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FRACTURE. TOUGHNESS OF STEAM GENERATOR
AND REACTOR COOLANT PUMP SUPPORTS

(RESPONSE TO NRC QUESTIONS)

INTRODUCTION

s

In May 1978, the Nuclear Regulatory Commission requested information
concerning steam generator and reactor coolant pump materials used at

the Turkey Point Plant Units 3 & 4. .In November 1978, Florida Power

and Light Company issued the ''Report on Fracture Toughness and Potential
for Lamellar Tearing of Steam Generator and Reactor Coolant Pump Supports.”
This report is submitted in response to additional questions in an NRC
letter dated July 29, 1980, and supersedes in its entirety the previous
document .submitted to NRC by FPL letter L-80-332 dated October 3, 1980.
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RESPONSE TO NRC CONCERNS AND REQUESTS

ITEM 1
CONCERN

Figures 6 and 7, (Bechtel Drawing Numbers 5610-C194 (Rev.3) and 5610-C196
(Rev.3), respectively) accompanying Florida Power and Light Company's
letter of November 10, 1978 to NRC, show the S/G and RCP support
columns are laterally braced, at the top, to compartment walls. No. 18
rebar extends out from embedment to act as studs to secure the bracing.
These ‘rebar are ordered to ASTM A-432, a specification that does not
assure fracture toughness.

These rebar appear to be simultaneously:
1) Important to support structural integrity
2) Of relatively poor fracture toughness

3) Thick and notched by threads - two conditions individually
notorious as promoters of brittle behavior, and

4) Not readily inspectable.

On the other hand, the rebar pattern (16 bars per support) provides
considerable redundancy, and design stresses ‘are not obviously excessive.

REQUEST \

In order that the fracture toughness adequacy of these rebar may be
evaluated, please provide:

a) Results of inspections of the rebar made to date and plans
(1f any) for future inspections. State how such inspections
are performed and what region of the rebar is so inspected,.

b) Provide evidence to assure that all thermal expansions are
actually being fully accommodated by the mechanisms the
design provides for this purpose. Results of past inspec-
tions of wear in and around thermal expansion slots may provide
acceptable evidence on this point. Discuss such wear patterns
in relationship to the possibility that rebar might be sub-
jected to anticipated cyclic thermal loads during routine
plant operatioms.

c) Mill test reports for the heat(s) for this rebar. Include
also any special ordering requirements and results of any
other tests indicative of fracture toughness that may have
been performed.




If it is found that no relevant evidence is available under Items (a)
and (c) above (i.e., if rebar fracture toughness is unknown and inspec-
tions are not made), testing of rebar samples may become necessary.

Preferred sources of samples are materials possibly retained at the
plant from original construction or at the mill from the same heat.
1f not otherwise available, samples may have to be taken from the
structure.

It is requested that a search for suitable sources of samples be made
for this ASTM A-432 rebar and their availability be reported. If no
source is found, please identify locations in the structure where
material for coupons (see ASTM A-370, Section 18 and 19 for required
size and number) can best be taken with least impact on structural
integrity.

RESPONSE

1(a) A document search of the Architect-Engineer (A-E) files and
Florida Power and Light General Office and Plant Site files
has verified that inspection results for the rebar referenced
were not maintained. No inspections are presently planned
for these items.

1(b) No indications of inspections of wear in and around thermal
expansion slots are available. There are no future plans for
such inspections. :

1(c) No documents were found to specify special ordering requirements

or fracture toughness testing for the subject rebars. Mill

test reports for ASTM A-432 rebars indicating chemical composi-
‘tion and tensile strength properties are attached. These mill
test reports are assumed to be applicable to the subject rebar
since they were filed with the documentation for the other
support materials, Specific heat(s) for the subject rebar
could not be determined.

A search was performed to locate samples of ASTM A-432 rebar
at the plant site. It was determined that there are no samples
available,

It is noted that there is no tensile stress in the rebar for
operating loads (including seismic loads). ¥For the accident load
combination of dead load plus live load plus thermal load plus

pipe break load, the tensile stress in the subject rebar in the
steam generator supports at elevation 30'-6" is 18.0_ksi, TFor the
same loading, the tensile stress ;p'the rebar in the reactor coolant
pump supports at elevation 25'-6" is 26.0 ksi. The minimum yield

for this rebar material is 60 ksi. Because of the low stress levels
in the rebar for all load conditions, additional testing of rebar
for fracture toughness is not considered to be necessary. Since
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the minimum rebar length required for testing is 7 1/2" at any
one given location (i.e., for performing three tests from the
same rebar), which would require disassembly .of the support and
possible concrete removal to expose a sufficient length to
-obtain test samples, we recommend that, if testing is still
required, test specimens of rebar with similar metallurgical

composition be used in lieu of in-place rebar.




