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Fabrication History of the Third and Fourth ASTM A-533 
Steel Plates of the Heavy Section Steel Technology Program 

ABSTRACT 

The fabrication history of the first iwo steel plates (HSST plates 01 and 02) for evaluation by the 
Heavy Section Steel Technology Program was presented in ORNL-43' 3. 

Two additional 12-in.-thick A-~33 grade B steel plate., have been purchased from Lukens for 
evaluation They were received for heat treatment in the ~s-rjlled stress relieved, and descaled 
condition. These would have been plates 03 and 04, but reroUing of plate 04 caused a change in the 
numbering sysijm. It was originally planned to leave the plates at 12-in. g, je and heat treat them in 
the same manner as plates 01 and 02 (normalize, austenitize, quench vertically, temper to class 1 
mtchanical properties, cut into plate sections, and stress relieve). However, it was decided to reroll 
portion., ot one p!a*j to 8-in. and 4-in. gage and heat treat portions of the material to class 2 
properties. 

Since plates 01 and 02 were vertically quenched, it was decided to horiz ".tally quench the second 
pair to test the effects of the quenching procedure. Accordingly, Lukers, who uses a horizontal 
quenching procedure, was -rhesen. 

All material was ultrasonicauy inspected before and after heat treatment in accordance with PVRC 
specifications. 

This report is to provide an objective account of the history of the latest HSST plates. In some 
instances Lukenn' interpretation of the data is presented. Otherwise interpretation of the data is not 
included. 

INTRODUCTION 

The Heavy Section Steel Technology (riSST) Program is a long-range experimental program aimed at 
evaluating the structural reliability of light-water reactor pressure vessels contiining metal imperfections 
und^r startup, operating, and accident conditions. Questions of vessel integrity have risen mainly from 
regulatory and licensing bodies and the Advisory Comm'ttee on Reactor Safeguards. Hopefully, these 
questions will be answered by reevaluating methods in ;se and extending these methods to develop the 
necessary technologies. Specifically, the program covers both material property investigations and fracture 
behavior based on transition temperature and fracture mechanics methods (including their extension to a 
quantitative delineation of toughness behavior). 

The program is being carried out with the cooperation of, and in coordination with. :nany other 
research efforts sponsored by the federal government, private institutions, and indu$:ry. In particular, 
industry is sponsoring complementary efforts in nondestructive testing, material properties, and in-service 
inspection. 

In the latter part of 1966, tne first two heavy-section steel plates were purchased as a materials supply 
for researchers. Their history is presented in ORNL-4313. 

Additional research material was provided with the purchase of two more heavy-section steel plates in 
the early part of 1967 from Lukens. These plates, originally identified as plates 03 and 04, were 12-in. thick 
ASTM A-533 grade B steel. Soon after the plates were rolled the HSST program decided that some study 
should be focused on materials of gages less than 12 in and on the effects of rerolling. Accordingly, 
portions of one plate were rerolled to 8-in. and 4-in. gage and portions of the as-roiled and re rolled material 
were heat treated to class 2 mechanical properties. 

1 
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Roth plates were uitrasonically inspected in the as-rolied, stress-relieved condition; in one of the plates 
no "recordable" ultrasonic indications were found, but the other plate contained a number of recordable as 
well as nonrecordable indications. Consequent^ the piate containing the larger number was chosen to be 
rerolled to determine what effects rerolling might have on such ultrasonic indications. 

Lukens was chosen as the fabricating contractor because they used the horizontal quench method. The 
first two plates had been vertically quenched, and it was desirable to investigate the effect of the quench 
method on the properties of the plates. 

The purpose of this report is to provide for researcher:, and analysts a historical record of the latest 
HSST Program plates from the time they were melted, rolled, and fully processed by Lukens Steel 
Company. The intent is to provide the mill history and fabrication data as completely and objectively as 
nos-ihle. 

The author wishes to thank the following for their assistance and for making essential test data available 
for this report: (I) the Metallurgical Department of Lukens Steel Company, particularly S. G. Johnson and 
E. K. Martini;(2) K. K. Klirdt of theORNL Inspection Engineering Department. 

1. PLATE 03 

A. ROLLING, PRELIMINARY INSPECTION, AND TESTING 

Plate 03 was ordered from Lukens Steel Company on UCCND purchase order 73Y-49288V. Essentially, 
the order specified that the plat? be 12 in. thick znd rr.c-t the requirements of ASTM A-302B modified 
(and code case 1339 with 0.40 - 0.70% nickel in the ladle analysis), electric furnace melt, vacuum 
degassed, stress relieved, and descaled for iitat treatment by the purchaser. A Combustion Engineering, Inc., 
specification was referenced for the heat treating operations. A copy of the purchase order is included in 
the Appendix. However the Combustion Engineering specification is not included, since the heat treating 
procedures subsequently employed varied somewhat from those specified by Combustion Engineering. 

The steel, melt C2702, was poured into ingot form in February 1967. In March the ingot was ro.J.ed 
into slab form, and the slab was rolled into plate on March 16, 1967. 

Optical pyrometer readings indicated lhat prior to rolling but after the first descaling, the temperature 
of the slab was about 2150°F. Descaling during rolling was accomplished by alternate applications of 
moistened burlap and ;ommon salt to the slab at the entry side of the :olk. In both instances the materials 
were used to introduce moisture between the work rolls and the stock, where :t vaporized instantaneously 
(with explosive effects in the case of the salt) and removed the surface scale The moistened burlap is 
applied selectively during rolling where surface scale is observed. 

Both transverse (side-to-side relative to top and bottom of ingot) and longitudinal (top-to-bottom 
relative to top and bottom of ingot) rolling were performed. The longitudinal-to-transverse rolling ratio was 
1.7:1. Duiing the process of rolling, the plate was visually inspected on both top and bottom surfaces for 
"snakes" and other surface imperfections, but none was noted. The temperature of *he platu un completion 
of rolling was about 1700°F. 

A 6-in.-thick plate was rolled immediately prior to the rolling of plate 03 and a 4-in.-thick plate 
immediMely afterwards. The 6-rr.. plate was placed on the ground (inside the mill), and plate 03 was placed 
between it *nd the 4-in. plate for cooling. Lukens advised that it would sequire about six to seven days for 
plate 03 to return to ambient temperature, cooling in this manner. 

Luken J ;eported the following information for plate 0 J : 
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Material identification PVRC Code No. 
Heat C2702 Grade A533 
ii:got 2 Class \ 
Plate 2 Suppiier L 

Melting and Casting History 
Furnace number - "C" 
Furnace type - BEF (basic electric furnace) 
Charge material - cold 
Tap temperature - 2900°F 
Deoxidation practice - 0.04% Al added 
Degassing - yes 
Degassing-type process - D&H (Dortmund 2»d Ilorder) vacuum lifter type 
Teeming practice - bcttom 
Teeming time — 8Vi rnir*. 
Ingot size - width 10? in., thi«*k:.css 40 in., heigiit 161 in., weight 136,0001b 
Ingot type - slab, bed (big end down) 
Hot top type - disposable, cast, insulating only 

Healing and Rolling History 
Soaking time - 20 hr 40 min 
Soaking temperature - 2350 F for 3 hr 40 min 
Rolling practice: 

Cross rolling ratio - 1.7:1 
Finishing temperature - 1700 F 

Heat Treatment History 
Subcritical - 1150-1200°F,cool 100°F/hr to 600°F 

The as-rolled plate was ultrasonically inspected at the perimeter of the proposed c»itf ing boundary to 
determine the extent of sound metal. The plate pattern (120 X 240 X 12 in. thick) and the test plates were 
then cut (vee C ; ^ . 1.1). 

On completion of rolling an J preliminary processing but prior to shipment of a plate tc a fabricator for 
heat treatment, specimens for physical testing are usually cut from the trim area for evaluation of physical 
properties according to the requirements of paragraph 9.2 of ASTM A-533-67, which states in part: "When 
the plates are to be heat treated by the fabricator as provided in 5.2, the test specimens shall be cut from 
coupons oi iuii-yiatc thickness zr,z or sufficient si2»r v.> • '«»• i"c tensile specimens, and impact specimens if 
required, are at a minimum distance of 2 in. or 1.0 times the plate thickness, whichever is greater, from any 
as-quenched plate edge anH midway between one surface and center of the plate (1/4 T)..." In this case, 
as well as with the other :SST plates, Lukens requested and was permitted to use their DATA TRAC" 
testing method (Programmed Testing Procedure) for plate qualification tests in lieu of the so-called "3T" 
test specified in A-533-67. 

Specimens for plate qualification and development tests were removed from the locations shown in Fig. 
J..' sr.d hcut trssted 2s follow*-

i. austcniiized at 1550 to 1650°F for a 4-hr hold, 
2. program cooled according to the rate shown in Fig. 1.2 for 12-in. thick plate, 
3. tempered at 1200 to 1250°F for a 4-hr hold and air cooled <o ambient temperature, 
4. stress relieved at 1125 to 1175°F for a 20-hr hold and furnace cooled to 600°F. 

See Part I of this report for full plate qualification test results. 

1 John H. Scott, "New Test Method Promises Major Cost Savings in Construction of Big Pressure Vessels," ASMV paper 
67-MET-24. 
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Specimens for the check chemical analyses were removed from the bottom ingot end of the plate at the 
1/4 T position. The following is a tabulation of the ladle and check chemical analyses as reported by 
I.ukens: 

C Mn P S «".. 
V.** 

Ni Cr »!o Si Al 
Ladle 0.2' 131 0.012 0.018 0.13 0.60 0.15 0.50 0.24 0.031 
Check 0.20 1.26 0.011 0.018 0.12 0.56 0.10 0.45 0.25 0.034 

B. FIRST ULTRASONIC INSPECTION 

The first ultrasonic inspection of the plate was performed by Lukens for information purposes only. 
Inspection was ptrformed from one surface with the plate in the as-rolled, stress-relieved, and descaled 
condition, using the longituc*;nal wave technique described in ASTM A-435. Coverage was 100% using a UM 
model 715 Reflectoscope, water-soap solution couplant, and 2 l^-in.-diam quartz crystal at a test 
frequency of 1 MHz. Only the areas which caused 100% loss of back-surfa:e reflection were to be recc ded. 
Only two indications of any significance were noted, but neither caused a complete loss of back-surface 
reflection. However, these were documented sc that they could be compared with the more comprehensive 
pre- and post-heat-treatment ultrasonic test results which would be obtained later. The results of the first 
ultrasonic inspection are shown in Fig. 1.3. 
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C. PROCESSING AND FABRICATION PROCEDURE 

It was considered important to compare the physical properties of vertically quenched steels (such as 
HSST plates 01 and 02) with those of steels quenched horizontally. Accordingly, Lukens, who uses the 
horizontal quenching method, was requested to submit a proposal for heat treatment and inspection of the 
second pair of HSST plates. 

Essentially, UCCND and Lukens agreed to the following procedure for inspection, heat treatment, and 
cutting of plate 03: [NOTE: Plate is in the as-rolled, stress-relieved, arid descaled condition, and the 
ultrasonic (longitudinal wave) inspection for information purposes has been performed.] The plate shall be 
marked to maintain identity of top and bottom surfaces, heat number, and top and bottom as related to 
ingot orientation and to longitudinal direction of roiling throughout aii operations. 

A. Grit blast. 

B. Ultrasonically inspect plate from tho top surface only in accordance with Attachments 2A and 2B of 
the PVRC subcommittee report of April 10, 1967.2 

C. Anply a punch mark near each comer of the plate for measuring dimensional changes after normalizing 
and tempering. 

D. Normalize at ! 675 ± 25°F for 12 hr and air cool. 

E. Install 23 thermocouples. 

F. Paint with descaling compound. 

G. Austenitize at 1575 ± 25°F for 12 hr. 

H. Quench in agitated water. 

I. Temper at 1225 ± 25°F for 18 hr and furnace cool to 600°r. 

J. Stress relieve for 40 hr at 1125 ± 25°F and furnace cool to 600°F. 

K. Preheat plate to about 500=F and cut test specimens. Tests, for information purposes only, shall consist 
of transverse tensile, bend, homogeneity, Charpy V-notch transition curve (no guarantee), and i.il 
ductility transition temperature determination per ASTM A-208. 

L. Stress relieve plate for 12 hr at 1025 ± 25°F and furnace cool to 600°F. 

M. Grit blast. 

N. Reinspect in accordance with step B. 3 

O. Lay out cutting pattern on plate surface, stamp each plate section with HSST bench maik, and record 
coordinates of the bench marks. 

P. Preheat to about 500°F and cut plate into plate sections. 

Q. Stress relieve plate sections for 12 hr at '025°F and furnace cool to 60C°F. 

R. Ship plate sections to the HSST storage facility. 

'Referred to in text as second ultrasonic inspection. 
3Referred to in text as third ultrasonic inspection. 
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D. SECOND ULTRASONIC INSPECTION 

In February 1968, Lukens prepared plate 03 for ultrasonic inspection by grit blasting and grinding the 
top surface (surface to the top during rolling). The surface finish thus obtained was approximately 250 rms 
or better. Inspection was performed in accordance with Attachments 2A and 2B of the Pressure Vessel 
Research Committee (PVRC) subcommittee report of April 10, 1967. Copies of the Attachments are 
included in the Appendix. 

The ultrasonic inspection before heat treatment was performed to locate and record any discontinuities 
for comparison with the ultrasonic inspection results which would be obtained after heat treatment. A 
Reflectoscope model UR-600 and 10-W SAE oil couplant were used for both longitudinal and shear-wave 
inspections conducted at ambient temperatures near 0°F. Nonsoluble oil was used, contrary to the 
requirements of the applicable specification, Attachments 2A and 2B ; because the use of glycerine or a 
soap-water solution as required by 2A and 2B was not feasible at such low ambient temperatures. 

D.l Longitudinal-Wave Inspection 

A reference block made by the Midvale-Heppenstall Company was used for calibrating the ultrasonic 
equipment. The block was made from vacuum-arc remelted, double-quenched and tempered steel with a 
chemical composition quite similar to that of ASTM A-S08 class 2 material. The finished block was checked 
against a comparable block of quenched and tempered A-S33 steel by Midvale-Heppenstall, and they 
advised that the two had almost identical acoustic properties. The "Midvale" block is shown in Fig. 1.4. 
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The amplitude of reflection from each of the holes (bottom drilled for longitudinal-wave and side drilled 
for shear-wave tests) was recorded to relate signal amplitude to the depth below the scanned surface. Points 
of peak amplitude from each of the reference holes were plotted on the instrument screen, and these were 
connected to form a distance-amplitude correction (DAC) curve. 

In general, calibration of the instrument for longitudinal-wave inspection was performed as follows: 
1. Place the transducer directly over the flat-bottom hole that produced the highest amplitude signal on 

the instrument screen. 
2. Adjust the sensitivity to produce a signal amplitude of approximately 75% of full scale. Without 

changing the instrument settings, place the transducer over each of the other flat-bottom holes, and plot the 
location and amplitude of the reflection from each hoie on the instrument screen. This plotting results in a 
DAC curve. 

3. Note and record the back-reflection amplitude with the transducer situated over a sound area on the 
reference block. 

25 

OHNL-0W6 69-2667 

DISTANCE (%) 

50 75 100 

DISTANCE (in.) 

Fig. 13. IxragftudinaJ-WaveDACCcne. 
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4. Move to the plate, place the transducer over a sound area with a suitable surface preparation, and 
adjust the instrument sensitivity so that the amplitude of the first back reflection equals that received from 
the reference block. 

All discontinuities which caused a complete loss of back-surface reflection and/or produced signals with an 
amplitude equal to or exceeding the DAC curve were to be considered "recordable." 

A DAC curve for the longitudinal-wave inspection was plotted on the instrument screen from the 
following peak amplitude points: 

Distance of Flat-Bottom Hole Signal \rapbtnde 
Below the Test Surface (in.) (lines t<f height) 

1 i 
2 1% 
3 13 
5 13 

10 4 
Back reflection 11 

For this work the usable screen height is 3 in. A grid in front of the screen is scaied five lines per inch. 
Thus, 15 lines is full screen height, and 11 lines is approximately 75% of full screen height. The 
longitudinal-wave DAC curve plotted from the above points is shown in Fig. 1.5. 

As noted previously, plate 03 was in the as-rolled, stress-relieved condition, but the reference block was 
in the quenched and tempered condition. As a result, the attenuation properties of the two v ere Muite 
dissimilar. When transferring the crystal from the reference block to the plate under test, a loss of 
sensitivity was experienced. It became necessary to increase the sensitivity to produce 11 lines of height of 
back-surface reflection on the plate. 

Inspection was performed using a Reflectoscope model UR-600 and a 1 % -in.-diam, 2.25 MHz, 
internally grounded quartz crystal. The top surface (surface to the top during roiling) was hand ground to 
an approximate 250 rms finish, and 10-W SAE oil was used as a coupiant. 

Previous tests indicated that a signal approximately 50% of the height of the DAC curve would be 
produced if the crystal was moved 5/, 6 in. off center from a :/ 2 -in.-diam flat-bottom hole. Accordingly, a 
scan path width of % in. was used. 

The plate was laid out for scanning as shown in Fig. 1.6. A steel bar, marked off in %-in. increments, 
was held securely along the longitudinal or transverse lines, and a T square was placed under the calibrated 
bar and used as a guide for scanning each grid section. In addition to recording the indications required by 
the specification, Lukens recorded the indications which produced signals 50% of the height of the DAC 
curve and those causing appreciable loss of back-surface reflection. Figi.e 1.6 shows the location of the 
"recordable" indications as well as the ones that were noted for information. 

D.2 Shear-Wave Inspection 

Shear-wave inspection of plate 03 was performed immediately following longitudinal-wave inspection. 
The same instrument (Reflectoscope UR-600) used for longitudinal wave inspection was retained for 
shear-wave testing, except that a 1 X 1 in. 45° quartz crystal was attached, and inspection was performed at 
a frequency of 1 MHz. Again, the coupiant was 10-W SAE oil. 

Probing from the top surface of the reference block, the reflected signals from the side-drilled holes 
were plotted at a sensitivity which would produce essentially full screen height utilization. The block was 
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then inverted, and the reflected signal from hole b was plotted. Curve A, drawn from these points, is shown 
in Fig. 1.7. 

The instrument sensitivity was then adjusted to increase the signal from the hole at b2 to an amplitude 
of ten lines, and the points of peak amplitude from the other side-drilled holes, from the bottom surface, 
were plotted. Curve B, also shown in Fig. 1.7, is a plot of these data. 

Plate coverage was 100% using the same scan path (% >n.) as was used for longitudinal-wave inspection. 
Each grid square was inspected from both longitudinal and transverse directions according to the procedure 
specified in PVRC Attachment Zti. No shear-wave indications of "recordable" magnitude were found in the 
plate. However, the T-shaped area, outlined in Fig. 1.6, contained numerous shear-wave signals which were 
noted for information purposes. 

E. HEAT TREATMENT 

Heat treatment of plate 03 consisted in normalizing, austenitizing, quenching, tempering, and stress 
relieving; it was carried out over a period of about two months. During this time, every effort was made to 
assure that only "normal production practices" were used in processing the plate. Probably the only 
departure from this practice was the installation of a rather large number (23) of thermocouples to record 
the heating and cooling cycles during the austenitizing and quenching operations, but this did not affect the 
quality of the end product. 

Each heat treatment was performed in a natural-gas-fired car-bottomed furnace. Except for the 
normalizing heat treatment which was done in Lukens' furnace 6, all other heat treatments were 
accomplished in furnace 2. 

