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The Salem Nuclear Generating Station is located in the 

state of New Jersey on the east coast of the United States 

of America. It has two 1,100 MW operating units which 

went into service in 1977 and 1981. Despite regular 

inspection and maintenance of its service water system, 

both units began experiencing numerous problems with 

corrosion of the in-plant service water piping. This led the 

utility to thoroughly evaluate the problem and possible 

replacement materials and to conduct an extensive testing 

program. The results obtained from both the testing pro-

gram and the plant’s service experience with the various 

replacement materials are described in this case study. 

 

THE WATER SUPPLY 
 
The Salem plant has an open, once-through service water 

system using Delaware River water which is brackish and 

has a high silt content. The silt is composed of finely dis- 
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persed particles of fine sand and clay. The average size of 

the particles entering the system is 55 µ. Full flow pump 

discharge strainers with a rating of 1/32 inch (0.12 mm) are 

used to strain and remove debris from the water. Sodium 

hypochlorite is injected into the water using an automatic 

continuous system to maintain a total residual chlorine 

level of 0.3 to 0.5 ppm. No other chemicals are added to 

the water. The water is more brackish during drier periods 

of the year, and its temperature varies between 35°F and 

90°F (2°C and 31°C). The pH, chloride, magnesium hard-

ness, calcium hardness, and sulfate levels are summarized 

in the table below. The water supply and description have 

not changed since the units were first tested. 

 

THE SYSTEM 
 
The service water system has two parts: a safety-related 

nuclear area which supplies cooling water to reactor plant 

heat exchangers and a non-safety related turbine area. Both 

are served by a common intake structure and pumps. The 

majority of the piping is in the safety-related portion of the 

system, and the two units combined have approximately 

100 safety-related heat exchangers. Both units’ service 

water systems were tested approximately 1.5 years prior to 

their start-up dates, and stagnant brackish water was pre-

sent in the piping during that interim period between test-

ing and start-up. The piping for Unit 1 was installed dur-

ing 1975 and 1976, and the piping for Unit 2 was installed 

during 1980 and 1981. Corrosion problems have been 

found throughout the system. The turbine area piping is in 

continuous use except for shutdowns and is primarily 

large diameter. In the nuclear safety-related system, some 

portions are run continuously while redundant safety-

related sections may contain stagnant water for extended 
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of time. The portions of the system which tend to have stagnant water 

in them for the longest periods of time are the component cooling 

heat exchangers and the pump room coolers which have temperature 

driven flow as well as the diesel generator coolers where flow is 

initiated only on infrequent operation of the equipment. 

 

Underground Piping 
 

The underground piping is reinforced concrete with a diameter of 

either 24 or 30 inches (609 or 762 mm). When this case study was 

written (1992), the original piping was in place and performing well. 

Visual inspections and periodic hydrostatic tests indicated that no 

problems existed and no replacements were necessary. 

 

In-Plant Piping 
 

The original in-plant piping was cement-lined carbon steel in diam-

eters ranging from 3/4 to 12 inches (20 to 300 mm), coal tar epoxy 

lined carbon steel with diameters of 16 to 30 inches (410 to 760 

mm). The original heat exchanger tubing was 90/10 copper-nickel 

alloy with a diameter of 5/8 inch (16 mm). The primary problem 

experienced with the cement lined carbon steel pipe was that it was 

subject to corrosion in areas where there were gaps in the lining 

under the welds. The coal tar epoxy lined carbon steel was also sub-

ject to corrosion in areas where there were gaps in the lining in weld 

zones or areas of high erosion. More recently, 100% solids epoxy 

coatings have also been used in selected replacement areas. The 

90/10 copper-nickel alloy heat exchanger tubes experienced severe 

pitting corrosion. It was the in-plant piping corrosion problems that 

lead to the utility’s material evaluation, testing, and replacement pro-

gram. Replacement material selection and performance is discussed 

in the “Replacement Material Selection” section. 

