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WPSC (414) 433-1598 
TELECOPIER'(414] 433-5544

WISCONSIN PUBLIC SERVICE CORPORATION 

600 North Adams * P.O. Box 19002 * Green Bay, W 54307-9002

NRC-92-023

EASYLINK 62891993

March 2, 1992 10 CFR 50.90

U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, D.C. 20555 

Gentlemen: 

Docket 50-305 
Operating License DPR-43 
Kewaunee Nuclear Power Plant 
Proposed Amendment No. 106 to the Kewaunee Nuclear Power Plant 
Technical Specifications and Operatin2 License, Additional Information

Reference: Letter from C. R. Steinhardt (WPSC) to Document Control Desk (NRC) dated 
January 27, 1992

By letter dated January 27, 1992 (reference) Wisconsin Public Service Corporation (WPSC) 
submitted proposed amendment (PA) number 106 requesting NRC staff approval to use 
Combustion Engineering (CE) sleeves for tube repair in the Kewaunee Nuclear Power Plant 
(KNPP) steam generators. During a subsequent telephone conversation on February 26, 1992, 
the NRC staff questioned WPSC's basis for not performing a post weld heat treatment (PWHT) 
of the sleeves following installation.  

In response to the NRC's comments CE performed an assessment and an analytical evaluation 
justifying that performing a PWHT is not necessary. The conservative analytical evaluation of 
the sleeve/tube joint life demonstrates that the projected sleeve life without PWHT is 28.9 
effective full power years. This exceeds the remaining licensed life of the Kewaunee Plant.  
Additionally, KNPP SG replacement is tentatively scheduled for 1996; thus, the projected sleeve 
life exceeds the remaining SG inservice time. The assessment and analytical evaluation are 
included as attachments 1 and 2 respectively.  
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Attachment 1 

RESPONSE TO NRC QUESTION 

CONCERNING PWHT AT KEWAUNEE 

As detailed in Section 9.0 of CEN-413-P, C-E has installed 
approximately 3250 welded sleeves in six operating units since 
1984. With the exception of approximately 15 sleeves at Prairie 
Island Unit 1 in 1990, and 68 sleeves in Ringhals Unit 3 in 1991, 
all of these sleeves were installed using essentially the same 
process without post weld heat treatment (PWHT). Of these 3250 
sleeves, about 175 have seen more than five years, and over 700 
more than four years, of service. With the replacement of the 
Ringhals Unit 2 steam generators in 1989, over 2000 sleeves remain 
in service at the present time.  

At the time the Ringhals Unit 2 steam generators were removed, six 
sleeved tubes installed in 1985 and 1986 were removed for 
examination by a consortium of European utilities at the Belgium 
laboratory, Laborelec. Results of this evaluation, including 
metallographic examination, indicated no evidence of either primary 
or secondary side corrosion associated with the sleeve or the tube 
in the vicinity of the sleeve to tube joint.  

This experience along with corrosion tests described in Section 6.2 
has indicated that the sleeve to tube joint could be installed 
without post weld heat treatment where the service life was 
expected to be short and/or where PWSCC had not been a factor in 
the failure of steam generator tubes. However, in order to apply 
the sleeve to units where primary water stress corrosion cracking 
(PWSCC) had been a problem, C-E has performed accelerated testing 
to quantify the effects of sleeves installed with and without PWHT.  

Because of the Inconel 690 sleeve's superior resistance to PWSCC, 
the area of the sleeve to tube joint requiring evaluation is the 
region of the original Inconel 600 tube immediately above the 
joint. The decision whether or not to heat treat the weld is based 
primarily on whether a reduction in residual stress in this region 
will be of benefit. This determination is based on the original 
tube's susceptibility to PWSCC and the stresses imposed on this 
area by the sleeve installation process and operating conditions.
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Document Control Desk 
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If you have any questions or need additional information please contact Ms. Sherry Bernhoft of 
my staff.  

Sincerely, 

C. R. Steinhardt 
Senior Vice President - Nuclear Power 

SLB/jms 

Attach.  

cc - US NRC - Region III 
Mr. Patrick Castleman, US NRC 
Mr. R. S. Cullen, PSCW 

Subscribed and Sworn to 
Before Me T isc2" Day 
of 1992 

ary Public, State of Wisconsin 

My Commission'Expires:

LIC\NRC\NIO.WP
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Towards this end, C-E conducted accelerated stress corrosion 
cracking tests of sleeves installed in highly susceptible tubing 
with and without post weld heat treatment. As with any accelerated 
test a method was required to correlate the results with actual 
operating conditions. At the time these tests were being 
conducted, C-E was working closely with a utility which had 
experienced PWSCC after less than two EFPY's of operation. The 
approach used in the report was not only reviewed and approved by 
the utility but also by their independent consultant who has 
conducted numerous studies on PWSCC. It is this same approach that 
is used in the response to the NRC comment concerning the use of 
PWHT as an option at Kewaunee.  

