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

 Time:  8:29 a.m. 2 

  CHAIRMAN ARMIJO:  Good morning.  The 3 

meeting will now come to order. 4 

  This is a meeting of the Materials 5 

Metallurgy and Reactor Fuels Subcommittee.  I am Sam 6 

Armijo, Chairman of the Subcommittee. 7 

  ACRS members in attendance are Jack 8 

Sieber, Dennis Bley.  We expect John Stetkar, Said 9 

Abdel-Khalik, Michael Ryan and Joy Rempe.  Joy is 10 

joining us for the first time and maybe will join our 11 

Subcommittee.  It is an invitation, Joy.  Michael 12 

Benson of the ACRS staff is the Designated Federal 13 

Official for the meeting. 14 

  The Subcommittee will review draft final 15 

Regulatory Guides 1.34, Control of Electroslag Weld 16 

Properties; 1.43, Control of Stainless Steel Weld 17 

Cladding of Low-Alloy Steel Components; 1.44, Control 18 

of Processing and Use of Stainless Steels; and 1.50, 19 

control of the Preheat Temperature for Welding of Low-20 

alloy Steel. 21 

  We will hear presentations from the NRC 22 

staff.  I should add that Dr. Bill Shack, who was 23 

unable to travel, will join us on the bridge line. 24 

  MEMBER SHACK:  I am here now, Sam, if I am 25 
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actually connected. 1 

  CHAIRMAN ARMIJO:  You are connected, Bill. 2 

 Thank you. 3 

  Okay.  We have received no written 4 

comments or requests for time to make oral statements 5 

from members of the public regarding today's meeting. 6 

  7 

  The entire meeting will be open to public 8 

attendance.  The Subcommittee will gather information, 9 

analyze relevant issues and facts, and formulate 10 

proposed positions and actions as appropriate for 11 

deliberation by the full committee. 12 

  The rules for participation in today's 13 

meeting have been announced as part of the Notice of 14 

this meeting previously published in the Federal 15 

Register. 16 

  A transcript of the meeting is being kept 17 

and will be made available as stated in the Federal 18 

Register Notice.  Therefore, we request that 19 

participants in this meeting use the microphones 20 

located throughout the meeting room when addressing 21 

the Subcommittee.  The participants should first 22 

identify themselves and speak with sufficient clarity 23 

and volume so that they may be readily heard. 24 

  We will proceed with the meeting, but I 25 
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would like to make a couple of comments before I turn 1 

it over to Gary. 2 

  Today we are going to review four Reg 3 

Guides that were badly in need of updating.  These are 4 

very important Reg Guides and will be used in the 5 

fabrication of the new plants and the continued 6 

maintenance of existing plants. 7 

  For those who are non-metallurgists, you 8 

may hear a number of terms that are not familiar to 9 

you.  I have asked the staff to be prepared with back-10 

up slides to explain these terms.  It could seem 11 

confusing when you hear hot cracking, hydrogen 12 

cracking, cold cracking, under bead cracking, 13 

intergranular stress corrosion cracking, and perhaps a 14 

few others.   15 

  So as the staff goes through these 16 

presentations, I would like to ask you to keep that in 17 

mind, that there could be some confusion there.  All 18 

of these phenomena have affected existing plants, in 19 

some cases have led to shutdowns of the entire BWR 20 

fleet, at least on two occasions that I am very 21 

familiar with, and have caused an enormous amount of 22 

problems in other systems as well. 23 

  So these are very important for the 24 

fabrication of these plants, and I think it merited a 25 
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good review by the Committee. 1 

  With that, I would like to call on Gary 2 

Stevens of the Office of Research, to begin the 3 

meeting. 4 

  MEMBER SIEBER:  Before you do, I would 5 

like to ask a favor.  On these weld applications, what 6 

would be helpful, at least to me, to know where they 7 

are applied in the plants, you know.  For example, 8 

electroslag welds is one of the topics here, and if 9 

you could just tell us where in the plant electroslag 10 

welds are used, that would help us be able to get a 11 

fuller picture of where the issues might be located in 12 

the plant.  I would appreciate that, if you would do 13 

IT. 14 

  CHAIRMAN ARMIJO:  Okay, Gary. 15 

  MR. STEVENS:  Okay.  Good morning.  Thank 16 

you.  My name is Gary Stevens.  I work NRC staff in 17 

the Office of Research, and I am the responsible lead 18 

for these four Reg Guides. 19 

  So just as kind of an intro on this, in 20 

response to some of the comments we heard ahead of 21 

time, starting on page 43 of the handout, there are 22 

back-up slides.  The back-up slides define some of 23 

these terms that Dr. Armijo had mentioned, and also 24 

give some basics on the Reg Guides, why they are in 25 
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place, what they are trying to deal with. 1 

  So based on any questions you have, we 2 

might refer to those slides which are there for the 3 

audience's information as well. 4 

  CHAIRMAN ARMIJO:  We managed to get a few 5 

copies out electronically to some of the members, but 6 

we didn't get it all.  So just keep that in mind,  7 

Gary. 8 

  MR. STEVENS:  The three gentlemen to my 9 

right have graciously allowed themselves to come here 10 

to support this today from the Office of New Reactors. 11 

 They are welders by trade.  So where those questions 12 

go, they will be helping with some of the technical 13 

support, and I appreciate the help they have provided 14 

to me in getting the Reg Guides updated. 15 

  Slide 2, the agenda:  So the contents of 16 

this presentation -- What we will do is we will go 17 

over an overview of the Reg Guides, what they are, the 18 

basics, why are they being revised, go over the 19 

revision timeline, a summary of the technical 20 

revisions made to the Reg Guides, and then the public 21 

comments received and the NRC responses to those 22 

comments, and then conclusions, and again that 23 

represents the first 40 or so pages of the handout.   24 

  After that, we have their back-up slides, 25 
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which we may go to, depending on your questions. 1 

  Slide 3:  There are four Reg Guides here 2 

that we are dealing with.  They all are similarly 3 

related.  They have to do with welding and processes 4 

and cracking associated -- potential cracking that 5 

could occur as a result of those processes. 6 

  1.34 is control of electroslag weld 7 

properties.  1.43 is control of stainless steel weld 8 

cladding on low-alloy steel components.  1.44 is 9 

control of the processing and use of stainless steel, 10 

and 1.50 is the control of preheat temperature for 11 

welding of low-alloy steel. 12 

  CHAIRMAN ARMIJO:  Gary, just before you go 13 

too far, if you could just give a capsule summary of 14 

what you mean by a low-alloy steel, what components 15 

are there as compared to the stainless steel.  But I 16 

think just everybody is familiar with the stainless 17 

steels, but the low-alloy steels, there could be some 18 

confusion there.  So if you would just fill us in on 19 

that. 20 

  MR. DAVIS:  I think I can answer that.  21 

Low-alloy steels used in the designs that we are 22 

currently reviewing would be the reactor pressure 23 

vessel, potentially the pressurizer or parts of the 24 

steam generator or the steam generator shell. 25 
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  Also now with the new plants, we are 1 

seeing the use of one and a quarter chrome and two and 2 

a quarter chrome materials for resistance to FAC, and 3 

those would be used in the steam and feed system in 4 

various locations. 5 

  CHAIRMAN ARMIJO:  Main steam lines? 6 

  MR. DAVIS: Well, not necessarily main 7 

steam line.  Usually, it is the feedwater. Dependent 8 

on what plant it is, it could be two and a quarter 9 

chrome from the vessel all the way back to the HP 10 

feedwater heater, and in other cases it would be in 11 

different locations of the -- not the main steam line, 12 

but there could be portions that would be FAC that 13 

would be upgraded to a low-alloy steel. 14 

  CHAIRMAN ARMIJO:  Okay.  Thank you. 15 

  MR. STEVENS:  These Reg Guides provide 16 

detail and up-to-date guidance on welding processes, 17 

materials for fabrication of new reactor components.  18 

  Just to clarify, they have been used for 19 

replacement components in the existing fleet as well 20 

as they are potentially used for new plants, new 21 

reactor construction. 22 

  These Reg Guides provide guidance and 23 

identify an NRC acceptable method or methods to 24 

satisfy the criteria in 10 CFR 50 Appendix A General 25 
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Design Criterion-1 and -30, and those relate to 1 

quality standards for design, fabrication, erection, 2 

and testing. 3 

  The Reg Guides provide guidance on an NRC 4 

acceptable method to satisfy the criterion in 10 CFR 5 

50, Section 50.55a as it relates to quality standards 6 

applicable to the reactor coolant pressure boundary. 7 

  The criteria specified in the Reg Guides 8 

provide additional fabrication controls beyond those 9 

specified in the ASME code in specifically, Section 10 

III for design and Section IX for welding.  The ASME 11 

code is not completely prescriptive in nature, and in 12 

some cases additional controls are needed for the 13 

nuclear industry, because, in particular, Section IX 14 

is -- it covers other industries besides nuclear, and 15 

that is what these Reg Guides do. 16 

  These Reg Guides are referenced in the NRC 17 

Standard Review Plan in Section 5.2.3, "Reactor 18 

Coolant Pressure Boundary Materials. 19 

  Again, the Reg Guides describe one or more 20 

methods that the staff has determined to be 21 

acceptable, but not required, for new component 22 

fabrication.  Just so everybody is on the same page, 23 

Reg Guides do not impose requirements.  The applicants 24 

are always free to use an alternative method of their 25 
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choice, provided they demonstrate to the staff that 1 

their method satisfies applicable regulations.  2 

Obviously -- 3 

  MEMBER BLEY:  Does that happen much in 4 

this area or do people stick pretty close to the Reg 5 

Guides? 6 

  MR. STEVENS:  Well, the initial response I 7 

will give, and maybe Bob can follow up.  I think in 8 

one of these Reg Guides, the 1.50, it actually has in 9 

the past for hydrogen bakeout procedures, and we have 10 

now adopted those into the Reg Guide itself, but that 11 

was -- So I think, initially, it was the CE group that 12 

came into the staff with that alternative, and it was 13 

reviewed and approved, and then they have been using 14 

that religiously for 30 years. 15 

  MEMBER BLEY:  So the new Reg Guides will 16 

incorporate things people have been using? 17 

  MR. STEVENS:  Correct. 18 

  MR. REICHELT:  The Reg Guides will 19 

provide, more or less, a cookbook type of application 20 

that is normally silent in the code. 21 

  MR. DAVIS:  To my knowledge, and I am the 22 

primary reviewer for all the design certifications for 23 

many of the sections, usually in Section 5.2.3 but 24 

also various other sections use these Reg Guides, and 25 
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to my knowledge, the only Reg Guide that anybody has 1 

taken any exception to is Reg Guide 1.50, and with the 2 

hydrogen bakeout, which we have been accepting for 3 

many, many, many, many, many years. 4 

  So that is why we changed it.  So now they 5 

no longer have to say we are going to take the current 6 

-- It is formalized. 7 

  MR. STEVENS:  Obviously, although Reg 8 

Guides are not required, use of the Reg Guides saves 9 

everybody a lot of time, because it conserves 10 

resources and simplifies licensing, because they are 11 

following guidelines that have been preestablished and 12 

followed before, and are an acceptable approach to 13 

meeting regulations. 14 

  I have, I think, one slide each of just an 15 

overview of each Reg Guide and what they do from a top 16 

level. 17 

  So with respect to 1.34, which is control 18 

of electroslag weld properties -- this is Slide 6 for 19 

the audience, by the way -- this contains implementing 20 

guidance regarding the control of weld properties when 21 

fabricating electroslag welds made of ferritic or 22 

austenitic materials. 23 

  Acceptable solidification patterns and 24 

impact test limits for qualification of welds in Class 25 
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1 and 2 components are defined, and the criteria for 1 

verifying conformance with those during production 2 

welding if given.   3 

  This Reg Guide provides assurance that the 4 

welds will not develop microfissures during welding.  5 

They will have high integrity.  They have a sufficient 6 

degree of toughness to furnish adequate safety margins 7 

during operating conditions and postulated accident 8 

scenarios. 9 

  CHAIRMAN ARMIJO:  Maybe I would like to 10 

ask Bob.  Now electroslag welding -- is that limited 11 

to heavy section materials, or what components?  12 

Vessel materials or bites, or what? 13 

  MR. DAVIS:  Well, typically, you would 14 

only use that to weld heavy wall components.  They do 15 

use electroslag welding, electroslag strip clad 16 

welding, which this Reg Guide does not address, 17 

because we haven't identified any issues with that.   18 

  This Reg Guide really came about several 19 

years ago.  There were a lot of issues in the 20 

shipbuilding industry and the bridge industry with 21 

electroslag welds.  So in all the current designs we 22 

are looking at, the only place that we would see that 23 

would be maybe some supports, but no vessels. 24 

  CHAIRMAN ARMIJO:  In the fabrication of 25 
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new plants, we are going to have these big ring 1 

forgings now for vessels.  Will they be -- Will those 2 

things be welded together using electroslag or some 3 

other technology? 4 

  MR. DAVIS:  Typically, those ring sections 5 

now, they use submerged arc welding, but they use a 6 

very narrow groove.  So there is really no advantage 7 

of using electroslag welding for those components, 8 

because the process they are using now is much, much 9 

better.  So typically, the only place that you could  10 

potentially see it would be supports. 11 

  All the design centers, we asked that 12 

question.  For example, ESBWRs, not used at all.  EPR, 13 

may use it for supports.  They leave that open to use 14 

for supports, but have not committed to that, no 15 

vessels, and the APWR does not use electroslag welding 16 

for vessels but may use it for structural. 17 

  MR. HONCHARIK:  Previously, the current 18 

vessels that are in operation -- a lot of them were 19 

welded with plate.  So it was longitudinal welds that 20 

they would use electroslag weld.  It was more 21 

conducive to that. 22 

  CHAIRMAN ARMIJO:  That is what I was kind 23 

of wondering, with new ways of fabricating vessels, 24 

whether this was kind of not as important a process as 25 
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we have used in the past.  But it is still used.  That 1 

is the important thing. 2 

  MR. DAVIS:  Could be used for supports, 3 

and it could be used, but more than likely will not be 4 

used for vessels.  Nobody would, really.  There is no 5 

advantage to using it with current welding technology. 6 

  MEMBER SIEBER:  Now for components, for 7 

example, in plant life extension where you are worried 8 

about the integrity of welds that were made 30, 40, 50 9 

years ago, do electroslag welds present any unique or 10 

additional problems than other welding techniques that 11 

would be important in license renewals? 12 

  MR. HONCHARIK:  Well, I think a lot of it 13 

is covered, you know, mostly with the embrittlement of 14 

it, but it may not also have to do with the actual 15 

welding process, but also just because of the addition 16 

of copper.  So I think that was a big part of it.  17 

But, yes, the electroslag welds were a big issue back 18 

then, and I think are carried over in license renewal, 19 

to look for the use. 20 

  CHAIRMAN ARMIJO:  It's still there. 21 

  MEMBER SIEBER:  What kind of faults would 22 

you expect to see, and what technique would you use to 23 

look for them, if you had one that was made? 24 

  MR. HONCHARIK:  Well, basically, they 25 
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still do their in-service inspection, basically, of 1 

the welds.  A lot of times they will -- You know, if 2 

there are any defects, most of them are internal to 3 

the weld, so not surface.  So a lot of them don't even 4 

grow.  They just kind of sit there the whole time, and 5 

as long as the upper shelf energy and everything 6 

remains within the criteria, everything goes according 7 

to the regulations.  So they have to meet those 8 

requirements each time they come in for a license 9 

renewal.  So they have to update there. 10 

  MEMBER SIEBER:  But the upper shelf energy 11 

is really based on the coupons as opposed to the 12 

vessel itself. 13 

  MR. HONCHARIK:  Right.. 14 

  MEMBER SIEBER:  Which may or may not have 15 

the same properties, just because of the physical. 16 

  MR. HONCHARIK;  Well, the coupons are 17 

actually -- they have cut out from the plate and the 18 

welds, especially like the longitudinal foe 19 

electroslags.  You will have prolongations coming out 20 

in order to stop the welding process.  So usually, 21 

typically, they will cut those -- you know, they cut 22 

them off, and then they have a large piece of metal so 23 

that they can use it -- 24 

  MR. REICHELT:  So it is indicative of the 25 
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welding parameters that we utilize for production.  1 

  MEMBER SIEBER:  Now in the support area, i 2 

suspect you are talking about reactor vessel supports, 3 

steam generator supports, pressurizer supports.  Is 4 

that what you are talking about, as opposed to pipe 5 

support? 6 

  MR. DAVIS:  Yes, more than likely, and how 7 

they consider that in license renewal is up to 8 

somebody that is involved in that. 9 

  MEMBER SIEBER:  Well, a lot of those welds 10 

are made in the field. 11 

  MR. DAVIS:  This would not -- Right. 12 

  MR. HONCHARIK:  A lot of this is not 13 

conducive for field work.  So most of this is shop. So 14 

I really hardly see any of those. 15 

  MR. STEVENS:  I think it is fair to say 16 

that two issues -- one on an inspection issue, and I 17 

think all the plants have adopted Appendix A, UT 18 

Qualified Examinations, for a number of years now, and 19 

the entire fleet has been examined, and there has been 20 

no significant indications identified in any of these 21 

types of welds. 22 

  Then the other issue would be 23 

embrittlement where, obviously, some of the plants, 24 

the older plants, have to deal with potential 25 
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chemistry issues that would affect upper shelf energy 1 

and embrittlement, and those issues are being 2 

adequately managed by the embrittlement regulations. 3 

  We have seen that there is no limitations 4 

for 60 years for the fleet, with the possible 5 

exception of PTS, which was addressed earlier this 6 

year with the alternate rule for PTS.  So I think, 7 

through 60 years, there is no issues on embrittlement 8 

identified for the plants that -- 9 

  MEMBER SIEBER:  And those three -- I think 10 

there are three plants or four plants involved. 11 

  CHAIRMAN ARMIJO:  Bill, I think we can 12 

hear you on the bridge line, if you just -- 13 

  MEMBER SHACK:  Yes.  I think, when you did 14 

the PTS calculation, they use a different flaw 15 

distribution for electroslag welds.  They recognized 16 

there are some differences, and I think that is 17 

included in the calculation.  I am not quite sure of 18 

that. 19 

  CHAIRMAN ARMIJO:  I think I remember the 20 

same thing, Bill, but I can't -- 21 

  MEMBER SHACK:  I wouldn't bet the family 22 

farm on it, but -- 23 

  CHAIRMAN ARMIJO:  Okay, Gary, let's move 24 

on. 25 
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  MR. STEVENS:  Slide 7 is Reg. Guide 1.43. 1 

