP is provided by RVVs

COL Item:

• 5.2-2: Provide a certified Overpressure Protection Report in 
compliance with ASME BPVC Section III, Subarticles NB-7200 and 
NC-7200 to demonstrate the RCPB and secondary system are 
designed with adequate overpressure protection features, including 
LTOP features.
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5.2.3 – Reactor Coolant Pressure Boundary 
Materials

Materials selected, including weld materials, conform to 
fabrication, construction, and testing requirements of ASME 
BPVC, Section III, Subsection NB requirements 

• RCPB Materials include:

– SA-508 – base metal for RPV shell components

– Alloy 690 TT – SG tubes & Safe ends

– Dual certified 304/304L– RCS piping

– Austenitic SS and Nickel based (Ni-Cr-Fe) – Cladding

– Alloy 718 – Threaded Fastener material 

• Fabrication follows applicable ASME Code and regulatory 
requirements
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5.2.5 – Reactor Coolant Pressure Boundary 
Leakage Detection

Leakage Detection Methods
– CES collected condensate

– CNV pressure

– Radioactivity Monitoring & Chemistry Analysis

– RCS Inventory Mass Balance

• LBB application to secondary side piping covered in 3.6.3

COL Item:

• 5.2-7:  Establish plant-specific procedures that specify operator 
actions for identifying, monitoring, and trending RCS leakage in 
response to prolonged low leakage conditions that exist above 
normal leakage rates and below the TS limits. The objective of the 
methods of detecting and trending the RCPB leak will be to provide 
the operator sufficient time to take actions before the plant TS limits 
are reached.
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5.4.1 – Steam Generators

• Pressure drop 

• Heat transfer

• Inspection
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5.4.1 – Steam Generators

• Integral Helical Coil SG Design features

– Shell side is primary side - Tube side is secondary side

– Alloy 690 TT (1380 tubes, 77 - 87ft long, 5/8” OD)

– Low flow in primary (~1ft/sec)

– Tube wall degradation allowance (0.010” > ASME min wall)

– Support 100% volumetric inspection

– Normal access to shell side of tubes from below during 
refueling

• Incorporation of OE

– Follow guidance of NEI 97-06 & EPRI (COL Item 5.4-1:  
Develop and implement a SG Program)
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5.4.1 – Steam Generators

• Tube supports

• FIV (3.9.2)
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5.4.3 – Decay Heat Removal System

• Two phase natural circulation system 
connected to SG

• Condensers submerged in UHS

• Closed loop is established on signal or 
loss of power by CIV

• Two independent single failure proof 
trains

• Design pressure matches RCS design 
pressure
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5.4.3 – Decay Heat Removal System

Thermal-Hydraulic Performance 
dependent on:

• RCS temperature

• Reactor pool water temperature

• Water inventory

• Noncondensable gas accumulation

• Pressure losses

• Driving head
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DHRS Protections

ESFAS Signals Enable Logic

Secondary Isolation Signals w/ DHRS Actuation
§ High Pressurizer Pressure Always Enabled

§ High RCS Hot Temperature Always Enabled

§ Low AC Voltage Always Enabled

§ High Main Steam Pressure Always Enabled

Secondary Isolation Signals
§ Low-Low Pressurizer Level Enabled with CNV Level < 45’

§ Low-Low Pressurizer Pressure Enabled at RCS > 420°F

§ High Containment Pressure Enable with RCS > 350°F

§ High UTB Temperature Always Enabled

§ Low Main Steam Pressure Enabled at Power > 15% 

§ Low-Low Main Steam Pressure Enabled with CNV Level < 45’

§ High Main Steam Superheat Enabled with CNV Level < 45’

§ Low Main Steam Superheat Enabled with CNV Level < 45’ and both FWIVs open.
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Feedwater Control

• Variable speed feedwater pumps control flow from 
25% to 100% reactor power

• Feedwater regulating valve (5% turndown ratio) 
controls from 0% to 25% reactor power, and during 
shutdowns and startups

• Turbine bypass valves provide additional control
• Trips are followed by high temperature holds at 

520°F
• Normal shutdowns progress at a rate of <100°F/hr to 

350°F, when containment flooding begins
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5.4.5 – Pressurizer

• Integral to the 
reactor 

• Baffle plate 
separates PZR from 
RCS

• Pressure controlled 
by heaters/spray

• Level controlled by 
CVCS

• Highpoint degas line 
can be used during 
normal operation
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NSSS Sensor Development Program

• NuScale NSSS sensors described in NuScale Advanced 
Sensor Technical Report, TR-0316-22048

• Sensor Development Program 

– First-of-a-kind sensor applications for RCS flow, Pressurizer, RPV 
and CNT level, and RCS and CNT pressure applications