ITEM 2
CONCERN

NUREG ‘0577 ranks steel specifications according to the fracture toughness
of products typically supplied under each specification when no .addi-
tional material requirements are included in' the procurement order. A
Group II rating is assigned to specifications governing steel of
intermediate fracture toughness.

NUREG 0577 also establishes NDT criteria to screen steels for their
suitability for use in S/G and RCP supports. Certain Group II steels
meet these screening criteria in applications where members are thin,
but fail them if members are thick. Thus, although use of these

steels in thin sections 1is acceptable, no outright sanction for thick
section use is granted. In such cases fracture-toughness adequacy

must be evaluated for each specific application. Guidance as to
methods, acceptable to NRC, for making such evaluations is also supplied
by NUREG 0577.

The design of the supports for the Turkey Point nuclear power station,
Units 3 and 4, incorporates thick section use of the following Group II
steels which do not meet the NDT screening criteria:

1.) ASTM A-302

2.) ASTM A-588

REQUEST

In order that the fracture-toughness adequacy of such applications may be
evaluated, please submit the following information:

-

a) Identify all applications where these steels are used in thick
sections. An acceptable procedure for making such determina-
tions is to use the formula:

= 2,5 (KID

Where: °§D is the dynamic yield strength of the steel.

Kip is the nominal minimum assured fracture toughness
of the steel in accordance with values supplied-
by NUREG 0577, "

tc is the critical thickness. In members thicker
than tq, brittle (i.e., plane strain) behavior
may be expected.
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If adequately documented, other procedures may be :employed in
making this determination. For example, if other KID values
specific to the steel used in the application are known from mill
or other tests, these may be used in lieu of values taken from
NUREG 0577~

b) For structural members found to be thick, please submit the
following information:

1. Mill test records for these members. Any additional avail-
able information which may be indicative of fracture tough-
ness (e.g., supplementary material specification require-
ments or other test results).

2. Identify which of the thick members is most highly stressed
in tension on the thick section.* Report the most severe
primary stress and the most severe primary-plus-secondary
stress found, the station at which these occur, and the
loading combination(s) that produces them.

c) Please furnish a fracture-toughness evaluation of ithe condition
identified in Item (b,2) above. Guidance as to acceptable means
for making this evaluation is provided by NUREG 0577.

*In making this determination, consider each thick member individually.
For each, identify the loading combination which most highly stresses
the thick material at its most critical station. For example, if the
member is a thick Flange I-Beam, the most highly stressed location

in the flange should be considered. ‘Compare these‘stresée§ among all
members. Only the results for the member found to be most highly
stressed need be reported.

RESPONSE

2(a) All applications where steels .SA-302 (Grade B) and ASTM A 588
(Grade A) are used in thick sections are identified in Table 1
and Table 2 for steam generator supports and in Table 3 for
reactor coolant pump supports.

2(b) (1) Mill test reports for SA-302 support material are attached.
Material test reports for the specific thick SA-302 materials
could not be found; however, the attached mill test reports
are considered representative of the SA-302 materials used
for the thicker parts. Mill test reports for ASTM A-588
material or additional information indicative of fracture
toughness (e.g., supplementary material specification
requirements or other test results) could not be found.

L3
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2(b) (2) Primary stresses .(which include dead loads, live loads, thermal

2(c)

loads, and seismic loads) for steam generator 'and reactor
coolant pump support components are compressive., The most
severe primary plus secondary stress for a steam generator
support component (see Item No. 3 in Table 1) is 32.03 ksi
in bending. The most severe primary plus secondary stress
for a reactor coolant pump support component (see Item No. 3
in Table 3) is 49.74 ksi in bending. Primary plus secondary

'gtresses indicated above are for the accident load condition

which includes dead loads, live loads, thermal loads, and pipe
break loads.

Primary stresses (which include dead loads, live loads, thermal
loads, and seismic loads) produce only compressive stresses 'in
the support components, Primary plus secondary stresses (which
include dead loads, live loads, thermal loads, and pipe break
loads) produce tensile stresses. NUREG 0577 provides a com~
parison of Nil Ductility Temperature (NDT) with an assumed

75° F minimum operating temperature for the assessment of
fracture toughness properties. However, during the accident
condition (i.e., pipe break), the temperature inside contain-
ment will be much higher than 75° F.

