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3CCPEi .

I 3 .

This report envers the metallurgical investigation of a crack found
j *

.

' in the pipe-to-nozzle weld of feedwater line of Steam Generator 14 at
.

;.

01aalo Canyon Power Plant. ' Based on the findings of this investigation,
,

,

f recommendations are made for modi,fication of the welding F. c,6.4sres, |
| fabrication practices, and inspection'of future welds made in P-3 nozzle

,

j satarials. |
' -

-

! 3 i.

! DmtocucTTon-

: - .
!! -

Cn March 17, 1977, during heat-up for hot functional testing of
i.

; Unit 1, a leak was discovered in the nozzle-en-pipe butt weld joining the

! 18-fach dimeter feedwater pipe to the No. 4 nozzle of Staas Generatar 14
!.

! (Ffeld 'deld No. 212, l.ine K18-855-18IV). The Ifna tauserature and
i

.

j 3 pressurs at this ties was, asproximately 300*P' and. 90 psi. respectively. '

i Visual observation at this time revealed ad fatermittant finear indication
i

; approximately 3/8-factr long running in the circ:mrferential directica near

> the cantar of the weld. During grinding of the weld crown flush with the

afpN surface the length of this ifnear indication increased to
'

,

1. .

approximately two inches. Subsequent nondestructive examination by:

j j radiography and ultrasonica revealed a crack with a total length of
approxfsately afa inches.

.

.

As a result of the above findings, a speel piece containing a major .

i :) partion of the weld, a smalt sostion of the nozzle !.0. adjacent to the

weld root, and several inches of pipe were removed for analysis. Pfgure 1 .
.

; isasketchofthespeelp1eserossivedfFanaIjits;includedisthe
| J crack path and a sketsh of the shape of the crack.

;

,
.

I

f ')
'

.

!
. . .
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FAsRICATION ANO SERVICE HISTCRY
.. ,.

.

Material foecifications |
*

* .

The steen generator nozzle is fabricated of A5MC 5A508 Clas; 2 '

-

O meterial. A cosy of the original Materf al Test Report and a chemicaJ.
.

analysis performed, on the nozzle materfat adjacant to the' crack"are,'

.

included in Appendix I. The chestcal and physical properties for this
,

3' ,

satorial are within the limits for SA508 Class 2 material.

. The feedwater line piping is fabricated frem ASTM A106' Grade 8

A'c:oy of the chemical analysis performed en this materialsaterial. .

D adjacant to the crack are included in Appendix !. This analys'is shows
.

that the pipe material meets the chemical requirements of ASTM A106 *
*

Grade B.

3 .

Welding was perfnrsed using (8018 C.3 electrode. A copy of the .

original Cartificate of Analysis for the three' electrode lots used and a

chect analysis taken adjacent to the crack are included in Appendix I. '

! 3
These analyses show the material to within the chemical requirements of

E301f.C-3.

Weidine and Heat Treatine History'

3

Welding on Field Weld 212. was. done in accordance with M. W. Kellogg
.

procedure 200.
The weld traveller and other Q.C. documents were checked:

'

along with the temperature records for preheating and postweld heat
,

,

' 3 ,

treatment for campffance with this procedure; ne deviatfons were noted.
'

The weld root was placed using the tungsten inert 9,as-method (TIG) with a

consumable insert and inert gas backing. Two TIS fill passes were put in3

and the weld was completed using shielded metal arc weld. The weld

. .

.

- . , _ ,
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.

0preparation was preheated to 200 F prior to welding. Welding on FW 212.

O was done over a time period of several weeks; Table 1 is an outline of '
,

this welding history. -

'

Postweld heat treatment was performed at 11500 ; metal temperaturesF

3 were. monitored a both the pipa and nozzle sides of the weld with a

thermocouple placed several inches fra the centerifne of the weld. The

.tamperature records wer'e reviewed, and during heat-up there was an uneven
'O heating ra1is between the pipe and the nozzle, resulting in a maximum

.

temperature differentiai of 260 F, where the pipe was at.a t,emperature
0

of 6WF wnen the nozzle was at 420 F. This temperature differential0

O was rectified and no further problems were encountered throughout the
.

postweld heat treatment-
,

Radiography of this weld was performed after completion of welding
3 but prior to postweld heat treatment, an acceptable practice under the

.

governing construction code USAS 331 1.0-1967. Review of the radiographs ~

showed a slight density gradient in the region where the crack occurred,
3 but it was not judged to be rejectable nor would it be interpreted as such

If this indicatton in actuality is a crack, it is at the Ifmit ofnew.
,,

; detectability.
.

3 - ~

Service History

Prior to making FW 212, a cap w4s welded onto the feedwater nozzle of
.

SE 1-2, 'nd a hydro test of the steam generator was performed.a
3 ~

Subsequently, the piping was attached and two more hydro test cycles were
,

performed, fo,llowed by a het functional tes,t program. A second het
-

; *'
_

functional was underway when the leak occuIred. This sequence of events '

3

is summarized in Table 1 the hot functional testing sunnary is in|
= .

. Appendix II. -

,

.

t #

I
|

_ . . . _ _ _
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3

During the period between the hydro test following weld completion.

August 29, 1975, and the . time the leak occurred, March 17,1977, tne
.

3 systan was filled with water under chemical control to limit corrosion or

other damage to the piping or staar generator internals. The water

chemistry records were reviewed and no abnormal conditions were noted.
.

~

3
RESULTS OF METALLURGICAL EXAMINATION

The surface of the = tin fracture was almost flat, originated along

the edge of a weld bead, grew approx'imately perpendicular to the surfaca
3

and concained markings that ran parallel to the original edge, Figures 2
and 3. These markings appeared 'to be "beachmarks" denoting positions of

the crack during its growth. The fra~cture surface appeared to be oxidized
')

and was dark in color near the origin edge. Using SEM, the main fracture

surfaca was found te be oxidized, to exhibit'some evidence of mechanical

damage (rubbing) and, at a distance from the origin, to contain secondary
) cracks, Figurs 4

The presence of the visual beachmarks and the secondary

cracks indicate that cylic loading had a role in the generation of the
fracture.

)
Examination of several polished cross-sections taken through the ~

crack showed the fracture initiated in small regions of lack of fusion,

along the fusion zone and in small, up to 0.015-inch deep, cracks at the
3

root of grinding scratches adjacent to the fusion zone on the nozzle side

of the weld. The crack propagated through the heat-effected zone and then
'

through the weld metal in the V-shaped sectYon o the weld, Figure 5. The

crack cross-section in the heat-affected zone was very flat and straight.3

. indicating little ductility; once into the weld the crack tended to branch
t

,

.
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O .

and wander, indicating a material with more duct.11t". The heat-affected
>

tone in both pipe,and nozzle materials was tempered martensite, the pipe
.

