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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

INDIANA MICHIGAN POWER COMPANY 

DOCKET NO. 50-315 

DONALD C. COOK NUCLEAR PLANT, UNIT NO. I 

AMENDMENT TO FACILITY OPERATING LICENSE

Amendment No. 177 
License No. DPR-58 

1. The Nuclear Regulatory Commission (the Commission) has found that: 

A. The application for amendment by Indiana Michigan Power Company (the 
licensee) dated February 15, 1994, complies with the standards and 
requirements of the Atomic Energy Act of 1954, as amended (the Act), 
and the Commission's rules and regulations set forth in 10 CFR Chapter 
I; 

B. The facility will operate in conformity with the application, the 
provisions of the Act, and the rules and regulations of the 
Commission; 

C. There is reasonable assurance (i) that the activities authorized by 
this amendment can be conducted without endangering the health and 
safety of the public, and (ii) that such activities will be conducted 
in comliance with the Commission's regulations;

D. The issuance of this amendment will not be inimical 
defense and security or to the health and safety of

to the common 
the public; and

E. The issuance of this amendment is in accordance with 10 CFR Part 51 of 
the Commission's regulations and all applicable requirements have been 
satisfied.  
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2. Accordingly, the license is amended by changes to the Technical 
Specifications as indicated in the attachment to this license amendment, 
and paragraph 2.C.(2) of Facility Operating License No. DPR-58 is hereby 
amended to read as follows: 

Technical Specifications 

The Technical Specifications contained in Appendices A and B, as 
revised through Amendment No. 177 , are hereby incorporated in the 
license. The licensee shall operate the facility in accordance with 
the Technical Specifications.  

3. This license amendment is effective as of the date of issuance.  

FOR THE NUCLEAR REGULATORY COMMISSION 

Ledyard B. Marsh, Director 
Project Directorate Ill-1 
Division of Reactor Projects - III/IV/V 
Office of Nuclear Reactor Regulation 

Attachment: 
Changes to the Technical 

Specifications

Date of Issuance: March 14, 1994



ATTACHMENT TO LICENSE AMENDMENT NO.177 

TO FACILITY OPERATING LICENSE NO. DPR-58 

DOCKET NO. 50-315 

Revise Appendix A Technical Specifications by removing the pages identified 
below and inserting the attached pages. The revised pages are identified by 
amendment number and contain vertical lines indicating the area of change.  

REMOVE INSERT 

3/4 4-8 3/4 4-8 
3/4 4-10 3/4 4-10 
3/4 4-11 3/4 4-11 
3/4 4-12 3/4 4-12



REACTOR COOLANT SYSTEM 

SURVEILLANCE REQUIREMENTS (Continued) 

2. Tubes in those areas where experience has indicated potential 
problems.  

3. A tube inspection (pursuant to Specification 4.4.5.4.a.8) 
shall be performed on each selected tube. If any selected 
tube does not permit the passage of the eddy current probe for 
a tube inspection, this shall be recorded and an adjacent tube 
shall be selected and subjected to a tube inspection.  

c. In addition to the sample required in 4.4.5.2.b.l through 3, all 
tubes which have had the F* criteria applied will be inspected in 
the roll expanded region. The roll expanded region of these tubes 
may be excluded from the requirements of 4.4.5.2.b.1.  

d. The tubes selected as the second and third samples (if required by 
Table 4.4-2) during each inservice inspection may be subjected to a 
partial tube inspection provided: 

1. The tubes selected for the samples include the tubes from 
those areas of the tube sheet array where tubes with 
imperfections were previously found.  

2. The inspections include those portions of the tubes where 
imperfections were previously found.  

e. Implementation of the steam generator tube/tube support plate 
interim plugging criteria for one fuel cycle (Cycle 13) requires a 
100% bobbin coil inspection for hot leg tube support plate 
intersections and cold leg intersections down to the lowest cold leg 
tube support plate with known outer diameter stress corrosion 
cracking (ODSCC) indications.  

The results of each sample inspection shall be classified into one of the 

following three categories: 

Category Inspection Results 

C-1 Less than 5% of the total tubes inspected are degraded 
tubes and none of the inspected tubes are defective.  

c-2 One or more tubes, but not more than 1% of the total 
tubes inspected are defective, or between 5% and 10% of 
the total tubes inspected are degraded tubes.  

C-3 More than 10% of the total tubes inspected are degraded 
tubes or more than 1% of the inspected tubes are 
defective.

