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FOREWORD 

This work has been sponsored by the Heavy Section Steel 

Technology (HSST) Program. The HSST program: is a USAEC-spon

sored effort at Oak Ridge National Laboratory (ORNL) for in

vestigating the effects of flaws, material inhomogeneities 

and discontinuities on the strength and structural reliability 

of present and contemplated water-cooled nuclear reactor 

pressure vessels. The cognizant engineer for the USAEC is 

J. R. Hunter. At ORNL the program is under the Pressure 

vessel Technology Program. This report is designated Heavy 

Section Steel Technology Program Technical or Programmatic 

Manuscript No. 21. 
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. - . 
EVALUATION" OF DISCONTINUITIES 

IN HSST TWELVE-INCH-THICK-PLATE 

K. K. Klindt .. and D •. A. Canonico 
Oak Ridge National Laboratory 

Oak Ridge,· Tennessee · 

ABSTRACT· 

·" 

The HSST Program has provided an opportunity 

: to. correlate nqndestructiye examinc3.tion with de,... 

structive investigation. This Program purchased 

a number of twelve-inch-thick steel plates with 

requirements ·for complete characterization. of ttie 

plates •. During the ul~rasonic_testing_of~HSS~ 

Plate .01 a number of larqe discontinuities were . . - . . ' - . 

found~ Areas-containing-~hese.were cut out and 

an extensive investigation.: was conducted.. During 

the ultrasonic investigation the effects of ·trans

ducer size, frequency,;and material thickness 

were studied. Discontinuities were mapped showing 

the effect of parameter changes. Other nonde

structive methods_· we;i::-e also used· to describe the 

flaws. The sections.were then destructively in

vestigated· to disclose many lamellar type. voids 

with a thickness as great as .. 1/8 inch filled with 

foreign inclusionsi The f9reign material was rich 

in Si, .. f1n, Al 1 . and Fe. An electron beam microprobe 

was also-used to conduct microstructural studies of 

the inolusions and surrounding base metal. 
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INTRODUCTION 

,_ 

The Heavy Section Steel Technology (HSST) Program is· a 

USAEC sponsored effort concerned with structural reliability 

of present and contemplated water-cooled reactor pressure 

vessels. The p~ogram is being carried out in close .cooperation. 

with the nuclear power industry and the Pressure Vessel Re

search Committee of the Welding· Research Council. · The. HSST · 

program was.assigned to the Oak Ridge National Laboratory for 

administration: and direction. The tasks to be performed ·in

clude determination of material integrity and properties, 

study of fracture behavior, proof testing, and simulated 

service tests. 

Nondestructive .testing is included in the program pri

marily to locate all·defective material in order that it may 

be avoided in the sele.ction of experimental test specimens .• 

A secondary effort is the further investigation of defective 

material located. by. nondestructive testing. The intent o·f 

this inve$tigation is to learn.more about the effectiveness 

of ult~asonic inspection in the location of ·flaws in heavy 

section steel. 

MATERIAL PROCUREMENT 

Because of its extensive usage in· the fabrication of· 

nuclear pressure vessels, ASTM A533, grade B, Class 1 steel 

was the .material of major interest and four plates were ordered 

for use in the initiai phase of the program. The steel was 

melted in the basic electric furnace and vacuum treated before 

pouring. The ingots weighed approximately 68 tons and under

went a 2.7 to 1 reduction.during rolling to the final ·thickness 

of 12-in~ The first plate (designated 01) was oxyacetylene cut 

to size (21- x 10-ft.), stress relieved and inspected by the 

manufacturer before its shipment to the pressure ves$el 

•' 
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fabricator for heat treating. The thermal treatments were 

selected to simulate those imposed up9n a production plate. 

The sequence of these operations was: normalize (to simulate 

the hot working treatment), austenitize, quench, temper, 

oxygen cut, and stress relieve. 