7 material away from the weld was mixed pearlite and ferrite, and the weld '

'

materiai war tampered martensite, Microhardness tests in these various
!

regions, converted to Rockwell hardness values, were as follows: nozzle, i

) away from HAZ'. R S6; nozzle HAZ, R 34; weld root, R,23; pipe base
'g g

material, A as.g
'

Examination of the saali cracks adjacent to the main Nac:ure.

Figures 6, 7, and 8, illustrated that the cracks originata in slight; ,
s

depressions in the surface, grew perpendicular to the surface and at an -

t

chlique angle to the rolling direction (as revealed by the inclusion
4

stringers)~, were filled with oxide, were transgranular, and exhibited same3
j -

.

crack branching. No evidence of plastic deformation was cbserved. EDXA
1

microprobes verified that the material in the crscks was ::rcbably oxide,

) , that the base metal was carbon steel, and that :na inciasten stringers

were manganese sulfide, Figures 10-12.
-

Two small cracks were cpaned up fer ex.=inaticn by fmoacting them at
'

4

: ) liquid nitrogen tag eratures (Specimens 2 anc 3). The fracture surfaces
I

had a. dark layer of oxide patches along the cutar ecge, Figure 9, and were!
1

in close proximity to weld beads. Each crack was actually the result of

| 3 the coalescence of many cracks each having its own origin. The origin |
,*

edges of the fracture surfaces were covered with a relattvely unifom l4

;

oxide layer. The oxide layer was present all tha.way to the tip of the '-

, prior existing crack.
:| )
|

.

.

.
.

4

, , . . _ , , _ , , , , ~ , . ~



_

, ..

. - - - -. . ..

5
,

) Report 411-77.55'

;
~

Using the plastic / carbon replica technique, the details of the main

fracture surface were examined inr the TDf. The surface was again found to
-

be completely oxidized;. however, in same areas, the oxide formed para 11e1 -

)

ridges which could possibly suggest prior fatigue striations. In some
areas, large block-like oxide growth was found. '

'

Extraction replicas were examined in the 701 to obtain the)

diffraction pattern of the oxide.
The patterns catained were analyzed.

Appendix II, and found to be composed of 3-Fe C . This oxide forms atg3
y about 3000C(570F).C

!

! ;
;

CONCUJSIONS|

The characteristics. of the small cracks and the major fracture
. . . .

) e

surface art similar'in regularity, orientation, oxidation, and degree of
i

,

crack branching. The oxide extended to the tip of the advancing cracks
,

indicating that oxidation and/or corrosion was an inherent part of the
3

crack growth. process.
The characteristics of the fracture process; i.e.,

transgranular, oxidized, no plastic deformacion, with some crack

branching, indicated that the crack growth mode was either cc'Tosion
3

fatigue or thermal fatigue.

The oxide resulting fron ~ corrosion fatigue would probably be hydrated

and a lower temperature form than found on the crack surfaces in this
i study.

Based on this and the closely regulated water purity,it is

believed that it is mort likely that the cr_acks;.in the feedwater line of
'

Otablo Canyon Unit 1 steaar generator resuited from thermal fatigue.Thei
cracks initiated in elongated depressions in the surface of the steel

which are believed to be grinding marks, and apparently acted as local

stress risers, and at minor regions of lack of fusion in the weld root,
n

.

- , - , ,.,-e o e, ,,e.. -w - e , -e,--e a,-- - , e , - - - - , , , ---m- , e- e,-----e ,,~-n---- - ,, e -m-----n-
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It is believed that small cracks initiated on the I.D. of the nozzle. -

,

'
weld, and pipe during the. thermal cycling that occurred during ~

|
preheating. These sma1T cracks originated at convenient stress risers'

|3

,such as grinding scratches and regions of lack of fusion and weld bead,
-

:

,

rollover. At the time of acceptance radiography, prior to postweld heat
.

3 treatment, these crackr were below the Ifnits of detectability for
; radiography. Upon heat-up for the postweld heat treatment thermal

;
. -

stresses from the uneven heat-up between the pipe side and nozzle side of
.

the weld caused several of these sma1T cracks. to link up and grow to some
~

3

substantial size, most likely through the heat-affected zone (HAZ) and

into the weld metal. The HAZ at this time, prior to postweld heat

treatment (PWHT) ,would have consisted of untempered martensite, and have
.

3

a hardness of about R,' 45 The liAZ.would' have quite Tow ductfifty in

this condition and easily propagata an existing crack when subjected to

differential thermal stresses. Once this crack had propagated to a3

substantial size during PWHT it propagated to fatture by fatigue as a

result of subsequent hydro test and hot functional test stresses.

Since postweld heat treatment of the weld has tempered the
3

. heat-effected zone, this high hardness, low ductility condition no longer
exists.

The heat affected-zone now har a. hardness of A,,30-35,, and
.

wouTd not be expected to be subject to the rapid crack growth that is
,

3 ,

believed to have occurred during PWHT.

y.-

) . . . - -
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*

i

! AECOM9EN0ATIONS

Sased on the findings of. this investigation, foil' wingo

reconmendations, are made for future welds made in P-3 materials:
,

,

1.
Specify a.sinimum preheat temperature of 250 F; a maximum8

interpass tamperature of 550 F should also be specified8
.

2.
Maintain tha preheat. temperature throughout the weld and until3

postweld heat treatment can be initiated.
If a long delay during welding

or between weld' ing and PWiT is unavoidable, maintain the preheat for at.,

least eight hours after welding stops, and then sicwly cool t)
o roomtannerature.

3.
Care should be exercised in avoiding large tamperature

differentials during preheating and postweld heat treatm
,

'

ent.4

Final radiography should be done afjer postweld heat treat
'

f
ment.,

'

.
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, Fabrication and Service History (Summary)

.
~

-

,

.1-14-73 ' Preheat ta attai:fr lugs '

-

3 ~1-14)77
'

,

Preheat to weTd cap-
-

. .
. . . .

1-15-73 Prehest to weld cap *

2-19-73' Hydro, T3567 at'IO6*r ' '

3 4-4-74 Preheat to remove cap
. .