XT„ 1:_;—. „.„_ „ — - ~ ~ A i— tU- _ . — L „ „ . , 1„_ *~ ~; !-.•„ u~ n »;^~ f.,, u,.» r„™.:—~ u..* —•-« f~—„;,»— 
l^vsilllau£.uig mad ivifunvvi uy m c puivildJb u iuu i I U oui iuiaiv 1n.at.111g i u i injt- ivriuuitg, v u i IIV l u u m n g 

was done. 

E.l Normalizing 

On March 2b, 1968, at 2:30 AM the plate was loaded on a furnace car and charged into furnace 6 for 
the normalizing heat treatment. The plate was located in the furnace essentially as shown \r. Fig. 1.8. 
Lukens reported that four furnace thermocouples (Nos. 2,3,6, and 7) w;re used to record the heatup and 
hold periods. 

After about 6% hr the thermocouples were recording readings within the specified range of 1675 ± 
2S°F, and the 12-hr hold period was started. Throughout the hold period each of the thermocouples 
recorded temperatures within the permissible range. At 9:00 PM the 12-hr hold period was completed, and 
the plate was withdrawn from the furnace and cooled in air to ambient temperature. Figure 1.9 is a plot of 
ih» normalizing data. Since thermocouples were not attached to the plate, the cooling rate data were not 
recorded. 

E.2 Austenitizmg and Quenching 

In the latter part of April, plate 03 was equipped with 23 stainless-steel-sheathed, type K, 
Chromel-Alumel thermocouples mounted in Honeywell type P measuring junctions. The type P junctions 
were installed by drilling V4-in.-diam flat-bottom holes to the appropriate depth an1 counterboring each 
hole to V2 in. in diameter for one-fourth of the hole depth. A typical installation is shown in Fig. 2.17. (The 
holes we-? drilled from the bottom surface to avoid interference with the oxyacetylene cutting operation 
that would be used later to cut the plate into plate sections.) 

http://1n.at.111g
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Thermocouple assemblies were inserted in the %-in.-diam holes until the hot junction was in intimate 
contact with the bottom of the hole. Asbestos material was then packed into the % -in. counterbore to help 
hold the assembly in place and to shield Mr hot junction area from direct impingement of furnace gases. To 
preclude the possibility of the wires being torn from the hot junr'ions, each pair was secured to the plate 
near the respective holes with metal clips tack-welded io the plat;.*- Two assemblies were installed at 1/4 7\ 
sixteen at 1/2 T, one at 3/4 T, two at a depth of 1 in., and two at a depth of 11 in. The plate was then 
painted with a descaling compound (a Combustion Engineering proprietary brand) and allowed to dry. 
After the plate had diied, it was placed en a furnace car and charged into the furnace. Both plate and 
furnace were at ambient tempeiaiure ai ihe lime of ciutrgiiig. Figure 1.10 shows tiic location of the 
thermocouples ard the orientation of the plate in the furnace. Figure 1.11 is a side view of the furnace 
Snowing tut relative iGC2tiGfi Oi the lUiTiaCc coupicS dim the burners. 

The thermocouple wires extended through a smaii ope-iing in the bottom of the furnace door, and ssnd 
was used to seal the opening to prevent furnace drafts in this area. Stainless-steel-sheathed thermocouple 
lead wires were used from the hot junction points to about 5 ft outside the furnace; asbestos-sheathed 
thermocouple lead wires were used from this point to the recorders. Two recorders fere used, one a 

Fig. 1.10. Location of Thervtocoople* for the Aoftotitizng Heat Treatment 
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fig. 1.12. Tenperatue Spread for Thermocovpfcs/4 Tnroagh K Daring the Aastesituing Heat Treatment 

12-point Brown-Honeywell instrument, and the other a 12-point Leeds and Northrup instrument. Sufficient 
slack wiring was provided to permit the recorders to be moved and to provide ample distance between the 
plate and the furnace car during quenching. 

The furnace was fired at 8:00 PM on the evening of May 1, 1968. At 3:15 AM the following morning »'7 
Yr later) the thermocouple readings ranged between 1380°F at midthickness to 1590°F at the plate surface, 
and the 12-hr hold period was begun. During the ensuing 12 hr the temperature readings came closer 
'ogether. Figures 1.12 and 1.13 show the temperature range of the thermocouples from the time of 
cfnrgi.ig until the plate was withdrawn from the furnace for quenching. 

Shortly before the plate was removed from the furnace for quenching, the thermocouple readings 
ranged between 1540 and 1600°F.The temperature of the water immediately prior to quench was 76°F. 
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Fig. 1.13. Temperature Spiead for Thermocouples £ Through W Doting the Aostenitizng Heat Treatment 

The time lapse between opening the furnace door and irrmersing the plate was slightly less than 2% 
min. The plate was lifted from the furnace car with a lifting device called a "peel," which consisted of 
several "horseshoe-shaped" members suspended from an overhead crane. The steel blocks on which the 
plate was supported on the furnace car (see Fig. 1.10} were separated to allow the horseshoe-shaped 
meTrbers of the peel to fit between them. 

Lukens1 quench tank measured about 20 ft wide X 60 ft long X 8 ft deep. Agitation of the quench 
medium was provided by pump circulated water discharged through 8-in. water inlet piping. 

The plate remained in the water 1 hr and 28 min, after which time the plate thermocouple readings 
ranged between 100 and 190°F. The temperature of the water increased 3° during the first 50 min that the 
plate was immersed; after that time, the water temperature gradually returned to 76°F. 

Figures 1.14-1.16 show the cooling rates of various thermocouples which were attached to the plate. 
Generally, the thermocouples located at midthickness level and 1 T or more from an edge cooled at 
practically the same rate throughout the quench. The top surface couples (located 1 in. deep) and those 
located in the top 1/4 T cooled faster than the corresponding locations in the bottom half of the plate. This 
could be due in part to steam entrapment resulting in reduced circulation on the bottom side. Within the 
1/4 T and 1/2 T planes, for couples located 12 in. or less from an edge, the cooling rate was faster than for 
those located at midwidth. This effect is also apparent in the surface locations; however, it appears that the 
bottom ingot end (end nearest the door while in the furnace) cools faster than the top ingot end. This trend 
does not hold true for couples in the 1/4 7* and 1/2 T plane when comparing cooling rates of bottom ingot 
end couples with those located near midwidth. 

E.3 Tempering 

Shortly after the plate was withdrawn from the quench medium, the plate-attached couples were 
removed. Throughout the quenching opei3tion the furnace door was left oper and all firing units were shut 
off. This was done so that the furnace would be relatively ccol when the plate was recharged for tempering. 
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Fig. 1.16. Cooling Curves for Thermocouples Located at the % r Position. 

The plate was then reloaded on the furnace car and oriented as it was for the austenitizing heat treatment. 
Five furnace couples, 2, 3, 6, 7, and 8, were used to record the tempering cycle. The furnace was fired at 
5:00 PM May 2, 1968; at 10:45 PM the Mghest thermocouple reading was near 1250°F, and the 18-hr hold 
period was begun. Lukens advised that they would attempt to hold the temperature variation within ±10°F 
of the nominal tempering temperature (1225°F). 

Figure 1.17 shows the spread in thermocouple readings throughout the 38-hr heating and cooling cycle. 
It will be noted from this figure that the temperature varied somewhat more than ±10°F from the nominal 
1225°F. Even so, the variation was probably no more than 20° on the high side. 

At 4:45 PM the following day the prescribed 18-hr hold period was completed. The firing units were 
shut off, and the plate was allowed to furnace cool until the highest thermocouple reading was less than 
SOO F. The plate was then removeil from the furnace and allowed to continue cooling in air. 

E.4 First Stress Relief 

The plate had cooled to slightly below 400°*" when it was recharged into the furnace for sfress relieving 
at 9:20 AM on May 4, 1968. The same furnace couples used for recording the temperatures for the 
tempering heat treatment were used to record tnose for the 40-hr stress relief. After Niight'y more than 6 hr 
in the furnace, the stress relief temperature of 1125 ± 25°F was attained, and the 40-hr hold period was 
begun. Throughout the hold period the thermocouple readings came closer together. During the last few 
hours, each was recording essentially the same temperature. 

At 7:25 AM May 6, 1969, the 40-hr hold period was completed, the firing units were shut down, and 
the plate was left in the furnace to cool below 600°F. Some 6 hr later, the thermocouple readings were 
below 600°F, and the p'ate was withdrawn from the furnace for further cooling. A plot of the spread in 
thermocojple readings for '.he stress-relieving heat treatment is shown in Fig. 1.18. 

THERMO
COUPLE 

DEPTH 
FROM 
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OISTAUOE 
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E.5 Second Stress Relief 

At tnis point in the processing sequence, the plate was preheated to about 500°F, and the plate test 
material was removed by oxyacetylene cutting from the locations shown in Fig. 1.21. Following removal of 
the test material, the plate was returned to the furnace for a 12-hr stress-relieving heat treatment. The plate 
was chaiged into the furnace at 10:00 AM on May 9, 19t8. After 9 hr the temperature, as recorded by 
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furnace couples 3, 4 ,5 , and 6. ranged from 1020- 1035°F, and the hold period wis begun. About 5 hr later 
each thermocouple was recording essentially the same reading, 1025CF. This temperatuie. as shown in Fig. 
i .!9, was maintained throughout the remainder of the hold period. On completion of the heat treatment, 
the firing units were shut off, and the plate was cooled in the furnace to below 600°F. 

In order to determine the amount of dimensional change that occurred as a resuh oi heat treaiment, 
punch marks were applied in each of the four corners of the plate (as shown in Fig. 1.20) prior to 
normalizing. The dimensions between the punch marks were recorded when they were applied (as-rolled 
condition) and after the normalizing and tempering heat treatments. A tabulation of the dimensional 
changes is given in Fig. 1.20. The amount of dimensional change was essentially the same as that 
experienced during the heat treatment of plate 02 (see ORNL-4313). 

F. THIRD ULTRASONIC INSPECTION 

The plate was prepared for ultrasonic inspection after heat treatment by grit blasting and condition 
grinding. The surface finish of the plate after grinding was approximately 250 rms in most areas, better in 
others. Both longi udinal and shear-wave inspections were performed using a Reflectoscope model UM-721. 
Longitudinai-wave inspection was conducted with a 1 Vg-in.-diam, internally grounded, 2V4 MHz quartz 
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crystal: shear-wave with a 1 X 1 in., 45°, 1 MHz quartz crystal. A solution of liquid soap and water was 
used as the couplant for ail testing. 

During routine visual inspection of the plate after neat treatment, several areas, commonly referred to 
as "snakes," wtre observed. The length of the suspected areas was later determined by magnetic particle 
inspection. Five such areas were found on the top surf ice (surface uppermost during rolling) and one on the 
bottom surface. The location and maximum depth of each are shown in Fig. 1.21. The "snakes" on the top 
surface were removed by grinding to apparently so-id metal; this was confirmed by magnetic particle 
inspection. The one on the bottom surface was grouna to a depth slightly more than % in., but defective 
metal was still visible, ll was th:n decided to leave the rtnwiuinj defective metal for possible investigative 
work. These snake-type defects were not detected during rolling nor during any of the subsequent heat 
treating operations. 

F.l Longitudinal-Wave Inspection 

Longitudinal-v/ave inspection of plate 0? was performed on May 27—28, 1968. Calibration of the 
ultrasonic equipment was performed essentially in accordance with that described in D.l. The plate was 
again laid out for scanning as shown in Fig ! 3. except that 2 ft 2 had been removed from each end for 
mechanical test specimens. For this inspection, only the areas which produced signals equal to the height of 
the 100% DAC curve and those causing a complete loss of back-surface reflection were recorded. There was 
one other deviation from the procedure described in D. 1: Lukens decided to discontinue the practice of 
using the T square and calibrated bar to determine the crystal scan path and overlap, instead, they chose to 
allow the inspector to scan each square without the benefit of a scanning guide, using only visual perception 
to determine the crystal scan path, and they chose to swi'ch to a minimum 10% scan path overlap in lieu of 
the 50% ovci!?n used during the second ultrasonic inspection 

A DAC curve for the longitudinal wave inspection was plotted on the instrument screen from the 
following peak amplitude points: 

Distance of the Flat-Bottom Sipul Ampitude 
Hole from the Test Surface (in.) (Hue* of height) 

1 8 
2 9"4 
3 10% 
5 10% 

10 4 
Back reflection 11 

The longitudinal-wave DAC curve constructed from the above points is shown in Fig. 1.22. 
The plate was now in the quenched and tempered condition, or essentially in the same condition as the 

reference block. Consequently, the two had similar acoustic properties. 
Six "recordable" indications were found, each of which caused a 100% loss of back-surface reflection, 

but none of them produced a signal equal to the height of the DAC curve. Indication 1, Fig. 1.21, produced 
a signal more than three lines high, and it was the only indication larger than crystal size. Indication 6 was 
the only one that was detectable both before and after hw<u treatment. Before heat treatment, the 
amplitude of the signal from indication 6 ranged from 50 to 100% of the DAC curve; after heat treatment, 
to onlv 25%. The locations of the six ultrasonic indications found during this inspection are also shown in 
Fig. 1.2 i. 
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Fig. 1.22. Longitudinal-Ware DAC Curve. 

F.2 Shear-Wave Inspection 

The ultrasonic equipment for shear-wave inspection after heat treatment was calibrated essentially in 
the same manner as described in D.2, and the DAC curves shown in Fig. i.23 were derived from this 
calibration procedure. It will be noted that the shear-wave DAC curves shown in Fig. 1.23 differ 
appreciably from those shown in Fig. 1.7. The fact that the curves plotted for the second ultrasonic 
inspection were made using z Reflectoscope UR-600 and those for the third inspection using a 
Reflectoscope UM-721 was probably a contributing factor. The use of 10-W SAE oil couplant for the 
second ultrasonic inspection and the use of a water-soap solution couplant for the third inspection were the 
only other major variations in the tests. 

No "recordable" shear-wave indications were found during this inspection. 
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Fig. 1.23. Shear-Wane DAC Curves. 

G. LAYOUT, IDEf^TinCATION, AND CUTTING 

The cutting plan for plate 03 was scribed on the top surface as s!*own in Fig. 1.24, in order to avoid 
interference with the thermocouple hoies on the bottom surface. In accordance with a plan devised before 
plate 01 was sectioned, each of the resulting sections was stamped with the recognized HSST bench mark 
and an alignment mark. The arrow in the bench mark indicates the principal rolling direction and, unless 
otherwise indicated, points to the top ingot end. Plate number and plate section letter designations are 
stamped in the quadrants of the semicircle. The intersection of the two perpendicular lines is the point of 
the coordinates indicated. This system is explained in detail in a guide4 which has been prepared for use by 
HSST program participants. These points (bench mark and alignment mark) thus established are described 
in terms of Cartesian coordinates, with the origin at the top left corner on 'he top surface when the plate is 
oriented as it was during the rolling operation. This usually places the origin at the top ingot end. th? V nxis 
parallel to the principal rolling direction, and the X axis transverse to the rolling direction. Thickness would 
then be measured along the Z axis (Z = 0000 is the top surface). 

4"A Guide for Material Control and Data Control for the Heavy Section Steel Technology Program." available through 
the office of the HSST Program Director. 
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Fig. 1-24. Catting Plan for Plate 03. 

The first three digits of any coordinate point represent whole inches, and the fourth digit represents 
adc-tional eighths of an inch from the appropriate zero plane. Through the application of this system 
location of all points in the plate can be established with respect to the origin, even after the plate is cut 
into sections or possibly subdivided further. 

The plate was charged into t!ie furnace and preheated to about 500°F. Immediately on withdrawal 
from the furnace, the plate sections were cut using a semiautomatic oxyacetylene burning apparatus. 

H. STRESS REUEF AFTER SECTIONING 

With the pl.ite sections still hot from preheating and cutting, each was loaded on the furnace car as 
shown in Fig. 1.25 and charged into the furnace for a post-ga'i-cut stress relief. Furnace couples only were 
used to record tht temperatures for this heat treatment. Curves showing the spread in the thermocouple 
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readings for th :s beat treatment are given in Fig. 1.26. Following a 12-hr hold period in the stress-relieving 
range of 1025 ± 25°F, the plates were cooled in the furnace. 

-0«C *» - 2«K 

Fig. 1 25. Location of Tnenaocoapies and Orientation of Plate Sections in tke Stiest-Refering Famace. 
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Fig. 1.26. Spiead in Thermocouple Readings Daring StreavRebef Heat Treatment After Catting. 
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When the highest thermocouple reading had dropped below 600°F, the furnace car was withdrawn and 
the plate sections continued to cool in air to ambient temperature. Plate sections 3B. D F, and H we . 
shipped directly to a program participant and the remainder to the HSST storage facility in Oak Ridge. 

I. RESULTS OF QUALIFICATION AND DEVELOPMENT TESTING 

As noted in Part A of this report, the purchase order for plate 03 specified that the plate be supplied in 
the as-rolled, sticto-reiieved condition for heat treatment by the purchaser. In order to assure that the 
physical properties of the plite, after heat treatment, would meet the original specification requirements, 
certain qualification tests were performed using the materials from the locations shown in Fig. 1.1. The 
n«te qualification tests were made using tensile and Charpy V-notch specimens taken from the top and 
bottom ! 14 T locations in the test materi?l. These specimens were subjected to a Data Trac heat-treatment 
cycle that simulated the heat treatment the full size plate was originairy scheduled to receive. 

Contractually, the physical properties of the teiisile specimens had to meet the requirements for ASTM 
A-533 grade B class 1 steel; the Charpy V-notch tests were required for information purposes only. The 
results of the plate qualification tests performed by Lukens are listed in Table 1.1. 

