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Abstract 

The ultrasonic examination data relative to the 

discontinuity located in the Pilgrim I Reactor Vessel 

Nozzle N-2B weld was reviewed. The data was obtained 

during the 1976 in-service inspection. The results of 

the review of several examinations are tabulated, test 

conditions discussed, and a conclusion made as to probable 

flaw size . 
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ANALYSIS OF ULTRASONIC INSPECTION DATA FOR 

PILGRIM 1 REACTOR NOZZLE N-2B 

K. K. Klindt 

INTRODUCTION 

The information gained by ultrasonic inspection during the 1976 

in-service inspection of Pilgrim 1 Reactor Vessel, Nozzle N-2B, lead 

to confusing and apparently conflicting results when compared to the 

1974 inspection data. These results are reported in Boston Edison's 

summary of March 3, 1976, to the Nuclear Regulatory Commission (NRC) 

and are based upon the inspections performed by Southwest Research 

Institute. An independent analysis of the data obtained by SWRI for 

1974 and 1976 was requested by NRC to corroborate Boston Edison's 

report. 

An evaluation of the data was made to determine the answers to 

three basic q~estions: (1) Has there been a change in the size of 

the flaw in the shell-to-nozzle weld at Nozzle N-2B since 1974? (2) 

Is the change from the ultrasonic calibration block used in 1974 to a 

new block in 1976 valid? (3) What is the present size of the Nozzle 

N-2B flaw as determined by the new calibration block? 

A modification of the scanning equipment since 1974 consisted of 

installing a 2-inch extension, with provisions for an additional l-inch 

extension, on the arm carrying the two ultrasonic transducers. This 

should not cause any significant change in the ultrasonic response. The 

1/2 inch by 1 inch rectangular transducers used in 19'74 were changed to 

3/4 inch diameter round transducers.in 1976. This may cause some dif­

ference in response due to the change in beam geometry, however, the 
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change should be minor and should not have a significant effect on the 

ultrasonic response from flaws after calibrating on the same calibration 

block to the same amplitude setting. 

CHANGE IN FLAW SINCE 1974 

In order to determine whether a change had occurred in the flaw 

size since the 1974 in-service inspection, the recorded data from that 

inspection was compared to ·the appropriate 1976 records. Run No. 11 

of the 1976 inspections wa~ designed to duplicate the 1974 inspection 

including the removal of the scanning arm extension and calibration on 

the 1974 block. The ultrasonic amplitude and the distance through the 

metal were recorded on strip charts for both 45° and 60° angle trans­

ducers. A copy of the charts for the 60° transducer ·scanning is shown 

and discuss'ed on the following pages in Figures 2 through 9. A circum­

ferential weld length of approximately 5 inches is covered in these 

figures. The distance between the scan paths represented by each figure 

ls 0.649 inch. 

In figure 1, the top chart is for 1974 and the bottom chart is for 

1976. The bottom half of each chart is the recording of the ultrasonic 

signal amplitude. The system is calibrated such that eight lines on the 

amplitude signal represents 100% DAC which is the maximum response ob­

tained from a 5/16 inch side drilled hole in the calibration block, 

The top half of each chart is the record of the distance between the 

transducer and the reflecting surface of the flaw (metal distance) . The 

start point of the scan in 1976 was apparently 3/4 inch farther back from 

the weld than in 1974. Since, .in both examinations, the flaw signal was 

already present at the start of the scan, only that part of the flaw 

• 

• 
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from weld datum plane. 
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of scan, 1976, Run 11 

_____ Metal distance along sound path 
measured from OD of surface 

- -- --- 100%. 

--Ultrasonic signal amplitude 

0% 

Figure 1. Identification of recorded information 
on the strip charts. 
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Figure 7. 

"A" 

Recording at X = 820 
CQl,llltS (281°) 

At X= 820, the 1974 amplituclP. 
shows a saturated signal condition 
at the start of the scan, and 
therefore can not be compared in 
shape to 1976. However, since the 
1976 signal is smaller, no flaw 
growth is indicated signal 
amplitude. The metal distance is 
nearly the same in each. The drop 
in signal amplitude occurs at 
about the same location indicated 
by "A". 

