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(,)mgc;1-1 PROCEEDINGSI

2 JUDGE BLOCH: Good morning.
.

3
We anticipate having an abbreviated schedule this

4 ' morning. In a bench conference held in the hall among all
5

of the parties, prior to this morning's proceeding, we

6 learned that we obviously exceeded the emotional and physical
7 resources that|Mrs. Ellis . brings to these proceedings, which
a I must say is in one sense an accomplishment on our part,
' .because they are substantial emotional and physical resources.

10 We regret.that we were not informed of the problem before
''

the situation occurred. We certainly would have broken off

12
the proceedings yesterday.

'3
_ Mrs. Ellis feels that.because she went beyond her

. f, )\s- '' resources, that her ability to defend her witnesses may have
15 been compromised, and the Board felt that she should have

16
an opportunity, after studying the record, to be able to

'7'

present additional testimony that might help clarify matters

'8 that may have occurred because of the late hour.

l'
We also have agreed to suspend hearings on the

20 ' welding questions toQay, at Mrs. Ellis' -request. Those would

21
be resumed at a later date. The sequestration order obviously

22,

is lifted. There is now no longer any restriction on any

23 of the witnesses on the welding is.'ne concerning who they
24

may talk to and what they may talk about or any other

25
restriction we possibly could have imposed.

/~T
! )m

'
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.
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3_ mgc 3-2 MR. MIZUNO: | Judge Bloch?

2 . JUDGE BLOCH: Yes, Mr. Mizuno.

3 MR. MIZUNO: Judge Bloch, I would like the record

d -to note'that the Staff was not in,on that conversation.

5 JUDGE BLOCH: I'm sorry, Mr. Mizuno. That is

6' correct. We regret that.

7- MR._MIZUNO: But we will not challenge the order,
,

a the~ direction of the Board in that regard.

9 ' JUDGE.BLOCH: There was substantial urgency in the

10 request:for a-bench conference. I'm afraid i n the emotion

31 of the moment, we neglected to include all of the parties.

12 - The State of Texas also was not involved.

13
j. - / g; Do you have any problem with it?

! \ -14 MR. MC RAE: No.
t

15 JUDGE BLOCH: Mrs. Ellis has asked if there is
.

16 any further word on the ability of the Applicant to produce
"

17 the original of.the inspection report that was introduced

.18 into evidence last night. 'If there is no further word on it,

19 we can just assume that it will be looked into.
! -

20 Is there any further word on the ability to produce

21

V
, the original?

| 22 MR. REYNOLDS: Our position remains the same.
i

'23 -We of course will make available to CASE on the job site.
'

r

. 24I JUDGE BLOCH: Okay. We have asked the Staff to,

;.

i. 25 look into whether or not there really was a regulatory

.

- U /-

<

l'
'
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t, ) mgc 3-3; requirement.that the original not be produced. )
.. .

2
MR. TREBY: We'will do so, but we have not had an I

opportunity since the request was made.

#
JUDGE BLOCH: I understand that.

r'5
The reporter reminds me, there is another

5 6
. administrative matter that will have to be cleared up by

7 the parties by stipulation, and that is an agreement on what
a

=the Stiner's testimony will look like after the motions to

strike are incorporated-into it.

i- 10.
Of course, at this point until Mr. Stiner is

'' available for cross and until the cross is completed on
12 Mrs. Stiner, the testimony is admitted provisionally on
'3 the completionaof those parts of the proceeding.

(~)/ ss
(The written testimony of CASE witnesses,

,_ ,

15
Darlene Stiner and Henry Stiner-follows.)
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.

UNITED STATES OF AMERICA 2/7/84
i

NUCLEAR REGULATORY COMMISSION

U
BEFORE~THE ATOMIC SAFETY Af1D LICENSING BOARD

In the Matter of

APPLICATION OF TEXAS UTILITIES I Docket Nos. 50-445I~ GENERATING COMPANY, ET AL. FOR
.AN 0PERATING LICENSE FOR I and 50-446

' COMANCHE PEAK STEAM ELECT.RIC I

STATION UNITS #1 AND .#2 I

-(CPSES)

TESTIMONY OF CASE WITNESSES
DARLENE STINER AND HENRY STINER

1 Q: Do you have testimony.regarding the open welding issues in this

2 proceeding?

3 A: (Mrs. Stiner): Yes, I do.

4 A: (Mr. Stiner): Yes. First I'd like to clarify the record regard-
'

)~5 ing some of the things which were stated in Applicants' Summary of the Record

6 Reg'arding Weave and Downhill Welding, filed July 15, 1983, and then to further

-7 clarify some of my previous testimony.

-8- -Q: Mrs. Stiner, what do you wish to clarify?

9 '. A: (Mrs. Stiner): I was certified to weld to both ASME and AWS Dl.1,.

L 10 both of which are used at Comanche Peak. ASME is used for Class 1, 2 and 3

11 hangers and supports; it's not used for Class 5. AWS Dl.1 is used for Classes
,. 12' 4, 5, and 6 - . anything that's. not safety-related.
i ~13 Q: Isn'.t Class 5 safety-related?

114 A: (Mrs. Stiner): Procedurally, no. Logically, Class 5 should be-

15 considered safety-related, because the Class 5 hangers and supports are all

16 in safety-related areas, to the best of my knowledge.

( (3
; LJ

|

I

- .-. _. . _ _ . - - . . .
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.1 Q: Mr. Stiner, what codes did you work to at ' Comanche Peak?

.2 A: -(Mr. Stiner): I was also certified to weld to both ASME and AWS

-3' D1.1 Codes. . As Darlene Stated, both of these Codes are used at Comanche

4 Peak.

5 'Q: And is it also your understanding that ASME is used for Classes

6 1, 2, 'and 3 hangers and supports, but not for Class 5, and that AWS Dl.1

-7. is used for Classes 4, 5, and 6?

8 A: (Mr. Stiner): Yes.

9 Q: ' What specific codes ~and procedures did you use at Comanche Peak?

10 A: (Mrs. Stiner): WPS 11032,10046, and 11065, and CPM 6.9, plus

'll quality control' procedures (it's been a while, but I believe the numbers

12 of the ones I used primar ly as far as QC control procedures were QI-QAP-i

)l3 11.16-1 and ANSI Code B31.1).,

14 A: (Mr. Stiner): As stated in my testimony (Tr. 4210/16-24),the

15 welding procedures for t'he C-10 and A-10 welding process codes.are-11032,
~

16 11065, and 10046.

17 Q: What else would you like to clarify?

18 A: -(Mr. Stiner): The first time we testified, we didn't have time

'19 to put every detail in our testimony and (although I'm not putting CASE
*

20 down in any way -- I think they've done a fantastic job) CASE didn't know
1

21 enough 'about what we were talking about to be able to help us put in+3 the

22 right words what we wanted to say. IAnd we didn't know about things like

23 rebuttal testimony then. We thought everybody und'erstood what we meant,

24 but from some of the Board's Orders which I have read, it is very plain to

25~ see that we were not fully understood. Therefore, I will now attempt to

| \]
|
t-

I

. _ . . . . - . . . . - _
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1 clarify my testimony.

~2 I' previously stated in my testimony that inexperienced welders were

3 doing some poor and/or illegal welding practices.at Comanche Peak. I know
:

4 now'that a skillful welder is one who possesses a considerable amount of

5 ' technical information. Merely being able to run a pass or make a good bead

6- is not enough, because in the process of making a weld he may, from lack

7 of understanding, jeopardize the strength of the welded structure. Conse-

3 quently, ~ such factors as properties of metals, expansion and contraction

3 grain growth, effects of heat, and others should definitely be considered

0 essential knowledge for any welder. I was not trained by Brown & Root to know ,

:I these things. I was not even given a written test; the only requirement at

2 Comanche Peak is to pass a three-position plate test, which only requires
.g
Q the ability to make a. good bead. All of the welders at Comanche Peak are

'1 trained in the same manner and, according to the ASME Code, it is up to.

iS ' the Applicants to assure that each welder is qualified to do the job, not

5 just make a good bead but to1 understand all of the process.

i7 Q: Mrs. Stiner, do you-agree with Mr. Stiner's statements?

'S A: (Mrs. Stiner): Most definitely. I was trained the same way,

i9. and the test was the same. Most of what I learned, I learned for myself

J0 by reading' and trying to improve my ski .ls. I have recently found a weld-'

fl ~ ing manual' that George Baird had me buy while I was in training for welding

:.? (SMAW). I was having some problems with my welds, so Mr. Baird ordered me

3' .to buy a copy of WELDING SKILLS AND PRACTICES, published by the American'

24 Technical Society, to help me with my training. (I believe it cost $9.00.)

5- Mr. Baird said he thought it was about the best welding book he had seen
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l' and that I should use it at- CPSES. It did help me at that time, and I hope

2 it will also help the Board members to better understand some of Henry's

3. and my testimony. We have attached as Attachment B to our testimony some

4 of the pages from it, and we will be referring to them in our testimony
~

5- later. Also, we hope to be able to bring to the hearings some actual weld-

6 ing' tests to show the Board just what we're talking about.

7 As I received additional certifications,. and especially after

8 I became a QC inspector, I learned more and more by reading and trying to

g understand the importance of what I was doing.

'10 A: (Mr. Stiner): It helped me a lot to understand why welding was

L11 supposed to be done a certain way and the importance of doing it right when

12 .I started reading some of Darlene's QC books and procedures. That was when'

(3f A3 I really began to become concerned about the welding practices at Comanche

14 Peak. And I'm still reading and trying to understand more. At the time

15 'I worked at Comanche Peak, I knew that some of the things I was ordered to

16 |do weren't right, but it wasn't until I started reading and talking with

17 Darlene after she became a QC inspector that I really began to understand

18 how bad some of those things were. That's why I decided to come forward and

19 tes tify. It was an especially difficult decision because Darlene was still
'

20 working at Comanche Peak, but when I realized the importance of doing the

21 : - welding right and saw the manner in which the NRC investigators had handled

'22 the . problems. Darlene and I brought.0p, I knew something had to be done.

23 A: (Mrs.Stiner): And even though I was afraid I might lost my job,

24 'I agreed with Henry:that he should testify because I knew .that we had to

- 25 try to do something about the way the plant.was being built.

_ _ - - - - - - _- --- -
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Weave Beading (Weave Welding) -- HEAT INPUT1

2 Q: In their 1/30/84 Reply to CASE's Identification of Issues (page 10),

3 Applicants state that they: " intend to present testimony to address the

4 relationship between th.e AWS and ASME Codes and the several open welding issues,

5 viz., weave beading, welding of misdrilled holes, downhill welding and weld

6 rod control."

7 -Do you have any further clarifying testimony regarding weave beading

8 (or weave welding)?

9 A: (Mr. Stiner): It's obvious that we didn't make ourselves clear

10 in our previous testimony. There are several aspects of weave welding which

11 need to be clarified.

12 A: (Mrs. Stiner): That's right. During my testimony, I tried to
/n
_ jl3 indicate that one of the things we were concerned with is the excessive

-14 heat input when you weave weld.

15 Q: Is it still your understanding that weave welding is not allowed

16 at Comanche Peak?

17 A: (Mr. Stiner): That's what I always understood. The procedure

18 that states that weave welding is not to be used is CPM-6.9, to the best

19 of my recollection. This is also indicated on the Weld Parameter Guides

20 issued from the rod shack to each welder when material is picked up. If'

21 you go over the maximum bead width, you'd be weave welding.

22 A: (Mrs. Stiner): The one I used most is 11032. It's interchange-

23 able with and often used in place of 11065. 11032 states that stringer

. 24 beads only shall be used, to the best of my recollection. Therefore, weave

25 welding is not permitted even on the cap or the root as Applicants have
;
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|1 stated can b,e done; that's the understanding I always had too. .It seems

2 . to me that if this were not true, Applicants would have brought forward

~3 the procedures by now to prove what they were saying (especially since Henry

4 and I discussed this in our 7/25/83 affidavit).

5 A: (Mr. Stiner): But even if weave beading over four-core-wire diameter

6 -is permitted at Comanche Peak, there ,is still a problem because weave beading

7 over four-core-wire diameter is also done. I've seen it done many times and

8 I've done it myself.

'9 'A: (Mrs. Stiner): That's right. It's a common practice at Comanche
,

10 -Peak.

11- Q: Mrs. Stiner, have you seen it done yourself?

12 A: (Mrs. S'tiner): Yes, I have, and I've also done it myself when
,a
(_jl3 I was a welder.

14- Q: Please continue.

15' A: (Mr. Stiner): ~ In the process of learning to be a better welder,

16 -I have become familiar with the effect of heat as well as cold on the structure

17 of metal and what happens to metal when certain alloying elements are added

18 ~ to-it. I also became familiar with what safeguards must be followed in weld-

.19 ing metals because when heat is applied during a welding process, the very

20 elements originally added to strengthen the metals may destroy them. Metals*

21 . expand and contract, setting up great stresses that sometimes result in severe

22 distortion. t

,

:23 Improper welding of stainless steel may result in a complete loss

'24 of its corrosion-resistant qualities, and welding high carbon steel in the

- ,o same manner as low carbon ste'el may producessuch' brittle welds as to make25

(. _ l

t-

t
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l- the welded mass unusable. . hen I testified before, I used the term " weaveW

2- welding".(or " weave beading"). Now I know that was the wrong term to use

'3 to describe the problems with welds made at Comanche Peak. The weave weld-

4 ing itself and whether or not it is done to procedure is only one of the many

5 facets of the problem. Weave welding (or weave beading, as it is called

6 in some books).is one of the ways in which problem welds were made at CPSES.

7 In his aff.idavit attached to Applicants' 7/15/83 Sumary of the

8 Record Regarding Weave and Downhill Welding, Mr. Brandt stated:

9 . . . the only material on which weave welding resulting in excessive"

bead width is considered.to be of concern in the ASME Code is material
10 that requires Charpy impact testing."

-11' He then stated that someone (he doesn't state that he personally did it)

12 identified "the 'particular areas which the Stiners believed contained weave
[%

b)l3 welding." He identifies five areas which I had identified and two Instances

14 which Darlene had identified. He stated:

15 "Specifically, Mr.- Stiner identified five areas ir. which he contended
weave welds existed (CASE Exhibit 666 at 11). These five areas are-

16' (1) South Yard Tunnel; (2) Auxiliary Building; (3) North Yard Tunnel;
(4) North Pump Room; and (5) Reactor 1 Demineralized Water Tank Room."

17
,

-18; But if_ you look at my testimony,|that's not what I said. What I actually

19' said was (Tr. . 4213/7-10, CASE Exhibit 666 at 11):

20 "I told them thattin the Auxiliary Building, the North Yard Tunnel,'

the North Pump Room, the Reactor 1 Demineralized Water Tank Room,<

21_ and every place I had ever worked, weave welds, porosity, undercut
~

and_ overlap could be found . . . unless the surfaces of the welds were
22 ground off and the welds -were capped (as the I&E Report states)."

(First emphasis added; sec6nd emphasis in the original.)
23-

24 I would like to say that I worked in.the Containment Building in the

25 Reactor and in various parts of the plant.where I feel sure impact testingmf
L]
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1 is required. I ' don't remember hanger numbers or exact locations; after you've

2 ~ covered hundreds of welds, you tend to forget exactly-where most of them -

3 are. I'd- have to look.around some to find any now.

4 The welding practices at CPSES have got to be changed, and for the

~

-S- foregoing reasons, here is a more detailed explanation of why weave beading
-

6 (using over four-core-wire diameter) is a serious safety defect. The book
'

7 - which Darlene used at Comanche Peak to try to help her understand more about

. elding also has some helpful informatica about welding metallurgy. (See18 w

9 Attachment B: to this testimony.)

-10 'Q: Mr. Stiner, are you a metallurgist?

