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GINNA/UFSAR
CHAPTER I I RADIOACTIVE WASTE MANAGEMENT

11.1 DESIGN CRITERIA AND SOURCE TERMS

11.1.1 GENERAL DESIGN CRITERIA

11.1.1.1 AIF General Design Criterion 70 (1967)

The following design criterion was used during the licensing of Ginna Station. It was
included in the Atomic Industrial Forum version of proposed criteria issued by the AEC for
comment on July 10, 1967. These criteria are discussed in Section 3.1.1.

CRITERION: The facility design shall include those means necessary to maintain control over
the plant radioactive effluents, whether gaseous, liquid, or solid. Appropriate
holdup capacity shall be provided for retention of gaseous, liquid, or solid efflu-
ents, particularly where unfavorable environmental conditions can be expected
to require operational limitations upon the release of radioactive effluents to the
environment. In all cases, the design for radioactivity control must be justified
(a) on the basis of 10 CFR 20 requirements, for normal operation and for any
transient situation that might reasonably be anticipated to occur and (b) on the
basis of 10 CFR 100 dosage level guidelines for potential reactor accidents of
exceedingly low probability of occurrence (AIF-GDC 70).

With respect to the above criterion, liquid, gaseous, and solid waste disposal facilities are
designed so that discharge of effluents and offsite shipments are in accordance with applica-
ble NRC regulations and guidelines.

Radioactive fluids entering the waste disposal system are collected in sumps and tanks until
determination of subsequent treatment can be made. They are sampled and analyzed to deter-
mine the quantity of radioactivity, with an isotopic breakdown if necessary. Before any
attempt is made to discharge, they are processed as required and then released under con-
trolled conditions. The system design and operation are characteristically directed toward
minimizing releases to unrestricted areas. Discharge streams are appropriately monitored and
safety features are incorporated to preclude excessive releases in accordance with the Offsite
Dose Calculation Manual (ODCM).

The bulk of the radioactive liquids discharged from the reactor coolant system are processed
and retained inside the plant by the chemical and volume control system recycle train. This
minimizes liquid input to the waste disposal system which processes relatively small quanti-
ties of generally low-activity level wastes. The processed water from waste disposal, from
which most of the radioactive material has been removed, is discharged through a monitored
line into the circulating water discharge.

Radioactive gases are pumped by compressors through a manifold to one of the gas decay
tanks where they are held a suitable period of time for decay. Cover gases in the nitrogen
blanketing system are reused to minimize gaseous wastes. During normal operation, gases
are discharged intermittently at a controlled rate from these tanks through the monitored plant
vent. The system is provided with discharge controls so that environmental conditions do not
restrict the release of radioactive effluents to the atmosphere.
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Liquid wastes are processed to remove most of the radioactive materials. Spent resins from

the demineralizers and filter cartridges are packaged and shipped to an appropriate licensed
facility. This facility may volume reduce prior to disposal or may be a direct to ground dis-
posal facility.

All solid waste is placed in suitable containers and stored onsite until shipment offsite is made
for processing and disposal.

The design of the radioactive waste management systems was reviewed in 1972 (Reference 1)
on the bases of the General Design Criteria contained in Appendix A to 10 CFR 50, which
were promulgated after the licensing of Ginna Station, and the then proposed Appendix I to
10 CFR 50.

11.1.1.2 Appendix A General Design Criteria (1972)

Compliance of the design with the 1972 version of the General Design Criteria of Appendix
A to 10 CFR 50 is discussed in Section 3.1.2. Specifically, compliance of the original design
with General Design Criteria 60, 63, and 64 as they relate to the radioactive waste manage-
ment systems was either shown or achieved by design modifications.

Compliance with the requirements of the then proposed Appendix I to 10 CFR 50 is docu-
mented in Re/erence 1. On May 5, 1975, the NRC published Appendix I to 10 CFR 50 which
finalized the numerical guides for design objectives and limiting conditions for operation to
meet the criterion "as low as practicable." Rochester Gas and Electric Corporation (RG&E)
responded to these requirements in submittals to the NRC in June and October 1976, (Refer-
ences 2 and 3).

Implementation of the overall requirements of 10 CFR 50, Appendix I, as to the utilization of
radwaste treatment equipment to ensure that radioactive discharges are as low as reasonably
achievable (ALARA), has been formalized in the Technical Specifications requirements for
the Radioactive Effluent Controls Program and the Offsite Dose Calculation Manual
(ODCM).

11.1.2 SOURCE TERMS

The waste disposal system collects and processes all potentially radioactive plant wastes for
removal from the plant site within limitations established by applicable governmental regula-
tions. Fluid wastes are sampled and analyzed to determine the quantity of radioactivity, with
an isotopic breakdown if necessary, before any attempt is made to discharge. These wastes
are then released under controlled conditions. The system is capable of processing all wastes
generated during continuous operation of the primary system, assuming that fission products
escape from I % of the fuel pellets into the reactor coolant by diffusion through defects in the
cladding.

As secondary functions, system components supply hydrogen and nitrogen to primary system
components, as required during MODES I and 2; provide facilities to transfer fluids from
inside the containment to other systems outside the containment; and act as backup to engi-
neered safety features systems components during the long-term recirculation phase of post-
accident operation (see Section 6.3.3).
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11.1.2.1 Liquid Sources

During MODES 1 and 2 the waste disposal system processes liquids from the following
sources:

" Equipment drains and leaks.

* Radioactive chemical laboratory drains.

" Hot shower drains.

" Decontamination area drains.

Secondary regenerations and secondary system drains are released directly to the discharge
canal via radioactivity-monitored paths.

The system also collects and transfers liquids from the following sources directly to the
chemical and volume control system for processing:

" Reactor coolant loops.

" Pressurizer relief tank.

" Reactor coolant pump secondary seals.

" Excess letdown during startup.

• Accumulators.

" Valve and reactor vessel flange leakoffs.

Liquid wastes are generated primarily by plant maintenance and service operations.

Source term influents to the waste disposal system have changed considerably since the orig-
inal design of the system. However, the current influent quantities into the system are smaller
than the quantities for which the system was originally designed. Actual liquid waste dis-
charge quantity figures are provided in the Radioactive Effluent Release Reports required by
the Technical Specifications.

11.1.2.2 Gaseous Sources

The primary source of gas received by the waste disposal system during MODES 1 and 2 is
cover gas displaced from the chemical and volume control system holdup tanks as they fill
with liquid. Gaseous wastes consist primarily of hydrogen stripped from coolant discharged
to the chemical and volume control system holdup tanks during boron dilution; nitrogen and
hydrogen gases purged from the chemical and volume control system volume control tank
when degassing the reactor coolant; and nitrogen from the closed gas blanketing system. The
gas decay tank capacity will permit 45 days decay of waste gas before discharge. Gaseous
activity concentrations stated in terms of annual release valuesare given in Section 11.3.

11.1.2.3 Radioactivity Inputs

Radioactivity inputs into the waste disposal system are based on primary coolant equilibrium
activity. Reactor coolant activity concentrations, based on a design with 1% fuel defects, are
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discussed in Section 9.3.4.4.9 and listed in Tables 9.3-9 and 9.3-10. Tritium production, con-
trol, and discharge is discussed in Sections 9.3.4.4.8, 9.3.4.4.9, and Table 9.3-1 Ia.
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REFERENCES FOR SECTION 11.1

1. Rochester Gas and Electric Corporation, Technical Supplement Accompanying Applica-
tion for Full-Term Operating License, August 1972.

2. Letter from L. D. White, Jr., RG&E, to R. A. Purple, NRC, Subject: 10 CFR 50, Appen-
dix I, dated June 3, 1976.

3. Letter from L. D. White, Jr., RG&E, to A. Schwencer, NRC, Subject: Supplemental
Information, 10 CFR 50, Appendix I, dated October 25, 1976.
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11.2 LIQUID WASTE MANAGEMENT SYSTEM

11.2.1 DESIGN BASES

Radioactive fluids entering the waste disposal system are collected in sumps and tanks until
determination of subsequent treatment can be made. They are sampled and analyzed to deter-
mine the quantity of radioactivity, with an isotopic breakdown if necessary. Before any
attempt is made to discharge, they are processed as required and then released under con-
trolled conditions. The system design and operation are characteristically directed toward
minimizing releases to unrestricted areas. Discharge streams are appropriately monitored and
safety features are incorporated to preclude releases in excess of the limits of 10 CFR 20 and
to maintain radioactive discharges to levels as low as reasonably achievable (ALARA)
according to the requirements of 10 CFR 50, Appendix I.

The bulk of the radioactive liquids discharged from the reactor coolant system are processed
and retained inside the plant by the chemical and volume control system recycle train. This
minimizes liquid input to the waste disposal system which processes relatively small quanti-
ties of generally low activity level wastes. The processed water from the waste disposal sys-
tem, from which most of the radioactive material has been removed, is discharged through a
monitored line into the circulating water discharge.

Codes applying to components of the liquid waste management system are shown in Table
11.2-1.

11.2.2 SYSTEM DESCRIPTION

The liquid waste disposal system process flow diagrams are shown in Drawings 33013-1259
and 33013-1270 through 33013-1272. Summaries of design data and performance data for
the liquid waste management system are shown in Tables 11.2-2 and 11.2-3, respectively. A
description of the liquid waste processing system components follows.

11.2.2.1 Laundry and Hot Shower Tanks

Two 600-gal tanks (Drawing 33013-1259) retain liquid wastes containing detergents originat-
ing from the hot shower and from the laundry, prior to its dismantling in 1994. The tanks are
constructed of stainless steel. When a tank has been filled, its contents are pumped to the
waste holdup tank.

11.2.2.2 Chemical Drain Tank

The 375-gal chemical drain tank (Drawing 33013-1259) is austenitic stainless steel and col-
lects drainage from the hot section of the chemistry laboratory. After analysis, the tank con-
tents are pumped to the waste holdup tanks or to the waste condensate tanks.

11.2.2.3 Reactor Coolant Drain Tank and Pumps

The reactor coolant drain tank (Drawing 33013-1272, Sheets 1 and 2) collects all water
sources that are potentially tritiated. This water is recycled as much as practicable to mini-
mize tritium release to the environment. Its sources include the following:
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* Reactor coolant system loop drains.

" Reactor coolant pump No. 2 seal leakoff.

* Excess letdown.

" Valve and reactor vessel flange leakoffs.

* Safety injection accumulator drains.

" Pressurizer relief tank drain.

* Refueling canal drains.

Two reactor coolant drain tank pumps (Drawing 33013-1272, Sheets 1 and 2) located in the
residual heat removal pit transfer the waste water to the chemical and volume control system
holdup tanks. From there it is sent to the boric acid evaporator system to be reprocessed. One
reactor coolant drain tank pump is a 150-gpm centrifugal pump, and the other is a 50-gpm
centrifugal pump powered respectively from Class 1 E motor control centers 1 C and ID. Both
pumps are operated automatically by a reactor coolant drain tank level controller. These
pumps can also be used to pump the water from the refueling canal and cavity and the fuel
transfer canal to the refueling water storage tank (RWST) if needed. The reactor coolant
drain tank is a 350-gal tank with pressure, temperature, and level indications on the waste dis-
posal panel in the auxiliary building.

Additionally, two air-operated valves in the reactor coolant drain tank pump suction lines will
shut on a containment isolation signal.

The reactor coolant drain tank is normally kept pressurized between 0.5 psig and 2 psig with
nitrogen to minimize air in-leakage. The tank can be vented to the radwaste vent header via
two air-operated valves, which will shut on a containment isolation signal.

11.2.2.4 Waste Holdup Tank

11.2.2.4.1 Liquid Waste Sources

The waste holdup tank (21,000 gal) shown in Drawing 33013-1270, Sheets 1 and 2 is the col-
lection point for most primary liquid wastes, via gravity drain where possible. Other drains,
such as basement level drains, drain to a 375-gal capacity sump tank that is then pumped to
the waste holdup tank by two 20-gpm sump level-controlled centrifugal pumps. The waste
holdup tank can also receive pump discharges from the reactor coolant drain tank, the chemi-
cal drain tank, the laundry and hot shower tanks, the intermediate and auxiliary building
sumps, and the steam-generator blowdown tank. Some sources of liquid waste to the waste
holdup tank from the auxiliary building are:

A. Equipment and floor drains for the operating level.

B. Equipment and floor drains for the intermediate level drain to the waste holdup tank.

C. Equipment and floor drains for the basement level drain to the auxiliary building sump to
be pumped to the waste holdup tank.

D. Equipment and drains in residual heat removal sump drain to the auxiliary building sump
and are pumped to the waste holdup tank.
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E. Water used in resin replacement of primary plant demineralizers to the waste holdup tank.

The sources of liquid waste to the waste holdup tank from the intermediate building are:

AA. Intermediate building (restricted area side) floor and equipment drains to intermediate
building sump to be pumped to waste holdup tank.

BB. Hot shower drains.

CC. Decontamination area drains to the laundry and hot shower tanks to be pumped to the
waste holdup tank.

DD. Radioactive chem lab drains.

EE. Steam-generator blowdown tank to be pumped to the waste holdup tank, if necessary.

Containment floor drains are collected in containment sump A and pumped via two sump
pumps to the waste holdup tank. On a containment isolation signal the containment sump
pumps would trip and two series air-operated valves Would shut isolating their combined dis-
charge line. Containment sump A level transmitters (LT-2039 and LT-2044) provide input for
level indication on the main control board.

11.2.2.4.2 Waste Holdup Tank Discharge

From the waste holdup tank, the waste water can be processed through the vendor supplied
demineralization system to monitor tank A or B (Section 11.2.2.17) and ultimately released to
the circulating water discharge canal or recycled to the reactor makeup water tank.

The waste holdup tank vent line is routed through the auxiliary building charcoal filters.

11.2.2.5 Auxiliary Building Sump Tank, Sump Tank Pumps, and Sump Pumps

The auxiliary building sump tank and sump tank pumps are shown in Drawing 33013-1270,
Sheet 1. The auxiliary building sump pumps are shown in Drawing 33013-1272, Sheet 2.

The 375-gal capacity auxiliary building sump tank serves as a collecting point for equipment
drain water discharged to the basement level drain header. It is located at the lowest point in
the auxiliary building in the residual heat removal pit. The drain header receives equipment
drains from the refueling water storage tank (RWST), residual heat exchangers, chemical and
volume control system holdup tanks and recirculation pump, gas stripper feed pumps, boric
acid evaporator, spent resin storage tanks, seal water filter, charging pump seal leakoff tank,
charging pumps, spray additive tank, seal water heat exchanger, and nonregenerative heat
exchanger. All equipment drains entering this tank contain loop seals to prevent gas from
leaving the pressure vent system. Two horizontal 20-gpm level-controlled centrifugal sump
tank pumps take suction from this tank and pump to the waste holdup tank in the basement
level of the auxiliary building. All welded parts of the pumps are stainless steel. The tank is
all-welded austenitic stainless steel.

The auxiliary building sump tank pumps may also be used to collect reactor cavity liner leaks
during shutdown and discharge through cartridge demineralizers via a remote hose connec-
tion. By using the sump tank pump for this function, overloading of the liquid waste process-
ing system is avoided.

Page 9 of 57 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 11 RADIOACTIVE WASTE MANAGEMENT

The auxiliary building sump, Drawing 33013-1272, Sheet 2, located below the residual heat
removal pit, receives equipment drains from the residual heat removal pumps, safety injection
pumps, containment spray pumps, reactor coolant drain tank pumps, and reactor coolant drain
tank system relief valve 1814 to the residual heat removal system. Basement level floor
drains and residual heat removal pit floor drains also lead to the sump. Two 50-gpm auxiliary
building sump pumps take suction from this sump and discharge to the waste holdup tank.
(See Section 5.4.5.3.5.)

11.2.2.6 Waste Evaporator

The following section described the waste evaporator package, which was part of the original
plant design. The waste evaporator processed liquid waste from the waste holdup tank. Use
of the waste evaporator system was discontinued in 1990 and the system was physically
removed from the plant in 1999. The remaining description is retained for historical purposes
only.

Liquids requiring cleanup before release are processed in batches by the waste evaporator.
The concentrated bottoms are discharged to the drumming facility where they are packaged
for removal to a burial facility. The condensate is routed to one of two waste condensate
tanks.

The waste evaporator unit is a skid-mounted self-contained unit designed to process waste
fluids for eventual removal from the plant site by dilution of the distillate with the circulating
water discharge to the lake or by drumming and eventual offsite disposal in solid form. The
waste evaporator unit is designed to evaporate at a 2-gpm rate. It consists of a feed tank, con-
centrator, distillate tank, hot water converter, several pumps, heating coils, cooling coils, and
necessary piping and instrumentation.

The length of an evaporator operating cycle is determined by activity of the concentrate or the
boron concentration. The entire evaporator is austenitic stainless steel of welded construc-
tion, except for the heat transfer surfaces, which are admiralty metal.

The other evaporator system, which can be used as a backup system to process waste from the
waste holdup tank or normal clean chemical and volume control system drains, is the boric
acid evaporator. The concentrates from this evaporator can be transferred to the waste evapo-
rator feed tanks for disposal or to the concentrates holding tank for reuse. The parameters
used to control the batch operations are boric acid concentration and gross degassed activity.
These concentrations are limited by procedure although activity may be further limited by
burial ground dose rate limits.

11.2.2.7 Evaporator Feed Tank

The following section described the waste evaporator feed tank, which was part of the origi-
nal plant design. The waste evaporator processed liquid waste from the waste holdup tank.
Use of the waste evaporator system was discontinued in 1990 and the system was physically
removed from the plant in 1999. The remaining description is retained for historical purposes
only.
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The evaporator feed tank was a 500-gal tank whose level is controlled around 400 gal using
makeup from the waste holdup tank via a cycling waste evaporator feed pump and a 5-micron
filter. The feed tank also receives the following:

A. Some concentrator bottoms via an eductor.

B. Steam air ejector discharge from the concentrator.

C. Chemical addition for pH and antifoaming control.

The pH is normally maintained between 5.0 and 6.0 to minimize carryover. Foaming is min-
imized by adding very small quantities of an antifoam solution. The tank has an electrical
immersion heater to maintain the tank solution temperature above the saturation point at
which crystallization would occur.

The waste evaporator feed tank vent line was routed through the auxiliary building charcoal
filters.

11.2.2.8 Evaporator Feed Tank Pumps

The following section described the waste evaporator feed tank pumps, which were part of
the original plant design. The waste evaporator processed liquid waste from the waste holdup
tank. Use of the waste evaporator system was discontinued in 1990 and the system was phys-
ically removed from the plant in 1999. The remaining description is retained for historical
purposes only.

The purpose of the feed tank pump was to pump the feed tank water to the evaporator concen-
trator section. A portion of the discharge passes through an eductor which serves to remove
the concentrator bottoms back into the feed tank. When the feed tank activity and/or boric
acid concentrations, get too high, valving is realigned to pump the feed tank to the drumming
station. A sample line is provided for checking the concentration. The waste evaporator
recirculation line provides a path from the drumming station back to the feed tank for that
portion of the feed pumped to but not released to the drumming station. The feed tank pump
has a capacity of 20 gpm at a 100 ft head at design pressure and temperature of 100 psig and
180 0 F.

When the waste in the evaporator feed tank reaches a low level, the evaporator feed tank
pump is tripped to prevent possible damage to the pump.

11.2.2.9 Concentrator

The following section described the waste evaporator concentrator, which was part of the
original plant design. The waste evaporator processed liquid waste from the waste holdup
tank. Use of the waste evaporator system was discontinued in 1990 and the system was phys-
ically removed from the plant in 1999. The remaining description is retained for historical
purposes only.

The concentrator separated the impurities from the distillate, under vacuum, by means of a
closed loop hot water heating section for boiling the feedwater and a component cooling
water cooled condenser section for condensing the evaporated distillate. Vacuum is main-
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tained by an air ejector that uses 100 psig house heating steam. This also serves to prevent
any buildup of noncondensible gases in the concentrator. Air ejector discharge is condensed
in a component cooling water cooled heat exchanger. The closed loop hot water heating sec-
tion uses 20 psig house heating steam via a hot water converter and a closed loop water sys-
tem consisting of a circulating pump and expansion tank with associated piping.

The distillate steam vapor rises across screens, a demister, and a sieve to remove impurities
from the vapor. The impurities fall to the bottom of the concentrator and are removed via the
eductor to the feed tank. The pure distillate steam vapor rises to the condenser section where
it is condensed and collected on a tray. The condensate is then vacuum-dragged through
another eductor to the distillate tank.

11.2.2.10 Distillate Tank

The following section described the waste evaporator distillate tank, which was part of the
original plant design. The waste evaporator processed liquid waste from the waste holdup
tank. Use of the waste evaporator system was discontinued in 1990 and the system was phys-
ically removed from the plant in 1999. The remaining description is retained for historical
purposes only.

The 50-gal distillate tank collected the condensate from the evaporator. A distillate pump
recirculates the distillate through an eductor. A line connecting the condensate collection tray
to the low-pressure area of the eductor removes condensate from the evaporator. As the dis-
tillate tank fills, the pump discharge will divert to the waste condensate tanks via a distillate
cooler which uses component cooling water as its cooling medium. From here, the distillate
is sent to the two waste condensate demineralizers to remove any fission products that may
have been carried over in the distillate.

11.2.2.11 Waste Condensate Demineralizers

The waste condensate demineralizers (Drawing 33013-1276) are 30 ft3 in size and contain
nonregenerative mixed-bed resin. At their outlet is a 25-micron filter to retain any resin fines.

11.2.2.12 Waste Condensate Tanks

Two 600-gal tanks collected evaporator condensate. The contents were sampled and analyzed
for radioactivity and purity before discharge. The condensate was transferred by one of two
waste condensate pumps to the waste holdup tank if the activity was high or to the condenser
circulating water if the activity was sufficiently low. These tanks are constructed of all-
welded stainless steel.

Protection against an inadvertent release of high activity from the waste condensate tank was
provided by an interlock which prevented the discharge valve from opening if the measured
activity was above specified limits. The waste condensate tanks were retired in place in 1999.

11.2.2.13 Vendor Supplied Demineralization System

A vendor supplied demineralization system is used for processing liquid radwaste. This sys-
tem uses mixed media filtration and anion, cation, and mixed-bed resin to process water from
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the waste holdup tank. The system consists of five to six resin vessels, a booster pump,
mechanical filtration, dewatering pump, and process control unit. After processing, waste
water is collected in monitor tank A (Section 11.2.2.17). If the processed water is unaccept-
able for release because of radioactivity, it is recycled to the waste holdup tank. When chem-
istry and activity release parameters are met, the waste water is released from the monitor
tank into the circulating water discharge canal. When the resin media is spent, it is sluiced to
a shipping container for disposal.

11.2.2.14 High Conductivity Waste Tank

The high conductivity waste tank is the collection point for condensate polisher regenerant
wastes and high conductivity waste effluent. It retains those effluents prior to release into the
circulating water system. It is a 50,000-gal carbon steel tank.

11.2.2.15 Retention Tank

The retention tank is the collection point for the various building floor and equipment drains.
It retains these effluents prior to discharging into the circulating water discharge. It is contin-
uously monitored for pH and radioactivity (see Section 11.5.2.2.14).

11.2.2.16 Neutralizing Tank

The neutralizing tank collects regenerant wastes from the primary makeup water demineral-
izer system. It retains the effluent for neutralization prior to discharge to the retention tank.

11.2.2.17 Monitor Tanks

The monitor tanks are part of the chemical and volume control system. The B monitor tank
accepts effluents from the boric acid evaporator and the A monitor tank accepts effluents
from the vendor supplied demineralization system (Section 11.2.2.13). Discharge from the
monitor tanks may be pumped to the reactor makeup water storage tank, aligned to the suc-
tion of the reactor makeup water pumps (when the reactor makeup water tank is out of ser-
vice), recycled through the evaporator condensate demineralizers, returned to the waste
holdup tank for reprocessing, or discharged to the environment with the condenser circulating
water within the allowable activity concentration.

11.2.2.18 Radwaste Control System

Control of radwaste operations was aided by monitoring provided by a process computer sys-
tem tied to various radwaste panels. In 1995, this computer system was removed after an
evaluation determined that it provided no value to Ginna Station nor did plant procedures
require the use of the computer for accident monitoring or recovery.

11.2.2.19 Dry Cleaning Unit

Contaminated clothing was cleaned using a dry cleaning unit, prior to its dismantling in 1994.
All laundry is currently sent offsite for cleaning.
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11.2.2.20 Piping and Valves

Liquid waste piping is stainless steel. Piping connections are welded except (1) where
flanged connections are necessary to facilitate equipment maintenance or (2) where Cam-Lok
quick connect fittings are necessary for operation of the vendor supplied demineralization
system (Section 11.2.2.13). No threaded fittings are used in waste piping.

The laundry and hot shower tank valves and the compressor seal-water supply and cooling
valves are carbon steel. All other valves are stainless steel. All valves have stem leakage
control. Globe valves are installed with flow over the seats when such an arrangement
reduces the possibility of leakage. All relief valves handling radioactive gases are of the
closed bonnet design and contain bellows seals. Relief valves in the systems handling radio-
active fluids are of the closed bonnet design and are constructed of stainless steel.

Stop valves are provided to isolate each piece of equipment for maintenance, to direct the
flow of waste through the system, and to isolate storage tanks for radioactive decay.

Relief valves are provided for tanks containing radioactive wastes if the tanks might be over-
pressurized by improper operation or component malfunction. Tanks containing wastes
which are normally of low radioactivity are vented locally.

11.2.3 LIQUID EFFLUENT RELEASE CONCENTRATIONS AND DOSES

11.2.3.1 Liquid Release Control

Liquid batch releases are controlled individually and each batch release is authorized based
upon sample analysis and the existing dilution flow in the discharge canal. Plant procedures
establish the methods for sampling and analysis of each batch prior to release. A release rate
limit is calculated for each batch based upon analysis, dilution flow, and all procedural condi-
tions being met before it is authorized for release. The waste effluent stream entering the dis-
charge canal is continuously monitored and the release will be automatically terminated if the
preselected monitor setpoint is exceeded.

If gross beta analysis is performed for each batch release in lieu of gamma isotopic analysis,
then a weekly composite for principal gamma emitters and Iodine- 131 is performed. Addi-
tional monthly and quarterly composite analyses are performed as specified, and the method-
ology and equations used to calculate activity are included in the Ginna Station Offsite Dose
Calculation Manual (ODCM).

11.2.3.2 Dose Calculations

The dose contribution received by the maximally exposed individual from the ingestion of
Lake Ontario fish and drinking water is determined using the methodology described in the
Offsite Dose Calculation Manual. The calculations assume a near field dilution factor of 1.0
in evaluating the fish pathway dose and a dilution factor of 20 between the plant discharge
and the Ontario Water District drinking water intake located 1.1 miles away. The dilution fac-
tor of 20 was derived from drift and dispersion studies documented in Appendix 2B. Dose
contributions from shoreline recreation, boating, and swimming have been shown to be negli-
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gible in the Appendix I dose analysis (Reference 1) and do not need to be routinely evaluated.
Also, there is no known human consumption of shellfish from Lake Ontario.

The dose contribution to an individual is determined to ensure that it complies with the Off-
site Dose Calculation Manual (ODCM) requirements. The dose or dose commitment to an
individual from radioactive materials in liquid effluents released to unrestricted areas shall be
limited: (1) during any calendar quarter to less than or equal to 1.5 mrem to the total body
and less than or equal to 5 mrem to any organ, and (2) during any calendar year to less than or
equal to 3 mrem to the total body and to less than or equal to 10 mrem to any organ. Offsite
receptor doses will be determined for the limiting age group and organ, unless census data
show that actual offsite individuals are of a less limiting age group.

Calculations were performed in 1976 (References 1 and 2) to demonstrate conformity with
numerical guides on design objectives presented in Appendix I to 10 CFR 50 for liquid efflu-
ents. Tables 11.2-4 and 11.2-5 present the assumptions and the annual liquid effluent
releases, respectively. The maximum individual doses are shown in Table 11.2-6.

In 2005, scaling techniques, based on NUREG-00 17, Revision 1 methodology, were utilized
to assess the impact of core power uprate on radioactive liquid effluents at Ginna.

As described in Reference 3, the conservatively performed power uprate analysis utilized the
plant core power operating history during the years 1999 to 2003, the reported liquid effluent
and dose data during that period, NUREG-0017 equations and assumptions. Also utilized
was conservative methodology, to estimate the impact of operation at the analyzed uprate
core power level of 1811 MWt, over that of operation at the previously licensed power level,
on radioactive liquid effluents and consequent normal operation off-site doses.

The licensed reactor core power level during the 1999 to 2003 time frame was 1520 MWt.
For the uprate condition, the system parameters utilized in the power uprate analysis reflected
the flow rates and coolant masses at an analyzed NSSS power level of 1817 MWt and a core
power level of 1811 MWt. For the pre-uprate condition, the evaluation utilized offsite doses
based on an average 5 year set of organ and whole body doses calculated using data presented
in the Ginna Annual Radioactive Effluent Release Reports for the years 1999 through 2003,
taking into consideration the associated average annual core power level, extrapolated to 100
percent availability at the licensed power level.

Using the methodology and equations found in NUREG-00 17, Revision 1, and based on a
comparison of the change in power level and in plant coolant system parameters (e.g., reactor
coolant mass, steam generator liquid mass, steam flow rate, reactor coolant letdown flow rate,
flow rate to the cation demineralizer, letdown flow rate for boron control, steam generator
blowdown flow rate, steam generator moisture carryover, etc.) for both pre-uprate and uprate
conditions, the maximum potential percentage increase in coolant activity levels due to the
uprate, for each chemical group identified in NUREG-00 17, was estimated.

To estimate an upper bound impact on off-site doses, the highest factor found for any chemi-
cal group pertinent to the release pathway was applied to the average doses previously deter-
mined as representative of operation at pre-uprate conditions. This approach was utilized to
estimate the maximum potential increase in effluent doses due to the uprate, and demonstrate
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that the estimated off-site doses following the uprate, although increased, will continue to
remain below the regulatory limits set by I OCFR50, Appendix 1. Table 11.2-7 shows that
based on operating history, the maximum estimated dose due to liquid radwaste effluents, fol-
lowing power uprate, will continue to remain significantly below the annual design objectives
for liquid radwaste effluents set by 1OCFR50, Appendix 1.

It is noted that actual liquid effluent isotopic release curie and dose information are provided
in the Annual Radioactive Effluent Release Reports required by the Technical Specifications.

Actual liquid effluent isotopic release curie figures are provided in the Radioactive Effluent
Release Reports required by the Technical Specifications.

11.2.3.3 Accidental Spill of Liquid Radwastes

An accidental spill of liquid radwastes into Lake Ontario cannot result from any single failure
of equipment, either an active or passive failure. For example, all of the tanks and pipes out-
side of the containment that can potentially contain significant radioactivity are located
within the auxiliary building. A break in any tank or pipe would drain to the auxiliary build-
ing sump. The sump is well below lake level so that gravity spill to the lake is not possible.
Therefore, the worst "spill" accident is to pump out a monitor tank of maximum possible
activity. Because of the low radioactivity levels in the circulating water discharge, the con-
centration of liquid radioactive effluents at this point is not measured directly. The concentra-
tions in the circulating water discharge are calculated from the measured concentration in the
waste condensate tank, the flow rate of the waste condensate pumps, and the flow in the cir-
culating water system.
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REFERENCES FOR SECTION 11.2

1. Letter from L. D. White, Jr., RG&E, to R. A. Purple, NRC, Subject: Calculations to
Demonstrate Compliance with the Design Objectives of 10 CFR 50, Appendix I, dated
June 3, 1976.

2. Letter from L. D. White, Jr., RG&E, to A. Schwencer, NRC, Subject: Response to NRC
Additional Information Requests, Appendix 1, dated October 25, 1976.

3. Letter, M.G. Korsnick, Ginna LLC, to Document Control Desk, NRC, Subject: License
Amendment Request Regarding Extended Power Uprate, dated July 7, 2005.
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Table 11.2-1
WASTE DISPOSAL COMPONENTS CODE REQUIREMENTS

Component

Chemical drain tank

Reactor coolant drain tank

Sump tank

Spent resin storage tanks

Waste holdup tank

Waste condensate tank

Waste retention tank

High conductivity waste tank

Laundry and hot shower tank

Waste filter

Leakoff collection tank

Piping and valves

Code

No code

ASME ,Ia Class C

No code

ASME ,Ia Class C

No code

No code

No code

No code

No code

ASME ila Class C

No code

ASA-B31.1 Section I b

a. ASME III is the American Society of Mechanical Engineers, Boiler and Pressure Vessel Code, Section
IV, Nuclear Vessel.

b. ASA-B3 1.1 is the code for pressure piping American Standards Association and special nuclear cases
where applicable.
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Table 11.2-2a
LIQUID WASTE SYSTEM COMPONENT SUMMARY DATA - TANKS

Tanks Otx Tvae

Reactor coolant drain

Laundry and hot shower

Chemical drain

Sump tank

Waste holdup

Spent resin storage

Waste condensate
(retired in place in 1999)

Gas decay

Leakoff collection

High conductivity waste

Waste retention

Neutralizing

a. Horizontal

b. Stainless steel - s/s

c. Vertical

d. Carbon steel - c/s

Ha

Vc

Vc

Ha

Ha

Vc

Vc

Vc

Ha

Vc

Ha

Vc

Volume

350 gal

600 gal

375 gal

375 gal

21,000 gal

1,000 gal

600 gal

470 ft
3

50 gal

50,000 gal

25,000 gal

25,000 gal

Design
Pressure

25 psig

Atmosphere

Atmosphere

Atmosphere

Atmosphere

100 psig

Atmosphere

150 psig

5 ft H20
vacuum

Atmosphere

Atmosphere

Atmosphere

Design
Temperature

2670 F

180°F

180°F

180OF

150OF

150OF

180OF

150°F

120°F

Ambient

Ambient

Ambient

Material

Sb

Sb

Sb

Sb

Sb

Sb

Sb

Cd

Sb

Cd

Cd

Cd
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Table 11.2-2b
LIQUID WASTE SYSTEM COMPONENT SUMMARY DATA - PUMPS

Pum•s Qty Type Flow Head Design
(gwii) fft) Pressure

Reactor coolant
drain (A)

Reactor coolant
drain (B)

Chemical drain

Laundry

I Horizontal
centrifugal

canned

I Horizontal
centrifugal

canned

1 Horizontal
centrifu-

galb

1 Horizontal
centrifu-

galb

2 Horizontal
centrifu-

galb

2 Vertical
centrifugal

2 Horizontal
centrifu-

galb

I Vertical
centrifugal

I Horizontal
centrifugal

50 175 100

150 175 100

20 100 100

Desihn
Temperature

267

267

267

180

20 100 100

20 100 100

180

180

Materiala

Stainless
steel

Stainless
steel

Stainless
steel

Stainless
steel

Stainless
steel

Stainless
steel

Stainless
steel

Cast iron

Stainless
steel

Sump tank

Sump pit

Waste condensate

Waste retention tank
discharge

High conductivity
waste tank discharge

50 55

20 100

500 20

300 100

100 180

a. Wetted surfaces only.

b. Mechanical seal provided.
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Table 11.2-2c
LIQUID WASTE SYSTEM COMPONENT SUMMARY DATA - COMPRESSORS

Compressors

Waste gas compressors

a. Mechanical seal provided.

Quantity

2

Capacity

20 cfmHorizontal centrifugal a
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Table 11.2-3
LIQUID WASTE DISPOSAL SYSTEM PERFORMANCE DATA

(System physically removed in 1999. This information is for historical purposes only.)

Plant design life 40 years

Normal process capacity, liquids (evaporator) 2 gpm

Load factora 26%

Annual processed liquid dischargeb

Volume

Activity

Annual total liquid dischargeb

Volume

Activity

a. Batch operation.

b. Actual 1983 operation.

3.07 x 105 gal

5.9 mCi

2.29 x 107 gal

115 mCi
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Table 11.2-4a
LIQUID EFFLUENTS, 10 CFR 50, APPENDIX I CALCULATIONS, ASSUMPTIONS

(HISTORICAL)

Input information to the computer program GALE.

Thermal power level, Mwt 1520

Plant capacity factor 0.80

Mass of primary coolant, lb 2.82 x 105

Primary system letdown rate, gpm 40

Letdown cation demineralizer flow, gpm 3.60

Number of steam generators 2

Total steam flow, lb/hr 6.58 x 106

Mass of steam in each steam generator, lb 4.622 x 103

Mass of liquid in each steam generator, lb 8.5 x 104

Total mass of secondary coolant, lb 8.15 x 105

Blowdown rate, lb/hr 1.1 x 104

Radwaste dilution flow, gpm 4.0 x 105

Note: The information presented in the above table represents the inputs utilized in the origi-
nal I OCFR50 Appendix I analysis performed for Ginna and is retained herein for historical pur-
poses only.
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Table 11.2-4b

LIQUID EFFLUENTS. 10 CFR 50, APPENDIX I CALCULATIONS, ASSUMPTIONSa (HISTORICAL)

LIQUID WASTE INPUTS Decontamination Factors

Stream Flow Rate Fraction of Fraction Collection Decay Time Iodine Cesium Others
(gal/day) PCA b Discharged Time (days) (days)

Shim bleed 7.0 x 102 1.000 0.100 52.000 1.400 1.0 x 104 2.0 x 104 1.0 x 105

Equipment drains 2.5 x 102 1.000 0.100 52.000 1.400 1.0 x 104 2.0 x 104  1.0 x 105

Dirty waste 6.2 x 102 0.060 1.000 11.500 6.000 1.0 x 104 1.0 x 105  1.0 x 105

Clean waste 1.3 x 102 0.160 1.000 11.500 6.000 1.0 x 104 1.0 x 105  1.0 x 105

Blowdown 3.16 x 104  --- 0.0 0.0 0.010 1.0 x 104  1.0 x 103 1.0 X 103

Untreated blowdown 0.0 --- 1.000 0.0 0.0 1.0 1.0 1.0

Note: The information presented in the above table represents the assumptions utilized in the original 1OCFR50 Appendix I analysis performed for Ginna and
is retained herein for historical purposes only.

a. Input information to the computer program GALE.

b. Primary coolant activity.
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Table 11.2-5
LIQUID EFFLUENTS, 10 CFR 50, APPENDIX I CALCULATIONS, RESULTSa (HISTORICAL)

Coolant Concentrations Annual Releases to Discharge Canal

Nuclide Primary Secondary Boron Misc. Secondary Turbine Total
Half-Life (it Ci/mI) ([ Ci/mbl Recycle Wastes tCi Blde Liquid

(davs) System LC0_ (Cii Waste
(Cio System

Corrosion and Activation Products

Adjusted Detergent Total
Total Wastes (Ci/yr)(Ci/vr) T/

5 1Cr

54Mn

55Fe

59Fe

58 Co

60cO

95Zr

95Nb

23 9Np

2.78 x 101 1.57 x 10-3 5.61 x 10-7 0.0

3.03 x 102 2.56 x 10-4  1.36 x 10-7 0.0

9.50 x 102 1.32 x 10-3 4.74 x 10- 7  0.0

4.50 x 101 8.27 x 10-4  3.46 x 10- 7  0.0

7.13 x 101 1.32 x 10-2 4.81 x 10-6 0.0

1.92 x 103  1.65 x 10-3 6.10 x 10- 7  0.0

6.50 x 101 0.0 0.0 0.0

3.50 x 10' 0.0 0.0 0.0

2.35 x 100 1.00 x 10-3 2.78 x 10- 7 0.0

0.0

0.0

0.0

0.0

0.00001

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.00001

0.0

0.0

0.0

0.00005

0.00001

0.0

0.0

0.0

0.00001

0.0

0.00025

0.00037

0.00001

0.0

0.00001

0.0

0.00006

0.00001

0.0

0.0

0.0

0.00001

0.0

0.00026

0.00037

0.00006

0.00002

0.00006

0.00004

0.00056

0.00007

0.0

0.0

0.00002

0.00005

0.00002

0.00234

0.00340

0.0 0.00006

0.00003 0.00005

0.0 0.00006

0.0 0.00004

0.00013 0.00070

0.00029 0.00036

0.00005 0.00005

0.00007 0.00007

0.0 0.00002

Fission Products

83Br 1.00x 10-1 4.14x 10-3 2.99x 10-7 0.0

89Sr 5.20 x 101 2.89 x 1 0 -4 1.38 x 10- 7  0.0

99Mo 2.79 x 100 7.00 x 10-2 2.68 x 10-5 0.0

99mTc 2.50 x 10-1 4.11 x 10-2 5.11 x 10-5 0.0

0.0

0.0

0.0

0.0

0.00005

0.00001

0.00230

0.00340
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Coolant Concentrations Annual Releases to Discharge Canal

Nuclide Primary Secondary Boron Misc. Secondary Turbine Total Adjusted Detergent Total
Half-Life (u Ci/mlD (u Ci/ml) Recycle Wastes (C) Bldg Liquid Total Wastes (Ci/yr)

idavs• System (0) (0) Waste (ia/ir• (Cir]
(C) System

106Ru 3.67 x 102 8.27 x 10-6 3.39 x 10-9 0.0 0.0

IlomAg 2.53 x 102 0.0 0.0 0.0 0.0

12 7Te 3.92 x 10-1 7.23 x 10-4 3.05 x 10-7 0.0 0.0

129mTe 3.40x 101 1.16x 10-3 4.18x 10-7 0.0 0.0

129Te 4.79 x 10-2 1.39 x 10-3 1.29 x 10-6 0.0 0.0

1301 5.17 x 10-1 1.78 x 10-3 3.53 x 10-7 0.0 0.0

131mTe 1.25 x 100 2.10 x 10-3 5.45 x 10-7 0.0 0.0

1311 3.05 x 100 2.24 x 10-' 8.33 x 10- 5  0.00019 0.00068

132Te 3.25 x 100 2.25 x 10-2 6.92 x 10-6 0.0 0.0

1321 9.58 x 10-2 8.64 x 10-2 2.21 x 10-5 0.0 0.0

1331 8.76 x 10-' 3.20 x 10-1 7.85 x 10-5 0.00001 0.0

134 Cs 7.49 x 102 2.08 x 10-2 8.20 x 10-6 0.00008 0.00002

1351 2.79 x 10-' 1.62 x 10-' 2.32 x 10-5  0.0 0.0

136Cs 1.30 x 101 1.09 x 10-2 3.68 x 10-6 0.00001 0.0

137Cs 1.10 x 104  1.50 x 10-2 5.46 x 10-6 0.00006 0.00001

137mBa 1.77 x 10-3 1.39 x 10.2 1.84 x 10- 5  0.00006 0.00001

144Ce 2.34 x 102 2.73 x 10-5 1.36 x 10-8 0.0 0.0

All 2.20 x 10-1 4.85 x 10-6 0.0 0.0
others

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.00003

0.0

0.00812

0.00007

0.00042

0.00641

0.00008

0.00124

0.00004

0.00005

0.00005

0.0

0.00001

0.0 0.0

0.0 0.0

0.00000 0.00002

0.00001 0.00005

0.0 0.00003

0.00003 0.00023

0.0 0.00004

0.00899 0.08223

0.00007 0.00062

0.00042 0.00383

0.00643 0.05880

0.00018 0.00167

0.00124 0.01138

0.00005 0.00050

0.00013 0.00118

0.00012 0.00110

0.0 0.0

0.00001 0.00007

0.00008

0.00001

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.00043

0.0

0.0

0.00079

0.0

0.00017

0.0

0.00008

0.00001

0.00002

0.00005

0.00003

0.00023

0.00004

0.08200

0.00062

0.00380

0.05900

0.00210

0.01100

0.00050

0.00200

0.00110

0.00017

0.00007
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Nuclide
Half-Life

idaysl

Coolant Concentrations

Primary Secondary Boron
(I Ci/ml) (LI Ci/ml) Recycle

System
(0)

Annual Releases to Dischar2e Canal

Misc.
Wastes
(Cii

Secondary Turbine
(cih B"dg

(0)~

Total
Liquid
Waste
System

LLiD

Adjusted
Total

(Ci/yr)

Detergent
Wastes
(Ci/•_r

Total
(Ci/vr)

Total
(except
tritium)

1.24 3.43 x 10- 4 0.00044 0.00075 0.0 0.01722 0.01841 0.16341 0.00206 0.17000

Tritium 210 Ci/yr
release

a. Computer program GALE

Note: The information presented in the above table represents the results of the original 10CFR50 Appendix I analysis performed for Ginna and is retained
herein for historical purposes only.
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Table 11.2-6
MAXIMUM INDIVIDUAL DOSES FROM LIQUID EFFLUENTS (MREM/YEAR) (HISTORICAL)

Pathway

Drinking water

Age Group

Adult

Fish ingestion

Teen

Child

Infant

Adult

Teen

Child

Infant

Adult

Teen

Child

Infant

Adult

Teen

Child

Infant

Total Body

0.0013

a

0.0014

0.0020

0.022

0.013

0.0051

0.

GI Tract

0.0013

a

0.0014

0.0020

0.0030

0.0020

0.0010

0.

Bone

a

a

a

a

0.016

0.0 16

0.019

0.

Liver

0.0013

a

0.0015

0.0023

0.029

0.029

0.025

0.

Kidney

0.0013

a

a

a

0.011

0.0082

0.0035

0.

Thyroid

0.00900

0.0072

0.017

0.040

0.063

0.057

0.059

0.

Lung

0.0013

Skin

0.0014

0.0020

0.0038

0.0040

0.0031

0.

a

a

a

a

a

0.

a

a

Shoreline recreation

Boating

a

a

a

a

a a

a a

a

0.

a

a

0.

a

0.

a

0.

a

0.0. 0. 0.

a

a

a

a

a

a

a a

a

0.

a

0. 0. 0. 0. 0. 0. 0.
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Pathway

Swimming

Age Group Total Body

Adult a

GI Tract Bone Liver Kidney Thyroid Lunt9 Skin

a

a

a

Teen

Child

Infant

Adult

Teen

Child

Infant

a a

a a

0.

a

0. 0. 0.

Totals 0.023

0.014

0.0065

0.0021

0.0040

0.0030

0.0024

0.0021

0.016

0.016

0.019

a

0.

0.030

0.029

0.026

0.0023

0. 0. 0.

0.011

0.0093

0.0045

a

0.073

0.064

0.076

0.040

0.0051

0.0048

0.0045

0.0021

Note: The information presented in the above table represents the results of the original 1OCFR50 Appendix I analysis performed for Ginna and is retained
herein for historical purposes only.

a. Indicates dose less than 0.001 mrem/year.
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Table 11.2-7
ESTIMATED ANNUAL DOSES TO THE PUBLIC DUE TO NORMAL OPERATION

LIQUID RADWASTE EFFLUENTS - CORE POWER LEVEL 1811 MWt

Tvpe or Dose Appendix I PreUpratea Uprateb Percentage of
Desin Appendix I

Objectives Design
Objectives

Dose to total 3 mrem/yr 3/16E-03 mrem/ 3.77E-3 mrem/yr 0.126%
body from all yr
pathways

Dose to any 10 mrem/yr 3.37E-3 mremlyr 4.01E-3 mrem/yr 0.040%
organ from all
pathways

a. Base Case - doses based on an average 5 year set of organ and whole body doses calculated using data
presented in the Ginna Annual Radioactive Effluent Release Reports for the years 1999 through 2003,
taking into consideration the associated average annual core power level, extrapolated to 100 persent
availability at the licensed power level of 1520 MWt.

b. Estimated upper bound off-site doses developed as discussed in Section 11.2.3.2 by using scaling tech-
niques that are applied to the Base Case.
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11.3 GASEOUS WASTE MANAGEMENT SYSTEM

11.3.1 DESIGN BASES

The gaseous waste management system is designed to collect waste gases from various tanks
and sampling systems throughout the plant. A number of tanks in the plant are maintained
with a low-pressure hydrogen or nitrogen gas blanket to prevent air introduction into their
systems, As these tanks fill with liquid, the displaced gas volume is collected by the gaseous
waste management system via a vent header. Most of the gas received by the system during
normal operation is due to the cover gases displaced from the chemical and volume control
system holdup tanks as they fill with liquid. These gases are collected and stored in gas decay
tanks until reuse or discharge to the environment. Since the chemical and volume control sys-
tem holdup tanks cover gases must be replaced when they are emptied during processing, pro-
visions are made to return the gas from the gas decay tanks to the chemical and volume
control system holdup tanks via a reuse header.

11.3.2 SYSTEM DESCRIPTION

11.3.2.1 Operation

The flow diagrams for the gaseous waste management system are shown in Drawings 33013-
1274 and 33013-1273.

During MODES 1 and 2, the gaseous waste management system supplies nitrogen and hydro-
gen from standard cylinders to primary plant components. Two headers are provided, one for
operation and one for backup. The nitrogen supply pressure regulator in the operating header
is set for 200 psig discharge. When the operating header is exhausted, its discharge pressure
will fall below 150 psig and a warning light will alert the operator that automatic alignment to
the backup source has occurred. The operator can also manually align nitrogen to its backup
source. Hydrogen cylinders have to be manually aligned to the backup source, upon receiv-
ing a low pressure alarm.

Most of the gas received by the gaseous waste management system during MODES 1 and 2 is
cover gas displaced from the chemical and volume control system holdup tanks. Since this
gas must be replaced when the tanks are emptied during processing, facilities are provided to
return gas from the decay tanks to the holdup tanks. A backup supply from the nitrogen
header is provided for makeup if return flow from the gas decay tanks is not available. Since
the hydrogen concentration may exceed the combustible limit during this type of operation,
components discharging to the vent header system are restricted to those containing no air or
aerated liquids and the vent header itself is designed to operate at a slight positive pressure
(0.5 psig minimum to 2.0 psig maximum) to prevent inleakage. Outleakage from the system
is minimized by using Saunders patent diaphragm valves, bellows seals, self-contained pres-
sure regulators, and soft-seated packless valves throughout the radioactive portions of the sys-
tem.

11.3.2.2 Components

The gaseous waste management system consists of a waste disposal panel, a gas analyzer, two
waste gas compressors with moisture separators, four gas decay tanks, the associated piping
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for routing the waste gases, and various monitoring points as well as provisions for isolating
an environmental discharge on high activity level.

The vent header receives gases from the following sources:

" Gas stripper operation.

" Volume control tank purges.

" Sampling system discharges.

• Chemical and volume control system holdup tank cover gas.

* Spent resin storage tank venting.

* Gas analyzer discharge.

" Gas decay tank rupture disk discharge.

* Pressurizer relief tank venting.

* Reactor coolant drain tank venting.

* Charging pump leakoff collection tank venting.

11.3.2.2.1 Waste Gas Compressors

Once waste gases enter the vent header, they flow to the suction of two centrifugal displace-
ment type waste gas compressors. The compressors are initially filled manually with compo-
nent cooling water for sealing purposes, and additional makeup of sealing water is automatic.
A small amount of the seal-water is continuously supplied to the pumps to remove compres-
sion heat, and the excess water from the pumps is discharged with the gases. This small
amount of water is removed from the gases in a baffle separator before the gases are dis-
charged to one of the gas decay tanks. The seal-water heat exchangers for the compressors
are cooled by component cooling water.

One of the two compressors is in continuous operation with the second unit instrumented to
act as backup for peak load conditions or failure of the first unit. The standby compressor
will start at a pressure of 1.8 psig increasing in the vent header and can be secured at 1.7 psig
decreasing. The compressors are powered from motor control center 1E on the auxiliary
building main floor.

From the compressors, gas flows to one of four gas decay tanks. The control arrangement on
the gas decay tank inlet header allows the operator to place one tank in service and to select
one tank for backup if the tank in operation becomes fully pressurized. When the tank in ser-
vice becomes pressurized to 110 psig, a pressure transmitter automatically closes the inlet
valve to that tank, opens the inlet valve to the backup tank, and sounds an alarm to alert the
operator of this event so that a new backup tank may be selected. Pressure indicators are sup-
plied to aid the operator in selecting the backup tank.

11.3.2.2.2 Gas Decay Tanks

The gas decay tanks are 470 ft3 each, having a design pressure of 150 psig and normally oper-
ating between 0 to 110 psig. Their normal operating temperature is 50°F to 140'F. They are
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protected from overpressure by 150-psig relief valves and by rupture disks and are equipped
with high-pressure alarms. The gas decay tanks are designed to ASME III, Section IV, Class
C, code requirements. They can be lined up for draining, gas analyzer sampling, or for being
pressurized with nitrogen. In addition, gas held in the decay tanks can either be returned to
the chemical and volume control system holdup tanks via the reuse header, or discharged to
the atmosphere if it has decayed sufficiently for release.

Before a tank can be emptied to the environment, it is sampled and analyzed to determine and
record the activity to be released, and only then discharged to the plant vent at a controlled
rate through a radiation monitor. Samples are taken manually from the gas analyzers. During
release (through charcoal filters), a trip valve in the discharge line is closed automatically by a
high activity level indication in the plant vent.

During operation, gas samples are drawn periodically from tanks discharging to the waste gas
vent header as well as from the particular gas decay tank being filled at the time, and automat-
ically analyzed to determine their hydrogen and oxygen content.

11.3.2.2.3 Waste Disposal Panel

The waste disposal panel contains pressure gauges for the tanks using cover gas and also for
the gas decay tanks, and the vent header. There is also a local plant stack radiation monitor
(R-14) to be used by the operator during releases. The monitor gauge is located beside the
control for the gas release valve. All gas system manual operations and releases are con-
trolled locally at the waste disposal panel by the operator. The ac power is supplied to the
waste disposal panel for switch and pump indication lights, and dc power is supplied for the
annunciator section of the panel. The alarm conditions that are associated with the gaseous
waste management system are

" Moisture separator No. 1 and No. 2 level, high-low.

" Vent header pressure, high.

" Gas analyzer oxygen, high.

" Plant stack monitor radiation, high.

" Gas decay tank No. 1, 2, 3, and 4, pressure, high.

" Gas decay tank new standby selection, when required.

There are also high-pressure alarms on the tanks that vent to the vent header. An alarm on the
waste disposal panel will light an annunciator on the main control board.

11.3.2.2.4 Gas Analyzer

An automatic gas analyzer is provided to monitor the concentrations of oxygen and hydrogen
in the cover gas of the waste disposal system and chemical and volume control system tanks.
The gas analyzer system sequentially selects samples from vessels of the waste disposal sys-
tem, analyzes the samples for oxygen and hydrogen, records the results of the analysis, and
provides alarms when a hazardous operating condition exists. Upon indication of a high oxy-
gen level, provisions are made to purge the systems to the gaseous waste system with an inert
gas.
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The analyzer system is capable of analyzing oxygen concentrations of 0-5% oxygen in nitro-
gen accurately to ±1% of full scale and hydrogen concentrations of 0-5%, 50%, and 100%
hydrogen in nitrogen within ±2% of full scale. Each analyzer is not affected significantly by
traces of other gases in the sample stream.

An integral microprocessor controls sample points, calibration gas introduction, timing, and
alarms for the analyzer system. The analyzer system is capable of selecting and analyzing
samples automatically or manually.

11.3.2.2.5 Nitrogen Manifold

Nitrogen, used to purge the vapor space of various components to reduce the hydrogen con-
centration or to replace fluid that has been removed, is supplied from a dual manifold. The
dual manifold arrangement ensures a continuous supply of gas.

11.3.2.2.6 Hydrogen Manifold

Hydrogen is supplied to the volume control tank to maintain the hydrogen partial pressure as
hydrogen dissolves in the reactor coolant. The hydrogen is supplied from a dual manifold.
The dual manifold arrangement ensures a continuous supply of gas.

11.3.2.2.7 Valves

All valves exposed to gases are carbon steel. All valves have stem leakage control; all relief
valves handling radioactive gases are of the closed bonnet design and contain bellows seals.

11.3.3 GASEOUS RADIOACTIVE RELEASES

Gaseous effluent monitor setpoints as described in Section 11.5.2 are established at concen-
trations that permit some margin for corrective action to be taken before exceeding offsite
dose rates corresponding to 10 CFR 20 limitations. Plant procedures establish the methods
for sampling and analysis for continuous ventilation releases and for containment purge
releases, as well as the methods for sampling and analysis prior to gas decay tank releases.
The dose rates are determined using methodology included in the Offsite Dose Calculation
Manual.

Calculations were performed in 1976 (References I and 2) to demonstrate conformity with
numerical guides on design objectives presented in Appendix I to 10 CFR 50 for gaseous
effluents. Table 11.3-1 and Table 11.3-2 show the assumptions and the annual gaseous
releases calculated. Table 11.3-3 shows the maximum individual doses resulting from gas-
eous effluents. Atmospheric dispersion factors are discussed in Section 2.3.4.

In 2005, scaling techniques, based on NUREG-0017, Revision 1 methodology, were utilized
to assess the impact of core power uprate on radioactive gaseous effluents at Ginna.

As described in Reference 3, the conservatively performed power uprate analysis utilized the
plant core power operating history during the years 1999 to 2003, the reported gaseous efflu-
ent and dose data during that period, NUREG-00 17 equations and assumptions. Also utilized
was conservative methodology, to estimate the impact of operation at the analyzed uprate
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core power level of 1811 MWt, over that of operation at the previously licensed power level,
on radioactive gaseous effluents and consequent normal operation off-site doses.

The licensed reactor core power level during the 1999 to 2003 time frame was 1520 MWt.
For the uprate condition, the system parameters utilized in the power uprate analysis reflected
the flow rates and coolant masses at an analyzed NSSS power level of 1817 MWt and a core
power level of 1811 MWt. For the pre-uprate condition, the evaluation utilized offsite doses
based on an average 5 year set of organ and whole body doses calculated using data presented
in the Ginna Annual Radioactive Effluent Release Reports for the years 1999 through 2003,
taking into consideration the associated average annual core power level, extrapolated to 100
percent availability at the licensed power level.

Using the methodology and equations found in NUREG-00 17, Revision 1, and based on a
comparison of the change in power level and in plant coolant system parameters (e.g., reactor
coolant mass, steam generator liquid mass, steam flow rate, reactor coolant letdown flow rate,
flow rate to the cation demineralizer, letdown flow rate for boron control, steam generator
blowdown flow rate, steam generator moisture carryover, etc.) for both pre-uprate and uprate
conditions, the maximum potential percentage increase in coolant activity levels due to the
uprate, for each chemical group identified in NUREG-00 17, was estimated.

To estimate an upper bound impact on off-site doses, the highest factor found for any chemi-
cal group pertinent to the release pathway was applied to the average doses previously deter-
mined as representative of operation at pre-uprate conditions. This approach was utilized to
estimate the maximum potential increase in effluent doses due to the uprate, and demonstrate
that the estimated off-site doses following the uprate, although increased, will continue to
remain below the regulatory limits set by 1OCFR50, Appendix I. Table 11.3-4 shows that
based on operating history, the maximum estimated dose due to gaseous radwaste effluents,
following power uprate, will continue to remain significantly below the annual design objec-
tives for gaseous radwaste effluents set by 1 OCFR50, Appendix I.

It is noted that actual gaseous effluent isotopic release curie and dose information are pro-
vided in the Annual Radioactive Effluent Release Reports required by the Technical Specifi-
cations.

The evaluation of an accidental decay tank rupture is presented in Section 15.7.
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REFERENCES FOR SECTION 11.3

1. Letter from L. D. White, Jr., RG&E, to R. A. Purple, NRC, Subject: Calculations to
Demonstrate Compliance with the Design Objectives of 10 CFR 50, Appendix I, dated
June 1976.

2. Letter from L. D. White, Jr., RG&E, to A. Schwencer, NRC, Subject: Response to NRC
Additional Information Requests, Appendix 1, dated October 25, 1976.

3. Letter, M.G. Korsnick, Ginna LLC, to Document Control Desk, NRC, Subject: License
Amendment Request Regarding Extended Power Uprate, dated July 7, 2005.
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Thermal

Plant cap

Mass of

Percent i

Primary

Letdown

Number

Total stea

Mass ofs

Mass of ]

Mass of

Total ma:

Blowdov

Primary t

Fission p

Halogen

Radwast

Table 11.3-1

GASEOUS EFFLUENTS, 10 CFR 50, APPENDIX I CALCULATIONS,
ASSUMPTIONSa (HISTORICAL)

power level, Mwt 1520

•acity factor 0.80

primary coolant, lb 2.82 x 105

buel with cladding defects 0.12

system letdown rule, gpm 40

cation demineralizer flow, gpm 3.6

of steam generators 2

am flow, lb/hr 6.58 x 106

steam in each steam generator, lb 4.622 x 103

liquid in each steam generator, lb 8.5 x 104

water in steam generators, lb 1.7 x 105

ss of secondary coolant, lb 8.15 x 105

,n rate, lb/hr 1.1 x 104

to secondary leak rate, lb/day 100

roduct carryover fraction 0.0010

carryover fraction 0.0100

dilution flow, gpm 4.0 x 505

Gaseous Waste Inputs

There is continuous low volume purge of volume control
tank.

Holdup time for xenon, days

Holdup time for krypton, days

Fill time of decay tanks for the gas stripper, days

Gas waste system particulate release fraction

Auxiliary building iodine release fraction

Auxiliary building particulate release fraction

Containment volume, ft 3

90

90

45

0.01000

0.10000

0.01000

1.0 x 106

Page 37 of 57 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 11 RADIOACTIVE WASTE MANAGEMENT

GASEOUS EFFLUENTS. 10 CFR 50. APPENDIX I CALCULATIONS.
ASSUMPTIONSa (HISTORICAL)

Containment atmosphere cleanup rate, cfm 1.02 x 104

Frequency of containment high volume purge, times/year 28

Containment shutdown purge, iodine release fraction 1.00000

Containment shutdown purge, particulate'release fraction 0.01000

There is not a containment low volume purgeb

Steam leak to turbine building, lb/hr 1.7 x 103

Fraction iodine released from blowdown tank vent 0.0

Fraction iodine released from main condenser air eject 1.0000

Note: The information presented in the above Table represents the inputs and assumptions uti-
lized in the original 1OCFR50 Appendix I analysis performed for Ginna and is retained herein
for historical purposes only.

a. Input to computer program GALE

b. See Section 6.2.4.4.9 for current containment purging methodology.
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Table 11.3-2
GASEOUS EFFLUENTS, 10 CFR 50, APPENDIX I CALCULATIONS, RESULTSa (HISTORICAL)

Gas Stripping

Shutdown ContinuousPrimary
Coolant
(u~cih0

83m~r

85m 1 r

85 Kr

87 1(r

88Kr

89Kr

133mXe

133mXe

135mxc

135Xe

137xe

138Xe

1.749 x 10-2

8.637 x 10-2

6.519 x 10-3

5.070 x 10-2

1.629 x 10'

4.354 x 10-3

1.545 x 10-2

8.420 x 10-2

4.196 x 100

1.126 x 10-2

2.482 x 10'

7.834 x 10-3

3.809 x 10-2

Secondary
Coolant
(Vci/g)

1.101 x 10-8

5.549 x 10-8

4.161 x 10-9

3.082 x 10-8

1.021 x 10-7

2.779 x 10-9

9.926 x 10-9

5.410 x 10-8

2.657 x 10-6

7.108 x 10-9

1.568 x 10-7

4.961 x 10-9

2.368 x 10-8

Building Ventilation

Reactor Auxiliary Turbine Blowdown
(cid/r1 (Ci(0r/ (Cilyr) Vent

Offgas
UEi/r~

Air Ejector
Exhaust
(Ci/yr)

Total

0.0

0.0

2.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.1 x 102

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2.0

0.0

0.0

0.0

4.0

9.0

0.0

2.0

0.0

1.0

3.0

0.0

0.0

2.0

8.9 x

0.0

5.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

101 0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.0

0.0

0.0

2.0

0.0

0.0

1.0

5.6 x 10'

0.0

3.0

0.0

0.0

0.0

3.0

1.1 x 102

1.0

5.0

0.0

4.0

1.2 x 10'

9.9 x 102

0.0

1.3 x 10'

0.0

0.0

1.1 x 103

8.5 x

0.0

5.0

0.0

0.0

102

Total Noble Gases
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Gas Stripping

Shutdown ContinuousPrimary
Coolant
(itQ/g)

Secondary
Coolant
(110/g)i

Building Ventilation

Reactor Auxiliary Turbine Blowdown Air Eiector
Vent Exhaust

offgfas Ci2yr)

Total

1311

13 3
1

2.236 x 10-' 9.207 x 10-5 0.0

3.199 x 10-1 8.415 x 10- 5 0.0

0.0

0.0

1.0x 10-3  3.6 x10-3

1.2 x10-3 5.1 x10-3

5.0 x 10-3 0.0

4.6 x 10- 3 0.0

2.2 x 10-2 3.2 x 10-2

3.2 x 10-2 4.3 x 10-2

Tritium Gaseous Release 400 Ci/yr

Note: 1. 0.0 appearing in the table indicates release is less than 1.0 Ci/yr for noble gas, 0.0001 Ci/yr for Iodine.

2. The information presented in the above table represents the results of the original IOCFR50 Appendix I analysis performed for Ginna and is retained herein for
historical purposes only.

a. Calculated by computer program GALE.
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Table 11.3-3

MAXIMUM INDIVIDUAL DOSES FROM GASEOUS EFFLUENTS (HISTORICAL)a

(mrem/,ear)

Pathway Age GrouR Total Body G1 Tract Bone Liver Kidney Thyroid Luig Skin

Plume All 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.051

Ground shine and Adult 0.046 0.046 0.018 0.046 0.046 0.075 0.046 0.046
inhalation

Teen 0.034 0.034 0.018 0.034 0.038 0.057 0.034 0.034

Child 0.034 0.034 0.018 0.034 0.028 0.066 0.034 0.034

Infant 0.035 0.035 0.018 0.035 0.025 0.089 0.035 0.035

Vegetables Adult 0.229 0.22 0.62 0.22 0.23 0.73 0.22 0.22

Teen 0.290 0.29 0.20 0.29 0.26 0.70 0.29 0.28

Child 0.620 0.62 0.49 0.62 0.22 1.26 0.62 0.62

Infant b b b b b b b b

Cow or goat Adult 0.0014 0.0014 0.0042 0.0014 0.0015 0.017 0.0014 0.0014

Teen 0.0020 0.002 0.0015 0.0021 0.0019 0.025 0.002 0.002

Child 0.0045 0.0045 0.0037 0.0045 0.0016 0.051 0.0045 0.0045

Infant 0.0091 0.0089 0.0078 0.0092 0.0016 0.120 0.009 0.009

Meat Adult 0.058 0.058 0.221 0.058 0.058 0.11 0.058 0.058

Teen 0.041 0.041 0.035 0.042 0.034 0.08 0.041 0.041

Child 0.074 0.074 0.066 0.074 0.022 0.13 0.074 0.074

Infant b b b b b b b b

Page 41 of 57 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 11 RADIOACTIVE WASTE MANAGEMENT

MAXIMUM INDIVIDUAL DOSES FROM GASEOUS EFFLUENTS (HISTORICAL)a

(mrem/year)

Pathway Age Group Total Body GI Tract Bone Liver Kidney Thyroid Lung Skin

Total (not includ- Adult 0.334 0.325 0.863 0.325 0.336 0.932 0.325 0.325
ing plume) Teen 0.367 0.367 0.254 0.368 0.334 0.862 0.367 0.357

Child 0.732 0.732 0.577 0.733 0.272 1.507 0.732 0.732

Infant 0.044 0.044 0.026 0.044 0.026 0.209 0.040 0.044

Note: The information presented in the above table represents the results of the original 1OCFR50 Appendix I analysis performed for Ginna and is retained
herein for historical purposes only.

a. Highest offsite annual beta air dose = 0.14 mrad/year, 0.3 miles east. Highest offsite annual gamma air dose = 0.10 mrad/year, 0.3 miles east.

b. Indicates dose less than 0.001 mrem/year.
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Table 11.3-4

ESTIMATED ANNUAL DOSES TO THE PUBLIC DUE TO NORMAL OPERATION
GASEOUS RADWASTE EFFLUENTS - CORE POWER LEVEL 1811 MWt

Type or Dose

Gamma Dose in
Air

Appendix I
Design

Objectives

10 mrad/yr

Pre-Uprate' Uprateb

Not Reported Sepa- 19% increase
rately in Annual
Radioactive
Release-Report'

Percentage of
Appendix I

Design
Objectives for

EPU Case

As other doses
are a small frac-
tion of Appendix
I Limits, it is
assumed that this
dose and conse-
quent increase is
also a small frac-
tion of Appendix
I.

As other doses
are a small frac-
tion of Appendix
I Limits, it is
assumed that this
dose and conse-
quent increase is
also a small frac-
tion of Appendix
I.

Beta Dose in Air 20 mrad/yr> Not Reported Sepa- 19% increase
rately in Annual
Radioactive
Release Report

Dose to total
body of an indi-
vidual

Dose to skin of
an individual

5 mrem/yr

15 mrem/yr

7.06E-03 mrem/yr

9.25E-03 mrem/yr

8.411E-03 mrem/yr

1.1 0E-02 mrem/yr

0.168%

0.073%

Radioiodines and Particulates Released to the Atmosphere

15 mrem/yr 1.76E-02 mrem/yr 2.27E-02 mrem/yr 0.151%Dose to any
organ from all
pathways

a. Base Case - doses based on an average 5 year set of organ and whole body doses calculated using data
presented in the Ginna Annual Radioactive Effluent Release Reports for the years 1999 through 2003,
taking into consideration the associated average annual core power level, extrapolated to 100 persent
availability at the licensed power level of 1520 MWt.

b. Estimated upper bound off-site doses developed as discussed in Section 11.3.3 by using scaling tech-
niques that are applied to the Base Case.

c. Ginna historically included Gamma Air Dose in total body dose and Beta Air Dose in skin dose.
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11.4 SOLID WASTE MANAGEMENT SYSTEM

11.4.1 DESCRIPTION

11.4.1.1 General

11.4.1.1.1 Types of Solid Waste

The waste disposal system is designed to package all solid waste in standard liners and other
approved packages for removal to burial or processing facilities. The types of solid waste that
are produced at Ginna Station in addition to dry active waste are:

I. Sludge.

II. Oily waste.

III. Bead resin.

IV. Filters.

11.4.1.1.2. Sludgy.

Suspended solids and other sludges occasionally require processing. This material is pro-
cessed using a vendor-supplied system. A topical report demonstrating satisfactory process-
ing by a vendor is required. The vendor's procedures must be approved in accordance with
applicable station administrative procedures. Lab samples are created and tested and follow-
ing quality control review, full-scale solidification is performed.

11.4.1.1.3 Oily Waste

Oily waste is processed by incineration at a central processing facility. An alternative method
is to solidify and bury the waste at a licensed burial site. An approved method of solidifica-
tion is to add an emulsifier to the oily waste and water at a neutral pH. The mixture is solidi-
fied by adding an approved solidification matrix. Other methods that may be employed
utilize filtration. This would be a vendor-supplied system and would require the appropriate
review and approval.

11.4.1.1.4 Bead Resin

Bead resin is used to remove chemical impurities and radioactive contamination from the
reactor coolant, the chemical and volume control system, the spent fuel pool (SFP), and the
liquid waste processing system. When the resin is exhausted or reaches a radiation limit, the
spent resin is sluiced to one of two 150 ft3 (1122-gal) spent resin storage tanks. After suffi-
cient resin has been collected in one of the storage tanks, a transport cask sufficient for the
radioactivity present is ordered. The transport cask is inspected using a quality control
inspection procedure specific for each type of cask to ensure that the cask meets all the
requirements of the Certificate of Compliance. A liner, which contains internal piping to
completely dewater the resin, is installed in the cask. The cask is handled, loaded, and
unloaded using a procedure specific for the model cask used. Piping is run from the drum-
ming station to the manway in the top of the liner. Spent resin is then slurried from the spent
resin storage tank into the liner with water used for sparging and mixing the resin, and nitro-
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gen gas pressure used to move the resin. A representative sample of the resin is obtained and
the concentration of each radioisotope is calculated. After the resin is dewatered, the liner is
capped and sealed and the top is put back on the cask. The cask is surveyed for radiation and
contamination and properly labeled and marked. The resin is then transported to the licensed
facility.

11.4.1.1.5 Spent Filters

When filters become saturated or have a high dose rate, they are dewatered and then replaced.
The spent filters are placed in a high integrity container or solidified in an approved media
and shipped in accordance with 10 CFR 71, 10 CFR 61, and burial site licenses. The maxi-
mum dose rate allowed on the surface of the container is determined by the shielding of the
package in which the container is shipped.

11.4.1.1.6 Dry Active Waste

Dry active waste is shipped in bulk form to a vendor for volume reduction and packaging for
delivery to the disposal site.

Components associated with the solid waste processing system are described in the following
sections.