 This Reg Guide contains selection and control 2 

criteria for welding processes to limit underclad 3 

cracking of low-alloy steel components clad with 4 

stainless steel. 5 

  Materials known to have susceptibility to 6 

underclad cracking should not be weld clad by high-7 

heat-input weld processes, and any processes should be 8 

qualified for use to demonstrate that underclad 9 

cracking is not induced. 10 

  These controls in this Reg Guide provide 11 

assurance that practices that could result in 12 

underclad cracking will be restricted.  It is 13 

important to note that it doesn't guaranty you won't 14 

have cracking.  Thee is a lot of variables that go 15 

into these processes. 16 

  CHAIRMAN ARMIJO:  Maybe you just described 17 

it.  Very briefly, how deep are these cracks?  How 18 

many are there?  What is acceptable?  what is not 19 

acceptable? 20 

  MR. DAVIS:  I think, for all the current 21 

designs that are under review, they are all using 22 

fine-grained materials.  So this doesn't -- Really, in 23 

all the new designs, rather than doing this additional 24 

testing, they just don't use material, as we have 25 
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identified in here,  the fine-grained material.  They 1 

just used fine-grained material, so that there is no 2 

problem. 3 

  CHAIRMAN ARMIJO:  So if they chose to use 4 

a coarse grained material, the clad, then these Reg 5 

Guides would help them? 6 

  MR. DAVIS:  More than likely, if they did 7 

use a coarse-grained material, they would  probably 8 

have to answer a substantial number of questions, 9 

which means that they would probably just select the 10 

fine-grained material. 11 

  CHAIRMAN ARMIJO:  I think that is a better 12 

solution, the fine-grained. 13 

  MR. DAVIS:  That is what they all follow. 14 

 So it becomes kind of a moot point. 15 

  MR. REICHELT:  And you bring up a good 16 

point, because I think, if you look at how long these 17 

Reg Guides have been in existence, they were initially 18 

generated back in the Seventies when industry was 19 

finding these problems, and these Reg Guides then were 20 

generated to try to resolve these issues. 21 

  Over the course of time now, even welders 22 

become smarter, and so like Bob says, part of the 23 

experience that has been gained is to order or procure 24 

fine-grained space material. 25 
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  CHAIRMAN ARMIJO:  So if someone is 1 

welding, let's say, or cladding a vessel, fine-grained 2 

low-alloy, does this Reg Guide apply or not, or the 3 

good practices in this Reg Guide would still be 4 

applicable? 5 

  MR. DAVIS:  Well, they actually meet the 6 

Reg Guide, because the Reg Guide identifies the 7 

materials that you should use, to where this isn't a 8 

problem, and that is what they do. 9 

  So they use fine-grained material.  All 10 

they have to do is use fine-grained material, and they 11 

say we comply with the intent of the Reg Guide, and 12 

that is it.  No further testing or anything outside of 13 

what is required by Section Three. 14 

  CHAIRMAN ARMIJO:  Right. 15 

  MEMBER SIEBER:  And that is basically 16 

controlling? 17 

  MR. DAVIS:  Oh, it is encouraging them to 18 

use the best material. 19 

  CHAIRMAN ARMIJO:  It is in their best 20 

interest. 21 

  MR. DAVIS:  Well, they don't have to take 22 

any special controls outside of what is required by 23 

Section 3 for heat input, because they use the fine-24 

grained material. 25 
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  MEMBER SIEBER:  Right. 1 

  CHAIRMAN ARMIJO:  Let me ask you.  The big 2 

vessel forgings now -- are they typically really meet 3 

or exceed the fine-grained material specs? 4 

  MR. DAVIS:  Five or smaller.  That is 5 

considered fine-grained.  I believe those specs that 6 

they list actually require  -- in the spec, that they 7 

require it.  They all say they use fine-grained, but 8 

they might actually even be required in the spec about 9 

material, the materials that they select. 10 

  MR. HONCHARIK:  I think, typically, they 11 

will put in their procurement document that they want 12 

this material and to a fine-grain.   13 

  MR. REICHELT:  They will specify the grain 14 

size on their procurement. At least, my experience has 15 

that they do, and they will say five or finer. 16 

  CHAIRMAN ARMIJO:  They don't put a number 17 

on it. 18 

  MR. DAVIS:  The design certifications 19 

actually -- at least two of the three actually list 20 

the grain size that they will use, which is five or 21 

smaller. 22 

  CHAIRMAN ARMIJO:  Okay, good.   23 

  MR. STEVENS:  Okay.  Slide 8 is Reg Guide 24 

1.44.  This Reg Guide provides implementing guidance 25 
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regarding the control and application and processing 1 

of stainless steel to avoid sensitization that could 2 

lead to stress-corrosion cracking. 3 

  Staff positions related to austenitic 4 

stainless steel Type 3XX, 300 series, used for 5 

components of the reactor coolant pressure boundary is 6 

what is applicable.  There is acceptance criteria for 7 

testing, alloy compositions, and heat treatment to 8 

avoid sensitization, and the Reg Guide identifies 9 

acceptable methods for verification of 10 

nonsensitization of stainless steel for welding 11 

processes employed in the production welds. 12 

  CHAIRMAN ARMIJO:  I am assuming everybody 13 

on the Committee knows what sensitization is.  Anyone 14 

want anymore explanation?  Okay, then everybody knows. 15 

  MR. STEVENS:  Nice slide at the back on 16 

it, if anybody needs a refresher. 17 

  CHAIRMAN ARMIJO:  yes. 18 

  MR. STEVENS:  Slide 9 is a continuation of 19 

this Reg Guide.  Acceptance criteria on cleaning and 20 

protection of material against contaminants that could 21 

lead to stress corrosion cracking are identified and 22 

provided in the Reg Guide:  Avoiding acid pickling, 23 

any other necessary pickling to be done with 24 

appropriate controls, and identifying that it should 25 
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not be performed on sensitized stainless steels. 1 

  CHAIRMAN ARMIJO:  But we don't have a 2 

general prohibition on the use of sensitized stainless 3 

steel in new construction or repairs, do we?  Seems to 4 

me that there should be. 5 

  MR. DAVIS:  Well, I think that all the new 6 

designs will use less than .03 percent carbon except 7 

for one design, which may use a little bit higher 8 

carbon.  But there is materials -- the .03 percent 9 

materials are shown to be -- I mean, even in one 10 

design, they actually post-weld heat treat their 11 

stainless steel safe ends, and then provided 12 

additional information to show that they will not 13 

sensitize. 14 

  In addition to that, if it is heated other 15 

than welding after it is solution annealed, then they 16 

are required to do a test on it. 17 

  MEMBER SHACK:  But in a sense, the Reg 18 

Guide accepts the use of sensitized stainless steels 19 

if you have less than 100 ppb of oxygen. 20 

  CHAIRMAN ARMIJO:  Yes, and we are going to 21 

talk more about that, Bill, because I think that is 22 

bothering both of us, to some extent.  So we will get 23 

into that a little bit later.  We will get more in 24 

detail on 1.44. 25 
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  MEMBER REMPE:  I have a question about why 1 

you want to avoid acid pickling, because we use it in 2 

some of the things.  Could you just educate me on the 3 

reason why avoid it? 4 

  CHAIRMAN ARMIJO:  Flip to that back-up 5 

slide you have. 6 

  MR. STEVENS;  I will give you the first 7 

level answer, and these guys can chime in.    So 8 

I think sometimes acid pickling can lead to hydrogen 9 

cracking, because the acid could be like hydrochloric 10 

acid or something that could contaminate the steel and 11 

lead to hydrogen cracking.  That is my level.   12 

  MEMBER REMPE:  Okay.  I just was curious. 13 

  CHAIRMAN ARMIJO:  Flip to backup slide 55. 14 

  15 

  MEMBER REMPE:  Yes, I have got that one. 16 

  CHAIRMAN ARMIJO:  Okay.  That picture 17 

shows corrosion of the grain boundaries of the 18 

stainless steel, and that is caused by this 19 

precipitation of chrome carbides in the grain 20 

boundaries which denude the boundaries of chromium and 21 

make it susceptible to corrosion. 22 

  If you start the corrosion on these 23 

materials, you have probably started further damage, 24 

because nucleation of corrosion is usually the top 25 
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step.   1 

  So the idea is don't pickle these 2 

sensitized stainless steels, because you start this 3 

intergranular corrosion before it goes into service.  4 

Then when it is in service, it can propagate and cause 5 

failures. 6 

  MEMBER REMPE:  When we use pickling, it is 7 

to allow us to braze and get a better braze in some of 8 

the things that I work at, and that is not something 9 

where it is of interest to what you are doing here.   10 

  CHAIRMAN ARMIJO:  It probably wouldn't.  11 

It depends what environment you are going to be using 12 

it and the condition of the steel, but in general, in 13 

the BWR sensitization caused by welding or heat 14 

treatment was a nightmare problem leading to stress 15 

corrosion cracking, and pickling would only make it 16 

worse. 17 

  MEMBER SIEBER:  That is because of 18 

variability in cooling rates.  Right? 19 

  CHAIRMAN ARMIJO:  Well, it was high carbon 20 

stainless steel. It is a conventional carbon stainless 21 

steel, not necessarily -- 22 

  MEMBER SIEBER:  The carbon is there. 23 

  CHAIRMAN ARMIJO:  Yes.  So the solution 24 

was to really drop the carbon content down to low 25 
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levels, and in some cases go to 316 or other 1 

materials.  But this idea of sensitization is a 2 

leftover, at least for the nuclear industry, that we 3 

shouldn't really -- Nobody should be building a 4 

nuclear plant with sensitized stainless steels.  You 5 

know, that is my view, and I don't think they are, but 6 

I have seen some exceptions, and that is troubling to 7 

me. 8 

  MEMBER SIEBER:  In the early days, though, 9 

that was -- 10 

  CHAIRMAN ARMIJO:  It was a way to do it. 11 

  MEMBER SIEBER:  That was a big issue. 12 

  CHAIRMAN ARMIJO:  It was viewed as very 13 

good material, and only when we started seeing a lot 14 

of stress corrosion cracking, bypass lines, coarse 15 

grain lines, a number of problems in the BWRs, and it 16 

was solved by the use of a better material, plus a 17 

number of other steps.  But usually, the big solution 18 

was a better material. 19 

  So the question is whether this Reg Guide 20 

or the regulations really provide enough 21 

discouragement on the use of sensitized stainless 22 

steels or not.  I don't think anybody should build a 23 

nuclear plant with this stuff, but that is my opinion. 24 

 So let's go on and see where we wind up. 25 
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  MR. STEVENS:  I was going to follow onto 1 

your question.  On Slide 56, for your application the 2 

stress corrosion cracking has to be the coalescence of 3 

these three factors, stress, environment, susceptible 4 

material.  What we are kind of talking about here with 5 

pickling is we are working on the susceptible 6 

material, but if you remove any one of these three 7 

items from the equation, you eliminate stress 8 

corrosion factors. 9 

  So your application -- 10 

  MEMBER REMPE:  We are using niobium when 11 

we pickle before we braze it. 12 

  MR. STEVENS:  And you may have susceptible 13 

material, but if you don't have stress or environment, 14 

then this is not an issue you have to worry about.   15 

  Slide 10 regards Reg Guide 1.50.  This has 16 

to do with control of preheat temperature for welding 17 

low-alloy steel.  It imposes welding preheat 18 

temperatures during initial fabrication to prevent 19 

cold cracking. 20 

  Guidance given in this Reg Guide provides 21 

reasonable assurance that racking of low-alloy steel 22 

components will not occur during fabrication and 23 

minimizes the possibility of subsequent cracking due 24 

to residual stresses that are retained in the 25 
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weldment. 1 

  The three sub-bullets there identify 2 

minimum preheat, maximum interpass temperatures that -3 

- identifies they should be specified, where they 4 

should be specified, how they should be specified in 5 

the welding procedures, and that tests should be 6 

performed to verify. 7 

  CHAIRMAN ARMIJO:  Well, this is a broad 8 

application.  This is for all types of welding 9 

techniques. 10 

  MR. DAVIS:  Yes.  It would apply to 11 

vessels.  Predominantly, before, it applied just to 12 

vessels, but now that we see the one and a quarter and 13 

two and a quarter chromes come in, in some safety 14 

related systems, then it applies to those also. 15 

  CHAIRMAN ARMIJO:  How do you know when you 16 

have cold cracking? 17 

  MR. DAVIS:  It would be detected during 18 

NDE or a visual inspection or magnetic particle 19 

inspection.  Obviously, we want to avoid those things. 20 

 Whenever you have cracking, you have to repair it.  21 

We well know, it creates -- can potentially create 22 

more problems for us down the road.  So it would be 23 

detected either during the PSI or the Section 3, the 24 

radiography required to accept the weld for Section 3. 25 
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  CHAIRMAN ARMIJO:  Okay. 1 

  MR. STEVENS:  That completes the overview 2 

of the Reg Guides, and we will talk about each Reg 3 

Guide later on here on exactly what revisions are 4 

being made. 5 

  Why are we revising these?  They are 6 

outdated.  The initial revision of these Reg Guides -- 7 

three of them were issued in May of '73.  One of them 8 

was issued in December '72.  So they are over 30 years 9 

old.  They do deal with subjects that have been known 10 

for more than 40 years. 11 

  We talked about a few of the technical 12 

changes here that were made.  For example, processes 13 

that a few of the vendors have used that were 14 

exceptions to the Reg Guide, but that we have accepted 15 

and applied for many, many years.  Those were adopted. 16 

  These Reg Guides pointed at outdated 17 

standards, obviously, that needed to be updated.  ASME 18 

has changed the materials specifications on some of 19 

the low-alloy steels and P grade materials.  We had to 20 

update to reflect those.  So no real major technical 21 

changes, but a little bit more than just editorial.   22 

  There was a need to update these for new 23 

reactor applications, obviously; repair/replacement 24 

activities for the current operating fleet, and then 25 
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the Standard Review Plan calls these out, and it was 1 

updated for new reactors recently, and as a part of 2 

that process it was identified that these Reg Guides 3 

should be updated consistently with that change. 4 

  As we have mentioned, there have been some 5 

technology changes over the years in welding methods 6 

and materials, and those, where appropriate, needed to 7 

be pulled into these updated references. 8 

  Finally, the NRC staff did make a 9 

commitment to the Commissioners in 2006 that Reg 10 

Guides would be updated appropriately and consistently 11 

with the SRP update associated with new reactor 12 

applications, and then a continued commitment to 13 

update Reg Guides on a regular basis.  My 14 

understanding is that is a five-year interval.  So Reg 15 

Guides will be consistently  looked at for revision 16 

and updating. 17 

  CHAIRMAN ARMIJO:  In the course of those 18 

30 years between the initial publication of the Reg 19 

Guides, were there interim staff guidance documents to 20 

fill any holes or did they pretty much remain 21 

unchanged? 22 

  MR. STEVENS:  I don't know the answer to 23 

that. 24 

  MR. REICHELT:  I would speculate -- and 25 
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this is pure speculation; I don't have the answer, 1 

concrete answer.  But I would say that there was 2 

probably not interim guidance, that these just 3 

remained.   4 

  CHAIRMAN ARMIJO:  So if issues came up, it 5 

was kind of on an ad hoc resolution between the staff. 6 

  MR. REICHELT:  Yes.  I think what -- I 7 

would put a caveat onto that, that industry, if they 8 

were not using these regulatory guides, they were 9 

implementing their own practices and, I would just 10 

say, what is considered good welding practice. 11 

  What you are seeing here is just, like I 12 

said previously, a cookbook recipe for those that may 13 

not have the experience or have not experienced these 14 

conditions before.  Most of the industry folks that 15 

are familiar with welding have either implemented 16 

these guidelines or they have just implemented 17 

themselves and they say, hey, as a part of the welder 18 

qualification, in accordance with Section 9, we are 19 

going to do these tests, and it is in their best 20 

interest to do that, of course. 21 

  So as I say, I just -- What you are seeing 22 

here now is just very common and what is considered to 23 

be good welding practice in industry. 24 

  CHAIRMAN ARMIJO:  Would these apply for, 25 
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let's say, these weld overlays on stainless steel, you 1 

know, where you have got some cracking already or just 2 

similar metal welds.  These Reg Guides are applicable 3 

or just the practices in there are good to know?  How 4 

are those controlled? 5 

  MR. DAVIS:  Well, for example, the weld 6 

overlays, they are all done with alloy 52.  So this -- 7 

  CHAIRMAN ARMIJO:  I thought there were 8 

some done on the BWR stainless steel piping.  There 9 

were a lot of heavy weld overlays. 10 

  MR. DAVIS:  Well, I would say, yes, 11 

obviously, because of those issues they had on those, 12 

I would -- like for example, I would assume that most 13 

of those weld overlays were done with the pipe full of 14 

water, you know, to prevent from overheating the 15 

material and causing sensitization. 16 

  Obviously, those materials were 17 

susceptible to sensitization.  That is why they 18 

cracked, to begin with. 19 

  CHAIRMAN ARMIJO:  Yes. 20 

  MR. DAVIS:  So I think there was a whole 21 

host of techniques that were used to reduce the heat 22 

input to those welds.  As far as I know, those 23 

techniques that they did use, I don't think there has 24 

been any huge problem with weld overlays themselves 25 
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cracking. 1 

  CHAIRMAN ARMIJO:  No. 2 

  MR. DAVIS:  Like I say, most of the time, 3 

to control heat input, if you weld the pipe full of 4 

water, you usually can't do much more than that.   5 

  MR. STEVENS:  I think most of the weld 6 

overlays are done in accordance with code cases that 7 

themselves would specify those kind of controls. 8 

  CHAIRMAN ARMIJO:  Yes. 9 

  MR. STEVENS:  Therefore, they are not 10 

using these Reg Guides for those overlays. 11 

  CHAIRMAN ARMIJO:  Yes.  Plus any 12 

sensitization would be on the outside of the pipe, not 13 

the inside, because that is where you are putting your 14 

overlay.  Inlay might be a different issue.  Yes.  15 

Okay, keep going. 16 

  MR. STEVENS:  Moving on to Slide 12, the 17 

revision timeline for these Reg Guides:  In the first 18 

part of last year, 2009, the Reg Guides were revised 19 

and drafted, and they were issued in the Federal 20 

Register on July 6th of last year for public comment. 21 

  That Register called for the initial 22 

response date to public comments at the end of August, 23 

August 31st.  On August 6th, NEI requested on behalf 24 

of the industry a 30-day extension to the comment 25 
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period, and that was granted.  So the comment period 1 

was extended to October 1, 2009. 2 

  There was a total of 68 comments received 3 

from the public in five correspondences from the folks 4 

listed there:  Westinghouse, Dominion, EPRI who spoke 5 

on behalf or collected comments from four or five 6 

industry and utility members, Mr. Hung, Professional 7 

Engineer individual comments, and then B&W. 8 

  As you can see, the comments came in as 9 

late as December 2009, and we accepted those comments. 10 

 In fact, you know, from my perspective, we would have 11 

been accepting comments all the way up to at least 12 

April 15th of this year.  So the comment period was 13 

very extensive and well beyond what was initially 14 

planned or required. 15 

  In March of this year the Nuclear 16 

Fabrication Consortium, which is an Ohio based 17 

consortium of various fabricators, requested of NRC 18 

management a six-month to two-year extension for these 19 

Reg Guide revisions.   20 

  NRC management decided to decline that 21 

request, because they felt the comment period was 22 

extensive, as well as at least two of the commenters 23 

were NFC members.  So we felt that they had gone 24 

through a very rigorous comment period, and those 25 
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comments were adequately captured. 1 

  Public comments were addressed, and the 2 

Reg Guides were finalized at end of May of this year, 3 

and then they were put out for concurrence review to 4 

NRR and NRO Offices, which occurred about the middle 5 

of July. 6 

  They went to the Office of General Counsel 7 

for review, and that was completed around September 8 

1st.  There was also technical editing and review that 9 

occurred in that time frame, and we are here today on 10 

October 21st for Subcommittee review. 11 

  These are scheduled for the full Committee 12 

review on  January 13th, and final publication.  That 13 

is my guess there.  That is not a hard date, but we 14 

are expecting that these would be published final end 15 

of January next year. 16 

  CHAIRMAN ARMIJO:  This NFC request for 17 

extension -- what as the basis for their request? 18 

  MR. STEVENS:  You could answer it?  Just 19 

identify yourself. 20 

  MR. CSONTOS:  Al Csontos, Office of 21 

Nuclear Regulatory Research and Branch Chief for 22 

Component Integrity Branch. 23 

  I have been involved with the NFC, the 24 

Nuclear Fabrication Consortium.  They had been 25 



 