The data available for justification of an increase in K1p

(XID - nominal minimum assured fracture toughness of the steel
as indicated in NUREG 0577) due to higher temperatures is of

a limited nature. However, we have found no records of occur-
rences of brittle fracture taking place in plate or structural
steel at temperatures of 100° F or higher. Additionally, since
the thickened steel parts are in tension only in coincidence
with high temperatures, it is considered that the fracture
toughness properties of the structural steels used are adequate
for their intended function. Removal of any test specimens
from the existing supports would result in overstressing of
members during -accident load conditions. We therefore recom-
mend that, if testing is still required, test specimens of
material with similar metallurgical composition be used,




LOWER STEAM GENERATOR SUPPORT @ EL. 30'-6"

TABLE 1

ta te STEEL USED IN THIN
ITEM MEMBER TYPE MATERIAL ACTUAL (See Note 2)] OR THICK SECTIONS
NO. (See Note 1) TYPE THICKNESS ‘ (See Note 2)
COLUMNS W 10 x 77| A-588 GR. A
1 (1) WEB 0.535 1.07 THIN
(1i) FLANGE 0.868 1.07 THIN
2 COLUMN CAP PLATE |SA-302 GR, B 3.5 0.74 THICK
VERTICAL SA-302 GR. B 3.0 0.74 THICK
3 BOLTED TO
EMBEDDED R
EMBEDDED g
SHEAR ASSEMBLY
4 a, WT 10.5 x 56 |A-588 GR. A
(i) WEB 0.527 1.07 THIN
(i1) FLANGE 0.865 1.07 j‘ THIN
b. VERTICAL B SA-302 GR. B 1.00 0.74 } THICK
BRACKET CONNECT-
ING S. G.
5 LUG & COL. CAP
(i) VERT.R's |SA-302 GR. B 3.5 0.74 THICK
(i1) HORIZ. R SA-302 GR. B 4.0 0.74 THICK
. BTWN. COL. CAP
6 | & BRACKET CON-|5A-302 GR. B| 0.50 .74 THIN

NECTING S. G. LUG
& COL, CAP R

NOTE 1:

NOTE 2:

K 2
= _ID
tc Z.S(O-YD )

where FID = Nominal minimum assured fracture toughness of

steel per NUREG 0577

As defined in NRC request

For location see Drawing 5610-C~196

0~ YD = Dynamic yield strength of steel

when ta < tc - THIN SECTION
ta Y tc - THICK SECTION
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TABLE 2

UPPER STEAM GENERATOR SUPPORTS @ EL. 58'-0"

ta tc .| STEEL USED IN THIN
ITEM MEMBER TYPE ' MATERIAL ACTUAL | (See Note 1) | OR THICK SECTIONS
NO. TYPE THICKNESS (See Note 1)
RING GIRDER
1 (i) FLANGE SA-302 GR. B 1.75 0.74 THICK
(ii) WEB SA-302 GR. B 1.06 0.74 THICK
(DWG 5610-C-197)
STOP ASSEMBLY
2 (2 NOS.) SA-302 GR. B 1.375 0.74 THICK
(DWG. 5610-C-197,
DET. 2 & 3)
STOP ASSEMBLY
3 (1 NO,)
(DWG. 5610-C-197 |SA-302 GR, B 1.00 0.74 THICK
DET. 5) '

NOTE 1: As defined in NRC request

K 2
te = 2.4 500 )

where KID = Nominal minimum assured fracture toughness of
steel per NUREG 0577

0 v = Dynamic yield strength of steel

when ta < tec - THIN SECTION
ta > tc - THICK SECTION




TABLE 3

REACTOR COOLANT PUMP SUPPORT

“ ta te STEEL USED IN THIN
ITEM | MEMBER TYPE MATERIAL ACTUAL | (See Note 2) | OR THICK SECTIONS
NO. (See. Note 1) TYPE THICKNESS (See Note 2)
1 | COLUMN CAP PLATE | SA-302 GR. B 5.25 0.74 - THICK

COLUMN W 10 x 112| A-588 GR. A
2 (1). WEB .755 1.07 THIN
(ii) FLANGE 1.248 1.07 THICK
VERTICAL PLATE .
3 |BOLTED TO EMBEDDEL SA-302 GR. B| 3.0 0.74 THICK
PLATE @ 25'-6"
EMBEDDED SHEAR
ASSEMBLY
1 (a) VERTICAL R SA-302 GR. B 1.0 0.74 THICK
4 | () coLumN
‘ W12 x 190 A-588 GR. A :
(i) WEB 1.06 1.07 THIN
(i1) FLANGE 1,736 1.07 THICK
NOTE 1: For location see Drawing 5610-C-194
NOTE 2: As defined in NRC request
2
te = z.s(.___KID
J° YD

where XID = Nominal minimum assured fracture toughness of

steel per NUREG 0577

0 yp = Dynamic yield strength of steel

when ta< tc - THIN SECTION
ta> tc - THICK SECTION

10




ITEM 3
CONCERN -

Information relating to welding practices was deemed insufficient to
enable evaluation of their fracture-toughness adequacy.