– Establish performance requirements as basis of safety evaluation

– Phased development program confirms performance requirements 
are satisfied

» technology selection, prototype and testing, qualification, testing and 
manufacture

• Radar selected for level sensors for continuous level 
measurement
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NSSS Sensor Performance Requirements
(RAI 9005 Response)

Safety-Related NSSS Sensor Location Sensor Type
Safety/Risk 

Classification
Seismic 
Category

Sensor Accuracy
Sensor Response 

Time

Temperature Measurements

Narrow range (NR) reactor 
coolant system (RCS) Hot 

Temperature

top of downcomer
EQ Zone C

Resistance Temperature 
Detector (RTD)

A1 Category I ± 0.5°F ≤ 6 seconds

Wide Range (WR) RCS Hot 
Temperature

top of downcomer
EQ Zone C

RTD A1 Category I ± 0.7°F ≤ 6 seconds

WR RCS Cold Temperature
downcomer below SG

EQ Zone B
RTD A2 Category I ± 0.7°F ≤ 6 seconds

Main Steam Temperature

Upstream of main steam isolation 
valve (MSIV) on main steam (MS) 

pipe 
EQ Zone G

RTD A1 Category I ± 0.7°F ≤ 6 seconds

Under-the-bioshield 
Temperature

Under the bioshield
EQ Zone G

RTD A1 Category I ± 0.7°F ≤ 6 seconds

Pressure Measurements

Pressurizer (PZR) Pressure
near top of PZR in CNV

EQ Zone D
Transducer with remote 

electronics
A1 Category I

± 2.6% Calibrated 
Span

≤ 0.4 seconds

WR RCS Pressure
near top of PZR in CNV

EQ Zone D
Transducer with remote 

electronics
A2 Category I

± 5.2% Calibrated 
Span

≤ 0.4 seconds

NR CNT Pressure
upper part of CNV

EQ Zone F
Transducer with remote 

electronics
A1 Category I

± 2.6% Calibrated 
Span

≤ 0.4 seconds

Main Steam Pressure
Upstream of MSIVs on DHRS Tee

EQ Zone G
Conventional pressure 

transmitter
A1 Category I

± 1.0% Calibrated 
Span

≤ 0.5 seconds

Level Measurements

PZR Level / Reactor Pressure 
Vessel (RPV) Riser Level

above core to top of PZR
EQ Zone C/D

Radar A1 Category I
± 2.0% Calibrated 

Span
≤ 2.0 seconds

CNT Water Level
above RRVs to top of CNV

EQ Zone A-F
Radar A1 Category I

± 2.0% Calibrated 
Span

≤ 2.0 seconds

Flow Measurements

RCS Flow
downcomer below SGs

EQ Zone B
Ultrasonic transducer A1 Category I

± 5.0% Calibrated 
Span

≤ 1.0 seconds
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Summary Description

• 160 MW Thermal Integral Natural Circulation PWR

• 37 NuFuelHTP2TM Fuel Assemblies

• 16 Hybrid AIC/B4C Control Rods

• NuScale design based on proven US 17x17 PWR 
Technology

• Over 1500 17x17 HTP fuel assemblies with maximum 
burnup of 54 GWd/mTU

• NuScale design features:
– Zircaloy-4 HTP™ upper and intermediate spacer grids

– Inconel 718 HMP™ lower spacer grid

– Coarse-mesh filter plate on bottom nozzle

– Zircaloy-4 MONOBLOC™ guide tubes

– Quick-disconnect top nozzle

– Alloy M5® fuel rod cladding
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Control Rod Design

• CRA design based on proven US 17x17 PWR 
Technology

– Hybrid design – B4C and AIC absorbers

– 24 control rods with Stainless Steel cladding

– One-piece cast stainless steel spider

– Standard 17x17 rod configuration 

– Flex joint formed by the combination of the pin, 
nut, upper end plug and spider boss 
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Nuclear Design

• Fuel Cycle Design
– 2-year, 3-batch cycle

– Out-to-in fuel shuffle

– Gadolinia burnable absorber

• Equilibrium Core
– Reference design and analysis in DCA

– Equilibrium core design is 
representative; used for demonstration 
of methods 

– Limits placed on this core design are 
applied to the design of all cycles

– Initial, transition, and equilibrium cycles 
must meet analyzed limits
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Core Power Distributions

• Power distributions are protected by monitoring to ensure that limits 
are not exceeded during normal operation

• Control rod assemblies (CRAs) are arranged into regulating and 
shutdown banks

• The power dependent insertion limits (PDILs) and axial offset (AO) 
window ensure axial and radial peaking are within design limits

• The NuScale power module is stable with respect to axial and radial 
xenon imbalances due to small core size, H/D ratio
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• 160 MW Thermal Integral Natural Circulation PWR