.11 A: No, I'm not. ~ But you don't have to be a metallurgist to understand:

12 some things. There is' a discussion on pages 19 and 20 of Attachment B about

G
Q 13 Properties of Materials. I have personally observed welders making repeated

14 passes with a weave bead without stopping to check heat input. When this

. 15 happens,- too much heat 4uilds up, which can affect the parent metal substan-
~

16 .tially. (See Attachment B, pages 20-22, Structure of lietals.) From reading
T

17' the referenced information -you can see why weave beading of over four times

If'you apply too ' uch heat, the parent metal18 the rod diameter is a defect. m

19 : cools slower, affecting the grain structure. I have personally observed

20 welders welding without using a heat indicating crayon. or any other device"

21 to check the heat input.

22. - Also, on several occasions, I was instructed to repair hangers

23 where the weld was' in-excess of four-core-wire diameter where the parent

24 metal was heated s.o hot that the parent metal for four or five inches out

25 - from the weld was blue tempered, causing brittleness. (See Attachment B,

V ' '

n-

~

.
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1 pages 23 through 28, especially page 28, Brittleness.) On other days , when

2 the temperature was below freezing, I was instructed to make welds on Class

3 3. hangers that were not preheated. The effects of welding on metal not

4 ' preheated is also a, factor in setting up bad welds. (See Attachment B,

5 especially page 28, Cryogenic properties, and pages 23-24, Other Factors

6 Altering Strength and Structure.)

7 The following factors must be included in any tes'timony about

8. weave welding in order to understand the full extent of the problem at

9 Comanche Peak:

10 1. Too much heat is often applied.

Il 2. Impurities are eatrapped in the weld.

12 3. Most of the hangers I'm talking about were not preheated.

f-)l 3
.

Gi 4. The interpass temperature was not controlled.

-14 5. Unacceptable welding techniques are-used, such as weave welding

-15 over four-core-wire diameter.

16 '6. Weave welding has been done all over Comanche Peak, including

17 areas where Charpy impact testing was required.

18 (See Attachment B: Page 24, Effects of Heat of the Welding Process;

:19 . Page 31-32, Welding Defects; page 32-37, Residual Stresses, especially first
'

-

; 20 paragraph. )
'

21 - There is also another example of weave welding which I personally

22 have performed on tube steel type ha'ngers. I was instructed by Fred Coleman,

23 my Foreman (who told me he was instructed by Forest Dendy, his General Foreman)

24 t'o take a welding rod and beat the flux off and use .it to fill in a bad fit-up

25g (too much gap) by placing the bare electrode into the gap and weave welding
. V '

(

.~. . - . _ _ _. _,_ . . . _ .
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1 another. electrode with the flux still on it over the bare wire.. This was
2 all,done as an effort to keep.from cutting the hanger down'and calling the

3 fitters back to refit the hanger.

-4 -Q: Mrs. Stiner, have you ever made the kind of weave welding which<

.5 Mr. Stiner just discussed (taking a welding rod, beating the flux off, and

6- using it to fill in a bad fit-up by placing the bare electrode into thej

7 gap and weave welding another electrode with the flux still on it over the

8 bare wire)? ,

.9 A: (Mrs. Stiner): Yes,.I have. I d'idn' t know how to . beat the flux

10 off.my electrode and use it as extra filler when I had to weld up a bad fit-up

11. until one of the foremen (Fred Coleman) showed me how. He was temporarily

12 foreman'while I worked in' the fab shop.
,.

jsj 3 Q: ,Ic there anything else you'd like to clarify regarding weave welding?

Ll4 A: (Mr. . Stiner): Yes. Regarding weave welding and the heat input,.

15 Mr. Brandt'says in his affidavit (attached to Applicants ' 7/15/83 Summary of

-16 ' the Record Regarding Weave" and Downhill Welding)(page 2):

17 "The purpose _.of. limiting bead width for welds on materials requiring
impact testing is to control effective heat input because excessive

:18 heat input could cause broadening and subsequent. embrittlement of the
heat affected zone " (Emphasis added.).

20 So when we're talking about maximum bead width, we're talking about'

21 the effective heat input also. During the whole term of my employment at

.22 Brown & Root, the only time that I tJas given a temperature indicating crayon

23' was in .the Welding Qualification Test Center (WQTC),, and I had to ask for it.

24 Q: Is it a' requirement at Comanche Peak that a temperature indicating

. ,_ 2 5 crayon be used? -

-C) '

s

5
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I A: (Mr. Stiner): I do know it's required by some procedures. But it's

2 not a practice that is used by the structural welders at Comanche Peak.

3 In regard to Applicants' Exhibits 141N-141V, which Mr. Brandt

4 stated permit the use of weave welding at Comanche Peak, on those procedures

5 under preheat on the Welding Procedure Specification (4th box, left-hand

6 . column), the preheat temperature and interpass-temperature range.is indicated.

7 At Comanche Peak, they don't check the preheat temperature or the interpass

8 tempera ture. When I tested 6t the WQTC, they gave me a temperature indi-

9 cating crayon to check and be sure that each consecutive pass was not heating

10 the parent metal up above the interpass temperature range which was in the

11 procedure. Even on your test coupons if you rise above that interpass tem-

12 perature, when they do the bend test on the strips that they'll cut out of

[/13- ,your test coupon, you will fail the test because you will have created em-s

14 brittlement of the parent metal which will show cracks in the weld of the

15~ test coupon.

16 But.out in the field I have very seldom seen anyone use the temperature
'

'

17 indicating crayons or any other kind of temperature measuring device. I never

18 used the crayons niyself. Generally, because of my experience with welding,

19 I could tell when it was getting too hot if I held my- hand near the metal.
*

, 20 But we were under such pressure to put up the hangers that most of the time

21 we didn't take time to check the temperature. Under one foreman, we had a

22 quota that we had to meet every day.t I talked about some of the pressures

23 we were under in my testimony (see especially Tr. 4220-4221).

24 A: (Mrs. Stiner) The welders didn't have an hour or two to wait for

bp25
it to cool off; they had to get the weld made because they had so many to get

~

,

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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1 done each day. Plus the fact that they always had to worry about somebody

2 else coming along and stealing their welding machine or their lead while they

3 went to the restroom or scrnething'. At the end of the day, your foreman didn't
,

4 understand why you didn't have more hangers done. Most. of the time, the fore-

5 man sent the welder to look for their machine and their lead when it was ;

6 stolen; they didn't have you check out another machine. You might spend ;
, i

7 hours looking for a machine that nobody is going to admit was yours. i
!

8 A: (Mr. Stiner) They created such adverse conditions for the welder

9 that he just had a limited amount of time to complete the required amount

10 of hangers. Welders shouldn't have to work under such adverse condition's.

11 A: (Mrs. Stiner) I'd like to say something else about the weave welding.
,

1

12 As an example, if you took a rod and struck an arc and held it to the metal

V; and just kept it burning in the same spot, your metal would just fall right
/

| 14 out after a time. Also, the longer you. hold it there, the hotter it gets.

i 15 So when you weave weld, the longer it takes you to progress up the piece of

16 metal, the hotter the piece is going to be in one specific area. Therefore,

17 the parent metal would become brittle because you are not controlling your
'

18 heat input.

19 Q: Mrs. Stiner, did you ever use a temperature indicating crayon?

20 A: (Mrs: Stiner) Only in WQTC. I've never used it other than in WQTC.
'

21 During my inspections, only a few times have I seen anyone using a temperature

22 stick and that was generally pipe ' welders, heliarcers, and so forth. Most
'

23 of the time it was not on pipe supports; I don't recall ever seeing it used

24 on pipe supports.

Q: How can they check the effective heat zone and be sure they don't

- --- ,
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1 get it too hot?

2 A: (Mr. Stiner) They can't, There are other heat checking' devices

3 they could use, but they don't use them at Comanche Peak.
,

4 A: . (Mrs. Stiner) There's no way they can be sure they're not getting

5 it too hot, because they don't use any heat checking devices at all most

6 of the time.

7 Q: How does grinding down help correct weave welding?

8 A: (Hrs. Stiner) It does not. help it at all. The weld underneath is

9 still a weave weld, which is weaker because there has been no control over

10 the. heat input.

11 - Q: How could you correct weave welding then?

72 A: (Mrs. Stiner) You grind it completely down t: :ise metal and reweld1

; e 1
kJ it with a stringer bead. It would really be better to cut the whole thing'

14 down and redo it, because you've still got dainaged parent metal.

15 Q: Was that what you did, Mr. Stiner?

16 A: (Mr. Stiner): No. As I testified (Tr. 4211-4215, 4235-4236, 4255),

17 I had to go along'and repair bad weave welds that other welders had made

18 most of-the time, and I was told not to grind all of the base metal out

'19 but just to grind off the surface and cap it so it would appear to be a sound
'

20- weld. In other words, it' was just covered up, not corrected.

-21 Q: Is there anything else about weave welding?

22 A: (Mrs. Stiner): Yes, there's one more thing which needs to be clarified

23 on page 25 of my testimony, lines 2 through 8 (CASE Exhibit 667,9/1/82).

24 On page 10 of Applicants' 7/15/83 pleading, it is stated "It is clear that

f)~
the ' repair' alleged by the Stiners to have been performed was not required

(
|

_ . _ _ ,__ _ . _ _
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1 because of some strucuJral weakness in the weld or welded material. Rather,

2 the repair was cosmetic, there being no structural reason for limiting weave

3 welding on materials not requiring Charpy impact. testing." I thought it was

4 clear in my testimony on page 25 that the weave welds were discovered when

S I was inspecting the hanger for torquing; the welds were in the process of

6 being made -- it was not an initial root pass or merely a cover pass ~ for

7 cosmetic' reasons, as indicateJ dy Applicants. Later, when I returned for final

8 inspection of the torquing, I again n6ted the weave welds, which were still in

9 process of being made; they were not merely cosmetic problems, and I wrote

10 an NCR on them accordingly. As stated in my testimony, the superintendant .

11 whom I took to see the welds himself told me to have them cut the _ hanger down.

i 12 You don't cut a hanger down for " cosmetic reasons."
(3U Q: Mr. Stiner, is there anything further you'd like to say about weave

14 welding?

15 A: Just that it's been a continuing practice at Comanche Peak as long
; 16 as I can remem ber. And it's my understanding that effective heat input was

17 even a problem identified by the ASME team in, I believe,1981, when ASME

18 allowed Comanche Peak's N stamp to expire.

19

20
*

.

21

22

23

-24

6

- -
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1 Downhill Welding

2 Q: Do you have anything to say about downhill welding in addii. ion to

3 your previous testimony?

4 A: -(Mr. Stiner): Yes. One of my concerns with downhill welding )
1

5 was based on the fact that I was instructed to make downhill welds on hangers
|

6 that had a limited access weld on them instead of sending me to the test

7 center to test to the criteria for that type of situation. One of the hangers

'8 I told Mr. Driskill obout is the one I referred to as the one I was fired
9 for. It contained a downhill weld. If anyone had examined the hanger, he

10 could have seen the downhill weld, as I was not even able to get a grinder

11 in the limited space to grind the surface off so QC wouldn't see it. But

12 it was not even addressed by the investigators in their report.
s ,

Ul3 - A number of dcwnhill welds were made at CPSES because of limited

14 access welds.- They were not only made on root and covce. passes, but in the

15 consecutive layers in between. I have observed welders making downhill

16 welds because of limited access; one was Roy Combs, under orders-of his

17 foreman -- I believe-that was' on a Class 3 hanger, because he had to weld

18 stainless steel lugs to the pipe.- I don't have the hanger number, but I

19 know the general location.and might be able to find it.
*

20 Joe Greene, one of the welding engineers at CPSES, told me that

21 there was no such' thing as limited access welds at CPSES. This type of atti-

22 tude has set up a bad situation,witti the welders being instructed to get the

23' work done fast, and the inability to get the proper work and lead angle needed

24 to make the required bead.

,,2 5 One of the problems with downhill welding is lack of deep penetration,
b '

- _ __ _
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I trapped slag caused by the molten puddle falling over the slag coating, which

2 also causes lack of fusion. 'On heavy plate 1/4" or more, upward welding

3 is pr'eferred (see Attachment B, pages 114 and 115, Position and Movement of

4 the Electrode).

5 Q: Mrs. Stiner, did you do any downhill welding at Comanche Peak?

6 A: Yes, I did. I . talked about downhill welding some in my testimony

7 (CASE Exhibit 666, 9/1/82, pages 45-46). I don't think I made it clear in
8- my testimony, but I also have done downhill welding.

9 Q: And is it your understanding that some downhill welding at Comanche

10 Peak was done illegally or contrary to procedures?

-

II A: (Mrs. Stiner): Yes, probably most of it, because I don't believe,

12 most of the welders had been qualified to do it.-,
,

U l3 A: (Mr. Stiner): I'd like to point out that AWS states, regarding

14 downhill welding (see Attachment A, AWS Dl.1):
| 15 AWS D1.1, 4.6.8:

| 16 "The progression for all passes in vertical position welding shall
! be upward, except.that undercut may be repaired vertically downwards
| 17 when reheat is in accordance with Table 4.2, but not lower than 700F

(210C . However, when tubular products are welded, the progression
18 of vertical welding may be upwards or downwards but only in the

' direction or directions for which the welder is qualified."
19

~

.

'

20 AWS D1.1, 5.16.5:
,

21 "For the qualification of a welder the following rules shall apply:

22 . . 5.16.5. A change i'n the position of welding to one for which"

the welder is not already qualified shall require requalification."

24 ,

p25
L.)

.

_____
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1 AWS D1.1, 5.16.7:

2 "When the plate is in the vertical position, or the pipe or tubing
is in the SG or 6G position, a change in the direction of welding

3 shall require requalification."

4 Q: So downhill welding is not supposed to be used nomally, but only.

5 in certain specific instances?

6 A: (Mr. Stiner) That's right. And then the welder is supposed to be

7 qualified or requalified to do it.

8 Q: Is there anything further you'd like to say about downhill welding?

9 A: (Mrs. Stiner) Whenever you do a downhill weld, you don't get proper

10 penetration -- it's sort of like skiming across the top. I have made down-

11 hill welds myself at Comanche Peak, under.ordhrs. Like if I came up on a

12 weld that was in a particularly hard position to get to, sometimes my foreman
D
b would tell me to just go ahead and run a downhill weld over my stringer bead

14 weld.

15 Q: Were you qualified' for downhill welding?

16 A: (Mrs. Stiner) No, I wasn't.

17 A: (Mr. Stiner) No, I wasn't. I talked about downhill welding some

18 in my testimony (CASE Exhibit 666, 9/1/82, pages 45-46). I don't think I

19 made it clear in my testimony, but I also have done downhill welding.
'

20 Q: But you hadn't been qualified to do it?

21 A: (Mr. Stiner) No,'but I was told to do it anyhow.

22

23 -

24

4 .

.

t

_ _ _ _ _ _ . _ _ . _
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l' Weld Rod Control

2 Q: Do you have any comments regarding weld rod control at Comanche Peak?

3 A: (Mr. Stiner). Yes. My concern with weld rod control is that if a

4 welder keeps-his rods out longer than four hours, the electrodes will absorb

5 moisture'which creates a bad weld. For instance, one time I was working on

6- a hanger on the Turbine deck. I had taken all of my rods out of-the heat

7 can and took them with me to the Turbine deck. As I was repairing a weld

8 (I should say covering up a bad weld), an inspector from the NRC came up

9 to me and asked where iny rod can was plugged in. I-told him that it was
10 located clear down at the rod shack but I could show it to him; but he said

11 it wasn't necessary. However, if he had checked, ne would have found out that

12 the rod can was not plugged in. A common practice of the welders is to take
.

'

(jl3 all of their rods out of the heat can and take them with them, and if asked

14 why their rod can was not plugged in they would say, "Well, I haven't had

~15 my rod out of the can longer than four hours".(which is not a violation of weld

16 rod control). But many welders most of the time didn't even put the rods

-17 in the heat can to warm them up. On some occasions, the rod shack would

18 issue rods straight out of the.open cans that were still cold.