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

 39 

discussing this with, I think, Bob and with Jeff Hixon 1 

occasionally about some of their issues here, and they 2 

had a program.  They had a large grant given to them 3 

by Department of Energy to look at issues in new 4 

plants and future plants. 5 

  So what they did is they had a program 6 

that they set up that was going to take nine months to 7 

two years to complete, and they were asking us to wait 8 

to address some of these issues. 9 

  Well, they were able to give us their 10 

comments verbally, and what we found is that they were 11 

already addressed.  In fact, as was said, many of the 12 

comments were already put in here by the same NFC 13 

members who were making the comments to us already.  14 

So it was kind of a double -- It was almost 15 

duplication of effort. 16 

  So the NFC comments have been addressed. 17 

  CHAIRMAN ARMIJO:  Okay.  So they just 18 

wanted you to wait until they finished their program, 19 

and they really had gotten the key points into your 20 

Reg Guide already. 21 

  MR. CSONTOS:  And we mentioned that it 22 

could be another -- You know, these are supposed to be 23 

updated every five years now, and so in the next 24 

revision, if they find something else in two years, 25 
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come back to us.  Maybe we will expedite this 1 

revision. 2 

  CHAIRMAN ARMIJO:  Okay, thank you. 3 

  MR. STEVENS:  More of an alignment, a 4 

schedule request. 5 

  CHAIRMAN ARMIJO:  Yes, right, and plus you 6 

know, if they find some better way of doing things, 7 

they can always come in with a request to approve a 8 

departure from the Reg Guide. 9 

  MR. STEVENS:  Right.  Now the 68 comments 10 

may seem to kind of onerous.  A lot of them overlap, 11 

duplicated.  A lot of them we had addressed as part of 12 

our internal concurrence review, and really, the 13 

number of revisions that we made to the draft Guides 14 

to be final were very minimal, and they were primarily 15 

editorial or clarification in nature. 16 

  Nevertheless, especially given the folks 17 

that commented and the number of comments, we felt 18 

that these were very well vetted  publicly.  So we 19 

were pleased with the response. 20 

  Okay.  Moving on to Slide 13, this is now 21 

a summary page each or so of each Reg Guide on what 22 

technical revisions were made.  There were, obviously, 23 

other editorial changes made and formatting changes 24 

that aren't identified here that we made. 25 
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  So with regard to 1.34, which is again the 1 

electroslag weld property Reg Guide, previously, you 2 

know, core support structures were identified in the 3 

Reg. Guide as needing to meet Class 1 component 4 

requirements. 5 

  That is because in 1973 there was no such 6 

thing as a Subsection NG in Section III, which deals 7 

with core support structures, which now exists.  So 8 

that requirement could be removed, because meeting 9 

Section III satisfies that requirement. 10 

  The Reg. Guide previously specified impact 11 

testing to be included for Class 2 vessels, because 12 

Section III did not mandate the need for that testing, 13 

and this was removed, again because Section III has 14 

been updated in the ensuing 35 years and is now 15 

included in Subsection NC. 16 

  Regulatory Position 5 of the Reg. Guide 17 

was expanded for the specific reason to question the 18 

welder's ability to make production welds that meet 19 

the approved procedure of the other positions of the 20 

Reg. Guide, and it was identified that such a 21 

situation is unacceptable. 22 

  Then there were references, obviously, to 23 

outdated ASME Code articles, and those were removed or 24 

updated appropriately. 25 
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  Going on to Slide 14 and Reg. Guide 1.43, 1 

this is the control of stainless steel weld cladding 2 

on low-alloy steel components.   3 

  ASME material specifications for SA-508 4 

material have changed, and those were updated in the 5 

Reg. Guide to reflect the current ASME Code, Section 6 

II naming conventions.  The others -- The older ones 7 

were kept as a parenthetical to clarify that.  8 

Actually, the Code itself even has parenthetical 9 

references to the older specifications for those 10 

materials. 11 

  The Section B discussion for underclad 12 

cracking was expanded significantly to further 13 

describe the cracking mechanism based on modern day 14 

knowledge, clarify the advantages.  Again, this is all 15 

the fine grain material forging issue.  That was 16 

clarified. 17 

  Then guidance was added to perform NDE, 18 

nondestructive examination, following post-weld heat 19 

treatment, because underclad cracking can grow during 20 

post-weld stress relief.  That was not previously 21 

captured. 22 

  Continuing on Slide 15, this is the same 23 

Reg Guide.  A second test method was added to 24 

determine the existence of underclad cracking, and it 25 
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is identified there what that test is. 1 

  An additional observation area was 2 

included in Position 2.e with regard to -- That is a 3 

test for looking for cracking.  Then essential 4 

variables are now defined in Section IX, Welding, of 5 

the ASME Code.  So that was added to Regulatory 6 

Position 3 to identify that those variables are now 7 

defined there. 8 

  CHAIRMAN ARMIJO:  This test method is a 9 

destructive metallographic examination of base 10 

material.  How do you actually do that?  Do you do 11 

that on qualification samples or what? 12 

  MR. DAVIS:  In your procedural 13 

qualification. 14 

  CHAIRMAN ARMIJO:  Okay.  So you do 15 

procedure qualification, do the metallographic exam of 16 

these cross-sections, and from then on you just follow 17 

the procedure, and it is assumed that there is no -- 18 

that everything is okay? 19 

  MR. DAVIS:  Along with all the other 20 

required tests -- you know, all the other Section IX 21 

required tests, and any additional Section III tests. 22 

  CHAIRMAN ARMIJO:  You can't do NDT through 23 

the cladding, can you, to detect it?  So it is really 24 

controlled by procedure in qualification of your 25 



 

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

 44 

welding procedure, but I don't know if you 0-- 1 

  MR. DAVIS:  I think that some of these 2 

cracks were so small that it is not always clear that 3 

they could be detectable to detect them, that they 4 

were very small.  I mean, they are very small.  I 5 

think -- 6 

  MR. REICHELT:  These are microfissures. 7 

  CHAIRMAN ARMIJO:  Microfissures, yes. 8 

  MR. DAVIS:  If I remember correctly, it 9 

was kind of discovered by somebody who was doing some 10 

testing as part of some research project, and 11 

discovered these welds, these types of welds that they 12 

weren't aware of before. 13 

  CHAIRMAN ARMIJO:  Okay.  So my conclusion 14 

is it is based on weld qualification procedures and 15 

verification that they are -- you have acceptable or 16 

minimal amount of underclad cracking, and from then 17 

on, as long as the welders follow these procedures, 18 

the welds are assumed to be okay. 19 

  MR. DAVIS:  And then again, it is highly 20 

unlikely that anybody would opt to go this route, that 21 

they wouldn't just go with the fine-grained material 22 

and make this all become a non-issue.   23 

  CHAIRMAN ARMIJO:  Okay.  That is the key 24 

thing. 25 
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  MR. REICHELT:  That is the key issue that 1 

we need to come away from this with regard to this 2 

Reg. Guide, is that this is utilized if -- in the 3 

interest of timely procurement or something that they 4 

decide to go with a coarse grain, and they are opening 5 

a lot of problems for themselves.  If they use a fine 6 

grained, there shouldn't be a problem.   7 

  CHAIRMAN ARMIJO:  All right. 8 

  MR. STEVENS:  Slide 16, moving to Reg. 9 

Guide 1.44.  This is control of processes used for 10 

stainless steel material.   11 

  Additions were made to Section B 12 

Discussion to identify that process controls should be 13 

modified based on operating experience.  Nothing beats 14 

operating experience. 15 

  Regulatory Position 6 was expanded to 16 

identify that controls to prevent sensitization during 17 

welding maintain low heat input and limit the 18 

interpass temperature.  Then various references to 19 

outdated standards were updated. 20 

  It is a common comment, by the way, 21 

received on these Reg. Guides in the beginning, was 22 

that they were referencing outdated standards. 23 

  Reg. Guide 1.50, which begins on Slide 17 24 

-- that is the preheat temperature welding of low-25 
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alloy steel.  Clarification was -- 1 

  MEMBER SHACK:  Excuse me.  Sam, you are 2 

not going to let them get past 1.44, are you? 3 

  CHAIRMAN ARMIJO:  Well, he actually 4 

surprised me.  No.  The answer is no.  We really 5 

should spend some time on this thing. 6 

  The tone of 1.44 seems -- you know, there 7 

is a lot of focus on things you should do to avoid 8 

sensitization, but the best thing you can do is start 9 

out with a low carbon stainless steel, and I didn't 10 

get the feeling that that was the primary acceptable 11 

approach.   12 

  Frankly, I don't think that these 13 

materials, particularly if they are in contact with 14 

the coolant or the pressure boundary, should be used 15 

at all.  I don't care what the excuse is.  I was 16 

wondering why you just didn't simply say, hey, look, 17 

this Reg. Guide -- I don't know, just word it in a way 18 

that makes it extremely painful to use high carbon 19 

stainless steels.   20 

  MR. DAVIS:  I think, obviously, we have to 21 

break this down and look at BWRs and PWRs, because the 22 

issue is, obviously, more severe in a BWR.  In the 23 

case of the BWR, in order to -- You know, we have the 24 

NUREG 0313 which recommends the type of materials to 25 



 

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

 47 

use.  In the BWRs, what we have reviewed so far, .02 1 

percent carbon, which I think would address your issue 2 

with the BWRs.   3 

  So now, if we look at the PWRs, the 4 

guidance says that, if you have below a certain amount 5 

of dissolved oxygen, then you do not have to use low 6 

carbon stainless steel.  So I guess that really 7 

becomes the issue that you are talking about. 8 

  CHAIRMAN ARMIJO:  Yes.   9 

  MR. DAVIS:  For BWRs it is kind of 10 

resolved, because they use all low carbon. 11 

  CHAIRMAN ARMIJO:  You know, the reason 12 

Bill and I are kind of concerned about this thing is 13 

that the environment, even in PWRs, has caused stress 14 

corrosion cracking of stainless steel welds, and there 15 

is an EPRI materials program report that cites this, 16 

and they are doing some research on it.  17 

  So there is an increasing frequency.  I 18 

don't know the extent of it, but even in a PWR you can 19 

get off normal water chemistry where you have an 20 

environment that can product stress corrosion cracking 21 

in these components. 22 

  So I think -- and you know, the BWR has 23 

gone more toward the PWR water chemistry.  They are 24 

adding hydrogen in most of the plants.  So it just 25 
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seems that the use of a sensitized stainless steel, 1 

whether it is a B or a P, is only a recipe for 2 

problems further on. 3 

  So I don't see such a clear distinction.  4 

Granted, the PWR has had very few problems, you know, 5 

nothing that is -- I wouldn't call it as major as the 6 

BWRs have had, but they have had problems, and to the 7 

extent that EPRI identifies that as a problem in their 8 

materials degradation program, and I can give you 9 

copies of the report and the pages. 10 

  I think Michael sent something out to you 11 

guys.  I am not sure.  You know, Bill looked into this 12 

quite a bit more, and maybe, Bill, you could just take 13 

it. 14 

  MEMBER SHACK:  I have a detailed technical 15 

comment on Position 4.a, which essentially says 100 16 

ppb is kind of a threshold where you could use 17 

sensitized stainless steels.  That is just too high.  18 

You know, there's lots of data that show that that is 19 

-- You  know, 20 ppb might be an arguable level. 20 

  CHAIRMAN ARMIJO:  Yes.   21 

  MEMBER SHACK:  A hundred ppb is just too 22 

much.  I can cite data up the wazoo. 23 

  CHAIRMAN ARMIJO:  Yes, and we have -- Bill 24 

looked up a couple of figures probably from Argonne 25 
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reports, but maybe from other sources. 1 

  MEMBER SHACK:  Well, actually GE.  I 2 

wanted to avoid the conflict of interest. 3 

  CHAIRMAN ARMIJO:  Okay, good.  But the 4 

data are consistent, and the other problem is -- You 5 

know, one of the things we can do is we can control 6 

the material that we build these plants.  Once we do 7 

that, it is done.   8 

  In the case of the environment, 9 

controlling the water chemistry over the course of 40, 10 

50, 60 years, it will vary, and in some parts of the 11 

plant it is much more difficult to control the water 12 

chemistry at some specified level.  So the environment 13 

is variable. 14 

  We can try and control this fabrication 15 

stresses on a component, but that is variable 16 

depending on the geometry of the component, the 17 

welders, whether it has to be a weld repair in the 18 

course of fabrication.   19 

  So the one thing for sure that we can 20 

control is the chemistry of the steel to make it as 21 

forgiving as possible, once and for all; and when 22 

there is doubt, I just don't understand why we 23 

wouldn't simply say, hey, look, if you insist on using 24 

a high carbon stainless steel in a B or a P, you are 25 
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going to have to do a lot more work to justify that, 1 

rather than using an available, highly available, low 2 

carbon.  And if you have a problem with strength, 3 

there is the N grades. 4 

  So there is a whole number of material 5 

solutions rather than relying on, well, you can use 6 

this poor material as long as you keep the environment 7 

under tight control.  Well, those environments aren't 8 

so easy to keep under tight control over the course of 9 

the life of the plants. 10 

  So I agree with Bill that 100 ppb is way 11 

too high, and it should be dropped down to 20 or so, 12 

because that will put a lot of pressure on the guys 13 

who want to play games and buy something that is 14 

easily procured or maybe less expensive.  I even doubt 15 

that, whether low carbons are that much more expensive 16 

than high carbons. 17 

  So it is that area where I think we are 18 

going to have some comments when we get to the full 19 

Committee. 20 

  MR. STEVENS:  My initial response to your 21 

question -- I was going to point you guys to Item 4, 22 

which basically says don't use material with carbon 23 

content greater than .03 except under the following 24 

three conditions.  But if you are a BWR, wouldn't A 25 



 

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

 51 

pretty much eliminate you?  I mean, I understand 1 

hydrogen and water chemistry, but I don't know that 2 

anyone can guaranty 100 percent reliability of 3 

hydrogen water chemistry. 4 

  CHAIRMAN ARMIJO:  That is right.  A BWR 5 

should use hydrogen water chemistry and low carbon 6 

steel. 7 

  MEMBER SHACK:  A does cover the BWRs.  We 8 

are really down to the PWRs here.  In practical terms, 9 

a PWR typically is going to be much less than 100 ppb. 10 

  MR. STEVENS:  Correct.  And even less than 11 

20. 12 

  MEMBER SHACK:  Even less than 20, but you 13 

actually have the 100 ppb in the guide.  I mean, that 14 

is -- I can understand the practical argument, but I 15 

am still with Sam, that I don't see any reason to use 16 

a sensitized stainless steel anymore.  There is no 17 

price advantage, no strength advantage, but you 18 

actually have the 100 ppb as an implied limit. 19 

  MR. STEVENS:  Are you suggesting to change 20 

it to 20 or to eliminate A altogether? 21 

  MEMBER SHACK:  I am sort of with Sam.  I 22 

think you should not use sensitized stainless steel, 23 

but certainly 20 would be a better number than 100. 24 

  CHAIRMAN ARMIJO:  If they choose to, let's 25 
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say, solution heat treat something after welding, 1 

well, that is fine.  It is no longer sensitized, and 2 

it doesn't have that problem.  But it is usually not 3 

very easy to do that on a welded -- a big pipe or 4 

something. 5 

  MEMBER SHACK:  What I like about the 20 6 

ppb is you are going to have a harder time showing 7 

that everywhere in a system.  We are obviously not 8 

worried about the reactor coolant piping. 9 

  CHAIRMAN ARMIJO:  No. 10 

  MEMBER SHACK:  You know, these are dead 11 

legs and that sort of thing.  You might possibly get 12 

some higher concentrations. 13 

  CHAIRMAN ARMIJO:  You know, I think the 14 

staff probably is in contact with EPRI, but I think 15 

more discussion with them, because during the startup 16 

of a PWR, you don't start off with low oxygen 17 

concentrations, and they add hydrazine and other stuff 18 

to bring it down, but I think, if you are starting out 19 

with a susceptible material, it just -- you are just 20 

asking for problems, because you can't control the 21 

environment perfectly over the course of the life of 22 

the plant.  It is just not practical. 23 

  So if you set a very, very -- If you would 24 

just simply say don't use it, that would be my 25 
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preference, but if you want to allow them to use it, 1 

you should make it very, very demanding that they 2 

control their environment probably to the 20 ppb. 3 

  So I think maybe Bill and I got to talk a 4 

little bit more, and others on the Committee, about 5 

what is the best approach, but I am sort of a belt and 6 

suspenders guy.  So I wouldn't use that material in a 7 

PWR or a BWR, if it is in contact with a coolant.  You 8 

know, structural things, supports and stuff like that, 9 

I don't care.   10 

  Bill -- Michael, I don't know, did you 11 

send the staff Bill's information? 12 

  MR. BENSON:  No, I don't think I have done 13 

that. 14 

  CHAIRMAN ARMIJO:  Okay.  We will just send 15 

it to you for information of what we found. 16 

  MR. STEVENS:  Okay.   17 

  MEMBER SHACK:  Just look at it one way.  A 18 

hundred ppb puts you somewhere between minus 100 and 19 

zero millivolts potential.  We ask BWRs to be at -30 20 

for hydrogen water chemistry. 21 

  CHAIRMAN ARMIJO:  Right.  And it is a 22 

really steep curve as far as -- 23 

  MEMBER SHACK:  It is a steep curve. 24 

  CHAIRMAN ARMIJO:  So just a slight 25 
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variation and you are in deep trouble. 1 

