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S.1 SUMMARY DESCRIPTION

5.1.1 GENERAL

The reactor coolant system, shown in Drawings 33013-1258 and 33013-1260, consists of two
identical heat transfer loops connected in parallel to the reactor vessel. Each loop contains a
circulating pump and a steam generator. The system also includes a pressurizer, pressurizer
relief tank, connecting piping, and instrumentation necessary for operational control. The
pressurizer is connected to the B loop. Auxiliary system piping connections into the reactor
coolant piping are provided as necessary.

Pressure in the system is controlled by the pressurizer, where water and steam pressure is
maintained through the use of electrical heaters and sprays. Steam can either be formed by
the heaters or condensed by a pressurizer spray to minimize pressure variations due to
contraction and expansion of the coolant. Spring-loaded steam safety valves and Pressurizer
Power Operated Relief Valves (PORV) are connected to the pressurizer and the discharge to
the pressurizer relief tank, where discharged steam is condensed and cooled by mixing with
water.

Major components which are located inside the containment are indicated in Drawings
33013-1258 and 33013-1260 by the containment boundary. The intersection of a process line
with this boundary indicates a functional penetration.

Reactor coolant system design data are listed in Tables 5.1-1 through 5.1-3.
5.1.2 PERFORMANCE OBJECTIVES

The reactor coolant system transfers the heat generated in the core to the steam generators,
where steam is generated to drive the turbine generator. Demineralized water is circulated at
the flow rate and temperature that are consistent with achieving the reactor core thermal-
hydraulic performance presented in Chapter 4. The water also acts as a neutron moderator
and reflector, and as a solvent for the neutron absorber used in chemical shim control.

The reactor coolant system provides a boundary for containing the coolant under operating
temperature and pressure conditions. It serves to confine radioactive material and limits to
acceptable values its uncontrolled release to the secondary system and other parts of the plant.
During transient operation, the heat capacity of the system attenuates thermal transients that
are generated by the core or extracted by the steam generators. The reactor coolant system
accommodates coolant volume changes within the protection system criteria.

By appropriate selection of the inertia of the reactor coolant pumps, the thermal-hydraulic
effects are reduced to a safe level during the pump coastdown which would result from a loss-
of-flow situation. The layout of the system ensures the natural circulation capability
following a loss of flow to permit plant cooldown without overheating the core.

5.1.3  DESIGN CRITERIA

The design criteria discussed in Sections 5.1.3.1 through 5.1.3.9 were used during the
licensing of Ginna Station. They represent the Atomic Industrial Forum (AIF) version of
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proposed criteria issued by the AEC for comment on July 10, 1967. Conformance with the
General Design Criteria (GDC) of 10 CFR 50, Appendix A, is discussed in Section 5.1.3.10.

The following design criteria apply to the reactor coolant system.
5.1.3.1 Quality Standards

CRITERION: Those systems and components of reactor facilities which are essential to the
prevention, or the mitigation of the consequences, of nuclear accidents which
could cause undue risk to the health and safety of the public shall be identified
and then designed, fabricated, and erected to quality standards that reflect the
importance of the safety function to be performed. Where generally recognized
codes and standards pertaining to design, materials, fabrication, and inspection
are used, they shall be identified. Where adherence to such codes or standards
does not suffice to assure a quality product in keeping with the safety function,
they shall be supplemented or modified as necessary. Quality assurance
programs, test procedures, and inspection acceptance criteria to be used shall
be identified. An indication of the applicability of codes, standards, quality
assurance programs, test procedures, and inspection acceptance criteria used is
required. Where such items are not covered by applicable codes and standards,
a showing of adequacy is required (AIF-GDC 1).

The reactor coolant system is of primary importance with respect to its safety function in
protecting the health and safety of the public.

Quality standards of material selection, design, fabrication, and inspection conform to the
applicable provisions of recognized codes and good nuclear practice (Section 5.2.1.2).
Details of the quality assurance programs, test procedures, and inspection acceptance levels
are given in Section 5.2.3. Particular emphasis is placed on quality assurance in the selection
of reactor vessel materials that have properties which are uniformly within tolerances
appropriate to the application of the design methods of the code.

5.1.3.2 Performance Standards

CRITERION: Those systems and components of reactor facilities which are essential to the
prevention or to the mitigation of the consequences of nuclear accidents which
could cause undue risk to the health and safety of the public shall be designed,
fabricated, and erected to performance standards that will enable such systems
and components to withstand, without undue risk to the health and safety of the
public the forces that might reasonably be imposed by the occurrence of an
extraordinary natural phenomenon such as earthquake, tornado, flooding
condition, high wind or heavy ice. The design bases so established shall reflect:
(A) appropriate consideration of the most severe of these natural phenomena
that have been officially recorded for the site and the surrounding area and (B)
an appropriate margin for withstanding forces greater than those recorded to
reflect uncertainties about the historical data and their suitability as a basis for
design (AIF-GDC 2).
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All piping, components, and supporting structures of the reactor coolant system are designed
as Seismic Category I equipment, i.e., they are capable of withstanding the following stresses
with no loss of function:

A. Code-allowable working stresses for the design seismic ground acceleration.

B. The maximum potential seismic ground acceleration acting in the horizontal and vertical
direction simultaneously.

Details are given in Section 5.4.11.

The reactor coolant system is located in the containment, the design of which, in addition to
being a Seismic Category I structure, also considers accidents or other applicable natural
phenomena. Details of the containment design are given in Sections 3.8 and 6.2.

5.1.3.3 Records Requirements

CRITERION: The reactor licensee shall be responsible for assuring the maintenance throughout
the life of the reactor of records of the design, fabrication, and construction of
major components of the plant essential to avoid undue risk to the health and
safety of the public (AIF-GDC 5).

Records of the design, fabrication, and construction of the major reactor coolant system
components are to be maintained throughout the life of the plant.

5.1.3.4 Missile Protection

CRITERION: Adequate protection for those engineered safety features, the failures of which
could cause an undue risk to the health and safety of the public, shall be
provided against dynamic effects and missiles that might result from plant
equipment failures (AIF-GDC 40).

The dynamic effects during blowdown following a loss-of-coolant accident are evaluated in
the detailed layout and design of the high-pressure equipment and barriers which afford
missile protection. Fluid and mechanical driving forces are calculated and consideration is
given to possible damage due to fluid jets and secondary missiles which might be produced.

The steam generators are supported, guided, and restrained in a manner which prevents rupture
of the steam side of a generator, the steam lines, and the feedwater piping as a result of forces
created by a reactor coolant system pipe rupture. These supports, guides, and restraints also
prevent rupture of the primary side of a steam generator as a result of forces created by a steam
or feedwater line rupture.

The mechanical consequences of a pipe rupture are restricted by design such that the
functional capability of the engineered safety features is not impaired.

5.1.3.5 Reactor Coolant Pressure Boundary

CRITERION: The reactor coolant pressure boundary shall be designed, fabricated and
constructed so as to have an exceedingly low probability of gross rupture or
significant uncontrolled leakage throughout its design lifetime (AIF-GDC 9).
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The reactor coolant system, in conjunction with its control and protective provisions, is
designed to accommodate the system pressures and temperatures attained under all expected
modes of plant operation or anticipated system interactions, and maintain the stresses within
applicable code stress limits.

