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Carolina Power & Light Company 

SEP 14 1987 
SERIAL: NLS-87-179 

United States Nuclear Regulatory Commission 
ATTENTION: Document Control Desk 
Washington, DC 20555 

H. B. ROBINSON STEAM ELECTRIC PLANT, UNIT NO. 2 
DOCKET NO. 50-261/LICENSE NO. DPR-23 
NRC BULLETIN NO. 87-01: THINNING OF PIPE 
WALLS IN NUCLEAR POWER PLANTS 

Gentlemen: 

Carolina Power & Light Company hereby submits information requested by NRC Bulletin No. 87-01, dated July 9, 1987. The subject bulletin required the submission of information concerning a licensee's programs for maintaining the thickness of pipe walls in high-energy single-phase and two-phase carbon steel piping systems.  

This submittal provides the requested information regarding the H. B. Robinson Unit 2 program for monitoring the wall thickness of pipes in the condensate, feedwater, steam, and connected high energy piping systems. Should you have any questions concerning this response, please contact Mr. A. W. Schmich at (919) 836-8759.  

You very tr 

A. B. Cutter - ice President 
Nuclear Engineering 

ABC/pp (5268AWS) 

Attachment 

cc: Dr. 3. Nelson Grace 
Mr. K. Eccleston 
Mr. H. Krug 

A. B. Cutter, having been first duly sworn, did depose and say that the information contained herein is true and correct to the best of his information, knowledge and belief; and the sources of his information are officers, employees, contractors, and agents of Carolina Powei & Light Company.  

My commission expires: 

.~~~ ~ ., .A r~ ..  

411 ,ayettevilie Street P. C. 2ox I551 o .aiegn. N. C. 2 602 

8709170264 870914 
PDR ADOCK 05000261 
G PDR



CAROLINA POWER & LIGHT COMPANY 
H. B. ROBINSON UNIT 2 

Response to NRC Bulletin No. 87-01 Thinning of Pipe Walls in Nuclear Power Plants.  

The following provides specific detail for each of the Bulletin action items.  

ACTION 1: 

Identify the codes and standards to which the piping was designed and fabricated.  

CP&L Response: 

Unit 2 piping was designed by Westinghouse and Ebasco in accordance with 
ANSI B31.1 1967.  

ACTION 2: 

Describe the scope and extent of your programs for ensuring that pipe wall 
thickness are not reduced below the minimum allowable thickness. Include in the 
description the criteria that you have established for: 

a. selecting points at which to make thickness measurements 
b. determining how frequently to make thickness measurements 

selecting the methods used to make thickness measurements 
d. making replacement/repair decisions 

CP&L Response: 

The scope of the program includes the condensate, feedwater, steam, and 
connected high-energy piping systems. The extent of the program is to monitor 
the wall thickness of pipes in these safety and nonsafety-related piping systems 
fabricated of carbon steel.  

(2.a) Points/components in the program are selected for wall thickness 
measurement based on the susceptibility to erosion and/or corrosion 
(erosion/corrosion) as determined by the following methods: 

(1) review of the Surry event and other industry experience.  

(2) use of the Keller equation including factors for temperature, percent 
moisture, geometry, and velocity.  

(3) review of conditions which may allow fluid within the piping to flash to 
steam, such as locations downstream of control valves, orifices, or other 
flow restrictions, steam traps, and normally closed valves with leakage.  

(4) review of piping failures and leaks from historical records.  

(2.b) Upon determining that a point or component is susceptible to 
erosion/corrosion, an initial inspection is performed. The results of the wall 
thickness measurements and, when appropriate, of visual inspection are then 
analyzed to define the extent of erosion/corrosion, if any.  
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Any observable pattern of changes in wall thickness measurements and the 
results of visual inside diameter (ID) inspection provide a firm indication of 
severe erosion/corrosion. Components exhibiting evidence of severe 
erosion/corrosion or thin wall condition are replaced immediately. Minor or 
moderate erosion/corrosion is used as a basis for future inspection to allow 
comparison of wall thickness measurements to initial (baseline) data, from which 
a relatively accurate erosion/corrosion rate can be established. The 
erosion/corrosion rate is the deciding factor in scheduling repair or replacement 
of piping or components.  