  MEMBER SHACK:  I don't know about deep 2 

trouble.  You know, I might have a hard time arguing 3 

this is a safety issue.  It certainly could lead to 4 

operational problems. 5 

  MR. DAVIS:  I think that one thing to 6 

remember is that, if they do use over .03 percent or 7 

even if they post-weld heat treat to .03 percent 8 

material, they are still required to do corrosion 9 

testing on those materials, and -- 10 

  CHAIRMAN ARMIJO:  Bob, the corrosion 11 

testing that we use is an acid test.  Right?  And that 12 

acid test, I haven't found -- You know, it has been 13 

used in the industry for many, many, many years. 14 

  MEMBER SHACK:  Yes.  It was used in 1973. 15 

  CHAIRMAN ARMIJO:  Right.  But you know, in 16 

the case of the BWRs, when we were building these 17 

things, we used the acid test, and the materials would 18 

pass the acid test, and they still cracked in service, 19 

because the degree of sensitization during welding 20 

wasn't as severe that they would fail the acid test, 21 

but they sure failed in the BWR water chemistry. 22 

  So if the acid test was correlated in PWR 23 

water chemistry with some, okay, this degree of 24 

etching in the acid test results in no failure in a 25 
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PWSCC type environment, then I would say, okay, there 1 

is a correlation that is based on relevant testing, 2 

relevant environment. 3 

  The acid test, I don't think, should be of 4 

great comfort.  It didn't work.  It didn't save the 5 

BWR pipe cracking.  Now again, hydrogen makes a huge 6 

difference in susceptibility, but why play around? 7 

  I am thinking more in terms of any kind of 8 

failure in the primary coolant boundary, whether it is 9 

a dead leg or a primary, full flow pipe.  It is not a 10 

good thing.  I can agree with Bill.  It is definitely 11 

not likely to lead to a double-ended guillotine pipe 12 

break, but it is really an unnecessary risk.  That is 13 

where I am at. 14 

  MR. CSONTOS:  Let me just say that we hear 15 

you on this one.  There is alignment issue here as 16 

well with the NRR folks, and this is something that we 17 

have brought up to the attention of the industry in 18 

terms of the PWRs and cracking of stainless steel. 19 

  So we hear you.  I think that we will go 20 

back and take a look at this.  I think we hear the 21 

concern, and maybe there is an alignment issue here 22 

between ourselves and NRR. 23 

  CHAIRMAN ARMIJO:  I think in the industry, 24 

at least in the EPRI materials degradation program, 25 
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they are concerned, and they do cite a growing 1 

frequency of cracking of stainless steels in PWR 2 

environments and, you know, it could be cold work 3 

involved. There could be other problems, but what it 4 

just tells you is the environment isn't always your 5 

protection against cracking.  Materials are probably 6 

your more reliable protection. 7 

  MR. HONCHARIK:  Right.  And I think we 8 

understand that point.  It is just like Bill said.  9 

Can you make a safety case for it?  And in addition, 10 

we did ask some of the applicants why they chose to 11 

use that, especially like in dead legs, you know, 12 

deadends where you would potentially have different 13 

chemistry there. 14 

  A lot of them have actually changed -- 15 

  MEMBER SHACK:  Even on the safety case, 16 

this is a Reg. Guide.  To me, you should put in what 17 

you really want them to have, the good engineering.  18 

If they want to come back and argue the case, okay.  19 

Maybe they can make the case that it isn't a safety 20 

issue, but seems to me, the Reg. Guide should present 21 

the good engineering solution. 22 

  CHAIRMAN ARMIJO:  Right.  Let them make 23 

the argument it is not a safety case.  Let's not make 24 

it for them, and the Reg. Guide is kind of a best 25 
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practices document, the way I look at it, and the best 1 

practices is to use the best materials and not rely -- 2 

You know, this is a materials Reg. Guide, not a water 3 

chemistry Reg. Guide.  So materials guides ought to 4 

hold the line. 5 

  I think it is -- I argue it is a safety 6 

case.  It is a very small safety case, because you 7 

know, I happened to be working on pipe cracking when 8 

all the BWRs in this country were shut down one time, 9 

and then a year or so later they were shut down by the 10 

NRC a second time due to intergranular stress 11 

corrosion cracking. 12 

  Of course, a lot of things were cracking, 13 

and nobody understood what was going on.  Now today we 14 

are a little bit smarter, but it still was something 15 

that never should have happened, and we should learn 16 

from that experience and just make it disappear. 17 

  MEMBER BLEY:  John was about to finish 18 

saying something.  We are saying, when they have 19 

justified using other materials, and it didn't sound 20 

like you finished what you were trying to say to us. 21 

  MR. HONCHARIK:  Basically, they count for 22 

these operating experience that they hear about.  23 

Basically, they changed some of the designed to make 24 

sure that they don't have stagnant conditions or that 25 
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they reduce the stresses in those areas, and they make 1 

several other points. 2 

  Also, there is actually data ut there that 3 

shows low carbon stainless steels also crack due to 4 

sensitization, especially cold work, which I think 5 

EPRI is looking heavily into, because there's cold 6 

work issues.  There is also issues of contaminants on 7 

the surface and actually having OD cracking versus ID. 8 

  CHAIRMAN ARMIJO:  I don't disagree with 9 

you.  You can make -- If you work hard enough, you can 10 

crack just about anything, but you have to work a heck 11 

of a lot harder on the low carbon stainless steels to 12 

cause them to crack than the high carbon, which is 13 

highly susceptible.   14 

  So that is really what we want to do.  15 

Let's move that boundary down to where we have as much 16 

margin as possible, and let the applicants make the 17 

safety case to you guys that says, hey, this is why 18 

the use of this steel in this application is okay, and 19 

then you decide whether it is okay or not, rather than 20 

us saying, hey, it's okay, to begin with.   21 

  Bill, do you have anything else you would 22 

like to add? 23 

  MEMBER SHACK:  No. 24 

  CHAIRMAN ARMIJO:  Okay.  We are a little -25 
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- We have a break scheduled at 9:45, but are there any 1 

other comments from the committee members on 1.44?  2 

Maybe this would be a good time a little bit ahead of 3 

schedule to take, let's say, a 15-minute break and be 4 

back at five of ten.  Okay?  Very good. 5 

  (Whereupon, the foregoing matter went off 6 

the record at 9:41 a.m. and went back on the record at 7 

9:55 a.m.) 8 

  CHAIRMAN ARMIJO:  Okay, let's get going 9 

again.  Our other members are going to get here 10 

shortly.  We have three members, so that we can go 11 

ahead.  Gary, back to you. 12 

  MR. STEVENS:  I was going to clarify one 13 

thing. 14 

  CHAIRMAN ARMIJO:  Bill, are you on the 15 

phone?  If you said yes, you are on Mute.  Okay.  16 

Well, we will go ahead.  I am sure he will be here 17 

shortly, if he isn't already.  Let's go ahead. 18 

  MR. STEVENS:  I was just going to clarify 19 

one thing I said earlier.  I was reminded that, when 20 

we talked about the five-year update of the Reg. 21 

Guides, that doesn't mean we wait five years to update 22 

a Reg. Guide.  If there is a need to update it for any 23 

reason, we will do it.  We won't wait five years.   24 

  Okay, we are on Slide 17 on Reg. Guide 25 
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1.50.  This Reg. Guide had the most changes, I think, 1 

of the four. 2 

  Clarification was added to the discussion 3 

section on this Reg. Guide to describe that preheating 4 

at the recommended temperatures can reduce local 5 

hardening by reducing the cooling rate during welding. 6 

  Additions were made to the discussion 7 

section to specify maximum interpass temperature to be 8 

specified in accordance with Section IX of ASME Code 9 

for the case where toughness is a requirement of the 10 

construction code. 11 

  Clarification was added to the 12 

discussions.  You can see a lot of the changes here 13 

were clarifications made to the discussion to describe 14 

maximum interpass temperature be selected for low-15 

alloy steel welds that require impact testing. 16 

  ASME "P" material designations were added 17 

to Section C to specifically identify which low-alloy 18 

steels are applicable. 19 

  Moving to Slide 18, changes were made to 20 

Regulatory Position 1 to specify that a welding 21 

procedure specification should specify a maximum 22 

interpass temperature and a minimum preheat 23 

temperature that are equal to those used during 24 

qualification. 25 
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  Additions were made to Regulatory Position 1 

2 to also allow for a post-weld hydrogen bakeout.  2 

This is what we discussed earlier that several of the 3 

applicants had been doing for many years, and we just 4 

incorporated that into the guidance, and there is a 5 

temperature range -- given temperature range, 6 

specified period of time based on materials being 7 

welded, geometry and the process used. 8 

  Additions were made to Regulatory Position 9 

4 to clarify that the acceptable examination procedure 10 

must meet the criteria of ASME Code, Section III; and 11 

again, the various references to outdated Code 12 

articles were updated to reflect current code. 13 

  CHAIRMAN ARMIJO:  Is this control of 14 

preheat temperature required for the fine-grained low-15 

alloy steel as well as coarse-grained, or is it 16 

generally the right practice, that plus the bakeout? 17 

  MR. DAVIS:  Well, there you are talking 18 

about cladding.  Here, we are talking about structural 19 

welds.  So it is different. 20 

  CHAIRMAN ARMIJO:  So this Reg. Guide would 21 

not be -- would apply to any kind of low-alloy steel 22 

that -- structural that you are welding? 23 

  MR. DAVIS:  That is a pressure boundary 24 

weld. 25 
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  CHAIRMAN ARMIJO:  Okay.   1 

  MR. DAVIS:  Then, of course, for the 2 

cladding it would be whatever the Section III 3 

requirements sections are in Section IX requirements, 4 

so far as preheat and maintain preheat in post-weld 5 

heat treatment. 6 

  MR. STEVENS:  Okay, moving on to Slide 19. 7 

 That completes our overview of the technical changes 8 

that were made to the Reg. Guides. 9 

  Regarding public comments, as I mentioned, 10 

the initial comment period was approximately 60 days 11 

from July 9th of last year to August 31st.  NEI 12 

requested on behalf of the industry, and we granted, 13 

an extension to October 1st. 14 

  As I mentioned, we were actually receiving 15 

comments in December of last year, and in fact, we 16 

would have received comments up until almost May of 17 

this year.  We were in a position that, had anymore 18 

come in, we would have addressed them. 19 

  We received a total of 68 comments, and 20 

about two-thirds -- At least from a quantity point of 21 

view, about two-thirds of those comments were received 22 

in two sets of comments that came in in December, so 23 

came in well after the comment period had been closed, 24 

but we looked at those, and we incorporated those, 25 
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because they were very good comments and from some 1 

significant industry participants. 2 

  As you can see, Reg. Guide 1.43 and 1.50 3 

were the two that had the most comments in terms of 4 

quantity.  Comments on Reg. Guide 1.34 were minor, and 5 

1.44 generally minor. 6 

  Now the follow slides are -- Let me go one 7 

more slide before I say that. 8 

  We addressed all comments, and in the 9 

electronic package that the Subcommittee received 10 

prior to this meeting, I think you received all of the 11 

public comments, and the NRC responses as they 12 

currently stand.  Those had been vetted and reviewed 13 

as part of the concurrence process, and they will be 14 

posted as part of the Reg. Guide publication. 15 

  I think all the comments in general were 16 

consistent with the intent of the revisions.  We 17 

didn't get any comments that took us down a different 18 

path or changed the direction of the revisions.  All 19 

the comments that came in were consistent with what we 20 

expected.  That is, they were just aimed at improving 21 

and clarifying the welding processes and what we were 22 

specifying in these Reg. Guides. 23 

  So they were in line with what we 24 

expected.  In fact, many of the comments that we 25 
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received, we had already dealt with as part of the 1 

internal review process. So it was very easy for us to 2 

respond to those. 3 

  Now what I have included in this package 4 

on the following approximately 20 slides are what I 5 

call significant comments, and I don't mean to say 6 

that they were significant technically, but they were 7 

the comments that led to revisions in the Reg. Guides 8 

-- into the draft Reg. Guides, the ones that went out 9 

for public comment. 10 

  They are summarized in the following 20 11 

pages, and I don't know -- I would estimate there is 12 

probably approximately 30 comments in there that are 13 

included.  I didn't include all 68 comments, because I 14 

didn't want to overwhelm this presentation.   15 

  Again, all 68 comments were included in 16 

the electronic package you have.  It wasn't going to 17 

be my intent to go through these one by one, but maybe 18 

what we could do is look at a couple of them, and then 19 

you can just indicate to me -- 20 

  CHAIRMAN ARMIJO:  Gary, I think I agree 21 

with you.  Where there was a meeting of the minds 22 

between NRC and the commenters, I agree the comments 23 

came from, obviously, experienced people in the 24 

industry, very good comments, but where the staff 25 
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agreed with those comments, I don't think we need to 1 

go through that unless some of the members would like 2 

to focus on a particular one. 3 

  If there are any comments where there was 4 

a difference on a substantive issue, I think that is 5 

where I would like to hear some discussion. 6 

  MR. STEVENS:  Okay.   7 

  CHAIRMAN ARMIJO:  Any other members have a 8 

comment?  Okay, let's just do it that way. 9 

  MR. STEVENS:  Okay.  What I am going to do 10 

then is what I put in the -- Let's just look at Slide 11 

21 as an example.   12 

  Slide 21, in the left column is the public 13 

comment, and on the right is our response.  If we just 14 

look at the first one, it describes a change we made 15 

in what you see as quoted text from the draft Reg. 16 

Guide, and then changes are shown in, I guess it is 17 

blue here.  So that shows the change as made, the 18 

specific change we made. 19 

  So I guess, to your comment then, so what 20 

I have got here is basically responses where we 21 

essentially agreed substantially with the commenter, 22 

and I showed the change.  That is all I included in 23 

this presentation. 24 

  I am going to look back then to the public 25 
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comments on each Reg. Guide.  There were a few where 1 

we disagreed with a commenter, and maybe we can -- 2 

  CHAIRMAN ARMIJO:  Yes.  That is really -- 3 

You know, where there is agreement, we are not likely 4 

to have a particularly different view, not being 5 

welding experts.  But where there is disagreement, it 6 

is always helpful to understand what the issue might 7 

have been and why the staff chose to go the way they 8 

did.   9 

  MEMBER BLEY:  Most seem to just be 10 

clarifications. 11 

  CHAIRMAN ARMIJO:  Yes, clarifications, 12 

improvements in wording, updating of nomenclature on 13 

materials, things like that, and were good comments, 14 

but I didn't see any where there were basically you 15 

ought to change it this way, and the staff said, no, 16 

we don't want to do that. 17 

  MR. STEVENS:  Yes, there were a few, and I 18 

apologize.  They are not in the presentation.  So what 19 

I am going to look at is the public comments as you 20 

received in your electronic package, and we will go 21 

through each Reg. Guide, and I will call out any of 22 

those. 23 

  With respect to 1.34, as I mentioned -- I 24 

am going to go back to this slide here -- there were 25 
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four comments received on this Reg. Guide in total.  1 

Those comments came in from -- well, there's actually 2 

two sets.  I counted the NEI comment on all the Reg. 3 

Guides, and the NEI comment was simply we want to 4 

extend the comment period.  5 

  So aside from that, Westinghouse was the 6 

only commenter on this Reg. Guide.  They had four 7 

comments, and we basically -- I'm sorry, they had 8 

three comments.  We basically agreed -- no, they had 9 

four.  Sorry.  They had four comments.  We agreed and 10 

made changes with two of those, and we disagreed with 11 

two. 12 

  So maybe what we can do is discuss the two 13 

we disagreed with.   14 

  MEMBER RYAN:  You might want to not whack 15 

that microphone, because it goes off in his ears like 16 

a cannon. 17 

  MR. STEVENS:  Okay.  Sorry about that. 18 

  The second comment they had had to do with 19 

Regulatory Position 4, and they suggested that that 20 

position appears to have an error.  I will just read 21 

you the comment. 22 

  It indicates that production welds need to 23 

comply with the variables specified on the "procedure 24 

qualification."  The comment then is:  "The procedure 25 
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qualification does not specify process variables for 1 

production welding, but records what was used during 2 

the test.  The limits for production process variables 3 

are listed on the 'welding procedure.'  The last two 4 

words should change procedure qualification to welding 5 

procedure." 6 

  So we are talking a definition of terms 7 

here, basically.  Our response is that we disagree 8 

with the commenter.  Production welds need to comply 9 

with the variables used in the procedure 10 

qualification, because using welding variables outside 11 

the variable values used for qualification may result 12 

in a deep pool of molten weld metal and, therefore, 13 

cracks may develop because of the weaker center line 14 

bond dendrites. 15 

  It is the intent that each weld 16 

configuration will require its own procedure 17 

qualification. 18 

  CHAIRMAN ARMIJO:  Okay.  I understand what 19 

you did, yes, and I agree with you.  Why do a 20 

qualification program if you are not going to -- you 21 

do your production welds within the boundaries of the 22 

qualification. 23 

  MR. REICHELT:  Well, what we tried to do 24 

was to make a PQR that -- or have them generate a PQR. 25 
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  MEMBER BLEY:  What is a PQR? 1 

  MR. REICHELT:  A procedure qualification 2 

record during procedure qual welding.  That was going 3 

to be specifically for the weld, and from a PQR you 4 

make a WPS, which is a welding procedure 5 

specification.   6 

  In the Code, the Code allows you to have a 7 

PQR that can generate many WPSs, and the intent here 8 

was to say this PQR, and you generate this WPS, is 9 

going to be just like the PQR that you did for the 10 

procedure qualification.  So that is what the intent 11 

was there.  So that is why we did not agree with the -12 

- 13 

  CHAIRMAN ARMIJO:  Okay, I understand that. 14 

  15 

  MR. STEVENS:  Okay.  Their fourth comment 16 

had to do with Regulatory Position 5.  They were 17 

quoting the portion of Position 5 that states -- 18 

regarding properties obtained during testing are not 19 

acceptable, and in particular that additional 20 

procedure qualifications should be performed in 21 

accordance with Regulatory Position 1 above. 22 

  Their comment is "This does not permit 23 

remedy of the production weld from which the tests 24 

were obtained.  Options to rectify the production weld 25 
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should be allowed, such as reheat treatment in the 1 

case of failed Charpy v-notch test.  Obviously, reheat 2 

treatment will not change the angle of solidification. 3 

  "The Reg. Guide does not list options 4 

applicable to welds that do not meet the macro etch 5 

requirements.  Since the concern stated in the 6 

procedure qualification section is that 'cracks may 7 

develop because of the weaker center line bond between 8 

dendrites,' in performing additional nondestructive 9 

testing capable of detecting these cracks, additional 10 

Charpy v-notch tests or other possible remedy should 11 

be proscribed." 12 

  Our response was we disagree with the 13 

commenter.  The quality of production welds is ensured 14 

by following the recommendations prescribed in 15 

Position 4 and verified by the testing described in 16 

Position 3.  Therefore, if the test results are 17 

unacceptable or the process variables have not been 18 

controlled properly, then the production weld is 19 

unacceptable. 20 

  CHAIRMAN ARMIJO:  So they are basically 21 

saying, if we can do a weld repair of some sort -- but 22 

they could always come back to you and say, look, here 23 

is what has happened, and we propose to do this kind 24 

of a weld repair because of the cost of complexity of 25 
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this component.  Then you would have to look at that, 1 

but as far as the blanket approval, you don't provide 2 

that in the Reg. Guide.  I think we understand that 3 

one.  Thank you. 4 

  MR. STEVENS:  So that was it on that Reg. 5 

Guide.  There were two comments that led to changes 6 

which are, I think -- Let me make sure I got this 7 

here.  Yes, the two comments that led to changes are 8 

shown on page 21.  9 

  Then there were two comments not shown in 10 

this presentation that we just covered, which we did 11 

not agree with, and that was the extent of the 12 

comments on Reg. Guide 1.34. 13 

  Reg. Guide 1.43:  The comments that led to 14 

changes are shown on pages 22 through 30.  This 15 

particular Reg. Guide received 36 comments in total 16 

from five commenters.  In addition to NEI's that are 17 

extended, Westinghouse, Dominion, EPRI which included 18 

comments from PG&E, Mr. Hunt as an individual, and 19 

then Babcock and Wilcox all commented on this Reg. 20 

Guide. 21 

  Let me -- Sorry, I hit the mike again.  22 

Sorry to break your eardrum. 23 

  Okay.  The first set of comments -- again, 24 

I will with what came from Westinghouse.  They had 25 
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four comments.  The first comment is covered on Slide 1 

22  Their second comment had to do with the 2 

typographic extra period.  So it is not covered here, 3 

which we obviously incorporated. 4 

  The third comment is covered on Slide 22, 5 

and the fourth comment is not covered in the 6 

presentation, and their comment -- We basically 7 

acknowledged the comment and agreed with it and said 8 

it doesn't require any change to the Reg. Guide.  9 

Their comment had to do with the portion of the Reg. 10 

Guide that talks about hydrogen related cracking as 11 

well as reheat cracking. 12 

  They asked the question:  Is the testing 13 

and the Regulatory Positions intended to detect both? 14 

 It does not seem to have any limitations on testing 15 

directed toward hydrogen related cracking.  If not 16 

addressed, should the Reg. Guide clarify that the 17 

Regulatory Position only addresses reheat cracking? 18 

  So it is kind of a question.  Our response 19 

is:  The Regulatory Positions in the Reg. Guide 20 

address underclad cracking occurring in coarse-grained 21 

steels when using high deposition welding processes 22 

such as strip and six-wire cladding processes.  23 

Keeping the heat input rates below 150 kilojoules per 24 

inch addresses or resolves this problem.  No change is 25 
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required to the Reg. Guide regarding this comment. 1 

