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consumers 
Power 
company 

General Offices: 212 West Michigan Avenue, .Jackson, Michigan 49201 • Area Code 517 788-0550 

March 3, 1978 

Director, Nuclear Reactor Regulation 
Att: Mr Dennis L Ziemann, Chief 
Operating Reactors Branch No 2 
US Nuclear Regulatory Commission 
Washington, DC 20555 

DOCKET 50-255 - LICENSE DPR-~O -
PALISADES PLANT - STEAM GENERATOR -
SUPPORT PLATE CRACKING 

The attached report entitled, "Investigation For Steam Generator Support 
Plate Cracking at Palisades During February 1978," provides the information 
requested by letter dated January 30, 1978. . 

This information was provided on a preliminary basis at the February 21, 
1978 meeting between Consumers and the NRC and by letter dated February 27, 
1978. . 

David P Hoffman 
Assis.tant Nuclear Licensing Administrator 

CC: JGKeppler, USNRC 
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I. INTRODUCTION 

On February 2, 1978 representatives of Combustion Engineering, Inc briefed 
CPCo personnel on the subject of support plate cracking encountered 
recently at Milestone 2. Subsequent to the meeting, a letter from the NRC 
·dated l/30/78 was received whi(!J:l required a CPCo response regarding 
possible support plate cracking in the steam generators at Palisades. 
Specifically, the following information was requested: 

(a) When CPCo will determine whether the problem of support plate 
cracking exists at Palisades. 

(b) Justification for continued operation until the inspection of 
the tube support plates. 

(c) A description of what CPCo plans to do, and when, if the problem 
is found at Palisades. 

At the time of the receipt of the above information request, Palisades was 
shutdown for refueling and steam generator surveillance testing. Additional 
steam generator inspection and analysis of results were performed as a 
result of the NRC request, therefore (b) above does not reouire further 
attention. The information presented in this report addre;ses (a) and (c) . 

II. SUMMARY AND CONCLUSIONS 

Standard steam generator tube eddy current test results obtained during the 
current outage were reviewed for the number and location of any blocked 
tube indications. Tube.dent magnitude and distribution information 
collected during the same examination were studied on a support plate by 
support plate basis to identify any region or pattern of significant denting 
and to study tube/support plate conditions in the area of hard spots 
created where support plate attaching lugs are fastened to the generator 
shroud. Additional tubes located in these outer peripheral areas were 
added to the ECT inspection program in order to insure adequate coverage. 
These additional points were analyzed as above for dent magnitude and tube 
blockage. 

Evaluation of the data indicated that two tubes in steam generator A hot 
leg were blocked and another tube constricted. These occurrences were 
located at the 11th support plate. Analysis of dent magnitudes for the 
remaining tubes examined at this support in generator A indicate a maximum 
dent magnitude of 5.8 mils. The average dent magnitude was 1.2 mils. 
Prior to startup, the blocked tubes and constricted tube were plugged. No 
other tube blockage was revealed . 
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For steam generator A, the average dent magnitude was 1.1 mils in the 
hot leg and 1.6 mils in the cold leg. Correspondingly, for B generator 
the values were 0.8 mils and 2.0 mils. 

Comparing the low dent magnitudes indicated in the Palisades steam 
generators to those experienced at Milestone 2 during the November 1977 
inspection and considering the fact that,out of a significant number of 
tubes tested, only two were found blocked, we conclude that it is unlikely 
that support plate cracking of the type and magnitude found at Milestone 
in November of 1977 exists at Palisades at this time. 

These results do not warrant accepting the risk (Reference 1) of increased 
tube degradation inherent in placing the units in dry layup for further 
visual inspection. Due to lack of accessibility, only the two uppermost 
support plates could possibly be inspected and then only on a limited 
basis. Test results of these supports indicate average dent magnitudes of 
less than 2 mils w~th no tube blockage or tube dent concentrations evident. 

Dent magnitudes measured during the recent steam generator inspection at 
Palisades were compared with dent magnitude information collected during 
the February 1976 inspection. Incidence of denting and dent growth rates 
were calculated. Frequency of denting increased during the last operating 
cycle (approximately 20 months of operation). Dent growth rate averaged 
less than 2 mils during the period . 

Considering the slow growth rate and the low magnitude of denting now 
present in the Palisades steam generators, there is some assurance that 
during the next operating cycle, dent magnitude will not approach the 
magnitudes present at Milestone prior to detection of cracking in the 
support plates. Based upon these results, we concluded that the safe 
operation of the fGAlts is not impared during the next cycle and that further 
inspection is not required at this time. During the next refueling and 
steam generator examination at Palisades, the condition of steam generator 
support plates will again be checked. It is probable that, in the time 
interval of the next operating cycle, a more direct inspection technique 
to verify condition of support plates will be developed and applied to 
Palisades. 

