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SUMMARY

Scope: This routine, unannounced inspection involved an examination onsite in
the areas of plant chemistry, quality control and non-radiological confirmatory
measurements, and Information Notices and Bulletins.

Results: No violations or deviations were identified.
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REPORT DETAILS

Persons Contacted

Licensee Employees

"G. J. Boissy, Plant Manager
"J. H. Barrow, Operations Superintendent
"R. J. Frechette, Chemistry Supervisor

K. Beichle, Secondary Chemistry Supervisor
R. Church, Steam Generator Coordinator
S. Collards, Materials Engineer (Corporate)

"R. E. Cox, Chemistry Laboratory Supervisor
K. Craig, Steam Generator Program Manager (Corporate)
D. Faulkner, Primary Chemistry Supervisor

"J. Harper, Quality Assurance Superintendent
D. L. Mumper, Performance Engineer
J. Porter, Project Engineer, Power Plant Engineering
T. Ware, Chemistry Training Coordinator
A. Zielonka, Mechanical Engineer, Power Plant Engineering

Other licensee employees contacted included engineers, technicians, and
office personnel.

NRC Resident Inspector

"H. Bibb

"Attended exit interview

Exit Interview

The inspection scope and findings were summarized on November 6, 1987,
with those persons indicated in Paragraph 1 above. The inspector
described the areas examined and discussed in detail the inspection scope
described below. No dissenting comments were received from the licensee.
The licensee did not identify as proprietary any of the material provided
to or reviewed by the inspector during this inspection.

Licensee Action on Previous Enforcement Matters

This subject was not addressed in the inspection.

Plant Chemistry (79501)

This inspection was the third in a series designed to assess the
capability of the licensee to protect the integrity of the primary coolant
pressure boundary, especially the steam generator, through proper design,
choice of materials, and chemistry control. At the conclusion of the last
inspection (see Inspection Report Nos. 50-335/85-23 and 50-389/85-23 dated



September 20, 1985) it was noted that, as the result of changeout of
condenser and feedwater tubes and adoption of chemistry control guidelines
developed by the Steam Generator Owners Group (SGOG), an acceptable level
of control and protection was being maintained. However, a large amount
of corrosion products had been transported to the two steam generators in
Unit 1 since startup of this unit in 1976. The results of the current
inspection are presented below.

Plant Design

Main Condenser and Service Water System

The licensee had attempted to eliminate inleakage of the saline
water used to cool the main condenser and heat exchangers in the
component cooling water system by retubing these components in
Unit 1 with titanium tubes during earlier refueling outages.
These components in Unit 2 were originally equipped with
titanium tubes as protection against degradation through
corrosion. Since the last inspection in August 1985, each .unit
had experienced only one condenser leak - each caused by
mechanical failure rather than chemical corrosion. However,
through audits of control data and discussions with licensee
personnel, the inspector learned that severe tube degradation
had been encountered since the last inspection.

In its response to NRC Generic Letter 85-02 the licensee did not
concur with the staff's recommendation that a condenser
inservice program should be defined in plant safety-related
procedures. In part this position was based on the superior
corrosion resistance of titanium tubes and the adequacy of the
existing In-Service Inspection (ISI) program for identification
and correction of condenser leakage. By means of this program
the licensee established during the most recent refueling
outages that the structural strength of the condenser tubes in
both units had deteriorated from hydriding in regions adjacent
(approximately 3 feet) to both the inlet and outlet tube

sheets'he

tubes in all condensers were 100% eddy current tested as the
result of this discovery. The inspector was informed that 3.4%
of the 11,500 tubes in the condensers of Unit 1 were found to be
severely hydrided (greater than or equal to 50% through-wall)
and a total of 1,571 tubes were plugged to prevent possible
fai lure and inleakage of sea water. As the result of similar
inspections of tubes in the Unit 2 condenser twenty four tubes
were preventatively plugged..

The licensee had set up a task force to address this mechanism
of tube failure, and the mechanism had been attributed with
improper use of cathodic protection systems designed to protect
the carbon steel condenser water boxes from sea water corrosion.
Actions have already been taken to reduce the cathodic
protection potentials and current densities impressed for



prevention of sea water corrosion and to enhance the protection
of tube sheets and water boxes coatings of corrosion resistant
material.

