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4.9 STEAM GENEPAT*TUBE INSEBVICE SURVEILLA!Uft 

Applicability 

Applies to inservice surveillance of the steam generator tubes.  

Objective 

To assure the continued integrity of the steam generator tubes 

that are a part of the primary coolant pressure boundary.  

Specification 

Steam generator tubes shall be determined operable by the 

following inspection program and corrective measures: 

A. Inspection Reeuirements 

1. Definitions 

a. Imperfection is an exception to the dimension, finish, 

or contour required by drawing or specification.  

b. Degradation means a service-induced cracking, wastage, 

wear or corrosion.  

c. Degraded Tube is a tube that contains imperfections 

caused by degradation large enough to be reliably 
detected by eddy current inspection. This is 

considered to be 20% degradation.  

d. % Degradation is an estimate % of the tube wall 

thickness affected or removed by degradation.  

e. Defect is an imperfection of such severity that it 

exceeds the plugging limit. A tube containing a defect 

is defective.  

f. Tube Plugging Limit is the tube imperfection depth at 

or beyond which the tube must either be removed from 

service or repaired. This is considered to be an 

imperfection depth of 40%. However, for the purposes 

of identifying defective tubes due to pitting between 

the tube sheet and first support plate of the cold 
leg 

side of all four steam generators, the tube plugging 
limit shall be an imperfection depth of 50% or greater.  

g. Sleeve Plugging Limit - is the sleeve imperfection 

depth at or beyond which the sleeved tube must be 

removed from service or repaired. This is considered 

to be an imperfection depth of 40% for tube sleeves.  
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h. Tube *pection is an inspectionP e tubes from the 

point of entry (hot leg side) com tely around the 

U-bend to the top support of the cold leg. However, 

for purposes of the inspection performed as a result of 

the March 24, 1982 tube leak on the cold leg side of 

SG-33, the inspection required by Table 4.9-1 may 
be 

performed on the cold leg side of the steam 
generators 

up to the second support plate on that side, except 

that in at least one steam generator, the inspection 

shall extend to the sixth tube support plate on the 

cold leg side.  
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4. Interval Inspection 

a. The first inservice inspection of steam generators 

should be performed after six effective full power 

months but not later than completion of the first 

refueling outage.  

b. Subsecuent inservice inspections should be not less 

than 12 or more than 24 calendar months after the 

previous inspection.  

c. If the results of two consecutive inspections, not 

including the preservice inspection, all fall in the 

C-1 category, the frequency of inspection may be 

extended to 40-month intervals. Also, if it can be 

demonstrated through two consecutive inspections 
that 

previously observed degradation has not continued and 

no additional degradation has occurred, a 40-month 

inspection interval may be initiated.  

B. Corrective Measures 

All leaking tubes and defective tubes should be: (1) plugged, 1 

or (2) repaired.  

C. Reports 

1. Following each inservice inspection of steam generator 

tubes, the number of tubes plugged and repaired in each 

steam generator shall be reported to the Commission within 

15 days.  

2. The complete results of the steam generator tube inservice 

inspection shall be reported in writing on an annual basis 

for the period in which the inspection was completed per 

Specification 6.9.2.f. This report shall include: 

a. Number and extent of tubes inspected.  

b. Location and percent of wall-thickness penetration 
for 

each indication of an imperfection.  

c. Identification of the tubes plugged and the tubes 
repaired.  
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deterioration dueO design, manufacturing err*, or chemical 

imbalance. Inservice inspection of steam generator tubing also 

provides a means of characterizing the nature and cause of any tube 

degradation so that corrective measures can be taken.  

An essentially 100% tube inspection was performed on each tube 

in every steam generator by eddy current techniques prior to service 

in order to establish a baseline condition for the tubing. This 

inspection was conducted under conditions and with equipment and 

techniques equivalent to those expected to be employed in the 

subsequent inservice inspections.  