  CHAIRMAN ARMIJO:  Okay.  So, basically, is 2 

was a clarification they are looking for there. 3 

  MR. STEVENS:  And their clarification gets 4 

answered in the response to the comment.   5 

  We received one comment from Dominion 6 

Energy, and that is reflected at the top of page 23 in 7 

the presentation.   8 

  We received three comments from PG&E 9 

through EPRI, and the first comment is reflected on 10 

page 23.  The second comment is reflected on page 24, 11 

and the third comment is reflected on page 24 of the 12 

presentation.  So all three of their comments led to 13 

some clarification being added to the Reg. Guide, and 14 

they are shown in the presentation. 15 

  Sorry.  I have one other comment here.  16 

That is three comments.  They have a fourth comment 17 

that is not in the presentation, and they referred to 18 

Position 2-E and asked the question:  The acceptance 19 

criteria is applied for any one-inch length.  In the 20 

case of the polished surface test, should the 21 

acceptance criteria be over an area? 22 

  Our response is:  No.  The acceptance 23 

criteria is applied to any one-inch length of the 24 

cladding base metal interface. 25 
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  CHAIRMAN ARMIJO:  Again, that is 1 

clarification. 2 

  MR. STEVENS:  Correct. 3 

  CHAIRMAN ARMIJO:  But as far as 4 

substantive disagreements like on 1.34, did you have 5 

any in this Reg. Guide? 6 

  MR. STEVENS:  Let me see.  Mr. Hunt -- 7 

Yes.  For Mr. Hunt, I think all of his comments are 8 

addressed in the presentation.  A lot of his comments 9 

paralleled or were the same as other commenters, but 10 

there was one here where we disagreed with him, 11 

regarding Position 3. 12 

  His comment was that that position should 13 

be removed or revised, and let me look at what 14 

Position 3 is.  This had to do with monitoring 15 

production welding to verify compliance with the 16 

limitations on essential variables, and talking about 17 

essential variables are based on procedure 18 

qualification in accordance with Section 9 of the 19 

Code, etcetera, and if production welding does not 20 

conform to these limitations, an examination should be 21 

performed on the production part from which a section 22 

of cladding has been removed, and the cladding 23 

procedure should be requalified in accordance with 24 

Position 2. 25 
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  So his comment was that position should be 1 

removed or revised.  This statement has little 2 

meaning, because no means of establishing limitations 3 

on essential variables established by procedure 4 

qualification has been specified in Section C, 5 

Position 2.  The Guide should require as a minimum 6 

that the rules of the ASME boiler and pressure vessel 7 

code be applied to define the limitations of essential 8 

variables for cladding procedures qualified in 9 

accordance with Position 2.   10 

  Our response was:  We disagree with the 11 

commenter.  Limits on essential variables are 12 

established by the rules of ASME Code, Sections 9 and 13 

Section 3, and are based on the values recorded in the 14 

procedure qualification.  This Reg. Guide recommends 15 

that production welding be monitored to ensure that 16 

limits on essential variables which are based on the 17 

procedure qualification are met. 18 

  CHAIRMAN ARMIJO:  That makes a lot of 19 

sense.  I don't understand the disagreement, except 20 

for requalification.  You know, if your production 21 

weld goes out, the variables go out of range of your 22 

qualification, then the weld didn't make it.   23 

  MR. REICHELT:  That is the definition of 24 

an essential variable. 25 
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  CHAIRMAN ARMIJO:  Yes. 1 

  MR. REICHELT:  If you deviate beyond the 2 

range that was utilized, then the procedure qual said 3 

requalification needs to be performed. 4 

  CHAIRMAN ARMIJO:  Well, is it  5 

requalification of the welder or -- 6 

  MR. REICHELT:  The procedure, for an 7 

essential variable.   8 

  CHAIRMAN ARMIJO:  Procedure may be -- The 9 

qualification may be fine.  It is just that the 10 

application of the production weld didn't fit within 11 

the procedure.  So I don't understand why you would 12 

change -- require requalification.  It is just that 13 

the production welds aren't capable.  I guess I am a 14 

little confused here. 15 

  MR. DAVIS:  I think if -- Let's say, for 16 

example, they went outside of the current that they 17 

are allowed to use. 18 

  CHAIRMAN ARMIJO:  Right. 19 

  MR. DAVIS:  So let's say they went 10 amps 20 

over what they would be allowed as part of their 21 

procedure qualification.  Then this allows for them to 22 

-- They have to do an examination for cracking, and 23 

they have to requalify the procedure. 24 

  CHAIRMAN ARMIJO:  Well, that is only if 25 
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they wanted to use that higher current, for example, 1 

in future production welds.  But if they said, hey, 2 

look, for that particular weld we were out of spec or 3 

out of our qualification range, but we still think the 4 

original qualification is fine, I wouldn't make them 5 

redo the qualification. 6 

  MR. DAVIS:  That would only happen if they 7 

were outside what they were allowed to use by the -- 8 

You have your procedure qualification. 9 

  CHAIRMAN ARMIJO:  Right. 10 

  MR. DAVIS:  Then when you write your WPS, 11 

you are allowed certain variables to go beyond what 12 

was in your procedure qualification record, sometimes, 13 

depending on what the variable is, what the process 14 

is. 15 

  So we are saying, if you go beyond what 16 

you are qualified to do, you have to do another 17 

procedure qualification using those different 18 

variables, and then, therefore, that is how you -- 19 

  CHAIRMAN ARMIJO:  Why?   20 

  MEMBER ABDEL-KHALIK:  Extending the range 21 

of the qualification. 22 

  CHAIRMAN ARMIJO:  Well, it is broadening 23 

your qualification.   24 

  MR. REICHELT:  You have to establish some 25 
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guidelines, because if you don't, if you have an 1 

amperage range, let's say, on a PQR that says 100 to 2 

200, and then you have a welder that says I can do it 3 

quicker if I go up to 220 and you say, well, okay, you 4 

are going to have welders that are out of control.  So 5 

you need to have some guidelines on there.  So that is 6 

the reason why the Code, the ASME Code, Section 9 has 7 

established what is considered essential variables and 8 

nonessential variables. 9 

  A nonessential variable, for those who 10 

don't know, is if you change that variable in the 11 

procedure, you just need to revise the procedure.  12 

There is no requalification required.  But the 13 

essential variables, those are things that, in the 14 

welding world, are considered necessary to provide a 15 

good quality weld. 16 

  CHAIRMAN ARMIJO:  You know, I come from a 17 

manufacturing environment in which you qualify the 18 

process for making something, whether it was fuel 19 

cladding or fuel pellets or things like that.  If you 20 

went -- and if your manufacturing process went outside 21 

those boundaries, you rejected the product. 22 

  Now if you found that the product looked 23 

pretty good and you chose to go back and requalify for 24 

a broader range, that was up to you.  But if you chose 25 
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not to requalify, you dumped that product and stuck 1 

with the original qualification. 2 

  This sounds to me like you make them 3 

requalify even if they are willing to say that was a 4 

bad weld. 5 

  MR. HONCHARIK:  If you want to accept that 6 

weld to use in service.  If you don't want to and you 7 

want to cut it out, then you don't have to do 8 

anything. 9 

  CHAIRMAN ARMIJO:  Only if you accept it. 10 

  MR. REICHELT:  If you want to accept -- If 11 

you do your testing and you say that this is good, 12 

then you got to prove it. 13 

  CHAIRMAN ARMIJO:  Okay, I misunderstood. 14 

  MEMBER RYAN:  Just to pick on your 15 

example, if you use 10 more amps than you should have, 16 

you would have to requalify it with 10 more amps as 17 

the current of the weld and get that passed.  Then you 18 

are okay. 19 

  MR. DAVIS:  Along with these additional 20 

requirements that are in Position 2, and you also have 21 

to check the production weld to make sure that there 22 

isn't any cracking. 23 

  CHAIRMAN ARMIJO:  Yes. 24 

  MEMBER RYAN:  Right.  Which is all 25 
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sensible requalification. 1 

  MR. DAVIS:  So not only the qualification 2 

you have to redo to show that it is okay, but you have 3 

to actually have to remove some cladding from the part 4 

that you went out of the limitation and look at that. 5 

  CHAIRMAN ARMIJO:  Yes.  Okay, I 6 

understand. 7 

  MR. DAVIS:  It is pretty robust. 8 

  CHAIRMAN ARMIJO:  It is a tough 9 

requirement.  It means that your qualification means 10 

something. 11 

  MR. DAVIS:  Right. 12 

  MR. STEVENS:  Okay.  All but three of the 13 

comments are addressed in here.  Now what you will see 14 

is I said we received 36 comments, and a lot of the 15 

comments were duplicative, and we referred the 16 

commenter to a response we gave to another commenter. 17 

 So I will just go over the three that I think we took 18 

some level of exception to.   19 

  Mr. Hunt gave us a suggestion that we 20 

subject these to peer review by organizations such as 21 

EPRI, EWI and CNF, and I am not sure I know what CNF 22 

even stands for, and the possibility of industry 23 

companies such as Westinghouse, AREVA and B&W, before 24 

we release it for public comment. 25 
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  Obviously, our response to that was we 1 

submitted them out for public comment and, in fact, we 2 

received comments from just about all of those 3 

organizations. 4 

  CHAIRMAN ARMIJO:  Yes, this is a peer 5 

review. 6 

  MR. STEVENS:  Right.  So we basically said 7 

we did that. 8 

  B&W had a comment regarding a footnote in 9 

the original Reg. Guide that suggested that plate 10 

material to a coarse-grained practice in a composition 11 

similar to SA-508 Class 2 materials are reported to 12 

have exhibited underclad cracking.  A topical Report 13 

outlining the details of this current should be cited. 14 

  We just commented that the current 15 

footnotes of the Reg. Guide 1 through 4 refer to such 16 

references. 17 

  There was one more maybe, or is that it?  18 

That was it.  Basically, all of the comments we 19 

responded to and made some changes in response to the 20 

comment. 21 

  Reg. Guide 1.44:  Now this one, in 22 

addition to NEI, had three commenters, Westinghouse, 23 

Dominion, and an individual from PG&E who commented 24 

through EPRI.  We had a total of eight comments 25 
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received, one of which was the NEI comment.   1 

  Westinghouse provided four comments, which 2 

are reflected -- three of which are reflected in the 3 

presentation.  There is one we took disagreement with. 4 

 Their comment was -- They say Paragraph 7, and I am 5 

not sure which -- Can I tell which section that is in 6 

the Reg. Guide?  I think this is referring to under 7 

the Section B discussion. 8 

  "Paragraph 7 provides guidance for 9 

intergranular corrosion testing for non-L and L-grade 10 

materials.  Westinghouse disagrees that intergranular 11 

corrosion testing for non-L and L-grades should be 12 

performed, because there is not enough carbon for 13 

sensitization to occur." 14 

  Our response was:  "The staff disagrees 15 

with the commenter.  There is evidence throughout the 16 

industry that sensitization has occurred even on L-17 

grade material. 18 

  CHAIRMAN ARMIJO:  They were saying you 19 

don't -- or maybe I misheard.  They said you shouldn't 20 

have to do a sensitization test for the L-grade. 21 

  MR. REICHELT:  For the non-L grade. 22 

  CHAIRMAN ARMIJO:  That is crazy. 23 

  MR. REICHELT:  Well, that is why we 24 

disagreed with it.  Our response was, not only is it -25 
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- You could get stress corrosion cracking in non-L 1 

grade, but there is evidence that you could get it in 2 

L-grade.  So that is why we are implementing this 3 

test.  So it was totally off the wall, as far as we 4 

were concerned. 5 

  CHAIRMAN ARMIJO:  Yes.  So that one is not 6 

a problem.  Right. 7 

  MEMBER REMPE:  When you send back your 8 

response to Westinghouse in a situation like that, do 9 

they respond back and say, oh, thank you, we agree, or 10 

that just ends at that point?  I have forgotten now. 11 

  MR. REICHELT:  Well, I didn't tell them 12 

that they were off the wall. 13 

  MEMBER REMPE:  Or you didn't say you are 14 

crazy?  They don't come back?  There was no further 15 

discussion after you sent your first responses back? 16 

  MR. STEVENS:  Well, they haven't seen any 17 

responses from us yet. 18 

  CHAIRMAN ARMIJO:  This is still  internal 19 

to NRC.  20 

  MR. STEVENS:  These comments and responses 21 

will be published as part of the final Reg. Guide 22 

process. 23 

  MEMBER REMPE:  Oh, so that -- Yes, I saw 24 

your timeline, and we are having our full committee 25 
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meeting, and then you issue it.  So they don't know 1 

until it actually -- unless they are listening or they 2 

read the transcript or something like that? 3 

  MR. STEVENS:  Or if there was any informal 4 

conversation with staff members at ASME Code meetings 5 

or anything like that, or those forms.  Otherwise, 6 

they haven't seen a response from us yet. 7 

  CHAIRMAN ARMIJO:  Yes. 8 

  MEMBER BLEY:  Joy, this is the usual way 9 

this goes. 10 

  MEMBER REMPE:  Yes.  I am new, and I am 11 

learning.  I just was curious. 12 

  MR. STEVENS:  Dominion provided two 13 

comments.  One, we -- They made a comment that in the 14 

Reg. Guide chloride, fluoride and oxygen levels are 15 

consistent with the UFSAR updated final safety 16 

analysis report, and we didn't know if that was really 17 

a comment or just -- I mean asking us to change 18 

something. 19 

  Our response is:  Reference to the plant, 20 

USFAR is plant specific.  It is, therefore, not 21 

appropriate for generic regulatory guidance. 22 

  CHAIRMAN ARMIJO:  Yes.   23 

  MR. STEVENS:  PG&E had two comments, and 24 

we responded to both and made changes accordingly.  So 25 
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that was it for that Reg. Guide. 1 

  CHAIRMAN ARMIJO:  That was it.  Okay. 2 

  MR. STEVENS:  Reg. Guide 1.50:  These 3 

comments that led to changes are shown on pages 34 4 

through 40 of the presentation.  This one, we had a 5 

total of 20 comments that came -- 6 

  CHAIRMAN ARMIJO:  Everybody was interested 7 

in this one. 8 

  MR. STEVENS:  Everybody got on this one, 9 

right.  In addition to NEI, we had nine commenters.  10 

The majority of those, six of them came in through 11 

EPRI.  We had a person from NextEra Energy which, 12 

trying to keep track of utility names today is a 13 

challenge, but I believe those are the folks that own 14 

Duane Arnold now.  We had Westinghouse.  We had 15 

another commenter from Duane Arnold, another one from 16 

XE Nuclear which I believe is Prairie Island 17 

Monticello; Duke Energy, PG&E; Entergy; and EPRI 18 

themselves.  Then we had comments from Exelon. 19 

  CHAIRMAN ARMIJO:  I just did a quick 20 

count.  It looks like you had eight that you accepted. 21 

 I just counted.  Some of those could have been 22 

duplicates. 23 

  MR. STEVENS:  Yes, I think we had -- Let's 24 

see.  I got to look at the acronyms here.  NextEra 25 
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Energy:  They basically asked three questions, and we 1 

answered them in the comments.  It didn't lead to any 2 

changes. 3 

  CHAIRMAN ARMIJO:  Okay.   4 

  MR. STEVENS:  Westinghouse had two 5 

comments, and they are included in the presentation, 6 

and we made changes.   7 

  FPL Duane Arnold had a comment which 8 

another change we made in response to another comment 9 

addressed. 10 

  CHAIRMAN ARMIJO:  Those were duplicates. 11 

  MR. STEVENS:  XE Nuclear had one comment. 12 

 We addressed it through a response to an EPRI 13 

comment.   14 

  Duke had four comments, and some of these 15 

were questions which we answered in the response and 16 

didn't lead to changes.  All those comments were 17 

questions that we answered in the response, and they 18 

didn't lead to any change of the Reg. Guide itself. 19 

  PG&E had two comments.  It was kind of a 20 

question, and then we also referred them to a response 21 

from EPRI that we gave, which led to a change on one 22 

comment.  Their other comment we made a change to. 23 

  Entergy had three comments, two of which 24 

were questions that we answered in a response, and the 25 
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third one we referred to another response where we 1 

made a change in response to that. 2 

  EPRI had five comments that were quite 3 

lengthy, and I believe we made changes in response to 4 

all of those, and they are included in the 5 

presentation.  EPRI -- It was Mr. Finland.  So they 6 

were good comments.  Yes, we made changes to all of 7 

their comments.  We also -- some of the responses we 8 

had made to other commenters addressed part of their 9 

issues, too.  so all of their comments were addressed 10 

and incorporated. 11 

  We also had some discussions with Mr. 12 

Finland directly, informal discussions during a trip 13 

we made down to the NDE center in Charlotte.  So we 14 

made sure, at least informally, that we were 15 

addressing his concerns. 16 

  Then Exelon made one comment, and that was 17 

addressed by a response to an EPRI comment, and we 18 

referred the commenter to that response. 19 

  CHAIRMAN ARMIJO:  Okay.  So there was no 20 

major technical disagreement between the staff and the 21 

commenters.  There were some questions that you 22 

responded to that were really -- Were they 23 

clarifications? 24 

  MR. STEVENS:  Yes. 25 



 

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

 88 

  CHAIRMAN ARMIJO:  Of what was meant, the 1 

wording in the Reg. Guide? 2 

  MR. STEVENS:  Yes, and maybe I can just 3 

hit you one of them real quickly. 4 

  CHAIRMAN ARMIJO:  This one is an example, 5 

because, you know, if a clarification is really needed 6 

in the response, maybe it should be incorporated into 7 

the Reg. Guide to make sure everybody understands it. 8 

  MR. STEVENS;  Yes.  So one of the comments 9 

we received from Duke had to do with the discussion of 10 

this Reg. Guide discussion section, Section B. 11 

  The question was:  Are low hydrogen SMAW 12 

electrodes, which have been tested have low levels H4 13 

of hydrogen and properly controlled before welding, 14 

included in the description "welding fluxes"?  Our 15 

answer was:  Yes. 16 

  CHAIRMAN ARMIJO:  Okay, good.  Any 17 

questions from the members? 18 

  MEMBER REMPE:  I have another one.  Again, 19 

you are having to train me during this, and I 20 

apologize.  But the answer to the earlier question 21 

was, no, we just issued this.  But then I heard you do 22 

have informal discussions with the people, if there is 23 

any questions you might have missed, to make sure you 24 

are properly addressing their questions, and they 25 
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might have a --  To me, when we do peer review in 1 

other things, but we have done it in research in my 2 

lab.  We do try and have discussion to make sure that 3 

their comments are properly incorporated and you are 4 

not just hitting them with, okay, now we've published 5 

the Reg. Guide, we are going on. 6 

  You don't ever send them your official 7 

responses back, but you informally discuss and make 8 

sure that you actually are addressing the comments of 9 

interest? 10 

  MR. STEVENS;  Yes.  I think it depends.  I 11 

don't know that we would necessarily go out of our way 12 

to meet with a commenter.  it depends on the commenter 13 

themselves and maybe the convenience. 14 

  I think in the case of EPRI, who obviously 15 

commands a lot of respect in the industry, and the 16 

particular individual commenting is very well 17 

knowledged on this subject, and also we had an 18 

opportunity or we have several opportunities a year to 19 

meet with that person. 20 

  We did have some discussions with him 21 

informally.  I think, even in that case, we might have 22 

even -- I think we had plans to -- It was convenient. 23 

 We had a meeting down there, but I think we would 24 

have contacted him by telephone and had the 25 
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discussion, just because the commenter has significant 1 

background, and we respect that. 2 

  MEMBER REMPE:  It makes the process seem 3 

more robust to know that that kind of interaction 4 

occurs, someone coming in and looking at this. 5 

  MR. STEVENS:  Right.  And, clearly, if you 6 

look in the comments, they were very lengthy.  I mean, 7 

he put some time into them.  So we appreciate that 8 

level of effort, and we just wanted to make sure that, 9 

especially with the EPRI organization, that we 10 

addressed all the issues he was bringing up.   11 

  So it depends, I think, on the commenter. 12 

 In this case, I think the only -- EPRI would have 13 

been the only commenter that fell into that category 14 

on this set of Reg. Guides.  I didn't have any 15 

conversation with any other party. 16 

  CHAIRMAN ARMIJO:  Well, what we are 17 

looking for is to make sure that there isn't some 18 

really big issue between the industry and the staff 19 

where we might have our own views.  I certainly didn't 20 

see anything that persuaded me that that occurred. 21 

  MR. STEVENS:  As you can see, the changes 22 

we made -- I mean, those that are in this business 23 

knew they were coming, and knew that in a lot of cases 24 

-- in the case of the bakeout procedure, had already 25 
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been doing those practices.   1 