19 ~I told NRC investigator Mr. Driskill in our initial meeting that
.

'

20
| if he would go out there, the only way to catch the welder was to find the rod

~21 cans unplugged, then record the can number and time by visually watching

22 the can to see how long it took.for the welder to come back to the can. And3

-23 he would have seen'that the rods.were out of the cans forIlonger than four

'24 hours. On some days I have seen approximately 50' rod cans unplugged at the

25. ,4 -same time. Welders will keep rods from one hanger and save them to do repair
V '

u
-
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1. work on other hangers, and after the rods have set in the welder's tool bucket

~

2 for two or three days, they absorb moisture and the flux becomes contaminated.

3 I've seen many welders do this' They have very little control over the stubs.

4 that are supposed to be turned back in. Welders even loan rods out of their

5. cans to others to do repair work, so the welder won't have to get rods issued
~

6 from the rod shacks. This is why the welders save a few rods in their tool

7 b'uckets, to avoid returning to the rod shacks.

8 Q: 'Were you ordered to do this?

9 A: No,'not'directly. The welders do it for convenience. They are

'10 under so much pressure to get the work done and get the hangers up that

11 they try to do anything they can to speed up their work. So even though

12 nobody tells the welders directly to do it, it's encouraged because nobody
-l 1 .

V 13 ever really checks on it or makes a big thing out of it. Everybody knows

14. it goes on. It's sort of a monkey-see, monkey-do sort of thing.

15 Q: Mr.s. Stiner, do you have any comments regarding weld rod control?

16 A: (Mrs. Stiner): Yes. Weld rod control is a very important problem

17 at CpSES. Moisture content is very important concerning the quality of welds

18 made_ on pipes and supports at the plant.- When rods are drawn for a particular

19' , support, a reasonable number is drawn to' complete the hanger. When the job
'

20 is completed or at the end of the work shift, all rods are returned to rod

21 houses and all rods or used stubs must be counted and. accounted for; this

.22 is the way it's _ supposed to be done.' Without this. counting of rods, there

.23 is no way to assure where these . rods are used or whether they are ever. returned
'

'24 to the rod house at all.

ry25 Q: Is this the way rods _ ara actually controlled at Comanche Peak?
%J

.
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1 A: (Mrs. Stiner): No. For example, on Hanger SI-1-035-032-535R,

2 this support was referenced in my testimony because the design of the hanger

3 doesn't warrant the number of rods shown to have been used -- not even it if

4 was taken apart and rewelded over again. I have personally found bundles

5 of unburned rods wrapped in. a rubber band and put. in an area for safekeeping

6 and for future use. I turned them in to Harry Williams, who told me to take

7 then to the area foremen and ask 'if they belonged to them. it doesn't stand

8 to reason that they would acknowledge the fact that they belong to them even

9 .if they really did. Everybody knows this sort of thing goes on, but the

10 forenen wouldn't. openly admit it. It seems to me that Mr. Williams should

11 have known that.

12 When I started in Class 5 inspection, the rest of my group and
,

,
V 13 I were instructed when doing an inspection that had partially been cut down

14 and rewelded with no IRN (Interim Removal Notice, which is required by pro-

15 cedures) in the traveler package, there was no need to verify weld symbols.

16 I would like to point out that if.new welds are made on the support and

17 old weld symbols are not removed, QC would be likely to assume that they

18 still had rods burned on the hanger, making it impossible to have rod

19 traceabili ty.
'

20 Moisture content, as stated previously, is very important in weld

21 filler material. Welders at CPSES check out rods from rod houses where

22- cans containing the rods are to be kept heated at all times. E-7018 type

23 electrodes can be exposed in an unheated atmosphere for not more than four

-24 hours. This is a conmon type electrode used onsite. In many cases, the cans

g 25 are never. plugged in at all. Even if welders do plug in their cans, many
a >

%.)

. . , ,
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1 )
I times they remove all the rods and carry them around in their stub bucket

2 so they won't need to ' crawl down off their. scaffold in order to get more

3- rods.from the heated can; the point being that even if the heat can is left
,

4- heated, the rods are still subject to moisture contamination because they

5: are not in that heat can, but rather are in an open stub can all day. Also,

6 if a welder drops some rods and can't find them, who knows what they will

-7 end.up being used for?

8 I h' ave even personally witnessed an employee drying his dirty, wet

9 -socks in the large stationary rod ovens inside the rod houses. I certainly

10' don't think such a thing is helping the moisture control in the electrodes

11 a t all . Workers also heat food inside rod ovens. Also, jewelry and ashtrays,

12 etc., are made onsite frequently. I was instructed by my foreman that Hal

(4
,

)- Goodson needed some ashtrays and told to make them. I did so along with a

14 fitter. I personally delivered them to Hal Goodson. If rods were controlled

15 at CPSES, how were rods obtained with no requisition? I simply asked for

16 - them for Mr. Goodson's ashtrays.
.

I17 I think that the Board may have misunderstood that when welds are

18 'made using rods contaminated with moisture, porosity results from this and

19 inner passes containing porosity would be covered up. If electrodes contain-

. -20 ing moisture are used, the. weld is going to be as bad in the root or inner

21 passes as on the cap. Inspection is not done on the root and inner passes;

22 therefore, this condition would be covered up. Surface examination would

23 not show any inner porosity or anything else. . This is confirmed by what

'24 the Applicants said in their July 15, 1983, Summary of'the Record Regarding

25 Weave and Downhill Welding, pages 12 and 13. Although they were speaking
,

\ v/.

.
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1 . about Applicants' Exhi, bit 141H at pages 4 and 6 in regard to downhill welding,

.2 it'also applies here:

.3 ".. . . it is clear that the cover pass is the . finishing layer of weld
material which covers .the underlying wel'd layers. Thus, viewing the

.4- wsid from ~ the top, the weld passes underneath the cover pass are com-
pletely-covered and not visible-to one inspecting a finished weld."

5 .( Emphas is . added. )

6'

:7
,

8 Plug Welds

9_ 'Q: Do you have any further comments you'd like to make about plug welds?

10 A: (Mr. Stiner): I was also instructed by Fred Coleman, my foreman,

11' to' make plug welds on holes drilled in the wrong place. I~ don't remember

12 if I made it. clear.that these plug welds were made in the cable spread room;

[) -I made' 20 or 30 at least. There were never any QC inspectors present before

-14 or after and my foreman would run watch for QC while we did them. I also made

15- plug welds in other safety-related areas in the plant. I was told to grind

16~ the plug weld down to the top of the parent metal and buff the surface.so

-17- 'you could not tell it was there, then take a can of grey paint like they

18L use on the metal and paint it so no one could see it. This-is what all
~

-19 or most of the welders do. They all know that it is not allowed by the

20' - code, but ~to keep their jobs-and to speed up production, they do it anyway.>

21 -(Mrs. Stiner): I would 'like' to add a couple of items on plug welds.

-22 I feel this is a very important issue because when plug welds are done, there'
.

23 is slag entrapped inside the welded area. I don't personally, through personal

224' experience, know of any way to make a plug. weld without entrapment of slag.

One side.is welded, then flipped over.to make the other side weld. When
'

,

.

?

O
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a
1 side #1 is welded, slag rolls under and gathers on the bottom of the weld.

2 The piece is then turned over and you have to chip out the slag as best

3' you caa before finishing the weld, thus entrapping slag which is held in

.4 cracks, etc. I have made' plug welds under orders many times. I have never

5 'had QC, check on the plug welds I made and I also have s.2ver drawn special

C 6 rods for this purpose. If I was welding on one hanger and the foreman brought
-

7. ~~a piece requiring pluging to me, he would tell re we didn't have time to

8 draw one rod -for this and to just use one of the ones I already had. I

9 don't know where all of these plug welds are now in the plant. I did most

10 of .them on fab tables and wasn't told where they were to be used other than

11 .what class hanger it was. We g'round and painted the surface so QC would

12- not have 'been able to detect such a weld.
,\ .

L)
'

14-

15

16 . Q: Do you.have anything further to say?

17 A: . (Both): Not at this time.
I

18

19:

- >. 20

21

. 22.

-- 23

24
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.
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. EI son 1/2 mas Oser 112 ma ems hem pmums

-

4.4.6.3 ft:in :12 7 mmiin the scruealpoutio,
l N=s

^
i 1. Codemn A Ehr.1ades ests cd so averern in keger 4.6.7 The maumum thicknest cf layers whequent to

* 'd permsh nun sho. sult te rear.rJ tw(m use root puses c4 grome and 6ilet me!Js sh.all tie.
. ,

, g 2. Cedema a Droi.*s estwed u ams.irhrn in k eger 4.6.7.11/8 in. s.1 mmi for subcquer.: layers of .el.is ' f'

| permmh than om=c esatdared h ersnes sha:t te redr e4 rv. mmc in the flat pos.am d-9
g g! We 4.6.7.2 N16 :n e4 mmi for s.uSequent inen of =<Un
'c g mmc in the sert ea!. oserdeM. cir bortaccul pouuons

4.6.8 The prog rision fc r all passes in sertseal roution rI h
kg4J.4 Rndr? c6 Deetrodes. Electrodes that conform to welding e.all N up a:J. eseert that ururcus mn NI.

the punisicwts of 4 5.2 thall subsequently be reJried repaireJ s crti. ally ko n.arJi m hen tweheal is in recvJ. %-
; no more than one nme. Electrodes that t.ase been =ct anec wi'h Table 4 2. twt ru im.cr than "*? F dl* Ci 7
| / shall ra be used.

'

He.cser. hen tuMar preets are cided. tre pay p-

' ''' # ' "" # # ''#I **>'* #'''# "d"'"''"' I.4.5.5 E 4.c ..T Certinc: tion. % hen reduesteJ ba
'

.~ the Engineer. the corrnetor or fabricaior shall fumiih
"

"

6'
an electrode ma nuf acturer's cefu6 cation that the e ketrMe [taill meet the respiremevita of the cluai6eance 4.6.9 Cor pletepaipenetnuon gTom e acus wtaje mith. g:

c%t the use of necl t.ackia; sha!l hee the rtet powged,
,.

-*
to sounJ meul t=cfore melWr's n sur*.ed f rorn trwe sescrW

--
'

4.6 Procedurc5 for 9dthleil # # # '' I'" D
,

3 Mgg) M Wg.[g I

r.( '

' ,

; 4.4.I The meri shall k posiuoned for nat peuuon uclJ. pgn C -

.
**E ' h''''"' P"**' ' ' Submerged Arc Welding
4.1.2 Tbc classincacces and uze of electrcue are leegth.r ,

y vc4tage prd ar iperage shall be suited to the thiek. ness of $P'the masenal. type of grome. mel6rg pe.aiuons. ard
echer etrnamstances arterdarig the mort w lding current 4.7 General R09ulrements [

.

e

-

shall be =tthin the range recomrnended ty the electrode L
gg.,y g 4.7.1 St.bmerged ar meldeg may be periomed with p

5 one or mort singic electTees. one c.t mort paralici eleo (g's JAJ The masimum diameter of electrt* shall be., trodes. cr ccenbinsuons c4 ur4 e ard paralici ck<trt*s (.y 31

as(d k= s-
"b

7 The spacirs tri.een aru shall te such that the its3 corr yy
' 44J.I M16 in. 4 8.0 mm) for s!! = elds made in the mer the meiJ metal reeced t y a ncMing art does ra s M.N f)st pwuon. e acep fra pse cool suf 6ciemly to perwnt the pmt er =tM detout d a b'i

7 4.4J.2 ||4 in.16 4 mm) foe hornerita! 611et meld 2- follo*ing electrode Submerged arc =tuing ith r wl. $44J.31/4 in. 46.4 mmi for rocg panes of Glkt opic cleevuoci may te saed foe any groet ce 63 ket^

Aq--'

melds mada sa the flat posroon and grtue = sus mmc meld pasa. Ci

't is the flat postoce with tincting ard with a root cren-
i 7

,

f gag c(1/4 a. er mat. Il Lee Arveds ! J
's

N,'. .

2m"
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3 m ans u
4 .

n i peneu. tim g- =ces ,haii h,,* 5.13 Records
lh.

the destgwed effective throat.
'

,

Q) Fdict =ekh shall han fussin is the runt of the ce s the test muhs shsU te k N h the manc y4 pint. but non necessarily beyard.
$ On Minimum leg sue tham meet the speufied fillet f

I"""'"'"'' 'h 8 U D' '' ' ' * ''' 'h"*
a uthorized to e a amine thema g t

64) The parttal pint peneironon greme *cids and 6
fu kt =tids shall: 179

[ (a) Haw no cracks. 5.14 Retests $W
(b) Haw thorough firson between Mjat ent Isycrs of

p9
..

weki rnetals ead between =tM rnetan ard baw metal- "") * '#"' men cf au tw inud faits to meet the 7,tel Have weH pro 6ies ecmformitig in intended de.s '

#" * * * *#''' ' " ** P'" # "|' ' '7 P' N hI taal.be w ah oonc of the sariatrms tvohibited en 3 6
. (d) Have no urderent eneceding the ialues permit. icu smimen may te perfo med = n n specians cut frwn q
j ,g ,,9 3 g the same prucecu e quahfeaton maserial The towns d y

toth tesi specirnens must rneet ihe tesi requirerrena For K
, S.12.4 AllMeM. Metal Teesion Test ie+eeiroslar and material oser 1 1!2 in i3 .I mm) t.sk. Iadure of a spec.

electroops,. The methanical propertes shall te rn lev. enen shall reywe teuing of all specimens of the ume <

than itme specifed ta 4.16. ty P: from ee n Mininnal locasenns in the test nu:enal .

E 3.12.5 NC.cdet Te:ths. For accepabk quahfi. I
? estxm. the weki, as revealed by reographe ult r a.

mac e sting. shall conform a the requiremenn of 31.15. ;

9.25. oc 90.I7. = hetever is a;plicable. .
,

U
f. 5.12.6 Visuallespectioo-fye and Tobing. For au e n.
e able cpahfsstum a pipe = tid. = hen inspected usually. 1

shall coeform e the follo= uig requirers.ents:
,

F{f.
,

(1) The =tki shall be free of t racks. gc h
c

(2) All ersten shall be filled to the full truss mton
, a the .eu Welder QucEfita: ion g

0)The face of the =cid shall be at least Gush = sth .i_,

',.
.

the outsa$e surface of the pipe, and the me!J shall merye O
stoodly = tth the base metal.1,'rdercut shall not escred 5.15 General i
I/64 ts.10 4 mm). Weu reinforcemeri shall rot ei6eed p*

The quhficatwn teus dnerited in Part C air spersally f**3
.

f desised inn to determme the utider s abihty to producee

b 14 sour 4 urus Tre quahicaton enn are raw irwerced m
5 Pqw .aH t h r k men. Reit.fursemeri m*

O)
bi- M as a A for meldir4 Mng ml pru .

" '" " ten The latter shall be performed in acco :1a nce = s h
l

*

3.1 (9 is or bru 3,32 2a the requiremenu of the procedur; specifwaton $.