If, during future inspections of the Palisades steam generators support 
plate cracking is evident, we anticipate a more detailed inspection of 
the affected areas would be immediately performed to ascertain the full 
magnitude of the problem and gather complete information regarding damage 
to tubes, damage to support plate, support plate movement and/or distortion. 
Only with this detailed specific information in hand could we determine 
our specific action and schedule for analytical and repair work to 
minimize the possibility of further tube and generator degradation . 
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III. DISCUSSION 

A. Inspection and Analysis Techniaues. 

At the time of receipt of information concerning the Milestone support 
plate problem, Palisades was shutdown for refueling, steam generator 
tube inspection and other miscellaneous outage tasks. At the request 
of Consumers Power Company, representatives from Combustion 
Engineering, Inc briefed CPCo personnel on the Milestone situation. 
With the information provided at that meeting, CPCo eyaluated various 
techniques that could possibly be used to detect the presence of any 
cracking in steam generator support plates at Palisades. Included in 
the evaluation were direct methods of detection, i.e., visual inspection 
and low frequency ECT capable of detecting cracks, and indirect 
analysis methods based upon detecting some other measurable, related 
event such as denting of tubes and tube blockage from which support 
plate cracking could be deduced. 

As a result of the evaluation, it was concluded that an indirect method 
would be selected for use. Consultation with CE, CPCo's NDT Services 
Section and consultants in the NDT field indicated that an ECT 
technique to directly inspect for cracking in supports was not readily 
available for use. A review of the design of the Palisades steam 
generators indicated that only the small uppermost support plate could 
be easily inspected for cracking. However, even this region would 
require a dry layup condition on the secondary side. In repeated 
correspondence between CPCo and the Commission (see Reference 1), 
CPCo has stressed reluctance to place the gen~rators in this condition. 

From the Milestone information, it was apparent that large dent magni
tudes together with blocked tubes concentrated in certain hard areas 
are indicative of support plate cracking, and further that denting is 
the cause of the plate deformation, stress build up, and eventual plate 
cracking. The dent magnitude information gathered at Milestone and 
correlated to cracking actually observed there offers a basis on which 
to compare similar results from the Palisades generators. Therefore, 
a detailed analysis of dent magnitude and blocked tube data was per
formed using data collected during the current inspection (supplemented 
as noted in Section III, B) and the previous inspection of February 1976. 

The data analyzed in this report was taken with a standard circumfer
ential wound ECT probe. Equipment configuration was that for a standard 
test with an operating frequency of 400 KHz. One exception is noted -
the standard 0.540 inch probe failed to pass through one tube in 
generator A (Quad III, 114, R85) but a subsequent retest was made with 
a o.470 inch probe. The smaller diameter probe passed through the 
constricted segment . 
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The magnitude of denting in the Palisades steam generators was 
estimated by comparing the dent signals from the generators with ECT 
signals produced by passing the probes through sample tubes with 
several different levels of local reduction in diameter. In certain 
areas, the dent signal saturated the equipment set at normal sensi
tivities due to the large dent magnitude. So as not to lose valuable 
dent magnitude information or increase data acquisition time, the ECT 
data was taken at a reduced sensitivity during the push of the probe 
through the tubes and normal sensitivity data collected during the 
withdrawal of the probe. 

A special study was conducted which analyzed the results of the reduced 
sensitivity data for tubes with saturated (at normal sensitivity) dent 
signals. The study concentrated on those saturated signals from tubes 
in the vicinity of hard spots created by the support plate lugs attached 
to the shroud (tubes located along the outer periphery), on tubes with 
saturated signals at support plate 11, and saturated tubes in the cold 
legs. The study concluded that a saturated signal indicated a maximum 
dent magnitude of 5.8 mils. For the analyses that follow, 5.8 mils 
is assumed as an upper bound for all saturation indications. 

ECT data from 1976 was reanalyzed to provide dent magnitude history 
information for tubes tested in 1978 . 

All dent magnitude information was computerized for easier data · 
manipulation. 

B. Denting Magnitude and Distribution. 

The evaluation described in Section III, A of this report was performed 
on each support location of each tube included in the steam generator 
tube inspection program in which a circumferential wound probe was 
passed (0.540 inch probe diameter used in hot legs and bend areas, 0.580 
inch probe diameter used in cold legs). This sample amounted to approxi
mately 1979 tubes in steam generator A and 1505 t.ubes in steam 
generator B. The distribution of the tubes thus inspected is shown on 
Figures la, lb, le and ld. In addition to recording the magnitude of 
dents found at these locations, any tube blockage was also noted. 
Figures la and le also specify those tubes making up a supplemental 
inspection to gain further data on denting in the area of hard spots 
located along the outer periphery of the tube bundle. 

Tables 1 thru 4 summarize the results of the dent magnitude analyses 
performed on the data. Sample sizes, denting frequency and dent 
magnitude distribution is noted along with average dent magnitudes. 
The average dent magnitude calculation assumed 5.8 mil dents at sat
urated locations. Locations with no dents indicated were not used in 
the averaging process . 
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As indicated in Tables l thru 4, the frequency of denting appears 
greater in steam generator B while the magnitude is slightly larger 
in the A generator. The magnitude of denting is slightly greater in 
the cold legs than the hot legs. 