INSPECTION 

The first inspection received by Pl~te 01 was an ultra

sonic examination by the manufacturer performed in accordance 

with ASTM A435 except that one entire plate surface was. 100% 

scanned. 1 This examination was for the supp.lier's information 

and conducted in accordance with their procedures. Their in

spection used a Reflectoscope; Mode~ UM-721, at 1 MHz with 

. a 1 1/8-in.· transducer. The results, based on chanqes in back 

surface signal amplitude, indicated nine locations in which the 

back surface signal was completely lost. None of the areas, 

howevei, exceeded the 6-in. length permissible by A435,. and the 

plate was considered commercially acceptable. 

Following the supplier's.inspection, the plate was.sh.i,pped 

to the fabricator who performed a second. and third ultrasonic 

in.spection in accordance with a procedure specified by the 

Pressure Vessel Research Committee. 2 A Refleqtoscope, Model 

UM-721, operating at 2.25 MHz with a 1 1/8-in. quartz trans

ducer, was ~sed. The equipment was calibrated on an 11-in. 

block containing five 1/2-in. flat bottomed holes for longi-

tudinal wave inspection and five 1/2-in. diam side drilled 

holes fo~ shear wave inspection. The signal amplitudes from 

these holes were used to determine the Distance Amplitude 

Correction. (DAC) curves with the maximum hole signal at 75% 

of full amplitude. The back surface reflection at this sensi

tivity was at approximately 70%. The DAC curves.for both longi

tudinal· and shear wave inspection are shown in Fig. 1. 

,. . 
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Fig. 1. Distance Amplitude Correction Curves - The ultransonic 
signal amplitude from 1/2-in . .flat bottomed holes is plotted as a 
function of dep.th within the c:al.ibration block. 

·' 

The inspection procedure required the recording of any com

plete loss of back reflection and any discontinuity indication 

that exceeded the DAC curve. The plate was scanned by 9oth 

longitudinal wave and angle beam. Th~ resulis of the ultra

sonic examinations of Plate 01 both before and after heat 

treatment are shown in Fig. 2. After heat treatment almost 

all of the recordable areas are shown as larger than before 

heat treatment, and several new recordable areas were found 

due to a loss of back surface reflection. The t"est results 

show 15 areas before and 31 after heat treatment. 
.. 

This com-

pares to nine such locations found by'the manuiacturer. Be

cause of these differences in results, questions were imme

diately raised. This change in results, shown by the fabri

cator's inspection, is believed to lie in differences in 
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instrument sensitivity settings during the two examinations. 

After calibration of the instrument, the procedure calls _for a 
. ·. : .. .. 

transfer of test sensitivity from the calibration block to the 

plate by adjusting the b~ck su~face signal on the plate to the 

same amplitude as that from the calibration bloc~. The instru

ment gain required to produce equal back surface signals in good 

sections of the plate ·was less after heat tre~tment than it was 

before heat treatment. During the post heat treat ex~mination, 

the same flaw had a gre"ater effect on the back. surfac~ sign:a1 

at the lower instrument gain settings. Also, some areas that 

were not recordable during the first test _became recordable 

during th~ second test at the lower sensitivity. This inprease 

in .. size and number is not due to a change in_ the. discontinuities 

~resent but.rather to the test sensitivity level. The small 

number of ·fla'.w areas fou~d by the manufacturer is because of 

the low ultrasonic frequency (1 MH~) used for testing. 



6. 

As a consequence of the differences in reported results, 

it was decided to investigate some of these ar·eas more closely. 

The portion of the plate that. contained nearly all of the flaws 

(desig~at~d OlM) was shipped to Oak Ridge for detailed nonde

structive and destructive testing. The investigation concen

trated on areas designated 4, 7, 8 and 13. These areas were 

cut out and tested by ·radi9graphy, magnet_ic particle, liquid 

penetrant, and a variety of .ultrasonic combinations. 

SECTION 01-MP INVESTIGATION 

Nin~ plots of the ultrasonic examination of plate section 

01-MP, containing flaw area 13, are shown in Fig. 3. Each plot 

represents approximately a 1-ft •. square and shows .variations in 

signal loss. The solid black represents an area of·complete 

loss of back surface signal. The zone adjacent to the black 

represents a loss·ranging from 80 to 100%. The equipment used 

in each case was a Model UM-721 Reflectoscope with a 1-1/8-in. 

diam quartz transducer •. Only the transducer frequency and 
. . _,'I. • 

instrument gain were changed. A large change in recordable 

area is shown with changes i.n test frequency. At· l MHz, the 

100% loss in back surface refleGtion area is no m9re than a 

spot. At 2. 2 5 MHz,. the largest single area is about 3 in. long. 