The plant is expected to be operated in a manner such that the 

secondary coolant will be maintained within those limits found to 

result in negligible corrosion of the steam generator tubes. if 

stress corrosion cracking occurs, the extent of cracking during 

plant operation would be limited by the limitation of steam 

generator leakage between the primary coolant system and the 

secondary coolant system. Cracks having a primary-to- secondary 

leakage less than 500 gallons per day during operation will have an 

adequate margin of safety against failure due to loads imposed by 

design basis accidents. Operating plants have demonstrated that 

primary-to-secondary leakage as low as.0.1 gpm will be detected.  

Leakage in excess of 432 gallons per day per steam generator or1 

gpm total through all four steam generators will require plant 

shutdown and an unscheduled eddy current inspection, during which 

the leaking and defective tubes will be located and either: (1) 

plugged, or (2) repaired. The 500 gallon per day limit is also 

consistent with the assumptions used to develop the Technical 

Specification limit for secondary coolant activity.  

Wastage-type defects are unlikely with all volatile treatment 

(AVT) of secondary coolant. However, even if this type of defect 

occurs, the steam generator tube surveillance specification will 

identify steam generator tubes with imperfections having a depth 

greater than 40% of the 0.050 inch tube wall thickness as being 

unacceptable for continued service. The results of steam generator 

tube burst and collapse tests have demonstrated that tubes having 

wall thickness not less than 0.025 inch have adequate margins of 

safety against failure due to loads imposed by normal plant 
operation and design basis accidents.  
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A 10% allowano for tube degradation that 0 y occur between 

inservice tube examinations added to the 40% tuoe plugging limit 

provides an adequate margin to assure that SG tubes acceptable for 

operation will not have a minimum tube wall thickness 
less than the 

acceptable 50% of normal tube wall thickness (i.e., 0.025 in) during 

the service lifetime of the tubes.  

Steam generator tube inspections of operating plants have 

demonstrated the capability to reliably detect wastage 
type defects 

that have penetrated 20% of the original 0.050 inch wall thickness.  

The definition of tube plugging limit also provides 
that a 

tube imperfection depth of 50% or greater shall be applied to tubes 

which have experienced pitting on the cold leg side of a 
steam 

generator between the tube sheet and first support plate.  

This 10% increase in allowable tube degradation is acceptable 

since burst tests, corrected to 600°F, of representative tubing with 

various flaw types, lengths and wall thicknesses, have demonstrated 

that 25% remaining wall thickness for all flaw lengths is adequate 

to withstand the max &P (2650 psi) calculated to occur during 

faulted conditions. A 50% plugging limit also incorporates 25% 

margin. A 10% margin for measurement inaccuracies is considered 

sufficient, leaving a 15% safety margin for corrosion allowance.  

The definition of sleeve plugging limit provides that a sleeve 

imperfection depth of 40% (.0156 inch) or greater shall be applied 

to tube sleeves.  

The definition of tube inspection also provides that the steam 

generator inspection conducted as a result of the March 24, 1982 

tube leak may be performed on the cold leg sides up to the second 

support plate on that side except that in at least 
one steam 

generator the inspection shall extend up to the sixth tube support 

plate on the cold leg side. This is acceptable since the leakage 

which initiated this inspection occurred on the cold leg side 
and 

since a 100% inspection of the cold leg side of one steam generator 

up to the sixth tube support plate on that side revealed negligible 

defects. In addition, a 100% inspection of the hot leg sides of two 

steam generators up to the sixth tube support plate revealed ( 
negligible defects.  
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SECTION I - ESCRI ON OF MODIFICATION 0 

This application seeks to amend Appendix A, Section 
4.9 of the 

Operating License. The proposed changes result ;om the steam 

generator inspection performed during the cycle -4 refueling 

outage and consist of the following: 

1) A revised definition of "tube inspection" (§4.9.A.l.h) to 

allow the steam generator inspection conducted as a result 

of the March 24, 1982 tube leak, to be performed on the 

cold leg sides of the steam generator up to the second 

support plate, except that in at least one steam generator, 

the inspection shall extend up to the sixth tube 
support 

plate on the cold leg side; 

2) A revised steam generator "tube plugging limit" 

(§4.9.A.l.f) from a tube imperfection depth 
of 40% to one 

of 50%. This is limited to the portion of the cold leg 

generator tubes between the tube sheet 
and first support 

plate, which have been subjected to pitting; 

3) A revised requirement for "corrective actions" (§4.9.B) to 

specify that defective tubes should either be plugged 
or 

repaired; 

4) A new steam generator tube "sleeve plugging limit," 

(§4.9.A.l.g) to specify a sleeve imperfection depth at or 

beyond which the sleeved tube must be plugged or repaired.  