( . Owi rs e 3 d if 9 0 s inel lia 12 g
i

,

owr 3a 3 is aa nd
i

t :- O
? 5.16 Limitation of Variabks "i

I
|
, -

i'

' . a H) The root of the = eld shall be inspected. and thert ,

shall tr rio evaience of cracks, sneompicie fusen er For the cunh6 canon of a mekser the fotb. irs nJes:' J

h, tami.quzse pint penetraten. A concave root surface is shall a#y:,
-

,

permmed =tthin ahe hmita shown below, prouded Ihe 5.16.1 Quahficaison estsbhshed = nh any one of a& -p

4 mul =cM thchnesa es equal e or 3 ?ater than that of Ihe stetis pcrmitted t.y Ihts Co& shall be corucemi as t.j
." p quahfication to =ctd or trk wtki ar y of tre cdher stects. B4
*

t L1) The maitmum roc < surface co icauty shall be i

N 146 to. (1.6 mm) atd the maximum melt thru shall be 5.16.2 A =ck$cr shall be quahfied for e ac h p tress used. f
5.]6.3 A welder quah6cd for theksed rneul a:e =tk m g bM ** U **I-

M S.12.7 Vie:szl Irspectice-l'iste. For acceptable quab. = tth an cicetrode n$ent26ed in the folk 7.ing taw shan be J
- )h 'i

riemum, the =ewed iest pimu. = hen inipected viinany. conaeered quahr,ed to =eu or =k ==ki = s h w cece g
1 shtJ1 coeform o the requirementa for visual inspection electrode in the same group c-stgnarson afi w it h a ny ;,i

hi923.1. electrode hined in a n umerrally buer g ros:p des:gurn. g'
,

C

| O i
; e
h

h"wt

' 0499 0-9 R
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We!, den Qama!tf'catson Ig1 Da
, "t -

Gamap Aw1 I I7 3 'Ihe *tk er =ho m.akes a compicte josni penetre gdrugma rin e4rmei2r ctsas#. care * txn plut groose =114 gwaeedwt quahfacmon srst thm
,

4

D * * * * **F4 E.XX I5. EX X t 6. E.X X il $n g g g g ggg Freersa and test position for placs ard square ce rec. hc'N F2 EX X I2. EX X I3. E.X X I4 tangular tubirig equi to or less than the thetness of the

,y,A
rit#

FI DX20. E.X X24. EXX27. E.XX 28 8''3 PI"# **Med If th l#58 F 's: rs I la. C3.4 r irn) or4i
,

" '" ' **The kitres XX* ewd in atic chaas(cu na oevgnm em in 'r'4-

r .4_o. .w - -rm. ,o. .o. .. m.- . 'h c h ae ''e ' . T he -* 'd< ' 8 ' '''a a > i> '' ed ',, riiiri 1; -

A .. ,,4 m % .m ,uj. **Eng of plate afd pipe, as show n in TaNe 3.13.

5 52.4 A *tMer quahried with an W electe 3.17.4 The meMer 6 makes a compbe pnt gne.
I

and sAmebei medium combinaron shall be commiered amen gr n =tM pipe peondurs gabriemon ness.o

7 spanhfaed n new or tack eeW sh any other approwd e nhcma backieg sg. Ihm mem De nqwnneen a y
,

*; . ebcirode ord shrung.snedium comtnasion for the dew oualified for thm pmm. His qualificurc mill
M peaccu sned in oc qimahfacatsaa neu. mew the tesa Fosrton fw pspe hawg a =aM ihetness 9

. eqi.a! to or lesa than the wall thekness cf tN icu pte g,,

S.21.5 A chamqr: rn the routxn c4 mtMing to one for = tided. If the test pipe utided n 6 en. (!$2 rnm) Sch. 80
'

,.

", whicts the meMet es not aheady quahfacd shall require or 8 m. f203 mm) Sch.120 piM. he = di be quahred ice
,

; ''

sequahfrunoa. all ihcknesses. Ths =tIder ie aho qu.ahf.ed Ior fdkt '
,

'

Sli.4 A change from one diameter mall pipe grouping = Wing cl @ pipe as n in taw 5.23. H the
shows se htste S.26.1 to ancsher shall requirt rcquah- diameter of the pb see pipe of tutang med rs gehfi- jy:

gq;'
g eation as 4 in. 002 mm) or les s. the quahfacasaan is hmned y'

. to diameters 34 m. (19 mm) through 4 in. (KT2 srrni,
$g;, 5.31.7 When tic gdane es in the witical posnion or the inclusin, if the disneter of pb-sue pipe es owr 4 es.c' '

pge or subing a as th: 5G or 6G ponnion a change m (102 mm). the quahfacarrm rs hmited u a minimum trit i the directaan of wekiing shall require requalificaton. diarreter of gremi.cr than II2 test diarreter cr 4 in 0 02 6
I SJS.S The ornosaan c4 backing muersal in.compkte "

g'$""''$'k 5 E
'

Og_.
* "$ "" ' "'"* '^'" 'pen maoo =cus wued from one sade shan re.

i.e===tm abrc= m
&g} |

gp 5.17 Qs:fficationTests Re# 5.18 Groove Weld Piste QmHGc: tion h!3 S.n. The =euer q=hricmion ieu, for manal a,e Test for Plate of Unlimited p'* ----c =chs shall be as fotWs: Thiekness". 5.U.1.1 Grame =cid quahricamon test for pla:e of
a=1su:rd thdacsa 2The pint cetad shalt te as fotWs 1 m (25 4 enm) '

t S.D.1.2 Groow =tu quahficauon neu for plme of *"ps.e, ung;e.v.gmo,,, 43 oeg incia ang e 14 in
- lasaned thdraess

q i SJ7.1.3 Fdlet =cu quahficaucm nes:s for filkt =cus t6 4 mm) root openirg = nh backing tset Fig. 5.11 Al
For horimal pinon qnlificanon. De pnt detad

?8'NF
(1) Fcr =tus is pints having e dihedrst arg ne (sh of may, at the contractor's option. be as folWs: singk- Ja

WI.g roo 45 des gm angt 14 in. rust weg 4 I- 75 des or lesa, quahrnemon testa sha!! be as required b7
j S.t1 or 5.19. Sach quhreation = di be sahd for fdk: mith backing Isee Fig 5.18B1. Ba:hing must be at kast

' (']
s

3/8 in (9.5 mms by 3 in. C6.2 mmt if radeegrohie
-,

p wMs hmog angles gremer tha n 75 de g
4 Cl Fce =cids in pets having a dihedral angle 14) testirg is used without rtmo.al of ba: king h must be

.

4,

g tar-r than 75 drg and ret eweedin g 135 de g. tesu shall at kast 3|8 in t y I in f 25 4 mm) for rnechanical teuirg .d
:

y gc,r %c3riphic testing after the buking ts remmedte as seguirrd by 5.22.Opoon t or Oprei 2-contractor's Minimum length of melding groon shall be 5 in. b,.,

: f *P''"8 - (127 mmt N$.S 5.11.2 Tir pepe or su5ng quabfcation tests for manual I[- and acmancomme etbeg sha!! te as foibe s: W
..

- s.n.2.1 ormw wu quhre==a seu for t un pnts 5.19 Groove Mid Plate Qun11fkadon q*
, ce pec or eauart er rectangh tsmg - Test for Piste of umited.-

f 5.U.2.2 Ormw =<ld quahriemaan neu for T . K.. or @j tyd:1
h h Y-corrssctams on pipe or equart or rectangular thng DChDes3 [
I, @ S.f7.1.3 Groow ovu quabracataoo nest fee tmst pnta -

y en equare or rsetangular tuhang tested on flat plate The joint detail shall te as folNs: 313 in. (9 5 rnm)
'

.,

} ,

,
~

" ,

3;,

21 ' 0500 #U
-

IM~

l_ ;

_ _ _ _ _ - _ _ _ _



+$ g%** ATTACHMENT B
*

,. ga.,,rs.,

> $ :W #V..,.

# (< ' $
g$ $ "^

gi

t E $
%s% 1 * /

E% % g f

i

m. ,....s,- gsvi
r..
-:.$ .c. ;

b.
: ms a mw

.,ei4 ??,.;.', -' %.**'|g.:.n' ') \ . ;. D ,. -
... g %s *

||(. |[[ ,.@I' ,.|"Q. [n',:$ [. 6s.*,.) ? * * * F ';' 'kfJQ.f
f

- m
. g

|-&

f_Q.J.),.g|[L.c||
*

- i '

%!N.'%:(;f.?4 x _ j
. _

|'* f"-
_

Q : .

..,. 7:. M ' ,(, .I., [AD 4 # 9. [-'. _ . .. [ . p,. . , y ( g%: .y 7
"

. 1,, ., . . . , . . < ,; .a. :. L' . . . s- ,,

. . -
. ,.,%

,. .
~ N.{. f. ., '.'f.'.?f ':c.|' .:.;:_':,:; Nh. K..f . ..~~~',h , ( A .E.f~~G i

<. ' .3 ', ., . t. , - ,- w . . ... , 4:. 4 ;
.

. .-.-

- i.ug@. . ,. : , AM. ;gG. ;. . . * . :..- .-

..

. ,L. .~ . f' * ^ ,b .[. ; y ;3V.; : - ., :
.,

1
'* b |f. f ''_ .}f : ?,5 . ,f- , i.

%. . {; ? gT .: s.. L ,, ; ' n ' .L n ' ,- f. < * .(, ?, . .| -%. : r .n- . . .

. e^ ' , . , , . < ' . n:,",W ;Y~. i.- .*#. ". W .*
;s

.. . R .. . gV;
%.. . . .i. Y %r ' fy 4., . : .p'- ? J';W,w":L, j % ' 4.e,m:eit.<;q G.?; * :: % i '. 7.L ': ::..f'. W ? - /: L

.

..

n . .;, ? 't , :"'p . . - %- * . .,. a
Y,.- %.,.:w. 4 ' p;i d .V..*,,. ..; t.:. ~. . . . .R. ~ . . $.1.-

~ v a.

v ~ Q;.tr..yk s.
- .- .~ .

.,

~. 9 .gf. .. %. >..e.'.'..".
; 4

.~
.-.'; j6; . y :.-+ : .r. ;.

. . . .. . . . .

: ' V %.s .4 h,y y. a .. .C ' ,av .'. +

3* %;. C;:.;, .
. ,

~., , .

* - '

h(f.%y|(,1)N[p;:
;

q.4, f,&a,.. ..|yN[ . ' . %
( .. . Q . .:n. - .

: 4., ;

,0. . gs 3 ;. *
h, ]'.

,. , . - . > . . ?u-- -

; .:
. e - -

',y'? - f ~' . ' .P

ya..?:: -[ ^ |4.): . ;"--|'r,f (W' ?;.,0_$".' i ? ? ?, Yz \ |g. , ',f .9 .f'} '., .'- |AW **.,'.c,.Y*.'. 4.O:;L.'' y.','_?<y'. |i_ :,,.'.| [ N. ' V [.L.j ? *f }>

. . . - x ,. v. ...

W N:J.Q# ? . fQ']. {1:' is:...'N;.j;f f 1
41 .- , : '% ^. ' s ;;- &|% ' % N' . .f

*,Q ". ;.

.Y;| :'. .*
. . . a,, . . y,. .}: .

' . .
. .

'

.. , - &; %f,,%.;Q}.|Y..'|f,G. ... . . . . .
- u , .. s .:e ...y .

s c :. .t . u . . .
p.

. k. ..;kf: f;b,k|.?. & |' _ q';';;s|. 4.] | '*& - h: f? I {. .$ ." .'i. Ti * ^' ';:' V .:? G ';'..?.y +$|$ $fDii;
-

; Y ','./ , gs. 6->., ale
.y , ;9 ;;-R . t R: | ''', .~.,h -| ' . b

. ~ , . ' . .d. | ~.'.

' % ? ':.D;fe_ .' ^ $,1 ? ' .: , , ' '1:.K i;.Q : ' )

k .; a.h ;a ': . Q f q.. .:.
-

. % :;...;~ *L . g ; ,u . . __ . ; Q t .,;::; . :A_; t
.

'

._yt y+:;,._g y
;Sq : ';r A c i.4 _ - : .

.K.~ = , %, $~: . , :?
Q}x , ,' .n

,c - . -: + : . s , L. . .s :. '. : t* . , ' . , u : . .
'

' : y,. : . . ~. .: " . g,.g ; ,. v -; ---. .- . . , . t;;; .: - .

.

Q .. > . 3 : : ; . > .; ,..
x:... ;..

.

,4w. . > . -

ie. |d *)$&' 77.%w..
.9 -/q.

.- .

-

. :. :
. .

, .. .
..

w..y

%m'j::.,f,&. ..
* y .., % ;r~.- %-; D' ' ' a.. 7. : ' -c ,: . . .

T Q '; y ~y# ,[; . 4:: * ':*p \'% .-;Q; w% 1.^
| .: e - :.'. - :'.-4p3 f.

y%. & ~.a
v J. . ;~. ,4., ;

.n . r ,-0 . %; | :
'

:y)< ., V Q .y]s;J''- [.
.

, . - ..r.- ..t-
.

. . . .
'.:.y.s . . c.

-

% -|.f:*j;. $s ....
. .

.

'; ' ;%G '.': ?a::4' ''i' %* ,'' -

3;'i .* , ,'j f.'.b, f;W:y. :
' '

.

D _,., A L.r.,a . : , , yt _ = y, f._gg 4. ' < %.

W''y% . <;' y;; cy .;;,4_ ? y .W .r ;,t,. . %. g .h .
.s.. .c:

'

:.,::
,

y. . g . . y .;-|. : > l '.b .1: q ,:,.?,:p. 2:
p.; .| *^w%:. M T .p n p ': - / .. V '.*ca : -; - v' p ~ < ' s-:

.. .g h ". yy , . J ;g. n,. ..-#1 9 .+. i: . ; Ag ::.c - . , ' :

.....,4tTO),y[,,,.,y-h 'k h.n f.N%EDT;h]. h.h_phdM. ' i

.
.

, , . .
. . ,..'c ,

g,Y 7 7 '.,g ;q% ? 4.w, .. 4' . .w,;! p' . pp ph!.y... . g s..

,;).) W.m v... .; . . . . , . , .

&~,Mf|.[N%g:sy[.
. .

.' .:~. ;* v. ;.. i n w ..:y.
.

.:
.

k;{. .

Joseph W. Giachino, William Weeks
Western Michigan Unwerssty

Kclamawa, Michigan

( Amencan Technical Society CHIC AGO. ILL. 60637



.

ATTACHMENT B
-

,

O.
.

-

s >
.. $

,

.

introduction to welding

GAPTER 3 =eldias metallur9y ,

,

In preparing to become a skillful welder you welding techniques. These properties can be
should become familiar with the effects of heat defined as follows:
on the st'ructure of metal and with what happens Chem / cal properties. Chemical properties
to metal when certain alloying elements are are those which involve corrosion, oxidation,

added to it, and reduction. Corrosion is a wasting away of
You will also need to know what safeguards metal due to various atmospheric elements. Ox/-

v must be followed in welding metals because dation is the formation of metal oxides which
application of heat during the welding process occur when oxygen combines with a metal.
may destroy the very elements which were origi- Reduction refers to the removal of oxygen from
nally added to improve the structure of the the surrounding molten puddle to reduce the
metal. For example, metals expand and contract, effects of atmospheric contamination.
thereby setting up great stresses which often in any welding situation, it is important to
result in severe distortions. improper welding of remember that oxygen is a highly reactive ele-
stainless steel may result in a complete loss of its ment. When it comes in contact with metal,

corrosion resistant qualities, and welding high. especially at high temperatures, undesirable ox-
carbon steel in the same manner as low-carbon ides and gases are formed, thereby complicating
steel may produce such a brittle weld as to make the welding process. Hence, the success of any
the welded piece unusable, welding operation depends on how well oxygen

T/ fchapThrdeats,vrtttube-metafibfgheld- can be prevented from contaminating the molten9
irtyMmtws the formation of impurities and the metal,

effects of heat on the chemical, physical, and Physica/ properfles. Physical properties are
mechanical properties of metals. those which affect metals when they are subject

to heat generated by welding such as melting,

N'"' point, thermal conductivity, and grain structure.
PROPERTIES OF MATERIALS .- Solid metals change into a liquid state at differ-

ent temperatures. When cooling from a liquid
Chemical, physical, and mechanical proper- state the atoms will form various crystal patterns

ties have a very significant influence in any (lattices). The strength of a weld often depends
welding operation. This will become more ap- on how these lattices are controlled and how
parent in later chapters dealing with specific much heat is necessary to produce proper fusion

19
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O . of metal. Equally i.nportant is being aware that ;' yys.wyngd,,
b N*m. , b,y), ,,

_ b' M! M.'F A N'some metals have a high rate of heat conductivi-

I f' R ' l ' ''yN"Q' ],CEbt.f ~
, ,

~ '

. ' ?WQ g~, : RE.Yty while others have slower thermal conductivity. ,.