  So I think the comments reflect the 2 

discussion among the technical community on the 3 

subjects, but frankly, there wasn't anything 4 

unexpected that came out of this revision, and those 5 

that are well versed in the subject spoke up, which 6 

was good.  We got comments from them.  They were all 7 

addressed. 8 

  CHAIRMAN ARMIJO:  Okay. 9 

  MR. STEVENS:  So basically what you see is 10 

the -- The responsible individual for these Reg. 11 

Guides received, compiled the comments, drafted up 12 

responses.  I worked with these gentlemen and some 13 

folks in NRR to come to a consensus amongst those 14 

responses to the comments. 15 

  We finalized the Reg. Guides, and they 16 

went out for concurrence review in late July/early 17 

August of this summer.  After that, they went for 18 

technical editing review, and there was a few minor -- 19 

what do we want to say? -- language or editorial kind 20 

of comments that were made.  Then they went to OGC 21 

review in end of August, and there were some very 22 

minor comments that came out of that. 23 

  The protocol for Reg. Guides has changed. 24 

 These are like formatting requirements and all that 25 
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content, and the regulatory analysis is a separate 1 

document now.  So those kinds of things were put in, 2 

compared to the draft guides.  That was all completed 3 

in September, and we have been anxiously awaiting this 4 

meeting ever since. 5 

  So in conclusion, these four Reg. Guides 6 

have been revised.  They have been around for more 7 

than 35 years in the early seventies, and they were 8 

needed for new reactor applications.  So they have 9 

been revised. 10 

  They  provide necessary guidance for new 11 

component manufacturing to help alleviate cracking.  12 

These Reg. Guides were reviewed not only with respect 13 

to needing revision, but whether they were still 14 

needed.  Obviously, it was decided they were, as part 15 

of the manufacturing process. 16 

  So public comments were received and 17 

addressed.  We think that they were very well vetted 18 

because, number one, the comment period was 19 

substantially longer than it was originally planned, 20 

significantly, and we got a very good set of comments. 21 

 That included manufacturers, vendors, utilities, and 22 

even individual consultants. 23 

  We did make several minor clarifications, 24 

as you could see on the prior slides, to the draft 25 
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Reg. Guides based on those comments.  So we feel these 1 

four are ready for final publication. 2 

  Other than the back-up slides, that 3 

concludes the presentation. 4 

  CHAIRMAN ARMIJO:  Okay.  Well, let me open 5 

it up for questions from members.  Jack?   6 

  MEMBER BLEY:  For me, this was a very 7 

informative session, but I don't have anything new to 8 

add.   9 

  MEMBER RYAN:  Same for me. 10 

  CHAIRMAN ARMIJO:  Joy?  Bill?  Dr. Shack, 11 

are you on the line? 12 

  MEMBER BLEY:  I guess he is happy. 13 

  MEMBER SHACK:  I think I am on the line 14 

now.   15 

  CHAIRMAN ARMIJO:  All right.  I was 16 

waiting. 17 

  MEMBER SHACK:  Okay.  You know, I would 18 

like a change in 1.44, just because I think it is 19 

technically incorrect to imply that the 100 ppb is 20 

enough to get you out of a problem with sensitized 21 

stainless steels.   22 

  MR. STEVENS:  So maybe we could discuss 23 

that a little more.   Bob Hardies has come in from 24 

NRR, and wanted to make sure we vetted that subject as 25 
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much as we could today. 1 

So I don't know.  Did Al brief you on the issue, Bob? 2 

  MR. HARDIES:  He did, but I am -- We are 3 

not going to accomplish the vetting of it today.  It 4 

is something we are going to go back and look at. 5 

  CHAIRMAN ARMIJO:  Yes.  You know, I think 6 

the fundamental issue is the water chemistry.  If you 7 

are going to use a material that is highly susceptible 8 

to sensitization, if you are going to permit that or 9 

somebody wants to use it, they have to pass a high 10 

level of scrutiny, particularly with their claims of 11 

how well they are going to protect the material by 12 

using water chemistry as a means of protection. 13 

  The material is fundamentally susceptible 14 

to cracking at the 100 ppb range, and there is a lot 15 

of data.  Bill has provided some, but there is quite a 16 

bit of data on that.   17 

  So it will probably come up at the full 18 

Committee meeting, and you  may want to think about 19 

that in advance.  My personal opinion is that this is 20 

an antiquated material and shouldn't be used in 21 

contact with BWR or PWR water chemistry, particularly 22 

in the primary coolant when low grade materials are 23 

available and capable of providing the strength you 24 

need. 25 
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But that is definitely going to be an issue in the 1 

full Committee meeting, but that is really the only 2 

comments I have. 3 

  I personally think you guys have done a 4 

really good job of updating these.  I think that you 5 

did get great -- really good comments from people who 6 

are, obviously, professionals, and where you 7 

disagreed, it made a lot of sense to me.  That is 8 

where I will leave it.   9 

  Bill, do you have anything else? 10 

  MEMBER SHACK:  No. 11 

  CHAIRMAN ARMIJO:  Okay.  Well, look, I 12 

think -- I don't think there are any members of the 13 

public on the line.  There are certainly none here in 14 

the room.   15 

  We will have a full Committee meeting in 16 

January, I believe. 17 

  MR. STEVENS:  Yes.  I think it is the 18 

13th. 19 

  CHAIRMAN ARMIJO:  Yes.  You know, as far 20 

as guidance, I think we will probably -- Michael, do 21 

you know if it is an hour or two hours? 22 

  MR. BENSON:  Yes, most likely we are 23 

looking at one hour. 24 

  CHAIRMAN ARMIJO:  Yes.  I think it can 25 
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clearly be done in one hour.  I think where there 1 

could be -- The only place where there will be really 2 

controversy that I see for sure is 1.44, and that's 3 

the issues we have already covered. 4 

  In that one hour -- Again, we have a much 5 

larger group of people, again non-metallurgists.  So 6 

you can shorten it up, but keep your back-up slides 7 

available to make sure if somebody asks what on your 8 

bead cracking that you are ready to answer it quickly. 9 

 But I think it can all be done in a hour without any 10 

trouble. 11 

  We may have a little more time, but I 12 

really don't think it is necessary. 13 

  Okay.  Any other questions? 14 

  MR. HARDIES;  Can I get clarification on 15 

it? 16 

  CHAIRMAN ARMIJO:  Sure. 17 

  MR. HARDIES:  Because I didn't have a lot 18 

of time.  You are suggesting not to permit the use of 19 

the very highly susceptible and sensitized material 20 

unless you are below 20 ppb, or are you suggesting not 21 

to permit the use of highly susceptible sensitized 22 

material at all? 23 

  CHAIRMAN ARMIJO:  My position as one 24 

member is don't use it at all.  I think it is nothing 25 
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but grief, and relying on water chemistry control and 1 

other stuff to protect a fundamentally susceptible 2 

material is a poor practice. 3 

  Now Bill says, if you do let them do that, 4 

make sure you put tough requirements on the water 5 

chemistry as a minimum.  Bill, am I putting that -- 6 

  MEMBER SHACK:  Yes.  Yes.  I would be 7 

satisfied with the 200 ppb level.  I agree with you.  8 

If I was buying this reactor, my procurement spec 9 

would be all steels would be below .03 carbon, but 10 

from a regulator point of view, if I am only 11 

interested in safety, I would say -- and just 12 

scientific accuracy.  There is no justification that I 13 

can see for that 100 ppb level. 14 

  CHAIRMAN ARMIJO:  Yes. 15 

  MEMBER SHACK:  There is just data up the 16 

wazoo that says it is not good enough. 17 

  CHAIRMAN ARMIJO:  Right.  So the range of 18 

comments, at least from two members, is from 19 

conservative to very conservative, and I think that is 20 

where we stand.  You know, the full committee would 21 

take a position one way or the other, but i think it 22 

is just -- We have learned so much over the years, 23 

painful experience with component failure. 24 

  Every one of these component failures 25 
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causes an enormous amount of work for the staff.  It 1 

causes an enormous amount of work for the licensees.  2 

It undermines public confidence on our ability, after 3 

all these years, to build and operate systems like 4 

this without unexpected failures, and where you know a 5 

material is susceptible and you have a proven 6 

alternative, I don't see any reason why we should -- 7 

We can't not permit it, but we can make it awfully 8 

painful to use the bad material. 9 

  MEMBER BLEY:  You left out an argument you 10 

 made earlier, which was in the Reg. Guide why not say 11 

what we think is best practice, and if somebody wants 12 

to do otherwise, let them come in and argue things. 13 

  CHAIRMAN ARMIJO:  Yes.  That is true.  14 

That, to me, is probably the way a regulator could do 15 

that, and once people know that they are going to have 16 

to make this argument, they may think twice and say 17 

why are we doing such a dumb thing; let's just use the 18 

right material.  That is what I would hope.  That is 19 

where I am at. 20 

  So did that answer your question? 21 

  MR. HARDIES:  Thanks for the 22 

clarification. 23 

  CHAIRMAN ARMIJO:  With that, I think I 24 

would like to thank the staff for a good presentation. 25 
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 Keep your back-ups, because we have electrical guys. 1 

 We have these PRA guys.  We have all kinds of people, 2 

but it is very important, because we probably will 3 

build some new nuclear plants in this country, and I 4 

think these guys will be very helpful. 5 

  With that, I think we will adjourn the 6 

meeting, and thank you very much. 7 

  (Whereupon, the foregoing matter went off 8 

the record at 10:49 a.m.) 9 
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standards for design, fabrication, erection, and testing

Background:Overview of the RGs
General Information
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• RGs provide guidance on an NRC acceptable method to 
satisfy:
– 10CFR50 Section 50.55a: as it relates to quality standards 

applicable to the reactor coolant pressure boundary

• Criteria specified in these RGs provide supplemental 
fabrication controls beyond that specified in ASME Code
– Section III, “Rules for Construction of Nuclear Facility Components”
– Section IX, “Welding and Brazing Qualifications”

• RGs are referenced in the NRC Standard Review Plan 
(NUREG-0800), Section 5.2.3, “Reactor Coolant Pressure 
Boundary Materials”

Background:Overview of the RGs
General Information
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• RGs describe one or more method(s) that the NRC has 
determined to be acceptable (but not required) for new 
component fabrication

• RGs do not impose requirements
• Applicants are free to use an alternative method, provided 

that they demonstrate to the NRC that the selected 
method satisfies applicable regulations

• Use of RGs by applicants conserves staff resources and 
simplifies licensing because the guides describe methods 
that the staff has already determined to be an acceptable 
approach to meeting the regulations

Background:Overview of the RGs
General Information
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• Contains implementing guidance regarding the control of 
weld properties when fabricating electroslag welds for 
nuclear components made of ferritic or austenitic materials

• Contains acceptable solidification patterns and impact test 
limits (for qualification of welds in Class 1 and Class 2 
components) and the criteria for verifying conformance 
during production welding

• Provides assurance that welds will not develop 
microfissures during welding, will have high integrity, and 
will have a sufficient degree of toughness to furnish 
adequate safety margins during operating, testing, 
maintenance, and postulated accident conditions

Overview of the RGs
RG 1.34: Control of Electroslag Weld Properties
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• Contains selection and control criteria for welding 
processes to limit the occurrence of underclad cracking in 
LAS safety-related components clad with SS

• Material known to have susceptibility to underclad 
cracking should not be weld clad by high-heat-input 
welding processes and should be qualified for use to 
demonstrate that underclad cracking is not induced

• These controls provide assurance that practices that could 
result in underclad cracking will be restricted (but absence 
of cracking is not guaranteed)

Overview of the RGs
RG 1.43: Control of SS Weld Cladding of LAS…
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• Implementing guidance about control of the application 
and processing of SS to avoid severe sensitization that 
could lead to stress-corrosion cracking

• Staff positions related to unstabilized austenitic SS of the 
AISI Type 3XX series used for components of the reactor 
coolant pressure boundary

• Acceptance criteria for testing, alloy compositions, and 
heat treatment to avoid sensitization in austenitic SS

• Identifies acceptable methods for verification of non-
sensitization of austenitic SS materials and qualification 
of welding processes employed in production

Overview of the RGs
RG 1.44: Control of Processing & Use of SS
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• Acceptance criteria on the cleaning and protection of the 
material against contaminants capable of causing stress 
corrosion cracking
– Acid pickling is to be avoided on fabricated SSs
– Necessary pickling is to be done only with appropriate controls
– Pickling should not be performed on sensitized SSs

Overview of the RGs
RG 1.44: Control of Processing & Use of SS
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• Contains criteria related to controls imposed on welding preheat 
temperatures for LAS components during initial fabrication to 
prevent cold cracking

• Provides reasonable assurance that cracking of components made 
from LAS will not occur during fabrication and minimizes the 
possibility of subsequent cracking due to residual stresses being 
retained in the weldment
– Minimum preheat and maximum interpass temperatures should be 

specified, and the welding procedure should be qualified at the 
minimum preheat temperature

– Preheat temperature should be maintained until a post-weld heat 
treatment has been performed for production welds

– Production welding should be monitored to verify that the limits on 
preheat and interpass temperatures are maintained

Overview of the RGs
RG 1.50 Control of Preheat Temp for Welding of LAS
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• Outdated
– Last revision: early 1970s

• Need to update these RGs
– New reactor applications
– Used for repair/replacement activities for the current operating 

fleet
– NRC Standard Review Plan (NUREG-0800) references use of 

Regulatory Guides in Section 5.2.3, “Reactor Coolant Pressure 
Boundary Materials”

• Technology changes
– Improvements to welding methods & materials over past 35 years

• NRC Staff Commitment to Commissioners in 2006 
(ML060760667)
– Update RGs where appropriate to go along with the SRP update 

associated with new reactor applications
– Commitment to update RGs on a regular basis

Why are RGs Being Revised?
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RG Revision Timeline

Revised draft RGs completed Jun-30-2009
Draft RGs issued for public comment in Federal Register Jul-06-2009
Initial comment period response date Aug-31-2009
NEI requested a 30-day extension to comment period Aug-06-2009
NRC granted extension to comment period to 10/1/2009 Aug-11-2009
Total of 68 comments received:

Westinghouse comments received Aug-13-2009
Dominion comments received Aug-26-2009
EPRI comments received Sep-29-2009
J. F. Hunt, P.E. comments received Dec-21-2009
B&W comments received Dec-22-2009

NFC requested 6-month to 2-year extension Mar-15-2010
NRC management decided to finalize RGs without NFC comments Mar-15-2010
Public comments addressed and RGs finalized May-31-2010
RGs issued to NRR/NRO for concurrence review Jul-14-2010
OGC review Sep-01-2010
ACRS Subcommittee review Oct-21-2010
ACRS Full Committee Review Jan-13-2011
Final publication Jan-31-2011
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Technical Revision Summary
RG 1.34: Control of Electroslag Weld Properties

• Previously, welds for core support structures were identified as needing 
to meet the requirements for Class 1 components – this was removed 
because ASME Code, Section III now includes Subsection NG, “Core 
Support Structures,” which addresses these structures

• The RG previously specified impact testing be included for Class 2 
vessels because ASME Code, Section III did not mandate the need for 
this testing – this was removed because such testing is now a 
requirement in Section III (NC-2311)

• Regulatory Position 5 was expanded for the case where there is a 
specific reason to question the welder’s ability to make production welds 
that meet the approved procedure of Regulatory Positions 3 and 4 – in 
this situation, the production weld is unacceptable

• References to outdated ASME Code articles were removed or updated
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Objectives:Technical Revision Summary
RG 1.43: Control of SS Weld Cladding of LAS…

• The ASME material specifications for SA-508 material have 
changed – these were updated to reflect current ASME 
Code, Section II naming conventions

• The Section B Discussion for underclad cracking was 
expanded significantly to further describe this cracking 
mechanism based on modern-day knowledge, and to clarify 
the advantages of using fine-grain forging material

• Guidance was added to perform nondestructive examination 
following postweld heat treatment because underclad 
cracking can grow during postweld stress relief heat 
treatment
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Objectives:Technical Revision Summary
RG 1.43: Control of SS Weld Cladding of LAS…

• A second test method for determining the existence of 
underclad cracking was added:

– Make a minimum of three cross section specimens in the through 
thickness direction either transverse or parallel to the weld and 
examine the weld, heat affected zone (HAZ) and base metal for 
cracks

• An additional observation area was included in Regulatory
Position 2.e

– “…or over the area of review of the polished surface…”
• Essential variables  are now defined in Section IX of the 

ASME Code, so reference to Section IX, “Welding and 
Brazing Qualifications,” was added to Regulatory Position 3
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Objectives:Technical Review Summary
RG 1.44: Control of Processing & Use of SS

• Additions were made to the Section B Discussion to identify 
that process controls should be modified based on operating 
experience

– “…exercised in accordance with good manufacturing/welding 
practices and knowledge gained from operating experience…”

• Regulatory Position 6 was expanded to identify that controls 
to prevent sensitization of the material during welding 
include maintaining low heat input and limiting the interpass 
temperature

• Various references to outdated standards were updated
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Objectives:

• Clarification was added to the Section B Discussion to 
describe that preheating at the recommended 
temperatures can reduce local hardening by reducing the 
cooling rate during welding

• Additions were made to the Section B Discussion to 
specify that a maximum interpass temperature be 
specified in accordance with the requirements of ASME 
Code, Section IX, “Welding and Brazing Qualifications,”
for the case where toughness is a requirement of the 
Construction Code

• Clarification was added to the Section B Discussion to 
describe that a maximum interpass temperature be 
selected for LAS welds requiring impact testing

• ASME “P” material designations were added to Section C 
to specifically identify which LASs were applicable

Technical Review Summary
RG 1.50 Control of Preheat Temp for Welding of LAS
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Objectives:Technical Review Summary
RG 1.50 Control of Preheat Temp for Welding of LAS

• Changes were made to Regulatory Position 1 to specify 
that a Welding Procedure Specification specify a 
maximum interpass temperature and a minimum preheat 
temperature that are equal to those temperatures used 
during procedure qualification

• Additions were made to Regulatory Position 2 to also 
allow for a post weld hydrogen bakeout at a given 
temperature range and for a specified period of time 
based on the materials being welded, the geometry, and 
the welding process used

• Additions were made to Regulatory Position 4 to clarify 
that the acceptable examination procedure must meet the 
acceptance criteria specified in ASME Code, Section III

• Various references to outdated ASME Code articles were 
updated
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• Public comment period:
– Initially July 9, 2009 to August 31, 2009
– NEI requested, and NRC granted, an extension to October 1, 2009

• Summary of public comments received:
– 68 comments total
– ~2/3 of comments received in December 2009

• RG 1.34: 1 letter containing 4 comments
• RG 1.43: 5 letters containing 36 comments
• RG 1.44: 3 letters containing 8 comments
• RG 1.50: 4 letters containing 20 comments

Addressing Public Comments
Timeline and NRC Responses
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• All comments addressed
– Majority of comments led to several minor clarifications to draft 

RGs
– Comments consistent with intent of revisions: improve and clarify 

welding processes to preclude cracking

• Significant comments (those that led to revisions) 
summarized on following slides with NRC responses
– All public comments and NRC responses provided in the

e-material submitted to the Subcommittee members prior to 
meeting

Addressing Public Comments
Timeline and NRC Responses
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Public Comment NRC Response
This DG and the existing RG do not specifically say that the electroslag 
welding being addressed applies to joining, not cladding.  While some of the 
information in this RG implies that it could only apply to joining (as 
understood by a welding or materials engineer), this point may not be clearly 
understood by all….