0£$. )C 

,=-~+n - . -l- 11 .. 
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Figure 3. Recording at X = 830 
t;oJn'ltc:; (7.RS 0

) 

At X = 830, the 1974 chart again 
shows a signal of saturated 
amplitude which can not be compared 
to 1976 . The drop in amplitude 
does not occur at the same time in 
the two scans. Correlation is poor. 
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Figure 4. Recording at X = 840 
(288°) 
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1974 

1976 

Run #ll 

At X = 840, there is a fair corre­
lation between 1974 and 1976. The 
rise and fall of the high amplitude 
part of the signal occurs at about 
the same location and the part of 
the signals above 50% DAC is of 
about equal length. The difference 
in amplitudes is not large. 

. _j_ 

Figure 5. Recording at X = 850 
(292°) 

At X = 850 the correlation is very 
good. The shapes of the amplitude 
traces are similar with three peaks 
(A,B,&C) occurring at about the 
same location. The amplitudes are 
close to the same. The traces of 
the metal path length are almost 
identical 'with the exception of the 
excursion at A' where the amplitude 
of signal A reached an amplitude 
sufficient to get into the metal 
distance gate and produce an output 
~ignal . 
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Figur e G. RtH.:unllug al X ~ 860 
(295°) 

At X - OGO the cUll}ll.iLUI.h: .iu 1974 
was much greater than in 1976. The 
drop in signal, however, occurred 
at the same point indicating that 
the outside edge of the flaw has 
not moved perceptively. This is 
also shown by the metal distance 
trace. 

1976 

Run #11 

l ' ... 
1.- ' 

Flgun:: 7. Re~unllug al X = 870 
(299°) 

At X - 870 tl11:a e .i:, fd.i~ 1..un·elal.iuu 
of shape of the amplitude trace. 
Although .the 197 4 inspect ion produced 
a higher amplitude, the point at 
which the signal dropped is about 
the same. 
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1976 

Run # 11 

Figure 8. Recording at X = 880 
(302°) 

At X = 880, both the shape and 
amplitude of the signal are similar 
showing good correlation between 
1974 and 1976. 

Figure 9. Recording at X = 890 
(306°) 

At X = 890, fair correlation exists. 
The shape of the signal traces 
compare favorably at the left edge 
of the peak as the sound beam passes 
over the top of the flaw 
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nearest the outside surface of the vessel is recorded. The two traces 

are oriented so that identifying features in the main part of the flaw 

are vertically aligned. 

Although all of the 1976 traces do not correlate with all of the 

1974 traces, the differences between them is no greater than the dif­

ferences that can be found between the individual runs in 1976. Runs 

No. 11, 12, and 14 in 1976 were all identical except for the length of 

e1e scanning arm which permitted Runs 12 and 14 to be positioned farther 

from the weld at the start position. However, considering only the sig­

nal trace from the portion of the weld that could be reached without 

the extension arms, as in 1974, these runs show fair correlation of 

most scans. Since the flaw could not have changed in size during the 

one month involved in all of the 1976 inspections, the differences in 

1976 signal traces is due to minor differences in equipment set-up. The 

few instances of poor correlation bwtween the 1974 and 1976 inspection 

is also attributed to set-up; otherwise, if the flaw had changed sig­

nificantly, none of the traces would be comparable. 

More positive evidence of no-flaw-growth since 1974 is presented in 

Table 1. The smallest number of the "Depth from OD" colunm represents 

the distance from the top of the flaw to the outside surface of the 

vessel. This distance has remained the same within inspection accuracy 

tolerances since 1974. By examining the strip chart recordings one can 

see the differences are due to a shift of the SO% amplitude points along 

the length of the scan rather than a change in the metal path length. 

This examination of the strip charts of 1974 and 1976 leads to the 

conclusion that no significant change in flaw size has occurred since 

1974. 

' 
, 
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VALIDITY OF 1976 CALIBRATION BLOCK, PIL-5A 

The 19!4 in-service inspection of Pilgrim 1 Reactor Vessel was per­

formed with ultrasonic equipment calibrated on a reference block desig­

nated PIL-5. This block was from a material of the same P-Nurnber as the 

vessel steel as required by the 1971 ASME Code. The ultrasonic attenua-. 

tion properties of the calibration block were high compared to nuclear 

reactor'vessel grade steel. This necessitated an unduly high instrument 

gain during calibration and greater than normal signals from any flaw 

detected. 