• 37 NuFuelHTP2TM Fuel Assemblies

• 16 Hybrid AIC/B4C Control Rods

Summary Description

Key Reactor Parameter Value

Core thermal output (MWt)  160
System pressure (psia)  1850
Inlet temperature (°F)  497
Core average temperature (°F)  543
Average temperature rise in core (°F)  100
Best estimate flow (lb/hr)  4.66E+06
Core bypass flow (%)(best estimate)  7.3
Average linear power density (kw/ft)  2.5
Peak linear power for normal operating conditions (kw/ft)  5
Normal operation peak heat flux (Btu/hr‐ft2)  170,088
Total heat flux hot channel factor, FQ  2
Heat transfer area on fuel surface (ft2)  6275.6
Normal operation core average heat flux (Btu/hr‐ft2)  85,044
Core flow area (ft2)  9.79
Core average coolant velocity (ft/sec)  2.7

NuScale Reactor Design Parameters
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Design Basis

TR-0116-20825-P-A, Rev. 1, Applicability of AREVA Fuel 
Methodology for the NuScale Design

SRP Criteria Review Summary
Analysis

SRP 4.2 Acceptance 
Criteria

Framatome Topical Report

Shipping And Handling Stress Analysis 1.A.i

EMF-92-116(P)(A)

Fuel Assembly/Component Stress Analysis 1.A.i

FIV Assessment 1.A.iii

Axial Growth (Rod and Assembly) 1.A.v

Fuel Lift Analysis 1.A.vii

Internal Hydriding 1.B.i

Clad Stress Analysis 1.A.i

BAW-10227P-AFuel Rod Buckling Analysis 1.A.i

Clad Fatigue Analysis 1.A.ii

Clad Corrosion Analysis 1.A.iv

BAW-10231P-A
Fuel Rod Internal Pressure 1.A.vi

Fuel Centerline Melt Analysis 1.B.iv

Transient Clad Strain Analysis 1.B.vi

Clad Creep Collapse Analysis 1.B.ii
BAW-10084P-A
BAW-10227P-A

Rod Bow Evaluation 1.A.v XN-75-32(P)(A)
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Design Basis

TR-0915-17564-P-A
Subchannel Analysis Methodology

TR-0116-21012-P-A
NuScale Power Critical Heat Flux Correlations

TR-0616-48793-P-A
Nuclear Analysis Codes and Methods Qualification

TR-0716-50350 [in review]
Rod Ejection Accident Methodology

TR-0516-49417 [in review]
Evaluation Methodology for Stability Analysis of the NuScale Power Module

TR-0716-50351 [in review]
NuScale Applicability of AREVA Method for the Evaluation of Fuel Assembly 

Structural Response to Externally Applied Forces
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Acronyms

• AOO – Anticipated Operational 
Occurrences

• ASME – American Society of Mechanical 
Engineers

• ASTM – American Society for Testing and 
Materials

• BPVC – Boiler Pressure Vessel Code

• CES – Containment Evacuation System

• CIV – Containment Isolation Valve

• CNV – Containment Vessel 

• COL – Combined License

• CRDM – Control Rod Drive Mechanism

• CVCS – Chemical and Volume Control 
System

• DHRS – Decay Heat Removal System

• ECCS – Emergency Core Cooling System

• EFPY – Effective Full Power Years

• EPRI – Electric Power Research Institute

• oF – degrees Fahrenheit

• FIV – Flow Induced Vibration

• FSAR – Final Safety Analysis Report

• ft – feet

• FW – Feedwater

• FWIV – Feedwater Isolation Valve

• HZP – Hot Zero Power

• ISI – Inservice Inspection

• LOCA – Loss of Coolant Accident

• LTOP – Low Temperature Overpressure 
Protection

• MPS – Module Protection System

• MSIV – Main Steam Isolation Valve

• MSS – Main Steam System

• MWt – Megawatts thermal
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Acronyms

• NDE – Non-destructive Examination

• NEI – Nuclear Energy Institute

• NPM – NuScale Power Module

• NPS – Nominal Pipe Size

• OD – Outside Diameter

• OE – Operations Experience

• psia – pounds per square inch absolute

• P-T – Pressure and Temperature

• PTS – Pressurized Thermal Shock

• PWR – Pressurized Water Reactor

• PWSCC – Primary Water Stress-Corrosion 
Cracking

• PZR – Pressurizer

• RCCWS – Reactor Component Cooling 
Water System

• RCPB – Reactor Coolant Pressure 
Boundary

• RCS – Reactor Coolant System 

• RG – Regulatory Guide

• RPV – Reactor Pressure Vessel

• RSV – Reactor Safety Valve

• RTNDT – Reference Temperature for Nil-
ductility Transition

• RVV – Reactor Vent Valve

• SG – Steam Generator

• TRV – Thermal Relief Valve

• TS – Technical Specifications

• TT – Thermally Treated

• UHS – Ultimate Heat Sink

• USE – Upper Shelf Energy
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Chapter 5 