Fabrication of the components which constitute the pressure-retaining boundary of the reactor
coolant system is carried out in strict accordance with the applicable codes. In addition, there
are areas where equipment specifications for reactor coolant system components go beyond
the applicable codes. Materials of construction were chosen to lessen the probability of gross
leakage or failure. Details are given in Section 5.2.3.

The materials of construction of the pressure-retaining boundary of the reactor coolant system
are protected by control of coolant chemistry from corrosion phenomena which might
otherwise reduce the system structural integrity during its service lifetime.

System conditions resulting from anticipated transients or malfunctions are monitored and
appropriate action is automatically initiated to maintain the required cooling capability and to
limit system conditions so that continued safe operation is possible.

The system is protected from overpressure by means of pressure-relieving devices, as
required by Section III of the ASME Boiler and Pressure Vessel Code. The Low Temperature
Overpressure Protection (LTOP) System is also provided, together with operating precautions
to minimize operation under undesirable conditions. (See Section 5.2.2.)

Isolable sections of the system are provided with overpressure-relieving devices discharging
to closed systems such that the system code-allowable relief pressure within the protected
section is not exceeded.

5.1.3.6 Monitoring Reactor Coolant Leakage

CRITERION: Means shall be provided to detect significant uncontrolled leakage from the
reactor coolant pressure boundary (AIF-GDC 16).

Positive indications in the control room of leakage of coolant from the reactor coolant system
to the containment are provided by equipment which permits continuous monitoring of
containment air activity (R-11 and R-12) and humidity, containment sump A level (LT-2039
and LT-2044), and of runoff from the condensate collection system under the cooling coils of
the containment air recirculation (CRFC) units. This equipment provides indication of
normal background which is indicative of a basic level of leakage from primary systems and
components. Any increase in the observed parameters is an indication of change within the
containment and the equipment provided is capable of monitoring this change. The basic
design criterion is the detection of deviations from normal containment environmental
conditions including air particulate activity, radiogas activity, humidity, condensate runoff, and
the liquid inventory in the process systems and containment sump A.

Further details are supplied in Section 5.2.5.
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5.1.3.7 Reactor Coolant Pressure Boundary Capability

CRITERION: The reactor coolant pressure boundary shall be capable of accommodating
without rupture the static and dynamic loads imposed on any boundary
component as a result of an inadvertent and sudden release of energy to the
coolant. As a design reference, this sudden release shall be taken as that which
would result from a sudden reactivity insertion such as rod ejection (unless
prevented by positive mechanical means), rod dropout, or cold water addition
(AIF-GDC 33).

The reactor coolant boundary is shown to be capable of accommodating, without further
rupture, the static and dynamic loads imposed as a result of a sudden reactivity insertion such
as arod ejection. The rod ejection accident is described in Section 15.4.5.

The operation of the reactor is such that the severity of an ejection accident is inherently
limited. Since control rod clusters are used to control load variations only and core depletion
is followed with boron dilution, only the rod cluster control assemblies in the controlling
groups are inserted in the core at power; at full power these rods are only partially inserted.
A rod insertion limit monitor is provided as an administrative aid to the operator to ensure
that this condition is met.

By using the flexibility in the selection of control rod groupings, radial locations, and position
as a function of load, the design limits the maximum fuel energy for the highest worth ejected
rod to a value which precludes any resultant damage to the primary system pressure
boundary, i.e., gross fuel dispersion in the coolant and possible excessive pressure surges.

The failure of a rod mechanism housing causing a control rod to be rapidly ejected from the
core is evaluated as a theoretical, though not a credible accident. While limited fuel damage
could result from this hypothetical event, the fission products are confined to the reactor
coolant system and the reactor containment. The environmental consequences of rod ejection
are less severe than from the postulated loss-of-coolant accident, for which public health and
safety is shown to be adequately protected.

5.1.3.8 Reactor Coolant Pressure Boundary Rapid Propagation Failure Prevention

CRITERION: The reactor coolant pressure boundary shall be designed and operated to reduce
to an acceptable level the probability of a rapidly propagating type failure.
Consideration is given (A) to the provisions for control over service temperature
and irradiation effects which may require operational restrictions, (B) to the
design and construction of the reactor pressure vessel in accordance with
applicable codes, including those which establish requirements for absorption
of energy within the elastic strain energy range and for absorption of energy by
plastic deformation and (C) to the design and construction of reactor coolant

pressure boundary piping and equipment in accordance with applicable codes
(AIF-GDC 34).

The reactor coolant pressure boundary is designed to reduce to an acceptable level the
probability of a rapidly propagating type failure.
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In the core region of the reactor vessel it is expected that the notch toughness of the material
will change as a result of fast neutron exposure. This change is evidenced as a shift in the nil
ductility transition temperature which is factored into the operating procedures in such a
manner that full operating pressure is not obtained until the affected vessel material is above
the now higher design transition temperature and in the ductile material region. The pressure
during startup and shutdown at the temperature below nil ductility transition temperature is
maintained below the threshold of concern for safe operation.

The design transition temperature is a minimum of nil ductility temperature plus 60°F and
dictates the procedures to be followed in the hydrostatic test and in station operations to avoid
excessive cold stress. The value of the design transition temperature is increased during the
life of the plant as required by the expected shift in the nil ductility transition temperature and
as confirmed by the experimental data obtained from irradiated specimens of reactor vessel
materials during the plant lifetime. Following installation of the Ex-Vessel Neutron
Dosimetry modification, radiometric monitors and gradient chains are used for this purpose.
Further details are given in Sections 5.2 and 5.3.

All pressure-containing components of the reactor coolant system are designed, fabricated,
inspected, and tested in conformance with the applicable codes. Further details are given in
Section 5.2.1.2.

5.1.3.9 Reactor Coolant Pressure Boundary Surveillance

CRITERION: Reactor coolant pressure boundary components shall have provisions for
inspection, testing, and surveillance of critical areas by appropriate means to
assess the structural and leaktight integrity of the boundary components during
their service lifetime. For the reactor vessel, a material surveillance program
conforming with current applicable codes shall be provided (AIF-GDC 36).

The design of the reactor vessel and its arrangement in the system provides the capability for
accessibility during service life to the entire internal surfaces of the vessel and certain
external zones of the vessel including the nozzle to reactor coolant piping welds and the top
and bottom heads. The reactor arrangement within the containment provides sufficient space
for inspection of the external surfaces of the reactor coolant piping, except for the area of
pipe within the primary shielding concrete.

Monitoring of the nil ductility transition temperature properties of the core region plates,
forgings, weldments, and associated heat-treated zones are performed in accordance with
ASTM E185 (Recommended Practice for Surveillance Tests on Structural Materials in
Nuclear Reactors). Samples of reactor vessel forging materials are retained and cataloged in
case future engineering development shows the need for further testing.