In addition to the plate qualification tests whicn were required by the specification, Lukens performed 
some additional testing which they described as "development tests." Specimens for the development work 
were also removed from the peripheral material shown in Fig. 1.1. The development specimens, consisting 
of tensile and Charpy V-notch specimens, were prepared from material taken from the 1/4 T and 1/2 7' 
locations and program heat treated as follows: 

1. Normalized at 1800°F for a 12-hr hold and air cooled. 

2. Austenitized at 1700°F for a 4-br hold and cooled to simulate a water quench. 

3. Reaustenitized at 1650°F for a 4-hr hold and cooled to simulate a water quench. 

4. Tempered at 1225°F for a 4-hr hold and cooled to simulate a water quench. 

5. Stress relieved at 1125°F for an 80-hr hold period and furnace cooled. 

Table 1.1. Resatts of Fast Series of Pbte < 
Performed by Likens oa HSST Ate 03 

Tests 

Location 
in 

Ingot 

Through-
Gage 

Location 

Sped men 
Orientation 

Yield 
Strength 

(ksi) 

Ultinute 
Tensile 

Strength 
(ksi) 

Percent 
Elongation 

Percent 
Reduction 
of Area 

Teanle Tests 
To« 1/4 T L 67.9 93.5 26 62.2 
Top 1/4 T L 60.4 92.5 27 67.0 
Bottom 1/4 T L 64.6 92.5 27 64.0 
Bottom 1/4 7 L 71.5 93.6 28 66.3 

Location Through-
Gage 

Location 

Specimen 
Orientation 

Range and Average Readings for Set of CVN Specimens (ft-lb) 
in 

Ingot 

Through-
Gage 

Location 

Specimen 
Orientation -20°F 0°F + 10°F Room 

Temperature 

Through-
Gage 

Location 

Specimen 
Orientation 

Chirpy V-Notch Tests 

Bottom 1/4 T L 18-28 26-41 44-51 76-89 
23 33 47 82 
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Table 12. Results of First Scries of Development Tests 
Performed by Lukens on rtSST Plate 0* 

Location 
in 

Ingot 

Thrcugh-
Gaj* 

LocaLon 

Specimen 
Orientation 

Yield 
Strength 

(ksi) 

Ultimate 
Tensik 
Strength 

(ksi) 

Percent 
Elongation 

Percent 
Reduction 
of Area 

Tensile Tests 
Top 1/4 T L 71.0 92.0 24 62.0 
Top 1/2 T L 63.8 89.0 22 49.0 
Bottom 1/4 T L 63.9 86.9 25 66.9 
Bottom 1/2 T L 65.8 893 25 67.0 
Top ll*T T 69.6 94.4 24 59.2 
Top 1/2 T T 69.7 93.4 17 39.4 

Location Through-
Gage 

Location 

Specimen 
Orientation 

Readings for Set of CVN Specimens (fMb) 
in 

Ingot 

Through-
Gage 

Location 

Specimen 
Orientation Room 

Temperature +10°F +50°F 

Charpy V-Noteh Test 

Top 1/4 T L 71,66,72,67 
66 av 

8,12,8,14 
10 av 

51,54.42,50 
49 av 

Top 1/7 T L 23, 18, 35, 38 
28 av 

Bottom 1/4 T L 97,77,81,74 
84 av 

Bottom HIT L 21,41,37,35 
38,46,54,40 

39 av 

Top 1/4 T * T - 13, 10,17,15 
14 av 

Top 1/2 T T 29, 27, 37 35 
32 av 

The results of the first series of development tests are listed in Table 1.2. 
In addition to the development testing listed above, Lukens prepared transverse macroetch test 

specimens from the quarter-width locations at the top and bottom ingot ends of the plate. Transverse sulfur 
prints were also prepared from the same locations. Figures 1.27 and 1.28 show the macroetch tests, and 
Fig. 1.29 shows the sulfur prints. It will be noted from Fig. 1.29 that some sulfide segregation is present at 
the top ingot end of the plate; however, Lukens advised that in their opinion the general distribution was 
very good for a heavy-gage ptete. 

All of the above qualification and development tests were performed by Lukens while it was still 
considered that the plate would be heat treated as prescribed in the original purchase order (73Y-49288V). 
During negotiations prior to issuing the purchase order for heat treatment of the plates, Lukens advsed that 
the heat treating procedure which they usually applied to A-533 Grade B steels to obtain class I properties 
consisted in the following: 

1. Normalize at 1675° for a l?-hr hold and air cool. 

2. Austenitize at i 575°F for a 12-hr hold. 

3. Quench in agitated water. 
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PHOTO 94834 

T * < * ' * " - - - * - A .*.:-

Fig. 1.27. Transverse Macroetch Specimen Taken from the Quarter-WUlth Position at the Top lnfot End of Heat 
C-2702. 
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Fif. 1.28. Ti 
C-2702. 

Kacroeldi Specbmn Takm from Urn QwwterWidih Fbetk» at the Bottom lap* Em4o(\ 
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PHOTO 94838 

m 
TOP TRANSVERSE, QUARTER WIDTH 

BOTTOM TRANSVERSE, C'JASTER WlOTH 

Fig.! JS Satfw Prints, Top: top transverse, quarter width; bottom: bottom transverse, quarter width. 
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4. Temper at 1225°F for a 12-hr hold and furnace cool to 600°F. 

5. Stress relieve (before flame cutting) zi 1125°F for a 40-hi hold and furnace cool to 600°F. 

6. Stress relieve (after flame cutting) at 1025°F for a 12-hr hold and furnace cool to 600°F. 

Since Lukens ultimately was selected as the vendor to heat treat the plate, it was now necessary to 
perform additional plate qualification tests on the material heat treated in accordance with the procedure 
to determine the resultant mechanical properties. All plate qualification specimens (and additional 
development test specimens) were removed from the locations shown in Fig. 1.21. The plate qualification 
test specimens (tensile and Charpy V notch) were made from material removed from the top and bottom 
1/4 T positions. Each specimen was made from plate material that had been subjected to the heat treatment 
cycle actually applied to the plate. The results of the second plate qualification tests are shown in Table 
1.3. The results of the second series of development tests are shown in Tables 1.4 and 1.5. 

13. Resales of Seeoad Series of Rate Quificttioa Teste 
Performed by Latest o* HSST fhie 03 

Location 
in 

Ingot 

Through-
Gaje 

Locatkn 

Specimen 
Orientation 

Yield 
Strength 

(ksi) 

intimate 
Tensile 
Strength 

(fai) 

Percent 
Elongation 

Percent 
Reduction 
of Area 

Te ante Tests 

Top Top 1/4 T L 68.2 91.8 23 71.2 
Top Top 1/4 T L 69.0 92^ 24 69.6 
Top Top 1/4 T T 68.9 92.5 23 73.4 
Bottom Top 1/4 T L 67.1 87.5 25 68 
Bottom Top 1/4 T 1 64.6 87.5 26 68 
Bottom Top 1/4 T T 64.8 87.5 26 75 
Bottom Top i/4 T T 64.2 87.0 26 71 
Top Bottom 1/4 T L 69.5 93.0 23 69.4 
Top Bottom 1/4 T L 69.4 92.6 23 69.4 
Top Bottom 1/4 T T 69.3 93.0 21 79.7 
Top Bottom 1/4 7* T 69.1 92.1 **• 73.9 
Bottom Bottom 1/4 T L C3.6 86.6 26 66.2 
Bottom Bottom 114 T L 63.8 86.1 26 67.2 
Bottom Bottom 1/4 7 T 65.2 87.6 26 60.4 
Bottom Bottom 1/4 7* T 66.0 88.0 24 62.5 

Location Through- c-~i^ -, 
Gaae Speamtfl 

fMbat 
10°F, Range 

30ft-4b 
CVN Trans. 

Actual NDT (°F) 
Determined by ft-tb 

Temperature 
(°F)at 

in 
Ingot 

, *^7 Orientatioi Location ofCVN 
Specimens 

Temperature P-2 Drop Weight 
(°F) Specimens 

1 Drop Weijht Tests 

at NDT La lei 

15 mib 

ralExp. 

30 mib 

Cfc*<i pysad 

Temperature P-2 Drop Weight 
(°F) Specimens 

1 Drop Weijht Tests 

at NDT La lei 

15 mib 

Top Top 1/4 7* L 50+1 0 - 4 0 32 -33 •1 
T 3 9 * 1 -10 35 -34 0 

Top Bottom 1/4 T L 35 ±5 •2 -20 17 -19 • 12 
T 28 16 -5 •16 17 -25 •25 

Bottom Top 1/4 T L 29*11 -14 •11 -10 14 10 •13 
T 22+3 -2 •24 18 -13 •28 

Bottom Bottom 1/4 T L 3 8 * 7 10 •2 -10 16 - 1 0 •9 
T 27+3 -2 • 14 17 -20 •15 
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Table 1.4. Rcsrts of Second Series of Teasie 
Performed by Lake— on HSST 

t Tests 
03 

Location 
in 

ingot 

Through-
Gage 

Location 

Specimen 
Orientation 

Yield 
Strength 

(ksi) 

Ultimate 
Tensue 
Strength 

(ksi) 

Percent 
Elongation 

Percent 
Reduction 

of Aiwa 

Top Top surface L 80.3 97.5 24 65.8 
Top Top wrface L 78.9 97.0 23 67.5 
Top Top surface T 79.7 97.5 24 70.6 
Top Top surface T 80.5 98.5 24 71.9 
Bottom Top surface L 76.7 96.5 26 71.7 
Bottom lop surface L 75.8 96.9 25 70.9 
Bottom Top surface T 72.0 96.6 25 65.2 
Bottom Top surface T 74.2 95.0 24 6' 
TVwt 
- —r 

m -r a. n.o 96.G 2i 74.* 
Top 1/2 T L 71.5 95.0 21 72.2 
T C P 1/2 T T 70.3 94.6 17 83.9 
Top 1/2 r T 71.1 95.0 20 80.7 
Bottom 1/2 T L 64.0 86.2 26 66.0 
Bottom 1/2 T L 63.9 86.! 26 68.3 
Bottom 1/2 T T 6 2 ^ 83.7 26 62.9 
Bottom HIT -•* 

ft 65.1 84.6 27 63.7 
Top Bottom surface L 81.7 99.5 23 65.6 
Top Bottom surface L 81.6 98.0 23 76.0 
Top Bottom surface T 80.9 99.0 23 71.5 
Top Bottom surface T 82.1 100.0 23 72.0 
Bottom Bottom surface L 74.1 94.6 29 70.8 
Bottom Bottom surface T 74.0 94.6 26 61.9 
Bottom Bottom surface T 74.1 94.5 26 67.2 
bottom Bottom surface T 72.1 94.0 26 67.2 

Table 1.5. Result: of Second Series of Charpy and Drop Wesjht Developa 
Perforated fey Ukeas on HSST Plate 03 

n t Tests 

Location 
in 

Ingot 

Through-
Gage 

Location 

Specimen 
Orientation 

ft-lb at 
10°F, Range 
of 3 CVN 
Specimens 

30 ft-lb 
CVN Trans. 
Temperature 

Actual NDT (°F) 
Determined by 

P-2 Drop Weight 
Specimens 

ft-lb 
at NDT 

Temperature 
(°F)at 

Lateral Exp. 

15 Mils 30 Mils 

Top Top surface L 
T 

1104) 
8010 

-184 
-120 

-110 48 
32 

-210 -140 
-124 

Top 1/2 7* L 
T 

25 ±4 
2 3 + 4 - 3 

•22 
+30 

0 20 
18 

- 8 
- 8 

+37 
+36 

Top bottom surface L 
T 

109 ±1 
81 ±1 

-120 
-105 

-130 22 
15 

-134 
-128 

-108 
-97 

Bottom Top surface L 
T 

76+1 - 2 
6 6 + 9 - 4 

-92 
-92 

- 5 0 48 
so 

-123 
-12? 

-fl 
- 80 

Bottom MIT L 
T 

51 +7 - 8 
3616 

- 1 0 
+1 

- 2 0 20 
14 

-30 
-23 

- 8 
+6 

Bottom Bottom surface L 
T 

61 + 4 - 2 
6 6 + 5 - 4 

-76 
- 7 0 

- 5 0 36 
39 

-117 
-105 

-55 
-64 
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Specimens for homogeneity tests were removed from the 1/4 T locations at the top and bottom ingot 
ends. Each was considered to be satisfactory; no evidence of shelving or mechanical discontinuity was 
noted. 

Figures 1.30 and 1.31 illustrate the through-gage microstructure at the top and bottom ingot ends of 
the plate. Lukens' metallurgists analyzed the microstructure specimens and concluded that "at the surfaces 
no banding is apparent, and the structure consists entirely of fine carbides with some degree of acicularity, 
plus small dispersed proeutectoid ferrite grains. This structure coarsens and becomes less acicular towards 
the center of the p'ate, and some banding is noticeable." 

PHOTO 94!*7 

LOOK iOCK 

Fig. 1.30. Microstructure at the Top Ingot End of Plate 03, After Heat Treatment. Reduced 21 %. 
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PHOTO 94 l M 

Sticftce 

Fig. 1.31. Mkrostractiue r the Bottom fagot Ead of Pbte 03, After Heat Treatment. Reduced 21%. 
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2. PLATE 04 

J. ROLLING, PRELIMINARY INSPECTION, AND TESTING OF 
THE FOURTH HSST PLATE 

The fourth plate for the HSST program was rolled from slab to plate at Lukens' Coatesville, 
Pennsylvania, mill in April 1967. Following rolling, the plate was marked at each end so that the top ingot 
end could be distinguished from the bottom ingot end after the plate was trimmed to pattern size. After 
trimming, the plate measured 120 in. wide X 240 in. long X 12 in. thick and weighed slightly more than SO 
tons. Lukens reported the following information for the fourth plate: 

Material Identification 
Heat C2748, specification A-533, grade B 
Ingot 2 
Plate 2 

Melting and Casting History 
Furnace number - "C" 
Furnace type — BEF (basic electric furnace) 
Charge materials —cold charge 
Tap temperature - 2980°F 
Ladle temperature - 2910°F 
Deoxidation practice - 0.02% Al and 0.04% V added 
Degassing — Yes 
Type of degassing process — DM. (Dortmund and Horder) vacuum lifter type 
Teeming practice — top 
Teeming time - 7 min 
Ingot size - width 108 in., thickness 40 in., height 126 in., weight 136,000 lb 
Ingot type - slab 
Hot tcp type - disposable cast refractory, insulating only 

Heating and Roffing History 
Soaking time - 19 hr 20 min 
Soaking temperature - 3 hr 40 min at 2350°F 
Rolling practice - slab to 28-in. ̂ aje, condition grind, roll to plate; cross-rolling ratio - 1.89:1 
Heat-treatment history: 

Subcritical - 1150 to 1200°F,cool l00oF/hr to 600°F 

The first five illustration* it this portion of the report show he-ic 2748 ai various stages in the rolling 
process. Figure 2.1 shows the s>ab being removed from the soaking pit. At this stage the slab is loaded on a 
car and conducted to a convey ar that will carry the slab to the reducing rolls. In Fig. 2.2 the slab is shown 
at the entrance side of the reduction rolls before any rolling has begun. 

Figure 2.3 shows the slab after it has been through the reduction rolls a few times. Note the burning 
burlap on the surface of the slab which is used to remove surface oxides. In Fig. 2.4, rolling is about half 
complete, and the plate is being lifted so that the bottom side can be inspected for surface imperfections. In 
the last picture of this series, Fig. 2.5, the rolling has been completed and the plate \* being conveyed to ihe 
cooling area. 
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F«. 2.1. Stab of A-533, Gnie B, te 1 boatfceSoflfci^ffL 

Fig, 12. SUb of A 433, Giadt B.Ctai 1 M»tartal ft Prior to R o b * 

i 
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Ffc.2^. Stab of A-533, Gait B, 

Pfefcl. Bottow of SMBtfc* !«*«** for tafml 

XL 
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Fig. 13. The Fwrth HSST Ph*e Show Iwsfitiilrly oaCowphtioa of Unsung. 

Material for plate qualification and development testing was removed from the trim areas as shown in 
Fig. 2.6. Specimens machined from these areas were processed through Lukens Programmed Testing 
Procedure,1 each being subjected to a heat treatment cycle similar to that which the full-size plate was 
originally scheduled to receive. The plate qualification specimens were: 

1. Austenitized a! 1550 to 1650°F for a 4-hr hold period. 

2. Program cooled at the rate shown in Fig. 1.2 for 12-in.-thidc plate. 

3. Tempered at 1200 to 1250°F for a 4-hr hold period and air cooled to ambient temperature. 

4. Stress relieved at 1125 to 1175°F for a 20-hr hold period, furnace cooled to 600°F, and air cooled »o 
ambient temperature. 

The results cf the Data Trac processed plate qualification tests, heat treated as shown above, are listed 
in Table 2.1. 

Specimens for check chemical analysis were obtained from the bottom ingot end of the plate at the 
midwidth 1/4 T location. The results of the ladle and check analyses are: 

C Mil P S C a f f i C r M o S i V Al 

Ladle 0.23 1.29 0.010 0.018 0.14 0.60 0.«9 O50 0.24 0.04 0.021 
Check 0.2S I.4S 0.009 0.015 0.12 0.62 0.14 0.49 0.2S 0.030 

* J. H. Scott, "New Test Method Promise Major Cost Savings in Construction of Big Pressure Vessels." ASME fvysr 67-
MET-24. 
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ORSL-OOG 6 9 - 2 6 8 5 

— 42 — 

280 

! 

I 

241 

_1_I -V^-l 
TOP INGOT END 

HEAT C2748 
ASTM A 533 GR B 

T-.rttBOX 3TEEL 

47 - 4 7 -

QUAUIFICATION 
TESTS 

I I DEVELOPMENT 
TESTS 

DIMENSIONS IN INCHES 

120 

135 

Fig. 2.6. Location of Test Specimens. 

Table 2.1. k .wits of First Series cf Plate Qualification Tests Performed by 
Lnkens on the Fourth HSST Plate 

Location 
in 

Ingot 

Through-
Gage 

Location 

Specimen 
Orientation 

Yield 
Strength 

(ksi) 

Ultimate 
Tensile 
Strength 

(ksi) 

Percent 
Elongation 

Percent 
Reduction 
or'Area 

Tensile Tests 

Top 1/4 7 L 77.0 95.0 24 66.0 
Top 1/4 7 L 72.8 94.0 24 64.5 
Bottom 1/4 7 L 70.1 94.0 25 64.5 
Bottom 1/4 7 L 72.8 94.5 26 64.5 

Location Through-
Gage 

Location 

Specimen 
Orientation 

Range and Average Readings for Set of CVN Specime ns ( f t * ) 
in 

Ingot 

Through-
Gage 

Location 

Specimen 
Orientation + I0°F Room 

Temperature 

Chirpy V-Notch Tests 

Bottom 1/4 7 L 14,19,13 
14 

11 54, 45,4 ' 
48 

• 
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Lukens also conducted a series of "development' tests using trie materials designated as such in Fig. 
2.6. The development tests included tensile and Charpy V-notch specimens, and each was program heat 
treated as follows: 

1. Normalized at 1800°F for a i 2-hr hold and air cooled. 

2. AusteniJized at 1700°F t\>r a 4-hr hold and cooled to simulate a w?ter quench. 

3. Rf;3ustenitized at 1650°F for a 4-hr hold and. cooled to simulate a water quench. 

4. Tempered at 1225°F for a 4-hr hold and cooled to simulate a water quench. 

5. Stress relieved at 1125°F for an 80-hr hold and furnace cooled. 

The results of the development tests ?re listed in Table 2.2. 

Macroetch tests and sulfur print? ter this heat are shown in Figs. 2 .7-2 .9 . t-igurt ^.? shows some 
sulfide segregation at the top of the plate, biit the general distribution appears to be satisfactoiy. Macro 
chemi,. I segregation is rot evident. 

Table 2.2. Results of First Series of Development Tests Performed by 
Lokens on the Fourth HSST Plate 

Ultimate 
Location 

in 
ingot 

Through 
Gage 

Location 

Specimen 
Orientation 

Veld 
Strength 

iksi) 

Tensile 
St/cngth 

(ksi) 

Percent 
Elongation 

Percent 
Reduction 

of Area 

Tensile Tests 

Top 1/4 7" L 81.9 101.5 24 64.7 
Top 1/4 F L 60.7 9u.7 25 64.9 
Top 1/2 r L 81.0 101.0 25 56.0 
l o p 1/2 T L 80.8 101.9 21 53.2 
Bottom 1/4 T L 71.2 41.4 24 64.1 
Bottom 1/4 T L 71.0 90.9 24 65.7 
Bottom 1/2 T L 69.6 83.J> 26 6'r.I 
l op 1/27 L 81.2 102.5 21 50.5 
Top 1/2 T I 66.8 8 : . 2 14 29.1 

Location Through-
Gage 

Location 

Specimen 
Orientation 

Range and Average Readings for Set of CVN Specimens (ft-lb) 
in 

Ingot 

Through-
Gage 

Location 

Specimen 
Orientation + ' 0°F +50°F 

Top 

Top 

Bottom 

Bottom 

Top 

Bottom 

1/4 T 

1/2 T 

1/4 T 

Ml T 

M2 7 

HIT 

Cha;py V-Notch Tests 

32. 12, 12, 40, 
21, 32, 28, 14 

24 av 

13, 15, 16. 
24, 2 i , i8. 20 

19 av 

9 12. 8.4 » 
13 12 11 . 12 

11 av 

10. 33, 16, 11 
18 av 

13. 11. 8 . ! 0. 
11, 8 , ! 0 

10 a< 

38, 30, 34, 34 
1)4 •JV 

54.33,49,42 
44 av 

29.37,42,42 
37 av 

45,35.37,36 
38 av 
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Fig. 2.7. Transvene Macroetch Specimen Taken from Mktwidth at the Top Ingot End of Heat C-2748. 