11.4.1.2 Spent Resin Storage Tanks

The spent resin storage tanks (Drawing 33013-1270, Sheets 1 and 2) retain spent resin nor-
mally discharged from the mixed-bed, spent fuel pool (SFP), base removal, and cation dem-
ineralizers. Normally, the tank is filled over a long period of time, the contents are allowed to
decay, and are then emptied prior to receiving any additional resin. However, the contents
can be removed at any time, if sufficient shielding is provided for the spent resin shipping
vessel. A layer of water is maintained over the resin surface to prevent resin degradation due
to heat generation from decaying fission products. Resin is removed from the tank by first
backflushing with nitrogen to loosen the resin bed and then flushing the resin out with nitro-
gen entering the top of the tank. The tanks are all-welded austenitic stainless steel.

11.4.1.3 Storage Facilities

There are two onsite solid waste storage facilities with a combined capacity sufficient to
accommodate approximately 5 years of operation. The two facilities are located northeast of
the plant within the security fence.

The upper radwaste storage facility (URSF) has a bridge crane with a 3-ton capacity that pro-
vides versatility for moving radwaste in and out. This facility is large enough to accommo-
date a 45-ft box van. The URSF typically provides temporary storage for plant solid waste.

The high integrity container (HIC) storage facility is a concrete walled, open topped structure
designed as a shadow shield for the storage of spent resin. The resin is stored in a form ready
for shipment (i.e., in shielded casks).
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Additionally, there is a reinforced concrete structure located northwest of the plant outside the
security fence. This facility houses the old steam generators and is designed for long-term
storage.

11.4.2 SOLID WASTE ESTIMATES

Ginna Station generated and shipped offsite approximately 12,000 ft3 of solid radwaste in

1983 and approximately 9000 ft3 in 1984. Average values in 1986-1988 were approximately

6000 ft3. The March 1991 RG&E update to the Final Environmental Statement related to the

operation of Ginna Station states that in total, Ginna delivers an average of 5000 ft3 with a
content of 200 curies of waste to disposal sites each year (Reference 1). A breakdown of
quantities and radioactive content according to waste classification for the period July 1990 to
June 1991 is shown in Table 11.4-1. Reference 2 indicates that the extended power uprate
(EPU) will have minimal impact on the volume of solid radwaste generated at Ginna Station.
The quantities shipped offsite for processing and burial are reported to the NRC in the Radio-
active Effluent Release Report.

11.4.3 PROCESS CONTROL PROGRAM

The Offsite Dose Calculation Manual (ODCM) controls the establishment of a Process Con-
trol Program. The Process Control Program outlines the method for processing wet solid
wastes and for solidification of liquid wastes. It includes applicable process parameters and
evaluation methods used at Ginna Station to ensure compliance with the requirements of 10
CFR 71 prior to shipment of containers of radioactive waste from the site.

A radwaste sampling and analysis program has been instituted to ensure compliance with 10
CFR 61. Scaling factors have been developed to calculate concentrations of hard-to-measure
isotopes from more easily determined isotopes. The scaling factors will enable concentra-
tions of all required isotopes to be determined for each radwaste shipment.

All radioactive waste is shipped to a licensed burial site in accordance with applicable NRC,
Department of Transportation, and state regulations, including burial site regulation require-
ments.

To ensure that personnel exposure is minimized, "as low as reasonably achievable" consider-
ations are addressed in all phases of the solidification process.
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REFERENCES FOR SECTION 11.4

1. Letter from R. C. Mecredy, RG&E, to A. R. Johnson, NRC, Subject: Environmental
Issues Related to CP-0L R. E. Ginna Nuclear Power Plant, dated March 8, 1991.

2. Letter, M.G. Korsnick, Ginna LLC, to Document Control Desk, NRC, Subject: License
Amendment Request Regarding Extended Power Uprate, dated July 7, 2005.
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Table 11.4-1
ANNUAL SHIPMENT OF SOLID WASTE (JULY 1990-JUNE 1991)

Type of Waste

Spent resins, filter sludges, evaporator bottoms, etc.

Volume, m3

Activity, Ci

89.9

207.3

Dry compressible waste, contaminated equipment, etc.

Volume, m
3

Activity, Ci

63.2

4.2

Irradiated components, control rods, etc.

Volume, m
3

Activity, Ci

NOTE: Total volume = 153.1 m3

0

0

5405 ft
3
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11.5 PROCESS AND EFFLUENT RADIATION MONITORING AND
SAMPLING SYSTEMS

11.5.1 DESIGN BASES

All liquid and gaseous radioactive releases are continuously monitored for gross activity dur-
ing discharge to ensure that the activity limits specified in 10 CFR 20 for unrestricted areas
are not exceeded. The Offsite Dose Calculation Manual (ODCM) include limits applicable to
release of radioactive material in liquid and gaseous effluents.

The radioactive liquid effluent instrumentation is provided to monitor and/or control, as
applicable, the releases of radioactive materials in liquid effluents. The alarm and/or trip set-
points for these instruments are calculated in accordance with the Offsite Dose Calculation
Manual to ensure that alarm and/or trip will occur prior to exceeding the limits of 10 CFR 20.
The operability and use of this instrumentation is consistent with the requirements of General
Design Criteria 60, 63, and 64 of Appendix A to 10 CFR 50.

The radioactive gaseous effluent instrumentation is provided to monitor and control, as appli-
cable, the releases of radioactive materials in gaseous effluents. The alarm and/or trip set-
points for these instruments are calculated in accordance with the Offsite Dose Calculation
Manual to ensure that alarm and/or trip will occur prior to exceeding the limits of 10 CFR 20.
This instrumentation also includes provisions for monitoring the concentrations of potentially
explosive gas mixtures in the waste gas holdup system. The operability and use of this instru-
mentation is consistent with the requirements of General Design Criterion 64 of Appendix A
to 10 CFR 50.

11.5.2 SYSTEM DESCRIPTION

11.5.2.1 General

The radiation monitoring system detects, computes, indicates, annunciates, and records the
radiation level at selected locations inside and outside the reactor plant and is divided into the
following subsystems.

A. The process radiation monitoring system consists of channels that primarily give early
warning of a plant malfunction and secondarily warn personnel of increasing radiation
which might result in exceeding release rate limits.

B. The area radiation monitoring system consists of channels which primarily warn personnel
of increasing radiation that might result in an unnecessary exposure.

The radiation monitoring system continuously monitors plant effluents and various in-plant
points selected to provide indication and warning in areas where radioactive sources exist and
operating personnel are required to be present. Laboratory analysis equipment provides ana-
lytical information on the chemical and radiochemical contents from the many samples taken
throughout and adjacent to the plant. Personnel monitors are provided to record integrated
exposure for all site personnel. The above provides adequate information and warning for the
continued safe operation of the plant.
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The area radiation monitoring system is described in detail in Section 12.3.4. The process
radiation monitoring system is discussed below. The postaccident sampling system is
described in Section 9.3.2.3.

11.5.2.2 Process Radiation Monitoring System

11.5.2.2.1 General Description

The process radiation monitoring system continuously monitors various fluid and air streams
for indication of increasing radiation levels or the presence of radioactivity in the selected
process systems. This system also provides visual and audible alarms in the control room in
order to alert the operators to any significant increases in activity. The system consists of liq-
uid and airborne radioactivity monitors that will warn of hazardous or potentially hazardous
contamination of effluent waters and gases. The system is also designed to provide a visual
alarm in the control room if there is a malfunction of the meter or detector circuitry. Liquid
process radiation monitoring channels R- 17, R- 18, R- 19, R-2 1, and R-22 also provide auto-
matic control functions as a result of a high alarm. The majority of the channels within the
process radiation monitoring system utilizes a scintillation type detector described in Section
12.3.4.3. The control room operators have access to data from the effluent monitors via the
plant process computer system.

The process radiation monitoring points and the associated release rate limits and alarm set-
points (calculated by methods described in the Offsite Dose Calculation Manual) are listed in
plant procedures. The alarm setpoints are set at a fraction of the release limit value and are
controlled by plant procedures. The process radiation monitoring locations in relation to the
gaseous and liquid waste effluent paths are shown schematically in Figures 11.5-1 and 11.5-2.

Periodic testing of the process radiation monitors consists of channel checks, source checks,
functional tests, and calibrations as specified in the Offsite Dose Calculation Manual
(ODCM).

11.5.2.2.2 Containment Iodine Monitor

The containment vent or containment atmosphere iodine monitor (R- 1 OA) collects radioiod-
me on a cartridge. A detector readout in counts per minute (cpm) indicates the quantity
(microcuries) of Iodine- 131 on the cartridge. The change in the counts per minute reading
over a time period (delta cpm/hour) indicates the concentration of Iodine- 131 in the air being
sampled.

11.5.2.2.3 Plant Vent Iodine Monitor

The plant vent iodine monitor (R- 10B) collects radioiodine on a cartridge. A detector readout
in counts per minute (cpm) indicates the quantity (microcuries) of Iodine-131 on the car-
tridge. The change in the counts per minute reading over a time period (delta cpm/hour) indi-
cates the concentration of Iodine-131 in the plant vent air.
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11.5.2.2.4 Containment Particulate and Noble Gas Monitors

The containment vent or containment atmosphere particulate monitor (R- 11) normally mea-
sures short-lived particulate daughters of noble gas. The usual isotope seen is Rubidium-88
which has an 18-minute half-life and is the daughter of Krypton-88 gas. The radioactive par-
ticulates of concern are those with half-lives greater than 8 days, such as Cesium-137. The
release rate limit for Cesium-137 is calculated by methods described in the Offsite Dose Cal-
culation Manual (ODCM). The alarm setpoint is a fraction of the release limit value and is
sufficient during containment venting. This setpoint is also sufficient to warn of coolant leaks
when the containment is isolated during reactor operation. When the containment is isolated,
and the monitor is not monitoring an effluent release, the alarm setpoint can be changed as
necessary to sense coolant leaks.

The containment vent or containment atmosphere noble gas monitor (R- 12) measures the
noble gas concentration in which Xenon-133 is the major isotope present. The release rate
limit for Xenon-133 is calculated by methods described in the Offsite Dose Calculation Man-
ual (ODCM). The alarm setpoint is a fraction of the release limit value and is sufficient for
sampling both the containment vent and the containment atmosphere when the containment is
isolated.

Monitor R- 11 or R- 12 is required to sample the containment atmosphere during mini-purge
operation and will automatically isolate the mini-purge system on high radiation levels in
containment (see section 7.3.1.1). Monitor R- II or R-12 is required to be operable for reac-
tor coolant system leakage detection as described in section 5.2.5.1.

11.5.2.2.5 Containment Vent High-Range Effluent Monitor

The containment vent high-range effluent monitor (RM-12A) installed in accordance with
NUREG 0737, Item II.F. 1, monitors particulate, Iodine-131, and the noble gas in the contain-
ment vent. The alarm setpoints are set to correspond to certain fractions of the release rate
limits given in the Offsite Dose Calculation Manual (ODCM). For the particulate alarms,
Cesium-137 is used as representative of isotopes with greater than 8-day half-lives. The
release limit values and alarm setpoints are listed in plant procedures.

11.5.2.2.6 Plant Vent Particulate Monitors

The plant vent particulate monitor (R-13) normally is measuring short-lived particulate
daughters of noble gas. The usual isotope seen is Rubidium-88 which has an 18-minute half-
life and is the daughter of Krypton-88 gas. The radioactive particulates of concern are those
with half-lives of greater than 8 days, such as Cesium-137. The release rate limit for Cesium-
137 is calculated by methods described in the Offsite Dose Calculation Manual (ODCM).
The alarm setpoint is a fraction of the release limit value and is sufficient to provide warning
of a problem some time before the release rate limit is reached. The release limit values and
alarm setpoints are listed in plant procedures.

11.5.2.2.7 Plant Vent Noble Gas and High-Range Effluent Monitor

The plant vent noble gas monitor (R-14) normally measures low concentrations of Xenon-
133 from reactor coolant leaks in the auxiliary building, gas decay tank releases, or from tak-
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ing primary system samples in the nuclear sample room. The release rate limit for Xenon-
133 is calculated by methods described in the Offsite Dose Calculation Manual (ODCM).
The alarm setpoint is a fraction of the release limit value and terminates gas decay tank
releases, initiates plant vent isolation, and provides a warning of unusual conditions before
the release rate limit is reached.

The plant vent high-range effluent monitor (RM-14A) installed in accordance with NUREG
0737, Item II.F. 1, monitors particulate, Iodine- 131, and noble gas in the ventilation air
exhausted from the auxiliary and intermediate buildings. The alarm setpoints are set to corre-
spond to certain fractions of the release rate limits given in the Offsite Dose Calculation Man-
ual (ODCM). For the particulate alarms, the release rate limit for Cesium-137 is used as
representative of isotopes with half-lives greater than 8 days. The release limit values and
alarm setpoints are listed in plant procedures.

11.5.2.2.8 Air Ejector and Gland Steam Exhaust Monitors

The air ejector and gland steam exhaust monitor (R-l 5) is used to detect primary-to-second-
ary leakage and to determine the release rate of noble gases from the main condenser. The
release rate limit for noble gas from this source is calculated by methods described in the Off-
site Dose Calculation Manual (ODCM). The air ejector and gland seal exhaust release con-
centration limit is calculated utilizing the release limit value and a conservatively large flow
rate specified in the ODCM. The alarm setpoint is set at a fraction of the release concentra-
tion limit value. R- 15 can be used to trend steam generator tube leakage or to determine an
actual volumetric leak rate by correlating the monitor response to a leak rate determined by
grab sample analysis.

The air ejector and gland steam exhaust monitor (R-48) is used to determine the release
rate of noble gases from the main condenser. The release rate limit for noble gas from
this source is calculated by methods described in the Offsite Dose Caluclation Manual
(OCDM). The air ejector and gland steam exhaust release concentration limit is calcu-
lated utlilizing the release limit value and a conservatively large flow rate specified in
the ODCM. The alarm setpoint is set at a fraction of the release concentration limit
value. R-48 will alarm prior to Emergency Action Level (EAL) limits. R-48 mimics R-
15 but provides a higher range required for accident condition.

The air ejector noble gas monitor (R-47) is used to detect primary-to-secondary leaks.
The alarm setpoints are set to correspond to primary-to-secondary leak rates in PPCS
and ODCM limits in the rate-meter. R-47 directly monitors the condenser off-gas mak-
ing it more sensitive than R-15 and R-48 which monitor the off-gas diluted by the gland
air inleakage flow. In the significant event of fuel clad failures coicident with steam gen-
erator tube leakage, it is possible for R-47 to become over-ranged. In this case R-15 can
be used for leak rate trending. Note that the increased reactor coolant activity with fuel
failures more than offsets the reduction in sensitivity resulting from the combined air
ejector and gland seal flow at R-15.

R-47 and R-48 provide displays in the TSC and data is transferred to the plant process
computer system, which has high warning alarms. In addition, the plant process, com-
puter system calculates the primary-to-secondary leak rate continously from the R-47
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monitor and alarms at several levels as leakage increases to provide the operators with
prompt warning of changing conditions.

11.5.2.2.9 Containment Service Water Monitor

The containment service water (containment fan coolers) monitor (R- 16) monitors the service
water from the containment and will see only background values, except for unusual accident
conditions. A service water leak in the containment during an accident plus containment
pressure greater than service water pressure is needed to contaminate the service water. The
release rate limit is calculated by methods described in the Offsite Dose Calculation Manual
(ODCM). The alarm setpoint is a fraction of the release limit value and prevents spurious
alarms while affording good sensitivity. The release limit values and alarm setpoints are
listed in plant procedures.

11.5.2.2.10 Component Cooling Water Monitor

The component cooling water monitor (R- 17) is located in the Auxiliary Building in an area
of varying background. The release rate limit is calculated by methods described in the Off-
site Dose Calculation Manual (ODCM). The alarm setpoint is a fraction of the release limit
value and is sufficient to detect leakage of primary coolant into the component cooling water.
A high radiation level alarm on R- 17 will cause the vent valve on the component cooling
water surge tank to close. The release limit values and alarm setpoints are listed in plant pro-
cedures.

11.5.2.2.11 Liquid Waste Disposal Monitor

The liquid waste disposal monitor (R- 18) can become internally, contaminated causing
increased background readings. The alarm setpoint is always added to the background read-
ing of the monitor obtained when it contains clean water. For a maximum permissible con-

centration of 1 x 10-6 Ci/cm 3in the discharge canal, a minimum dilution flow of 170,000 gpm,
and a maximum waste discharge rate of 75 gpm, the concentration limit in the waste tank is

2.2 x 10-3 [Ci/cm3 . The release rate limit is calculated by methods described in the Offsite
Dose Calculation Manual (ODCM). The alarm setpoint is a fraction of the release limit
value. When monitor R-18 alarms, the liquid waste discharge valve (AOV-18) to the dis-
charge canal closes. The release limit values and alarm setpoints are listed in plant proce-
dures.

11.5.2.2.12 Steam-Generator Blowdown Monitor

The steam-generator blowdown monitor (R-19) monitors for primary to secondary leakage.
The release rate limit is calculated by methods described in the Offsite Dose Calculation
Manual (ODCM). The alarm setpoint is a fraction of the release limit value and will provide
warning of significant steam-generator tube leakage and prevent blowdown activity of greater

than I x 10-4 pCi/cm 3 from reaching the condenser. When R-19 reaches the high alarm set-
point, the blowdown system is automatically isolated by the closing of blowdown isolation
valves AOV-5738 and AOV-5737, and the steam generator sampling lines are automatically
isolated by the closing of valves AOV-5735 and AOV-5736 in the sampling lines. The
release limit values and alarm setpoints are listed in plant procedures.
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11.5.2.2.13 Spent Fuel Pool (SFP) Heat Exchanger Service Water Monitors

The spent fuel pool (SFP) heat exchanger service water monitors (R-20A and R-20B) monitor
for leakage from the spent fuel pool (SFP) into the service water due to heat exchanger tube
leaks. R-20A monitors spent fuel pool (SFP) heat exchanger A. R-20B monitors spent fuel

pool (SFP) heat exchanger B. An activity of 2.4 x 10-4 PCi/cm3 in the service water due to

pool water leakage would be required to reach a mixture of 1 x 10-6 ptCi/cm 3 in the discharge
canal using a service water flow of 700 gpm and a dilution flow of 170,000 gpm. Since the

normal activity in the pool water is 1 x 10-3 PCi/cm3, a leak of 165 gpm would be required to

reach an activity of 2.4 x 10-4 pCi/cm 3 in the service water discharge from the heat
exchanger. A leak of this size would quickly be known due to pool low-level alarms. The
release rate limits for monitors R-20A and R-20B are calculated by methods described in the
Offsite Dose Calculation Manual (ODCM). The alarm setpoints are a fraction of the release
limit values and will prevent spurious alarms and provide warning of maximum permissible
concentration releases. The release limit values and alarm setpoints are listed in plant proce-
dures.

11.5.2.2.14 Retention Tank Monitor

The retention tank monitor (R-2 I) monitors water from various floor and equipment drains in
the turbine, service, and control, intermediate, and condensate demineralizer (AVT) build-

ings. For a mixture of maximum permissible concentration of 1 x 10-6 ptCi/cm 3 in the dis-
charge canal, a minimum dilution flow of 170,000 gpm, and a maximum waste discharge rate

of 500 gpm, the concentration limit in the retention tank is 3.4 x 10-4 pCi/cm 3. The release
rate limit is calculated by methods described in the Offsite Dose Calculation Manual
(ODCM). The alarm setpoint is a fraction of the release limit value. Because the monitor can
become internally contaminated, the alarm setpoint is always added to the background read-
ing when the monitor contains clean water. When the monitor reaches its setpoint, it causes
the retention tank pump to trip and the discharge valve automatically closes, the recirculation
valve automatically opens, and the neutralizing tank pump trips. The release limit values and
alarm setpoints are listed in plant procedures.

11.5.2.2.15 High Conductivity Waste Tank Monitor

The high conductivity waste tank monitor (R-22) monitors a side stream from the high con-

ductivity waste tank pump. For a mixture of maximum permissible concentration of I x 10-6

PCi/cm3 in the discharge canal, a minimum dilution flow of 170,000 gpm, and a maximum
waste discharge rate of 300 gpm, the concentration limit in the high conductivity waste tank is

5.7 x 10-4 tCi/cm 3. The release rate limit is calculated by methods described in the Offsite
Dose Calculation Manual (ODCM). The alarm setpoint is a fraction of the release limit
value. When the alarm setpoint is reached, it automatically closes the high conductivity
waste tank discharge valve.
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11.5.2.2.16 Control Room Radiation Monitors

The control room radiation monitors (R-45 and R-46) consist of redundant detectors mounted
in the control room air intake duct. Digital ratemeters, PPCS and recorders provide indication
and alarms in the control room. The redundant isolation logic is incorporated into the redun-
dant toxic gas logic and will initiate a control room isolation if high radiation is detected in
the air intake duct. Alarm setpoint allowable values for R-45 and R-46 are contained in the
Technical Specifications.

11.5.2.3 Tritium Sampling

Tritium in the containment atmosphere is in the form of gaseous water, i.e., humidity. To col-

lect a sample and determine the concentration in jiCi/cm3 of containment air, a dehumidifier
or air-water bubbler is used. The condensate from the process is purified by distillation to
remove any dissolved or suspended radioactive solids. An aliquot of the resulting pure water
is placed in a liquid scintillation counter. From the counts per minute, counter efficiency,
containment humidity, and volume of the sample, the tritium concentration in the air can be

calculated. The expected sensitivity of the counter is 1 0 -4 Ci/cm 3 for tritium in water. This
sensitivity will allow readings within 1/10 of the maximum permissible concentration for tri-
tium in air.

11.5.3 DESIGN EVALUATION

The Offsite Dose Calculation Manual (ODCM) requires alarm and/or trip setpoints for speci-
fied radiation monitors on each noble gas effluent line. Precautions, limitations, and setpoints
applicable to the operation of Ginna Station gaseous effluent monitors are provided in plant
procedures. Setpoints are conservatively established for each ventilation noble gas monitor
so that dose rates in unrestricted areas corresponding to 10 CFR 20 limits will not be
exceeded. Setpoints are determined so that dose rates from release of noble gases comply
with the Offsite Dose Calculation Manual (ODCM) requirements, which stipulate that the
instantaneous dose rate for noble gases shall be less than or equal to 500 mrem/yr to the total
body and less than or equal to 3000 mrem/yr to the skin. The methodology for calculating
alarm and trip action points for each radioactive gaseous effluent monitor is contained in the
latest revision of the Offsite Dose Calculation Manual.

11.5.4 ENVIRONMENTAL RADIOACTIVITY MONITORING PROGRAM

The onsite and offsite environmental sampling locations for airborne particulates, radioiod-
ine, and direct radiation are included in the Offsite Dose Calculation Manual. The require-
ments of the radiological environmental monitoring program are included in the Offsite Dose
Calculation Manual (ODCM) as required by the Technical Specifications.
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Figure-11.5-1 Gaseous Radwaste Treatment Systems Effluent Paths and Controls
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Figure 11.5-2 Liquid Radwaste Treatment Systems Ef.fluent Paths and Controls
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12.1 ENSURING THAT OCCUPATIONAL RADIATION
EXPOSURES ARE AS LOW AS IS REASONABLY
ACHIEVABLE

12.1.1 ALARA PROGRAM

The Radiation Protection program at Ginna Station shall ensure that internal and external
radiation exposures to station personnel, contractor personnel, and the general population
resulting from station operation, including anticipated operational occurrences, will be within
applicable limits and will be as low as is reasonably achievable (ALARA).

Rochester Gas and Electric Corporation (RG&E) has developed a Nuclear Directive entitled
ALARA, which establishes the Nuclear Operations Group policy with regard to maintaining
occupational radiation exposure ALARA and defines the authority and responsibilities of cor-
porate and plant personnel relevant to the Nuclear Directive.

The Nuclear Directive applies to all RG&E personnel, contractors, vendors, and station visi-
tors who are subject to occupational radiation exposure at the Ginna Station and to those per-
sonnel whose assignments involve design, construction, or operational activities having a
significant impact on the current or future occupational radiation exposure of station person-
nel.

12.1.2 ORGANIZATIONAL RESPONSIBILITIES

The President is responsible for assuring the occupational radiation exposure of all personnel
in the Nuclear Operations Group to be ALARA in accordance with the Nuclear Directive.

The Vice President, Nuclear Operations Group, is responsible for development, implementa-
tion, and maintenance of the ALARA Program and is responsible to ensure the ALARA com-
mitments of the Nuclear Directive are properly implemented in the Nuclear Operations
Group.

12.1.3 RADIATION PROTECTION PROGRAM

The bases of the Ginna Station Radiation Protection Program are that doses to personnel will
be maintained within the limits of 10 CFR 20 and that the radiation protection designs and
program features are consistent with the guidelines of Regulatory Guide 8.8, Revision 3.
Shielding is provided to reduce levels of radiation. Ventilation is arranged to control the flow
of potentially contaminated air. Radiation monitoring systems are used to measure levels of
radiation in potentially occupied areas and to measure airborne radioactivity throughout the
plant. Use of respiratory protective equipment is used as stipulated in Regulatory Guide 8.15.
The Radiation Protection Program is provided for plant personnel and visitors during reactor
operation, maintenance, MODE 6 (Refueling), radwaste handling, and inservice inspection.
ALARA procedures are in place that govern all activities in restricted areas at Ginna Station.
The Radiation Protection Program is organized and maintained to meet the requirements of
10 CFR 20 with approved exceptions specified in the Technical Specifications. The program
is adhered to for all operations involving personnel radiation exposure.
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12.2 RADIATION SOURCES

The radiation source assumptions discussed below are those used for the post-accident
shielding design review(Reference 1) performed according to the Three Mile Island Lessons
Learned Short-Term Requirements (NUREG 0737, Item II.B.2).

The activity assumed for liquid source-term calculation is based on 100% of the noble gag
inventory, 50% of the halogen core inventory, and 1% of all other nuclides in the core inven-
tory. The activity assumed for gaseous source-term calculation is based on 100% of the noble
gas core inventory and 25% of the halogen core inventory.

Two liquid source terms were used in the evaluation. For systems which contain postaccident
recirculation fluid, the source term was based on diluting the liquid inventory discussed above
with 303,800 gal of fluid filling the containment sump from the refueling water storage tank
(RWST), both accumulators, and a boric acid storage tank. These systems include the follow-
ing:

A. Residual heat removal.

B. Containment spray recirculation.

C. High-pressure injection.

D. Nuclear sampling (residual heat removal process fluid).

For systems which can contain fluid from the reactor coolant system but do not take suction
on the containment sump, the source term was based on diluting the liquid inventory with the
46,600 gal in the reactor coolant system. This source was used for the nuclear sampling sys-
tem (reactor coolant fluid) and the portion of the chemical and volume control system associ-
ated with reactor coolant degassing.

Gaseous source terms were determined for containment and for the waste gas system. The
containment airborne source term was based on diluting the gaseous inventory discussed pre-
viously with the air contained in the containment free volume (970,000 ft3). The waste gas
system source term was determined for a reactor coolant degassing operation by calculating
the quantity of activity entering the volume control tank via the normal letdown path and
assuming that a quantity equal to the stripping fraction (based upon a stripping efficiency of
1.0) enters the vapor space and is immediately purged to the vent header system. The strip-
ping fraction is defined as

SF = (CR - CL) / CR

where: SF = stripping fraction

CR = concentration entering volume control tank in liquid

CL = concentration leaving volume control tank in liquid

Table 12.2-1 provides the shielding source terms for liquid and gaseous radioactivity which
were calculated using the assumptions above.
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A Technical Specification change included the isolation of the lines from the boric acid stor-
age tank to the safety injection pumps. Consequently, the quantity of boric acid assumed in
the analysis from a boric acid storage tank would not enter the containment sump. Since
approximately 1% (3000 gal) of the total of 303,800 gal would not enter the sump in the cur-
rent plant configuration, the dose rates would be expected to increase approximately 1% and
be manifested by the containment sump concentration values in Table 12.2-1. This small
increase is not significant in terms of the shielding previously provided.

The impact of core power uprate on post accident radiation source terms was evaluated in
Reference 2.

The uprate source terms are based on an analyzed core power level of 1811 MWt, and use of
an 18-month fuel cycle. Consistent with original licensing basis, the activity assumed for the
liquid source-term calculation is based on 100% of the noble gas core inventory, 50% of the
halogen core inventory, and 1% of all the other nuclides in the core inventory, and the activity
assumed for the gaseous source-term calculation is based on 100% of the noble gas core
inventory and 25% of the halogen core inventory. The estimated isotopic activity of dose sig-
nificant isotopes following core power uprate in the liquid source and the gaseous source are
presented in Table 12.2-2.
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REFERENCES FOR SECTION 12.2

1. Design Review of Plant Shielding and Environmental Qualification of Equipment for
Spaces/Systems Which May be Used in Post-Accident Operations Outside Containment
at R.E. Ginna Nuclear Power Plant, dated December 31, 1979.

2. Letter from Constellation Energy to the NRC, subject: Licensing Amendment Request
Regrading Extended Uprate, dated July 7, 2005.
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Table 12.2-1
SHIELDING SOURCE TERMS (T=O) (HISTORICAL)

Isotope Liquida Source
Activity

(Ci)
84Br 3.9 x 106

87Kr 1.9 x 107

133 Te 2.3 x 10'

134Cs 8.9 x 104

13 6 CS 2.5 x 104

137Cs 3.7 x 104

139Ba 7.9 x 105

83Br 1.7 x 106

83 mKr 3.3 x 106

85mKr 1.0 x 107

85Kr 3.9 x 105

88Kr 2.9 x 107

88Rb 2.8 x 10'

89Rb 3.9 x 105

89Sr 3.9 x 105

90Sr 2.6 x 104

90 Y 2.6 x 104

92Sr 4.8 x 105

Gaseousb
Source Activity

(Ci)

2.0 x 10 7

1.9 x 107

8.4 x 105

3.3 x 106

1.0 x 107

3.9 x 105

2.9 x 107

Containment Sump
Concentration

(ci/cm31

3.5 x 103

1.7x 104

2.1 x 102

8.0x 10

2.2 x 10

3.3 x 10

7.0 x 102

1.5x 10'

3.0 x 103

8.9 x 103

3.5 x 102

2.6 x 104

2.5 x 102

3.2 x 102

3.5 x 102

2.3 x 10

2.3 x 10

4.3 x 102

Reactor Coolant
Concentration

2.2 x 10'

1.1 x 105

1.3 x i03

5.0 x 102

1.4 x 102

2.1 x 102

4.4 x 103

9.5 x 103

1.9 x 104

5.6 x 104

2.2 x 103

1.6 x 105

1.6 x 10'

2.0 x 103

2.2 x 103

1.5 x 102

1.5 x 102

2.7 x 103

Containment Airborne
Concentration

(72ci/cma

7.2 x 10

7.0 x 102

3.0 x 10

1.2 x 102

3.6 x 102

1.4x 10

1.0x 103

Waste Gas
Concentration

(gCi/cmaj

3.4 x 103

6.7 x 105

1.9 x 102

1.1 x 105

2.6 x 105

5.9 x 103

8.5 x 105
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Isotope Liquida Source

Activity
(Ci)

92 y 5.2 x 105

93Sr 5.8 x 105

99Mo 7.9 x 105

9 9 mTC 6.8 x 105

103Ru 5.8 x 105

103mRIh 5.8 x 105

106 Ru 2.2 x 105

106Rh 2.2 x 105

132 Te 5.8 x 105

1321 3.1 x 107

134 Te 8.4 x 105

13 4 I 4.7 x 10'

138Xe 7.9 x 107

138Cs 7.9 x 105

14°Ba 7.3 x 105

14°La 7.9 x 105

143Ce 6.3 x 105

143pr 6.3 x 105

144Ce 4.8 x 105

144pr 6.3 x 105

Gaseousb
Source Activity(cii

1.5 x 107

2.3 x 107

7.9 x 107

Containment Sump
Concentration

(iiCi/cml)

4.7 x 102

5.2 x 102

7.0 x 102

6.1 x 102

5.2 x 102

5.2 x 102

1.9 x 102

1.9 x 102

5.2 x 102

2.7 x 104

7.5 x 102

4.2 x 104

7.0 x 104

7.0 x 102

6.6 x 102

7.0 x 102

5.6 x 102

5.6 x 102

4.3 x 102

5.6 x 102

Reactor Coolant
Concentration

u xC i/cm

3.0 x 102

3.3 x10

4.4 x 103

3.9 x 103

3.3 x 103

3.2 x 103

1.2 x 103

1.2 x 103

3.3 x 103

1.8 x 105

4.8 x 103

2.6 x 105

4.4 x 105

4.4 x 103

4.2 x 103

4.4 x 103

3.6 x 103

3.6 x 103

2.7 x 103

3.6 x 103

Containment Airborne
Concentration

t3LCi/CMI

5.6 x 102

8.5 x 102

2.9 x 10'

Waste Gas
Concentration

f(uci/cma)

2.7 x 104

4.0 x 104

3.4 x 106
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Isotope Liquida Source

Activit1y

(Ci)
9 1Sr 4.8 x 105

91my ---

Gaseousb
Source Activity

(Ci)

Containment Sump
Concentration

(uCi/cm31

4.3 x 102

Reactor Coolant
Concentration

(uCi/cml

2.7 x 103

Containment Airborne
Concentration

(LICi/cma)

Waste Gas
Concentration

( _ci/cm_

91Y

95Zr
95mNb

95Nb

97 Zr

97m~b

97Nb

1O5m~h

133mxe

1351

135mXe

5.0 x 105

6.8 x10
5

6.8 x 105

6.8 x 105

6.8 x 105

4.5 x 10'

4.5 x 105

2.9 x10
5

3.8 x 105

2.2 x 107

3.4 x 105

4.1 x 107

2.0 x 106

7.9 x 107

3.6 x 107

2.2 x i0 7

4.5 x 102

6.1 x 102

6.1 x 102

6.1 x 102

6.1 x 102

4.0 x 102

4.0x 102

2.8 x 102

3.4 x 102

1.9 x 104

3.0 x 102

3.7 x 104

1.8 x 103

7.0 x 10
4

3.2 x 104

2.0 x 104

2.8 x 103

3.9 x 103

3.9 x10
3

3.9 x 103

3.9 x 103

2.6 x 103

2.6 x 103

1.6 x 103

2.1 x 103

1.2 x 105

1.9 x 103

2.3 x 105

1.1 x 104

4.4 x 105

2.0 x 105

1.2 x 105

1.1 x 107

3.3 x 105

2.0 x 107

2.0 x 106

7.9 x 107

1.8 x 107

2.2 x 107

3.9 x 102

1.2x 10

7.4 x 102

7.2 x 10

2.9 x 103

6.6x 102

8.0 x 102

1.9 x 104

5.8 x 103

3.5 x 104

3.7 x 104

1.4 x 106

3.1 x 104

9.Ix 105

Page 8 of 57 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 12 RADIATION PROTECTION

Isoton• Liquida Source Gaseousb Containment Sump Reactor Coolant Containment Airborne Waste Gas
Activity Source Activity Concentration Concentration Concentration Concentration

135Xe 1.5 x 107  1.5 x 107  1.4 x 104  8.6 x 104  5.5 x 102  2.6 x 104

14 1Ba 6.8 x 105  --- 6.1 x 102  3.9 x 103

14' 1La 6.8 x 105 6.1 x 102 3.9 x 103

141Ce 7.3 x 105  -- 6.6 x 102 4.2 x 103

Note: The information presented in the above Table represents the Source Terms used in the original post-accident shielding assessment documented in Refer-
ence 1 and is retained herein for historical purposes only.

a. Based on 100% noble gas core inventory, 50% halogen core inventory, and 1% of all other core inventory.

b. Based on 100% noble gas core inventory, and 25% halogen core inventory.
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Table 12.2-2
SHIELDING SOURCE ACTIVITY at T=O hrs - Power Level 1811 MWt

Isotopea

KR-83M

KR-85

KR-85M

KR-87

KR-88

KR-89

KR-90

XE-131M

I XE-133

XE-133M

XE-135

XE-135M

XE-137

XE-138

Liquidb Source Activity (CI)

6.46E+06

5.85E+05

1.36E+07

2.62E+07

3.68E+07

4.50E+07

4.45E+07

5.59E+05

1.01E+08

3.17E+06

2.56E+07

2.04E+07

9.08E+07

8.61E+07

1.69E+05

3.2 1E+06

6.70E+06

9.15E-01

1.05E+06

2.54E+07

3.76E+07

5.15E+07

5.70E+07

4.86E+07

2.3 1E+07

1.30E+03

Gaseousc Source Activity
(CI)

6.46E+06

5.85E+05

1.36E+07

2.62E+07

3.68E+07

4.50E+07

4.45E+07

5.59E+05

1.01E+08

3.17E+06

2.56E+07

2.04E+07

9.08E+07

8.6 1E+07

8.45E+04

1.61E+06

>3.35E+06

4.58E-01

5.25E+05

1.27E+07

1.88E+07

2.58E+07

2.85E+07

2.43E+07

1.15E+07

BR-82

BR-83

BR-85

1-129

1-130

1-131

1-132

1-133

1-134

1-135

1-136

RB-86
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Isotopea Liquidb Source Activity (C) Gaseousc Source Activity

(CI)

RB-88 3.74E+05 --

RB-89 4.80E+05 --

RB-90 4.66E+05 --

RB-90M 1.09E+05 --

CS-132 1.42E+02 --

CS-134 1.1OE+05 --

CS-134M 3.08E+04 --

CS-135M 1.98E+04 --

CS-136 3.24E+04 --

CS-137 6.30E+04 --

CS-138 9.54E+05 >--

CS-139 9.03E+05 --

CS-140 8.13E+05 --

GA-72 3.53E+01 --

AS-76 2.22E+O1 --

GE-77 5.16E+02 --

SE-83 2.50E+04 --

AG- I10M 2.20E+03 --

AG-110 8.48E+04 --

AG-111 3.44E+04 --

AG-112 1.84E+04 --

CD-1 15M 9.OOE+02 --

IN-115M 9.77E+03 --

CD-115 9.73E+03 --

SN-121 8.53E+03 --

SB- 122 1.34E+03 --

SB-123 1.85E+03 --

SB- 124 8.11E+02 --

SB-125 7.62E+03 --
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Isotopea Liquidb Source Activity (CI) Gaseousc Source Activity

(CII

SN-125 6.86E+03 --

TE-127M 7.02E+03 --

SB-127 5.45E+04 --

SN-127 3.49E+04 --

TE-127 5.40E+04 --

TE-129M 2.38E+04 --

SB-129 1.63E+05 --

TE-129 1.62E+05 --

SB-130M 2.39E+05 --

SB-130 5.30E+04 --

TE-131M 7.32E+04 --

SB-131 4.26E+05 --

TE- 131 4.52E+05 --

SB-132M 1.67E+05 --

SB-132 2.54E+05 --

TE- 132 7.22E+05 --

TE-133M 3.82E+05 --

SB-133 2.98E+05 --

TE-133< 6.1OE+05 --

TE- 134 8.65E+05 --

SR-89 4.95E+05 --

SR-90 4.63E+04 --

SR-91 6.20E+05 --

SR-92 6.70E+05 --

SR-93 7.57E+05 --

SR-93 7.14E+05 --

BA-137M 5.97E+04 --

BA- 139 9.31E+05 --

BA- 140 8.94E+05 --

BA- 142 8.03E+05 --
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Isotopea Liquidb Source Activity (CI) Gaseousc Source Activity

(CD)

MO-99 9.67E+05 --

TC-99M 8.49E+05 --

MO-101 8.67E+05 --

TC-101 8.68E+05 --

RH-103M 6.95E+05

TC- 104 6.43E+05 --

RH- 105 4.68E+05 --

RH-105M 1.46E+05 --

TC- 105 5.17E+05 --

RH- 106 2.92E+05 --

RU-103 7.71E+05 --

RU- 106 2.61 E+05> --

PD- 109 1.64E+05 --

CE- 141 8.48E+05 --

CE- 143 7.89E+05 --

CE-144 6.46E+05 --

NP-239 1.05E+07 --

PU-238 2.23E+03 --

PU-239 1.85E+02 --

PU-240 2.79E+02 --

PU-241 6.15E+04 --

PU-242 8.40E-01 --

Y-90 4.84E+04 --

Y-91M 3.66E+05 --

Y-91 6.38E+05 --

Y-92 6.73E+05 --

Y-93 7.73E+05> --

Y-94 7.80E+05 --

NB-95M 6.07E+03 --

NB-95 8.66E+05 --
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Isotopea Liquidb Source Activity (CI) Gaseousc Source Activity

(cI)

Y-95 8.38E+05 --

ZR-95 8.60E+05 --

NB-97M 8.15E+05 --

NB-97 8.68E+05 --

ZR-97 8.59E+05 --

LA- 140 9.26E+05 --

LA- 141 8.35E+05 --

LA-142 8.22E+05 --

PR- 142 4.76E+04 --

LA-143 7.86E+05 --

PR- 143 7.74E+05> --

PR- 144 6.52E+05 --

ND-147 3.39E+05 --

PM-147 6.62E+04 --

PM-148M 1.59E+04 --

PM-148 1.45E+05 --

PM-149 3.19E+05 --

PM- 151 1.00E+05 --

SM-153 2.58E+05 --

EU- 154 6.14E+03 --

EU-155 4.14E+03 --

EU- 156 1.03E+05 --

EU-157 1.34E+04 --

EU-158 4.49E+03 --

EU-159 2.38E+03

GD-159 3.25E+03 --

TB-160 5.61E+02 --

HO- 166 7.80E+O1 --

AM-241 7.55E+01 --

CM-242 1.75E+04 --
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Isotopea Liquidb Source Activity (C) Gaseousc Source Activity

(c0)

M-244 2.06E+03 --

a. Based on 100% noble gas core inventory, 50% halogen core inventory, and 1% of all other core inven-
tory

b. Based on 100% noble gas core inventory, 25% halogen core inventory

c. Dose significant isotopes
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12.3 RADIATION PROTECTION DESIGN FEATURES

12.3.1 DESIGN CRITERIA

12.3.1.1 Conformance to 1967 Design Criteria

The following design criteria were used during the licensing of Ginna Station. They represent
the Atomic Industrial Forum version of proposed criteria issued by the AEC for comment on
July 10, 1967, and discussed in Section 3.1.1.

CRITERION: Monitoring and alarm instrumentation shall be provided for fuel and waste stor-
age and associated handling areas for conditions that might result in loss of
capability to remove decay heat and to detect excessive radiation levels (AIF-
GDC 18).

Monitoring and alarm instrumentation is provided for fuel and waste storage and handling
areas to detect inadequate cooling and to detect excessive radiation levels. Radiation moni-
tors are provided to maintain surveillance over the release operation.

The spent fuel pool (SFP) cooling system flow is monitored to ensure proper operation as
described in Section 9.1.3.

A controlled ventilation system removes gaseous radioactivity from the atmosphere and fuel
storage and waste treatment areas of the auxiliary building and discharges it to the atmosphere
via the plant vent. Radiation monitors are in continuous service in these areas to actuate high
activity alarms on the control board annunciator, as described in Sections 11.5 and 12.3.

CRITERION: Adequate shielding for radiation protection shall be provided in the design of
spent fuel and waste storage facilities (AIF-GDC 68).

Auxiliary shielding for the waste disposal system and its storage components is designed to
limit the dose rates as required by personnel access, testing, operation, and maintenance
requirements.

Gamma radiation is continuously monitored in the auxiliary building. A high-level signal is
alarmed locally and annunciated in the control room.

12.3.1.2 Conformance to 1972 Design Criteria

Conformance to the requirements of 1972 General Design Criteria 19, 61, and 63 of 10 CFR
50, Appendix A, is discussed in Section 3.1.2. With respect to these general design criteria:

A. Sufficient shielding, distance, and containment integrity are provided to ensure that control
room personnel shall not be subject to doses under postulated accident conditions during
the occupancy of the control room which, in the aggregate; would exceed the limits of
GDC-19.

B. All areas of the plant are designed with suitable shielding for radiation protection based on
anticipated radiation rates and occupancy, and individual components which contain signif-
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icant radioactivity are located in confined areas which are adequately ventilated through
appropriate filtering systems.

C. Radiation monitors and alarms are provided as required to warn personnel of impending
excessive levels of radiation or airborne activity.

Conformance to Safety/Regulatory Guides in effect as of August 1972 is discussed in Section
1.8.

12.3.2 SHIELDING

12.3.2.1 Design Basis

Radiation shielding is designed for operation at maximum calculated thermal power and to
limit the MODES I and 2 radiation levels at the site boundary to below those levels allowed
for continuous nonoccupational exposure.

The original design basis for normal operation plant shielding is safe operation at a core
power level of 1520 MWt, a one year fuel cycle length, and conservative reactor coolant
source terms assuming 1% fuel defects. The design basis target dose rates in plant areas and
the associated shielding design, presented in Section 12.3.2.2 below, are based on the above
design basis.

Power uprate represents a change from the original design basis. The assessment of impact of
power uprate on adequacy of existing plant shielding was evaluated based on scaling tech-
niques that took into consideration the radiation source terms used in the original plant shield-
ing design as discussed in UFSAR Section 12.3.2.1.1 through 12.3.2.2.5 below, and the
uprate source terms, specifically, the design basis fission and corrosion product activity con-
centrations in the reactor coolant at the analyzed core power level of 1811 MWt and with an
18-month fuel cycle length (Reference 4).

Inside containment, continued adequacy of the primary shield following uprate was deter-
mined based on usage of a low leakage fuel management scheme, and review of fluence cal-
culations that confirmed that the original design calculations remain bounding for uprate
conditions. Due to the conservative analytical techniques used to establish original plant
shielding design, and a comparison of the design basis target dose rates to pre-uprate survey
data, the existing reactor secondary shield and the fuel handling shields were also determined
adequate to address the approximately 19% increase in radiation source terms expected due to
the uprate.

Shielding adequacy outside containment (where the radiation sources are either the reactor
coolant itself, or down-stream sources originating from coolant activity), was determined by
an evaluation that compared the uprate design primary coolant source terms (fission and acti-
vation products) to the original design basis primary coolant source terms. Three sources
were considered: total primary, coolant, degassed primary coolant and the primary coolant
noble gas source. Due to the change in isotropic compositions and gamma energy spectrum
between the original and the uprate reactor coolant fluid, the comparison was based on the
dose rate resulting from the above sources shielded by 0, 1, 2, and 3 ft of concrete for repre-
sentative source geometry.
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The comparison showed that the ratio of the calculated dose rates resulting from the uprate
source to the original design basis source, for the various design basis source term/shielding
configurations discussed above, range from 1.0 to 2.4. However, since the design basis uprate
primary coolant activity is a very conservative source term (i.e., based on I % failed fuel, a
2% margin for power uncertainty and an additional 4% margin for fuel management
schemes), credit was taken for a more realistic but limiting upper bound primary coolant
activity based on the plant Technical Specifications.

The uprate assessment conclude that the Plant Technical Specifications will limit the uprate
reactor coolant, degassed reactor coolant and reactor coolant gas activity and the associated
dose rates assuming various shielding configurations, to less than or equal to the original
design basis values.

Thus, taking into consideration the conservative analytical techniques used to establish the
original shielding design, and the Plant Technical Specifications which typically restrict the
reactor coolant activity to levels significantly less than 1% fuel defects, the increase in the
core power level and fuel cycle length is expected to have no significant impact on plant
shielding adequacy and safe plant operation.

It is noted that operating personnel at the station are protected by adequate shielding, monitor-
ing, and operating procedures. Individual worker exposure is maintained within acceptable
limits by the site ALARA Program, which controls access to radiation areas. Procedural con-
trols compensate, as necessary, for increased radiation levels to ensure that operator exposure
remains ALARA, and that the normal operation radiation zones are labeled and controlled for
access in accordance with the requirements of 1 OCFR20 related to allowable operator expo-
sure and access control.

All plant areas capable of personnel occupancy are considered as one of the five zones of
radiation level listed in Table 12.3-1.

Typical Zone 0 areas are the turbine building and turbine plant service areas. Typical Zone I
areas are the offices and control room. Zone II areas include the local control spaces in the
auxiliary building and the operating deck of the containment during reactor shutdown. Areas
designated Zone III include grade level areas adjacent to the containment structures, fuel. han-
dling areas, and intermittently occupied work areas. Typical Zone IV areas are the region
adjacent to the reactor coolant system after reactor shutdown, waste drumming areas, and vol-
ume control tank spaces.

All radiation and high-radiation areas are appropriately marked and isolated in accordance
with 10 CFR 20 and other applicable regulations.

The shielding is divided into five categories according to function. These categories include
the primary shielding, the secondary shielding, the containment structure, the fuel transfer
(water and pool) shielding, and the auxiliary shielding.

In addition, plant shielding ensures that in the event of postulated accidents, the integrated
offsite exposure due to the contained activity does not exceed established criteria. See
UFSAR Section 12.3.2.2.6 for additional detail.
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12.3.2.2 Shielding Design

12.3.2.2.1 Primary Shield

The primary shield consists of the core baffle, water annuli, barrel-thermal shield (all of
which are within the reactor vessel), the reactor vessel wall, and a concrete structure sur-
rounding the reactor vessel.

The primary shield is designed to

A. Reduce the neutron fluxes incident on the reactor vessel to limit the radiation induced
increase in transition temperature.

B. Attenuate the neutron flux sufficiently to prevent excessive activation of plant components.

C. Limit gamma radiation from the reactor vessel to avoid excessive temperature gradients or
dehydration of the concrete structure surrounding the reactor vessel.

D. Reduce the residual radiation from the core, reactor internals, and reactor vessel to levels
that will permit access to the region between the primary and secondary shields after plant
shutdown.

E. Reduce radiation leakage to obtain optimum division of the shielding between the primary
and secondary shields.

The primary shield immediately surrounding the reactor vessel consists of an annular rein-
forced-concrete structure extending from the base of the containment to an elevation of 252.5
ft. The lower portion of the shield is a minimum thickness of 6.5 ft of regular concrete (den-

sity = 2.3 g/cm 3) and is an integral part of the main structural concrete support for the reactor
vessel. It extends upward to join the concrete cavity over the reactor. The reactor cavity,
which is approximately rectangular in shape, extends upward to the operating floor with ver-
tical walls 4-ft thick, except in the area adjacent to fuel handling, where the thickness is
increased to 6 ft. A steel plate is provided at each point where the four reactor coolant pipes
penetrate the primary shield.

The primary concrete shield is air cooled to prevent overheating and dehydration from the
heat generated by radiation adsorption in the concrete. Eight "windows" have been provided
in the primary shield for insertion of the out-of-core nuclear instrumentation. Cooling for the
primary shield concrete and the nuclear instrumentation is provided by the reactor compart-
ment coolers.

The primary shield neutron fluxes and design parameters are listed in Table 12.3-2.

12.3.2.2.2 Secondary Shield

The secondary shield surrounds the reactor coolant loops and the primary shield. It consists
of interior walls surrounding the reactor coolant loop in the containment structure and the
operating floor.

The main function of the secondary shielding is to attenuate the radiation originating in the
reactor and the reactor coolant. The major source in the reactor coolant is the Nitrogen- 16
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activity, which is produced by neutron activation of oxygen during passage of the coolant
through the core. The secondary shielding will help to limit the full-power dose rate outside
the containment due to activity within the containment to less than 1 mrem/hr.

The secondary shield design parameters are listed in Table 12.3-3.

12.3.2.2.3 Containment Structure

The containment structure consists of a 3 ft 6 in. thick reinforced-concrete cylinder capped by
a 2 ft 6 in. thick hemispherical reinforced-concrete dome. These thicknesses are nominal val-
ues. The true relevant engineering values are dependent on the specific location in the struc-
ture and the loading condition that is present. It also includes supplemental shields in front of
the containment penetrations and 20-in. walls and roof of the control room.

The main purpose of the containment structure is to ensure safe radiation levels outside the
containment following a design-basis accident.

The equipment access hatch is shielded by a 3-ft thick concrete shadow shield and a 1-ft thick
concrete roof to reduce scattered dose levels in the event of a loss-of-coolant accident.

The containment structure design parameters are listed in Table 12.3-4.

12.3.2.2.4 Fuel Handling (Water and Pool) Shield

During fuel handling, shielding is provided to facilitate the removal and transfer of spent fuel
assemblies and control rods from the reactor vessel to the spent fuel pool (SFP). It is
designed to attenuate radiation from spent fuel, control rods, and reactor vessel internals to
less than 2.5 mrem/hr at the refueling cavity water surface and less than 1.0 mrem/hr in the
auxiliary building general areas.

The refueling cavity, flooded to an elevation of 277.0 ft during MODE 6 (Refueling) opera-
tions, provides a water shield above the components being withdrawn from the reactor vessel.
The water height during MODE 6 (Refueling) is at least 23 ft above the reactor vessel flange.
This height ensures that a minimum of 10 ft 2 in. of water will be above the active fuel of a
withdrawn fuel assembly.

The refueling canal is a passageway connected to the reactor cavity and extending to the
inside surface of the containment. The canal is formed by two concrete walls each 6-ft thick,
which extend upward to the same height as the reactor cavity. During MODE 6 (Refueling)
the canal is flooded with borated water to the same height as the reactor cavity.

The spent fuel assemblies and control rod clusters are remotely removed from the contain-
ment through the horizontal spent fuel transfer tube and placed in the spent fuel pool (SFP).
Concrete, 6-ft thick, shields the spent fuel transfer tube. Additional lead and steel shielding
has been added to the joint where the 6-ft thick walls met the containment wall in the auxil-
iary and intermediate buildings. The additional shielding is designed to attenuate radiation to
less than 100 mrem/hr adjacent to the joint. This shielding is designed to protect personnel
from radiation during the time a spent fuel assembly is passing through the main concrete
support of the containment and the transfer tube.
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Radial shielding during fuel transfer is provided by the water and concrete walls of the fuel
transfer tube. An equivalent of 6 ft of regular concrete is provided to ensure a maximum dose
value of 1.0 mrem/hr in the auxiliary building areas adjacent to the spent fuel pool (SFP).

Spent fuel is stored in the spent fuel pool (SFP) which is located adjacent to the containment.
Shielding for the spent fuel storage pool is provided by 6-ft thick concrete walls and a mini-
mum water level of 12 ft 6 in. above the spent fuel assemblies when withdrawn for move-
ment.

The fuel handling shield design parameters are listed in Table 12.3-5.

12.3.2.2.5 Auxiliary Shielding

The auxiliary shielding consists of concrete walls around certain components and piping
which process reactor coolant. In some cases, the concrete block walls are removable to
allow personnel access to equipment during maintenance periods. The function of the auxil-
iary shielding is to protect personnel working near various system components in the chemi-
cal and volume control system, the residual heat removal system, the waste disposal system,
and the sampling system. Access to the auxiliary building is allowed during reactor opera-
tion. Each equipment compartment is individually shielded so that compartments may be
entered without having to shut down.

The shield material provided throughout the auxiliary building is regular concrete (density =

2.3 g/cm 3). The principal auxiliary shielding provided is tabulated in Table 12.3-6.

12.3.2.2.6 ShieldinL! Desiign Modifications

Rochester Gas and Electric conducted a plant radiation and shielding design review of vital
areas and equipment in order to ensure adequate personnel access to vital areas and protection
of safety equipment for post design-basis accident operations. This was done in response to
NUREG 0737, Item II.B.2. As a result of the review, the following shielding modifications
were made.

A. Increase of height of shield wall across from the nuclear sample room.

B. Installation of a lead door on the penetration area shield.

C. Relocation of the vent header line in the auxiliary building intermediate level and shielding
of a portion of the vent header.

D. Installation of lead shielding on the east wall of the count room.

The shielding design review and the corrective actions taken for postaccident vital area
access, which was based on the original licensed power level and a 12-month fuel cycle
length, were reviewed by the NRC and the staff concluded that the requirements of NUREG
0737, Item II.B.2.2 had been met (Reference 1). The impact of core power uprate to 1775
MWt and operation with an 18 month fuel cycle has been evaluated and it is determined that
the post accident operator exposure will remain within the regulatory limits set by NUREG
0737, Item II.B.2 (Reference 4).
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In 1978, NRC IE Bulletin 78-08 (Reference 2) had requested that actions be taken to identify
potential high radiation areas associated with fuel element transfer tubes. Surveys taken at
that time did not identify any areas of concern. However, in 1999, radiation streaming was
discovered adjacent to the fuel transfer tube, which could create a high radiation area during
the movement of irradiated spent fuel. Rochester Gas and Electric provided a revised
response to Bulletin 78-08 (Reference 3). Additional shielding was installed to attenuate this
radiation streaming. As stated in Section 12.3.2.2.4, the shielding will attenuate the radiation
to less than 1.0 mrem/hr in general areas, and to less than 100 mrem/hr adjacent to the joint
during the time a spent fuel assembly is passing through the main concrete support of the con-
tainment and the transfer tube.

12.3.2.2.7 Containment Accessibility Procedure

The containment is completely closed whenever the core is critical or whenever the primary
system is above MODE 5 (Cold Shutdown) with nuclear fuel in place. Limited access to the
containment through personnel air locks is possible with the reactor above MODE 5 (Cold
Shutdown). This type of access is restricted to the areas external to the reactor equipment
compartment, primarily for inspection, testing and maintenance.

Prior to personnel entry into the containment, the containment atmosphere is sampled and
purged, if necessary, using the containment mini-purge system to reduce the concentration of
radioactive gases and airborne particulates (see Sections 6.2.4.4.9 and 9.4.1.2.9). This and
the containment auxiliary filtering system (see Section 9.4.1.2.6) are used to reduce activity
levels inside the containment. The containment mini-purge system is designed to achieve a
99% reduction (0.01 dilution factor) of contaminants in the containment atmosphere in 38
hour for 2000 cfm operation, in 51 hour for -1500 cfm, and in 76 hour for 1000 cfm. After
containment entry has been achieved, with the unit in cold or MODE 6 (Refueling) shutdown,
the blind flanges for the containment shutdown purge system may be removed and that sys-
tem may be utilized for purging (see Section 9.4.1.2.8).

The primary reactor shield is designed so that access to the primary equipment compartment
is limited by the activity of the primary system equipment and not the reactor. Opening of the
containment equipment hatch or both doors simultaneously in the personnel locks occurs dur-
ing MODE 5 (Cold Shutdown) or MODE 6 (Refueling) conditions not involving core alter-
ations or movement of irradiated fuel assemblies within containment.

MODE 6 (Refueling) is carried out with borated water in the refueling cavity so that the core
is always in a substantially subcritical condition. Operations which may change core reactiv-
ity, such as replacement of fuel or control rods, are performed only when the containment
penetrations are configured as described in the Technical Specifications. The fuel transfer
penetration tube is under a 40-ft water seal at this time.

12.3.3 VENTILATION

The ventilation systems in Ginna Station are discussed in Section 9.4. The radiation protec-
tion aspects during normal full-power operation are associated with the following systems:

A. Gas collection and decay tank system.
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B. Plant ventilation system.

C. Containment ventilation system.

D. Air ejector and gland seal exhaust system.

A block diagram of the major systems is shown in the Technical Specifications.

12.3.3.1 Gas Collection and Decay Tank System

All tanks that receive primary coolant are provided with a nitrogen cover gas. These tanks
include the three chemical and volume control system holdup tanks, the volume control tank,
the pressurizer relief tank, and the reactor coolant drain tank. Most of the gas is contained in
the chemical and volume control tanks. The cover gas must be maintained oxygen-free to
prevent explosive mixtures with hydrogen released from the primary coolant. When primary
coolant is letdown to the chemical and volume control tanks, the cover gas is displaced into

the vent header and compressed into one of four 470-ft3 gas decay tanks. Gas in the tanks can
be compressed to 100 psig.

When the liquid in the chemical and volume control tank is processed, the gas is returned
from the decay tank or from a nitrogen supply backup if decay tank gas is not available. In
practice, most of the stored gas is reused. When sufficient excess gas has accumulated, the
decay tank is isolated and held for further decay. It is then sampled for iodine and radiogas
and released through a charcoal filter to the auxiliary building vent system (plant vent). The
normal line-up of the decay tanks is one on service/reuse, one on standby, one held for decay,
and one in reserve. If the activity level in the plant vent is excessive (as determined by the
plant vent monitor), the release is automatically terminated.

12.3.3.2 Plant Ventilation System

The plant ventilation system supplies outside air to the intermediate building hot side and
auxiliary building and exhausts the air to the plant vent stack. All air exhausted from the aux-
iliary building is processed by high efficiency particulate air and charcoal filters prior to
release to the plant vent. The normal exhaust flow rate in the plant vent is about 75,000 cfm.
The flow rate is used in calculating offsite dose and is checked regularly to verify that offsite
dose calculations use a valid flow rate.

The plant vent is continuously sampled for air particulate, radiogas, and Iodine- 131 by on-
line monitors. There is also a grab sample iodine monitor, which contains a particulate filter
and a charcoal filter (fixed filters). Release determinations are made from laboratory analysis
of the filters from the grab sample iodine monitor. The lab measurements serve as a calibra-
tion check for the on-line readings of the particulate monitor (moving filter) and iodine moni-
tor. Releases are determined directly for radiogas from the radiogas monitor. Gas monitor
calibration is checked by laboratory analysis of a weekly grab sample. Lab analysis and the
radiation monitoring system are used, as appropriate, for release measurements for all
releases. Several continuous air monitors are provided for the auxiliary building. One moni-
tor is located on each of the three levels and has channels that continuously monitor for
iodine, particulate, or radiogas activity or a combination of these activities.
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12.3.3.3 Containment Ventilation System

The containment building atmosphere is continuously cooled and cleaned by a recirculating
air system located inside the building (containment air cooling system). The system consists
of four separate air handling units. Each unit has separate inlet dampers and is equipped with
a water cooled heat exchanger, a demister, a bank of high efficiency particulate air filters, and
a fan. The cleaned and cooled air is recycled within containment via a common exhaust ple-
num and distribution system.

An auxiliary filtering system is also provided in the containment building. It consists of two
charcoal filter units with a combined air handling capacity of 10,200 cfm. The containment
building atmosphere may be recirculated through these units to reduce iodine concentrations
if entry to the containment or purging is planned.

When purging of the containment is required, the containment mini-purge system is utilized
(see Section 9.4.1.2.9).

The containment atmosphere is continuously sampled for air particulate, radiogas, and
Iodine-131 by on-line monitors. There is also a grab sample iodine monitor, which contains a
particulate filter and a charcoal filter (fixed filters). The filters from the grab sample iodine
monitor are removed once a week and are analyzed in the laboratory to determine and verify
concentrations in the containment atmosphere. Before any containment entry is made, the
containment auxiliary charcoal filter system is placed in operation, and grab samples of the
containment atmosphere are used, in conjunction with the radiation monitoring system, to
determine the iodine, gaseous, and particulate activity levels. Results are used to determine
stay time or to determine if operation of the containment mini-purge system is necessary.

12.3.3.4 Air Ejector and Gland Seal Exhaust System

The air ejector and gland seal exhausts are combined and discharged through a vent on top of
the turbine building. A gross radioactivity monitor is provided external to the vent pipe (a
sodium iodide scintillation detector in a snowplow-type lead shield). See Section 11.5.2.2.8
for additional information.

12.3.4 AREA RADIATIONAND AIRBORNE RADIOACTIVITY MONITORING
INSTRUMENTATION

12.3.4.1 Introduction

The function of the radiation monitoring system is to detect any plant problem which may
lead to a radiation hazard and/or release of radioactivity to the environment. The system also
warns the operators of this hazard so that appropriate actions may be taken. To accomplish
this function, the system utilizes both area and process radiation monitors. The process radia-
tion monitors are discussed in Section 11.5.

The area radiation monitors are used to indicate general radiation levels in a specified area of

the plant over a range of 10-5 or 10-4 to 104 R/hr except the containment high-range radiation

monitors (R-29 and R-30), which have a range of I to 107 R/hr. These ranges meet the instru-
ment range recommendations of Regulatory Guide 1.97. The monitors are set to alarm (visu-
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ally and audibly) at the location and in the control room when a significant increase in
radiation level occurs. This system is also designed to alarm in the control room if a meter or
detector should fail. Various monitors also perform control functions, primarily isolating a
flowpath in order to limit the spread of contamination.

In addition, and in accordance with the requirements of NUREG 0737, Item III.D.3.3, mobile
air monitors having a single channel analyzer, calibrated to the Iodine- 131 energy, are located
in various areas throughout the plant to detect the presence of iodine. Portable air samplers
with charcoal and silver zeolite cartridges are available in various locations throughout the
plant.

12.3.4.2 Description

The area radiation monitor alarm setpoints are calculated by methods described in the Offsite
Dose Calculation Manual (ODCM). The alarm setpoints are listed in plant procedures.

Area monitors R- 1 and R-3 are in low background radiation areas of less than 1 mrem/hr.
Alarm setpoints will give personnel sufficient warning of changing radiation levels while pre-
venting spurious alarms.

Area monitor R-7 alarm setpoint for the in-core detector area is set low enough so as to alarm
when flux mapping is in progress but high enough to be off as the in-core detectors are decay-
ing. This is because if one area radiation monitor channel is alarming, the audible alarm on
the control board will not sound if another channel goes on alarm.

All of the other channel alarms are set sufficiently above the normal operating radiation levels
so as to prevent spurious alarms while at the same time set to provide alarms for any signifi-
cant increases of radiation levels that might occur.

The letdown monitor alarm channel, R-9, is located on the letdown line in the sodium hydrox-
ide tank room. Its function is to detect a change in the radioactivity of the primary coolant
and alert the control room. The alarm setpoint is set at a pre-determined value above the nor-
mal background for an early indication of an increase in failed fuel.

R-23 through R-28 are area monitors for the all-volatile-treatment mixed bed demineralizers,
regeneration tank, and waste tank. Alarm setpoints will warn personnel if these tanks become
radiation areas due to primary to secondary leakage.

Monitors R-29 and R-30 are the containment high range radiation monitors (1 to 107 R/hr).
The alert alarm is set at 10 R/hr corresponding to the top scale of the low-level area monitors
in the containment (R-2 and R-7). A high alarm of 100 R/hr gives notice of a significant
release of fission gases to the containment. These monitors have been installed in accordance
with the requirements of NUREG 0737, Item II.F. 1.2.C.

Area radiation monitors R-31 and R-32 are the A and B steam line radiation monitors. Output
from the associated detectors is displayed on control room indicators and the plant process
computer system (PPCS). Alarm setpoints are set within the working range of the readout
device just above the ambient radiation level to maximize sensitivity and avoid spurious
alarms.
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12.3.4.3 Radiation Monitoring System Detectors

All of the monitors in the radiation monitoring system use one of three types of detectors: ion
chamber, scintillation detectors, or Geiger-Mueller tubes.

Ion Chamber:

Incident radiation produces primary ions within the gas volume of the ion chamber detector.
Beta particles produce radiation by direct means such as Coulombic interactions. Gamma
radiation produces ions by the photoelectric effect, Compton scattering, and pair production.
It is these charged particles that produce the primary ions in the gas. The primary ions are
collected on the detector electrodes to produce a signal. The output signal of an ion chamber
detector is a function of the amount of primary ionization produced by the incident radiation.
The amount of primary ionization is a function of the energy of the incident radiation.
Gamma radiation of high or low intensity is capable of penetrating the ion chamber walls and
being detected. For the detection of beta particles, the ion chamber must be equipped with a
thin wall or beta window to allow the beta particles to penetrate into the gas-filled region.

Scintillation detector:

A scintillation detector is a device which converts energy in the form of radiation to energy in
the form of electricity. The first step in scintillation detector operation is the absorption of an
incident particle of radiation by the scintillation crystal. The crystal that is used for beta par-
ticle detection is generally a plastic scintillator. The conversion of energy dissipated in the
crystal causes the emission of light photons. A photomultiplier tube is used which provides a
usable signal that is representative of the original signal.

Geiger-Mueller tube:

The Geiger-Mueller tube operates in the Geiger-Mueller region of a typical gas filled detector
characteristic curve. It is a gas filled detector and because of the high voltage applied
between its electrodes it produces an output signal from a single ionization event caused by
incident radiation. A quenching gas is provided that prevents total ionization of the gas
within the detector and allows the detector to quickly reestablish initial conditions so that a
subsequent radiation event can be detected.

The sensitivity of the detectors is such that they can be used in radiation fields from 0.1

mrem/hr up to 104 R/hr where the energy of the gamma radiation can vary approximately
between 50 KeV and 3 MeV.

Process monitor detector assemblies contain a check source that can be exposed to the detec-
tor by a solenoid-operated shutter. The source is used for verification of system function, but
not for calibration.

Page 26 of 57 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 12 RADIATION PROTECTION

12.3.5 EQUIPMENT AND SYSTEM DECONTAMINATION

12.3.5.1 Design Basis

Activity outside the core could result from fission products from defective fuel elements, fis-
sion products from tramp uranium left on the cladding in small quantities during fabrication,
products of n - y or n - p reactions on the water or impurities in the water, and activated corro-
sion products. Fission products in the reactor coolant associated with MODES I and 2 and
tramp uranium are generally removed with the coolant or in subsequent flushing of the sys-
tem to be decontaminated. The products of water activation are not long-lived and may be
removed by natural decay during reactor cooldown and subsequent flushing procedures. Acti-
vated corrosion products are the primary source of the remaining activity.

The corrosion products contain radioisotopes from the reactor coolant which have been
absorbed on or have diffused into the oxide film. The oxide film, essentially magnetite with
oxides of other metals including chromium and nickel, can be removed by chemical means.

Water from the primary coolant system and the spent fuel pool (SFP) is the primary potential
source of contamination in addition to the corrosion film of the primary coolant system. The
contamination could be spread by various means when access is required. Contact while
working on primary system components could result in contamination of the equipment,
tools, and clothing of the personnel involved in the maintenance. Also, leakage from the sys-
tem during operation or spillage during maintenance could contaminate the immediate areas
and could contribute to the contamination of the equipment, tools, and clothing.

12.3.5.2 Methods of Decontamination

Surface contaminants which are found on equipment in the primary system and the spent fuel
pool (SFP) that are in contact with the water are removed by conventional techniques of
flushing and scrubbing as required. Tools are decontaminated by flushing and scrubbing
since the contaminates are generally on the surface only of nonporous materials. Personnel
and their clothing are decontaminated according to the standard radiation protection require-
ments.

Those areas of the plant which are susceptible to spillage of radioactive fluids are painted
with a sealant to facilitate decontamination that may be required. Generally, washing and
flushing of the surfaces are sufficient to remove any radioactivity present.

The corrosion films generally are tightly adhering surface contaminants and must be removed
by chemical or mechanical processes. Since decontamination experience with reactors is
continually being gained, specific procedures may change for each decontamination case.

Portable components may be cleaned with a combination of chemical and mechanical meth-
ods if required.

12.3.5.3 Decontamination Facilities

Decontamination facilities onsite consist of an equipment pit and a cask pit located adjacent
to the spent fuel storage pool. In the stainless-steel-lined equipment pit, fuel handling tools
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and other tools can be cleaned and decontaminated. Decontamination of small tools and
pieces of equipment can be accomplished in the contaminated storage building (see Section
12.5.4).

In the cask decontamination pit, the outside surfaces of the shipping casks are decontami-
nated, if necessary, by using steam, water detergent solutions, and manual scrubbing to the
extent required. When the outside of the casks are decontaminated, the casks are removed by
the auxiliary building crane and hauled away.

A decontamination shower and washroom for the personnel is located adjacent to the radia-
tion control area locker room. Personnel decontamination kits with instructions for their use
are in an area adjacent to the radiation control area locker room.
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Table 12.3-1
PLANT ZONE CLASSIFICATIONS

Zone Condition of Occupancy Maximum Dose Rate
(1% Failed Fuel) (mrem/hr)

0 Continuous access 0.1

I Continuous access 1.0

II Periodic access 2.5

III Limited access 15

IV Restricted access >15
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Table 12.3-2a
PRIMARY SHIELD NEUTRON FLUXES AND DESIGN PARAMETERS -

CALCULATED NEUTRON FLUXES (HISTORICAL)

Energy Group Incident Fluxes (n/cm2 sec) Leakage Fluxes (n/cm2-sec)

E;> 1 MeV 2.2 x 109  7.5 x 102

5.3 keV•'E•< I MeV 2.3 x 1010  1.6 x 103

0.625 eV•< E•< 5.3 keV 1.4 x 10' 0  2.7 x 103

E < 0.625 eV 1.9 x 1010 9.8 x 105

Note: The above table presents the input parameters used to support the primary shield design
for the original license application. The calculated fluxes were based on a core configuration
that included fresh fuel on the core periphery, providing the greatest contribution to neutron and
gamma leakage. With the low leakage fuel management scheme utilized for the uprated core,
the existing primary shielding remains conservative.
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Table 12.3-2b
PRIMARY SHIELD NEUTRON FLUXES AND DESIGN PARAMETERS - DESIGN

PARAMETERS (HISTORICAL)

Core thermal power 1520 MWt

Active core height 144 in.