Also a welder needs to understand how heat will ;
'

'- '

f} p*, '*
'affect the grain structure of metals since the *

[,?C. .
.| y d ',I~ d *hf (|grain size of the crystalline structure has a direct j ,

bearing on the strength of a welded joint. ' . ., ' | |?' 3P ' , , . '; 9 ,

Mechanical properties. Mechanical proper- 'f s Y '

ties are those which determine the behavior of |,

metals under applied loads. These include a I

wide range of properties such as tensile | |
strength; ductility,' toughness, brittleness and i

Iothers, all of which are extremely important in
their relationship to weIding. --- -

,
---

[
STRUCTURE OF METALS

.

*ey , *

When you examine a polished piece of metal I. ;.;,,
,

under a microscope, you will see small grains.
9 "" " " ' ' ' " W " 'Each of these grains is made up of smaller 5ic s

g particles, called atoms, of which all matter is *

(] composed.
The grains, or crystals as they are of ten called',

vary in shape and size. The arrangement of the <-- - - - -

atoms determines the shape of the crystalline '.

structure. In general, the crystals of the more J '. - -/- | .

common types of metals arrange themselves in !-
| |

three different patterns. These are known as |
'

.- .

space-lattices. L | | |
A space-lattice is a visual representation of the | | 1,- j

orderly geometric pattern into which the atoms ,gj ,J.----- - - - - . - - _V - --

of all metals arrange themselves upon cooling h -| /| .. ,

|.from a liquid to a solid state. f '','| *

I[- | | h,The first type of space-lattice, illustrated in
Fig. 3-1, is the body-centered cube. Here you will '/; |

.

find nine atoms-one at each corner of the cube /! /3 !,,

and one in the center. This crystal pattern is -- -( .#1-- - ,+ - - - - - --- -
*

found in such metals as iron, molybdenum, j/j /
chromi0m, columbium, tungsten, and vanadium.. p'i

' - - - " '
The second crystal pattern is the face- j T,j ' - ~ ~,- "

centered cube. Notice,in Fig. 3-2 how the atoms { ,/ /- -

''are arranged. Metals having this space-lattice T h
pattern are aluminum, nickel, copper, lead, plati- ,-* ' - '

num, gold, and silver. " ~ - - ' - - - - - - ' - - - -

p The third space-lattice is called the close
Fig. 3-2. TI,e atoms in a face. centered cubic crystal assumed packed hexagonal form. See Fig. 3-3. Among the this arrangement.

- - _ _ - _ _ - _ _ _ _ - _ - _ _ - _ - . _ _ _ _ _ _
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..

m --. m. pq . tern Some metals may even change from onep
7 ',, p:#dMNO -;U ,, g@!ty crystal structure to another crystal structure atV y

#
q q. sy.* * # ' %,. 6*. - various temperature levels. For example, iron

( l l'' ' :@ -N % ypt ip Yb when heated changes completely to a face-
'

' d' g% Pip 'W"- centered cubic structure at a temperature ofi(j' '. ,

j
,. ,' ./ .- p{ . , . , . . . [ r.-

'

energy (heat) to the air and walls of the contain-

1670'F [910*C).'O
'.4::N. ,

As liquid metal is cooled it loses thermal4 iv. . ,.

'

.,,

k .' !
g'- g.

f.! er. At the solidification temperature the atoms of;s ,

|. | the metal assume their characteristic crystal
,

| | | structure. Crystals begin growing at random in
I the melt at points of lowest energy. If the rate of]-i

| cooling is fast, more crystals will form instanta-| F,
,

| ,- ; N | neously than at slow rates of cooling. The more'

f {' }
- crystals that are growing simultaneously theI

( , - -( finer will be the grain size of the metal.? .

! : Grain size is important since fine grainedr .

su h | steels have far superior mechanical prope tiest

| than coarse-grained steels. Hence, it is impor-L. i :.

I, | ,. !' | . tant for a welder to preserve the grain size of the

| | -| -| parent metal. The use of excessive heat leads to
'I ,-( '1 a slow rate of cooling, thus producing coarse

"f
9' ' " " " * *

y ,-* y ,.

c -- -- .(9, , . .

. ' . . .- ..

U Heating Effect on Grain Structure of Steel. - - -

rj When steel, which is carbon and iron,is heat-,g ,

Qf T ed from room temperature to above 1333' F
! - [835'C], the pearlite grains change from a body-
Fig. 3-3. This is the arrangement of the atoms in a hexagonal centered lattice to a face-centered structure,

close-packed crystat. Such an arrangement of iron atoms is known as
gamma iron.

What has happened is that while the steel went
through its critical temperature (temperature
above which steel must be heated so it will

metals having this type of crystalline structure harden when quenched),- the iron carbide sepa-
are caemium, bismuth, cobalt, magnesium, tita- rated into carbon and iron, with the carbon
nium, and zinc. d;stributing itself evenly in the iron. The material

Metals with the face-centered lattice are gen- is now called austenite..

erally ductile; that is, plastic and workable. Met- If the heating is continued beyond the critical
als with close-packed hexagonal lattice lack oint, the grains grow larger or coarser until the
plasticity and cannot be cold-worked, with the melting point is reached. When the steel melts,
exception of zirconium and titanium. Metals with the crystal structure is completely broken and,

_

body-centered crystals have higher strength but the atoms float about without any definite rela-
lower cold working properties than those with tionship to one another.
the face-centered pattern.

~

Crystallization of Metals Cooling Effect on Grain Structure of Steel

p All metals solidify in the form of crystals. Each ""If ybu coolYmetal from a molten state to room

-( metal has its own characteristic geometric pat- temperature, the change that takes place, under

.

| -
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- *
.

proper conditions, is exactly the opposite of very brittle, known as martensite. See Fig. 3-4. $
what occurs while the metal is heating. Martensite is the constituent found in fully hard. j-

As the metal begins to cool, the crystals of ened steel which is hard and brittle. On the other ;
pure iron start to solidify. This is followed by a hand, if the rate of quenching (cooling)is some-

,

crystallization of austenitic grains, and eventual- what slower, the structure will be much more jly the entire mass becomes solid. ductile.
|During the range of temperatures at which
I

various stages of solidification takes place, the
,

metal passes from a mushy condition to a solid
solution. While in a mushy stage the metal can
be shaped easily. After it has reached a solid IMPORTANCE OF CARBON IN STEEL
state, even though the alloy is still hot,it can be
formed only by applying heavy pressure or ham-
mering (forging). Carbon is the principal element controlling the

With continued cooling of the solid metal, the structure and properties that might be expected
austenita contracts evenly as the temperature from any carbon steel. The influence that carbon
f alls. When it reaches its transformation temper- has in strengthening and hardening steel is
ature, the temperature drop stops for a time. At dependent upon the amount of carbon present
this point there occurs a rearrangement of . and upon its microstructure. Slowly cooled car-
gamma iron to alpha iron as well as a separation bon steels have a relatively soft iron pearlitic
of iron carbide and pure iron into pearlite grains. microstructure; whereas rapidly quenched car-

The transformation of the metal from a liquid bon steels have a strong, hard, brittle, marten-
to a solid is important because the proper rear- sitic microstructure.
rangement of the atoms depends on the rate of in carbon steel, at normal room temperature,
cooling. If, for example, a piece of 0.83 percent the atoms are arranged in a body-centered lat-
carbon steel is cooled rapidly af ter its critical tice. This is known as alpha iron. Each grain of
temperature is reached, certain actions are ar- the structure is made up of layers of pure iron
rested before the pearlitic structure can be (ferrite) and a combination of iron and carbon.
formed. The result is a metal that is hard, but The compound of iron and carbon, or iron car-

bide, is called cementite. The cementite is very
hard and has practically no ductility.

In a steel with 0.83 percent carbon, t,he grains
are pearlitic, meaning that all the carbon is
combined with iron to form iron carbide. This is
known as a eutectoid mixture of carbon and
iron. See Fig. 3-5.4

^

If there is less than 0.83 percent carbon, the
K mixture of pearlite and ferrite is referred to as-

[ hypoeutectoid. An examination of such a mix-'

g ture would show grains of pure iron and grains
of nearlite as shown in Fig. 3-6.

t When the metal contains more than 0.83 per-..
,

cent carbon, the mixture consists of pearlite and
iron carbide and is called hypereutectoid. Notice

- - in Fig. 3-7 how the grains of pearlite are sur-
*g rounded by iron carbide, in general, the greatest

~~

percentage of steel used is of the hypoeutectoid
type, that which has less than 0.83 percent '

Fig. ?-4. Structure of martensite. carbon.

_ _ . . _ _ _ _ . .
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*
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N
C ~.-

Fig. 3 5. Here is how the pearlite grains arrange themselves ,,o g g ,,,,,,
in a eutectoid mixture. Planute

Fig. 3 7. This is an example of a hypereutectoid structure.

't 4 a

O-
opO// metal becomes stronger arid harder. lf, after cold

working, the metal is heated and allowed to cool,
the grain size is again increased and the metal
softened.

The grain size of some metals is reduced and
the strength improved througn a heating and-

quenching process. Thus, if a high-carbon steel
, ,

- is heated to a prescribed temperature and then
immediately quenched in oil or water, followed'

by a tempering process, the grain size remains

@ fine. But if you allow the same metal to heat for a
long time or if you subject it to temperatures
beyond the critical range, then the grain siza
increases and the metal is weakened.This pointe

,
.

,f is particularly important to remember in welding'

_
various steel alloys. The problem of structural'

'" " " " "
osaiss or nanute punt leon-

On the other hand, alloy steels are greatly de-.
'

Fig. 3 6. An example of hypoeutectoid grain structure. pendent on space lattice formation and grain
size for their strength. Therefore, ycu must take
extreme care during welding to avoid seriously.

Other Factors Altering Strength and Structure altering a metal's space-lattice pattern through
When a metal is cold-worked (that is; ham- excessive application of heat or improper treat-

.mered, rolled or drawn through a die) the ferrite ment of the weld during its cooling stages to
,

and pearlite grains are made smaller and the avoid this problem.
5

,

.

- - _ _ - _ _ - _ _ _ _ _ _ _ _ .
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Effects of Heat of the Welding Process For some metals, the normalizing treatment is,

in welding you must realize, too, that one edge used. It differs from standard annealing in that
of the metal may cool rapidly, thereby resulting 'the steel is heated to a higher temperature for
in the formation of hcrd spots which cause shorter periods and then air cooled.
cracks or failure in the weld. Also, there will be Stress relieving is a means of removing the
conditions where the metalis in a molten state at internal stresses which develop during the weld-
one point while the surrounding areas may have ing operation. The process consists of heating
a temperature ranging from near the molten the structure to a temperature below the critical
point down to room temperature. This means range (approximately 1100'.*: [594*C] and allow-
that in some areas the crystal structure is com. ing it to cool slowly. Another method of relieving
pletely broken down while elsewhere recrystalli. stresses is peening (hammering). However,
zation is taking place. peening must be undertaken with considerable

Keep in mind that when hardenabie steels are care because there is always danger of cracking
being fused, and you make no effort to control the metal.
the structural changes either through preheating Stress relieving is done only if there is a
or by slowing down the cooling rate, the com. possibility that the . structure will crack upon
pleted weld will be too brittle to be of any value, cooling and no other means can be used to
if a piece of steel, such as an automobile spring, eliminate expansion and contraction forces.
is welded, the heat will remove the springiness Hardening increases the strength of pieces
from the metal. Moreover, you must remember after they are fabricated. It is accomplished by
that if a weld is made on a hardened structure, heating the steel to some temperature above the
the act of welding will usually soften the steci critical point and then cooling it rapidly irt air, oil,
and lower its strength. Such metals must then be water, or brine. Only medium, high, and very-
heat treated to r'estore their original properties. it high-carbon steels can be hardened by thisO is evident then, that in welding any afloy steel, an method. The temperature at which the steel must
understanding of the effects of heating and be heated varies with the steel used.
cooling is important. The tendency of a steel to harden may or may

not be desirable depending updn how it is going,

Heat Treating Metals to be processed. For example, if it is to be
Heat treatment is used to soften metal and welded, a strong tendency to harden will make a

relieve internal stresses (annealing), harden met. steel brittle and susceptible to cracking during
al, and temper metal (to toughen certain parts). the welding process. Special precautior.3 such
An understanding of these processes is impor- as preheating and a very careful control of heat
tant to a welder because often he must be aware input and cooling will be necessary to minimize
of how welding heat will affect the structure this condition. During welding, an extremely
wnich he is welding, high localized temperature difference exists be-,

Annealing is a softening process which allows tween the molten metal of the v, eld and the metal
metal to be more readily machined and also being welded. The cold parent metal acts as a
eliminates stresses in metal after it has been quench to the weld metal and the metal nearby
welded. The steel is heated to a certain tempera- which has been heated a' ove the upper criticalo
ture and held at this temperature to allow the temperature (the metal's temperature of trans-
carbon to become evenly distributed throughout formation). The resulting structure of these
the steel. The degree of annealing temperature areas is hard, brittle martensite. The greater the

_

varies with different kinds of steel. After the hardenability of a steel, the less severe the rate
metal has been heated for a sufficient period, it is of heat extraction necessary to cause it to hard-
allowed to cool slowly either in the furnace or by en. This is one of the reasons that alloy and
burying it in ashes, lime, or in some other insu- high-carbon steels have to be welded with
lating material, greater care than ordinary low-carbon steels.,

- - _ - - - - - -
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Case Hardening you know the strength properties of a metal,you
can build a structure that is safe and sound.Case hardening is a process of hardeiiing Likewise, when a welder knows the strength of

- low-carbon or mild steels by adding carbon, his weld as compared with the base metal, he'
nitrogen, or a combination of carbon and nitro- can produce a weldment that is strong enough

'

gen to the outer surface, forming a hard, thin to do the job. Hence strength is the ability of a
'

outer shell. The three principal' case hardening
metal to withstand loads (forces) without break-

techniques are known as carburizing,cyaniding, ing down.
and nitriding.

Carburizing ccinsists of heating low-carbon
steel in a furnace containing a gas atmosphere
with the desired amount of carbon monoxide. An
alternate method is to heat the steel in contact

nuts, beans, bone, leather or a combination of hYf , . {h6.F g
Ad,j {

, ,, ., ,..

with a carbon material such as charcoal, coal, ih.
, , , .

D-iv

I,N V; . g% :n ; lj
M j.E.[[[}M s ' ~ g-: $!" ]

these. However, modern methods of carburizing g
#

use gas atrnospheres almost exclusively. .

" ' . . -" " "

The piece is heated to a temperature between ;F.n X -

,f5
1650' and 1700*F [899* to 927'C) where steel in h/ g [~[g + ' g

<e ,.

'y 4. g* ([,,,, .
.

, . f .( ;
g-the austenitic condition readily absorbs carbon..

Pf 'V 1 .on its surface. The length of the heating period
depends on the thickness of the hardened case h( '[-, . ).y f '; f . .' 7. M r , g g

.

M A
. t y y .,YOA, , a , ' ('

; , . ;'desired. After heating, the *. eel is quenched, 41 . ' .-T .:

- .
h>

E ,. O N. d} ,-< . . . " -. ~. J .j .qwhich produces a material with a hard surface 3;

and a relatively tough inner core. '

. i ' ' '- - ..

D N"'

Cyaniding involves heating a low-carbon steel
' ' [I. ? 7 ' '' 3.@ hin sodium cyanide or potassium cyanide. The {$d -- -

- .C;- j ;- . ,, ,, ; .- j ;2,cyanide is heated until it reaches a temperature ,

,( 4 c ; , .:,M1 .fg ( yn ' . , , - ,;of 1500'F [81S*C) and then the steel is placed in
the liquid bath. This produces a very thin outer K,d b ,:',Y J' f.yf j3',4 .1,p % [[

'i k 't j''

case which is harder than that obtained by the .!' '
k ;' f

. . . .
. fr *

-

-
-

r .

carburizing process. 4.,..,

Nitriding is a case hardening method which s 5 . '.MT 13 ,b,. 9.4 M f
produces the hardest surface of any hardening , 4 [' M ( j hja.%/4h' )

.