A prolongation from a plate, identified as Luken's Heat No. C-2945, 

reportedly used in the fabrication of Pilgrim 1 Reactor Vessel, was found 

and a section was obtained from which to make a new calibration block. 

Six 5/16 inch holes were drilled into theblock in accordance with ASME 

Code, Section XI, requirements. This block was designated PIL-5A. 

The two blocks were compared ultrasonically. The response from a 

5/16 inch side drilled hole, 3.5 inches from the surface, was. approximately 

12 dB greater in amplitude from the new block than from the old block 

with the same instrument settings. Boston Edison has made a coinplete 

study with adequate documentation to characterize ·both blocks showing 

distance-amplitude correction and the ultrasonic beam spread for the 

transducers used. 

An inspection performed with an instrument calibrated on the new 

block would have only 1/4 the sensitivity as an instrument calibrated on 

the old block. This would result in flaw signals appearing with only 1/4 

the amplitude originally measured. No doubt exists that fewer recordable 

flaw signals would be found with the new block calibration. Validation 
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of the new block as appropriate for use on Pilgrim 1 vessel was essential 

prior to approval of the 1976 inspection results. 

In order to verify that this new calibration block was from a plate 

used in Pilgrim 1 Vessel, Boston Edison was asked to supply the plate 

manufacturer's certification on Luken's Heat C-2945 from their documenta­

tion file on Pilgrim 1 Vessel. They did not supply this certification 

but they did supply ·combustion Engineering's Mill Order No. and the 

location in which the plate was installed in the vessel. From this in­

formation the appropriate documentation was found in NRC's report file 

of the test specimens for Pilgrim 1 fabrication. The Luken's certifica­

tion and Combustion. Engineering's reports verify that the new block and 

the reactor vessel shell came from the same steel. 

The use of the new test block is appropriate for the ultrasonic in­

service inspection of Pilgrim 1 Reactor Vessel. It is in accordance with 

1974 ASME Code, Section XI, Appendix I, Par. I-3121, which states that 

the block material shall be from the components to be inspected. The 

1974 Code also has requirements regarding heat treatment, cladding, and 

surface finish which this block does not comply with; however, the 1974 

Code ·is not mandatory for this ves.sel and the lack of the 2 hou:r;s post 

weld heat treatment and the use. of a machined rather than rolled surface 

is probably insignificant. Certainly cladding could have no effect since 

this ultrasonic inspection does not utilize a bounce from the inside sur­

face. However, cladding deposited on the block in the same manner as 

the vessel cladding might e~able Boston Edison to make a longitudinal 

beam comparison of attenuation of the back reflections from both the 

block and the vessel. This would provide a qualitative rather than a 

quantitative result but would further validate the calibration block. 

'·' 
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TABlE 1 • ULTRASOIUC OETEI!!!II!.ITION Of fLill 'IZE A/10 l!!CATIIJt !!lmE fl.l!ll 

Beam Anqle AA• No 45 11 lc.tn11 Inspect tan Anile 

Location ~~~hOD ~~~~501 

1,.,. ?-3.4 

281' 
!-3.3 

282' 

283' II 1-3.6 

284' 

12R->• 
?-3.2 

286' 
7-3.3 

?fl1' 

238' 
1-3.3 

289' 

Ol_ocl 

~~h oo j ~~so1 II ~= oo I U~sos: II ~~ oo I ~~~so Depth [fl.. II Depth ! Flaw . ltDe~~ F'hw 
Fro• 00 50J.50t: Fro. 00 ISOI--501 II From OD 501--501 ~DD ~~~so1 If ~r:!"oo 1~:501 r:oo ~~~501 

3.~3.3 0.1 

3.5-3.3 0.2 

3.6-3.2 0.4 

3.5-3.2 0.3 

~.6-3.41 0.2 

3.4-3.3 0.1 

3.5-3.3 I 0.2 

1.3-3.3 ll.O 

3.7-3.31 0.4 

4.D-3.31 0.7 

14.2-3.3 I o.o 

4.2-3.3 0.9 I 3•7- 3 • 
4.2-3.2 1.0 3.5-3.4 0.1 3.7-3.2 0.5 

4.2-3.2 1.0 3.5-3.2 0.3 

4.2-3.2 1.0 3.7-3.4 0.3 3.5-3.4 0.1 

• 10.3 
3.5-3. 