The inspector also established that the efficiency, and
potentially the integrity, of the titanium tubes in the main
condenser and service water heat exchangers had been
detrimentally affected by fouling with the shells of macro
organisms. This problem was being addressed through chemical
actions (chlorination of the cooling water to kill the
organisms), using strainers in the service water lines,
hydrolazing the condenser tubes during refueling outages, and
testing the effectiveness of plastic semi-plugs to prevent entry
of the organisms into the condenser tubes.

Although air inleakage into the condensers had been maintained
at low levels (5 to 10 SCFM in Unit 1 and approximately 1 SCFM

in Unit 2), the licensee had had difficulty in maintaining the
level of oxygen dissolved in the hotwells and condensate below
the specified limit of 10 ppb. This problem had been attributed
to reduction in the efficiency of the condenser air-ejection
system caused by steam blanketing in one hotwell that allowed
non-condensible gases to be re-dissolved in the condensate.
Since June 1987, the licensee had been attempting to 'increase
the efficiency of air removal by injecting approximately 5 SCFM
of nitrogen gas in the Unit 1 condensers to reduce the effect of
steam blanketing by increasing the volume of non-condensible
gases.

Water Treatment Plant

The inspector established that the water makeup system had
continued to be operated in a manner that provided high quality

'aterfor makeup of plant cooling systems. Increased emphasis
had been given to the removal of silica from the source water
(from the Ft. Pierce city water plant) by increasing the
frequency of regenerating ion-exchange resin beds used to
demineralize the city water. Also, the chemistry staff was
acquiring a total organic carbon analyzer to increase its
capability for monitoring, and removing, organic impurities that
might foul the resin beds or leak into the makeup water system.

Condensate Cleanup System

The powdered resin demineralizers that had been back-fitted into
the original Unit 1 design had continued to be used to
facilitate startup cleanup of this unit after refueling outages.
The licensee continued to bypass these polishers once the level
of feedwater purity required for startup had been achieved.
During the current refueling outage these polishers had been
cross-tied with Unit 2; however, the inspector was informed that



Unit 2 would not be able to use the polishers until additional
modifications had been made on the Unit 1 piping configuration.
These modifications were to be performed during the next
refueling outage for Unit 1 (summer of 1988). As a result, the
licensee planned to clean up the condensate/feedwater train of
Unit 2 during the upcoming startup, by filling and draining both
this train and the hotwells. Additional cleanup can be achieved
only through blowdown of the steam generators after startup.

(4) Feedw'ater Train

As reported previously, all copper-containing heater tubes had
been replaced with stainless steel tubes to eliminate transport
of copper oxidation products to the steam generators. This
action had been taken to reduce 'the possibility for denting of
the steam generator tubes. As will be discussed later, the
total mass of oxide sludge found in the steam generators had
been decreasing during the last three or four fuel cycles;
however, copper continued to be identified in sludge from Unit 1

steam generators.

(5) Steam Generators

At the time of this inspection Unit 1 was in its eighth fuel
cycle and Unit 2 was close to starting its fourth fuel cycle.
The inspector reassessed the degree to which the steam
generators had been protected from degradation during the 1.5
fuel cycles that had elapsed since the last inspection.

(a) Chemical Control of Steam Generator Water

Through an audit of chemistry control data acquired during
the last half of this interim period, i.e., during 1987,
the inspector established that all control parameters
(cation conductivity, sodium, chloride, and sulfate) had
been kept well below the minimum limits recommended by the.
SGOG guidelines. Actually, the concentrations of the
potentially corrosive chloride and sulfate ions had
routinely been near the limit of detection when the units
were operating at full power.

(b) Hideout of Ionic Species

Through the review of control data the inspector observed
that the concentrations of such corrosive species as
chloride and sulfate in the steam generator water increased
not only as the result of condenser tube leaks but, to a
lesser extent, also when blowdown was reduced from the
usual rate of 60 gpm as well as when a unit tripped. These
changes indicated the presence of additional amounts of
chloride and sulfate that were not observed in the steam



generator water when the unit was operating at full power.
The inspector was shown the results of "hideout return"
studies performed on Unit 1 during the last two refueling
shutdowns. These data revealed that concentrations of
chloride and sulfate as high as 140 ppb and 1178 ppb,
respectively, had been found when the solubility of
chloride and sulfate salts was increased through cooldown
of the steam generator water. Also increases in the
concentration of silica from the usual range of 30-50 ppb
to a high of 880 ppb had been observed.