.. ; j' ''

process. Hardness is obtained by the formation p'.' ; .." J.,*4{ , p t. /, 7.

.? ~ .$^of hard, wear resistant nitrogen compounds in -p-

'

htb i %,0'" 'N pbcertain alloy steels where distortion must be kept ;h -
|A" fvl - -k-

: -
., y a P - ,to a minimum. The alloy is heated tc about 900* h; f, ah'"g ~ p k ,,.4

,a v

to 1000'F [482* to 538'C] in an atmosphere of
-

hy.*ni ,W', 7. y , , c

.f.iN' h .
dissociated ammonia gas.

4
|1 ' ,N' " *NLW

y M+ .
MECHANICAL PROPERTIES OF g

~
w

_ gy].-4g" L

F t" *

METALS Y Y . i? :' ' '5 .-I
. ,

.

~

'st
~ ' ;'

Mechanical properties are measures of how S.h- */ .' M ;

1 r
- N i W,| ' .'jd' 1 ' N, N

ft$$frk.n.n .-5$ %dhh.g(|W,,J5 N -{imaterials behave under applied loads. Another
way of saying th.is is how strong is a metal whet;

.

it comes in contact with one or more forces. If Fig. 3-8. Example of stress and strain.

.

- - - _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ __ _ _____
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.

Some of the basic terms that are associated Modulus of elasticity is the ratio of stress to
- with mechnical properties of metals are included strain within the elastic limit. The less a material =

in the paragraphs that follow. A welder should' deforms under a given stress the higher the I

become familiar with them because they are modulus of elasticity. By checking the modulus I. . E
often directly related to his ability to oroduce of elasticity the comparative stiffness of different
sound welds. materials can readily be ascertained. Rigidity or j-

Stress is the internal resistance a material stiffness is very important for many machine and if-offers to being deformed and is meesured in structural applications. ,y --

terms of the applied load over the area. See Fig. Tensi/o strength is that property which resists y:g-

3-8 top. forces acting to pull the metal apart. See Fig. -

.,

Strain is the deformation that results from a 3-10. It is one of the more important factors in r
stress and is expressed in terms of the amount of the evaluation of a metal. k
deformation per inch. See Fig. 3-8 bottom. ;

Elasticity is the ability of a metal 1.o rsturn to its 4 -

original shape af ter being elongated or distort- -

_

ed, wnen the forces are released. See Fig. 3-9. A
rubber band is a good examr>le of what is meant ._

NN-h
-

by elasticity. If the rubber is stretched, it will -

*

.
jreturn to its original shape after you let it go.

W j,..-(^ A' |B -

-

- 7 :_. ' 4 fHowever,if the rubber is pulled beyond a certain * '"'

} *dpoint, it will break. Metals v.ith elastic properties ~ -

react in the same way.
,

Elastic limit is the last point at which a material N ,g .c # ,
|

_

g
may be stretched and st.il return to its unde-

' * t-

formed' condition upon release of the stress. I -

i

i
-

(( I'
*

.,

% W1 [ -

-

___,U,,_. - -m
4~..

. . & ,> ,. . . ,ss; . ,. : .- . .
-

Fig. 3-10. A metal with tensile strength resists pulhng forces.*-

tj

.$ k Mf ,
a. . ,5 .-n

.

h. T;
> ' ' [ pj

. ,

'

'Yg g' .,g.
[ ;

? .u t+

3 - eh , py Compressive strength is the abnhty of a materi-t

,g? 'g p$
al to resist being crushed. See Fig. 3-11. Com-

h. .
. 4 k 4 to the direction of the applied load. Most metals

tr pression is the opposite of tension with respect
F.Q.

y (4tna[ '
e.,

k
i

I ,$ ','t
'

' have high tensile strength and high compressive

.( .; ,< g; l strength. However, brittle materials such as cast)
,

i rQ( '] 'rE 3 iron have high compressive strength but only
I ki -

.

:
' moderate tensile strength.

' "

Bending strength is that qu'ality which resists
. 2 forces from causing a member to bend or deflect

,b, , in the direction in which the load is applied.
t-

x .4.. .x v _ m m . m.m

Actually a bending stress is a combination of'

Fig. 3 9. A metal having elastic properties returns to its ter sile and compressive stresses. See Fig. 3-12

C original shaps af ter the load is removed. top to gra::p the idea.
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Fig, 3-11. Compressive strength refers to the property of .

.

,fff -metal to resist crushing forces. , .

-.

'
'

Qm'
. j.~

$&3, ;' j.M''

'% i V~
..,

Torsional strength is the ability of a metal to |hib - - Q N"

f.{'.| r.eg Eff,)kb
. (*d

f'' E g?](f [withstand forces that cause a member to twist. - ~ .
M .. ,. -'

See l'ig. 3-12 middle. r u !. - - , .- u .

Shear strength refers to how well a member . ,..-[; -h N [.',j sossioN;...f
$,:y.k.{.,,

.

.

! ,[h.qggg h,f}hfiff
.

pj.t 9,
'

can withstand two equal forces acting in oppo- ,

(j, / jfpt;|.9, M ' jf N ,0;
g' i 0'Lt. -: % i ^/. .site directions. See Fig. 3-12 bottom.

fFatigue strength is the property of a material
'U-*Hto resist various kinds of rapidly alternating j| ( v'j

stresses. For example, a piston rod or an axle L 4' i' i

undergoes complete reversal of stresses from I, J ''.|
- g*y,'tension to compression. y4

-

ppm
g,.7./

-

Impact strength is the ability of a metal to j gry- *- ,

resist loads that are applied sudderily and of ten r-ip+ h q..s

at high velocity. The higher the impact strength { .',IfiT r - [nep l.h'

j

of a metal the greater the energy required.ta . , fg.h -p - ,' -pj%$)* ;

? .. "" ;3. [f . "" .i{ '
g.

_

%break it. Impact strength may be seriously affect-
gh%;

, , ,
ofded by welding since it is one of the most struc- :.

d*** ' ~

Ductility refers to the ability of metal to stretch, } -- M'$ . g.-) h'f .!
$ture sensitive properties.

bend, or ttvist without breaking or cracking. See
' /dj

Fig. 3-13. A metal having high ductility, such as Fig. 3-12. Examples 'of bending, torsion. and of shearing
copper or sof t iron, will fail or break gradually as stresses-

-

.
,

_ _ _ . .
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; an indentation made by a special ball under a--.

=

j ) -

.

., standard load, or the depth of a specialindenter
*

i under a specific load.. - ,-

h
-

' ' *
-, . .-] Brittleness is a condition whereby a metal will

jb . ta pf easily fracture under low stress. It is a property
[4.0 k52

' S which of ten develops because of improper weld-[[,h
uw kN[

i S '4 ing techniques. Brittleness is a complete lack of
[(f

.

h
..w ? t '.. 3 ,;, ; SJ. ductility. . . .-

.~
;3 ; -

together with ductility. A tough materiat or weld
is one which may absorb large amounts of ener-

9 gy without breakmg. It is found in metals which (

exhibit a high clastic limit ant' good ductility. '

j Welding materials of this kind must be done with
/ a great deal of care. For example, improper

j application of heat may change the grain size
and carbon distribution in the metal so its inher-
ent toughness will be completely destroyed.

Fig. 3-13. A ductile rnetal can easily be shaped. /Ltalleab//ity is the ability of a metal to be
deformed by compression forces without devel-
oping defects, such as encountered in rolling,
pressing, or forging.

Creep is a slow but progressiveiy increasing I

strain, usually at high temperatures, causing the
1 m

- -/ metal to fait.- / )

| %J /c
Cryogenic properties.of metals represent be-

h w. _.
.

t h;h_ , '
5

" 4; havior. characteristics under stress in environ-M
_ ,' ,

I
% i 7. i,c . ments of very low temperatures. In addition to
k:| . '@,,.e] @g.-yi ef) - % beino sensitive to crystal structure and process-'2 4. -- . .gj q ; . $p ing conditions, metals are also sensitive to low

'' '

.
'

, . i ~' M- and high temperatures. Some alloys which per-
. ;g

-'' '

;, form satisfactorily at room temperatures may fail,

. .<rJ.'f .
~ ^ .. ~'*

g,.j g.. completely at low or high temperatures. The
changes from ductile to brittle failure occurs

'

.@ rather suddenly at low temperatures.
y Coefficient of expansion is the amount of ex-

W fi' pansion in one inch or one foot produced by a
'

L;fIkk,%. ~
s .

d$ | ] 7 v ',, .<-v,:g.y temperature rise of 1*F. The expansion rate of.g,

_N ..

,

y
.. . .-' metals is always an important factor in welding.

Fig. 3-14. Hardness resists peratration.

-

CLASSIFICATION OF CARBONthe load on it is increased, A metal of low STEELS
ductility, such as cast iron, fails suddenly by,

cracking when subjected tg a heavy load. A ohin carbon steel is one in which carbon isHardness is that property in steel which resists the only alloying element. The amount of carbon
indentation or penetration. See Fig. 3-14. Hard- in the steel controls its hardness, strength, andI ness is usually expressed in terms of the area of ductility. The higher the carbon content, the

.

/'
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:,

k ,y . Series . Examples:

p",?. Type of Steel Designation C1078-Basic open-hearth carbon steel; car-
1XXX bon 0.72 to 0.85 percentCarbon steels . . . . . . .

10XX E50100-Electrb furnace chromium steel 0.40Plain carbon . . . . .

Free machining, resulfurized (screw to 0.60 percent; chromium. 0.95 to 1.10 percent
stock) 11XX carbon... ...

Free machining. E2512-Electric furnace nickel steel. 4.75 to
resulfurized. rephosphorized 12XX 5.25 percent nickel: 0.09 to 0.14 percent carbon.

Manganese steels . . . 13XX
High-manganese carburizing steels 15XX
Nickel steels . 2XXX. .

3.50 percent nickel. 23XX WELDING DEFECTS. .

5.00 percent nickel. 25XX
Nickel-chromium steels. 3XXX in the process of welding various materials..

1.25 percent nickel. precautions must be taken to prevent the devel-
0.60 percent chromium. . 31XX opment of certain defects in the weld metal

1.75 percent nickel, otherwise these defects will severely weaken the
1.00 percent chromium. . .32XX weld. The following are some of the principal.

i 3.50 percent nickel. defects that are significant in any welding or
1.50 percent chromium. . . ... .33XX brazing process.

Corrosion and heat resisting steels . 30XXX Gesin growth. A wide temperature differen-
Molybdenum steels. .4XXX tial will exist between the molten metal of the. .... ...

Carbon-molybdenum . . . . . 40XX actual weld and the edges of the heat-affected
Chromium-molybdenum . . . 41XX zone of the base metal. This temperature may

y/ Chromium nickel-molybdenum 43XX range from a point far above the critical temper-
Nickel-molybdent'm . . . 46XX and 48XX ature down to an area unaffected by the heat. -

Chromium steels. . . 5XXX. Thus the grain size can be expected to Le large. ... ... ..

Low chromium. 51XX at the molten zone of the weld puddle and. . . .

Medium chromium. . . 52XXX gradually reducing in size until recrystallization.

Corrosion and heat resisting . 51XXX is reached. Grain growth can be kept to a mini-
Chromium-vanadium isteels. . . 6XXX mum by effective control of preheating and post-.

Chromium 1.0 percent. . . 61XX heating.
Nickel-chromium-molybdenum . . 86XX and Where heavy sections require successive

87XX passes. it is possible to use the heat of each
Manganese-silicon . . 92XX successive pass to refine the grain of the previ-. ..

Nickel-chromium-molybdenum . 93XX ous pass. This can be done only if the metalis.

Manganese-nickel-chromium- allowed to cool below the lower critical tempera-
,

molybdenum . . . . 94XX ture between each pass. High-carbon and alloy
Nickel-chromium-molybdenum . .97XX stects are especially vulnerable to coarse growth
Nickel-chromium-molybdenum . 98XX if cooled rapidly. These metals usually require a
Boron (0.0005% boron minimum) . XXBXX certain amount of preheating before welding

AISI also uses a prefix to indicate the. steel- and then allowed to cool slowly after the weld is
making process. These prefixes are: cornpleted.

A-Open-hearth alley. steel - Blowholes. Blowholes are cavities caused by
B-Acid Bessemer carbon steel gas entrapment during the solidification of the
C-Basic open-hearth carbon steel weld metal. They usually develop because of
D-Acid open-hearth carbon steel improper manipulation of the electrode and fail-

/^) E-Electric furnace steel of both carbon and ure to maintain the molten pool long enough to
V alloy steels float out the entrapped gas, slag, and other

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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O'' foreign matter. When gas and other matte.r be- Unless an adeauate protective shield is provided c

come trapped in the grains of the solid metal, over the moiten metal, gas will enter the metal !

small holes are left * the weld after the metal and weaken it. !
cools. f

Blowholes can be avoided by keeping the ;

molten pool at a uniform temperature through- RESIDUAL STRESSES '

out the welding operation. This can be done by
;

using a constant welding speed so the metal The streng?h of a welded joint depends a great ;
solidifies evenly, Blowholes are most likely to deal on the way you control the expansion and '

occur during the stopping and starting of the contraction of the metal during the welding
weld along the seam, especially when the elec- operation. Whenever heat is applied to a piece of
trode must be changed. metal, expansion forces are created which tend

/nclus/ons. Inclusions are impurities or for- to change the dimensions of the piece. Upon j

eign substances which are forced in a molten cooling, the metal undergoes a change again as

puddle during the welding process. Any inclu- it attempts to resume its original shape,

sion tends to weaken a weld because it has the No serious consideration is given these factors

same effects as a crack. A typical examole of an when there are no restricting forces to prevent

inclusion is slag which normally forms over a the free movements of the expansion and con-

deposited weld. If the electrode is not manipulat- traction forces or when welding ductile metal,

ed correctly, the force of the arc causes some of because the flow of metal will usually relieve the ~
stresses. When free movement is restricted therethe slag particles to be blown into the molten

pool. When the molten metal freezes before is likely to occur a warping or distortion if the
metal is malleable or ductile, and a fracture if thethese inclusions can float to the top, they be-
metal is brittle, as with cast iron.

[jD come lodged in the metal, producing a defective
x. weld. To better understand the effects of expansion

inclusions are more I;kely to occur in overhead and contraction, assume that the bar shown in !

welding, since the tendency is not to keep the Fig. 3-16 is thoroughly and uniformly heated.
Since the bar is not restricted in its movements,molten pool too long to prevent it from dripping

off the seam. However,if the electrode is manip-
ulated correctly and the right electrodes are
used with proper current settings, inclusion can
be avoided, or at least kept to a minimum.

Segregation. Segregation is a conditivn [- ~ ~ T ' -] '; - --~"'~ ;' ' ~ ' ~
where some regions of the metal are enriched I . j g,. ( 4, ,

- ;.g g,, ,
,

with an alloy ingredient while surrounding areas | ..kk. 6 M. u.A. . =., '.; to j (. , J,. M4 .4Wq..,L-

are actually impoverished. For example, when n,;.p. ; E " ~._
-u, u n

- py . , .g
metal begins to solidify, tiny crystals form along . , , , f, %'

' o$M
/

#grain boundaries. These so-called crystals or f
'

dendrites tend to exclude alloying elements. As '. ' ' M.
.

I
'

../ Iother crystals form, they become progressively / ,4'/,

richer in alloying elements leaving other regions ,h-$g y
without the benefits of the alloying ingredients. | ?j . C. ,dehSegregation can be remedied by proper heat i ?: g

;%up.p,r,s
treating or slow cooling. pg 3 j g ggg:gi;-g

nWif w'?.n*
,,.- .. ' C.~Porosity. Porosity refers to the formation of '* n9:N . p . 'm': g' - o :- . .

