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' SUMMARY

Scope: This routine, unannounced inspection was performed in the area of plant
*

chemistry.

Results: No violations or deviations were identified.
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REPORT DETAILS
-

1. Persons Contacted .

Licensee Employees

*R. E. Conway,' Senior Vice President, Georgia Power Company (GPC)
*P. D. Rice, Vice President, Project Engineering .

*R. H. Pinson, Vice President, Construction
*D. F. Hallman, Chemistry Superintendent
C. Adams, Training Coordinator
R. Allen, Chemistry Foreman
R. Hand, Staff Chemist
S.' Jackson, Chemistry Foreman
W.'Jocker, Chemistry Supervisor
M. Kurtsman, Training Supervisor- --

R. Lee, Chemistry Foreman
J. Sills, Chemistry Supervisor

*A. Stalker, Nuclear Chemistry Supervisor, GPC
M. Surface, Lead Test Supervisor, Engineering Services

Other licensee employees contacted included chemistry technicians.

Other Organizations

*M. Llewellyn, Chemistry Support Supervisor, C. Moore Associates

j NRC Resident Inspectors

*H. Livermore SRI-C
*J. Rogge, SRI-0
R. Schepens, RI

* Attended exit interview-

2. Exit Interview

The inspection scope and findings were summarized on October 3,1986, with
those persons indicated in Paragraph 1 above. The inspector described the

,

areas inspected. No dissenting comments were receiyed from the licensee.-

The licensee did not. identify as proprietary any of the materials provided
to or' reviewed by the inspector during this inspection.;

.

3. Licensee Action on Previous Enforcement Matters
i This subject was not addressed in the inspection.

l
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4 ., Unresolved Items

Unresolved items'were not identified during the inspections

5. Plant Chemistry (79701 and 79502) ..

~

As a result of its continuing concern for steam generator tube integrity,
the NRC staff recently issued recommended actions and review guidelines that
.are' directed toward the resolution of unresolved safety issues regarding
this subject (see Generic Letter 85-02 dated April 17, 1985). One,
recommended action is as follows:

" Licensees and applicants should have a secondary water chemistry-
program (SWCP) to minimize steam generator tube degradation. The
specific plant program'should incorporate the secondary water chemistry
guidelines 'in the Steam Generator Owners Group (SG0G) and Electric
Power Research Institute (EPRI) Special Report EPRI-NP-2704, "PWR
Secondary Water Chemistry Guidelines," October 1982, and should address
measures taken to minimize steam generator corrosion, including
materials selection, chemistry limits, and control methods. In
addition, the specific plant procedures should include progressively

,

more stringent corrective actions for cus-of-specification water
chemistry conditions. These corrective actions should include power
reductions and shutdowns, as appropriate, when excessively corrosive
conditions exist. Specific functional individuals should be identified~

~

as having the responsibility / authority to interpret plant water
chemistry information and initiate appropriate plant actions to adjust
chemistry, as necessary.

The reference guideline were prepared by the Steam Generator Owners
Group Water Chemistry Guidelines Committee and represented a consensus
opinion of a significant portions of the industry for state-of-the-art
secondary water chemistry control."

Reference

Section 2.5 of NUREG-0844

In parallel action, the NRC Office of Inspection and Enforcement has
developed two new Inspection Procedures to verify that the design of a plant
provides conditions that ensure long term integrity of the reactor coolant
pressure boundary and to determine a licensee's cap. ability to control the
chemical quality of plant process water in order to minimize corrosion and
occupational radiation exposure.

a. Plant Systems Affecting Plant Water Chemistry (79502)

Selected components of the secondary water cycle that are recognized as
being critical for corrosion control were reviewed with the applicant
to ascertain if the design of the "as-built" plant (Unit 1) is
consistent with the description in the Final Safety Analysis Report

i
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(FSAR), especially.in Section 10, Steam and Power Conversion System and |
in Section 9.2.1, Service Water System. The design of the plant was
then reviewed relative to current industry and NRC understanding of the |( cause and effect of corrosion of the secondary and primary water sides'

of pressurized water reactors (PWRs). .