REQUEST
For the following weld joints:

a, Pump support assembly plate-to-plate weld (MC 6 to MC 7 in
Unit 3 shown in detail M in Fig. 24 (Dwg. 1428583))

b. Column web and flange welds to plate MC 6 in Units 3 of
Fig. 24 (Dwg. 142858E)

¢c. Steam generator column web and flange welds to plate in
Section G of Fig. 7

d. Steam generator plate-to-plate weld in Section C of Fig. 7
(similar to Item a above)

Please furnish the following information:

a. What specific welding materials were used (electrode type
and diameter, and flux if applicable)

b! What welding conditions were used (position, current, and
voltage)

c. What welding sequence was used (which sections or sides were
welded first, last, etc., during welding?)

d. What post weld heat treatment was used (time, temperature)
and how was this done? How was the temperature monitored?

RESPONSE )

A document search of FPL files indicated that quality control informa-
tion on the various welding 'practices was not maintained. However, with
the exception of the welding sequences, we have verified to what
specifications the welding was performed. Accordingly, we offer the (
following available information for your review as requested,

- 3(a) Welding of structural members was specified using the manual metal
arc or the submerged arc welding processes. The filler metal for
manual metal arc welding was specified to be Class E-XX10, E~-XX15
and E~XX18. The filler metal for submerged arc welding was speci-
fied to be Oxweld No. 36 wire deposited with Linde No. 80 flux,
particle size 48 X D or Lincoln L60 wire-deposited with Lincoln
No. 760 flux, Electrode diameters were specified to be 1/4", 7/32",
3/16", 5/32", 1/8" and 3/32" for manual metal arc welding and
3/16", 5/32", 1/8" and 3/32" for submerged arc welding.

11




3(®) 1)

tions were specified:

For the manual metal arc welding process, the-following condi-

+ = Class E-XX10, E-XX15 and E-XX18 electrodes to be deposited
with direct current, reverse polarity. )

- Welding current ranges, based on electrode diameter and

classification, to be as shown in the table below:

TYPES OF ELECTRODES

Electrode ‘

Diameter 'E-XX10 E-XX15 E-XX18
3/32¢ 60-90 Amps 60-90 Amps 85-110" Amps
1/8 " 90-120 Amps 110-140 Amps 130-160 Amps
5/32" 125-175 Amps " 150-190 Amps 180-210 Amps
3/16" 150-175 Amps 180-210 Amps 250-290 Amps
7/32" - ’ - : -

1/6 " - = © 350-410 Amps

(ii) For the submerged arc welding-process, the following conditions
were specified:

- Submerged arc welding to be performed with.alternating current
using the following characteristics for various sizes of weld

wire:
DIA. OF WELD WIRE | WELDING CURRENT | VOLTAGE| TRAVEL SPEED
3/32" " 350-400 Amps 30-33 | 26"-30" per Min.
/8 " 400-500 Amps 30-33 | 26"-30" per Min.
5/32" 500-600 Amps 30-33 | 14"-20" per Min.
3/16" 700-800 Amps 30-33 | 12"-14" per Min.




3(c) A document search of the Architect-Engineer (A-E) files and Florida

3(d)

Power and Light General Office and Plant Site Files has verified
that information concerning welding sequences (i.e. which sections

or sides were welded first, last, etc.) during welding was not

maintained.

Post weld heat treatment for the suﬁject weldments was specified

to be as follows:

‘Methods of post weld heat treatment were specified to involve
‘heating the complete assembly as a unit in a furnace, or heating

sections of the assembly by electric induction coils, resistance
coils or gas burners. For components to be locally post weld
heat treated, thermocouples were specified to be attached in order
to ensure correct temperature. All areas of components to be

:subjected to post weld heat treatment were specified to be cleaned
"of oil, grease, dirt, etc. Post weld heat treatment of weldments

was specified to be within the temperature range of 1100° F -
1150° F. Minimum temperature holding time was specified to be

one hour per inch thickness of the greatest thickness of the
weldments to be post weld heat treated. Temperature was specified
to be controlled by butted thermocouples (directly in contact)

or attached thermocouples. Temperature control was specified to
be accomplished with the aid of automatic strip chart recording
controllers in conjunction with manual control.:

13
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ATTACHMENT 1

~

MILL TEST REPORTS

FOR

ASTM A-432 REBAR




0‘,

S & ke
l T -
5 4 __Attachmem: 1
E ; 3 Page 1 of 5
L) ¥ e 3 ; 3 s oo
,‘ 4 ; X ‘» % <
¢ *; TS > r X
% A7 ‘ o g 2 5
5 G: 7 q"‘w) 2 TEMOAR X
5 S = 22 * AL 7
&F AT > 7 t S (oo
0% & & e 33
™ = - 3 ot s )
¥ o > o G e SSNE
X kt Y. \ ae 4 3 e o
RN R AT, i e S N -0 ERTADYE:
B i e e PR AT ’ s e
¢ v -~ TR L A . gyt g
FLORIDA ELECTRIC STEZL MILL g«,;\a \-3’;:{;:3?5{“ 7
ReRIBA STIEL | sEnLTTNCAL. ComImaN gt TR R R
CERPORATION "o oo R R et e A o
CHWICALANDWCM.TMRECORDW - ,"“-""‘:: I
RASIC ELECTRIC FURNACE STEEL 311 7 " eoaoms owmen oot
P . . e ‘-_' L . ;:_0:{: N et i 3N
v ve A1l Diviyicos PAC N ML B Sal ST RT Ny
[ S S - 7 .
L _ T ¢ c_-.__nmh SPCTWP M WSt
o amasveee L) ’
e - - Py ° Py R W or Moy ——
87-23 M5 100 1 034 [N 188 (-1 032
Lol 18 | ok joy B > Lo —
52e1353 07 | %0 kS . 1.4 .
7=l &5 pOT R Ne- I o %) . X »
LTSI TR TO5S IGE w ﬁ .
LA R L LS 17 {03 pa L 0.7 .
03d 33 t—t—uslr ‘2a 2 i ®- OS5 s
AT=11)e &2 112 030 Da? . O.h). L
572442 L9 108 103y 313 . DA% B
=700 | w2 | v? Rk . 0.0l '»
6T I8 s 103 | 6 it .
ST U30 ¥ - §..% J
7225, &t 109 | ORS é . . 1.00 L4
O3PSttt 124-C3 0 - -3t <
*4723002 3§ 210 Ol d 12 bd
o2=2152. 1 L2 | 110l032 ;32 . 3.2 P
*57=)} ey e | 92 023 PSSO . 1.8 .
0=Yy2 | WA 108 § OLT L1 . 0,1Y .
o’=. «? 102 ) 027 .. 1.3 e. ‘
- 8?-7609 &) 98 (o7 * .78 -
IO rryv DY G B &0~ 105.2-) v 3T L 2
4T=lL08 L6 112 joas L] 0XH IS
—do— 2L — ;
L A ad uo N 430 .
S SN W ) 124 | 32 2
Tre pnysicpl Tnnng of hastd) »a . witnes
FWEY. com® b Rt a2
~ o -y e
—— G40 oF 9 e o A — o = e o ame e —— oo SO
A Y svten L XY ud A8 Vet -
- T FOURSe S5V PASTR 0000 MAA SOIRAYT, 40 GBn
S R—— TR o Lod ol
o n/wjee S N\ S "\‘"“I;"M{""."w‘ St e
£ 7 > & ' 3
23 » ¥ ;
{) : 3, 7. & 2 A