At 5 MHzv the area increases to such an.extent that individual 

spots appear as one large area over 1 ft. long. The 100% loss 

area at 5 MHz very closely resembles the area of 80% loss at 

2.25 MHz. The changes in receiver gain did not have such a 

pronounced effect. 

Fig. 4 shows similar plots in which the only ··'~·dded variable 

is the crystal si~e. A frequency of 2.25 MHz was used with 1-

1/8-in. ·and 3/4 ·in. crystals. No major changes in the discon

tinuity areas were experienced with-the change in crystal size. 
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Ultrasonic indications of internal discontinuities were 

detected randomly throughout the areas in which the back re

flection loss was observed. After the heat treatment none of 

the indications were of a recordable amplitude based on the 

1/2-in. hole calibration standard. Before heat treatment, 

when the higher instrument gain was required, some indications 

had exceeded the DAC curve amplitude. The discontinuity indi

cations were found to vary in depth from 5 to 7 in. below the 

surface. Indications at different depths were sometimes 

simultaneously present on the instrument scope. 

In addition to the test equipment previously mentioned, an 

ultrasonic instrument with a wjde band amplifier and a 2.25 

MHz ceramic crystal transducer was used to map out the area. 

This equipment combination resulted in an area of 100% loss 

that was considerably greater than the area plotted previously 

at 2.25 MHz. 

After completion of the ultrasonic examination of Section 

01-MP, the 12-in. plate thickness was reduced to 4 in. by slab

bing off the top and bottom 4 iR. The center 4-in.-thick slab 

was reexamined ultrasonically. No appreciable change was found 

in the areas plotted. A radiograph of this center slab was 

taken with no positive indication, although a slight shadow of 

flaws could be seen. 

This center slab was then cut into cross-sectional slices 

as shown in Fig. 5. The thickest slice was 1.75 in. and the 

thinnest was 0.87 in. Each surface was numbered for identifi

cation. These slices were then inspected with magnetic particle, 

penetrant and X-ray. The radiographs are shown in Fig. 5 super

imposed on its corresponding slice. The progress of the dis

continuities can be traced from one radiograph to the next and 

its size can be approximated by comparison with the 13 5/8-in. 

length of the slices. 
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The magnetic particle and penetrant inspection confirmed 

that most of the discontinuities lie in a single plane but are 

not continuous within the plane exposed at the surfaces. These 

tests also showed small discontinuities present outside of the 

principal plane. 

Fig. 5. Radiographs of Cross-Sectional Slices from Center Slab of 
Plate 01-MP. 
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MICROSTRUCTURE OF HSST PLATE 01 

The HSST Plate 01 from which Section 01-MP was obtained 

has been extensively characterized through various destructive 

tests. The microstructure of the steel as a function of loca

tion through the plate section is shown in Fig. 6. The quarter-

SURFACE QUARTER TH ICK NESS MID-THICKNESS 

Fig. 6. Microstructures at Various Locations in HSST Plate No. 1. 
Note that the Magnification on the top and bottom rows ar 250X and 
lOOOX respectively. 

thickness and mid-thickness (3-in. and 6-in., respectively, be

low the plate surface) microstructures are quite similar, and 

this similarity has been reflected in the nearly identical 

mechanical properties 3 through the center 9 in. of this plate. 

The mi crostructure at the surf ace appears to be more refined 

and possesses superior mechanical properties. The micro

structure is bainitic with no ind ication of proeutectoid 
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ferrite. This fact has been substantiated ~y electron micro

scopy of the specimens shown in Fig. 6 and is supported by 

isothermal transformation data for a steel with the same chem

ical composition as specified in ASTM A531 grade B. 

During the preparation of metallographic samples, various 

discontinuities were revealed. Fig. 7 is a montage (note that 

it is at lOOX) showing an area in the ~idthickness location. 

-

- .... 