“REACTOR COOLANT SYSTEM AND 
CONNECTING SYSTEMS”
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Agenda

• NRC Staff Review Team
• Discuss Select Portions From The NRC Staff’s Review

– Major Open Items 
– Open Items for Chapter 15, Decay Heat Removal System
– Associated RAIs 
– Steam Generator Inspections 
– LBB question

• Section 5.2.2
• Section 5.2.5
• Section 5.4.2
• Sections 5.4.4
• Sections 5.4.5

2May 2, 2019 Non-Proprietary



NRC Staff Review Team

• Technical Reviewers:
– Section 5.2.2 (John Budzynski) NRO/SRSB
– Section 5.2.5 (Chang Li) NRO/SCPB
– Section 5.4.1 & 5.4.2 (Gregory Makar) 
– Section 5.4.4 & 5.4.5 (Boyce Travis) NRO/SRSB

• Project Management:
– Bruce Bavol, Project Manager NRO/DLSE

3Non-Proprietary



Summary of the Staff’s Review 

• NRC Staff’s safety evaluation report (SER) is based on DCA, Rev. 1  
• During the review, the NRC staff issued a total of 28 RAIs
• SER contains 5 open items and 5 confirmatory items
• NuScale has incorporated information in Rev. 2 to the DCA to address staff’s confirmatory 

items
• 3 requested Exemptions

– SER Section 5.4.5, “Reactor Coolant System High-Point Vents”
– SER Section 5.4.6.3, “Pressurizer Component Exemptions” (PZR heaters and PZR 

level indication)

4Non-Proprietary
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• Purpose: Provides overpressure protection features to protect the RCPB, auxiliary systems’ 
primary sides connected to the RCS, and the SGs secondary side

• Key Design Considerations and Features

 Overpressure Protection during Power Operations (above 325 degrees F)
- Two reactor safety valves (RSVs), each designed to provide 100 percent of the 

required relief capacity to maintain pressure below 110 % of the design pressure 
(2,310 psia)

- Audit was completed that confirmed the design and operation of RSVs

 Low-Temperature Overpressure Protection System (at or below 325 degrees F)
- Three reactor vent valves (RVVs), designed with sufficient capacity to prevent RCPB 

pressure from exceeding the limiting pressure while operating below the LTOP 
enabling temperature

- Audit was completed that review the design of RVVs
- Audit is ongoing to perform design testing of the RVVs operation

• Staff’s Review and Results - With the exception of the one Open Item, the staff finds all other 
aspects acceptable

Non-Proprietary

Section 5.2.2 Overpressure 
Protection 
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• Open Item (RAI or linked issue)

Open Item 5.2.2-1 changed to Confirmatory item on 02/19/2019
- RAI 9132, Question 30711, revise the proposed ITAAC to verify the capability of 
the RVVs during preoperational testing (SER Chapter 14 evaluates RAI 9132)

Open Item 5.2.2-2 
- RAI 9469, Question 06.03-6 as a follow-up to RAI 8820, Question 03.09.06-1 

and audited to address the ECCS valve design characteristics including the 
RVVs function related to LTOP operation. (SER Chapter 6 evaluates RAI 9469)

Non-Proprietary

Section 5.2.2 Overpressure 
Protection (continued)



Section 5.2.5 Reactor Coolant 
Pressure Boundary Leakage 

Detection

7

• Regulatory Requirements:  GDC30, GDC2

• Review Guidance: NuScale Design-Specific Review Standard (DSRS) Section 5.2.5, 
RG 1.45

• Review Areas:  leakage detection capability, sensitivity and response time; leakage 
detection systems; seismic qualification; leakage instrumentation in the control room; 
prolonged low-level RCS leakage; separation of identified and unidentified leakage; 
intersystem leakage; plant technical specifications; leak-before-break (LBB) leakage 
detection; initial testing program; ITAAC; and COL information items.

• Eight RAIs were issued; one open item was identified.

• There is one COL information item. 

Non-Proprietary
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Section 5.2.5 Open Item 
LBB LCO

Non-Proprietary

• Regulatory Requirements:  GDC 4, 10 CFR 50.36(c)(2)(ii) 

• NuScale applies LBB for postulated main steam and feedwater line breaks inside 
containment to eliminate pipe break analysis and protection designs (pipe whip restrains 
and jet shields).

• In RAI 9201, the staff requested NuScale address GDC 4 dynamic effects along with the 
LCO for LBB leakage limit to conform with 10 CFR 50.36(c)(2)(ii) TS Rule.  NuScale’s
responses did not adequately consider the dynamic effects from the postulated pipe 
breaks and that an LCO is required for the LBB leakage limit.  This was identified as an 
open item in the SER. 