The inspector was informed that operating procedures during
controlled cooldown did not include "chemistry holds"
designed to maximize removal of ionic, soluble species at
their optimum solubility temperature. However, hideout
removal was usually continued after plant shutdown through
bleed and feed procedures while the steam generators were
kept in chemistry controlled wet layup conditions. The
inspector discussed with licensee personnel the increased
advantages of maximizing blowdown rate and time during
shutdown and startup when the temperature of the steam
generator water was approximately 300'o 400 F. Inasmuch
as minimal amounts of corrosive species had been introduced
into the steam generators (except during condenser tube
leaks) during the past two years the inspector discussed
with the licensee the benefits of increased attention to
hideout return removal for increased protection against
chemical induced corrosion.

Sl udge Accumul ati on

The inspector established that there had been a decreasing
trend in the amount of corrosion products transported into
the steam generators of Unit 1 since the last inspection.
That is, a total of approximately 900 pounds of sludge had
been removed from the two steam generators during the
seventh refueling outage as compared with approximately
1100 pounds during the sixth refueling outage (and
3900 pounds during the fifth outage in 1984). Also the
fraction of the metal oxide sludge that contained copper
had also continued to decrease as the result of replacement
of condenser tubes in 1979 and feedwater heater tubes in
1980 and 1981. During the current (third) refueling outage
for Unit 2 a total of 222 pounds of sludge had been removed
(30 pounds of sludge had been removed previously from steam
generator 2B during the second refueling outage).

The inspector and licensee reviewed the implications of the
continued presence of large amounts of sludge in steam
generators (i.e., wastage of carbon steel pipe throughout
the low- and high-pressure portions of the secondary water



system) and the continuing presence of an environment that
is known to be conducive to several mechanisms of chemical
induced. corrosion. The subject of pipe thinning will be
discussed in Section 5 of this report, and the licensee's
program to reduce chemical attack will be discussed in
Section 4b.

(d) Integrity of Steam Generator Tubes

The inspector was informed that indications of
intergranular attack and intergranular stress corrosion
cracking of steam generator tubes in both units had been
observed during each of the refueling outages since the
last inspection in this area in August 1985. The
indications were in the sludge pile regions of the tube
sheets 'and in the lower tube support (egg crate) regions.
Twenty-three tubes had been plugged in steam generators lA
and 1B in 1986 and, as the result of 100% eddy current
testing in 1987, seventy-seven additional tubes had been
plugged to prevent leakage or failure. In the current
refueling outage for Unit 2 the licensee had also eddy
current tested 100% of all of the unplugged tubes.
Approximately 99% of the tests had been performed
throughout the full length of both the hot and cold

legs.'lthoughindications attributed to fretting were observed,
no evidence of cracks had been found. A total of
18 additional tubes had been plugged - ten of which had
through wall indications of greater than forty percent.

b. Chemistry Control

In addition to making major modifications in the material used in the
design of the secondary coolant system (e.g., condenser and feedwater
tubes in the period of 1979-1981), the licensee formally adopted the
chemistry control guidelines recommended by the SGOG and EPRI in
1982. As reported in previous inspection reports, the chemi stry
control for both units had consistently met the criteria recommended
in the SGOG/EPRI guidelines. However, as discussed earlier,
difficulties had been encountered during the last year in maintaining
the oxygen content of the condensate/feedwater train below 5 ppb as
recommended. Actually, these guidelines recommend that an excess of
hydrazine be maintained to reduce the level of dissolved oxygen below
detectable limits (1 to 5 ppb) in order to prevent attack of carbon
steel pipe. AVT chemistry control of oxygen and pH has been
maintained in both St. Lucie units by injecting hydrazine into the
condensate within the condenser, thereby providing increased time for
reaction between dissolved oxygen and this reducing agent. However,
data taken throughout 1987 routinely indicated a residual of 5 to
10 ppb of oxygen in the condensate. Although it has been shown that
the absence of dissolved oxygen minimizes damage to steam generator



tubes in PWRs, it is also known that the presence of small amounts of
dissolved oxygen reduces wastage of carbon steel pipe in BWRs.