AMENDMENT NO. 9&, +5-1, i6e, 1773/4 4-8COOK NUCLEAR PLANT - UNIT I



REACTOR COOLANT SYSTEM

SURVEILLANCE REQUIREMENTS (Continued) 

4.4.5.4 Acceptance Criteria 

a. As used in this Specification: 

1. Imperfection means an exception to the dimensions, finish or 
contour of a tube or sleeve from that required by fabrication 
drawings or specifications. Eddy-current testing indications 
below 20% of the nominal tube wall thickness, if detectable, may 
be considered as imperfections.  

2. Degradation means a service-induced cracking, wastage, wear or 
general corrosion occurring on either inside or outside of a 
tube or sleeve.  

3. Degraded Tube or Sleeve means an imperfection greater than or 
equal to 20% of the nominal wall thickness caused by 
degradation.  

4. Percent Degradation means the amount of the tube wall thickness 
affected or removed by degradation.  

5. Defect means an imperfection of such severity that it exceeds 
the repair limit.  

6. Repair/Plugging Limit means the imperfection depth at or beyond 
which the tube or sleeved tube shall be repaired or removed from 
service. Any tube which, upon inspection, exhibits tube wall 
degradation of 40 percent or more of the nominal tube wall 
thickness shall be plugged or repaired prior to returning the 
steam generator to service. This definition does not apply to 
the portion of the tube in the tubesheet below the F* distance 
for F* tubes. Any sleeve which, upon inspection, exhibits wall 
degradation of 29 percent or more of the nominal wall thickness 
shall be plugged prior to returning the steam generator to 
service. In addition, any sleeve exhibiting any measurable wall 
loss in sleeve expansion transition or weld zones shall be 
plugged. This definition does not apply for tubes experiencing 
outer diameter stress corrosion cracking confirmed by bobbin 
probe inspection to be within the thickness of the tube support 
plates. See 4.4.5.4.a.10 for the plugging limit for use within 
the thickness of the tube support plate.  

7. Unserviceable describes the condition of a tube or sleeve if it 
leaks or contains a defect large enough to affect its structural 
integrity in the event of an Operating Basis Earthquake, a loss
of-coolant accident, or a steam line or feedwater line break as 
specified in 4.4.5.3.c, above.  

8. Inspection determines the condition of the steam generator tube 
or sleeve from the point of entry (hot leg side) completely

AMENDMENT NO. 98, 6, 46", 1773/4 4-10COOK NUCLEAR PLANT - UNIT 1



REACTOR COOLANT SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued) 

around the U-bend to the top support of the cold leg. For a 
tube in which the tube support plate elevation interim plugging 
limit has been applied, the inspection will include all the hot 
leg intersections and all cold leg intersections down to, at 
least, the level of the last crack indication.  

9. Sleeving a tube is permitted only in areas where the sleeve spans the 
tubesheet area and whose lower joint is at the primary fluid tubesheet 
face.  

10. The Tube Support Plate Interim Plucaina Criteria is used for 
disposition of a steam generator tube for continued service that is 
experiencing outer diameter initiated stress corrosion cracking 
confined within the thickness of the tube support plates. For 
application of the tube support plate interim plugging limit, the 
tube's disposition for continued service will be based upon standard 
bobbin probe signal amplitude. The plant-specific guidelines used for 
all inspections shall be amended as appropriate to accommodate the 
additional information needed to evaluate tube support plate signals 
with respect to the above voltage/depth parameters. Pending 
incorporation of the voltage verification requirement in ASME standard 
verifications, an ASME standard calibrated against the laboratory 
standard will be utilized in the Donald C. Cook Nuclear Plant Unit 1 
steam generator inspections for consistent voltage normalization.  

1. A tube can remain in service if the signal amplitude of a crack 
indication is less than or equal to 1.0 volt, regardless of the 
depth of tube wall penetration, if, as a result, the projected 
end-of-cycle distribution of crack indications is verified to 
result in primary-to-secondary leakage less than 1 gpm in the 
faulted loop during a postulated steam line break event. The 
methodology for calculating expected leak rates from the 
projected crack distribution must be consistent with WCAP-13187, 
Rev. 0.  

2. A tube should be plugged or repaired if the signal amplitude of 
the crack indication is greater than 1.0 volt except as noted in 
4.4.5.4.a.10.3 below.  

3. A tube can remain in service with a bobbin coil signal amplitude 
greater than 1.0 volt but less than or equal to 4.0 volts if a 
rotating pancake probe inspection does not detect degradation.  
Indications of degradation with a bobbin coil signal amplitude 
greater than 4.0 volts will be plugged or repaired.  

11. F* Distance is the distance from the bottom of the hardroll transition 
toward the bottom of the tubesheet that has been conservatively 
determined to be 1 .11 inches (not including eddy current uncertainty).  