Effective core diameter 98.16 in.

Baffle wall thickness 1.125 in.

Barrel wall thickness 1.75 in.

Thermal shield wall thickness 3.50 in.

Reactor vessel I.D. 132.0 in.

Reactor vessel wall thickness 6.50 in.

Reactor coolant cold-leg temperature 552°F

Reactor coolant hot-leg temperature 607°F

Maximum thermal neutron flux exiting primary concrete 106 n/cm 2-sec

Reactor shutdown dose exiting primary concrete < 15 mrem/hr

Note: The above table presents the input parameters used to support the primary shield design
for the original license application. The conservative analytical techniques typically used to
establish shielding requirements ensure that core power uprate to 1775 MWt and operation with
an 18-month fuel cycle will have no significant impact on the required- thickness of the primary
shielding.
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Table 12.3-3
SECONDARY SHIELD DESIGN PARAMETERS (HISTORICAL)

Core power density 85 W/cm 3

Reactor coolant liquid volume (hot) 6245 ft 3

Reactor coolant transit times

Core 0.850 sec

Core exit to steam-generator inlet 2.013 sec

Steam-generator inlet channel 0.596 sec

Steam-generator tubes 3.234 sec

Steam-generator tubes to vessel inlet 2.570 sec

Vessel inlet to core 1.774 sec

Total out of core 10.187 sec

Full-power dose rate outside secondary shield < 1 mrem/hr

Note: The above table presents the input parameters used to support the secondary shield
design for the original license application. The conservative analytical techniques typically
used to establish shielding requirements ensure that core power uprate to 1775 MWt and opera-
tion with an 18-month fuel cycle will have no significant impact on the required thickness of the
secondary shielding.
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Table 12.3-4
CONTAINMENT STRUCTURE DESIGN PARAMETERS (HISTORICAL)

Core thermal power 1520 MWt

Minimum full power operating time 1000 days

Equivalent fraction of core melting 1.0

Fission product fractional releases

Noble gases 1.0

Halogens 0.5

Remaining fission product inventory 0.01

Cleanup rate following accident 0

Maximum integrated dose (infinite exposure) in the control < 2 rem
room

Note: The above table presents the input parameters used to support post-accident contain-
ment shield design for the original license application. The impact of core power uprate to 1775
MWt and operation with an 18 month fuel cycle has been evaluated and the maximum operator
dose for vital access missions remain within the regulatory limit of 5 Rem.
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Table 12.3-5
REFUELING CANAL AND SPENT FUEL POOL DESIGN PARAMETERS

(HISTORICAL)

Total number of fuel assemblies 121

Minimum full power exposure 1000 days

Minimum time between shutdown and fuel handling 100 hr

Maximum dose rate (due to spent fuel) adjacent to spent fuel pool 1.0 mrem/hr
(east side of transfer canal)

Maximum dose rate (due to spent fuel) at water surface 2.5 mrem/hr

Maximum dose rate adjacent to the north wall (intermediate build- 15 mrem/hr

ing south)a

Maximum dose rate adjacent to the west walla .15 mrem/hr

Note: The above table presents the input parameters used to support the spent fuel pool and
refueling canal shield design for the original license application. The conservative analytical
techniques typically used to establish shielding requirements ensure that core power uprate to
1775 MWt and operation with an 18-month fuel cycle will have no significant impact on the
shielding requirements associated with fuel handling.

a. Calculated
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Table 12.3-6
PRINCIPAL AUXILIARY SHIELDING (HISTORICAL)

Component Concrete Shield Thickness

Demineralizers 4 f&0 in.

Charging pumps 2 ft 6 in.

Liquid waste holdup tanks 3 ft 3 in.

Spent regenerant chemical holdup tanks 2 ft 0 in.

Volume control tank 3 ft 6 in.

Reactor coolant filter 3 ft 6 in

Gas stripper 3 ft 6 in.

Gas decay tanks 3 ft 6 in.

Gas compressor 2 ft 6 in.

Waste evaporator (physically removed in 1999) 2 ft 6 in.

Design parameters for the auxiliary shielding include:

Core thermal power 1520 MWt

Fraction of fuel rods containing small clad defects 0.01

Reactor coolant liquid volume (hot) 6245 ft3

Letdown flow (normal purification) 40 gpm

Effective cesium purification flow 3 gpm

Cut-in concentration deborating demineralizer 160 ppm

Dose rate outside auxiliary building 1 mrem/hr

Dose rate in the building outside shield walls 2.5 mrem/hr

Note: The above table presents the input parameters used to support Auxiliary Building shield
design for the original license application. The conservative analytical techniques typically
used to establish shielding requirements, and the plant technical specifications that limit the
reactor coolant activity to well below 1% fuel defects ensure that core power uprate to 1775
MWt and operation with an 18 month fuel cycle will have no significant impact on the required
thickness of the auxiliary building shielding.
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12.4 DOSE ASSESSMENT

12.4.1 OPERATION IN MODES 1 AND 2

Radiation surveys are made of plant areas on a periodic basis by radiation protection person-
nel. Measurements are recorded on floor plan maps which are prepared for this purpose. The
radiation survey information presented in Sections 12.4.1 and 12.4.2 represent survey per-
formed prior to the uprate. Following power uprate, the maximum increase in radiation level
is expected to be 19%. Results of radiation surveys taken during 1983 are summarized in
Tables 12.4-1 and 12.4-2.

Inspection of the data in Table 12.4-2 shows that radiation levels in the control room, office
building, and turbine building were negligible (e.g., all readings were less than 0.05 mrem/
hr). Radiation levels in the intermediate building were also relatively low. The next highest
area reading observed was 4 mrem/hr at the entrance to the nuclear sample room. Most of the
other areas in the intermediate building were less than I mrem/hr. The spent fuel pool (SFP)
skimmer filter read several hundred mrem/hr.

Radiation levels in the auxiliary building depend on the nature of the activities in progress
and radioactivity levels in process systems and waste handling equipment. Radiation levels
in the spent fuel pool (SFP) and refueling area were generally less than 2 mrem/hr. Radiation
levels in accessible areas on the three operating floors were generally less than 2 mrem/hr.
Several hundred mrem/hr may be present in rooms containing process lines and equipment
such as the NaOH tank room, volume control tank room, reactor coolant filter room, nonre-
generative heat exchanger room, spent resin tank room, waste holdup room, and drum storage
area.

Radiation levels from equipment in the auxiliary building such as the waste holdup tank, con-
taminated valves and lines in the letdown system, demineralizer units, volume control tank,
reactor coolant filters, spent resin units, and storage tanks may approach high values. For
example, 10 rem/hr was noted from the reactor coolant filter, 2 rem/hr from the bottom of the
waste holdup tank, and 50 rem/hr from the spent resin tanks.

Radiation levels in containment depend on several factors, including the power level, radioac-
tivity levels in the primary coolant (fuel defects), the amount of leakage from the primary sys-
tem, and the status of the various ventilation systems (e.g., recycle cooling system, auxiliary
cleanup system, and purge system). Under full power and secured conditions the radiation
levels on the operating floor are generally on the order of 10 to 50 mrem/hr with local areas
near equipment or lines approaching 100 to 200 mrem/hr in a few areas. Radiation levels in
accessible areas of the intermediate and basement floor areas are also in the same order of
magnitude. High levels may be present from contaminated lines, in shielded areas in the
basement level, and under the primary coolant loops. High levels from neutron streaming are
present around the reactor head and at the bottom of the reactor vessel in sump A.

12.4.2 FUEL HANDLING OPERATIONS

The radiation levels associated with fuel handling are low because the spent fuel is handled
remotely using several feet of water for shielding. During transfer of spent fuel from the reac-
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tor to the storage pool, radiation levels are 1 to 2.5 mrem/hr at the manipulator cranes and 1 to
2 mrem/hr at the surface of the water. These dose rates are not changed by movement of
spent fuel. The general floor working areas have a radiation level of I to 10 mrem/hr.

Radiation levels associated with fuel inspection are essentially the same as for fuel transfer.
Inspection can be done by underwater television cameras and leak testing or "sipping" is also
done remotely, under water.

During the fuel shipping process, spent fuel would be loaded into a shipping cask remotely,
under water. Most of the exposure would be received during the decontamination of the ship-
ping cask after it was removed from the storage pool.

The radiation levels when handling fuel with maximum burnup are not expected to be signif-
icantly different from those detailed above. No more than a 10% increase in radiation levels
is expected with maximum burnup fuel.

12.4.3 POSTACCIDENT CONDITIONS

12.4.3.1 Summary

Doses to personnel during postaccident access to vital areas were evaluated as part of the
plant shielding design review submitted to the NRC in December 1979. (See Reference 1).
This evaluation identified the most critical areas requiring personnel access after the onset of
extreme accident conditions following a postulated major release of radioactivity into the
containment building. Consideration was given to areas where predetermined postaccident
functions would be performed (nuclear sample room, chemistry laboratory, count room, con-
trol room, and air sample penetrations) and to areas where personnel could be called upon to
execute certain accident-mitigating or short-term recovery tasks (hydrogen recombiner panel,
radwaste panel, and building ventilation filters). Potential radiation exposures were deter-
mined for each task and included additional exposure due to accessing the areas considered.

As a result of subsequent plant modifications, the list of areas that need operator access has
changed. Several of the access requirements listed in the 1979 Design Review Report (Refer-
ence 1) are no longer required due to changes in licensing basis since 1979, specifically
access requirements associated with post-accident sampling and access requirements to the
hydrogen recombiner panel. The access requirements for sampling were predicated upon the
perceived need for samples of the containment sump, containment atmosphere, and reactor
coolant system within a relatively short period of time after an accident occurred. However,
post TMI studies have shown that other means can be employed to determine the degree of
core damage and classify events for emergency planning purposes. Consequently, the Post
Accident Sampling System (PASS) was removed from the Technical Specifications in
Amendment 81 using the Consolidated Line Item Improvement Process (CLIIP) per TSTF-
366. WCAP-14986, and the associated NRC SER (Reference 4) provided the technical justi-
fication. Hydrogen recombiners were removed from the plant Technical Specifications in
Amendment 90 per TSTF-447, and the associated NRC SER (Reference 5). In general, post
TMI information determined that hydrogen production following a design basis Loss-of-
Coolant Accident was slow enough that other means could be employed to reduce the con-
centration to below combustible limits if needed. In the event of a severe accident, the rate of
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hydrogen production exceeds the capability of the recombiners, causing the recombiners to
become an unwanted ignition source. Therefore, entry into this area is no longer considered
necessary for short term post accident operations.

Also, a review of the Emergency Operating Procedures indicated that there are no Emergency
Operating Procedure steps that discuss the need to change the auxiliary building, spent fuel
pool or control room accident filters. In addition, the Emergency Operating Procedure review
established that the vital area access requirements noted in the 1979 Report are not considered
"required" steps but "enhancements" to be undertaken only if the environment is considered
acceptable by Health Physics (HP) personnel.

Regarding the time when access may be envisioned, the review determined that immediate
access was not required for any of the operator actions listed in the 1979 Design Review
Report. Based on the above review, and except as noted, it was determined that for purposes
of demonstrating availability, the earliest access time that needed to be addressed was at 1 day
following the accident. The earliest access time that needed to be addressed for the radwaste
panel was 10 days following the accident.

The updated list of operator access requirements includes an additional action identified sub-
sequent to the issuance of the 1979 Design Review Report, i.e., throttling of the service water
flow to the component cooling water heat exchangers to support cooling of the residual heat
removal system. This action must be completed prior to initiation of the recirculation phase
during which sump water is recirculated back to the reactor coolant system following a Loss-
of-Coolant accident.

12.4.3.2 Methodology

12.4.3.2.1 Calculation of Dose Rates

Dose rates for the areas of interest were calculated in the December 1979 Design Review
Report by determining the potential contributing sources at a representative location and
using the appropriate source term from Table 12.2-1 adjusted for decay as required. The dose
rate at the representative location was used as the general area dose rate for the area and cho-
sen to envelope all critical location of interest. The SDC code (see Reference 2) was used in
performing the dose rate calculations.

Reference 3 documents the impact of core power uprate on the post-LOCA gamma radiation
dose rates developed in the 1979 Design Review Report by using source term scaling tech-
niques. The updated dose rate and dose estimates reflect the source term assumptions dis-
cussed in the 1979 Design Review Report, as updated to reflect a core power level of 1811
MWT (includes a 2% margin to accommodate power measurement uncertainty), and opera-
tion with an 18-month fuel cycle.

12.4.3.2.2 Doses to Personnel During Postaccident Access to Vital Areas

Personnel doses received in performing a specific task in a given vital area were calculated as
the sum of the doses received during travel to and from the vital area and the dose received
while performing the given operation in the vital area.
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The doses received during travel were determined by calculating dose rates at selected loca-
tions along the travel route (or at a single location if the dose rate along the travel route is rel-
atively uniform) using the methodology discussed in Section 12.4.3.2.1 and multiplying the
dose rates by the appropriate travel times. Travel times for access routes initially evaluated in
the 1979 Design Review Report were based upon an assumed travel rate of 200 ft per minute.

The travel time associated with the additional action identified subsequent to the issuance of
the 1979 Design Review Report, i.e., throttling of the service water flow to the component
cooling water heat exchangers, is based on a time and motion study.

As part of the power uprate, Ginna has also updated the planned access route to the Target
Areas from that described in the 1979 Design Report. The new access route follows a path
from the north side of the control room to the south entrance of the auxiliary building at El
271 ft utilizing a path east of the containment outside any structures or buildings. Access
between the floors of the auxiliary building will be via the east stairway. This path was
selected since it was determined, based on review of the potential radiation sources, that it
was more prudent, based on the concepts of ALARA, to minimize the time spent for access
purposes within the auxiliary building and maximize the time spent for access purposes out-
side the structure.

Doses received while performing a given operation were determined by multiplying the dose
rate for the given area by the time to perform the operation. Dose rates for the given vital area
were calculated using the methodology discussed in Section 12.4.3.2.1. Time estimates for
performing indicated tasks for access routes initially evaluated in the 1979 Design Review
Report were based upon experience gained during a decade of plant operation at Ginna Sta-
tion, whereas the time estimate for the additional action identified subsequent to the 1979
report is based on a time and motion study.

12.4.3.3 Areas That May Require Access for Postaccident Operations

12.4.3.3.1 Hydrogen Recombiner Control Panel (Area A)

Short-term post-accident access to the Hydrogen Recombiner Control Panel located on Ele-
vation 253-ft of the Intermediate Building is no longer required. Long-term operation of this
system (if available) would employ dose reduction efforts per station ALARA practices.

12.4.3.3.2 Postaccident Containment Air Sample Penetration No. 203 (Area B)

Short-term post-accident access to Containment Air Sample Penetration No. 203 located at
Elevation 271-ft of the Intermediate Building is no longer required. Long-term sampling
activities would encounter greatly reduced dose rates, and would employ dose reduction
efforts per station ALARA practices.

12.4.3.3.3 Nuclear Sample Room (Area C)

Short-term post-accident access to the Nuclear Sample Room located on Elevation 271 -ft of
the Intermediate Building is no longer required. Long-term sampling activities would
encounter greatly reduced dose rates, and would employ dose reduction efforts per station
ALARA practices.
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12.4.3.3.4 Primary Chemistry Laboratory (Area D)

Short-term post-accident access to the Primary Chemistry Laboratory located in the Service
Building is no longer required. Long-term sampling activities would encounter greatly
reduced dose rates, and would employ dose reduction efforts per station ALARA practices.

12.4.3.3.5 Count Room (Area E)

Short-term post-accident access to the Count Room (adjacent to the Nuclear Sample Room) is
no longer required. Long-term sampling activities would encounter greatly reduced dose
rates, and would employ dose reduction efforts per station ALARA practices.

12.4.3.3.6 Postaccident Containment Sample Penetration No. 305 (Area F)

Short-term post-accident access to Containment Sample Penetration No. 305 located at Ele-
vation 253-ft of the Intermediate Building is no longer required. Long-term sampling activi-
ties would encounter greatly reduced dose rates, and would employ dose reduction efforts per
station ALARA practices.

12.4.3.3.7 Radwaste Control Panel (Area G)

Area G, the radwaste control panel, is located on the basement floor of the auxiliary building.
Immediate postaccident access to the waste disposal panel and gas analyzer is not required;
however, certain longer term actions may make access necessary to this area. The waste dis-
posal panel contains pressure gauges for the tanks using cover gas and also for the gas decay
tanks and vent header. Alarms for tank and vent header pressure and gas analyzer oxygen are
locally indicated with a waste disposal panel alarm given on the main control board. All gas
system manual operations and releases are controlled locally at the waste panel. In addition,
various equipment associated with the liquid waste system are manually controlled at this
location.

During recirculation, residual heat removal piping, safety injection pumps and pipes, and con-
tainment spray pumps and pipes will make radiation levels on the basement floor of the auxil-
iary building very high.

It is anticipated that when occupancy is required at the radwaste control panel, an individual
would spend 2 minutes in this area, once per shift. From Table 12.4-4, the radiation levels at
this location are estimated to be 3900 R/hr 1 hour after the accident. A 2-minute occupancy
in this area would result in a 130 rem dose. After 1 day, 3 days, and 10 days, the dose to a
worker in 2 minutes would be 14 rems, 7 reins, and 2.6 reins, respectively.

Access to the radwaste control panel is estimated based on use of route 5 (Table 12.4-3). The
dose received along this route is estimated to be 0.45 rem during the first hour of the accident
and less than 42 mrem I day following the accident.

12.4.3.3.8 Safeguards Bus 16 (Area H)

Area H is on the intermediate level of the auxiliary building, around safeguards bus 16. It is
not expected that any immediate access would be required to the areas of the safeguards buses
or their associated motor control centers.
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Radiation levels in area H will be from the safety injection pumps and associated piping
directly below on the basement floor. The shine through the 18-in. concrete floor has been
estimated to be about 78 R/hr at 1 hour after the accident. This radiation level drops to 3.3
R/hr at 1 day and 0.52 R/hr at 10 days (see Table 12.4-4).

In the event the chemical and volume control system is used to strip gas from the primary
coolant, the waste gas piping from the volume control tank to the gas compressor and into the
waste gas decay tanks will be contaminated. The waste gas decay tanks, once filled with
accident source activity, will also contribute to the radiation level in area H, although to a
lesser extent.

Radiation levels 30 ft from the 1 -in. waste gas piping have been estimated to be 130 R/hr at 1
hour after the accident. After I day, these levels decrease to 7 R/hr, approximately double the
radiation level coming from the floor below. The waste gas decay tanks have been estimated
to contribute 3.6 R/hr to area H at 1 hour into the accident and 0.12 R/hr after 1 day.

The waste gas piping is 1 in. in diameter and could be locally shielded. One in. of lead shield-
ing would decrease the radiation level by a factor of about 4, and 2 in. of lead by a factor of
10.

Access to area H at 1 hour after an accident is assumed to be via route discussed in UFSAR
Section 12.4.3.2.2 and will result in an additional 5.7rem for ingressing and egressing the
area. The majority of this dose comes from the waste gas piping (5.2 rem). If no waste gas
stripping is in progress, then the access dose would be only 0.52 rem. If the waste gas piping
is contaminated with stripped gases, shielding with the equivalent of I in. of lead on waste
gas piping and 1/2 in. of lead on residual heat removal sample lines results in a dose to indi-
viduals accessing area H of just over 1.94 rem. If access to this area is required at 1 day post-
accident, then the radiation dose for ingress and egress would be 0.19 rem and 0.01 rem for
unshielded and shielded waste gas and residual heat removal sample piping, respectively.

12.4.3.3.9 Safeguards Bus 14 (Area I)

The safeguards bus 14 is on the 271-ft elevation. It has been designated as area I and is
directly over area H. Occupancy in this area will be the same as explained for area H.

The radiation level in area I will be essentially from the direct dose from containment. At 1
hour, the radiation level has been estimated to be about 6.5 R/hr; after 8 hours, 0.9 R/hr; and
only 0.06 R/hr after 1 day.

Access to area I is via route discussed in UFSAR Section 12.4.3.2.2 and will add 0.45 rem to
the worker's dose at 1 hour following an accident and only 0.007 rem after 1 day.

12.4.3.3.10 Postaccident Containment Air Sample Penetration (Area J)

Short-term post-accident access to the Containment Air Sample Penetration is no longer
required. Long-term sampling activities would encounter greatly reduced dose rates, and
would employ dose reduction efforts per station ALARA practices.
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12.4.3.3.11 Auxiliary Building Heating. Ventilation, and Air Conditioning (Area K)

Short-term post-accident access to the Auxiliary Building Heating, Ventilation and Air Con-
ditioning Areas to change filters is no longer required. Long-term filter changes would
encounter greatly reduced dose rates, and employ dose reduction efforts per station ALARA
practices.

12.4.3.3.12 Spent Fuel Pool (SFP) and Auxiliary Building Heating. Ventilation, and Air
Conditioning Filters (Area L and Area M)

Short-term post-accident access to the Spent Fuel Pool and Auxiliary Building Heating, Ven-
tilation and Air Conditioning Areas to change filters is no longer required. Long-term filter
changes would encounter greatly reduced dose rates, and employ dose reduction efforts per
station ALARA practices.

12.4.3.3.13 Control Access High Efficiency Particulate Air and Charcoal Filters (Area N)

Short-term post-accident access to the Control Access High Efficiency Particulate Air and
Charcoal Filters is no longer required. Long-term filter changes would encounter greatly
reduced dose rates, and employ dose reduction efforts per station ALARA practices.

12.4.3.3.14 Control Room

An additional operator action was identified subsequent to the issuance of the 1979 Design
Review Report. The task required throttling of the service water flow to the component cool-
ing water heat exchangers to support cooling of the residual heat removal system. This action
must be completed prior to initiation of the recirculation phase during which sump water is
recirculated back to the reactor coolant system following a Loss-of-Coolant accident.

The earliest access time is expected to be at 10 minutes after the accident. The only radiation
source at that time is the airborne source inside containment. The source term assumptions
for the containment airborne source are consistent with that used in the 1979 Design Review
Report, i.e., 100% of the core noble gases and 25% halogens. No credit is taken for any
removal mechanisms other than decay. The access route dose estimates are based on use of
the new access route discussed earlier in Section 12.4.3.2.2.

12.4.3.3.15 Control Room

Continuous occupancy is required in the control room after an accident, and direct radiation
exposure from shine must be considered after a design basis accident. Per Reference 7, the
estimated integrated dose was calculated (Reference 8) for shine from containment, the (CRE-
ATS) filters and the plume passing the control room. The total integrated dose from these
three sources is estimated to be 0.36 Rem for the duration of the accident.
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Table 12.4-1
RADIATION MONITORING SYSTEM READINGS (1983)

Monitor Number Monitor Name or Location 1520 MWt
(mrem/hr)

RI Control room area < 0.1

R2 Containment area 10

R3 Radio chem lab 0.1

R4 Charging pump room 5

R5 Spent fuel pool area 1

R6 Nuclear sample room 2

R7 Incore detector area 10

R8 Drumming station 3

R9 Letdown line monitor 40
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Table 12.4-2

RADIATION SURVEY READINGS IN PLANT AREAS (1983)a

Area Descrintion or Location

Control room

Quality control office

Results and test office

Health physics office

Cafeteria

Main hall

Turbine building

General area

Main steam

Reheaters

Condensers

Blowdown

Secondary sample sink

Intermediate building areas

Elevation 253 ft

Elevation 271 to 278 ft

Elevation 295 to 298 ft

Auxiliary building operating floor

Spent fuel pool and decontamination pit area

New fuel storage area

Refueling water storage tank (RWST)

Monitoring and reactor makeup in water tank area

Waste handling area

Boric acid storage tank area

Waste condensate demineralizer room

Drumming station

Waste storage vault

Auxiliary building intermediate floor

Readings
(mrem/hr)

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

0.05 to 3

0.05 to 4

0.05 to 4

1

1
6

1

5 to 10

2 to 25

3 to 130a

5 to 10

250 to 10,000
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Area Description or Location

Refueling water storage tank (RWST) area

Vent filter area

Waste line southeast end

Gas compressor room

Gas decay tank room

Chemical and volume control system tank rooms

Volume control tank room

Concentrates tank room

Demineralizer vault

Reactor coolant filter room

Auxiliary building basement floor

General operating area

Refueling water storage tank (RWST) room

Valves on lines

Seal injection filter

NaOH tank room

Nonregenerative heat exchanger

Seal return cooler

Charging pump room

Chemical and volume control system tank room

Waste holdup tank

Readini!s
(mrem/hr)

0.5 to 4

1

70

1 to 60

1

1 to 6

1000 to 5000

2 to 200b

103 to 106

50 to 20,000c

1 to 5

6 to 25

15 to 200

1000 to 10,000

4 to 16 0d

15 to 250

4 to 35

2 to 180

5 to 150

15 to 2000e

a. Reading on demineralizer, maximum.

b. Reading on filter, maximum.

c. 20 rem/hr at contact with filter.

d. Reading on letdown line, maximum.

e. Reading on bottom of tank, maximum.

a. Readings taken in 1983 at 100% full power or 1520 MWt.
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Table 12.4-3
Table DELETED

Table
Deleted
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Table 12.4-4
EXPOSURE RATES FOR VITAL AREAS AS A FUNCTION OF TIME (R/hr)

VITAL AREAa

Area Identification per 1979 Design 1 Hour I Day
Review Report

Area A (Hydrogen Recombiner) Access Requirement ha

Area B-F (PASS related activities) Access Requirement ha:

Area G (Radwaste Panel) 4000> 470

Area H (Safeguards Bus 16)
Excluding waste gas system 78 3.3

Including Waste gas system (unshielded 232 10
pipes)

Including waste gas system (1 in. lead 120 3.8
on pipes)

Area I (Safeguards Bus 14) 7 0.06

Area J (PASS related activity) Access Requirement ha•

Area K-N (HVAC Filter change out) Access Requirement ha,

New Area-Access Requirement identi-
fied Subsequent to the 1979 Design
Review Report

Throttle SW to CCW HX 5 rem/hr at T=10 mins

a. See Section 12.4.3 for Vital Area Description

b. NC: Not calculated

c. (0.001 R/hr)

30 Days 6 Months

s been eliminated

s been eliminated

28

0.21

0.37

0.19

6.7

NCb

NCb

NCb

NCbNegligiblec

s been eliminated

s been eliminated
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Table 12.4-5
VITAL AREA RADIATION DOSE SUMMARY

Vital Areaa/Location Time After Occupancv Access
Accident Dose In Dose to and

Area From Total

Area A (Hydrogen Recom- Access Requirement has been eliminated
biner Control Panel)

Area B-F (Post Accident Access Requirement has been eliminated
Sampling Access Require-
ments)

Area G (Radwaste Control 10 day 2 min 2.7 rem Negl 2.7 r

Panel)

Area H (Safeguards Bus 16) 1 day -- 3.3 R/hr Neglb 3.3 R

Area I (Safeguards Bus 14) 1 day -- 0.1 R/hr Neglb 0.1 R

Area J (Post Accident Sam- Access Requirement has been eliminated
pling Access Requirement)

Area K-N (HVAC Filter Access Requirement has been eliminated
Changeout (Aux Bldg., Spent
Fuel Pool, Control Room)

CThrottle SW to CCW HX 10 mins 10 mins< 0.9 rem 0.6 remb 1.5 rt

a. See Section 12.4.3 for Vital Area Description

b. Areas H and I consider Access at I day and beyond. Area G is based on Access at least 10 days after the
accident.

c. Access requirement identified subsequent to issuance of the 1979 Design Review Report.

/hr

/hr

•m
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12.5 RADIATION PROTECTION PROGRAM ADMINISTRATION

12.5.1 ORGANIZATION

The designated radiation protection manager at Ginna Station is the Manager, Radiation Pro-
tection. Personnel report to the Manager, Radiation Protection, for key areas of the radiation
protection programs. The authority and responsibilities of this management position is dis-
cussed in Section 13.1.2.1.2.2.

The qualifications of individual members of the radiation protection staff meet or exceed the
minimum qualification requirements for comparable positions referenced in ANSI N 18.1-
1971 as supplemented by Regulatory Guide 18, September 1975. The Manager, Radiation
Protection, or members of the supervisory staff, meet or exceed the specific requirements for
a radiation protection manager.

Training programs for radiation protection personnel are discussed in Section 13.2.1.

12.5.2 EXPOSURE CONTROL PROGRAM

12.5.2.1 External Exposure

The external occupational exposure control program consists of Radiation Work Permits
(RWP), dosimetry, dose monitoring and review, dose limitations, and quality assurance.

The control of personnel dose within the RWP is accomplished by the use of personnel
dosimeters, radiation surveys, timekeeping and/or stay times, and a records system for docu-
menting dose. The dosimeter used primarily for dose of legal record shall be accredited by
the National Voluntary Laboratory Program (NVLAP) for ionizing radiation dosimetry. Any
dosimetry service providing dose of legal record shall use a dosimeter accredited by NVLAP
for ionizing radiation dosimetry. If the NVLAP accredited dosimeter is lost or damaged, a
backup dosimeter or other means of dose reconstruction may be used as the dose of record.
The system of records used to control personnel external exposure is through individual dose
history files and continuously undated database of dose and RWP history. The exposure lim-
itations program consists of procedures establishing policy for annual external dose guideline
limits and RWP criteria to meet the ALARA concept.

The quality assurance for external exposure control consists of the calibration of dosimeters
and portable survey instruments, and quality control checks. The program is also evaluated
for compliance by audits and surveillance. The program is evaluated for performance
improvement by self-assessments.

12.5.2.2 Internal Exposure

The internal occupational exposure program consists of using RWPs, dosimetry records,
internal exposure review, internal exposure limitations, and quality assurance of whole body
analysis equipment. The control of personnel internal exposure within the RWP is accom-
plished by the use of airborne radioactive air sampling to identify and control airborne radio-
activity, time keeping and/or stay times, and a records system for documenting any internal
dose. The method of monitoring internal exposure is the radiological analysis of air samples

Page 51 of 57 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 12 RADIATION PROTECTION

to calculate derived air concentration (DAC) hours. Internal dose of record may be assigned
from DAC hours or from in-vivo or in-vitro radiological analyses. The system of records
used to control personnel internal exposure is through individual dose history files, computer
database of DAC hour tracking and RWP history, whole body count results, air sample
results, and air contamination surveys. The exposure limitations consist of procedures estab-
lishing policy for DAC limits for posting as an airborne area, RWP criteria to meet the
ALARA concept, and DAC hour limits for requiring whole body counting, internal dose
assignments or in-vitro analysis.

The quality assurance of internal exposure consists of the calibration of portable survey
instruments, air sampling equipment, counting instruments, whole body counters, and the use
of quality control checks for calibrated equipment. The program is evaluated for compliance
by audits and surveillances, and is evaluated for performance improvement by self-assess-
ments.

12.5.2.3 Respiratory Protection

A respiratory protection program is in effect in accordance with 29 CFR 1910.134, Regula-
tory Guide 8.15 and NUREG 0041, under the supervision of a Health Physicist. This pro-
gram is implemented by written procedures on the use, selection, fitting and testing,
maintenance, and operation of respirators.

12.5.2.4 Radioactive Sources Control

All radioactive sources are under the control of the Manager, Radiation Protection and/or a
designated Health Physicist. Handling of all sources is by trained personnel following estab-
lished plant procedures or Radiation Work Permits. These procedures or permits specify pre-
cautions, protective clothing, dosimetry, and permissible locations for use, where applicable.
Procedures include requirements for receipt of radioactive materials, use of sources, and
inventory of sources. Sources that contain quantities of byproduct material listed in 10 CFR
30.70, Schedule A or 10 CFR 30.71, Schedule B, and all other sources are leak tested in
accordance with plant procedures.

12.5.2.5 Medical Examinations

All prospective employees must pass a physical examination given by the Medical Depart-
ment. This includes medical history, radiation history, physical, electrocardiogram (if consid-
ered necessary), special eye examination, and lab analyses. Special health reexamination or
bioassay tests are required as determined by the Medical Department.

Employees required to wear respirators must pass a medical check. This includes the pulmo-
nary function testing process and completion of a medical questionnaire. Reexaminations are
required annually.
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12.5.3 SURVEILLANCE PROGRAM

12.5.3.1 Surveys

Radiation and contamination surveys are performed in accordance with written procedures.
The procedures include the methodology for conducting the survey as well as minimum sur-
vey frequencies for all areas of the station.

12.5.3.2 Radiation Work Permits

Radiation Work Permits are used for entry into all restricted areas of Ginna Station such as
radiological surveys by radiation protection personnel, tours by operations personnel, or
inspections by station personnel and for specific tasks or jobs such as maintenance work on
reactor coolant systems, special plant evolutions (resin transfers, etc.), or plant modifications.
The duration of the approval period and the approval process for Radiation Work Permits are
specified in radiation protection procedures.

12.5.3.3 Access Control, Posting, and Labeling

12.5.3.3.1 Restricted Areas

The plant site is divided into categories, the unrestricted area, the restricted area, and con-
trolled areas. A controlled area may be established outside the restricted area but inside the
site boundary for any reason.

The restricted area encompasses all plant areas access to which is controlled to limit person-
nel exposure to radioactive materials and radiation. Access to the restricted area is limited to
those persons authorized for entry by station supervisors and radiation protection personnel.
Entry to and exit from the restricted areas in the intermediate building, auxiliary building, and
containment are through the designated access control point only.

Any area inside the restricted area in which radioactive materials and radiation are present is
surveyed, classified, and conspicuously posted with the appropriate radiation caution sign.

The general arrangement of the service facilities is designed to provide adequate personnel
decontamination and change areas (See Figure 12.5-1). Figure 12.5-1 delineates the
restricted areas within the service building and the access to the restricted area of the interme-
diate building.

12.5.3.3.2 Access Control

Dosimeter readings are recorded when personnel enter or exit the restricted area on the Radi-
ation Work Permit used for entry, except for an emergency entry when dose may be recorded
after exiting the restricted area. Locations within the restricted area that exceed 500 disinte-

grations per minute/ 100 cm 2 of removable contamination are considered contaminated areas
and are posted with step-off pads and/or signs. The limit for removable contamination out-

side the restricted area is 500 disintegrations per minute/I 00 cm2 .
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Administrative and physical security measures are employed to prevent unauthorized entry of
personnel to any high-radiation area or very-high-radiation areas (greater than 500 rads in I
hour at 1 meter). These measures include the following:

A. Areas in which radiation levels are so high that individuals might receive doses in excess of
100 mrem in 1 hour are barricaded and conspicuously posted as high-radiation areas.
Administrative controls require the issuance of a Radiation Work Permit prior to entering
any high-radiation area.

B. Entrances to locations where the above value exceeds I rem in 1 hour are conspicuously
posted and, in addition, doors or barriers are locked to prevent unauthorized entry. Keys to
these doors or barriers are kept under special administrative control. The locks on doors are
arranged so that personnel can leave from the high-radiation area side without a key or
other special device. In addition, very high-radiation areas shall include additional admin-
istrative controls to prevent unauthorized access.

C. Any individual or group of individuals entering a high-radiation area is provided with either
a radiation monitoring device which continuously indicates the radiation dose rate in the
area or a radiation monitoring device which continuously integrates the radiation dose rate
in the area and alarms when a preset integrated dose is received for areas with established
dose rates or is accompanied by an individual qualified in radiation protection procedures
with a dose rate monitoring device.

12.5.3.3.3 Protective Apparel

Personnel entering a contaminated area are required to wear protective clothing. The nature
of the work to be done is the governing factor in the selection of protective clothing to be
worn by individuals. The protective apparel available are shoe covers, head covers, gloves,
and coveralls or lab coats. Additional items of specialized apparel such as plastic or rubber
suits, face shields, and respirators are available for operations involving high-level contami-
nation. In all cases, radiation protection personnel shall evaluate the radiological conditions
and specify the required items of protective clothing to be worn on the appropriate Radiation
Work Permit.

Respiratory protective devices may be required in a situation arising from plant operations in
which an airborne radioactive area exists or is expected. The use of engineering controls
should be the primary means of controlling airborne radioactive areas. In all, cases, the air-
borne concentrations are monitored by radiation protection personnel and the necessary con-
trols or protective devices are specified on the Radiation Work Permit according to
concentration and type of airborne contaminants present.

12.5.4 RADIATION PROTECTION FACILITIES AND EQUIPMENT

Locker rooms are used to store items of personal clothing not required or allowed in the
restricted area. Dressing/undressing areas, decontamination sink, showers, and PCMs (per-
sonnel contamination monitors) are provided for men and women in an area adjacent to the
intermediate building, hot side.

Page 54 of 57 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 12 RADIATION PROTECTION

An automated laundry monitor with beta-gamma sensitive detectors is used to monitor cloth-
ing. The work areas are located adjacent to the restricted area access and are interconnected.
The areas consist of an office area, count room, radiochemistry laboratory, and chemistry lab-
oratory. The first aid room, general work area, whole-body count room, storage area, dosim-
etry/records area, staff offices and manager's offices are in the administration building in
close proximity to the work areas.

The count room contains a gamma spectroscopy system with germanium detectors. The pri-
mary sample stations are located in the restricted area on the other side of the radiochemistry
laboratory wall. A pass box with an alarm system makes it possible for samples to be trans-
ferred to the radiochemistry laboratory with minimal personnel handling times.

Radiation protection facilities include calibration and source checking facilities. Calibration
sources include a. self-contained, interlocked cabinet type gamma calibrator, gamma calibra-
tors and several smaller sources for free air irradiation at lower dose rates.

A hot shop was historically used for storage and decontamination of contaminated tools and
equipment. The hot shop at one time contained a decontamination sink, ultrasonic cleaner,

and automatic dishwasher. The contaminated storage building, a 50,000 ft2 central storage
facility connected to the auxiliary building by an enclosed walkway, is currently used for stor-
age and decontamination of contaminated tools, material, and equipment. The spent fuel cask
decontamination pit in the auxiliary building is used for large equipment decontamination
(see Section 12.3.5).

Portable radiation survey instruments available for routine monitoring functions are listed in
Table 12.5-1.
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Table 12.5-1
PORTABLE SURVEY METERS

Pancake Geiger-Mueller friskers

Extendable probe Geiger-Mueller

Alpha survey

Neutron rem ball

Remote probe ion chambers

Hand-held ion chamber

Hand-held Geiger-Mueller

Scintillation type aiR

Range

0 - 5,000,000 cpm

I mR/hr - 1000 R/hr

l0 cpm - 2 x l06 cpm

I mR/hr- 1000 R/hr

Probe dependent from 1.0 mR/hr
to 20,000 R/hr

Various ranges up to 50 R/hr

Various ranges up to 3 R/hr

1 - 5000 [tR/hr

Page 56 of 57 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 12 RADIATION PROTECTION

Figure 12.5-1 Service Building Restricted Areas
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13.1 ORGANIZATIONAL STRUCTURE OF GINNA NUCLEAR
GENERATING STATION

13.1.1 ORIGINAL CONSTRUCTION ORGANIZATION

13.1.1.1 Design and Construction Activities (Project Phase)

The four principal organizations responsible for the initial design and construction of Ginna
Station were the owner, Rochester Gas and Electric Corporation; the prime contractor, West-
inghouse; the architect-engineer and subcontractor to Westinghouse, Gilbert Associates, Inc.;
and the constructor and subcontractor to Westinghouse, Bechtel Corporation. Their organiza-
tional relationships and responsibilities, particularly as applied to quality control, are dis-
cussed in Section 17.1.1.

Rochester Gas and Electric engaged the firm of Pickard, Lowe and Associates, of Washing-
ton, D.C., as consultants on reactor and plant engineering, site meteorology, and general site
studies. In addition, specialists in environmental sciences participated in developing informa-
tion concerning the site. These included Dr. Ben Davidson, meteorologist and Director, Geo-
physical Science Laboratory, New York University College of Engineering; Drs. Donald
Pritchard and James Carpenter, hydrologists, and respectively Professor and Assistant Profes-
sor, Department of Oceanography, Johns Hopkins University; Dr. G. Hoyt Whipple, health
physicist, Professor of Radiological Health, School of Public Health, University of Michigan;
and Dr. Robert Sutton, geologist, University of Rochester. The firn of Hansen, Holley and
Biggs, Massachusetts Institute of Technology, was engaged for structural engineering analy-
ses. For quality control and the establishment of an operating surveillance program, the
Southwest Research Institute, San Antonio, Texas, was engaged as a consultant.

13.1.1.2 Preoperational Activities

Organization and staffing for the preoperational startup and test phase for Ginna Station is
discussed in Section 14.2.

In accordance with agreements made with RG&E, Westinghouse furnished supervision for
the precritical tests, core loading criticality, postcritical tests, and plant performance tests with
RG&E furnishing technical assistance, licensed operators, and labor for startup and plant
operation, for core loading, and for all testing operations.

13.1.2 CORPORATE NUCLEAR OPERATIONS ORGANIZATION

On June 10, 2004, the R.E. Ginna Nuclear Power Plant (Ginna) was purchased by the Con-
stellation Energy Group, Inc. from the Rochester Gas and Electric Company. A business
entity of the Constellation Energy Group Inc. (CEG), is the Constellation Energy Nuclear
Group, LLC (CENG), which operates a fleet of generating stations. Ginna is a part of that
fleet. See Figure 13.1-1.
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13.1.2.1 President and Chief Nuclear Officer (CNO), Constellation Energy Nuclear
Group (CENG)

The President and Chief Nuclear Officer (CNO) is responsible for overall corporate pol-
icy and provides executive direction and guidance for the corporation as well as promul-
gates corporate policy through the Company's senior management staff. This position
also has overall responsibility for the safe and reliable operation of the Company's
nuclear stations including management oversight and support of the day-to-day opera-
tons of the stations. This is the senior executive responsible for setting and implement-
ing policies, objectives, expectations, and priorities to ensure activities are performed in
accordance with the Quality Assurance Topical report (QATR) and other requirements.
The CNO oversees activities of the Nuclear Safety Review Board (NSRB).

13.1.3 GINNA OPERATING ORGANIZATION

Figure 13.1-2 through 13.1.11 show the organization charts for personnel reporting to the Site
Vice President and Plant General Manager. The responsibilities and lines of authority of prin-
cipal station personnel are as follows. The listing of the specific duties of these personnel are
contained in station procedures.

13.1.3.1 Site Vice President

The Site Vice President is responsible to thePresident and Chief Nuclear Officer of the Con-
stellation Energy Nuclear Group (CENG) for the overall onsite safe operation of Ginna Sta-
tion. During an absence, the Site Vice President shall delegate in writing the succession to
this responsibility. The Site Vice Presidentis responsible for those items delineated in the
Administrative Controls section of the Technical Specifications, for establishing the policies
and requirements necessary to assure safe and reliable operation of Ginna Station and for
oversight of Ginna Station and those support activities associated with Nuclear Engineering
Services, Quality and Performance Assessment, Nuclear Training, and Nuclear Safety &
Security. The Site Vice President direct reports are indicated in Figure 13.1-2.

13.1.3.2 Plant General Manager

The Plant General Manager is responsible to the Site Vice President for the overall on-site
safe operation of Ginna Station. The Plant General Manager is responsible for the perfor-
mance of Ginna Station operation, maintenance, and repair activities, and:

* the performance of all Ginna Station quality affecting activities in accordance with the
requirements of the Quality Assurance Topical Report.

" providing qualified personnel to perform quality affecting activities in accordance with
approved drawings, specifications, and procedures.

" implementation of those items delineated in the Administrative Controls Section of Techni-
cal Specifications.

" timely referral of appropriate matters to management and the NSRB.

* assuring that significant conditions adverse to quality are identified and corrected.
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The Plant General Manager assigns responsibility to Managers, Directors, and designated
staff members for the control of all activities involving operation, maintenance, repair, refuel-
ing, implementation of modifications, radiation protection, chemistry, and fire protection.
Responsibility is delegated for the implementation of Quality Assurance Topical Report
requirements at the plant for testing, operation and test status control, and calibration and con-
trol of measuring and test equipment. The Plant General Manager's direct reports are indi-
cated in Figure 13.1-3.

13.1.3.3 Manager, Nuclear Engineering Services

The Manager, Nuclear Engineering Services, is responsible to the Site Vice President for
designing and constructing modifications in accordance with applicable design bases, regula-
tory requirements, and codes and standards, configuration control of Ginna Station design,
maintaining and implementing licensing basis requirements, providing technical support
engineering, analyses and evaluations of plant activities, inservice inspection, non-destruc-
tive examination, welding, and nuclear fuel management. The Manager, Nuclear Engineer-
ing Services is also responsible for special projects associated with Ginna Station such as
unique maintenance and repair procedures for major equipment. The Manager, Nuclear Engi-
neering Services reports are indicated in Figure 13.1-4.

13.1.3.3.1 Engineering Supervision

The General Supervisors (GS) of Systems, Design, and Engineering Programs, report to the
Manager of Engineering Services. Supervisors for the Primary Systems, Balance of Plant
Systems, and I&C Electrical Systems report to the General Supervisor of Systems Engineer-
ing.

a. Supervise design activities for plant modifications, both onsite and offsite.

b. Review, approve, and issue design as required.

c. Review issues related to design and system deficiencies; recommendation and implementa-
tion of corrective action.

d. Perform design reviews and design analyses as required to support plant design bases and
plant modifications.

e. Prepare and review 10 CFR 50.59 Screens and 10 CFR 50.59 Evaluations.

f. Supervise the monitoring of plant system performance.

g. Coordinating strategic team projects.

h. Address long term equipment aging and asset management.
Engineering supervisors lead and coordinate projects including discipline interfaces and

assign projects to department engineers.

13.1.3.3.1.1 Department Engineer(s)

The Department Engineers report to the Engineering Supervisor associated with their respec-
tive discipline. The assigned engineers are responsible for the following:
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a. Prepare design documents.

b. Review design documents.

c. Evaluate qualification test results associated with design.

d. Review repair procedures.

e. Prepare and review 10 CFR 50.59 Screens and 10 CFR 50.59 Evaluations.

f. Assist in resolution of maintenance and operational concerns.

g. Ensure plant systems are appropriately maintained and operated during daily activities and
modifications.

13.1.3.3.1.2 Reactor Engineer(s)

The Reactor Engineers report to the Supervisor, Primary Systems, and are responsible for
ensuring the safe and efficient operation of the reactor. They are responsible for the plant
nuclear performance, nuclear material accountability, and reactor technology.

13.1.3.4 Manager, Integrated Work Management

The Manager, Integrated Work Management reports to the Plant General Manager. Work
management is responsible for work package preparation, planning, and scheduling of ongo-
ing maintenance in the plant. Work management is responsible for the planning, or oversight
of the planning, and management of refueling outage work. Work management is also
responsible for Plant Records. The direct reports to the Manager are shown on Figure 13.1-5.

13.1.3.5 Manager, Nuclear Training

The Manager, Nuclear Training, reports to the Site Vice President, and is to direct, adminis-
ter, and review the initial and continuing training programs for personnel at Ginna Station
The Manager, Nuclear Training, is responsible for maintaining the National Academy for
Nuclear Training accredited training programs for Ginna Station. The Manager, Nuclear
Training direct reports are indicated in Figure 13.1-6.

13.1.3.6 Director, Quality Performance and Assessment (QPA)

The Director, QPA reports to the the Fleet Manager, Quality and Performance Assess-
ment, and is responsible to the Site Vice President for all Quality Assurance and most
Quality Control functions. The Director and the QPA staff are responsible to the Nuclear
Safety Review Board (NSRB) for:

• Establishing the overall Quality Assurance Program

• Interpreting corporate quality assurance policy and for assuring its implementation. This
includes assuring that the program continues to satisfy the requirements of 10 CFR 50,
Appendix B.

0 Establishing and implementing an independent assessment program that encompasses all
organizations and functions related to the safe operation of Ginna Station.

0 Assuring that all planned and systematic actions necessary to provide adequate confidence
that Ginna Station will operate safely and reliably are established and followed.
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Providing management with objective information concerning quality, independent of the
individual or group directly responsible for performing the specific activity.

The Director, QPA has the authority and organizational freedom to assure all necessary qual-
ity activities are performed. The Director, QPA and the QPA staff are responsible for assuring
that station activities affecting quality are prescribed and carried out in accordance with
approved drawings, specifications, and procedures. Quality Control is also responsible for
ensuring the performance of verification inspection activities and assuring that inspection
requirements are included in approved procedures and work packages. The Director, QPA
direct reports are indicated in Figure 13.1-7.

13.1.3.7 Director, Material Services

The Director, Material Services is responsible for overall purchasing and warehouse functions
for Ginna Station. This includes coordinating the efforts of supply chain personnel involved
in procurement activities, receipt inspection activities, inventory control, storage and issu-
ance of materials, supplies, and equipment, and control and storage of portable material han-
dling equipment. The Director, Material Services direct reports are indicated in Figure 13.1-
8.

13.1.3.8 Manager, Nuclear Safety & Security

The Manager, Nuclear Safety & Security, reports to the Site Vice President and is
responsible for Emergency Preparedness, Security, Licensing and Environmental activ-
ites ensuring full compliance with regulatory requirements and Company policies and
procedures.

13.1.3.9 Director, Ginna IT

The Director, Ginna IT, reports to the Director, Nuclear Fleet IT, and is responsible to the
Site Vice President -for computer support.

13.1.3.10 Manager, Operations

The Manager, Operationis, reports to the Plant General Manager, and is responsible and has
authority for ensuring the safe and efficient operation of the plant in accordance with applica-
ble station licenses, operating procedures, emergency operating procedures,Technical Specifi-
cations, and safety rules. The Manager, Operations direct reports are indicated in Figure 13.1-
9.

Supervision of plant operation is under thedirection of the Manager, Operations. Each Shift
Manager reports to the General Supervisor - Shift Operations (GS-SO) and heads a shift
crew. The normal duties of a shift crew are to start up and shut down the entire plant, monitor
and control normal operations and load changes, operate the various auxiliary systems, main-
tain operating records, and perform general plant housekeeping tasks. In addition, operating
personnel supervise the refueling operation consisting of fuel relocation in the core and instal-
lation of new fuel under the technical direction of the Supervisor, Primary Systems, within
the Nuclear Engineering Services Department. The Manager, Operations, is responsible for
overall station operation in the absence of the Plant General Manager.
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13.1.3.10.1 General Supervisor - Shift Operations (GS-SO)

The General Supervisor - Shift Operations reports to the Manager, Operations. The pri-
mary function of the GS-SO is to provide a comprehensive day-by-day review of plant activ-
ities to preclude possible Technical Specifications violations and provide for the early
detection of plant problems and establish proper planning of operational activities on a short-
term basis. Shift Managers report to the GS-SO.

13.1.3.10.1.1 Shift Managers

The Shift Managers report to the General Supervisor - Shift Operations and are responsi-
ble for the performance of all personnel assigned to their shifts who could affect plant safety,
regardless of specialty affiliation. The primary function of the Shift Manager is to supervise
the operation and related activities of Ginna Station, to supply the electrical demand of the
system in the most efficient manner possible, and to protect the health, safety, and welfare of
the general public from the potential hazards associated with the plant. The Shift Technical
Advisor, Control Room Supervisor, Control Room Operators, and Auxiliary Operators
report to the Shift Managers.

During all plant modes, a Shift Technical Advisor (STA) is assigned to be in the control room
within 10 minutes of being notified by the Shift Manager. The STA provides advisory techni-
cal support to the Shift Manager in the areas of thermal hydraulics, reactor engineering, and
plant analysis with regard to the safe operation of the unit and emergency response.

13.1.3.10.1.2 Operating Shift Crews

The Operating Shift Crews report to the General Supervisor - Shift Operations through
the Shift Manager. The Ginna Station Operations Department consists of crews which con-form to the requirements for shift complement as specified in 10CFR 50.54 (k), (1), and (m).

Additional information pertaining to shift crews is provided in the Technical Specifications.
Minimum fire brigade composition is discussed in Section 9.5.1.2.5.2.

13.1.3.10.2 General Supervisor - Operations Support (GS-OS)

The General Supervisor - Operations Support (GS-OS) reports to the Manager,
Operations. Personnel reporting to the GS-OS consist of the Senior Operational Safety Ana-
lyst, Shift Manager - Work Center, and Supervisor, Procedure Development Unit.

13.1.3.10.2.1 Fire Marshal

The Fire Marshal is a supervisory level position in the Operations Department that
manages all aspects of the Fire Protection Program at the site. The position oversees a
matrix organization that includes the Fire Brigade Training Instructor, Engineering
personnel accountable for the Fire Protection Systems, Safe Shutdown Analysis and the
Fire Protection Program/Design as well as the Fire Brigade.

13.1.3.11 General Supervisor, Radiation Protection

The General Supervisor, Radiation Protection, reports to the Plant General Manager. The
General Supervisor, Radiation Protection manages personnel who supervise the Radiation
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Protection Program administration, radioactive waste control, As-Low-As-Reasonably-
Achievable (ALARA) program administration, respiratory protection program, plant radia-
tion monitoring systems, on-the-job radiation monitoring, and in-plant radiation surveillance
program. The General Supervisor, Radiation Protection also supports the corporate and plant
emergency organizations. The General Supervsior, Radiation Protection direct reports are
indicated in Figure 13.1 -10.

The General Supervisor, Radiation Protection is responsible for maintaining a program to
control doses to in-plant personnel within all regulatory guidelines and maintaining the
principles of ALARA. The General Supervisor, Radiation Protection, is also responsible
for ensuring that the Radiation Protection Training Programs provide the knowledge and
skills necessary for technicians to fulfill their assigned duties.

All radioactive sources are under the control of the General Supervisor, Radiation Protection
and/or a member of the radiation protection staff.

13.1.3.11.1 Radiation Protection Staff

Members of the radiation protection staff report to the General Supervisor, Radiation Protec-
tion, and direct the monitoring and control of the radiological aspects of work in and around
the radiologically controlled areas of the plant. The General SupervisorRadiation Protection
may assign the Health Physicists, supervisors, and/or foremen responsibility for coordination
of one or more of the following duty areas:

" Radioactive waste.

" ALARA.

" External dosimetry.

I internal dosimetry.

0 Plant radiation/contamination monitoring equipment.

0 Respiratory protection.

* Radiation protection.

• Contamination control

13.1.3.12 General Supervisor, Chemistry

The General Supervisor, Chemistry reports to the Plant General Manager. The General
Supervisor, Chemistry manages personnel who supervise primary system chemistry control,
secondary system chemistry control, and environmental monitoring, and supports the corpo-
rate and plant emergency organizations. The General Supervisor, Chemistry direct reports are
indicated in Figure 13.1 -11.

The General Supervisor, Chemistry is responsible for the control of system chemical parame-
ters to limit system degradation and contamination build-up, for maintaining a program to
minimize corrosion products within the radiologically controlled areas of the plant to insure
doses to in-plant personnel are within regulatory guidelines and the principles of ALARA are
maintained, for providing a program to monitor, control, and minimize the environmental

Page 8 of 39 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 13 CONDUCT OF OPERATIONS

impact of all plant radiological effluents and waste, and for ensuring that the Chemistry Train-
ing Programs provide the knowledge and skills necessary for technicians to fulfill their
assigned duties.

13.1.3.12.1 Radiochemistry Staff

The Radiochemistry staff reports to the General Supervisor, Chemistry, and directs the moni-
toring and control of chemical and radiochemical parameters of plant process streams con-
taining radioactive material and is responsible for establishing a comprehensive primary
sampling and analysis program to assess for system degradation; for establishing a radiologi-
cal effluent monitoring program to assess the quantity of radioactive material released into the
environment; and for establishing an environmental monitoring program to assess the radio-
logical effects of plant radiological releases to the environment surrounding the plant.

13.1.3.12.2 Secondary Chemistry

The Secondary Chemistry group reports to the General Supervisor, Chemistry, and directs the
chemical control of all nonradioactive systems at the plant site to ensure compliance with fed-
eral and industry regulations and standards, and is responsible for authorizing the mfiethodol-
ogy used in the Secondary Chemistry Monitoring Program; for interpreting the results of
chemical analyses; for advising the plant on operational modifications necessary for
improved secondary water control; for advising the Plant Management promptly of off-con-
trol chemistry conditions affecting operating status and recommending corrective actions for
those conditions; and for reviewing all secondary system analytical results.

13.1.3.13 Manager, Maintenance

The Manager, Maintenance, is responsible for station maintenance and maintenance planning
and scheduling. The Manager, Maintenance reports to the Plant General Manager. The Gen-
eral Supervisor of Mechanical Maintenance, General Supervisor of Maintenance Support,
General Supervisor of Electrical Controls Maintenance, and General Supervisor of Fix-It-
Now (FIN) all report to the Manager, Maintenance. The Manager, Maintenance direct
reports are indicated in Figure 13.1-12.

13.1.3.13.1 General Supervisor, Mechanical Maintenance

The General Supervisor, Mechanical Maintenance, reports to the Manager, Maintenance, and
is responsible for maintaining station facilities, mechanical equipment, the inspection and

maintenance of material handling equipment, piping systems and station grounds in a
manner to permit safe and efficient operation.

13.1.3.13.2 General Supervisor, Electrical Controls Maintenance

The General SupervisorElectrical Controls Maintenance, reports to the Manager, Mainte-
nance, and is responsible for electrical maintenance, calibration, testing, and upgrading (when
required) of all installed meters, instrumentation and control equipment and electrical switch-
gear and components associated with the reactor, its auxiliary systems, and the conventional
steam portion of the plant. The General Supervisor, Electrical Controls Maintenance main-
tains and ensures that plant process instruments and control equipment are in proper calibra-
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tion and operating condition. The General Supervisor, Electrical Controls Maintenance, is
responsible for the maintenance and calibration of all plant direct radiation monitoring equip-
ment. Electrical maintenance in the 115-kV and 345-kV switchyards is handled by the
RG&E district maintenance crews. The General Supervisor, Electrical Controls Mainte-
nance,is responsible for the general supervision of the station Instrumentation and Control
Group and the electricians.

13.1.3.13.3 General Supervisor, Maintenance Support

The General Supervisor, Maintenance Support, reports to the Manager, Maintenance. The
General Supervisor, Maintenance Support, is responsible to direct and coordinate the systems
and processes needed to support the planning of maintenance activities, including preventa-
tive and predictive maintenance, diagnostic testing, root cause analysis, and supporting infor-
mation systems.

13.1.3.14 Director, Safety and Health

The Director, Safety and Health, administers and coordinates the overall station industrial
safety and health program. The Director, Safety and Health, reports to the Plant General
Manager.

13.1.4 QUALIFICATIONS OF PLANT PERSONNEL

13.1.4.1 Qualifications of Plant Staff

The qualifications of individual members of the plant staff meet or exceed the minimum qual-
ification requirements for comparable positions referenced in ANSI N 18.1-1971, as supple-
mented by Regulatory Guide 1.8, September 1975, with the exception of members of
operating shift crews who require a 10 CFR 55 license, non-licensed operators, technicians,
and repairmen.

The Director, Radiation Protection or members of the supervisory staff meet or exceed the
qualification requirements of Regulatory Guide 1.8, September 1975, for a radiation protec-
tion manager.

Licensed Senior Reactor Operators and licensed Reactor Operators are qualified in accor-
dance with 10 CFR 55. As a minimum, the Manager, Operations, or the Assistant Operations
Manager of Shifts, and the Shift Managers, and Control Room Foremen have Senior Reactor
Operator Licenses.

The following personnel who provide onsite or offsite support to Ginna are qualified in accor-
dance with 10 CFR 50.120:

1. Non-licensed operators.

2. Shift Managers (supervisory duties).

3. Shift Technical Advisors.

4. Instrument and Control Technicians.

5. Electrical Maintenance personnel.

Page 1 0 of 39 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 13 CONDUCT OF OPERATIONS

6. Mechanical Maintenance personnel.

7. Radiation Protection Technicians.

8. Chemistry Technicians.

9. Engineering support personnel.

13.1.4.2 Qualifications of Incumbent Plant Personnel

The qualifications in the form of resumes of individual key plant managerial and supervisory
personnel at the time of initial plant startup were included in the original FSAR.
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Figure 13.1-1 Corporate Operations Organization

Nine Mile Point R.E. Ginna Nuclear Calvert Cliffs Nuclear

Nuclear Station, LLC Power Plant, LLC Power Plant, Inc.

SVP SVP SVP
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13.2 TRAINING PROGRAM

13.2.1 PLANT STAFF TRAINING PROGRAM

13.2.1.1 Objectives

The objectives of the Rochester Gas and Electric Corporation staff training programs for the
R. E. Ginna Nuclear Power Plant are as follows:

A. Train a staff to operate and maintain the nuclear plant safely, dependably, and economically.

B. Prepare the maintenance personnel for their functions necessary to the support and safety of
plant operation.

C. Prepare shift supervisors and control room personnel for the NRC qualification examina-
tion for reactor operator and senior reactor operator.

13.2.1.2 Initial Training Programs

13.2.1.2.1 Personnel Selection

The personnel chosen for the initial operating staff of Ginna Station were selected following
evaluation of their aptitude in company-sponsored courses in nuclear engineering and their
previous power plant experience. Following this selection, they were carefully screened by
Westinghouse preplacement aptitude tests. These tests were professionally administered psy-
chological and technical aptitude examinations used to evaluate the adaptability of the appli-
cant to nuclear power plant operation. The technical preparation of personnel for the plant
was a continuing project starting in 1963.

13.2.1.2.2 Nuclear Theory

Table 13.2-1 summarizes the training program for the initial Ginna Station staff. The training
program began in November 1963. A nuclear engineering course was taught by Dr. John W.
Bartlett of the University of Rochester. This was an introduction to nuclear power course and
consisted of 18 evening lectures, one per week, with the last lecture on March 30, 1964. A
nuclear theory course under the direction of Dr. Leonard Geller of Stoller Associates began
on September 14, 1965. This graduate level course of 153 hr was conducted for approxi-
mately 45 employees from the Production, Chemical Laboratory, Employee Relations, Public
Relations, Engineering, and Load Dispatcher Departments. The 51 sessions covered the fol-
lowing material:

Four sessions math refresher.

One session introduction to nuclear program.

Ten sessions atomic and nuclear physics.

Eleven sessions nuclear reactor theory.

Five sessions thermal design of nuclear plants.

Six sessions radiation effects and shielding.
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Five sessions control and instrumentation.

Three sessions auxiliary reactor systems.

Six sessions reactor containment and hazards analysis.

In conjunction with the above-mentioned course, a nuclear theory laboratory course was con-
ducted at the University of Rochester under the direction of Dr. John W. Bartlett. This con-
sisted of thirteen 3-hour laboratory classes where nuclear experiments were carried out.

The next phase of the training program began on January 3, 1967. It was conducted by West-
inghouse in conformance with the reactor operator training program then in use, to prepare
applicants for the AEC reactor operator licensing examinations.

13.2.1.2.3 Plant Systems and Operations

Ten weeks of the Westinghouse program were held at the Westinghouse Reactor Evaluation
Center, Waltz Mill Site, Madison, Pennsylvania. Lectures were given on:

" Atomic, nuclear, and reactor physics.

" Reactor operations and instrumentation.

" Reactor engineering and PWR technology.

* Radiation protection and reactor safety.

One week was devoted to group reactor core loading exercises including criticality experi-
ments on the Critical Experiment Station reactor. Two weeks were spent at the Critical
Experiment Station reactor facility by each trainee for individual console operations and data
handling. During this time, each.trainee performed at least 30 reactor startups on the Critical
Experiment Station reactor.

Twenty-three weeks of the Westinghouse program were conducted at the Saxton Nuclear
Experimental Corporation (SNEC) PWR facility in Saxton, Pennsylvania. Here, the basic
knowledge gained at Westinghouse Reactor Evaluation Center was applied to a PWR plant.
Classroom lectures were given so that each trainee became familiar with the SNEC radiation
protection program, evacuation procedures, and all systems in the plant. All trainees worked
shift work for several weeks to get practical experience on a PWR unit. Each trainee had at
least two full startups of the reactor. Also, while at SNEC, each trainee witnessed reactor
head removal and fuel handling.

The remaining 6 weeks of the Westinghouse program were devoted to a lecture series on sys-
tems and components of the R. E. Ginna Nuclear Power Plant. The offsite part of the West-
inghouse training program ended on October 13, 1967.

13.2.1.2.4 Final Phase

The final phase of the Westinghouse training program began at the plant site in October 1967.
During this phase, fundamentals of reactor theory and chemistry were reviewed. Plant sys-
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tems and operations were studied, observed during construction, and operated during check-
out.

Key supervisory plant personnel, including shift foremen, were prepared for the AEC senior
operator license examination prior to initial criticality. To this end, training consisted of oper-
ating experience at existing PWR plants, or the equivalent, where they were administered an
AEC operator examination.

Plant operating personnel, as a team, conducted tests of plant systems, wrote emergency and
operating procedures, and prepared the proposed Technical Specifications.

13.2.1.3 Onsite Training Prior to Startup

The onsite training school program began in the spring of 1968. It was expected that initial
criticality would occur approximately 11 months after the start of the training school, leaving
ample time for the proper training of personnel. The instructors for the school were members
of the supervisory staff of the RG&E operating department and technical personnel from the
engineering group. The latter group discussed the systems and their components from the
designer's viewpoint. Engineering and scientific personnel from Westinghouse and Gilbert
Associates, Inc., assisted in presentations covering design aspects of equipment supplied by
their respective organizations. Technical consultants and other vendor representatives were
invited to discuss topics of special interest.

The instructional responsibilities were divided among the plant supervisory staff as follows:

Plant Engineer

Maintenance Engineer

Reactor Engineer

Results and Test Engineer

Operations Engineer

Assistant Plant Superintendent

Plant Superintendent

Health Physics Department

Westinghouse Training Coordi-
nator

Atomic structure, nuclear theory, reactor physics, and the con-
tainment.

Reactor kinetics, primary coolant system and components,
fuel handling, and emergency procedures.

Basics of electricity, plant electrical systems, reactor control,
core layout, safety injection system, and administrative proce-
dures.

Radiation detection, nuclear instrumentation, and auxiliary
coolant system.

Chemical and volume control system and operating instruc-
tions.

Radioactive waste treatment, Technical Specifications, and
site contingency procedures.

Secondary plant systems.

Radiation protection, health physics, plant ventilation, water
treatment, and sampling.

Instrumentation and control.
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The supervisory staff was heavily assisted in class preparation and presentation by the six
shift foreman candidates.

All reactor operator trainees were experienced power plant operators. During the training
program, time was allowed so that plant systems and operations were studied, observed dur-
ing construction, and operated during checkout.

13.2.2 REPLACEMENT AND RETRAINING OF PERSONNEL

13.2.2.1 Licensed Operator Replacement and Requalification Training

The program for replacement and requalification of licensed operators is in accordance with
10 CFR 55 and is based on a systems approach to training. The program was accredited by
the National Nuclear Accrediting Board in February 1987 (Reference 1).

The R. E. Ginna simulation facility is certified in accordance with 10 CFR 55.45(b)(5) (Refer-
ence 2).

13.2.2.2 Replacement and Retraining of Unlicensed Personnel

The program for replacement and retraining of the following personnel who provide onsite or
offsite support to Ginna Station is based on a systems approach to training and is in accor-
dance with 10 CFR 50.120:

" Non-licensed operators.

• Shift Supervisors (supervisory duties).

" Shift Technical Advisors.

" Instrument and Control Technicians.

" Electrical Maintenance personnel.

" Mechanical Maintenance personnel.

" Radiation Protection Technicians.

" Chemistry Technicians.

* Engineering support personnel.

The replacement and retraining of other unlicensed plant personnel within the Ginna Station
operating organization is in accordance with Section 5.5 of ANSI N 18.1-1971.

The training of Rochester Gas and Electric Corporation and offsite agency personnel for exe-
cution of the station Emergency Plan is described in the Emergency Plan and implementing
procedures referenced in Section 13.3.

Training for the fire brigade is discussed in Section 9.5.1.2.5.3.

13.2.2.3 General Employee Training

Personnel requiring unescorted access to Ginna Station are required to attend classroom train-
ing in the following areas:
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" General description of plant facilities and administrative controls.

" Security program.

" Industrial safety program.

" Fire protection program.

" Station emergency program.

" Quality assurance program.

" Radiological Health and Safety Program (required of all personnel entering radiologically
restricted areas).

• Other training appropriate to an individual job or functional assignment as identified by
their immediate supervisor.

Radiation Protection training includes "hands-on" training with radiation protection monitor-
ing devices and the donning of protective clothing. Refresher training for plant personnel in
the areas of security, quality assurance/quality control, safety, and radiation protection is con-
ducted annually.
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REFERENCES FOR SECTION 13.2

1. Letter from R. C. Mecredy, RG&E, to Document Control Desk, NRC, Subject: Certifi-
cation of Licensed Operator Requalification Training Program, dated May 25, 1989.

2. Letter from R. C. Mecredy, RG&E, to Director Office of Nuclear Reactor Regulation,
NRC, Subject: Simulator Facility Certification, dated February 15, 1991.
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Table 13.2-1
INITIAL GINNA STATION PERSONNEL TRAINING

Westinehouse

Trainees Dr. Dr. Gellera Dr. Bartlett Waltz Saxton Onsiteb Masters Experienc Onsite
Bartletta Laboratorya Mils Pa! Pa_ Degree in e in Health Trainine

Health Physics in Health
Physics physicsb

Superintendent X X X X X X X

Assistant Superintendent X X X X X X X

Operations Engineer X X X X X X X

Maintenance Engineer X X X X X X X

Nuclear Engineer X X X X X X

Results and Test Engineer X X X X X X

Shift Foreman X X X X X

Licensed operators X X X

Nonlicensed operators X X

Supervisor of Chemistry and X X X X X
Health Physics

Health Physicist X X X X

Health Physics Technicians X

Maintenance personnel Xc X

Office personnel x

Chemistry Technicians x

a.

b.

C.

Description in Section 13.2.1.2.

Description in Section 13.2.1.3.

Not all.
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13.3 EMERGENCY PLANNING

The Ginna Station Nuclear Emergency Response Plan has been submitted to the NRC as a
separate document. The Emergency Plan Implementing Procedures have also been submitted
to the NRC.

Provisions have been made for periodic review and updating of the Nuclear Emergency
Response Plan and Emergency Plan Implementing Procedures and for informing individuals
and organizations that have responsibility for implementation of significant revisions to the
plan and/or procedures.

The New York State Emergency Plan for Radiation Accidents, the New York State Bureau of
Radiological Health Specific Operating Procedure for the Ginna Site, and the Monroe County
and Wayne County radiation emergency response plans have been submitted to the NRC.
These plans are submitted to the Federal Emergency Management Agency (FEMA) by New
York State when revised and are submitted to the NRC for information.

An onsite Technical Support Center (TSC), Operational Support Center (OSC), and
Survey Center have been established. Also, an offsite Emergency Operations Facility

(EOF) has been established. Emergency support facilities have been upgraded to meet the
requirements of NUREG 0737, Item II1.A.1.2.

The offsite Emergency Operations Facility (EOF), including the Joint Information Cen-
ter (JIC) and the offsite Survey Center, are located at 1255 Research Forest, Gananda
Region of the Town of Macedon, New York. This facility is approximately 12.5 miles south
of Ginna Station.

The Technical Support Center (TSC) is located adjacent to the turbine building on the second
floor of the all-volatile-treatment building. The Operations Support Center (OSC) is located
in the Outage Control Center (OCC), which is in the Ginna Service Building. The Survey
Center (SC) is located in the EOF. The FEMA has determined that the alert and notification
system installed around Ginna Station satisfies the requirements of NUREG 0654/FEMA-
REP-1, Rev. 1, and FEMA-43, and provides reasonable assurance that the system is adequate
to promptly alert and notify the public in the event of a radiological emergency at the site.
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13.4 REVIEW AND AUDIT

Three separate organizational units have been established for the purpose of review and audit
of plant operations and safety-related matters. One of these is an onsite review group, the
Plant Operations Review Committee (PORC). The second is the independent review group,
the Nuclear Safety Review Board (NSRB). The third is the Quality Performance & Assess-
ment group,which performs independent assessment functions.

13.4.1 ONSITE REVIEW

Plant Operations Review Committee

The scope of review, organization, quorum, qualifications, responsibilities, and records of the
PORC are described in Appendix A of the Quality Assurance Topical Report (QATR).
Review of changes to the program are conducted in accordance with 10 CFR 50.54(a).