Because of the design of the St. Lucie condensers, very little
hydrazine is lost through the air ejectors. Subsequently, the
residual hydrazine undergoes thermal decomposition to form ammonia to
the extent that a consistent concentration of 2 ppm of ammonia is
maintained throughout the condensate/feedwater train. Consequently,
a pH of 9.6 has been consistently maintained without additional
ammonia being injected into this train. This pH value is at the
upper limit recommended by the SGOG to prevent acid attack of ferrous
materials in plants that do not have copper-containing components in
the secondary coolant system.

The inspector was informed that the licensee was planning to
increase, in small increments, the pH of the secondary water system
in an effort to further reduce transport of iron oxide sludge to the
steam generators. If no detrimental results are observed during this
program the pH is to be increased to 10. The inspector considered
the licensee to be uniquely capable of taking this action because of
two factors'irst, there are no copper-containing components in the
secondary systems of either St. Lucie unit that would be exposed to
increased corrosion at higher pH values. However, increased pH
values will probably expedite dissolution and transport to the steam
generator sludge of residual copper that had been plated on ferrous
components prior to 1981-when all copper tubes were replaced.
Second, since the condensate polishers are not used during plant
operation increased concentrations of ammonia will not cause loading
problems that would require that the ion exchange resins be
replaced more frequently —as would occur in the majority of PWRs
where the polishers are not bypassed.

As discussed in Section 4.a.(5) the purity of water that had been
maintained in the steam generators was considerably greater than SGOG

criteria. Through an audit of chemistry control data acquired during
1987 the inspector concluded that the purity of the steam generator
water reflected the purity of water maintained through control of
chemistry during layup and startup from refueling outages, through
effective operation of the water treatment plant, and through control
(and recovery) of blowdown from the steam generators.

The inspector also audited data related to the control of primary
coolant chemistry and observed that all primary chemistry Technical
Specification limits had been maintained.

Water Chemistry Program

The inspector reviewed selected elements of the water chemistry
program to evaluate their effectiveness in maintaining an acceptable
,level of chemistry control. The following observations were made.



Procedures

Based on a review of key chemistry procedures the inspector
concluded that these procedures continued to reflect the
criteria and limits of SGOG guidelines. However, the minimum pH
limit for feedwater had been increased from 8.8 to 9.0 to
reflect the licensee's desire to maintain higher pH levels
throughout the secondary system.

Staffing

The stability of the chemistry staff had remained at a high
level.

Training

A formal program for chemistry training had been initiated in a
new Plant Training Department. Three relatively new chemistry
technicians were being qualified in 99 on-the-job modules and
other general and administrative tasks. Also, a continuing
training program had been established on a frequency of twelve
hours of classroom training each three months. The inspector
was also informed that an effort was being made to rotate all
technicians through all responsibilities given to the Chemistry
Department. It was observed that all except the newest
technicians had been qualified in the use of atomic absorption
spectrometry and ion-chromatography — two of the most useful
state-of-the-art analytical techniques for meeting the stringent
criteria recommended by the Steam Generator Owners Group.

Qual i ty Control

The inspector assessed the capability of the chemistry staff to
perform acceptable levels of analyses through the analysis of
several series of "unknowns" prepared for the NRC by the
Brookhaven National Laboratory. The results of these analyses,
performed by four chemistry technicians, are presented in
Appendix A to this report and, except for the boron results,
were considered to be of sufficient accuracy and precision to
meet SGOG criteria. A new boric acid series will be provided to
the licensee's chemistry staff as there was evidence that the
nominal concentrations had been affected by incomplete
dissolution of the standard.

The inspector reviewed the licensee's internal Chemistry Quality
Control program. Several deficiencies were perceived in the
implementation of this program and were discussed with members
of the chemistry staff. The possibility of providing increased
training in this area was also pursued.