12. F* Tube is a tube with degradation, below the F* distance, equal to or 
greater than 40%, and not degraded (i.e., no indications of cracking) 
within the F* distance.

AMENDMENT NO. ", 4X-, "-66, 1773/4 4-11COOK NUCLEAR PLANT - UNIT I



REACTOR COOLANT SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued) 

b. The steam generator shall be determined OPERABLE after completing the 
corresponding actions (plugging or sleeving all tubes exceeding the 
repair limit and all tubes containing through-wall cracks) required by 
Table 4.4-2.  

c. Steam generator tube repairs may be made in accordance with the 
methods described in either WCAP-12623 orCEN-313-P.  

4.4.5.5 Reports 

a. Following each inservice inspection of steam generator tubes, if there 
are any tubes requiring plugging or sleeving, the number of tubes 
plugged or sleeved in each steam generator shall be reported to the 
Commission within 15 days.  

b. The complete results of the steam generator tube inservice inspection 
shall be included in the Annual Operating Report for the period in 
which this inspection was completed. This report shall include: 

1. Number and extent of tubes inspected.  

2. Location and percent of wall-thickness penetration for each 
indication of an imperfection.  

3. Identification of tubes plugged or sleeved.  

c. Results of steam generator tube inspections which fall into Category 
C-3 and require prompt notification of the Commission shall be 
reported pursuant to Specification 6.9.1 prior to resumption of plant 
operation. The written followup of this report shall provide a 
description of investigations conducted to determine cause of the tube 
degradation and corrective measures taken to prevent recurrence.  

d. The results of inspections performed under 4.4.5.2 for all tubes in 
which the tube support plate interim plugging criteria has been 
applied or that have defects below the F* distance and were not 
plugged shall be reported to the Commission within 15 days following 
the inspection. The report shall include: 

2. Listing of applicable tubes.  

2. Location (applicable intersections per tube) and extent of 
degradation (voltage).  

e. The results of steam line break leakage analysis performed under T/S 
4.4.5.4.a.10 will be reported to the Commission prior to restart for 
Cycle 13.

COOK NUCLEAR PLANT - UNIT I AMENDMENT NO. "a-G, -i-66, 1773/4 4-12



• o UNITED STATES 
• NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

RELATED TO AMENDMENT NO. 177 TO FACILITY OPERATING LICENSE NO. DPR-58 

INDIANA MICHIGAN POWER COMPANY 

DONALD C. COOK NUCLEAR PLANT, UNIT NO. 1 

DOCKET NO. 50-315 

1.0 INTRODUCTION 

By letter dated February 15, 1994, the Indiana Michigan Power Company (the 
licensee) requested an amendment to the Technical Specifications (TS) appended 
to Facility Operating License No. DPR-58 for the Donald C. Cook Nuclear Plant, 
Unit No. 1. The proposed amendment would revise the TS to allow the use of an 
alternate steam generator tube plugging criterion for the portion of the tubes 
within the tubesheet. The proposed revision would amend TS 4.4.5 specifying 
an F* (F-star) distance within the tubesheet below which indications of 
degradation would have no impact on the determination of integrity of a steam 
generator tube. As a result, steam generator tubes with degradation below the 
F* distance in the tubesheet region would not require repair or plugging. The 
licensee believes the proposed change will provide adequate assurance of steam 
generator tube integrity because the presence of the tubesheet in conjunction 
with the hardroll process significantly reduces the potential for tube failure 
and/or leakage within the tubesheet area when compared to the free span 
portion of the tube. The presence of the tubesheet provides for constraint of 
the tube, and the tubesheet complements the integrity of the tube by 
minimizing the amount of deformation a tube can undergo beyond its expanded 
outside diameter. The proximity of the tube and tubesheet, due to the 
hardroll expansion, leads to limiting the amount of primary-to-secondary 
leakage.  

The purpose for the development of the proposed criterion is to obviate the 
need to repair a tube (by sleeving) or remove a tube from service (by 
plugging) due to the detection of indications in a region extending over most 
of the length of tubing within the tubesheet. This safety evaluation assesses 
the integrity of the tube bundle with eddy current testing (ECT) indications 
on tubes within the tubesheet under normal operating and postulated accident 
conditions.  

The proposed criterion identifies a distance designated F* and referred to as 
the F* criterion, below the bottom of the roll transition, below which tube 
degradation of any extent does not necessitate either sleeving or plugging.  
The F* criterion, according to the licensee's evaluation, provides a similar 
level of protection for tube degradation in the tubesheet region as that 
afforded by Regulatory Guide 1.121, "Bases for Plugging Degraded PWR Steam 
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Generator Tubes," for degradation located outside the tubesheet region.  
Limitations on the use of the F* criterion have also been discussed by the 
licensee.  