(1) Main Condenser and Condenser Cooling Water System

Industry experience has shown that several types of corrosion can
be initiated in the secondary water system in the presence of
soluble and insoluble chemical' species. The principal pathways

; for corrodents to enter the seconda.ry coolant are through leaking
' condenser tubes and at the junction of these tubes and the

condenser tube sheet.

The inspector verified that the condensers at Plant Vogtle Unit I
were designed as described in Section 10.4.1 of the FSAR. The
tubes were fabricated from titanium and the tube sheets were made-
from aluminum bronze. The outer (1168) tubes were made from
slightly thicker titanium sheet (18 gauge vs 22 gauge) as added
protection against steam erosion and mechanical failure. An
Amertap system was being installed for cleaning.the tubes so as to
provide maximum heat transfer to the condenser cooling water and
to supplement the use of chlorine as a means of. eliminating
biological growth on~ tha inner surfaces of the tubes. The
condenser tube bundles were equipped with sampling taps that
provided means for monitoring inleakage of water through
tube /tubesheet joints. The inspector considered these monitoring
points, as well as additional sampling taps for monitoring the
quality of water in each hotwell section, to afford an acceptable
level of surveillance for water inleakage. Although industry
experience with titanium condenser tubes indicates that these
tubes are very resistant to all types of corrosion, tube failures
have still been experienced because of mechanical damage and steam
erosion. Since the cooling water for the Vogtle condenser will be
taken from the sump of a natural draft cooling tower (where the
impurities in the source water from the Savannah River will have
been concentrated as much as factor of six to eight) any water
inleakage into the hotwells of the condensers would contaminate
the hotwell water with significant levels of mineral ions.

The condensers had been designed to mininlize air inleakage so as
!to meet the FSAR (Section 10.4.1) limit of < 60 standard cubic

feet per minute (SCFM). Additional protection had been provided
by fabricating the turbine boot (a common source of air leaks)
from flexible stainless steel rather than using the usual
rubberized material . As a result, inleakage of air during hot
functional testing had been held to ~10 SCFM. The applicant was
aware that air inleakage at other nuclear plants is being kept to
< 1 SFCM; therefore a comprehensive study of potential sources of
air leaks had been performed so that additional surveillance could

. _, _ __ .. _ . _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ .. __ _ ._ _
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be provided. For this purpose the applicant had acquired a helium
leak detector system.

Likewise, the applicant had installed a steam sparger system.in
the. condenser hotwells to facilitate the reduction of dissolved

~

oxygen in the hotwell. water. The inspector was informed that the
sparger system would be used during plant startups to pre-heat the
water in the hotwell to enhance degassification of the water and
maximize subsequent removal of noncondensable gases by means of
the air ejector. Although the FSAR (Section 10.41.1) states that
the air ejection system was designed to reduce the concentration
of dissolved oxygen to <7 ppb, the applicant plans 'to optimize
deaeration so that, by the addition of hydrazine to the
condensate, the dissolved oxygen content throughout the secondary,

water cycle can be maintained below a detectable level (~ 1 ppb).

' As the result of this portion of the inspector's review the
applicant was considered to have taken acceptable steps to prevent
degradation of the secondary coolant through ingress of potential.
corrodants through the turbine /condensor.

(2) Water Treatment Plant and Water Makeup Systems.

Experience in the nuc, lear industry has shown that water used for
makeup for various components of the reactor coolant system and
balance of - plant is also a potential pathway for ingress of
corrosive contaminants to enter the primary and secondary coolant
cycles. At-Plant Vogtle water for makeup purposes is pumped from

,

local wells and, af ter being demineralized and degassified in the
water treatment plant, the purified water ~ is stored in a
Demineralized Water Tank (DST). Subsequently, this pure water can
be transferred to Condensate Storage Tanks (CST) or to the Reactor
Makeup Water Storage Tank (RMWST) for use in the secondary and
primary coolant systems.

4

The inspector verified that the water treatment plant had been
constructed as described in Section 9.2.3 of the FSAR. The well
water contained ~80 ppm of bicarbonate ions but relatively low.
concentrations of more corrosive mineral ions; e.g., sulfate,

,

chloride, nitrate. The well water was being purified by means of
a carbon / sand prefilter.followed by a series of mixed ion-exchange
resin beds. The applicant's procedure re. quired that the final
product be recycled whenever its specific conductivity exceeds
0.2 umho/cm. During this inspection the product water had a
specific conductivity equivalent to pure water (0.05 umho/cm).
The water was being deaerated in the water treatment plant to less
than 10 ppb dissolved oxygen.