 

Valves and Pumps 
 

The plant has used nickel aluminum bronze, rubber-lined carbon 

steel, and CF8 (cast type 316 or UNS J92810) pump and valve bod-

ies. The CF8 and nickel aluminum bronze valves have been used to 

replace some of the rubber-lined carbon steel and bronze compo-

nents and are reportedly performing “fairly well”. There are still a 

large number of lined carbon steel valves in the system. They are 

replaced or repaired as necessary. 

 

SYSTEM MAINTENANCE  
AND TESTING 
 

The utility has a periodic inspection and maintenance program for 

the service water system which has been in place in varying degrees 

since initial system start-up. System inspection occurs during fuel 

outages, which are approximately 18 months apart. During the 

inspection period, various parts of the system are opened and an 

internal visual inspection is performed. In those areas where the 

piping is large enough, crawl-through inspections are conducted. 

The inspections focus primarily on known problem areas. Periodic 

system hydrotests are also conducted. Pumps and important equip-

ment are checked for current flows and heat exchangers are moni-

tored for performance. Daily system walk downs are conducted by 

operations to look for leaks and other potential problems. 

Repairs or replacements are scheduled based on the inspection find-

ings and maintenance history. Previously the primary indicators that 

piping needed to be replaced were through-wall leakage and periodic 

hydro testing. At various times, volumetric non-destructive evalu-

ation (NDE) has also been used to evaluate the condition of the sys-

tem in areas where degradation was observed. In February, 1991, a 

program was initiated in one of the units to assess the condition of all 

the remaining lined carbon steel pipe. Internal visual inspections are 

still used to supplement this testing and are the most widely used 

inspection method for identifying potential problem areas. 

The primary in-service inspection programs used by the plant are 

mandated by ASME Section XI and the plant technical specifica-

tions. The only significant change in the program in the last several 

years is that inspections have been scheduled more frequently as the 

system aged and more numerous problem areas were identified. This 

maintenance program has recently been supplemented in accordance 

with the United States Nuclear Regulatory Commission testing 

requirements mandated by Generic Letter 89-13 which was issued 

July 18, 1989. 

 

REPLACEMENT MATERIAL 
TESTING 
 

The replacement materials currently being used by the utility were 

selected based on a review of the service performance of both the 

original and replacement materials, a technical literature review, a 

laboratory testing program, and three in situ material test installa-

tions. The cost, availability, and ease of installation were compared 

with the corrosion and erosion resistance provided by each candidate 

alloy to determine the most cost-effective solution. 

The utility set up three test loops in 1986 to evaluate candidate 

replacement materials more extensively. The following materials 

were included in the test loops: various 6 Mo austenitic stainless 

steels [VDM, Cronifer® 1925 hMO (UNS N08925); Allegheny 

Ludlum Steel Corporation, AL-6XN® (UNS N08367); and Avesta 

Stainless Inc., 254 SMO® (UNS S31254)] in several product forms 

and processing conditions; control specimens of Type 316 in various 

forms; Alloy 625 (UNS N06625); and Alloy C-276 (UNS N10276). 

Both crevice and pitting test specimens were used. The 6% Mo 

austenitic stainless steels were selected as the primary loop test mate-

rial because of the performance of AL-6X heat exchanger tubing and 

254 SMO in the replacement applications where they had been used, 

availability, cost, and ease of fabrication. Although titanium had per-

formed well in their heat exchangers, the utility would consider using 

the material in the future only if field welding could be minimized, 

which is typically not practical, and if the price were reasonable. For 

these reasons, titanium was not included in the test loops. At the time 

this case study was prepared, the total exposure time for the various 
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materials ranged from 3 to 4 years. Testing will be ongoing. Since 

the test loops are connected to the turbine building service water sys-

tem and since this section is isolated during refueling outages, there 

have been periods when testing was temporarily interrupted which 

reduced the total exposure time. 

