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Commonweala:dison 
One First National-a, Chicago, Illinois 
Address Reply to: Post Office Box 767 
Chicago, Illinois 60690 

April 25, 1978 

REGULA TORY DOCKET FllE -COPYJ 

·>Mr. D. L~ Ziemann, Chief 
Operating ·Reactors Branch 2 

0 - zn 
. Division of Op~rating Reactors ~ 

:;u 

u.s. Nuclear Regulatory Commission ,a 
03C:c;: 
::O~cn -Washington, DC 20555 '>.o a:a:Z ('") - ::w 
%_~("") 

Subject: Dresden Station Unit 2 ;lO 
< 

control Rod Drive Nozzle InspeOtion 
Results for Fall 1977 

~-

Refuel O\ftage 
NRC Pocket Nos. 50-249 

Reference (a) : M. s. Turbak letter to D. K. Davis 
dated November 28, 1977 
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Enclosed is a· summary of the results of ·the Control 
Rod Drive Nozzle inspections and-repairs which occurred duri1'g 
the Dresden Unit 2 Fall 1977, refuel outage~· A summary of the 
feedwater nozzle inspection results has previously been 
transmitted by Reference (a). 

Please direct any additional questions on this 
subject to this off ice. 

One (1) signed original and 39 copi~s of this letter 
are provided for your use. 

attachment 

Very truly-yours, 

Y>t.~.w_ 
M. s. Turbak 
Nuclear Licensing Administrator 
Boiling water Reactors 

G81180109 
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NRC Docket No. 50-249 

Results of Dresden-2 CRD Nozzle and 
Thermal Sleeve Inspections - Fall 1977 
Refueling Outage. 

Inspections completed during the Dresden..:.2 1977 re­
fueling -outage on feedwater and CRD nozzles included the follow-· 
ing: 

1. _Ultrasonic examinations of the feedwater nozzle inner 
radii and bore. 

2. Ultrasonic examination of the feedwater safe.;.end and 
associated welds. 

3. Dye penetrant inspection of the accessible areas of all 
four fee·dwater nozzles and the bore of one. nozzle -w1th 
the sparger re~oved. 

4. Ultrasonic examination of the CRD Nozzle, inner radius 
and the vessel wall up to eight inches below the nozzle 
center line. 

5. An underwater television camera inspection of the CRb · 
nozzle thermal sleeve and vessel wall beneath the nozzle. 

6. Dye penetrant inspection of CRD nozzle and vessel wall 
beneath the nozzle. (as a result of the TV camera in­
spection) 

7. Ultrasonic inspection bf the first five welds from the 
nozzle on the CRD return line. 

The results of items one. through three have been trans- · 
mitted in an earlier letter from Turbak to Davis dated November 
28, 1977. _This report transmits the results of items four through 
seven concerning the CRD Nozzle, thermal sleeve and piping. 

Early in the refueling outage an ultrasonic examination 
of the CRD nozzle inner rad{us and vessel wall beneath the nozzle 
.was completed. The technique was similar to that used on the 
feedwater nozzles and used a CRD nozzle replica for calibration. 
No indications were recorded in either the inner radius or the vessel 
wall for a distante of eight inches below the cente~ line of the 
nozzle. 

An underwater television camera inspection was then com­
pleted revealing crack like indications in the CRD nozzle thermal 
sleeve, thermal sleeve flange, and thermal sleeve retainer. Figure 1 
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gives the des;ign details of the thermal sleeve. The thermal 
sleeve was subsequently removed from the nozzle·an:d:sent.to 
Battelle Columbus Laboratores for metallurgical analysis. 

With the thermal sleeve r.emoved, the nozzle bore, .inner 
radius and ~rea belo~ the nozzle on the vessel wall was dye 
penetrant inspected~ A summary of the dye penetrant inspection 
results are as follows: · · · · 

1) N~ lndications were reported in the nozzle bore region. 

2) Two small groups of indications appeared in the inner 
blend radius, but were evaluated as elongated porosity~ 
These were removed by further cleaning of the area with 
flapper wheels. No other indications were.noted in the 
inner radius. 

3) Several indications were found in one of three thermal 
sleeve spacer pads located in the inner radius area. 
The pad located at about the 5 o'clock position was 
ground down almost to its base, but not into the vessel 
cladding in order to remove the indicatioris. 

4) 

5) 

Several linear indications were recorded in various 
locations around the retainer ring pad which remained.· 
after removing the retainer ring itself .. The indications 
were found on the top surf ace. of the pad, running pri-. 
marily across the .width of the pad. See Figure 2 for · 
details.· These indications were probably caused as a 
result of grinding off the thermal sleeve retainer which 
was welded to the pad. Two cracks were found on the lower 
portion of the ring pad. They were circumferentially 
oriented at the four to six o'clock position, two to 
three inches long and at the seven o'clock: position abput 
one· and three quarters inches long. Both cracks were · 
removed without grinding through the ring pad or pad to 
vessel weld. · 

No relevant indications were found on the vessel wall in 
the area extending to a point eight inches below the 
nozzle center line and approximately three and half inches 
wide. 