• Recently, by supplemental response, NuScale proposed a LCO for the LBB leakage 
limit, which is currently under staff evaluation.  The staff is tracking RAI 9201 as an 
Open Item 5.2.5-3.



9Non-Proprietary

CO-CHAIR KIRCHNER – Question regarding penetrations, reactor vessel to 
containment vessel and the potential for cracks.  The concern being (little bit 
different than just the traditional leak-before-break with a split in the pipeline kind 
of issue) those that catastrophically break.  

NRC Staff – This topic will be discussed in June 2019, under Chapter 3 (Sections 3.6.2 
& 3.6.3).

ACRS Follow-Up Question



Section 5.4.2 Steam Generator 
Program 

10Non-Proprietary

Steam Generator Program – Review Topics

• SG program to ensure SG tube structural and leakage integrity

• SG tube plugging criterion

• SG portion of the Standard Technical Specifications

• Operational programs for PSI and ISI of SG tubes

• Ability to inspect the SG tubes

• Two COL items

– Develop and implement a SG program based on NEI 97-06 and applicable EPRI 
guidelines

– Provide plant-specific information, including SG tube plugging criterion and 
implementation milestones, for the SG PSI and ISI operational programs

• No open items



11Non-Proprietary

Unconventional Design Features Effects on the DCA Review
(SG Program)

• First of a kind primary pressure outside 
the tube

• First of a kind helical coil shape
• Higher tube wall thickness to diameter 

ratio
• First of a kind tube support structure
• First of a kind feedwater inlet and 

steam plenum design
• First of a kind inlet flow restrictors with 

mounting plate (secondary side)

• Degradation assessment different than 
operating fleet

• New structural integrity evaluation 
required for tube collapse rather than 
burst (allowable tube thinning)

• Ability to inspect (due to tube shape 
and surface condition)

• Ability to qualify inspection techniques 
(detection and sizing)

• Effect of surface condition on eddy 
current signals and interpretation

• Inspection interval
• New flow effects and loose parts 

potential inside and outside tubes
• Tube support inspection requirements

Review Topics (Cont’d)

Section 5.4.2 Steam Generator 
Program (continued)
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Regulatory Basis

• GDC 32, “Inspection of Reactor Coolant Pressure Boundary” 

• 10 CFR 50.55a(g) (ASME Code, Section XI, Inservice Inspection)

• 10 CFR 50.36 (Technical Specifications)

• 10 CFR 50.65 (Maintenance Rule)

• Appendix B to 10 CFR Part 50 (Quality assurance for program implementation)

Section 5.4.2 Steam Generator 
Program (continued)
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Guidance Documents

• NEI 97-06, “Steam Generator Program Guidelines”

• NUREG-1430, NUREG-1431, and NUREG-1432, “Standard Technical Specifications”

• NUREG-2194, “Standard Technical Specifications, Westinghouse Advanced Passive 
1000 (AP1000) Plants”

• TS Task Force 510, “Revision to Steam Generator Program Inspection Frequencies and 
Tube Sample Selection”

• RG 1.121, “Bases for Plugging Degraded PWR Steam Generator Tubes”

• BTP 5-1, “Monitoring of Secondary Side Water Chemistry in PWR Steam Generators”

Section 5.4.2 Steam Generator 
Program (continued)
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Staff’s Review of the Steam Generator Program

• Design of the SG primary and secondary sides allows for implementation of a SG 
program

• SG program based on NEI 97-06 and applicable EPRI guidelines

• SG program described in the NuScale GTS

• NuScale GTS appropriately consistent with STS and TSTF-510

• Generic SG tube plugging criterion determined in accordance with RG 1.121

• Design allows for PSI and ISI of the SGs

• COL applicant will:

• Develop and implement a SG program based on NEI 97-06 and applicable EPRI 
guidelines

• Provide plant-specific information, including SG tube plugging criterion and 
implementation milestones for the SG PSI and ISI operational programs

• Considering the results above, the staff found that the proposed Steam Generator 
Program meets the applicable requirements and is acceptable

Section 5.4.2 Steam Generator 
Program (continued)



Section 5.4.4 Decay Heat 
Removal System

15

Regulatory Basis
• GDC 2, GDC 4, GDC 5 – protection from natural phenomena, environmental effects, and 

sharing of SSCs
• GDC 14 - requirement that the RCS pressure boundary have an extremely low probability 

of abnormal leakage, of rapidly propagating failure, and of gross rupture
• GDC 34 - ability of the decay heat removal system (DHRS) to transfer fission product 

decay heat and other residual heat from the reactor core at a rate such that design limits 
and conditions are not exceeded