4-9-74 Preheat to remove cap ~ -

5-18-74 Preheat for nozzle-pipe weld '

~ '

J 5-21-74 Preheat for nezzle-p'pe weldi -

-'

5-22-74 Preheat for nozzfe-pipe weld
.

.

'

T-23-74 Preheat for nozzia-pipe weld *

3 F-14-74 Preheat for nozzle-pipe weld
-

*

6-15-74 Radiograph finished weid
.

.

6-24-74 PWfT weld
.

) 4 74 PWIT Wacant weld (15" away)
! 8-jl9-75 Second hydro,1320e at 88 F8 ~

8-29-75 Third hydro, 1356 at 88 F8

3 12-13-75 First hot functionaito
2-10-76

.

j .- 3-16-77 Second hot functionai, .

. .

)
-

.

O
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Figure 10. EDXA microproar spectrum obtained from steel matrix in Figure 8.. . ,
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Figure 11. EDXA microproce spectrum obtained from oxfde in crack in Figure 8.
,

.

!
g. ; . . . , . . . |

.. . .. . . . . , . j_,g.. .. . ;.. .. -. . |.. . ,
I, . . . . . . . . . . . . .

, .

.. ,
'

:
. . . . _. . :

.
; - ::t.; :m:t: ; l. - r .r;n L - ".

,

! I ' - "! ! . i; - : i : '.t: * :t - - ).; !. l' s :< : e. i .
. .[

.
l

.g , i .
%e*

j SI , i

g.. ..; . ,g...j.. .j. : i.. - .,

4 .
g. -g- g. , , -)

. . .

i

.
. :

-g - (; .g . g. |*

, . _e i |. ,! a ::1. !- !- t .l . .i
.-

.
.

,

I ; i !
.

',.S' ' .
, L. * j. N;

I ,n ..

3. ..' .
; ....s.. |' h *.I .i.I *

7 Ie[ i
~

i .::{i - |
. .x-

'. ,,: ,"- d , . .i. p '
..

1 :1 :t :i ' |*

i q @. .... ...us . .e.s .i
-

,
'- .::. ;.

. -is .-

-*

, id

'i4.. ":[|n :. . ..j e. . .
-

.a. . . ...., _I
... -

,

1; ; c.
-

-

..; g. , a
, , q. c . ... . ..e. ."" -

.. i . .: ;'

1
d
,3 [. . . i. j. --

. . ::e . M'. ' * .. .j .. .: ?-6 j. .l . . . . -
.

' * * -
.

*i; f;*
.a. . _

. .- f. ' -h.
. .. . ' '

7 ir*- : ;
*** b"' E. '"3~,. ==' b * * **b| -*'i

* .

-j' ~ P "f- : "-a , . 1 , *-

x ,.p'. .I. .. '.S . j. } l' -- h^
*

.
*3 f.:.. . .

.

?- | *| l |. 6I|iE |* |- I !" '!;" * |
i

*

i i [. |, "
. ... . ..! ;

...,

.,,. . .

,' :
.

, . , . , . . .

P:.fi ~.;. ! 'I ! :.F- 1I l-'
.,

.

. .q .

I ;. .. ,. ..,i... . , . .
. l. . !

.
'

. . ,
. :: , . ... .

. e. ~, ..

4 5 . k| . ==
'

| |- "|, - *'kb "b 7' |* |- '

*:t . l| :! ! i* I !
,

.n, ,, ..

| | .. .. . ,_.,{.{:*g.t i

. p |. . , . J*) | ; .| 6 { l

.
t ; =..,o Q- |." I i . -

, , . . . .g .
. . ... . .

,., y . , , , . i i I e. ..,

.t , .t i
, .. ,... .. ,

.s!.U ', .J, ; :i . | . l. ...p. i..: *i. '.i ft.- 44 "l:: ' t - i

. .
.

: | :8 . ~5 .- . ,..
-

-

d _I;:
1 i i I ! I I: 1. .t . t t- . .l. ' i i 1 ) :. : "P i | !- | x*

.I
._ I .......!_ j !.. :t 1"y.._.i . !! "t:

. .; .u .
".1, ,

,.

c*.: 1. rr.1 r4 !.
.

-.

. '
. t,i . ._..i i _. e wi .i. . ,. i

.
-

,.:;
7 'i , ~ ... g ;.

.|.. . . . . . . . .

*
.L.,j,I t : i 6

.

j i , j,...; ... ,. i*cI ~ '
.

,.
.,, , .. ., ..-.

i ,, .4 q. 9.,,, .

!
. -

...# m'
, t Q.

g *.*. :. ,,-p : . '- + -
l- i g

g -.
~ ~-| .re g . .r , { ., \

. - ,.
.

, _ *>,

.. ,, ,, , . .
| .

,t. . . I ... ,\..... I .I.
.. . . . . .. ,-p .. a

.
i

-

...,e.. . . . . ..

<
., y.. .'

. .
[

.. ;. .... *
**

; ; ..

. i . )". ,. '.t , 3
... .; ., t*;... .. i ;

,

. .. .

' . . . g. !.... ..;.. .._....i .

,. i | i ;

- ,

.. - I . . ::
.

: i ,.
i i

o. .h ,
. ,

. . . . .. . .

i ,.. .

i i !,

ti i i. 1 -

. ,
.

a l- 1: .-i

u j. i ._j. . ; i. i
-

i, 6 |. r .i . . . . - . * . . ....,,. . .. ... ...
-- i

I e f . I I |

-

,...

| |
: - 2' ,*

m.
i $. . .

=i
.

.

.. . . . . . ... . . .. ., . j . . . ;. . ;.

._: i.. ...: ...f ..... . u. i,. .
- . t , . .p ' ..

.,.Q.
.. . >i i

.

t .,
-

. , i ;
- . . . .- --- .:s i e* w- p

. :.
t * ..

{ .. . g
...... ;

. .
t *. . *

. ) .
..

.;. ..p ..._

.. ; _.

. 7 . . .q _ .. ,. ... a .
A. . . ..

k 54
e

.... ! .. . L L..!.. . i... j . L ..u..f. L_. . . .. p ! !- g . /,. . ., am i e i , , ,
, :- , sr .i , ,,.- .p,. = 3 . g.

, ,

3 . j.. . p. ..; .. . /r p - - r,- - q, F f- d -@ -hy -

! ;',j_ - - -

. 3, j . .,i ... , . ,i
.

. . .. . . ,i . . .. i.,

. . , : p p' ' *g.
. . , , . ,i g

. . . . . .
.

