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ABSTRACT

Evaluations have been performed to develop repair criteria for tubes with degradation in the roll 
expansion and tubesheet region of the Prairie Island Units 1 and 2 steam generator tubes. A 
criterion based on maintaining structural adequacy of the tubes to resist tube pullout forces, 
called F*, has been developed. This criterion specifies a distance below the bottom of the roll 
transition, designated F*, in which no degradation is permissible; below the F* length, all types 
of degradation may be left in service independent of the number or nature of eddy current 
indications. It is determined that the required F* length is 1.07 inches plus an allowance for 
NDE uncertainty.  

For tubes with degradation in the intended F* region or above the original roll transition region, 
an additional criterion has been developed based on determining the length of additional roll 
expansion of sound tube needed to achieve adequate pullout and leakage resistance. For tubes 
with degradation in or above the factory roll transition, an additional tube roll may be applied 
adjacent to or above the factory roll expansion. For simplicity, the length of sound, factory 
rolled tube and additional tube roll immediately adjacent to the factory roll expansion is also 
referred to as F*. For tubes in which the additional roll expansion is between the factory roll and 
the neutral bending axis of the tubesheet (10.665 inches above the bottom of tubesheet cladding, 
or 10.885 inches above the tube end), the F* length also applies. For tubes in which the top of 
the additional roll expansion is above the vertical mid-thickness of the tubesheet, the necessary 
length of undegraded additional roll expansion is referred to as elevated F*, or EF*. The 
required EF* length is a function of elevation and is larger than the F* length, since upward 
tubesheet bending during normal operation produces relaxation of the tube-to-tubesheet radial 
contact pressure above the neutral bending axis of the tubesheet. Values of EF* length are 
calculated, excluding NDE uncertainty in elevation, for several elevations ranging from the top 
of the tubesheet to 6 inches below the top of the tubesheet. This revision involves a slight 
increase in the values of EF*, necessitated by correcting a minor error in the tubesheet bending 
calculation.  

The evaluations demonstrate that application of the F* and EF* criteria for indications of tube 
degradation within the roll expansion affords a level of plant protection commensurate with that 
provided by Regulatory Guide 1.121 for degradation located outside of the tubesheet region.
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NOMENCLATURE 

(Terms are listed in alphabetical order) 

Linear indication inclination angle from the tube axis, a.k.a., crack angle 
BRT Bottom of roll transition 
dpm Drops per minute 
DRE Degraded roll expansion 
ECI Eddy current indication 
ECT Eddy current test 
FLB Feedline break 
ID Inside diameter 
1 Indication length 
LOCA Loss of Coolant Accident 
LTL Lower tolerance limit 
MA Mill-annealed 
MBD Multiple band degradation 
N Number of sound roll expansion portions 
NBA Neutral bending axis 
NDD No Detectible Degradation 
NDE Non-destructive examination 
N.O. Normal Operation 
OD Outside diameter 
PCWG Power Capability Working Group 
PLRL Pullout load reaction length 
RE Roll expansion 
RPC Rotating pancake coil 
RT Roll transition 
RTL Resistance to leakage 
SBD Single band degradation 
S/G Steam generator 
SLB Steam line break 
s, T/TS interfacial radial contact pressure 
SRE Sound roll expansion 
T Torque 
TS Tubesheet 
TTS Top of tubesheet 
T/TS Tube to tubesheet 
X Distance from top of indication to BRT
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1.0 INTRODUCTION

This report documents the development of criteria for repairing partial depth hardroll expanded 
steam generator tubes for degradation in the expanded region of the tube within the tubesheet and 
for degradation above the factory roll transition but within the tubesheet. Existing Prairie Island 
Units 1 and 2 Technical Specification tube repairing/plugging criteria apply throughout the tube 
length, but do not take into account the reinforcing effect of the tubesheet on the external surface 
of the tube. Two repair criteria, called F* and EF*, are developed for tubes with degradation 
within the tubesheet region.  

For tubes with degradation in the factory roll transition region, a criterion based on maintaining 
structural adequacy of the tubes to resist tube pullout forces, called F*, has been developed. This 
criterion specifies a distance below the bottom of the roll transition, designated F*, in which no 
degradation is permissible; below the F* length, all types of degradation may be left in service 
independent of the number or nature of eddy current indications. The F* length is depicted in 
Figure 1-1.  

An alternate repair/plugging criterion has been developed for tubes which exhibit degradation in 
or above the intended F* distance, i.e., above the bottom of the factory roll transition. This 
criterion uses a field-applied, additional roll expansion adjacent to or above the factory roll, as 
depicted in Figure 1-2. With an appropriate qualification program (not included in the scope of 
this analysis), the F* length also applies in the additional roll expansion, provided the additional 
roll expansion is below the neutral bending axis of the tubesheet. The applicability of the F* 
length in this region is dependent upon the results of a separate qualification or evaluation 
showing the structural equivalency of the retrofit roll expansion to the factory roll. This 
qualification program shall also demonstrate that the additional roll expansion of F* length 
exhibits negligible leakage.  

For tubes which exhibit degradation between the mid-thickness of the tubesheet and the top of 
the tubesheet (TTS), a criterion referred to as elevated F*, or EF*, has been developed. It also 
uses a field applied, additional roll expansion, depicted in Figure 1-3. The applicability of the 
EF* length is dependent upon the results of a separate qualification or evaluation showing the 
structural equivalency and leakage resistance of the elevated, retrofit roll expansion relative to 
the factory roll.  

Development of the F* and EF* criteria is summarized in Sections 2 and 3, respectively. In 
Section 2.0, an evaluation is performed to determine the length of hardroll engagement, F*, 
required to resist tube pullout forces during normal operation, test, upset and faulted conditions.  
The evaluation uses the results of previously conducted analyses and tests aimed at quantifying 
the residual radial preload of Westinghouse 51 Series steam generator tubes hardrolled into the 
tubesheet holes. It is postulated that the radial preload would be sufficient to significantly 
restrict leakage during normal operation and faulted conditions. The necessary length of 
undegraded tubing, called F*, required to resist tube pullout forces is calculated. On this basis, 
tubes in the Prairie Island Units 1 and 2 steam generators with no degradation within the F* 
distance, measured from the bottom of the roll transition, are sufficient for continued plant 
operation, regardless of the extent or nature of tube degradation below F*.
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In Section 3.0, an evaluation is performed to determine the length of additional hardroll 
expansion required to resist tube pullout forces during normal operation, test, upset and faulted 
conditions. For tubes with degradation adjacent to the original factory hard roll or below the 
mid-thickness of the tubesheet, it is shown that the F* length calculated for the factory hard roll 
region also applies for the additional roll expansion region adjacent to or above the factory roll.  
However, for degradation between the mid-thickness of the tubesheet and the TTS, the necessary 
length of elevated additional roll expansion, called EF*, required to resist tube pullout forces 
must be calculated. The EF* distance is larger than the F* distance. This is because F* and EF* 
are directly related to radial preload, a.k.a. interference fit contact pressure. The EF* criterion is 
applied above the neutral bending axis of the tubesheet; tubesheet upward bending effects cause 
a reduction in the radial preload during the bounding conditions, normal operation (N.O.) and 
feedline break (FLB). In the case of F*, applied within the factory roll or above and adjacent to 
it, the tubesheet upward bending effects are beneficial or have no effect on the contact pressure.  
The evaluation of interference fit contact pressure for EF* is also provided in Section 3.0.  

These evaluations demonstrate that the F* and EF* criteria for tube degradation within the 
tubesheet afford a level of plant protection commensurate with that provided by Reg. Guide 
(RG) 1.121 for degradation located outside of the tubesheet region.  

1.1 Background 

Existing plant Technical Specification tube repair/plugging criteria which have been applied 
throughout the tube length do not take into account the reinforcing effect of the tubesheet (TS) on 
the external surface of the expanded portion of the tube. The presence of the TS will constrain 
the tube and will complement tube integrity in that region by essentially precluding tube 
deformation beyond the expanded outside diameter. The resistance to both tube rupture and tube 
collapse is significantly strengthened by the TS. In addition, the proximity of the TS 
significantly affects the leak behavior of throughwall tube cracks in this region. Based on these 
considerations, the establishment of alternate plugging criteria specific to the roll region of the 
tubes is justified.  

The roll expanded length of the tube can be considered to consist of two zones, the roll transition 
(RT) region and the roll region. The roll transition region is defined as that portion of the tube 
where the roll expanded length transitions to the unexpanded length. The RT is approximately [ 

]ac.,e inch above the tube end at the bottom of the TS (i.e, above the initial tack 
roll applied during tube bundle assembly). The roll region is also referred to as the roll 
expansion (RE) or hardroll. Refer to Figure 1-1.  

Taking credit for the reinforcing effect of the tubesheet and the radial contact load between the 
expanded region of the tube and the tubesheet, the F* and EF* plugging criteria are developed.  
The F* criterion permits operation with any amount of tube degradation below a calculated 
distance, F*, below the bottom of the factory roll transition (BRT). No degradation is 
permissible within the F* distance. The F* distance is shown to provide sufficient frictional
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force between the expanded tube and tubesheet to resist pullout due to normal operation and 
postulated accident conditions. The use of the F* criterion does not require any assessment of 
tube degradation other than elevation, and any type of degradation below the F* distance is 
acceptable.  