2.0 EVALUATION 

2.1 Engagement Distance Determination 

The licensee determined a distance, designated F* (and identified as the F* 
criterion), below the bottom of the roll transition for which tube degradation 
of any extent does not necessitate remedial action,-e.g., sleeving or 
plugging. This criterion would be used in determining whether or not 
repairing or plugging of full depth hardroll expanded steam generator tubes is 
necessary for potential degradation which has been detected in that portion of 
the tube which is within the tubesheet.  

The proposed criterion forms the basis for obviating the need to repair a tube 
(by sleeving) or to remove a tube from service (by plugging) due to the 
detection of indications, e.g., by ECT, in a region extending over most of the 
length of tubing within the tubesheet. This evaluation applies to the Cook 
Unit 1, Westinghouse Model 51 steam generators and assesses the integrity of 
the tube bundle, for tube ECT indications occurring on the length of tubing 
within the tubesheet, relative to: 

(1) Maintenance of tube integrity for all loadings associated with normal 
plant conditions, including startup, operation in power range, hot 
standby, and cooldown, as well as all anticipated transients.  

(2) Maintenance of tube integrity under postulated limiting conditions of 
primary-to-secondary and secondary-to-primary differential pressure, 
e.g., steamline break (SLB).  

(3) Limitation of primary-to-secondary leakage consistent with accident 
analysis assumptions.  

The F* criterion provides for sufficient engagement of the tube-to-tubesheet 
hardroll such that pullout forces that could be developed during normal or 
accident operating conditions would be successfully resisted by the elastic 
preload between the tube and tubesheet.  

In order to evaluate the applicability of any developed criterion for 
indications within the tubesheet some postulated type of degradation must 
necessarily be considered. For this evaluation it was postulated that a 
circumferential severance of a tube could occur. However, implicit in 
assuming a circumferential severance to occur, is the consideration that 
degradation of any extent could be demonstrated to be tolerable below the 
location determined acceptable for the postulated condition.  

When the tubes have been hardrolled into the tubesheet, any axial loads 
developed by pressure and/or mechanical forces acting on the tubes are 
resisted by frictional forces developed by the elastic preload that exists 
between the tube and the tubesheet. For some specific length of engagement of
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the hardroll, no significant axial forces will be transmitted further down the 
tube, and that length of tubing, i.e., F*, will be sufficient to anchor the 
tube in the tubesheet. In order to determine the value of F* for application 
in Model 51 steam generators, a testing program was conducted to measure the 
elastic preload of the tubes in the tubesheet.  

Tubes are installed in the steam generator tubesheet by a hardrolling process 
which expands the tube to bring the outside surface into intimate contact with 
the tubesheet hole. The roll process and roll torque are specified to result 
in a metal-to-metal interference fit between the tube and the tubesheet.  

A test program was conducted by Westinghouse to quantify the degree of 
interference fit between the tube and the tubesheet provided by the partial 
depth mechanical hardrolling operation. The data generated in these tests has 
been analyzed to determine the length of hardroll required to preclude axial 
tube forces from being transmitted further down the tube, i.e., to establish 
the F* criterion. The amount of interference was determined by installing 
tube specimens in collars specifically designed to simulate the tubesheet 
radial stiffness. A hardroll process which simulated actual tube installation 
conditions was used in order to obtain specimens which would exhibit installed 
preload characteristics like the tubes in the tubesheet. The test 
configuration consisted of six cylindrical collars. A mill annealed, Inconel 
600 (ASME SB-163) tubing specimen was hard rolled into each collar using a 
process which simulated actual tube installation conditions.  

Once the hardrolling was completed, the test collars were removed from the 
tube specimens and the springback of the tube was measured. The amount of 
springback was used in an analysis to determine the magnitude of the 
interference fit, which is, therefore, representative of the residual tube-to
tubesheet radial load in Westinghouse Model 51 steam generators.  

During plant operation the amount of preload will change depending on the 
pressure and temperature conditions experienced by the tube. The room 
temperature preload stresses, i.e., radial, circumferential and axial, are 
such that the material is nearly in the yield state if a comparison is made to 
ASME Code minimum material properties. Since the coefficient of thermal 
expansion of the tube is greater than that of the tubesheet, heatup of the 
plant will result in an increase in the preload and could result in some 
yielding of the tube. In addition, the yield strength of the tube material 
decreases with temperature. Both of these effects may result in the preload 
being reduced upon return to ambient temperature conditions, i.e., in the cold 
condition. However, based on the results obtained from pullout tests which 
were preceded by a very high thermal relaxation soak the results showed the 
analysis to be conservative.  