3.4-3.3 o.1 I 
4.4-3.3 1.1 I 3.5-3.4 0.1 

4.3-3.3 1.0 3.5-3.2 0.3 
.

1 

3.7-3.4 0.3 
4,).3.3 1.0 1 J:.S.J.2 0,3 3.3-3.2 0.6 

4.1-3.2 0.9 I ' I! 3.9-3.2 0. 7 

3.6-3.6 0.1 4.5-3.2 1.3 I i I 3.7-3.2 0.5 3.5-3'.2 0.3 
4.2·3.2 1.0 3.-...3.3 o.1 -- •• I 

3.4-3.3 0.1 4.5-.3.2 1.3 ' 3.7-3.4 0.3 

7-3.4 4.2-3.3 D.9 : 3.7-3.4 0.3 
. . 3.7-3.4 0.3 

3.8-3.2 0.6 4.3-3.2 1.1 4.2-3.2 1.0 3.4-3.4 0.1 __ __ I , 3.7-3.4 0.3 

1-2.2 4.6-3.2 1.4 I I 3.7-3.4 0.3. 

290~--Jj-h3.' I· II 1-3.4 4.7-3.3 1.4 ·'· •.• I j. 3.7-3.4 O.J 3.5-3.4 0.1 II 
II 1-3.6 4.5-3.4 1.1 I I 3.5-3.4 0.1 

1-3.7 4.5-3.4 1.1 I ! I 
3

•
7
•

3
•
4 

0.
3 

3.7-3.4 0.3 

?-3.4. 4.5-2.5 2.0 4.5-2.5 2.0 -- -- -- -- ' I li . 3.5-3.4 0.1 

1-3.2 4.5-3.3 1.2 1 1
1 

3.7-3.4 0.3 
. I 

3.5-3.3 0.2 4.5-3.2 1.3 I j ''13.7-3.4 0.3 3.7-3.4 0.3 
4.2-J.Z 1.0 1 3.S.J.3 0.2 •• -- i 

3.5-3.3 0.2 4 ..... 3.2 1.2 I ! 3.7-3.4 0.3 
. I 

3.5-3.2 o.2 4.5-3.2 1.3 1 3.4-3.4 .1 
I -- --

3.5-3.3 0.2 4.D-3.2 0.8 4.3-3.2 1.1 . 3.6-3.3 0.3 -- -- I l ' 3.5-3.4 0.1 

291' 

292' 

293' 

294' 

1.... II 1-3.3 

1-3.3 

1-3.3 

3.5-3.2 o.3 4.6-3.2 1.• ! - !j 3.S-3.o o.r 

1-3.6 4.4-3.2 1.2 I I' 3.7-3.4 0.3 3.7-3.0 0.3 
1.5-3.0 1.1 -- -- -- --

3.7-3.3 0.0 3.6-3.3 0.6 3.7-3.0 0.3 

296' 

207' II 3.5-3.31 •0.2 

298' 
. 3.7-3.4 0.3 

4.2-3.4 0.8 -- -- -- -- 3.7-3.4 0.3 
299' 

3,6-3.41 0.2 3.7-3,31 0.4 

1-3.3 3.9-3.3 0.6 J 3.7-3.4 0.3 

1-3.4 4.3-3.4 0.9 3.7-3.4 0.3 

. .»!~~~ 
3

.6-
3

.
5
,"0:1_ 1-3.3 jl :r.:. 4.3-3.4 .~.L.... -~.... .:---· = ...... -:=-- ..... _____ ___ -- -- 3.7-3.5 0.2 

1-3.6 r 4.3-3.4 0.9 
301' 

3.8-3.7 0.1 

3.7'3.6 0.1 

3.7-3.5 0.2 

3.7-3.5 0.2 

3.7-3.5 0.2 

3.7-3.5 0.2 

302' 

303' 

304' 

I :w~•· 

301' 

301' 

315' 

3.5-3.411 0.1 

l-3.4 

1-3.4 

1-3.3 

3.5-3.31 0.2 

1-3.6 

3.7-3.41 0.3 

l-3.4 

l-3.4 

3.6-3.41 0.2 

3-3.7 0. 