'12 

Fig. 2.8. Transvcne Macroetch Specimen Taken from Midwidth at »»* Bottom End of Heat C-2748. 
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PHOTO 94S37 
. ! • • *> . 

TOP TRANSVERSE, MIOWIDTH 

BOTTOM TRANSVERSE, MIDWIUTH 

Fig. 2.9. Sulfur Prints. Top: top transverse, midwidth; bottom: bot'om transverse, mid width. 
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K FIRST ULTRASONIC INSPECTION OF PLATE 

On April 30, 1%7. Lukens performed ultrasonic inspection of the plate for information purposes only 
per ASTM A-435, except that coverage was 100%. They used a UM-700 instrument, water-soap solution 
couplant, a l^nn.-diam crystal, and scanned the plate at a frequency of 1 MHz. The plate was in the 
as-rolled, stress-relkved condition. Plates considered to be rejectabie by this specification are those 
containing indications which cause a complete loss of back-surface reflection not containable within a 3-in.-
diam circle, or a circle whose diameter is one-half the plate thickness, whichever is greater. 

Three indications were found by this inspection whi:h caused a complete loss of back-surface 
refkction. Two of these, 1 and 17 (see Fig. 2.10), were of sufficient size to have rendered the plate 
rejectabie, had the rejection criteria been based on A-435. It is noteworthy, however, that each is located at 
an extreme edge of the plate. The third "recordable" indication, 13. was no larger than crystal size. The 
remaining indications shown in Fig. 2.10 caused greater than 50% k«s of back-surface reflection but less 
than 100%, and these were recorded for information purposes only. 

ORNL-DWG 6 9 - 2 6 8 6 

TOP INGOT END 

1 

4 5 

2' 3 V e 
'8 1 9 , 
9 10 

18, 
'11 

TO P SURF ACE 
1 7 l 

15. .12 

24 in 

1? 13 16' 

I 1 i 
_24 in^ I 1 i 

i HEAT C2748 ASTM A533 
GRADE B FIREBOX STEEL 

Fig. 2.10. Location of Ultrasonic locations Found During Pint UT lr.*pectioo. 
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L. SECOND ULTRASONIC INSPECTION OF PLATE 

After ~ukens had completed the first ultrasonic inspection of the plate, a contract was negotiated 
between Lukens and UCCND whereby Lukens would (1) cut plate 04 into four smaller sections, (2) reroll 
portions of the plate to 8-in. and 4-in. gage, (3) heat treat portions of the as-rolled and rerolled plate to 
obtain class 2 mechanical properties, and (4) perform ultrasonic inspection on certain < the as-rolled and 
reroUed plates. The piocessing sequence for the fourth HSST plate including the reroiled sections is listed in 
Fig. 2.11. The contract did not require Lukens to ultrasonically inspect the plate before cutting. In order 
that this information could be maue available for comparison with the results after heat treatment, 
personnel from ORNL ultrasonically inspected the plate in accordance with Attachments 2A and 2B of the 
PVRC subcommittee report of April 10, 1967, before heat treatment. 

The *»latc ton surface W2S nre nared for insnec!ion b v bjffir° with a floor sander until ths 2ver*°e 
surface finish was about 250 rms. Inspection was performed using a UM-721 Reflectoscope and a 
2.25-MHz, l%-in.-diam, internally grounded quartz crystal; glycerin couplant was used exclusively. 
Calibration of the instrument was accomplished essentially as described in D.l. DAC curves very similar to 
the ones shown in Figs. 1.5 (longitudinal wave) and 1.7 (shear wave) were developed using the calibration 
block shown in Fig. 1.4. Scanning of the plate was also performed essentially as described in D.l and D.l1.. 

Oftm-OK W - 331711 

THIS MATERIAL.KO* IDENTIFIED AS HSST PLATE 04.IS IN AS-POLLED SR CONDITION 
I I I 

TOP INGOT ENO - UT INSPECTED BY LUKENS PER ASTM A435 

i 
INSPECT ULTRASONICALLY PER ATTACHMENTS 2A AND tB OF PVRC SUBCOMMITTEE REPORT OF 4 - W - 6 7 

I I ' I ! '. 

' I ' 
PLATE PREHEATEC TO ~5CC f, OXYACETYLENE CUT INTO 4 SECTIONS. SR AT 1025 *F FOR 18 hr. FURNACE COOL TO 600 "F 

PLATE 04A 
NORMALIZE 1675 *F 12 hr 
INSTALL 4 TC 
AUSTENITIZE 157«i f 12 h-
OUENCH VERTICALLY 
TEMPER 1200 *F 12 hr CL 2 
FC 
S R I ^ S ' F 40 hr FC 
PREHEAT TO 500 *F GAS-
CUT TESTS 
SR 102* f 18 hr FC 
UT INSPECT 

* NORMALIZE 1675 *F 4 hr 
INSTALL 4 TC 
AUSTENITIZE 1E75 *F 4 hr 
QUENCH VERTICALLY 
TEMPER 1225 *F 8 hr 
SR 1125 *F 40 hr FC 
PREHEAT TO 300 f GAS CUT TESTS 
SR1025*F ShrFC 
UT INSPECT 

PLATE 
04B 

AS 
ROLLED 

4i l 
•~N 

HEAT TO 2300 mF 
AND REROLL TO 

4-in. GAGE 

PLATE OV. 

AS ROLLED 

HEAT TO 2300 *F 
AND REROLL TO 

8-in GAGE 

J_ 
PLATE 05B 

* • NORMALIZE 1675 V 8 hr 
INSTALL 4 TC 
AUSTENITIZE 1575 «F 8 hr 
QUENCH VERTICALLY 
TEMPER 1225 *F 8 hr 
SR1125*F 8hr 
PREHEAT-GAS CUT TESTS 
3R1025 *F8hr 
UT INSPECT 

PLATE 06A 

AS ROLLED 

PLATE 
06B 

* • 

Fig. 2.11. Processing Swuence for die Fourth HSST Plate. 
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OftNl-OWG C9-2S47 

TOP INGOT ENO 
1 2 

6 
4« 

'5 

TO ? SURF ACE 

e 
•7 

V9 

1 24 in. 10 

24 i«. 11 

I 

'RECORDABLE" ULTRASONIC IMVCATIGMS FOUND BY ORNL 

PERCENT LOSS CF 
PERCENT BACK SURFACE 

INDICATION DEPTH tin.) OF DAC REFLECTION 
10 6 115 9 0 

*NONRECORD£BLE~ 
J <10 90 
2 <10 SO 
3 <K> 90 
4 <iO 9 0 
5 <KJ 9 0 
6 <10 92 
7 <*0 93 
8 <10 90 
9 <10 90 
11 <10 90 

HEAT C2748 
ASTM A533 GRADE B 
FIREBOX STEEL 

Fig. 2.12. Locatioaof Ultrasow ladkatuu Fo^d Dering Ŝ coml LTT bispectkM. 

As in the case of the previous plate (plate 03) the criteria for "recordable" indications v/ere those 
causing complete loss of back-surface reflection and/or producing signals equal to or exceeding the height 
of the DAC curves. Only one indication, 10, shown in Fig. 2.12, was considered to be "recordable" by 
these standards. This indication produced a signal that exceeded the height of the longitudinal-wave DAC 
curve, althougli a faint trace of back-surface signal was still visible. Similarly, a small back-surface signal was 
visible on the other ten indications, but only a trace of signal was produced under the DAC curve. No 
"reco'dable" shear-wave indications were noted. 

M. IDENTIFICATION, CUTTING, AND STRESS RELIEVING 

On October 26,1967, the plate was preheated in a natural-gas-fired furnace until the temperature of the 
plate was about S00°F. The plate was withdrawn from the furnace, and the cutting diagram was scritsd on 
the top surface. The plate was then oxyacetylene cut into four pieces according to the diagram. The two 
pieces scheduled to be rerolled to 4-in. and 8-in. gage were chamfered at the two corners nearest the top 
ingot end, so ihat the orgjnal orientation could be maintained after rerolling. 

Immediately upon completion of cutting, th-2 plate sections were placed on a furnace car, as shown in 
Fig. 2.13, and charged into Lukens' furnace 2 and stress relieved for 18 !ir at 1025 ± 25°F. Figure 2.14 is a 
plot of the stress-ielief data compiled from the furnace temperature recorder chart. On completion of the 
18-hr hold period, the firing units were shut off, and the plats sections were left in the furnace until the 
furnace couples were recording temperatures below 600°F. 

When the plate sections had cooled to ambient temperature, the section which measured 120 X 40 X 12 
in. thick (subsequently identified as HSST plate section 04B) was shipped to the HSST storage facility. 
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Fig. 2 13. Orientation of Plates in the Stress-Relieving Furnace, After Catting. 
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Fig. 2.14. Spread in Thermocouple Readings During the Stress-Relieving Heat Treatment 
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N. HEAT TREATMENT HISTORY OF THE TOT HALF OF TOE PLATE 

The original full-size plate has now been cut into four sections (see Fig. 2.11), and two of these will be 
rerotted and cut to form two plate sections each. Since each of the resulting six sections will have different 
fabrication histories, it was necessary to identify each as a separate entity. The top half of the plate, which 
measured 120 X 120 X 12 in. thick was identified as plate 04A. Hereafter, any reference to plate 04A will 
apply to this portion only. The remaining portions are numbered OS and 06, and these will be identified as 
they are discussed. The only exception to this is plate 04B, which was identified in P and M. 

N.l Nonnaizing 

Plate 04A was placed on a furnace car (see Fig. 2.15) and charged into the furnace at 2:00 PM on 
December 20, 1967. Only two furnace couples, 1 and 8, were used to record the normalizing temperature 
profile. After 9 hr the couples were recording temperatures within the specified normalizing range of 167S 
± 25°F, and a 12-hr hold period was started. A chart of the high and low temperature readings is shown in 
Fig. 2.16. On completion of the hold period, the plate was withdrawn from the furnace and air cooled to 
ambient temperature. The cooling rate data are not available, since plate-attached thermocouples were not 
used. 

OMIL-acS M - M « 1 

Fig. 2.15. Orientefon of Plate 04 in the Pomace for Nonnaliziqg. 
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N.2 Austenitizinf and Qneaching 

On December 26, 1967, plate 04A was equipped with four Honeywell type P measuring junctions 
containing type K Chrome! Alumel thermocouples. Two of the measuring junctions were installed at 1/2 T 
and two at 1/4 7* at the locations shown in Fig. 2.17. In each case %-in.-diam flat-bot*om holes were drilled 
to the appropriate depths and counterbored for 25% of the hole depth. A measuring junction was inserted 
in each hole, so that the junction was in intimate contact with the bottom of the hole. The counterbored 
area was then filled with asbestos packing and tamped until the junction was secured firstly in the hole. 

Each treasuring junction was provided with a connector assembly located a few inches away fr >m the 
thermowell At this point staint«!ss-steei-sheatncd Chromel-Alumel thermocouple lead wires were attached, 
and these extended to a junction box a few feet outside the furnace door. Asbestos-sheathed 
Cn.omel-Alumel thermocouple lead wires were used *>f>rrc the junction box to the 12-point Brown-
Honeywell recorder The recorder was wired so that each of the four thermocouples would print three 
times per 12-point cycle. The plate was then coated with a descaling compound ano allowed to dry. 

On December 26 at 7:55 PM the plate was charged into the furnace and oriented as shown in Fig. 2.18. 
?t soon became apparent that the thermocouple readings printed by the recorder were too rapid, causing a 
solid ink band with none of the point numbers distinguishable. The wiring system was then changed so that 
each couple printed only once per cycle. 

At 8:15 the following morning, •omewhat more than 12 hr later, the highest plate thermocouple 
readings were within the austenitizing range of 1575 ± 25°F, and a 12-hr hold period was started. The 
austenitizing hold period was completed at 8:15 PM, December 27. A chart of the high and low 
thermocouple readings throughout the heatup and hold periods is shown in Fig. 2.19. The temperature of 
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Fig. 2.18. Orientation of Plate 04A in the Fumace for the Austenitizinf Heat Treatment 
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F » 2 - 1 9 - Spread in Thermocouple Readiap Dariag the Austeaitizing Heat Treatment of Plat? 04A. 

the water immediately prior to quenching was 50°F. The following sequence of events was recorded: 

Furnace door started up 
Furnace door fully opened 
Car out and stopped 
Pickup started 
Into water 
Quench completed 

00.00(12-27-67, 8:15 Pti) 
0.15 sec 
1.17 
1.3C 
2.55 

69.15 

The plate was carried from ihe furnace car to the quench tank with a "peeP and quenched in the flat 
position. After 24 min the water temperature had risen to 55°F, and the water remained at about this 
temperature throughout the quench. Near the end of the quench the water temperature began io drop 
s,'owly. 

It was noted that the quench medium was not being agitated nearly as well after the plate and the 
lifting rig were submerged. It is probable that the size of the lifting rig - it practically extended over the 
entire surface of the tank - was sufficient to retard agitation. Assuming ihis is probable, it could account 
for the f«ct that the 1/2 T couple near the edge continued to reco.d 16C0°F for about 5 min after the plate 
was submerged. 

The plate remained in the water a little more than 69 T.in, at which time the plate thermocouples were 
recording temperatures slightly over 200°F. 

The cooling rates for the four plate thermocouples are shown in Fig. 2.20. The cooling rates recorded 
for the thermocouples located at 1/4 Tare greater than those iccated at 1/2 T, which is to be expected. But 
the midwidth 1/2 T couple cooled at about the same rate as the one at the 1/2 7" edge position. This may 
suggest that material 1 Tot more from an edge is isolated from edge-quench effects. 
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Fig. 2.20. Cooling Curves for Plate 04A. 

N.3 Tempering 

The pla*e was removed from the quench tank, reloaded on the furnace car, and returned to the furnace. 
The position of the plate in the furnace was practically the same as shown in Fig. 2.18. The four 
thermocouples used during the austenitizing heat treatment were left intact and were used to record the 
temperature profile for the tempering heat treatmen . Each thermocouple was recording in the range of 
200°F at the time the plate was charged into the furnace. 

The furnace was fired at 9:50 PM, December 27. 1967. About 12 hr later the plate was up to 
temperature, and a 12-hr hold period was started. Lukens advised that they would try to hold the 
tempering range to 1200 ± 10°F. However, the chart on which the temperature readings for the 
plate-at ached thermocouples were recorded showed the tempering temperature ranged from about 1210 to 
1250°F (see Fig. 2.21). The chart en which the furnace couples recorded, Fig. 2.22, showed the 
temperature range to be about 1200 ± 10°F. 

On completion of the hold period, the firing units were shut off. The plate then remained in the furnace 
with the furna*e door closed and cooled to about 600°F before being removed. 

N.4 First Stress Relief 

On January 2, 1968, plate 04 again was loaded on a furnace car and charged into the furnace for stress 
relieving at 1 125 ± 25°F for 40 hr. Orientation of the plate in the furnace was approximately as shov/n in 
Fig. 2.18. For this heat treatment, furnace couples 1, 2, 7, and 8 were used. Figure 2.23 shows the spread in 
thermocouple readings throughout the stress-relieving heat treatment. 
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Fig. 2.21. Spread in (Plate) Thermocouple Readings During the Tempering Heat Treatment of Plate 04A. 
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Fig. 2.22. Spread in (Furnace) Thermocouple Readings During the Tempering Heat Treatment of PLte 04A. 

N.5 Stress Relief After Cutting of Test Material 

Shortly after the stress-relieving heat treatment was completed, plate 04 was placed in a fur lace and 
preheated to about 500°F. On removal from the furnace it was immediately delivered to ilic cutting area, 
where specimens foi physical testing were removed from the locations noted in Fig. 2.24. Removal of 
specimen material was accomplished with oxyacetyiene cutting equipment. 
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F^. 2.23. Spread in Thennocouple Readings During the Stress-Reueving Heat Treatment of Plate 04A Before Removal 
of Test Material. 

ORNL-OWG 6 9 - 2 7 0 0 

£X 
TOP INGOT ENO 

T 
12 

12 

12 

1 

DIMENSIONS IN INCHES 

120 — 

12 12 

1 2 0 

Fig. 2.24. Location of Test Specimens in Plate 04A. 
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Fig. 2.25. Spread in Thermocouple Readings During the Stress-Relieving Heat Treatment of Plate 04A After Removal 
of Test Material. 

On January 5, 1968, plate 04 was placed in the furnace for a post-gas-cut stress relief at 1025 ± 25°F 
for a 12-hr hold period. Again, the plate occupied essentially the same position in the furnace as depicted in 
Fig. 2.18. Four furnace thermocouples 1, 2, 7, and 8 were used to record the stress-relief data, and a plot of 
those data is shown in Fig. 2.25. 

O. ULTRASONIC INSPECTION AFTER HEAT TREATMENT 

Plate C4A was prepared for ultrasonic inspection after heat treatment by grit blasting to remove surface 
oxides and was ground with a floor sander to a surface finish of about 250 rms or better. The plate was 
then inspected in accordance with Attachments 2A and 2B of the PVRC subcommittee report of April 10, 
1967. 

This plate and plate 03 (second inspection) were inspected concurrently; therefore, all of the variables 
described in D.\ and D.2 are applicable to this plate. The longitudinal and shear-wave DAC curves shown in 
Figs. 1.5 and 1.7 are also applicable to this inspection. 

Based on the apf/;cab!e specification, Attachment 2A, no "recordable" longitudinal-wave indications 
were noted. There were, however, three indications detected by longitudinal-wave inspection vhich 
produced sigrals greater than 50% of the height of the DAC curve, but neither caused a 100% loss of 
back-surface eflection. One "traveling" indication was found which produced signals ranging between 10 
and 40% of the height of the DAC curve, but caused very little drop in back-surface signal. The location of 
each of these indications is shown in Fig. 2.26 by the suffix L. 

Three "recordable" shear-wave indications also shown in Fig. 2.26 and denoted by the suffix S were 
found. The configuration of indications IS and 3S is approximately rectangular; each measured about 1 X 
|V2 in. Indication 25 was somewhat similar in shape but larger and covered an area of about 14 in. 2. Each 
of these indications noted in Fig. 2.26 produced signals in excess of the DAC curve. 

On completion of ultrasonic inspection, the plate was shipped to the HSST storage facility. 



56 

TOP IMGOT END 

4 
SPECIMEN 
CUT-OUT 

1 - L 

1 - S 
N. 

4 - L , 

_xf 3 - S TOP SURFACE 

^k 
i 2-s 2~L-

ORNL-DWG 6 9 - 2 T 0 2 

RESULTS OF ULTRASONIC INSPECTION BY 
LUKEN3 STEEL CO AFTER HEAT TREATMENT 

PERCENT LOSS 
4 DEPTH PERCENT OF BACK SURFACE 

INDICATION (in.) OF jAC REFLECTION 

SPECIMEN | 
CUT-OUT | 

1 - L 5%, ^0 6 4 
2 - L 6 J 4 2 8 
3 - L 6 54 3 7 
4 - L TRAVELING 1 0 - 4 0 10 
1-S 5 >100 
2 S 6 >100 
3 - S 6 ^ >100 

NOTE: ONLY THE SHEAR-WAVE INDICATIONS 
ARE "RECORDABLE" 

S SUFFIX DENOTES SHEAR-
WAVE INDICATION 
L SUFFIX, L0NGITL9INAL-
WAVE INDICATION 

PLATE 04A 

Fig. 2.26. Location of Ultrasonic Indications Found in Plate 04A. After Heat Treatment. 