The plant operating pressure influences the preload directly based on the 
application of the pressure load to the inner diameter of the tube, thus 
increasing the amount of interface loading. The pressure also acts indirectly 
to decrease the amount of interface loading by causing the tubesheet to bow 
upward. This bow results in a dilation of the tubesheet holes, thus reducing 
the amount of tube-to-tubesheet preload. Each of these effects may be 
quantitatively treated.
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Analytically combining the room temperature hardroll preload with the thermal, 
pressure, and tubesheet bow effects resulted in a net positive operating 
preload during normal and faulted operating conditions. In addition to 
restraining the tube in the tubesheet, it is expected that this preload would 
effectively retard leakage from indications in the tubesheet region of the 
tubes.  

The applied loads to the tubes which could result in pullout from the 
tubesheet during all normal and postulated accident conditions are 
predominantly axial and due to the internal to external pressure differences.  
For a tube which has not been degraded, the axial pressure load is given by 
the product of the pressure with the internal cross-sectional area. However, 
for a tube with internal degradation, e.g., cracks oriented at an angle to the 
axis of the tube, the internal pressure may also act on the flanks of the 
degradation. Thus, for a tube which is postulated to be severed at some 
location within the tubesheet, the total force acting to remove the tube from 
the tubesheet is given by the product of the pressure and the cross-sectional 
area of the tubesheet hole. The force resulting from the pressure and 
internal area acts to pull the tube from the tubesheet and the force acting on 
the end of the tube tends to push the tube from the tubesheet. For this 
analysis, the tubesheet hole diameter has been used to determine the magnitude 
of the pressure forces acting on the tube. Any other forces such as fluid 
drag forces in the U-bends and vertical seismic forces are negligible by 
comparison.  

The calculation of the required engagement distance is based on determining 
the length for preload frictional forces to equilibrate the applied operating 
loads. The axial friction force was found as the product of the radial 
preload force and the coefficient of friction between the tube and the 
tubesheet. The value assumed for the coefficient of friction was based on 
laboratory experiments for a rolled joint under hydraulic loading conditions.  
For the maximum normal pressure applied load, including a safety factor of 3, 
the length of hardroll required is exceeded by the value for F* that the 
licensee has proposed. The proposed value for F* is 1.11 inches. Similarly, 
the required engagement length for faulted conditions, using a safety factor 
corresponding to an ASME Code safety factor of 1.0/0.7 for allowable stress 
for faulted conditions, is exceeded by the Cook Unit No. 1 value for F*.  

The F* value determined for the required length of hardroll engagement below 
the bottom of the hardroll transition (BRT), for normal operation is 
sufficient to resist tube pull out during both normal and postulated accident 
condition loadings.  

Based on the results of testing and analysis a residual preload stress exists 
due to the plastic deformation of the tube and tubesheet interface. The 
residual stress is expected to restrain the tube in the tubesheet while 
providing a leak limiting seal.  

2.2 Limitation of Primary-To-Secondary Leakaqe 

As described above, the F* criterion requires a minimum length of hardroll 
engagement below the bottom of the roll transition. For Cook Unit No. 1, an
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F* distance of 1.11 inches has been proposed. The presence of the elastic 
preload presents a significant resistance to flow of primary-to-secondary or 
secondary-to-primary water for degradation which has progressed fully through 
the thickness of the tube wall. In effect, no leakage would be expected if a 
sufficient length of hardroll is present. This has been demonstrated in high 
pressure fossil boilers where hardrolling of tube to tubesheet joints is the 
only mechanism resisting flow. Because of the difficulty in accurately sizing 
stress corrosion crack indications the TS require that no indications of 
cracking can be present within the F* distance in tubes to which the F* 
criterion is applied. This requirement has the effect of preventing the start 
of a leak path.  