Eddy current indications (ECI's) in the top portion of the roll expansion (within the intended F* 
distance) and above the factory BRT but below the neutral bending axis (NBA) may also be 
addressed by F*. Above the factory tube expansion, F* criteria will apply based on achievement 
of an additional roll expansion of sufficient engagement such that pullout forces that develop 
during normal or accident operating conditions would be successfully resisted by the elastic 
preload between the tube and the tubesheet. The additional roll expansion will serve as a 
continuance of the original roll expansion.  

Tube degradation not meeting the elevation requirements of F* can also be addressed by the 
alternate repair criteria defined as EF*. The EF* criterion provides for sufficient engagement of 
the additional, elevated tube-to-tubesheet hardroll, such that pullout forces that develop during 
normal or accident operating conditions would be successfully resisted by the elastic preload 
between the tube and the tubesheet. The elevated additional roll expansion is performed above 
the mid-plane of the tubesheet. The necessary engagement length applicable to the Prairie Island 
steam generators was determined based on mechanical interference fit (MIF) analysis.
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Figure I-1. Configuration for Tubesheet Factory Roll Region F* Alternate Repair/Plugging 
Criterion for Partial Depth Roll-Expanded Steam Generator Tubes (Single Band of 
Degradation)
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Figure 1-2. Configuration for Tubesheet Above-Factory-Roll Region F* Alternate 
Repair/Plugging Criterion for Partial Depth Roll-Expanded Steam Generator Tubes 
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Figure 1-3. Configuration for Tubesheet Region EF* Alternate Repair/Plugging Criterion for 
Partial Depth Roll-Expanded Steam Generator Tubes
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2.0 DEVELOPMENT OF F* CRITERION

The F* tube plugging criterion is based on a semi-empirical method of quantifying the axial 
loadbearing capability of the rolled joint, resulting from the radial contact preload pressure and 
the associated friction between the tube and TS. The presence of the tube-to-tubesheet (T/TS) 
radial pressure, s,, which consists of the as-manufactured pressure as changed by operating loads 
and temperatures, also causes significant resistance to the leakage of primary-to-secondary and 
secondary-to-primary water. It has been determined by previous tests, described in Appendix' A 
of Reference 7, that sound roll expansions of F* length are essentially leak tight. The use of the 
F* criterion obviates the necessity of determining the ECI depth, number, inclination, length and 
circumferential spacing. Only the distance from the uppermost part of the ECI to the BRT needs 
to the determined. In short, the nature and extent of tube degradation need not be determined.  
Refer to Figure 1-1.  

Tube rupture in the conventional sense, as characterized by an axially oriented "fishmouth" 
opening in the side of the tube, is not possible within the tube/tubesheet roll expansion (RE).  
The reason for this is that the tubesheet material prevents the wall of the tube from expanding 
outward in response to the internal pressure forces. The forces which would normally act to 
cause crack extension are transmitted into the walls of the tubesheet, the same as for a non
degraded tube, instead of acting on the tube material. Thus, axially oriented linear indications, 
e.g., cracks, cannot lead to tube failure within the RE and may be considered on the basis of 
leakage effects only.  

Likewise, a circumferentially oriented tube rupture is resisted because the tube is not free to 
deform in bending within the roll expansion. When degradation has occurred such that the 
remaining tube cross sectional area does not present a uniform resistance to axial loading, 
bending stresses are developed which may significantly accelerate failure. When bending forces 
are resisted by lateral support loads, provided by the tubesheet, the acceleration mechanism is 
mitigated and the tube separation mode is similar to that which would occur in a simple tensile 
test. Such a separation mode, however, requires the application of significantly higher loads than 
for the unsupported case.  

In order to evaluate the applicability of any developed criterion for indications within the 
tubesheet, some postulated type of degradation must be considered. For this evaluation it was 
postulated that a circumferential severance of a tube could occur, contrary to existing plant 
operating experience. 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 friction forces developed by the 
elastic preload that exists between the tube and the tubesheet. For some specific length of 
engagement of the hardroll, no significant axial forces will be transmitted farther along 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 51 Series steam generators, a testing program was 
conducted to measure the elastic preload of the tubes in the tubesheet.  
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The presence of the elastic preload also 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. In effect, no leakage would be expected if a sufficient length of hardroll is 
present. This has been demonstrated in steam generator sleeve to tube joints made by the 
Westinghouse hybrid expansion joint process.  

2.1 Determination of Elastic Preload Between the Tube and Tubesheet 

Tubes were installed in the Prairie Island steam generators using 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 hardrolling operation. The data 
generated in these tests have been analyzed to determine the length of hardroll required to 
preclude axial tube forces from being transmitted farther along 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 representative 
of that used during steam generator manufacture was used in order to obtain specimens which 
would exhibit installed preload characteristics like the tubes in the tubesheet.  

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 representative of the residual tube to 
tubesheet radial load in Westinghouse 51 Series steam generators.  

2.1.1 Radial Preload Test Configuration Description 

The test program was designed to simulate the interface of a tube to tubesheet partial depth 
hardroll for a 51 Series steam generator. The test configuration consisted of six cylindrical 
collars, approximately [ ]',"'~ inches in length, [ ]ace inches in outside diameter (OD), and 

]ace inch in inside diameter (ID). A mill annealed, Alloy 600 (ASME SB-163), tubing 
specimen, approximately [ ]a'c'e inches long with a nominal [ ]""'' outside diameter before 
rolling, was hard rolled into each collar using a process which simulated actual tube installation 
conditions.  

The design of the collars was based on the results of performing finite element analysis of a 
section of the steam generator tubesheet to determine radial stiffness and flexibility. The inside 
diameter of the collar was chosen to match the size of holes drilled in the tubesheet. The outside 
diameter was selected to provide the same radial stiffness as the tubesheet.  

The collars were fabricated from AISI 1018 carbon steel similar in mechanical properties to the 
actual tubesheet material. The collar assembly was clamped in a vise during the rolling process 
and for the post roll measurements of the tube ID. Following the taking of all post roll
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measurements, the collars were saw cut to within a small distance from the tube wall. The 
collars were then split for removal from the tube and tube ID and OD measurements were 
repeated.  

Two end boundary conditions were imposed on the tube specimen during rolling. The end was 
restrained from axial motion in order to perform a tack roll at the bottom end, and was allowed to 
expand freely during the final roll.  

2.1.2 Preload Test Results: Discussion and Analysis 

All measurements taken during the test program are tabulated in Table 2-1. The data recorded 
were employed to determine the interfacial conditions of the tubes and collars. These consisted 
of the ID and OD of the tubes before and after rolling and after removal from the collars, as well 
as the inside and outside diameters of each collar before and after tube rolling. Two orthogonal 
measurements were taken at six axial locations within the collars and tubes. Additional data of 
interest were calculated from these specific dimensions. The calculated dimensions included 
wall thickness, change in wall thickness for both rolling and removal of the tubes from the 
collars, and percent of spring back.  

Using the measured and calculated physical dimensions, an analysis of the tube deflections was 
performed to determine the amount of preload radial stress present following the hardrolling.  
The analysis consisted of application of conventional thick tube equations to account for 
variation of structural parameters through the wall thickness. However, traditional application of 
cylinder analysis considers the tube to be in a state of plane stress. For these tests, the results 
implied that the tubes were in a state of plane strain elastically. This is in agreement with 
historical findings that theoretical values for radial residual preload are below those actually 
measured, and that axial frictional stress between the tube and the tubesheet increases the 
residual pressure. In a plane stress analysis such stress is taken to be zero 
(References 2 and 3). Based on this information, the classical equations relating tube 
deformation and stress to applied pressure were modified to reflect plane strain assumptions.  

The standard analysis of thick walled cylinders results in an equation for the radial deflection of 
the tube as: 

u=C1 *r+C 2 /r (1) 

where, u - radial deflection 
r = radial position within the tube wall, 

and the constants, C, and C, are found from the boundary conditions to be functions of the elastic 
modulus of the material, Poisson's ratio for the material, the inside and outside radii, and the 
applied internal and external pressures. The difference between an analysis assuming plane 
stress and one assuming plane strain is manifested only in a change in the constant C2. The first 
constant is the same for both conditions. For materials having a Poisson's ratio of 0.3, the 
following relation holds for the second constant:
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C2 (Plane Strain) = 0.862 * C2 (Plane Stress) (2)

The effect on the calculated residual pressure is that plane strain results are higher than plane 
stress results by slightly less than 10 percent. Comparing this effect with the results reported in 
Reference 2 indicated that better agreement with test values is achieved. It is to be noted that the 
residual radial pressure at the tube to tubesheet interface is the compressive radial stress at the 
OD of the tube.  

By substituting the expressions for the constants into Equation (1), the deflection at any radial 
location within the tube wall as a function of the internal and external pressure (radial stress at 
the ID and OD) is found. This expression was differentiated to obtain flexibility values for the 
tube deflection at the ID and OD respectively, e.g., dU1/dPo is the ratio of the radial deflection at 
the ID due to an OD pressure. Thus, dUj/dP0 was used to find the interface pressure and radial 
stress between the tube and the tubesheet as: 

Sro= - P, = - (ID Radial Springback) / (dUL/dP 0) (3) 

The calculated radial residual stress for each specimen at each location is tabulated in 
Table 2-2. The mean residual radial stress and the standard deviation were found to be [ ]a,c,c 

psi and [ ]a"c'e psi, respectively. In order to determine a value to be used in the analysis, a 
tolerance factor for [ ]ac.e percent confidence to contain [ ]ax-,e percent of the population was 
calculated, considering the [ ]a,c,e useable data points, to be [ ]a',e . Thus, a [ ]a.ce lower 
tolerance limit (LTL) for the radial residual preload at room temperature is [ ]ace psi.  