13.4.2 INDEPENDENT REVIEW

Nuclear Safety Audit and Review Board

The scope of review, composition, meeting frequency, quorum, qualifications of members,
and record requirements of the NSARB are described in Appendix A of the Quality Assur-
ance Topical Report (QATR). Changes to the Quality Assurance Topical Report (QATR) are
conducted in accordance with 10 CFR 50.54(a).

13.4.3 AUDIT PROGRAM

13.4.3.1 Nuclear Safety Review Board

The NSRB is required to ensure that independent reviews and audits of activities are per-
formed. Applicable audits are established and described, including minimum frequency, in
Section C.2 of the Quality Assurance Topical Report (QATR).

13.4.3.2 Quality Performance & Assessment Group

The organization, qualifications, responsibilities, and training of quality assurance personnel
responsible for audits of safety-related activities are outlined in the Quality Assurance Topical
Report (QATR).
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13.5 PLANT PROCEDURES

13.5.1 ADMINISTRATIVE PROCEDURES

13.5.1.1 Conformance With Regulatory Guide 1.33

The administrative procedures for Ginna Station are maintained consistent with the commit-
ments discussed in the Quality Assurance Topical Report (QATR) cited in UFSAR Section
17.2.

13.5.1.2 Preparation of Procedures

Cognizant station managers are responsible for initiating, preparing, and controlling plant
procedures consistent with their responsibilities and for ensuring that any activity is per-
formed in accordance with the latest applicable procedures. The Administrative Controls sec-
tion of the Technical Specifications require that written procedures be established,
implemented, and maintained covering the following activities:

A. The applicable procedures recommended in Regulatory Guide 1.33, Revision 2, Appendix
A, February 1978.

B. The emergency operating procedures required to implement the requirements of NUREG-
0737 and NUREG-0737, Supplement 1, as stated in Generic Letter 82-33.

C. Effluent and environmental monitoring.

D. Fire Protection Program implementation.

E. All other programs specified in the Programs and Manuals subsection of the Administrative
Controls section of Technical Specifications.

The preparation, changing, revising, approval, updating, and document control of station pro-
cedures is controlled by the Quality Assurance Topical Report (QATR) and approved proce-
dures.

13.5.1.3 Description of Administrative Procedures

Administrative procedures included in the applicable categories cited in Section 13.5.1.2 are
available at the station for NRC review.

13.5.2 OPERATING AND MAINTENANCE PROCEDURES

13.5.2.1 Control Room Operating Procedures

Control room operating procedures include the following categories which are available at
the station for NRC review:

* General operating procedures.

* System operating procedures.

* Emergency operating procedures.

* Turbine plant operating procedures.
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" MODE 6 (Refueling) procedures.

• MODE 6 (Refueling) shutdown surveillance procedures.
" Alarm response procedures.

" Precautions, limitations, and setpoints.

13.5.2.2 Site Contingency Procedures

13.5.2.2.1 General

Site contingency procedures have been developed to ensure that proper action is taken in the
event of an emergency.

Procedures have been prepared for many emergencies including the following: high radiation,
adverse weather, high water or flood, earthquake, fire, and bomb threat. The Nuclear Emer-
gency Response Plan implementing procedures are discussed in Section 13.3. Bomb threat is
covered in the Security Plan (see Section 13.6).

13.5.2.2.2 Adverse Weather Conditions

The adverse weather emergency plan describes the operator actions to be taken in the event of
high winds, tornadoes, and ice storm conditions which could occur.

13.5.2.2.2.1 High Winds

The Shift Manager should be in communication with RG&E Energy Operations in regard to
weather conditions if high winds are approaching the area. The Shift Manager will be kept
informed of their course and intensity and of any changes in the forecast.

If, in the judgment of the Shift Manager, a question of the plant safety exists, the unit will be
shut down.

13.5.2.2.2.2 Tornadoes

If area weather conditions are such that tornadoes are possible in the plant area, as determined
from information supplied by RG&E Energy Operations, the Shift Manager will post a tor-
nado watch with a radio on the roof of the turbine building.

If the tornado is sighted and observed to be a potential danger, the plant will be placed in a
MODE 3 (Hot Shutdown) condition on orders of the Shift Manager.

13.5.2.2.2.3 Ice Storms

RG&E Energy Operations will keep the Shift Manager informed of the possibility of losing
any transmission lines due to severe ice buildup. Load reduction will be determined through
coordination between Energy Operations and the Shift Manager, dependent on the conse-
quences of the storm and the need for protection of plant equipment and personnel.
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13.5.2.2.3 High Water or Flood Emergency Plan

The high water or flood emergency plan describes the procedures that are followed in the
event that high water or a flooding condition exists on the plant site. The actions taken will
depend on the following conditions:

Flooding of Deer Creek

An analysis has been performed to determine the potential for site flooding from Deer Creek
due to a major precipitation event. The results of this analysis are documented in the NRC
Safety Assessment Report for SEP Topic II-3.B (Re/erence 1). It was determined that the
flooding potential from Deer Creek was low. Emergency procedures require the installation
of flood barriers and connection of the alternative cooling water supply to the diesel genera-
tors in the event that the water rises above the handrails of the access road bridge over Deer
Creek.

A large pipe break or eguipment failure

An evaluation of high and moderate energy pipe breaks, and potential tank failures has been
conducted during review of SEP Topics II-5.A, 1II-5.B, and IX-3 (Reference 1). Emergency
procedures provide for use of alternative sources of cooling water to the diesel generators and
suction supply to the auxiliary feedwater systems, in the event of a loss of normal service
water.

High lake level (flood)

If a lake level of 252 ft 0 in. occurs and a continued rise is observed or expected, the event
will be classified as appropriate and closely monitored. If wave action causes splashing over
the discharge canal wall or armor stone, a water level watch will be posted in the screen
house. When water level begins to accumulate on the screen house operating floor, or a lake
level of 253 ft 6 in. is observed, a plant load reduction to MODE 3 (Hot Shutdown) will be
commenced, if necessary.

13.5.2.2.4 Earthquake Emergency Plan

The earthquake emergency plan describes the procedures that will be followed in the event an
earthquake tremor occurs at the plant site. The procedures are designed to protect the plant
personnel and equipment and to ensure the health and safety of the general public. If a tremor
of greater than 0.01g is indicated, an inspection of important plant areas will be conducted. If
any damage to the primary or engineered safety features systems is noted or if an accel-
erograph reading of 0.08g or greater is noted, the plant will be shut down.

13.5.2.2.5 Fire Emergency Plan

The fire emergency plan describes the prefire strategy, the equipment, and the procedures that
will be followed in the event of a fire within the facility. The required actions are in accor-
dance with commitments to 10 CFR 50, Appendix R. The actions to be taken will depend on
the following:

0 Location of the fire.
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* Severity of the fire.

* Type of fire.

* Effect on reactor safety.

The fire emergency plan is designed to detect, extinguish, and set forth procedures of plant
operation in the event of a fire to protect plant equipment and to ensure the health and safety
of the general public and plant personnel.

Ginna Station has contacted the Ontario Volunteer Fire Department and an understanding has
been reached on the extent of assistance and equipment which will be available when needed.

13.5.2.3 Other Procedures

Other procedures include the following:

1. Maintenance procedures.

2. Emergency maintenance procedures.

3. Calibration procedures.

4. Test instrumentation calibration procedures.

5. Periodic test procedures.

6. Protective relay procedures.

7. Special test procedures.

8. Primary chemistry procedures.

9. Radioactive discharge procedures.

10. Radiation protection procedures.

11. Secondary chemistry procedures.

12. Chemistry environmental procedures.

13. Quality control inspection procedures.

14. Inservice inspection procedures.

15. Station modification procedures.

16. Ginna security procedures.

All operating, testing, -and maintenance procedures are considered to be technical procedures.
These procedures emphasize the precautions to be taken as well as the methods required for
performing the work. Operating and special precautions are delineated as necessary in the
procedures.

Maintenance at Ginna Station can be grouped into two categories: preventive or scheduled
maintenance and troubleshooting or repair of equipment required to support operations. Pre-
ventive maintenance is scheduled during unit shutdown periods and during scheduled system
outages while the unit in online. Breakdown maintenance is done immediately in accordance
with provisions outlined in the Technical Specifications.
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The planner identifies the need for a Radiation Work Permit in the work package, if required.
In the event maintenance is required in a restricted area or on potentially contaminated equip-
ment, Radiation Protection personnel will either be contacted or a Radiation Work Permit
identified in the work package.

The Ginna holding rules must be followed for the maintenance of all equipment. Holding
rules are established by a Ginna Station procedure and have as their purpose to isolate equip-
ment to make it safe for work to be performed.
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REFERENCES FOR SECTION 13.5

1. Letter from D. M. Crutchfield, NRC, to J. E. Maier, RG&E, Subject: Supplement to the
Integrated Plant Safety Assessment Report for the R. E. Ginna Nuclear Power Plant,
dated August 31, 1983.
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13.6 INDUSTRIAL SECURITY

The Constellation Energy plans for physical protection of Ginna Station are described in the
NRC-approved plans which are withheld from public disclosure pursuant to 10 CFR 2.790(d)
and 10 CFR 73.21. These plans are the Robert E. Ginna Station Physical Security Plan and
the Safeguards Contingency Plan. The plans conform to the requirements of appropriate fed-
eral regulations governing security activities of nuclear power reactors. Changes to the plans
are made in compliance with 10 CFR 50.54(p) or 10 CFR 50.90 as applicable.
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INITIAL TEST PROGRAM14
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14.1 SUMMARY OF TEST PROGRAM AND OBJECTIVES

Chapter 14 is a historic summary of the initial startup testing programs conducted for the R.
E. Ginna Nuclear Power Plant, both at 1300 and 1520 MWt. Therefore, many of the system
parameters, such as setpoints, flows, operating modes, and operating procedures have
changed and no longer accurately reflect the present plant configuration and variables.

14.1.1 STARTUP AND POWER TESTING AT 1300 MEGAWATTS THERMAL

14.1.1.1 Summary

During the transition from a construction-oriented job to a commercial power producing
plant, equipment and systems were tested to prove their capability in accordance with design
criteria.

The initial startup test program at the R. E. Ginna Nuclear Power Plant was performed in
order to ensure the safe and efficient operation of the plant up to its initial rating of 1300
MWt. The reactor was shown to be stable at all power levels up to 1300 MWt with induced
disturbances to the reactor system. Perturbations to the secondary system were 10% load
swings, 50% load reductions, and 100% turbine trip. Control rods were used for a dynamic
rod drop test, ejected and dropped rod worth measurements, and a xenon oscillation test.
Maximum and/or minimum values of critical reactor system parameters during plant transient
tests were within allowable limits. In addition, core thermal-hydraulic limits were not
exceeded for steady-state or transient situations.

The startup and power testing program results substantiated design predictions. The core
thermal and hydraulic performances showed that the core operated within the specified ther-
mal and hydraulic limits. Reactor system stability measurements were within applicable cri-
teria. Control rod reactivity worth measurements and rod insertion scram times were
satisfactory.

The results of the preoperational testing program and the operational and transient tests for
operation up to 1300 MWt were reported to the NRC in the Technical Supplement Accompa-
nying Application to Increase Power, February 1971 (Reference 1). The staff reviewed and
reported on these results in the Safety Evaluation issued by letter dated January 20, 1972 (Ref-
erence 2).

This section (14.1.1),lists the planned initial tests and test objectives from preoperational tests
through completion of the 100-hour rated full power acceptance test at 1300 MWt. Section
14.1.2 summarizes the test program conducted in March and April 1972 to increase rated
power output from 1300 to 1520 MWt. Section 14.6.1 includes the individual test descrip-
tions for the initial (1300 MWt) startup test program. Section 14.6.2 describes the test pro-
gram for increasing rated power from 1300 to 1520 MWt.
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14.1.1.2 Tests Prior to Reactor Fueling

14.1.1.2.1 Summary

Rochester Gas and Electric Corporation in cooperation with Westinghouse Electric Corpora-
tion prepared detailed test procedures prior to scheduled initial testing of systems and deter-
mination of reactor physics parameters.

The tests conducted on the engineered safety systems were included under the tests of the
containment system, safety injection system, the containment spray system, and the contain-
ment recirculation fan coolers (CRFC) and filtration system.

The test objectives incorporated testing of redundant equipment where it was involved.

Abnormal plant conditions were simulated during testing when such conditions did not
endanger personnel or equipment or contaminate clean systems. Where predicted emergency
or abnormal conditions were involved in the testing program, the detailed operation was pro-
vided in the test procedure.

The acceptance criterion for all components and systems was that the test results were accept-
able when the test objectives were met within the design specification limits and within the
applicable Technical Specifications.

The following is an extensive tabulation of major startup tests and operations performed to
place the equipment in the specified system in service. The systems and items tested are
listed in approximately chronological order.

1. Switchgear system.

2. Voice communications system.

3. Service water (SW) system.

4. Fire protection system.

5. Instrument and service air systems.

6. Nitrogen storage system.

7. Reactor coolant system cleaning.

8. Reactor containment air circulation system.

9. Feedwater and condensate circulation systems.

10. Auxiliary coolant system.

11. Chemical feed system.

12. Chemical and volume control system.

13. Containment spray.

14. Safety injection system.

15. Fuel handling system.

16. Reactor containment high pressure test.
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17. Cold hydrostatic tests.

18. Radiation monitoring system.

19. Nuclear instrumentation system.

20. Radioactive waste disposal system.

21. Sampling system.

22. Hot functional tests.

" Reactor coolant system.

" Chemical and volume control system.

• Sampling system.

• Auxiliary coolant system.

" Safety injection system.

* Waste disposal system.

* Ventilation system.

23. Primary system safety valves tests.

24. Turbine steam seal and blowdown systems.

25. Emergency diesel electric system.

14.1.1.2.2 Test Objectives

The objectives of the tests prior to reactor fueling were as follows:

1. Switchgear system (electrical tests).

Ensure continuity, circuit integrity, and the correct and reliable functioning of electrical
apparatus. Electrical tests will be performed on transformers, switchgear, turbine generator,
motors, cables, control circuits, excitation switchgear, dc system, annunciator system, light-
ing distribution switchboard, communication system, and miscellaneous equipment. Spe-
cial attention will be directed to the following tests:

A. 480-V switchgear breaker interlock test.

B. Station loss of voltage auto-transfer test.

C. Critical power transfer test.

D. Tests of protection devices.

E. Equipment automatic start tests.

F. Check exciter for proper voltage buildup.

2. Voice communication systems.

Verify proper communication between all intraplant stations, for interconnection to com-
mercial phone service and to balance and adjust amplifiers and speakers.

3. Service water (SW) system.
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Verify, prior to critical operations, the design head and capacity characteristics of the ser-
vice water (SW) pumps, the system design flow rate through all heat exchangers, and the
specified requirements when operated in the safeguards mode,

4. Fire protection system.

Verify proper operation of the system by ensuring that the design specifications are met for
the fire service booster pump and the fire service pumps, checking that automatic start func-
tions operate as designed, and that level and pressure controls meet specifications.

5. Instrument and service air systems.

Verify the operation of all compressors to design specifications, the manual and automatic
operation of controls at design setpoints, design air-dryer cycle time and moisture content
of discharge air, and proper air pressure to each instrument served by the system.

6. Nitrogen storage system.

Verify system integrity, valve operability, regulating and reducing station performance, and
the ability to supply nitrogen to interconnecting systems as required.

7. Reactor coolant system cleaning.

Flush and clean the reactor coolant and related primary systems to obtain the degree of
cleanliness required for the intended service. Provisions to maintain cleanliness integrity
and protection from contamination sources will be made after system cleaning and accep-
tance. The system, component, or section of a system shall be considered clean when the
flush cloth shows no grindings, filings, or insoluble particulate matter larger than 40
microns (lower limit of naked eye visibility). After systems have been flushed clean of par-
ticulate matter within the limit specified, the cleanliness integrity of the system will be
maintained filled with water which meets the system cold chemistry requirement. After fill
and pressurization and prior to hot operation, cold chemistry requirements will be main-
tained. Oxygen will be analyzed and brought into specification prior to exceeding 200'F.

8. Reactor containment air circulating system.

Verify, prior to critical operation, the fan capacities and the remote and automatic operation
of system louvers and valves in accordance with the design specifications.

9. Feedwater and condensate circulation systems.

Verify valve and control operability and setpoints, flushing and hydro as applicable, and
inspection for completeness and integrity. Functional testing will be performed when a
steam supply is available.

10. Auxiliary coolant system.

Verify component cooling flow to all components and proper operation of instrumentation,
controllers, and alarms. Specifically, each of the three loops (i.e., component cooling loop,
residual heat removal loop, and spent fuel pool (SFP) cooling loop) will be tested to ensure
the following:

A. All manual and remotely operated valves are operable manually and/or remotely.

B. All pumps perform according to manufacturers' specifications.
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C. All temperature, flow, level, and pressure controllers function to control at the
required setpoint when supplied with appropriate signals.

D. All temperature, flow, level, and pressure alarms provide alarms at the required loca-
tions when the alarm setpoint is reached and clear when the reset point is reached.

E. Design flow rates established through heat exchangers.

11. Chemical feed system.

Verify valve and control operability and setpoints, flushing and hydro as applicable, inspec-
tion for completeness and integrity. Functional testing will be performed when a steam
supply is available.

12. Chemical and volume control system.

Verify, prior to critical operation, that the system functions as specified in the system
description and appropriate technical manuals, more specifically:

A. All manual and remotely operated valves are operable manually and/or remotely.

B. All pumps perform to manufacturers' specifications.

C. All temperature, flow, level, and pressure controllers function to control at the
required setpoint when supplied with appropriate signals.

D. All temperature, flow, level, and pressure alarms provide alarms at the required loca-
tions when the alarm setpoint is reached and clear when the reset point is reached.

E. The reactor makeup control controls blending, dilution, and boration as designed.

F. The design seal-water flow rates are attainable to each reactor coolant pump.

G. The boric acid evaporator package functions as specified in the manufacturers' techni-
cal manuals.

13. Containment spray.

Verify performance of the containment spray pumps.

14. Safety injection system.

Verify, prior to critical operation, response to control signals and sequencing of the pumps,
valves, and controllers of this system as specified in the system description and the manu-
facturers' technical manuals, and check the time required to actuate the system after a safety
injection signal is received; more specifically:

A. All manual and remotely operated valves are operable manually and/or remotely.

B. All pumps perform their design functions satisfactorily.

C. For each pair of valves to redundant flow paths, disabling one of the valves does not
impair remote operation of the other.

D. The proper sequencing of valves and pumps occurs on initiation of a safety injection
signal.

E. The fail position on loss of power for each remotely operated valve is as specified.
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F. Valves requiring coincidence signals of safety injection and high containment pressure
operate when supplied with these signals.

G. All level and pressure units are set at the specified points and provide alarms at the
required locations, and clear when the reset point is reached.

H. The time required to actuate the system is within the design specifications.

15. Fuel handling system.

Show that the system design is capable of providing a safe and effective means of transport-
ing and handling fuel from the time it reaches the plant until it leaves the plant. In particu-
lar, the tests will be designed to verify:

A. The major structures required for MODE 6 (Refueling), such as the reactor cavity,
refueling canal, spent fuel storage, and decontamination facilities, are in accordance
with the design specifications.

B. The major equipment required for MODE 6 (Refueling), such as the manipulator
crane, spent fuel pool (SFP) bridge, and fuel transfer system, operate in accordance
with the design specifications.

C. All auxiliary equipment and instrumentation function properly.

16. Reactor containment high pressure test.

Verify, prior to critical operation, the structural integrity and leaktightness of the contain-
ment.

17. Cold hydrostatic tests.

Verify the integrity and leaktightness of the reactor coolant system and related primary sys-
tems with the performance of a hydrostatic test at the specified test pressure with no visible
leakage nor distortion.

18. Radiation monitoring system.

Verify the calibration, operability, and alarm setpoints of all radiation level monitors, air
particulate monitors, gas monitors, and liquid monitors which are included in the opera-
tional radiation monitoring system and the area radiation monitoring system.

19. Nuclear instrumentation system.

Ensure that the instrumentation system is capable of monitoring the reactor leakage neutron
flux from source range through 120% of full power and that protective functions are operat-
ing properly. In particular, the tests will be designed to verify:

A. All system equipment, cabling, and interconnections have been properly installed.

B. The source range detector and associated instrumentation respond to neutron level
changes and that the source range protection (high-flux-level reactor trip) as well as
alarm features and audible count rate operate properly.

C. The intermediate range instrumentation, reactor protective and control features, high-
level reactor trip, and high-level rod stop signals operate properly and that permissive
signals for blocking source range trip and source range "high voltage off' operate
properly.
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D. The power range instrumentation operates properly and that the protective features
such as the overpower trips, permissive, and dropped-rod functions operate with the
required redundancy and separation through the associated logic matrices, and nuclear
power signals to other systems are available and operating properly.

E. All auxiliary equipment such as the comparator and startup rate channel, recorders,
and indicators operate as specified.

F. All instruments are properly calibrated and all setpoints and alarms are properly set.

20. Radioactive waste disposal system.

Verify satisfactory flow characteristics through the equipment, demonstrate satisfactory
performance of pumps and instruments, check for leaktightness of piping and equipment,
and verify proper operation of alarms, instrumentation, and controls. More specifically ver-
ify that:

A. All piping and components are properly installed as per design specifications.

B. All manual and automatic valves are operable.

C. All instrument controllers operate to control process at required values.

D.. All process alarms operate at required locations.

E. All pumps perform to manufacturer's specifications.

F. All pumps indication and controls are operable at designated stations.

G. The waste gas compressors packages operate as specified in manufacturer's technical
manual.

H. The gas analyzer operates as specified in the manufacturer's technical manual.

I. The waste boiler operates as specified in the manufacturer's technical manual.

J. The hydrogen and nitrogen supply packages are sufficient for all modes of operation.

21. Sampling system.

Verify that a specified quantity of representative fluid can be obtained safely and at design
conditions from each sampling point. In particular, the tests will be designed to verify:

A. All system piping and components are properly installed.

B. All remotely and manually operated valving operates in accordance with the design
specifications.

C. All sample containers and quick-disconnect couplings function properly and as speci-
fied.

22. Hot functional tests.
2

The reactor coolant system will be tested to check heatup (using pump heat) and cooldown
procedures, demonstrate satisfactory performance of components prior to installation of the
core, verify proper operation of instrumentation, controllers, and alarms, and provide oper-
ating conditions for checkout of auxiliary systems.
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The chemical and volume control system will be tested to determine that water can be
charged at rated flow against normal reactor coolant system pressure, check letdown flow
against design rate for each pressure reduction station, determine the response of the system
to changes in pressurizer level, check procedures and components used in boric acid batch-
ing and transfer operations, check operation of the reactor makeup control, check operation
of the excess letdown and seal-water flowpath, and verify proper operation of instrumenta-
tion, controllers, and alarms.

The sampling system will be tested to determine that a specified quantity of representative
fluid can be obtained safely and at design conditions from each sampling point.

The auxiliary coolant system will be tested to evaluate its ability to remove heat from reac-
tor coolant, verify component cooling flow to all components, and verify proper operation
of instrumentation, controllers, and alarms.

The safety injection system will be tested to check the time required to actuate the system
.after a safety injection signal is received, check that pumps and motor-operated valves are
properly sequenced, and verify proper operation of instrumentation, controllers, and alarms.

The radioactive waste disposal system will be tested to verify satisfactory flow characteris-
tics through the equipment, demonstrate satisfactory performance of pumps and instru-
ments, check for leaktightness of piping and equipment, and verify proper operation of
alarms.

The ventilation system will be tested to adjust proper flow characteristics of ducts and
equipment, demonstrate satisfactory performance of fans, filters, and coolers, and verify
proper operation of instruments and alarms.

23. Primary system safety valves test.

Test and set pressurizer safety and relief valves to ensure that each valve lifts, relieves
excess pressure, and reseats.

24. Turbine steam seal and blowdown systems.

Verify valve and control operability and setpoints, flushing and hydro as applicable, inspec-
tion for completeness and integrity. Functional testing will be performed when a steam
supply is available.

25. Emergency diesel electric system.

Demonstrate that the system is capable of providing power for operation of vital equipment
under power failure conditions. In particular the tests will be designed to verify:

A. All system components have been properly installed.

B. The emergency diesels function according to the design specification under emer-
gency conditions.

C. The emergency units are capable of supplying the required power to vital equipment
under emergency conditions.

D. All redundant features of the system function according to the design specifications.
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14.1.1.3 Final Plant Preparation

14.1.1.3.1 Core Loading

The as-loaded core configuration was specified as part of the fuel core design studies con-
ducted well in advance of plant startup and as such was not normally subject to change at
plant startup. In the relatively unlikely event that mechanical damage was sustained during
core loading operations by a fuel assembly of a type for which no spare was available onsite,
a previously examined alternate core loading scheme whose characteristics closely approxi-
mate those of the initially prescribed pattern was to be invoked.

The core was assembled in the reactor vessel in water containing enough dissolved boric acid
(usually at least 2000 ppm) to maintain the core multiplication constant at 0.90 or lower and
was not subsequently distributed or changed until the end of the core cycle. Core moderator
chemistry conditions (particularly, boron concentration) were prescribed in the core loading
procedure document and were verified by chemical analysis of moderator samples every 8
hours during core loading operations.

Core loading instrumentation consisted of two permanently installed plant source range
(pulse-type) nuclear channels and two temporary in-core source range channels plus a third
temporary channel to be used as a spare. The permanent channels were monitored in the con-
trol room by licensed plant operators; the temporary channels were installed in the contain-
ment and were monitored by technical specialists of Westinghouse and by licensed senior
reactor operators of RG&E. At least one plant channel and one temporary channel were
equipped with audible count range indicators. Both plant channels and both regular tempo-
rary channels displayed neutron count rate on count rate meters and strip chart recorders.
Minimum count rates of two counts per second, attributable to core neutrons, were required
on at least two of the four available nuclear channels at all times during core loading opera-
tions. Two artificial neutron sources, each rated at approximately 200 Ci of Polonium-2 10-
alpha activity, were introduced into the core at appropriate specified points in the core loading
program to ensure a neutron population large enough for adequate monitoring of the core.

Fuel assemblies together with inserted control components (rod cluster control units or burn-
able poison inserts) were added to the core one at a time according to a previously established
and approved sequence which had been developed to provide reliable core monitoring with
minimum possibility of core mechanical damage. The core loading procedure documents
included a detailed tabular check sheet which prescribed and verified the successive move-
ments of each fuel assembly and its specified inserts from its initial position in the storage
racks to its final position in the core. Multiple checks were made of component serial num-
bers and types at successive transfer points to guard against possible inadvertent exchanges or
substitutions of components.

An initial nucleus of eight fuel assemblies, the first of which bore an installed neutron source,
had been determined to be the minimum source-fuel nucleus which would permit subsequent
meaningful inverse count rate monitoring. This initial nucleus was known by calculation and
previous experience to be markedly subcritical (kEFF < 0.90) under the required conditions of
loading.
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Subsequent fuel additions were made, one assembly at a time, with detailed inverse count rate
ratio monitoring after each addition. The results of each loading step was evaluated by both
Westinghouse technical specialists and licensed RG&E operations personnel and concurrent
approval to proceed was granted before the next prescribed step could be started.

Criteria for safe loading required that loading operations stop immediately if the following
conditions occurred:

A. The neutron count rates on all responding nuclear channels double during any single load-
ing step.

B. The neutron count rate on any individual nuclear channel increases by a factor of five dur-
ing any single loading step.

A containment evacuation alarm was coupled to the plant source range channels with a set-
point at five times the current count rate to provide automatic indication of high count rate
during fuel addition.

In the event that an unacceptable increase in count rate were to be observed on any or all
responding nuclear channels, special procedures involving fuel withdrawal from the core,
detector relocation, and charging of additional boric acid into the moderator would have been
invoked by Westinghouse technical specialists with the approval of licensed operational per-
sonnel of RG&E.

Core loading procedures specified alignment of fluid systems to prevent inadvertent dilution
of the reactor coolant, restricted the movement of fuel to minimize the possibility of mechan-
ical damage, prescribed the conditions under which loading could proceed, identified chains
of responsibility and authority, and provided for continuous and complete fuel and core com-
ponent accountability.

14.1.1.3.2 Postloading Tests

Upon completion of core loading and installation of the reactor upper internals and the pres-
sure vessel head, certain mechanical and electrical tests were performed prior to initial criti-
cality. The electrical wiring for the rod drive circuits, the rod position indicators, the reactor
trip circuits, and the in-core thermocouples were tested at the time of installation. Final oper-
ational tests were repeated on these electrical items.

Mechanical and electrical tests were performed on the rod cluster control unit drive mecha-
nisms. Tests included a complete operational checkoutof the mechanisms. Checks were
made to ensure that the rod position indicator coil stacks were connected to their proper posi-
tion indicators. Similar checks were made on the rod cluster control unit drive coils.

Tests were performed on the reactor trip circuits to test manual trip operation. Actual rod
cluster control unit drop times were measured for each rod cluster control. By use of dummy
signals, the reactor control and protection systems were made to produce trip signals for the
various plant abnormalities that required tripping.

After filling and venting was completed, the final cold hydro tests were conducted.
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A complete electrical and mechanical check was made on the in-core nuclear flux mapping
system at the operating temperature and pressure.

14.1.1.4 Initial Testing in the Operating Reactor

14.1.1.4.1 General

The objectives of the tests performed after the initial core loading until completion of the 100-
hour rated full power acceptance run are summarized in Table 14.1-1.

Tests which were performed from the initial core loading to rated power are summarized in
Section 14.6.1.

14.1.1.4.2 Initial Criticality

Initial criticality was established by withdrawing the shutdown and control groups of rod
cluster control units from the core, leaving the last-withdrawn control group inserted far
enough to provide effective control when criticality was achieved, and then slowly and con-
tinuously diluting the heavily borated reactor coolant until the chain reaction was self-sustain-
ing.

Successive stages of rod cluster control group withdrawal and of boron concentration reduc-
tion were monitored by observing changes in neutron count rate as indicated by the regular
plant source range nuclear instrumentation as functions of rod cluster control group position
and, subsequently, of primary water addition to the reactor coolant system during dilution.

Primary safety reliance was based on inverse count rate ratio monitoring as an indication of
the nearness and rate of approach to criticality of the core during rod cluster control group
withdrawal and during reactor coolant boron dilution. The rate of approach toward criticality
was reduced as the reactor approached extrapolated criticality to ensure that effective control
was maintained at all times.

Relevant procedures specified alignment of fluid systems to allow controlled start and stop
and adjustment of the rate at which the approach to criticality could proceed, indicated values
of core conditions under which criticality was expected, and identified chains of responsibil-
ity and authority during reactor operations.

14.1.1.4.3 Zero Power Testinm

Upon establishment of criticality, a prescribed program of reactor physics measurements was
undertaken to verify that the basic statics and kinetics characteristics of the core were as
expected and the values of kinetics coefficients assumed in the safeguards analysis were
indeed conservative.

Measurements made at zero power and primarily at or near operating temperature and pres-
sure included verification of calculated values of rod cluster control group and unit worths,
isothermal temperature coefficient under various core conditions, differential boron concen-
tration worth, and critical boron concentrations as a function of rod cluster control group con-
figuration. Preliminary checks on relative power distribution were made in normal and
abnormal rod cluster control unit configurations.
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Concurrent tests were conducted on the plant instrumentation, including the source and inter-
mediate range nuclear channels. Rod cluster control unit operation and the behavior of the
associated control and indicating circuits were demonstrated and the adequacy of the control
and protection systems were verified under zero power operating conditions.

Detailed procedures specified the sequence of tests and measurements to be conducted and
the conditions under which each was to be performed to ensure the relevancy and consistency
of the results obtained.

14.1.1.4.4 Power Level Escalation

When the operating characteristics of the reactor at zero power had been verified, a program
of power level escalation in successive stages was undertaken. Both reactor and plant opera-
tional characteristics were closely examined at each stage and the relevance of the safeguards
analysis was verified before escalation to the next programmed level was effected.

Reactor physics measurements were made to determine the magnitudes of the power coeffi-
cient of reactivity, rod cluster control group differential worth, and relative power distribution
in the core as functions of power level and rod cluster control group position.

Concurrent determinations of primary and secondary heat balances were made to ensure that
the several indications of plant power level were consistent and to provide the bases for cali-
bration of the power range nuclear channels. The ability of the reactor control and protection
systems to respond effectively to signals from plant primary and secondary instrumentation
under a variety of conditions encountered in normal operations was verified.

At prescribed power levels the response characteristics of the reactor coolant and steam sys-
tems to dynamic stimuli were evaluated. The responses of system components were mea-
sured for 10% loss of load and recovery, full loss of load, turbine trip, loss of flow, and trip of
a single rod cluster control unit.

Adequacy of radiation shielding was verified by gamma and neutron radiation surveys in the
vicinity of the containment and throughout the plant site.

The sequence of tests, measurements, and intervening operations was prescribed in the power
escalation procedures, together with specific details relating to the conduct of the several tests
and measurements.

14.1.1.4.5 Post Startup Surveillance and Testing Requirements

The equipment verification program was designed to provide assurance that essential sys-
tems, which included equipment components and instrument channels, were always capable
of functioning in accordance with their original design criteria. These requirements can be
separated into two categories:

A. The system must be capable of performing its function, i.e., pumps deliver at design flow
and head, and instrument channels respond to initiating signals within design calibration
and time responses.
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B. Reliability is maintained at levels comparable to those established in the design criteria and
during early plant life.

The testing requirements, as described in the Technical Specifications, establish this reliabil-
ity and, in addition, provide the means by which this reliability is continually reconfirmed.
Verification of operation of complete systems is checked at MODE 6 (Refueling) intervals.
Individual checks of components and instrumentation are made at more frequent intervals as
outlined in the Technical Specifications.

The techniques used for the testing of instrument channels include a preoperational calibra-
tion which confirms values obtained during factory test programs. These reconfirmed cali-
bration values become the reference for recalibration maintenance at MODE 6 (Refueling)
intervals during plant life. Periodic testing, as defined in the Technical Specifications,
includes the insertion of a predetermined signal that will trip the channel bistable. Indication
of the operation is confirmed and recorded.

Testing of components is initiated through manual actuation. If response times are important,
they are measured and recorded. The capability to deliver output is checked by instrumenta-
tion and compared against design data. Allowable discrepancies are established in the vendor
manuals, performance specifications, and Technical Specifications.

Rochester Gas and Electric Corporation believes that such testing provides a realistic basis
for determining maintenance requirements and as such ensures continued system capabilities,
including reliability, equal to those established in the original criteria.

14.1.2 POWER TEST PROGRAM TO 1520 MEGAWATTS THERMAL

An amendment to the operating license was issued on March 1, 1972, which authorized an
increase in the plant output from 1300 to 1520 MWt. A diverse and thorough testing program
was used in the power escalation performed from March 8 to April 14, 1972.

The program consisted of a number of tests and measurements at power levels of 1300, 1380,
1455, and 1520 MWt. At each of these power levels, in-core flux maps, delta T measure-
ments, containment radiation surveys, and primary coolant activity measurements were per-
formed. Additional flux maps were obtained at 1455 MWt to calibrate the axial offset
monitoring. The flux maps, delta T measurements, and the containment radiation surveys all
showed very good agreement with predictions.

The response of system components to increases in core power output was studied. The reac-
tor was operated for a short period at 1520 MWt and performed satisfactorily. Core physics
parameters agreed well with design data and there was considerable margin to core safety
limits. Core instrumentation continued to accurately reflect the behavior of the core.

A detailed discussion of the uprating test program is included in Section 14.6.2. Rochester
Gas and Electric Corporation reported the results of the test program to the AEC in a letter
dated August 14, 1972 (Reference 3).
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REFERENCES FOR SECTION 14.1

1. Letter from Lamb, LeBoeuf, Leiby & MacRae to Peter A. Morris, Division of Reactor
Licensing, AEC, Subject: Technical Supplement Accompanying Application to Increase
Power, February 1971, dated February 8, 1971.

2. Letter from D. V. Skovholt, AEC, to Edward V. Nelson, RG&E, Subject: Safety Evalua-
tion by the Division of Reactor Licensing, R. E. Ginna Power Increase, Enclosure 3,
dated January 20, 1972.

3. Letter from R. R. Koprowski, RG&E, to E. V. Block, NRC, Subject: R. E. Ginna
Nuclear Power Plant Unit No. I Power Escalation to 1520 MWt, March 1972, dated
August 14, 1972.
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Table 14.1-1
INITIAL TESTING SUMMARY - INITIAL CRITICALITY THROUGH 100 - HOUR

ACCEPTANCE TEST

Test Conditions

Rod cluster
control unit
drop tests

Thermocou-
pie/resistance
temperature
detector inter-
calibration

Nuclear
design check
tests

Rod cluster
control group
calibration

Power coeffi-
cient mea-
surement

Automatic
control sys-
tem checkout

Power range
instrumenta-
tion calibra-
tion

MODE 5 (Cold
Shutdown)
MODE 3 (Hot
shutdown)

Various temper-
atures during
system heatup
at zero power

All two dimen-
tional rod clus-
ter control
groups configu-
rations at hot
zero power

All rod cluster
control groups
at hot zero
power

0% to 100% of
full power

Objectives

Measure the scram time of rod clus-
ter control units under full flow and
no flow conditions

Determine in-place isothermal cor-
rection constants for all core exit
thermocouples and reactor coolant
resistance temperature detectors

Verify that nuclear design predic-
tions for endpoint boron concentra-
tions, isothermal temperature
coefficients and power distribu-
tions are valid

Verify that nuclear design predic-
tions for control group differential
worths with and without partial
length rod cluster control units are
valid

Verify that nuclear design predic-
tions for differential power coeffi-
cients are valid

Verify control system response
characteristics for the steam genera-
tor level control system, rod cluster
control automatic control system,
and turbine control system

Verify that all power range instru-
mentation consisting of power
range nuclear channels, in-core flux
mapping system, core exit thermo-
couple system and reactor coolant
resistance temperature detectors is
responsive to changes in reactor
power level and power distribution
and to intercalibrate the several sys-
tems

Acceptance Criteria

Drop time less than
value assumed in safety
analysis

Resistance temperature
detectors verify that
resistance temperature
detector system meets
setpoint requirements
of Technical Specifica-
tions

FSAR limiting values
for 6p/6T, FAH

FSAR limiting values
for 6p/6T, Ap/h

FSAR limiting values
for 6p/6q

No safety criteria appli-
cable

During static
and/or transient
conditions at
30%, 70%,
90%, and 100%

Verify that setpoints
cited in Technical Spec-
ifications are met
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Load swing

Plant trip

Pressurizer
effectiveness

Circulation
(nuclear heat)

Circulation
(partial
cooldown)

±10%. steps at
-30%, -70%,
and -100%

Full load rejec-
tion from -30%
and -100%

Hot shutdown

-7% of rated
power both
reactor coolant
system pumps
off

Shutdown -
both reactor
coolant system
pumps off- one
steam genera-
tor isolated

Hot zero power

Hot zero power

-70% of rated
power

-70% of rated
power

Verify reactor control system per-
formance

Verify reactor control performance

Verify that pressurizer pressure can
be reduced at the required rate by
pressurizer spray actuation

Verify that natural circulation is
established

No safety criteria appli-
cable

No safety criteria appli-
cable

No safety criteria appli-
cable

Enough natural circula-
tion to remove long-
term residual heat

Verify ability to cooldown with nat- Partial cooldown com-
ural circulation pleted

Minimum
shutdown ver-
ification

Pseudo ejec-
tion

Pseudo ejec-
tion

Power redis-
tribution fol-
low

Verify the nuclear design prediction
of the minimum shutdown boron
concentration with one "stuck" rod
cluster control unit

Verify nuclear design predictions of
effects on core reactivity and power
distribution of ejection of one rod
cluster control unit from a fully
inserted control group

Verify nuclear design predictions of
effects on core reactivity and power
distribution of ejection of one rod
cluster control unit from typical
operating configuration

Verify that ex-core nuclear instru-
mentation adequately monitors
changes in core power distribution
under transient xenon conditions

Measured minimum
shutdown boron con-
centration must be less
than the minimum
operating boron con-
centration

FSAR limiting values
for FAH, reactivity
insertion

FSAR limiting values
for FAH, reactivity
insertion

FSAR symmetric off-
set Fz correlation
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Static rod
cluster con-
trol drop

Rod cluster
control inser-
tion

Dynamic rod
cluster con-
trol drop

Load reduc-
tion

-70% of rated
power

-70% of rated
power

-70% of rated
power

-50% reduc-
tion from -70%
-50% reduc-
tion from
-100%

Verify that a single rod cluster con-
trol unit inserted fully or part way
below the control bank can be
detected by ex-core nuclear instru-
mentation and core exit thermocou-
ple under typical operating
conditions and to provide bases for
adjustment to protection system set-
points

Determine the effect of a single
fully inserted rod cluster control
unit on core reactivity and core
power distribution under typical
operating conditions as bases for
setting turbine runback limits

Verify automatic detection of
dropped rod, and subsequent auto-
matic rod stop and turbine cutback

Verify reactor control system

Inserted rod detectable
with instrumentation

See next step

Required power reduc-
tion and rod withdrawal
block accomplished

No safety criteria appli-
cable

Part-length
group opera-
tional man-
uevering

Load cycle

Turbine gen-
erator startup

Turbine-gen-
erator

Control valve

Acceptance
run

-40% to -85%

Pre- and post-
synchronization

-30% of rated
power

-70% of rated
power

100 hr at full
rated power

Verify that part-length rod cluster
control manuevering scheme is
effective in containing and sup-
pressing spatial xenon transients

Verify that all plant systems are
capable of sustaining load follow
operations Without encountering
unacceptable operational limits
through a typical weekly cycle

Verify that the turbine generator
unit and associated controls and
trips are in good working order and
ready for service

Verify normal trouble-free perfor-
mance of the turbine generator at
low power

Verify capability of exercising con-
trol valves at significant load and
evaluate function of valves and con-
trols

Verify reliable steady-state full
power capability

FSAR limiting values
for Fz, FAH

FSAR limiting values
for Fz, FAH, shutdown
margin

Successful completion
of all mechanical and
electrical and control
functional checks

Performance within
manufacturers' limita-
tions

Normal trouble-free
operation

100-hr reliable equilib-
rium plant operation at
full power
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14.2 INITIAL ORGANIZATION AND STAFFING

14.2.1 INITIAL STARTUP AND OPERATING STRUCTURE

The organization chart in Figure 14.2-1 shows the normal complement of full-time employees
for Ginna Station at the time of initial tests and operations. In addition to the 67 employees,
the plant management had available technical advice and services from the consultants in
nuclear engineering, environmental sciences, medicine, and industrial hygiene. During initial
startup and testing of the station, additional personnel were available to assist in the initial
testing of the plant. Westinghouse also provided assistance for precritical tests, core loading,
achieving criticality, post-critical tests, and plant performance tests.

Ultimate responsibility for startup and testing rested with RG&E, the holder of the facility
license.

The plant organization in general was similar to that used successfully in the past for other
RG&E thermal plants. The major difference was the selection and training of the personnel,
the Operations Engineer, and the addition of radiation protection personnel. The responsibil-
ity of the plant organization was to operate the plant efficiently and competently in a manner
consistent with safety to the public and plant personnel. Plant supervision was under the
direction of the Superintendent of Electric and Steam Generation who received technical sup-
port from the RG&E Engineering Department.

14.2.2 ONSITE TRAINING PRIOR TO STARTUP

The onsite training school program began in the spring of 1968. It was expected that initial
criticality would occur approximately 11 months after the start of the training school, leaving
ample time for the proper training of personnel. The instructors for the school were members
of the supervisory staff of the RG&E Operating Department and technical personnel from the
engineering group. The latter group discussed the systems and their components from the
designer's viewpoint. Engineering and scientific personnel from Westinghouse and Gilbert
Associates, Inc., assisted in presentations covering design aspects of equipment supplied by
their respective organizations. Technical consultants and other vendors' representatives were
invited to discuss topics of special interest.

The instructional responsibilities were divided among the plant supervisory staff as follows:

Plant Engineer Atomic structure, nuclear theory, reactor physics and the contain-
ment.

Maintenance Engineer Reactor kinetics, primary coolant system and components, fuel
handling and emergency procedures.

Reactor Engineer Basics of electricity, plant electrical systems, reactor control, core
layout, safety injection system, and administrative procedures.

Results and Test Engineer Radiation detection, nuclear instrumentation, and auxiliary cool-

ant system.

Operations Engineer Chemical and volume control system and operating instructions.
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Assistant Plant Superinten- Radioactive waste treatment, Technical Specifications, and site

dent contingency procedures.

Plant Superintendent Secondary plant systems.

Health Physics Department Radiation protection, health physics, plant ventilation, water treat-
ment, and sampling.

Westinghouse training Instrumentation and control.
coordinator

The supervisory staff was heavily assisted in class preparation and presentation by the six
shift foreman candidates.

All reactor operation trainees were experienced power plant operators. During the training
program, time was allowed such that plant systems and operations were studied, observed
during construction, and operated during checkout.
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14.3 TEST PROCEDURES

14.3.1 PRE FUEL LOADING TESTS

Test procedures were written and approved by both Westinghouse and RG&E prior to plant
testing. Westinghouse provided technical direction for the tests; however, all tests and test
procedures were under the control of the Plant Superintendent to ensure that proper emphasis
was placed on safety by all during the tests.

14.3.2 POST FUEL LOADING TESTS

Rochester Gas and Electric Corporation, in association with Westinghouse, developed the
pre-operational and post-operational tests which were to determine the adequacy of design
installation and operability of those systems affecting safety. These tests were conducted
after their approval by both Westinghouse and the RG&E operating and engineering person-
nel. All tests were performed under the direction of Westinghouse, using RG&E personnel as
operators and data collectors.

The functional system testing was a joint effort between Westinghouse and RG&E. Roches-
ter Gas and Electric Corporation personnel actively participated during this testing phase by
performing the various system test requirements and recording all pertinent data.
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14.4 CONDUCT OF TEST PROGRAM

14.4.1 CONDUCT OF INITIAL TEST PROGRAM

The Plant Superintendent was responsible for ensuring that each test had been reviewed by all
responsible parties, that initial plant conditions and prerequisites to the test had been met, and
that proper personnel were available and understood the test procedures and precautions.

As part of the precautions, all licensed senior reactor operators and manufacturers' representa-
tives whose equipment was being tested were instructed to stop a test or a portion of a test if
the test was not being performed safely or in accordance with the written test procedures. The
test was to be promptly continued only if minor modification to the test procedure was
required and it was approved by the Plant Superintendent, or the Superintendent's representa-
tive, and the Westinghouse representative. If substantial revision was required, however, the
Plant Superintendent had to review the change with the same approach as a new test proce-
dure before the revision could be approved and the test could be resumed.

During the post fuel loading test period the lines of authority were as follows: all Westing-
house instructions were to be issued to the specified senior reactor operator on duty who
would in turn relay all messages to the reactor operator or operating personnel necessary to
perform the task.

If at any time during testing the reactor operators or other responsible cognizant personnel
were to feel that an unsafe condition existed or could occur or the test was not being done in
accordance with procedure, they were to take steps to interrupt the test and put the plant in a
safe condition.

The questionable condition was then to be reviewed by Westinghouse and the RG&E Plant
Operations and Review Committee and the RG&E Nuclear Safety Audit and Review Board
as appropriate. If considered unsafe, the procedure was to be rewritten in a safe manner and
then the test was to be reperformed.

Rochester Gas and Electric Corporation Engineering and consultants and Westinghouse
Design had to agree on the general program including the extrapolations and implications of
previous results, and had to resolve anomalies and approve resolution of disagreement among
the senior operations personnel above.

Administrative responsibility relating to Westinghouse Atomic Power Department (WAPD)
personnel onsite and to normal communications between WAPD personnel onsite and the
customer rested with Westinghouse Nuclear Power Service.

Technical responsibility at each individual phase of actual startup rested with the senior onsite
representative of the functional group most directly concerned with the results of that phase.
In the event of apparent overlap of areas of technical responsibility, resolution had to be
obtained within the functional group.

Onsite representatives of supporting functional groups provided technical advice, recommen-
dations and assistance in planning and executing the respective phases of plant startup.

Page 23 of 120 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 14 INITIAL TEST PROGRAM

If apparent deviations of test results from design predictions or acceptance criteria were
revealed or if other apparent anomolies developed, relevant test data were reviewed and, if
necessary, the tests themselves were repeated or supporting tests were made to verify the
results. If the apparent discrepancy or anomoly was found to be real, the situation was
reviewed by the Plant Operations and Review Committee to determine whether a question of
plant safety was involved. If such was found to be the case, evaluation of the effect of the dis-
crepancy or anomoly on plant safety was accomplished at the appropriate level of review. If
after evaluation it was determined that an unreviewed safety question existed, a detailed eval-
uation of the consequences of possible accidents under actual (as opposed to predicted) con-
ditions was made. Similar testing under more stringent conditions was not resumed until any
questions relating to reactor safety had been resolved satisfactorily.

14.4.2 REVIEW, EVALUATION, AND APPROVAL OF TEST RESULTS

Analysis of test data was made by Westinghouse and RG&E operational and engineering per-
sonnel to ascertain the system capability to operate safely and fulfill all design specifications.

Equipment and/or systems were considered tested as satisfactory when accepted by the
RG&E Operating Department, RG&E Engineering Department, and Westinghouse Atomic
Power Department.

14.4.3 TEST RECORDS

Test records were turned over to RG&E after the testing was satisfactorily completed and will
be retained in Central Records by RG&E for the life of the plant.
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14.5 TEST PROGRAM SCHEDULE

14.5.1 INITIAL CRITICALITY TO ACCEPTANCE

The reactor was made critical for the first time on November 9, 1969, at 0530. Following ini-
tial criticality, the initial low power physics testing was carried out. The initial reactor phys-
ics tests were completed satisfactorily, but the plant had to be cooled down on November 19,
1969, because of a problem with the pressurizer level instrumentation.

The reactor was brought critical again on November 28, 1969, and initial synchronization of
the generator occurred on December 2, 1969.

The reactor power was brought up to 30% of thermal rating on December 3, 1969, with the
necessary testing at 30% power completed in approximately I week.

The planned low power physics testing that was done through December 1969 showed that
the agreement between experimental and predicted values was excellent.

The unit was shut down on December 24, 1969, for further maintenance and for reactor star-
tup training of the operators.

On January 16 and 17, 1970, tests were conducted to show that with the power range detec-
tors, core outlet thermocouples, and in-core moveable detectors the operators could detect
and verify that a control rod cluster was misaligned with respect to its bank before core design
limits are exceeded during MODES 1 and 2. All licensed operators either performed or wit-
nessed these tests. In all cases it was very apparent to the operator that the control rod cluster
was misaligned to its bank.

Power was escalated to 50% thermal power on January 21, 1970, with subsequent testing at
50% thermal power being completed in about I week. Because of condensate pump failure,
operation at 50% thermal power was extended until February 5, 1970. Sixty percent thermal
power was reached on February 5, 1970, and on February 12, 1970, 75% thermal power was
achieved. From February 12 until March 11, 1970, due to condensate pump and heater drain
pump problems, the unit was operated between 50% and 75% thermal power. The unit was
removed from service for a period of 39.50 hr beginning on March 2, 1970, for the purpose of
repacking the pressurizer spray valves.

The unit was returned to 75% thermal power on March 3, 1970. Testing at 75% thermal
power was completed in approximately 4 days at that time. The heater drain pump repairs
were completed and the unit was raised to 100% thermal power on March 11, 1970. The 100-
hr 100% power acceptance test run began at 2200 on March II and ended at 0200 on March
16, 1970.

After the acceptance test run, 10% and 50% load reduction tests were completed without inci-
dent.

The unit was shut down on March 30, 1970, for scheduled maintenance to prepare the unit for
commercial operation. The unit was declared to be in commercial operation on July 1, 1970.
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14.5.2 1520 MEGAWATTS THERMAL POWER TEST PROGRAM

The power escalation test program from 1300 to 1520 MWt was performed from March 8 to
April 14, 1972. See Sections 14.1.2 and 14.6.2.

Page 26 of 120 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 14 INITIAL TEST PROGRAM

14.6 INDIVIDUAL TEST DESCRIPTIONS

14.6.1 INITIAL STARTUP AND POWER TEST PROGRAM

The following is a summary of the initial startup testing program for the R. E. Ginna Nuclear
Power Plant.

14.6.1.1 Safety Injection Systems Preoperational Tests

14.6.1.1.1 Safety Injection Test

The purposes of this test were as follows:

A. Verify the operation of the steam line isolation sequence.

B. Verify that the proper sequencing and operation of valves, circuit breakers, and diesel gen-
erators occurs on initiation of safety injection and containment spray signals.

C. Verify the operation of indicating and status lights of the above-mentioned equipment.

D. Verify that the proper safeguards equipment is operated with each of the two logic trains.

E. Initiate a safeguards signal by simulating an abnormal condition to transmitters related to
safeguard systems.

F. Verify the operation of the motor-driven auxiliary feed pumps by simulating a low-low
steam generator signal.

G. Verify the operation of the steam-driven auxiliary feed pump by simulating a low-low
steam generator level signal in both steam generators.

The operation of the steam line isolation sequence and the operation of the motor-driven feed-
water pumps and the steam-driven feedwater pumps by their respective safety signals from
both the A and B logic trains were performed satisfactorily.

The proper operation of the diesel generators was witnessed for both logic trains.

Proper sequencing and operation of safeguard valves and the proper operation of their respec-
tive indicating and status lights upon receiving a safety injection and/or containment spray
signal were satisfactorily performed with the results tabulated as in Figure 14.6-1 which typi-
fies data sheets used.

The following circuit breakers were tested coincidentally with the safety injection valves and
initiated by the same safety injection signal as that which actuated the safeguard valves.

BREAKER COMPONENT BUSES

52/BT 17-18 (Tie breaker between buses 17 and 18) ---

52/BT 16-15 (Tie breaker between buses 15 and 16) ---

52/BT 14-13 (Tie breaker between buses 14 and 13) ---

52/FP Fire pump 17
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BREAKER

52/IHIA

52/IHIB

52/IHIC

52/IHID

52/MCC IGI

52/MCC 1G2

52/BT 16-14

52/CCP IA

52/CCP 1B

52/CHP IA

52/CHP lB

52/CHP IC

52/PHBG

52/PHCG

COMPONENT

Intake heaters

Intake heaters

Intake heaters

Intake heaters

Screen house motor control center

Screen house motor control center

(Tie breaker between buses 14 and 16)

Component cooling pump 1 A

Component cooling pump lB

Charging pump 1 A

Charging pump lB

Charging pump I C

Pressurizer heater backup group

Pressurizer heater control group

BUSES

18

17

18

17

18

17

14

16

14

16

16

16

14

As with the valves, the breakers listed in this step were tested one logic train at a time to
ensure that each train functioned properly.

In order to ensure that each breaker worked properly, it was necessary to initiate the safety
injection signal a number of times. The procedure and results are combined in the following
test summaries.

Safety injection was initiated in tests I through 6 by turning the block-unblock switch on the
main circuit breaker to the unblock position.

Test I

This was a test of the A train logic so the power was removed from the B train logic by turn-
ing off circuit 9 of dc control panel lB.

Tie breaker 52/BT 17-18 was closed so that bus 17 was fed from bus 18. Tie breaker 52/BT
16-15 was closed so that bus 15 was fed from bus 16. Tie breaker 52/BT 14-13 was closed so
that bus 13 was fed from bus 14. These three breakers then tripped on safeguard initiation as
required.

Breakers 52/FP I A, 52/FP I B, reactor trip breaker A, reactor trip breaker B, and the fire pump
breaker were closed but then tripped on a safety injection signal.

The intake heater breakers and 52/MCC I G1 were closed. Breakers 52/IH 1 A, 52/IH I C, and
52/MCC I G1 tripped because of safety injection, and 52/IH1B and 52/IH ID tripped because
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of undervoltage on bus 17. This was determined by closely watching the breaker indicators
on the breakers themselves. By close coordination with the control board, it was determined
that 52/IHIA, 52/IHIC, and 52/MCC1GI tripped immediately upon safety injection initia-
tion. Thus, it was assumed that these three trips were caused by safety injection signal.

Breakers 52/IH IB and 52/IH ID are fed from bus 17; thus, in this case these two heaters
tripped on undervoltage a second or so after the previous three breakers tripped. Therefore,
test 1 was performed satisfactorily.

Test 2

This was also a test of logic train A, but tested the tripping of other breakers. Power was not
restored to logic train B. Breaker 52/BT 17-18 was closed so that bus 18 was fed from bus
17. Breaker 52/BT 16-14 was closed so that bus 16 was fed from bus 14. Both of these
breakers tripped on safeguard initiation as required.

Breakers 52/FP, 52/IH 1 B, 52/IH 1 D, 52/CCP I B, and 52/MCC I G2 were closed prior to initiat-
ing safety injection and remained closed after initiation of that signal. This is because these
breakers are shunt-tripped from sequence logic train B, not logic train A. Breaker 52/CCPlA
was closed and did trip on the safety injection signal. This was caused because of the safety
injection signal combined with the tripping of bus 14. Bus 14 tripped because the safety
injection signal combined with the undervoltage on bus 18. This undervoltage on bus 18 was
caused by safety injection because bus 18 was being supplied with power from bus 17 via 52/
BT 17-18; 52/IHIA and 52/LHlC were closed. Through close coordination between the con-
trol board and the main at the circuit breakers, it was determined that these two breakers
tripped immediately upon initiating safety injection and not a second later. This indicates that
these breakers tripped because of the safety injection signal and not because of the undervolt-
age condition on bus 18.

Breakers 52/CHP1A and 52/PHCG were closed and did trip when safety injection was initi-
ated. It was later realized that these trips could have been caused by either the safety injection
signal or the undervoltage signal that occurred on bus 14. These were tripped by pressing the
buttons on SI-I 1X and SI-12X. Both breakers tripped. Therefore, test 2 was performed satis-
factorily.

Test 3

This was a continuation of the testing of logic train A. Power, therefore, was not restored to
train B logic. Breaker 52/BT 16-14 was closed so that bus 14 was fed from bus 16. On initi-
ation of safety injection, this breaker tripped. Breakers 52/CCPIA and 52/CCP1B were both
closed. On initiating safety injection, 52/CCP1A tripped and 52/CCPIB did not. Test 3 was
performed satisfactorily.

Test 4

This was a test of the B logic train so power was removed from the A train logic by turning
off circuit 12 of dc control board panel IA.

Page 29 of 120 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 14 INITIAL TEST PROGRAM

Tie breaker 52/BT 17-18 Was closed so that bus 18 was fed from bus 17. Tie breaker 52/BT
16-15 was closed so that bus 15 was fed from bus 16. Tie breaker 52/BT 14-13 was closed so
that bus 13 was fed from bus 14. These three breakers tripped on safeguard initiation.

Breakers 52/FP 1 A, 52/FP 1 B, reactor trip breaker A, reactor trip breaker B, and the fire pump
breaker were closed and did trip on a safety injection signal.

The intake heater breakers and 52/MCC1G2 were closed. Breakers 52/IH1B, 52/IH1D, and
52/MCC 1 G2 tripped because of safety injection and 52/IH 1 A and 52/IH1-1C tripped because
of undervoltage on bus 18. This was determined by closely watching the breaker indicators
on the breakers themselves. By close coordination with the control board, it was determined
the 52/IH1 B, 52/IH ID, and 52/MCC 1 G2 tripped immediately upon safety injection initiation.
It was assumed that these three trips were caused by the safety injection signal.

Breakers 52/IH1A and 52/IH1C are fed from bus 18; thus, in this case these two heaters
tripped on undervoltage a second or so after the previous three breakers tripped. Test 4 was
performed satisfactorily.

Test 5

This was also a test of logic train B, but tested the tripping of other breakers. Power was not
restored to logic train A. Tie breaker 52/BT 17-18 was closed so that bus 17 was fed from bus
18. Tie breaker 52/BT 16-14 was closed so that bus 14 was fed from bus 16. Both of these
breakers tripped on safeguard initiation.

Breakers 52/IH I A, 52/IH I C, 52/MCC 1G 1, and 52/CCP IA were closed prior to initiating
safety injection and remained closed after the initiation of that signal. This is because these
breakers are tripped from logic train A, not logic train B.

Breaker 52/CCPIB was closed and did trip on the safety injection signal. This was caused
because of the safety injection signal combined with the tripping of bus 16. Bus 16 tripped
because the safety injection signal combined with the undervoltage on bus 17. The undervolt-
age on bus 17 was caused by safety injection because bus 17 was being supplied with power
from bus 18 via 52/BT 17-18. Breakers 52/IH B and 52/IH ID were closed. Through close
coordination between the control board and the operator at the circuit breakers, it was found
that these two breakers tripped immediately upon initiating safety injection and not a second
later. This indicates that these breakers tripped because of the safety injection signal and not
because of the undervoltage condition that occurred on bus 17. Breakers 52/CHP1B, 52/
CHPIC, and 52/PHBG were closed and did trip when safety injection was initiated. It was
later realized that these trips could have been caused by either the safety injection signal or
the undervoltage signal that occurred on bus 16. Breakers 52/CHP IB and 52/CHP IC were
closed and then tripped by pressing the button on relay SI-2 IX. This worked properly.
Breaker 52/PHBG was tripped by placing a jumper across contacts 19 and 23 of relay SI-22X.
Test 5 was therefore performed satisfactorily.

Test 6

This was a continuation of the testing of logic train B. Power, therefore, was not restored to
train A logic. Tie breaker 52/BT 16-14 was closed so that bus 16 was fed from bus 14. On
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initiation of safety injection, this breaker tripped. Breakers 52/CCP1A and 52/CCP1B were
both closed. On initiating safety injection, 52/CCP1B tripped and 52/CCPlA did not. Test 6
was performed satisfactorily.

Test 7

This test ensures that reactor trip breakers function on a manual safety injection signal in the
A logic train. Test 1, on the other hand, tests the A logic train on automatic safety injection
signals.

Reactor trip breakers A and B were closed and the B logic train was shut off. The manual
safety injection button was pushed and both breakers tripped. Logic train B was restored to
operation.

Test 8

This test ensures that reactor trip breakers function on a manual safety injection signal in the
B logic train. Test 4 on the other hand tests the B logic train on automatic safety injection sig-
nals.

Reactor trip breakers A and B were closed and the A logic train was shut off. The manual
safety injection button was pushed and both breakers tripped. Logic train A was restored to
operation.

14.6.1.1.2 Accumulator Blowdown Test

This test had basically three goals:

A. Determine the magnitude of pipe displacement and stress resulting from reaction to the
fluid blowdown.

B. Determine the amount of water forced back through the reactor coolant pump into the low
portion of piping between the steam generator and pump suction.

C. Measure the blowdown transient for comparison with the analysis reported in Chapter 14 of
the original FSAR.

Four test runs were made, each accumulator being subjected to both a run at 300 psig initial
pressurization and 740 psig initial pressurization.

Strain and displacement readings were taken on each accumulator discharge line; measure-
ments of the pressure-time transient were made and the volume of water collected in the loop
seal region was measured for each run.

Pipe Reaction Results

The pipe displacements and stresses were measured under the supervision of Gilbert Associ-
ates and Brewer Engineering Laboratories. Pipe reactions were not excessive and are given
quantitively in the Brewer report, "Accumulator Piping Vibration Test Results."
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Investigation of Water Blowback Through the Reactor Coolant Pump

During the design of Ginna Station, the dynamics of the water jet entering the reactor coolant
pipe were analyzed due to a concern that the accumulator flow might divide and flow back
through the pump, losing water intended for the reactor vessel.

There are two features of the reactor coolant pump which resist such backward flow. One is
the diffuser assembly which forms a dam to flow within an inch or two of the top of the reac-
tor coolant pipe at pump discharge. The other is the pumping action of the reactor coolant
pump itself which, even while coasting down, strongly rejects water attempting to flow in
reverse through the pump.

The analysis showed that the discharge of water into the reactor coolant pipe from the accu-
mulator would cause the water level to rise above the diffuser assembly into the impeller.

The opinion of hydrodynamics consultant Dr. V. L. Streeter of the University of Michigan
was that the configuration of the pump is such as to dissipate jet effects, requiring the spin-
ning impeller only to prevent reverse flow against a foot or two of water head.

An analysis of the length of the pump deceleration transient under loss-of-coolant conditions
and the pumping effect of the reactor coolant pump with a voided suction showed that the
pump will provide the necessary pumping effect to prevent reverse flow for the period
required to ensure effective delivery of accumulator water to the core.

This test showed that water did rise above the diffuser assembly.

Blowdown Transient Behavior

The blowdown flow transients showed well-behaved, predictable transients for three of the
four runs. One anomalous run occurred in the case of the high pressure blowdown of the loop
B accumulator, resulting in further investigation and analysis.

In spite of the bad run, the basic goals of the program were met.

A. The runs showed that the assumption of an adiabatic gas expansion used in the original
FSAR loss-of-coolant analysis was valid.

B. The runs showed that, for both accumulators, the piping resistance is about two-thirds of
the value used in the original accident analysis providing a flow margin about 15% over
the flow initially calculated for the original FSAR accident analysis.

C. The data were good enough to show a correlation between the high and low pressure runs
on the loop A accumulator such that the discharge pipe resistance factors calculated from
each run agreed within about 20%, the major part of which is probably due to errors in read-
ing the recorder charts.

D. Between the two low pressure runs (loop A versus loop B) the variations in calculated resis-
tance factor was about as predicted by the piping resistance calculations used as input to the
accident analysis in the original FSAR.

Table 14.6-1 shows numerical results in support of the above conclusion.
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The long blowdown of the loop B high pressure run was cause for concern since it appeared
that a substantial resistance, about three times normal, had suddenly been introduced in the
line.

A review of piping resistance calculations and layout drawings was made without uncovering
any reason for the long blowdown during that specific run.

Items investigated were as follows:

1. Possibility: The initial gas pressure was low.

This was ruled out since two pressure indicators showed 720 psi before start of the test and
because the quantity of N2 was metered into the tank and observed to be the same as a sub-

sequent loop A high-pressure run.

2. Possibility: The chart speed was inadvertently increased.

Ruled out due to corresponding times of transient between chart and stop watch.

3. Possibility: An obstruction in the line.

Ruled out due to disassembly of valves, observations by boroscope, and by swabbing of the
line segments which could not be observed.

4. Possibility: Stuck check valve.

Ruled out due to obvious free movement and seat tightness of valves when observed on dis-
assembly. If the valves had been subjected to nearly 700 psi differential, some evidence in
valve damage might have been noted.

5. Possibility: Jammed motor-operated valve.

Inspection showed no sign of mechanical damage or of loss of freedom of movement. No
foreign matter was in the valve.

With the rest of the loop B accumulator flow path shown clean and free flowing and with one
low-pressure run which corresponded well with the line resistance and performance of the
loop A unit, attention was turned to the possibility that the motor-operated valve started, but
did not complete its stroke. This appears to be the most likely reason for the anomalous run at
high pressure on loop B.

AA. The loop A and loop B runs are practically identical up to about 4 sec into the transient
when loop B data show establishment of a constant resistance (about 1275 L/D). From
that point until the termination of blowdown, the pressure transient is predictable for an
unchanging resistance.

BB. The mark automatically put on the chart with the contacting of the valve open-limit
switch is missing from only this run.

CC. There was no direct observation that the valve did open, although it was operationally
tested over itý full stroke after the test without any difference in pressure across the disk.

DD. Two operators have testified that the monitor lights did not change to indicate picking up
the full-open-limit switch on this run. The weight of evidence which we collected led to
the following judgments:
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1. The accumulator lines were clean and should function with a fully open isolation
valve in a manner that is entirely consistent with the commitments made in the origi-
nal FSAR.

2. The motor-operated isolation valve started but did not complete its stroke.

Since this motor-operated valve is normally open and is not required to function during an
accident, it should not be considered as in impediment to the safety of the plant. Test record-
ings are on file at Ginna Station.

14.6.1.1.3 Safety Injection Flow Test

The purposes of this test were as follows:

A. Verify the safety injection pumps shutoff head.

B. Verify the safety injection pumps pressure and flow characteristics.

C. Verify the residual heat removal pumps pressure and flow characteristics to the reactor
coolant system.

D. Demonstrate the residual heat removal pumps recirculation to all three safety injection
pumps.

E. Demonstrate the residual heat removal pump A recirculation to the safety injection pump C.

The shutoff heads of the safety injection pumps and the residual heat removal pumps are 1520
psi and 141 psi, respectively. The design pressure and flow are 1080 psi at a flow of 300 gpm
for the safety injection pumps and 121 psi at a flow of 1560 gpm for the residual heat removal
pumps. The test demonstrated that the design flow characteristics of all five pumps were real-
istic and proven or exceeded in practice. Trace recordings of pressure and flow were made
during the test runs and are on file.

The ability of the two residual heat removal pumps to deliver to the three safety injection
pumps was demonstrated and the various flows and pressures of interest were recorded. The
ability of the residual heat removal pump A to deliver to the safety injection pump C was sat-
isfactorily demonstrated with the flows and pressures of interest recorded.

The capability of the safety injection system was reevaluated after tests at Point Beach Unit 1
and H. B. Robinson indicated that pipe resistance was greater than predicted. The system was
modified, including the opening of all four injection line isolation valves, the installation of a
second check valve in each injection branch line, and the installation of a manual globe valve
in the branch line to the cold leg of loop A. It was concluded from the reevaluation that the
as-built modified safety injection system met the design objectives for safe operation at 1300
MWt and at the higher power level of 1520 MWt. On March 31, 1971, a safety injection flow
capability test was performed with all fuel elements removed from the core, the reactor vessel
head removed, and the refueling cavity flooded to near the normal MODE 6 (Refueling)
level.

The purpose of the test was threefold: (1) demonstrate the runout capability of the safety
injection pumps, (2) verify the ratio between flows in the individual branch lines, and (3)
demonstrate the effect of the pump miniflow on the system delivery capability.
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The evaluation of the test data led to the following conclusions regarding the as-built perfor-
mance of the safety injection system after the modifications:

AA. The injection capability of the system as determined by using pipe resistance derived
from the test is approximately the same as used in the core shutdown and cooling analy-
ses.

BB. The allowable runout flow of the pumps is greater than was assumed in the core analyses,
i.e., higher core injection flow is available at low reactor pressures such as in the case of
large pipe break accidents.

CC. The flow balance between branch lines is excellent; the addition of the manual globe
valve in the loop A, cold-leg branch improved the system performance.

DD. The miniflow for each pump was determined to be very near the design value of 30 gpm
at the shutoff head of the pump.

14.6.1.1.4 Containment Spray System Test

The shutoff head of the containment spray pumps was tested and found to be higher than the
shutoff head on the design curve. The original FSAR, Table 6.4-1, lists the design head and
flow of the spray pumps as being 435 ft and 1615 gpm. Since there is no way to test design
flow and head without flooding the containment building, pump performance was evaluated
by comparing the pump flow and head at recirculation flow (45 gpm) to the design head
curve. This tested satisfactorily. The valve operation and sequencing of this system was
tested satisfactorily in the safety injection functional test. The remainder of the piping from
the last valve to the nozzles in the spray ring headers was tested by charging the piping with
compressed air and suspending a helium-filled balloon with tell tails in front of each nozzle.
Each nozzle opening was proven free and clear.

14.6.1.1.5 Residual Heat Removal System Test

The purpose of the residual heat removal test was to verify that the system components were
capable of meeting their design requirements and that the system interlocks and interlocks to
other systems operated as intended. The capability of the residual heat removal pumps to
meet design requirements was successfully demonstrated in the safety injection flow test,
Section 14.6.1.1.3. A functional test of the interlocks involved in the residual heat removal
system was performed as outlined and all interlocks operated as required.

Testing of the residual heat exchangers to ensure that heat exchanging capabilities met speci-
fications was performed during a cool-down period. Test results demonstrated that the speci-
fications for these exchangers were conservative. To ensure that the recirculation phase of
safety injection could be performed, a recirculation functional test was written and success-
fully completed demonstrating valve operation and flow from sump B through the residual
heat removal pumps.

14.6.1.1.6 Safeguards Systems Operational Test

The intention of this test procedure was to ensure that all safeguards systems were operation-
ally checked out before criticality. This checkout involved a test of individual channel trip-
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ping followed by logic trains A and B tripping where applicable. Safeguards systems valves
and motors were not actuated for this test since actuation of these components had been per-
formed in other tests, but rather the actuating devices of the components such as relays, con-
trollers, etc., were monitored for operation. Verification of proper operation of alarms and
indicating lights was a part of this test procedure. The following is a list of the safeguards
systems that underwent the operational checkout in this test:

A. Steam line isolation.

B. Safety injection and initiation of the following safeguard action subsequent to initiation of
safety injection:

" Feedwater system isolation.