The material properties surveillance program includes not only the conventional tensile and
impact tests but also fracture mechanics specimens. The fracture mechanics specimens are
the wedge-opening loading-type specimens. The observed shifts in nil ductility transition
temperature of the core region materials with irradiation will be used to confirm the
calculated limits of startup and shutdown transients. Following installation of the Ex-Vessel
Neutron Dosimetry modification, radiometric monitors and gradient chains are used for this

purpose.
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To define permissible operating conditions below design transient temperature, a pressure

range is established which is bounded by a lower limit for pump operation and an upper limit
that satisfies reactor vessel stress criteria. To allow for thermal stresses during heatup or
cooldown of the reactor vessel, an equivalent pressure limit is defined to compensate for
thermal stress as a function of the rate of coolant temperature change. The reactor coolant
temperature and pressure and system heatup and cooldown rates (with the exception of the
pressurizer) are limited in accordance with the Pressure and Temperature Limits Report
(PTLR). The allowable pressure-temperature relationships for the heatup and cooldown rates
were developed using Regulatory Guide 1.99, Revision 2, and Appendix G of Section III of
the ASME Boiler and Pressure Vessel Code and are discussed in the Technical Specifications
and Reference 1.

For the pressurizer, the heatup and cooldown rates do not exceed 100°F per hr and 200°F per
hr, respectively. An additional limitation is that spray cannot be used if the temperature
difference between the pressurizer and the spray fluid is greater than 320°F.

Since the normal operating temperature of the reactor vessel is well above the maximum
expected design transient temperature, brittle fracture during MODES 1 and 2 is not
considered to be a credible mode of failure. A discussion of reactor vessel integrity under
transient conditions is included in Sections 5.3.3.4 and 5.3.3.5.

5.1.3.10 Adequacy of Reactor Coolant System Design Relative to 1972 10 CFR 50,
Appendix A, Criteria

The adequacy of the Ginna Station reactor coolant system design relative to the following
General Design Criteria (GDC) is discussed in Section 3.1.2:

* GDC 14, Reactor Coolant Pressure Boundary.

* GDC 15, Reactor Coolant System Design.

* GDC 30, Quality of Reactor Coolant Pressure Boundary.

* GDC 31, Fracture Prevention of Reactor Coolant Pressure Boundary.

*  GDC 32, Inspection of Reactor Coolant Pressure Boundary.

GDC 34, Residual Heat Removal.

The use of the following Safety Guides is discussed in Section 1.8:

» Safety Guide 2, Thermal Shock to Reactor Pressure Vessels.
» Safety Guide 14, Reactor Coolant Pump Flywheel Integrity.

5.1.4  DESIGN CHARACTERISTICS
5.14.1 Design Pressure

The reactor coolant system design and operating pressure, together with the safety, power
relief, and spray valves setpoints and the protection system setpoint pressures, are listed in
Table 5.1-1. The design pressure allows for operating transient pressure changes. The
selected design margin considers core thermal lag, coolant transport times and pressure drops,
instrumentation and control response characteristics, and system relief valve characteristics.
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Additional reactor coolant system piping and pressure drop data are listed in Tables 5.1-1
through 5.1-3.

5.1.4.2 Design Temperature

For each component, the design temperature is selected to be above the maximum coolant
temperature under all normal and anticipated transient load conditions. The design and

operating temperatures of the respective system components are discussed in Sections 5.3.2
and 5.4.

5.1.5 CYCLICLOADS

All components in the reactor coolant system are designed to withstand the effects of cyclic
loads due to reactor system temperature and pressure changes. These cyclic loads are
introduced by normal unit load transients, reactor trips, and startup and shutdown operation.
The number of thermal and loading cycles used for design purposes is shown in Table 5.1-4.
During unit startup and shutdown, the rates of temperature and pressure changes are limited.
The number of cycles for plant heatup and cooldown at 100°F/hr was selected as a
conservative estimate based on an evaluation of the expected requirements. The resulting
number, which averages five heatup and cooldown cycles per year, could be increased
significantly; however, it is the intent to represent a conservative realistic number rather than
the maximum allowed by the design.

Although loss of flow and loss of load transients are not included in the tabulation since the
tabulation is only intended to represent normal design transients, the effects of these
transients have been analytically evaluated and are included in the fatigue analysis for
primary system components.

The reactor coolant system and its components are designed to accommodate 10% of full
power step changes in plant load and 5% of full power per minute ramp changes over the
range from 12.8% full power up to and including but not exceeding 100% of full power
without reactor trip. The reactor coolant system will accept a complete loss of load from full
power with reactor trip. In addition, the turbine bypass and steam dump system make it
possible to accept a 50% rapid load reduction (200% per minute runback) from full power
without a reactor trip for RCS full power T,y values > 564.6°F. For RCS full power Ty,
values greater than 570°F, a 50% step load reduction can be accommodated without a reactor
trip or turbine trip. Additionally, a turbine trip below 50% power can be accepted without a
reactor trip. The ability of the plant to withstand these plant transients at 1775 MWt was
determined in Reference 2.

5.1.6  SERVICE LIFE

The service life of reactor coolant system pressure components depends upon the end-of-life
material radiation damage, unit operational thermal cycles, quality manufacturing standards,
environmental protection, and adherence to established operating procedures.
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5.1.7 RELIANCE ON INTERCONNECTED SYSTEMS

The principal heat removal systems which are interconnected with the reactor coolant system
are the steam and feedwater systems and the safety injection and residual heat removal
systems. The reactor coolant system is dependent upon the steam generators and the steam,
feedwater, and condensate systems for decay heat removal from normal operating conditions
to a reactor coolant temperature of approximately 350°F. The layout of the system ensures
the natural circulation capability to permit plant cooldown following a loss of all main reactor
coolant pumps.

Flow diagrams of the steam and feedwater systems are shown in Drawings 33013-1231,
33013-1232, and 33013-1236. In the event that the condenser is not available to receive the
steam generated by residual heat, the water stored in the feedwater system may be pumped
into the steam generators and the resultant steam vented to the atmosphere. The preferred
auxiliary feedwater system will supply water to the steam generators in the event that the
main feedwater pumps are inoperative. The system is described in Section 10.5.

The safety injection system is described in Section 6.3. The residual heat removal system is
described in Section 5.4.5.

5.1.8 SYSTEM INCIDENT POTENTIAL

The potential of the reactor coolant system as a cause of accidents is evaluated by
investigating the consequences of certain credible types of component and control failures as
discussed in Sections 15.1 through 15.4 and Section 15.6. Reactor coolant pipe rupture is
evaluated in Section 15.6.4.
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REFERENCES FOR SECTION 5.1

1.

Westinghouse Electric Corporation, Rochester Gas and Electric Reactor Vessel Life
Attainment Plan, March 1990.

Westinghouse Calculation Note, CN-SCS-05-1, "R.E. Ginna (RGE) 19.5% Uprate
Program Plant Operability and Margin to Trip Analysis," Rev. 2.

Westinghouse Calculation Note, CN-PCWG-04-10, "Closeout of PCWG Open Items for
Additional Best Estimate Performance Calculations based on Plant Data to Support the
R.E. Ginna Unit 1 (RGE) Uprate Program," Rev. 0.