2.1.3 Residual Radial Preload During Plant Operation 

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 (Reference 4) 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., the 
cold condition. However, as documented in Reference 5 for a similar investigation, tube pullout 
tests which were preceded by a very high thermal relaxation soak showed the analysis to be 
conservative.  

The plant operating pressure influences the preload directly based on the application of the 
pressure load to the ID of the tube, thus increasing the amount of interface loading. The pressure 
also acts indirectly to increase the amount of interface loading by causing the tubesheet to bow 
upward, i.e., placing the roll expansions near the bottom of the tubesheet in compression for 
normal operating and feedline break (FLB) conditions (FLB results in a higher primary-to
secondary AP than steamline break, hence FLB is used to bound the FLB and SLB cases for this 
analysis). For the loss of coolant accident (LOCA) event, the tubesheet bows in the opposite
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direction, producing dilation of the tubesheet holes and reducing the amount of tube to tubesheet 
preload. Each of these effects may be quantitatively treated.  

The maximum amount of increase in preload due to tubesheet bow for primary-to-secondary 
pressure differential will occur at the bottom, central part of the tubesheet. Since F* is measured 
from the bottom of the hardroll transition (BRT) and leakage is to be restricted by the F* region 
of the tube, the potential for the tube section within the F* region to experience a net tightening 
or loosening during operation is evaluated. However, the central location case is not the most 
stringent case for normal operation and FLB; rather, the most stringent case for normal operation 
and FLB involves a peripheral tube, which experiences little or no increase in radial preload due 
to tubesheet bending.  

The effects of the three identified mechanisms affecting the preload are considered in the 
following sections. In order to obtain a value of radial preload which accounts for the current 
operating conditions as well as future variations in normal operating temperatures and pressures, 
the radial preloads due to the three identified mechanisms have been considered for several levels 
of steam generator plugging. Operating parameters from the Power Capability Working Group 
(PCWG) for plugging levels of 0%, 3.67% (representing the current operating parameters at 
Prairie Island), and 15% have been used.  

2.1.4 Increase in Radial Preload Due to Thermal Expansion Tightening 

For conservatism in determining the total residual preload for normal operating conditions, 
tightening of the tube/tubesheet joint due to differential thermal expansion is minimized by 
applying the SG outlet temperature to the tubing. From the cases identified in Section 2.1.3 and 
Table 2-3, this corresponds to a cold leg temperature of 528°F. The mean coefficient of thermal 
expansion for the Alloy 600 tubing between ambient conditions and 528°F is approximately 
7.74* 10.6 in/in/0F. That for the steam generator tubesheet is 7.30*10.6 in/in/°F. These values 
were reconciled as conservative with respect to the 1965 ASME Boiler and Pressure Vessel 
Code, which was the code of construction for the Prairie Island Units 1 and 2 SGs. Thus, there is 
a net difference of 0.44* 10.6 iniin/iF between the expansion properties of the two materials.  
Considering a temperature difference of (528 - 70) = 458°F between ambient and operating 
conditions, the increase in preload between the tube (t) and the tubesheet (ts) was calculated as: 

SrT = (0.44E-6)*(458)*(Collar ID) / 2 / ((dU/dPi)t, - (dUo/dPo),) (4) 

The results indicate that the increase in preload radial stress due to thermal expansion is [ ]a,c,e 
psi. Note that this value applies for both normal operating and faulted conditions.  

2.1.5 Increase in Radial Preload during N.O. and FLB Due to Differential Pressure 

The normal operating (N.O.) differential pressure from the primary to secondary side of the 
steam generator during the most limiting PCWG condition is 1593 psi. The internal pressure 
acting on the wall of the tube will result in an increase of the radial preload on the order of the 
pressure value. The increase was found as:
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Sp = - Po = - P, (dUo/dP1 ) / ( (dU1/dP1),, - (dUo/dPo)t) (5)

In actuality, the increase in preload will be more dependent on the internal pressure of the tube 
since water at secondary side pressure would not be expected between the tube and the tubesheet.  
However, the primary to secondary AP is used for conservatism.  

The increase in radial contact pressure due to differential pressure was evaluated for both normal 
operating (AP = 1593 psi) and faulted (AP = 2650 psi) conditions. The results indicate that the 
increase in preload radial stress is [ ]-",' psi for normal operating conditions and [ ]aýce psi 
for faulted (FLB) conditions.  

2.1.6 Change in Radial Preload due to Tubesheet Bow 

An analysis of the 51 Series tubesheet was performed to evaluate the change in preload stress 
that would occur as a result of tubesheet bow for interior tubes. The analysis was based on 
performing finite element analysis of the tubesheet and SG shell using equivalent perforated 
plate properties for the tubesheet (Reference 3). Boundary conditions from the results were then 
applied to a smaller, but more detailed model, in order to obtain results for the tubesheet holes.  
Basically the deflection of the tubesheet was used to find the stresses active on the bottom 
surface and then the presence of the holes was accounted for. For the location where the increase 
of preload is a maximum, the radial preload stress would be increased by [ ]•' psi during 
normal operation and [ ]", psi during faulted (FLB) conditions.  

However, the interior tubes are not the limiting case for primary-to-secondary pressure 
differential. The limiting case involves peripheral tubes where tubesheet bowing has a negligible 
effect on tube-to-tubesheet preload. Therefore, the N.O. and FLB analyses address only tubes in 
the peripheral region of the tubesheet. During LOCA, the differential operating pressure is from 
secondary to primary. Thus, the radial preload will decrease by [ ]a'ce psi as the tubesheet 
bows downward. However, the action of the differential pressure is such that the tube is pushed 
toward the tube-to-tubesheet weld. This case is of no consequence to the determination of F*.  

2.1.7 Net Preload in Roll Transition Region for N.O. and FLB Conditions 

Combining the room temperature hardroll preload with the thermal and pressure effects results in 
a net operating preload of [ ]ac¢e psi during normal operation and [ ]a,c,e psi for faulted conditions. In addition to restraining the tube in the 
tubesheet, this preload should effectively retard leakage from indications in the tubesheet region 
of the tubes.  

2.2 Determination of Required Engagement Distance 

The calculation of the value of F* recommended for application to the Prairie Island Units 1 and 
2 steam generators is based on determining the length of hardroll necessary to offset the applied 
loads during the maximum normal operating conditions or faulted conditions, whichever
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provides the largest value. Thus, the applied loads are balanced by the load carrying ability of 
the hardrolled tube for both of the above conditions. In performing the analysis, consideration is 
made of the potential for the ends of the hardroll at the hardroll transition and the assumed 
severed condition to have a reduced load carrying capability.  

2.2.1 Applied Loads 

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 conservatively 
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. The forces acting to remove the tube from 
the tubesheet are [ ]"ace pounds and [ ]a.c.e pounds respectively for normal operating and 
faulted conditions. Any other forces such as fluid drag forces in the U-bends and vertical seismic 
forces are negligible by comparison.  

2.2.2 Coefficient of Friction at Tube-to-Tubesheet Interface 

In order to determine the coefficient of friction between hard-rolled tubes and the tubesheet, pull 
tests and hydraulic proof tests were conducted on 3/4" diameter Alloy 600 tubing, hard rolled 
into carbon steel collars with an OD to simulate tubesheet rigidity (similar to the tests described 
in Section 2.1). After rolling, an inside circumferential cut was machined through the wall of the 
tube at a controlled distance from the bottom of the roll transition. The samples were heat 
soaked at [ ]ac,, to simulate the possible effect of reduced preload force due to 
tube yielding during manufacturing heat treatment. Two sets of pullout tests were conducted, on 
a tensile testing machine in air at room temperature, and with internal pressure as the acting force 
on the tube. The pressure tests were performed at room temperature using deionized water. The 
pull tests performed with the tensile testing machine showed a static coefficient of friction of 
[ ]a,'. For samples which were expelled from the collars during the hydraulic proof tests, the 
coefficient of friction was determined to range from [ ],ce For tubes that leaked 
before tube expulsion, resulting in termination of the tests before expulsion, the lower bound 
coefficients of friction were determined to range from [ ]'¢ce. On the basis of these 
results, the use of a coefficient of friction of [ ]ac•e is considered to be conservative for the 
7/8" tubes at Prairie Island Units 1 and 2 for application in determining the required engagement 
distance to resist tube pullout forces.  

2.2.3 End Effects 

For a tube which is postulated to be severed within the tubesheet there is a material discontinuity 
at the location where the tube is severed. For a small distance from each assumed discontinuity 

2-7



the stiffness, and hence the radial preload, of the tube is reduced relative to that remote from the 
ends of the roll expansion. The analysis of end effects in thin cylinders is based on the analysis 
of a beam on an elastic foundation. For a tube with a given radial deflection at the end, the 
deflection of points away from the end relative to the end deflection is given by: 

u, /.ur = e-x * cosine ( . * x ) (6) 

where, X. = [ ]a,•ce = end effect constant.  
x = distance from the end of the tube.  