" Reactor trip.

" Emergency diesel starting.

" Auxiliary feedwater pump starting.

" Fan cooling starting.

" Service water pump starting and system isolation.

C. Containment spray.

D. Containment isolation.

E. Containment ventilation isolation.

14.6.1.1.7 Emergency Diesel Generator Test

This test was performed to verify that the two diesels and auxiliary equipment will perform
their designed functions when required to do so.

The first part of the test was concerned with the capacity of the air storage tanks and their
ability to crank the diesels for 45 sec. Although they were incapable at first, one additional
air storage tank was added to each diesel starting air supply thus doubling the air-storage
capacity. A second test was performed which proved that the air starting system was capable
of cranking the diesels for 45 sec. It was also necessary to test the starting signals for both
diesels. Where signals can come from redundant sources these sources were checked individ-
ually. All start signals performed according to design.

The undervoltage relay circuits are designed to clear a bus of all large loads except the motor
control centers if there is an undervoltage condition on that bus. Thus, the diesel will not be
connected to a fully loaded bus, which would probably trip the diesel on overcurrent because
of the high starting current required. Each redundant undervoltage relay circuit was tested for
the 480-V safeguard buses and performed to clear the bus involved and also to start the appro-
priate diesel.

The diesel was tested to ensure that it was capable of starting and that the control circuitry
could place it on line in 10 sec. Load tests were run and showed that the diesels were capable
of their rated capacity and could satisfactorily carry their safeguard load during steady-state
and safeguard sequencing load pickup.
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During the test, the sequencing relays for safeguard equipment starting were set and would
start equipment within 3 sec of the design times. Safeguard valves not covered by the safety
injection test were tested to ensure that they would close or open as required on safeguard ini-
tiation. In addition, control and alarm and tripping circuitry was tested to ensure that these
functions were properly performed.

The interlocks on the following breakers were also tested to ensure proper operation: 52/
EG1A1, 52/EG1A2, 52/EGIBI, 52/EGlB2, 52/14, 52/16, 52/17, 52/18, 52/BT16-14, and 52/
BT17-18. Because of this testing, one design change and several wiring modifications were
made. Once the changes were made, the tests on these breakers were completed satisfacto-
rily.

14.6.1.1.8 Direct Current Test

Each battery system was tested in two basic ways. First, the battery charger voltage outputs
for varying loads and varying charger input voltages were tested. It was found that although
the 480-V ac input voltage was varied by 10%, the dc output voltage of the chargers did not
vary by more than 1% under varying load conditions.

The second basic test was designed to show that the battery itself could sustain a discharge
rate of 131 amps for 8 hours while not lowering the output voltage below 105 V. Although
neither battery passed in the first test, each passed after a number of cells in each battery were
replaced.

14.6.1.2 Preoperational Instrumentation and Control Tests

14.6.1.2.1 Reactor Coolant System Pressure Comparison Test

The purpose of this test was to verify the calibration of the primary coolant system pressure
instrumentation at Various actual system pressures. The test was performed while heating up
the system to no-load temperature and pressure conditions. At various pressure levels the
pressure instrumentation of the reactor coolant system was checked against the reading of a
deadweight tester nulled across a differential pressure cell to the actual system pressure. This
test was completed successfully on June 28, 1969.

14.6.1.2.2 Resistance Temperature Detector Cross Calibration Test

This test procedure was used to determine isothermal corrections for reactor coolant resis-
tance temperature detectors (RTD) and in-core thermocouples. The reactor coolant tempera-
ture was maintained at a constant shutdown temperature of 545°F. Resistance measurements
of the 10 RTDs of the reactor coolant loop A were taken three different times with a precision
ohmmeter and averaged. The temperature of each RTD was then calculated. The same pro-
cedure was followed for determining the temperature of loop B. Averaging the temperatures
of the RTDs in loop A resulted in a temperature of 545.5°F and that of loop B also resulted in
a temperature of 545.5°F.

In-core thermocouple maps were obtained by computer printout while the RTD measure-
ments were being taken with good agreement between the printouts and RTD measurements.
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14.6.1.2.3 Steam Generator Manual Control and Level Instrumentation Test

In essence, this test was a functional test of the steam generators, condensate system, feedwa-
ter system, auxiliary feedwater system, and the instrumentation of these systems.

Analog simulators were used to inject signals into steam generator level channels. These sig-
nals were varied to allow verification of bistable setpoints and calibration of the level indica-
tors. The functions that were verified and their respective setpoints are as follows:

A. Low-low water level single channel alert - 15%.

B. Low-low water level reactor trip - 15%.

C. Steam generator level setpoint deviation - +5%.

D. Steam generator high-level loop A/B channel alert alarm - 68%.

E. Steam generator high-level alarm - 68%.

F. Feedwater valves close - 68%.

G. Feedwater bypass valves open - 10%.

Steam flow and feedwater flow indicators were calibrated by simulating signals to the indica-
tors. The steam flow-feedwater flow mismatch circuits were adjusted to give low feedwater

flow single-channel alert alarm and reactor trip at a 0.7 x 106 lb/hr of steam flow in excess of
feedwater flow deviation. Steam generator high feedwater flow alarms were set for a devia-

tion of 0.7 x 106 lb/hr of feedwater flow in excess of steam flow.

Pressure signals were simulated to the steam generator pressure channels to calibrate the pres-
sure indicators and set the pressure-related bistables. The low steam pressure loop A/B
alarms and channel status lights were set for 600 psig. Steam line low-low pressure loop A/B
channel alert was set for 500 psig. The turbine first stage pressure indications and alarm
checkout was performed by simulating a pressure signal. The channel status trip setpoint was
set at 45.5 psig for the two turbine first stage pressure channels.

The test required the stroking of all valves in the condensate, feedwater, and auxiliary feed-
water systems with final position of the valves in the normal operating position. The conden-
state and feedwater pumps were started and flow measurements versus feedwater bypass
valve position were taken.

The automatic start of the preferred auxiliary feedwater pumps was verified by tripping the
main feedwater pumps.

14.6.1.2.4 Rod Position Indication System Test

Verification of the satisfactory performance of the rod position indicating system for each
control rod and each control rod bank under MODE 3 (Hot Shutdown) conditions was dem-
onstrated in this test. Voltage readings were taken and recorded at the output of each linear
voltage differential transducer at various intervals of rod travel for each rod. Associated
alarms were verified and the bank overlap of each bank was set at 195 steps for rod with-
drawal and 35 steps for rod insertion.
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14.6.1.2.5 Rod StepDing Test

This test was designed to verify that the rod control systems satisfactorily perform the
required stepping operations for each individual rod under both hot and cold conditions. Each
rod was fully withdrawn and fully inserted while recordings were made of current flows to
the various rod drive mechanism coils. These recordings are on file at Ginna Station.

14.6.1.2.6 Rod Cluster Control Assembly Drop Time and Partial Length Rods
Operational Tests

The purpose of this test was to determine the drop time of each full-length rod cluster control
assembly under a number of reactor coolant system operating conditions. The data sheets fol-
lowing are samples of the data sheets used for this test noting operating condition of the sys-
tem and the rod drop times. Originally, the Ginna Technical Specifications gave a maximum
rod drop time of 2.7 sec based on earlier PWR design and experience. These specifications
were modified to take into consideration the longer control rods of the Ginna Plant. The spec-
ifications were changed to read that the maximum elapsed time to the dash pot shall not
exceed 1.8 sec and shall not exceed 5 sec to bottom out.

A second purpose of this test was to functionally check the partial length control rod drive
system to determine proper indication of rod position and the operational characteristics of
the system when the 440-V power is interrupted. The results of the test are typified in the
data sheets of Figures 14.6-2 and 14.6-3.

14.6.1.2.7 In-Core Thermocouples Test

The purpose of this test was to provide a functional checkout and demonstration of the in-core
thermocouple and readout system at MODE 3 (Hot Shutdown) conditions. The reactor cool-
ant system was maintained at a constant temperature of 549°F for the duration of this test.
Analog readings were taken and recorded for each of the in-core thermocouples. A computer
readout was also obtained for each of the in-core thermocouples. The reactor coolant system
RTD readings were taken at the time and compared to the analog and computer in-core read-
ings. The results of this test were satisfactory.

14.6.1.2.8 Movable In-Core Detector System Test

This test provided a functional demonstration of the in-core flux mapping system.

Each of the four detectors was operated simultaneously and then separately in all possible
modes of scan. Limit switches were set, associated alarms were verified, scan rates were set,
and position readouts and indicating lights were verified. The test results were satisfactory
with only minor discrepancies which have since been corrected.

14.6.1.2.9 Reactor Makeup Blender and Boric Acid Transfer Pumps Operational Test

The purposes of this test were as follows:

A. Obtain information on the operational characteristics of the reactor makeup blender in the
"automatic makeup," "borate," and "dilute" modes of operation.
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B. Provide a measure of the mixing characteristics of the reactor coolant system.

C. Determine the temperature rise in the boric acid storage tanks caused by the energy input
into the system from the boric acid transfer pumps operating continuously in the recircula-
tion mode.

Various amounts of reactor makeup water were dialed into .the Veeter-Root integrater at dif-
ferent times and the blender system was energized. When the amount of reactor makeup inte-
grated equaled the amount dialed, the "blend" system deenergized automatically. The amount
of water delivered to the reactor coolant system was measured by calculating the displace-
ment in the volume control tank. This was compared to the amount that had been set for and
the amount integrated by the Veeter-Root integrater.

The "borate" mode was checked in the same manner with the exception that the boric acid
was collected in calibrated containers at a sample point.

The flow rates of the "borate" and "dilute" modes were confirmed to agree with the rates set
by the controller.

The "automatic makeup" mode of operation was checked for performance by injecting differ-
ent concentrations of boric acid blend into the reactor coolant system and sampling the cool-
ant at various time intervals at different sample points of the reactor coolant system.

Recirculating the boric acid storage tanks with the boric acid transfer pumps raised the tem-
perature of the No. 1 tank 14'F in 8 hours 55 min and the No. 2 tank 15'F in 7 hours 55 min.
The No. 1 tank cooled 7.50'F in 22 hours and the No. 2 tank cooled 9°F in 22 hours. The test
was completed with satisfactory results.

14.6.1.2.10 Pressurizer Level Control Test

The objective of the pressurizer level control test procedure was to verify that the pressurizer
level control system setpoints were properly set and that the control system functioned prop-

erly.a

With the reactor coolant system at the no-load temperature (547°F), and pressure (2235 psig)
condition, and with all pressurizer controls in the automatic mode of operation, all pressurizer
level indicators were checked and level indications recorded. Proper operation of channels
was verified in this manner.

Preliminary values for the proportional band, rate time constant, and reset time constant for
pressurizer level controller LC-428 F were given in the RG&E Reactor Control and Protec-
tion System Precautions, Limitations, and Setpoints Operating Instruction, P-1. These pre-
liminary values were used during the initial checkout and calibration of the controller.

To determine how well the control system responded to system level and average Tavg varia-

tions, first the manual control setpoint on TC-401C (remote setpoint controller for LC-428C)

a. The pressurizer level program setpoint is a function of TAVG and varies from 19.5% at 547'F to 49% at
570'F for operation at 1300 MWt.
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was varied from 547°F to 570'F. This simulates a rise in average TAVG. A rise in the pressur-
izer level followed. The level was lowered to the original value by reversing the above proce-
dure. The levels on all level channels were recorded.

The level control system of the pressurizer was next checked by increasing the level of the
pressurizer by manually controlling the charging line flow control valve HCV-142 and the
charging pumps. As the pressurizer level increased it was verified that the pressurizer high-
level alarm occurred at 70%, pressurizer heaters were energized at 70%, and pressurizer high-
level reactor trip partial matrix alarm occurred at 92%.

The level was reduced in the pressurizer by the manual method described above and it was
verified that pressurizer low-level alarm occurred at 5% below the level program setpoint, the
low-level alarm, letdown isolation (LCV-427 closed) and heaters turned off at 11 %, and a
safety injection partial matrix alarm occurred at a level of 5%.

This test was successfully completed after the second attempt.

14.6.1.2.11 Pressurizer Pressure Control Test

The objective of this test was to first check the response, stability, and general control charac-
teristics of the pressurizer pressure control system and make any adjustments to the control-
lers required to obtain proper operation, and secondly, to verify that all the various alarms and
control setpoints are properly set and function as required.

With the reactor coolant system at the no-load temperature, and pressure conditions and pres-
surizer pressure controls on automatic, the proper operation of all pressurizer pressure indica-
tors and recorders was verified. The control board pressure control controller was placed in
the manual position and its signal varied to verify the following setpoints:

* Proportional heaters full off at 2250 psig.

" Proportional sprays begin at 2260 psig.

" High pressure alarm at 2310 psig.

" Relief valve PCV-431C opens at 2330 psig.

The reactor coolant system pressure was actually changed to verify the following:

" Relief valve PCV-430 opened at 2335 psig.

" High pressure reactor trip at 2400 psig.

With pressurizer heaters on automatic, the reactor coolant pressure was reduced by manually
controlling spray water to the pressurizer. The following setpoints were verified during this
mode of operation:

* Proportional heaters full on at 2220 psig.

* Backup heaters on at 2210 psig.

0 Pressurizer Power Operated Relief Valve (PORV) interlock functioned at 2185 psig.
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0 Pressurizer low pressure alarm at 2185 psig.

0 Safety injection could be manually blocked below 2000 psig.

0 Low pressure reactor trip partial matrix alarm at 1720 psig.

0 Safety injection partial matrix alarm at 1715 psig.

The pressurizer heaters had been turned off after verifying their operation points. They were
then turned back on and put in the automatic mode after completing the pressure decrease
portion of the test. This resulted in a gradual pressure increase allowing the following set-
points to be verified:

" Low pressure reactor trip partial matrix alarm cleared at 1725 psig.

" Safety injection unblocked at 1990 psig.

* Pressurizer Power Operated Relief Valve (PORV) interlock functioned at 2190 psig.

14.6.1.2.12 Steam Dump Test

The purpose of this test was to optimize the settings of the steam dump controller and to func-
tionally test the system.

Some portions of this test could not be performed since steam dump to the condenser could
not be sustained for any period of time without nuclear heat. Those portions omitted in this
test were performed in the operational transient tests described in Section 14.6.1.7.

A simulated signal was fed into the steam bypass controller. This signal was varied until the
turbine trip interlock was satisfied and the steam dump to the condenser valves opened. The
test signal was decreased until the turbine trip interlock cleared and the steam dump valves to
the condenser modulated close. Four of the eight condenser valves were set to open with the
simulated signal for Tavg at 8°F, and the other four were set to open at E6°F. This procedure

was repeated for the other condenser steam bypass controller with the exception that four of
the valves were set to open at 12'F and the remaining four at 20'F.

The atmospheric steam dump system was functionally tested at this time for controller
response and secondary system pressure control capabilities.

This system tested satisfactorily.

14.6.1.2.13 Radiation Monitoring System Operational Test

The purpose of this test was to provide an operational test of the complete radiation monitor-
ing system to ensure that it would perform all the functions that are required of the system.

Figure 14.6-4 includes typical data sheets of the test results of one of the radiation monitoring
system channels. The data explains the text objectives. The results of this test were accept-
able.
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14.6.1.2.14 Reactor Coolant System Flow Measurement Test

The purpose of this procedure was to provide a means of obtaining the necessary data to inter-
relate pump input power, elbow tap pressure, and steam generator delta P as an accurate mea-
surement of flow rate. A description of the methods used to interrelate these parameters is
contained in Section 4.2 of the original FSAR.

Having completed this test, the preliminary data analysis was completed and indicated the
reactor coolant system flow rate for loop A to be 95,200 gpm or 106% of design flow, and for
loop B to be 94,000 gpm or 104.8% of design flow.

14.6.1.2.15 Nuclear Instrumentation Test

This test provided a functional demonstration of the nuclear instrumentation system. Each of
the 12 drawers (one for each nuclear instrumentation channel) was functionally operated and
calibrated by simulating a detector signal to the first element after the detector in a channel.
All trips and permissive signal setpoints generated by the nuclear instrumentation system
were set, associated alarms were verified, and all remote meters and recorders were checked
for proper operation and indication. The test results were satisfactory.

14.6.1.3 Safety and Relief Valve Tests

14.6.1.3.1 Pressurizer Safety Valve Test

This test was performed to verify the proper setting of the pressurizer safety valves.

To perform this test the system pressure was maintained between 1865 psig and 2110 psig. A
Crosby Valve Company air-set lifting device was installed on PCV-434 (pressurizer safety
valve) bonnet and an air supply attached to the device. By controlling the pressure regulator
manually, the pressure was gradually increased to the lifting device. Pressurizer pressure
readings and air pressure readings to the lifting device were taken continuously during this
procedure. When the pressurizer valve began to open, simmer, or leak audibly, the air pres-
sure on the lifting device was released. A differential pressure was determined from a curve
for K2 orifice in Crosby Valve Company Instruction No. T- 1652-1 for the air pressure reading
of the air supply to the lifting device when the valve first opened. This differential pressure
was added to the pressurizer pressure reading at valve opening to determine the actual pres-
sure at which the valve would open. This test was repeated until the valve opened at 2485
psig ±1%. Figure 14.6-5 is a copy of the data sheet for the testing of both pressurizer safety
valves.

14.6.1.3.2 Main Steam Safety Valve Test

The setting of the main steam safety valves was accomplished in the same manner as was the
setting of the pressurizer safety valves; however, the differential pressure was obtained from
the curve for R orifice in Crosby Valve Company Instruction No. T-1652-1 of air pressure
versus differential pressure. The set pressures for each of the main steam relief valves are as
follows:
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V-3508

V-3509

V-3510

V-3511

V-3512

V-3513

V-3514

V-3515

1141 psig

1130 psig

1140 psig

1140 psig

1140 psig

1138 psig

1085 psig

1078 psig

The requirements were to set
3513 to 1140 psig ±1%.

V-3515 and V-3514 at 1085 psig ±1% and V-3508 through V-

14.6.1.4 Waste Systems Tests

14.6.1.4.1 Liquid Waste Concentration Demonstration Test

The purpose of this test was to demonstrate the proper operation of the two major drumming
processes.

A portion of this test demonstrated the process of drumming concentrated waste from the
waste evaporator feed tank. This included the operation of the recirculation system from the
evaporator feed tank to the dispensing header, and the vacuum operated dispensing valves and
vacuum switches. The test also included testing the use of the drums, shields, vacuum pump,
and manipulating tools.

The test was successfully run with water and has since been used frequently with waste con-
centrates with no major problems.

Another portion of this test demonstrated the process of sluicing spent resins from the storage
tanks to the drums. The operation of the pressurization and agitation systems along with the
instrumentation associated with these systems was functionally checked. The proper opera-
tion of the dispensing valves, drums, shields, vacuum pump, and manipulating tools forthis
mode of operation was demonstrated.

14.6.1.4.2 Waste Disposal System Gaseous Waste Test

This test was a functional test of the waste gas system to ensure that the system could ade-
quately process or vent the gaseous waste emanating from the vent header. All alarms and
instrumentation associated with the system were verified for proper operation as were all
automatic functions. The waste gas system has since been operated under its intended normal
radioactive conditions with satisfactory performance.
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14.6.1.4.3 Liquid Waste Processing Test

The purpose of this test was to functionally test portions of the waste disposal system includ-
ing the waste evaporator, and to demonstrate that the liquidwaste disposal system can ade-
quately dispose of the liquid waste products in a safe and reliable manner.

The test was run with satisfactory results with one exception. The decontamination factor
across the waste evaporator deteriorated with rated flow of 2 gpm. A decontamination factor
of 106 could be maintained with a flow rate of 1.5 gpm.

14.6.1.5 Reactor Coolant System Measurement Tests

14.6.1.5.1 Reactor Vessel Internals Measurement Test

The intent of this test was to obtain experimental data on the reactor vessel internals move-
ments during the startup test program.

The instrumentation installed for the test was as follows:

A. Fourteen maximum displacement indicators on the thermal shield to measure relative
motion between the core barrel and thermal shield.

B. Seven accelerometers on the vessel head to detect gross changes in internals response.

C. Thirteen strain gauges to three guide tubes to measure mean deflection and dynamic
response imposed by the flow during operation.

Maximum Displacement Indicators

Maximum displacement indicators were designed and installed on the thermal shield at the
locations shown in Figure 14.6-6. The measurement of the gap is indicated as DIM. "A" on
the sketch following the hot functional test provided an indication of the maximum relative
motion between the thermal shield and the core barrel resulting from a combination of ther-
mal differential expansion, hydraulic forces and vibration.

The internal spring-loaded plunger was designed to follow the relative cyclic motion between
the thermal shield and core barrel, thus causing the two stationary spring-loaded styluses to
leave small markings on the plunger. These marks provided a direct indication of the magni-
tude of the vibratory motion.

With the exception of two locations, No. 13 at the top and No. 2 at the bottom adjacent to a
flexure, the total displacements were relatively small and consistent, and were in close corre-
lation with expected results based on extrapolated data from model testing and from previous
measurements on other reactors.

Vibratory motion measured by all the indicators was also small. The maximum motion, as
interpreted from the plunger markings, was as follows:

TOP Double Amplitude
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Numbers 10, 13, 14 .010 (±.005)

Number 9 .012 (±.006)

Numbers 11, 12 .014 (±.007)

Bottom Double Amplitude

Numbers 6, 7 .008 (±.004)

Numbers 3, 5, 8 .010 (±.005)

Number 1 .014 (±.007)

Numbers 2, 4 .004 (±.002)

If this motion is conservatively assumed to be thermal shield motion only, i.e., the shield
motion is ±0.007 in. at the midpoint between supports, the stress corresponding to this motion
is very small and within the allowable stress for infinite cycle loading allowed by the ASME
Code by an order of several magnitudes.

Several facts are evident from a magnified observation of the scribe markings on the plungers
from No. 2 and No. 13 indicators. The scribe marks on No. 13 are located in a position that
indicates the plunger was projecting 0.080 in. (Dim. A + 0.080) when the vibratory motion
occurred. This indicates that No. 13 indicator was (1) not completely inserted at installation,
(2) slipped soon after installation, or (3) a local thermal realignment occurred between the
thermal shield and core barrel. The complete lack of marking in the completely inserted posi-
tion indicates that the large gap is probably the result of either (1) or (2).

Even if the gap occurred as a result of item (3), however, the deflection was well below the
calculated allowable of 0.180 in. between supports.

Indicator No. 2 indicated that the vibratory marking occurred with the plunger in the com-
pletely compressed position (Dim. A approximately = 0), so that the 0.030 in. gap did not
exist during the hot functional test. It is also significant that the spring-loaded plunger had
been driven back into the displacement pin and jambed, so that it was not in contact with the
core barrel after placement of the internals on the new storage stand. Although not com-
pletely conclusive, it appears probable that this gap was influenced by the initial impact with
the storage stand. It is located almost directly opposite the initial point of impact.

Based on the very good condition of the internals, the lack of motion between components
and the small vibratory motion of the thermal shield, the conclusion was that the Ginna inter-
nals as installed are in excellent condition and are adequate for their functional requirements.

Accelerometers

Seven accelerometers were mounted on the outside of the reactor vessel. Their locations and
directions of sensitivity are shown in Figure 14.6-7. The accelerometers were mounted on the
top of the reactor and clamped to the 4-in.-diameter head penetrations. Those on the bottom
of the vessel were attached to the vessel wall by a magnetic clamp.
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Signals from the (piezoelectric) accelerometers were amplified with charge amplifiers and
recorded on a Visicorder and on magnetic tape. Data was taken when the desired reactor con-
ditions occurred during hot functional and cold hydrostatic testing, during both one and two
main coolant pump operation and with main coolant temperatures from approximately 120'F
to 560'F.

Part of the intent of these accelerometers was to detect sharp transientsor abrupt changes in
vessel motion that might result in the event that a significant abnormality occurred in the flow
or in internals vibrations during testing. No transients of this type were observed while the
data were being taken or during subsequent analysis of the data. Further, no marked changes
in the character of the signals were observed at similar reactor conditions during the test
period.

Strain Gauges

Four active strain gauges were attached to the upper end of three guide tubes (one dummy
gauge was mounted for noise measurement), in order to obtain measurements that indicated
the static and dynamic deflections and loads imposed on the guide tubes during cold hydro-
static and hot functional testing.

The maximum mean strain measured was 50.4 pico-in./in. and the overall dynamic strain lev-
els measured were ±11.88 pico-in./in. These measured strains indicate that the guide tubes
have an adequate safety margin. Direct verification of adequacy has also been obtained by
visual examination after the hot functional test. The strain gauges were left in place in order
to observe the core effect on the guide tube and vessel dynamic response.

14.6.1.5.2 Reactor Coolant System Vibration Test

The main function of this test was to verify that the vibrations of the reactor coolant pumps
and the reactor coolant system piping and equipment were within acceptable limits during the
pump operation. The test also provided reference data for the future operation of the reactor
coolant system. The data sheets of Figure 14.6-8 are the results of this test.

14.6.1.5.3 Preoperational Reactor Coolant System Leakage Test

The performance of this test was necessary to satisfy the Technical Specifications that the
leakage from the reactor coolant system did not exceed 10 gpm from known sources or 1 gpm
from unknown sources.

Prior to running the test, the system was thoroughly inspected for visible signs of leakage.

The reactor coolant system was maintained at constant temperature and pressure for zero
power conditions for the 10 -hour duration of this test. At the end of the test run, tank and
pressurizer levels were compared to levels at test initiation and added or subtracted from the
water inventory of the reactor coolant system. Makeup water to the system for the test period
was measured. A mass balance of the system was made and total leakage calculated. The
results of this test satisfied the Technical Specifications.

Page 47 of 120 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 14 INITIAL TEST PROGRAM

14.6.1.5.4 Reactor Coolant System Thermal Expansion Test

The major objectives of this test were to verify that the reactor coolant system could expand
unrestrained during the system heatup from the cold condition to operating conditions, and
also to establish reference data for the expansion of reactor coolant system components which
could be used for future evaluations.

Basepoint measurements were taken at various points around the reactor coolant system with
the system in the cold condition. These measurements were compared to measurements taken
at the same points under hot conditions. An analysis of the data revealed no restraining prob-
lem.

14.6.1.5.5 Flow Coastdown Test

The Ginna flow coastdown test was performed without incident on December 14, 1969. The
data was analyzed and found to agree favorably with Figure 14.1.6-1 of the original FSAR.
Curves of the reduced information are presented in Figure 14.6-9.

The signals for flow recorded during the tests were in the form of a differential pressure (delta
P) measurement. Flow as a fraction of nominal is obtained by taking the square root of the
normalized delta P value. Data was taken and reduced for the two-loop total loss of flow and
for both single-loop coastdowns, all from full flow.

Figure 14.6-9, Sheets 1 through 3, shows the individual loop coastdown curves determined
from the plant data. In order to make a comparison with the design curve, a total core flow
was determined by averaging the individual loop flows. These comparisons are found in Fig-
ure 14.6-9, Sheets 4 and 5. The time to 50% flow for the two-loop coastdown was predicted
at 12.3 sec while the plant was found to take more than 13.5 sec. The one-loop coastdown
(Figure 14.6-9, Sheet 5) also shows the safety analysis predicted curve reaching half flow
sooner than the actual, but the prediction has the slower flow up to that point.

It was therefore concluded that the plant coastdown rate is consistent and conservative with
respect to the FSAR value in order that departure from nucleate boiling be prevented.
Although the core flow for the one-loop loss of flow fell faster than predicted, the two-loop
coastdown is the limiting case and it is in agreement with the FSAR design value.

14.6.1.5.6 Natural Circulation Test

The Ginna natural circulation test was completed successfully on January 18, 1970. The data
was evaluated and found to be in excellent agreement with the predictions reported in the
original FSAR, Section 14.1.12. The comparative information is presented in Figure 14.6-10.

A record of nuclear power, coolant average temperature, delta T, and pressure data taken from
the control board instrumentation was checked against data trended on the plant computer
during the test and found to compare favorably. A primary flow was then calculated, based
on the power level (measured by the nuclear instrumentation system), and the other directly
measured parameters. The data recorded for the flow calculation are shown in Figure 14.6-
10, Sheet 1. Figure 14.6-10, Sheet 2, is a curve of the FSAR prediction with the flow points
calculated from the measured data at two power levels of the test.
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It is thus apparent that natural circulation does occur and that it is more than adequate for
decay heat removal. Furthermore, the flows determined from the plant data are in excellent
agreement with the predicted curve.

14.6.1.6 Miscellaneous Safety-Related Tests

14.6.1.6.1 Backfeed from the 115-Kilovolt Grid Test

The purpose of this test was to ensure that power can be fed back from the 115-kV grid
through the main and auxiliary transformers to the station auxiliaries, in the event of an
extended outage of the station auxiliary transformer as specified in the original FSAR. More
specifically, this test was to prove that the 115-kV cable from station 13A to Ginna Station,
the 11 5-kV to 19-kV main generator transformer, the 19-kV bus duct, and 19-kV to 4.33-kV
unit auxiliary transformer could be energized from the II 5-kV substation, without risk of
damage to the transformer or the high voltage lightning arrestors.

The normal station and system safety holding rules were strictly adhered to during the test.
To perform this test, it was necessary to disconnect the terminals of the main generator from
the isolated phase bus duct by removing the flexible connectors in the lead box under the gen-
erator for the test duration. A visicorder for recording voltage transients was installed in the
19-kV potential transformer secondaries.

The normal feed to the station auxiliaries during the then existing plant conditions (MODE 5
(Cold Shutdown)), was from circuit 767 through auxiliary transformer No. 12. This circuit
was deenergized and the main transformer was energized from the 115-kV system by energiz-
ing circuit 912. The results of the test follow:

Steady-state post switch voltage (no auxiliary load)

68.5 V

68.5 V

68.5 V

0.99/unit

0.99/unit

0.99/unit

Peak maximum transient voltaqe

1.22/unit

1.06/unit

1.06/unit

Cycles to near steady-state (clean sine wave)

1120 cycles
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OCB pole closing angle (breaker 91202a)

A• 0.70

B• 0

Cqi 20

a. This is not the only breaker that could be used for this test

There was no evidence of any significant dynamic envelope occurring during this test.

The magnitude of the peak transient voltage was less than expected. This could be due to a
combination of two factors.

A. Location of the measuring point on the opposite side of a three-phase wye-delta transformer
from the impinging transient. However, even though higher per unit transients would prob-
ably have been measured on the 115-kV side of the transformer, indications are, from our
test results, that these were not excessive.

B. Extremely small OCB pole closing angles. This could change with the number of circuit
breaker operations or the use of a different circuit breaker such as OCB No. 1G 1372.

The harmonic disturbances on top of the 60-cycle fundamental lasted for a much longer time
period than expected. However, they did not appear to be severe enough to cause any prob-
lems. The test was performed on September 21, 1969.

14.6.1.6.2 Blackout Test Without Safety Injection Test

This test was basically concerned with the ability of the diesel generators to supply emer-
gency power to the 480-V buses in the event that normal outside power is lost. This includes
the clearing of the buses of loading if outside power is lost so that the diesel breakers will not
close to a fully loaded bus.

The loss of power was simulated by simultaneously tripping the 4160-V supply breakers, 52/
12A and 52/12B. Since the individual switchgear and 480-V switchgear interlocks were
tested previously in the diesel test, no problems occurred.

Because they were not covered in other tests, the logic and opening and closing of the steam
supply valves to the steam-driven auxiliary feedwater pump were tested and results were sat-
isfactory.

14.6.1.6.3 Main Steam Isolation Valve Test

It was the intent of this test to demonstrate that the main steam isolation valves function by
simulating a high-high containment pressure alarm and that the valves close in the prescribed
amount of time.

To prove that the valves would function by simulating a containment high pressure necessi-
tated modifying the test procedure slightly to allow the test to be done in two steps because of
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plant status. The relays driven by the containment pressure transmitters were tripped manu-
ally to demonstrate steam-line isolation. At a later date, the containment high pressure was
simulated at the pressure transmitters to demonstrate that the relays would trip. When this
portion of the test was done, the valves were prevented from operating by removing the con-
trol air from the valve operator.

The timing of the valves was performed with satisfactory results since specified maximum
closing time is 5 sec and the valves actually closed in I sec. The maximum opening time of
the valves was observed to be 3 sec. The operation of the main steam valve isolation function
was included in other tests and all of the logic trains that actuate main steam isolation were
verified to perform as intended in the Reactor Trip System (RTS) operational test (Section
14.6.1.6.6).

14.6.1.6.4 Fire Service Water Test

This test was a functional test of the fire protection system intending to verify the design cri-
teria of the booster, and diesel-driven and motor-driven fire pumps, as well as to ensure that
all fire detecting devices, alarms, and control functions performed as intended. The test pro-
cedure was revised to conform to the updated standards of Nuclear Energy Property Insurance
Association (NEPIA). All criteria were met with satisfactory results.

14.6.1.6.5 Electrical System Logic Test

The purpose of this test procedure was to specify the operations necessary to operationally
test the following systems:

" Turbine and generator protection.

* Emergency power system logic.

" Rod stop.

• Turbine load reduction.

Where applicable these tests involved a checkout of the analog system followed by logic train
A and B checks. Also, where possible, the tests were performed with and without blocking
and permissive circuits actuated. The actual tripping of circuit breakers, closing of valves,
and starting of diesel generators was not demonstrated in this test, but rather the activating
devices, relays, controllers, etc., were monitored with the final action blocked. The perfor-
mance of this test was carried out over a long period of time which included many retests as is
normal for a test of this type. All components and functions of the systems being tested were
tested satisfactorily.

14.6.1.6.6 Reactor Trip System (RTS) Operational Test

This test procedure was very similar to the electrical system logic test-- testing to provide the
operations necessary to operationally check out the reactor trips of the Reactor Trip System
(RTS). The checkout involved a test of the analog system tripping followed by logic train A
and B testing. The logic system testing was done with and without covering manual or block-
ing circuits.
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It was first demonstrated that the reactor trip breakers would open automatically and then for
the remainder of the test the trip breakers were prevented from opening and the devices that
actually tripped the breakers were monitored for performance. Once again, this was a long
and complex test that was eventually completed with all objectives satisfactorily met.

14.6.1.6.7 Reactor Coolant System Hydro Test

The function of this test was to verify the integrity and leaktightness of the reactor coolant
system and the high pressure portions of the auxiliary systems at 3105 psig (1.25 times the
design pressure). All the necessary precautions were taken before the start of the test in that
the system had been flushed with high-grade water, the water volume of the reactor coolant
system was within the chemical Technical Specifications for cold conditions, pressure-reliev-
ing devices were set to relieve at 3120-3170 psig, the participating systems were aligned, no
visible leaks were apparent, all possible safety precautions had been taken, and the tempera-
ture of the reactor coolant system was above that necessary to pressurize the system.

The reactor coolant system was then pressurized to 1000 psig, with the charging pump and
HCF- 123 (excess letdown pressure control valve). Upon reaching 1000 psig, the pressure
was maintained constant while inspection parties investigated the systems involved for leaks.
This procedure was followed for 1500, 2000, 2500, and 3110 psig with only minor problems
encountered. This test was successfully completed March 1, 1969, at 1800 hours.

14.6.1.6.8 Ventilation Systems Test

Several tests were written and performed on the various ventilation systems of Ginna Station.
The primary purpose of these tests was to functionally check out the systems and to ensure
that design flow rates were achieved without overtaxing components and to ultimately bal-
ance the systems for flow. These tests were performed by Thomas & Young Associates with
RG&E personnel in attendance. Upon completion of these tests RG&E engineers spot-
checked the various systems using RG&E test equipment to verify the test data.

14.6.1.6.9 Preoperational Containment Vessel Leak Rate Test

The object of the initial preoperational integrated leakage rate test was to establish the degree
of leaktightness of the reactor containment building, penetrations, and isolation valves at the
design pressure of 60 psig and to establish a reference test for subsequent retests at 35 psig.
The allowable leakage of 0.2% per day was defined by the design-basis accident applied in
the safety analysis for Ginna Station in accordance with the site exposure guidelines set forth
in 10 CFR 100.

The allowable integrated leakage rates for the test were as follows:

Conditions Allowable Integrated Leak Rate

(%/day)a

Accident, 60 psig at 286°F 0.1000

Test, 60 psig at 93°F 0.0731
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Conditions Allowable Integrated Leak Rate

(%/day)a

Test, 35 psig at 93°F 0.0597

a. See item (B) in this section.

During the test period of 6.50 days, the structural integrity test on the reactor containment
structure was also conducted. A maximum internal pressure of 69 psig (1.15 times 60 psig
design pressure) was used for the structural integrity test. The leakage rate data was gathered
over a period of at least 24 consecutive hours after conditions were stabilized at each pres-
sure.

Following each 24-hour period, a controlled leakage rate was superimposed on the reactor
containment building to verify and validate the test instrumentation.

A. The reactor containment structure leakage rate at 59.9 psig and 93.2°F was found to be
0.0219 ±0.0168% per day.

B. The leakage rate at 35.1 psig and 93.8°F was -0.0059 ±0.0180% per day. The negative
value indicates that the leakage rate was less than the instrumentation sensitivity and ability
to react in a relatively short (24-hour) period. With a longer test time, the reduction in error
would have led to a better averaging and more definition of the finite rate. When a con-
trolled leakage rate of 4.9 lb/hr was superimposed on the vessel at 35 psig, the calculated
rate of 5.05 lb/hr demonstrated the satisfactory performance of the instrumentation.

C. Primary boundary leaks were noted in six penetrations during the test. The resulting leak-
age was, of course, a part of the overall leakage rate. I

D. Comparison of test instrumentation calibrations before and after the test was made and neg-
ligible differences were noted.

E. It was not necessary to superimpose a fixed leakage rate at both pressure levels; one was
considered sufficient, preferably at the retest condition.

Figure 14.6-11 describes the actual containment vessel pressure versus time. Figure 14.6-12
describes the pressurization system.

14.6.1.6.10 Structural Integrity Test

The Gilbert Associates Report, GAI 1.720, Structural Integrity Test, presented the results and
observations made on the reactor containment during the structural integrity test on April 11,
1969, to April 14, 1969, and during subsequent depressurization which was concluded on
April 18, 1969. The conclusions of the structural integrity test were obtained from the inter-
pretations of test data and responses of the reactor containment when subjected to a maximum
internal pressure of 69 psig (115% of design pressure-60 psig).

Most of the structural integrity test instrumentation performed well and their recorded data
are regarded as being valid. Some discrepancies in the data were noticed and the significant
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discrepancies were noted and discussed. The number of discrepancies was small compared
with the amount of data recorded.

The results of the structural integrity test showed the stresses, strains, and displacements
were within the limits as defined in the original FSAR and the GAI predicted results. The
whitewash areas revealed crack patterns and spacings in good agreement with the GAI pre-
diction; no horizontal cracks were found in dome concrete except for construction joints. The
base shear restraint was stiffer than anticipated. The strains and displacements of the
cyclinder wall, the discontinuity of dome and cylinder wall, and the dome revealed that the
structural stiffness of the containment is greater than anticipated.

The structural capacity of the containment met and exceeded its imposed criteria.

14.6.1.6.11 Reactor Trip System (RTS) Operation Time Response Test

The intent of this test was to determine the response time from the time the plant protection
parameters reach their trip setpoints until the tripping time of the reactor trip breakers. In the
procedure, the reactor trip time from the deenergizing of the undervoltage coil to the actual
tripping of the breaker was recorded, and thereafter in succeeding tests the time from trip set-
point to operation of the undervoltage coil was recorded. From this information the total time
from trip setpoint to breaker trip was determined for each of the trip parameters. The trip
response time limits as specified in Chapter 14 of the original FSAR were proven to be con-
servative by the results of this test.

14.6.1.7 Operational and Transient Tests

The tests of this category were designed to test the reactor control and protection systems
response.

14.6.1.7.1 Ten Percent Load Swine Test at Thirty Percent Power

The purpose of this test was to introduce a 10% load decrease and verify the nuclear plant
transient response including automatic control systems performance and then introduce a
10% increase in load and verify the response and performance again.

The power level was 113 MWe when the test began and 70 MWe after the 10% reduction of
load. The load increase was from 70 MWe to 113 MWe. In either case the control system
brought the nuclear plant smoothly to the new power level, and there was no measurable
amount of nuclear power overshoot. No alarms were observed on the 10% load decrease.
Alarms were observed on both steam generators on the load increase.

In both cases rods moved at full speed for about 30 sec and then for a short period at low
speed. The rods remained stationary for some 8 min after which they moved two or three
steps in the reverse direction at about one or two steps per minute. Steam generator control
was smooth and no manual intervention was necessary. On the decrease in load the level in
the steam generators decreased about 5% and on load increase the level rose about 5%. TAVG

swing was limited to about 2°F. The pressurizer pressure swings were limited to about 20 psi.
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14.6.1.7.2 Generator Trip Test

The objective of this test was to verify the ability of the automatic control system and the sec-
ondary plant to sustain interaction between systems and accommodate a net electrical load
loss from below a 50% power level. The test results were to be evaluated to determine possi-
ble changes in control setpoints in order to improve the transient response based on actual
plant operation.

The initial power level of the plant was 110 MWe. The main transformer high-side circuit
breakers were opened to achieve loss of load. The final power level after the trip was 12
MWe, enough to sustain the plant auxiliary load. The control system responded smoothly and
equilibrium conditions were reached in 15 min after loss of load. Controlling rod control
bank D moved into the core from 194 steps out of the core just prior to loss of load to 65 steps
out of the core at equilibrium conditions. This test was successful.

14.6.1.7.3 Ten Percent Load Swing Test at Seventy-Five Percent Power Level

This test procedure verified the nuclear plant transient response, including automatic control
systems performance, when step load changes were introduced at the turbine generator. This
test had been performed at a 30% power level previously. The plant load at initial conditions
of this test was 348 MWe. A step change to 291 MWe was introduced. After equilibrium
conditions were reached, a step change back up to '348 MWe was introduced.

No problem was incurred with either step change. The control system brought the plant to the
new power level in approximately 3 min. There was no noticeable overshoot of any major
variable. The rods stepped into the core at a rate of 72 steps per minute for 35 sec on the load
decrease and stepped out at a rate of 72 steps per minute for 40 sec on the load increase.

Alarms on Load Decrease

1. Steam generator level deviation, loop A.

2. Steam generator level deviation, loop B.

3. Pressurizer low pressure.

4. Feedwater heater and drain tank level.

Alarms on Load Increase

1. Steam generator level deviation, loop A.

2. Steam generator level deviation, loop B.

3. Pressurizer low pressure.

4. Feedwater heater and drain tank level.

5. Charging pump speed.

14.6.1.7.4 Fifty Percent Load Reduction from Seventy-Five Percent Power Level Test

The purpose of this test was to verify the ability of the automatic control system and the abil-
ity of the secondary plant to sustain a 50% load rejection from 75% of full power, and the
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interaction between the systems. Particular attention was paid to the operation of the steam
dump system. Figure 14.6-13 shows some of the more interesting recordings of process vari-
ables. The 10% load swing test at 75% power preceded this test by a short time and the vari-
ations of the process variables for both tests can be seen in Figure 14.6-13. The test was
begun with a power level of 347 MWe and control rods of the controlling bank D at 215 steps
out of core. Following the 50% load reduction, the plant leveled off at equilibrium conditions
in 17 min and 138 MWe and a bank D position of 35 steps out of core.

The turbine power was run back smoothly during the reduction. Margin to delta T trips
increased smoothly. Rods moved in at maximum speed for I min and 12 sec. Delta T set-
point 1 dropped to 48°F while actual delta T dropped faster. Six steam dump valves opened
and gradually modulated down to two valves open and oscillating slowly but acceptably.

Six min after test initiation rods were at 69 steps out of core on bank D. Pressurizer level rose
from 41% to a peak of 48%.

Alarms That Functioned During Load Reduction

* Steam generator level deviation A and B.

" Hotwell level - high.

" Steam generator high feedwater flow loop A.

" Nuclear instrumentation system power range upper detector high flux deviation.

" Pressurizer low pressure.

" High feedwater flow loop B.

" Steam generator low level loop.A single channel alert.

" Feedwater heater and drain tank level.

" Nuclear instrumentation system power range lower detector high flux deviation.

* Average TAVG minus T reference deviation.

" Steam generator high level loop A channel alert.

" Steam generator high level loop A.

" Feedwater pump seal-water low differential pressure.

It can be seen on the "A" steam generator feedwater flow recording that there was instability
of flow. The control system was allowing the "A" steam generator level to reach 68%, where
the feedwater isolation scheme was activated, which accounted for the sharp decrease in flow.
The sudden increase in flow after an isolation occurrence was caused by the automatic reset-
ting of the feedwater valve control whereby the valve was allowed to open again. This situa-
tion was corrected by changing the "A" steam generator feedwater valve controller response
characteristics.

14.6.1.7.5 One Hundred Percent Power Level Transient Tests

Ten percent and 50% load swing tests were performed at the 100% load level that were iden-
tical to the same load swing tests at 75% power level. The results of these tests were satisfac-
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tory and similar to those at the 75% level. On March 14, 1970, a plant trip test from 100%
power level was successfully conducted. The purpose of the test was to verify the ability of
the primary and secondary plant to sustain a trip from 100% power and bring the plant to a
MODE 3 (Hot Shutdown) condition in an orderly manner. The test was initiated by pushing
the manual turbine trip button on the main control board. The following was verified:

A. The turbine and reactor trips did occur.

B. The steam dump valves did open.

C. Pressurizer safety valves and Main Steam Safety Valves (MSSV) did not open.

D. The safety injection system did not operate.

E. All control rods were inserted in the core.

One Hundred Percent Trip Alarm Annunciations

0 2200 hours -

0 Manual turbine trip.

* Reactor trip.

* Number I generator voltage regulator field forcing.

" Turbine valves single-channel alert.

" Turbine valves auto stop.

* Air to extraction dump valves tripped.

" Feedwater heater and drain tank level.

" Condenser hotwell level.

" Condensate header pressure.

" Feedwater pump seal water low differential pressure.

" Feedwater pump low suction pressure.

" Feedwater pump light load.

* Feedwater pump seal water filter line.

" Auxiliary feedwater pump light load.

" Reactor coolant low TAVG loop A and B.

" Reactor coolant TAVG deviation.

* Average TAVG deviation.

* Pressurizer low pressure.

" Pressurizer safety valve high temperature.

* Nuclear instrumentation system power range upper-high-flux deviation.

" Nuclear instrumentation system power range lower-high-flux deviation.

" Nuclear instrumentation system power range rod stop-rod drop.
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" First out indication annunciator.

" Turbine auto-stop.

" Turbine valves.

" Steam generator low-low feedwater level loop A.

" Steam dump armed.

" Steam generator level setpoint deviation A and B.

• Rod bottom rod stop.

* Rod control urgent failure rod stop.

* 115-kV panel.

2210 hours

* Pressuriier liquid high temperature.

2215 hours

* Condensate storage tank (CST) level.

The plant functioned as expected with no major deviation from design intent.

14.6.1.7.6 Operational Dynamic Rod Drop Test

The purposes of this test were as follows:

A. Demonstrate the operation of power range rod drop detection circuits and to provide a basis
for the optimum adjustments of setpoints.

B. Demonstrate the operation of turbine runback controller and blocking of automatic rod
withdrawal.

C. Evaluate the plant transient response following a dropped rod and demonstrate the ade-
quacy of the dropped rod recovery procedure.

Plant power level was 40% at test initiation. The selected rod J- 10 was dropped by removing
the fuse from the rods stationary gripper coil circuit. The nuclear plant control system
responded smoothly during this transient, but the turbine runback system did not reduce tur-
bine load sufficiently to compensate for the reactivity decrease caused by the dropped rod.
The turbine runback was completed manually.

The dropped rod detection was successful as shown in Figure 14.6-14. The four recordings in
the figure are of each of the nuclear power channel signals. The two traces of each recording
are the signals of the upper and lower ion chambers of a channel.

The dropped rod was detected by the rod position indicator on the main control board and the
illumination of the rod bottom light. Verification of the dropped rod was made by the rod
position digital voltmeter on the main control board and in-core thermocouple temperature
computer printout. Verification could also have been made by running a flux map. On
December 10, 1969, while at 30% power, rod J-7 was dropped to the bottom of the core and a
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flux map taken at that time confirmed the satisfactory detection of a dropped rod by flux map-

ping.

The following alarms were actuated during the transient:

AA. Nuclear instrumentation system power range upper detector high flux deviation or auto
defeat.

BB. Nuclear instrumentation system power range channel deviation.

CC. Nuclear instrumentation system power range rod drop rod stop.

DD. Rod bottom rod stop.

EE. Steam generator level deviation loop A.

The dropped rod recovery procedure was proven adequate in this test.

This test was successfully rerun the following week after the initial attempt with a satisfactory
turbine runback performance.

14.6.1.7.7 Delta T Zero Power Alignment and Delta T Channel Span Adjustment Tests

The delta T zero power alignment test provided instructions for the zero alignment for all four
delta T channels. The normal resistance temperature detector inputs into the Dana amplifier
(first amplifier of the reactor control and protection system) were disconnected and precision
decade boxes were connected to the input of the Dana amplifier and a direct reading voltme-
ter connected to the output of same. A linearity check of the amplifier was made using the
resistance values provided by the test procedure. With the plant at MODE 3 (Hot Shutdown)
conditions the amplifier was adjusted to produce an output corresponding to O.0°F.

The delta T channel span adjustment test provided a curve of amplifier output versus plant
load. Upon reaching approximately 75% power, a calorimetric was performed to determine
actual level. The Dana amplifiers of each of the protection channels were span adjusted for
the actual power level to provide an output as dictated by the linear curve of amplifier output
versus plant load.

14.6.1.7.8 Nuclear Instrumentation Calibration and Reactor Coolant System Flow
Confirmation

The purpose of this procedure was to specify the requirements for obtaining data for nuclear
instrument calibration and reactor coolant system flow confirmation and to check the perfor-
mance of the nuclear instruments by:

A. Obtaining a plot of anode voltage versus source range instrument output for use in setting
source range anode voltage.

B. Obtaining nuclear instrument channel overlap data during increases and decreases in power.

C. Plotting power range detector currents to verify linearity of detector outputs.

D. Determining operational settings of instrument compensating voltages and test current val-
ues.

Page 59 of 120 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 14 INITIAL TEST PROGRAM

E. Obtaining a plot of detector voltage versus output for intermediate and power range output
for use in setting detector voltage.

A plot of source range detector (B 10) anode voltage versus detector output in counts per sec-
ond was obtained for each source range detector as follows:

AA. Prior to core loading and prior to initial criticality, data was obtained for anode voltage

plot using startup source.

BB. One to 2 hours after shutdown from power operations of at least 500 MW days. (These
plots were performed with neutron flux resulting from gamma-neutron reactions in the
core and a significant gamma field incident on the detector).

With the source range channel adjusted per the NIS Instruction Manual, anode voltage was
varied in 25-V steps over its adjustable range, without exceeding the maximum allowable
operating voltage of 1000-V dc. Data was obtained of anode voltage versus counts per sec-
ond (cps), and plotted for each of the two conditions specified above. The anode voltage set-
ting was determined from the plot using the criteria that the voltage should be set at a point
above the start of the plateau, corresponding to one third of the voltage plateau length. The
anode voltage was set and recorded on a data sheet.

Immediately after anode voltage data was obtained for the condition 2 above, and after setting
the anode voltage, the discriminator voltage was varied in 0.2-V steps over the operating
range and data was obtained to perform a plot of discriminator voltage versus cps. Discrimi-
nator voltage was adjusted to a point determined from the plot.

The four power range nuclear instrument channels were calibrated based on a calorimetric
measurement of the secondary system. The power delivered by each steam generator was
determined by measurement of feedwater flow, feedwater temperature, and steam pressure.
A second method of determining the power delivered by the reactor was by measuring the
delta T across each reactor coolant system loop and the reactor. The delta T measurements
were used to verify the feed flow method and were also used as a means of verifying loop
flow. Measurements of feed flow were made by venturi meters installed in the feed flow lines
to each steam generator. Differential pressure instruments installed across the venturi meters
indicated differential pressure which was used to determine reactor power from a curve of
feedwater temperature versus the square root of differential flow pressure. Percent reactor
power was determined for each power level and a calorimetric calibration was performed by
summing the power being delivered by each steam generator as determined from the curve
(less net thermal input due to pump operation, radiant heat loss and letdown) and dividing by
the design full power output. Percent power was computed as follows:

Power % = [(Power loop A + Power loop B - Power heat gains) x 100] / 4437 x 106 Btu/hr

In performing a calorimetric calibration, plant power was increased to the approximate level
as indicated by the. feed flow differential pressure detector and as a backup by the watt meter
in the main generator output. In increasing power to the levels specified in the tabulation
below, the feedwater flow differential readings and watt meter readings as indicated below
were not exceeded for specified power.
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Final Approximate Power Feedwater Flow D/P Meter Watt Meter Reading!

Level (%) Readin2 (MWe)

30 (Obtained from curve) 150

50 (Obtained from curve) 240

75 (Obtained from curve) 1360

100 (Obtained from curve) 460

Once the nuclear instrument calibration data had been taken, the reactor power calculations
were performed by feed flow, and by reactor and loop delta T methods. Using the results of
these calculations, the gain of the power range channel indicating closest to the calculated
power by feedwater flow was adjusted. Following this gain adjustment, the gain of the other
three channels was adjusted as necessary to match this channel. Prior to adjusting the gain of
power range instruments, an examination of the flux maps and out-of-core flux (current) read-
ings was made for the power at which the calorimetric data was taken, for any asymmetrical
flux pattern that could explain any difference in out-of-core indication.

Reactor power determined from delta T measurements was used for informational purposes.

Reactor power was computed using loop and reactor delta T measurements as follows:

Loop Delta T (Spare Resistance Temperature Detectors Th-Tc) Method

lb deltaTA + deltaTB PX00PuiDes gnFlow -- x

Percen t Re actorPower = hr .2 Bux100

FullDesignPower

68.o 1 lb (deRtA +TdeltaTE) 1
hr 2

4437x10
6 Btu

hr

(Equation 14.6-1)

A plot of average power range detector current versus power to determine degree of linearity
was made.

A plot of power range detector current versus detector voltage at near full power condition to
determine operating voltage (twice voltage for 90% of saturated current condition) was made.

An in-core flux map was made for each steady-state power level for obtaining nuclear instru-
mentation calibration data.
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An approximation of design reactor flow was computed using differential temperature mea-
surement and reactor power as one means. Both loop and reactor differential temperatures
were used in making these computations.

14.6.1.7.9 Ex-Core In-Core Calibration Test

It was the function of this test to establish a relationship between in-core and ex-core gener-
ated axial offset and delta flux.

The results of this test were later used to calibrate the upper and lower detector channels and
to align the axial offset signals to the delta T setpoints.

With the part-length control rods inducing an axial offset by virtue of their position in the core
(10 steps from the bottom) and with the plant electrical load maintained constant, a flux and
thermocouple map was run under these conditions and the ex-core detector voltages were
recorded periodically. This same procedure was followed with the part-length rods located 85
and 160 steps out of core. Two more runs were made with bank D positioned on the bottom
of the core as opposed to about 15 steps from the bottom, as was the case in the first three
runs.

This test was again run at 75% power to verify the channel settings and to further refine set-
tings for extrapolation to 100% power.

This test did establish the fact that there was a fairly linear relationship between the in-core
and ex-core axial offset and a linear relationship between offset and power level.

14.6.1.8 Startup Physics Testing

14.6.1.8.1 Introduction

An extensive physics testing program was conducted to see if the core reactivity characteris-
tics and power peaking were close to design calculations and conservative with respect to
assumptions used in the safety analysis. Measurements were made to determine:

A. Core reactivity parameters, including reactivity coefficients and control rod bank worths.

B. Power distributions, from zero to full power, with and without control rod bank insertion.

C. The effects of abnormal rod configurations, including individual rods fully withdrawn, fully
inserted, and intermediate out-of-position configurations.

D. The adequacy of the ex-core instrumentation to monitor core performance for both normal
and abnormal control rod configurations.

The conclusions drawn from the physics program results were as follows:

AA. The core performance was quite close to the design predictions.

BB. The measured values for physics parameters required for safety analyses were less
restrictive than the assumed values.

CC. The core instrumentation system was successful in monitoring the core power distribu-
tion and sensing power asymmetry.
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14.6.1.8.2 Power Distribution Measurements

The power distribution measurement results were documented separately in WCAP-7542-L,
September 1970, Topical Report: Power Distribution Monitoring in the R. E. Ginna PWR.
The responses of the ex-cores, thermocouples, and incore movable detectors to both normal
and abnormal power distributions are discussed therein.

14.6.1.8.3 Zero Power Critical Boron Concentrations

A summary of key reactivity measurements made during the initial physics tests is presented
in Table 14.6-2. These zero power measurements are in excellent agreement with predicted
values with the exception of the stuck rod configuration which has all .rods but one inserted.
The measured boron concentration is less than the predicted value, indicating the reactor had
a greater total rod worth than predicted for the limiting stuck rod configuration.

14.6.1.8.4 Reactivity Coefficients and Shutdown Margin

In Table 14.6-3 the isothermal temperature coefficients are in good agreement with the pre-
dictions, It should be noted that the positive coefficient does not exist with the normal rod
configuration at zero power or at any other power level. This all-rods-out case was achieved
only for the purpose of the test program and was specifically permitted by the Technical Spec-
ifications.

The measured doppler coefficients shown in Table 14.6-3 are larger than predicted. The shut-
down margin calculated from measured data is greater than the design value by roughly 0.3%
reactivity. The greater measured doppler defect is overcome by the greater measured rod
worth with one stuck rod for a small gain in shutdown margin.

14.6.1.8.5 Ejected and Dropped Rod Worths

The statically ejected and dropped rod worths are listed in Table 14.6-4. In the safety analy-
ses, .the ejected rod for the zero power case was assumed to be worth 1% reactivity. The mea-
sured value (0.75% reactivity) shows this assumption was conservative. The measured
ejected rod for the limiting full power configuration was 0.30% reactivity, compared to
0.365% assumed in the safety analysis. The measured power peaking factors (documented in
WCAP-7542-L) for these two rod configurations are compared to the values assumed in the
safety analyses at the bottom of Table 14.6-4.

The dropped rod reactivities presented in Table 14.6-4 are not directly related to any safety
concern; no minimum or maximum limit was used in any original FSAR safety or accident
analysis.

14.6.1.8.6 Xenon Oscillation Test

An xenon oscillation test was performed to determine the dampening characteristics of the
12-ft core. The oscillation was induced by bank D insertion for 4 hours, then the bank D was
withdrawn. The part-length bank was held at the midplane throughout the test. The initial
oscillation had the following characteristics:
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Period 28 hours

Amplitude (t + 1/2 period)/Amplitude (t) 0.5

The oscillation was again induced, but axial symmetry was maintained using part-length rod
movement to counteract the xenon oscillation. The part-length rods successfully held axial
offset at 0%.

14.6.2 POWER TEST PROGRAM TO 1520 MEGAWATTS THERMAL

14.6.2.1 Test Description

Rochester Gas and Electric Corporation obtained an amendment to the operating license for
the R. E. Ginna Nuclear Power Plant on March 1, 1972, which authorized an increase in the
plant output from 1300 to 1520 MWt. The testing program during the initial escalation in
power to 1520 MWt was performed in March and April 1972. The objective of the program
was to ensure a well-documented transition from 1300 to 1520 MWt. The core average bur-
nup was 14,800 MWd/metric ton uranium.

A set of base conditions was measured at 1300 MWt before power escalation was initiated to
serve as a basis for comparison with subsequent tests. These base conditions included chem-
ical and radioactivity levels at typical locations, radiation measurements, power distribution
measurements, and a core performance evaluation. These tests were repeated at intermediate
power levels of about 1380 MWt and 1455 MWt, before going to the full power level of 1520
MWt.

Figure 14.6-15 displays the reactor power level as a function of time for the test period.
There were several distinct phases to the uprating program. Following a 5-day plant shut-
down, a number of reactor physics parameters were measured at hot zero power. While these
zero power tests were not a necessary portion of the testing program, the shutdown did afford
an excellent opportunity for obtaining end-of-cycle physics data for use with nuclear design
calculations.

At the completion of the zero power testing, the power escalation program was initiated. As
can be seen in Figure 14.6-15, this escalation was comprised of several discrete steps, from 0
to 1300 MWt, from 1300 to 1380 MWt, from 1380 to 1455 MWt, and in mid-April to 1520
MWt. After each new power level was reached, a number of tests and measurements were
performed. These included flux and delta T measurements, containment vessel radiation sur-
veys, and primary coolant activity level measurements. Data obtained at each power level
were reduced and evaluated before the core power was increased. In addition, careful atten-
tion was paid to system components during all phases of the escalation program.

As power was increased to 1300 MWt, the power coefficient was measured and the power
defect obtained. A review of test results at 1300 MWt, including a detailed check of the flux
map results showed good agreement with the expected data. Data obtained at 1380 MWt also
displayed this good agreement with predictions, thus justifying a further power increase to
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1455 MWt. In addition to the tests outlined above, flux maps were obtained at 1455 MWt to
facilitate the generation of the axial offset f(delta 1) setpoints for operation at 1520 MWt.

Two phenomena caused further power escalation beyond 1455 MWt to be postponed. A
higher than expected primary coolant activity was encountered and steam line vibration was
noted. The results of all other tests were favorable and indicated that power could be raised to
1520 MWt.

On April 12, 1972, shortly before the cycle lB MODE 6 (Refueling) shutdown, core power
was increased to 1520 MWt for approximately 6 hours. The escalation from 1300 MWt pro-
ceeded at 1% power per hour and followed 4 days operation at 1300 MWt for primary coolant
activity cleanup. Plant improvements had been implemented to remedy the steam line vibra-
tion problem. The purpose of the operation at 1520 MWt was to test the secondary system at
1520 MWt before the annual maintenance period and to test the fuel prior to conducting the
fuel inspection. After completing all tests outlined above, the reactor was returned to 1300
MWt.

Testing performed during the power escalation program demonstrated that the plant could be
operated at 1520 MWt. Core flux and delta-T maps showed that, as expected, there was very
little change in assembly relative power levels as core power was raised from 1300 to 1520
MWt. Margins to the core safety limits remained large. For example, the measured peak
FNQ, including a 5% measurement uncertainty, was 1.63. This may be compared with the
Technical Specification limit at that time of 2.72. One reason for the low measured value is
that a full cycle of depletion had taken place; peaking factors are expected to be largest at the
beginning of a cycle.

The containment radiation surveys did not reveal any unexpected increases in radiation levels
during or following the escalation program. The primary-coolant radioactivity levels did,
however, increase more rapidly than expected, particularly for the shorter-lived isotopes such
as Xenon-135, Krypton-87, and Krypton-88. The effect of the power escalation on fuel rod
integrity can best be analyzed by comparing primary coolant activity following equilibrium
operation at 1300 MWt prior to early March with the activity at 1300 MWt in early April.
These data indicate that some additional fuel rods probably failed between early March and
early April. The data obtained at 1520 MWt could not be evaluated in this fashion since sev-
eral days of operation at a given power level is required to reach equilibrium coolant activity
conditions. The small increase in coolant activity noted at 1520 MWt compared to the 1300
MWt levels did indicate the beneficial effect on coolant activity of increasing power level
slowly.

A comprehensive testing program was established and followed to ensure an orderly power
escalation. Care was taken to evaluate all available information before proceeding to new
power levels greater than 1300 MWt. This care ensured that a safe and well-documented pro-
gram was carried out which resulted in demonstrating that the core could be operated at 1520
MWt.
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14.6.2.2 Steam Generator Moisture Carryover Tests

Steam generator moisture carryover tests were performed at each power level during the
uprating test program and at 1520 MWt in April.

The results of these tests were as follows:

Power Date Percent Carryover

1300 March 11, 1972 0.02

1380 March 12, 1972 0.052

1455 March 13, 1972 0.21

1455 March 14, 1972 0.22

1520 April 12, 1972 0.519

The moisture carryover met the 0.25% requirement at the warranted power level of 1455
MWt.

14.6.2.3 Assembly Delta T Measurements

In conjunction with each flux map, a complete set of assembly temperature rise measure-
ments was taken. Before proceeding to a new power level above 1300 MWt, the last set of
thermocouple data was extrapolated to the new power level based on the power increase and
on the expected assembly relative powers. While the temperature measurements are not as
accurate as the flux measurements, they do provide a quick check of the assembly power lev-
els. In general, the measured assembly exit temperatures were within I F of the expected val=
ues. (The temperature rise through the core at 1520 MWt is approximately 58°F.) In the few
cases where the differences were larger than 1 0F, the flux maps ensured that the assembly
power levels were as expected.

14.6.2.4 Plant Radiation Surveys

Radiation surveys were made throughout the plant with portable survey instruments during
the power escalation program. Gamma and neutron radiation levels were measured at a num-
ber of points on the operating floor, the intermediate floor, and the basement of the contain-
ment vessel. The measurements gave a rough estimate of the radiation levels in the
containment. Accuracy of the measurements was limited since surveys at different power
levels were taken by different people, a constant counting geometry could not be maintained
at each survey station, and the high radiation levels gave only a short time in which measure-
ments could be made. In addition, nonequilibrium effects and the changes in waste treatment
system flow rates could have introduced errors into the measurement.

It was expected that the neutron radiation levels would be proportional to the power. The
gamma radiation level should not, however, be proportional to power since it depends on
waste treatment. A summary of the data is presented in Table 14.6-5. The values listed in the
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table for radiation increase refer to the average of the surveys taken at a particular power level
and are related to the average obtained at 1300 MWt.

14.6.2.5 Reactor Physics Measurements

14.6.2.5.1 Zero Power Measurements

Following the scheduled 5-day shutdown prior to the uprating program and while at a nomi-
nal hot zero-power level, a number of reactor physics measurements were performed. The
results are primarily of benefit in reactor design and development and were not an important
facet of the uprating program. These tests included:

* Critical boron concentration - All rods out.

* Isothermal temperature coefficient - All rods out.

* Bank D differential and integral worth.

* Critical boron concentration - Bank D inserted.

* Isothermal temperature coefficient - Bank D inserted.

* Bank C differential and integral worth (bank D inserted).

* Critical boron concentration - Banks C and D inserted.

* Isothermal temperature coefficient - Banks C and D inserted.

Basic results of the measurements are reported in Table 14.6-6.

The worths of bank D and bank C were less than those predicted and measured at the begin-
ning of cycle I B. This might have been expected since the relative power in the rodded
assemblies decreased during the cycle. The plots of integral and differential worth for banks
D and C are presented in Figures 14.6-16 and 14.6-17, respectively.

The isothermal temperature coefficient was obtained as a function of boron concentration by
taking measurements of several different control rod insertion configurations. At a given rod
configuration, the moderator temperature was varied about a nominal value to obtain the reac-
tivity effect of such a change. The isothermal temperature coefficient was found to be a non-
linear function of the boron concentration, as can be seen in Figure 14.6-18. Nonlinear
behavior was expected based on the curves presented in Section 3.2.1 of the original FSAR.
The nonlinearity may have been due in part to the different control rod configurations
employed. The changes seen in the nominal moderator temperature may have contributed to
the nonlinearity due to the effect on the neutron diffusion length as a result of changing mod-
erator density. The data at 616 and at 532 ppm of boron are about 10% less negative than pre-
dicted for the end-of-life by the cycle I B design report, while the value at 422 ppm agrees
well with the prediction.

14.6.2.5.2 At-Power Measurements

Upon conclusion of the zero power measurements, reactor power was increased to 1300 MWt
in several steps. During this increase, the power defect was measured. The integral power
defect (doppler, moderator temperature, and flux redistribution) from zero to 1300 MWt was
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measured to be 1.33% delta P at the critical boron concentration of 420 ppm. The reactivity
defect due to doppler and flux redistribution was obtained by removing the reactivity effect of
increasing the moderator TAVG and was found to be 1.00% delta p from zero to 1300 MWt.
The values predicted at the end-of-life for the doppler defect and the power defect (not
including flux redistribution) are approximately 1.18 and 1.70 delta p , respectively.

After correcting the data for variation in moderator temperature and xenon redistribution, the
power coefficient as a function of power was obtained. These data are plotted in Figure 14.6-
19. Data were not obtained between 1300 and 1520 MWt because it was decided not to sub-
ject the core to the rapid transient which would have been necessary. Power transients had
been found to result in a temporary increase in primary coolant activity.

Upon reaching 1300 MWt, the main portion of the uprating tests began. The intent was to
take core maps at 1300, 1380, 1455, and 1520 MWt. Each map was to be analyzed before
proceeding to a higher power level. At 1300 MWt, a reference flux map was taken to serve as
a basis for evaluation of the power distribution obtained at higher power levels. Excellent
agreement was found between the measurements and the predicted power distributions.

A flux map was taken at 1380 MWt and three maps, for use in the f(delta 1) setpoint calibra-
tion, were taken at 1455 MWt. Selected system parameters for these maps are given in Table
14.6-7.

In all cases, the agreement between measured and predicted power distributions was very
good. Differences were typically less than 3%. The relative power distributions symmetry at
1300 MWt, 1380 MWt, and 1455 MWt are shown in Figure 14.6-20. For ease of presenta-
tion, the values listed in the figures represent the average for the four quadrants. These data
demonstrated that .the power distributions were well behaved and that there were no unex-
pected hot assemblies.

The assembly relative power distributions for the three flux maps taken at 1455 MWt are
given in Figure 14.6-21. There were no major differences in the assembly power distributions
of these three maps and the measurements agreed well with the predictions from PDQ calcu-
lations.

The power range detector output was monitored as a function of core power. In Figure 14.6-
22, the output of ex-core detector NE-41 (sum of the top and bottom detectors) is plotted as a
function of core power and a linear correlation is seen. A similar linear correlation was seen
for detectors NE-42, NE-43, and NE-44. The correlation between ex-core detector response
and the axial offset as calculated from the flux map data is presented in Figure 14.6-23 for
detector NE-41. The linearity of detector response with axial offset was also found in the
other three ex-core detectors. This linearity demonstrated that the detectors continued to
accurately monitor core axial offset and that the data obtained at 1455 MWt could be used to
generate the f(delta I) setpoints for operation at 1520 MWt.