The second sentence under “Procedure 
Qualifications” of Section B  of RG 1.34 was 
changed as follows:
“Review of the requirements of the procedure 
qualification stated in Section IX indicates that 
supplementary requirements are desirable to 
provide assurance of adequate weld metal 
properties when the electroslag welding process is 
used for joining.  The qualification of electroslag 
welding process for purposes of cladding is not 
addressed.”

Regulatory Position 5 specifies:  "If properties obtained from tests identified 
in Regulatory Positions 3 and 4 above are not acceptable..."  However, 
Regulatory Position 4 does not have any tests, thus no properties would be 
obtained.

Position 5 of Section C  of RG 1.34 was changed 
as follows:
“If properties obtained from tests or limits or there 
is a specific reason to question the welder’s ability 
to make production welds that meet the approved 
procedure as identified in Regulatory Positions 3 
and 4 above are not acceptable, then...”

Public Comments & NRC Response
RG 1.34: Control of Electroslag Weld Properties
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Public Comment NRC Response
The draft RG retains the same reference to SA-508, Class 2 material as the 
original RG.  Since SA-508 has been updated, and the classifications have 
changed, the DG should be updated to reflect that SA-508, Class 2 is now 
SA-508, Grade 2, Class 1.

“SA-508 Class 2” was revised to “SA-508 Grade 2 
Class 1 (formerly known as SA-508 Class 2)” in 
three places in Section B, Discussion, and in 
Position 1 of Section C, Regulatory Position, of 
the RG.

Regulatory Position 3 states: "If production welding procedure does not 
conform to these limitations, an examination for cracking should be 
performed on the production part from which a section of cladding has been 
removed, or the cladding procedure should be requalified in accordance 
with Regulatory Position 2, above."  If the production welding procedure 
does not comply with limitations on essential variables, it is already in 
violation of ASME Section IX.  Therefore, more qualification should be 
required than is presently described in Position 2, or otherwise the cladding 
would have to be removed and re-applied within the essential variable 
limits.  Alternatively, perhaps this position could be re-worded to clarify that 
the intent is not the limitations of essential variables from Section IX.

Position 3 of Section C, Regulatory Position, of 
the RG was changed as follows:
“Production welding should be monitored to verify 
compliance with the limitations on essential 
variables established by the procedure 
qualification.  If the production welding procedure 
does not conform to these limitations, an 
examination for cracking should be performed on 
the production part from which a section of 
cladding has been removed, or and the cladding 
procedure should be requalified in accordance 
with Regulatory Position 2, above.”

Public Comments & NRC Response
RG 1.43: Control of SS Weld Cladding of LAS…
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Public Comment NRC Response
Page 3, [5th] Paragraph: "Welding processes known to induce underclad 
cracking, such as the high-heat-input processes indicated above, should 
not be used for cladding material susceptible to underclad cracking, ..."  It's 
not the cladding material that is susceptible.  I think there is a phrase 
missing.  It should read:  "Welding processes known to induce underclad 
cracking, such as the high-heat input processes indicated above, should not 
be used for cladding any grade of material susceptible to underclad 
cracking, ..."

The fifth paragraph in Section B, Discussion, of 
the RG was changed as follows:
"Welding processes known to induce underclad 
cracking, such as the high-heat input processes 
indicated above, should not be used for cladding 
any grade of material susceptible to underclad 
cracking, ..."

In the discussion section, paragraph 9, a better description is needed for 
the alternative bend test.  Should the maximum tensile stress be applied to 
the fusion line area and HAZ?  The way it is currently written, the face of the 
bend specimen would be the weld-bead overlap area which can be consider 
to be weld metal. However, the expected cracking is in the base metal HAZ.

The ninth paragraph in Section B, Discussion, of 
the RG was changed as follows:
“An alternative test method includes the use of 
standard guided bend tests in which the bend 
specimens are oriented approximately parallel 
(deviations not greater than 15 degrees) to the 
direction of welding.  In this test, the tensile face 
must be located at the weld-bead-overlap area.  
The maximum tensile stress should be applied to 
the fusion line area and heat affected zone.”

Public Comments & NRC Response
RG 1.43: Control of SS Weld Cladding of LAS…
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Public Comment NRC Response
What about the option of making multiple cross-sections (minimum of 3) in 
the through-thickness direction either transverse to the weld or parallel to 
the weld. This way the weld, HAZ and base metal can be viewed.

The eighth paragraph in Section B, Discussion, of 
the RG was changed as follows:
“...  This is followed by progressive grinding and 
examination through the HAZ until the cracks are 
completely revealed.  Another test method is to 
make a minimum of three cross section 
specimens in the through thickness direction 
either transverse or parallel to the weld and 
examine the weld, HAZ and base metal for 
cracks.”

Why is the acceptance criteria being applied to both test methods (polishing 
method and bend test).  Cracks identified in the bend test method may be 
generated due to the tensile loading.

The acceptance criteria stated in Regulatory Position 
2.e applies only to examination of polished samples.  
Position 2.e of the RG was changed as follows:
“e. The following indications on any 1 in. length of 
evaluation test specimen or over the area of review of 
the polished surface should be the basis for rejection 
of the welding procedure:
(1)  any fissures greater than 0.030 inch (0.76 mm) in 
length or 0.010 inch (0.25 mm) in depth, or
(2)  more than three fissures 0.005 inch (0.13 mm) to 
0.010 inch (0.25 mm) in depth.”

Public Comments & NRC Response
RG 1.43: Control of SS Weld Cladding of LAS…
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Public Comment NRC Response
In the second paragraph of Discussion, a discussion is included where cold 
cracking was observed when subsequent weld layers of SS cladding were 
deposited without preheat.  These occurrences have nothing to do with 
underclad clacking and should be removed from DG-1221.  A good 
technical discussion of cold cracking and its prevention is already presented 
in Regulatory Guide 1.50.

The second paragraph in B, Discussion, of the 
RG was changed as follows:
“Reheat Underclad cracking (or “hot” underclad 
cracking) has been reported only in forgings and 
plate material of SA-508 Class 2 Grade 2 Class 1 
(formerly known as SA-508 Class 2) composition5

made to coarse-grain practice.  High-deposition-
rate welding processes such as the submerged-
arc wide-strip (i.e., > 60 mm) and the submerged-
arc 6-wire result in coarse grains in the weld 
metal.  Reheat underclad cracking occurs when 
the second adjacent layer of high-heat-input 
cladding is added, which reheats the heat-
affected zone (HAZ) in the carbon steel causing a 
liquid phase along the grain boundaries and grain 
boundary separation upon cooling.  Reheat 
underclad cracking was not observed in SA-508 
Class 2 Grade 2 Class 1 (formerly known as SA-
508 Class 2)…

Public Comments & NRC Response
RG 1.43: Control of SS Weld Cladding of LAS…
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Public Comment NRC Response
..continued… …

materials clad by “low-heat-input” processes 
controlled to minimize heating of the base 
metal.  Cold underclad cracking (or “hydrogen-
induced” underclad cracking) has occurred in 
American Society of Mechanical Engineers 
(ASME) SA-508 Class 3 Grade 3 Class 1 
(formerly known as SA-508 Class 3) forgings 
after deposition of the second and third layers of 
cladding, where neither preheating nor postweld 
heat treatment was applied during the cladding 
process.  Further, cracking was not observed in 
clad SA-533 Grade B Class 1 plate material, 
which is produced to fine-grain practice, 
regardless of the welding process used. Fine 
grain forgings are a method to reduce the 
susceptibility to underclad cracking.”

Public Comments & NRC Response
RG 1.43: Control of SS Weld Cladding of LAS…
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Public Comment NRC Response
The current revision of Regulatory Guide 1.43 states specifically that 
reheat underclad cracking has only been observed on a coarse grain 
SA-508 Class 2 forging.  The Regulatory Guide should address the use 
of fine grain forgings as a method to significantly reduce the 
susceptibility to underclad cracking.

The last sentence in the second paragraph of 
Section B was changed as follows:
“…cracking was not observed in clad SA-533 
Grade B Class 1 plate material, which is 
produced to fine-grain practice, regardless of 
the welding process used.  Fine grain forgings 
are a method to reduce the susceptibility to 
underclad cracking.”

A definition of wide submerged arc (SAW) "wide strip" cladding should 
be established to provide greater uniformity when evaluating the 
acceptability of conventional SAW welding procedures.  Conventional 
SAW strip is commonly recognized as having a 60 mm width.  Wide 
strip is usually considered to be greater than 60 mm. 90 mm and 120 
mm are "wide strip" widths presently in use.  Strip widths smaller than 
60 mm are also utilized, with 30 mm being the most popular.  It would 
be easy to conclude that 60 mm strip need not be evaluated for 
underclad cracking.

The second paragraph of Section B, 
Discussion, of the RG was changed as follows:
“…High deposition-rate welding processes 
such as the submerged-arc wide-strip (i.e., > 
60 mm) and the submerged-arc 6-wire 
result…”
Section C, Regulatory Position, Position 1.a of 
the RG is changed as follows:
“High-heat-input welding processes that induce 
underclad cracking such as the submerged-arc 
wide-strip welding process (i.e., > 60 mm) and 
the submerged-arc 6-wire process should not 
be used.”

Public Comments & NRC Response
RG 1.43: Control of SS Weld Cladding of LAS…
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Public Comment NRC Response
The third sentence in the second paragraph of B. DISCUSSION of the 
draft Regulatory Guide incorrectly states "Reheat underclad cracking 
occurs when the second layer of high-heat-input cladding is added---".  
The six wire welding process previously utilized by B&W as reported in 
reference 4 was a single layer cladding process.  This report clearly 
states that the observed underclad cracking occurred in the coarse 
grain region of the previous weld bead adjacent to the weld overlap of 
the current weld bead being deposited.  This point is reinforced by the 
examination method described in Paragraph 2d of C. REGULATORY 
POSITION.  This technical error should be corrected.

The third sentence in the second paragraph of 
Section B, Discussion, of the RG was changed 
as follows:
“Reheat underclad cracking occurs when the 
second adjacent layer of high-heat-input 
cladding is added, which reheats the heat-
affected zone (HAZ) in the carbon steel 
causing a liquid phase along the grain 
boundaries and grain boundary separation 
upon cooling.”

Initial construction of commercial nuclear reactor pressure vessels 
during late 1970 thru mid 1980 extensively utilized plate materials to 
fabricate heads and shell sections.  Plate was rolled and long seam 
welded to form shells.  Plate was hot formed in large presses to form 
complete heads or head component parts.  Forgings were mostly 
procured for flanges, tubesheets and nozzle belts.  During these early 
fabrication years, most of the large forgings being clad were 
component parts of the reactor vessel and closure head.  So when the 
issue of underclad cracking surfaced, most cladding of pressure vessel 
forgings was on parts for the reactor vessel and closure head.  It is 
realized that Regulatory Guide 1.43 applies to reactor vessel and 
closure head fabrication because of this history.  The Regulatory Guide 
should more clearly state what components it is intended to be applied 
to.

The first paragraph of Section C, Regulatory 
Position, of the RG is changed as follows:
“...Weld cladding practices used in the 
fabrication of low-alloy steel safety-related 
components should be conducted in 
accordance with the following guidelines:
Class 1 and 2 vessels and components should 
comply with Section III and Section IX of the 
ASME Boiler and Pressure Vessel Code, 
supplemented by the following:”

Public Comments & NRC Response
RG 1.43: Control of SS Weld Cladding of LAS…
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Public Comment NRC Response
Reference 4 clearly demonstrated that minimal underclad cracking 
occurs prior to being subjected to a post weld heat treatment and the 
greater majority of underclad cracking occurs during a post weld heat 
treatment.  Both conventional and enhanced UT examinations are 
currently used by a number of manufacturers to ensure that the size 
and distribution of any underclad cracking is below limits justified by 
engineering evaluations.  The Regulatory Guide should state that NDE 
is only a valid examination if performed after a post weld heat 
treatment.

The third paragraph of Section B, Discussion, 
of the RG is changed as follows:
“Characteristically, the underclad cracking 
occurs only in the grain-coarsened region of 
the base metal HAZ at the weld bead overlap.  
The subsurface location and size of these 
cracks [0.5 in. (1.3 cm) long x 0.165 in. (4.2 
mm) deep, maximum] make them challenging 
to detect using nondestructive examination.  
NDE should be performed following post weld 
heat treatment as underclad cracking can grow 
during postweld stress relief heat treatment.4
Detection often requires destructively removing 
the cladding to the weld fusion line and 
examining the exposed base metal either by 
metallographic techniques or with liquid 
penetrant or magnetic particle testing 
methods.”

Public Comments & NRC Response
RG 1.43: Control of SS Weld Cladding of LAS…
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Public Comment NRC Response
Paragraph 2.a of C. REGULATORY POSITION, states "Base material 
for the test should be of the same grade as that to be used in 
production."  As discussed in Comment 1 above, the current SA-508 
material specification identifies base materials with a Grade denoting a 
chemical composition range and Class indicating a mechanical 
property range.  Most of the materials listed in SA-508 can be procured 
to either a coarse or a fine grain melting practice.  The Regulatory 
Guide should clarify what changes in base material should be 
permitted without requalification.

Section C, Regulatory Position, Position 2.a of 
the RG was changed as follows:
“Base material for the test should be of the 
same grade and class as that to be used in 
production.  A minimum of three representative 
heats of material should be tested.  Where 
less than three heats of material are used in 
production, these heats may be tested in lieu 
of the three representative heats.”

Public Comments & NRC Response
RG 1.43: Control of SS Weld Cladding of LAS…
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Public Comment NRC Response
The second paragraph under Discussion mentions detrimental 
materials and stress-corrosion cracking.  It is recommended this 
paragraph be clarified since no guidance on the limits is provided.

The second paragraph of Section B, 
Discussion, of the RG was changed as follows:
“Process controls should be exercised in 
accordance with good manufacturing 
/welding practices and knowledge gained from 
operating experience during all stages of 
component manufacturing…”

Page 2, second sentence in part B under Discussion.  There should be 
some distinction between intergranular stress-corrosion cracking 
(SCC) and transgranular SCC.  Sensitization plays no role in 
transgranular SCC.

The first two sentences in the first paragraph 
of Section B, Discussion, of the RG are 
changed as follows:
“Control of the application and processing of 
SS to avoid severe sensitization is needed to 
diminish the numerous occurrences of 
intergranular stress corrosion cracking in 
sensitized SS components of nuclear reactors.  
Test data demonstrate that sensitized SS is 
significantly more susceptible to intergranular
stress corrosion cracking than is 
nonsensitized…”

Public Comments & NRC Response
RG 1.44: Control of Processing & Use of SS
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Public Comment NRC Response
Paragraph 3 continues the discussion about detrimental materials and 
elevated temperature but provides no guidance on the limits or 
"reasonable care" that should be taken.  It is recommended these 
statements be clarified.  The statement regarding the pickling of 
sensitized stainless begs the question why a sensitized SS would be 
used.  Please explain or justify.

The first two sentences of the third paragraph 
of Section B, Discussion, of the RG were 
changed as follows:
“All cleaning solutions, processing compounds, 
degreasing agents, and other foreign materials 
should be completely removed at any stage of 
processing before any elevated temperature 
treatment and before hydrotests in accordance 
with guidelines of approved 
manufacturing/elevated temperature treatment 
procedures.  Reasonable care should be taken 
to keep (1) fabrication and construction areas 
clean, (2) components protected and dry 
during storage and shipment, and (3) all 
crevices and small openings protected against 
contamination as identified in approved 
manufacturing quality assurance 
procedures…”

Public Comments & NRC Response
RG 1.44: Control of Processing & Use of SS
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Public Comment NRC Response
The last paragraph in Section C6, can be more specific regarding the 
need to control welding practices to avoid excessive sensitization of 
the HAZ. Does this only apply when welding on materials with > .03 
carbon?  Also, what exactly are the welding practices (heat input and 
interpass temperature) that need to be controlled?  The last paragraph 
of the discussion section specifically mentions heat input and interpass 
temperature. The discussion section and regulatory position section 
should be consistent.

The RG does not only apply when welding on 
materials with > 0.03 carbon.  Regulatory 
Position 6 applies to all unstabilized, austenitic 
SSs of the AISI Type 3XX series used for 
components that are part of (1) the reactor 
coolant pressure boundary, (2) systems 
required for reactor shutdown, (3) systems 
required for emergency core cooling, and (4) 
reactor vessel internals that are relied on to 
permit adequate core cooling for any mode of 
normal operation or under credible postulated 
accident conditions.
Position 6 of Section C, Regulatory Position, of 
the RG was revised as follows:
“6.  Welding practices and, if necessary, 
material composition should be controlled to 
avoid excessive sensitization of base metal 
heat-affected zones of weldments.  Controls to 
prevent sensitization of the material during 
welding include maintaining low heat input and 
limiting the interpass temperature.
7. An intergranular corrosion test, such as 
specified in Regulatory Position 3 above, 
should be performed for each welding 
procedure to be used for welding material 
having a carbon content of greater than 
0.03 percent.” 

Public Comments & NRC Response
RG 1.44: Control of Processing & Use of SS
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Public Comment NRC Response
The second sentence of the third paragraph under Procedure 
Qualification states:  "The level of hydrogen in weld filler metal is low 
enough to preclude adverse effects in the weld, ..."  This is not true for 
all weld filler metals, and further depends on the type of steel being 
welded. It is suggested this sentence be changed to:  "The level of 
hydrogen in weld filler metal can be low enough to preclude ..... "

The second sentence in the third paragraph 
under “Procedure Qualification” of Section B, 
Discussion, of the RG was changed as follows:
“The level of hydrogen in weld filler metal is
may be low enough to preclude adverse 
effects in the welds…”

In Section C4, it is not clear whether the weld is acceptable if the 
soundness is verified by an acceptable examination procedure.  This 
sentence can be reworded for better clarification.