Tube blockage was found at only three tube locations - Quad II and 
III, Line 5, Row 114 and Quad III, Line 14, Row 85. All tubes are 
located in steam generator A and appear blocked at the eleventh (11) 
support plate. Figure 2 illustrates the relative location of this 
support.plate in the Palisades steam generator design. A subsequent 
retest of two tubes using a 0.470 inch probe resulted in the smaller 
diameter probe passing through tube Ll4, R85. 

Figure 3 presents the locations of the blocked tubes, constricted tube 
and dent magnitude distribution. Overall dent magnitude at this 
support plate is low as is the case with other dented supports. No 
significant concentration of large magnitude denting is noted in the 
critical area of hard spots. The blocked tubes and much of the denting 
seems to be associated with the thin legiments created by adjacent 
cut outs. Absent is the appearance of blocked or severely dented 
adjacent tubes (as was found at Milestone). Such a condition would 
offer strong evidence that cracking of supports had occurred. 

C. Dent Growth Rate. 

• The 1978 dent magnitude values were compared with 1976 dent data to 
arrive at apparent dent· growth rates for the last operating period. 
This last cycle included 20 months ofoperation. Where saturated 
signals were present, dent magnitudes, equal to 5.8 mils, were assumed. 

• 

Two calculations were performed. The first case considered only those 
tube support plate intersections where an apparent positive dent 
growth rate existed. The second case considered all growth indications 
both positive and negative. Dent growth rate information is arranged 
in Tables 5 and 6. Data from the tables indicate a very slow dent 
growth rate in both generators. 

D. Comnarison to Milestone Results. 

Table 7 summarizes dent information from Milestone 2 steam generator 
tube inspections conducted in May and November of 1977. This data was 
obtained during the meeting held with representatives of Combustion 
Engineering on February 2, 1978. This information was previously 
provided to the NRC (see Reference 2) . 
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Comparing the Milestone data from the May inspection to similar ECT 
data recently collected at Palisades and presented in Tables 1 thru 
6, the following is noted: 

1) Average dent magnitude was on the order of 2 times higher for 
Milestone as it currently is for Palisades. 

2) Dent magnitude ranged from 2 mils to 14 mils for Milestone 
whereas .current Palisades denting ranges from much less than 
1 mil to approximately 5.8 mils. 

The November inspection at Milestone revealed concentrated areas of 
high dent magnitudes and blocked tubes in the upper support plates. 
Visual inspection discovered the presence of support plate cracks 
in the vicinity of the dented and blocked tubes. These areas were 
associated with hard spots of the plates created by the plate attach
ment lug configuration. Based upon the results of similar ECT 
inspections conducted at Palisades and reviewed in this report, no 
concentrated areas of high magnitude denting or tube blockage was 
found in the generators . 
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TABLE 5 

STEAM GENERATOR A 

Dent Growth Rate 

HOT LEG: 

Sample Size: 6972 

Mean Growth Rate 0.2 mils :for cycle 

Standard Deviation 1.0 mils -----
As above (positive growth only) __ 0~·~9 __ mils :for cycle 

Standard Deviation 1.2 mils -----

COLD LEG: 

Sample Size: 138 

Mean Growth Rate ___ 0_.~7 __ mils for cycle 

Standard Deviation 1.7 mils 

As above (positive growth only) __ l~·-8-~mils for cycle 

Standard Deviation __ l_. "-9 __ mils 



• 

HOT LEG: 

COLD LEG: 

• 
TABLE 6 

STEAM GENERATOR B 

Dent Growth Rate 

Sample Size: 6166 

Mean Growth Rate 

Standard Deviation 

As above (positive 

Standard Deviation 

Sample Size: 

Mean Growth Rate 

Standard Deviation 

As above (positive 

Standard Deviation 

0.2 

0.9 

growth only} 

mils for cycle 

mils 

0.7 mils for cycle 

1.0 _;,;;;_;_~~~~mils 

31 

1.4 mils for cycle 

1.8 mils 

growth only} 1.11 mils for cycle 

1.8 mils 

• 



• 

Average Dent Magnitude: 

Tube Support Plate 10 -
Hot Leg 

Cold Leg 

Tube Support Plate 11 
Hot Leg 

Cold Leg 

Average Dent Magnitude 
All Tubes Inspected: 

Tube Support 10 - Hot Leg 
Tube Support 11 - Hot Leg 

Constricted Tubes: 

Tube Support 10 
Tube Support 11 

• 
Table 1 

MILESTONE 2 RESULTS 

Dent Assessment (Values in Mils) 

MAY 1977 

5.6 
8.6 

lL9 
7.9 

(Range 
(Range 

(Range 
(Range 

0 
0 

2-8) 
6-llf) 

3-14) 
5-13.5) 

NOV. 1977 

6.4 (96 dents reassessed) 
9.7 ( 6 dents reassessed) 

6.o (51 dents reassessed) 
(no dents reassessed) 

6.9 (258 tube sample) 
6.4 (133 tube sample) 

20 
44 

Average Dent Growth based on dents reassessed in November = 1.2 mils (153 dents) 
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