The issue of leakage within the F* region up to the top of the roll transition 
includes the consideration of postulated accident conditions. The allowable 
amount of primary-to-secondary leakage in each D.C. Cook steam generator 
during normal plant operation is limited by the plant TS to 0.1 gallon per 
minute (150 gpd). This limit is based, in part, on plant radiological release 
considerations. The licensee assessed the relationship between the tubesheet 
region leak rate at most limiting postulated accident (feedline break) 
conditions relative to that at normal plant operating conditions. For the 
postulated leak source within the roll expansion, increasing the differential 
pressure on the tube wall increases the driving head for the leak; however, it 
also increases the tube to tubesheet loading. For an initial location of a 
leak source a distance greater than F* below the bottom of the roll 
transition, the feedwater line break pressure differential results in an 
insignificant leak rate relative to that which could be associated with normal 
plant operation. This is a result of the increased tube to tubesheet loading 
associated with the increased differential pressure. Thus, for a 
circumferential indication within the roll expansion that is left in service 
in accordance with the F* pull out criterion, any leakage under accident 
condition would be less than that experienced under normal operating 
condition. Therefore, any leakage under accident condition would be less than 
the existing TS leakage limit which is consistent with accident analysis 
assumptions. The licensee performed preload testing and analyses to show that 
for postulated accident conditions an adequate net radial preload would exist 
between the tube and tubesheet.  

2.3 Tube Inteqrity Under Postulated Limiting Conditions 

The final aspect of the evaluation is to demonstrate tube integrity under the 
postulated loss of coolant accident (LOCA) condition of secondary-to-primary 
differential pressure. A review of tube collapse strength characteristics 
indicates that the constraint provided to the tube by the tubesheet gives a 
margin between tube collapse strength and the limiting secondary-to-primary 
differential pressure condition, even in the presence of circumferential or 
axial indications.  

2.4 Evaluation of Proposed TS 

The following addresses the changes proposed in the TS for implementation of 
the F* criterion.



-6-

(1) The TS contains a definition of the F* distance, which is 1.11 inches, 
and a definition of a F* tube, which is a tube left in service by 
application of the F* criterion.  

(2) The TS contain a specific provision for reinspection of F* tubes in 
addition to the normal TS required sampling.  

(3) Special reports containing the results of inspection or reinspection 
of F* tubes are to be submitted to the Commission prior to restart.  

(4) The F* criterion or plugging limit is defined such that tubes need not 
be plugged because of ECT indications, equal to or greater than 40% 
through-wall, that are below the F* distance from the top of the 
hardroll provided the tube is not degraded within the F* distance.  
The restriction on no degradation within the F* distance means that 
there are no indications of cracking. This restriction has been 
incorporated because of the difficulty in accurately sizing stress 
corrosion cracking. It is recognized that stress corrosion cracking 
that appears by ECT to be shallow may in fact be considerably deeper.  
In addition, the engagement distance analysis and the testing program 
were based upon tubes that did not contain imperfections.  

The staff has reviewed the TS changes proposed in the February 15, 1994, 
submittal and finds them acceptable. These TS provide acceptable 
implementation of the F* criterion as analyzed in the Westinghouse Report 
(WCAP 13970, "F* Tube Plugging Criterion for Tubes with Degradation in the 
Tubesheet Roll Expansion Region of the Donald C. Cook Unit 1 Steam Generators" 
[Proprietary]) and evaluated in this safety evaluation.  

Based on a review of the licensee's submittal, the staff concludes that tubes 
can be left inservice with eddy current indications of pluggable magnitude 
that are below the F* distance provided the tube is not degraded within the F* 
distance. The F* distance is 1.11 inches (not including eddy current 
uncertainty) from the bottom of the hardroll transition toward the bottom of 
the tube sheet.  

From the results of the testing and analysis, it is concluded that following 
the standard hardrolling process, a residual radial preload stress exists due 
to the plastic deformation of the tube and tubesheet interface. This residual 
stress is expected to restrain the tube in the tubesheet while providing a 
leak limiting seal condition even if the tube is completely severed 
circumferentially at the F* distance below the top of the tubesheet.  

The staff concludes that the proposed TS changes on steam generators 
surveillance requirements, Section 3/4.4.5, as detailed in the licensee's 
submittal of February 15, 1994, may be incorporated in an amendment to the 
operating license for the Donald C. Cook Nuclear Plant Unit No. 1.  

3.0 EXIGENT CIRCUMSTANCES 

In its February 15, 1994, submittal, the licensee requested that its 
application for the license amendment be processed as involving exigent 
circumstances.
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The Commission's regulation, 10 CFR 50.91, provides special exceptions for the 
issuance of amendments when the usual 30-day public notice period cannot be 
met. One type of special exception is an exigency. An exigency is a case in 
which the staff and the licensee need to act quickly and time does not permit 
the Commission to publish a Federal Register notice allowing 30 days for prior 
public comment, and the Commission also determines that the amendment involves 
no significant hazards considerations. In this instance, D.C. Cook, Unit 
No. 1, would have to plug a greater number of steam generator tubes following 
ECT thereby reducing the heat transfer capability from the primary to 
secondary system. Such a reduction would have a safety and economic impact.  
In accordance with 10 CFR 50.91(a)(6)(i)(B), the Commission used local media 
to provide reasonable notice to the public in the area surrounding the D.C.  
Cook Nuclear Power Plant of the licensee's proposed amendment and of the 
Commission's proposed determination that a no significant hazards 
consideration is involved.  