The DST had been designed so that the quality of the product water
was not being degraded during storage. The carbon steel inner
surfaces of this tank had been coated with epoxy to prevent

;

- - . . - _ _ . _ - - , - . . , _ _ - , - . .- . _ _ - .



..
. .. .

. . . .

_ - _ _ _ _ _ _

. .

6
.

oxidation. As the tank was not vented to the atmospnere, the
' deaerated water _was not in contact with air.

Af ter water has. been transferred from from the DST to the two
CSTs, the possibility for absorption of oxygen increases because
these tanks are vented to air, through a water loop seal, as
protection against overpressurization. The presence of low levels
of dissolved ot! gen is not detrimental when this water is used for
condensate maktup because the water is again deaerated in the
condenser hotwells. However, the CTSs also provide feedwater for
the steam generators during the initial phase of plant startup (up
to six percent power). During this period the only means for
eliminating dissolved oxygen is through the addition of hydrazine
to the discharge of the-auxiliary feedwater pumps.

In an effort to maintain the dissolved oxygen level of the water
in the CSTs as low as possible these tanks had been equipped with
rubber bladders, to form a barrier that is impermeable to air, and
with vacuum degassifiers. However, only the water in the top 30%
of the 480,000 gallon volume of each tank can be cycled through
the degassifiers because the CST was designed so as to ensure that
330,000 gallons of water is always available for suction -for the
auxiliary feedwater pumps during an emergency (FSAR
Section 10.4.9).

The inspector was informed that during hot functional. tests the
concentration of dissolved oxygen in the CSTs was kept below
100 ppb after air pockets, formed when the tanks were originally
filled, had been eliminated.

Water that is required for the. NSSS components, including makeup
for reactor coolant, is pumped from the DST to the RWMST where it
is stored in a deaerating . environment until being pumped to the
specified auxiliary system. Specifications for conductivity,

~

solids, pH, silica and several potentially corrosive ions have
been established by the applicant to ensure the purity of this
water.is maintained. Residual dissolved oxygen in water used for
reactor coolant makeup- will be controlled by adding hydrazine or
hydrogen to this water.

Based on this portion of the inspection, the water treatment plant
and storage tanks for water used for makeup were considered to
have been designed and constructed in a manner that will minimize
ingress of oxygen and potentially corrosive chemical species.

The inspector observed that the requirements for makeup water
during this inspection approximated the maximum capacity of the
plant. Thus, it appeared doubtful that an output of 440 gpm will
suffice when both units of P, ant Vogtle become operational. The
inspector was informed that this subject was under review, and
contingency plans were being made to ensure sufficient water would

i
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be available for cleaning the primary and secondary systems and
during pre-operational tests, and the operation phase of Unit 2.

~

' (3) .Feedwater Heater Chain
~

The inspector also verified that the plant had been constructed so
that the high quality effluent from the condensate polishers would
be pumped to the steam generators as described in Section

~

10.4.7.2.2.8 of the FSAR. This flow path includes three trains of
two low pressure heaters, two trains of two-intermediate pressure

.

heaters, and two trains of,a single high pressure heater. All of
the feedwater heater tubes were fabricated from stainless steel
(there are no copper-containing heat exchanger surfaces in the
secondary water cycle except for trace levels of copper in the
moisture separator).'

1 Both the low pressure regions of the secondary water cycle
(condensate and feedwater pipe) and the high pressure portions-
(steam pipes and condensate drains) are v'ulnerable to oxidation,

when the- plant is shutdown, especially during extended refueling
outages. Consequently, the licensee has made provision, through
chemistry and operating procedures, to prevent solid iron oxides
from being. transported from these carbon steel systems to the
steam generator when the plant -1s restarted. These-procedures
require that the 'cond'ensate be cycled to the hotwell and back
through the condensate cleanup _ system until it meets
specifications set for the feedwater. Li kewi se , condensed
extraction . steam, and water from MSR drains, are pumped to the-

condenser hotwell-until the water from the feedwater drain tank is
needed as augmented feedwater. The feedwater drain tank has been
equipped with steam spargers .to facilitate deaeration during this
cyclic cleanup period of plant startup.