¥ rsm 2o 3 b o
b . . 2 . . ‘ - LLY XYY N N %
* \.. e ln e "-h . ) .-.v.. ", r . . o 0Vaugy ——e—e e e .\..u->.‘.\.:n=c . e reenan
DU IED st N ekt ,
URLY P LI IO VRN TUN'Y P SO (TP e B ) ) T T ST pemmm e ogies smomet S 6 oaw, ot
- LN FLAN L0 . Se 0 2 v sen 121 TR
MH Bink B% B Lity CIaLINE BFY 64 sat &
evo b . T ad BUA"%." ™10 33073 o) FIRLTT N "o .1-ginl.hl'E.‘Fqumaﬁ-l~'!ﬁrﬂn-bh"l‘l.-l'll-lh-u - SMRAEE AT o el 1SN 6" " .. :
£ )
Q wreericeisae te CEX 3 - - - —— - - ¢ -
< Q . ‘ i .
w% oY f _ ) .
</ v 1 o I.Sw.aém.:.omcuhw e 1T~y - - &= —BLOT9E0 | LU YT |a..m«w '
. g ¢ 03 Joly 0%0.19 " 1 b s
v | oL 03&3 022’y ) Ly Wi AR 1y 8
- - - Q‘F oqngﬂ Oﬂmha . L Nﬂc Oho n\\.-r ﬂﬂm .v&?&o
: g 1S T o Ao x. _ e AL mmo. L ez, ot Sn | eolinds
Ll « | 8°¢ | 00z€0T] om" . : . o260 521 | 91| Sir-i: @
3 09 .. “ teo | o | o | 155553
A R R e R e St b o . ¢ 04§ 0L | T} 155525
SN . | 19 | ollsn] ooatl9 " T L A R A e it
o R PR v e e | im| feo] er| an| g
& w1 e o] ozehol . o PR R B T A
S . [ . WPes &
S w1 oo Lo oreds . . AL I s
b TR X RIS a«. AN hal e - SL SRR SR S P A e ML I u.....\...._w
: S o ) oeL b otfftet] eactor|  ° . " W ety ol £y lmlos
g A e L At B B ———] L €20 ] €O | SE| M| RIL-LS
o Yo 1 o0s | st osne p . 6t0 | a0 | 2ot | v |. Gaiis
ke SR F L N O NS < J_lao] g ) o). ol
K v G | 000 | 05241, 9041 “ " A D N N 13- 5 11 .
5 4 e | Sty B0 . . o jewol nEt| om| LLo-i3
k A ONE " . —— s o220 d 360} Sor } gn ) 2645-:5
(L . U 00'5y . : ;- 1250 .
ke s |IM0 °-msm°dl Qom\ % K u go OHH Fa— mmm@ Q
sl R D A TN Ly st RS, Pt . ofo-} €0 | sot | ¢n | ontiso
853 7 | uve | oesrior | oebed 1 el . x 2001 260 | 50U [ o | 6LIo-L9 )
e e RN - S — St R L
¥ Dl e | o MR “yaev : .. ) e ol ailie o * | sremsn
..m.. : , 3 2 lrﬂ e ”” “Lakr’w.t“.““hk . - .!H.H”I!c . - . ) -~ .!.Ivcm: tar mo.osoqac . v
mm» : Ml# - ...cw...qn..o..: t..ld&.@.% ¥4 e siee ' v.!l.i.T.lll:..._. ..C.l gl B rorcid i~ Aty pevirirereind
.nm i&lllf.li.r.f T OATIN A SWIEM, LML T AT Lo e o . Y S Om .gluc.ww..ulu
AR i, o e v | w o
o cig. ;£ 1 e
e TR, aro e s 74 aILe 30VNUNL DIULOETE Disve R e :
24N m.&b&.\s,w.w..‘aqz ..xa.;.mﬁm..w. $ z QKOUMK .Pmmk. J(U.W?I& QZ( J(U:&MI }- il
LK LY viar s} i i 4 ; A O d
e A AT _..ziz.:a Wy £ n._%«ﬂnﬁ 7
A4 uo . /] [
S N RIBING TR AL Dtoaa <£mo...."_ Y

R 2 AR 0 LT e .
% PRy =edey %A #h ‘ % ¢ % 2

%)




~ o < -w.W v Xty 54
m“t }J.ﬂ” Ny 4 > b, (
4 : 3 Rt
y “ oA 7 _.v 2 3 \Mr uhu.l.ﬂn 3 ﬂ 37 < 7 S Bl £ >, I ]
2 5 ot 5] ! 3 ! X’ o
Ma ’ - fw- 8/ 4 0,
" .0 Fa . 0% et asents 8087 Swebs e B9 0 b PLI™ ¢
.\ A -\\N 4 4 ow ?‘ TR ..-c..-. -..-.(u vouf.v-..— o:'-..s:-“ s ololilln- R
= “ : \\ “\ ._. 250 820D BAY OMCTIs BYY A1 BviIM IR Badet 4V .
2 LI . LTI P :. ..:. J. 1.0 e TTT TR rrmesnemeraees (] P ool o9 4.0 .-
g . S e Vd Jiad Beteldee anient be - .
am.v o - - Shl PUE Po%418 LIt woud’l £ o8 §4 ee’e
.m n“ " s AS..Q. hlP.Jf’f!!ggg-agtr...frfﬁ-... CTR L LT ol CAT S B3 I TULIT A AN PR R Y,
53 .
28 mred e s eseerm . ——t — - . —— .,
ottt TR R shbot ——ef e —e B P . ,
w . .{ . o - —— o ofmeseeonen : 2
, l OWRN{} 7 ~ 00 Lid1—~009 104 Yo 3
S, Se' | 09 | owatt) ogs'ss - ] v | ~zes il
e b. aw nmmsmﬂH Eﬂns . rmw OHMYNW
Adie | €L o9 mt] ogstly YT on | T hese-te
e taro AT ¢ . ] 91 TL69+L9
\ [0 § - - ONd.p r S
“ e PO I T REG oo =1 patmryrr il
A atl et rengnl sty 1 - . m ] sélo
: lura;‘..)uo.. 290 O A e corte] vrmsreeas — R PO S ...Mu L.r.lmmm
: detdcooy fezon| ofetss| v A Lo : g Jee
h 1m0 0o SELl F N N —— 5 )
; Fane T 0TI 036%¢e ) D ECa 2 ¢ A
RN I S A T i . o i :
! pedan- | €0 ol ostilo N TS B NS A e IH..
: sl 2T [osiom ) oo I SRR . . m)
5 Sz B G (DRI O T e T T S~
\ Yo . ow Oﬂﬂw ¢ PR » o- .n— /uh <) u'w. e YL * . [} 3
LAY 1€ 9071 058 A B MITA by &J Ve g X r-é-w. .
P AR Adeed Y, ke we Ty . - 5M,P\.h LRSS T A [} 5 « 9
: PRIy | ooo MU0y ok 4o e vt 5T
n B |57 | 0BT 051l e sl n 7 5
£2, s . . v Ihl. w WAV ity § o e o
A el ISR Dol - Pad T K I !
t A PR S STy ‘o8 z . b oy — w’n .
¥ Ty ....w.nh.- XN ..Qadad ..ds vt ¥ Ay Lo saun s somsemawwnsnia Sow 1 1 traveem i) O, e
i BReny t .Su &.« 2 a8 n. _”A. .,cr,. : .....Im?.... W0 TR T il
.k\ o v g ..”“.
) ; ( 5 : . L4 J\l v m“”.m‘
; A v \m.g... fm.a s .t...w.w _w v ﬁ&& .”,4_;. : ..“...... w.-m.» mivze yrcR ¥ > ..».n.“..
v . N we o we sin e ..v-. » . u..
: S .mu.e AR ?_ o_z._.uu..m oisva.: AR S :
o v . R ¢ S
. X Tl ‘: .ﬁJ-m.ﬁ.’ . . va ” auhm.m%. °z< J(”—:"I o J X - " mr.. . ” H M-.-...,
3 Y . N .r@%ﬂx@‘% ‘. .-;l.-!.-.g Jo .‘ -:.». -.ﬂ _ .D-pﬁ.- . ”&Ahﬂ.‘“
& e gy .,..,.v. i Nk L TN, Y AL ¥
WS AR e " . TRty
w A ' 'y 5 ool \ ﬂ:,— .. L2 ‘..- X %“Wu.wﬁ ] )
2 N SR D d 2 ;
Ripd) ; % 3 :
uw m« s Y X b : ) X i
i P . .