The NRC published a public notice of the proposed amendment, issued a proposed 
finding of no significant hazards consideration, and requested that any 
comments on the proposed no significant hazards consideration be provided to 
the staff by the close of business on March 7, 1994. The notice was published 
in the South Haven Tribune on March 1, 1994, and in the Herald-Palladium on 
March 2, 1994. No comments were received.  

The licensee estimated that F*, in conjunction with tube rolling, has the 
potential to avoid the need to plug or sleeve 75 to 300 tubes. This would 
avoid the reduction in reactor coolant system flow margin associated with 
plugging or sleeving. In the fall of 1993, the licensee became aware of the 
possibility that F* could be coupled wiht a tube rolling technique such that 
the length of roll expansion was increased. The licensee initiated technical 
discussions on this topic with Westinghouse. Westinghouse was contracted for 
F* analysis and qualification fo the rolling technique. Following completion 
the amendment request was submitted expeditiously to the NRC.  

The staff finds that the licensee did not deliberately or negligently cause 
the exigent situation to come into being. Failure of the Commission to act on 
the licensee's request would result in additional plugging of steam generator 
tubes.  

4.0 FINAL NO SIGNIFICANT HAZARDS DETERMINATION 

The Commission has provided standards for determining whether a significant 
hazards consideration exists (10 CFR 50.92(c)). A proposed amendment to an 
operating license for a facility involves no significant hazards consideration 
if operation of the facility in accordance with the proposed amendment would 
not: (1) involve a significant increase in the probability or consequences of 
an accident previously evaluated; (2) create the possibility of a new or 
different kind of accident from any previously evaluated; or (3) involve a 
significant reduction in a margin of safety.  

The licensee has analzed the proposed amendment to determine if a significant 
hazard consideration exists:
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(1) Operation of Donald C. Cook Nuclear Plant Unit 1 in accordance with 
the proposed license amendment does not involve a significant increase in 
the probability or consequences of an accident previously evaluated.  

The supporting technical and safety evaluations of the subject criterion 
demonstrate that the presence of the tubesheet will enhance the tube 
integrity in the region of the hardroll by precluding tube deformation 
beyond its initial expanded outside diameter. The resistance to both tube 
rupture and tube collapse is strengthened by the presence of the tubesheet 
in that region. The results of hardrolling of the tube into the tubesheet 
is an interference fit between the tube and the'tubesheet. Tube rupture 
cannot occur because the contact between the tube and tubesheet does not 
permit sufficient movement of tube material. The radial preload developed 
by the rolling process will secure a postulated separated tube end within 
the tubesheet during all plant conditions. In a similar manner, the 
tubesheet does not permit sufficient movement of tube material to permit 
buckling collapse of the tube during postulated LOCA loadings.  

The type of degradation for which the F* criterion has been developed 
(cracking with a circumferential orientation) can theoretically lead to a 
postulated tube rupture event provided that the postulated through-wall 
circumferential crack exists near the top of the tubesheet. An evaluation 
including analysis and testing has been done to determine the resistive 
strength of roll expanded tubes within the tubesheet. This evaluation 
provides the basis for the acceptance criteria for tube degradation 
subject to the F* criterion.  

The F* length of roll expansion is sufficient to preclude tube pullout 
from tube degradation located below the F* distance, regardless of the 
extent of the tube degradation. The existing T/S [technical 
specification] leakage rate requirements and accident analysis assumptions 
remain unchanged in the unlikely event that significant leakage from this 
region does occur. As noted above, tube rupture and pullout is not 
expected for tubes using the F* criterion. Any leakage out of the tube 

from within the tubesheet at any elevation in the tubesheet is fully 
bounded by the existing steam generator tube rupture analysis included in 

the Cook Nuclear Plant FSAR [Final Safety Analysis Report]. For plants 

with partial depth roll expansion like Cook Nuclear Plant Unit 1, a 

postulated tube separation within the tube near the top of the roll 

expansion (with subsequent limited tube axial displacement) would not be 

expected to result in coolant release rates equal to those assumed in the 

FSAR for a steam generator tube rupture event due to the limited gap 
between the tube and tubesheet (approximately 0.013 inch diametral 
[diametrical] gap). The proposed plugging criterion does not adversely 
impact any other previously evaluated design basis accident.  