Page 11 of 141 Revision 28 5/2019



GINNA/UFSAR

CHAPTER 5 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

Table 5.1-1

REACTOR COOLANT SYSTEM PRESSURE SETTINGS

Design pressure
Operating pressure
Safety valves

Power relief valves
Spray valves (open)
High-pressure trip
High-pressure alarm
Low-pressure trip

Hydrostatic test pressure
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2485
2235
2485
2335
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Table 5.1-2
REACTOR COOLANT PIPING DESIGN DATA

Reactor inlet piping, I.D., in. 27-1/2

Reactor outlet piping, 1.D., in. 29

Coolant pump suction piping, I.D., in. 31

Pressurizer surge piping, in.? 10 - Schedule 140
Design/operating pressure, psig 2485/2235
Hydrostatic test pressure (cold), psig 3110

Design temperature, °F 650

Design temperature (pressurizer surge line), °F 680

Water volume, ft? 552

a. Surge line fitted with a 14-in./10-in. adapter at the pressurizer.
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Table 5.1-3
REACTOR COOLANT SYSTEM DESIGN PRESSURE DROP

Pressure Drop (psi)®
Across pump discharge leg 1.25
Across vessel, including nozzles 42.60
Across hot leg 1.45
Across replacement steam generator 34.95
Across pump suction leg 2.85
Total pressure drop 83.10

a. Best estimate flow for 1775 MWt with T oyG=573° and 0% SG tube plugging as calculated by
Reference 3.
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Table 5.1-4

THERMAL AND LOADING CYCLES

Transient Condition

Plant heatup at 100 °F/hr

Plant cooldown at 100 °F/hr

Plant loading at 5 % of full power per min®

Plant unloading at 5 % of full power per min®

Step load increase of 10 % of full power (but
not to exceed full power)

Step load decrease of 10 % of full power

Step load decrease from 100 % to 50 % of full
power

Partial loss of flow®

Loss of load®

Reactor trip

Hydrostatic test

Pressure 3125 psia at 100 °F
Pressure 2500 psia at 400 °F

Steady-state fluctuations:

Design Cycles?

200
200
6,460

6,460
2,000

2,000
200

80

80
400

40

The reactor coolant average temperature for purposes of design is assumed to increase and
decrease a maximum of 6 °F in 1 min. The corresponding reactor coolant pressure variation is
less than 100 psig. It is assumed that an infinite number of such fluctuations will occur.

a. Estimated for equipment design purposes (40-year life) and not intended to be an accurate
representation of actual transients or to reflect actual operating experience.

b. The number of cycles summarized for both plant loading and plant unloading at 5% of full power per
minute is the most recent analyzed low-cycle fatigue results, as summarized in LTR-RIDA-12-149, based
on analyses performed for the baffle-former bolt replacement/inspection campaign per ECP-10-000422.

¢. Not an original Ginna design basis load. Included in uprate assessments performed by Westinghouse to
be consistent with the list of design transients included in WCAP-14460.
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52 INTEGRITY OF THE REACTOR COOLANT PRESSURE
BOUNDARY

5.221 COMPLIANCE WITH CODES
5.2.1.1 System Integrity

The reactor coolant system serves as a barrier preventing radionuclides contained in the
reactor coolant from reaching the atmosphere. In the event of a fuel cladding failure the
reactor coolant system is the primary barrier against the uncontrolled release of fission
products. By establishing a system pressure limit, the continued integrity of the reactor
coolant system is ensured. Thus, the safety limit of 2735 psig (110% of design pressure) has
been established. This represents the maximum transient pressure allowable in the reactor
coolant system under the ASME Code, Section III, for MODES 1 and 2 and anticipated
transient events. Reactor coolant system pressure settings are given in Table 5.1-1.

Release of activity into the reactor coolant in itself does not constitute a significant hazard.
Activity in the coolant could constitute a significant hazard only if the reactor coolant system
barrier is breached, and then only if the coolant contains excessive amounts of activity which
could be released to the environment. The chemical and volume control system maintains
primary reactor coolant activity within acceptable levels, as defined in the Technical
Specifications.

A rupture of a steam generator tube would allow reactor coolant to enter the secondary
system. In this event, a portion of the reactor coolant system gaseous activity could be
released to the atmosphere. The radiological consequences of the event are discussed in
Section 15.6.3.

As part of the design control on materials, Charpy V-notch toughness test curves were
conducted for all ferritic material used in fabricating pressure parts of the reactor vessel and
pressurizer to provide assurance for hydrotesting and operation in the ductile region at all
times. For the replacement steam generators (RSGs) pressure boundary materials comply
with ASME Section II and III requirements. The RT NDT (Reference Temperature for Nil-
Ductility Transition Temperature) is used to specify the RSG material toughness. This
temperature for each RSG pressure boundary plate, forging or weld is equal to or less than
0°F; typically these range from -70°F to -20°F. This provides assurance that these materials
remain ductile for hydrotesting and operation at all times. In addition, drop-weight tests were
performed on the reactor vessel material. Reactor vessel materials are discussed in Section
5.3.1. Reactor coolant pressure boundary materials are discussed in Section 5.2.3.

As an assurance of system integrity, all components in the system were hydro-tested at 3110
psig prior to initial operation.

As part of the Systematic Evaluation Program (SEP) the NRC evaluated, in part, the stresses
in reactor coolant system components under normal and accident conditions. In the NRC
Safety Evaluation Report (Reference 1) it was concluded that the control rod drive
mechanism, reactor coolant pumps, steam generator and tube supports, and pressurizer and

Page 16 of 141 Revision 28 5/2019



GINNA/UFSAR
CHAPTER 5 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

reactor vessel supports were acceptably designed, with the stress analysis results within
established limits.

5.2.1.2 Codes and Classifications

52.1.2.1 Code Requirements

All pressure-containing components of the reactor coolant system were originally designed,
fabricated, inspected, and tested in conformance with the applicable codes listed in Table 5.2-
1.

As part of the SEP, the codes, standards, and classifications to which the station was built
were compared to current code requirements. It was generally concluded that changes
between original and current code requirements do not affect the safety functions of the
systems and components reviewed. Details of the review, which includes the reactor coolant
system are presented in Section 3.2.

The reactor coolant system is classified as Seismic Category I, requiring that there will be no
loss of function of such equipment in the event of the assumed maximum potential ground
acceleration acting in the horizontal and vertical directions simultaneously, when combined
with the primary steady state stresses.

Commencing in 1979, RG&E performed a reanalysis of Class I piping systems including the
reactor coolant system for the seismic upgrade program. The analytical procedure used for
the piping reanalysis is described in Section 3.7.3.7.5. The piping and thermal stresses were
calculated using the formulas given in ANSI 31.1-1973, 1973 Summer Addenda
requirements. The piping reanalysis is discussed in Section 3.9.2.1.8.

5.2.1.2.2 ualitv Control

Quality control techniques used in the fabrication of the reactor coolant system were
equivalent to those used in manufacture of the reactor vessel which conforms to Section III of
the ASME Code.

Nuclear Piping Code B31.7 is derived from ASME III criteria. Thus, the added quality
assurance requirements by Westinghouse to USAS B31.1.0-1967 procured reactor coolant
piping ensured that the quality level of a Westinghouse plant was comparable to that of the
Nuclear Piping Code USAS B31.7 as itemized below:

A. The material specifications were ASTM specifications approved for nuclear use in the
various code cases.

B. The reactor systems materials were nondestructively examined to the levels required of
Class A vessels - the same levels set forth in USAS B31.7.