SECTION II - PURPOSE AND EVALUATION OF MODIFICATION 

1. This modification will allow for an inspection 
of steam 

generator tubes in accordance with Table 4.9-1 to be conducted 

in the area where the tubes have experienced 
pitting, i.e., 

between the tube sheet and first support plate on the cold leg 

sides. Otherwise, §4.9.A.l.g of the Tech. Specs. would require 

an inspection of the hot leg sides even though the tube leak 

occurred on the cold leg side.  

The inspection proposed included the tubes on the cold leg 

sides of the steam generators and extended up 
to the second 

tube support plate in three steam generators and up to the 

sixth tube support plate in the fourth generator. 
This 

proposed change is limited to the inspection performed 
as a 

result of the March 24, 1982 tube leak and is acceptable for 

the following reasons: 

(a) the leakage which initiated this inspection occurred 
on the 

cold leg side of steam generator no. 33; 

(b) a 100% inspection of the tubes on the cold leg side of 

steam generator no. 33 revealed no defects between the 

second tube support plate and the sixth tube support 
plate 

(these results were also obtained on steam generator 
no. 31 

during the Fall 1981 unscheduled inspection);
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(C) a 100% inection of the tubes on the t leg sides of 

steam generator no. 32 and 33 up to th sixth tube support 

plate on the hot leg side revealed no defects above the 

second tube support plate; and 

(d) an inspection of 12% of the tubes in steam generator no. 31 

was conducted in accordance with Table 4.9-1 of the Tech.  

Specs. on the hot leg side including the entire U-bend 

revealed no defects.  

2. This modification will also proyide a requirement for 

either plugging or sleeving pitted tubes between the 
tube sheet 

and first support plate on the cold leg sides of all four steam 

generators once they experience an imperfection 
depth of 50% or 

greater in lieu of 40% or greater. This 10% increase in 

allowable degradation is acceptable for the following reasons: 

(a) burst test data, which the Authority submitted to NRC on 

November 6, 1981 (IPN-81-88), has demonstrated that a 25% 

remaining wall. thickness for all flaw lengths is adequate 

to withstand the maximum differential pressure calculated 

to occur in the area between the tube sheet and first 

support plate during faulted conditions. (Dynamic loads are 

negligible in this area of the tube bundle). This also 

assumes that any flaws greater than 1.0 inch are segmented, 

that is, small pits separated by ligaments (!=.01 inch) 

which add up to an effective flaw length. See attached 

Figure 1. For flaw lengths less than or equal to 0.5 inch 

and remaining wall thicknesses less than 25%, there is no 

potential for bursting, only leakage. This leak before 

break condition is considered applicable to IP-3 since the 

largest pit observed to date during laboratory examinations 

was conservatively estimated at .3 inch (a single case; 

next largest is approx. .2 inch) 

Figure 1 includes the results of a test program, also 

discussed in our November 6, 1981 submittal, which 

demonstrated that simulated pit diameters of .125 and .187 

inch, with pit depths up to 90% of the wall and as little 

as .01 inch ligaments between pits, withstood pressures of 

2.5 times the maximum differential pressure calculated to 

occur in the area of pitting during faulted conditions.  

When corrected for operating temperature, a margin of over 

2000 psi exists to the postulated fault conditions.  

A pitted tube (R22 C 46) removed from steam generator no.  

31 during the Fall 1981 inspection, having a measured pit 

depth of approximately 65% and a pit diameter of 

approximately .1 inch was pressurized to 10,000 psi with 

slight bulging but no rupture and no leakage. This 
strength is comparable to a virgin (non-pitted) tube.  