3.7-3.41 0.3 

4.5-3.41 1.1 

4.6-3.41 1.2 

4.6-3.41 1.2 

4,()-3.41 0.6 

4.1-3.C 0.1 

4.2-3.6 0.6 

4.5-3.4 1.1 

4.6-3.4 1.2 

4.5-3.4 1.1 

4.4-3.4 1.0 

4.6-3.4 1.2 

4.6-3.511.1 

4.2-3.5 0.7 

3.6-3.4 0.2 

'~ 
b· :.~ 

3.7-3.5 I 0.2 

3.7-3.sro~z 

3.7-3.510.2 

.,. 

3.7-3.51 0.1 

3.7-3.5 0.2 

3.7-3.6 0.1 

• •11-

Dept~~ n.. 11 Dos>lll ·j-fl•• 
F,. 00 5()1...!501 F,. OD §01.-.501 

3.4-3.410.1 

3.4-3.310.1 

3.5-3.41 0.1 

3.4-3.410.1 

; 

I 

~ 
~ 
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FLAW DIMENSION PERPENDICULAR TO THE SURFACE 

The ultrasonic examination of the flaw in nozzle N-28 can be per­

formed only from the outside surface of the vessel and only from the 

shell side of the weld. this limits the examination basically to one 

direction, although both 60° and 45° angle scans were used. The welds 

were scanned with an automated mechanical system and the data was re­

corded on video camera and on strip charts showing the signal amplitude 

and the distance to flaw as a function of the physical location of the 

Ll·ansrlu~P.,.~ . 

11It! v:i,ct~o presentatlon of on A nf th~;> inipection run£ wa!:i · vio1~cd· for 

general familiarization of the appearance of the signals received. Copies 

of the appropriate strip charts from both 1974 and 1976 were obtained for 

close analysis. All of the information obtainable from the recordings can 

not be reduced to tabular form; however, the essential information neces­

sary to arrive at an· estimated flaw size is p;resented in Table 1. Val'ues 

in the table were taken at the 50% signal amplitude locations. 

Consideri~g first the information contained in 1976 Runs #15 and 

#16, since these are the only examinations in which the new calibration 

block was used, flaw size is arrived at as follows: 

l. The 60° Rnglt7- of run #16, "Flaw" colunm, 5hows a flaw 

thickness varying from 0.1 inch to a maximum of 0.4 inch 

at nozzle circumferential location of 290°. (All values 

in the table are considered significant to tenths of an 

inch only. 

, 
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2 . Tite rectangle which would circumscribe the flaw as 

recorded in Run #16, 60° angle, would have the outer 

side at 3.2 inches and the inner side at 4.1 inches 

from the outside surface of the vessel. This de-

scribes a through wall rectangular dimension of 0.9 

inch. .The circumferential length of the rectangle 

extends from 281° to 295° for a total length of 2.6 

inches. 

3. The 45° angle of Run ·#16 shows a flaw size no greater 

than that described by the 60° angle, and the location 

of the flaw falls within the limits described in 2. 

above.· 

4. Run #15, 60° angle, shows a flaw signal of recordable 

amplitude at only one~location at a nozzle circuinferen-

tial angle of 290°. The flaw through"'-thickness location 

is between 3.6 inches and 4.1 inches for a thickness 

of 0.5 inch. This location is also contained within 

the limits described in 2. The 45° angle examination 

did not produce any signals of a recordable level. 

Therefore, when the .flaw is described by the 50% signal amplitude 

limits for recordable indications as specified by the ASME ;Code, Sec-

tion XI, it can be circumscribed by a· rectangle 2.6 inches. long by 0.9 

inch through-wall thickness, located with the top side 3. 2 inches 
'· 

from the outer surface of the vessel. This flaw characterization is 

based only upon information obtained when the new calibration block, 

PIL-SA, was used and does not take into consideration any of the 

numerous signals less than 509.; amplitude. 
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When the ASME Code requirements are exceeded and indications of 

less than SO% DAC are taken into consideration it becomes obvious that 

the discontinuity in the weld is much longer than 2.6 inches. Run #12 

in Table 1 shows that a condition exists within the weld such that 

indications are received continuously from 280° to 307°, or S.O inches. 

Indications on the strip chart recordings beyond the limits of Table 1 

show that the discontinuity-is present for almost 7 inches; the dis­

continuity may become intermittent at the extreme ends and is very small. 