C. Welding procedures and welders were required to be qualified to the requirements of
Section IX of the ASME Code. The same requirement prevails in USAS B31.7.

D. All butt welds were examined to the same standards required in USAS B31.7.

E. Allnozzle welds were required to be radiographically examined when the branch weld was
in excess of 2-in. pipe size. This requirement exceeds that of USAS B31.7.
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F. All nozzle, girth, and longitudinal welds were required to be liquid penetrant examined.
This requirement is equivalent to USAS B31.7.

G. Hydrostatic testing was performed in completed systems. This requirement is equivalent to
USAS B31.7.

52.1.2.3 Field Erection Procedures

Field erection and welding procedures were governed by Westinghouse specifications, which
ensured that the field fabrication resulted in the same quality consistent with that exercised in
the shop fabrication of the same piping. In these specifications for shop fabrication and field
erection were references to portions of the ASME Code (Sections III, VIII, and IX), USAS
Pressure Piping Code (B31.1) and Nuclear Code Cases N-7 and N-10, and ASTM Standards,
as well as a number of Westinghouse documents.

During the erection, Westinghouse onsite personnel continually monitored all operations to
ensure conformance to specifications, regulatory codes, and good construction practices.
Adequate records are maintained onsite or at Westinghouse and include radiography reports
and other nondestructive testing reports.

5.2.1.3 Seismic Loads

The seismic loading conditions were initially established by the design earthquake and
maximum potential earthquake. The former was selected to be typical of the largest probable
ground motion based on the site seismic history. The latter was selected to be the largest
potential ground motion at the site based on seismic and geological factors and their
uncertainties.

For the design earthquake loading condition, the nuclear steam supply system was designed
to be capable of continued safe operation. Therefore, for this loading condition critical
structures and equipment needed for this purpose are required to operate within normal design
limits. The seismic design for the maximum potential earthquake was intended to provide a
margin in design that ensures capability to shut down and maintain the nuclear facility in a
safe condition. In this case, it was only necessary to ensure that the reactor coolant system
components do not lose their capability to perform their safety function. This had come to be
referred to as the no-loss-of-function criteria and the loading condition as the no-loss-of-
function earthquake loading condition.

The analytical method employed in the design is described in Section 3.7 for Seismic Category
I structures and components. The natural periods necessary for the determination of the loads
were obtained by physical model testing.

The loading combinations and associated stress limits used for the piping systems which are
part of the Seismic Piping Upgrade Program are discussed in Section 3.9.2.1.8.

The criteria adopted for allowable stresses and stress intensities in vessels and piping subjected
to normal loads plus seismic loads are defined in Sections 3.9.2 and 5.4.11. These criteria
ensure the integrity of the reactor coolant system under seismic loading.
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For the combination of normal and design earthquake loadings, the stresses in the support
structures are kept within the limits of the applicable codes.

For the combination of normal and no-loss-of-function earthquake loadings, the stresses in
the support structures are limited to values as necessary to ensure their integrity and to
contain the stresses in the reactor coolant system components within the allowable limits as
previously established.

As part of the Ginna Station SEP the reactor coolant system has been reevaluated for the
design-basis earthquake (safe shutdown earthquake) loadings wherein the ground
acceleration is 0.2g. This reevaluation is discussed in Sections 3.7, 3.8, and 3.9.

5.2.2  OVERPRESSURIZATION PROTECTION
5.2.2.1 Normal Operation

During MODES 1, 2, and 3, the reactor coolant system is protected against overpressure by
safety valves located on the top of the pressurizer. The safety valves on the pressurizer are
sized to prevent system pressure from exceeding the design pressure by more than 10%, in
accordance with Section III of the ASME Code. The capacity of the pressurizer safety valves
is determined from considerations of (1) the Reactor Trip System (RTS) and (2) accident or
transient conditions which may potentially cause overpressure.

The combined capacity of the safety valves is equal to or greater than the maximum surge rate
resulting from complete loss of load without a direct reactor trip or any other control, except
that the safety valves on the secondary plant are assumed to open when the steam pressure
reaches the secondary plant safety valve setting. Details of the analysis are reported in Section
15.2.2. The pressurizer relief discharge system and safety valves are described in Sections
5.4.8.1 and 5.4.10.1.

5.2.2.2 Low Temperature Overpressure Protection (LTOP) System

Low temperature reactor vessel overpressure protection is provided by the two pressurizer
power operated relief valves (PORVs) (Section 5.4.10) with a low-pressure setpoint as
specified in the Pressure and Temperature Limits Report (PTLR). Whenever the reactor
coolant system cold leg temperature is below the temperature setpoint specified for LTOP in
the PTLR or the residual heat removal system is in operation, the low-pressure setpoint is
manually enabled from the control room. Pressure transients caused by mass addition or heat
addition are terminated below the limits of 10 CFR 50, Appendix G, as amended by ASME
Code Case Cases N-640 and N-588, by automatic operation of the pressurizer power operated
relief valves (PORVs). The system is designed to protect the reactor coolant system pressure
boundary from the effects of operating errors during MODES 4, 5, and 6 (as applicable in the
Technical Specifications) when the reactor coolant system is in a water-solid condition. The
system also supplies protection for the residual heat removal system from overpressurization.
The following sections give a more detailed discussion of the Low Temperature Overpressure
Protection (LTOP) System.
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5.2.2.2.1 Design Bases

The basic purpose of the Low Temperature Overpressure Protection (LTOP) System is to
prevent reactor vessel pressure in excess of 10 CFR 50, Appendix G limits (ASME Code
Cases N-640 and N-588). Specific criteria for system performance are:

5.2.2.2.3.1 Operator Action: No credit can be taken for operator action for 10 minutes after the
operator is aware of a transient.

5.2.2.2.3.1 Single Failure: The system must be designed to relieve the pressure transient given
a single failure in addition to the failure that initiated the pressure transient.

5.2.2.2.3.1 Testability: The system must be testable on a periodic basis consistent with the
systems employment.

5.2.2.2.3.1 Seismic Criteria: The system safety function is met by equipment categorized as
Seismic Category I. The basic objective is that the system should not be vulnerable to a
common failure that would both initiate a pressure transient and disable the overpressure
mitigating system. Such events as loss of instrument air and loss of offsite power must be
considered.

Two kinds of pressure transients are considered:

1. Mass input transients from injection sources such as charging pumps, safety injection
pumps, or safety injection accumulators.

2. Heat input transients from sources such as steam generators or decay heat.

On Westinghouse designed plants, a common cause of overpressure transients is isolation of
the letdown path (letdown during low-pressure operations is via a flow path through the
residual heat removal system). Thus, isolation of the residual heat removal system can
initiate a pressure transient if a charging pump is left running. Although other transients
occur with lower frequency, those which result in the most rapid pressure increases are of
main concern. The most limiting mass input transient is the charging-letdown mismatch with
three charging pumps left running with letdown completely isolated. The most limiting
thermal expansion transient is the start of a reactor coolant pump with a 50°F temperature
difference between the water in the reactor vessel and the water in the steam generator.