For the radially preloaded tube, the distance for the end effects to become negligible is the 
location where the cosine term becomes zero. Thus, for the roll expanded 51 Series tubes the 
distance corresponds to the product of "'W' times "x" being equal to (r7/2) or [ ]a,ce inch.  
Figure 2-1 shows a roll expansion which is postulated to be severed at the bottom of the F* 
region. For a distance of [ ]ac,,e inch above the severed end and below the bottom of the roll 
transition, the expanded joint has a reduced radial load carrying capability relative to the 
remainder of the F* length. The effective radial preload carried by these "end-affected" regions 
is calculated as follows.  

The above equation can be integrated to find the average deflection over the affected length to be 
0.384 of the end deflection. This means that on the average the stiffness of the material over the 
affected length is 0.616 of the stiffness of the material remote from the ends. Therefore, the 
effective preload for the affected end lengths is 61.6 percent of the preload at regions more than 
[ ]a.,,e inch from the ends. For example, for the normal operating net preload of [ ]a"ce psi 
or [ ]a .e pounds per inch of length, the effective preload for a distance of [ ]a'c'e inch 
from the end is [ ]a,,,, pounds per inch or [ ]ae,, pounds.  

2.2.4 Calculation of Engagement Distance Required, F* 

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 [ ]a,,e, from 
Reference 5. For normal operation the radial preload is [ ]a"ce psi or [ ],,,e pounds per 
inch of engagement. Thus, the axial friction resistance force is [ ]a'¢'• pounds per inch of 
engagement. It is to be noted that this value applies away from the ends of the tube. For any 
given engagement length, the total axial resistance is the sum of that provided by the two ends 
plus that provided by the length minus the two end lengths. From the preceding section the axial 
resistance of each end is [ ]"'•c• pounds. Considering both ends of the presumed severed tube, 
i.e., the hardroll transition is considered one end, the axial resistance is [ ]a,ce pounds plus the 
resistance of the material between the ends, i.e., the total length of engagement minus [ ]ace 
inch. For example, a one inch length has an axial resistance of, 

[ ] ac,e
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Conversely, for the maximum normal operating pressure applied load of [ ] pounds, 
considered as [ ]axce pounds with a safety factor of 3, the length of hardroll required is given 
by, 

F* = [] 

Similarly, the required engagement length for faulted conditions can be found to be 0.75 inch 
using a safety factor of 1.43 (corresponding to a ASME Code safety factor of 1.0/0.7 for 
allowable stress for faulted conditions).  

The calculation of the above values is summarized in Table 2-4. The F* value thus determined 
for the required length of hardroll engagement below the BRT, for normal operation is sufficient 
to resist tube pullout during both normal and postulated accident condition loadings.  

Based on the results of the testing and analysis, it is concluded that following the installation of a 
tube by 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.  

2.3 Limitation of Primary to Secondary Leakage 

The allowable amount of primary to secondary leakage in each Prairie Island Units 1 and 2 steam 
generator during normal plant operation is limited by plant technical specifications to a total of 1 
gpm for both SGs. This limit, based on plant radiological release considerations and implicitly 
enveloping the leak before break consideration for a throughwall crack in the free span of a tube, 
is also applicable to a leak source within the tubesheet. In evaluating the primary to secondary 
leakage aspect of the F* criterion, the relationship between the tubesheet region leak rate at 
postulated FLB conditions (which bound SLB for primary-to-secondary pressure differential 
considerations) is assessed relative to that at normal plant operating conditions. The analysis was 
performed by assuming the existence of a leak path; however, no actual leak path would be 
expected due to the hardrolling of the tubes into the tubesheet.  

2.3.1 Operating Condition Leak Considerations 

In actuality, the hardrolled joint would be expected to be leak tight, i.e., the plant would not be 
expected to experience leak sources emanating below F*. Because of the presence of the 
tubesheet, tube indications are not expected to increase the likelihood that the plant would 
experience a significant number of leaks. It could also be expected, that if primary to secondary 
leakage is detected in a steam generator it will not be in the tube region below F*. Thus, no 
significant radiation exposure due to the need for personnel to look for tube/tubesheet leaks 
should be anticipated, i.e., the use of the F* criterion is consistent with ALARA considerations.  
As an additional benefit relative to ALARA considerations, precluding the need to install plugs 
below the F* criterion would result in a significant reduction of unnecessary radiation exposure 
to installing personnel.
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The issue of leakage within the F* region up to the top of the roll transition (RT) includes the 
consideration of postulated accident conditions in which the violation of the tube wall is very 
extensive, i.e., that no material is required at all below F*. Based on operating plant and 
laboratory experience the expected configuration of any cracks, should they occur, is axial. The 
existence of significant circumferential cracking is considered to be of very low probability.  
Thus, consideration of whether or not a plant will come off-line to search for leaks a significant 
number of times should be based on the type of degradation that might be expected to occur, i.e., 
axial cracks. Axial cracks caused by primary water stress corrosion cracking have been found 
both in plant operation and in laboratory experiments to be short, about 0.5 inch in length, and 
tight. From field experience, once the cracks have grown so that the crack front is out of the 
skiproll or transition areas, they arrest.  

Axial cracks in the free span portion of the tube, with no superimposed thinning, would leak at 
rates compatible with the technical specification acceptable leak rate. For a crack within the F* 
region of the tubesheet, expected leakage would be significantly less. Leakage through cracks in 
tubes has been investigated experimentally within Westinghouse for a significant number of tube 
wall thicknesses and thinning lengths (Reference 6). In general, the amount of leakage through a 
crack for a particular size tube has been found to be approximately proportional to the fourth 
power of the crack length. Analyses have also been performed which show, on an approximate 
basis for both elastic and elastic-plastic crack behavior, that the expected dependency of the 
crack opening area for an unrestrained tube is on the order of the fourth power, e.g., see NUREG 
CR-3464. The amount of leakage through a crack will be proportional to the area of the opening, 
thus, the analytic results substantiate the test results.  

The presence of the tubesheet will preclude deformation of the tube wall adjacent to the crack, 
i.e., the crack flanks, and the crack opening area may be considered to be directly proportional to 
the length. The additional dependency, i.e., fourth power relative to first power, is due to the 
dilation of the unconstrained tube in the vicinity of the crack and the bending of the side faces or 
flanks of the crack. For a tube crack located within the tubesheet, the dilation of the tube and 
bending of the side faces of the crack are suppressed. Thus, a 0.5 inch crack located within the 
F* region up to the top of the roll transition would be expected to leak, without considering the 
flow path between the tube and tubesheet, at a rate less than a similar crack in the free span, i.e., 
less than the Prairie Island Units 1 and 2 Technical Specification leak rate limit of 150 gpd (0.1 gpm). Additional resistance provided by the tube-to-tubesheet interface would reduce this 
amount even further, and in the hardroll region the residual radial preload would be expected to 
eliminate it. This conclusion is supported by the results of the preload testing and analysis which 
demonstrated that a residual preload in excess of [ ]ac.e psi exists between the tube and the 
tubesheet at normal operating conditions.  

2.3.2 Postulated Accident Condition Leak Considerations 

For the postulated leak source within the RE, increasing the tube differential pressure increases 
the driving head for the leak and increases the tube to tubesheet loading. For an initial location 
of a leak source below the BRT equal to F*, the FLB pressure differential results in an 
insignificant leak rate relative to that which could be associated with normal plant operation.  
This small effect is reduced by the increased tube to tubesheet loading associated with the
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increased differential pressure as well as the tightening contribution of the tubesheet bending.  
Thus, for a circumferential indication within the RE which is left in service in accordance with 
the pullout criterion (F*), the existing technical specification limit is consistent with accident 
analysis assumptions. For postulated accident conditions, the preload testing and analysis 
showed that a net radial preload of about [ ]a"c.e psi would exist between the tube and 
tubesheet.  

For axial indications in a partial depth hardrolled tube below the BRT of the roll transition zone 
(which is assumed to remain in the tubesheet region), the tube end remains structurally intact and 
axial loads would be resisted by the remaining hardrolled region of the tube. For this case, the 
leak rate due to FLB differential pressure would be bounded by the leak rate for a free span leak 
source with the same crack length, which is the basis for the accident analysis assumptions.  

2.3.3 Operating Plant Leakage Experience for Within-Tubesheet Tube Cracks 

A significant number of within-tubesheet tube indications have been reported for some 
non-domestic steam generator units. The present attitude toward operation with these indications 
present has been to tolerate them with no remedial action relative to plugging or sleeving. No 
significant number of shutdowns occurring due to leaks through these indications have been 
reported.  

2.4 Tube Lock-up Considerations 

For the postulated condition in which one or more tubes become locked at the tube support plates 
due to the buildup of corrosion deposits, the evaluation has considered the axial forces on locked 
tubes relative to the strength of the F* region. In this postulated condition, tube lockup occurs 
during operation. Therefore, the axial force on locked tubes is essentially zero during operation.  

For a single tube, locked at the lowest tube support plate, the tensile force during cold shutdown 
is approximately 220 lbs. If tube lockup were to occur, it is more likely to result in lockup of 
more than one tube; in this case, the tensile force per tube is reduced significantly from the 
single-tube value. For instance, for ten locked, adjacent tubes, the tensile force per tube reduces 
to approximately 24 lbs. at the shutdown condition.  