(4) Steam Generators

Unit 1 of Plant Vogtle ',as four Model F steam generators with
stainless steel tube suppcrt plates (eggcrate design) and
stainless steel tube sheet. The tubes were fabricated from alloy
600 (inconel) and were fully expanded, by hydraulic pressure, into2

the tube sheets in an effort to eliminate crevices that could
become environments for localized corrosion. Each steam generator

<

was designed to allow the water volume. to be cycled during
extended outages to optimize layup chemistry conditions.

Each steam generator was designed with a blowdown capability of 90
gpm; however, the applicant believes that a blowdown rate of
~27 gpm will be sufficient to maintain acceptable water chemistry
in the steam generators. This blowdown water will subsequently be
pumped through regenerating heat exchangers and then through

~

i

demineralizers before flowing back to the condenser hotwell. This
recovery system will allow the applicant to recover both heat

,

,!
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energy and blowdown water while further polishing the water used
to feed the steam generators.

..

(5) Passivation of the Reactor Coolant System

The inspector reviewed actions taken by the applicant during the
hot functional tests in July 1986 to minimize future radia. tion

fields in - the RCS. Industry research and experience has shown -
that ex-core radiation levels caused by such activation products
as cobalt-60 and cobalt-58 can be reduced by minimizing the
formation and transport of oxidation products in the RCS. One
means of minimizing oxidation of stainless steel pipes and
alloy 600 steam generator tubes is to develop a stable and
adherent film of iron oxide or nickle-iron oxides on the inner
surfaces of the RCS. This passivating film is best formed by
maintaining the reactor coolant at high temperature for an ' --
extended period of time while the pH is kept at ~7.

The inspector was informed that a study by the licensee had shown
passivation to be a function of time and that an acceptable level
of protection could be achieved if the reactor coolant was
maintained at ~540 F for at least 21 consecutive days. During the
hot functional tests this period was extended to 23 consecutive
days.

Other studies have indicated that the passivation process would
have benefitted by extending the heating period; however, the
applicant's actions are considered acceptable in that considerable
reduction of ex-core radiation levels can be expected during the
first fuel cycle. During subsequent fuel cycles further formation
of radioactive ' crud' should remain minimal as ,long as the
integrity of the oxide film is maintained.

(6) Summary
~

To the extent to which the as-built balance-of plant and secondary
coolant system were evaluated during this inspection, they were
considered to be consistent with the descriptions in the FSAR.
The design of components that are critical to chemistry and
corrosion control had benefitted from the considerable advances.in
the industry's understanding of corrosion mechanisms and the role
of design (material compatibility) and plant operation to prevent
corrosion.

b. Water Chemistry Program (79701)

In Section 10.3.5 of the FSAR the applicant desciibed the scope of the
Vogtle water chemistry program and stated that the goals of this
program would be to meet all pertinent regulatory and industry
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requirements as well as to provide for the following: minimize
corrosion, minimize radiation exposure, and control radioactive |
effluents. i

In preparation for, and, in some cases, in parallel with the
development of elements for the chemistry program the applicant
performed a comprehensive review of all licensing commitments that must- :

be met. The NRC staff evaluated the applicant's review and found it to
be acceptable. However, the staff considered that the applicant's
phased approach to the development of this program appeared not to
provide time for the full development of some of the elements such as
training and completion of laboratories.

This applicant had been active in the work of the Steam Generator
Owners Group (SGOG). Consequently the guidelines for PWR chemistry
control that were developed by the SGOG were incorporated into the

' development of the FSAR and in all later phases of the development of
the water chemistry program. The applicant's commitment to the --
technical and philosoobical recommendations by the SG0G and EPRI had
recently (July 28, 1986) been restated as corporate policy (Nuclear
Operations Policy NOP-07-600 " Plant Chemistry").

This policy statement and all earlier directives and plans were being
implemented through the development and implementation of
administrative and technical procedures for the Operations and
Chemistry Departments. During his earlier participation in the NRC
staff's review of the applicant's Readiness Review Program for
chemistry, the inspector established that the necessary procedures were
under development or had been developed to the extent that
pre-operational chemistry control could be maintained. That review
also verified that all other elements of a chemistry program had been
identified and were being developed.