The NRC considers the pressurizer power operated relief valve (PORV) with a manually
enabled low-pressure setpoint to be an acceptable overpressure mitigating system. Detailed
information on system design is contained in References 2 through 4.

5.2.2.2.2 System Description

The "Reference Mitigating System" concept developed by Westinghouse and the
Westinghouse Owner’s Group was originally adopted by Rochester Gas and Electric
Corporation. This concept is acceptable to Ginna LLC. The actuation circuitry of the
pressurizer power operated relief valves (PORVs) requires a low-pressure setpoint (setpoint
provided in the Pressure and Temperature Limits Report (PTLR)) during startup and
shutdown conditions. The low-pressure pressurizer power operated relief valve (PORV)
actuation circuitry uses multiple pressure sensors, power supplies, and logic trains to
improve system reliability.
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Each of the two pressurizer power operated relief valves (PORVs) is manually enabled using
two keylock switches, one to line up the nitrogen supply and the other to enable the low-
pressure setpoint. When the reactor vessel is at low temperatures with the overpressure
protection system enabled, a pressure transient is terminated below the Appendix G limit
(ASME Code Cases N-640 and N-588) by automatic opening of the pressurizer power
operated relief valves (PORVs). An enabling alarm monitors the reactor coolant system
temperature, the position of the keylock switches (two per channel), and the upstream isolation
valve position. The overpressure protection system is required to be in operation during plant
cooldown prior to reaching the temperature limit specified in the PTLR or on initiation of the
residual heat removal system and it is disabled prior to exceeding 350°F during plant heatup.
The enabling alarm alerts the operator in the event the reactor coolant system temperature is
below the PTLR temperature limit and overpressure protection system valve or switch
alignment has not been completed.

The Ginna pressurizer power operated relief valves (PORVs) are spring closed and air or
nitrogen opened. Each of the two pressurizer power operated relief valves (PORVs) receives
actuating gas from either the plant instrument air system or a backup nitrogen accumulator;
however, only nitrogen is used for Low Temperature Overpressure Protection (LTOP)
conditions. The accumulators are sized to provide sufficient actuating nitrogen for 10 min of
pressurizer power operated relief valve (PORV) operation (about 40 cycles) without operator
action during the most limiting transient and a loss of the plant instrument air system. Low-
pressure alarms are installed in the control room to alert the operator to a low nitrogen
accumulator pressure condition. See Drawing 33013-1263. Performance of secondary side
hydrostatic tests are permitted without the pressurizer power operated relief valves (PORVs)
or a reactor coolant system vent > 1.1 sq. in. operable, however, no safety injection pump may
be capable of injecting into the reactor coolant system during the tests.

An alarm monitors the position of the pressurizer power operated relief valve (PORV)
1solation valves (515 and 516), along with the low setpoint enabling switch, to ensure that the
overpressure mitigating system is properly aligned for shutdown conditions. An overpressure
alarm which incorporates two setpoints is also provided. One setpoint is variable and follows
the limit specified in the PTLR. The other setpoint alarms at a preprogrammed differential
pressure. Both setpoints alarm and light on the plant process computer system.

The installed pressure and temperature instrumentation at Ginna Station will provide a
permanent record over the full range of both pressure and temperature.

5.2.2.2.3 System Evaluation

5.2.2.2.3.1 General

Generic Letter 88-11, "NRC Position on Radiation Embrittlement of Reactor Vessel Materials
and Its Impact on Plant Operations," required each licensee to reevaluate the effect of neutron
radiation on reactor vessel material using the methods described in Regulatory Guide 1.99,
Revision 2. The pressure-temperature limits resulting from the implementation of Regulatory
Guide 1.99, Revision 2, required the reevaluation of the pressurizer power operated relief
valve (PORV) setpoint. The setpoint reevaluation was performed by Westinghouse and is
documented in Reference 5. This evaluation was superseded by Reference 15 which
incorporated the characteristics of the replacement steam generators, and the approval to use
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ASME Code Case N-514 for Ginna. The use of ASME Code Case N-514 was disallowed by
License Amendment 106. ASME Code Cases N-640 and N-588 are now used in place of
Code Case N-514. The Appendix G limits were updated in Reference 29, and incorporated
into Reference 15.

The Low Temperature Overpressure Protection system (LTOP) transient analyses were
performed using the RELAP5/MOD2 B&W Version 20 (Reference 16) computer code. The
plant model that was employed for the LTOP analyses is described in Reference 15.

For the limiting mass addition case, the primary system was initialized at 60°F and 315 psig
with two reactor coolant pumps running. The primary and secondary systems were
decoupled since there was no heat transfer in this case. The event was initiated by starting
three charging pumps with a total capacity of 180 gpm. The analysis was terminated after 10
minutes when the operator was assumed to secure charging flow. The peak RCS pressure
was compared with the acceptance criteria.

For the heat addition cases, the primary system was initialized to isothermal conditions with
no reactor coolant flow. The secondary and primary fluid in the steam generators were
initialized at a temperature 50 degrees above the primary system. The transient was initiated
by starting a reactor coolant pump in the loop that contains the pressurizer. The analysis was
run until the peak pressure was obtained. The peak pressures in the reactor vessel and the
RHR system were compared with the acceptance criteria.

5.2.2.2.3.2 Mass Addition Case

The mass addition case was initialized at a primary temperature of 60°F and a primary
pressure of 315 psig. Using the initial pressure of 315 psig assures that the transient is well
defined by the time the power operated relief valve (PORV) is actuated. =~ Two reactor coolant
pumps were assumed running and the pressurizer was water solid. It was assumed that the
residual heat removal (RHR) system was removing decay heat, so it was conservatively not
modeled. The event was initiated by starting three pump charging flow (180 gpm or 25 1b/
sec). The analysis was run for ten minutes. The sequence of events for this case is shown in
Table 5.2-7.

The peak reactor vessel pressure was 587.4 psia. The allowable pressure, according to ASME
Code Cases N-640 and N-588 at 60°F is 621 psig or 635.7 psia. Therefore, there is 48.3 psi
margin to the Appendix G acceptance criterion.

To compare the peak pressure in the RHR system with the acceptance criterion, the pressure
drop from the hot leg to the RHR pump discharge was added to the peak hot leg pressure.
This case yielded a peak RHR pressure of 663.5 psia. The peak allowable pressure in the
RHR system is 674.7 psia. This results in a 11.2 psi margin to the acceptance criterion.

5.2.2.2.3.3 Heat Addition at 60°F

The most limiting heat addition case was analyzed at a primary system temperature of 60°F
and a primary pressure of 315 psig. The secondary system was assumed to be 50 degrees
hotter than the primary system, so the temperature in the secondary system and the primary
side of the steam generator was 110°F. Initially, the reactor coolant pumps were not running
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and cooling was assumed to be provided by the residual heat removal (RHR) system. The
RHR system was operating. The pressurizer was water solid. There was no charging flow
for this event. The event was initiated by starting the reactor coolant pump in the loop that
contained the pressurizer. The transient was analyzed for 40 seconds. The sequence of
events for this case is shown in Table 5.2-8.