Because the maximum locked-tube forces occur only during shutdown, there is no need to add 
them to the axial load of 2973 lbs., corresponding to 3 times normal operating AP, which is used 
to calculate the F* length. The 220 lbs. of axial force for a single locked tube during the cold 
shutdown condition will easily be accommodated by the F* length of tube joint. At this 
condition, i.e., without the beneficial, pressure-tightening and thermal growth contributions to 
the joint strength, the joint can accommodate approximately 1987 lbs. of axial force. This is 
approximately nine times the force that can be exerted on the joint by a single, locked, tube.
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Tube Integrity 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 significant margin between tube collapse strength and the limiting secondary to 
primary differential pressure condition, even in the presence of circumferential or axial 
indications.  

The maximum secondary to primary differential pressure during a postulated LOCA is [ ]a,c,e 

psi. This value is significantly below the residual radial preload between the tubes and the 
tubesheet. Therefore, no significant secondary to primary leakage would be expected to occur.  
In addition, loading on the tubes is axially toward the tubesheet and could not contribute to 
pullout.  

2.6 Chemistry Considerations 

The concern that boric acid attack of the tubesheet due to the presence of a through wall flaw 
within the hardroll region of the tubesheet may result in loss of contact pressure assumed in the 
development of the F* criterion is addressed below. In addition, the potential for the existence of 
a lubricated interface between the tube and tubesheet as a result of localized primary to 
secondary leakage and subsequent effects on the friction coefficient assumed in the development 
of the F* criterion is also discussed.  

2.6.1 Tubesheet Corrosion Testing 

Corrosion testing performed by Westinghouse specifically addressed the question of corrosion 
rates of tubesheet material exposed to reactor coolant. The corrosion specimens were assembled 
by bolting a steel (A336) coupon to an Alloy 600 coupon. The coupon dimensions were 3 inches 
x 3/4 inch x 1/8 inch and were bolted on both ends. A torque wrench was used to tighten the 
bolts to a load of 3 foot-pounds. The performance of A508 in testing of this nature is expected to 
be quite comparable to the performance of A336 (Gr. F-I) steel (a material used for tubesheet 
construction prior to A508). The arguments used in supporting the F* case relative to corrosion 
of tubesheet material due to minute quantities of primary coolant contacting the carbon steel 
were so conservative and had such margin that minor differences in material composition or 
strength would not change the conclusion.  

The specimens were tested under three types of conditions: 

1. Wet-layup conditions 
2. Wet-layup and operating conditions 
3. Operating conditions only 

The wet-layup condition was used to simulate shutdown conditions at high boric acid 
concentrations. The specimens were exposed to a fully aerated 2000 ppm boron (as boric acid) 
solution at 140 degrees F. Exposure periods were 2, 4, 6, and 8 weeks. Test solutions were 
refreshed weekly.
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While lithium hydroxide is normally added to the reactor coolant as a corrosion inhibitor, it was 
not added in these tests in order to provide a more severe test environment. Previous testing by 
Westinghouse has shown that the presence of lithium hydroxide reduces corrosion of Alloy 600 
and steel in a borated solution at operating temperatures.  

Another set of specimens were used to simulate startup conditions with some operational 
exposure. The specimens were exposed to a 2000 parts per million boron (as boric acid) solution 
for one week in the wet-layup condition (140'F), and 4 weeks at operating conditions (600'F, 
2000 psi). During wet layup, the test solution was aerated but at operating conditions the 
solution was deaerated. The high temperature testing was performed in an Alloy 600 autoclave.  
Removal of oxygen was attained by heating the solution in the autoclave to 250'F and then 
degassing. This method of removing the oxygen results in oxygen concentrations of less than 
100 parts per billion.  

Additional specimens were exposed under operating conditions only for 4 weeks in the autoclave 
as described above.  

High temperature exposure to reactor coolant chemistry resulted in steel corrosion rates of about 
1 mil per year. This rate was higher than would be anticipated in a steam generator since no 
attempt was made to completely remove the oxygen from the autoclave during heatup. Even 
with this amount of corrosion, the rate was still a factor of nine less than the corrosion rate 
observed during the low temperature exposure. This differential corrosion rate observed between 
high and low temperature exposure was expected because of the decreasing acidity of the boric 
acid at high temperatures and the corrosive effect of the high oxygen at low temperatures.  

These corrosion tests are considered to be very conservative since they were conducted at 
maximum boric acid concentrations, in the absence of lithium hydroxide, with no special 
precaution to deaerate the solutions, and they were of short duration. The latter point is very 
significant since parabolic corrosion rates are expected in these types of tests, which leads one to 
overestimate actual corrosion rates when working with data from tests of short duration.  

Also note that the ratio of solution to surface area is high in these tests compared to the scenario 
of concern, i.e., corrosion caused by reactor coolant leakage through a tube wall into the region 
between the tube and the tubesheet.  

2.6.2 Tubesheet Corrosion Discussion 

At low temperatures, e.g., less than 140 degrees F, aerated boric acid solutions comparable in 
strength to primary coolant concentrations can produce corrosion of carbon steels. Deaerated 
solutions are much less aggressive and deaerated solutions at reactor coolant temperatures 
produce very low corrosion rates due to the fact that boric acid is a very much weaker acid at 
high temperature, e.g., 610 degrees F, than at 70 degrees F.  

In the event that a crack occurred within the hardroll region of the tubesheet, as the amount of 
leakage would be expected to be insufficient to be noticed by leak detection techniques and is 
largely retained in the crevice, then a very small volume of primary fluid would be involved.
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Any oxygen present in this very small volume would quickly be consumed by surface reactions, 
i.e., any corrosion that would occur would tend to cause existing crevices to narrow due to oxide 
expansion and, without a mode for replenishment, would represent a very benign corrosion 
condition. In any event the high temperature corrosion rate of the carbon steel in this very local 
region would be extremely low (significantly less than 1 mil per year).  

Contrast the proposed concern for corrosion relative to F* with the fact that Westinghouse has 
qualified boric acid for use on the secondary side of steam generators where it is in contact with 
the full surface of the tubesheet and other structural components made of steel. The latter usage 
involves concentrations of 5 - 10 ppm boron, but, crevice flushing procedures have been 
conducted using concentrations of 1000 to 2000 ppm boron on the secondary side (at 
approximately 275 degrees F where boric acid is more aggressive than at 610 degrees F).  

Relative to the lubricating effects of boron, the presence of boric acid in water may change the 
wetting characteristics (surface tension) of the water but Westinghouse is not aware of any 
significant lubricating effect. In fact, any corrosion that would occur would result in oxides that 
would occupy more space than the parent metals, thus reducing crevice volume or possibly even 
merging the respective oxides.  

2.7 Summary of F* Evaluation 

On the basis of this evaluation, it is determined that tubes with eddy current indications in the 
tubesheet region below the F* pullout criterion of 1.07 inches can be left in service. Tubes with 
circumferentially oriented eddy current indications of pluggable magnitude and located a 
distance less than F* below the bottom of the hardroll transition should be removed from service 
by plugging or repaired in accordance with the plant technical specification plugging limit. The 
conservatism of the F* criterion was demonstrated by preload testing and analysis commensurate 
with the requirements of RG 1.121 for indications in the free span of the tubes.  

For tubes with axial indications, the criterion which should be used to determine whether tube 
plugging or repairing is necessary should be based on leakage since the axial strength of a tube is 
not reduced by axial cracks. Under these circumstances it has been demonstrated that significant 
leakage would not be expected to occur for through wall indications greater than [ ]a.ce inch 
below the bottom of the hardroll transition. Therefore, an F* distance of 1.07 inches achieves a 
leak limiting condition.  

The application of F* in this report addresses existing roll expansions, performed in the factory.  
The approach may also be applied to roll expansions which are added to the SG T/TS joints of 
the partial depth roll expansion design, such as the design of the steam generators of Prairie 
Island Units 1 and 2. Based on past test and analytical evaluations for the retrofit-expansion 
case, the F* length of additional roll expansion is expected to be essentially equal to the F* 
length of factory roll expansion determined in this program. The F* distance for the additional 
roll expansion case would address the actual conditions of hard or soft sludge, partially or 
completely filling the tube-to-tubesheet hole crevice before the additional rolling process. The 
F* distance for the additional roll expansion case would provide both the resistance to pullout 
and resistance to significant leakage.
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Table 2-1 
Model 51 SG Tube Roll Preload Test - Test Data 

Test Location Collar ID Pre-Roll Collar OD Pre-Roll Tube ID Before Roll Tube OD Before Roll 
No. No. 0 Deg. 90 Deg. Avg. 0 Deg. 90 Deg. Avg. 0 Deg. 90 Deg. Avg. 0 Deg. 90 Deg. Avg.  

a,c,e 

2 
3 
4 
5 
6 

Average 

2 1 
2 
3 
4 
5 
6 

Average 

3 1 
2 
3 
4 
5 
6 

Average 

6 1 
2 
3 
4 
5 
6 

Average 

7 1 
2 
3 
4 
5 
6 

Average 

8 1 
2 
3 
4 
5 
6 

Average 

Col. Avgs:
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Table 2-1 (Continued) 
Model 51 SG Tube Roll Preload Test - Test Data 

Tube ID Post-Roll Test Location Collar OD Post-Roll Tube ID Post-Roll Collar Removed 
Pre-Roll Collar Tube ID 

No. No. Thickness 0 Deg. 90 Deg. Avg. Delta 0 Deg. 90 Deg. Avg. Growth 0 Deg. 90 Deg. Avg.  

a,c,e 

2 
3 
4 
5 
6 

Average 

2 1 
2 
3 
4 
5 
6 

Average 

3 1 
2 
3 
4 
5 
6 

Average 

6 1 
2 
3 
4 
5 
6 

Average 

7 1 
2 
3 
4 
5 
6 

Average 

8 1 

2 
3 
4 
5 
6 

Average 

Col. Avgs:
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Table 2-1 (Continued) 
Model 51 SG Tube Roll Preload Test - Test Data

Test Location Tube OD Post-Roll 
Collar Removed

No. No. 0 Deg. 90 Deg.  