Position 4 of Section C, Regulatory Position, of 
the RG was changed as follows:
“4.  If Regulatory Positions 1, 2 and 3 above 
are not met, the weld is subject to rejection.  
However, the soundness of the weld may be 
verified demonstrated by an acceptable 
examination procedure meeting the 
acceptance criteria specified in ASME Code, 
Section III.”

Public Comments & NRC Response
RG 1.50 Control of Preheat Temp for Welding of LAS
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Public Comment NRC Response
Regulatory Position 2 specifies maintaining preheat until PWHT or a 
hydrogen bakeout.  It is suggested that the remainder of the document 
be made consistent with this.  It is suggested that paragraph 3 of the 
last sentence under Procedure Qualification be changed to:  
"Therefore, the minimum preheat temperature should be established to 
ensure a desirable cooling rate for the weld, and this temperature 
should be maintained until a post weld heat treatment, or a hydrogen 
bakeout has been achieved."  Also, it is suggested that the last 
sentence under Production Welds be changed to read:  "To ensure that 
the welds will be acceptable, the metal temperature should be 
monitored during the welding process and through post weld heat 
treatment or hydrogen bakeout."

The last sentence in the third paragraph under 
“Procedure Qualification” of Section B, 
Discussion, of the RG was changed as follows:
“Therefore, the minimum preheat temperature 
should be established to ensure a desirable 
cooling rate for the weld, and this temperature 
should be maintained until a postweld heat 
treatment or a post weld hydrogen bakeout
has been achieved.”
The last sentence under “Production Welds” of 
Section B, Discussion, of the RG is changed 
as follows:
“To ensure that the welds will be acceptable, 
the metal temperature should be monitored 
during the welding process and through post 
weld heat treatment or post weld hydrogen 
bakeout.”

Public Comments & NRC Response
RG 1.50 Control of Preheat Temp for Welding of LAS
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Public Comment NRC Response
No definition is given for the term "Low-Alloy Steel."  The Keys to 
Metals database defines low alloy steels as follows:
"Low-alloy steels constitute a category of ferrous materials that exhibit 
mechanical properties superior to plain carbon steels as the result of 
additions of alloying elements such as nickel, chromium, and 
molybdenum.  Total alloy content can range from 2.07% up to levels 
just below that of SSs, which contain a minimum of 10% Cr."
For the purpose of ASME Codes therefore, low alloy steels may 
typically be considered as applying to the materials in P Nos. 3, 4, 5A, 
5B, 5C, and 15E. (Note: P No. 15E is a new P No. designation for 
Grade 91 materials; formerly categorized as P No. 5B, Group 2 prior to 
the 2009 Addenda to the ASME Codes.)  It is suggested that the Draft 
Regulatory Guide DG-1222 include a definition of low alloy steels as 
those included in P Nos. 3, 4, 5A, 5B, 5C, and 15E.  The P No. 15E is 
suggested since the 2009 Addenda will likely be issued prior to the 
issue of Revision 1 to RG 1.50.

Currently operating reactors, approved new 
reactor designs and new reactor designs 
currently under review by the NRC use P Nos. 
3, 4 and 5A materials in ASME Code Class 1, 
2, and 3 components.  P Nos. 5B, 5C and 15E 
materials are not used.
The first sentence of Section C, Regulatory 
Position, of the RG was changed as follows:
“Weld fabrication for low-alloy steel (P Nos. 3, 
4, and 5A) components should comply with the 
fabrication requirements specified in Section III 
and Section IX of the ASME B&PV Code 
supplemented by the following:  …”

Public Comments & NRC Response
RG 1.50 Control of Preheat Temp for Welding of LAS
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Public Comment NRC Response
In the 3rd paragraph under “Procedure Qualifications” under Section 
B “DISCUSSION”, the statement is made that “Prolonged time at the 
preheating temperature can prevent or interrupt local hardening and 
assist in reducing the adverse effects of a potential hydrogen gradient.”  
This statement is misleading in that it is technically inaccurate to state 
that “Prolonged time at the preheating temperature can prevent or 
interrupt local hardening”.   Research at EPRI has shown that the local 
hardening on carbon and low alloy steels can be reduced with the use 
of the recommended preheat during welding but some hardening will 
still occur with each welding pass (subsequent welding passes will 
further reduce the local hardness).  The statement however included 
the information that “Prolonged time at the preheating temperature ... 
can assist to reduce the adverse effects of a potential hydrogen 
gradient” which is technically correct.  The following revision to the 
draft proposed sentence is suggested:
Section B “DISCUSSION”, Procedure Qualification, 3rd Paragraph
“Prolonged time at the preheating temperature can prevent or interrupt 
local hardening and assist in reducing the adverse effects of a potential 
hydrogen gradient.  Preheating at the recommended temperatures can 
also reduce the local hardening by reducing the cooling rate during 
welding.”

The third paragraph under “Procedure 
Qualification” of Section B, Discussion, of the 
RG is changed as follows:
“… Embrittlement of metal in the weld area as 
the result of the presence of hydrogen 
generally occurs at lower temperatures and 
may be prevented by prolonging the time the 
weldment is maintained at preheating 
temperature or by performing a postweld heat 
treatment.  Preheating at the recommended 
temperatures can reduce the local hardening 
by reducing the cooling rate during welding.
Prolonged time at the preheating temperature 
can prevent or interrupt local hardening and 
assist in reducing the adverse effects of a 
potential hydrogen gradient.  This gradient 
would disappear by means of diffusion of the 
hydrogen before the weldment is returned to 
room temperature.…..”

Public Comments & NRC Response
RG 1.50 Control of Preheat Temp for Welding of LAS
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Public Comment NRC Response
The last paragraph under “Procedure Qualifications” under Section B 
“DISCUSSION”, concerns the specification of an interpass 
temperature.  While it is true that the interpass temperature does 
potentially affect impact toughness properties, a requirement to apply 
the specific control of the interpass temperature when toughness is not 
required to be controlled is often unnecessary and an excessive 
requirement that will add costs during any welding operation on these 
materials.  The requirements of ASME Section IX, “Welding and 
Brazing Qualifications” adequately control the interpass temperature by 
qualification.  The rules require the qualified welding procedures thus 
qualified to be followed when impact toughness is a requirement of the 
construction code.  The following revision to the draft proposed 
paragraph is suggested:
Section B “DISCUSSION”, Procedure Qualification, Last Paragraph
“In addition to the minimum preheat temperature, a maximum interpass 
temperature must should be specified per the requirements of ASME 
Section IX if toughness is a requirement of the construction Code or 
the design. If the weld metal transforms at too high a temperature, the 
required mechanical properties for the metal may not be met.  The 
maximum interpass temperature varies for different steels, as does the 
minimum preheat temperature, and For other low alloy steels, a 
maximum interpass temperature, if required, should be selected on the 
basis of such influencing factors as the chemical composition of the 
steel.”

The fourth paragraph under “Procedure 
Qualification” of Section B, Discussion, of the 
RG is changed as follows:
“In addition to the minimum preheat 
temperature, a maximum interpass 
temperature must should be specified per the 
requirements of ASME Section IX if toughness 
is a requirement of the construction Code or 
the design. If the weld metal transforms at too 
high a temperature, the required mechanical 
properties for the metal may not be met.  The 
maximum interpass temperature varies for 
different steels, as does the minimum preheat 
temperature, and For low alloy steel welds not 
requiring impact testing, a maximum interpass 
temperature should be selected on the basis of 
such influencing factors as the chemical 
composition of the steel.”

Public Comments & NRC Response
RG 1.50 Control of Preheat Temp for Welding of LAS
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Public Comment NRC Response
Under Section C “REGULATORY POSITION”, the statement is made 
in item 1 that “The procedure qualification should require the following:”  
This is not the purpose of a procedure qualification per the rules of 
ASME Section IX.  The procedure qualification record only provides a 
documentation of the actual required parameters used during the 
welding of the qualification coupon and the procedure qualification is 
an activity rather than a statement of the requirements.  To be correct, 
it is the welding procedure specification (WPS) where the requirements 
for welding are specified.
Under Section C “REGULATORY POSITION”, the statement is made 
in 1a that “A minimum preheat and a maximum interpass temperature 
should be specified.”  As stated above, a maximum interpass 
temperature is not always necessary for some low alloy steels.
Also, the statement is made in 1b that “The welding procedure should 
be qualified at the minimum preheat temperature.”  ASME Section IX, 
essential variable QW406.1, specifies that the minimum preheat 
temperature shall be specified in the WPS and that it cannot be 
decreased more than 55ºC (100ºF) from the preheat temperature 
qualified.  The proposed draft statement could be interpreted as 
requiring the preheat temperature qualified as the minimum 
temperature that could be used or specified within the WPS.  This 
could cause increased costs associated with controlling the minor 
deviations from the target preheat temperature with no appreciable 
effect on the weld quality.  Since this is already covered in ASME 
Section IX, this statement is not needed.

Position 1, Section C, Regulatory Position, of 
the RG was changed as follows:
“1.  The Welding Procedure Specification 
(WPS) qualification should require specify the 
following:
a. a maximum interpass 
temperature and a minimum preheat 
temperature that is equal to the minimum 
preheat temperature and maximum interpass 
temperature used during procedure 
qualification and a maximum interpass 
temperature should be specified.
b. The welding procedure should be 
qualified at the minimum preheat temperature.”

Public Comments & NRC Response
RG 1.50 Control of Preheat Temp for Welding of LAS
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Public Comment NRC Response
Under Section C “REGULATORY POSITION”, item 2 states:
“For production welds, the preheat temperature should be maintained 
until final postweld heat treatment or a hydrogen bakeout is performed 
between 200 and 400ºC (400 and 750ºF) for a minimum of four hours 
after which the component may be slowly cooled to ambient 
temperature prior to the performance of the final post weld heat 
treatment.  The post weld hydrogen bakeout temperature and soak 
time should be based on the materials being welded, geometry, and 
the welding process used.” 
Similarly to the discussion concerning the need for maximum interpass 
temperature control, there is little need for hydrogen bakeout for many 
low alloy materials.  It is therefore essential that any controls proposed 
that may require hydrogen bakeout be applied only to those materials 
which require it in order to reduce the possibility of hydrogen cracking 
after welding.  Applying this rule to materials and welds which do not 
need it and which maintaining the preheat until the PWHT is performed 
would be an extraordinary cost due to time and effort with no 
appreciable benefit. …

In addition, Position 1, Section C, Regulatory 
Position, of the RG was changed as follows:
“2.  For production welds, the preheat 
temperature should be maintained until final 
postweld heat treatment or a post weld
hydrogen bakeout is performed between 200 
and 400ºC (400 and 750ºF) for a minimum of 
four hours after which the component may be 
slowly cooled to ambient temperature prior to 
the performance of the final post weld heat 
treatment.  The post weld hydrogen bakeout 
temperature and soak time should be based 
on the materials being welded, geometry, and 
the welding process used.”

Public Comments & NRC Response
RG 1.50 Control of Preheat Temp for Welding of LAS



41

• Incorporate editorial improvements from technical 
editing and OGC review

• Format revised to match the latest NRC guide 
formatting protocol and content

Public Comments & NRC Response
All Welding RGs 1.34, 1.43, 1.44, and 1.50



42

• Welding RGs 1.34, 1.43, 1.44, and 1.50 have been revised
– Last revised in early 1970s
– Revision needed for new reactor applications

• These RGs provide necessary guidance for new 
component manufacturing to help alleviate cracking 
caused by welding processes

• Public comments received and addressed
– Several manufacturers provided comments
– Several minor clarifications were made to the draft RGs based on 

public comments
• All four RGs ready for final publication

Conclusions
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Backup Slides
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• All four of the welding RGs address forms of cracking that 
can occur due to welding:
– RG 1.34 deals with weld solidification cracking and weld toughness
– RG 1.43 deals with underclad cracking
– RG 1.44 deals with intergranular stress corrosion cracking (SCC)
– RG 1.50 deals with delayed hydrogen cracking

• RGs provide guidance that eliminate (or minimize) the 
factors that cause these types of cracking

Cracking Due to Welding
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• This RG provides supplementary guidance to the 
requirements contained in ASME Code, Section IX, 
“Welding Qualifications” that are desirable to provide 
assurance of adequate weld metal properties when the 
electroslag welding process is used for joining

Electroslag Welding
(RG 1.34)
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• Definition:
– Electroslag welding:  A welding process in which consumable 

electrodes are fed into a joint containing flux; the current melts the 
flux, and the flux in turn melts the faces of the joint and the 
electrodes, allowing the weld metal to form a continuously cast 
deposit between the joint faces.

Electroslag Welding
(RG 1.34)
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• Issues:
– The assurance of satisfactory electroslag welds for low-alloy steel 

and stainless steel can be increased by maintaining a weld metal 
solidification (dendritic) pattern with a strong intergranular bond in 
the center of the weld

– A number of electroslag welding process variables have been 
shown to influence the weld metal solidification pattern

• Slag pool depth
• Electrode feed rate and oscillation
• Current
• Voltage
• Slag conductivity

Electroslag Welding
(RG 1.34)
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• Issues (cont’d):
– If the combination of process variables results in a deep pool of 

molten weld metal, the crystalline (dendritic) growth direction from 
the pool sides will join at an obtuse angle in the center of the weld

• Cracks may develop because of the weaker centerline bond 
between dendrites

Electroslag Welding
(RG 1.34)
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• How does the RG address the issues?
– The RG specifies that procedure qualifications include a 

combination of process variables that will result in a shallow pool of 
molten weld metal

• A shallow pool will promote a dendritic growth pattern with an 
acute joining angle and will result in a strong centerline bond

• Acceptable welds should show a dendritic freezing pattern with 
a joining angle of less than 90 degrees in the weld center

– The RG specifies that tests be conducted to ensure that the 
acceptable weld metal solidification pattern is obtained and that 
unacceptable patterns will not result

Electroslag Welding
(RG 1.34)
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• This RG addresses the presence of intergranular cracking 
in low-alloy steel under stainless steel weld cladding

• Two types of underclad cracking have been identified:  
– Underclad cracking (or “hot” underclad cracking)
– Reheat underclad cracking

SS Cladding of LAS Components
(RG 1.43)
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• Definitions:
– Underclad cracking occurs when high heat input welding process 

is used on coarse-grain low alloy steel base material.  Underclad 
cracking occurs only in the grain-coarsened region of the base 
metal heat affected zone (HAZ).

– Reheat cracking occurs when subsequent weld passes cause 
cracking in the low alloy steel coarse-grain HAZ.

SS Cladding of LAS Components
(RG 1.43)
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• Issue:
– Intergranular cracking has been observed in reactor vessels and 

other components for nuclear systems in varying degrees, 
depending on the material and the cladding processes

SS Cladding of LAS Components
(RG 1.43)



53

• How does the RG address the issue?
– The RG identifies that the use of fine-grain materials is a method to 

avoid underclad cracking regardless of welding process used
– The RG identifies that high-heat-input welding processes that 

induce underclad cracking should not be used
– The RG specifies that weld cladding procedures be qualified for 

use by a performance test to demonstrate that it does not induce 
underclad cracking

– The RG identifies that production welding should be monitored to 
verify compliance with the limitations on essential variables.  
Otherwise:

• An examination for cracking should be performed on the 
production part from which a section of cladding has been 
removed

• The cladding procedure should be requalified

SS Cladding of LAS Components
(RG 1.43)
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• This RG addresses the control of the application and 
processing of stainless steel to avoid severe sensitization 
that can lead to SCC

Control of Use/Processing of SS
(RG 1.44)
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• Definition:
– Sensitization refers to chrome carbide formation, which reduces 

the chrome available to provide a passive oxide film that prevents 
corrosion.  When stainless steel is heated in the range of 800 oF to 
1,500 oF, there is a risk that the chromium will form chromium 
carbides (a compound formed with carbon) at the grain boundaries 
with any carbon present in the steel.  The grains become depleted 
in chromium and lose their corrosion resistance.

Control of Use/Processing of SS
(RG 1.44)

Sensitized stainless steel
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• SCC is caused as a result of the simultaneous presence of 
three factors:
– High tensile stress
– Corrosive environment
– Susceptible material

• SCC can be prevented by eliminating any one of the three 
factors

Stress Corrosion Cracking
(RG 1.44)

SCC
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• Issue:
– Test data and operating experience demonstrate that sensitized 

stainless steel is significantly more susceptible to IGSCC than is 
nonsensitized (solution heat-treated) stainless steel

Control of Use/Processing of SS
(RG 1.44)
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• How does the RG address the issue?
– The RG identifies that material should be suitably cleaned and 

suitably protected against contaminants capable of causing stress-
corrosion cracking during fabrication, shipment, storage, 
construction, testing, and operation of components and systems

– The RG identifies that material should be solution heat treated to 
produce a nonsensitized condition

– The RG identifies that non-sensitization of the material should be 
verified using appropriate test procedures

– The RG identifies, with few exceptions, that material subjected to 
sensitizing temperature subsequent to solution heat treating and 
testing should not have a carbon content greater than 0.03 percent

Control of Use/Processing of SS
(RG 1.44)
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• How does the RG address the issue? (cont’d)
– The RG identifies, with few exceptions, that material subjected to 

sensitizing temperatures during heat treating or processing other 
than welding, subsequent to solution heat treating and testing, 
should be retested

– The RG identifies that an intergranular corrosion testing should be 
performed for each welding procedure to be used for welding 
material having a carbon content greater than 0.03 percent

Control of Use/Processing of SS
(RG 1.44)
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• This RG addresses supplementary guidance to ensure 
adequate control of welding variables in the production 
welding of low-alloy steels

Control of Preheat Temperature 
for Welding LAS

(RG 1.50)
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• Definitions:
– Cold cracking refers to cracking that may occur when the steel is 

hardened (i.e., it undergoes a phase transformation to martensite
in the heat affected zone, weld metal, or both).  Martensite can 
exhibit brittle fracture tendencies.  This brittle fracture tendency can 
increase the susceptibility to cracking with higher stresses, such as 
those experienced with increased thickness of the part being 
welded.

Control of Preheat Temperature 
for Welding LAS

(RG 1.50)
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• Definitions (cont’d):
– Hydrogen cracking refers to cracking that may occur as a result of 

atomic hydrogen absorption and diffusion into and through the 
region being welded.  Greater quantities of hydrogen can be 
present in the weld region from the dissociation of moisture in 
hygroscopic welding fluxes or from adsorption on metal surfaces if 
the welding fluxes and surfaces have not been properly dried 
before welding.  

Control of Preheat Temperature 
for Welding LAS

(RG 1.50)
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• Issue:
– Cracks may form in the weld underbead areas and heat affected 

zones if proper preheat temperatures on the base metals are not 
maintained concurrent with controls on other welding variables

Control of Preheat Temperature 
for Welding LAS

(RG 1.50)
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• How does the RG address the issue?
– The RG specifies that the welding procedure specification should 

specify the maximum interpass temperature and minimum preheat 
temperature used during procedure qualification.  This ensures that 
the parameters used during production welding reflect those used 
during qualification.

– The RG specifies that preheating should be maintained until post 
weld heat treatment is performed or until a post weld hydrogen 
bakeout is performed.  This facilitates the diffusion of hydrogen out 
of the weld to prevent delayed cracking . 

– The RG specifies that production welding should be monitored to 
verify that the limits on preheat and interpass temperature are 
maintained.

Control of Preheat Temperature 
for Welding LAS

(RG 1.50)
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