P. Plate Qualification and Development Testing 

Using material removed from the locations shown in Fig. 2.24, Lukens prepared specimens for plate 
qualification and development testing. Longitudinal and transverse tensile and Charpy V-notch specimens 
were taken from the top ingot end of the plate at the surface, at 1/4 T, and at center-line locations. P-2 
specimens for drop weigh* totting were removed from the top and bottom ingot ends at the top and bottom 
surfaces, top and bottom 1/4 T positions, and at the center line. The materials for testing were removed 
from the plate after the first stress relief. In order that the test material would be representative of the 
finished plate, the test blocks were given a second stress relief at 1025°F similar to the one given the plate. 

The test specimens were prepared by saw cutting a %-in. discard strip from each of the gas-cut edges. 
Specimens, in wafer shape, representing the center portions of the plate were saw cut with their center lines 
parallel to the 1/4 T and 1/2 T depths. Surface specimens were removed immediately adjacent to the plate 
surfaces. Specimens from the 1/4 T locations were prepared for plate qualification tests; specimens from 
other locations were for development tests. 

Tables 2.3 and 2.4 list the results of the plate qualification tests. The development test results are 
shown in Tables 2.5 and 2.6. Lukens advised that they did not encounter difficulties in meeting the tensile 
and yield strength requirements of A-533-65 grade B class 2. However, the notch toughness requirements of 
paragraph N-331.2 of the ASME Code Section HI were not met. This paragraph requires that for 
room-temperature hydrostatic testing the NDT shall be +10°F or lower, or that the minimum average of 
three CVN specimens be 30 ft-lb, with one value no lower than 25 ft-lb at +I0°F. As noted in Table 2.4, 
neither of the alternates specified in paragraph N-331.2 is met. 

Lukens advised that in their opinion the loss in notch toughness is related to the increasing amount of 
ferrite in the structure with increasing gage thickness, microsegregation, and hardenability considerations. 
The need to temper on the low side of the normal range to obtain class 2 properties also impairs toughness. 

Nick break test specimens, measuring 3 X 11 X % in. thick, were removed from the top and bottom 
ingot ends at the 1/4 T locations. The specimens were prepared by pressing a notch in the transverse rolling 
direction and breaking them with a hydraulic press. Figure 2.27 shows the fracture appearance of these 
specimens. 
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Table 2.3. Results of Plate Qualification Tests Performed by Lukens on 120 X 120 X 12 in. Thick 
HSST Plate 04A, ASTM A-533 Grade B Class 2 

Location 
in 

Ingot 

Yi' rough-
Gage 

Location 

Specimen 
Orientation 

Yield 
Strength 

(ksi) 

Ultimate 
Tensile 
Strength 

(ksi) 

Percent 
Elongation 

Percent 
Reduction 
of Area 

Top Top I M F L 78.0 99.5 26 62.9 
Top Top 11A T L 77.0 99.0 27 65.0 
Top Top 1/4 T T 76.9 98.5 22 59.8 
Top Top 1/4 T T 77.5 99 5 24 60.6 
Bottom Top 1/4 T L 72.8 94.5 25 64.5 
Bottom Top 1/4 7 L 95.0 26 66.4 
Bottom Top 1/4 T T 75.3 97.5 24 60.7 
Bottom Top 1/4 T T 74.8 96.5 24 61.4 

Table 2.4. Toughness Data Derived from Plate Qualification Testing of 120 X 120 X 12 in. Thick 
HSST Plate 04A ASTM A-533 Graae B Cass 2 

Test 
Temperature 

(°F> 

Specimen 
Orientation 

ft-lb. Mils Percent 
CVN Lateral Exp. Fibrous 

Top 1/4 7*. top ingot end 

+70 

+50 

+40 

+10 

L 

T 

L 

T 

L 

T 

L 

T 

Bottom 1 /4 T. top ingot end 

+30 L 

T 1 0 L 

Top 1/4 T, bottom ingot end 

+70 L 

47.52,47 
49 av 

36,40. 38 
38 av 

36,46,4 ' 
43 av 

29,38. 28 
32 av 

35, 36, 31 
34 av 

30, 29, 27 
29 av 

15,20,22 
19 av 

25,25, (3 
21 av 

12.25, 15 
17 av 

15, 12, 10 
I2av 

53.53.46 
51 av 

37,33,48 
39 av 

43.45.43 

30, J 7, 31 

32, 33, 35 

26,27 

29, 31, 2^ 

25, 25, 22 

14. 16, 18 

20, 19, 10 

11,22, 18 

12. 12, 11 

30 ft-lb CVN 
Transition 

Temperature ( E) 

NDT( F) Determined 
by P-2 Drop 

Weight Specimens 

30 

25 

5 

5 

5 

5 

5 

5 

25 

10 

+38 +40 

+30 
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Table 2.4 (continued) 

Test 
Tempctature 

l°Fi 

30 ft-lb CVN NDT (°F) Determined 
Specimen ft-Ib. Mils Percent Transition by P-2 Diop 

Orientation CVN Lateral Exp. Fibrous Temperature ( F) Weight Specimens 

Top 1/4 7". bottom ingot end 

+50 L 38, 33,47 
39 av 

25, 40, 28 
31 av 

+10 

37 av 

32,24, 32 
29 av 

27, 24, 21 
24 av 

19, 14, 23 
19 av 

Bottom 1/4 7", bottom ingot end 

+50 L 

+20 L 

+10 L 

+39 +20 

98, 90, 99 74,68, 76 90 
96 av 

30, 35, 25 25, 29, 21 20 
30 av 

26, 22, 21 24, 20,19 20 
23 av 

+20 +20 

Table 2.5. Results of Development Tests Performed by Lukens on 120 X 120 X 12 in. Thick 
HSST Plate 04A, ASTM A-533 Grade B Class 2 

Location Through-
Specimen Yield Ultimate 

Tensile Percent Percent 
in 

Ingot 
Gage 

Location 
Orientation Strength 

(ksi) 
Strength 

(ksi) 
Fiongation Reduction 

of Area 

Top Top surface L 83.3 103.5 26 69.1 
Top Top surface L 82.7 102.5 26 68.0 
Top Top surface T 84.1 104.0 24 64.7 
Top Top surface T 84.2 104.5 24 66.0 
Bottom Top surface L 78.2 99.0 26 65.8 
Bottom Top surface L 77.4 99.0 26 67.3 
Bottom Top surface T 79.8 100.5 25 67.2 
Bottom Top surface T 79.3 100.5 26 67.0 
Top 1/2 r L 79.3 101.5 26 60.2 
Top 1/2 7" L 101.? 26 56.0 
Top 1/2 T T 80.5 103.0 22 46.8 
Top 1/2 T T 80.3 102.5 20 41.4 
Bottom 1/2 T L 73.7 97.5 26 61.0 
Bottom 1/2 T L 74.0 96.0 26 62.3 
Bottom 1/2 r T 75.5 97.5 22 52.0 
Bottom 1/2 T T 77.6 97./ 22 45.5 
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Table 2.6. Toughness DaU Derived from Development Testing of 120 X 120 X 12 in. Thick 
HSST Plate 04A ASTM A 533 Grade B Class 2 

Test 
If i.nperature 

>°F) 

Specinen 
Orientation 

ft-lb. 
CVN 

MUls 
Lateral Exp. 

Percent 
Fibrous 

30 ft-lb CVN 
Transition 

Temperature ( F) 

NDT (°F) Determined 
by P-2 Drop 

Weight Specimens 

1 up surface, top ingot end 

+70 

+10 

-30 

-100 

L 105,110.105 
107 av 

75. 77.75 95 

T 81,82,80 
81 av 

62,67.58 95 

L 98, 100, 105 
101 av 

T 66, 50, 75 
64 av 

L 71, 74, 76 
74 av 

T 54, 65,46 
55 av 

L 42, 44, 42 
43 av 

34, 35,42 60 

T 26, 24, 24 
25 av 

20,18, 18 10 

Center line, top ingot end 

+100 L 47, 40,40 
42 av 

+70 L 25, 21, 35 
27 av 

23, 19,23 25 

T 25, 28, 27 
27 av 

21,28.21 5 

+50 L 23, 26, 21 
23 av 

24, 24, 23 5 

T 21, 24, 22 
22 av 

16,22,21 5 

+10 L 10, 13, 10 
11 av 

11, 13,11 5 

T 10, 11,20 
14 av 

10,11,15 5 

Bottom surface, top ingot end 

+10 L 90, 90, 100 

-88 

+87 

-30 

+50 

-80 L 115,110,110 
H2av 

80, 70,70 95 

-150 L 70, 75, 82 
76 av 

48,49, 5", 85 

-80 
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Table 2.6 (continued) 

Test 
Temperature 

<°F) 

Specimen 
Orientation 

ft-lb. 
CVN 

Mills 
Lateral Exp, 

Percent 
Fibrous 

30 ft-lb CVN 
Transition 

Temperature (°F) 

NDT(°F) Determined 
by P-2 Drop 

Weight Specimens 

Top surface, bottom ingot end 

+70 L 110,105. 101 
105av 

78,77,55 90 

T 75. 67. 55 
66 av 

59, 59, 50 45 

+ 10 L 

T 

75, 79. 78 
77 av 

45. 60. 45 
50 av 

-50 T 13. 29. 26 
23 av 

12, 23, 22 15 

-100 L 55,45,52 
Slav 

41.37,40 45 

T 12. 22, 10 
15 av 

11,20,8 15 

-150 L 22, 30, 22 
28 av 

15, 23, 17 30 

< - 1 0 0 

Centei iine, bottom ingot end 

+!00 L 60, 52. 55 
56 av 

51,44,48 40 

+70 L 35, 35, 36 
35 av 

32,32 5 

T 30,31,27 
29 av 

29, 30 , '4 5 

+30 L 19,24,16 
20 av 

21,23, 17 5 

T 13,14,15 
14av 

13,15,18 5 

+ 10 L 12. 14. 17 
14 av 

12,15 r 16 5 

T 14, 15,11 
13 av 

13, 14, 12 5 

Bottom surface, bottom ingot end 

+10 L 72,62,60 
65 av 

20 

50 

L 

L 

21, 54,55 
43 av 

10, 30,45 
28 av 

20. 37, 42 20 

+59 +30 

-46 -40 to -50 
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PHOTO 94831 

TCP INGOT END 

BOTTON IN30T END 

Fig. 2.27. Homogeneity Test Specimens from Plate 04A. Top: top ingot end; bottom: bottom ingot end. 
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Specimens fur microscopic examination were prepared from surface, 1/4 T, and 1/2 T locations from 
each end of the plate. The micrographic stru.tures from the top ingot end of the pljte are shown in Fig. 
2.2S. The structures shown in Fig. 2.29 are fr >m the bottom ingot end of the plate, or what was originally 
the midlcngth /one of the original full-size pbic. 

PHOTO 94190 

IOOX Ni ta l Etch 500X X i t a l Etch 

Bottom 
Surface 

Fig. 2.28. Microstructure at the Top Ingot F".d of Plate 04A, After Heat Treatment. Reduced ?<**. 
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Fig. 2.29. Microstnicture at tte Bottom Ingot End of Plate 04A, After Heat Treatment. Reduced 20%. 
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P.l Retemper of Plate 04A 

As noted in the previous section of this report, plate 04A did not meet the toughness requirements of 
Paragraph N-331.2 of the ASME Code Section III for A-533 grade B class 2 material. Since the plate, in its 
present condition, did not meet the requirements for either of the classes of A-533 steels, the HSST staff 
decided to return the plate to Lukens for retempering to class 1 requirements. Before returning the plate t^ 
Lukens, a small piece of the material was removed from the bottom ingot end and retained n the HSST 
storage area. 

The plate was returned by rail to Lukens' Coatesville, Pa., mill in May 1969. Lite in the evening of June 
9, the plate was loaded on a furnace car and charged into furnace 6 for retempering ?\ 1250 ± 25°F for 12 
« ix . l a w L / u i i v TT«A*> v / n v i i i v u *n v i i v t u i i i a v v < u ^>ll\JWWgt i n 1 i t . L.*r\J. 

Two furnace thermocouples (6 and 7) were used to record the temperature profile throughout th'* 
hcat-up and hold period. The spread in the thermocouple readings for this heat treatment is shown in Fig. 
2.31. On completion of the 12-hr hold period, the plate was withdrawn from the furnace and air cooled to 
ambient temperature. 

About a week after retempering, (he plate was preheated to approximately 500°F and additional test 
material was removed from the location shown in Fig. 2.32. Immediately following removal of the 

ORNL-OWG 6 9 - 1 2 6 4 5 

Fig. 2.30. Orientation of Plate (MA in the Furnace for Retempering. 
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additional test matenal (by oxyacetylene cutting) the plate was charged into furnace 1 for a 4-hr 
stress-relieving heat treatment. 
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Fig. 2.31. Spread in Thermocouple Readings During Retempering of Plate 04A. 

O R N L - M G C 9 - - ! 7 0 0 A 

TOP INGOT END 

A 

OiMENSIONS IN INCHES 

f 
12 

12 

L 

• 1 2 0 

T 
12 

18-

N E W T E S T 
MATERIAL 

•1?^ 

12 

-J 

12C 

Fig. 2.32. Location of Plate Qualification Material from Retempered Plate 04A. 
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During the 4-hr stress relief the plate was placed on the end o'~ the cai near the rear of the furnace. Four 
furnace thermocouples (3, 4, 5, and 6) were used to record the temperature profile during this heat 
treatment. The spread in the thermocouple readings for this cycle is shown in Fig. 2.33. 

The test material was not stress relieved with the plate. However, the test specimens were subjected to a 
similar heat treatmer*. in the laboratory. The results cT the plate qualification tests, which meet the 
requirements for class 1 material are listed in Table 2.7. 

OftNL-MG M-1ES19 
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Fig. 2.33. Spiead in Thennocouple Readings During Stress-Relieving Heat Treatment of Plate 04A After Retempering. 

Table 2.7. Results of Qualification Tests Performed by Lukens 
on HSST Plate 04 A After Retempering to Class 1 Requirements 

Through-
Gage 

Location 

Specimen 
Orientation 

Yield 
Strength 

(ksi) 

Ultimate 
Tensile 

Stien**!i 
(ksi) 

Percent 
Elongation 

Percent 
Reduction 

of 
Area 

1/4 7* 
1/4 7 

7 
7 

64.2 
t3.5 

88.C 
88.6 

24 
24 

64.9 
62.9 

Toughness Data 

Specimen fMbCVN 
Orientation +70°F <10°F 0°F -50°F 

L 

T 

56,53,54 
54 av 

37, 38,38 
38 av 

25, 30, 35 
30 av 

24, 20, 24 
23 av 

30, 30, 
26 av 

15,13, 
14 av 

17 

15 

7,7,7 
7av 

9,9,7 
8av 
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3 . REROLLING OF PLATE 04 TO FORM PLATES 05 AND 06 

Q. REROLLING OF TWO SECTIONS OF THE 12-in.-THICK PLATE 
TO 4-in. AND 8-in. GAGE 

The two remaining portions of the 12-in.-thick plate material (see Figs. 3.1 and 3.2), one measuring 80 
X 40 in. and one 80 X 80 in., were prepared for rerolling to 4-in. and 8-in. gage respectively. As noted 
previously, the top ingot end of each piece was identified by notching the appropriate corners so that the 
original ingot orientation could be identified after rerolling. 

On November 1, 1967, the two pieces of 12-in.-thick materiai were gri' blasted and painted with 
ixmco, a protective coating. After drying, they were placed in Lukens' furnace 63 for heating prior to 
rcrolliiig. This luinacc was being used for another heating operation prior to charging the i2-«n.-uiick 
plates; thus the initial temperature was high. The following table gives the pertinent time-temperature data 
for the charging and heating cycles, including the last few minutes of the previous heat and the full heating 
cycle of the two 12-in .-thick pieces. 

Tab.e 3.1. Heating of Material Priot to ReroOing 

Time, PM 
Furnace : Temperature 

(°F) 
Furnace TC 

Readings (°F) 
(in contact 
with plates) 

Comment; 
Zone 1 Zone 2 

Furnace TC 
Readings (°F) 

(in contact 
with plates) 

3:30 2400 2400 Furnace was being used for 
regular production wor*' 

3:50 2400 2400 This charge removed from furnace 
4:00 170C i700 /^charged cold HSST 12^.-thick plate 

material charged into furnace 
4:30 2100 2000 1700 
5:00 2100 2100 1900 
5:30 2250 2150 2100 
6:00 2350 2200 2200 
^00 2400 2300 2250 
7:30 2400 2275 
8:00 2400 2350 2300 
8:20 2400 2350 2300 Material to bo rerolled to 

4 in. thickness removed from furnace 
8:35 2300 2300 2300 M* ' 10 be rerolled to 

8 in. v.iickness removed from furnace 

The plate measuring 80 X 40 X 12 in. thick was the first to be removed from the furnace for rerolling. 
Furnace 63 is located less than 100 ft from the rolls; therefore, very little time elapsed from the time the 
piece was removed from the furnace until rerolling began. Both longitudinal (top-to-bottom relative to top 
and bottom of the ingot) and transverse (side-to-side relative to top and bottom of the ingot) rolling were 
performed. The plate passed through the rolls 22 times in the longitudinal direction and 17 times in the 
transverse direction. Lukens' personnel advised that several (the exact number could not be determined) of 
the passes were merely flattening passes in which no reduction of thickness was taking place. Rerolling was 
completed in about 10 min, and the finished plate now measured approximately 135 X 72 X 4 in. thick. 
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The original longitudinal-to-transverse rolling ratio for the i2-in.-thick plate was 1.89:1. The total 
longitudinal-to-transverse rolling ratio for the 4-in.-th.ck plate was 1.89 X 0.94, or 1.77:I.Tiie4-in.-thick 
plate, after rerolling was completed, was transferred to the cooling area and covered with about 4 to 5 in. of 
sand. 

The plate which measured 80 X 80 X 12 in. thick was removed from the furnace as soon as the 
4-in .-thick plate was covered for sand cooling. Seven passes were made through the rolls in the longitudinal 
direction and 14 in the transverse direction. As noted for the previous plate, several of these passes also 
were for flattening purposes. The finished plate measured about 97 X 92 X &% in. thick. 

On completion of reduction rolling, the 8'^-in. gage plate was conveyed to the flattening rolls, where 
another effort './as made to obtain a more exact flatness. To help maintain flatness, the plate was left on the 
rolls until it had cooled below the red-heat range, it was then placed on a flat portion of the floor and left 
uncovered for cooling to ambient temperature. The total longitudinal-to-transverse rolling ratio for the 
8*4-in .-thick plate was 1.89 X 1.05 or i.98:l. Soon after cooling, Lukens removed % in. front the top 
surface of the plate by milling. 

On November 13,1967, the two rerolled plates were placed in a furnace and preheated to about 500°F. 
Fo!lowing preheating, the plates were taken directly to he cutting area and marked for cutting, as shown in 
Figs. 3.1 and 3.2. The HSST bench marks and alignment marks were stamped into the plates at the time cut 
lines were scribed. Cutting was accomplished using oxyacetylene equipment. 