2 
3 
4 
5 
6 

Average 

2 1 
2 
3 
4 
5 
6 

Average 

3 1 
2 
3 
4 
5 
6 

Average 

6 1 
2 
3 
4 
5 
6 

Average 

7 1 
2 
3 
4 
5 
6 

Average 

8 1 
2 
3 
4 
5 
6 

Average 

Col. Avgs:

Post- Thick- Collar Radii Tube ID 
Roll ness Flex. Ratio Spring.  

Avg. Thick. Red. dU'JdPi (4) Back
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Table 2-2 
Model 51 SG Tube Roll Preload Test - Stress Analysis Results 

Thermal Oper.  Test Location Tube ID Tube Tube Flex. OD OD OD Exp. Tube Pressure Total Total 
Spring- Flex. dUoIdPo Radial Hoop Axial Radial Flex. Radial Radial vonMises No. No. Back dUjdPo Stress Stress Stress Stress dUddPi Stress Stress Stress 

a,c,e 

2 
3 
4 
5 
6 

Average 

2 I 
2 
3 
4 
5 
6 

Average 

3 1 
2 
3 
4 
5 
6 

Average

6 1 
2 
3 
4 
5 
6 

Average 

7 
2 

3 
4 
5 
6 

Average 

8 1 

2 
3 
4 
5 

Average 

Col. Avgs:

Notes: 1. The OD stress is calculated using the measured ID springback.
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Table 2-3 

Calculation of F' Length for TITS Hatdroll Interlace - Prairie Island Units I and 2 
Maximum RCS Pressures for all PCWG Cases

% Tube 
Hot.-Case Plugging 

Piaitio Island I & 2

1 .  
2" 

31"

0% 
15% 

3.67%

RCS Steam 
Pressure Pressure 

Ipsal) (pale) 

2250 750 
2250 657 
2250 700

Pi-Sec 
Delta P 

Ipsla)

Limiting i1) 
Thot Tcold Dill Temp 

(deog. F) (dag. F) Ideg. F)

1600 599.1 
1593 592.1 
1550 590

Delta P Tcold 
Ratio (2) T ratio 131

N.O.  Sop (4)
Hardroll Total N.O. N.O.  

Set (5) Preload Sr (6) Pr (7) Pend (8)
Pa 19)

535.5 F 527.9 
B30

.1,C

N.O.  3Pa F (10) 

a,c 

I 
Ma xF 1.0)

References: 

* Cases 1 and 2 represent design basil parameters for 0% and 15% plugging levels based on Westinghouse thermal/hydraulic performance codes.  

Case 3 represents the current operating paremeters at Prairie island Units 1 and 2 as supplied by Northern States Power.

2-19



Table 2-4 
Preload Analysis Summary

Material Properties: 
Elastic Modulus 
Poisson's Ratio 
1600 Coeff. of Therm. Exp.  
TS Coeff. of Therm. Exp.  
Operating AT 
N.O. AP 
Faulted AP 

Additional Analysis Input: 

Tubesheet Bow Stress Reduction 
N.O.  
FLB 

Lower Tolerance Limit Factor 
95/95 LTL

28.7E+06 
0.30 
7.74E-06 in/in/*F 
7.30E-06 in/in/0 F 
458OF 
1593 psi 
2650 psi

0 psi 
0 psi 

2.16 (N=36)

Tube/Tubesheet Dimensions (Tested): 
Init. Avg. Tube OD 
Init. Avg. Tube Thickness 
Init. Avg. Tubesheet ID 
Actual Thinning 
Apparent Thinning

Coefficient of Friction 

End Effects: 
Mean Radius (Rolled) 
Thickness (Rolled) 
X 
End Effect Length 
Load Factor

EVALUATION OF REQUIRED ENGAGEMENT LENGTH, F*
K

Elastic Analysis:

RT Preload (LTL) 
Thermal Expansion Preload 
Pressure Preload 
Tubesheet Bow Loss 

Net Preload 

Net Radial Force 

Net Axial Resistance 

Applied Load 

Analysis Load 

End Effect Resistance 

Net Analysis Load 

End Effect Length 

Add. Length Required 

Total Length Required, F*

a,c,e

a,c,e

N.O. FLB

a,c,e

1.07in. 0.75 in.
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Table 2-4 (continued)

Preload Analysis Summary 

NOTES: 
1) 95/95 Lower Tolerance Limit rolled preload used.  
2) For Normal Operation, a safety factor of 3.0 is used.  
3) For Faulted Conditions, a safety factor of 1.43 is used (corresponding to ASME Code use 

of 0.7 on ultimate strength.  
4) The required length does not include eddy current inspection uncertainty for the location of 

the bottom of the hard roll.  
5) Preload stresses used were for the most stringent case, i.e., cold leg, peripheral location.  

This minimizes the thermal expansion preload and eliminates the preload due to tubesheet bowing.
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Top of Tubesheet

Top of Roll Transition.  

Bottom of Roll Transition

Bottom of Roll Transition 

]..... End-Affected Length 

].CS End-Affected Length 

Postulated Severed End 

Bottom of Tubesheec

Figure 2-1. "End-Effect" Regions in a Tube Postulated to be Severed at the Bottom 
of F* Length
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3.0 DEVELOPMENT OF RETROFIT F* AND EF* CRITERIA

As stated earlier, the Prairie Island steam generators are of the partial-depth roll-expanded tube 
joint design. Using the F* criterion, operation is permissible with degradation in the factory roll 
expansion, as long as it is below a calculated distance, F*, below the factory roll transition. For 
tubes which exhibit degradation within the intended F* distance, within the factory roll 
transition, or within the unexpanded portion of the tube in the lower half of the tubesheet 
thickness, the roll expansion can be extended upward by a field-applied, modified-after-operation 
("retrofit") process called additional roll expansion. The additional roll expansion of sound 
(undegraded) tubing is ideally equal to the F* length. In actuality, the additional roll must be 
slightly longer than F* to account for uncertainties in the nondestructive examination processes 
which are used to determine crack tip elevations and the roll expansion elevations. The top of 
the additional roll expansion must be beneath the neutral bending axis (NBA) of the tubesheet, 
which is approximately 10.665 inches above the bottom of tubesheet cladding (10.885 inches 
above the tube end). It is required that application of additional roll expansion and F* above the 
factory roll and below the NBA be consistent with a separate qualification, not included in this 
document, showing equivalency of the factory and retrofit roll expansions or a means of relating 
the performance of the retrofit roll to the factory roll. Performance consists of adequate pullout 
and leakage resistance. Development and qualification of the retrofit roll expansion at the 
factory roll top and below the neutral axis was outside of the scope of this program. The presence 
of foreign matter such as sludge or denting corrosion in the tube-to-tubesheet crevice may affect 
the additional roll expansion length; it may also affect acceptability of elevated additional roll 
expansion with respect to pullout and leakage resistance.  

For tubes which exhibit degradation above the NBA, an elevated additional roll expansion and 
elevated F* (EF*) criterion can be used. The EF* criterion can be applied to the retrofit roll 
expanded portions of the tube joint above the NBA. The applicability of EF* is dependent upon 
the results of a separate qualification or evaluation, not included in this document or project, 
showing equivalency of, or a means of relating, the tube pullout and leakage resistance of the 
elevated additional roll expansion to the factory roll. Theoretically, the projected elevation of the 
elevated additional roll expansion and the associated EF* can range from the NBA to the top of 
the tubesheet. As in the use of the additional roll expansion below the neutral bending axis, the 
presence of foreign matter such as sludge or denting corrosion in the tube-to-tubesheet crevice 
may affect the elevated additional roll expansion elevation; it may also affect acceptability of the 
elevated additional roll expansion with respect to pullout and leakage resistance. It is expected 
that if denting corrosion is present, it would occur primarily in the vicinity of the tubesheet top, 
probably affecting or preventing retrofit roll expansion there.  

The total allowable normal operation primary-to-secondary leakage is specified in the Prairie 
Island Units l and 2 Technical Specification as 150 gpd (-0.1 gpm). The applicability of F* and 
EF* is dependent upon the results of a separate qualification or evaluation, not included in this 
document or project, showing that the additional roll expansion and elevated additional roll 
expansion provide negligible leakage, such that the total leakage (including that from F* and EF* 
tubes in addition to other sources) is below the permissible leakage of 150 gpd.
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Tube-to-tubesheet contact pressure in the additional roll expansions and elevated additional roll 
expansions follows the same considerations as discussed in Section 2.0, except that the effect of 
tubesheet bow loosening must be considered in the calculation of elevated additional roll 
expansions for the tubesheet-upward-bending conditions. Unlike the condition for F* length requirements below the NBA, the reduction of contact pressure above the NBA must be 
considered for EF* for N.O. and other tubesheet-upward-bending conditions such as feedline 
break/steamline break (FLB/SLB). The contact pressure reductions due to upward bending 
conditions must be subtracted from the beneficial effects of thermal growth mismatch, 
differential pressure tightening and the as-installed interference fit contact pressure. Due to the 
reduced tube radial loading, a greater length of sound tube expansion is required above the NBA 
than below it. More reduction of the radial contact pressure due to upward tubesheet bending as 
elevation increases; consequently, the maximum calculated EF* occurs at the top of the 
tubesheet.  