Fig. 7. Montage at the Midthickness of 
HSST Plate 01, ASTM A533 Grade B Class 1. This 
is best described ai:; a "Spongy" area. Greater 
reduction in section size should eliminate this 
type of discontinuity. Note that the magnifi
cation is lOOX. 

The voids shown are microscopic and not recordable by usual 

commercial nondestructive testing techniques. The plane of 

the discontinuity is generally parallel to the plate surface. 

The photomicrographs in Fig. 7 shows that the microstructure 

in the vicinity of the discontinuity contains a more acicular 

bainite. The electron-beam microprobe analyzer was used to 

compare the chemical composition in this area with the anal

ysis of its surroundings. The area was found to be enriched 

in manganese and molybdenum. This enrichment explains the 
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lower temperature transformation product in an area that has 

undergone a cooling rate identical to its surroundings. 

Fig. 8 illustrates another type of discontinuity. This 

is entrapped foreign material and is located within 1/4 in. of 

the plate surface. The figure contains a montage of photo

micrographs taken at SOOX. This too is a small discontinuity 

and will not be revealed by ultrasonic practices employed for 

commercial inspection. 

DISCONTINUITIES IN SECTION 01-MP 

Fig. 9 is representative of the appearance of the gross 

discontinuities found in 01-MP. The photograph is of sawed 

surface No. 6. The largest discontinuity is approximately 

1 in. long and about 1/16-in. thickness and can be more clearly 

seen in the enlargement. It contains a greenish crystalline 

foreign material. 

PLAlf SlJRf"AC( 

Pieces of it were chipped out and submitted 

- ~;.1111111'-•~&8 I I 

Fig. 8. Entrapped Foreign Material in HSST 
Plate, No. 1. Note that the original magnifi
cation of the montage is at 500X. The entrapped 
material was located near the surface. It is 
miniscule in size and was not recorded in any of 
the nondestructive tests employed on the original 
plate. 
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for qualitative analysis. , X-ray diffraction studies indicated 

the presence of Al 2 o3 . Spectrographic analysis indicated that 

the material was predominantly Al, Mn, Si and Fe. 

Y-92145 

Fig. 9. Sawed Surface from Cut No. 6. Original magnification of 
photomacrograph in right was approximately 3X. 

Fig. 10 contains a photograph of sawed surface No. 8. 

Again the entrapped material was crystalline and greenish. 

This piece was sectioned and broken by bending; it failed at 

the discontinuity. 

The two fractured surfaces seen in Fig. 10 represent two 

areas of entrapped foreign material; however, it adhered tightly 

to the surface of the steel and had to be pried off. The rel

ative size of the discontinuities is evident in Fig. 10. They 

ranged from circular to elliptical and were approximately 1 in. 

in diameter. 

The material from these discontinuities was analyzed 

specifically for Al, Mn, Fe, Si, and Ca. Table 1 contains the 

weight percentages of these five elements. If we assume that 

the material is a crystalline oxide, and consider the amount of 
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Y-92\.'.4 

Fig. 10. Photographs of Saw-Cut Surface No. 8, and of the Shape 
and Location of the Discontinuities Located Within Cut 7-8. 

oxygen required to stoichiometrically satisfy each element, the 

material balance is 95.3%. This is a good approximation when 

one considers that the original spectrographic analysis on 

similar crystalline material indicated the presence (in small 

amounts) of other elements such as magnesium, sodium, and ti

tanium. Table 1 contains the suggested oxides and their per

centages. 

A broken section similar to those seen in Fig. 10 was 

prepared for a metallographic investigation. It was selected 

because some foreign material adhered to the steel. Fig. 11 

contains the microstructure prevalent near these discontin

uities. The steel adjacent to the discontinuity is considerably 
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coarser grained than that at the midthickness. The difference 

is strikin_g and can be comp_ared to both the photomicrograph 

representative of the midthickness in Fig. 11 and the generally 

representative midthickness microstructure for HSST plate 01 

shown in Fig. 6. The grain coarsening that occurs as one 

approaches the discontinuity is evident in Fig. 11. (The 

photomicrograph near the entrapped foreign material is oriented 

90° to the discontinuity photomicrograph). The reason for the 

strong bond between the entrapped material and the steel is 

shown in the "discontinuity" photomicrograph. The material is 

mechanically locked (there does not appear to be a metallurgical 

bond) into the crevices in the steel. 