O M L - M T C « » - 2TOS 

Fig. 3.3. Orientation of Plate Sections in the Furnace for Stress Relieving. 
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While th? plates were still hot from preheating and cutting, they were loaded on a furnace car and 
charged into the furnace for stress relieving. The plates were oriented in the rumace as shown in Fig. 33. 
Furnace thermocouples only were used to record the heating cycle. The furnace was fired at 3:10 PM, 
November 13, 1967. Slightly more than 8 hr later the thermocouples showed that the temper?ture was 
within the stress-relieving range, and a !2-hr hold period was started. A curve of the data for this heat 
treatment is shown in Fig. 3.4. After the hold period was completed, the plate sections remained in the 
furnace for cooling until tht thermocouples were recording temperatures below 600°F. 
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Fig. 3.4. Spread in Thermocouple Readings During Stress-Relieving Heat Treatment of Plate Sections 05A, 05B, 06A, 
and06B. 
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4. HEAT TREATMENT AND TESTING OF PLATES 05 AND 06 

R. HEAT TREATMENT AND INSPECTION OF PLATES 
05A.05B.06A.AND06B 

Plate sections 05A and 06A. with dimensions of 72 X 84 X 4 .n. and 97 X 53'^ X 8 in., respectively, 
•vere grit blasted, visually inspected, and shipped to the HSST storage facility in the as-rerolled. 
stress-relieved, and descaled condition. 

Hate sections 05B and 06B were processed simultaneously at the mill. Accordingly, the processing 
histories of the two will be treated simultaneously in this document. 

R.1 NonnsSring of Piste Sections C5Bssd06B 

Rate sections 05? ?nu 06B were normalized January 4, 1968. They were placed in the furnace in the 
positions shown in Fig. 4.1. The furnace was heated until the normalizing temperature of 1675 ± 25°F was 
attained, and the plates were held at this temperature for 4 hr. At this time the furnace door was opened 
and the 4-in.-thick section (05B) was removed for air cooling. The 8-in.-thick section was recharged into the 
furnace and allowed to remain an additional 4 hr. In this manner each was held in the normalizing range for 

ORHL- DWG 6 9 - 6 0 9 2 

Fig. 4.1. Orientation of Plate Sections 05 B and 06B During the Normalizing Heat Treatment. 
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1 hr per inch of thickness. Following the second 4-hr cycle the 8-in.-thick piece was removed from tlvc 
furnace and air cooled. The furnace charts for the heat treatment are not available. 

R 2 Austenitizing and Quenching of Plate Sections 05B and 06B 

About one week later each plate section was grit blasted and four thermocouples were installed at the 
1/4 T and 1/2 7 locations shown in Rg. 42. Each installation was made using the type of thermocouples 
described in N.2: installation is as shown in Fig. 2.17. 

Each plate section was painted with a scale-retarding compound and allowed to dry before being loaded 
on the furnace car for the austenitizing heat treatment. Each was oriented in the furnace as shown in Rg. 
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Fig. 4.2. Thermocouple Layout for Plate Sections 05B and 06B During the Austenitizing Heat Treatment. 
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oa»i-o«c t«~2?3« 

Fig. 4.3. Orientation of Plate Sections 05B and 06B During the Austenitizing Heat Treatment. 

4.3. Firing of the furnace began at 12:30 AM, January 10, 1968. At 5:0C AM the highest thermocouple 
reading wa°- within 1575 + 25°F, and the hold period was begun. The prescribed hold period for plate 
section 05B was 4 hr and for plate section 06B, 8 hr, or 1 hr per inch of pbte thickness. At 8:00 AM the 
pkte thermocouple readings ranged between 1575 and 1650°F; the furnace couples recorded almost 
continuously at 1575°F. Lukens' personnel speculated that the Leeds and Northrup 12-poir.t recorder was 
probably out of calibration. One of their electronics technicians subsequently checked the calibration and 
concluded that it was recording about 10°F too high. 

On completion of the 4-hr hold period, plate section 05B was removed from the furnace. It was lifted 
fcr quanching with a triangular-shaped structural member which had four chains suspended from the 
bottom horizontal member. Steel plates, bent at 90° angles for lifting, were attached to the ends of the four 
chains. In fiis manner, practically ail of the plate was in contact with the quench medium. 

Immediately before the quenching operation began, the temperature ot the quench medium was 52°F. 
The operational sequence was as follows: 

Furnace door started up 00:00(1-10-68, 9:45 AM) 
Furnace door fully o pened 20 sec 
Car out and stopped 55 sec 
Pickup started 1 min 5 sec 
Into water 1 min 40 sec 
Out of water 14 min 35 sec 
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The temperature of the water remained at about 52°F throughout the quench. The plate temperature 
was about 150°F on removal from the water. At this time the recorder was calibrated and a 10°F 
downward adjustment was made. 

About 4 hr parsed before the 8-in.-thi:k plate was removed from the furnace. Shortly before quench 
time the plate thermocouples were recording temperatures between 1590 and 1610°F; the furnace 
thermocouples w.re still recording 1575r'F. The temperature of the water immediately prior to quench 
remained at 52°F. The sequence of events foi piate section 06B was as follows: 

Furnace door started up 
Furnace door fully opened 
Car out and stopped 
Pickup started 
Into water 
Out of water 

00:00<l-10-f8? 1:15 PM) 
20 sec 
55 sec 
1 min5 sec 
1 min 37 sec 
36 min 20 sec 

No significant temperature change was noted in the quench medium either during o> after quencliing. 
All plate thermocouple readings were less than 200°F when the plate was withdrawn from tne water. 

The curves of the aistenitizing heatup and hold period'; are shown in Fig. 4.4. Curves of the cooling 
rates during quenching of plate sections 05B and 06B are shown in Figs. 4.5 and 4.6 respectively. 

R.3 Tempering of Plate Sections 05B and 06 

During the time plate section 063 was in the quench tank, the furnace car was left outside, the furnace 
door remained open, and all firing units were shut off. Consequently, the temperature of both car and 
turnace dropped to a relatively low value during this interval. On completion of quenching of 06B, both 
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Fig. 4.4. Spread in Thermocouple Readings During the Austenitizing Heat Treatment of Plate Sections 05B and 06B. 
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plate sections 05B and 06B were reloaded on the furnace car essentially as shown in Fig. 4.3 and charged 
into the furnace for tempering. All thermocouples were still intact and each was record"g. 
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Fig. 4.5. Cooling Curves for Plate Section OSB. 

Fig. 4.6. Cooling Curves for Plate Section 06B. 
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Fig. 4.7. Spread in (Furnace) Thermocouple Readings During the Tempering Heat Treatment of Plate Sections 05B 
and06B 
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Figure 4.7 shows the heating and cooling rites for the tempering heat treatment as recorded by furnace 
couples 1 and 8. The heating and cooling rates derived from the plate thermocouples are shown in Fig. 4.8. 
The specified ten.pering temperature was 1225 ± 25°F. The temperatures recorded by the furnace couples 
stayed within this range throughout the hold period. However, as noted by Fig. 4.8, the temperatures 
recorded by the plate thermocouples were higher than ihe specified 1250°F maximum. 

R.4 Stress Relieving of Plate Sections 05B and 06B 

January 13, 1968, the plates were returned to the furnace for a stress-relieving heat treatment at 1125° 
± 25°F for 40 hr. Both plates were loaded on the furnace car essentially as shown in Fig. 4.3. Two furnace 
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Fig. 4.8. Spread in (Plate) Thermocouple Readings During the Tempering Heat Treatment of Kite Sections 05 B and 
06B. 
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c I»I!?« 1 anrf R »»**» nc<»/4 to «>/-r»'H »Ki» tomncrfltiirp n r n - 1 " 5rai» nv»r!tanica1 difficulties were 

experienced with the firing mechanism during the hoid period, and this is reflected in an erratic curve as 
noted in Fig. 4.9. 

After the 40-hr hold period was completed, the plates remained in the furnace for about 6 hr, until the 
thermocouples were recording less than 600°F. 

R.5 Removal of Test Material and Second Stress Relief of Plau* Sections 05B and 06B 

A few days after the first stress-relieving heat treatment, plate sections 05B and 06B were placed in a 
furnace and healed to about 500°F. They were then removed from the furnace, and the test material was 
cut from the locations shown in Fig. 4.10. Cm ling was done by the oxyacetylene process. 
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Shortly after the test material was cut from the plate sections, they were returned to the furnace for the 
final stress-relieving heat treatment. Again each was oriented in the furnace as shown in Fig. 4 3 , and 
furnace couples 1 and 8 were used to record the temperature profile. 

The plate sections were heated for about 6 hr before the stress-relief temperature of 1025°F ± 2S°F was 
attained. Following an 8-hr hold period, each was left in the furnace io cool below 600°F. A record of the 
heating and cooling data is shown in Fig. 4.11. 

S. ULTRASONIC INSPECTION OF PLATE SECTIONS 05B AND 06B 

It was noted in a preceding section of this report that plate 03 and plate section 04A were 
ultrasonically inspected concurrently. Plate sections OSB and 06B were also inspected concurrently with 
those plates. Consequently, al! of the testing parameters lis:ed in D.l and D.2, longitudinal and shear-wave 
inspection, respectively, also apply lo plate sections 055 and 06B. The longitudinal and shear-wave DAC 
curves shown in Figs. IS and 1.7 were wed for evaluating plate sections 05B and 06B. 

Like the previous plates, 05B and 06B were prepaid for inspection by grit blasting and grinding to a 
suitable surface finish, approximately 250 rms. 

No "recordable" longitudinal or shear-wave indications were found in plate sect;"»n 05B. 
Plate section 06B. shown in Fig. 4.12, contained three small longitudinal-wave indications which caused 

a 100% loss of back-surface reflection. Indication 1 produced a signal two lines nigh on the instrument 
screen at the 4-m.-depth level, fndications 2 and 3, respectively, produced signals five and seven lines high at 
this level. No "recordable" shear-wave indications were found in plate section 06B. 

At the conclusion of ultrasonic inspection the plates were shipped to the HSST storage facility. 
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Fig. 4.12. "Recordable" Longitudinal-Wave Inductions Foam* in Plate Section O1 B. 

T. QUALinCATION .\ND DEVELOPMENT TESTING 

Specimens for qualification and development vesting of plate sections 05B and 06B were secured from 
the locations shown in Fig. 4.10. The methods used for preparing the specimens and selection of test 
locations were the same as those described in Part P. The results of the plate qualification tests are listed in 
Tables 4.1 and 4.2. It can be seen from the results listed in Table 4.1 that the mechanical properties of both 

Table 4.1. Results of Qualification Tests Performed by Lukens on 
HSST Plate Sections 05B and 06B, ASTM A 533 Grade B Class 2 

Location *^ 
in Ingot , a*f Location 

Specimen Yield 
Strength 

(ksi) 

Ultimate 
Tensile Percent 

Percent 
Reduction Location *^ 

in Ingot , a*f Location Orientation 

Yield 
Strength 

(ksi) Strength 
(ksi) 

Elongation of 
A«**a 

Plate section 05B 
Top Bottom 1/4 T L 77.5 97.0 26 69.0 
Top Bottom 1/4 T L 76.1 97.0 26 69.0 
Top Bottom 1/4 T T 77.2 100.0 25 68.0 
Top Bottom 1/4 T T 79.4 98.5 25 66 0 

Plate section 06B 
Top Top 1/4 T 1 80.0 101.5 24 66.9 
Top Top 1/4 T L 78.8 100.5 24 64.3 
Top Top 1/4 T T 79.0 101.5 22 59.8 
Top Top 1/4 T T 78.7 100.5 23 60.0 
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plates met the requirements of A-S33 grade B class 2. The requirements of the ASME Code Section III, 
which specify that for a room-temperature hydrotest the NDT shall be +10°F or lower, or that the 
minimum average of three CVN specimens shall be 30 ft-lb, with one value as low as 25 ft-lb at +10°F, were 
met in the 4-in.-thick plate (05B), but only the CVN requirement was met in the 8-in.-thick plate (06B). 
The results of the development tests are listed in Tables 4 3 and 4.4. 

The fracture appearance of homogeneity tests taken from the 1/4 7* location in the plate sections may 
be seen in Fig. 4.13. 

Photomicrographs made from broken Charpy V-notch specimens representing surface, !/4 T, and 1/2 T 
locations in the plate sections are shown in Figs. 4.14 and 4.15. 

Table 4 J . TcfgfcTH Data Derived horn Plate Qualification Testing of 
HSST Plate Sections 05B art 06B, ASTM A-5 33 Grade B Class 2 

T T 0 , ^ w - , »_ 30fMbCVN NDT(°F) Determined 
Test Temperature Speamen fWb Mds Percent 

(*F) Onentauon CVN Lateral Exp. Fibrous T e m p e r a t u i e ^ specimens 

Plate 05B, plate top, bot am 1/4 T 
+70 L 48, 107, 100 

85 av 
69,72, 76 95 

T 77. 94,82 
84 av 

62.69.68 85 

+10 L 71,70.77 
73 av 

57,55,58 45 

T 71,67,55 
61 av 

47,56,44 25 

-50 L 55, 32, 32 
40 av 

44,28,29 35 

T 2 : 30.32 
28 av 

30,26, *: 20 

Plate 06B, plate top, top 1/4 T 
+70 L 65,67,68 

67 av 
51,54,57 45 

T 54,57, 59 
57 av 

46.47,49 50 

+30 L 38, 55,62 
52 av 

36,4^,49 30 

+10 L 38,33,42 
38 av 

32, 27, 34 10 

T 33,37,42 
39 av 

30,31,34 20 

-20 L 36, 30, 30 
32 av 

33 29,13 20 

-58 -50 

+3 +30 
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Table 4.3. Results of Deveiopment Tests Performed by Lukens on 
HSST Plate Sections 05B and 06B, ASTM A-533 Grade B Class 2 

Location Through-
Gage 

Location 

Specimen Yield 
Sirength 

iksi) 

Ultimate 
Tensile Percent 

I*— • ' • A n t 

Reduction 
in Ingot 

Through-
Gage 

Location Orientation 

Yield 
Sirength 

iksi) Strength Elongation of 
{ksi) Area 

Plate section OSB 
Top Top surface L 84.1 100.5 25 66.9 
Top Top surface L 84.5 100.5 26 66.0 
Top i op surface T 86.3 102.5 23 65.9 
Top Top surface T 87.5 102.6 23 63.6 
Ton 1/2 7 L 75.2 95.4 25 63.8 
Top 1/2 7 L 75.2 64.5 
Top 1/2 7 T 73.6 94.5 27 63.5 
Top MIT T 73.8 94.9 24 60.7 

Plate section 06B 
Top Top surface 92.4 107.6 22 65.7 
Top Top surface L 90.6 IC7.0 22 62.0 
Top Top surface T 92.4 107.5 24 63.5 
Top Top surface T 89.8 106.5 23 66.0 
Top 1/2 7 L 77.i 96.5 24 64.3 
Top 1/2 7 L 75.9 96.0 24 63.5 
Top 1/2/ T 75.9 97.0 23 58.5 
Top 1/2 7 T 76.8 96.5 21 54.3 

Table 4.4, Toughness Data Derived from Development Testing of 
HSST Plate Sections 05B, ASTM A 533 Grade 3 Class 2 

Test Temperature 
<°F) 

Specimen 
Orientation 

ft* 
CVN 

Mils 
Lateral Exp. 

Percent 
Fibrous _ T« 

Plate top, top surface 

+70 L 99,97,111 
103 av 

68, 66, 74 90 

T 108,107, 105 
107 av 

79, 78, 72 95 

+ 10 L 98, 103, 103 
101 av 

62, 66,67 65 

T 97. 100, 103 
100 av 

63, 74. 75 85 

-100 L 

T 

45,40,48 
44 av 

46, 30,38 
38 av 

-150 L 

T 

21,20,22 
21 av 

13 13, 16 
16 av 

30ft-!bCVN 
Transition 

Temperature (°F) 

NDT (°F) Deternined 
by P-2 Drop Weigh*. 

Specimens 

119 100 
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TaMe4.4 Continued 

Test Temperature Specimen ri-ib 
(°F) Orientation CVN 

Mils Percent 
Lateral Exp. Fibrous 

30 fUb CVN 
Transition o Temperature ( F) 

.°.~. NDT ( F) Determined 
by P-2 Drop Weight 

Specimens 

Plate top, center line 
+70 L 92,95,97 

95 av 
72, 72, 74 95 

T 97,97,102 
99 av 

72, 74, 75 95 

+10 L 55, 70,59 
61 av 

43,62,53 60 

T 65,65,77 
69 av 

53, 50,60 55 

-50 L 32,42,42 
39 av 

29, 37, 33 35 

T 34,25,16 
25 av 

29, 25,18 15 

Plate top, top surface 
+70 L 108. 101 101 

106 av 
74,75,71 95 

T 72,80,81 
78 av 

40,41,52 85 

+10 L 100, 102, 104 
102 av 

64, 65, 70 95 

T 79, 82, 82 
81 av 

53, 56,70 30 

-iOO L 32,40. 36 
36 av 

24, 31, 27 25 

-100 L 40,40, 32 
37 av 

25, 28, 24 15 

Place top, center line 
+70 L 

T 

79, 77,64 
73 av 

48.51.50 
50 av 

+20 L 56, 26,55 
46 av 

45,21,44 25 

+ 10 L 41,43,30 
35 av 

32, 34,27 25 

T 28,44.41 
38 av 

28, 37, 36 20 

-20 L 15,44,38 
32 av 

29,31,30 20 

-58 

-110 

-50 

100 
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PHOTO 94832 

TOP IN€OT END PLATE SECTION 05B 

BOTTOM INGOT END PLATE SECTION 063 

Fig. 4.13. Homogeneity Test Specimens from Plate Sections 05B and 06B. 
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LOOK l i t a l Etch 3O0K Nital Etch 

PHOTO 94186 

Tk»r 

1/4T 

Mid-Width 

Fig. 4.14. Microstructure of Pbte Section 05B. Reduced 20T. 
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100X Nital Etch 
P^C^O -?4i85 

lOOX XiCal Etch 

Tcp Surface 

Top 1/4T 

Mid-Width 

Fig. 4.15. Miciostnicture of Plate Section 06B. Reduced 20%. 
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tn 
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EA 
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ATTACHMENT 2A 

DATE: AUGUST 4, 1966 
SHEET: 1 of 4 

ULTRASONIC TEST SPECIFICATION NUMBER 1 
(Longitudinal Wave Pulse E :ho Testing of Plate) 

1.0 SCOPE: 

1.1 This specification covers the examination procedure 
and recording requirements for the pulse echo 
ultrasonic inspection of rolled catbou and alloy 
steel plates, 4" through 13" in thickness, of fully 
killed firebox or higher quality by the longitudinal 
(normal) beam method. It was developed to detect 
discontinuities parallel to the rolled surfaces. 

1.2 This test shall be applied 1) when the plate is 
in the flat condition and 2) after the plate has 
been hot formed, quenched and tempered. 

2.0 APPARATUS: 

2.1 The test shall be performed using ultrasonic equip
ment of the pulse-echo longitudinal beam type 
which shall provide linear presentation, within 
x 5% to at least 752 of full screen height. 

2.2 The transducer shall be 1-1/8" diameter or 1" 
square. 

2.3 Other search units may be used for evaluating and 
pin-pointing indications. 

3.0 PROCEDURE; 

3.1 The inspection shall be conducted in an area free 
from operations that interfere with proper per
formance of the test. 