The thickness of the flaw is less easily determined because of the 

examination from basically one direction. This necessitates the use of 

signal amplitude and transducer travel as the only means for judging the 

through-wall size. Because of beam spread, flaws appear larger than 

their true dimension when a SO% signal amplitude is used as the limits 

for measuring transducer travel, providing the flaw is a good reflector 

in the direction of the ultrasonic beam. Conversely, if the flaw orienta­

tion is such that it does not reflect back toward the transducer, or only 

a partial reflection is received, the signal may be less than SO% of the 

calibrated level for an extensive flaw thickness. This makes the one­

directional method of examination have a high degree of uncertainty. 

Comparing both the size and shape of the flaw signal from Nozzle N-28 

to the signal from a S/16-inch drilled hole shows that they are quite 

similar at many locations. At other locations, the distance through which 

the flaw signal is present compares favorably with that from the S/16-inch 

hole but the amplitude is not as high. At still other locations there 

appear to be two distinct separate points from which reflections are 

received, indicating either two separate flaws· or a single flaw that 
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"turns" in such a manner that reflections are received from only two 

regions. This two-signal condition exists for only short distances 

intermittently along the length of the discontinuity. 

If all of the isolated points of reflection, inc.luding those with 

less than SO% DAC amplitude, are considered as one naw they would 

require a rectangle with a height of about 1.5 inches. These points are 

not of sufficient size, however, to recommend that they be considered as 

a part of the characterized flaw at this time. They should be considered 

for-observation in future inspections. 

CONCLUSION 

The analysis of the data from the ultrasonic inspection of Nozzle 

N-28 in Pilgrim 1 Reactor Vessel leads to the following conclusions: 

1. The flaw in the nozzle between circumferential angles 

280° and 307° has not increased in size a detectable 

amount since 1974. 

2. The new calibration block PIL-SA is appropriate for the 

ultrasonic examination of Pilgrim 1 Reactor Vessel and 

should be used in futur~ inspections. 

3. The flaw size, based upon examination using the PlL-SA 

calibration block and the ASME Code specifications, should 

be characterized as 0.9 inches in the through-wall dimen-

sian by 2.6 inches long, located with its near side 3.2 

inches from the outer surface of the vessel wall. 
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4. Future inspections should be performed in such a manner 

that the small indications can be kept under observa­

tion. This may be done by conducting the inspection 

at 6 dB gain above the calibration level. The extent 

of the inspection should cover all the circumfer-ential 

len'gth covered in 1974. 

ACIQ\JOWLJ::::UliJ::::MENTS 

The excellent cooperation of Boston Edison and Sout.hwAst RA5e<!rch 

Institute in providing all the data requested is appreciated. The 

assistance of J. H. Geiske, Sandia Laboratories, in collaborating in 

the data analysis is also appreciated. 

!'"· 

.) 

... .. 



, ... 

. .. 

;", 

·~ 

'· .) 

17 

ORNL/TM-5912 

INTERNAL DISTRIBUTION 

1. M. Bender 13. D. B. Trauger 
2. K. V. Cook 

3-8. K. K. Klindt 
14. G. D. Whitman 

!'5-16. Central Research Library 
9. R. W. McClung 17. Document Reference Section 

10. J. R. McGuffey 18. ORNL Patent Office 
11. H. Postma 19-20. Laboratory Records Department 

21. Laboratory Records, ORNL R.C. 12. M. E. Ramsey 

22. 

23. 

24. 

25. 

26. 

27. 

28. 
29-55. 

EXTERNAL DISTRIBUTION 

L. C. Shao, Chief Engineering Branch, Division of Operating 
Reactors, USNRC, Washington, DC 20555 
C. Y. Cheng, Engineering Branch, Division of Operating Reactors, 
U.S. Nuclear Regulatory Commission, Washington, DC 20555 
W. S. Hazelton, Engineering Branch, Division of Operating Reactors, 
USNRC, Washington, DC 20555 
W. S. Anderson, Chief, Structures and Components Standards Branch, 
Division of Engineering Standards, USNRC, ATTn: V. S. Goel, 
Washington, DC 20555 
J. Muscara, Division of Reactor Safety Research, USNRC, Washington, 
DC 20555 
Charles Z. Serpan, Jr., Chief, Metallurgy and Materials Branch, 
Washington, DC 20555 
Director, Research and Technical Support Division, ERDA-ORO 
Technical Information Center, P. 0. Box 62, Oak Ridge, TN 
37830 