The observed erosion/corrosion rate is derived using a formula which can be 
simplified as: 

Tb - Ta = TI 

TI / 0 = E/Cr 

where 

Tb is the nominal or baseline wall thickness 
Ta is the current actual wall thickness 
TI is the amount of wall thickness lost 
0 is the hours of plant operation since baseline 
E/Cr is the observed erosion/corrosion rate 

By comparing the E/Cr to the thickness remaining in excess minimum wall, a 
realistic repair or replacement schedule is developed.  

(2.c) Ultrasonic thickness measurements are utilized to determine actual wall 
thickness of piping. This measurement is taken from the outside diameter (OD) 
of the piping or component and, where accessible, from the ID when a system is 
open for inspection, maintenance, or modification. The point or component 
including the length of piping immediately upstream and downstream is marked 
in grids of 15-degree segments at 1" to 2" increments, depending on pipe size, to 
assure a thorough inspection. When a system is open, visual inspection is also 
performed to note the condition of backing rings, the absence of magnetite, 
areas of observable erosion/corrosion adjacent to welds or previous repair 
locations, and to make depth measurements.  

(2.d) The decision to repair or replace piping or a component is based on the 
expected length of time the piping or component can be operated without 
reaching minimal wall thickness. This information is then input to the plant 
mechanical maintenance schedule. To date, carbon steel piping replacements 
due to erosion/corrosion have been "in kind", that is, piping of the same or equal 
design and fabrication has replaced existing piping. The use of other piping 
materials or design is under evaluation as a means of reducing or eliminating 
erosion/corrosion.  
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ACTION 3: 

For liquid-phase systems, state specifically whether the following factors have 
been considered in establishing your criteria for selecting points at which to 
monitor piping thickness (Item 2a): 

a. piping material (e.g., chromium content) 
b. piping configuration (e.g., fittings less than 10 pipe diameters apart) 
c. pH of water in the system (e.g., pH less than 10) 
d. system temperature (e.g., between 190 and 500'F) 
e. fluid bulk velocity (e.g., greater than 10 ft/s) 
f. oxygen content in the system (e.g., oxygen content less than 50 ppb) 

CP&L Response: 

Liquid-phase systems in the program include the condensate and feedwater 
systems.  

(3.a) Both systems contain carbon steel piping material and are included in the 
program.  

(3.b) Areas where turbulence effects would be expectd to cause pipe degradation 
first, such as at elbows and tees, are assigned a high.inspection priority. The 
remainder of the system is inspected based on service conditions. Piping 
configurations where a pressure drop could cause flashing to steam are also 
considered.  

(3.c) The pH of water in the systems is a known constant value for both the 
condensate and feedwater systems. Therefore, pH is not a factor in selecting 
piping for inspection.  

(3.d) System temperatures greater than 210 0 F are considered in the selection of 
inspection points/components for both systems.  

(3.e) The fluid bulk velocity is addressed by the Keller equation.  

(3.f) The oxygen content of fluids in the systems is a known constant value for 
both the condensate and feedwater systems. Therefore, oxygen content is not a 
factor in selecting piping for inspection.  

ACTION 4: 

4. Chronologically list and summarize the results of all inspections that have been 
performed, which were specifically conducted for the purpose of identifying pipe 
wall thinning, whether or not pipe wall thinning was discovered, and any other 
inspections where pipe wall thinning was discovered even though that was not the 
purpose of that inspection.  

a. Briefly describe the inspection program and indicate whether it was 
specifically intended to measure wall thickness or whether wall thickness 
measurements were an incidental determination.  

b. Describe what piping was examined and how (e.g., describe the inspection 
instrument(s), test method, reference thickness, locations examined, 
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means for locating measurement point(s) in subsequent inspections).  

c. Report thickness measurement results and note those that were 
identified as unacceptable and why.  

d. Describe actions already taken or planned for piping that has been found 
to have a nonconforming wall thickness. If you have performed a failure 
analysis, include the results of that analysis. Indicate whether the 
actions involve repair or replacement, including any change of materials.  