3.2 Unless otherwise specified, ultrasonic inspection 
shall be made on either major surface of the plate. 

3.3 The plate surface shell be sufficiently clean and 
smooth to maintain a good sonic coupling between 
the transducer and plate surface during scanning. 
This may involve suitable means of scale removal. 
Local rough surfaces shall be conditioned by 
grinding. Any specified identification which is 
removed when grinding to achieve proper surface 
smoothness shall be restored. 
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ATTACHMENT 2A 

DATE: AUGUST 4, 1966 
SHEET: 2 of 4 

ULTRASONIC TEST SPECIFICATION NO. 1 

PROCEDURE: (continued) 

3.4 The test shall be performed by one of the following 
methods: 

Direct contact, immersion or liquid column coupling. 
A suitable couplant such as water, soluble oil or 
glycerine shall be used. 

3.5 A nominal test frequency of 2h Mc Is recommended. 
Thickness, grain size or microstructure of the 
material and nature of the equipment or method may 
require a higher or lower test frequency. Trans
ducers shall be used at their rated frequency. A 
clean, easily interpreted trace pattern shall be 
produced during the inspection. 

3.5.1 Each flat plate will be stamped with a bench 
mark located near the plate identification 
stamping and all indication locations refer
enced to this mark. This mark shall be 
located such that when the plate is cut to 
size and formed into a shell segment the 
mark will remain on the vessel. 

3.6 Scanning 

3.6.1 Scanning shall be continuous over 100Z of 
the plate surface. 

3.6.2 When a discontinuity condition is observed 
which approaches the Distance Amplitude 
Curve (D.A.C.), the transducer shall be 
positioned to display the maximum indication 
so that the discontinuity can be evaluated 
by cssp^ribOu with the D.A.C. 

ULTRASONIC EXAMINATION USING FLAT BOTTOM HOLE CALIBRATION: 

4.1 The following calibration and recording procedures 
shall be used: 

4.2 Reference Block - A reference specimen shall be used 
to calibrate the equipment and establish recording 
criteria. Two (2) reference blocks shall U 
utilized: one (1) 7 V thick to apply to plate thick 
nesses from 6" to 9" Inclusive;one (1) 11" thi^k to 
apply to plate thicknesses in excess of 9" and not 
exceeding 13". The material shall be acoustically 



91 

ATTACHMENT 2A 

DATE: AUGUST 4, 1966 
SHEET: 3 of 4 

ULTRASONIC TEST SPECIFICATION NO. 1 

ULTRASONIC EXAMINATION USTVp FLAT BOTTOM HOLE CALIBRATION: 
(continued) 

4.2 (continued) 
similar to the plate undergoing examination. 
Acoustic similarity is presumed when comparison 
of the back reflection signals between the refer
ence specimen and actual plate without change in 
instrument sitting shows a variation of 25% or less. 

4.2.1 The reference blocks shall conform to figure 
1 (later) . 

4.3 All reference blocks used on this program shall be 
prepared by one supplier and ultrasonic response 
shall not vary by more than 5 percent from block 
to block. 

CALIBRATION PROCEDURE: 

5.1 Place the transducer over the hole producing the 
highest indication and adjust the sensitivity to 
approximately 75% of full scale. Without changing 
the instrument settings, place the transducer over 
each hole and mark on the oscilloscope face the 
location and amplitude of the reflection from each 
flat bottom hole. Connect these points with a 
smooth curve. This is the D.A.C. and is the refer
ence level for examination and reporting. 

5.2 Place the transducer over a sound area of the 
reference block and note the back reflection 
amplitude using a calibrated attenuator or similar 
device if necessary. Record this amplitude and 
attenuator setting. 

5.3 Place the transducer on a sound area of the plate 
to be examined in an area having a satisfactory 
surface condition. The instrument sensitivity may 
be adjusted so that the first back reflection equals 
that amplitude from the reference plate. Any change 
in sensitivity from that established on the refer
ence block shall be re^^rded and reported in terms 
of decibels of attenuation or % of screen height 
change in the reflection. 
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ATTACHMEHi 2A 

DATE: AUGUST 4, 1966 
SHEET: 4 of 4 

ULTRASONIC TEST SPECIFICATION NO. 1 

5.0 CALIBRATION PROCEDURE: 
(continued) 

5.4 Sensitivity adjustment shall be made only as de
scribed in 5.2 and 5.3 or wien performing a recali 
bration procedure which will be done at least once 
per hour, or at any time the equipment is moved, 
turned on or after En* novsr interruption. 

6.0 RECORDING: 

6.1 Any indication exceeding the D.A.C. shall be re
corded. 

6.1.1 Record the loss of back reflection amplitude 
associated with any such indications. 

6.2 Any complete loss of back reflection shall be 
recorded. 

6.3 Any travelling indication shall be recorded. 

6.4 In addition to the above, each plate shall be 
tested and the results recorded in accordance 
with A.S.M.E. Code Case 1338-2. 

7.0 REPORTS: 

7.1 All indications listed in 6.0 above shall be 
mapped and reported on a report form. A sample 
form is enclosed as figure 2 (later) . 
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ATTACHMENT 2B 

DATE: AUGUST 4, 1966 
SHEET: 1 of 3 

ULTRASONIC TEST SPECIFICATION NUMBER 2 
(Shear wave Pulse Echc Testing of Plate) 

1.0 SCOPE 

1.1 This specification covers the examination procedure 
and recordins levels for ult „^_.:~ _t- ~ .- _ 

• o ieveis rcr uiivasonic snear »dve J.U-spection of steel plates. It was developed to 
detect discontinuities at an angle no the rolled 
surfaces. 

1.2 This test shall be applied 1) while the plate is in 
the flat and 2) after the plate has been hot formed, 
quenched and tempered. 

2.0 TEST CONDITIONS: 

2.1 The inspection shall be conducted in an area free 
fron operations that interfere with proper per-
fornance of the test. 

2.2 Pits, ripples, rust, scratches, dirt, loose scale 
and surface blemishes from rolled-in scale shall be 
removed to r.he extent necessary. Any soecifitd 
identification which is r'moved to achiee proper 
surface smoothness shall be restored. 

3.0 APPARATUS: 

3 1 The test shall be performed using an ultrasonic, 
pulsed, reflection-type instrument with operating 
frequencies suitable for the test. The instrument 
shall provide linear presentation, within ± 5% up 
to at least 75% of full screen height. 

3.2 The search unit shall be a 45 degree (in steel) shear 
wave type with an active transducer length of no 
more than one inch. Search units of other sizes and 
angles may be used for additional exploration and 
evaluation. 

4.0 TEST FREQUENCY: 

4.1 The ultrasonic frequency selected for the test shall 
be nominally 2\ Mc. One Mc transducer may be used 
when the plate exhibits an excessively high noise 
level when using 2\ Mc. 
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ATTACHMENT 2B 

DATE: AUGUST L, 1^66 
SHEET: 2 of 3 

ULTRASONIC TEST SPECIFICATION NC. 2 

5.0 CALIBRATION REFERENCE STANDARD: 

5.1 Reference Block - A reference specimen shall be used 
to calibrate the equipment and estatlish recording 
criteria. Two (2) reference blocks stall be 
utilized: one (1) 7V* thick to apply to plate thick 
nesses from 6" r.o 9" inclusive, one (1) li"' thick 
to apply to pla'ie thicknesses in excess of 9" and 
not exceeding 13". The material shall be acousti
cally similar to L .c plate undergoing examination. 

Acoustic similarity is presumed when comparison of 
the back reflectiou signals between the reference 
specimen and actual plate without change in instru
ment setting shows a variation of 25Z or less. 

5.1.1 The reference blocks shall conform to 
figure 1 (later). 

5.?. All reference blocks used on this program shall be 
prepared by one supplier and ultrasonic response 
shall not vary by more than 5 percent from block 
to block. 

6.0 CALIBRATION PROCEDURE: 

6.1 A Distance Amplitude Curve (D.A.C.) shall be estab
lished using the series of side drilled holes in 
the reference block as reflectors. The hole nearest 
the test surface shall establish the first and last 
points on the curve. The first pcint shall be 
established using the direct reflection (<h node) 
from this hole and the last point shall be estab
lished by the indirect reflection from this hole 
(more than a half node but less than a full node). 
Any other two holes may be used to complete the 
curve. See figure 2 (later). 

6.1.1 The highest point on the D.A.C. shall be 
set to 75% of full screen amplitude. 

6.2 In order to compensate for variations in surface 
and attenuation, without changing instrument set
tings, the back reflection amplitude of a longi
tudinal transducer on a sound area of the test 
block shall be determined and recorded using a 
calibrated attenuator, if necessary. On each new 
plate or when recaliLration is necessary, the 
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ATTACHMENT 2B 

DATE: A U G U S T 4, 1966 
SHEET: 3 of 3 

ULTRASONIC TEST SPECIFICATION NO. 2 

longitudinal transducer shall be placed on a sound 
area of the plate undergoing examination and with 
instrument gain control, adjust the back reflection 
to the original amplitude. 

7.0 INSPECTION PROCEDURE: 

7.1 Scanning shall be done over 100Z of the plate sur
face by use of a suitable couplant such as water, 
oil, or glycerine. Scanning shall be performed by 
platiug the search unit near one edge with the sound 
beam directed toward the same edge and moving the 
search unit in a direction perpendicular to the 
edge to a location two plate thicknesses beyond the 
plate center. This scanning procedure shall be re
peated along all four edges of the plate with a 
minimum overlap of 10Z with each pass. 

7.2 The search unit shall be positioned to obtain a 
maximum reflection from the observed discontinuity. 
Record those indications which exceed the O.A.C. 

7.3 Each plate shall be stamped with a bench mark in the 
area of the plate identification stamping such that 
all discontinuity indications can be located and 
reported ir reference to this mark and, when testing 
is performed after forming, subsequent results may 
be related to the previous test. 

8.0 REPORT: 

8.1 Indications described in 7.2 shall be recorded and 
mapped on a report form. A sample form is enclosed 
as figure 3 (later). 
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0K1AS w«uf SO AS K) 
O * T * M i o « n t tossau 
i c u o r o r t A n o . u i t 

1 ACCTAMT OF StLLf • -

»€• :sf E H L H 

o • o t w n o w O M i 
J S U M R ( w a « C U > » O M :i 

| . > w ••« M a n •» B U -

M « o a « # w (}|QnMf0>otM>BOMK 
«MMM u a i M l l k t K A U K W i l 

J i i 
, J , ' " " " • 

A. • € - » F*€CMT 
« .« * ! . = « » T 
c. • » * . tiFecss 
0 . U I H O . I -

t i F. » » * « . . *a»: 
T ! t A » p««ce. FOST 

| i t S f . . £ e - i i » u c « 

I 

». M * » » A C t . FC>* 
H- i» W * . Eli' 
( M i m • ; • f«T 

• j e l P»AC"̂  St» 

_ L 

T g r - l i 

D. 
FuHMlSM T H E F O l L O W H a S ITERS IH ACCOROAMCE » I T H TERMS ARO CONDIT IONS 0ES1GMATE0 

A T T A C H E D H E R E T O ANO R l T H T H E S P E C I F I C A T I O N S AMO OR R E F E R R E D TO H E R E I N AMO MADE A P A R T H E R E O F . 

001 

; ORoce 
«CC I \Jt \ SM NO 

CAlAlOCl 

443565-120 

Using Coapany-furnished 
240" x 120" x 12", Beit 
Purchase Orier 73Y-492 88V) 
the follovifig operations 
Sequence 
XI dated 7-£l-67. Materia 
Grade B I 
Grade B, Cl^ss 2, Firebox 

Plate market! 
12". Est 
per Itea 5 

A F J : M 

Using Slab 
Operations 
sheets to 
137" x 70' 

CHARGE PIBCHASE ORDER TO READ AS P0LL0HS 

Skerlch 'A' 
ted Met 

}f Process 

I M T 

Alloy Steel Plate (Plate Mo. 4 , 
C-274B-2, rolled on Coapray's 

the Sel ler sha l l perform 
per the attached Proceising 

9-22-67, and Sketches I through 
1 - Firebar ACTM A-302 -66 

up-graded to ASTM A-533f-65, 
Quality. 

Wight 
ing 

I - 1 PC 120" x 120" x 
- 48,954#. Operation^ 

Sequence sheets. 

V, Sketcl I - 80" x 40" x 12". 
>er Itea 6 of Processing Sequence 

r sroll plate to approximate size -
E 4" . 

U0T 

I N I R X I 
» 

TCtAiFBCl 
t 

T H E B L O C K C H E C K E D B E L O W IS A P P L I C A B L E T O T H I S O R D E R . I F S L 0 C < " A " !S C H E C K E D , T H E S E L L E R S H A L L S I G N A N D C O M 

P L E T E i N T r i E S P A C E P R O V I D E D . 

E A T O T H E S E L L E R 

Please *•«.<•- and return one copy as acceptance of this order or once * ° tKe above address, P.O. Box M. A l ' of the 

agreements of the ponies relating to the sub.ect M » : r ore contained in this Purchase Order. 

• C C I F T I O I r i a n I I M I I I O A T C 

^ f m r» • 
• m a c B i incr i e i i 

•C TfwcvVf C VAUJ 0* .A! •»> 'V »»'»»i.E (T 
r i« UKLC* « • " < r r » « t C3*t*t0 f '•"% 
OODC* » T Mason a» F I < ^ T > O » C»« r""'-'"C 
•utace-jfo »o» uw » T ' K W I I §T - ^ 
0 « » A « T « » T o» N K « H ITATE or rf*m:.'.f 

D 
#37 

• B TO THE SELLER 
T h u P u r c h a s e Order i s I J V J ^ I O 
a c c e p t S e l l e r ' s p roposa l doted 

_ Reo>e $t 

N o . one! 
c o n s t i t u t e s the s o l e cont rac tua l 
o o / t y n e r . t b e t w e e n the p o r t i e s . 

UNION CARBIDE CORPORATION 
LCA/T'OfVlS/ON 

M C I at IWAMTCO »T 

2 1 Inspec. Eoer 

2 ] 4 
±t2 
04|01 4 1 008 65 

W. B. Pike (2) 

2L 105 00 

R. 3 . Clarke, f 204-1 
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U M O \ 
CARBIOE 

UNION CARBIDE CORPORATION 

NUCLEAR DIVISiC* 
P. 0 »OI M. OAK *1DCE. TCMK5SSCC »»31 

PURCHASE ORDER CONTINUATION PAGE 

PURCHASE ORDER NO. 73Y-73710V 

Po<3« of 

CATAL06 aUMBta ! • / A 

002 ! P l a t e "BA", 
x 4 " . Estimated Net % i g h t - 6505# 

003 : Plate "BB", 

approximate size - 1 PC 82" x 70" 

approximate size - i PC - 55" x 70" 
x 4". Csti^fAd Net Weight - 4363# 

i >--9xtig ~Ji.au ; v», J . \ e L t u 
i Operations per Item 7 of Processing Sequence 
! sheets. Reproll plate to approximate s>'»e -
i 95" x 95" xj 8 1/2". Machine top aid bottom 
I surface to |B" gauge. 

004 | Plate "CA",j approximatje size - 1 PC 55" x 95" x 
i 8". Estimated Net Weijght - 11,842# 
I ! ! 

00*5 J Plate "CB",; approximatje size - 1 PC 40" x 95" 

006 

x 8". Estimated Net Weight - 8612# 

007 

OOS 

Plate "D", per Sketch jl, approximate size -
1 PC 40" x 1?0" x 12".j Estimated Net Weight -
16,?i5#. Operations pjer Item 8 of Processing 
Sequence shjeets. 

i i 
I I 

Ship all lâ rge size tejst pieces, properly 
identified per plate, Iheat and location 

i 
'Tteporting Requirements", per Appendix I , 
dated 9-19-167 

uaiT r*ict 

Note i: 

1 LOT 

5 ! COPTf 

Thfe above operat ions are t o be under the directions 
ofj S e l l e r ' s E. K. Martini and S. G. Johfcson and i 
w i tnes sed by the Company's i n s p e c t o r , rhe S e l l e r 
snjall n o t i f y the Company's Purchasing D i v i s i o n j 
f ijire (5) days pr ior t o the beginning of a l l operJ-
tijons and s h a l l permit access by Company's eng ineer -
ink and i n s p e c t i o n personnel t o obser*'e[ a s s i s t and 
perform a d d i t i o n a l i n s p e c t i o n necessary! t o secure 
a {true historty cf the p l a t e s being rollfed and thejir 
hejat treatment . 

Note 2: Altl s i z e s an<3 
P 
Q1 

weights shown are approximate. Rerpliec 
te sizes *iill be furnished untreated with no 
ortunity cf replacement rolling. 

a i e Note 3 : A l l p l a t e s 
Tennessee . 
Mojtor Freight 
p l k t e . 

Ridg«i, to be shipped to the Company, Oak 
Pilate "A" via Rail Freight;!balance 
as work specified is completed on ejach 

Note 4: Government Property Clause dated May 22 
applies to this order. 

1967, 

v i a 

TOTAL 
s 

MICC 

J, 

http://~Ji.au
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UNION CAfttlDC CORPORATION 
•UC'.CAt OiVISKM 
r. O M i a. OA« *>OCC. T f M f UCf J»Wl 

PURCHASE ORDER CONTINUATION PACE 

PURCHASE ORDER NO. 73Y-7371QV 

Change Not ice . P<>9« _1 . o*_JL_ 

U T I I M m»t»zn •MBTITT 

•1 

2, 

3, 

ORIGINAL TOTAL OF ORDER 

DECREASE 

REVISED TOTAL OF ORDER 

nan * , T *•'" 

Reason: T, rev.se arwl clarify Purchase Order and Processing I 
S«quenc£ shei-tt: 

GrH blant and UT inspect plate prior to starting 
heat treating snd rolling operations, (Processing 
Sequence Iteas 1 end 2) 

Change conditioning of p*ate froa 75 RMS to 
approx<»ite 250 RMS (Processing Sequence It* 

Add Iteai 007 and 008 to Purchase Order. 

7.F l > 

TOT*;. 
f 

Ut.N-llCJ 

http://rev.se
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PROCESSING SEQUEr^CE 

Revised 9-22-67 
Purchase Order 73Y-737i0V 

Union Carbide Plate No. 4. Melt C-2748-2, 240 X 120 X 12 in. Plate. AS1M A-302 Grade BNi Modified 
Up-Graded to ASTM A-533 Grade B Class 2. Firebox Quality 

1. Grit blast. 

2. Ultrasonic inspect by Company's representatives. 

3. Preheat, gas cut hot, and stress relieve at 1025 ± 25°F for 1-1V2 hr per in. of thickness and furnace cool 
to 600°F and identify as per Sketch I. 

4. Plate shall be marked to assure identity of top and bottom surfaces, heat number, and top and bottom 
as related to ingot orientation ard to long*.tud>nal direction of rolling throughout all operations. 

c c i - u r> -ITAQ I A i if\ v i tn v i •> :« 

J. J l d U \ _ - i . C T O - i f l , I iAt r^ l t.\j r-\ [ i . I I I . 

A. Drill four holes in plate per Sketch II. 

B. Normalize 1675 ± 25°F for 12 hr, air cool. 

C. Grit blast. 

D. install four theimocouples in drilled holes. 

E. Paint with special paint; Lukens to procure from Combustion Engineering. 

F. Au'tenitize 1575 ± 25°F for 12 hr. 
G. Water quench, obtain cooling rate from four thermocouples, record water temperature at start and 

finish of quench. 
H. Temper at 1200°F for 1-lVj hr per in. of thickness, furnace cool to 600°F to meet A-533 grade B 

class 2 mechanical properties (minimum temperature to be 1150°F). 
I. Stress relieve 40 hr at 1125 ± 25°F, furnace cool to 600°F 

J. Preheat, gas cut hot, and cut tests per Sketch III. Stress relieve at 1025 ± 25°F for 1 — 1 \ hr per in. 
of thickness, furnace cool to 600°F. Tests to be tensile, bend, homogeneity, CVN transition curve, 
NDT actual temperature determination per ASTM E-208 (see S. G. Johnson). 