The three test loops, which simulate the various field environments, 

contain approximately 80 to 90 specimens each. The service condi-

tions tested are flowing, ambient stagnant, and heated stagnant. The 

test loops themselves were constructed of 6 Mo austenitic stainless 

steel. The specimens have been in place since 1986, and the results 

to date have provided the following information. No general, pitting 

or crevice attack has been observed on any of the 6 Mo austenitic 

stainless steel surfaces, weld zones or weld heat-affected zones to 

date. Relatively minor crevice corrosion has been noted on a very 

small number of 6 Mo austenitic stainless steel crevice specimens 

after three years in service. Early crevice and pitting attack of the 

Type 316 was observed, and the samples were removed from the test 

loops. The number of coupons of Type 316 evaluated was consid-

ered insufficient for a strong comparison, so additional Type 316 

samples were added in May of 1991 for an improved database. No 

attack has been noted on the Alloy 625 or the Alloy C-276. 

 

REPLACEMENT MATERIAL 
SELECTION 
 
In the early 1980’s the initial piping replacements were made with 

types 304 and 316 stainless steel and carbon steel with polyethylene 

or 100% solids epoxy linings. Neither the 304 or 316 stainless 

steels, the polyethylene-lined carbon steel or the 100% solids epoxy 

lined materials have met long-term performance objectives. 

The utility began installing small quantities of replacement 6% 

molybdenum stainless steel materials in 1986. The first large replace-

ment project occurred in late 1988. The replacement materials were 

selected based on the performance of the initial replacement materials, 

the test loop results at that time, consultant recommendations, and the 

experience of other plants. Either AL-6X® or titanium was used as a 

replacement for the 90/10 copper nickel alloy heat exchanger tubes. 

These replacements were initiated in the early 1980’s and both mate-

rials have performed very well. A 20-inch weld mitered elbow of 254 

SMO® was installed in a very severe service section of in-plant pipe 

in 1986 and also performed very well. The replacement materials 

already placed in service are closely monitored both by visual and 

NDE in the outages following their installation and there is no indica-

tion of weld or heat affected zone pitting corrosion, which has been a 

significant problem with 304 and 316 stainless steels. 

The 6 Mo austenitic stainless steels were selected as the preferred 

replacement material, because they were judged to be the most cost- 

effective, were readily available, and presented no significant fabri-

cation problems. No significant difference in performance has been 

noted among the 6 Mo austenitics during testing or in service. The 

cement and coal tar epoxy lined carbon steel pipe and sections pre-

viously replaced with Type 316 or polyethylene or 100% solids 

epoxy lined carbon steel are being replaced as needed with 6 Mo 

austenitic stainless steels. The primary indicator that pipe replace-

ment is needed is through-wall leakage. Three 6 Mo austenitic stain-

less steels have been used to date in the plant; 254 SMO®; AL-

6XN®; and INCO® alloy 25-6MO (UNS N08925), produced by the 

INCO family of companies. The total length of 6 Mo austenitic 

stainless steel in service at the time of this case study is 7,512 feet 

(2,290 meters). The pipe ranges from 314 to 20 inches (19 to 508 

mm) in diameter. For pipe up to and including 2 inches (50.8 mm) in 

diameter, ANSI Schedules 40S and 80S are used to specify wall 

thickness, and, for diameters of 2 inches (50.8 mm) to 14 inches 

(355.6 mm), ANSI Schedule 40 is used. For larger pipe sizes (16 

inch or greater) schedule standard is used. 

Containment service water pipe replacement, 
February, 1992, Salem Unit 2 

Hope Creek Plant, which is at the same location, went on line in 1987 

and began experiencing problems in the raw water side of its closed 

loop service water system within 2 years of start-up. This plant also 

has a major ongoing replacement program. The 6 Mo austenitic 

stainless steels will be the replacement piping for all currently 

planned projects at both plants unless unanticipated problems arise. 

In addition to the piping, all of the fittings, flanges, and other system 

components are fabricated from 6 Mo austenitic stainless steel. 