CP&L Response: 

Concern with erosion/corrosion effects on piping began in the late 1970s when 
the crossunder piping was opened for an unrelated inspection. At that time, 
areas of erosion were noted. Repairs were not then required. Then, during the 
1982 refueling outage, the crossunder piping was again opened for inspection and 
minor weld repair was accomplished for the piping elbows. In 1983, an extraction 
steam piping leak at a separate piping location resulted in replacement of various 
fittings and piping sections. In 1984, more major repairs were made to the 
crossunder piping.  

Work on a formal erosion/corrosion program for systems carrying "wet" steam 
began in 1985, followed in 1986 by the approval of a documented program. In 
1987, following the Surry event, the program was revised to include both the 
condensate and the feedwater systems.  

The purpose of the current program is multi-tiered: 

1. To assure review and analysis of system designs and operating 
parameters for determining susceptibility to erosion or corrosion.  

2. To provide calculation of thickness-wear factors for determining the 
susceptibility of components to erosion or corrosion.  

3. To establish susceptibility priorities.  

4. To select and schedule points or components for inspection.  

5. To determine the method and extent of inspection.  

6. To provide guidelines for documenting the results of inspection (e.g., 
mapping or plotting).  

7. To assure evaluation of inspection results and the determination of 
expected failure rates for establishing requirements for piping or 
component disposition, reinspection, repair, or replacement.  

Wall thickness measurement utilizing ultrasonic inspection is an integral part of 
the program. Ultrasonic inspection is supplemented by visual inspection, where 
possible, and by review of historical operating records for the systems involved.  

(4.a through d) To date, the following piping systems have been inspected under 
the erosion/corrosion program: 
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1. Crossunder piping (HP turbine to MSRs) 

After major repairs in 1984, the ID of the crossunder piping was visually 
inspected in 1986 and several indications of minor erosion were noted, 
although repair was not necessary. Moisture preseparators were installed 
on the HP turbine discharge nozzles to reduce the moisture content.  
Visual inspection of this same piping in 1987 found no evidence of 
continued erosion although the expected magnetite layer was not 
observed at the circumferential and longitudinal piping joints and at 
certain areas of the elbows. These locations will continue to be 
monitored.  

2. Crossover piping (MSRs to LP turbine) 

During the replacement of the turbine rotor in 1987, the crossover piping 
from the moisture separator reheaters to the LP turbine was visually 
inspected. Repair of piping for erosion/corrosion was not required.  

3. Extraction steam (HP turbine to No. 5 heaters) 

Ultrasonic inspection was performed in 1983 following a piping leak.  
Certain fittings and piping were replaced. Just prior to the 1986 
refueling outage, one elbow was identified by ultrasonic inspection to 
have thickness measurements at or below minimum wall and the elbow 
was replaced. Also in 1986, visual and ultrasonic inspection during the 
installation of preseparators on the HP turbine determined that one 
piping elbow and a small quantity of piping had been degraded. Although 
still above minimum wall, the elbow and piping were replaced to preclude 
the need for replacement within 2 to 3 years. Additional piping was 
subjected to ultrasonic and/or visual inspection in 1987 with no repair or 
replacement determined necessary. This piping has been scheduled for 
reinspection during the next refueling outage.  

4. Extraction steam (HP turbine to No. 6 heaters) 

Ultrasonic and visual inspections were performed in 1986, with no repair 
or replacement required. Reinspection has been scheduled for the next 
refueling outage.  

5. Crossunder drain piping to No. 4 heaters 

Most of this 1" piping was replaced in 1987 after review of maintenance 
work requests.  

6. Extraction steam drain to condenser (for No. 5 heaters) 

The entire 3/4" line was replaced in 1987 following ultrasonic inspection 
in 1986 and review of maintenance work requests.  