Attachment 1

. . d’ " Page & of 5

.
13 T
r &
Y,
R o~ |+’ M
£ ; 3
- 2 A, & () = y;
‘f‘u‘ : e, X 3 I
",
3,
3 *, 3 it & : X 2 3 4
e Q
Y
2 X o .
X 2 " =~ ] =
& L %
5 X g : : >
" 4 A 5 ? 7 Y %
ol e t "y ' X &
» < & ASE bt Ealy o, R f 3
& Ean v, Y
Xy % Gt = ’(‘& N At o A 2 AR e i‘?: L o
o YRy ARG . K% £ 3¢
: A chs R AL % % &
v AR 3 ey AL ?
& 4 > F D O3 s ;
P & =, s A
"_i - ot 223 X < 7 3 g X - %
» ‘. e = 2 ¥ &N
2 %) 2, ; c " b Y, 1) '
X 0 o} o
QIR T g rbe SR Y 2 3 - a
et i - sy g R e s
FLORIBA STEEL METALLURGICAL CIPARTHENT
CORPORATION " o ooe seme moe, MemEs

— CHEMICAL AND PHYSICAL TEST RECORD ON
BASIC ELZCTRIC FURNACE STREL

Fotretnts Y8 o . o A 11 Divisiona PSC /
?m'm‘—'—mu - - N “w aw i
“-m.a.'—' ::.;‘.f_._‘gﬁ..‘.—__ . sesewscarron . A=h}2 > | aitatn) ve 3000 ___ vn $0,000 a_h’m,_
-y amasvese eSS < 4 RS o0 ——_— L 3 - oy
) - . o foe - LS sr Hvy : mamw | oo Jowee :
cerm | | uoRl pu 148 O.LL AR32 6,960 (109,110 | 9.5 WA '3
P A Bt nz}u 3‘3 = 110 L 9% lupen 1 as Je - °
2171 | owe | Q07 {G2) P36 . 149, » ‘ 65800 111,760 | 8.8 | £2
RS RE T W NPT G B K hl YT . IR - i 20 [108,°00 | 10.5 * - <
=*~7~ | S0 | 10L]0X0 K¢ . 0.1 — : WIS b =
rere2? | 4S | 1100 P2 . VAL ° | 6,000 102,70} 8.5 = 58
PO R0 3 G e L R U v UeST o G 0001205100175 vk
s T=¥r "2 - 2} ges - 1.9 ., ® 163,90 IN,80 | 8.8 §* 0=
+ e 3 )&-i%“ a Ovlslr— e 43 -
~?e1324 L3 1C2 ", 1.0 -
L% Tl LY l » 0.2t Ld
=72222 | 47 | 120|030 ms . 0.5 .
1-377 { O 1L 00 LS . | /%14 .
ol us 10k %] ¥ dodL
27-1365 | ke | nujo2s psi . 0ok -
Eriae 1ot .- Tt -
Tne ;:Qah.-a_} u':rw ol salearcd ! o aas withessed by ir, 1.7, Bastgott, Crou Pe
ETrrineSr carevi-rrat. v e T e T SCEEE —_gr ~ LIS PRI TR AP,