(5) Facilities

A wal kdown of the chemistry laboratories revealed that the
chemistry staff was adequately supplied with instrumentation of
sufficient sensitivity to implement the SGOG guidelines.
Increased use of ion chromatography was observed. The inspector
again considered the laboratories to reflect a commendable
housekeeping program.

No violations or deviations were identified.

5. Review of NRC IE Notices

a. IE Notices 86-106 and Supplements and 87-36

These NRC publications related to problems associated with thinning
of carbon steel pipe through erosion/corrosion mechanisms. Through
discussions with licensee personnel the inspector reviewed actions
taken in response to these notices and IE Bulletin 87-01 that
addressed the same general subject. The following observations
summarize the information obtained from these discussions.

.Immediately after the event at the Surry Nuclear Plant in
December 1986, the licensee had performed an analysis of single
flow problems and performed ultrasonic tests on selected
potential problem lines. No thinning was found.

During the outage for Unit 1 in February-March 1987, parts of
extraction steam lines had been changed out to prevent excessive
wear.

During the current Unit 2 outage both single- and two-phase
systems, including straight runs of pipe, had been inspected.

The licensee had experienced ruptures and tears in extraction steam
lines in 1986 that increased awareness of pipe thinning even before
the Surry event. As a result of the Surry and Trojan experiences the
ISI program for monitoring two-phase components had been expanded,
but had not been proceduralized. This position was considered
consistent with the licensee's response to'eneric Letter 85-02 dated
July 1985 in which the licensee stated that procedures for their ISI
program were not needed.

The inspector was informed that the licensee was aware of programs
being developed by EPRI to address the perceived causes of erosion
and corrosion.

b. IE Notices 86-108 and 86-108 Supplement 1

Both of these Notices described degradation of safety related
components through reaction with boric acid. Inasmuch as
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Supplement 1 discussed an event that occurred in March 1987 at the
licensee's Turkey Point facility, the inspector found all licensee
representatives to be cognizant of this issue. The inspector was
ydvised that greater precautions had been implemented to ensure that
reactor coolant leaks are detected and corrected before degradation
can be initiated.

No violations or deviations were identified.



ATTACHMENT 1

Non-loadie log Ica I Confirmatory Measurements Compa ri son
Conducted at the St. Luc i e Fac i I i ty November 2-6, 1987

Chemical
Va riah le Nominal Brookhaven Tech. I

Concentration of Unknown b
Tech. 2 Tech. 3 Tech. » Ave~ra e

Fluoride

Chloride

Sul fate

I ron

Copper

Sodium

Si I ica

Ammonia

Hydrazine

Boron (e)

20
»0

20
20
»0
40

20
»0

5
10
15

5
10
15

5
10
15

50
100
150

9».5
283
944

20
50

100

1000
3000
5000

23
44

2»
2»
37
37

20
»1

».9
9.6

15

».7
9.7

15

».6
9.2

14

54
109
160

87.6
314
938

22
57

104

1000
3024
4947

+
+
+

+
+
+

+
+
+

0.5
2

0.9
2

0.»
0.3
0.4

0.2
0.5
0.6

0.5
0.8
0.8

5
26
85

10
46
61

23
»3

18
18
36
41

21
»0

60
100
150

120
300
920

22
56

110

960
2896
4800

(a)
(b)
(a)
(b)

(d)
(d)
(d)

20
39

23 (a)
18 (b)
37 (a)
»6 (b)

22
40

9
12

5
10
15

55
100
140

140
310
900

22
56

108

21
»6

22 (a)
22 (b)
»0 (a)
34 (b)
21
43

9
13

5
11
16

5
10
16

53
100
152

120
290
920

20
55

110

5
11
16

21
»3

21
19
38
»0

21
»1

5
9

13

5
11
16

5
11
16

56
100
1»7

127
300
913

21
56

109

2
I

3
5

+ I
0

+ 1

0

0
1

2

0
+ 1

+ 1

0
+ 2
+ 2

+ 2
9

13

+»0
14- 25

1

1

+ 5

(a) ion Chromatography procedure
(b) Specific lon Probe procedure
(c) Differences based on Brookhaven results
(d) Evidence of crystals in sample vials; i.e.,
(e) Boron concentrations are in ppm

incomplete dissolution