' . .
.

. .

g. .
_

... . . . . . .

. . .
. .

=r
.'

. . .. - .o i.,

g , ,

,i
- p p i . . . .;..- .; .. j.. . . t. 6

. .

i rga. .. g. g i
., .

.Of ,
- .'. . . t. . . . .. i . .. . .c. . , - . t... -_ , ..

'

;1 3 y,. 1
.

. . . . . . . .

.'
.

' . .. . , .

I i : "t I ! t. - t
-.-1, -

g 3 . ..J.... ..i. . . ..

. [. ._L. ,..
.| ..... E . ._ p . L ..

, . . .
.

,, -

. . ,

, 4 4 . , ,,

J .y . p, .
.i. ; . i. . . ..L . . , . , . .. t.. . . , .;

--. . . ...
L_ i e

* . . . . . ...;...
__.8. i 'I i' , ...,

8--

i ,

q (ssunos . 7 g :stesstin3) stuno3 uotogd te n tesoj,
., g

w

.

_ . _ . _ _ . _ - _ . - . - _ _ - , _ <,



.. _. _ . _ _ . . - _ _ . -- _ _ . _ _ . _ _ _ . _ _ _ _ . _ _ ___ ___ _

. .
.-

;

_

, .
- .
' .- 21 . pencre 411 77.55

,

i
'

Figure 12. EDXA microprobe spectrum obtained from inclusion stringer : rure 8.'
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c/o Pacific Gas & Electric

!
; Power Plant '
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'

A a ach, California 93424i
3,;,,,, 9-21-73

!

Thie meewiet conform t 3, ia.e,;e. AWS A 5..T-69 |
'

Test No. 650 t
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'.,

Heet Nwebes: 827233 |
'

,

f Tensile & !
,

"

Impacts 1 6 22 130 |cebu .05 / '

/men,. .93 ' Test As
ch,e.; .05 Results: Welded

i 40* Yield 72,400 /-

C*'**"'** Tensilo 86,000 /

! T"hiva Elongation 31% "'
1 Red. of Area 75.0%Molybden. . 15 /

. Tage ee Charpy V-Netch Impsets Tested 6 44CCL' '

! ce,,,.

! Tit w i , Impacts 76
i Nephe,ws gl4 / Ilapacts 77|'

s.lphw .'022 / 2 Pacts 78, '

ven svei .02 '' /Fillets: CK Vertical 1 cve::hcad !!,
' I,ee

Fontee ^ ' ,

|
A p p ft ev CS

j m w. ncu C'M
i

0. A.
'

' ;
88am W Penna. 3 "" '

" !
-

c ,y d York I fl4J Id* 3" N **d"**d '"'38' ** *3' '*ps t' li !
,

eewee sad the ao es,'ainea, enea,e he,...

hw ow m m bd.,e = L - beee mede 1. wy w the . n , go,,,;ne,;
- - - to *e geestasem ene,e #.

- this 25th der d Sept. 1973

g /* cHEMf7ACN CORPORATICN| y
,, ,be=d _G $ W, = ***a v e * ' = |

-mn ,

. \ % ,.ee. -
.

' ' @ 4-12-76 'T #'"'
''C

d ,.. .

; . a. . . . . .

_ - - . - - _ . . . _ - , . . . __ , . _ . _ - . . , . - - - - . _ - _ ._ ._ ,. _ ._,----...._,._ _ - ---- , - _. --_ _. - .,. .- .__ . - --
-
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@m77j
,

CHEMETRON CORPORATION
; . e.. e.
,

CertiAceto of Analysis,

.

/M. W. Kellogg Co. Ca'*aw Cedw N. I 7177'2373i

i c/o Pacific Gas in Electric
| Diablo Canyon Power Plant o,4, No, 78322
| Mark: * PC F7177-2373 -

) ,7. Miles North of
g;,,,, 2-20-75

; Avila Beach, California

i This seeedes wer to seesiaset;ea .Alf3 A 5.5-69 & M. W. Ko11ogg spec.
Test No. 554 831.7 SFA 5..'i cl.ss n

| X-RaySagsfactory. ry,e E 8018-c3 /
i

*

Teode No.m j ., .

Atom Arc 8018 Meisture 9 1800*F. 0.2%
concentricity 4%Dia*** 8h* 3/32"' Type steel A-285,

! 200 lb.' ,
,

totre ahwi '

A41tr uq) Test No. Tull split Volts Amps
v

Heet Nwenaer 64Q912 g
Tensiles &

*

c8'h*a .04/ Impacts 1 7 21 140
-

.

.75 $ 3 g,,,*, . b,'Aavsam d '

i
***',** '03

;,,, 33
/ Results: Welded Relievedi * *8 *!1

j snee. 40 / 8 hrs. 9 1120 P.C
.

i Calwaldum #Yield 72,100/. G8,500 '
! tuisiva Tensile 84,500/

.

82.100 /
*:ybduva .04/ Elongation 30% / 3 2*f .*

7 , ,,,,, Red. of Area 77.5% , 79%
#* " '03 ^-!, ';.m Charpy V-Notch I.Tpacts Testod T. *200 I.

.

.aen r.rS ma *"'
. .016 # Impacts 96-109'-110'-113- 85-99 100f * [-C 1! $wleavr .015 / 117! venediwa .02 / 1.ac.Exp. 72-76-83-79-77 71-84-79-73-7( t,e. 5 shear 90-45-90-85-00 75-70-80-M-7.

'
.rede.

Fillets: CE Vertical 1 Qvarhead 1
.

.

38888 d Penna. I I gefl88gg
of York ) g, g4g ,4 ,g ,g ,,,, ;,

,,,,,,, ,,, ,,,, ,, g,,,4,,,, henge het,

e. ASobearibed end swwii to bWee, me been mede la eny of the esenws desee b#1
,,,, espe in',Egw.6'A.micacoere'el.'E 25th 887d Feb. l' 7

1**
CMIMf720N C04804af!ON.

..gg e. e e-o, . .. ..

===, m 1

)pLA _'

w .e :.u ~,.21 7, - er
** R.W. boyer.. .

- -- - . - . . - - - - . . . - - - - - . - - - - - - - - - - - - - - - - - - - -
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7 27 keport4't.77.55
LASCRATORY CERTIFICATI

..

mmu.Anamet . aOOratorieS, .. n c . " . , " , , * " . * . " . . . .
r . ,,

'-
.

. .