During this inspection the inspector established that responsibilities
had been designated and guidance had been provided for the following
activities:

Establishing key parameters to be monitored when the plant is in
wet layup, hot shutdown / standby, and power operation

Developing, reviewing, approving, and updating chemical procedures
.

Scheduling tests and analyses

Training Analysts

Performing chemical measurements

Providing calibrations and quality control

Documenting and reviewing test results
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'Taking required action on the basis of test results*
-

A more in-depth review of the licensee's program will .be performed
during future inspections.

..

c, . Implementation of the Applicant's Water Chemistry Program

The inspector began an assessment of L the applicant's capa'bility to
-control water chemistry. in all the plant's process water systems. This
assessment was-performed primarily through discussions with supervisqry
personnel, . interviews of staff chemists and chemical engineers, and
inspections of sampling and laboratory facilities.

(1) Chemistry Staff

'

The applicant's chemistry staff at the time of this inspection
consisted of'a Superintendent, two superv_isors, five foremen, 22

_

technicians, and a support staff of one chemist, two chemical -
engineers, and one technician. This staff is .to be increased to
seven foreman, '27 technicians, two chemists, and three support-
technicians. Five technicians were ' contractor personnel. In
addition, the applicant had other contract personnel assisting in '
the development of chemistry procedures as well as in technical
support when needed. ,

(2) Training

This element of applicant's program had not been completed.
However, technicians were being qualified in procedures associated
with all major tasks on a schedule that was designed to provide
adequate shift support by December-1, 1986. The inspector did not
evaluate this effort other than to observe that it involved
training in th.e laboratories and in formal classroom curricula.
The continuation of this phase of the inspection is designated
Inspector Followup Item 86-92-01, Chemistry Staff Training. The
inspector also. began a. series of interviews with all levels of the
chemistry staff to obtain a subjective evaluation of their
confidence and ' capability in relation to their perceived
responsibilities.

(0pened): Inspector Followup Item (IFI) (50-424/86-92-01), Review
of Chemistry Staff Training. .

(3) Quality Control

The inspector established that an acceptable program had been
developed for calibrati.on of instruments, standardization of
chemistry methods, and verification of results. The
responsibility for this program had been assigned to the staff
chemist. This chemist was also monitoring the progress being made
to qualify technicians in the operation of specialized instruments

|
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such as atomic absorption spectrophotometers, ion chromatographs,
'

and total organ.ic analyzers. The inspector noted that more than
half of the Georgia Power Company technicians had been qualified
in the use of all instrumental measurements other than atomic
absorption. -

(4) | Sampling Panels and Laboratories

The inspector reviewed the construction and operational status of
the physical facilities that will be used by the Chemistry,
Department to implement the control and diagnostic requirements of
the water chemistry program.

Construction of the ' grab sample' sink and the associated
laboratory for the primary coolant system had not been completed. i

These facilities were scheduled to be turned over to the Chemistry
Department on October 20, 1986; however, the applicant
acknowledged that occupancy of these facilities had initially been
scheduled to occur pr.ior to the hot functional tests. Actually,
the laboratory had been outfitted and used for these tests but
later disassembled to permit structural work on the Control
Building to be completed.

The counting room was completely outfitted and ready for use.

The facilities that will be used for secondary water chemistry
control had also been completed' and outfitted. These facilities
included two laboratories for instrumental and grab sample
analysis, a sampling sink that was equipped with sample lines from
~35 key points in the secondary water cycle, and panels for inline
. instrumental monitors. These panels, which the applicant
described as being capable of monitoring the majority of key
chemistry variables, will be evaluated in greater- depth during
future inspections.

A portion of the Control Room for the Water Treatment Building had
also been designed as a laboratory. Although this facility was
being used to support the water treatment plant during this
inspection, it had been used more extensively during
pre-operational tests while the other laboratories were still
under construction.

.

(4) Summary

To the extent inspected, the inspector did not identify any .
violation or deviation associated with the implementation of the
applicant's water chemistry program. During future inspections
other elements of the water chemistry program will be reviewed;
e.g., data management, Technical Specifications control of
condenser cooling water, and startup of Unit 2.

.