• GDC 44, 45, 46 - cooling water, inspection and testing, as it relates to the ability of the 
reactor pool to act as the ultimate heat sink to remove heat from the reactor module or 
DHRS

• GDC 54 - “Piping Systems Penetrating Containment”
• GDC 57 - “Closed System Isolation Valves” 

Method of Compliance with GDCs
• DHRS located inside containment, under bioshield, submerged in the reactor pool (only 

shared SSC for DHRS)
• All seismic category I; similar to piping between the containment and the exterior isolation 

valve, DHRS piping is classified as robust piping not subject to break considerations
• DHRS performance demonstrated via limiting analyses showing RCS cools to less than 

420 F in less than 36 hours

Non-Proprietary



Section 5.4.4 Decay Heat 
Removal System (continued)
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Key Design Considerations and Features
• DHRS performance sensitive to both low and very high inventory. System performs with 

limiting amount of noncondensable gases above the level sensors (TS limit on system 
operability) plus a conservatively high amount dissolved in the loop fluid.

• First-of-a-kind test for DHRS to confirm as-built system specifications match analysis
• Ultimately, long-term cooling provided through emergency core cooling system (ECCS) 

(after 24 hours without power) and conduction to reactor pool

Staff Review
• Staff reviewed failure modes and effects analysis (FMEA) provided for DHRS, audited 

performance analysis
• Confirmed DHRS was capable of removing adequate heat with only one train available for 

the full spectrum of Chapter 15 events

Open item
• The evaluation of the exemption request is dependent on the staff’s review of the non-

LOCA topical report (Open Item 15.0.2-4), as analyses demonstrating the function of the 
DHRS system rely on the non-LOCA model.

Non-Proprietary



Section 5.4.5 Reactor Coolant 
System High-Point Vents
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Regulatory Basis
• 10 CFR 50.34(f)(2)(vi), which requires an applicant:

• Provide the capability of high point venting of noncondensible gases from the 
reactor coolant system, and other systems that may be required to maintain 
adequate core cooling

• 10 CFR 50.46a, which requires:
• Each reactor must be provided with high point vents for the reactor coolant system, 

for the reactor vessel head, and for other systems required to maintain adequate 
core cooling if the accumulation of noncondensible gases would cause the loss of 
function of these systems

Key Design Considerations and Features
• Three Mile Island (TMI) demonstrated that noncondensible gases (NCGs) could 

interrupt flow under certain accident scenarios; NRC required NPPs provide a means to 
permit venting of NCGs that could interfere with circulation 

• NuScale design ECCS and long-term cooling function is different from a traditional 
PWR.  For non-loss-of-coolant (LOCA) events, uses DHRS; ultimately, core cooling via 
ECCS opening the RCS to containment to create a recirculation flow path (steaming 
from the three RVVs in the steam space of the PZR > condenses in containment to 
reenter the RV via the two RRVs)

Non-Proprietary



Section 5.4.5 Reactor Coolant 
System High-Point Vents 

(continued)
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Staff Review
• DHRS not impacted – design basis review considers a limiting inventory of NCGs in the 

RCS/DHRS, and DHRS loop itself is not connected to the RCS. 
• ECCS functionality was considered – NuScale performed  a sensitivity study including a 

substantially larger amount of NCGs in the RCS than could be present initially. While the 
presence of NCGs affects the minimum cooldown rate, it remains within acceptable limits 
and the NCGs do not impact ECCS actuation.

• In effect, the NuScale ECCS design functionally acts as a head vent, and the coupled RCS 
and containment performance is not adversely affected by a limiting amount of NCGs.

Open item
• The evaluation of the exemption request is dependent on the staff’s review of the LOCA 

topical report (Open Item 15.0.2-2), as analyses demonstrating the acceptability of the 
efficacy of the ECCS system in the presence of non-condensable gases rely on the LOCA 
model.

Non-Proprietary
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Safety Evaluation with Open Items: 
Chapter 4, “Reactor”

NuScale Design Certification Application

ACRS Full Committee Meeting
May 2, 2019



Agenda

• NRC Staff Review Team
• Discuss Select Portions From The NRC Staff’s Review

– Major Open Items 
– Open Items  associated with GDCs 27 and 35, Chapter 15
– Associated RAIs 

• Section 4.2
• Sections 4.3, 4.4
• Section 4.6

2May 2, 2019 Non-Proprietary



NRC Staff Review Team

• Technical Reviewers:
– Chris Van Wert, NRO/SRSB
– Tim Drzewiecki, NRO/SRSB
– Ryan Nolan, NRO/SRSB

• Project Management:
– Bruce Bavol, Project Manager NRO/DLSE

3Non-Proprietary



Summary of the Staff’s Review

• NRC Staff’s safety evaluation report (SER) is based on DCA, Rev. 1,  
• During the review, the NRC staff issued a total of 16 RAIs,
• SER contains 13 open items and two confirmatory items,
• NuScale has incorporated information in Rev. 2 to the DCA to address staff’s 

confirmatory items,
• One requested Exemption (Section 4.2) - Fuel Rod Cladding Material.