,'4 .. ... l , - ., w |~ ~ . . . . . - . . . . . . . . . . . . ..

|
' p o s -.me. _ -r

May 25, 1977 I "." * * .

.
. ,

%

LABC MTORY NUMBER: 577.329 P . O . No . 10 -87 9,0 0 6
,

'

1 3AMyLz: One (1) Sample for
Chemical Analysis

i ..

j MARK: P-12 3
1

DCPP #1 Steam Generator4

Nozzle Tailure Analysis
,

J
-

' 0ATI SUBMITTID: May 24, 1977 .

i

'

R 70RT To: Pacific Gas 5 Electric Company I

3400 Crow Canyon Road '*

San Ramon, California 94543
| Atta: Mr. 5: eve Ivy

.,

'
.

CNIMICAL ANALYSIS *

Recuirements ;-
,

'
t A-50s C1. 2

,

h ME.:.-

1

i Carbon (C) 0.23% 0.27% '-
,,

j Chromium (Cr) 0.40% 0.25% 0.45%
Itanganese (Mn) 0.81% 0.50% 0.90% .
Molybdenus (Mo) 0.50% 0.55% 0.70%
Nickel (Ni) 0.80% 0.80% 0.90 %
Phoaphorus (F) 0.009% 0.025%-

;

' 'Silicon (31) 0.284 O.ist 0.3sg

Sulfur (3) 0.012% 0.025% ,-

Vanadium (V) 0.08% 0.08%- -

.

I Respectfully submitted,
!

|
3CRATORIES, INC.*

| p
I>

. .

t ;

#By ar J
*

,

I 3e Sidsfrles atto
'

.

ja Manager, Testing
i ,

|

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

-

.
.

my,,, can,,oy, ie. ors m.n.si-

.

Anamee Laioraeories, .nc.' =-
.s . . . - . . . . . ........ . .. - ..- - . . - -

May 25, 1977 -,

. .

*

g LABORATORY NUMBER: 577.32S A F.0. No. LC-471
SAMPLZ: One (1) Sample for

Chemical Analysis
.

MARX: F-1
DCFF fl Steam Generator..

* Nozzle Tallure Analysis-

CATI SU3M*...us May 24, 1977.- ..
'

; REPORT TO: Pacific Gas 8 Electric Company'

. * 3400 Crow Canyon Road
San Ra:non, California 94343Attn Mr. Steve Ivy -

.

:

-

CHEMICAL ANALYSTS,,

-

m na:..

Aluminus (A1) 0.03% Intormae ion'

Carbon (C) 0.26%
-

0.30C-

Chromium (Cr) 0.14% Information
' Copper (Cu) 0 10% Information

Manganese (Mn) 0.90% 0.29% 1.06C
1

,

Molybdenus (Mo) 0.04% Information
.

] Nickel (NL) 0.07Y Information
Phosphorus (F) 0.015% 0.04[-

i silicon (31) 0.25% 0.10% '
-'

i sulfur (3) 0.033% 0.05C-
*

Titanium (T1) 0.003% Information*

| Vanadium (V) .,,,, 0 9 q3 % Intnrmation, .

Respectfully submitted.
._

, ,

| ANAM LA8CRATORIES, INC.

| '

n I
By n a& 2e

!
.

' 3e 514ft;,ed Otto i
-

ja Manager, Testing
'

,

I
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. a a..e,.: m.n.si
LASCAATORY CIATIFICATI

A n a.m e t 7 aboratories, ::nc.' m
; m = .. . . .. m. . . ****** *=

May 25, 1977 - ""*,

7 W ORATURY NUMBER * $77.329 3 P.O. No. LQ-879808
' SAMPLE: Two (2) Samples'for.

!
'

Chemical Analysis ,

|
, >

I MARX Weld - Side and Crown,
' *

DCPP #1 Steam Generator |
<*

Nossle Tallure Analysis
DAT: SUBMITTED: May 24, 1977 ,. ,

REPORT TQ: Pacific Gas 8 Electric Company, ,

' *
3400 Crow Can on Road

i San Ramon, ca iternia 94583
: At n Mr. Steve Ivy *

!

|

e
i CMEMICAL A?tALYSIS

& Crown
*

Aluminwa (A1) 0.005% 0.004%
*

'

Carbon (C) 0.08% 0.08%
.

' Chromium (Cr) 0.01% 0.08)'

C.Jpper (Cu) O.07% 0.08%
'

Manganese (Mn) 1.17% 1.08%
-

Molybdenua (Mo) 0 15% 0.12%
-

-

Niekel (NL)' 1. 00 % , 1.03%
Phosphorus (P) 0.013% 0.012%
Silicon (Si) 0.55% O.40%

'

,

; sulfur (3) 0.022% 0.022%
Titanius (71) 0.01% 0.01%,

Vanadium (V) 0.03% 0.02%

Respectfullfluhaitted.
*

ANAMET 3CRATORIES, INC.

O L

[ ,\/sy vt' ' *.
3e

3 ja Managerp, Testing
51egrr4 d otte I

,

.
. .

,

_ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . __.______.__.___..___.___m.._ _ _ _ . _ _ _ . _ _ . _ _
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* f M. W. .':CLLoca COMrr.tfY
, 30 Page f of 4 " Reser,t 4M .77.55

.,

L alvlainn of tvileen Interport.ted Wwid Priscedure code .*in. .00
*

,/:ntag fabrisation Spee. Ilu. P I Ne t -8t f-rt.-? te .s eselll4aspert, Pa. 17701 Datu II/m/73

Aevislen entes _4 -et-A. ,

'
..

. *,'

' Ot30M $7t:lflCAfl0!1 f0ds Carbon Cteel M.DM Nmt We welding sheM be done W -
.

..ng ts Wisimal Steel ply aq, lasert weld. . she CTAM insert roes asul SM4W weldest 3 reeeesse
GTAV (not) )nd Se%W weldout). ve W eenwel equipmens. De pnenemay,

be seed vtth the filler sietal s'rpe listed on
_ A:t r.tTAlj / fhe base metal shall een' form Pe6e 2.for interetssens voids, laelsaf.n helee

*- 'ne speelfftAttens fe/ ASMie Seetlen IX, (peep 1.elu) in the ring, er miemeuk in the*

3 g p. g 4,,, g g , * root set.up. If necessary, vue semplete pees
*

any be sede wktia holding shg purgs. .r:IAW |
! .

' LLIA METAL 'r%# filler estal shall sen. wistding shg11 he dose estag s non-eeesurwble
.' to ASMS Filler Metal (seelf tsattene Nisse eldestede ei 22. theriated tuageses. E'.*til.2.s .