REPRESENTATI VE MICROSTRUCTURE AT 
MID-TH ICKNESS LOCATION IN SECTION 0 IMP 

MILKU:>IKULIUKt NtAK ENTRAPPED 
FOREIGN MATERIAL 

Y-92209 

DISCONTINUITY 

Fig. 11. Photomicrographs of the Region Near a Discontinuity. 
Note the grain coarsening near the discontinuity. 

An effort has been made to determine the reason for the 

grain coarsening near the entrapped foreign material. The 

electron beam microprobe analyzer was employed and the molyb

denum, nickel, and manganese contents were compared with those 

in a representative base-metal area. The coarse grained region 
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Table 1 

Content of Foreign Material 

Entrapped in Discontinuities in 

Section 01-MP 

Foreign Materials Suggested Oxide 

Element Content(%) Formula Content(%) 

Al 

Ma 

Fe 

Ca 

Si 

31. 2 Al 2 o
3 59.0 

7.01 Mn0 2 11.1 

3.44 Fe
2
o

3 4.92 

4.97 cao 6.95 

6.24 Si0 2 13 . 35 

Table 2 

Distribution of 

Molybdenum, Nickel, and Manganese in 

Section 01-MP 

Location Content(%) 

Mo 

Near inclusion 0 . 4 

0.5 

Ni 

0.6 

0.7 

Mn 

1.4 

1. 6 Bulk 

contained consistently lower percentages of these elements. 

Table 2 contains the percentages obtained. The molybdenum and 

nickel differences from a hardenability viewpoint may be in

consequential; the manganese difference, however, may be 

si<Jn i_ fi c;rnt_. 

The aluminum and silicon levels are too low for the micro

probe analyzer, hence, a laser spectrographic analysis was 

made in these regions. This study quantitatively showed the 

grain-coarsened region to be enriched in Al, Si, Ca, and Mg. 

These are oxide formers and are also the elements found in the 
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foreign material. Although the cause of the grain coarsening 

has not been ascertained, it could be due to excessive heat 

brought about by exothermic oxide reactions during heat treat

ing or perhaps a lack of work in the region of the discontinuity 

due to the plasticity of the foreign material at the rolling 

temperatures. 

An extensive electron-beam microprobe analysis has been 

made of the foreign material. It is a complex mat~rial made 

up of a mixture of what are believed to be oxides. The matrix 

contains Si, Mn, Al, and Ca. Contained within the matrix are 

large crystalline fragments rich in aluminum. The chemical 

analysis previously discussed, Table 1, completely supports 

these results. Fig. 12 contains a photomicrograph and quali

tative analysis of one probed area. Fig. 13 is a photomicro

graph and quantitative analysis of another region containing 

similar entrapped material. It appears that the precipitate 

is Al 2o3 in a matrix of Si, Mn, Al, and Ca oxides. The ele

ments, crystalline character, and analysis of the foreign 

material indicate that it is slag entrapped during pouring 

and contained within the plate during its processing. 

An independent investigation of the entrapped material 

was conducted by Lukens Steel Company. They did microprobe 

scans of samples of the included material and found them to be 

rich in the steel deoxidizers, Al, Si, Mg, etc, plus Ca. They 

concluded that the analysis tended to indicate that the en

trapped material was slag. The results of their investigation 

are in agreement with those found in our study. The Luk~ns 

Steel Company report is attached as Appendix A. 
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Fig. 13. Distibution and 
Quantitative Analysis of Metallic 
Elements in Inclusion in HSST 
Plate. 

SECTION 01-MH INVESTIGATION 

The second section from Plate 01 that was studied was 

01-MH. The results of the ultrasonic tests are shown in Fig. 