4Non-ProprietaryMay 2, 2019



4.2 Fuel System Design 

5Non-Proprietary

Areas of Review
• Design Bases

• Fuel assembly damage
• Fuel rod damage
• Core coolability

• Descriptions and Design Drawings
• Design Evaluation
• Testing, Inspection, and Surveillance Plans
• Exemption (Section 4.2) - Fuel Rod Cladding Material
• ITAACs
• COL Action Items and Certification Restrictions

May 2, 2019



4.2 Fuel System Design 

6Non-Proprietary

Fuel System Design Characteristics

– Based on the AREVA HTP fuel assembly design
• Shorter assembly length
• Fewer grids but similar (slightly smaller) grid span

– NuScale operational parameters are mostly similar to operational experience, but 
differences include:

• Lower system pressure
• Lower flow rates
• Lower temperatures

May 2, 2019



4.2 Fuel System Design 

7Non-Proprietary

Staff Review and Findings

– Staff finds that the applicant meets the SAFDLs associated with the normal operation 
and anticipated operational occurrences (AOOs) presented in TR-0816-51127 
Revision 1

– Staff unable to make finding regarding GDC 2 at this time, pending closure of Open 
Item 4.2-1

– Staff unable to make finding regarding GDC 27, pending closure of Open Items 4.2-2 
and 4.2-3

– Staff unable to make finding regarding GDC 35, pending closure of Open Items 8.3-1 
and 4.2-4

May 2, 2019



4.2 Fuel System Design 

8Non-Proprietary

Open Item 4.2-1 (Fuel Seismic)

NuScale is revising the fuel assembly seismic structural response for both the Refueling 
Flange Tool (RFT) and operating bay locations.  Analyses are scheduled to be submitted 
on the docket July 31, 2019.  

May 2, 2019



4.2 Fuel System Design 
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4.2 Fuel System Design 

10Non-Proprietary

Interdependent Open Items

Open Items 4.2-2 and 4.2-3 (GDC27)
NuScale requested an exemption to GDC 27 in its application and has 
proposed PDC 27.  The staff’s evaluation of PDC 27 is addressed in Chapter 15. 

Open Item  8.3-1 (GDC 35)
NuScale requested an exemption from GDC 17 in its application regarding 
class 1E power and proposed PDC 17.  As part of this exemption, the power 
requirements portion of various other GDCs (including GDC 35) are impacted.  
The evaluation of PDC 17 (and PDC 35) is ongoing.  

Open Item 4.2-4 (GDC 35)
In addition to the staff’s evaluation of PDC 17 and PDC 35 as discussed in 
Open Item 8.3-1, the staff’s technical review regarding PDC 35 is ongoing and 
will be presented in the staff’s SER for Chapter 15.

May 2, 2019



4.2 Fuel System Design 

11Non-Proprietary

Exemption request - 10 CFR 50.46 regarding the use of zircaloy 

NuScale requested an exemption from the requirement of 10 CFR 50.46 regarding the 
use of zircaloy or ZIRLO as a fuel rod cladding material. The staff reviewed the 
applicant’s request and approved the exemption from the requirements of 10 CFR 50.46 
and 10 CFR Part 50, Appendix K, to permit NuScale’s use of the M5TM alloy fuel rod 
cladding in its fuel design.

May 2, 2019



• GDC 10, Reactor Design

• GDC 11, Reactor Inherent Protection

• GDC 12, Suppression of reactor power oscillations

• GDC 13, Instrumentation and control

• GDC 25, Protection system requirements for reactivity control malfunctions

• GDC 26, Reactivity control system redundancy and capability

• GDC 27, Combined reactivity control systems capability

• GDC 28, Reactivity limits

Non-Proprietary 12

4.3 Nuclear Design
Regulatory Basis

May 2, 2019



• GDC 12, Suppression of reactor power oscillations
– TR-0516-49417, “Evaluation Methodology for Stability Analysis of the NuScale Power 

Module,” (under review)  Open Item 4.4-10
• ACRS Subcommittee meeting scheduled for June 20, 2019

• GDC 27, Combined reactivity control systems capability
– Exemption evaluation in Section 15.0.6 of SER (ongoing) Open Item 4.3-05

• To be addressed in Chapter 15 SER.

– SECY-18-099, “NuScale Exemption Request from 10 CFR Part 50, Appendix A, 
General Design Criterion 27, ‘Combined Reactivity Control Systems Capability’”

– NRC staff questioned the evaluation of thermal margin (RAI 8771, Question 15-1) and 
probability of occurrence (RAI 9505, Question 15-18).  Open Item 4.3-02 and 4.3-03, 
respectively.