The power escalation program was halted at 1455 MWt due to high coolant activity and
steam line vibration. On April 12 the reactor was taken to 1520 MWt for a period of 6 hours
so that system component behavior might be determined before the mid-April MODE 6
(Refueling). A core flux map was taken during the operation at 1520 MWt and the results of
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that map are presented in Figure 14.6-24. The assembly relative powers could be directly
compared with the earlier maps in the uprating program since the part-length rods were with-
drawn from the core prior to increasing power to 1520 MWt. The difference between mea-
surement and prediction was, typically, less than 2%.
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Table 14.6-1a

ACCUMULATOR BLOWDOWN TEST RESULTS - OBSERVED RESULTS

Initial level, %

Initial gas volume, ft2

Initial pressure, psig

Valve opening time, sec

Delay before fluid enters vessel, sec

Liquid blowdown time - total, sec

Gas blowdown time, sec

Water lost to loop seal, gal

Low Pressure

Loop A Loop B

40 40

750 750

300 300

10 9.7

Hi2h Pressure

Loop A Loop B

40 40

750 750

740 720

10 ---

4.5 4.5

29 54

30 50

1110 1125640 875
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Table 14.6-ic ACCUMULATOR BLOWDOWN TEST RESULTS - PIPE RESISTANCE

Table 14.6-1b
ACCUMULATOR BLOWDOWN TEST RESULTS - PREDICTION OF FINAL

PRESSURE

Run

Final pressure

Loop A Initial pressure

Initial gas volume

Final gas volume

Calculated (pv =C)

Measured - PT - 936

PT - 937

740 psig

750 ft
3

1750 ft
3

220 psig

200 psig

220 psig
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Table 14.6-1c
ACCUMULATOR BLOWDOWN TEST RESULTS - PIPE RESISTANCE

L2oo2

A

A

A

B

B

Initial Pressure (nsig)

740

740

300

300

Pipe Resistancea Equivalent
Diameter (L/D)

305 Same

334 Run

371

388

1275740

a. Resistance used in accident analysis - 530
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Table 14.6-2
BEGINNING OF CYCLE ZERO POWER CRITICAL BORON CONCENTRATIONS

Zero Power Measured (ppm) Predicted (ppm)

Critical Boron Parameter

All rods out 1608 1609

Bank D in 1526 1528

Banks C and D in 1365 1382

Banks B, C and D in 1253 1270

Part-length at midplane 1566 1566

Part-length out, 28 rods in 960 ±25a 1015

NOTE:-10 ppm = 100 pcm nearly equal to 0.1% reactivity

a. Inferred from subcritical state. Large uncertainty due to noncritical measurement.
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Table 14.6-3
REACTIVITY COEFFICIENTS AND SHUTDOWN MARGIN

Measured Predicted

Isothermal temperature coefficient

Zero power, all rods out

Zero power, bank D inserted

Doppler coefficient

10% power

30% power

85% power

+1.4 x 10- 5/°F

-2.4 x 10- 5/°F

-40 x 10-5 /% Q

-22 x 10- 5 /% Q

-10x 10-5 /% Q

+1.2 x 10- 5/°F

-1.9 x 10-5/°F

-27 x 10-5 / % Q

-16x 10-5 / % Q

-6.5 x 10- 5 /% Q

Doppler defect

50% power

100% power

Shutdown margin

Beginning-of-life

Estimated end-of-life

1.45%

2.03%

1.00%

1.40%

3.11%

2.60%

2.85%

2.27%
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Table 14.6-4
EJECTED AND DROPPED ROD WORTHS

Bank Positions

Rod Bank Position Worth S A B C D Power

Ejected rods

K-7 D

K-7 D

G-11 D

K-7 D

J-10 C

K-7 D

G-7 C

Dropped rods

G-7 C

K-9 S

G-7 C

1-7 B

J-10 C

F-12 A

K-7 D

K-9 S

1-7 B

230

230

230

230

230

230

230

75a 230

30b 230

29 230

8 230

20 230

Uc 230

175 5

230 230

230 230

230 230

230 230

230 230

18 230 230 230

5

230

230

230

107

107

107

230

230

230

230

230

230

230

230

230

5

20

20

153

22

22

22 30

0

30

30

30

30

30

0

0

0

0

0

0

0

0

0

45

33

23

22

20

20

10

18

40

230

230

230

230

230

230

230

230

230

230

230

230

230

230

230

230

230

230

230

230

230

230

230

230

230

230

230

20

20

180

167

169

149

141

153

22

30

30

30

30

30

30

30

30

30

NOTE:-1 0 ppm = 100 pcm nearly equal to 0.1% reactivity.

a. FSAR safety analysis zero power assumed rod worth: 100 ppm Fq (measured) = 7.71 Fq, (assumed) =

12.6

b. SAR safety analysis full power assumed rod worth: 36 ppm Fq (measured) = 2.58 Fq, (assumed) = 4.75

c. Bank C insertion not permitted at full power. Position of bank C corresponds to 40% power insertion
limit.
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. Table 14.6-5
AVERAGE INCREASE IN CONTAINMENT RADIATION LEVELS DURING

UPRATING PROGRAM TO 1520 MEGAWATTS THERMAL

Date

Reactor Power (MWtO 3/11/72
1300

0Percent increase

3/12/72
1380

6.1

6.2

4.0

3/13/72
1455

11.9

2.4

6.5

4/12/72
1520

17

23

18

Neutron radiation percent increase 0

Gamma radiation percent increase 0
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Table 14.6-6
SUMMARY OF MEASURED PARAMETERS AT HOT ZERO POWER PRIOR TO

UPRATING TO 1520 MEGAWATTS THERMAL

Parameter

Control bank integral worth, pcm

Bank D

Bank C

Critical boron concentrations, ppm

All rods out

Bank D in

Banks C and D in

Boron worth, pcm/ppm

Temperature coefficients, pcm/°F

All rods out, 548 + 3°F, 616 ppm boron

Bank D inserted, 550 + 3°F, 532 ppm

Banks C and D inserted, 547 + 2°F, 422 ppm

Measured Value

839

1176

616

535

425

-10.7

-13.9 + 0.4

-14.8 ± 0.2

-18.1 ±0.1
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Table 14.6-7
SELECTED DATA FOR FLUX MAPS

Rod Position

Map Power (Mwt) Measured Axial D P/L

Offset (%)

93 1300 +0.6 213 83

94 1380 -3.1 210 75

95 1455 -0.6 211 67

96 1455 -11.1 211 84

97 1455 +10.3 212 33

Page 78 of 120 Revision 21 11/2008



"A" LOGIC

Containment Valves
BEFTORE TRIP

A•T•R TRTP

Valve Number Valve Position Status Lights Indicator Li#hte 7 Valve Position Status Lights Indicator Lights
Open Close Dim Bri Red een pen lose Dim br Red Green

8 x x x X x _
8788 x x x,_ x x X
878 C X X x X X X878 D X X X ___ X X

852 A x x x X X X
85,B X X X X- X X
COY -1B X x x "X

S879 PSV- x x x __x x x
AQV 951 X _- - X X Xov9S, x x. x Z/ x x
953 x x x _ / x X x

-s, ;( : - _ XX x xS41 X X X / x,.

865 - x - xL. - ..... .. L

B_.] -_ -.x x
BV I-K X - - xgv I.F x // x

BV I-L X // XBy t.J x / x

'8V I-H x/ - -

8SU A ..x. x xxHsi a x - _ x

Ii~h - _ - -/

-.4
'.0
C'-a

t'J

ON

I0z

cz

zs

0

C

0
0oc

ROCHESTER GAS AND ELECTRIC CORPORATION
R.F- GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-1, Sheet 1

Original Safety Injection System
Functional Test Data Sheet (Typical)



"B" LOGIC

Containment Valves

BEFORE TRIP AFTER TRIP

Sc
0
0

0

Valve Number Valve Position Status Lights Indicator Lihts Valve Position Status Lights Indicato? Lights

Open Close Dim Bri Red -Green' Ope Close Dim Bri Red Green

878 A X X - .X
8?8 B..J1L. - X __ X 4IXX Xy
87 IIa - V -$76 _ x -x ,/- x x x

ARTBDL. X__ - - / - X X X

97a n x__ x x/ x x x

____B_ X X X XX

-5 - /,/ X X L

?•,sXot DIMx /x

85- A x x x x x -

-S -x x x x
851A in x x X X

5sl - x x x -x x x

y v-79 x x /_ x

_V-9S1 X _ x___

95 xxx

959 x xx x/
941 x xx x ,/

o:~.

ON

0

4

0

t'J
0
0Sc

ROCHESTER GAS AND ELECTRIC CORPORATION

RE. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-1, Sheet 2

Original Safety Injection System
Functional Test Data Sheet (Typical)
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Figure 14.6-2 Sheet - Rod Cluster Control Assembly Drop Time Test Results (Typical)

DMta beets

Pamagphs ame keyed to test procedure

5.2 Control Rod Drop Test - Cold (Ambient) No Flow Condition

DLate: Oct. 20. 1969

DROP TDE DASH POT
TO TO ROD DOT. TOTAL

RCCA RCCA D•Rn POT TIE DROP TDM PCs CRs PCs
BANK OnD (t 1 ) (t 2 ) (t 1 *+ 2 ) 2 Tavg FLOW rMISSL
NO. LOCATION (sae) (sac) (see) (OF) (%) (psig)

S E3 1.03 1.36 2.39 0 300
C9 1.12 1.32 2.4
Ill .99 .33 2.32
K5 1.03 1.33 2.36
13 1.01 1.30 2.31
C5 1.03 1.28 2.31
ELI 1.01 1.34 2.35X9 1.02 1.34 2.36

A F2 1.00 1.31 2.31
B8 1.00 1.34 2.34
112 .99 1.35 2.34
46 .1.10 1.30 2.40 90 0 300
H2 1.03 1.32 2.35
B6 1.06 1.35 2.41
F12 1.06 1.30 2.36
L8 .11" 1.28 2.39

B V7 1.11 1.35 2.4 6
E7 1.13 1.30 2.43
G5 1.11 1.32 2.43
09 1.11 1.32 2.4•3

C D4 1.01 1.35 2.36
G7 1.03 1.33 2.36
J10 1.01 1.38 2.39
jA 1.10 1.35 2.45 90 0 300
D1O 1.10 1.41 2.51

D K 1.07 1.30 2.37 0
C7 1.11 1.23 2.34
03 1.10 1.29 2.39
Gl. 1.10 1.35 2.45

ROCHESTER GAS AND ELECTRIC CORPORATION

R.L. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 1.4.6-2, Sheet 1
Rod Cluster Control Assembly

Drop Time Test Results (Typical)
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Figure 14.6-2 Sheet 2 - Rod Cluster Control Assembly Drop Time Test Results (Typical)

5:3 Control Rod Drop Test -

Condition

Cold (200°F " Tavg f 3OO°F) - Full Flow

Date: 20 Oct. 69

DROP TIM DASH POT
TO TO ROD BOT. TOTAL

RCCA RCCA DASH POT TDX' DROP TIME RCs RCS PCs
BANK GRID (t ) (t 2) (t_ + t ) Tavg FLOW PRESSURE

NO. LOCATION (sec) (sec) (sec) (°F) (5) (psig)

C D-4 1.01 1.35 2.36

C G-7 1.03 1.33 2.36

C J-lO 1.01 1.38 2.39

D G-3 1.10 1.29 2.39

Drop Time Limit

Avg Drop Time

•ax. Drop Time

Min. Drop Time

Avgil drop time -

2.70 sec.

2.39 sec.

2.51 sec.

2.31 sec.

avg drop time

2.383 sec.

(2.39 + .13)

(2.39 - .07)

= .04 Sec.B)

ROCHESTER GAS AND ELECTRIC CORPORATION

R.L GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-2, Sheet 2
Rod Cluster Control Assembly

Drop Time Test Results (Typical)
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Figure 14.6-2 Sheet 3 - Rod Cluster Control Assembly Drop Time Test Results (Typical)

5.3A 10 Hot Full Drop Test Full Flow

Drop Time Dash Pot Total
to to Drop Time RCS RCS

Run Dash Pot Seat (t1 + tz) Tavg Pressure
0t1 sec.) (t2 see.) (sec.) (oF) (pasi)

0-3 WI F.ULL FLOW

1 1.23 1.16 2.39 542 2240
2 1.25 .1.13 2.38 544 2238
3 1.25 1.13 2.38 S46 2233
4 1.25 1.13 2.38 .544 2230
5 1.23 1.14 2.37 550 2230
6 1.24- 1.12 2.36 550 2230
7 1.Z4 1.12 2 36 551 2230
8 1.23 1.13 2.36 553 2245
9 1.24 1.10 2.34 554 2230

10 1.23 1.11 2i34 552 2100

7 WI7 H.FULL FLOW

1 1.23 1.17 2.40 551 2135
2 1.24 1.16 2.40 .•51 2160
3 1.24 1.17 2.41 552 2200
4 1.24 1.15 2.39 554 2255
5 1.25 1.15 2.40 554 2235
6 1.24 1.22 2.45 S55 2233
7 1.23 1.19 2.47 S54 2233
8 1.25 1.15 2.40 554 2220
9 1.23 1.17 2.40 554 2200

10 1.24 1.18 2.41 555 2222

RtOUSW GAS AND KLltJClm OOPOOATMO

ILL GI60A . UCL9X P R PLANT
NMATUD FIAL UAEV ANALYUM REPOWRT

Figure 14.6-2, .Sheet 3
Rod Cluster Control Assembly

Drop Time Test Results (Typical)
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Figure 14.6-2 Sheet 4 - Rod Cluster Control Assembly Drop Time Test Results (Typical)

5.3A 10 Hot Full Drop Test No Flow

Drop Time Dash Pot Total
to to Drop Time RCS RCS

Rn Dash Pot seat (t1 + tz) TavY Pressure
(tI sec.) (t 2 sec.) (sec.) (0o) (psig)

r. 3 FLOW

1 1.04 .99 2.03 520 2240
2 1.05 .96 2.01 519 2240
3 1.04 .99 2.03 519 2240
4 1.04 .99 2.03 S18 2240
5 1.05 .98 2.03 515 2240

1 ". 05 .98 2.03 514 2240
7 .1.05 ... .9 2. 04 51Z 2240
1 1.04 .98 2.02 511 2240
9 1.05 .99 2.04 510 2240

10 1.06 •.99 2.05 510 2240

0-7 FLOW

1 1.05 .98 2.03 539 "2235
2 1.05 .98 2.03 535 2245
3 1.06 .99. 2.04 535 2240
4 1.05 1.00 2.05 535 2235
5 1.05 1.01 2.06 530 2240
6 1.05 1,00 2.05 530 2240
7 1.04 1.02 2.06 529 2240
8 1.06 1.00 2.06 528 2240
9 1.05 1.02 2.07 525 2240

10 1.05 1.00 2.OS 524 2240

ILL ENNA UCLA POWER MAW'
UPDATED PUSAL iMUrT ANALV=M REPORT

Figure 14.6-2. Sheet 4
Rod Cluster Control Assembly

Drop Time Test Rsults (Typical)
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Figure 14.6-3 Partial-Length Rods Operation Test Results (Typical)

5.7 Partial Length CRDM Checkout:

RCT T
avg

>500 0 F RCS Flow: 100%

5.7.1 Partial Length Rod Total Travel Test:

Partial Length Rod Grid Location

E-3 E-9 .-S 1-9

LVDT Reading at
Bottom "Dead" Stop 0 0 0 0

LVDT Reading at
Top Dead Stop 144 144 144 144

Whittaker Counter
Reading at Bottom 0 0 0 0
Dead Stop

Whittaker Counter
Reading at Top 230 230 230 230
Dead Stop

Time- Bottom
Dead Stop to Top 9 min 9 min 9 min 9 min
Dead Stop 34 men. 34 sec. 34 sec. 34 sec.

NOCSSMN GMS AMD ELEMC~ CONPOrnON
ILL GCNNA mUCLA" PanR PLAMT

UPDATED 0INAL SAFKT ANALVUS OWaMT

Figure 14.6-3

Partial-Length Rods
Opezration Test Results (Typical)
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Figure 14.6-4 Sheet I - Radiation Monitoring System Operational Test Data Sheet (Typical)

Original Issue April 7, 1969

RG&E-SU-4.7

CHANNEL R-12 DATA SHEET

1. calibration Sourcet

Type

Strength

2. Detector Sigh Voltage Determinstion:

Final Rugh Voltage Setpoint

'Final Los Rate Moter Reading

3. Log Rate Meter Background Count Rate:

4. Channel Functional Teat:

Log Rate Meter Readilg

High Level Alam Check

Annunciator Check (Alarm and Channel Test)

Aut•matic Actions:

1) Cant. Pressure.Relief Valves ( 2727 &.7 ) Close
ISV" PSVO

2) Cant. Purge Supply Valves ( L8M9 & Mo- ) Close
PEVI PEVO

3) Cant. Purge Exhaust Valves ( 5878 & 5879 ) Close

5. 8istable Trip "Reset" Check:

Backrgrcund Count Rate Check:

'6. Log late Meter "Test" Check:

Log Rate Meter Count Rate

Computer Output Voltage

-7. "Low Level" Alerm Check:

a. "lou Level" Alarm Reset Check:

CS 
137

1.85 x 105 DPM

-950 -Volts.

_500 _CP

220 " CIH
22 _CPM

Ut,

Sat.

:j et. jSe

:1.68Sec/1,48 See

1.54Sec/l.64 Sec

Sat.

.60K L CP

3.72 Volt@

,Sat,

sat,

"WfWEK MO AND ILWTMc oogrw
UPLAL GWIU T WuCLSA _ P yW PLANT

i~UoDT FIN"l 40fyy AN^Lyse Tur
Figure 14.6-4, Sheet 1

Radiation Monitoring System
Operational Test Data Sheet .(Typical)
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Figure 14.6-4 Sheet 2 - Radiation Monitoring System Operational Test Data Sheet (Typical)

4
10 Ia.

- CHANNEL R-12

ICS137 1.85x

7-3-69 ==

105 DPM - I
I

3
10

C

E

I-

C

4-

•°

EF11

T I

102
lq

T

I I - -

-.

.--.

I 1± .-

101
. Iz. I. .,.y

VOLTS

ROCHESTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT
UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-4, Sheet 2
Radiation Monitoring System

Operational Test Data Sheet (Typical)
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Figure 14.6-5 Pressurizer Safety Valve Test Data Sheet

Original Issue 4-2-69

DATA SHEET

RGE-SU-4.1.4

araegraphs are keyed to test procedure.

5.1 Con•inications established . YES

V.1- VM AU4 (gar .eesur' 20flS niat -%)

5.2 Lifting device installed CMSy.

5.3 ressuoe.cantrol point psi&.

66 lbs. change per Test I Test 2 (3 Times) -

1 flat

5.5 Pressurizer Pressure 2000 psis 1887 1sia 1
&

5.6 Air Pressure 39 3s 30 yi -

.5.7 Differential Pressure
(from curve) 520 400

Pressurizer Pressure 2520 2287

Sum - Set Pressure.

Valve PCV 43'5 (Set Pressure 2485 t 1)•.

Test 3 Test 4

945 psit

42 psit

557

2502

.1945 psix

245

2490

5.2

5.3

5.5
&

5.6

5.7

Lifting device installed "__

Pressure Control Point u.
Test I Test 2 Test 3

3 Times 2 Times 2 Times

Pressurizer Pressure 2046 eiat 2065 vsti 2065 psis

Air Pressure 32 ipsi 3 .1 'Ps 32 esin

Differential Pressure
(from curve) 425 4, 0 425

Pressurizer Pressure 2471 2475 2490

Sum - Set Pressure

ROCHESTER GAS AND ELECTIJC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-5

Pressurizer Safecty Valve Test
Data Sheet
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Figure 14.6-6 Reactor Vessel Internals Displacement Indicators

.-TRSPAAL ZWEUt

Dlm:-A---ý

W.DkM -A D~iM -A

4 0.000' 0.002"

Ž 10.000" 0.0 10.
to 10.000'. 0.006'.'
4 0.000, 0.00)G:

IS 0.000" 0.0 1-7"

11 0.0001 0-08b''

14 0.oaoo 0.01I5"

ROCHESTER GAS AND ELECTRIC CORPORATION
R. E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-6

Reactor Vessel Internals
Displacement Indicators

REV 3 12/87
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Figure 14.6- 7 Sheet I - Reactor Vessel Accelerometers

TOP VIEW OF REACTOR VESSEL

ROCHESTER GAS AND ELECTRIC CORPORATION

RLE. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-7, Sheet 1

Reactor Vessel Accelerometers
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Figure 14.6-7 Sheet 2 - Reactor Vessel Accelerometers

ROCESTEMR GAS AND ELECTRIC CORPORAT"II

R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-7, Sheet 2

Reactor Vessel Accelerometers
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Figure 14.6- 7 Sheet 3 - Reactor Vessel Accelerometers

(• -r wow

BOTTOM VIEW OF REACTOR VESSEL

ROCHESTER GAS AND ELECTRIC CORPFORATION

R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-7, Sheet 3

Reactor Vessel Accelerometers
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Figure 14.6-7 Sheet 4 - Reactor Vessel Accelerometers

ACCELEROMETERS

-3

ROCHESTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-7, Sheet 4

Reactor Vessel Accelerometers
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Figure 14.6-8 Sheet 1 - Reactor Coolant System Vibration Test Data Sheet

Original Issue 3-27-6
RG&E SU - 4.1.8

DATA SHEET

11-5-69 1000 hrs VIBRATION AMP•LITUDE - MILS
VIBRATION AMPLITUDE - MILS

Reactor

Hor. *

Vert. *

HOr. *

Coolant Pump No. 1A

North Lower Mot. .5

Pump Base North .5

East Top Mot. .7

Coolant Pump No. lB

South Lower Mot. .7

South Pump Base .7

West Top Mot. 2.9

East Lower Mot.

Pump Base East

North Top Mot.

.8

.5

.7

R3263 N. "A"

R3261 E. "A"

Vert. Top .5

Reactor

Hor. *

Vert. *

Hor.

East Lower Mot. 1.6

East Pump Base .5

South Top Mot. 2.1

R3267 S. "B"

Vert. Top .5

Steam Generator No. 1A

* .28
(North Leg)

*.3

Loop A Hot Leg

* (vertical) .24

* (horizontal) .22

Loop B Hot Leg

(vertical) .2

(horizontal) .16

Loop A Cold Leg

* (vertical) .36

* (horizontal) .4

ROC14STER GAS AND ELECTRIC CORPORATION-

OLE. GINNA NUCLEAR POWER PLANT
UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-8, Sheet 1

Reactor Coolant System Vibration
Test Data Sheet
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Figure 14.6-8 Sheet 2 - Reactor Coolant System Vibration Test Data Sheet

Original Issue 3-27-69

EG& SU 4.1.8

VIBRATION AMPLLTUDE - MILS

Loop B Cold Log

* (Vertical) .3

* (horizontal) .7

CRDK

* (Vertical)

* (Horizontal)

RCS Ploy Rate 100%

RCS Temperature 550
0

F

RCS Pressure 2235 psi&

I Indicate on the data sheet the location of the measurement.

The maxim vibration amplitude range specified for the R.C. Pump is

as follows:

Normal maximum

1 M1l 2 Kiln

Measured at main pump flange or on motor at running speed.

Remarks: The 2.1 mill vibration on the 1 B pump shall hopefully be

reduced by an adjustment to the lower radial bearing. This

work to coemence 1-7-69. Bearing adjustment made to "B" pump

1-8-69 - Max. vibration 1.4 mils.

Performed by Date

Date Analyzed by __ _Date_....

Westinghouse Observer Date

&t&E Observer Date

0025

ROCHESTER GAS AND ELECTRIC ODRPORATION

R.L. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSUS REPORT

Figure 14.6-8, Sheet 2

Reactor Coolant System Vibration
Test Data Sheet
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Figure 14.6-9 Sheet I - Reactor Coolant Pump Flow Coastdown Test

2 LOOP COAST DOWN

100
.1

I rýJ
9ullr

i~..

xf

-J

-j

IL-

UL-

LLi
a_

/A

1*

= =

U
1.

6L

At

14 r

!71

92

10~J .LOOP-B

OL

0 20 40 60 80 100

TIME (sec)

ROCHESTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-9, Sheet 1

Reactor Coolant Pump Flow

Coastdown Test
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Figure 14.6-9 Sheet 2 - Reactor Coolant Pump Flow Coastdown Test
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Figure 14.6-9, Sheet 2

Reactor Coolant Pump Flow
Coastdown Test
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Figure 14.6-9 Sheet 3 - Reactor Coolant Pump Flow Coastdown Test
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Figure 14.6-9, Sheet 3

Reactor Coolant Pump Flow
Coastdown Test
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Figure 14.6-9 Sheet 4 - Reactor Coolant Pump Flow Coastdown Test
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Figure 14.6-9, Sheet 4

Reactor Coolant Pump Flow

Coastdown Test
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Figure 14.6-9 Sheet 5 - Reactor Coolant Pump Flow Coastdown Test
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Figure 14.6-9, Sheet 5

Reactor Coolant Pump Flow
Coastdown Test
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Figure 14.6-10 Sheet 1 - Natural Circulation Test Data

RECORDED DATA

AFTER EQUILIBRIUM AT AFTER EQUILIBRIUM AT
APPROXIMATELY 2% POWER APPROXIMATELY 4% POWER

INDICATED NUCLEAR POWER 1.97% 4.175%

(AVERAGE OF 4 READINGS)

COOLANT TAVERAGE 550.3 0 F 561.5 0 F
(AVERAGE OF 4 READINGS)

COOLANT AT 25.5 0 F 40.0 0 F
(AVERAGE OF 4 READINGS)

PRESSURE 2250 psi 2250 psi

FLOW - % OF NOMINAL 4.0% 5.25%
(CALCULATED FROM ABOVE DATA)

ROCHESTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-10, Sheet 1

Natural Circulation Test Data
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Figure 14.6-10 Sheet 2 - Natural Circulation Test Data
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ROCHESTER GAS AND ELECTRIC CORPORATION
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Figure 14.6-10, Sheet 2

Natural Circulation Test Data

REV 3 12/87
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Figure 14.6-11 Preoperational Containment Leak Rate Test Data

NOTES: .S.I.T. -STRUCTURAL PROOF TEST.
I.L.R.T. -INTEGRATED LEAK RATE TEST.

2. INCREASE PRESSURE AT APPROXIMATELY 5 R/HOUR.
DECREASE PRESSURE AT MAXIMU. IC rSI/HOUR.

3. S HOUR PERIOD AT 14 PSI FOR I.L.R.T. MAY VARY.

4. (*) MEASUREMENTS MADE BY SKELETON CREW.

h

I -1 1-- S 614R. .L.R.T.P!•RIOD

8 . I T. I ATA $
36 __ __ R.1.L R T _R 0

- I
4 S.. DATAA

R..LRT. PE 10

2

J_______.1 T.DATA*

1FRE PAIP OF.
EIQUALIZATION VALVES __ _0 V

0 16 32 -8 6,4

HOURS

s0 96 112 123

ROCHESTER GAS AND ELECTRIC CORPORATION

R.F- GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-11

Preoperat.ional Containment
Leak Rate Test Data
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Figure 14.6-12 Preoperational Containment Leak Rate Test, Pressurization System
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ROCHESTER GAS AND ELECTRIC CORPORATION
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UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-12

Preoperational Containment
Leak Rate Test,

Pressurization System
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Figure 14.6-13 Sheet ] - 50% Load Reduction From 75% Power Level Test, Recorded Process
Variables

ROCHEMSTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-13, Sheet 1

50% Load Reduction From 75% Power
Level Test, Recorded Process Variables
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Figure 14.6-13 Sheet 2 - 50% Load Reduction From 75% Power Level Test, Recorded Process
Variables

ROCHESTER GAS AND ELECTRIC CORPORATION
R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-13, Sheet 2
50% Load Reduction From 75% Power

Level Test-Recorded Process Variables
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Figure 14.6-13 Sheet 3 - 50% Load Reduction From 75% Power Level Test, Recorded Process
Variables

ROCHESTER GAS AND ELECTRIC CORPORATI06
FL.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-13, Sheet 3
50% Load Reduction From 75% Power

Level Test-Recorded Process Variables
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Figure 14.6-13 Sheet 4 - 50% Load Reduction From 75% Power Level Test, Recorded Process
Variables
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Figure 14.6-13, Sheet 4
50% Load Reduction From 75% Power

Level Test-Recorded Process Variables
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Figure 14.6-13 Sheet 5 - 50% Load Reduction From 75% Power Level Test, Recorded Process
Variables
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Figure 14.6-13, Sheet 5

50% Load Reduction From 75% Power
Level Test-Recorded Process Variables
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Figure 14.6-14 Operational Dynamic Rod Drop Test, Nuclear Power Channel Signals
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ROCHESTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT
UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 14.6-14

Operational Dynamic Rod Drop Test,
Nuclear Power Channel Signals
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Figure 14.6-15 Ginna 1520 Megawatts Power Test Program, Ma
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Figure 14.6-15

Ginna 1520 Megawatts Power Test
Program, March 1 Through

April 15, 1972
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Figure 14.6-16 Ginna Uprating, Control Bank D Differential and Integral Worth, Cycle 1B
7800 MWd/MTU, Hot Zero Power
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Figure 14.6-16

Ginna Uprating, Control Bank D
Differential and Integral Worth,

Cycle 1B 7800 MWd/MTU, Hot Zero Power
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Figure 14.6-17 Ginna Uprating, Control Bank C Differential and Integral Worth, Cycle 1B
7800 MWd/MTU, Hot Zero Power
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Figure 14.6-17

Ginna Uprating, Control Bank C
Differential and Integral Worth,

Cycle 1B 7800 MWd/MTU, Hot Zero Power
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Figure 14.6-18 Ginna Uprating, Boron Concentration Versus Reactivity Insertion, Cycle lB

7800 MWd/MTU, Hot Zero Power
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Figure 14.6-18

Ginna Uprating, Boron Concentration
Versus Reactivity Insertion, Cycle 1B

7800 MWd/MTU, Hot Zero Power
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Figure 14.6-19 Ginna Uprating, Isothermal Temperature Coefficient Versus Boron Concentra-
tion, Cycle lB 7800 MWd/MTU, Hot Zero Power
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Figure 14.6-19

Ginna Uprating, Isothermal
Temperature Coefficient Versus Boron

Concentration, Cycle 1B 7800 MWd/MTU
Hot Zero Power
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Figure 14.6-20 Relative Power During Uprating: 1300, 1380, 1455 MWt
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Figure 14.6-20

Relative Power During Uprating:
1300, 1380, 1455 MWt
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Figure 14.6-21 Relative Power During Uprating: 1455 MWt
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Figure 14.6-21

Relative Power During Uprating:
1455 YWt
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Figure 14.6-22 Ginna Uprating, Power Range Output Versus Core Power, Channel NE41
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Figure 14.6-22

Ginna Uprating, Power Range Output
Versus Core Power, Channel NE41
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Figure 14.6-23 Ginna Uprating, Axial Offset Calibration,

1520 MWt
Channel 41 Output Normalized to
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Figure 14.6-23

Ginna Uprating, Axial Offset
Calibration, Channel 41 Output

Normalized to 1520 MWt
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Figure 14.6-24 Relative Power at 1520 MWt, April 12, 1972
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Figure 14.6-24

Relative Power at 1520 MWt
April 12, 1972
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15.0 GENERAL

In support of the Extended Power Uprate (EPU) all Chapter 15 accident analyses were reana-
lyzed or evaluated. Significant assumptions for the EPU analysis include:

" FAHI = 1.72 for 422V+ 1.60 for OFA

• FQ = 2.60 (limited by LBLOCA)

" BWI steam generators

STavg window of 576.0°F to 564.6°F (see Table 15.0-1)

* The core thermal limits used in the analyses are valid to a core power of 1775 MWt, exclud-
ing calormetric uncertainty.

Utilization of the TAVG window entails selecting a nominal full power TAVG anywhere
between 564.6°F and 576°F prior to operation of a given cycle. The nominal full power
TAVG then remains at that value for the remainder of the cycle unless changed by an addi-
tional evaluation. Safety analyses were performed to bound operation within the TAVG win-
dow and appropriately considered uncertainties on TAVG. The events that were potentially
impacted by operation at the lower initial vessel average temperature were analyzed with the
lower TAVG explicitly modeled. All other events were analyzed at the high end of the win-
dow (576°F) which had not changed from the previous licensing basis analyses. Thus, the
impact of the TAVG window was explicitly accounted for in the analyses.

Changing TAVG can impact other parameters (e.g., steam pressure). Table 15.0-1 gives a
comparison of the important primary and secondary parameters at both ends of the TAVG win-
dow. The evaluations that follow address the impact of these changes on the licensing basis
analyses.

Some assumptions were made in order to perform the evaluations that follow. First, it was
assumed that the reference average temperatures used in the overtemperature AT and over-
power AT setpoint equations (T' and T", respectively) were rescaled to the nominal full power
TAVG. It was also assumed that the NIS excore detectors were recalibrated tocompensate for
the increase in downcomer coolant density at a lower temperature. The TAVG program and
the pressurizer level program were assumed to remain applicable with the full power TAVG in
the programs set to full power TAVG for the cycle. These items are assumed to be addressed
each time the nominal full power operating TAVG is changed.

15.0.1 INITIAL CONDITIONS

15.0.1.1 Assumed Values of Initial Conditions

Table 15.0-3 lists the non-LOCA initial condition assumptions used. Other major assump-
tions considered in the non-LOCA transient analyses are discussed below:
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At least ± 1.4% setpoint tolerance was considered in modeling of the main steam safety
valves (MSSVs). Staggered lift setpoints were modeled for the MSSVs using plant-specific
Technical Specification setpoints, as shown in Table 15.0-4.

" The pressurizer safety valves (PSVs) were modeled assuming a setpoint tolerance range of
at least +2.3% to -3.0%. Additionally, when it was conservative to do so (that is , for peak
RCS pressure concerns), the effects of the PSV loop seals were explicitly modeled, as dis-
cussed in Reference 10. See Table 15.0-4 for more information.

" Consistent with the Ginna Technical Specifications (COLR), for minimum reactivity feed-
back a maximum moderator temperature coefficient (MTC) of +5 pcm/!F was applicable
for power levels less than 70%. For maximum reactivity feedback, a maximum moderator
density coefficient (MDC) of at least 0.45 Ak/g/cc was assumed.

" The fission product contribution to deacy heat assumed in the non-LOCA analyses was
consistent with the standard ANSI/ANS-5.1-1979 for decay heat power in light water reac-
tors (Reference 11), including two standard deviations of uncertainty.

The assumed core bypass flow percentages were 5.6% for RTDP analyses, and 6.5% for
STDP analyses.

15.0.2 POWER DISTRIBUTION

The transient response of the reactor system is dependent on the initial power distribution.
The nuclear design of the reactor core minimizes adverse power distribution through the
placement of control rods and operating instructions. The Relaxed Axial Offset Control
(RAOC) strategy (Reference 7) is used for Ginna Station.

Power distribution may be characterized by the radial factor (FAH) and the total peaking fac-
tor (FQ). The peaking factor limits are given in the COLR and are discussed in Section 4.2.

For transients which may be DNB limited, the radial peaking factor is of importance. The
radial peaking factor increases with decreasing power level due to rod insertion. This
increase in FAH is included in the core limits illustrated in Figure 15.0-1. All transients that

may be DNB limited are assumed to begin with an FAH consistent with the initial power level

defined in the Technical Specifications.

The axial power shape used in the DNB calculations is discussed in Section 4.3. The radial
and axial power distributions described above are input to the VIPRE code.

For transients which may be overpower limited, the total peaking factor (FQ) is of impor-

tance. All transients that may be overpower limited are assumed to begin with plant condi-
tions, including power distributions which are consistent with reactor operation as defined in
the Technical Specifications.

For overpower transients which are slow with respect to the fuel rod thermal time constant
(e.g., the chemical and volume control system malfunction that results in a decrease in the
boron concentration in the reactor coolant incident which lasts many minutes and the exces-
sive increase in secondary steam flow incident which may reach equilibrium without causing
a reactor trip), the fuel rod thermal evaluations are performed as discussed in Section 4.4. For
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overpower transients which are fast with respect to the fuel rod thermal time constant (e.g.,
the uncontrolled rod cluster control assembly bank withdrawal from subcritical and rod clus-
ter control assembly ejection incidents which result in a large power rise over a few seconds),
a detailed fuel heat transfer calculation must be performed. Although the fuel rod thermal
time constant is a function of system conditions, fuel burnup, and rod power, a typical value
at beginning-of-life for high-power rods is approximately 5 sec.

15.0.3 REACTIVITY COEFFICIENTS ASSUMED IN THE ACCIDENT ANALYSES

The transient response of the reactor system is dependent on reactivity feedback effects, in
particular the moderator temperature coefficient and the doppler power coefficient. These
reactivity coefficients and their values are discussed in detail in Section 4.3 and illustrated on
Table 15.0-5.

In the analysis of certain events, conservatism requires the use of large reactivity coefficient
values, whereas in the analysis of other events, conservatism requires the use of small reactiv-
ity coefficient values. Some analyses, such as loss of coolant from cracks or ruptures in the
reactor coolant system, do not depend on reactivity feedback effects. The justification for use
of conservatively large versus small reactivity coefficient values is treated on an event-by-
event basis. In some cases conservative combinations of parameters are used to bound the
effects of core life, although these combinations may not represent possible realistic situa-
tions. The limiting values of the moderator density and doppler power coefficients used in
the safety analyses are shown in Figure 15.0-2.

15.0.4 ROD CLUSTER CONTROL ASSEMBLY INSERTION CHARACTERISTICS

The negative reactivity insertion following a reactor trip is a function of the position versus
time of the rod cluster control assemblies (also commonly referred to as control rods) and the
variation in rod worth as a function of rod position. With respect to accident analyses, the
critical parameter is the time of insertion up to the dashpot entry.

The normal reactivity insertion versus time assumed in accident analyses is shown in Figure
15.0-3. The control rod insertion time to dashpot entry is normalized to 1.8 sec. A total neg-
ative reactivity insertion following a trip of 3.5% delta k is assumed in the transient analyses
except where specifically noted otherwise. This assumption is conservative with respect to
the calculated trip reactivity worth available.

15.0.5 TRIP POINTS AND TIME DELAYS TO TRIP ASSUMED IN THE ACCIDENT
ANALYSES

A reactor trip signal acts to open two trip breakers connected in series feeding power to the
control rod drive mechanisms. The loss of power to the mechanism coils causes the mecha-
nisms to release the control rods, which then fall by gravity into the core. There are various
instrumentation delays associated with each trip function, including delays in signal actua-
tion, in opening the trip breakers, and in the release of the rods by the mechanisms. The total
delay to trip is defined as the time delay from the time that trip conditions are reached to the
time the rods are free and begin to fall. Limiting trip setpoints assumed in the accident analy-
ses and the time delay assumed for each trip function are given in Table 15.0-4.
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The overtemperature and overpower delta T trips assumed in the analysis are presented on
Table 15.0-7, and illustrated on Figure 15.0-1. This figure presents the allowable reactor
coolant loop average temperature and delta T for the design flow and power distribution, as
described in Chapter 4, as a function of primary coolant pressure. The boundaries of opera-
tion defined by the overpower delta T trip and the overtemperature delta T trip are repre-
sented as protection lines on this diagram. The protection lines are drawn to include all
adverse instrumentation and setpoint errors so that under nominal conditions trip would occur
well within the area bounded by these lines. The utility of this diagram is that the limit
imposed by any given DNBR can be represented as a line. The DNB lines represent the loci
of conditions for which the DNBR equals the limit value. All points below and to the left of a
DNB line for a given pressure have a DNBR greater than the limit value. The diagram shows
that the DNBR acceptance criteria is met for all cases if the area enclosed by the maximum
protection lines is not traversed by the applicable DNBR line at any point.

The area of permissible operation (power, pressure, and temperature) is bounded by the com-
bination of reactor trips: high neutron flux (fixed setpoint), high pressure (fixed setpoint),
low pressure (fixed setpoint), and overpower and overtemperature delta T (variable set-
points).

The limit value, which was used as the DNBR limit for all accidents analyzed with the
Revised Thermal Design Procedure (see Table 15.0-2), is conservative compared to the actual
design DNBR value required to meet the DNB design basis as discussed in Chapter 4.

The difference between the limiting trip point assumed for the analysis and the normal trip
point represents an allowance for instrumentation channel error and setpoint error. Nominal
trip setpoints are specified in the Technical Specifications.

15.0.6 INSTRUMENTATION DRIFTAND CALORIMETRIC ERRORS - POWER RANGE
NEUTRON FLUX

The instrumentation drift and calorimetric errors used in establishing the power range high-
neutron-flux setpoint are presented in Table 15.0-8. The calorimetric error is the error
assumed in the determination of core thermal power as obtained from secondary plant mea-
surements. The total ion chamber current (sum of the top and bottom sections) is calibrated
(set equal) to this measured power on a periodic basis.

The secondary power is obtained from measurement of feedwater flow, feedwater inlet tem-
perature to the steam generators, and steam pressure. High-accuracy instrumentation is pro-
vided for these measurements with accuracy tolerances much tighter than those which would
be required to control feedwater flow.

15.0.7 COMPUTER CODES

Summaries of the principal computer codes used in the non-loss-of-coolant accident (non-
LOCA) and steam generator tube rupture transient analyses are given below. The codes used
in the non-LOCA analyses are listed in Table 15.0-9.
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15.0.7.1 FACTRAN

FACTRAN calculates the transient temperature distribution in a cross section of the metal
clad U0 2 fuel rod and the transient heat flux at the surface of the clad, using as input the

nuclear power and time-dependent coolant parameters (pressure, flow, temperature, and den-
sity). The code uses a fuel model that exhibits the following features simultaneously:

A. A sufficiently large number of radial space increments to handle fast transients such as rod
ejection accidents.

B. Material properties that are functions of temperature and a sophisticated fuel-to-clad gap
heat transfer calculation.

C. The necessary calculations to handle post-DNB transients: film boiling heat transfer corre-
lations, zircaloy-water reaction, and partial melting of the materials.

FACTRAN is further discussed in Reference 2.

15.0.7.2 RETRAN

RETRAN is used for studies of transient response of a pressurized water reactor (PWR) sys-
tem to specified perturbations in process parameters. This code simulates a multi-loop sys-
tem by a lumped parameter model containing the reactor vessel, hot- and cold-leg piping,
RCPs, system generators (tube and shell sides), main steam lines, and the pressurizer. The
pressurizer heaters, spray, relief valves, and safety valves can also be modeled. RETRAN
includes a point neutron kinetics model and reactivity effects of the moderator, fuel, boron,
and control rods. The secondary side of the steam generator uses a detailed nodalization for
the thermal transients.

The RPS simulated in the code includes reactor trips on high neutron flux, high neutron flux
rate, OTAT and OPAP, low RCS flow, high- and low-pressurizer pressure, high pressurizer
level, and low-low steam generator water level.

Control systems are also simulated including rod control and pressurizer pressure control.
Parts of the safety injection system (SIS), including the accumulators, can also be modeled.

RETRAN conservatively approximates the transient value of BNBR based on input from the
core thermal limits illustrated in Figure 15.0-1. The core thermal limits represent the mini-
mum value of BNBR as calculated for typical or thimble cells.

RETRAN is a versatile program that is suited to accident evaluation and control studies as
well a parameter sizing. RETRAN is further discussed in Reference 4.

15.0.7.3 TWINKLE

The TWINKLE program is a multi-dimensional spatial neutron kinetics code. The code uses
an implicit finite-difference method to solve the two-group transient neutron diffusion equa-
tions in one, two, and three dimensions. The code uses six delayed neutron groups and con-
tains a detailed multi-region fuel-clad-coolant heat transfer model for calculating pointwise
doppler and moderator feedback effects. The code handles up to 2000 spatial points and per-
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forms its own steady-state initialization. Aside from basic cross-section data and thermal-
hydraulic parameters, the code accepts as input basic driving functions such as inlet tempera-
ture, pressure, flow, boron concentration, control rod motion, and others. Various parameter
edits are provided, e.g., channelwise power, axial offset, enthalpy, volumetric surge, point-
wise power, and fuel temperatures.

The TWINKLE code is used to predict the kinetic behavior of a reactor for transients that
cause a major perturbation in the spatial neutron flux distribution (e.g., control rod ejection
accident).

TWINKLE is further discussed in Reference 4.

15.0.7.4 VIPRE

The VIPRE computer program performs thermal-hydraulic calculations. This code calculates
coolant density mass velocity, enthalpy, void fractions, static pressure, and DNBR distribu-
tions along flow channels within a reactor core. VIPRE is discussed further in Reference 5.

15.0.7.5 ADVANCED NODAL CODE (ANC)

ANC is an advanced nodal code capable of two-dimensional (2-D) and three-dimensional (3-
D) neutronics calculations. ANC is the reference model for certain safety analysis calcula-
tions, power distributions, peaking factors, critical boron concentrations, control rod worths,
reactivity coefficients, etc. In addition, 3-D ANC validates I -D and 2-D results and provides
information about radial (x-y) peaking factors as a function of axial position. It can calculate
discrete pin powers from nodal information as well. ANC is discussed in more detail in Ref-
erence 6.

15.0.8 CLASSIFICATION OF PLANT CONDITIONS

Since 1970, the classification of plant conditions in American Nuclear Society Standard
ANSI N 18.2-1973, "Nuclear Safety Criteria for the Design of Stationary PWRs" (Reterence
8), has often been used to facilitate the evaluation of nuclear plant safety and the functional
requirements for structures, systems, and components. The plant conditions are divided into
four categories in accordance with the anticipated frequencies of occurrence and potential
radiological consequences. The four categories (or conditions) are:

Condition I - Normal Operation

Condition II - Faults of Moderate Frequency

Condition III - Infrequent Faults

Condition IV - Limiting Faults

The basic principle applied in relating requirements to each of the conditions is that the more
probable occurrences must result in little or no risk to the public, and those extreme situations
having the potential for greater risk shall be those situations least likely to occur. Where
applicable, reactor trip system and engineered safety features functioning is assumed in ful-
filling this principle. The following sections describe each condition in more detail.
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15.0.8.1 Condition I - Normal Operation

Condition I occurrences are those which are expected frequently or regularly during power
operation, refueling, maintenance or maneuvering of the plant. Condition I occurrences are
accommodated with margin between any plant parameter and the value of the parameter
which would require either automatic or manual protective action. In this regard, analysis of
the fault condition is typically based on a conservative set of initial conditions corresponding
to the most adverse set of conditions occurring during Condition I operation.

15.0.8.2 Condition 1I - Faults of Moderate Frequency

These faults occur with moderate frequency during the life of the plant, any one of which may

occur during a calendar year (i.e., between 1/year and 1 x 10-'/year). These faults, at worst,
result in a reactor trip with the plant being capable of returning to operation after corrective
action. Any release of radioactive materials in effluents to unrestricted areas should be in
conformance with 10 CFR 20, Standards for Protection Against Radiation. A Condition II
fault (or event), by itself, does not propagate to a more serious incident of the Condition III or
Condition IV type without the occurrence of other independent incidents. A single Condition
11 incident should not cause the loss of any barrier to the escape of radioactive products.

15.0.8.3 Condition III - Infrequent Faults

Condition III faults occur very infrequently during the life of the plant, any one of which may

occur during the plant's lifetime (i.e., between 1 x 10-'/year and I x 10-2/year). Condition III
faults can be accommodated with the failure of only a small fraction of the fuel rods, although
sufficient fuel damage might occur to preclude resumption of operation for a considerable
outage time. The release of radioactivity due to Condition III faults may exceed the guide-
lines of 10 CFR 20, but is not sufficient to interrupt or restrict public use of those areas
beyond the exclusion area boundary (EAB). A Condition III fault does not, by itself, generate
a Condition IV fault or result in a consequential loss of function of the reactor coolant system
or containment barriers.

15.0.8.4 Condition IV - Limiting Faults

Condition IV occurrences are faults that are not expected to occur, but are postulated because
their consequences have the potential for the release of significant amounts of radioactive

material (i.e., < I x 10-2/year). Condition IV faults are the most drastic occurrences which
must be designed against, and represent the limiting design cases.

Condition IV faults should not cause a fission product release to the environment resulting in
an undue risk to public health and safety in excess of the guideline values in 10 CFR 100. A
single Condition IV fault is not to cause a consequential loss of required functions of systems
needed to cope with the fault including those of the reactor coolant system and the reactor
containment.
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15.0.9 UFSAR RE- WRITE

In 2001, the UFSAR accident analysis sections were completely rewritten to facilitate 10
CFR 50.59 reviews.

15.0.9.1 General Layout

The general layout of the rewritten accident analysis sections is as follows:

Description of Event

Frequency of Event

Event Analysis

Single Failures Assumed

Operator Actions Assumed

Chronological Description of Event

Impact on Fission Product Barriers

Reactor Core and Plant System Evaluation

Input Parameters and Initial Conditions

Method of Analysis

Acceptance Criteria

Results

Radiological Consequences

Conclusions

Supplemental Evaluations

15.0.9.2 Interpretation of Operator Action Times

An operator action time applies to its associated design basis event analysis as presented in
the UFSAR, including all the limitations and conservatisms assumed in the analysis. In some
cases, a plant simulator may be able to reproduce the analyzed event closely enough that
applicable operator action time(s) can be verified. In other cases, such as Section 15.2.7,
Feedwater System Pipe Breaks, where the cooldown portion of the accident is considered
bounded by the steam line rupture accident and only the heatup portion is presented, simula-
tor modeling is impractical. Procedure A-601.9, "EOP/AOP Support Documentation
Control"(Reterence 9) summarizes operator action times assumed in Chapter 15 of the
UFSAR.
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Table 15.0-1
NSSS PCWG Parameters for Ginna Station Uprate Program

Thermal Design Parameters Low TAVG High TAVG

NSSS Power
MWt 1817 1817 1817 1817
106 Btu/hr 6,200 6,200 6,200 6,200

Reactor Power MWt 1811 1811 1811 1811
106 6,179 6,179 6,179 6,179

Thermal Design Flow, loop gpm 85,100 85,100 85,100 85,100
Reactor 1061lb/hr

65.8 65.8 64.8 64.8

Reactor Coolant Pressure, psia 2250 2250 2250 2250

Core Bypass, % 6.5a 6.5a 6.5a 6.5a

Reactor Coolant Temperature, 'F
Core Outlet
Vessel Outlet 605.5 605.5 616.2 616.2
Core Average 601.0 601.0 611.8 611.8
Vessel Average 568.8 568.8 580.3 580.3
Vessel/Core Inlet 564.6 564.6 576.0 576.0
Steam Generator Outlet 528.3 528.3 540.2 540.2

528.0 528.0 539.9 539.9

Steam Generator
Steam Outlet 506.5 503.1 518.8b 515.4
Temperatue, 'F 804b
Steam Outlet Pressure, 722 700 781
psiaSteam Outlet Flow, 1061b/ 7.42/7.88 7.417/7.87 7 .4 4 /7 -9 b 7.43/7.89
hr total
Feed Temperature, 'F 390/435 390/435 390/435 390/435
Steam Outlet Moisture, % 0.10 0.10 0.10 0.10
max.
Design FF, hr.sq.ft °F/Btu 0.00015 0.00015 0.00015 0.00015
Tube Plugging Level (%) 0 10 0 10

Zero Load Temperature, 'F 547 547 547 547

a. Core bypass flow includes 2.0% due to thimble plugs removed (TPR).

b. If a high steam pressure is more limiting for analysis purposes, a greater steam pressure of 855 psia,

steam temperature of 525.9°F, and steam flow of 7.92 x 106 lb/hr total should be assumed. This enve-
lopes the possibility that the steam generator could perform better than expected.
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Table 15.0-1
NSSS PCWG Parameters for Ginna Station Uprate Program

Hydraulic Design Parameters

Pump Design POint, Flow (gpm)/Head (ft.) 90,000/252

Mechanical Design Flow, loop gpm 101,200

Minimum Measured Flow, loop gpm 88,650

Page 12 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

Table 15.0-2
Non-LOCA Analysis Limits and Analysis Results

Analysis Result

UFSAR Section Event Description Result Parameter Analysis Limit Limiting Case

15.1.1 Decrease in Feedwater Temperature (a) N/A N/A

15.1.2 Increase in Feedwater Flow Minimum DNBR (RTDP), WRB-1) (HFP) 1.38 (HFP) 1.60 (HFP)
Minimum DNBR (STDP, W-3) (HZP) 1.613 (HZP) b (HZP)

15.1.3 Excesive Load Increase Minimum DNBR (RTDP, WRB- 1) 1.38 >1.38

15.1.4 Inadvertent Opening of a Steam Generator Bounded by Steam Line Break (UFSAR, N/A N/A
Relief/Safety Valve section 15.1.5)

15.1.5 Steam System Piping Failure - Zero Power Minimum DNBR (non-RTDP, W-3) 1.566 2.58
(Core response only)

Steam System Piping Failure - Full Power Minimum DNBR (RTDP, WRB-1 correla- 1.38/1.38 1.392/1.395
(Core response only) tion) (typical thimble)

Peak Linear Heat Generation (kW/ft) 22.7c 22.67

15.1.6 Combined Steam Generator ARV and Feed- Minimum DNBR (RTDP, WRB-1) 1.38 1.52
water Control Valve Failures

15.2.1 Steam Pressure Regulator Malfunction or Bounded by Loss-of-External-Electrical N/A N/A
Failure that Results in Decreasing Steam Load (UFSAR, section 15.2.2)
Flow

15.2.2 Loss-of-External-Electrical-Load Minimum DNBR (RTDP, WRB- 1) 1.38 1.61

Peak RCS Pressure, psia 2748.5 2746.8

Peak MSS Pressure, psia 1208.5 1208.0

15.2.3 Turbine Trip Bounded by Loss-of-External-Electrical N/A N/A
Load (UFSAR, section 15.2.2)

15.2.4 Loss-of-Condenser Vacuum Bounded by Loss-of-External-Electrical N/A N/A
Load (UFSAR, section 15.2.2)

15.2.5 Loss-of-Offsite-Power to the Station Auxil- Maximum pressurizer mixture volume, ftc 800 635
iaries
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Analysis Result

UFSAR Section Event Description Result Parameter Analysis Limit Limiting Case

15.2.6 Loss-of-Normal-Feedwater Maximum pressurizer mixture volume, ftc 800 537

15.2.7 Feedwater System Pipe Breaks Margin to Hot Leg Saturation, 'F 0.0 2

15.3.1 Flow Coastdown Accident - PLOFd Minimum DNBR (RTDP, WRB-1) (typical/ 1.38/1.38 (422V+) 1.601/1.597 (422V+)
thimble)

Flow Coastdown Accident - CLOFe Minimum DNBR (RTDP, WRB-1) (typical/ 1.38/1.38 (422V+) 1.489/1.491 (422V+)
thimble)

Flow Coastdown Accident - UFf Minimum DNBR (RTDP, WRB- 1) (typical/ 1.38/1.38 (422V+) 1.385/1.392 (422V+)

thimble)

15.3.2 Locked Rotor Accident Peak RCS Pressure, psia 2997 2782

Peak Cladding Temperature, 'F 2700 1924.6 (422V+)

Maximum Zirc-Water Reaction, % 16 0.53 (422V+)

15.4.1 Uncontrolled RCCA Withdrawal from a Minimum DNBR Below First Mixing Vane 1.447/1.447 (422V+) 1.987/2.238 (422V+)
Subcritical Condition Grid (non-RTDP, W-3 corelation)(typical/

thimble)

Minimum DNBR Above First Mixing Vane 1.302/1.302 (422V+) 1.957/1.951 (422V+)
Grid (non-RTDP, WRB-1 correlation) (typi-
cal/thimble)

Maximum Fuel Centerline Temperature, 'F 4 8 0 0g 2108 (422V+)

15.4.2 Uncontrolled RCCA Withdrawal at Power Minimum DNBR (RTDP, WRB-1) 1.38 1.384

Peak RCS Pressure, psia 2748.5 2748.1

Peak MSS Pressure, psia 1208.5 1207.7

15.4.3 Startup of an Inactive Reactor Coolant Loop. No Analysis Performed (See Reference 1 3)h N/A N/A
(RCL)

15.4.4 Chemical and Volume Control System
(CVCS) Malfunction (Boron Dilution)

Minimum Time to Loss of Shutdown Mar-
gin, Minutes

15 30.3 (Mode 1 manual)

15 33.3 (Mode 1 auto)

15 25.1 (Mode 2)
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Analysis Result

UFSAR Section Event Description Result Parameter Analysis Limit Limiting Case

30 32.0 (Mode 6)

15.4.5 Rupture of a COntrol Rod Drive Mechanism Maximum Fuel Pellet Average Enthalpy, cal/ 200 151.8 (BOC-HZP)
(CRDM) Housing (RCCA Ejection) g 177.9 (BOC-HFP)

155.1 (EOC-HZP)
177.2 (EOC-HFP)

Maximum Fuel Melt, % 10 0.0 (BOC-HZP)i

6.62 (BOC-HFP)'
0.00 (EOC-HZP)J

9.00 (EOC-HFP)J

Peak RCS Pressure, psia Generically addressed in Reference 12

15.4.6 RCCA Drop Minimum DNBR (RTDP, WRB-1) 1.38 > 1.38

Peak Linear Heat Generation (kW/ft) 22.7(3) < 22.7

Peak Uniform Cladding Strain (%) 1.0 < 1.0

15.6.1 Inadvertent Opening of a Pressurizer Safety Minimum DNBR (WRB-1) 1.38 1.49
or Relief Valve

15.8 ATWS Peak RCS Pressure, psig 3200 3,193

a.

b.

C.

d.

e.

f.

g.

h.

i.

j.

Event bounded by the steam system piping failure at full power event. See UFSAR, section 15.1.5.7.

Bounded by zero power steam line break.

Corresponds to a U0 2 fuel melting temperature of 4700'F.

PLOF = partial loss of flow (one-loop flow coastdown).

CLOF = complete loss of flow (two-loop flow coastdown)

UF = underfrequency (frequency decay of RCP power supply)

U0 2 fuel melting temperature corresponding to a bumup of -48,276 MWd/MTU.

Technical Specifications preclude operation with a RCS loop out of service above 8.5% power, as such, this event is not creditable for Ginna at power levels > 8.5% RTP. For power levels
< 8.5% RTP this event is not limiting and was not analyzed for EPU conditions.

Fuel melting temperature = 4900'F

Fuel melting temperature = 4800'F
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Table 15.0-3
Non-LOCA Plant Initial Condition Assumptions

Parameter RTDP Non-RTDP Notes

NSSS Power (MWt) 1817.0 1817.0 a

Nominal Total Net RCP Heat 6.0 6.0 a, b, c

(MWt)

Maximum Full-Power Vessel 576.0 576.0 ± 4.0 a, d
TAVG (OF)

Mimimum Full-Power Vessel 564.0 564.0 ± 4.0 a, d

TAVG (OF)

No-Load RCS Temperature (OF) 547.0 547.0 a, d

Pressurizer Pressure (psia) 2250 2250 ± 60 a

Steam Flow (lbm/hr) see Note e see Note e e

Steam Pressure (psia) see Note e see Note e

Feedwater Temperature (OF) 390 to 435 390 to 435 a

Pressurizer Water Level (% span) see Note f see Note f f

Steam Generator Water Level (% see Note g see Note g g
NRS)

a. See Table 15.0-1

b. Total RCP heat input minus RCS Thermal losses.

c. A maximum net RCP heat of 10 MWt was conservatively assumed in some non-RTDP analyses, e.g.,
loss-of-normal feedwater.

d. All analyses assumed a programmed no-load TAVG of 547°F. For the events initiated from a no-load
condition (rod withdrawal from subcritical, steam line break, rod ejection, boron dilution), the use of the
no-load temperature as the initial temperature bounded the case of startup operations at Ginna with a
temperature less than 547°F.

e. The nominal steam flow rate and steam pressure depended on other nominal conditions. See Table
15.0-1.

f. The nominal/programmed pressurizer water level varied linearly from 20% of span at the no-load TAVG
of 547°F to either 44.3% of span at the minimum full-power TAVG of 564.6°F or 60% of span at the
maximum full power TAVG of 576°F. The programmed level remained constant at the full-power TAVG
level for TAVG values greather then the full-power TAVG. An uncertainty of ±5% of span was applied
when conservative.

g. The programmed steam generator water level modeled in the analyses was a constant 52% narrow range
span (NRS) for all power levels. An uncertainty of 4% NRS/+8% was applied when conservative.
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Table 15.0-4
Pressurizer and Main Steam System (MSS) Pressure Relief Assumptions

Pressure Relief Modela

UFSAR Event Description Pressurizer MSS

15.1.1 Decrease in Feedwater Tempera- 5 5
ture

15.1.2 Increase in Feedwater Flow 1> 3A

15.1.3 Excessive Load Increase 5 5

15.1.4 Inadvertant Opening of a Steam b
Generator Relief/Safety Valve

15.1.5 Steam System Piping Failure - 4 4
Zero Power (Core Response

only)

Steam System Piping Failure - 4 4
Full Power (Core Response

Only)

15.1.6< Combined Steam Generator ARV I 3A
and Feedwater Control Valve

Failures

15.2.1 Steam Pressure Regulator Mal- C
function or Failure that Results in

Decreasing Steam Flow

15.2.2 Loss-of-External-Electrical Load 1 3 B
- DNB Case

Loss-of-External-Electrical Load 2B 31B
. - Peak RCS Pressure Case

Loss-of-External-Electrical Load 1 3B

- Peak MSS Pressure Case

15.2.3 Turbine Trip c

15.2.4 Loss-of-Condenser Vacuum C

15.2.5 Loss-of-Offsite-AC-Power to the 1 3A
Station Auxiliaries

15.2.6 Loss-of-Normal Feedwater 1 3A
(LONF)

15.2.7 Feedwater System Pipe Breaks 1 3A

15.3.1 Flow Coastdown Accidents 2A 7

15.3.2 Locked Rotor Accident 2B 3A

Page 17 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

Pressure Relief Modela

UFSAR Event Description Pressurizer MSS

15.4.1 Uncontrolled RCCA Withdrawal 5 5
from a Subcritical Condition

15.4.2 Uncontrolled RCCA Withdrawal 1 3B
at Power - DNB Case

Uncontrolled RCCA Withdrawal' 2B 3B
at Power - Peak RCS Pressure

Case

15.4.3 Startup of an Inactive RCL Analysis not required

15.4.4 CVCS Malfuntion (Boron 5 5
Dilute)

15.4.5 RCCA Ejection 5 5

15.4.6 RCCA Drop 6 6

15.6.1 Inadvertent Opening of a Pres- d
surizer Safety or Relief Valve

a.

b.

C.

d.

The pressure relief models are decribed below.

Transient bounded by steam system piping failure (UFSAR, Section 15.1.5).

Transient bounded by loss-of-external-electrical load (UFSAR, Section 15.2.2).

Generic (see Reference 12)
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Table 15.0-5

Model I (Maximum Pressurizer Pressure Relief)

The setpoint for each of the two pressurizer power-operated relief valves (PORVS) was either
100 psi above the initial pressure or 2350 psia, whichever was lower. Each PORV had a relief
rate of 179,000 Ibm/hr. The pressurizer spray system was actuated when the idicated pressur-
izer pressure exceeded the initial value by 25 psi. The presurizer spray valves were full-open
when the indicated pressurizer pressure exceeded the initial value by 75 psi. A linear increase in
the pressurizer spray valve flow area was assumed between these points. The full-open spray
valve flow area was 0.0376 ft2 .

The PSV set point was 3% below the nominal setpoint of 2485 psig. Once the PSV's came
open, they did not reseat until the pressure dropped 5% below the openig setpoint. No time
delay penalty was applied to account for purging the water in the PSV loop seals. The PSV
design relief rate was 288,000 ibm/hr per valve (2 valves total). Note that for the PONF, loss-of-
offsite-ac power to the station auxiliaries, and feedwater system pipe break transients, the PSV
model was irrelevant because the PORVs and sprays were sufficient to control pressure.

Model 2A (Minimum Pressurizer Pressure Relief)

The pressurizer PORVs and pressurizer sprays were assumed to be unavailable: Although the
PSVs were modeled, they do not actuate during the transient.

Model 2B (Minimum Pressurizer Pressure Relief)

The pressurizer PORVs and pressurizer sprays were assumed to be unavailable. The PSVs set-
point was increased at least 2.3% above the nominal set pressure of 2485 psig to account for set
pressure tolerance, plus an additional 1% to address the set pressure shift phenomenon associ-
ated with PSVs that had water-filled loop seals (see WCAP-12910[Reference2]). A maximum
time delay of 0.8 seconds was applied to account for purging the water in the PSV loop seals.
The PSV design relief rate was 288,000 lbm/he per valve (2 valves total).Model 3A (Staggered
MSSV Setpoints)

There were 4 MSSVs on each loop with a total relief capacity of -1861 lbm/sec (total of 8
valves). The assumed setpoints are listed below:

Model 3B (Staggered MSSV Setpoints)

Same as Model 3A, except that a less conservative setpoint tolerance of +1.4% (instead of
+1.5%) and/or slightly less conservative pressure drop from the inlet of the 30-inch main steam-
line pipe to the MSSVs of 18.07 psid (instead of 18.2 psid) were/was assumed.

Model 4

No specific pressurizer pressure or MSS relief input were modeled. The pressurizer pressure
and steam pressure both decrease during this event. Thus, the pressurizer spray, relief valves,
and safety valves, and the MSSVs were irrelevant.

Model 5

Pressurizer and MSS relief was not modeled because either the computer code(s) used for this
analysis did not include pressurizer or steam generator models, or the analysis was a hand calcu-
lation that did not involve these plant components. Refer to the accident-specific analyses for
additional information.
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Model 6

The generic (that is, not plant specific) analysis performed to address this event assumed that the
pressurizer PORVs actuated at 2350 psia with a total maximum relief capacity of 16.65 ft3/sec.
The pressurizer spray valve setpoints assumed were the same as those specified for Model 1, but
the total spray capacity was 52.2 lbm/sec. The PSVs and MSSVs were modeled and assumed to
be available, but did not actuate.

Model 7

No specific MSS relief inputs were modeled because the secondary side pressure transient dur-
ing the event was non-limiting.

Valve Bank Nominal Setpoint Initial Open Pressure of the
MSSVsa

1 1085 psig 1134.20 psia

2 1140 psig 1190.00 psia

3 1140 psig >1190.00 psia

4 1140 psia 1190.00 psia

a. Pressure includes +1.5% for the setpoint tolerance, +18.2 psi for the pressure drop from the inlet con-
nection of the 30-inch main steamline pipe to the MSSV, and + 14.7 psi to convert to atmospheric
presure. The full-open pressure for each MSSV was 5 psi above the inital open pressure.

Table 15.0-5
Core Kinetics Parameters and Reactivity Feedback Coefficients

Parameter Beginning of Cycle End of Cycle
(Minimum Feedback) (Maximum Feedback)

MTC, pcm/0 F 5.0 (> 70% RTP)a N/A
0.0 (> 70% RTP)

Moderator Density Coefficient, N/A 0.45
Ak/(g/cc)

Doppler Temperature Coeffi- -0.91 -2.90
cient, pcm/0 F

Doppler-Only Power Coefficient, -12.0 + 0/045Q -24.0 + 0.1OOQ
pcm/%power
(Q=power in %

Delayed Neutron Fraction 0.0072(maximum) 0.0043 (minimum)

Minimum Doppler Power Defect,
pcm
- RCCA Ejection 1000 950
-RCCA Withdrawal from Sub- 1100 N/A
critical
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a. RTP=Rated Thermal Power
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Table 15.0-6
Summary of RPS and ESFAS Functions Actuated

UFSAR Section Event Description RPS or ESFAS Signaffs) Actuated Analysis Setpoint Delay (sec)

15.1.1 Decrease in Feedwater Temperature N/A N/A N/A

15.1.2 Increase in Feedwater Flow High-High Steam Generator Water Level 100% NRS 22.0
Feedwater Regulator Valve Closure

15.1.3 Excessive Load Increase N/A N/A >N/A

15.1.4 Inadvertent Opening of a Steam Generator a
Relief/Safety Valve

15.1.5 Steam System Piping Failure - Zero Power High-High Steam Flow Setpoint 155% of nominal >2.0

(Core response only)

High Steam Flow Setpoin -155% of nominal 2.0

High Steam Flow Setpoint 1.5E6 lbm.hr 2.0

Low Steam Pressure Safety Injection 327.7 psia (lead/ 2.0
(SI)Setpoint lag= 12/2)

Steam Line Isolation Delay from SI Coin- N/A 7.0
cident with High-High Steam Flow

Feedwater Isolation Delay from SI N/A 32.0

SI Pumps at Full Flow Following SI Signal N/A 12.0/22.75
(with/without offsite power)

Steam System Piping Failure-Full Power OPAT reactor trip Table 15.0.7 10.0b
(Core response only)

15.1.6 Combined Steam Generator ARV and High-High Steam Generator Water Level 100% NRS 22.0
Feedwater Control Valve Failures Feedwater Regulator Valve Closure

OPAT Reactor Trip Table 15.0.7 10.0b

Low-Pressurizer Pressure Safety Injection 1715.0 psia 32.0

15.2.1 Steam Pressure Regulator Malfunction or C
Failure That Results in Decreasing Steam
Flow

15.2.2 Loss-of-External-Electrical Load High-Pressurizer Pressure Reactor Trip 425 psia 2.0
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UFSAR Section Event Description RPS or ESFAS Si2nal(s) Actuated Analysis Setpoint Delay (sec,

OTAT Reactor Trip Table 2.8.5.0-4 7.0b

15.2.3 Turbine Trip c

15.2.4 Loss-of-Condenser Vacuum C

15.2.5 Loss-of-Offsite-AC Power to the Station Low-Low Steam Generator Water Level 0% NRS 2.0
Auxiliaries Reactor Trip

Low-Low Steam Generator Water Level 0% NRS 60.0
Auxiliary Feedwater (AFW) Pump Start

15.2.6 LONF Low-Low Steam Generator Water Level 0% NRS 2.0
Reactor Trip

Low-Low Steam Generator Water Level 0% NRS 60.0
AFW Pump Start

15.2.7 Feedwater System Pipe Breaks Low-Low Steam Generator Water Level 0% NRS 2.0
Reactor Trip

Low-Low Steam Generator Water Level 0% NRS 60 & 870
AFW Pump Start

15.3.1 Flow Coastdown Accidents Low RCL Flow Reactor Trip 87% 1.0

RCP Undervoltage Reactor Trip N/A 1.5

RCP Underfrequency Reactor Trip 57 Hz 1.4

15.3.2 Locked Rotor Accident Low RCL Flow Reactor Trip 87% 1.0

15.4.1 Uncontrolled RCCA Withdrawal from a Power-Range High Neutron Flux Reactor 35% 0.5
Subcritical Condition Trip (Low Setting)

15.4.2 Uncontrolled RCCA Withdrawal at Power Power-Range High Neutron Flux Reactor 115% 0.5
Trip (High Setting)

OTAT Reactor Trip Table 15.0-7 7.0b

High Pressurizer Pressure Reactor Trip 2425 psia 2.0

15.4.3 Startup of an Inactive RCL N/A N/A N/A

15.4.4 Chemical and Volume Control System OTAT Reactor Trip Table 15.0-7 7.0b
Malfunction (Boron Dilution)
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UFSAR Section Event Description RPS or ESFAS Signal(s) Actuated Analysis Setpoint Delay (sec)

15.4.5 RCCA Ejection Power-Range High Neutron Flux Reactor 35% (low setting) 0.5
Trip (Low and High Settings)

118% (high setting) 0.5

15.4.6 RCCA Drop Low-Pressurizer Pressure reactor Trip d 2.0

15.6.1 Inadvertent Opening of a Pressurizer OTAT Reactor Trip Table 15.0-7 0.0b
Safety or Relief Valve

15.8 ATWS ATWS Mitigation System Actuation Cir- N/A 30(TT)
cuitry (AMSAC) - Turbine Trip (TT), 60(AFW)
AFW Pump Start (AFW)

a.

b.

Transient bounded by steam system piping failure (UFSAR, Section 15.1.5

Modeling the OTAT and OPAT reactor trips including a time constant (first order lag) of 2.0 seconds for the RTDs and a filter (lag) of 3.5 (or 6.0) seconds on the hot-leg temperature mea-
surement. The RTD lag accounted for the response of the RTDs and the RTD electronic filter (if any). In addition, after the overtemperature or overpower setpoint was reached, a delay of

1.5 (or 2.0) seconds was assumed to account for electronic delays, reator trip breakers opening, and RCCA gripper release.

c. Transient bounded by loss-of-extemal-electrical load (UFSAR, Section 15.2.2

d. The generic two-loop dropped RCCA analysis, applicable to Ginna, modeled the low-pressurizer pressure reactor trip setpoint as a "convenience trip". The cases that actauted this func-
tion assumed dropped rod and control bank worth combinations that were non-limiting with respect to DNB. The fact that the plant-specific low-pressurizer pressure setpoint (1775 psia)
was lower than the value assumed in the generic analysis (1860 psia) did not invalidate the applicability of the generic two-loop statepoints to Ginna. Therefore, the low-pressurizer pres-
sure reactor trip setpoint value that was used in the generic two-loop dropped RCCA analysis ( 1860 psia) did not represent an analytical limit for this function for Ginna.
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Table 15.0-7
Overtemperature and Overpower AT Setpoints

Allowable Full-Power TAVG Range 564.6' to 576.0°F

K, (safety analysis value) 1.30

K2  0.00093/psi

K3  0.0185/ 0F

K4 (safety analysis value) 1.15

K5  0.00014/°Fa

K6  0.00/°F

T' 564.6° to 576.0°Fb

P" 2250 psia

f(AI) Deadbandc -14% AId to +6% Al

f(AI) Negative Gainc -3.08%/%A1 d

f(AI) Positive Gainc +2.27%/%AI

High-Presurizer Pressure Reactor Trip Setpoint (safety analysis value) 2425 psia

Low-Pressurizer Pressure Reactor Trip Setpoint (safety analysis value) 1775 psia

a.

b.

C.

d.

K5=0.0014/°F is valid for increasing TAVG. For decreasing TAVG, K5=0.0/°F

Value to be set equal to or less than the full power operating TAVG chosen.

The f(AI) penalty is implicitly assumed in the non-LOCA safety analysis.