Based on the Figure 1 results, .3 inch'diameter pits with 

remaining wall thicknesses of 25% (.0125 inch) will 
withstand pressures in excess of 6000 psig, which is well 

above three times normal operating pressure (1480 psi X 3 

4440 psi).
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(b) the resul*of recent tube burst test f similar tubing 

submittted to NRC by Millstone Unit 2 ocket No. 50-336) 

on March 1, 1982 for a myriad of test conditions (see 

attached Figure 2 and Table 1) indicated that the worst 

case (four axially aligned pits; .125" dia., separated by 

.01 inch ligaments) burst pressures for deep pits (75% and 

88% of tube wall degraded) were approximately 5200 
psi and 

4300 psi, respectively. These pressure are greater than 

and slightly less than three times the normal operating 

differential pressure (1480 psi X 3 = 4440 psi).  

(c) The leakage which initiated this inspection 
occurred in 

cold leg tube P19 C47 of steam generator no. 33 about 10 

inches above the tube sheet on the cold leg 
side. The 

leakrate measured was approximately 1 to 2 gpm. Subsequent 

laboratory examination of this tube showed that the pit 

which apparently caused the leakage was approximately 
.3 

inch in diameter at the time of penetration. This is a 

conservative estimate since: this tube was stretched during 

extraction and broke at the location of this pit, 
the 

through wall hole in this pit was calculated from the 

flowrate to be .037 inch, and no other pits of this size 

have been observed during the laboratory examinations. 
It 

is also probable that several pits coalesced 
to form this 

pit since the bottom of the pit has ridges indicative of 

several combining pit edges. A single .2 inch diameter pit 

and multiple small pits (=.025 inch dia.) were also 

observed on this tube.  

Laboratory examination of hot leg tube R32C42 removed in 

May 1982 identified several axially oriented cracks 
one 

approximately .5 inch long, at approximately 8 inches above 

the top of the tube sheet. This crack is located in a 

region of light wastage and pitting similar to that found 

on the tube R19C47, however, the pitting is shallower.  

Distortion of the tube wall did not occur in the cracked 

region of the tube. The cracking was detected by the 

standard eddy current examination of the steam generators.  

Pitting on this tube was less severe than on either cold 

leg tube examined; the largest pit was approximately .03 
inch in diameter.  

Two tubes (FIC72 and R2C72) were also pulled from the 

cold leg side of SG-33 in June 1982. Laboratory 

examination of these tubes indicated a single pit (.015 

inch deep; .180 inch diameter) on tube RIC72 at about 4 

inches above the tubesheet and pitting (max .035 inch deep; 

max .118 inch diameter) on tube R2C72 at about 3 inches 
above the tubesheet.  

(d) To determine the growth rate of pitting over the 3.5 month 

period between the Fall 1981 steam generator inspection 

outage and the current cycle 3/4 refueling outage, a sample 

of 116 data points was utilized. These data points 

represent defects which were quantified before and after 

the 3.5 month operating period using the same eddy current 

testing technique. The average change in defect size 

(including defects which appeared to have
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* shrunk) is andftrease of 5.9% over the 3.;Mmonth period or 1.7% 

per month. g a 9 month operating Fiod prior to the next 

steam generator inspection, a defect growth of 15.3% or .0077" is 

calculated.  

(e) a comparison of laboratory examination results 
to field ECT data 

(CE probe) of four tubes pulled in 1982 showed ECT field 

measurement inaccuracies of 0%, 1%, 8% and 13%. In all cases the 

measurement errors were toward the conservative side (field data 

identified larger defects than the measured lab 
results). Based on 

the above a 10% ECT inaccuracy allowance is considered sufficient.  

(f) Even if the differential pressure calculated to occur during 

faulted conditions were sufficient to cause tube rupture, 
the 

probability of a design basis accident occurring during 
normal 

operation is small, and the probability that the accident would 

occur during the short period of time while the plant was operating 

with a tube of sufficient degradation is even smaller. 
See 

NUREG-0523, entitled "Summary of Operating Experience with 

Recirculation Steam Generators" §6.2, which utilized 
similar 

rationale for justification of operation with steam generator 
tube 

denting.  