• To be addressed in Chapter 15 SER

– NRC staff questioned the distribution of soluble boron during long term cooling (RAI 
8930, Question 15-27).  Open Item 4.3-04

• To be addressed in Chapter 15 SER

Non-Proprietary 13

4.3 Nuclear Design
Open Items

May 2, 2019



• GDC 28, Reactivity Limits

– TR-0716-50350, “Rod Ejection Accident Methodology,” (under review)  Open 
Item 4.3-06

• ACRS Subcommittee meeting scheduled for November 20, 2019

– NRC staff questioned the distribution of soluble boron during long term cooling 
(RAI 8930, Question 15-27).  Open Item 4.3-04

• To be addressed in Chapter 15 SER

Non-Proprietary 14

4.3 Nuclear Design
Open Items

May 2, 2019



• GDC 10, Reactor Design

• GDC 12, Suppression of reactor power oscillations

• 10 CFR 50.34(f)(2)(xviii) – instrumentation provided in control room for unambiguous 
indication of inadequate core cooling

Non-Proprietary 15

4.4 Thermal-Hydraulic Design
Regulatory Basis

May 2, 2019



• GDC 10, Reactor Design

– Design basis bypass flowrate verified by CFD.  NRC issued RAI 9645, Question 4.4-06 
seeking further justification for bypass flowrate Open Item 4.4-07

• Clear path forward - Response is expected to provide a conservative analysis and/or 
justification that adequate margin exists to the design basis limit of 8.5 percent (i.e., 
91.5 percent of the RCS flow provides fuel cooling)

– TR-0516-49416, “Non-Loss-of-Coolant Analysis Methodology” (Under Review) Open Item 
4.4-08

• ACRS Subcommittee meeting scheduled November 24, 2019

– NRC staff issued RAI 9643, Question 4.4-09 to address the potential for axial flux shape and 
secondary side perturbations to impact RCS flow Open Item 4.4-09 changed to 
Confirmatory Item (Supplemental Response provided on 04/12/2019)

Non-Proprietary 16

4.4 Thermal-Hydraulic Design
Open Items

May 2, 2019



• GDC 12, Suppression of reactor power oscillations

– DCA Part 2, Tier 2, Section 4.4.3.1 states that flow stability protection uses a 
regional exclusion solution described in TR-0516-49417, “Evaluation 
Methodology for Stability Analysis of the NuScale Power Module”

– TR-0516-49417 is currently under review (Open Item 4.4-10 – Currently 
Undergoing Concurrence Process)

• ACRS Subcommittee meeting scheduled for June 20, 2019

Non-Proprietary 17

4.4 Thermal-Hydraulic Design
Open Items

May 2, 2019



4.6- Functional Design of 
Reactivity Control Systems

Area of Review

• Control rod drive system (CRDS) functionality and arrangement

• Environmental and seismic qualification of CRDS

• Design requirements for CRDS cooling system

• Possible single failures of the CRDS

• Testing and verification of the CRDS

• Common mode failures

• Technical specifications for CRDS

18Non-ProprietaryMay 2, 2019



4.6- Functional Design of 
Reactivity Control Systems

Conclusions

• Meets GDC 4, 23, 25, 26, and 29 because:

– Reasonable assurance that the CRDS will remain functional and can provide 
safe shutdown capability under adverse environmental conditions and after 
postulated accidents

– CRDS fails in a safe condition
– No single malfunction in the CRDS will result in exceeding SAFDLs
– Extreme high probability of CRDS accomplishing safety function during AOOs
– CRDS cooling system meets design requirements

Open Items

• Open Item 4.3-03: related to staff’s evaluation of exemption request to GDC 27

• Open Item 4.3-04: related to the staff’s review of the potential for redistribution of 
soluble boron during long term cooling.

19Non-ProprietaryMay 2, 2019



Comments? 

20 Non-Proprietary


	ACRS Full Committee (Public Version) Chapter 5 Presentation May 2, 2019.pdf
	Safety Evaluation with Open Items: Chapter 5 �“REACTOR COOLANT SYSTEM AND CONNECTING SYSTEMS”
	Agenda
	NRC Staff Review Team
	�Summary of the Staff’s Review �
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19

	ACRS Full Committee (Public Version) Chapter 4 Presentation May 2, 2019.pdf
	Safety Evaluation with Open Items: Chapter 4, “Reactor”
	Agenda
	NRC Staff Review Team
	�Summary of the Staff’s Review �
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	4.6- Functional Design of Reactivity Control Systems
	4.6- Functional Design of Reactivity Control Systems
	Slide Number 20