Value supported by non-LOCA transient analysis. Value will change based on fuel rod design analysis.
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Table 15.0-8

DETERMINATION OF MAXIMUM OVERPOWER TRIP POINT - POWER RANGE
NEUTRON FLUX CHANNEL - BASED ON NOMINAL SETPOINT CONSIDERING

INHERENT INSTRUMENT ERRORS

Nominal setpoint 108% of Rated
Power

Maximum overpower trip point per uncertainty analysis. 115% of Rated
Power

Variable Accuracy of Effect of Thermal Power
Measurement Determination (percent error)

of Variable

(Percent error) Estimated Assumed

Calorimetric errors in the measure-
ment of secondary system thermal
power

Feedwater temperature ± 0.5

Feedwater pressure (small cor- ± 0.5 0.3
rection on enthalpy)

Steam pressure (small correction ± 2
on enthalpy)

Feedwater flow ± 1.25 1.25

Assumed calorimetric error (% of ±2 (a)
rated power)

Axial power distribution effects on
total ion chamber current

Estimated error (% of rated 3
power)

Assumed error (% of rated ±5 (b)
power)

Instrumentation channel drift and
setpoint reproducibility

Estimated error (% of rated I
power)

Assumed error (% of rated ± 2 (c)
power)

Total assumed error in setpoint

(a) + (b) + (c) ±9
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Table 15.0-9
Summary of Initial Conditions and Computer Codes Used

Accident Computer DNB RTDP Initial NSS RCS Flow RCS Temo (0 F) RCS Pressure
Codes Used Correlation Power WWII

Decrease in Feedwater Event bounded by the excessive-load-increase event
Temperature

Increase in Feedwater RETRAN WRB-1 yes(HFP) 1817 MWt 177,300 676.0 (HFP) 2250
Flow VIPRE (HFP) No(HZP) 0 MWt (HFP) 547.0 (HZP)

W-3 (HZP) 170,200
(HZP)

Excessive Load N/A WRB-1 Yes 1817 MWt 177,300 576.0 2250
Increase

Inadvertent Opening of Event bounded by the steam system piping failure event.
a Steam Generator
Relief/Safety Valve

Rupture of Steam Pipe- RETRAN W-3 No 0 MWt 170,200 547.0 2250
Zero Power Core VIPRE

Response

Rupture of Steam Pipe- RETRAN WRB-1 Yes 1817 MWt 177,300 576.0 2250
Full Power Core VIPRE

Response

Combined Steam Gen- RETRAN WRB-1 Yes 1817 MWt 177,300 576.0 2250
erator ARV and Feed-
water Control Valve

Failures

Steam Pressure Regula- Event bounded by the loss-of-external-electrical-load-event.
tor Malfunction or Fail-

ure That Results in
Decreasing Steam Flow

Loss-of-Extemal-Elec- RETRAN WRB-1 N/A 1817 MWt 170,200 580.0 2190
trical Load (pressure) (pressure) (pressure) (pressure) (pressure)

Yes 1817 Mwt 177,300 576.0 (DNB) 2250 (DNB)
(DNB) (DNB) (DNB)

Turbine Trip Event bounded by the loss-of-external-electrical-load-event.
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Accident Computer DNB RTDP Initial NSS RCS Flow RCS Temp (CF) RCS Pressure
Codes Used Correlation Power (psia•

Loss-of-Condenser Event bounded by the loss-of-external-electrical-load-event.
Vacuum

>Loss-of-Offsite-ac- RETRAN N/A N/A 1817 MWt 170,200 572.0 231.0
Power to the Station

Auxiliaries

Feedwater System Pipe RETRAN N/A N/A 1817 MWt> 170,200 580.0> 2190
Breaks

Flow Coastdown Acci- >RETRAN WRB-1 Yes 1817 MWt 177,300 576.0 2250
dent VIPRE

Locked Rotor Accident RETRAN N/A N/A 1817 MWt> 170,200> 580.0 2310
VIPRE

Uncontrolled RCCA TWINKLE w_3a No 0 MWt (core 76,420c 547 2190
Withdrawal from a Sub- FACTRAN WRBIb power)

critical Condition VIPRE

Uncontrolled RCCA RETRAN WRB-1 Yes 1817 MWt 177,300 576.0 (100%) 2250
Withdrawal at Power (DNB) (100%) (DNB/MSS) 564.4 (60%) (DNB/MSS)

(DNB/MSS 549.9 (10%)
N/A Press.) 170,200 553.9 (8%) 2190
(Pressure) 1090.2 MWt (RCS Press.) (RCS Press.)

(60%)
(DNB/MSS
Press.)
181.7 MWt
(10%)
(DNB/MSS
Press.)
145.4 MWt (8%)
(RCS Press.)

CVCS System Mal- N/A N/A N/A 1817 MWt N/A 580 (Mode 1) 2.250
function (100%) 547 (Mode 2) (modes 1

(mode 1) 140 (mode 6) and 2)
90.9 MWt (5%) 14.7 (mode 6)
(mode 2)
0 MWt (0%)
(mode 6)
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Accident Comnuter DNB RTDP Initial NSS RCS Flow RCS Temnp (F) RCS Pressure
Codes Used Correlation Power (si•al

RCCA Ejection TWINKLE N/A N/A 1811 MWt (core 170,200 580.0 (HFP) 2190
FACTRAN power)(HFP) (HFP) 547.0 (HZP)

0 MWt (core 76,420c
power) (HZP)
(HZP)

RCCA Drop LOFTRANd WRB-1 Yes 1817 MWt 177,300 576.0 >2250
ANC
VIPRE

Inadvertent Openingof RETRAN WRB-1 Yes 1817 MWt 177,300 576.0 2250
a Pressureizer Safety or

Relief Valve

ATWS LOFTRAN N/A N/A 1817 MWt 170,200 574.5 2250

a.

b.

C.

d.

Below the first mixing vane grid.

Above the first mixing vane grid.

Single loop flow=0.449 * TDF.

The LOFTRAN portion of the analysis was generic; the DNB evaluation performed with VIPRE utilized the plant-specific values presented.
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Figure 15.0-1 Core Limits and Overpower-Overtemperature Delta T Setpoints (Tref =
576.0 TF)
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Figure 15.0-2 Reactivity Coefficients Used in Non-LOCA Safety Analysis
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Figure 15.0-3 Reactivity Insertion Scram Curves
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15.1 INCREASE IN HEAT REMOVAL BY THE SECONDARY
SYSTEM

Excessive heat removal (i.e., a heat removal rate in excess of the heat generation rate in the
core) from the reactor coolant to the steam generator feedwater is caused by one of the fol-
lowing events:

A. Feedwater system malfunction that results in a decrease in feedwater temperature.

B. Feedwater system malfunction that results in an increase in feedwater flow.

C. Excessive load increase that results in an increase in feedwater flow.

D. Steam system piping failures that result in an increase in feedwater flow.

E. Combined steam generator atmospheric relief valve (ARV) and main feedwater regulating
valve (MFRV) failures that result in an increase in feedwater flow.

In 1991, the advanced digital feedwater control system (ADFCS) was installed at Ginna Sta-
tion (see Section 7.7.1.5). Prior to installation of the advanced digital feedwater control sys-
tem, the feedwater bypass valves were closed when operating with the main feedwater
regulating valves (MFRV). When operating with the advanced digital feedwater control sys-
tem, the main feedwater bypass valves can be partially open at the same time that the main
feedwater regulating valves are open. Thus, it is postulated for the increase in feedwater flow
events that it is possible for a regulating valve to open fully when its bypass valve is open
(References 1 and 2). As part of the 18 Month Fuel Cycle Program, the increase in feedwater
flow events (Section 15.1.2) and the combined steam generator atmospheric relief valve
(ARV) and feedwater control valve failure events (Section 15.1.6) were analyzed with suffi-
cient flow to bound the effects of regulating valves fully opening with their associated bypass
valve open.

15.1.1 DECREASE IN FEED WATER TEMPERATURE

15.1.1.1 Description of Event

The reduction in feedwater temperature or enthalpy is one means of increasing core power
above full power. Such increases are attenuated by the thermal capacity in the secondary
plant and in the reactor coolant system. The overpower-overtemperature protection (nuclear
overpower and overtemperature delta T trips) prevents any power increase which could lead
to a departure from nucleate boiling ratio (DNBR) less than the safety analysis limit.

An extreme example of excess heat removal by the feedwater system is the transient associ-
ated with the accidental opening of the condensate bypass valve which diverts flow around
the low-pressure feedwater heaters (see Section 10.4.4.4). In the event of an accidental open-
ing, there is a sudden reduction in inlet feedwater temperature to the steam generators. The
increased subcooling will create a greater load demand on the primary system which can
potentially lead to a reactor trip. The net anticipated effect on the reactor coolant system is
similar to the effect of increasing secondary steam flow, i.e., the reactor will reach a new equi-
librium condition at a power level corresponding to the new steam generator delta T.
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A re-analysis of this accident for the 18 Month Fuel Cycle Program was not required (see
Section 15.1.1.4.5).

15.1.1.2 Frequency of Event

The decrease in feedwater temperature is classified as an ANS Condition I1 event of moderate
frequency. Section 15.0.8 discusses Condition II events.

15.1.1.3 Event Analysis

The analysis procedure for the feedwater temperature reduction event from full power con-
sists of comparing the decreased enthalpy caused by the feedwater temperature reduction
with an equivalent enthalpy reduction that occurs from a steam line rupture initiated at full
power (Section 15.1.5.7).

The zero power case analysis was removed when ADFCS was installed. The analysis for a
zero power case with a feedwater flow increase is analyzed with ADFCS and appears in Sec-
tion 15.1.2.2.

15.1.1.3.1 Protective Features

The following reactor trip system (RTS) features provide protection against DNB for this
event:

A. Reactor trip is actuated by an overpower delta T signal if any two-of-four delta T channels
exceed a variable setpoint during the transient. The setpoint is automatically varied with
axial power imbalance and coolant temperature conditions.

B. Reactor trip is actuated by an overtemperature delta T signal if any two-out-of-four delta T
channels exceed a variable setpoint. This setpoint is automatically varied with axial power
imbalance, coolant temperature, and pressurizer pressure conditions.

None of the automatic reactor trips is credited in this evaluation.

15.1.1.3.2 Sinle Failures Assumed

No single failure in an instrumentation channel, or actuation train, will prevent the reactor trip
system from performing its protective function.

15.1.1.3.3 Operator Actions Assumed

No operator actions are credited in the evaluation of this event.

15.1.1.3.4 Chronological Description of Event

The event starts with a sudden decrease in feedwater temperature.

15.1.1.3.5 Impact on Fission Product Barriers

The DNBR is expected to remain greater than the safety analysis limit for this event. No fuel
cladding failures are anticipated. The reactor coolant system pressure is expected to decrease.
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Therefore, the fuel cladding and reactor coolant pressure boundary maintain their integrity as
fission product barriers.

15.1.1.4 Reactor Core and Plant System Evaluation

15.1.1.4.1 Input Parameters and Initial Conditions

The event is bounded by the steam line rupture event analyzed at hot full power conditions
(Section 15.1.5.7). The input parameters and initial conditions assumed in the steam line rup-
ture analysis are:

A. The initial reactor power, reactor coolant average temperatures, and reactor coolant pres-
sure are assumed to be at their nominal values consistent with high TAVG (576.0°F). See
Table 15.0-3.

B. Maximum moderator reactivity feedback is assumed.

In the evaluation of the feedwater temperature reduction event, the nominal feedwater
enthalpy is reduced by an amount greater than the loss of one feedwater heater.

15.1.1.4.2 Methodology

The opening of a low pressure heater bypass valve causes a reduction in feedwater tempera-
ture which increases the thermal load on the primary system. The increased thermal load, due
to the opening of the condensate bypass valve, results in a transient similar, but of a greatly
reduced magnitude, to the steam system piping failure initiated from full power conditions
described in Section 15.1.5.7. Thus, the feedwater temperature reduction transient is bounded
by a steam system piping failure initiated from full power. No transient results are presented,
as no explicit analysis is performed.

15.1.1.4.3 Acceptance Criteria

The specific acceptance criterion used for this analysis is that the DNBR remains greater than
the safety analysis limit. The safety analysis DNBR limit is discussed in Section 4.4.

15.1.1.4.4 Results

No explicit results are presented for this event as it is bounded by the steam line rupture ana-
lyzed at hot full power conditions (Section 15.1.5.7).

The feedwater enthalpy decrease incident is similar to an excessive load increase and is an
overpower transient for which the fuel temperatures rise. When a reactor trip does not occur,
the plant reaches a new equilibrium condition at a higher power level corresponding to the
increase in steam flow.

15.1.1.5 Radiological Consequences

An evaluation of radiological consequences is not performed since fuel failures are not
caused by this event.
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15.1.1.6 Conclusions

The minimum DNBR remains above the safety analysis DNBR limit for feedwater enthalpy
decreases at full power.

15.1.2 INCREASE IN FEED WATER FLOW

The two cases analyzed are an increase in feedwater flow at full power (Section 15.1.2.1) and
at hot zero power (Section 15.1.2.2).

15.1.2.1 Increase in Feedwater Flow at Full Power

15.1.2.1.1 Description of Event

The addition of large amounts of feedwater to the steam generators results in excessive heat
removal from the primary coolant system. The resultant decrease in the average temperature
of the core causes an increase in core power (nuclear flux) due to moderator and control sys-
tem feedback.

The reduced coolant temperature also reduces the pressurizer water volume and pressurizer
pressure. The water volume decreases due to the increase in coolant density. Since the pres-
surizer must remain at saturated conditions (it contains both water and steam), the pressure
decreases to the saturation pressure corresponding to the reduced water temperature.

The possible consequence of this accident (assuming no protective functions) is departure
from nucleate boiling (DNB) with subsequent fuel damage. With the addition of excess feed-
water into one or both steam generators, there is also the possibility of steam generator over-
fill and damage to the turbine and steam piping. Protection is provided by isolating feedwater
flow at the high steam generator level setpoint.

Flow control failures causing the main feedwater regulating valves (MFRV) to fully open are
considered an initiating event. With an increase in feedwater flow at power, the high steam
generator water level setpoint is approached in the faulted loop(s). The high steam generator
water level will close the main feedwater regulating valve (MFRV) and the feedwater bypass
valve (if open) in the associated loop; the signal does not result in a turbine trip or a reactor
trip. This temporarily terminates the addition of feedwater to the faulted steam generator(s)
and the water level begins to drop. When the water level drops below the high steam genera-
tor water level setpoint, the closure signal clears and the valves will reopen, potentially caus-
ing the steam generator water level to increase. The control can oscillate between full closed
and open until a reactor trip signal or a safety injection signal is generated. If no protection
setpoint is approached, the main feedwater regulating valves (MFRV) will continue to cycle
until the operator has had time to identify the problem and take the appropriate action, which
could be to manually trip the reactor and isolate feedwater.

15.1.2.1.2 Frequency of Event

The increase in feedwater flow incident is classified as an ANS Condition II event of moder-
ate frequency. Section 15.0.8 discusses Condition II events.
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15.1.2.1.3 Event Analysis

This transient is analyzed by increasing the feedwater flow in the faulted loop(s). The
increased flow is sufficient to cover the simultaneous opening of the main feedwater regulat-
ing valve (MFRV) with an open bypass valve. Four cases were analyzed to demonstrate the
plant behavior in the event of a sudden increase in feedwater flow at full power:

A. A step increase in feedwater flow to one steam generator to 200% of the nominal full power
flow rate initiated at full power with the reactor control in manual.

B. A step increase in feedwater flow to one steam generator to 200% of the nominal full power
flow rate initiated at full power with the reactor control in automatic.

C. Step increases in feedwater flow to both steam generators to 170% of the nominal full
power flow rate initiated at full power with the reactor control in manual.

D. Step increases in feedwater flow to both steam generators to 170% of the nominal full
power flow rate initiated at full power with the reactor control in automatic.

15.1.2.1.3.1 Protective Features

The following features provide protection for this event:

1. Reactor trip is actuated by an overpower delta T signal if any two-of-four delta T channels
exceed a variable setpoint during the transient. The setpoint is automatically varied with
axial power imbalance and coolant temperature conditions.

2. Reactor trip is actuated by an overtemperature delta T signal if any two-out-of-four delta T
channels exceed a variable setpoint during the transient. This setpoint is automatically var-
ied with axial power imbalance, coolant temperature, and pressurizer pressure conditions to
protect against DNB.

3. Reactor trip is actuated by a power range neutroniflux high trip signal if any two-out-of-
four channels exceed neutron flux setpoints.

4. The main feedwater regulating and bypass valves close on high steam generator water level
or a safety injection (SI) signal on low pressurizer pressure. The high steam generator water
level signal is generated from two of three high level channels per steam generator. The
control valves are assumed to reopen once the high steam generator water level signal
clears. The low pressurizer pressure SI signal is generated from two of three pressurizer
low-pressure channels.

This analysis credits engineered safety features feedwater isolation signals for closing the
main feedwater regulating and bypass valves on a high steam generator water level.

None of the automatic reactor trips is credited in this analysis.

15.1.2.1.3.2 Single Failures Assumed

A single failure in one train of the reactor protection system is considered the limiting failure.
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No single failure in the reactor trip system will prevent it from performing a protective trip of
the reactor. For operator-initiated trips, no single failure in one of the reactor trip system trip
actuation trains will prevent a manual trip of the reactor.

No single failure of one of three level instrumentation channels will prevent the closure of the
valves to the faulted steam generator.

No single failure of one of three pressurizer low-pressure channels will prevent the closure of
the valves to the steam generators.

15.1.2.1.3.3 Operator Actions Assumed

No operator actions are credited in the analysis of this event up to the time when it is demon-
strated that the acceptance criteria are met. The operator is then expected to establish stable
plant conditions (which could include tripping the reactor or actuating an engineered safety
feature, if necessary).

15.1.2.1.3.4 Chronological Description of Event

Tables 15.1-1 to 15.1-4 give the time sequence for the four increased feedwater flow cases at
hot full power.

15.1.2.1.3.5 Impact on Fission Product Barriers

The DNBR is maintained greater than the safety analysis limit for this event. No fuel clad-
ding failures are expected. The reactor coolant system pressure does not increase signifi-
cantly. The fuel cladding and reactor coolant pressure boundary maintain their integrity as
fission product barriers.

15.1.2.1.4 Reactor Core and Plant System Evaluation

15.1.2.1.4.1 Input Parameters and Initial Conditions

A. Initial values of reactor power, pressure, and average temperature assumed are consistent
with the Revised Thermal Design Procedure. The vessel average temperature is at the max-
imum TAVG (576.0°F) value. Initial conditions are shown in Table 15.0-3.

B. The feedwater temperature at the inlet of the steam generators is at its high value of 435°F.

C. The steam generator water level corresponds to 48% on the narrow range level. This value
represents the nominal steam generator water level at nominal initial power with a negative
4% narrow range level uncertainty applied.

D. The feedwater malfunction causes an initial step increase to 200% of nominal full power
feedwater flow to the faulted steam generator. Feedwater malfunctions affecting both
steam generators cause 170% of nominal full power flow to both steam generators.

E. The main feedwater regulating and bypass valves close on high steam generator water level
after a 22 second delay. The high level setpoint is conservatively 100% of the narrow range
level which bounds the maximum value allowed by the Technical Specifications. The
delay conservatively accommodates electronic delay and valve closure times. The control
valves are assumed to reopen once the high steam generator water level signal clears.
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F. Maximum moderator feedback is assumed to maximize the reactivity insertion. The mini-
mum doppler power defect is used to minimize the negative reactivity insertion with
increasing power in the fuel. No decay heat is assumed, but maximum values for prompt
neutron lifetime and minimum values for delayed neutron fraction are assumed.

G. The pressurizer spray system and pressurizer power operated relief valves (PORV) are
assumed operational since they reduce primary system pressure and thereby minimize the
calculated values of DNBR.

H. Cases are analyzed with and without automatic rod control. Control systems are assumed
to function only if their operation results in more severe accident results.

15.1.2.1.4.2 Method ofAnalysis

The plant responses for malfunctions resulting in increased feedwater flow were analyzed
using the RETRAN code. The code simulates the neutron kinetics, reactor coolant system,
pressurizer, pressurizer relief and safety valves, pressurizer spray, steam generators, main
steam safety valves (MSSV), and feedwater system. Section 15.0.7 provides an additional
description of RETRAN and its capabilities.

This accident is analyzed with the Revised Thermal Design Procedure described in Reference
3. Uncertainties in initial conditions are included in the DNBR limit using this procedure.

The increase in feedwater flow significantly increases the heat removal by the faulted steam
generator(s). Feedwater flow rate to the faulted steam generator is increased instantaneously
to the maximum postulated value. The main feedwater regulating and bypass valves are
assumed to start to close once the steam generator high level setpoint is reached. The subse-
quent re-opening and re-closing of the valves is modeled by maintaining (analytically) the
level in the faulted steam generator at the level reached 22 seconds after the high steam gener-
ator water level signal is generated. This high level is maintained until the reactor is manually
tripped and the event is terminated.

15.1.2.1.4.3 Acceptance Criteria

The applicable acceptance criteria for this Condition 11 feedwater malfunction incident are:

A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.

B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.

C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.

The primary acceptance criterion used in this analysis is that the minimum DNBR remains
greater than the safety analysis limit in Section 4.4. The event does not challenge the primary
and secondary side pressure limits since the increased heat removal tends to cool the reactor
coolant system.
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15.1.2.1.4.4 Results

The event sequences for the four full power cases are given in Tables 15.1-1 through 15.1-4.
Each case reaches an equilibrium condition in the first 10 minutes of the transient. The
results show that the DNBR remains above the safety analysis limit during the excessive
feedwater flow event.

Of these four full power cases, the most limiting is the multi-loop feedwater malfunction with
manual rod control. Plots of nuclear power, maximum reactor coolant system pressure, loop
average temperature, and steam generator pressure and mass versus time are given in Figures
15.1-1 through 15.1-3. As shown in Figure 15.1 -1, the temperature reduction that results
from the increased feedwater flow is less than 5°F.

15.1.2.1.5 Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the event.

15.1.2.1.6 Conclusion

The DNBRs for the excessive feedwater addition at power are above the safety analysis limit.
The analysis shows that reactor core is capable of reaching a stable condition if the event is
not terminated by the reactor trip system (RTS) or by the operator.

15.1.2.2 Increase in Feedwater Flow at Zero Power

15.1.2.2.1 Description of Event

The addition of large amounts of feedwater to the steam generators results in excessive heat
removal from the primary coolant system. When initiated at hot zero power, the resultant
decrease in the average temperature of the core can cause a return to criticality due to moder-
ator feedback.

The possible consequence of this accident (assuming no protective actions) is DNB with sub-
sequent fuel damage. Like the full power cases, the addition of excess feedwater can lead to
water carryover and damage to the plant if the feedwater isolation valves are not automati-
cally closed on high steam generator water level or the feedwater system is not tripped.

15.1.2.2.2 Frequency of Event

The increase in feedwater flow incident is classified as an ANS Condition 11 event of moder-
ate frequency. Section 15.0.8 discusses Condition 1I events.

15.1.2.2.3 Event Analysis

The transient is analyzed by a step increase in feedwater flow to both steam generators to
110% of the nominal full power flow rate initiated at zero power with the reactor in manual.
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15.1.2.2.3.1 Protective Features

The main feedwater regulating and bypass valves close on high steam generator water level
or a safety injection (Si) signal on low pressurizer pressure. The high steam generator water
level signal is generated from two of three high level channels per steam generator. The con-
trol valves are assumed to reopen once the high steam generator water level signal clears.
The low pressurizer pressure SI signal is generated from two of three pressurizer low-pres-
sure -channels.

15.1.2.2.3.2 Single Failures Assumed

A single failure in one train of the reactor protection system is considered the limiting failure.

No single failure of one of three level instrumentation channels will prevent the closure of the
valves to the faulted steam generator.

-No single failure of one of three pressurizer low-pressure channels will prevent the closure of
the valves to the steam generators.

15.1.2.2.3.3 Operator Actions Assumed

No operator actions are assumed in the transient analysis.

15.1.2.2.3.4 Chronological Description of Event

The event begins with the failing open of feedwater regulating and bypass valves to both
steam generators. The analysis is terminated at a point where there has been sufficient time to
show that the system reaches an equilibrium condition.

15.1.2.2.3.5 Impact on Fission Product Barriers

The DNBR is maintained greater than the safety analysis limit for this event. No fuel cladding
failures are expected. The reactor coolant system pressure does not increase significantly. The
fuel cladding and reactor coolant pressure boundary maintain their integrity as fission product
barriers.

15.1.2.2.4 Reactor Core and Plant System Evaluation

15.1.2.2.4.1 Input Parameters and Initial Conditions

A. Initial values of reactor power, pressure, and nominal no load TAVG (547°F) for the hot zero

power case are given in Table 15.0-3.

B. Reactivity feedback conditions are assumed to be at their maximum values except for the
doppler defect, which is minimized. No decay heat is assumed, but minimum values for
prompt neutron lifetime and delayed neutron fraction are assumed.

C. The event is analyzed with the reactor in manual control.

D. The feedwater control malfunction causes a step increase in feedwater flow to both steam
generators from zero to 110% of the nominal full power flow rate.
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E. Feedwater temperature is at an assumed value of l00°F. (A minimum temperature of 30'F
was evaluated in Reference 6.)

F. A steam generator water level of 48% on the narrow range level is evaluated. This value
represents the nominal steam generator water level at zero power with a negative 4% nar-
row range level uncertainty applied.

G. The main feedwater regulating and bypass valves close on high steam generator water level
after a 22 second delay. The high level setpoint is conservatively 100% of the narrow range
level which bounds the maximum value allowed by the Technical Specifications. The delay
conservatively accommodates electronic delay and valve closure times. The control valves
are assumed to reopen once the high steam generator water level signal clears. The main
feedwater regulating and bypass valves can also close on a low pressurizer pressure safety
injection (SI) signal after a 32 second delay. The SI low pressurizer pressure set point is
conservatively set at 1715 psia.

H. The pressurizer spray system and pressurizer power operated relief valves (PORVs) are
assumed operational since they reduce primary system pressure and thereby minimize the
calculated valves of DNBR.

15.1.2.2.4.2 Methodology

The increase in feedwater flow at hot zero power is also analyzed using RETRAN. The meth-
odology for this case is essentially the same as described for the full power cases in Section
15.1.2.1.4.2 except that once the SG level reaches the Hi SG level setpoint, it does not
decrease below the Hi SG level setpoint before a feedwater isolation on low pressurizer pres-
sure SI occurs. Thus, the reopening behavior of the main feedwater regulating and bypass
valves does not need to be addressed as described for the full power cases. In addition, since
the event is analyzed at zero power, the Revised Thermal Design Procedure is not employed,
but conditions corresponding to zero power are assumed.

15.1.2.2.4.3 Acceptance Criteria

The general acceptance criteria applicable to the feedwater malfunction event at hot zero
power are the same as the full power case. The minimum DNBR from the case initiated at hot
zero power conditions with manual rod control and a failure of the MFRVs in both loops is
greater than the safety analysis limit.

15.1.2.2.5 Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the event.

15.1.2.2.6 Conclusion

The DNBR for the excessive feedwater addition at zero power is above the safety analysis
limit. The analysis shows that reactor core is capable of reaching a stable condition if the
event is not terminated by the protection system or by the operator.

Page 42 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

15.1.3 EXCESSIVE LOAD INCREASE INCIDENT

15.1.3.1 Description of Event

An excessive load increase incident is defined as a rapid increase in steam generator steam
flow that causes a power mismatch between the reactor core power and the steam generator
load demand. The reactor control system is designed to accommodate a 10% step load
increase and/or a 5%/min. ramp load increase (without a reactor trip) in the range of 15% to
100% full power. Any loading rate in excess of these values may cause a reactor trip actuated
by the reactor trip system (RTS).

An excessive load increase incident could result from either an administrative violation such
as an excessive loading by the operator or an equipment malfunction in the steam dump con-
trol or turbine speed control systems. For excessive loading by the operator or by system
demand, the turbine load limiter keeps maximum turbine load below approximately 100%
rated load.

During power operation, steam dump to the condenser is controlled by reactor coolant condi-
tion signals, i.e., abnormally high reactor coolant temperature indicates a need for steam
dump. A single controller malfunction does not cause steam dump; an interlock is provided
that blocks the control signal to the valves unless a large turbine load decrease or a turbine
trip has occurred.

If the load increase exceeds the capability of the reactor control system, the transient is termi-
nated in time to prevent a DNBR less than the safety analysis limit by a combination of the
nuclear overpower trip, low pressurizer pressure trip, and the overpower-overtemperature
delta T trips.

15.1.3.2 Frequency of Event

The excessive load increase incident is classified as an ANS Condition II event of moderate
frequency. Section 15.0.8 discusses Condition HI events.

15.1.3.3 Event Analysis

Four cases were evaluated to determine the plant behavior following a 10% step load
increase from rated load. These cases are as follows:

1. Reactor control in manual with beginning-of-life, minimum moderator reactivity feedback.

2. Reactor control in manual with end-of-life, maximum moderator reactivity feedback.

3. Reactor control in automatic with beginning-of-life, minimum moderator reactivity feed-
back.

4. Reactor control in automatic with end-of-life, maximum moderator reactivity feedback.

15.1.3.3.1 Protective Features

The following features provide protection for this event:
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1. Reactor trip is actuated by an overpower delta T signal if any two-of-four delta T channels
exceed a variable setpoint during the transient. The setpoint is automatically varied with
axial power imbalance and coolant temperature conditions.

2. Reactor trip is actuated by an overtemperature delta T signal if any two-out-of-four delta T
channels exceed a variable setpoint during the transient. This setpoint is automatically var-
ied with axial power imbalance, coolant temperature, and pressurizer pressure conditions to
protect against DNB.

3. Reactor trip is actuated by a power range neutron flux high trip signal if any two-out-of-
four channels exceed neutron flux setpoints.

4. Reactor trip is actuated on two-out-of-four low pressurizer pressure (RTS) signals.

None of the automatic reactor trips are credited in the evaluation.

15.1.3.3.2 Single Failures Assumed

A single failure was assumed in one train of the reactor trip system (RTS); however, no trip
was credited for this event.

15.1.3.3.3 Operator Actions Assumed

No operator actions are credited in the evaluation. The operator is expected to be able to
reduce power to normal levels following the transient.

15.1.3.3.4 Chronological Description of Event

The events start with a 10% step load increase. Reactor power increases with the plant reach-
ing a stabilized condition at the higher power level.

15.1.3.3.5 Impact on Fission Product Barriers

The DNBR is expected to be greater than the safety analysis limit for this event. No fuel clad-
ding failures are expected. Reactor coolant and steam pressures are expected to decrease.
The fuel cladding and reactor coolant pressure boundary maintain their integrity as fission
product barriers.

15.1.3.4 Reactor Core and Plant System Evaluation

15.1.3.4.1 Input Parameters and Initial Conditions

A. Initial values of reactor power, pressure, and average temperature assumed are consistent
with the Revised Thermal Design Procedure. The vessel average temperature is at the max-
imum TAVG (576.0°F ) value. Plant characteristics and initial conditions are described in
Section 15.0.1.

B. For the beginning of life minimum moderator feedback cases, the core has the least positive
moderator density coefficient and the least negative doppler-only power coefficient curve.
Therefore, the core has the least inherent transient response capability.

C. For the end of life maximum moderator feedback cases, the moderator density coefficient
of reactivity has its most positive value and the most negative doppler-only power coeffi-
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cient curve. This results in the largest amount of reactivity feedback due to changes in
coolant temperature.

D. Automatic pressure control using the pressurizer sprays is assumed. Operation of the
sprays would decrease primary system pressure and minimize calculated DNBRs.

E. No credit is taken for the pressurizer heaters when the reactor coolant system pressure
decreases. Operation of the heaters would tend to increase the DNBR, which is non-con-
servative for this analysis.

F. The reactor is assumed to be in automatic control.

G. A 10% step increase in steam demand is assumed.

H. Zero percent steam generator tube plugging is assumed. Sensitivity results showed that this
case is slightly more limiting than when plugging is assumed.

15.1.3.4.2 Methodology

Given the non-limiting nature of this event with respect to the DNBGR safety analysis crite-
rion, an explicit analysis was not performed as part of the Extended Power Uprate Program.
Instead, a detailed evaluation of this event was performed. The evaluation model consists of
the generation of statepoints based on generic conservative data. The statepoints are in the
form of changes in temperature, pressure, power, and flow that are applied to the plant's initial
conditions. These conditions are then compared to the core thermal limits to ensure that the
DNBR limit is not violated. Statepoints for the following cases were evaluated:

* Reactor in manual rod control with BOL (minimum moderator) reactivity feedback

• Reactor in manual rod control with BOL (maximum moderator) reactivity feedback

" Reactor in automatic rod control with BOL (minimum moderator) reactivity feedback
" Reactor in automatic rod control with BOL (minimum moderator) reactivity feedback

15.1.3.4.3 Acceptance Criteria

The general acceptance criteria for a Condition II event are:

A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.

B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.

C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.

Primary and secondary side pressures tend to decrease due to increased heat removal from
both systems. Therefore, the specific criterion used for this incident is that the DNBR must
remain greater than the safety analysis limit described in Section 4.4.

15.1.3.5 Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failure occurs.

Page 45 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

15.1.3.6 Conclusions

It has been demonstrated that, for an excessive load increase, the DNBR remains above the
safety analysis DNBR limit. Following the load increase, the plant rapidly reaches a stable
condition at the higher power level.

15.1.4 INADVERTENT OPENING OFA STEAM GENERATOR RELIEF/SAFETY
VALVE

The effects of a relief/safety valve inadvertent opening are bounded by the rupture of a steam
pipe in Section 15.1.5.

15.1.5 SPECTRUM OF STEAM SYSTEM PIPING FAILURES INSIDE AND OUTSIDE
OF CONTAINMENT

15.1.5.1 Description of Event

A rupture of a steam pipe is assumed to include any accident that results in an uncontrolled
steam release from a steam generator. The release can occur due to a break in a steam line, or
the inadvertent opening of a main steam safety, atmospheric relief or steam dump valve.

The steam release results in an initial increase in steam flow, which decreases during the acci-
dent as the steam pressure falls. The energy removal from the reactor coolant system causes a
reduction of coolant temperature and pressure. With a negative moderator temperature coef-
ficient, the cooldown results in a reduction of core shutdown margin. If the most reactive
control rod is assumed to be stuck in its fully withdrawn position, there is a possibility that the
core will become critical and return to power even with the remaining control rods inserted.
A return to power following a steam pipe rupture is a potential problem because of the high
hot-channel factors that may exist when the most reactive rod is assumed stuck in its fully
withdrawn position. Assuming the most pessimistic combination of circumstances that could
lead to power generation following a steam line break, the core is ultimately shut down by the
boric acid in the safety injection system.

Analysis of a steam pipe rupture is performed to demonstrate that with a stuck rod and mini-
mal engineered safety features, the core remains in place and essentially intact so as not to
impair effective cooling of the core. For major steam line ruptures, DNB and possible clad
perforation are not unacceptable consequences. The analysis performed here, in fact, shows
that the DNBR design basis is not violated for any pipe break.

In addition to the spectrum of steam line breaks discussd in this UFSAR section, the conse-
quences of a steam line break in the Turbine Building with subsequent resulting steam breaks
in the 30" main steam headers in the Intermediate Building has been analyzed as part of the
Ginna licensing basis. The basis for this steam line break scenario and its consequences on the
RCS response is discussed in UFSAR Section 3.6.2.5.2.2.

15.1.5.2 Frequency of Event

A major steam pipe rupture is classified as a Condition III or Condition IV event depending
on the size of the break. The licensing basis double ended steam line break considered here is
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classified as a Condition IV limiting fault. See Section 15.0.8 for a discussion of the ANS

fault condition categories.

15.1.5.3 Event Analysis

The following combinations of break sizes and initial plant conditions are considered in
determining the core power and reactor coolant system transient.

Case (1) Complete severance of a steam line at initial no-load conditions with outside power
available and two loops in service. The equivalent break area is 1.4 ft2 .

Case (2) Case (1) above with loss of outside power simultaneous with the steam line break.

Case (3) Case (1) above with only one loop in service.

In order to evaluate auxiliary feedwater temperatures as low as 35°F on core response, Cases
1, 2 and 3 were analyzed assuming an auxiliary feedwater enthalpy of 3.05 Btu/lbm. Note that
the 35 degrees is based ona RETRAN limitation.

15.1.5.3.1 Protective Features

The primary design features which provide protection for steam ruptures are:

A. Safety injection system actuation from any of the following:

1. Two-out-of-three pressurizer low-pressure signals.

2. Two-out-of-three low-pressure signals in any steam line.

3. Two-out-of-three high containment pressure signals.

B. If the reactor trip breakers are closed, reactor trip may be actuated from overpower neutron
flux, overpower delta T, or upon actuation of the safety injection system.

C. Redundant isolation of the main feedwater lines - a safety injection signal will result in
actuation of feedwater isolation causing all main feedwater isolation, main feedwater regu-
lating, and bypass valves to rapidly close, tripping of the main feedwater pumps, and clos-
ing the main feedwater pump discharge valves and closing of the feedwater isolation
valves.

An engineered safety feature sequence will result in all main feedwater regulating and
bypass valves to rapidly close.

D. Trip of the fast-acting steam line isolation valves (designed to close in less than 5 seconds
with no flow) on the following:

1. Two-out-of-three high containment pressure signals.

2. One out of the two high-high steam flow signals in a steam line in coincidence with
any safety injection signal.

3. The high-high steam flow setpoint is applicable to those steam line breaks occurring
from full power steam conditions which result in a greater than or equal to 155%ther-
mal power steam flow.
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4. One out of the two high steam flow signals in a steam line in coincidence with two-
out-of-four indications of low reactor coolant average temperature and any safety
injection signal.

The high steam flow setpoint is applicable to steam line breaks which result in a
greater than 10% thermal power step change, including those from no load conditions.

Each steam line has a fast-closing main steam isolation valve (MSIV) and a non-return check
valve. These four valves prevent blowdown of more than one steam generator for any break
location, even if one valve fails to close.

The analyses for main steam pipe rupture is performed with hot shutdown (MODE 3) initial
conditions. Therefore, the control rods are assumed to be already inserted. Since the control
rods are inserted, credit is taken for the steam line isolation and feedwater isolation.

15.1.5.3.2 Sinyle Failures Assumed

The worst single active failure is the failure of a safety injection pump with the remaining
pumps each delivering minimum flow to a cold leg. The minimum flow assumptions maxi-
mize the time required to sweep the unborated water from the lines, and thereby minimize the
mitigating capabilities of safety injection for this transient. All other failures that could
increase the cooldown or steam release were investigated generically by Westinghouse and
found to be less limiting than a failure in the safety injection system.

No single failure in the engineered safety features actuation system (ESFAS) will prevent the
protective actions credited in this analysis. A single active failure of a main feedwater regu-
lating or bypass valve to close is mitigated by the trip of both feedwater pumps and closure of
the main feedwater pump discharge valves. The effects of a single active failure of a main
steam isolation valve are mitigated by the operation of the main steam isolation valve on the
other loop and the non-return check valves.

15.1.5.3,3 Operator Actions Assumed

No operator actions are assumed for the cases analyzed.

15.1.5.3J4 Chronological Description of Event

All events start with a break upstream of the main steam line isolation valves. The reactor
coolant system pressure and temperature rapidly decrease due to the increased heat transfer
through the faulted steam generator. Safety injection, main steam line isolation and feedwater
isolation are actuated. The safety injection pumps start-up and begin to deliver borated water
to the core. A return to power may occur before boron concentrations are sufficient to make
the core subcritical. Table 15.1-6 gives the time sequence for the three cases analyzed.

15.1.5.3.5 Impact on Fission Product Barriers

DNBRs greater than the safety analysis limit are expected. The fuel cladding maintains its
integrity as a fission product barrier. Reactor coolant pressure decreases during this transient.
Therefore, the reactor coolant pressure boundary is expected to maintain its integrity as a
gross fission product boundary.
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Although no additional cladding failures occur, the coolant activity can increase due to iodine
spiking caused by the rapid reduction in primary system pressure. Normal primary to second-
ary side leakage rates in the steam generators could provide pathways for the release of reac-
tor coolant activity to the secondary side. Secondary side activity pathways include steaming
down of the intact steam generator to remove heat from the primary side and through the
main steam piping for breaks located outside containment.

The containment is designed to maintain its integrity after the instantaneous rupture of the
largest primary or secondary system piping within the structure. Main steam line breaks
inside containment do not exceed the containment design limits in the containment integrity
evaluations in Section 6.2.1.2. Therefore, the containment remains available as an additional
fission product barrier for breaks inside containment.

The largest potential release of activity to the environment is for steam line breaks occurring
outside containment. The radiological consequences for this release path are evaluated in
Section 15.1.5.5.

15.1.5.4 Reactor Core and Plant System Evaluation

The analyses for main steam pipe rupture events are performed with hot shutdown (MODE 3)
initial conditions. Should the reactor be in MODE 1 or MODE 2 at the time of a steam line
break, the reactor will be tripped by the normal overpower protection system when the power
level reaches the trip setpoint. Following a trip at power, the reactor coolant system contains
more stored energy than at no load, the average coolant temperature is higher than at no load,
and there is appreciable energy stored in the fuel. Thus, the additional stored energy is
removed via the cooldown caused by the steam line break before the no-load conditions of
reactor coolant system temperature and shutdown margin assumed in the analyses, are
reached. After the additional stored energy has been removed, the cooldown and reactivity
insertions proceed in the same manner as in the analyses, which assume no-load conditions at
time zero.

15.1.5.4.1 Input Parameters and Initial Conditions

A. Initial values of pressure, average temperature and reactor coolant flow are at the no load
TAVG (547°F) conditions given in Table 15.0-5.

B. The analyses assume initial hot shutdown conditions with the rods inserted (except for one
stuck rod) at time zero. The core has no decay heat.

C. The shutdown reactivity is 1.3% delta k at no load, equilibrium xenon conditions with two
loops in operation. This is the end of life design value including design margins with the
most reactive rod cluster control assembly stuck in its fully withdrawn position. A shut-
down reactivity of 1.8% delta k is used for one loop in service. Both values are consistent
with the Technical Specifications. Operation of rod cluster control assembly banks during
core burnup is restricted in such a way that addition of positive reactivity in a secondary
system steam release accident will not lead to a more adverse condition than the case ana-
lyzed.

D. A negative moderator temperature coefficient corresponding to the end-of-life rodded core
with the most reactive rod cluster control assembly fully withdrawn is assumed. The varia-
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tion of the coefficient with temperature and pressure is included. The multiplication factor
k versus temperature at 1050 psia based on the moderator temperature coefficient is shown
in Figure 15.1-4.

E. In computing the power generation following a steam line break, the local reactivity feed-
back from the high neutron flux in the region of the core near the stuck control assembly
has been included in the overall reactivity balance. The local reactivity feedback is com-
posed of doppler reactivity from the high fuel temperatures near the stuck control rod and
moderator feedback from the high water enthalpy near the stuck rod. For the cases ana-
lyzed where steam generation occurs in the high flux regions of the core, the effect of void
formation on the reactivity has been included. The effect of power generation in the core
on overall reactivity is presented in Figure 15.1-5. The curve assumes end-of-life core con-
ditions with all rods in except the most reactive rod which is assumed stuck in' its fully with-
drawn position.

F. Minimum safety injection consists of two-out-of-three safety injection pumps in operation
with each pump delivering flow to a cold leg.

G. The boron concentration in the accumulators is 2100 ppm and in the RWST is 2300 ppm,
which is less than the Technical Specification limit. The time to sweep the unborated water
from the safety injection piping is included.

H. Power peaking factors corresponding to one stuck control rod assembly and non-uniform
core inlet coolant temperatures are determined at the end-of-core life. The coldest core
inlet temperatures are assumed to occur in the sector with the stuck rod. The power peaking
factors account for the effect of the local void in the region of the stuck control rod assem-
bly during the return to power phase following the steam line break. This void in conjunc-
tion with the large negative moderator coefficient partially offsets the effect of the stuck
assembly. The power peaking factors depend upon the core power, temperature, pressure,
and flow, and thus are different for each case studied.

1. A steam line rupture break area of 1.4 ft2 is assumed upstream of the main steam isolation
valves. The rupture size is limited to the 1.4 ft2 throat area of the steam generators. The
steam flows out of the breaks assume no friction losses.

J. Operation of the main and auxiliary feedwater control systems are postulated to maximize
heat extraction and make the accident more severe. For the main steam line rupture, full
main feedwater flow is assumed until automatic isolation occurs.

K. An auxiliary feedwater enthalpy of 3.05 Btu/lbm is used in Cases 1, 2 and 3 to evaluate
core response to auxiliary feedwater temperatures as low as approximately 35°F.

L. Zero percent steam generator plugging is assumed since it results in more severe cooldown
of the reactor coolant system due to enhanced primary to secondary heat transfer.

15.1.5.4.2 Methodology

RETRAN is used to determine transient values for the core heat flux, pressure, core inlet tem-
perature, reactor coolant flow rate, and boron concentrations for use in the DNBR evalua-
tions. Next, the reactivity and radial power distributions are calculated using the RETRAN-
generated parameters. Finally, a detailed DNBR evaluation is performed based on results
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from the VIPRE-W code. VIPRE-W performs DNBR analyses using detailed thermal-

hydraulic models using core transient parameters determined by RETRAN. Additional
descriptions of the RETRAN and VIPRE-W codes are provided in Sections 15.0.7 and
4.4.2.3.

The DNBRs at low pressures are determined using the W-3 correlation. Test data used to
develop the W-3 correlation were taken at pressures ranging from 1000 to 2300 psia; how-
ever, evaluations using the same data source show that the W-3 correlation holds for pressures
less than 1000 psia. The NRC has agreed with the use of the W-3 correlation for pressures
ranging from 500 to 1000 psia provided the correlation limit is increased from 1.30 to 1.45
(see Section 4.4.3.1). This increase accommodates uncertainties associated with the use of
the W-3 correlation at low pressures (Reference 4).

DNBR is not calculated if the core remains subcritical. With no return to power, the actual
heat flux is negligible. The resultant DNBR is essentially infinite and automatically satisfies
the DNBR criteria.

15.1.5.4.3 Acceptance Criteria

The general acceptance criteria for ANS Condition 1I events are used for the range of steam
line breaks and valve malfunctions analyzed here. The ability to meet Condition II criteria for
major steam line ruptures shows that applicable Condition III and IV acceptance criteria can
be met. Condition 11 acceptance criteria are:

A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.

B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.

C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.

The specific acceptance criterion used for this analysis is that the DNBR remains greater than
the correlation limit. The event will not challenge the primary and secondary side pressure
limits since the increased heat removal tends to cool the reactor coolant system.

15.1.5.4.4 Results

Figures 15.1-6 through 15.1-10 show the reactor coolant system transient and core heat flux
for Case (1) following a steam line rupture (complete severance of a line) at initial no-load
conditions with two loops in operation. Offsite power is assumed available such that full
reactor coolant flow exists. The transient shown assumes the rods inserted at time zero (with
one rod stuck in its fully withdrawn position) and steam flow from both steam generators.
Should the core be critical at near zero power when the rupture occurs, the initiation of safety
injection by low steam line pressure will trip the reactor. Steam release from at least one
steam generator will be prevented by either the non-return check valve or by automatic trip of
the fast-acting main steam isolation valve (MSIV) in the steam line by the high-high steam
flow signal in coincidence with the safety injection signal. Even with the failure of one valve,
release is limited to no more than 8.4 seconds for one steam generator while the second gen-
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erator blows down. (The steam line isolation valves are designed to be fully closed in less
than 5 seconds with no flow through them. With the high flow existing during a steam line
rupture, the valves will close considerably faster.)

The core becomes critical with the rods inserted (with the design shutdown assuming one
stuck rod) at 22.7 seconds. Boron solution at 2300 ppm enters the reactor coolant system
from the safety injection system (initiated automatically by the low steam line pressure) at
24.8 seconds, which includes the delay required to clear the safety injection system lines of
low concentration boric acid. The peak core heat flux is 13.3% of 1811 MWt, and the mini-
mum DNBR remains greater than the safety analysis limit.

Figures 15.1-11 through 15.1-15 show the responses for Case (2), which assumes a loss of
offsite power at time zero followed by coastdown of the reactor coolant pumps. The safety
injection system delay time includes the time required to start two safety injection pumps on
one diesel after the assumed failure of one safety injection pump. Credit is taken for only the
safety injection flow entering the cold-leg lines since the flow to the hot-leg flow paths are
valved shut. The peak heat flux power is 6.0% of nominal. Again, the DNBR is greater than
the safety analysis limit.

Figures 15.1-16 through 15.1-20 show the transient for a double-ended rupture assuming one
loop in service for Case (3). The loop having the faulted steam generator is assumed to be in
operation. The sequence of events is similar to the case with both loops in operation. The
core becomes critical at 41.4 seconds. Boron solution enters the core at 28 seconds. The
peak core heat flux neglecting the initial release of stored energy is 6.2% of 1811 MWt. The
DNBR remains above the correlation limit.

The sequence of events for each case is presented in Table 15.1-6.

15.1.5.5 Radiological Consequences

The radiological consequences from a main steamline rupture at power were calculated in
Reference 11. Doses were calculated for offsite and their control room using the alternate
source term methodology assuming an accident initiated iodine spike or a pre-accident iodine
spike. The inputs to the calculation were updated for a core power of 1811 MWt.

The results of the calculations are presented on Table 15.1-9. All doses are less than the
acceptance criteria of 2.5 rem for accident initiated spike, 5.0 rem for pre-accident spike, and
5.0 rem for control room.

Reference 11 is now considered to tbe the analysis of record. As part of the Control Room
Emergency Air Treatment (CREATS) modification, the control room dose was reanalyzed
because of the new system configuration. For consistency, new x/Q values and off-site doses
were also analyzed. The analysis was performed using the alternate source term (AST) per
1OCFR 50.67 and Reference 12. The two cases evaluated were with a pre-accident iodine
spike to the Tech Spec Limit, and an accident initiated iodine spike of a factor of 500. The
new methodology and analysis was approved by the NRC in Reference 13 as supplemented
by Reference 14. The assumptions used in the anlaysis are summarized in Table 15.1-8 and
the results are contained in Table 15.1-9.
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15.1.5.6 Conclusions

Steam line breaks were analyzed for the double-ended rupture of a main steam line and the
failing open of a main steam safety valve. A DNB analysis was performed for each case. In
all cases, the DNBRs are greater than the correlation limit.

Radiological consequences of a main steam line pipe rupture are well within the limits of 10
CFR 50.67.

15.1.5.7 Supplemental Evaluations

15.1.5.7.1 SEV-1073

SEV-1073 (Reference 10) addresses issues regarding the ability of the motor driven auxiliary
feedwater trains(s) to initially deliver adequate flow. This evaluation is not valid at EPU con-
ditions. The flow requirements for the motor driven auxiliary feedwater train(s) are presented
in Section 15.2.7, Feedwater System Pipe Breaks, and Section 6.2.1.2.3, Secondary System
Pipe Break Analysis.

15.1.5.7.2 HZP 6 Inch Steamline Break

This analysis was done to show the core response to a break of a branch steamline off the
main steamline upstream of the main steam isolation valve in the intermediate building (the
largest line is 6 inches). The purpose was to show feedwater isolation was not required for
this break. Therefore, feedwater isolation valves located in the intermediate building are not
required to be environmentally qualified.

The analysis described in Section 15.1.5.3 for Case (1) was redone for a 6 inch break assum-
ing no feedwater isolation. Upon reaching a safety injection signal, the main feedwater
pumps were tripped and the feedwater regulating valve was assumed to fail open. Since there
was no feedwater isolation when steam generator pressure dropped below 350 psia, feedwater
was supplied by the condensate pumps.

A DNBR evaluation was performed. The 6 inch HZP steamline break was less limiting than

the 1.4ft2 break.

15.1.5.7.3 High Steam Flow Setpoint Increase Evaluation

This analysis was done to support an increase in the high steam flow setpoint from 0.66x 106

lbm/hr to 1.5x 106 lbm/hr.

The analysis described in Section 15.1.5.3 for Case (1) was redone using a high steam flow

setpoint of 1.5x 106 lbm/hr and a break size just large enough to generate a high steam flow
signal in both loops without resetting before a safety injection and low Tavg signal was gener-
ated. Therefore, any larger break would reach the high steam flow setpoint and not reset
before the steamline isolation logic was satisfied (high steam flow/safety injection/low Tavg).

The Case (1) DNBR with the assumed break size was evaluated and found to be less limiting

than for the 1 .4ft2 break. Therefore, for a high steam flow setpoint of 1.5x106 lbm/hr, any
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break smaller than the assumed break size with no steamline isolation is bounded by the HZP

1.4ft2 break Any break larger than the assumed break size will cause a steamline isolation.

15.1.5.7.4 Steamline Rupture a Full Power

To ensure safe shutdown during Mode 1 operation, the steam line rupture event was analyzed
at hot full power conditions. For this analysis, initial conditions of core power, RCS coolant
temperature and pressurizer pressure were assumed to be at their normal values consistent
with steady-state full power operation. Uncertainties in the initial conditions of these param-
eters were not considered, consistent with the application of the Revised Thermal Design Pro-
cedure (RTDP) methodology. Steam generator water level was assumed to be at its normal
value. Minimum measured flow was modeled according to the RTDP methodology. To max-
imize primary-to-secondary heat transfer and result in a more severe RCS cooldown transient,
0% steam generator tube plugging (SGTP) level was assumed. The most limiting overpower
case is typically the largest break to produce a reactor rip on OP6T. Since Ginna has steam

exit nozzle flow restrictors which limit the flow area to 1.396 ft2, the analysis modeled a spec-
trum of cases with break sizes up to 1.4ft2. The analysis demonstrates that the most limiting

break size is 1.4ft2 which trips on OP6T (not that the high-high steam flow setpoint was set
arbitrarily high). The DNB ratio does not exceed the safety analysis limit value. In addition,
the break liner heat generation rate (expressed in kW/ft) does not exceed their fuel centerline
melt limit. This event resulted in a decrease in both the primary and secondary side pressures,
therefore the maximum RCS and Main Steam System pressure criteria are not challenged by
the hot full power steam line rupture.

15.1.5.8 Potential for Containment Overpressurization

The potential for containment overpressurization resulting from a main steam line break with
continued feedwater addition has been considered at Ginna Station. The analysis presented in
Section 6.2 accounts for auxiliary feedwater addition from the motor driven auxiliary feedwa-
ter (MDAFW) pump and turbine driven auxiliary feedwater (TDAFW) pump, as appropriate,
for the duration of the event. Manual isolation is assumed after 10 minutes.

15.1.6 COMBINED STEAM GENERATOR ATMOSPHERIC RELIEF VALVE (ARV) AND
MAIN FEED WA TER REGULATING VALVE (MFR V) FAILURES

15.1.6.1 Description of Event

Failure of a processing controller with the advanced digital feedwater control system
(ADFCS) is postulated to result in the simultaneous failure (spurious opening) of the atmo-
spheric relief valves (ARVs) and the main feedwater regulating valves (MFRVs) and main
feedwater bypass valves (MFBPVs). Therefore, combined ARV and MFRV/MFBPV failures
are considered.

The spurious opening of a steam generator atmospheric relief valve (ARV) is a credible steam
line break. A credible steam line break results in a cooldown of the reactor coolant system
due to the excessive heat removal caused by the increase in steam flow. Steam line break
analyses assume maximum reactivity feedback, which result in addition of positive reactivity.
This addition of positive reactivity can cause an increase in core power beyond 100% when
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initiated from full-power conditions or a return to criticality (return to power) when initiated
from zero-power conditions. The possible consequence of this accident is a DNB with subse-
quent fuel damage.

Malfunction of a feedwater controller can result in full opening of a main feedwater regulat-
ing valve and its bypass valve as described in Section 15.1.2. A spurious opening of a main
feedwater regulating valve (MFRV) or main feedwater bypass valve (MFBPV) to one or both
steam generators affects the primary system in the same way as a credible steam line break,
i.e., a primary system cooldown can occur. Thus, assuming a feedwater malfunction coinci-
dent with a failure of an ARV could result in a more severe cooldown than the steam line
break analysis presented in Cases (3), (4) and (6) in Section 15.1.5, or the feedwater system
malfunctions presented in Section 15.1.2.

15.1.6.2 Frequency of Event

The spurious opening of a steam generator ARV or a feedwater system malfunction is each
classified as a Condition II event of moderate frequency. A postulated electronic failure in
ADFCS that can potentially result in the combined full opening of an ARV and main feedwa-
ter regulating/bypass valve is classified and analyzed as a Condition II event. Section 15.0.8
discusses Condition II events.

15.1.6.3 Event Analysis

Analyses are performed for possible combinations of atmospheric relief valve (ARV) and
main feedwater regulating valve (MFRV)/main feedwater bypass valve (MFBPV) failures.
Six cases are analyzed based on five different scenarios (see Table 15.1-7s). The five scenar-
ios are:

A. A stuck open atmospheric relief valve (ARV) in one loop.

B. Stuck open atmospheric relief valves (ARVs) in both loops.

C. A stuck open atmospheric relief valve (ARV) and a failed open main feedwater regulating
valve (MFRV) and main feedwater bypass valve (MFBPV) in the same loop.

D. A stuck open atmospheric relief valve (ARV) and a failed open main feedwater regulating
valve (MFRV) and main feedwater bypass valve (MFBPV) in opposite loops.

E. Stuck open atmospheric relief valves (ARVs) and main feedwater regulating valves
(MFRVs) and main feedwater bypass valves (MFBPVs) in both loops.

The six cases model the scenarios resulting in the most severe cooldown at hot full and hot
zero power with automatic rod control (hot full power cases) and manual rod control (hot full
and hot zero power cases) that have not already been bounded by the cases considered in Sec-
tion 15.1.5.

Transient analyses are performed for the full power cases until the events are terminated by
the reactor trip system (RTS) or by the operator. The zero power cases which are analyzed to
determine the margin to the DNBR limit, are terminated after the system reaches a new equi-
librium condition. The feedwater flow used in full and zero power cases is great enough to

Page 55 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

exceed the flow from the simultaneous opening of a main feedwater regulating valve and its
associated bypass valve.

15.1.6.3.1 Protective Features

The following features provide protection for this event:

1. Reactor trip is actuated by an overpower delta T signal if any two-of-four delta T channels
exceed a variable setpoint during the transient. The setpoint is automatically varied with
axial power imbalance and coolant temperature conditions.

2. Reactor trip is actuated by an overtemperature delta T signal if any two-out-of-four delta T
channels exceed a variable setpoint during the transient. This setpoint is automatically var-
ied with axial power imbalance, coolant temperature, and pressurizer pressure conditions to
protect against DNB.

3. Reactor trip is actuated by a power range neutron flux high trip signal if any two-out-of-
four channels exceed neutron flux setpoints.

4. The main feedwater regulating and bypass valves close on high steam generator water level
or a safety injection (SI) signal on low pressurizer pressure. The high steam generator water
level signal is generated from two of three high level channels per steam generator. The
control valves are assumed to reopen once the high steam generator water level signal
clears. The low pressurizer pressure SI signal is generated from two of three pressurizer
low-pressure channels.

This analysis credits engineered safety features feedwater isolation signals for closing the
main feedwater regulating and bypass valves on a high steam generator water level or on
safety injection from a low pressurizer pressure signal.

Overpower delta T is the only automatic reactor trip credited in this analysis and is credited in
only 2 (Cases 5-C and 5-D) of the 6 cases analyzed (see Table 15.1-7). No automatic reactor
trip is credited in the remaining 4 cases.

15.1.6.3.2 Single Failures Assumed

A single failure in one train of the reactor protection system is considered the limiting failure.
No single failure in the reactor trip system will prevent it from performing a protective trip of
the reactor. For operator-initiated trips, no single failure in one of the reactor trip system trip
actuation trains will prevent a manual trip of the reactor.

No single failure of one of three level instrumentation channels will prevent the closure of the
valves to the faulted steam generator.

No single failure of one of three pressurizer low-pressure channels will prevent the closure of
the valves to the steam generators.

15.1.6.3.3 Operator Actions Assumed

No operator actions are credited in the analysis of this event up to the time when it is demon-
strated that the acceptance criteria are met. The operator is then expected to establish stable
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plant conditions (which could include tripping the reactor or actuating an engineered safety
feature, if necessary).

15.1.6.3.4 Chronological Description of Event

All events start with the sudden opening of a main feedwater regulating and bypass valve
(MFRV/MFBPV) or atmospheric relief valve (ARV) due to control failures. The valves may
open for one or both steam generators depending on the case analyzed. For the full power
cases, the transient is analyzed until an automatic reactor trip occurs or until the operator ter-
minates the event at 600 seconds. Hot zero power cases are analyzed long enough for the sys-
tem to reach a new equilibrium condition.

15.1.6.3.5 Impact on Fission Product Barriers

The DNBR is maintained greater than the safety analysis limit for this event. No fuel clad-
ding failures are expected. The reactor coolant system pressure does not increase signifi-
cantly. The fuel cladding and reactor coolant pressure boundary maintain their integrity as
fission product barriers.

15.1.6.4 Reactor Core and Plant System Evaluation

15.1.6.4.1 Input Parameters and Initial Conditions

For the full power cases:

A. Initial values of reactor power, pressure, and average temperature assumed are consistent
with the Revised Thermal Design Procedure. The vessel average temperature is at the max-
imum TAVG (576°F) value.

B. The feedwater temperature at the inlet of the steam generators is at its high value of 435°F.

C. The steam generator water level corresponds to 48% on the narrow range level. This value
represents the nominal steam generator water level at nominal initial power with a negative
4% narrow range level uncertainty applied.

D. The feedwater malfunction causes an initial step increase to 200% of nominal full power
feedwater flow to the faulted steam generator. Feedwater malfunctions affecting both steam
generators cause 170% of nominal full power flow to both steam generators.

E. The main feedwater regulating and bypass valves close on high steam generator water level
after a 22 second delay. The high level setpoint is conservatively 100% of the narrow range
level which bounds the maximum value allowed by the Technical Specifications. The delay
conservatively accommodates electronic delay and valve closure times. The control valves
are assumed to reopen once the high steam generator water level signal clears.
The main feedwater regulating and bypass valves can also close on a low pressurizer pres-
sure safety injection (SI) signal after a 32 second delay. The SI low pressurizer pressure
setpoint is conservatively set at 1715 psia.

F. Maximum moderator feedback is assumed to maximize the reactivity insertion. The
mini-mum doppler power defect is used to minimize the negative reactivity insertion with
increasing power in the fuel. No decay heat is assumed, but maximum values for prompt
neutron lifetime and minimum values for delayed neutron fraction are assumed.
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G. The pressurizer spray system and pressurizer power operated relief valves (PORV) are
assumed operational since they reduce primary system pressure and thereby minimize the
calculated values of DNBR.

H. A conservative flow with respect to the 6-inch ARV is assumed.

1. Cases are analyzed with and without automatic rod control. Control systems are assumed to
function only if their operation results in more severe accident results.

For the zero power cases:

A. Initial values of reactor power, pressure and nominal no load Tavg (547°F) are consistent
with the zero power conditions.

B. Reactivity feedback conditions are assumed to be at their maximum values except for the
doppler defect, which is minimized. No decay heat is assumed, but minimum values for
prompt neutron lifetime and delayed neutron fraction are assumed.

C. The event is analyzed with the reactor in manual control.

D. The feedwater control malfunction causes a step increase in feedwater flow to one or both
of the steam generators from essentially zero to 110% of the nominal full power flow rate.

E. Feedwater temperature is at an assumed value of I 00°F.

F. A steam generator water level of 48% on the narrow range level is evaluated. This value
represents the nominal steam generator water level at zero power with a negative 4% nar-
row range level uncertainty applied.

G. The main feedwater regulating and bypass valves close on high steam generator water level
after a 22 second delay. The high level setpoint is conservatively 100% of the narrow range
level which bounds the maximum value allowed by the Technical Specifications. The delay
conservatively accommodates electronic delay and valve closure times. The control valves
can reopen once the high steam generator water level signal clears.
The main feedwater regulating and bypass valves can also close on a low pressurizer pres-
sure safety injection (SI) signal after a 32 second delay. The SI low pressurizer pressure
setpoint is conservatively set at 1715 psia.

H. A conservative flow with respect to the 6-inch ARV is assumed.

I. The pressurizer spray system and pressurizer power operated relief valves (PORVs) are
assumed operational since they reduce primary system pressure and thereby minimize the
calculated values of DNBR.

15.1.6.4.2 Methodolovy

These transients are analyzed using the RETRAN code. Section 15.0.7 provides an additional
description of RETRAN and its capabilities.

The full power cases are analyzed with the Revised Thermal Design Procedure described in
Reference 3. Uncertainties in initial conditions are included in the DNBR limits using this
procedure. DNBRs are not explicitly determined for the hot zero power cases. Instead, the
conditions for the limiting case (Case 5-F) are evaluated with respect to similar conditions
associated with a calculated DNBR that was above the safety analysis limit.
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The step increase in flow feedwater flow to the faulted steam generator causes the level to
increase until the main feedwater regulating and bypass valves close after the high level set-
point is reached. The analytical method used to account for cycling about the setpoint level in
the full power cases that do not trip on Overpower delta T (Cases 5-A, 5 B) is the same as
Section 15.1.2.1.4.2 used for the increase in feedwater flow event. In Cases 5-C and 5-D, the
step increase in feedwater flow to the faulted steam generators continues past the time the
high level setpoint is reached until the main feedwater regulating and bypass valves close on a
safety injection signal on low pressurizer pressure.

15.1.6.4.3 Acceptance Criteria

The applicable acceptance criteria for this Condition II combined atmospheric and feedwater
control valve failures are:

A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.

B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the most limiting rods.

C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.

The primary acceptance criterion used in this analysis is that the minimum DNBR remains
greater than the safety analysis DNBR limit defined in Section 4.4. The event does not chal-
lenge the primary and secondary side pressure limits since the increased heat removal tends to
cool the reactor coolant system.

15.1.6.4.4 Results

The six cases summarized in Table 15.1-7 were analyzed. The analyses show that all of the
full power cases have DNBRs greater than the safety analysis DNBR limit. The most severe
transient resulting from the full power cases is Case 5-C with both ARVs and both MFRVs/
MFBPVs failed open with the reactor in manual control. Case 5-C and Case 5-D are termi-
nated by an overpower delta T trip; all other full power cases reach a quasi-equilibrium condi-
tion in the first 10 minutes of the transient. The event sequence for Case 5-C is given in Table
15.1-10. Plots for Case 5-C are given as Figures 15.1-21 through 15.1-24.

The most limiting zero power case; in terms of the resulting core heat flux, is Case 5-F in
Table 15.1-7. The DNBR from the limiting zero power case (Case 5-F) is similar to a DNBR
calculated above the safety analysis limit for a case with similar transient conditions.

15.1.6.5 Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the event. Secondary coolant steam activities discharged from the atmospheric relief
valves to areas outside the exclusion area boundary (EAB) are expected to be minor and a
small fraction of 10 CFR 50.67.

Page 59 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

15.1.6.6 Conclusions

All full and zero power cases meet the safety analysis DNBR limit.
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Table 15.1-1
TIME SEQUENCE OF EVENTS FOR FEEDWATER MALFUNCTION TRANSIENTS

HOT FULL POWER - SINGLE LOOP - WITH ROD CONTROL

Event

Main Feedwater Regulating Valve (MFRV) in loop 1 fails full open

High steam generator water level setpoint reached in loop 1 (100% narrow
range)

Feedwater flow in loop I throttled back to conservatively maintain the
water level in loop 1 at a constant level

Minimum DNBR is reached

Manual feedwater isolation and reactor trip occur

Time (sec)

0

33.4

55.4

65.7

600.0
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Table 15.1-2
TIME SEQUENCE OF EVENTS FOR FEEDWATER MALFUNCTION TRANSIENTS

HOT FULL POWER - SINGLE LOOP - WITHOUT ROD CONTROL

Event

Main Feedwater Regulating Valve (MFRV) in loop I fails full open

High steam generator water level setpoint reached in loop 1 (100% narrow
range)

Feedwater flow in loop I throttled back to conservatively maintain the
water level in loop 1 at a constant level

Minimum DNBR is reached

Manual feedwater isolation and reactor trip occur

Time (sec)

0

33.3

55.3

64.2

600.0
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Table 15.1-3
TIME SEQUENCE OF EVENTS FOR FEEDWATER MALFUNCTION TRANSIENTS

HOT FULL POWER - MULTI LOOP - WITH ROD CONTROL

Event

Main Feedwater Regulating Valves (MFRV's) in both loops fail open

High steam generator water level setpoint reached in loop 1

High steam generator water level setpoint reached in loop 2

Feedwater flow throttled back to conservatively maintain the water level in
loop 1 at a constant level

Feedwater flow throttled back to conservatively maintain the water level in
loop 2 at a constant level

Minimum DNBR is reached

Manual feedwater isolation and reactor trip occur

Time (sec)

0

45.7

45.8

67.7

67.8

77.0

600.0
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Table 15.1-4
TIME SEQUENCE OF EVENTS FOR FEEDWATER MALFUNCTION TRANSIENTS

HOT FULL POWER - MULTI LOOP - WITHOUT ROD CONTROL

Event

Main Feedwater Regulating Valves (MFRVs) in both loops fail full open

High steam generator water level setpoint reached in both loops

Feedwater flow in both loops throttled back to conservatively maintain the
water level in both steam generators at a constant level

Minimum DNBR is reached

Manual feedwater isolation and reactor trip occur

Time (sec)

0

45.7

67.7

76.5

600.0
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Table 15.1-5
Table DELETED

Table DELETED
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Table 15.1-6
TIME SEQUENCE OF EVENTS FOR STEAM LINE RUPTURE

Case Event

CASE (1)
1.4 ft2 DER
Offsite power available
Both loops in service

CASE (2)
1.4 ft2 DER
No offsite power available
Both loops in service

CASE (3)
1.4 ft2 DER
Offsite power available
One loop in service

Steamline ruptures on Loop 1

Low compensated steamline pressure setpoint reached

High-high steam line flow coincidence with SI is satis-
fied

Safety injection pumps start

Steamline isolation occurs in Loop 2

Feedwater isolation occurs in Loops 1 and 2

Safety injection pumps reach full flow

Peak return to power and minimum DNBR occur

Steamline ruptures on Loop I

Low compensated steamline pressure setpoint reached

High-high steam line flow coincidence with SI is satis-
fied

Steamline isolation occurs in Loop 2

Feedwater isolation occurs in Loops 1 and 2

Safety injection pumps start

Safety injection pumps reach full flow

Reactor coolant pumps begin coasting down

Peak return to power and minimum DNBR occur

Steamline ruptures on Loop 1

Low compensated steamline pressure setpoint reached

High-high steam line flow coincidence with SI is satis-
fied

Safety injection pumps start

Steamline isolation occurs in Loop 2

Feedwater isolation occurs in Loops I and 2

Safety injection pumps reach full flow

Time of
Event
(see)

0

1.4

1.4

3.4

8.4

33.4

15.4

54.2

0

1.4

1.4

8.3

33.3

14.2

26.2

3

60.5

0

1.4

1.4

3.4

8.4

33.4

15.4
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Event

Peak return to power and minimum DNBR occur

Case Time of
Event
(sec)

68.2
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Table 15.1-7
SUMMARY OF MAIN FEEDWATER REGULATING VALVES (MFRV)/STEAM

GENERATOR ATMOSPHERIC RELIEF VALVE (ARV) COMBINATION FAILURE
CASES EVALUATED

Case Affected Valve(s) Power Level Rod Control

5-A Loop A Atmospheric Relief Valve (ARV) and loop A HFpa Manual
Main Feedwater Regulating Valve (MFRV)

5-B Loop A Atmospheric Relief Valve (ARV) and loop A HFP Auto
Main Feedwater Regulating Valve (MFRV)

5-C Both Atmospheric Relief Valves (ARV) and both HFP Manual
Main Feedwater Regulating Valves (MFRV)

5-D Both Atmospheric Relief Valves (ARV) and both HFP Auto
Main Feedwater Regulating Valves (MFRV)

5-E Loop A Atmospheric Relief Valve (ARV) and loop A HZpb Manual
Main Feedwater Regulating Valve (MFRV)

5-F Both Atmospheric Relief Valves (ARV) and both HZP Manual
Main Feedwater Regulating Valves (MFRV)

a. Hot full power

b. Hot zero power
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Table 15.1-8
MSLB DOSE ANALYSIS ASSUMPTIONS

Parameter Value

Reactor power, Mwt (including 2% uncer- 1550
tainty)

Initial reactor coolant activity, pre-accident
iodine spike

iodine pCi/gm of D.E 1- 131 60
noble gas fuel defect level, % 1.0

Accident-initiated iodine spike factor 500

Duration of accident-initiated iodine spike, 8
hours

Initial secondary coolant iodine activity
ýiCi/gm of D.E 1-131 0.1
Concentration, Ci

1-131 4.57 E+0
1-132 2.64 E-2
1-133 1.12 E+0
1-134 9.04 E-4
1-135 1.03 E-1

Primary-to-secondary leakage (post accident)
to SGs 1

gpm per SG (cold conditions) 8
Duration of leakage, hours

Mass of primary coolant, gm 1.247 E+8

Initial mass of secondary coolant, gm
faulted SG 5.817 E+7
intact SG 5.817 E+7

Steam Releases
faulted SG

0-610 sec 128,237 lb
610 sec - 8 hr 0 lb

intact SG
0-610 sec 37,780 lb
610 sec-8 hr 755,097 lb

Steam generator iodine partition coefficients
(mass-based)

Activity release from faulted SG
elemental I
organic 1

Activity release from intact SG
elemental 100
organic 1

Noble gas, all SG 1
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Parameter Value

Iodine fractions assumed in the reactor coolant
and SG water

elemental iodine 0.97
organic iodide 0.0

Atmospheric dispersion X/Q sec/mi3

EAB 0-2 hr 2.17E-4
LPZ o-8 hr 2.5 1E-5

8-24 1.78E-5
24-96 8.50E-6
96-720 2.93E-6

Breathing rate m3/sec
EAB & LPZ

0-8 hr 3.47E-4
8-24 1.75E-4
24-720 2.32E-4
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Table 15.1-9
RESULTS FOR MAIN STEAM LINE BREAK, REM TEDE

EAB MAX - 2 HR LPZ, 8 hr

Accident Initiated Iodine Spike 4.76E-1 1.27E-1

Acceptance Criteria 2.5 2.5

Pre-Accident Iodine Spike 6.96E-2 2.80E-2

Acceptance Criteria 25 25
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Table 15.1-10
TIME SEQUENCE OF EVENTS FOR THE COMBINED FAILURE OF TWO MFRV's

AND TWO ARV's AT HOT FULL POWER

Event

Two MFRVs fail full open
Two ARV's fail full open

OPAT setpoint reached

Rod motion begins

Minimum DNBR occurs

Low pressurizer pressure SI setpoint reached

Loops I and 2 MFRV closure on low pressur-
izer pressure SI

Time (sec)

0

45.5

47.5

47.7

98.4

130.4
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Figure 15.1-1 Feedwater Flow Increase at Full Power, Nuclear Power and Loop Average

Temperature Versus Time
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Figure 15.1-2 Feedwater Flow Increase at Full Power, Pressurizer Pressure and Steam Gen-

erator Pressure Versus Time
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Figure 15.1-3 Feedwater Flow Increase at Full Power, Steam Generator Mass Versus Time

-Loop 
t

Loop 2

140000

Iiu~
I
- jam
U-

[S
114000

E
U
0

100000

wm

00000
00 500 0w

Time (sec)

R.E. GINNA NUCLEAR POWER PLANT
UPDATED FINAL SAFETV ANALYVSIS REPORT 1

Figure 15.1-3

Feedwater Flow Increase at Full Power, Steam Generator
Mass Versus Tiim-

Page 76 of 422 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 15 ACCIDENT ANALYSIS

Figure 15.1-4 Steam Line Rupture, Multiplication Factor Versus Core Average Temperature
(Calculated at 1050 psia)
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Figure 15.1-5 Steam Line Rupture, Integrated Doppler Defect Versus Fraction of Power
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Figure 15.1-6 Steam Line Rupture, 1.4ft2 Break with Power, Two Loops in Service, Core Heat

Flux and Nuclear Power Versus Time
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Figure 15.1-7 Steam Line Rupture, J. 4ft2 Break with Power, Two Loops in Service, Pressurizer
Water Volume and Pressurizer Pressure Versus Time
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Figure 15.1-8 Steam Line Rupture, 1.4ft2 Break with Power, Two Loops in Service, Loop TAVG

and Cold Leg Loop Temperature Versus Time

f-- od Loo

ii
A.