(g) immediate and long range corrective action, planned to 
inhibit the 

pitting progression in the steam generators, include: 

1) immediate actions 
- sludge lancing 
- secondary side visual inspection for loose parts 

- modified layup procedure 
- crevice cleaning procedure 

- vacuum deaeration of make-up water 
2) long range actions 

- condensate and feedwater system modifications to remove 

copper 
- condenser redesign within the existing shell 

- installation of a full flow condensate polisher facility 

- active participation in the steam generators owner's group 

to study the pitting phenomenon 

(h) a mid-cycle (9 months at power operation) inservice 

inspection will be performed on two (2) steam generators; on each 

of the two steam generators 6% of the tubes will be inspected up to 

the second support plate on both hot and cold leg sides.  

Based on the above, a 25% remaining wall thickness, plus a 15% 

allowance for corrosion until the next steam generator inspection (a 

mid-cycle inspection), plus a 10% allowance for ECT measurement 

inaccuracies, yields a minimum wall thickness of 50%, or 
a plugging 

limit of 50%.  

3. This modification will also allow repair by sleeving 
of defective 

tubes as well as plugging. The method of sleeving utilized will be that 

reported in WCAP-10145 which is an improved process of the type 

previously approved for use at the San Onofre and 
Point Beach Nuclear 

Power Stations.

-4-



WCAP-1014@entitled "Indian Point Uni Steam Generator 

Sleeving Report," addresses the following safety issues which 

are evaluated during an NRC Staff safety review of a sleeving 

Program: 

1. Design verification analysis and testing 

a. Structural analysis of sleeved tube assemblies per 

Section III of the ASME Boiler and Pressure Vessel Code 

(section 6.2 of WCAP-l0145) 

b. Testing to verify adequate mechanical material, and 

leak-tight integrity (section 6.1) 

c. Testing to verify acceptable corrosion resistance 

(section 6.1) 

2) Regulatory Guide 1.121 analyses (section 6.3.4) 

a. Plugging limit for sleeves 

b. Verify "leak before break" is valid for sleeves 

3) In-service inspectability of sleeved tube assemblies 

(section 7) 

4) Occupational exposure (section 8.0) 

5) Evaluation of operation with reduced flow (section 
6.3.7) 

Although sleeving programs at other facilities have been 

utilized to correct defects due to cracking (i.e., 

intergranular attack) at the tube sheet as opposed to pitting, 

pitted tubes exhibit more stable strength characteristics, 

Therefore, sleeved pitted tubes will exhibit more stable 

strength characteristics than sleeved cracked tubes based 
on 

the data presented in section 2(c) of this safety evaluation.  

4. Finally, this modification will provide a requirement to plug or 

repair sleeved tubes once the tube sleeves experience an 

imperfection depth of 40% or greater. The basis for this 

sleeve plugging limit is provided in section 6.3.4 of WCAP-10145 

and is the same limit as that established for the San Onofre 

sleeving program.  

SECTION III - IMPACT OF MODIFICATION 

This modification will not alter the conclusions reached in the 

FSAR and SER accident analyses.
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SECTION IV - ImPL4TATION OF THE MODIFICATI0* 

This modification will not adversely impact the ALARA or Fire 

Protection Program at IP3. The Authority will use an automated 

sleeving method which will significantly reduce personnel exposure 

as experienced during manual sleeving programs previously 
approved 

by NRC.  

SECTION V - CONCLUSION 

The implementation of this modification: a) will not increase 

the probability nor the consequences of an accident or malfunction 

of equipment important to safety as previously evaluated in the 

Safety Analysis Feport; b) will not increase the possibility 
for an 

accident or malfunction of a different type than any evaluated 

previously in the Safety Analysis Report; c) will not reduce the 

margin of safety as defined in the basis for any Technical 

Specification, and d) does not constitute an unreviewed safety 

question.  

SECTION VI - REFERENCES 

(a) IP3 FSAP 

(b) IP3 SER 

(c) WCAP-10145, Indian Point Unit 3 Steam Generator Sleeving 

Report, September 1982.
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