14. Again, 1 MHz frequency ultrasound, using a tuned receiver 

with a quartz transducer, was not attenuated sufficiently to 

produce a 100% loss of back reflection in any part of the dis

continuity area. At 2.25 MHz, three separate spots were found 

at which the back surface reflection was eliminated. At 5 MHz 

an area over 12 in. long showed 100% loss of back reflection. 
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This section of the plate was then cut up for destructive 

testing. The entire flaw area was sawed into small 

pieces in the plate thickness direction for tensile 

Each piece was left at full plate thickness and in 

rectangular 

testing. 

the as-sawed 

condition, with no reduction in the cross section, and was 

pulled until it broke. The resulting breaking strength is also 

shown in Fig. 14 for each specimen pulled. The strength in the 

plate thickness direction can be directly correlated to the 

ultrasonic test results. The outline of the specimens that 

broke at less than 40,000 psi forms a pattern that approximates 

Specimen• teken In the thlckne .. dl•••tlon. ~ 

Teet r••ult• •hown In Thou••nd pound• p•r •qu•r• Inch . 

Str••• below 25kal croaahetched. ~ 

Str••• below 40k•I outllned with - llne. 

Norm•I ultlm•t• atr•nllh In th• thlckn••• direction at l4 thlckn••• = 90kal. 

; 1 j • ~ • , 1' 1 1'1 

Inch•• 

TENSILE STRENGTH-PLATE 01-MH 

~ 
-

- \:-=~ 

INSTRUMENT :SPERRY UM -721 
TRANSDUCER :QUARTZ, 1.125-in. DIAM. BACK REFLECTION LOSS 

-100J 
mm so-100,: 
t:=:: =""°A 60-SQ,% 

Fig. 14. Ultransonic and Tensile Strength Investigation of 
Plate 01-MH. 
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the size and shape of the 5 MHz, 100% back reflection loss pat

tern. Within this outline are eight specimens that broke at 

less than 25,000 psi. These are grouped in three separate 

zones which are in the same general location as the 100% loss 

areas in the 2.25 MHz ultrasonic test pattern. 

Fig. 15, a photograph of the reconstructed plate section 

made by placing each specimen back in its original location. 

It can be seen that all of the pieces within the central region 

broke in a common plane. This break plane contained numerous 

inclusions varying from very small to 3 or 4 in. 2 

Fig. 15. Fracture Surfaces Obtained by Loading Bars from 01-MH in 
Tension to Failure. The plane of the discontinuity was obtained by 
replacing the broken bars into their original position. The inclusion 
area is evidenced by the surfaces that lie in a common plane. 
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The fracture surfaces in some of the areas were covered 

with a powdery material that was predominantly white or reddish

brown. Viewing these areas at higher magnifications revealed 

that the inclusions were crystalline. A number of these areas 

were analyzed, and the qualitative results, regardless of the 

powder color, were identical. The elements present in the 

powdery areas were identical to those in the entrapped material 

in section 01-MP. The powders are high in Al, Ca, Si, and Mg. 

In addition, of course, strong indications ~ere noted for 

Fe, Mn, Ni, and Mo. It is worth reiterating that although Ca, 

Al, and Mg are major elements in the inclusions, they are re

cordable in the steel as only trace elements. Hence, the 

source of these entrapped materials are foreign to the steel 

and must have as their origin some component in the steel

making process. 

CONCLUSION AND DISCUSSION 

Correlation of the manufacturer's and fabricator's results 

with the HSST study of the discontinuities in this first plate 

demonstrated again that completely valid inspections can lead 

to results that have dissimilarities. These dissimilarities 

are caused by variables such as ultrasonic frequency, trans

ducer type and size, couplant, calibration standard, surface 

condition, material attenuation properties, and the physical 

nature of the discontinuity. The investigation of the physical 

nature of the discontinuities verified the ability of ultra

sound to discriminate between large areas of complete metal 

separation and large areas of profuse small inclusions that 

cause partial metal separation within that area. It also 

demonstrates that the latter condition may be classed as ac

ceptable or rejectable depending upon the test parameters 

chosen within the latitude of acceptable limits. 
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The characteristics of the material and test apparatus must 

be known and considered during the evaluation of the suitability 

of.any material for the intended service, especially for horder

~ine conditions. Sections which contain inclusions of 'Such size 

or. distribution as to affect the tensile properties bf the mate

rial should be evaluated by nondestructive examination using 

variations in test parameters as required to characterize the 

anomaly. . _ .. 
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LUKENS' INVESTIGATION OF INCLUDED 
MATERIAL IN HSST PLATE 01 

A section of material containing inclusions and measuring approximately 
1.4" x 4" x l" was received from Oak Ridge National Laboratory for Lukens' 
investigation of the included material. This section of material, as shown 
in Figure 1, was taken from a 12" gage A533-B Class I plate which had been 
melted by Lukens (Melt Al008-l) for the Heavy Section Steel Technology Program. 
Pertinent benchmark information is given in Figure 1, along with the representa
tion of "loss of back reflection" zones through the defective area, per ORNL. 