7. Extraction steam drain to condenser (for No. 6 heaters) 

The entire " line was replaced in 1987 following ultrasonic inspection in 
1986 and review of maintenance work requests.  
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8. Crossunder drain piping to miscellaneous drain tank 

The entire 1" line was replaced in 1987 based on review of maintenance 
work requests for 1986.  

9. Excess main steam piping from MSRs to No. 6 heaters and condenser 

Most of these 3" lines were replaced in 1987 following an ultrasonic 
inspection performed in 1986 and review of maintenance work requests.  

This system is to be redesigned and replaced during the next refueling 
outage with stainless steel material being considered for the high wear 
areas.  

10. Heater drain piping from No. 5 heaters to condenser 

Most of these 1-1/4" lines were replaced in 1987 following an ultrasonic 
inspection performed in 1986 and review of maintenance work requests.  

11. Heater drain piping from MSRs to No. 6 heaters and condenser 
(downstream of level control valves) 

This piping was visually inspected during a valve changeout in 1986. A 
weld repair (from ID) was performed at that time and piping was 
replaced this year.  

12. Heater drain piping from No. 6 heaters to heater drain tanks 
(downstream of level control valves) 

The piping to heater drain tank "A" was visually inspected in 1986 during 
valve changeout and minor weld repairs were made (from ID). The piping 
to heater drain tank "B" was inspected in 1987 and the primary piping 
replaced. The alternate drain piping showed no evidence of erosion or 
corrosion.  

13. Heater drain piping from No. 4 heaters to No. 3 heaters (downstream of 
level control valves) 

This piping was replaced in 1987 following an ultrasonic inspection 
performed in 1986 and review of mainternance work requests.  

14. Heater drain piping from No. 4 heaters to condenser (downstream of 
level control valves) 

The No. 4B heater level control valve was removed for inspection in 
1987. Minor erosion/corrosion indications on backing rings were removed 
by grinding. Since this condition was relatively minor in extent, the 
No. 4A heater level control valve was excluded from the inspection and 
scheduled for inspection during some future outage. Both valves are the 
alternate drains.  
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15. Heater drain piping from No. 3 heaters to No. 2 heaters and condenser 
(downstream of level control valves) 

The primary drain valves for both heaters were removed in 1987, with 
the piping for one of the valves replaced and the piping for the other 
valve weld repaired from the ID. The secondary drain valve for No. 3A 
was also removed for piping inspection with no indication of 
erosion/corrosion being found.  

16. Heater drain piping from heater drain tank to condenser (downstream of 
level control valve) 

The level control valve was removed for maintenance in 1986. Inspection 
of the ID found evidence of erosion/corrosion. The backing rings were 
removed and the localized area weld repaired. In 1987, the "pitted" 
piping was replaced.  

17. HP turbine casing 

The casing was visually inspected and repaired in 1986.  

18. Extraction steam (LP turbine to No. 3 heaters) 

Ultrasonic and visual inspection in 1986 found no evidence of 
erosion/corrosion.  

19. Extraction steam (LP turbine to No. 4 heaters) 

Ultrasonic inspection in 1986 found no evidence of erosion/corrosion.  

20. Heater drain piping (heater drain tank pump suction and discharge) 

In 1986, the "B" pump was removed for maintenance and the piping 
visually inspected with no evidence of erosion/corrosion noted. In 1987, 
the "A" pump was removed for maintenance and visual inspection of the 
piping found no evidence of erosion/corrosion.  

21. Feedwater recirculation piping to condenser 

In 1986, the piping adjacent to the orifice assemblies on the "A" and "B" 
lines was inspected and evidence of erosion/corrosion was noted. The 
piping was repaired or replaced as appropriate. In 1987, a leak occurred 
downstream of the flow control valve on the "A" line and an elbow was 
repaired. The equivalent elbow on the "B" line was inspected 
ultrasonically and weld repaired. Both the "A" and "B" lines were 
replaced this year with a larger diameter piping. Ultrasonic inspection 
of the new piping is scheduled for the next refueling outage.  

22. Auxiliary steam (from No. 5A extraction steam line) 

The piping was ultrasonically inspected in 1986 with no erosion/corrosion 
noted.  
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23. Heater drain tank vents to No. 5 heater extraction steam 

The piping was ultrasonically inspected in 1986 with no erosion/corrosion 
noted.  