.:n. q& &o f h g6,f pg.m , y.,
a.- w... + -o

t.iny pinholes generated by atmospheric contam- y,,3;' ;;jy
,3 -

(V ination. Some metals have a high affinity for mv ' * h- " -h %

oxygen and nitrogen when in a molten state. Fig. 3-16. This is what happens when a bar is heated.

.

"

_ _ _ _ - - - _ .
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Fig. 317. The expansion forces are hindered when the bar has restricting forces like this.

expansion is free to take place in all directions. .g
'

, , , . -

b Consequently, the overall size of the bar is in- c,Jg. ... .<,y; .-

..pf h ,.$f/$9t
| hkhj@5$@4*. %3,i~2iM y@Gcreased. If the bar is allowed to cool without

. [,h,, ' y f,,restraint of any kind,it will contract to its original 4 "".;f ;j r%A'- ' " " "

shape. *" '

Suppose now that a si.milar bar is clamped in
a vise, as shown in Fig. 3-17, and heated. Be- Fig 3-18. Tnis piece has been distorted because expansion

cause the ends of the bar cannot move, expan- torces were restricted.

sion must take place in another direction. In this
case the expansion occurs at the sides.

If heat is applied to one section only, the
expansion becomes uneven. The surrounding
cold metal prevents free expansion and the dis-
placemen' of metal takes place only in the heat-
ed area. When this area starts to cool, contrac-,

tion wil! also be uneven and some of the original ever limits it desires. When the piece begins to

displaced metal will become permanently dis-
cool, there are still no f orces to prevent the metal
from assuming its original shape.torted as illustrated in Fig. 3-18.

To show just how the expansion and contrac .- Suppose the break was in a center section as

tion forces affect metal, study the results of shown in Fig. 3-20. Note that in this case the
ends of the bar are rigidly fastened to a solid

welding two different pieces. In the first case, frame. If the same proceiure is used to wefd the
assume a break has occurred in the middle of a fracture as in the first case, something is bound
bar, as in Fig. 3-19. Upon welding the break, the
heat naturally will cause the metal to expand. to happen to the casting if no provisions are

Since there are no obstructions on the ends of
made for expansion and contraction. Since the

the bar the metal is permitted to move to what- vertical and horizontal sections (outside) of

.

- - - - - - _ _ _ _ _ _ _ . _
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Fig. 3-19. In welding this break. expansion forces are free
'
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Fig. 3-20. Welding the frame in this confined portion will cause the frame to crack.

the frame will prevent expanding the ends of the Controlling Residual Stresses
center piece, there is only one direction in which
this movement can go while the metal is being
heated. That is at the point where fusion takes The following are a few simple procedures

place. Now consider what will happen when the which will help control the forces caused by
expansion and contraction:

section begins to cool. The frame around the
center section has not moved and, when con. Proper edge preparation and fit-up. Make

| traction sets in, the center piece will be short. certain that the edges are correctly beveled.

ened. When the rigid frame resists this pull, a Proper edge beveling will not only restrict thej

fracture or deformation at.the line of weld or in
effects of distortion but will insure good weld

n some other place is bound to occur, penetration. See Fig. 3-21. Although sometimesi

\ ) the bevel angle can be reduced, care must bev

%

h

. . - . .
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1 ', Fig. 3 22. Welding near the neutral axis helps to reduce
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Fig. 3-21. Proper edge. preparation will rninimize distortion.
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taken to insure that there is sufficient room in the C-. 2'.? T,.W ' .
, ,..-

joint to permit proper manipulation of the elec. ' " ac.;+
-

trode when doing the weld. - - . . . ..

j Less distortion will occur if the welds are -

balanced around the center of gravity which is : . . . . . . .........;A.....'

designated as the ncurral axis. See Fig. 3-22. top',. Fig. 3 23. Provide a sp.1Ce between the edges to t'o welded
lef t. Furthermore, distortion is reduced if the
joint nearest to the neutral axis is welded first,
followed by welding the unit that is farthest
from the neutral axis, Fig. 3-22 top, right, for each foot in length of thO weld for expansion.

and bottom. See Fig. 3-23 for example.

A On long seams, especially on thin sections, the Tack welds are also used to control expansion

, C) practice is to allow about %" [0.125''] at the end on long seams as shown in Fig. 3-:'4. Tack welds
1
|

|
l

.
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[N , , Fig. 3 24. Tackmg the plates will hold them in position.
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are spaced about 12" [305 mm) apart and run weld is made at the beginning of the joint. Next a |
approximately twice as long as the thickness of few inches is welded at the center of the seam, ;

the weld. When tack welds are used, progressive and then a short length is welded at the end of '
,

spacing is not necessary. The plates are simply the joint. Finally you return to where the first
spaced an equal amount throughout the seam. weld ended and proceed in the same manner,,

A,so, a long longitudinal (end-ways) seam is repeating the cycle until the weld is completed.
| welded before a short transverse (side-ways) See Fig. 3-26.

scam. See Fig. 3-25. The use of the back-step, or step-back, weld-
Minimizing heat input. Controlling" the ing method also minimizes distortion. With this

amount of heat input is somewhat more difficult technique, instead of laying a continuous bead
for the beginner. An experienced welder is able from left to right, you deposit short sections of
to join a seam with the minimum amount of heat the beads from right to lef t as illustrated in Fig.
by rapid welding. 3-27, along the entire seam. *

A technique often employed to minimize the Freheating. On many pieces, particularly
g heat input is the intermittent, or skip weld. In- alloy steels and cast iron, expansion and con-

stead of making one continuous weld, a short traction forces can be better controlled if the

i,

. .
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Fig. 3-26. The intermittent weld, sometimes referred to as the skip we!d, will prevent distortion.
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Fig. 3-27. This is now the back-step welding technique is done.

cntire structure is preheated before the welding with the round end of a ball peen hammer.*

,

j is started. To be effective, preheating must be However, peening should be done with care

kept uniform throughout the welding operation, because too much hammering will add stressesi

f. and after the weld is completed the piece must to the weld or cause the weld to work-harden
? be allowed to cool slowly. Preheating can be and become brittle. See Fig. 3-28.
j .done with an oxyacetylene or carbon flame. Stress reliev/ng. A common stress relieving
i Usually for work of this kind a sec'ond operator method is heat treating.The welded component
- manipulates the preheating torch. is placed in a furnace capable of uniform heating

Peen /ng. To help a welded joint stretch as it and temperature control.The metal must be kept
cools, a common practice is to peen it lightly in .a soaking temperature until it is heated

,
.
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shielded metal-arc welding 3
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G APTER || the vertical position L
l
a

d

h
in the fabrication of many structures such as POSITION AND MOVEMENT OF THE ! i

steel buildings, bridges, tanks, pipelines, ships. ELECTRODE
and machinery, the operator must frequently
make vertical welds. A vertical weld is one with a Vertical welding is done by depositing beads

. ;

y}seam or line of weld running up and down as either in an upward or downward direction,
shown in Fig.11-1. (sometimes referred to as uphi// and downhi//)

One of the problems of vertical welding is that Downward welding is very practical for
<gravity tends to pull down the molten metal from welding light gage metal because penetration '

O the electrode and plates being welded. To pre- is shallow, thereby forming an adequate weld <

vent this from happening, fast-freeze types of without burning through the metal Moreover,
electrodes should be used. Puddle control can downward welding can be performed much
also be achieved by proper electrode manipula- more rapidly, which is important in production
tion and selecting electrodes specifically de- work. Although it is generally recommended
signed for vertical position welding. for welding lighter materials it can be used for

most metal thicknesses.

.. , . . .

#

y :s ,- -, ,

. N" , ..:. + - w
|

.

f 3
. . (, u. :-

..

-
- ,

. .. g y.

~

.; ! 3
inno ,- .

. . . . . . , . . ,

. ' . - !' %~ %]'
.

r ,v .
g .y ) ,s.- ,.

.. ., u g.

. .:
-

~

,_ m.; s. . m ,

O Fig.11 1. After tacking the metal strips together, this opera. Fig.11-2. Position of the electrode for downward (left) and
for lays vertical welds. (HObart Brothers Co.) upward (right) vertical welding.
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On heavy plates of %" or more in thickness, Laying Straight Beads in a Vcrtical
upward welding is often more practical, since Position-Uphill Method

@ deeper penetration can be obtained. Welding 1. Obtain a %" plate and draw a series ofupward also makes it possible to create a shelf
for successive layers of beads. - straight lines. Then fasten the piece so the lines

are in a vertical position.
For downward welding, tip the electrode as in

2. Strike the arc on the bottom of the plate. AsFig.11-2 left. Start at the top of the seam and
the metal is deposited, move the tip of themove downward with little or no weaving mo-
electrode ' pward in a rocking motion as shownu

t on. If a slight weave is necessary, swing thei

n Fig.11-4. This is of ten called a whippingelectrode so the crescent is at the top,
motion. In rocking the electrode, do not breakFor upward welding, start with the electrode at

right angles to the plates. Then, lower the rear of
the electrode keeping the tip in place, until the . - m, . m m., . -,.<7 .?

'

electrode forms an angle of 10'-15' with the : - k5 \*

norizontal as shown in Fig.11-2 right. .; - 7 p. Jd, , ,y
-

.

Mvf M cf5dh , M
< ,q,

Laying Straight Beads in Vertical-Downhill '

s

Method UbM *D i. "' i
*

d k N [ a% g- E D .'--t. y ,*
.

5 - ' WSet up a practice piece in a vertical pnsition g' g._sfy. .:4

with a series of straight lines drawn on it. Start at - ,
' qs 3. ,{( ;gy gggggM,,;

,

the top of the plate with the elec'roda pointed g .

upward about 60' from the vertical plate. Keep h
,

, .W!@g*Q"i ; g 9. h?the arc short and draw the electrode downward '

gc < >s.. < ,

'
.

~7 to form the bead. Travel just fast enough to keep pc .y. f. y'.fl,
the molten metal and slag from running ahead of >'' , !. ' "

- -n -

l the crater. Do not use any weaving motion to
. Fig.114. A whipping motici helps to control the puddle instart with. Once this technique is mastered tryr-

uphill welding.'

t. weaving the electrode but very slightly with the
.j. crest at the top of the crater. See Fig.11-3.
.,

-g
Lv
w;

h-c4 the arc but simply pivot it with a wrist movement
M so the arc is moved up ahead of the weld long

enough for the bead to solidify. li.an return it to
h ' the crater and repeat the operation, wurning up%

E along the line to the top of the plate. Remember.,

O f $ :& do not break the arc while moving the electrodo
[. . ' D $| , upward. Withdraw it just long enough to permit:.h i

',
;,

~ "
E My ,: ,% the deposited metal to solidify and form a shelf

.A @n.k
,,

'

g., 1r
4 so additional metal can be deposited. Continue

] .? . s . !e.m n . -
-C|7 .d i ' I. i'[ to lay beads from bottom to top until each line is

e - {g4: $ smooth and uniform in width..

,

"
d $ -e . 60*j '

Laying Vertical Beads with a Weaving Motion

On many vertical seams in uphill welding it is.
. _.

DOWNHILL WELDINO WITH DOWNHILL WE LDINO Wif H neCOssary to form beads of various widths. The
.. No wiavs mor ON sLioH wsAVs MOTION width of the bead can be controlled by using one

..

Fig.113. Downhill welding methods. of the weaving patterns shown in Fig.11-5. Each

;!
,

..

- ',

r +

-'

- - - -



10,334
,

v

(,-~)mgc3-4 11 JUDGE BLOCH: Mrc. Ellis?
v

2 MS. ELLIS: Regarding the document to be brought
3 from the site,-we ask-that the Board put that under subpoena.
4 JUDGE BLOCH: Mrs. Ellis, we would, if we knew

5 what the relationship was between the law and that action

6 on our part.

7 MS. ELLIS:' Yes, I understand. The purpose

8 would be to make sure that the document is preserved and
9 so forth.

10 JUDGE BLOCH: The statement by the Applicants is

11 that they must preserve it_under law, and therefore we will
12 accept that statement by them. But with respect to the
13 subpoena, we would consider issuing a subpoena at such_ time,_

\_) '- 14 as-Staff informs us better about what the law is, or should
IS' CASE be able to file a legal statement on that' issue.

16 MR. MIZUNO: Mr. Chairman?
17*

JUDGE ~BLOCH: -Mr. Mizuno.

18 MR. MIZUNO: I wonder whether we could also
19 address the question of whether it is also required.under

~20 the Federal Rules of Evidence to produce an original,
21 whether certified copies are acceptable in a proceeding for
22- the' record.
23 JUDGE BLOCH: Given the use that was made of the
24 document, I was. surprised that the witness had it, seeing
25 it. I think, it seems to me only fair that the witness have

-,.

:- ,/

1-
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/
.

1 the original available to her, if it can be made available.( ,/ mgc 3-5
2 Now'we have already agreed that it:could be made available

3 on site.- The only question we really are confronting is

d .whether it's possible to make it easier for case to see it

5
'

without traveling to the site.
,

f

6 MR. MIZUNO: If that is the only question, it is

7 .different from the question that I was intending to address.

-8- JUDGE BLOCH: Mrs. Ellis has requested.that *

9 Ms. Darlene Stiner be able to make a statement this morning,

10 which she desires to make after consulting with Billy Garde,
~

11 who is'a-third-year law student who is affiliated with the

12 Government Accountability Project.

' 7._s

'

13 Whereupon,-

's ')-l
14 DARLENE STINER

15- resumed the stand,-and having been previously duly sworn,

16 tendered the following statement for the record:
'

17 JUDGE BLOCH: Ms. Stiner, you may make a statement

is this morning. -You may also prepare better and make a

19 statement the next time you are going-to be here. That is

20 entirely up to you.-

#
21 STATEMENT OF MS. DARLENE STINER

WITNESS ON BEHALF OF THE INTERVENOR
22 CITIZENS ASSOCIATION FOR SOUND ENERGY

23

'24 THE-WITNESS: Thank'you.

- 25 I would just like to say that last night I should

; ,rm,
h i
%s .

4

9 r + .w - - - - ,e , .v .w - - , r y w.~.r ,-wv -,vw-.er,.----, - - - - , - - - - - --
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s

7"N~
" [~mgc'3-6-

.

3
b 'have spoke up. I didn't know that.I could. I knew that I

2 ~ could ask for-a break, which'Iadid, I think, on one occasion.
3 -ButLI would like to say that I was extremely tired. I know

d
:that's no excuse for a: lot of things, but I believe-in my

.+
5 - mind, honestly believe^that Mr. Reynolds and the attorney

6 .for:the Staff intentionally made it look like I was a liar.

'7 I am not a liar. I have never been a liar.

8 I wasn't raised that way. I'm only trying.to make sure1that

' this plant is built properly and safely for'the people

10 around it. And if they'get.their kicks or they make their

il money or whatever by making me look like a liar, because I'm

12 ~ tired:and.they take advantage of the situation, I have

- : - 33
.

no defense - 'none.

'' Id

,

Mrs. Ellis is notian attorney. Therefore I would
.

15 appreciate it.if from~now on.-- and-I don't know if there's

-16 anything that' can be done about the past or not, about last-

,

~

- '17 night''s t'estimony, but I would appreciate it if the Board
-

18 -would step in somehow and give me some' protection in this

-l' matter,;since she'is-not an attorney.

[ Send 1 - 20

'

21-

22

23'

24-

25>

. . .

Q'-
o

I:

.u. . .. , . . . - - . . . . . . . . . . . . . , .- .. . - . . - - .. . - - ,. - -- .. - --
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.

1- JUDGE'BLOCH: Mrs. Stiner, had the Board felt.t
.V:

'

.that it was-necessary, we would have. The matter of the-2

3 late. hour, I'think, is the most serious question here. It is
-

the job of counsel for the Applicant and the Staff to find4

5 out the truth, and if in'some matters they believe that the
'6 . truth is not in the testimony, it's their job to attempt

.