Qualitative electron microprobe work was performed at Micron, Inc., 
using an ARL Electron Probe X-ray Microanalyser Model EMX. The probe 
work was performed on two specimens taken from the regions designated as 1 
and 2 in Figure 1. Photomicrographs of typical inclusions from each of these 
two regions are shown in Figures 2 and 3. The inclusions from each region 
appeared to be qualitatively identical and seemed to consist of several phases 
or types of inclusions. 

A total of three areas were scanned with the microprobe - two areas of 
an inclusion from Region 1 and one area of an inclusion from Region 2. In 
each area, spot checks were made to determine the presence of Al, Si, Mn, 

. Ca, Fe, Mg, Cr, Mo, Ni, P, .and S. In all three cases, the presence of Al, 
Si, Mn, and Ca was strongly indicated. The presence of Fe was indicated i.n 
one case, and a very small amount of S was present in all three areas. The 
elements Mg, Cr, Mo, Ni, and P were almost completely absent from the included 
material. The presence of steel deoxidizers plus calcium would tend to indicate 
that the included material is slag. 

Figures 4 through 9 are representative of the microprobe scans which were 
made on an area of an inclusion from Region 2 of the defective piece. Similar 
results wer·e produced for the two areas scanned from Region 1. Figures 4 to 9 
show respectively a photomicrograph of the area scanned, an inverted target 
current image of the area, and Al, Mn, Si, and Ca Ko<:: X-ray images frorn the 
same area. The presence of Mn in the surrounding steel, as shown i.n Figure 7, 
could serve as a crude standard as to the relative amount of Mn in the 
inclusion. Si and Ca seemed to be especially strongly associated with one 
another in the inclusions. 

JFC/lp 
Att;:ichments 
cc: See attached page. 

r.V"lt~ 
J. F, Cope land 
Research Engineer 
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12• go. A533 B Plate , AIOO 
Loss Of Back Reflection Zonn Thrauqh Defective Area, Per ORNL 

FIGURE 1 - A553-B plate material as received from ORNL - HSST Plate 01. The actual 
size of the piece .was approximately 14" x 4" x l". The coordinates of the 
benchmark "MP" are: x = 073.1, y = 179.6, and z = 003.7. The coordinates 
of the center-punch mark (to the left of the benchmark) are: x = 073.1, 
y = 188.6, and z = 003.7. The dimensions of the coordinates are inches, 
except that the number to the right of the decimal indicates the number of 
"1/8' s" of an inch. The paper indicating loss of back reflection zones 
(per ORNL) is adjacent to the edge containing the benchmark. Microprobe 
work was performed on samples taken from the regions marked 1 and 2. 

N 
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FIGURE 2 - lOOX - As polished - Large inclusion from 
Region 1, as shown in Figure 1. 

J 

. ' 

FIGURE 3 - lOOX - As polished - Inclusion from Region 2, 
as shown in Figure 1. 
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FIGURE 4 - 550X - Inclusion from Region 2 which was 
scanned with probe. The rectangular dark 
;:irP::i i~ the actu.'.ll region ::icanned. 

FIGURE 5 - 550X - Inverted target current (I.T.C.), or 
inverted electron image of the region scanned, 
which is shown in Figure 4. 
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FIGURE 6 - SSOX - Aluminum K<>< X-ray image (same region 
as in Figure 4). 

FIGURE 7 - SSOX - Manganese KoC X-ray image (same region 
as in Figure 4). 
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FIGURE 8 - 550X - Silicon Kc<.. X-ray image (same region 
as in Figure 4) . 

FIGURE 9 - 550X - Calcium KCC X-ray image (same region 
as in Figure 4) . 
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