24. Condensate piping from gland steam to condenser (downstream of flow 
control valve) 

The piping was visually inspected in 1986 and 1987 with no 
erosion/corrosion noted.  

25. Heater drain tank "B" 

The tank was ultrasonically and visually inspected in 1987 with no 
erosion/corrosion noted.  

26. MSR IA drain to heater drain tank "B" 

Ultrasonic inspection of this piping in 1987 found no erosion/corrosion.  

27. Heater drain vent from No. 5A heater to heater drain tank "A" 

Ultrasonic inspection of this piping in 1987 found no erosion/corrosion.  

28. MSR drains to heater drain tanks "A" and "B" 

Visual inspection of the piping in 1987 found no erosion/corrosion.  

29. Heater drain piping from heater drain tank pumps to feedwater pumps 
suction header (downstream of level control valve) 

Ultrasonic and visual inspection of the piping in 1987 found no 
erosion/corrosion.  

30. Main steam (to and from MSRs) 

Ultrasonic and visual inspection of the piping in 1987 found no 
erosion/corrosion.  

31. Heater drain (from heater drain pumps to heater drain tank "B") 

Ultrasonic inspection of the 3" piping in 1987 found no erosion/corrosion.  

32. Heater drain (from heater drain pumps to heater drain tank "B") 

Ultrasonic inspection of the 2" piping in 1987 found no erosion/corrosion.  

33. Blowdown (between flow control valve and flash tank) 

Ultrasonic inspection of the piping in 1987 found no erosion/corrosion.  
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34. Heater drain for No. 5B heater and heater drain tank "B" to heater drain 
tank pumps 

Ultrasonic inspection of the piping in 1987 found no erosion/corrosion.  

35. Main steam dump lines (to condenser) 

Visual inspection of ID in 1987 found no erosion/corrosion.  

36. Feedwater (inlet and outlet to No. 6A heater) 

Visual inspection of ID in 1987 found no erosion/corrosion.  

37. Feedwater header 

Visual inspection of the 24" piping in 1987 found no erosion/corrosion.  

38. Feedwater piping (discharge of main feedwater pumps adjacent to first 
check valve) 

Visual inspection of the piping in 1987 found no erosion/corrosion.  

39. Feedwater (9 fittings) 

Ultrasonic inspection of the 16", 20", and 24" fittings in 1987 found no 
erosion/corrosion.  

40. Condensate (4 fittings - suction to feedwater pumps) 

Ultrasonic inspection of the 20" fittings in 1987 found no 
erosion/corrosion.  

41. Condensate (2 fittings - suction to feedwater pump "A") 

Ultrasonic inspection of the 20" fittings in 1987 found no 
erosion/corrosion.  

42. Condensate (from No. 5 heaters to feedwater suction header) 

Ultrasonic inspection of the piping in 1987 found no erosion/corrosion.  

43. Condensate (from heater drain pumps to feedwater suction header) 

Ultrasonic inspection of the piping in 1987 found no erosion/corrosion.  

Carbon steel piping inspected to date which was found to be below the minimum 
wall has been repaired or replaced "in kind".  
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ACTION 5: 

5. Describe any plans either for revising the present or for developing new or 
additional programs for monitoring pipe wall thickness.  

CP&L Response: 

The erosion/corrosion program has sufficient flexibility to allow adding other 
systems to the scope of inspection or to modify inspection intervals as new data 
is assimilated or new technologies/inspection methods are developed. Currently, 
the nuclear industry is evaluating use of radiography for determining wall 
thinning without removing insulation from the piping and in areas where 
ultrasonic inspection results may be questionable, such as welds on backing rings 
and socket welds. This technique will be considered for use at HBR2 when the 
results of industry research are available. In addition, CP&L will evaluate the 
EPRI Erosion Corrosion Matrix (CHEC Program). The results of this evaluation 
will be used to validate the adequacy of the current plant erosion/corrosion 
program.  
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