K. Press flatten plate if required. 

L. Grit blast. 

M. Ultrasonic test 100% coverage longitudinal and shear wave, one face only, from top surface, per 
attachments 2A and 2B of PVRC subcommittee repor'. of 4-10-67, "Midvale" or "Combustion" 
reference block shall be used foi* juirrary calibration; in pre ̂ ence of S. G. Johnson. 

N. Ship to Company. 

6. Slab C-2748-2B, 8C X 40 X 12 in. 

A. Notch slab as per Sketch IV. 

B. Grit blast slab. 

C. Paint with Pemco. 

D. Heat to 2350°F in No. 63 furnace and reroll to 4-m. gage to make plate-80 in. X pro X 4 in. approx 
(80 X 137 X 4), roll 40 in. dimension to 70 in., and 80 in. dimension to 137 in. - 70 in, dimension 
is the major rolling direction. 

E. Sand cool. 

F. Lay out plate in Green Anneal Building per Sketch V. Notify S. G. Johnson. Identify per Sketch V. 
Preheat, gas cut hot, and stress relieve I025°F minimum for 1-1 % hr per in. of thickness, furnace 
cool to 600°F. As-rolled edges, do not cut. 
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G. Hold C-2748-2BB at Green Anneal Building. Approx 70 X 55 in. 
H. Ship C-2748-2BA to Company. Approx 70 X 82 in. 
1. Plate C-2748-2BB. Drill holes per Sketch VI. 
J. Normalize 1675 ± 25°F for 4 hi. Air cool. 
K. Grit blast. 
L. Install thermocouples per S. G. Johnson. 
M. Paint with special paint; Lukens to procure from Combustion Engineering. 
N Ausienitize 1575 ± 25°F for 4 hr. 
0 . Water quench, obtain cooling rate from four thermocouples, record water temperature at start and 

finish of quench. 
P. T<?m»*er at !200°F for 1 — i *• hr ner in. of thickness and furnace coo! to 600°F, to meet ASTM 

A-533 grade B '.lass 2, minimum temper temperature to be 1150°F. 
Q. Stress relieve for 40 hr at 1125 ± 25°F, furnace cool to 600°*. 
R. Preh.at, gas cut tests hot as per Sketch VII, stress relieve at 1025 ± 25°F for l - lV 2 hr per in. of 

thickness, furnace coo! to 600°F, tests to be tensile, horriogeneity, CVN transition curve, NDT 
actual temperature determination per ASTM E-208 (see S. G. Johnson). 

S. Grit bias;. 

T. Ultrasonic test 100% longitudinal and shear wave, one face only, from top surface, per attachments 
2A and 2B of PVRC subcommittee report of 4-10-67, "Midvale" or "Combustion" reference block 
shall be used for primary calibration, in the presence of S. G. Johnson. 

U. Ship to Company. 

7. Slab C-2748-2C, 80 X 80 X 12 in. 
A. Notch slab per Sketch VIII. 
B. Grit blast. 
C. Paint with Pemco. 
D. Heat to 2350°F in No. 63 furnace and reroll to 8%-in. gage to produce plate 95 in. X pro X 8'4 in. 

approx (95 X 95 X 8 ?4), mark mill order 95 X 8 X pro. 
E. Sand cool. 
F. Condition plate to 8-in. gage nominal; top surface tc have approx 250 rms finish. 
G. To Green Anneal Building, lay out plate per Sketch IX, identify per Sketch IX. 
H. Preheat, gas cut hot, and stress relieve 1025°F minimum for l - i% hr per in. of thickness, furnace 

cool to 600°F. As-rolled edges, do not cut. 
1. Ship approx 55 X 95 in. pc. C-2748-2CA to Company. 
J. Approx. 40 X 95 pc., C-2748-2CB to Green Anneal Building. 
K. Drill holes as per Sketch X * VI. 

L. Normalize !675 ± 25°F, 8 hr, air cool. 
M. Grit blast. 

N. Install thermocouples per Sketch X. 
O. Paint wUh special paint; Lukens to procure paint from Combustion Engineering. 
P. Austenitize 1575 ± 25°F, 8 hr. 
Q. Water quench, obtain cooling rate at four thermocouples, record water temperature at start and 

finish of quench. 
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R. Temper at 1200°F for \ \% hr per in. of thickness, furnace cou! to 600°F, to meet A-533 grade B 
c!:><« 2 (minimum temper to be 1150°F). 

S. Stress relieve 40 hr at 1125 ± 25°F, furnace cool to 600°F. 
T. Preheat, gas cut test hot. as per Sketch XI, stress relieve at 1025 ± 25°F for 1-1% hr per in. of 

thickness, furnace cool to 600°F. Tests to be tensile, homogeneity, bend, CVN transition curve, 
NDT actual temperature determination per ASTM E-208 (see S. G. Johnson). 

U. Grit blast. 

V. UT test 100% of surface longitudinal and shear wave, one face only, from top surface, per 
attachments 2A and 2B of PVRC subcommittee report of 4-10-67, "Midvale" or '*Combustion" 
reference block shall be used for primary calibration, in the presence of S. G. Johnson. 

W. Ship to Company. 

8. Slab C-2748-2D. 40 X 120X 12 in. 

A. Identify and hold at Green Anneal Building. 
B. Mark mill order No. in bold letters. Mark U.S. Government property. 
C. Ship to Company. 

Note 1: Longitadinal-to-transverse rolling ratio on reioiled plates maintained same as original ingot to 
12-in. plate of 3.1/1.0. 

Note 2: The shove operations are to be under the direction of seller's E. SC. Martini and S. G. Johnson and 
witnessed by Company's inspector. Seller shall notify Company's Purchasing Division five days 
prior to vhe beginning of all operations and shall permit access by Company's engineering and 
inspection personnel to observe, assist, and perform addition?! inspection necessary to secure a 
true history of the plates being rcMed and their beat treatment. 

Note 3. Sketches mentioned have been incorporated in the text of this report. 

REPORTING REQUIREMENTS 

Purchase Order 73Y-73710V 
Purchase Order 73Y-73721V 
Appendix I 
Dated 9-19-67 

The seller shall provide a report which summarizes all operations performed on the parent plate, these 
plates, or pieces of plates. The operations shall be presented in chronological order wiir? the date each 
operation was commenced and completed. 

I. Heat Treat Information 
A. The seller shall provide detailed information on all heat treating operations. As a minimum the 

reports shall contain the following: 
1. Identity of plate (heat number, size, thickness, etc.) 
i. Name of heat treatment (austenitize, temper, etc.) 
3. A drawing showing the location of all thermocouples on the plate, the type of thermocouples, 

and method of installation. 
4. A drawing showing position of plate in furnace, orientation with respect to top ingot end and 

top surface, and method of support. 
5. A brief description of heat treating operation including heating rate, time to reach heat treating 

temperature, holding time and temperature, method of cooling, cooling rate, and temperature 
of plate when it is removed from the furnace or quench tsnk. 
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6. The actual furnace charts and tliermocouple charts or exact copies. Sufficient information shall 
be added to make them meaningful. 
In general, the heat treating reports shall be complete to the extent that it would be possible to 
duplicate the heat treatn^nt (in all respecls) at a later date. 

II. Chemical and Physical Properties Information 
A. The seller shall provide a report of chemica! analyses, physical properties including the results of 

the other tests required by the P.O. (e.g., CVN transition, NDT actual temperature determination). 
The location of the test coupons, with respect to the parent plate, shall be shown by means of 
sketches and necessary supporting information. The heat treating operations performed on the 
material for the test specimens shall be described. 

ID. Nonobstructive Testing Information 
A. The seller shall provide reports of ultrasonic inspections. As a minimum, the reports shall contain: 

1. Test instrument, make, and model. 
2. Type of calibration block and condition of same; for example, as-rolled, Q&T, etc. 
3. Discussion of the calibration of ihe UT instrument for longitudinal and shear-wave inspections 

including copies of the longitudinal-wave and shear-wave DAC curves. 
4. Identification of plate including its condition (as-rolled, Q&T, approximate rms finish, etc.) 
5. Search unit, size, frequency, couplant, and such additional supporting information to 

adequately describe the inspection. 
6. The plate shall be layed out for ultrasonic inspection with the top surface facing up and with 

the origin of the grid system at the top ingot end of the plate; for example: 

TOP INGOT END 
1 2 3 4 5 

r—— 
! 

TOP SURFACE 
I I I I I 

7. A general drawing (on a grid where each space represents 12 or 24 in.) showing each recordable 
indication by number and an enlarged view drawn on a grid to a scale of no less than 3 in. - 12 
in. 

8. For each recordable indication, the report stall give the number assigned to the indication, type 
of test (longitudinal or shear wave), size of indication, depth from top surface, percent of DAC 
and percent of loss of back-surface reflection. 

9. Summary comments as considered necessary to adequately describe results. 
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UNION CARBIDE CORPORATION 
NUCLEAR DIVISION 
O i l PiCCE TENNESSEE 37130 

PURCHASE ORDER 
A m i U M W U. S. C» ,« C X f K t W7«5 <•>•. 26 • . * * • U. S. * io- .c Eiwrfy Caasi i iMa 

• c u a m x «o IOtuutt I 

A-6618 I 
• t r c * O V C I T I M A TO 

A. F . Johnson Y-12 
PUKHASt CMOR MO 

73Y-73721V 
OAII 

9-25-67 
O.K. [A. C**Wt 
' I L W W 

SHH»TO: U- t . A K « , < E ^ t ^ y C—»» i»» i—. c / > U » — C f f c i J * C t r M r t l * * - * J C ' — Oi »•»•«*« 

M A M ALL PACKAGES WITH PLANT ANO OROER NUMBER AND CONSIGN: 
A. M P f l M P0t«T-*KT. ALlOVCO 

P M C C I •*»» TO 
L 

• — • ! • • w v r 
V. MUTMCWi ftAVLVAV * • BLAIfl T V M I 
ft. i.«»Mlllfc.l.« A S * MA1WU.I.I «A«.*AT 

. ~ « M . Air E w r x , - R t tcM. F » i . . . to 0 * R . V . T « w w A« FniyW M> KaMvilh. T O M * 

L24350 
nAMPOffAno* rcaus. 

ATTENTION: 

Lukens Steel Coapany 
Suite 104, 1172 Vest Galbraith Road 
Cincinsai.i, Oulo 45231 

L 

ACCOUNT Of .COVtIN 
MINT DO » O I INSUtt 
OfClAjf V M M SO AS to 
CMIAIN iowfST POSSMU 
IIAMSrOtTAtlON (A l l 

3 ACCOUNT 0* SCLLf * -
PPEPAlO 

1 orr.e«lS€f K i M 

iny>iA(A.r < » 

t ucioa FKCnT 
». «A.L f«£iGKl 
C- »AH. E»P»ESS 
0 A3»f»£CHT« 
E AIDEIPIHSS 
* . PAPCEL POST 
0. A « »«JKll-KJST 
«. SEllE* > T»UC* 

I- SETUP'S OPTION 
j . men CON1' C A M I E P 
« BUS 
L. AS SHOW 

N. MO> P A K E I POST 
JI-lSttAlt. EIP. 
OVtll 4SI H i t . FtT. 

P UNIT PAICI. SE«-

DO I ; jClt!*EC POP wnONai DfPEWSl 
;4IUr«>:*OA«ltGUlA>CM II rr j a ( AUO'AICMT H O Ei lctn»«o**NAnoMAi 

j l .ovtME us U M D H o»s KOULATON I I 

1 1 OUMWUH 

ftttfg j k ( U wrrs A U V 

• T Ht—« _ 

D. 
FURNISH T H E F O L . O W f N G .'TENS IN A C C O R D A N C E WITH TERKS ANO CONDIT IONS DESIGNATED 

A T T A C H E O H E R E " 0 ANO WITH T H E S P E C I F I C A T I O N S AND CR D E F E R R E D T O HEREIN ANO MADE A P A R T H E R E O F . 

«KMWC 0«tOC« 
A<:CT | >.» | su» »o CAIAIOG 

OtSCMfnON" 
o u » m n 

UNTPBCE 
t 

TOTAirtlCE 
> 

443565-120 

Coap my Using 
240" x 120 
Purchase 
the operat 
Sequence 
Grade 5 
Firebox Quality) 

Order 

s t e e t s , 
N i : k e l 

001 

002 

003 

Ship all 
identified 

Reporting 
9-19-67. 

AFJnis 

CHANGE PURCHASE ORDER TO READ AS FOIALPVS 

CI! furnishfed Alloy Steel Plate (Pla 
x 12", He»t C-2702-2, rolled on 

73Y-49188V), the Seller shall 
ons as out Lined on the attached 

revised 9-22-67. Material 
Modified (ASTM A-533-65, Grade B 

CT«| aity 
pe: -£o: 

Proc< is sing 
A!TM 

1 irge size ttest pieces, properly 
per plate, heat and location. 

tequirenentk, per Appendix I, dated 

No. 3, 
s 

rm 

A-302-
Class 1, 

56 

LOT 

LOT 

COPY 

T H E t ' L C C K CHECKED S E L O * IS A P P L I C A B L E T O T H I S O f t D E R . I F B L O C K " A " IS C H E C K E D , T H E S E L L E R S H A L L S I G N A N D C O M 

P L E T E I N T H E S P A C E P R O V I D E D . 

S3 A TO THE SELLER 
Pleose Sijei ind return orte copy as acceptance of rhis order ot once to the above oddrcss, P.O. Box M. A l l of the 
o<J-*e.T ,ems st the parties relating to the s-jbtect rnutter ore coptcined in this Purchose Order. 

* C . : » P T t O »r I V ( > A M ( ABO T I T L C ) 

^ 

• B TO THE SELLER 
T h i s F u r c h e s e Crder is i s s u e d to 
occept S e l l e r ' s proposal elated 

R e q u e s t 

No and 
cons t i tu tes the s o l e con t rac tua l 
agreement b e t w e e n the p a r t i e s . 

*A T I « M * S « * SA'.IS CA Jit TA» : • * » » Lt I T 
T < « . l . f » 0 " »ATt»'AL C O v f t O • ' r x i j 
0*C«» I t »t«SO" C* H O P r i O - C f » t ' C » r | 
auTH0e:;c9 r o * l-5t • » ' " t * U T f » i« r„i 
0(PA9THCMT V mf.*t*ut ST«TE V TtHTttMtl 

• utiec n iTf icr ie is 
• • I f 1» T« WWCMvC M M I Tf»M ft«A CC»WTW«h 

a 
; wmr * O M mmtM rtmmtutt vmm 

UNION CARBIDE CORPORATION 
KUCLEAR^OIVISION 

•*£4 OP 

1 12 
X P K T I O P H W C I I I A 

I •OUtMl 3 SPKUt 
2J Inspect. Engr. 

04 01 4 1, 003 65 

KOuKITiOt^Xtr 

W. B. P ike (2) 

1 2 ' 0 0 0 0 0 

l W A K T W %i 

R. B. Clarke, 9204-1 
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• 
G3 

* U » C M A S « jmotm NO-

73Y 73721V 
C H 1 K I N O T I C E NO-

p * « e 2 o f 2 ^ g f l f t ^ UNION CARBIDE CORPORATION 
NUCLEAR DIVISION 
P.O. BOX M. OAK RIDGE. TENNESSEE 37130 

PURCHASE t R D M CONTINUATION PACE *^t «*•*» "• *> <"• ' '•• ' C—et WHOS m, » VM. * . U. $. A M * b r C — i u i « 

Mote 1: The above operations are to be under the dir*>. tion of Seller's E. K. Martini 
and S. G. Johnson and witnessed by the Company's inspector. The Seller shall 
notify the Company's Purchasing Division five (5) days prior to the beginning 
of all operations and shall permit access by Company's engineering and inspec
tion personnel to observe, assist and perform additional inspection necessary 
to secure a true history of the plates being rolled and their heat treatment. 

Note 2: Government Property Clause dated May 22, 1967, applies to this order. 

NO CHANGE IN TOTAL AMOUNT OF ORDER. 

Reason: To revise and clarify Purchase Order and Processing Sequence Sheets 
and to add Items 002 and 003 to Purchase Order. 
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PROCESSING SEQUENCE 

Revised 9-22-67 
Purchase Order 73Y-73721V 

Union Carbide Plate No. 3. Melt C-2702-2, 12 X 120 X 240 n. Plate, ASTM A-302 Grade B Ni Modified 
(ASTM A-533 Grade B Class 1, Firebox Quality) 

1. Plate shall be marked to assure identity of top aid bottom surfaces, heat number, and top and bottom 
as related to ingot orientation and to longitudinal direction of rolling throughout all operations. 

2. Melt C-2702-2,240 X 120 X 12 in. 
A. Grit blast. 
B. UT test 100% of surface longitudinal and shear wave, one face only, from top surface, per 

attachments 2A and 2B of PVRC subcommittee report of 4-i0-67, "Midvale" or '<€ofnbusi£cn" 
reference block shall be used for primary calibration, in the presence of S. G. Johnson. 

C. Mark with four punch marks for dimensional measurements after normalizing. 
D. Normalize. 1675 ± 25°F for 12 hr, air cool. 
E. Check, record, and report dimensional measurements. 
F. Grit blast. 
G. Re-mark with four punch marks for dimensional measurements after heat treatment. 
H. Drill and attach twenty-four (24) thermocouples per Company's sketch JW-6-5-67. 
I. Paint with special paint; Lukens to procure from Combustion Engineering. 
J. Austenitize 1575 ± 25°F for 12 hr. 
K. Water quench, obtain cooling rate from 24 thermocouples, horizontal immersion. Record water 

temperature at start and finish of quench. 
L. Temper at 1200°F (1150°F minimum) for 1-1% hr per in. of thickness, furnace cool to 600°F, to 

meet A-533 grade B class 1 mechanical properties. 
M. Stress relieve 40 hr at 1125 ± 25°F, furnace cool to 600°F. 
N. Preheat, gas cut test specimenc hot, per sketch I dated 9-21-67, stress relieve 1025 ± 25°F for 1-1*4 

hr per in. of thickness, furnace cool to 600°F after cutting. Information only - tests to be transverse 
tensile, bend, homogeneity, CVN transition curve (no guarantee), NDTT determination per ASTM 
E-208. 

O. Check, record, and report dimensional measurements. 
P. Grit blast. 
Q. UT test 100% of surface longitudinal and shear wave, one face only, from top surface, per 

attachments 2A and 2B of PVRC subcommittee report of 4-10-67, "Midvale" or **Combustion" 
reference block shall be used for primary calibration, in the presence of S. G. Johnson. 

R. Preheat, gas cut 50 li lear feet to Company's sketch (to follow), stress relieve 1025 ± 25°F for 1 -1 % 
hr per in. of thickness, furnace cool to 6CC°F. Plates shall be identified as to heat number, location, 
and orientation of plates in accordance with a code to be supplied by Company prior to any cutting 
operation. 

S. Ship all plates to Company. 

Note: The above optrations are to be under the direction of seller's E. K. Martini and S. G. Johnson and 
witnessed by Company's inspector. Seller shall notify Company's Purchasing Dhrsion five days prior 
to the beginning of all operations and shall permit across by Company's engineering and inspection 
personnel to observe, assist, and perform additional inspection necessary to secure a true history of 
the plates being rolled and their heat treatment. 