Table 1
Chemical Composition of the  
Alloys (weight percent) 

UNS 
NUMBER 

ALLOY 
NAME 
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Ni 
 

Mo 
 

Cu 
 

N
 

OTHER
 

S31600 
S31254 
N08367 
N08925 
 
N06625 
N10276 
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Type 316 
254 SMO 
AL-6XN 
25-6MO and 
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Alloy 625 
Alloy C-276 
90/10 copper-
nickel 

17 
20 
20 
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FABRICATION OF THE 6 Mo 
AUSTENITIC STAINLESS 
STEEL PIPING SYSTEM 

Quality fabrication and installation is a requirement for obtaining 

optimal performance with special alloys, and the utility emphasized 

this requirement for the replacement work. In most cases, 6 Mo 

austenitic stainless steels are being welded to each other, but, when 

the transition between the 6 Mo austenitic stainless steel and the pre-

existing material has to be made, electrically insulated flanges are 

used. Piping greater than or equal to 3 inches (76 mm) in diameter is 

shop-fabricated prior to installation, whenever possible to ensure 

optimum control of all procedures. Smaller diameter piping, which 

is easier to work with, is fabricated on-site by the installation 

contractor. Since this was a new material for the utility and the 

fabricator, precautions were taken to ensure that the workers were 

adequately prepared. Extensive training and qualification programs 

were conducted to ensure that proper welding, bending, and cutting 

techniques were used. NDE of initial welding projects established 

confidence in the fabricating processes. 

Based on manufacturers’ recommendations, the fabricator limits the 

heat input and uses a 9% molybdenum filler of a Alloy 625 chemistry 

(AWS ENiCrMo-3) for all welds. This provides an over alloyed weld 

metal composition to ensure complete weld metal corrosion resistance. 

Interpass temperatures are kept below 100°C to avoid harmful precip-

itation in the previous weld passes and heat-affected zone. The utility 

avoids creating crevices whenever possible, because they are a possi-

ble site for initiation of corrosion. They have eliminated the use of 

socket welds for that reason and use full penetration butt welds instead. 

The predominant replacement piping is small in size and does not lend 

itself to inside diameter cleaning. A light flapper wheel is used to 

smooth the inside diameter when access is possible. System acid pick-

ling is precluded by connections with existing carbon steel piping and 

the mix of materials for components such as gaskets, valves, and pip-

ing, but, in some instances, shop-fabricated assemblies are pickled. 

CONCLUSIONS 

After a significant amount of rigorous testing and collecting actual 

service data, the 6 Mo austenitic stainless steels were selected as the 

preferred replacement material by this utility, because these alloys 

provide the required corrosion resistance, are considered to be cost 

effective, are readily available, and present no significant fabrication 

problems. Unless unforeseen problems arise, the 6 Mo austenitic 

stainless steels will be used for all of the currently planned replace-

ment programs in both of the Salem Plant units where problems 

originally occurred and the Hope Creek Plant where corrosion 

problems have also arisen. Since the utility found no significant 

difference in the performance of the various 6 Mo austenitics, all 

of the alloys in the family are considered to be equivalent for use 

by the utility. Although titanium performed well in service, it is 

not likely to be considered for future piping installations unless 

the price was competitive and field welding could be minimized, 

which is often not practical. 

To ensure the success of this ongoing replacement program, the 

utility and installation contractor conducted an extensive training 

and qualification program based on manufacturer recommenda-

tions. Because of these precautions, no significant fabrication 

problems have been encountered. Other utilities and contractors 

considering the use of 6Mo austenitic stainless steels are encour-

aged to obtain the assistance and recommendations of the material 

manufacturer as well as other experienced users for best results.  

The 6 Mo austenitic stainless steels are readily available in all of 

the common product forms such as fittings, flanges, and other sys-

tem components commonly used in service water systems. This 

makes it possible to replace all existing components and provide 

maximum system cost-effectiveness and efficiency. Since there 

are several 6 Mo austenitic stainless steel alloy producers from 

which to chose, material specifiers can select from a variety of 

sources based on the properties and components required, quality, 

technical support, service, delivery, and price. 
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