STA 5.3 and $FA;MS te,r ferreus filler *
' *.- -*

'.' Al in Crue , Nuoter P=4 eed F-4. 3ASE MTERIAL THICXNill This pet.4cdwre* *
le geallfle( to alivie welding et actarlal

3 sMisical swealtlen of the weld doves. thishness between 3/l4" and 1.5" (heet
.

'

shall fall within the lletts of weld Metal treated). '
.

. e s t s N.ed.o r A= llts.'
, ,

'.. -
;'

P4tPAftA710ll CF BAlt r.'.7XAIAL 7 tie vdges | |
*

5 fCft 7;Act twir.U Nnel,nal suavesillen er surfetes of the pa*ts to be jult.ud I.y
|

4

'

egon, St.3357. ca.pte purity (for GTAW welding shell be stepared by f146w sutting, e'.ts). plasse are, grinding, nnchinir.g, or say* '
,

sembination et meetheda to essentially form
the gespiefry of the weld tihewn en Pet.jt 2

t Ff*. AACrwr PcRCt ' Argsn per pege 3 as detailed en the attasht d statelect and 8

*fAWprwands). shell be si.ean of all ull or greens as.d., .
.

' ,

oncessive seeunts of scale er rust. I
, .

,

3 VtLOS Faa.*,Lf.9A: no CTAV pro.;ess ELICTAlc.% CMAACT*Atef!C1 Tht current'

v filler me.tae two, listed on n ge 2 used shall be DC STAW
t

Str4l he. Polkrity '

t'

led with er withett besk+9p avrge in 1/ 6 SMAW Asverft. PJlitlty. or 1/8 laen 4fputer. '.
'

J0lNT Vit. DING PRCC80*Jht: The welell tach =*
-

nique, sus'taselectrsdeelses,andvde,* '
! .

tagetin flCll! Th,,, welding res t be done in all &nd currents for essh vinstrede, s tea er ter! lens. Alding tip and filler rods, sha!! be st.n=
stential!y .as shown en pays 1

ti!AT 4140 lleft|lFA3Ja k00* F = g648 f pre. APP (MARCC CF VtiCit'f. LMt!tts T!.a .ia l d i r.g I'

far 1MW weld out only sn.s 200 F minlews surrent 6ad e nner of depositing th' weld
i cos'at. ' metal shall be such that there shall we.
i - '

', prestledily ne undereutting en the sits
! .

*
wells of the welding groeve or the adjelning *i *T MfA7 TRCAftttNTI !!00' F .' 1200* r I base meterial. See job spestflectics.s for

per inch alnle.si (see jet speelf f sat}ons speelfle undareutting li6.Itattens.. .

4Y814 eed thleknesses regwirlag pect heat
;

'

bens. Cl.fANINS: All slag er flum res.Jinir.g on i
, Dead of welding shall be removeJ bnfere'

I dMJ,be poet susuessive bead of
ACf.II:1 tTSI9s mor e, we t .

'
. .* '

'

DtfsCT%I Any ereeks or blew hulu, lledet
,

',

AWCL IPit3: 41AU . " = 6" pne e.1,,. eppv9e en Lt.e surfase of any betl ef walding|
i *

$$W " a $" per poln, shall I,e rewved bv thipplog, grintilmt, or..
'

.- treny no hof..n. dermiting the news wesess.-

. Ive ad el welding,
*

i s

| r s -- . egg -
-

'

i
' ''

i

n,

- _ . . r - - ,
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TI E II. T. IE l. L O C C C o t! P Of f .

e ,eene e se rmnse asunnstee
. PIPING FASSICATIos *

. .
I.

.

b * g ye,EC01111 ENDED Font! Q.I 5 tant:f*ACTtinER'S 11ECaltfl 0F WELDING k'HOCEDURE
It.

i? 3e.g QUAUFICATION TESTS .

w .;-e me. P12b-7l-K!.Ffe-SMV-4C T2/28b*Dame
-

YeWies Pievess f"7All 8JIW./ Meneel se Meetene Man..a i
leasedal Spreilieseien AdQ$,f1,2,,, w ,13,[Qi.Q,, el P.No. - 17M se P.No. 1 .

Thiehnees (If ripe, diamosos end oeil shieksees) iGH o & W /*a88 L'
] Thieheese Rasse die sees geslilies ,,j/14" then 14s wgi1 , Me tu eog 3.,# no.,

*

Pulee Mosel Groep No. F. la 4 Ft.UX QR ATWQS!4ttXI*

Todd Ws.4 Aselrele Me. A. t% ffee Tsede Name er Ceeposisine linMe
_

-

Desesihe FI3er Metal il see ineladed in Tehle Q.II.2 leere ces Casireeleien A-aaa,

er QN.ll Saae.fing,,7 w. t .# au p o r#M t 8 T,ede Name Ftee Rose ~20 ("FM.
' _

For ouvesesyiese evidlee-Seees if Fille, Wesed is si3 le Beebies Sasip usedi We
leen er einessen killed. Poeheet Temperessee Ansp200G e . 100* *

.
.

'

ess.amo Pnoctouas lessepue 7,=m=== nup W'' r a f a r a..=
Sine e se ms.s,ae Pen woIeieie Femane T,eu-ew lacoo r/he f.e. soao ..s

stee e w manic , A,e simeies a 11000 F, I he at i150* F. furnace cooled at
,esisi.e.s.o.f C.m.ve. . 68 ... . . . .S.ee.Pws.e. ar F.I.s.s Q.2. 'k qi.h er QN.2 4 QM.3|6004 F/M to 600( 0crim. . . .

A/C
-

rom rwroisuArtos oNr.y. * -

Fute, vine-cia.e., 1/8 x */12, 3/32. I/8, 5/32
vst.6fMC TEC!!NIQUE3

-

Tiede N e ---

Joise oi.vesisee An=< oie see Sheet 2
Type w a 6;.. = 77 - e.ee .. .sve ;eeh n ,e, .;e..-

} Pmehmed w Seekheed - Cneeee * O f* Polarity !!*AU T t Pa I ch t
.

AEDUCED SECT:CN TENSIt.2 TEST (Fige. Q 4 and QN.4) $ MAW RCY9eSei
. ' '. w. 0=e== y'"*," urei.., cas. che .,w resi.,3,,,;,,, ne, 3,,,

; OIe. t. sed. Ib. I"'''' P** **4 I""' "A**
,'

*

'
' .Is98

- Broke in| I .1948 1G.000 71.c00 Base Metali
Oroke Ini 2 .fe95 .182f4 13.800 71.700

.