Leakage testing of roll expanded tubes indicates that for roll lengths 

approximately equal to the F* distance, any postulated faulted condition 
primary to secondary leakage from F* tubes would be insignificant.  

(2) The proposed license amendment does not create the possibility of a 

new or different kind of accident from any accident previously evaluated.
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Implementation of the proposed F* criterion does not introduce any 
significant changes to the plant design basis. Use of the criterion does 
not provide a mechanism to initiate an accident outside of the region of 
the expanded portion of the tube. Any hypothetical accident as a result 
of any tube degradation in the expanded portion of the tube would be 
bounded by the existing tube rupture accident analysis. Tube bundle 
structural integrity will be maintained. Tube bundle leaktightness will 
be maintained such that any postulated accident leakage from F* tubes will 
be negligible with regard to offsite doses.  

(3) The proposed license amendment does not involve a significant 
reduction in a margin of safety.  

The use of the F* criterion has been demonstrated to maintain the 
integrity of the tube bundle commensurate with the requirements of Reg 
Guide 1.121 (intended for indications in the free span of tubes) and the 
primary to secondary pressure boundary under normal and postulated 
accident conditions. Acceptable tube degradation for the F* criterion is 
any degradation indication in the tubesheet region, more than the F* 
distance below the bottom of the transition between the roll expansion and 
the unexpanded tube. The safety factors used in the verification of the 
strength of the degraded tube are consistent with the safety factors in 
the ASME Boiler and Pressure Vessel Code used in steam generator design.  
The F* distance has been verified by testing to be greater than the length 
of roll expansion required to preclude both tube pullout and significant 
leakage during normal and postulated accident conditions. Resistance to 
tube pullout is based upon the primary to secondary pressure differential 
as it acts on the surface area of the tube, which includes the tube wall 
cross-section, in addition to the inner diameter based area of the tube.  
The leak testing acceptance criteria are based on the primary to secondary 
leakage limit in the T/Ss and the leakage assumptions used in the FSAR 
accident analyses.  

Implementation of the tubesheet plugging criterion will decrease the 
number of tubes which must be taken out of service with tube plugs or 
repaired with sleeves. Both plugs and sleeves reduce the RCS [reactor 
coolant system] flow margin; thus, implementation of the F* criterion will 
maintain the margin of flow that would otherwise be reduced in the event 
of increased plugging or sleeving. Based on the above, it is concluded 
that the proposed change does not result in a significant reduction in 
margin with respect to plant safety as defined in the FSAR or the T/S 
Bases.  

Based on the above considerations, including the staff's safety evaluation, 
the staff concludes that the amendment meets the standards set forth in 10 CFR 
50.92 for a no significant hazards determination. Therefore, the staff has 
made a final determination that the proposed amendment involves no significant 
hazards consideration.
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5.0 STATE CONSULTATION 

In accordance with the Commission's regulations, the Michigan State official 

was notified of the proposed issuance of the amendment. The State official 

had no comments.  

6.0 ENVIRONMENTAL CONSIDERATION 

The amendment changes a requirement with respect to the installation or use of 

a facility component located within the restricted area as defined in 10 CFR 

Part 20 and changes surveillance requirements. The staff has determined that 

the amendment involves no significant increase in the amounts, and no 

significant change in the types, of any effluents that may be released 

offsite, and that there is no significant increase in individual or cumulative 

occupational radiation exposure. The Commission has previously issued a 

proposed finding that the amendment involves no significant hazards 

consideration and there has been no public comment on such finding. The 

proposed finding was issued in the local media described in Section 4.0 of 

this safety evaluation. Accordingly, the amendment meets the eligibility 

criteria for categorical exclusion set forth in 10 CFR 51.22(c)(9). Pursuant 

to 10 CFR 51.22(b), no environmental impact statement or environmental 

assessment need be prepared in connection with the issuance of the amendment.  

7.0 CONCLUSION 

The staff has concluded, based on the considerations discussed above, that 

because the requested changes do not involve a significant increase in the 

probability or consequences of an accident previously evaluated, do not create 

the possibility of an accident of a type different from any evaluated 

previously, and do not involve a significant reduction in a margin of safety, 

the amendment does not involve a significant hazards consideration; and that: 

(1) there is reasonable assurance that the health and safety of the public 

will not be endangered by operation in the proposed manner, (2) such 

activities will be conducted in compliance with the Commission's regulations, 

and (3) the issuance of the amendment will not be inimical to the common 

defense and security or to the health and safety of the public.  

Principal Contributor: Herb Conrad, NRR
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