- "4

STvan e AP CLELERD SMFrERE 8BS YOO -
. WO WINHES LASFOT AP Tud AGPuE PQLAre oq SON-

L1 e Wy oF g

P

ver o
memn emmn s e e
PULE SUOON AL LOAPNE 1O LIV CLIGENE AND SASE Tt
g POVetd ST Padin 4GOS ML (OSNNMY, 4B Son

——— ———— 1 o e ———
-noc [ L% TOsgD « *nl S0COtus AF Tk GPnAAn?,
.
» , N T, Y e
L) P e v ® 0z e
nieres . e eaae benagiess hdew] AN rb.s":i "k P
&
> 5o ' -
“ 5 < > . "
v B Q) 15 %3
* - Iy
> + Y « > A
X EA A L X 2 s ol LI
7 1 - > = £ Y ) w -
; A L < & = !m .0«‘;43 39 ."J‘-_Y:
P< > o s - e C A P
% 3 1‘— 'y TR eI T (3=t s A N SRR s Phet T e L R A e ku .9‘_); i ANMS LA e AT R 8- -



IR o R A
G A AN A 9
PLORID

DA BLEGTRIC STEZL MILL DIVISION)

: "“"”’.":',‘ SR L Mo, Aotse

HEMICAL-AND PHYSICAL TZ3T RECORD ON:;
BASIC ELECTRIC FURNACE STEEL )

WRTRE )

N

——

’ “WM&‘{.QOKA& OAPARIUENY '_ '
i

|
!

WRL CAERN P e e

S
FURIEIIL CMGEL e .
<Y

.':);.

- Fo

ANARYIIO Y

*  ie rewmeeore
Ner oM’ s o culbr g
A

ey & MLl NG

T
R i e S tL T ST ' TS IV 3 MY P

ol Seadl
e b SIS . AN § P AR EVES
;‘-QI .‘ M L) - ‘. <.)&‘
rnuan v JUUN. L, B0000 NPT ¢ (2%

wee i ran

AAp

N

aé
108 ! 032

.’
2 BV Iy

105
110

A-32 :
»

e s o siminP ree

L2 OF TORMF S PPy
g st l " AL i -
. ne "y )
0 e 1% e .

st 20y, L AT P84T ' .,
€6,855 {167,035 | 3.8
fy,c30 10.7.40° 1,0

e

3‘)6;’3 H 135'670 . _‘.;
107,910 | 7.0 |

105
13
306~

108
108

-

~

e s e el liewar
Tty
. .

55,020
5,585 T R, 55673
‘o )':‘ > "11,5& 1.9
wad P2 ALY
L,150 . l_‘.:-., 39_0

95

129
pit
120

Sindd

A
coeales

09
10
2.

L]

) PR R PS4 o
d&,?m ‘.’;).l".'q

C'éﬁﬁ_ i o-ln,}ﬁ—
0,300 |
Fealt SRR YR IY o B U
€4,910 "T1iY,3010
70,350 {729,330

115,840

100
105

L0y D
105,200

100
108

ANk

7,20 (197, M.
105,110
109,150

Ao,

‘L..{xa'-t a.a.a

o

-
52

N ERILEE.

3

&« Jéa’sd . “ e m<”

TV

G0 VY 450 VeldV 3P S v a8
- e et Ry

(44

. ome BT M e e el ey W crmmss

" . e - s -

. aissl s
ve0 61 fin)ee

— B S B SR P

.
.Lw'.w-w.r.--n LA A LD D 2 § P AL ke e o

/

- tm amm g eay > we & - - -

- M By

TAE POV SIT PONIN A VS AAR ¢ IRAE, N0 P4V
181440 18 THE Ve d 92 NS 1200 0p
>
.

FFraLttig

L I B I L

‘.4- Q.:'.l‘-- -l.-

~

of s . o
I PRSI A

GULE PWARE BIG NSNS 1D V00 L VIS Nep 00r) oo 0P P,

WU
101,50
152, 250~

Nd A0ALRP VOVl 00 ¢ 4 ¢
at30 Ay & u’A2y

¢ o

VA

'Otlllna

B T e A

AL DRI

',
'y

% ‘c{ :

3t -
.

35
3 AN
"‘

¢30¢6 2388d
1 3uawyoelay




ATTACHMENT 2
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FOR

SA-302 SUPPORT MATERIAL
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