7 to show that. I don't think that's a matter of treachery
8 or trickery. That is just what they must do in a proceeding
9 like this.

Io I think Mrs. Ellis and you probably were aware of
11 that. I can't believe that you weren't aware of that.

12 THE WITNESS: Yes, sir, I am aware of that.

13 JUDGE BLOCH: Thank you for your statement.
/s-

,) 14 The Board has a brief statement to make on
is Applicant's plan for compliance with the suggestions of the
16 Board.in its decisions on design quality assurance. The

'17 ' Board, of course, .is not going to make any final determina--

18 tion on its reaction to.that plan until all of the responsive
19- filings are with us. We do, however, have an initial

'20 impression that we want to share with Applicant because we -.

21 .know that they are about to conduct extensive work pursuant
.22 .the plan.

23 The major respect in which the plan that was filed

24 differs from the suggestions that the Board had made is that

25 -there will be no independent design review of two additional

,3
*

t

' N .; .

. _ , , . _ .. . . . - ,, .. _ . _ ___
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2 joy 2 21 systems.
The independent design review work under the plan

,_

1_)- - 2

.apparently will be limited primarily to the Walsh/Doyle
3_ aspects of_ systems that will be examined.

-4 ~

The decision which'we issued was based on concern
about both the Walsh/Doyle issues and about the adequacy of

5

'the quality assurance plan of'the Applicants, particularly
6

'

7
_ under Criterion 1-and 16 of' Appendix B.

To the extent that
a

the proof is adequate to demonstrate fully that there has
9'

been compliance with those two criteria and that there are
10

no serious issues arising out of the Walsh/Doyle concerns
,

11

the Applicant's plan may prove to be adequate to demonstrate12

that the Board should have confidence in the design'of,

'13 = Applicant's plan.
/- 14 If, however,

the plan fails to succeed in producing7- -15-
that. level of confidence, we do not anticipate another

16

opportunity to do'the design review that we requested as
17

an' additional way of giving us confidence..

That. matter wouldi-
18 -. then~ fall.before the Appeal Board.

g- 19

We also would suggest that it would be helpful in
20

the current plan if the independent design review organiza-
- 21

tion, which Applicants propose-to be Cygna, were to examine
22

'the question of compliance with Criterion 16 and Criterion 1
- 23

-in the context of Applicant's response to the Walsh*/Doyle
24

: concerns, 'in pa ti
cular how the Applicant worked internally

r

' 25

to determine whether there were discrepancies related to
,

\ g'J -
r

-

f

F %- -- ,- -m-r-,- r. + - m -mm-r, . , - .e.- w- , -- - ..--.----m-- . --,-*--. .-



..
.. - _ - _ _ _ _ - _ _ - _ _ _ _ - - . ._ . _ _ _ _ - _

10,339

n

.%j[2 joy 3( 1 those concerns, whether those discrepancies were promptly

2 resolved, what records were kept about.those concerns, and

3 generally the adequacy of the system under Appendix B with

:4 respect to the Walsh/Doyle concerns.

5 I understand from Mrs. Ellis -- Are there any

6 ~ necessary comments about the Board's statement?

7 MR. REYNOLDS: Yes. I would like'to make a comment.

8 and seek clarification from the Board.

9 The scope of the plan that Applicants filed with

ICL the Board was based upon our impression that the Board in

11 its' December 28 Memorandum and Order had found basically

12 that the evidence of record was not sufficient to demonstrate

,_,q to the Board that the quality assurance program functioned13

( i
'

N_/ 14 with respect to the Walsh/Doyle allegations. It was as a

15 result of that finding by the Board that the Board expressed

16 its lack of confidence in the balance of the design and

1:7 the design control system at Comanche Peak.

18 Our theory in structuring this plan in the way we

19 did it was that if we could satisfy the Board that its

'20 impression with regard to the QA program for the Walsh/Doyle

21 allegations was incorrect, then its lack of confidence in

22 the quality assurance for the balance of the plant was also

23 incorrect.

'74 JUDGE BLOCH: I think, in fact, that is consistent

25 with the preliminary impressions the Board has just tried to

;D;
'k )

_ _ _ _ _ - _ _ - _ _ _ _ _ _ _ __ _ _ _ _ _ -
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( I.-2 joy 4 1: ' convey. We just said that. Implicit in that, though, therev
'2 is some risk as to what.the outcome of the proceeding will
3 be. 'The proof demonstrates what you have said. The plan, I

c 4 think, is likely to'be adequate for the reason you have just
5 stated.

6 .MR. REYNOLDSt We appreciate the clarification.

7 ' JUDGE BLOCH: Are there any other statements

a about the Board's comments?

9 (No response)

10 I understand that there is a statement that
11 Mr. Doyle would like to make about the Cygna matters.

END 2 12

13

-14

15

16

'

17

18

19

'20

'21.

- 22

- 23

1

'24
.

'2$

. .
._

P

V
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.
t .

[ 3joyl 1 MR. DOYLE: Yes, sir.
%/

2 As the Board is aware, several days ago when we
3 were cross-examining Cygna, we were getting nowhere, and
4 the Board asked us to hold. negotiations to determine if

5 there was some way out of the impasse. At that time we

_6 . agreed to supply them with the generic areas which I was

7 about to cross-examine. Ms. Nancy Williams, I believe,,or

it might' have b'een Mr. Ward, asked additionally f or bul.lets.8

9 These bullets actually amount to us giving them the reason
10 a why we have the concern, which allows for skirting, which, of
11 course, I would have come back here and fought vigorously.
12 JUDGE BLOCH: It allows what?

13 MR. DOYLE: For skirting.- If I give them a
-

~

14 . reason, then they can skirt around that reason. Then I have(so

15 to fight-that reason, which does not bother me at all.

16 Further, in trying to cooperate with Cygna, we
-17 agreed to meet with them again because they wanted even more-

la bullets, which I was willing'to do. That was last night.
19 That meeting fell through.

?20= They then stated that --

21 JUDGE BLOCH: Why did that meeting fall through?
22 MR. DOYLE: Because Ms. Williams was off somewhere,
23 I don't know where, and they couldn't find her. So that

'24 meeting fell through.

25 We agreed with Mr. Ward that we would meet at

-O
V

I

,

_m___.__ _________._._.-____._m.m_ _ . _ _ _ _ . _
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.

3 joy 2 1 8:15 this-morning. I was down in the hall. I checked the
,_

'l i
A/ 2

rooms at about 8:10, went out and sat down there in the
3 area where the swinging doors are. Mr. Horin from
4

Applicant's group was there, and I finally was upset -- it
, 5

was about 20 after, I don't know exactly -- excuse me, 25
6 after, I'm informed, and I'm not certain of that. I just
7 got upset and I decided: that's it.,

8
I don't mind supplying them with the generic

9
areas, and any engineer, with that information alone, should

10 be able to determine what.I'm talking about.
I wasn't upset

11

giving them the bullets they wanted, which stated the reason,
12

or a reason -- they may have been fuzzy. I know I was on
13 one issue on columns. If they violated the principle of

/''s 14

\ ] Euler, I might .have in my rush given an example that would '

'''
15 mislead them. But I'm not supposed to supply their answers
16 for them.
17

Additionally, we tried to cross reference each of.

18

the concerns and each of the bullets back to the drawings,
19

"and what I'm here to say is I have gone as far as I'm going
20 in cooperation. If.their engineers cannot take a generic
21 charge and answer it sufficiently, that's it.
22

MR. REYNOLDS: Mr. Chairman, in fairness, I
23

think the record should reflect that no one from Cygna is
24

here to defend themselves from this charge. Ms. Williams
~25

was out in the hall at 8:20 this morning and Mr. Horin

f)
U

- . .. ..
.

__ - _ _______ _-__ =__
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.

( 'i3 joy 3 i was with her. Apparently Mr. Doyle and Ms. Williams just
A/

.didn't hook up. .

s
.

2

3 MR. DOYLE: Mr. Horin was with me when we were
'4 waiting for her at at least 8:20.

5 MR. HORIN: Mr. Doyle, just a few minutes after you
( 6 left,'Ms. Williams did come down, and you had already gone.

;7 So she offered to provide a written letter to each of the
,

s -parties. They evidently have just a couple of questions to

clarify a few of the bullets, which they agreed to send out9

to first thing on Monday since we couldn't hook up.
11 We just went to check to see if they are'available

12 up in the room.- If we would like to do that 1-ight now --
13 MR. DOYLE: Unless the Board orders me, I am done

7m
( J- 14 with the cooperation. If they can't answer generic charges,-v

15 then their engineering staff leaves much to ,be desired.
16 JUDGE BLOCH: Mr. Doyle?

-17 MR. DOYLE: Yes, sir..

18 JUDGE BLOCH: This has been a very long week.

19 Everyone'has worked very hard. I think that the cooperation
'

. 20 which was begun between CASE and Cygna, and Applicants and,

. 21 Staff, as well,.is very important to the correct resolution

22 of your concerns, which the Board is concerned are substan-
-

23 tial concerns.

24 We have already issued one opinion stating that

25 they were not adequately rebutted. We are going to make

()
'.s)~

_ . _ _ _
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(~]3 joy 4' sure that any of yodr technical concerns are thoroughlyi.

\. J
2' considered in this case.

.

I think the spirit-I would like things to go3

,
. forward in, after you have had a chance to relax at the4

disappointment at their not showing up at these meetings,5
is

=a spirit of full disclosure, which means not just on CASE's6

7 side but on Cygna's side. I expect to insist that there

will ce adequate opportunity for you to study their answersa

as well as for them to study your answers.9-

io I think the only way to try technical issues
'

adequately is to nave everything on top of the table.ti
I

think it's a different matter entirely from questions of12

truth in oral testimony where there is a matter of what-13
: /N

- (v} 14 people have seen and what people have done. Technical mattern

are hard to resolve at a trial when people don't know fully-is

in advance what the positions of each other are. That is
16

also the spirit of the Federal Rules of Civil Procedure, in17,

which there is a spirit of full disclosure of the matters..is

19 I hope that as you think about it you will decide
that the best: way to resolve your concerns and assure the20

safety of the plant is the spirit of full disclosure for- 21

22 engineering and technical issues.

23- MR. DOYLE: Yes, sir. We made every effort to

24 cooperate. We turned up at two meetings that nobody showed
-25 up.at.

.,

- / ~

-

+%-- -,.,-- , - + , .,,.m-, , - , ,,w- . - +%r '--ere
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'

( 3 joy 5- 1 JUDGE'BLOCH: I see Ms. Williams in the room.
2 She just entered.

-

'
3 Ms. Williams, could you come' forward and join us
'd for a second at the witness table here?'

5 I would like to explain that Mr. Doyle has

6 expressed'to the Board just now serious disappointment at
s:

7 what he felt was an inability to meet with Cygna last night
8 and-this morning. I think it probably would be best,

9 actually, if we take a brief recess'so the two of you may
10 just talk together and see whether this situation is as

11 ' serious as Mr. Doyle assesses it to be at this time.
12 Let's take a brie f recess for that purpose.

END.3 13 (Recess)
[D:

,Y

15

16 '-

17-

18

19

70
,

21

22

23

24
>

25

.

v

.

. .,,
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i JUDGE BLOCH:A
i ,.l ' The hearing will please come to

2 order.s

3
We have some brief statements by Ms. Williams,

4 first, and then Mr. Doyle.

5 Please, Ms. Williams?
6 MS. WILLIAMS: I just want to comment on last

night that it was our understanding there would be no meeting
7

because of the time frame of the hearing going until ten
a

.o' clock at night.9

They broke up, I guess is what happened; an d
10 I wasn't available.
it

I had gone off for another meeting for CYGNA
.

12

As far as this morning goes, apparently I was in
the hearing room and the understanding was the meeting would

ja

,,3 14 .be out in the hall.~)t

15
JUDGE BLOCH: Mr.-Doyle?

16 MR. DOYLE: The reason I was upset, I thought I was
.being snubbed is what it was, and I'm breaking my back to

17
.

18 . cooperate.
And I believe at'this point we have supplied

'
'CYGNA with even more.than they asked for.19

I've gone over-
20 board.
.

21 JUDGE BLOCH:
We note that there was apparently

good communication on the technical issue this morning
22

, which
the~ Board is very pleased about.23

24
I told. Mr. Doyle this morning, Ms. Williams, that

the spirit we would like this to go forward in is compl t
25

ee

. O)t
~. ./

\

-- -
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'I i open disclosure between both' CASE and CYGNA. So we want to

2 -have adequate. opportunity for'each of you to be able to

3 review each other's work before we come to hearings., ,

^4 MR..DOYLE: We will be back for those.

E --S -JUDGE BLOCH: .Thank you.
'

, 6 I'have a statement for the record that we obviously
7 have not achieved a schedule for our next session; but after

8 a brief ex parte conversation with Ms. Ellis, which was not
+

,
. attended by.any of the other-parties, I would like to state9

3 10 'that we'should reserve that for a telephone conference next
'

11 week.4

12 Mr. Reynolds?

13 MR.',REYNOLDS: We have-some pictures for the, -,.

[k / . 14 record, Mr. Chairman. These are the pictures of'the tests-

15- specimens that were introduced'into evidence yesterday.
16 JUDGE |BLOCH: Have-you had a chance to know whether

*
1:7 ' CASE agrees they-are-fair representations?

. - 18 ' MR. REYNOLDS: ~ CASE is looking at them now.
,

19 JUDGE BLOCH: Do you know that they are? Are you
,

I20 'sure?-m *

21 Ms. Ellis, are you sure?
'

22 I think it would be preferable at this stage,
.

..

-given-Ms. Ellis' proble ns at this' point to receive these23

"24 pictures asian exhibit subject to CASE's examination. And,,
,

~ 25- we'll get an official. statement from them after they have had

<j%
ha! ^

- ..

.
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[Q) I a chance.and a leisurely opportunity to compare these to the

2 pictures.

3 I would note that the pictures seem to be quite

4 artistic.

5 MR. TREBY: Mr. Chairman, could we just request

6 that the Applicant bring in the physical objects at the next

7 hearing?

8 MR. REYNOLDS: We will bring them in now.

9 MR. TREBY: And then we will be able to resolve

to any conflict.

11 JUDGE BLOCH: I just would prefer not to get a

12 formal answer on the record this morning from Ms. Ellis.

. I'3 Are there any other matters that must be handled?
. {
( ,/ 14 MR. REYNOLDS: HMr. Chairman, I thought we had

15 designated exhibit numbers for these pictures; 178 was the

16' ' picture of the strips formed in the shape of a horseshoe; and

17 179 was the number designated for both of the other pictures,

18 179A and B.

19 JUDGE BLOCH: Which one is A?

20 MR. REYNOLDS: A is the--

21 JUDGE BLOCH: One has a margin around it, and the

22 .other has no margin.

23 MR. REYNOLDS: A is a specimen standing on end.

' 24 JUDGE BLOCH: And B is the one that goes from one

25 ' edge of the picture to the other, no margin.

.f)s_,
|

_ . . _ - _ - _ _ _ _ - _ . _ _ _ _ _ .
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-m
j j i MR. REYNOLDS: May they be received into evidence,,(/ -,

2' Mr. Chairman?

3 JUDGEIBLOCH: .No, they may not. They may be

freceived as exhibits subject to verification from Ms. Ellis.4

4

5 MR..REYNOLDS: And on verification received?
6 MR. TREBY: I would think that would be the first
7 order of business at either the next hearing or conference
a call.

'9 JUDGE BLOCH: At the next meeting we can address
.

10 that..

11 Is there any other business?

12- (No response.)

13 I would like to thank all the participants in the
'

j. 14 hearing. . It's been a tough week and I appreciate the assis-
15 .tance you have given to the Board.

16 The hearing is adjourned.

17 (Whereupon, at 9:25 a.m., the hearing was
-,

18 | adjourned.)

19

'20

21

22
|

23

' 24
.

25

if^s

-
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