Based on our recent field experience, it is estimated that the 
inclusion of the PWHT step will conservatively increase sleeving 
time by 25%. Due to the associated added manrem exposure and cost, 
it is C-E's opinion that it is more prudent to assess the need for 
PWHT on a case by case basis than to include it as a normal part of 
the operation. While we agree that plants with highly susceptible 
tubing that are operated at relatively high temperatures should 
employ PWHT as part of a sleeve installation process, plants that 
are not in that category, such as Kewaunee, should be able to make 
the decision as whether to incur the additional exposure and 
expense based on their assessment of their particular operational 
considerations. Moreover, the decision not to post weld heat treat 
at the time of sleeve installation does not preclude the 
application of this process during subsequent outages should 
considerations such as life extension, deem it appropriate.  

When considering the need to heat treat sleeves at Kewaunee, C-E 
evaluated each of the critical factors. The unit had seen 11.1 
EFPY's of operation before any indications of PWSCC was noted. The 
plant operating temperatures are in a range associated with long 
term initiation of PWSCC. Based on this input and the analytical 
methods included with this letter, C-E projects a 28.9 EFPY life of 
sleeved tubes without heat treatment. This is sufficient to 
complete the planned life of the plant without plant life 
extension. As noted above, if plant life extension is later 
desired, the sleeved tubes could be heat treated at that time to 
increase their projected life.
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Attachment 2 

ANALYTICAL EVALUATION OF 
SLEEVE/TUBE JOINT LIFE ASSESSMENT 

The following welded sleeve/tube joint life assessment for sleeves 
installed is based on a comparison of the stresses associated with 
the sleeve joint and those associated with the original tube roll 
transition and its life. By ratioing the function of total stress 
in the roll transition with that in the tube immediately above the 
upper weld joint an assessment of sleeve life can be made. The 
life of the roll transition is defined as the accumulated time of 
operation at the last shutdown at which no primary water stress 
corrosion cracking (PWSCC) was found. At Kewaunee the last 
shutdown prior to the first installation of plugs due to roll 
transition cracking in 1988 had accounted for 11.1 EFPY's of 
operation (ref. 1).  

The time for primary water stress corrosion cracking to occur has 
been empirically determined to be a function of the following 
relationship (ref. 2): 

L = A Sn e -Q/RT where: 

L = time to cracking (life) 
A = constant 
S = total stress (applied + residual) 
n = empirically determined exponent 

(-4.0 to -5.4, best value = -4.3) (ref. 3) 
Q = empirically determined activation energy for PWSCC 

(a function of tube metallurgical condition) 
R = gas constant 
T = temperature 

For the purposes of this assessment, residual stresses in the roll 
transition have been conservatively taken as 67 Ksi (other 
estimates have ranged as high as 100 Ksi) (ref. 4). Based on work 
in 3/4" tubes, it has been determined that the maximum residual 
stress at the weld joint is 65 Ksi., oriented in the axial 
direction.



The applied stress will be dependent on the specific steam 
generator, however, in general the applied axial stress on the I.D.  
of the tube at the weld joint is compressive whereas the stress in 
the roll transition is tensile. The compressive stress in the weld 
joint is due to the thermal load imposed on the tube by the higher 
temperature and coefficient of thermal expansion of the Inconel 690 
sleeve. In one case where the operating temperature was higher 
than Kewaunee, this resulted in an applied stress of -9.1 Ksi in 
the tube at the joint. Reference 4 gives the operating stress in 
a 7/8" x .050" wall roll transition tube as +11 Ksi. Using 
somewhat more conservative values of -5 Ksi for compressive stress 
in the weld heat affect zone and 8 Ksi for the roll transition 
applied stress, the total stress in the roll transition (S..) and 
the sleeve weld joint (S,,,) are calculated to be: 

Smn =8 + 67 75 Ksi and 

S = -5 + 65 = 60 Ksi 

Therefore the life, L, of the as-welded sleeve joint under 
conditions of PWSCC can be calculated as follows: 

Lev = L, X (60/75) - = 11.1 X (2.6) = 28.9 (EFP) years 

As has been demonstrated here, generators for which PWSCC has 
occurred relatively late in life are not likely to require PWHT.  
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