. Base Metal.

J
.

.

. aiansa nu.o Tmim . o.r.i. e.r.2. qu r. . ,...:. qu.r.n
i

j Cet.
'

T;' et. jan* nee.de :,.

I $atisfactory 3 Sat is facterv,

! 2 fatisfacterv In SatIsfactorv! Resoles of FIIIetwelJ Tesse, Fla. Q.9(e) W/A
*I

Weidee's Meme - T_ hlhv ,

I
C!aek No. TC Sassip No. f

no b, vi se e, e - .ee e .eue. ,e*,.seee ,e,ei_.. -

Tees Camdesied by llagnaf.'"* Pa"= 1.sherese,y-Tees No. *f B 1 *.*
wattagmp., _ ne u .

.

we eenie *= *e uses-eove :e ese ==d en e= end eh Se in . vide em tw, ed, evided endr
wesed le eseedese, eseh abe ,ogaseemeses ed seedse IX of she Aske ca.iv.

-gge,g -The M. W. Kellong Co ooany
. NSWef,

.; v Dew- 128J/7'l
*

*

3r > e e t .r.
, . . .' -

Charter "V" flotch Te*t Results:,

11.A.2. Plth = M.), /1.0. 71.0 - 69.5 * * * *

Veld = 91.0, 85.0, 99.5 = 91.8
-

II.A.Z. Pl e 20.0, 27.0, 32.0 = 28.0"
, .-, , . .

, ,,p e
**

It * -

*

*
.

i

.

,...s. , . - .m

_ . , _ . _ = -
w -- -- -,, . . - - . ,----e

* -"

-W-rwers''m+* - * -t-w- ''%vvu-'-e- rwat Y-Ne- N ***wwrig e=-w*w*79--p-'r--tvw
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Tl!C M. '? r:e. . r . -**r-... pN* 'I 4
''

A Olvl -s n cue n...* Iu'a*porated %|si
I'

nEssguru~cMy,/wm.s24'rIto Ints i: *, . s -at I t.n
saae. no. ni a-rI-=l- ..

vlill = c.,rt. ra. In0I
case irn e n . _ _ .

.

Aevlsien~Udtws: _ 4.#4/6. .
'

- . ...* .
_.

.

me. ar ,
. ,

I WI4 .&
-

-

..-
. - .m, ,..,' ' .~ .

,
' -',' . . , . . , , -

*
.-

. .
, ._ . ,, . ,

. . .
. .., .- .ww.

* *

. . !
, ,.

=r.ar .[ gag f.

,f.j,
.

.
.

%. ~l W . i.
-

-. '

< -- - .. . ,
,

. -, -
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)
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..-. . -
r .'
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.
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,

. . .
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;,

' ' C' ** | .,
* ** '*

.

.&.,, j
| &_ , '. *-
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.
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*

oh
-

.
.

- .m., -W ' l b
.
.

~ *

.. g :p 1__.-- , ,

,
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.
. . *

. .
*

. -
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. ~ . .. - -. m_

j t *k. . r . . M
~ '
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.

. . . . . -
. -
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. . - -
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~U4. 4FILL 5A FILLEA
'

max. Tc7.c3 5tiatts it;;;ct gii'l s '.I( ' *;3
METAt. TYP! METAt. SIZE AMPS VCATI PCI.AA ITY c Ft.0 RATE $1ZE M D 'I |t

s

) ?SS OPTlet:At. ctTwt At.
*

i | (n1n,) emf,P. ITV l il;T t.705-2 ItasiRT
'

~

TAV or -4 1/8 X $/32 SI*I75 t/t ce 3./j d fj.

21 stralght Argon 20 CTH diamme rer :
|CK (705=2 1/16 60-120 He

strai6t :
TAW or ~6 3/32 70-150 17 .. straljht Argon 20 CT14 diameter

1/5 or 3/3iI
( 1/8 103-1'm 20 _

s t ra i e.%: I' k
- ~

1 '.A.'tCE (8018 3/32 65-1to 27 2?J 1/8 100-165 31 reverse i, *

I" -

5/32 140-220 34 7 "s j
:

1/16 t e0-2M 16_

4 3

i1/1G", 3/32", or 1/c" E70s-2 at E70. -6 filier riccal any be u. e4 as
,

90TE: . .

'

necessary for tacking, filling, intemit tent veista, look-in 1.utes 'i(peep 14 ales), or mismatch in th. root.,

set-up. If nessesary, one I.-t . . - . , s. ..i., ,,a u. o td i.. .. -,. .. -

.

_ _ ~, . .._. ~ .. . - _._ - - _ . . . _____ - _ ,_ _ _ _
-
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.. Te r: t it /.es IEL I E lI LLEl E C''I A: I

d.i..:stna r i r: a r s r.e t,si,.p.: r.r |

c i
-

. , , . .,

" " ' , ' , , 3,,,,,,,. - ;;:., ;- - -- i, m.. sr 3 i wGii. -d'' : ' ' "' ' o "- "~ ' a-
.

- ,
.

*
. ,r. c.. r,t. s..< i 1 - :Sem,4 n c _ (oc /4 4 H/A

,"'

/ W **Q
'...$.u my ao rm. ~uau i.rac A c Asn ***** r** .

i 7,,( SdneTI0ft I _stcT!oti !
n.ft . 7377

-

;;:n ', c_ '
+

ff/A-

..a - .m.- -
,

. ..

i . 7,.gn ..;::.. :::. ..... ::::.
........ .

._
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STATION CI3tSTRUCTIC!t CDAR1 MENT- - -- .

~28't= i SIAE0 CulTON PROJECT
., . ..

,, ,

EIS!IEF W STEiti CDGATOR 1-2 -

J BIAED C$NTtN PitIMEET
'

,, .
*

i 6- .:., ,

. ' . , '*
--

. ..
, ,, ,

Serch23,1977 j. .
.

~
,- .. .

. . . ,. ..,

The fbilaming information is provided per your mquest to tr.dicate tasts and
transfest canditions tdrich influenced temperature and pressun on the secondary
sids of st=cs generator 1-2:

- - -
~ , . . ~ . .. ...~ - . g.. .

. .. . _ .,. .

37!::20 aa.a ,-
... ,

-- - - -
., ,.y -.