The peak pressure in the reactor vessel for this case was 551.3 psia. The allowable pressure
limit at this temperature is 635.7 psia. This yields a 84.5 psi margin. This case is the most
limiting for Appendix G. (ASME Code Cases N-640 and N-588)

The peak pressure in the RHR System was 650.0 psia as compared with an acceptance
criterion of 674.7 psia, for a margin of 24.7.

5.2.2.2.3.4 Heat Addition at 320°F

The heat addition case was also analyzed with steam generator secondary system
temperatures of 370°F. This temperature is the maximum temperature, including instrument
uncertainty, at which both reactor coolant pumps can be stopped. The primary system was
assumed to be 50 degrees colder than the secondary system, so the temperature in the primary
system was 320°F. Initially, the reactor coolant pumps were not running and cooling was
assumed to be provided by the residual heat removal (RHR) system. The RHR system was
operating. The pressurizer was water solid. There was no charging flow for this event. The
transient was initiated by starting the reactor coolant pump in the loop that contained the
pressurizer.

The peak pressure in the reactor vessel for this case was 563.8 psia. The allowable reactor
vessel pressure limit at this temperature is > 2400 psia. This yields a > 1836 psi margin.

The peak pressure in the RHR system was 655.7 psia as compared with an acceptance
criterion of 674.7 psia, for a margin of 19.0 psia.

5.2.2.2.3.5  Administrative Controls

To limit the magnitude of postulated pressure transients to within the bounds of the analysis, a
defense-in-depth approach is adopted using administrative controls. Specific conditions
required to ensure that the plant is operated within the bounds of the analysis are described in
the bases for Technical Specification LCO 3.4.12.

A number of provisions for prevention of pressure transients are also contained in the Ginna
operating procedures. These procedures require that an acceptable reactor coolant system
temperature profile be achieved prior to startup of a reactor coolant pump with the reactor
coolant system in a water-solid condition. In addition, plant shutdown and cooldown
procedures call for one reactor coolant pump to be run until the reactor coolant system
temperature has been lowered to 160°F, thus reducing the possibility of a significant reactor
coolant system temperature asymmetry.

Also, plant procedures restrict water-solid operations to only those times when absolutely
necessary. For example, the plant must be maintained in a water-solid condition during
reactor coolant system filling and venting operations, during hydrostatic testing of the reactor
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coolant system, and during plant heatup prior to bringing the reactor coolant system within
water chemistry specifications.

The cooldown procedures require the safety injection signal associated with the pressurizer
and steam line low pressure be blocked at approximately 2000 psig. At less than 350°F psig,
the high-head safety injection discharge valves to the reactor coolant system loops are shut
and the high-head safety injection pumps are deenergized by placing their control switches in
the "pull-stop" position. In the "pull-stop" position the safety injection pumps cannot
automatically start. The safety injection pumps are not reenergized while the reactor coolant
system is in a cold and shutdown condition unless special surveillance testing is in progress
or a safety injection accumulator is to be filled when only one safety injection pump is
energized.

The diesel-generator load and safeguards sequence test conducted during cold or MODE 6
(Refueling) shutdown operates each safeguards train (two pumps). However, the pump
discharge valves are closed, the valve power supply breakers are open, and the breaker dc
control fuses are removed. During other tests the safety injection pumps are prohibited from
starting and, except during valve cycling tests, the discharge valves are shut.

5.2.2.2.4 Tests and Inspections

Operability of the Low Temperature Overpressure Protection (LTOP) System is verified prior
to solid system, low temperature operation by use of the remotely operated isolation valve,
and the enable/disable switches. The actuation circuitry is tested each MODE 6 (Refueling)
outage. Testing requirements are included in the Technical Specifications.

5.23 REACTOR COOLANT PRESSURE BOUNDARY MATERIALS
5.2.3.1 Material Specifications

Each of the materials used in the reactor coolant system is selected for the expected

environment and service conditions. The major component materials are listed in Table 5.2-
2.

5.2.3.1.1 Nondestructive Examination of Materials and Components Prior to Operation

5.23.1.1.1 Quality Assurance Program

Table 5.2-3 summarizes the initial quality assurance program for all reactor coolant system
components. In this table, all of the nondestructive tests and inspections required by
Westinghouse specifications on reactor coolant system components and materials are
specified for each component. All tests required by the applicable codes are included in this
table. Westinghouse requirements, which were more stringent in some areas than those
requirements specified in the applicable codes, are also included.

Table 5.2-3 also summarizes the quality assurance program with regard to inspections
performed on primary system components. In addition to the inspections shown in Table 5.2-
3, there were those that the equipment supplier performed to confirm the adequacy of
material received, and those performed by the material manufacturer in producing the basic
material. The inspections of reactor vessel, pressurizer, and steam generator were governed
by ASME Code requirements. The inspection procedures and acceptance standards required
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on pipe materials and piping fabrication were governed by USAS B31.1 and Westinghouse
requirements and were equivalent to those performed on ASME Code vessels.

Procedures for performing the examinations were consistent with those established in the
ASME Code, Section III, and were reviewed by qualified Westinghouse engineers. These
procedures were developed to provide the highest assurance of quality material and
fabrication. They considered not only the size of the flaws, but equally as important, how the
material was fabricated, the orientation and type of possible flaws, and the areas of most
severe service conditions. In addition, the surfaces most subject to damage as a result of the
heat treating, rolling, forging, forming, and fabricating processes, received a 100% surface
inspection by magnetic particle or liquid penetrant testing after all these operations were
completed. Although flaws in plates are inherently laminations in the center, all reactor
coolant plate material is subject to shear as well as longitudinal ultrasonic testing to give
maximum assurance of quality. (All forgings received the same inspection.) In addition,
100% of the material volume was covered in these tests as added assurance over the grid basis
required in the code.

Westinghouse quality control engineers and RG&E engineers monitored the supplier’s work,
and witnessed key inspections not only in the supplier’s shop but in the shops of subvendors
of the major forgings and plate material. Normal surveillance included verification of records
of material, physical and chemical properties, review of radiographs, performance of required
tests, and qualification of supplier personnel.

5.2.3.1.1.2  Welding and Heat Treatment

Equipment specifications for fabrication required that suppliers submit the manufacturing
procedures (welding, heat treating, etc.) to Westinghouse where they were reviewed by
qualified Westinghouse engineers. This also was done on the field fabrication procedures to
ensure that installation welds were of equal quality.

Section IIT of the ASME Code required that nozzles carrying significant external loads be
attached to the shell by full penetration welds. This requirement was carried out in the reactor
coolant piping, where all auxiliary pipe connections to the reactor coolant loop were made
using full penetration welds.

Preheat requirements, nonmandatory under code rules, were performed on all weldments,
including P1 and P3 materials which were the materials of construction in the reactor vessel,
pressurizer, and steam generators. Preheat and postheat of weldments both serve a common
purpose: the production of tough, ductile metallurgical structures in the completed weldment.

Preheating produces tough ductile welds by minimizing the formation of hard zones, whereas
postheating achieves this by tempering any hard zones which may have formed due to rapid
cooling. Thus, the reactor coolant system components were welded under procedures that
required the use of both preheat and postheat.
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5.23.1.2 Quality Assurance for Electroslag Welds

5.2.3.1.2.1 Piping Elbows

The 90-degree primary system elbows were electroslag welded. The following efforts were
performed for quality assurance of these components:

a.