. A final penetrant examination showed that ~11 relevant 
indications were removed. None of the indications which were 
grourid out penetrated into the base metal. The thermal sleeve 
was not reinstalled since the CRD return line has been valved out 
and will not be used during operation. Approximately seven critical 
path.days and ten man-rem were expended in removing the thermal 
sleeve, in~p~cting the nozzle, and grinding indications. · 
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The metallurgical analysis done by .Battelle Columbus · 
Laboratories on the thermal sleeve revealed the following: 

1) Thro~gh wall cracks were found about 180° ·apart e.ach . 
haying circumferential and longitudinal components. See 
Figures 3 and·4 for details. _The circumferential components 
were located in the barrel of the thermal_ sleeve and 
the longitudinal components extended out across the 
flange. ' · . 

2) · Meta116graphic cross sections were made th~ough both the 
· circt1mferential and longitudinal components of the : 
crack at the top of the thermal sleeve. The cracks were 

- foun(;l to be strictly transgranular in nature. 

3) The. fracture surf aces of these same cracks were examined 
under a scanning electron microscope. Striations, 
typical of fatigue failures, were observed to be ciriented 
par~llel to the propagating crack front. 

T~erdfore, the analysis indicates that fatigµe was the 
mode of failure. It is believed that low flow or intermittant 
flow conditions permitted back flow into the thermal sleeve re-. 
sulting in high temperature differentials from. top . t_o bottom. · 
Also; a possible contributing factor was the relatively heavy 
wall thickness of the thermal sleeve which must have been heavily 
stressed during thermal cycling. The thermal sleeve is schedule 
80, three inch diameter, SA-312 type 304 stainless·steeL The 
thermil sleeve flange is made from one-quarter inch thick·A-240 
type 304 stainle~s ~teel plate. The cracking observed in the 
retainer-ring pad and spacer pad is also believed to be a result 
of thermal cy~ling due to low or intermittant CRD flow. 

Al~o inspected durihg the refueling outage were the first 
five welds from the nozzle on the CRD line; i.e. safe-end to nozzle, 
safe-end to pipe, .and next three pipe welds. A UT indication · 
was observed at the 9:30 clock position in the safe~en~ to pipe 
weld and was 100 percent 6f D.A.C. The indication was evaluated 
as a crack and believed to be located in the heat affe6ted zone 
of the weld just on the pipe side. The complete safe·-end, which 
was furnace.sensitized, and an adjoining section of. pipe was re­
moved. The piping removed was schedule 40, type 304 stainless 
steel. The replacement safe-end was 316L stainless ·steel. Since 
the new safe""end was somewhat longer than.the-original, no addi­
tional pipin~ was needed. 

The replaced piping segment and safe-end were sent_ to 
Battelle Columbus Labs for analysis. This analysis confirmed the 
existence of a flaw on the pipe side of the weld which ran cir-' 
cumferentially in the heat affected zone. The crack was one-inch 
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· long at the ID surface and had propagated 50 percent 6f the ~all 
thickness and apparently arrested upon reaching the .weld metal. 
Figure~S.is a cross sect:ion of .. the weld showingthe crack adja­
cent the weld and initiating at a sharp change in the wall thick­
ness due to. the ~onsiderab.le mismatch. A photo micrograph of . · 
this crack is shown in Figure 6 and indicates that .the cracking 
was transgranular. Fatigue - like striations were observed· on 
the fracture •urfates indicating fatigu~ to be the cause of 
failure.. . It ·is believed that, as was the case with the thermal 
sleeve, the cause of failure was thermal fatigue due to low ·or 
intermittant flow in the CRD line. The thermal stresses in this 
line have b.een eliminated by valving the line· out of service. 
during operation. ·Augmented inspection of the. type 304 stainless 
steel ~eld~ in this line .will ensure that its integrity is 
maintained. No further action is planned at. this time· concerning 
the CRD Nozzle or the return line. · 
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FIGURE 4. ENLARGEMENT OF CRACKS SHOWN IN FIGURE 3 
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FIGURE 5. CROSS SECTION SHOWING CRACK ADJ ACENT TO SAFE END TO PIPE WELD 

Safe end is at lef t, inside surface is at toD. 
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Etchant: Electrolytic 10 Percent Oxalic Acid 

FIGURE 6. CROSS SECTION THROUGH THE CRACK SHOWN IN FIGURE 5 