In the calculation of EF* at a given elevation, the tubesheet bow relaxation effect is a function of 
radial location from the tubesheet vertical centerline. The most relaxation occurs at the location 
of tubesheet maximum rotation. This occurs at a radius of approximately 7.00 inches from the 
tubesheet vertical centerline. At the bundle periphery, the loosening effect is a minimum.  
Therefore, EF* ranges from the minimum EF* value at the periphery, at a given elevation, to the 
maximum value at the seven-inch radius point. Due to the variation in relaxation as a function of 
distance from the tube bundle center line, the EF* value could be calculated as a function of 
location. However, in the interest of simplicity of application, it is recommended that a constant 
EF* length, at a given elevation, be used; the maximum tubesheet bow relaxation is assumed to 
apply for the entire tubesheet region. As with F*, EF* is calculated for the cold leg, where the 
thermal growth mismatch is also minimized. Therefore, the calculated values of EF* are 
conservative for application to the hot leg, where it will primarily be applied.  

During LOCA, the secondary side pressure is approximately 1000 psi; the primary side pressure 
approximates zero. Thus, the tubesheet bends downward and the tube-to-tubesheet contact 
pressure will increase for most of the tubes at the tubesheet top and proportionately less for lower 
elevations, down to the NBA. The action of the differential pressure is such that the tube is 
pushed toward the tube-to-tubesheet weld; hence, the LOCA case is of no consequence to the 
determination of EF*.  

3.1 Details of Determination of EF* Based on Structural Requirements 

Calculations for EF* use the same methodology as the F* calculations in Section 2; hence, they 
are not shown here. Figure 1-3 depicts the EF* length. Calculated values of EF* for several 
elevations above the NBA are shown in Table 3-1.  

The only difference between the F* and EF* calculations is the inclusion in the EF* calculations 
of a relaxation in radial preload due to bending of the tubesheet. (For the F* evaluation, the 
addition of radial preload below the NBA due to tubesheet bending was conservatively ignored, 
i.e. assumed to be zero). As shown in the F* evaluation, the normal operation condition results 
in the limiting values of EF* (longer EF* lengths are calculated for FLB/SLB conditions); hence, 
the EF* values shown in Table 1 are for the more limiting normal operating conditions, and FLB 

I results are not shown. The calculated values of EF* range from 1.50 inch for when the top of the
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elevated additional roll expansion is 4 - 6 inches below the top of the tubesheet, to 1.84 inches 
when the elevated additional roll expansion is at the top of the tubesheet. These values do not 
include an additional length for eddy current uncertainty.  

3.2 Limitation of Primary to Secondary Leakage 

The allowable amount of primary to secondary leakage from both Prairie Island steam generators 
is limited to 150 gpd (-0.1 gpm) during normal operation. In evaluating the number of tubes 
which can be dispositioned by EF*, the average leakage per tube may be considered if the 
additional roll expansion/elevated additional roll expansion process, excluded from this program, 
produces finite leakage. (Leakage is not an issue for the F* region of the factory roll expansions 

because factory roll expansions of F* length have exhibited essentially zero leakage.) 

3.3 Summary of EF* Evaluation 

This evaluation determined that tubes with indications of degradation in the as-fabricated 
unexpanded portion of the tube joint may be modified by additional roll expansion above the 
factory roll and kept in service. Lengths of EF* were determined for retrofitted roll expansions 
which produce the same or greater interference fit radial contact pressure between the tube and 
tubesheet as the factory roll and which have the same coefficient of friction between the tube and 
tubesheet. The EF* lengths for additional roll expansion/elevated additional roll expansion 
processes which produce different contact pressures and/or pullout resistances may be 
determined by using the same methodology as shown in the EF* tables.  

The values for EF* for three elevations above the tubesheet NBA are shown in Table 3-1. The 
"4.0 - 6.0 inches down" elevation is probably the most practical elevated additional roll 
expansion location because it will generally avoid denting corrosion at the tubesheet top but it 
will still address tube indications up to approximately 15.40 inches above the tube ends. For this 
elevation, the EF* length is 1.50 inches, not including eddy current uncertainty. (The 1.50 inch 
EF* length is an increase of 0.040 inch over the Revision 1 length; the maximum increase in 
EF*, over the Revision 1 length is 0.062 inch.) (The elevated additional roll expansion length of 
2.00 inches was assumed in this case; the actual length would be determined in the elevated 
additional roll expansion program, which was outside of the scope of this program.)
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Table 3-1

Evaluation of Required Engagement Length(M), EF*, 
for Prairie Island Units 1 and 2 

15% Plugging Level

EF* (Applies when top of EF* (Applies when top of EF* (Applies when top of 
ELASTIC elevated additional roll elevated additional roll elevated additional roll 

ANALYSIS expansion is 4.0 to 6.0 inches expansion is 2.0 to 4.0 inches expansion is at top of 
down from top of tubesheet, down from top of tubesheet, tubesheet and conservatively 

and conservatively at any and conservatively at any at any lower elevation above 
lower elevation above or lower elevation above or or below NBA(2 ) 

below NBA(2)) below NBA(M)) 

RT Preload (LTL), psi 

Thermal Expansion 

Preload, psi 

Pressure Preload, psi 

Tubesheet Bow Loss, 
psi 

Net Preload, psi 

Net Radial Force, 
lbs/inch 

Net Axial Resistance, 
lbs/inch 

Applied Load, lbs 

Analysis Load, lbs 
(N.Op.: SF=3; FLB: 

SF=1.43) 

End Effect Resistance, 
lbs 

Net Analysis Load, lbs.  

End Effect Length, inch 
( x 2 for total) 

Additional Length 
Req'd, inch 

Total Length Req'd, 1.50 1.67 1.84 
EF*, inches 

Notes from table: 
(1) EF* distances determined do not include NDE uncertainty for elevation of ECT indications.  
(2) Neutral bending axis (NBA) is 10.515 inches below top of tubesheet, or approximately 10.665 

inches above bottom of tubesheet cladding (10.885 inches above tube end).  
(3) Limiting EF* is determined by Normal Operation condition.
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EXHIBIT F 

Prairie Island Nuclear Generating Plant 

License Amendment Request Dated November 10, 1999 

Westinghouse Authorization Letter, 

CAW-99-1327, and Accompanying Affidavit 

Proprietary Information Notice 

Copyright Notice



CAW-99-1327

AFFIDAVIT 

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared Henry A. Sepp, who, being by me 
duly sworn according to law, deposes and says that he is authorized to execute this Affidavit on behalf 
of Westinghouse Electric Company, a division of CBS Corporation ("Westinghouse"), and that the 
averments of fact set forth in this Affidavit are true and correct to the best of his knowledge, 
information, and belief:

Henry A..Sepp, Mala r 

Regulatory and Licensing Engineering
Sworn to and subscribed 

before me this / 57,o(4 day 

of , 1999

Notary Public

Janet A. Schiwab, Notaay p~ft I Monroeville Bara, Allegheny COUWt 
My Commission Expires May 22,2000 

Member, Penn6ylvanla A•ociston of I~otaies
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CAW-99-1327

(1) I am Manager, Regulatory and Licensing Engineering, in the Nuclear Services Division, of the 
Westinghouse Electric Company, a division of CBS Corporation ("Westinghouse"), and as 
such, I have been specifically delegated the function of reviewing the proprietary information 
sought to be withheld from public disclosure in connection with nuclear power plant licensing 
and rulemaking proceedings, and am authorized to apply for its withholding on behalf of the 
Westinghouse Energy Systems Business Unit.  

(2) I am making this Affidavit in conformance with the provisions of 10CFR Section 2.790 of the 
Commission's regulations and in conjunction with the Westinghouse application for withholding 
accompanying this Affidavit.  

(3) I have personal knowledge of the criteria and procedures utilized by the Westinghouse Energy 
Systems Business Unit in designating information as a trade secret, privileged or as confidential 
commercial or financial information.  

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.790 of the Commission's 
regulations, the following is furnished for consideration by the Commission in determining 
whether the information sought to be withheld from public disclosure should be withheld.  

(i) The information sought to be withheld from public disclosure is owned and has been 

held in confidence by Westinghouse.  

(ii) The information is of a type customarily held in confidence by Westinghouse and not 
customarily disclosed to the public. Westinghouse has a rational basis for determining 
the types of information customarily held in confidence by it and, in that connection, 
utilizes a system to determine when and whether to hold certain types of information in 
confidence. The application of that system and the substance of that system constitutes 
Westinghouse policy and provides the rational basis required.  

Under that system, information is held in confidence if it falls in one or more of several 
types, the release of which might result in the loss of an existing or potential 
competitive advantage, as follows: 

(a) The information reveals the distinguishing aspects of a process (or component, 
structure, tool, method, etc.) where prevention of its use by any of 
Westinghouse's competitors without license from Westinghouse constitutes a 
competitive economic advantage over other companies.