,

sozzles capped at generator)psig,8106* F (min stems and feeduatar
1st hydn - 1 ocle to 13552/1S/74

.-
.

. 4/29/75 2nd hydro - 1 cycle to 1320 psig 9 88* F Oty's lifted and pressun had
tobereducad) '.' . - - -

.
'

N Mth ht Piping *'1355 psig s 88* F
' ''' -

*-

,

,

| JN bero - 1 cele to-
. ..., ,

,

. .
.

.. .

' ~

IEIT FUNCTIONAL TEST ,s
, -. . : . . .

,

.
.

. .
..

12/13/75 ItC3 heatup 100* F to 150* F -

12M565 E3.heatup 150' F to 240* F
12/23/75 2C3 hastup 251' F to 340* F 82 psig to 103 psig
12/3065 23 heatup 350' F to 450* F.119 psig to 407 psig '

12/3165 itC3 heatup 450* F to 571* F. 407 psig to 750 pstg
*

IM/75 23 heatup 511* F to 547' F, 750 psig to 1010 psig. . , ,

1/465 pressure dip 1000 psig - 940 - 1000 psfg. ai < 1G* F*
-

1/406 pressure dip 1000 psig - 925 - 995 psig. 47 < 10' F .

1/405 tagerature drop M8' F to 523* F, 980 psig to 810 psig
1/ Ens temperature dip 524' F - 497 - 524* F. 824 psig - 451 - 824 psig.

1/7/78 taperstare dip , 531* F - 505 - $12' F 900 psig - 695 - 75D psig
; 1/5/75 tamperature tacrease SER* F to 545' F 714 psig to 583 psig

. 1/166 tamparature dip MS* F - 503 - 547* F, 98g psig - 677 - 1000 psig
1/10/78 temperature dip 548' F - 526 - 542' F,1000 psig - 829 - 973 psig
1M2/76 Es enoldoom . .. 838' F to 115' F, tot psig to O psig.

135* ItJ:o 322' F. O to 84 psig1/15/75 Es heatup .

i

1/17/74 NCS heatup 327' F to 528* F 84 psig to 850 psig.

1/2!n5 tamparature dip 525* F - 472 - 546' F, 840 psig - 501 - 182 psigs
54E' F - 475 - 501* F.1000 pstg

ig525 - 45a psts| 1/23/75 . turbine roll
501* F to 545* F. 600 psig - Ses ps1/2446 ta perature incressa.

'
1/2565 turtime roll 547' F to 482* F, 979 psig to 563 psig

,

| 1/2Bn3 RCS cooldoen 482* F to 255' F, 583 psig to 20 psig
1/23n6 acs heatup ,255' F to 546* F. 20 psig to 989 psig

; 2/40s tartine roll 546' F - 477 - 544' F. 988 psig - 537 - SS3 psig
t/508 turbine roll 548' F - 435 - 532* F. 987 psig - 598 - 887 psig

|
.. . .

_ . , _ . _ _ . . . _ _ . . , _ _ . . , _ ,
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at af stamm Genersene 14 Te.IJ8tMcf[/7er!'

* * * ' * ' ' ' ' ' " " * * ''~
TTeuTiMRfA!6Efe.ler-..

.

3
. .,

er Radtcital. T557-e:stinued h. 2.1'~Z.
' '

.

..

2/7/JE tasted safeties $54 psig - 884 psig senral times aT < 10* F '

2/10(M testad safettes 552' F - 531' F four times 1042 psig - 868 psig
(SJ.'s 1-3 and 1-4)-

2/10/75 ac3 anoidemo i. 549.5* F to lor F 100t psig to o psig- -

'

WIIs During the days est Ifsted above, the tasperature and pressure were
velatively staale. A datafled picture of tagerature and pressure is available.

i

at the site and a drawing of the entire het functional program. Steam pressure |stans os the drawing is densstream of the main steem isolatica valves and dcas
set sheys agree with stama pressure in the steam generatar. )

,

is . !

MMI-Wf RTMC7ftriAI. TEST *

3/14/77 RCS hastup 115* F to 165* F
'

3/1 5/77 RC3 haatup 165* F to 200* F, 0 psfg to 52 psig |.

I3/16/77 RCs bestup , 3|c' F to 330* F, 52 psig to 88 p ig-
*

smm m:s ==sid=.
j . ** *g -air r to 100 r, a Fsi, == 0 ps<s

, ,, ,
,

-

**.
. . . .

FM!Wm2 TO STEAM GENERATOR -

,

'

During both Het Functional and Mini-Hot Functienal, the auxiliary fee +satar systat- i

ms esad for ankaus tc the stamm generatur. Feedwetar tamperature varied fras>

$0* F to 110*.F and flow rsta varied from 0 to 300 GPN. We understand Jeu have
atta.ined.uutar coursistry results from the plant chemist.

j 4 -

s.. . . ..
. . . .. .

TIENUE. ERPtftSION-

Serjug Het Functional, therm 1 movement and potantial czeonent and piping
(starferences aure closely sonitored for each steam generator. Novenant of
sesam generator 1-2 mes in agreement with the movement of the remaining
gamurators and accaptable by Engineurfog Department. Howawr, insulation on'

the feematar talet line for steam generator 1-2 did came fa contact with the-

luissle barrier penetrattan, whereas feediater ifnas on tt:a other staam generst:rs
-

i did ast. The insulation cover uns slightly indented, but not enough to induca a
,

rastriction to the novament of the feedustar line with the steam generatcr.;

Russits of the thermal expension test durfag Hot Fissettonal are as f.11e at the'

plant and Genersi Office. -

.
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ANALYSIS.0F ELECTRON OIFFRACTION PATT'ONS
%.

Gold Calibration for Camera Constant
Ring Dia. e d K

z.ao r3ET 'ITE .

2.55 2.039 5.40

3.75 1.442 5.41
.

4.40 1.230 5.41
:

K = 5.41

Pattern Frem Extracted Oxide,

. .

Rino Dia. a d Intensitv*
1.3 G . 5

1.5 3.60 W

2.0 2.70 $'

'

2.15 2.52 M
-

..

2.40 2.25 M
*

,

2.70 2.00 W

3.10 1.74 M
'

3.30 1.53 W
-

3.50 1.55 VS

4.00 1.35 5
-

4.40 1.22 W

4.70 1.15 M

'

WS - Very Strong * aFe 0 Hamatita
5 - Strong 23

- a-
| M - Medium -

| W - Weeko

1

's

.

G

= - -- r - - .- -- - . . . - -
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