.

f.

The electroslag welding procedure employing one-wire technique was qualified in
accordance with the requirements of ASME Code, Section IX and Code Case 1355, plus
supplementary evaluations as requested by Westinghouse. The following test specimens
were removed from a 5-in.-thick weldment and successfully tested. They were:

1. Six transverse tensile bars - as welded.

2. Six transverse tensile bars - 2050°F, H,O quench.

3. Six transverse tensile bars - 2050°F, H,O quench + 750°F stress relief heat treatment.
4.  Six transverse tensile bars - 2050°F, H,O quench, tested at 650°F.

5.  Twelve guided side bend test bars.

The casting segments were surface conditioned for 100% radiographic and penetrant
inspections. The acceptance standards were ASTM E-186 severity level 2 (except no
category D or E defectiveness was permitted) and USAS Code Case N-10, respectively.

The edges of the electroslag weld preparations were machined. These surfaces were
penetrant inspected prior to welding. The acceptance standards were USAS Code Case N-
10.

The completed electroslag weld surfaces were ground flush with the casting surface. Then
the electroslag weld and adjacent base material were 100% radiographed in accordance
with ASME Code Case 1355. Also, the electroslag weld surfaces and adjacent base
material were penetrant inspected in accordance with USAS Code Case N-10.

Weld metal and base metal chemical and physical analyses were determined and certified.

Heat treatment furnace charts were recorded and certified.

5.23.1.2.2 Reactor Coolant Pump Casings

The Ginna reactor coolant pump casings were electroslag welded. The following efforts were
performed for quality assurance of the components.

The electroslag welding procedure employing two-wire and three-wire techniques was
qualified in accordance with the requirements of the ASME Code, Section IX and Code Case
1355, plus supplementary evaluations as requested by Westinghouse. The following test
specimens were removed from an 8-in.-thick and from a 12-in.-thick weldment and
successfully tested for both the two-wire and the three-wire techniques, respectively. They
were as follows.

a. Two-wire electroslag process - 8-in.-thick weldment.

1. Six transverse tensile bars - 750°F postweld stress relief.

2. Twelve guided side bend test bars.
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b. Three-wire electroslag process - 12-in.-thick weldment.
1. Six transverse tensile bars - 750°F postweld stress relief.
2. Seventeen guided side bend test bars.
3.  Twenty-one Charpy V-notch specimens.
4.  Full section macroexamination of weld and heat affected zone.
5

Numerous microscopic examinations of specimens removed from the weld and heat
affected zone regions.

6. Hardness survey across weld and heat affected zone.

c. A separate weld test was made using the two-wire electroslag technique to evaluate the
effects of a stop and restart of welding by this process. This evaluation was performed to
establish proper procedures and techniques as such an occurrence was anticipated during
production applications due to equipment malfunction, power outages, etc. The following
test specimens were removed from an 8-in.-thick weldment in the stop-restart-repaired
region and successfully tested.

1. Two transverse tensile bars - as welded.
2. Four guided side bend test bars.

3.  Full section macroexamination of weld and heat affected zone.

d. All of the weld test blocks in items a, b, and ¢ above were radiographed using a 24-MeV
betatron. The radiographic quality level obtained was between 0.5% to 1% (1-1T). There
were no discontinuities evident in any of the electroslag welds.

1.  The casting segments were surface conditioned for 100% radiographic and penetrant
inspections. The radiographic acceptance standards were ASTM E-186 severity level
2 (except no category D or E defectiveness was permitted for section thickness up to
4.5 in.) and ASTM E-280 severity level 2 for section thicknesses greater than 4.5 in.
The penetrant acceptance standards were ASME Code, Section III, paragraph N-627.

2. The edges of the electroslag weld preparations were machined. These surfaces were
penetrant inspected prior to welding. The acceptance standards were ASME Code,
Section III, paragraph N-627.

3. The completed electroslag weld surfaces were ground flush with the casting surface.
Then, the electroslag weld and adjacent base material were 100% radiographed in
accordance with ASME Code Case 1355. Also, the electroslag weld surfaces and
adjacent base material were penetrant inspected in accordance with ASME Code,
Section 11, paragraph N-627.

4.  Weld metal and base metal chemical and physical analyses were determined and
certified.

5. Heat treatment furnace charts were recorded and certified.
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5.2.3.1.2.3  Reactor Coolant Pump Field Erection and Welding

Field erection and field welding of the reactor coolant system were performed so as to permit
exact fit-up of the 31-in. I.D. closure pipe subassemblies between the steam generator and the
reactor coolant pump. After installation of the pump casing and the steam generator,
measurements were taken of the pipe length required to close the loop. Based on these
measurements, the 31-in. L.D. closure pipe subassembly was properly machined and then
erected and field welded to the pump suction nozzle and to the steam generator exit nozzle.
Thus, upon completion of the installation, the system was essentially of zero stress in the
installed position.

Cleaning of reactor coolant system piping and equipment was accomplished before and/or
during erection of various equipment. Stainless steel piping was cleaned in sections as specific
portions of the systems were erected. Pipe and units large enough to permit entry by personnel
were cleaned by locally applying approved solvents (Stoddart solvent, acetone, and alcohol)
and demineralized water, and by using a rotary disk sander or 18-8 wire brush to remove all
trapped foreign particles. Standards for final physical and chemical cleanliness are defined in
Section 14.1.1.2.2.

5.2.3.2 Compatibility With Reactor Coolant

All reactor coolant system materials that are exposed to the coolant are corrosion resistant.
They consist of stainless steels and Inconel, and they are chosen for specific purposes at
various locations within the system for their superior compatibility with the reactor coolant.

All external insulation of reactor coolant system components is compatible with the
component materials. The cylindrical shell exterior and closure flanges to the reactor vessel
are insulated with metallic reflective insulation. The closure head is insulated with low
halidecontent insulating material. All other external corrosion resistant surfaces in the reactor
coolant system are insulated with low or halide-free insulating material as required.

The water chemistry is selected to provide the necessary boron content for reactivity control
and to minimize corrosion of the reactor coolant system surface. Periodic analyses of the
coolant chemical composition are performed to monitor the adherence of the system to the
reactor coolant water quality listed in plant procedures. Concentration limits of lithium and
lithium hydroxide as a function of boron concentration are determined from plant procedures.
Maintenance of the water quality to minimize corrosion is performed by the chemical and
volume control system and sampling system, which are described in Sections 9.3.4 and 9.3.2.

Generic Letter 88-05 (Reference 6) directed PWR licensees to have a program that addresses
the corrosive effects of reactor coolant system leakage below Technical Specifications limits
wherein the coolant containing dissolved boric acid comes in contact with and degrades low
alloy carbon steel components. The concern is that concentrated boric acid solution or boric
acid crystals, formed by evaporation of water from the leaking reactor coolant, is more
corrosive than the coolant and will corrode the reactor coolant pressure boundary. The boric
acid corrosion prevention program at Ginna Station addresses both reactor coolant system
leaks and