2159A-2:031699
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Northern States Power Company

Letter for Transmittal to the NRC 

The following paragraphs should be included in your letter to the NRC: 

Enclosed are: 

1. xxx copies of WCAP-14225,Rev. 2, "F* and Elevated F* Tube Plugging Criteria For Tubes 
With Degradation in the Tubesheet Region of the Prairie Island Units 1 and 2 Steam 
Generators," dated March 1999 (Proprietary).  

2. xxx copies of WCAP-14226,Rev. 2, 'T* and Elevated F* Tube Plugging Criteria For Tubes 
With Degradation in the Tubesheet Region of the Prairie Island Units 1 and 2 Steam 
Generators," dated March 1999 (Non-Proprietary).  

Also enclosed are a Westinghouse proprietary authorization letter, CAW-99-1327, accompanying 
affidavit, Proprietary Information Notice, and Copyright Notice.  

As Item 1 contains information proprietary to Westinghouse Electric Company, a division of CBS 
Corporation ('"Westinghouse"), it is supported by an affidavit signed by Westinghouse, the owner 
of the information. The affidavit sets forth the basis on which the information may be withheld 
from public disclosure by the Commission and addresses with specificity the consideration listed in 
paragraph (b)(4) of Section 2.790 of the Commission's regulations.  

Accordingly, it is respectfully requested that the information which is proprietary to Westinghouse 
be withheld from public disclosure in accordance with 10 CFR Section 2.790 of the Commission's 
regulations.  

Correspondence with respect to the copyright or proprietary aspects of the items listed above or the 
supporting Westinghouse Affidavit should reference CAW-99-1327 and should be addressed to 
N.J. Liparulo, Manager of Equipment Design and Regulatory Engineering, Westinghouse Electric 
Company, a division of CBS Corporation ('Westinghouse"), P.O. Box 355, Pittsburgh, 
Pennsylvania 15230-0355.



Westinghouse Electric Company, Box 355 
a division of CBS Corporation Pittsburgh Pennsylvania 15230-0355 

March 16, 1999 

CAW-99-1327 
Document Control Desk 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Attention: Mr. Samuel J. Collins 

APPLICATION FOR WITHHOLDING PROPRIETARY 
INFORMATION FROM PUBLIC DISCLOSURE 

Subject "F* and Elevated F* Tube Plugging Criteria for Tubes with Degradation Within the Tubesheet 
Region of the Prairie Island Units 1 and 2 Steam Generators " WCAP- 14225, Revision 2 

Dear Mr. Collins: 

The proprietary information for which withholding is being requested in the above-referenced report is 
further identified in Affidavit CAW-99-1327 signed by the owner of the proprietary information, 
Westinghouse Electric Company, a division of CBS Corporation ("Westinghouse"). The affidavit, which 
accompanies this letter, sets forth the basis on which the information may be withheld from public 
disclosure by the Commission and addresses with specificity the considerations listed in paragraph (b)(4) 
of 10 CFR Section 2.790 of the Commission's regulations.  

Accordingly, this letter authorizes the utilization of the accompanying Affidavit by Northern States Power 
Co.  

Correspondence with respect to the proprietary aspects of the application for withholding or the 
Westinghouse affidavit should reference this letter, CAW-99-1327, and should be addressed to the 
undersigned.  

Very truly yours, 

H. A. Sepp, Manager 
Regulatory and Licensing Engineering 

Enclosures 

cc: T. Carter/NRC (5E7)
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(b) It consists of supporting data, including test data, relative to a process (or 
component, structure, tool, method, etc.), the application of which data secures 
a competitive economic advantage, e.g., by optimization or improved 
marketability.  

(c) Its use by a competitor would reduce his expenditure of resources or improve 
his competitive position in the design, manufacture, shipment, installation, 
assurance of quality, or licensing a similar product.  

(d) It reveals cost or price information, production capacities, budget levels, or 
commercial strategies of Westinghouse, its customers or suppliers.  

(e) It reveals aspects of past, present, or future Westinghouse or customer funded 
development plans and programs of potential commercial value to 
Westinghouse.  

(f) It contains patentable ideas, for which patent protection may be desirable.  

There are sound policy reasons behind the Westinghouse system which include the 
following: 

(a) The use of such information by Westinghouse gives Westinghouse a 
competitive advantage over its competitors. It is, therefore, withheld from 
disclosure to protect the Westinghouse competitive position.  

(b) It is information which is marketable in many ways. The extent to which such 
information is available to competitors diminishes the Westinghouse ability to 
sell products and services involving the use of the information.  

(c) Use by our competitor would put Westinghouse at a competitive disadvantage 
by reducing his expenditure of resources at our expense.  

(d) Each component of proprietary information pertinent to a particular competitive 
advantage is potentially as valuable as the total competitive advantage. If 
competitors acquire components of proprietary information, any one 
component may be the key to the entire puzzle, thereby depriving 
Westinghouse of a competitive advantage.

2159A-2:031699
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(e) Unrestricted disclosure would jeopardize the position of prominence of 
Westinghouse in the world market, and thereby give a market advantage to the 
competition of those countries.  

(f) The Westinghouse capacity to invest corporate assets in research and 
development depends upon the success in obtaining and maintaining a 
competitive advantage.  

(iii) The information is being transmitted to the Commission in confidence and, under the 
provisions of 10CFR Section 2.790, it is to be received in confidence by the 
Commission.  

(iv) The information sought to be protected is not available in public sources or available 
information has not been previously employed in the same original manner or method 
to the best of our knowledge and belief.  

(v) The proprietary information sought to be withheld in this submittal is that which is 
appropriately marked in "F* and Elevated F* Tube Plugging Criteria for Tubes with 
Degradation Within the Tubesheet Region of the Prairie Island Units 1 and 2 Steam 
Generators", WCAP-14225, Revision 2 (Proprietary), March, 1999 for the Prairie 
Island Nuclear Plant, being transmitted by the Northern States Power Company letter 
and Application for Withholding Proprietary Information from Public Disclosure, to the 
Document Control Desk, Attention: Mr. Samuel J. Collins. The proprietary 
information as submitted for use by Northern States Power Company for the Prairie 
Island Nuclear Plant is expected to be applicable in other licensee submittals in 
response to certain NRC requirements for justification of F* and elevated F* criteria 
for tubes with degradation in the tubesheet region in steam generators.  

This information is part of that which will enable Westinghouse to: 

(a) Provide documentation of the methods for the application of F* and elevated 
F* criteria for tubes with degradation in the tubesheet region in steam 

generators.  

(b) Establish applicable testing methods.  

(c) Establish applicable codes and standards which are to be applied to the process.

2159A-2:031699
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(d) Assist the customer to obtain NRC approval.  

Further this information has substantial commercial value as follows: 

(a) Westinghouse plans to sell the use of similar information to its customers for 
purposes of meeting NRC requirements for licensing documentation.  

(b) Westinghouse can sell support and defense of the technology to its customers in 
the licensing process.  

Public disclosure of this proprietary information is likely to cause substantial harm to 
the competitive position of Westinghouse because it would enhance the ability of 
competitors to provide similar services and licensing defense services for commercial 
power reactors without commensurate expenses. Also, public disclosure of the 
information would enable others to use the information to meet NRC requirements for 
licensing documentation without purchasing the right to use the information.  

The development of the technology described in part by the information is the result of 
applying the results of many years of experience in an intensive Westinghouse effort 
and the expenditure of a considerable sum of money.  

In order for competitors of Westinghouse to duplicate this information, similar 
technical programs would have to be performed and a significant manpower effort, 
having the requisite talent and experience, would have to be expended for developing 
testing and analytical methods and performing tests..  

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC 
in connection with requests for generic and/or plant-specific review and approval.  

In order to conform to the requirements of 10 CFR 2.790 of the Commission's regulations concerning the 
protection of proprietary information so submitted to the NRC, the information which is proprietary in the 
proprietary versions is contained within brackets, and where the proprietary information has been deleted 
in the non-proprietary versions, only the brackets remain (the information that was contained within the 
brackets in the proprietary versions having been deleted). The justification for claiming the information 
so designated as proprietary is indicated in both versions by means of lower case letters (a) through (f) 
contained within parentheses located as a superscript immediately following the brackets enclosing each 
item of information being identified as proprietary or in the margin opposite such information. These 
lower case letters refer to the types of information Westinghouse customarily holds in confidence 
identified in Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant 

to 10 CFR 2.790(b)(1).



COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to 
make the number of copies of the information contained in these reports which are necessary for its 
internal use in connection with generic and plant-specific reviews and approvals as well as the issuance, 

denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a license, 
permit, order, or regulation subject to the requirements of 10 CFR 2.790 regarding restrictions on public 
disclosure to the extent such information has been identified as proprietary by Westinghouse, copyright 
protection notwithstanding. With respect to the non-proprietary versions of these reports, the NRC is 

permitted to make the number of copies beyond those necessary for its internal use which are necessary 
in order to have one copy available for public viewing in the appropriate docket files in the public 
document room in Washington, DC and in local public document rooms as may be required by NRC 
regulations if the number of copies submitted is insufficient for this purpose. Copies made by the NRC 
must include the copyright notice in all instances and the proprietary notice if the original was identified 

as proprietary.