502-

4M -

I l = I I j I l l l l l l l l I
T60 2 (D 3D )
Time (seconds)

460 560

- F uhd Loop
---- w•t Loop

it

R.E. GINNA NUCLEAR POWER PLANT
UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 15.1-8

Steam Line Rupture. 1.4k? Break with Potter, Tao Loops in Senice.
Loop T.., and Cold Leg Loop Tenwprrature Versus "iio

Page 81 of 422 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 15 ACCIDENT ANALYSIS

Figure 15.1-9 Steam Line Rupture, 1.41f2 Break with Power; Two Loops in Service, Faulted

Loop Steam Flow and Total Feedwater Flow Versus Time
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Figure 15.1-10 Steam Line Rupture, 1.4ft2 Break with Power, Two Loops in Service, Core Aver-
aged Boron and Reactivity Versus Time
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Figure 15.1-11 Steam Line Rupture, a.4ft2 Break Without Power Two Loops in Service, Core

Heat Flux and Nuclear Power Versus Time
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Figure 15.1-12 Steam Line Rupture, 1.4ft2 Break Without Power, Two Loops in Service, Pres-
surizer Water Volume and Pressurizer Pressure Versus Time
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Figure 15.1-13 Steam Line Rupture, I.4ft2 Break Without Power, Two Loops in Service, Loop
TA VG and Cold Leg Loop Temperatures Versus Time
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Figure 15.1-14 Steam Line Rupture, 1.4ft2 Break Without Power, Two Loops in Service, Faulted

Loop Steam Flow and Total Feedwater Flow Versus Time
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Figure 15.1-15 Steam Line Rupture, J.4ft2 Break without Power, Two Loops in Service, Core

Averaged Boron and Reactivity Versus Time
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Figure 15.1-16 Steam Line Rupture, J.4ft2 Break with Power, One Loop in Service, Core Heat

Flux and Nuclear Power Versus Time
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Figure 15.1-I7 Steam Line Rupture, 1,4ft2 Break with Power, One Loop in Service, Pressurizer

Water Volume and Pressurizer Pressure Versus Time
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Figure 15.1-18 Steam Line Rupture, 1.4ft2 Break with Power, One Loop in Service, Loop TAVG

and Cold Leg Loop Temperatures Versus Time
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Figure 15.1-19 Steam Line Rupture, 1.4ft2 Break with Power, One Loop in Service, Faulted

Loop Steam Flow and Total Feedwater Flow Versus Time
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Figure 15.1-20 Steam Line Rupture, 1.4ft2 Break with Power, One Loop in Service, Core Aver-

aged Boron and Reactivity Versus Time
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Figure 15.1-21 Combined Atmospheric Relief Valve and Main Feedwater Regulating Valve

Failure, Nuclear Power and Core Heat Flux Versus Time
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Figure 15.1-22 Combined Atmospheric Relief Valve and Main Feedwater Regulating Valve
Failure, Loop Average Temperature and Pressurizer Pressure Versus Time

600

Loop 1
Sao - - Loop2

E 560

S540

0. 520
Soo

2300

22D0

,O.

21000

2100

l2ow

I• I S210

0 5o 100 150 200

Time (sac)

R.E. GINNA NUCLEAR POWER PLANT
UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 15.1-22

Combined Atmospheric Relief Valve and Main Feedwater Regulating Val'e
Failure, Loop Average Temperature and Pressurizer Pressure Versus Time

Page 95 of 422 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 15 ACCIDENT ANALYSIS

Figure 15.1-23 Combined Atmospheric Relief Valve and Main Feedwater Regulating Valve

Failure, DNBR Versus Time
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Figure, 15.1-24 Combined Atmospheric Relief Valve and Main Feedwater Regulating Valve

Failure, Steam Generator Level and Steam Generator Mass Versus Time
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15.2 DECREASE IN HEAT REMOVAL BY THE SECONDARY
SYSTEM

15.2.1 STEAM PRESSURE REGULATOR MALFUNCTION OR FAILURE THAT
RESULTS IN DECREASING STEAM FLOW

The effects of this event are bounded by the loss of external load event discussed in Section
15.2.2.

15.2.2 LOSS OF EXTERNAL ELECTRICAL LOAD

15.2.2.1 Description of Event

The plant is designed to accept a 50% loss of electrical load while operating at full power or a
complete loss of load while operating below 50% power without actuating a reactor trip. A
50% loss of electrical load is handled by the steam dump system (which accommodates 40%
of the load rejection by dumping steam directly to the condenser), the rod control system
(which accommodates 10% of the load rejection by driving in to reduce coolant average tem-
perature), and the pressurizer (which absorbs the change in coolant volume due to the heat
addition resulting from the load rejection). Should the reactor suffer a complete loss of load
from full power, the reactor trip system (RTS) would automatically actuate a reactor trip.

The most likely source of a complete loss of load on the nuclear steam supply system is a trip
of the turbine generator. In this case, there is a direct reactor trip signal derived from either
the turbine auto-stop oil pressure or a closure of the turbine stop valves, provided the reactor
is operating above 50% power. Reactor temperature and pressure do not increase signifi-
cantly if the steam dump system and pressurizer pressure control system are functioning
properly. However, the reactor coolant system (RCS) and main steam system (MSS) pres-
sure-relieving capacities are designed to ensure the safety of the plant without requiring the
use of automatic rod control, pressurizer pressure control, and/or steam dump control sys-
tems. In this analysis, the behavior of the plant is evaluated for a complete loss of steam load
from full power without direct reactor trip in order to demonstrate the adequacy of the pres-
sure-relieving devices and core protection margins.

15.2.2.2 Frequency of Event

A complete, 100% loss of external electrical load is classified as an ANS Condition II event
of moderate frequency. Section 15.0.8 discusses Condition II events.

15.2.2.3 Event Analysis

The loss of electrical load is analyzed as a complete loss of steam load. A complete loss of
steam load can be more severe since a loss of electrical load can occur gradually subject to
grid conditions. The event is analyzed with three cases which bound expected operating con-
ditions over the entire fuel cycle:

Case 1 - Beginning of life minimum reactivity feedback with automatic pressurizer pressure

control (DNBR Case).

Case 2 - Beginning of life minimum reactivity feedback without automatic pressurizer pressure
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control (peak RCS pressure case).

Case 3 - Beginning of life minimum reactivity feedback, 0% steam generator tube plugging,
and zero SG tube fouling (peak MSS pressure case).

Case 1, in which automatic pressure control is modeled, minimizes the reactor coolant
system pressure, which results in a more limiting departure from nucleate boiling ratio
(DNBR). Case 2, in which automatic pressure control is not modeled, results in a
more limiting primary side maximum pressure. Case 3 models 0% steam generator
(SG) tube plugging, zero SG tube fouling, and automatic pressure control (which
delays reactor trip) to exacerbate the secondary side pressure transient.

The cases with automatic pressure control minimize the reactor coolant system pressures
which result in more limiting departure from nucleate boiling ratios (DNBRs). The cases
without automatic pressure control result in more limiting primary and secondary maximum
pressures.

15.2.2.3.1 Protective Features

The following protective features are available for this event:

A. Reactor trip is actuated if any two-out-of-four delta T channels exceed an overtemperature
delta T setpoint. This setpoint is automatically varied with axial power imbalance, coolant
temperature, and pressurizer pressure to protect against DNB.

B. Reactor trip is actuated on pressurizer high pressure signal if any two-of-three instrument
channels exceed a fixed setpoint.

C. Reactor trip is actuated by an overpower AT signal if any two-of-four AT channels exceed a
variable setpoint during the transient. The setpoint is automatically varied with reactor
coolant temperature conditions.

D. Main steam safety valves may open to provide an additional heat sink and protection
against secondary side overpressure.

E. Pressurizer safety valves may open to provide protection against overpressurization of the
reactor coolant system.

All of the reactor trips identified above are credited in the analysis.

15.2.2.3.2 Single Failures Assumed

The limiting single failure is failure of one train of the reactor trip system (RTS). The remain-
ing train trips the reactor. The main steam safety valves (MSSVs) and pressurizer safety
valves are considered passive components and are assumed not to fail to open on demand.

15.2.2.3.3 Operator Actions Assumed

No operator actions are assumed in the analysis of this event.
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15.2.2.3.4 Chronological Description of Event

The event is analyzed as a complete loss of steam load from 100% power without a direct
reactor trip. The analyses are terminated shortly after the reactor trip and pressures reach
maximum values. Table 15.2-1 gives the time sequence for the three cases analyzed.

15.2.2.3.5 Impact on Fission Product Barriers

The DNBR is maintained greater than the safety analysis limit for this event. No fuel clad-
ding failures are expected, and the cladding maintains its integrity as a fission product barrier.

The peak reactor coolant pressure remains less than 110% of the design pressure as allowed
by the ASME Boiler and Pressure Vessel Code, Section III. The reactor coolant system pres-
sure boundary maintains its integrity as a fission product barrier.

15.2.2.4 Reactor Core and Plant System Evaluation

The initial parameters and conditions differ depending on whether DNBR or reactor coolant
system/main steam system peak pressure cases are analyzed. For both types of cases, the
reactor is tripped by the first reactor trip system setpoint reached, with no credit taken for the
direct reactor trip on turbine trip. Reactor trip setpoints used in safety analyses are shown in
Table 15.0-6.

15.2.2.4.1 Input Parameters and Initial Conditions

A. For the DNBR case>, the initial reactor power, flow, pressure and temperature are assumed
at their nominal values. The reactor coolant average temperature is at the maximum nomi-
nal TAVG (576.0°F). These assumptions are consistent with the Revised Thermal Design

Procedure.

For the peak RCS and MSS pressure cases, the initial condition assumptions include addi-
tional allowances for uncertainties. Table 15.0-9 summarizes the initial conditions used in
the DNBR and the pressure evaluations.

B. DNBR case and peak MSS pressure case, full credit is taken for the effect of pressurizer
spray and pressurizer power operated relief valves (PORVs) in reducing or limiting RCS
pressure.

For the peak RCS pressure case, no credit is taken for the effect of pressurizer spray or
pressurizer power operated relief valves (PORVs) in reducing or limiting the reactor cool-
ant pressure. Pressurizer safety valves are assumed operable.

C. Beginning of life minimum reactivity feedback conditions are modeled, which is conserva-
tive for transients resulting in a primary side heatup. Conditions are modeled which is con-
servativce for transients resulting in a primary side heatup.

D. The reactor is assumed to be in manual control. In automatic control, the rod banks would
move prior to reactor trip and reduce the severity of the transient.

E. No credit is taken for the operation of the steam dump system or atmospheric relief valves
(ARVs). The steam generator pressure rises to the main steam safety valve (MSSV) set-
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point where the steam release through the main steam safety valves (MSSVs) limits the sec-
ondary steam pressure. By maximizing the secondary side pressure and saturation
temperature, more limiting reactor coolant temperatures and pressures are obtained.

F. Main feedwater flow to the steam generators is assumed to be lost at the time of the loss of
steam load. This condition causes a reduction in heat transfer from the primary to second-
ary side, thereby maximizing the pressures and temperatures in the reactor coolant system.
Likewise, no credit is taken for auxiliary feedwater (AFW) flow in this short-term analysis
since the assumption leads to similar reductions in heat transfer and more limiting primary
side conditions.

G. A uniform steam generator plugging level of 10% is assumed for the DNBR and peak RCS
pressure cases to exacerbate the primary side heatup. Zero plugging is modeled for the
peak MSS pressure case to exacerbate the MSS pressure transient.

H. For the peak RCS pressure case, the pressurizer safety valve opening pressure of 2587 psia
includes a positive 2.3% tolerance and a 1% setpoint drift due to the loop seal. A 0.8 sec-
ond time delay in opening after reaching the setpoint accounts for the time required to purge
the water from the loop seal. These conditions delay the onset of primary side pressure
relief, which conservatively maximizes the peak primary system pressure.

For the DNBR and peak MSS pressure cases, the pressurizer safety valve opening setpoint
is set to -3% tolerance and no setpoint shift or loop seal purge delay time is assumed. This
minimizes the primary side pressure transient, which is conservative with respect to the cal-
culated minimum DNBR (DNBR case) and peak MSS pressure case. This is conservative
for the peak MSS pressure case because it prevents the high pressurizer pressure reactor trip
setpoint from being reached, thus delaying reactor trip until the overtemperature AT set-
point is reached.

I. The MSSV model for all cases includes an allowance of +1.4% for safety valve setpoint tol-
erance and an accumulation model that assumes the safety valves are wide open once the
pressure exceeds the setpoint (plus tolerance) by 5 psi.

J. Modeling the OTAT and OPAT reactor trip included a time constant of 2.0 sec for the RTDs
and a filter with a lag of 3.5 sec on the hot-leg temperature measurement. In addition, after
the overtemperature or overpower setpoint is reached, a delay of 1.5 sec is assumed to
account for electronic delays, reactor trip breakers opening, and RCCA gripper release.

15.2.2.4.2 Method of Analysis

Loss of load transients are analyzed using RETRAN (Reference 2). The program simulates
the neutron kinetics, reactor coolant system, pressurizer, pressurizer power operated relief
valves (PORV), pressurizer safety valves, pressurizer spray, steam generator, and main steam
safety valves (MSSVs). Section 15.0.7 provides an additional description of RETRAN and
its capabilities.

The DNBR case is analyzed with the Revised Thermal Design Procedure (RTDP) described
in Reference 1. Uncertainties in initial conditions are included in the DNBR limit using this
procedure. The peak RCS and MSS pressure cases do not use the Revised Thermal Design
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Procedure (RTDP). These cases are analyzed with uncertainties applied in conservative
directions to the initial conditions.

The event is analyzed as a complete loss of turbine steam load without a direct reactor trip by
the turbine trip signal. This additional delay in reactor trip is conservative and bounds the
analyses of other events in Section 15.2.

15.2.2.4.3 Acceptance Criteria

Applicable acceptance criteria for this Condition II event are:

A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.

B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.

C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.

The primary acceptance criteria used in these analyses are that the minimum DNBR remains
greater than the safety analysis DNBR limit defined in Section 4.4 and that the primary and
secondary side pressures are maintained below the acceptance limit. In addition, the pressur-
izer should not become water solid due to a coolant insurge following the loss of load. Water
discharge from the pressurizer could exceed the capacity of the pressurizer relief tank and
cause the rupture disk to fail. The resulting loss of coolant and spill can cause a more serious
plant condition than the initiating Condition II event.

15.2.2.4.4 Results

The transient responses for a total loss of load from full power operation are shown for three
cases: a DNBR case, peak RCS pressure case, and peak MSS pressure case as illustrated in
Figures 15.2-1 through 15.2-9.

Figures 15.2-1 through 15.2-3 show the transient responses for the total loss-of-steam load,
assuming full credit for the pressurizer spray and pressurizer power operated relief valves
(PORVs) (Case 1). No credit is taken for the steam dump. The reactor is tripped by the over-
temperature delta T signal. The minimum DNBR is well above the safety analysis limit. The
pressurizer does not become water solid.

The total loss-of-load accident was also studied with no credit taken for the pressurizer spray,
pressurizer power operated relief valves (PORVs), or steam dump (Case 2). The reactor is
tripped on the pressurizer high-pressure signal. Figures 15.2-4 through 15.2-6 show the
response to the loss of load transient for peak RCS pressure concerns. The nuclear power
increases slightly until the reactor is tripped and the pressurizer safety valves are actuated.
The peak RCS pressure does not exceed 110% of the design pressure.

Figures 15.2-7 through 15.2-9 illustrate the transient response for the peak MSS pressure
case. This case is analyzed with 0% steam generator tube plugging and zero SG tube fouling,
along with automatic primary side pressure control, to exacerbate the MSS pressure transient.
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Since automatic pressure control limits the primary side pressure increase, the high pressur-
izer pressure trip setpoint is not reached. Rather, the reactor is tripped by the overtemperature
AT signal. The peak MSS pressure remains below 110% of the design pressure.

The calculated sequence of events for these three cases is shown in Table 15.2-1.

15.2.2.5 Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the event. Releases from the pressurizer power operated relief valves (PORVs) and pres-
surizer safety valves are to the pressurizer relief tank inside containment. Since this does not
result in an uncontrolled release to the environment, normal plant operations can be used for
the clean up or discharge of radioactive contaminants under controlled conditions. Secondary
coolant steam activities discharged from the main steam safety valves to unrestricted areas are
expected to be minor and the doses are a small fraction of 10 CFR 50.67 guidelines.

15.2.2.6 Conclusions

Results of the analyses show that the plant design is such that a total loss of external electrical
load without a direct or immediate reactor trip presents no hazard to the integrity of the reac-
tor coolant system or the main steam system. The pressure-relieving devices of the two sys-
tems are adequate to limit the maximum pressures within the design limits.

The integrity of the core is maintained by operation of the reactor trip system (RTS); i.e., the
DNBR is maintained above the safety analysis limit.

15.2.2.7 Supplemental Evaluations

The analysis presented in Section 15.2.2 assumed a hot-leg RTD time constant of 2 sec and a
THot filter lag time constant of 3.5 sec. The control system evaluation done to support Section

7.7.2 assumed a hot-leg RTD time constant of 1.0 sec and a THot filter lag time constant of 4.5

sec. An evaluation was done (Reference 7) that showed the time response of the 1.0/4.5 sec
combination was faster than, the 2.0/3.5 sec combination. Therefore, the 1.0 sec RTD and 4.5
sec THot filter combination is acceptable.

15.2.3 TURBINE TRIP

The analysis of the consequences of an instantaneous turbine trip by closure of the turbine
stop valves is bounded by the analyses performed for the loss of external electrical load event
in Section 15.2.2.

15.2.4 LOSS OF CONDENSER VACUUM

Loss of condenser vacuum can occur from failure of the circulating water system or excessive
air leakage through turbine gland packing. In the event of loss of condenser vacuum, the tur-
bine will be tripped and, therefore, the event is bounded by the turbine trip event. See Sec-
tions 15.2.2 and 15.2.3.
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15.2.5 LOSS OF ALL ALTERNATING CURRENT POWER TO THE STATION
AUXILIARIES

15.2.5.1 Description of Event

A complete loss of all ac power to the station auxiliaries will result in a loss of all power to
the reactor coolant pumps, main feedwater pumps, condensate pumps, etc. The loss of power
may be caused by a complete loss of the offsite grid accompanied by a turbine generator trip
at the station, or by a loss of the onsite ac distribution system. Onsite and offsite power sys-
tems are described in Section 8.1.1.

This transient is more severe than the loss of external load or turbine trip event because the
decrease in heat removal by the secondary system is accompanied by a flow coastdown,
which further reduces the capacity of the primary coolant to remove heat from the core.

Following a loss of ac power to the station auxiliaries with turbine and reactor trips, the
sequence described below will occur:

1. Plant vital instruments are supplied from emergency dc power sources.

2. As the steam system pressure rises following the trip, the atmospheric relief valves (ARVs)
may be automatically opened to the atmosphere. The condenser is assumed unavailable for
steam dump. If the relief capacity of the atmospheric relief valves (ARVs) is inadequate,
the main steam safety valves (MSSVs) may lift to dissipate the sensible heat of the fuel and
coolant plus the residual decay heat produced in the reactor.

3. As the no load temperature is approached, the atmospheric relief valves (ARVs) (or main
steam safety valves (MSSVs), if the atmospheric relief valves (ARVs) are unavailable) are
used to dissipate the residual decay heat and to maintain the plant at the MODE 3 (Hot
Shutdown) condition.

4. If offsite power is also lost, the emergency diesel generators start on loss of voltage to the
engineered safety features buses and begin to supply safeguards loads.

The preferred auxiliary feedwater (AFW) pumps are automatically started as discussed in
Section 15.2.5.3.1. Power is supplied to the motor driven auxiliary feedwater (MDAFW)
pumps by the engineered safety features buses. The turbine driven auxiliary feedwater
(TDAFW) pump utilizes steam from the secondary system and exhausts to the atmosphere.
The preferred auxiliary feedwater (AFW) pumps take suction directly from the condensate
storage tank for delivery to the steam generators.

Following the loss of power and coastdown of the reactor coolant pumps, natural circulation
in the reactor coolant system will remove decay heat from the core, aided by auxiliary feed-
water in the secondary system. Failure to remove heat could result in the rise of reactor cool-
ant temperatures and pressures that could result in a departure from nucleate boiling (DNB),
filling of the pressurizer, or a challenge to the reactor coolant system pressure boundary.

15.2.5.2 Frequency of Event

The loss of power to the station auxiliaries is classified as an ANS Condition II event of mod-
erate frequency. Section 15.0.8 discusses Condition II events.
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15.2.5.3 Event Analysis

The event assumes an initial 20-second period of steady-state power operation. (The 20-sec-
ond period is chosen to ensure that the model has converged to a steady-state condition.) At
20 seconds, a loss of normal feedwater occurs. The loss of feedwater causes the steam gener-
ator water level to decrease and the reactor coolant system to heat up. The reactor is finally
tripped on a low-low steam generator level signal. The control rods start to drop followed
two seconds later by the loss of power to the station auxiliary buses and the coastdown of the
reactor coolant pumps. The loss of offsite power is assumed to be with respect to buses 12A
and 12B since buses 1 A and 1 B will attempt to fast bus transfer to these buses following
the turbine generator trip. This effectively results in the total loss of ac power to the plant.

An actual loss of power to the station auxiliaries would cause a loss of all feedwater, a loss of
reactor coolant flow (flow coastdown), the control rods to drop into the core, and a reactor
trip from any of the reactor coolant system flow trips. The analyzed event is conservative
since it does not assume these conditions occur simultaneously. Instead, it requires that the
reactor power be maintained until the reactor trip system trips the reactor on a steam genera-
tor low-low level signal. The additional time at power reduces the available secondary side
heat sink capability through depletion of steam generator inventory and increases the amount
of stored energy in the reactor coolant system prior to the loss of forced coolant flow.

15.2.5.3.1 Protective Features

The following design features provide protection for this event:

1. The reactor may be tripped on one or more of the following reactor trip signals:

a. Pressurizer high pressure trip signal if any two-of-three pressure channels exceed a
fixed setpoint.

b. Pressurizer high water level trip signal if any two-of-three level channels exceed a.
fixed setpoint.

c. Overtemperature delta T trip signal if any two-out-of-four delta T channels exceed an
overtemperature delta T setpoint. This setpoint is automatically varied with axial
power imbalance, coolant temperature, and pressurizer pressure to protect against
DNB.

d. Low-low steam generator water level trip signal if any two-out-of-three level channels
in either steam generator is below a fixed setpoint

2. Two motor driven auxiliary feedwater (MDAFW) pumps are started on:

a. Low-low water level in two-out-of-three level channels in any steam generator

b. Trip of both main feedwater pumps (i.e., opening of both main feedwater pump break-
ers)

c. Safety injection

d. Manual actuation

3. One turbine driven auxiliary feedwater (TDAFW) pump is started on any of the following:
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a. Low-low water level in two-out-of-three channels in both steam generators

b. Loss of 4 kV voltage on both buses 11A and 1IB

c. Manual actuation

4. The main steam safety valves (MSSVs) open to provide an additional heat sink and protec-
tion against secondary side overpressure.

5. The pressurizer safety valves may open to provide protection against overpressure of the
reactor coolant system.

Low-low steam generator water level is the only automatic reactor trip credited in this analy-
sis.

15.2.5.3.2 Single Failures Assumed

The worst-case failure assumed in the analysis is the failure to start of the turbine driven aux-
iliary feedwater (TDAFW) pump since it has the greatest flow capacity.

No single failure in the reactor trip system (RTS) or the engineered safety features actuation
system (ESFAS) prevents a reactor trip or the startup of the auxiliary feedwater (AFW) sys-
tem, respectively. The main steam safety valves and pressurizer safety valves are considered
passive components and are assumed not to fail to open on demand.

15.2.5.3.3 Operator Actions Assumed

No explicit operator actions are assumed in the analysis of this event. However, operator
actions are required to control the secondary side water inventories in both steam generators
(see Section 15.2.5.7).

15.2.5.3.4 Chronological Description of Event

The analyzed event starts with a loss of feedwater as described in Section 15.2.5.3. The reac-
tor is eventually tripped by the reactor trip system on a low-low steam generator level. The
rod cluster control assemblies start to drop, and two seconds later after a loss of power to the
station auxiliary buses, reactor coolant flow coastdown begins. The time sequence including
initiation of pressure relief and auxiliary feedwater functions is shown in Table 15.2-2.

15.2.5.3.5 Impact on Fission Product Barriers

No fuel cladding failures are anticipated. The peak reactor coolant system pressure remains
less than 110% of the design pressure as allowed by the ASME Boiler and Pressure Vessel
Code, Section III. The cladding and reactor coolant system pressure boundary maintain their
integrity as fission product barriers.

No discharge of water from the pressurizer is expected. The capacity of the pressurizer relief
tank is not exceeded, and the discharged activity in the steam relief is contained ensuring con-
trol of radioactive materials.
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15.2.5.4 Reactor Core and Plant System Evaluation

15.2.5.4.1 Input Parameters and Initial Conditions

A. The plant was initially operating ata NSSS power of 1817 MWt. Since power to the RCPs
was lost, a nominal RCP heat of 6.0 MWt and core power of 1811 MWt were assumed.
Assuming a nominal RCP heat was conservative since the RCPs coasted down and ceased
to add heat to the primary coolant, while the core decay heat was based on a slightly higher
initial core power.

B. The most limiting loss-of-non-emergency AC power case with respect to overfill for EPU
was with a conservative temperature uncertainty subtracted from the high nominal (win-
dow) 572.0°F Tavg (i.e., 576°-4'F), conservative pressure uncertainty added to the nominal
value 2310 psia (i.e., 2250 psia + 60 psi), while modeling low (390'F) main feedwater tem-
perature conditions.

C. A zero moderator temperature coefficient (+0 pcm/°F) at full power conditions is assumed.
Maximum doppler-only coefficients and minimum trip reactivity are assumed. These
assumptions are used to maximize the energy input to the reactor coolant.

D. Core residual heat generation is based on ANSI/ANS-5.1-1979 (Reference 3) which gives
conservative decay energy release rates.

E. As part of the initiating event, main feedwater flow to both steam generators is stopped dur-
ing operation at full power (see Section 15.2.5.3). The anticipatory start of the motor-
driven auxilary feedwater (MDAFW) pumps on opening of both main feed pump breakers
is not assumed.

F. The shell side water inventory in both steam generators is assumed to be high. The inven-
tory is based on steam generator normal full power level plus level uncertainties. A high,
initial inventory delays the onset of reactor trip and increases the pre-trip heatup of the reac-
tor coolant.

G. Reactor trip occurs following the receipt of a low-low steam generator water level signal
conservatively assumed as 0% of the narrow range span in any steam generator.

H. Loss of power occurs two seconds after the reactor trip. The reactor coolant pumps are
assumed to start their coastdown after the loss of power.

I. The preferredauxiliary feedwater (AFW) pumps start when the water level in the steam
generators drops to the low-low steam generator water level setpoint with an additional
delay of 60 seconds. Afterwards, a conservatively low auxiliary feedwater flow rate of 170
gpm per steam generator is assumed.

J. The pressurizer power operated relief valves (PORV) and spray are assumed to operate nor-
mally. Normal pressure control increases the severity of the transient by maximizing pres-
surizer insurge and minimizing reactor coolant system subcooling margin. Pressurizer
safety valves are available if pressure control fails.

K. Secondary system steam relief is achieved through the main steam safety valves (MSSV).
No credit is taken for the atmospheric relief valves.

L. A minimum (0%) and a maximum uniform steam generator plugging level of 10% are both
considered in establishing the most limiting conditions..
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The initial conditions used in this analysis are intended to minimize the energy removal capa-
bility of the reactor coolant and main steam systems and maximize the possibility of water
relief from the reactor coolant system.

15.2.5.4.2 Method of Analysis

The RETRAN Code (Reference 2) is used to analyze the plant response to this transient. The
program computes pertinent variables including the steam generator pressure and mass, pres-
surizer water volume and pressure, reactor coolant pump flow, and hot and cold leg tempera-
tures. Section 15.0.7 provides an additional description of RETRAN and its capabilities.

The DNB is not analyzed since the result is bounded by the complete loss of forced reactor
coolant system (RCS) flow event in Section 15.3.1. The reactor coolant pump coastdown in
the analysis here does not occur until after reactor trip, which is less limiting than the com-
plete loss of flow event. As such, the Revised Thermal Design Procedure is not used, and the
uncertainties associated with the initial conditions are applied in conservative directions (see
Section 15.0.1).

The RCS flow coastdown was based on a momentum balance around each reactor coolant
loop and across the core. This momentum balance was combined with the continuity equa-
tion, a pump momentum balance, the as-built pump characteristics, and conservative esti-
mates of system pressure losses. The post-trip heat removal from the core relied upon natural
circulation flow in the RCS loop. The RETRAN code results showed that the natural circula-
tion and AFW flow available was sufficient to provide adequate core decay heat removal fol-
lowing reactor trip and RCP coastdown.

The natural circulation capability of the unit was demonstrated during the natural circulation
test described in Section 14.6.1.5.6. In addition, the methods used for cooldown with natural
circulation at Ginna are adequate to prevent voiding in the reactor vessel head (Re erence 4).

15.2.5.4.3 Acceptance Criteria

General acceptance criteria for this Condition 1I event are:

A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.

B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.

C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.

The specific acceptance criteria used for this analysis are:

A. The long-term heat removal capability must be achieved with auxiliary feedwater and natu-
ral circulation.

B. The primary and secondary side pressures must be maintained less than acceptance limit.
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C. The pressurizer must not fill to the point that it becomes water solid. Water discharges from
the pressurizer could exceed the capacity of the pressurizer relief tank and cause a more
severe plant condition than the initiating Condition II event.

DNBR is not analyzed since the DNB results are bounded by the complete loss of flow event

in Section 15.3.1.

15.2.5.4.4 Results

The transient response of the reactor coolant system following a loss of ac power is shown in
Figures 15.2-13 through 15.2-16. The calculated sequence of events is shown in Table 15.2-
2.

The first few seconds after the loss of power to the reactor coolant pumps closely resemble
the complete loss of flow incident (see Section 15.3.1), in which possible core damage due to
rapidly increasing core temperatures is prevented by the reactor trip. The results show that
the natural circulation flow in the reactor coolant loops is sufficient to provide adequate core
decay heat removal following reactor trip and reactor coolant pump coastdown.

One minute after reaching the low-low steam generator water level setpoint, the preferred
auxiliary feedwater (AFW) pumps automatically start and reduce the rate of water level
decrease. Steam generator level remains high 'enough with auxiliary feedwater flow to ensure
adequate heat transfer area is available to dissipate the core residual heat without water relief
from the pressurizer power operated relief valves (PORVs) or pressurizer safety valves. The

maximum pressurizer water volume is less than the accident limit value of 800.0 ft3 . The
pressurizer power operated relief valves (PORVs) and the main steam safety valves (MSSVs)
prevent overpressurization in the primary and secondary systems, respectively.

The plant will eventually stabilize at hot standby after the heat removal capability of the aux-
iliary feedwater system and the two steam generators exceeds the core's decay heat addition
to the reactor coolant system.

15.2.5.5 Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the event. Releases from the pressurizer power operated relief valves (PORVs) are to the
pressurizer relief tank inside containment. Since this does not result in an uncontrolled
release to the environment, normal plant operations can be used for the clean up or discharge
under controlled conditions. Secondary coolant steam activities discharged from the main
steam safety valves to unrestricted areas are expected to be minor and within a small fraction
of 10 CFR 100 guidelines.

15.2.5.6 Conclusions

Analysis of the natural circulation capability of the reactor coolant system demonstrates that
sufficient heat removal capability exists following reactor coolant pump coastdown to prevent
fuel or clad damage. Primary and secondary side maximum pressures are within design limits
ensuring the integrity of both systems. Overfill of the pressurizer does not occur.
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15.2.5.7 Supplemental Evaluations

The limiting loss-of-AC-power case presented in this section was redone modeling a reduced
(total) minimum AFW flow of 300 gpm split evenly to both steam generators. The accident
criteria was satisfied for this flow. Even though this analysis will support a total AFW flow of
300 gpm split evenly to both steam generators, the Feedline Break analysis can only support a
reduction to 195 gpm to the intact steam generator. Therefore, minimum AFW flow is 195
gpm to the intact steam generator. Basis: pp 5 of CN-TA-04-63, Rev. 1.

Reference 8 documented a concern that modeling PORV actuation during a Loss of all Alter-
nating Current transient may not be conservative. Reference 9 evaluated this transient with-
out PORV actuation and determined that the maximum pressurizer water volume would

increase by approximately 7ft3, but still remain below the accident limit value of 800 ft3.

15.2.6 LOSS OF NORMAL FEED WATER FLOW

15.2.6.1 Description of Event

A loss of normal feedwater (from pipe breaks, pump failures, valve malfunctions, or a com-
plete loss of all ac power to the station auxiliaries) results in a reduction in the capability of
the secondary system to remove the heat generated in the reactor core. If an alternate supply
of feedwater were not supplied, core residual heat following reactor trip would heat the pri-
mary system water to the point where water relief from the pressurizer would occur, resulting
in a substantial loss of water from the reactor coolant system. Since the plant is tripped well
before the steam generator heat transfer capability is reduced, the primary system variables do
not approach a condition that causes a DNBR limit violation.

The following occur after a loss of normal feedwater (assuming main feedwater pump fail-
ures or valve malfunctions):

1. The atmospheric relief valves (ARVs) are automatically opened to the atmosphere as the
steam system pressure rises following the loss of feedwater. The condenser is assumed
unavailable for steam dump. If the relief capacity of the atmospheric relief valves (ARVs)
is inadequate, the main steam safety valves (MSSVs) may lift to dissipate the sensible heat
of the fuel and coolant plus the residual decay heat produced in the reactor.

2. As the no load temperature is approached, the atmospheric relief valves (ARVs) (or main
steam safety valves (MSSVs) if the atmospheric relief valves (ARVs) are unavailable), are
used to dissipate the residual decay heat and to maintain the plant at the MODE 3 (Hot
Shutdown) condition.

The reactor is tripped and the preferred auxiliary feedwater (AFW) pumps are automatically
started as discussed in Section 15.2.6.3.1. Power is supplied to the motor driven auxiliary
feedwater (MDAFW) pumps by the engineered safety features buses. The turbine driven
auxiliary feedwater (TDAFW) pump utilizes steam from the secondary system and exhausts
to the atmosphere.

The preferred auxiliary feedwater (AFW) pumps take suction directly from the condensate
storage tank (CST) for delivery to the steam generators. The ability to supply auxiliary feed-
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water (AFW) to the steam generators ensures the secondary system removes sufficient decay
heat to prevent excessive heat up of the reactor coolant system without overpressurization or
excessive discharge of reactor coolant.

15.2.6.2 Frequency of Event

The loss of normal feedwater flow is classified as an ANS Condition 11 event of moderate fre-
quency. Section 15.0.8 discusses Condition II events.

15.2.6.3 Event Analysis

This event assumes an initial, 20-second period of steady-state power operation. (The 20-sec-
ond period is chosen to ensure that the model has converged to a steady-statecondition.) At
20 seconds, a loss of normal feedwater occurs. The loss of feedwater causes the steam gener-
ator water level to decrease and the reactor coolant system to heat up. The reactor is finally
tripped on a low-low steam generator level signal followed by initiation of auxiliary feedwa-
ter (AFW) to both steam generators. Unlike the loss of ac power event analyzed in Section
15.2.5, the reactor coolant pumps remain powered and continue to run.

15.2.6.3.1 Protective Features

The following design features provide protection for this event:

1. The reactor may be tripped on one or more of the following reactor trip system signals:

a. Pressurizer high-pressure trip signal if any two-of-three pressure channels exceed a
fixed setpoint.

b. Pressurizer high water level trip signal if any two-of-three level channels exceed a
fixed setpoint.

c. Overtemperature delta T trip signal if any two-out-of-four delta T channels exceed an
overtemperature delta T setpoint. This setpoint is automatically varied with axial
power imbalance, coolant temperature, and pressurizer pressure to protect against
DNB.

d. Low-low steam generator water level trip signal if any two-out-of-three level channels
in either steam generator is below a fixed setpoint.

2. Two motor driven auxiliary feedwater (MDAFW) pumps are started on:

a. Low-low water level in two-out-of-three level channels in any steam generator

b. Trip of both main feedwater pumps (i.e., opening of both main feedwater pump break-
ers)

c. Safety injection

d. Manual actuation

3. One turbine driven auxiliary feedwater (TDAFW) pump is started on any of the following:

a. Low-low water level in two-out-of-three channels in both steam generators

b. Loss of 4 kV voltage on both buses 1 A and 1 B
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c. Manual actuation

4. The main steam safety valves (MSSVs) may open to provide an additional heat sink and
protection against secondary side overpressure.

5. The pressurizer safety valves may open to provide protection against overpressure of the
reactor coolant system.

Low-low steam generator water level is the only automatic reactor trip credited in this analy-
sis.

15.2.6.3.2 Single Failures Assumed

The w~orst-case failure assumed in the analysis is the failure to start of the turbine driven aux-
iliary feedwater (TDAFW) pump since it has the greatest flow capacity.

No single failure in the reactor trip system (RTS) or the engineered safety features actuation
system (ESFAS) will prevent trip of the reactor or startup of auxiliary feedwater (AFW)
pumps, respectively. The main steam safety valves (MSSVs) and pressurizer safety valves
are considered passive components and are assumed not to fail to open on demand.

15.2.6.3.3 Operator Actions Assumed

No explicit operator actions are assumed in the analysis of this event. However, operator
actions are required to control the secondary side water inventories in both steam generators
(see Section 15.2.6.7).

15.2.6.3.4 Chronological Description of Event

The analyzed event starts with a loss of feedwater as described in Section 15.2.6.3. The time
sequence including reactor trip and initiation of pressure relief and auxiliary feedwater func-
tions is shown in Table 15.2-4.

15.2.6.3.5 Impact on Fission Product Barriers

No fuel cladding failures are anticipated. The peak reactor coolant system pressure remains
less than 110% of the design pressure as allowed by the ASME Boiler and Pressure Vessel
Code, Section III. The cladding and reactor coolant system pressure boundary maintain their
integrity as fission product barriers.

No discharge of water from the pressurizer is expected. The capacity of the pressurizer relief
tank is not exceeded, and the discharged activity in the steam relief is contained ensuring con-
trol of radioactive materials.

15.2.6.4 Reactor Core and Plant System Evaluation

15.2.6.4.1 Input Parameters and Initial Conditions

A. The plant is initially operating at a NSSS power of 1817 MWt. A maximum RCP heat of
10.0 MWt was included in the analysis. The RCPs were assumed to continuously operate
throughout the transient providing a constant reactor coolant volumetric flow equal to the
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thermal design flow value. Although not assumed in the analysis, the RCPs could be man-
ually tripped at some later time in the transient to reduce the heat addition to the RCS
caused by the operation of the pumps.

B. Main feedwater temperature conditions at 390' and 435°F were analyzed.

C. The direction of conservatism for both initial reactor vessel average coolant temperature
and pressurizer pressure can vary. As such, cases were considered with the initial tempera-
ture and pressure uncertainties applied in each direction. The initial average temperature
uncertainty was conservatively assumed to be ±4.0°F. The initial pressurizer pressure
uncertainty was conservatively assumed to be ±60 psi. The most limiting LONF case with
respect to pressurizer filling was with the temperature uncertainty subtracted from the low
nominal (window) Tavg value (i.e., 564.6°F-4°F), pressure uncertainty added to the nominal

value (i.e., 2250 psia + 60 psi), while modeling high (435°F) main feedwater temperature
conditions. Note that there are two peaks in the pressurizer water level for a loss of normal
feedwater event. The first peak is a function of the initial conditions, and the second peak is
an indication of the capability of the AFW system to perform long-term heat removal.
Thus, the magnitude of the second peak is used to determine the limiting case.

D. A zero moderator temperature coefficient (+0 pcm/°F) at full power conditions is assumed.
Maximum doppler-only coefficients and minimum trip reactivity are assumed. These
assumptions are used to maximize the energy input to the reactor coolant.

E. Core residual heat generation is based on ANSI/ANS-5.1-1979 (Reterence 3) which gives
conservative decay energy release rates.

F. As part of the initiating event, main feedwater flow to both steam generators is stopped dur-
ing operation at full power (see Section 15.2.6.3).

G. The shell side water inventory in both steam generators is assumed to be high. The inven-
tory is based on steam generator normal full power level plus level uncertainties. The ini-
tial high inventory delays the onset of reactor trip and increases the pre-trip heatup of the
reactor coolant.

H. Reactor trip occurs following the receipt of a low-low steam generator water level signal
conservatively assumed as 0% of the narrow range span in any steam generator.

1. Preferred auxiliary feedwater (AFW) pumps start 60 seconds after the water level in the
steam generators drops to the low-low steam generator water level setpoint. Afterwards, a
conservatively low auxiliary feedwater flow rate of 170 gpm per steam generator is
assumed.

J. The pressurizer power operated relief valves (PORVs) and spray are assumed to operate
normally. Normal pressure control increases the severity of the transient by maximizing
pressurizer insurge and minimizing the reactor coolant subcooling margin. Pressurizer
safety valves are available if pressure control fails.

K. The MSSVs were modeled assuming a 1.5% tolerance and an accumulation model that
assumes that the valves were wide open once the pressure exceeded the setpoint (plus toler-
ance) by 5 psi (accumulation).

L. The reactor coolant pumps are not tripped and their volumetric flow remains at its normal
value during the transient.
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M. A minimum (0%) and a maximum uniform steam generator plugging level of 10% are both
considered in establishing the most limiting conditions.

The initial conditions used in this analysis are intended to minimize the energy removal capa-
bility of the reactor coolant and main steam systems and maximize the possibility of water
relief from the reactor coolant system.

15.2.6.4.2 Method of Analysis

The DNB is not analyzed since the result is bounded by the loss of external load event in Sec-
tion 15.2.2. The loss of load event assumes a complete loss of steam load with turbine trip
prior to the reactor trip. In the loss of feedwater analysis here, the turbine trip does not occur
until after the reactor trip. The continued heat removal due to steam flow is beneficial until
rod motion begins. The Revised Thermal Design Procedure is not required, and the uncer-
tainties associated with the initial conditions are applied in conservative directions (see, Sec-
tion 15.0.1).

The plant transient following a loss of normal feedwater is analyzed using RETRAN (Refer-
ence 6). The program computes pertinent variables including the steam generator pressure
and mass, pressurizer water volume and pressure, reactor coolant pump flow, and hot and
cold leg temperatures. Section 15.0.7 provides an additional description of RETRAN and its
capabilities.

15.2.6.4.3 Acceptance Criteria

Applicable acceptance criteria for this Condition II event are:

A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.

B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.

C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.

The specific criteria used for this analysis are that the primary and secondary side pressures
must be maintained less than the acceptance limit and that the pressurizer must not fill to the
point that it becomes water solid. Water discharges from the pressurizer could exceed the
capacity of the pressurizer relief tank and cause a more severe plant condition than the initiat-
ing Condition 11 event. The DNBR is not analyzed since the results are bounded by the loss
of load event.

15.2.6.4.4 Results

Figures 15.2-17 through 15.2-20 show the significant plant parameters following a loss of
normal feedwater. The calculated sequence of events for this transient is shown in Table
15.2-4.

Following the reactor and turbine trip from full load, the water level in the steam generators
will fall due to the reduction of steam generator void fraction and because the steam flow
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through the main steam safety valves (MSSVs) continues to dissipate the stored and gener-
ated heat. One minute after reaching the low-low steam generator water level setpoint, the
preferred auxiliary feedwater (AFW) pumps are automatically started, reducing the rate of
water level decrease. The steam generator levels are maintained high enough to provide suf-
ficient heat transfer area for dissipation of core residual heat. Because heat removal remains
adequate, there is no water relief from the pressurizer power operated relief valves (PORVs)
or pressurizer safety valves.

As shown in Figures 15.2-17 through 15.2-20, the plant approaches a stabilized condition fol-
lowing reactor trip and initiation of preferred auxiliary feedwater (AFW). Plant procedures
may be followed to further cool down the plant.

15.2.6.5 Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the event. Steam releases from the pressurizer power operated relief valves (PORVs) are
to the pressurizer relief tank inside containment. Since this does not result in an uncontrolled
release to the environment, normal plant operations can be used for the clean up or discharge
under controlled conditions. Secondary coolant steam activities discharged from the main
steam safety valves (MSSVs) to unrestricted areas are expected to be minor and within a
small fraction of 10 CFR 50.67.

15.2.6.6 Conclusions

Results of the analysis show that a loss of normal feedwater does not adversely affect the
core, the reactor coolant system, or the steam system. The preferred auxiliary feedwater
(AFW) system capacity is sufficient to ensure the dissipation of core decay heat without reac-
tor coolant relief from the pressurizer power operated relief valves (PORVs) or pressurizer
safety valves.

15.2.6.7 Supplemental Evaluations

The limiting Loss of Normal Feedwater Flow case presented in this section was redone mod-
eling a reduced (total) minimum AFW flow of 300 gpm split evenly to both steam generators.
The accident criteria were satisfied for this flow. Even though this analysis will support a
total AFW flow of 300 gpm split evenly to both steam generators, the Feedline Break analysis
can only support a reduction to 195 gpm to the intact steam generator. Therefore, minimum
AFW flow is 195 gpm to the intact steam generator. Basis: pp 5 of CN-TA-04-63, Rev. 1.

Reference 8 documented a concern that modeling PORV actuation during a Loss of all Alter-
nating Current transient may not be conservative. Reference 9 evaluated this transient with-
out PORV actuation and determined that the maximum pressurizer water volume would

increase by approximately 7ft3, .but still remain below the accident limit value of 800 ft3 .
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15.2.7 FEED WATER SYSTEM PIPE BREAKS

15.2.7.1 Description of Event

A feedwater line rupture during plant operation could result in a disruption of secondary sys-
tem energy removal capability. A major feedwater line break is defined as a break large
enough to prevent the addition of sufficient feedwater to maintain shell side fluid inventories
in the steam generators. The break results in the loss of all main feedwater flow to the steam
generators and, depending on location (for example, downstream of the feedwater line check
valve), the blowdown of a steam generator through the feedwater inlet nozzle. Thus, the
event can cause either a cooldown or heatup of the reactor coolant system.

Auxiliary feedwater (AFW) is provided to ensure continued heat removal from the core. If
adequate heat removal is not provided, the core decay heat could raise the reactor coolant
temperatures high enough to cause fuel damage and compromise the maintenance of a cool-
able core geometry. Depending on the break location, a feedwater line break at full power
could also increase the pressure in the reactor coolant and main steam systems, challenging
the pressure boundary integrity of both systems.

The potential cooldown of the reactor coolant system from a secondary system pipe break is
bounded by the analysis of the steam line break event in Section 15.1.5. Therefore, the anal-
ysis of feedwater line breaks performed here is based on initial conditions and assumptions
that result in the most severe heatup of the reactor coolant system.

15.2.7.2 Frequency of Event

A major feedwater line break is unlikely to occur over the life of the plant. The event is pos-
tulated since the potential consequences can be severe. Thus, this event is classified as an
ANS Condition IV, limiting event. Condition IV events are described in Section 15.0.8.

15.2.7.3 Event Analysis

The analysis is performed for a double-ended rupture of the feedline between the feedwater
check valve and steam generator. A break in this location results in discharge of fluid from
the faulted steam generator and can preclude the addition of auxiliary feedwater (AFW) to the
faulted steam generator. The effect on the reactor coolant system of a break upstream of the
feedwater check valve is similar to a loss of normal feedwater (a Condition II event).

Cases with and without offsite power available are analyzed. The analysis considers a dou-
ble-ended rupture of the feedwater pipe of 1.418 ft2 area. For breaks below this size, the main
feedwater flow degrades less rapidly, which can cause a less severe increase in the reactor
coolant temperature prior to reactor trip. For very small breaks, the main feedwater system is
capable of making up the inventory lost through the break and preserves the'heat removal
capability of the steam generators.

15.2.7.3.1 Protective Features

The following design features provide protection for the feedwater line break:
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1. The reactor may be tripped on one or more of the following signals:

a. Pressurizer high pressure trip signal if any two-of-three pressure channels exceed a

fixed setpoint.

b. Pressurizer high water level trip signal if any two-of-three level channels exceed a
fixed setpoint.

c. Overtemperature delta T trip signal if any two-out-of-four delta T channels exceed an
overtemperature delta T setpoint. This setpoint is automatically varied with axial
power imbalance, coolant temperature, and pressurizer pressure to protect against
DNB.

d. Low-low steam generator water level trip signal if any two-out-of-three level channels
in either steam generator is below a fixed setpoint.

2. Two motor driven auxiliary feedwater (MDAFW) pumps are started on:

a. Low-low water level in two-out-of-three level channels in any steam generator

b. Trip of both main feedwater pumps (i.e., opening of both main feedwater pump break-
ers)

c. Safety injection

d. Manual actuation

3. One turbine driven auxiliary feedwater (TDAFW) pump is started on any of the following:

a. Low-low water level in two-out-of-three channels in both steam generators

b. Loss of 4 kV voltage on both buses 11 A and 11 B

c. Manual actuation

4. The main steam safety valves (MSSVs) open to provide an additional heat sink and protec-
tion against secondary side overpressure.

5. The pressurizer safety valves open to provide protection against overpressurization of the
reactor coolant system.

Low-low steam generator water level is the only automatic reactor trip credited in this analy-
sis.

15.2.7.3.2 Single Failures Assumed

Auxiliary feedwater (AFW) is the only engineered safety feature system assumed to function
in this analysis. The flow from the motor driven auxiliary feedwater (MDAFW) pump
aligned to the faulted steam generator and the flow from the turbine driven auxiliary feedwa-
ter (TDAFW) pump are assumed to be directed out the feedline break. Therefore, the worst-
case failure is the failure of the motor driven auxiliary feedwater pump aligned to the intact
steam generator. The analysis allows for the realignment of this system or the startup of the
standby auxiliary feedwater (SAFW) system to provide flow to the intact steam generator.

No single failure in the reactor trip system (RTS) or engineered safety features actuation sys-
tem (ESFAS) will prevent trip of the reactor or startup of auxiliary feedwater (AFW) pumps,
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respectively. The main steam safety valves (MSSVs) and pressurizer safety valves are con-
sidered passive components and are assumed not to fail to open on demand.

15.2.7.3.3 Operator Actions Assumed

For the assumed failure of a motor driven auxiliary feedwater (MDAFW) pump to provide
auxiliary feedwater to the intact steam generator, the operator is required to realign the system
or to put the standby auxiliary feedwater (SAFW) system into operation. The operator must
perform these actions within 14.5 minutes after the reactor trip on low-low steam generator
level (see Section 15.2.7.4.1, item J). If the realigned system can not provide at least 235 gpm
to the intact steam generator, the operator must also trip the reactor coolant pumps. (Note the
interpretation of the operator action time in Section 15.0.9.2.) No other operator actions are
credited in the analysis.

15.2.7.3.4 Chronological Description of Event

The analyzed event starts with a feedwater line break. The reactor is eventually tripped on
low-low steam generator water level. The time sequence including startup of auxiliary feed-
water (AFW) is shown in Table 15.2-5 for the limiting break area determined in this analysis.

15.2.7.3.5 Impact on Fission Product Barriers

The reactor coolant system pressure remains less than 110% of the design pressure as allowed
by the ASME Boiler and Pressure Code, Section III. The reactor coolant pressure boundary
maintains its integrity as a fission product barrier.

The pressurizer could overfill (become water-solid) and discharge reactor coolant to the pres-
surizer relief tank. Radioactive coolant could be discharged inside containment if the capac-
ity of the pressurizer relief tank is exceeded or the rupture disc fails. The containment is
designed to maintain its integrity after the instantaneous rupture of the largest primary or sec-
ondary system piping within the structure. Feedwater line breaks inside containment are not
expected to exceed the design limits analyzed in the containment integrity evaluations in Sec-
tion 6.2.1.2. Therefore, the containment and containment isolation system serve as a final
barrier against the dispersion of radionuclides from the plant..

15.2.7.4 Reactor Core and Plant System Evaluation

15.2.7.4.1 Input Parameters and Initial Conditions

A. NSSS power up to 1817 MWt is assumed.

B. The initial reactor coolant average temperature is 580'F (576°F + 4°F uncertainty). The
initial pressurizer pressure is 2190 psia (2250 psia - 60 psi uncertainty). Uncertainties are
applied per Section 15.2.7.4.2.

C. The following key physics parameters are consistent with minimum reactivity feedback
conditions:

1. Moderator density coefficients - I value of 0.0 AK/g/cc

2. Doppler power-only coefficients - least (absolute value) negative values

Page 118 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

3. Doppler temperature coefficients - least (absolute value) negative values

4. Delayed neutron fraction - minimum value

D. The reactivity feedback parameters are chosen to minimize the ensuing power reduction
during the transient, which results in greater heat addition to the reactor coolant system.

E. Conservative core residual heat generation rates assume long-term operation at the initial
power level preceding the reactor trip.

F. The initial pressurizer water level is maximized in order to maximize the pressurizer water
volume during the transient.

G. Initial water level (mass) in the faulted steam generator is at the maximum value and the
initial water level (mass) in the intact steam generator is at the minimum value. The maxi-
mum level in the faulted steam generator increases the time to reactor trip and heat addition
to the reactor coolant system. The minimum level in the intact steam generator reduces the
initial available heat sink.

H. Main feedwater flow to both steam generators is lost at the time the break occurs. Essen-

tially, all main feedwater is assumed to spill out through the break.

1. Reactor trip is initiated when the low-low water level trip setpoint is reached in the faulted
steam generator. The setpoint is conservatively assumed to be at 0% narrow range. The
method described in Reference 7 was used to calculate steam generator masses up to the
time of reactor trip. No credit is taken for protection logic signals on pressurizer high-pres-
sure, overtemperature delta T, pressurizer high-level, or containment high-pressure to miti-
gate the consequences of the accident.

J. The following AFW assumptions were made: for a feedline break outside the intermediate
building, 195 gpm of AFW went to the intact steam generator and was initiated 60 sec after
the steam generator low-low level signal. For a feedline break inside the intermediate
building, 235 gpm of AFW went to the intact steam generator and was initiated 870 sec
after the steam generator low-low level signal. In all cases, no AFW went to the faulted
steam generator.

K. The pressurizer power operated relief valves (PORVs) are assumed to operate in order to
minimize the reactor coolant system pressure and corresponding saturation temperature.

L. Conservative feedwater line break discharge quality was assumed. This minimized the heat
transfer capability of the faulted steam generator.

M. Credit was taken for heat energy deposited in portions of the RCS metal during the RCS
heatup, as described in the approved method presented in Reference 7.

N. No credit is taken for charging or letdown.

0. Steam generator heat transfer correlation for the SG tubes was automatically adjusted as the
shell-side liquid inventory decresed.

P. The reactor coolant pump heat addition to the reactor coolant is assumed to be the maxi-
mum value of 5 MWt/pump for the offsite power available cases and 3 MWt/pump for the
loss of offsite power cases.
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Q. For the loss of offsite power case, loss of power and start of the reactor coolant pump coast-
down is assumed to occur coincident with reactor trip. This condition increases the initial
heatup of the reactor coolant following reactor trip.

R. Uniform steam generator plugging level of 10% is assumed.

15.2.7.4.2 Method of Analysis

The feedline break transient is analyzed using the RETRAN computer code described in
WCAP-14882-P-A (Reference 2). The RETRAN model simulates the reactor coolant system,
neutron kinetics, pressurizer, pressurizer relief and safety valves, pressurizer heaters, pressur-
izer spray, steam generators, feedwater system, and main steam safety valves. The code com-
putes pertinent plant variables including steam generator mass, pressurizer water volume,
reactor coolant average temperature, reactor coolant system pressure, and steam generator
pressure.

The feedline break methodology requires that bulk boiling does not occur in the reactor fol-
lowing the accident. This condition is met if the reactor coolant temperature is less than the
saturation temperature during the accident. This requirement is invoked until the heat
removal capability of the intact steam generator exceeds the heat generation in the nuclear
steam supply system. The total heat addition includes decay plus reactor coolant pump heat-
ing for the case where offsite power is available; for the case where offsite power is unavail-
able, pump heating decreases rapidly during coastdown after the loss of offsite power. A

double-ended rupture of the feedwater pipe of 1.418 ft2 area is analyzed, because this break
size results in the most severe increase in the reactor coolant temperature prior to reactor trip
and leads to the closest approach (minimum margin) to the hot-leg saturation temperature.
The minimum margin to saturation occurs after reactor trip but prior to turnaround of the tran-
sient.

DNBR is not analyzed, and therefore, the Revised Thermal Design Procedure is not used.
Instead, the steady state uncertainties are added to the plant's nominal conditions to develop
conservative initial conditions for the analysis as discussed in Section 15.2.7.4.1).

15.2.7.4.3 Acceptance Criteria

The general acceptance criteria used for the Condition IV feedwater line break event are:

A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.

B. Any fuel damage that may occur must be sufficiently limited so that the core remains in
place and intact with no loss of core cooling capability.

C. Any activity release must result in calculated doses at the exclusion area boundary (EAB)
within the guidelines of 10 CFR 50.67.

This analysis uses the more restrictive requirement that no bulk boiling occurs in the reactor
coolant system following a feedline break, prior to the time that the heat removal capability of
the steam generator, being fed auxiliary feedwater, exceeds the NSSS residual heat genera-
tion. This requirement ensures that the core geometry remains intact without loss of core
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cooling capability. The ability to also limit reactor coolant and main steam pressures to 110%
of design ensures that any radioactivity release is small, thereby satisfying the dose guidelines
in 10 CFR 50.67.

Overfill and water relief from the pressurizer are permissible during a Condition IV feedline
break event. The possible discharge from the pressurizer relief tank into the containment is
considered a Condition III event. The consequential occurrence of the less severe Condition
III event does not change the general acceptance criteria for the feedline break event.

15.2.7.4.4 Results

The transient results for the most limiting feedline break with offsite power available are
shown in Figures 15.2-21 through 15.2-25. Figures 15.2-26 through 15.2-30 show the same
parameters for the feedline break case without offsite power available (i.e., the loss of offsite
power is assumed coincident with reactor trip). The calculated sequences of events for the
cases with and without offsite power are shown in Table 15.2-5.

For the feedline break with offsite power available, the pressurizer pressure decreases after
reactor trip on low-low steam generator water level due to the reduction in heat input. Fol-
lowing this initial decrease, pressurizer pressure increases. This increase is the result of reac-
tor coolant expansion caused by the reduction in heat transfer capability in the steam
generators. The pressurizer water volume increases in response to the heatup. Pressurizer
filling is predicted in this case; therefore, fluid flow through the pressurizer power operated
relief valves (PORVs). Flow through the pressurizer safety valves is not anticipated, as the
pressure remains below the safety valves setpoint. The results show that the core remains
covered at all times and that no boiling occurs in the reactor coolant loops prior to turnaround
of the event. The feedwater pipe break transient is considered terminated when the heat
removal capability of the intact steam generator exceeds the nuclear steam supply system heat
generation. This occurs at approximately 2600 seconds for this case. The coolant in the hot
leg never reaches the saturation temperature. The closest approach to saturation before the
transient has turned around is approximately 2°F.

The system response following a feedwater line rupture without offsite power available is
similar to the case with offsite power available. The reactor coolant pumps start to coast
down due to the loss of offsite power (assumed to occur at the time of reactor trip). The total
reactor coolant system heat generated is reduced by the amount produced by operation of
both pumps. Therefore, this case is less limiting than the case with offsite power available.
Note that, at Ginna, the reactor coolant pumps would not coast down for 60 seconds after the
assumed loss of power instead of the almost immediate coastdown that was assumed in the
analysis. If coastdown is delayed, the difference between the two cases is reduced. However,
the case with offsite power available would still be more limiting than the case without offsite
power.

Pressurizer pressure decreases after reactor trip on low-low steam generator water level due
to the reduction of heat input. Following this initial decrease, pressurizer pressure increases
until the pressurizer power operated relief valve (PORV) setpoint is reached. This pressure
increase is the result of coolant expansion caused by reduction in heat transfer capability of
the steam generators. The primary pressure remains at the pressurizer power operated relief
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valve (PORV) setpoint until the auxiliary feedwater (AFW) system starts reducing primary
temperatures. Steam release through the pressurizer power operated relief valves (PORVs) is
minimal and the pressurizer is not predicted to go water solid. The analysis also demon-
strated that ample margin to hot leg saturation is present.

15.2.7.5 Radiological Consequences

The possible discharge of reactor coolant from the pressurizer relief tank could result in the
release of radioactive fission and corrosion products inside containment. The containment is
a barrier, preventing the direct release of radioactivity to unrestricted areas. The dose contri-
bution from this path is expected to be small compared to the steam generator releases.

Steam generator releases arise from the blowdown of the faulted steam generator and the
steaming down of the intact steam generator to remove heat from the reactor coolant system.
The primary to secondary side leakage in the steam generators provides a path for the trans-
port of reactor coolant activity to the secondary side and release to the environment. The
leakage paths and mechanisms are analogous to the main steam line break. Unlike the main
steam line break, the feedwater line break does not cause a severe, rapid depressurization of
the reactor coolant system; hence, iodine spiking is not expected to be as significant a contrib-
utor to the post-event activity release. Because the feedline break is characterized by a dis-
charge of water from the secondary side instead of an initial steam release, less of the faulted
steam generator's pre-accident iodine activity is flashed to the environment. Thus, the activ-
ity releases from the feedline break are less than those associated with the main steam line
break accident. Therefore, the radiological consequences are bounded by the steam line
break consequences in Section 15.1.5 and are well within the limits of 10 CFR 50.67.

15.2.7.6 Conclusions

The auxiliary feedwater (AFW) system capacity is adequate for limiting the heatup and
removing decay heat from the reactor coolant system following a feedline break. Under
extremely conservative assumptions, the energy removal capability of the secondary system
exceeds the residual energy generation in the primary system within approximately 45 min-
utes after the feedline rupture. No bulk boiling occurs in the reactor hot leg prior to turn-
around of the events, and the core remains covered at all times. The allowable overpressure
limits for the reactor coolant and main steam systems are not exceeded. Radiological conse-
quences are well within the limits of 10 CFR 50.67.
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Table 15.2-1
TIME SEQUENCE OF EVENTS FOR LOSS OF EXTERNAL ELECTRICAL LOAD

Case Event

1. With pressurizer control
(DNBR Case)

2. Without pressurizer control
(peak RCS pressure case)

Loss of electrical load

Overtemperature AT reactor trip set-
point reached

Rod begins to drop

Minimum DNBR occurs

Peak RCS pressure occurs

Loss of electrical load

High pressurizer pressure reactor trip
setpoint reached

Rods begin to drop

Initiation of steam release from pres-
surizer safety valves

Peak RCS pressure occurs

Initiation of release from main steam
safety valves (MSSVs)

Minimum DNBR occurs

Loss of electrical load

Overtemperature AT reactor trip set-
point reached

Rods begin to drop

Initiation of release from main steam
safety valves (MSSVs)

Peak MSS pressure occurs

Minimum DNBR occurs

Time of Each
Event (sec)

0

11.6

13.1

14.6

a

0

5.4

7.4

7.4

8.5

9.4

b

3. With pressurizer control
(peak MSS pressure case)

0

10.9

12.4

7.0

15.9

c

a. Peak RCS pressure is not reported for this case since analysis assumptions conservatively minimize it.

b. DNBR is not reported for this case since analysis assumptions are made to maximize the peak RCS
pressure.

c. DNBR is not reported for this case since analysis assumptions are made to maximize the peak MSS
pressure.
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Table 15.2-2
TIME SEQUENCE OF EVENTS FOR LOSS OF OFFSITE ALTERNATING CURRENT

POWER TO THE STATION AUXILIARIES

Event

Main feedwater flow stops

Pressurizer power operated relief valve (PORV) initially
opens

Low-low steam generator water level trip setpoint reached

Rod motion begins and turbine tripped

Reactor coolant pumps trip and flow coastdown begins

Pressurizer power operated relief valve (PORV) initial clo-
sure.

Peak steam generator pressure occurs

Peak pressurizer water level occurs (first peak)

Two motor driven auxiliary feedwater (MDAFW) pumps
start to pump 170 gpm to each steam generator

Long-term peak pressurizer water level occurs (second peak)

Time (sec)

.20

35

61

63

65

68

72

86

121

266

Page 125 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

Table 15.2-3
Table DELETED

Table DELETED
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Table 15.2-4
TIME SEQUENCE OF EVENTS FOR LOSS OF NORMAL FEEDWATER FLOW

Event

Main feedwater flow stops

Low-low steam generator water level trip setpoint reached

Rod motion begins and turbine tripped

Pressurizer power operated relief valve (PORV) initially opens

Pressurizer power operated relief valve (PORV) initial closure

Peak steam generator pressure occurs

Peak pressurizer water level occurs (first peak)

Two motor driven auxiliary feedwater (MDAFW) pumps start to pump 170 gpm
to each steam generator

Long-term peak pressurizer water level occurs (second peak)

Time (sec)

20

55

57

60

62

79

85

115

896
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Table 15.2-5
TIME SEQUENCE OF EVENTS FOR THE FEEDWATER LINE PIPE BREAK (0.3 FT 2

BREAK AREA)

Case

With offsite power

Without offsite power

Event

Feedwater pipe rupture occurs

Reactor trip setpoint reached for low-low steam
generator water level

Rod motion begins

Peak pressurizer pressure occurs

Auxiliary feedwater flow to intact steam generator
is initiated

Core decay heat decreases to auxiliary feedwater
heat removal capacity

Minimum margin to hot leg saturation occurs

Feedwater pipe rupture occurs

Reactor trip setpoint reached for low-low steam
generator water level

Rod motion and reactor coolant pump coastdown
begins

Auxiliary feedwater flow to intact steam generator
is initiated

Peak pressurizer pressure occurs

Core decay heat decreases to auxiliary feedwater
heat removal capacity

Minimum margin to hot leg saturation occurs

Time (sec)

20.0

21.8

23.8

772.0

891.8

-2600

-2600

20.0

21.8

23.8

891.8

1020.0

-1500

~1500

Page 128 of 422 Revision 21 11/2008



GINNA/UFSAR

Chapter 15 ACCIDENT ANALYSES

Figure 15.2-1 Loss of Load, with Automatic Pressure Control, Nuclear Power and DNBR Ver-
sus Time
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Figure. 15.2-2 Loss of Load, with Automatic Pressure Control, RCS Average Temperature and

Pressurizer Water Volume Versus Time
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Figure 15.2-3 Loss of Load, with Automatic Pressure Control, Steam Generator Pressure and

Pressurizer Pressure Versus Time
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Figure 15.2-4 Loss of Load, Without Pressure Control, Nuclear Power Versus Time
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Figure 15.2-5 Loss of Load, Without Pressure Control, RCS Average Temperature and Pres-

surizer Water Volume Versus Time
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Figure 15.2-6 Loss of Load, Without Pressure Control, Steam Generator Pressure and Reactor

Coolant System Pressures Versus Time
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Figure 15.2-7 Loss of Load, Peak MSS Pressure Case, Nuclear Power Versus Time
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Figure 15.2-8 Loss of Load, Peak MSS Pressure Case, RCS Average Temperature and Pres-

surizer Water Volume Versus Time
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Figure 15.2-9 Loss of Load, Peak MSS Pressure Case, Steam Generator Pressure and Pressur-

izer Pressure Versus Time
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Figure 15.2-10 Figure Deleted

Figure Deleted
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Figure 15.2-11 Figure Deleted

Figure Deleted
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Figure 15.2-12 Figure Deleted

Figure Deleted
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Figure 15.2-13 Loss of Offsite Alternating Current Power to the Station Auxiliaries, Nuclear

Power and Pressurizer Pressure Versus Time
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Figure 15.2-14 Loss of Offsite Alternating Current Power to the Station Auxiliaries, Pressurizer

Water Volume and Pressurizer Steam Relief Rate Versus Time
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Figure 15.2-15 Loss of Offsite Alternating Current Power to the Station Auxiliaries, Reactor

Coolant Flow and Core Inlet/Outlet Temperatures Versus Time
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Figure 15.2-16 Loss of Offsite Alternating Current Power to the Station Auxiliaries, Steam Gen-

erator Mass and Steam Generator Pressure Versus Time
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Figure 15.2-17 Loss of Normal Feedwater With Power, Nuclear Power and Pressurizer Pres-

sure Versus Time
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Figure 15.2-18 Loss of Normal Feedwater With Power, Pressurizer Water Volume and Pressur-

izer Steam Relief Rate Versus Time
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Figure 15.2-19 Loss of Normal Feedwater With Power, Reactor Coolant Flow and Core Inlet/

Outlet Temperatures Versus Time
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Figure 15.2-20 Loss of Normal Feedwater With

erator Pressure Versus Time
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Figure 15.2-21 Feedline Break With Offsite Power; Nuclear Power and Pressurizer Pressure
Versus Time
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Figure 15.2-22 Feedline Break With Offsite Power, Pressurizer Water Volume and Pressurizer
Steam Relief Rate Versus Time
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Figure 15.2-23 Feedline Break With Offsite
atures Versus Time
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Figure 15.2-24 Feedline Break With Offsite Power, Steam Generator Mass and Steam Genera-
tor Pressure Versus Time
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Figure 15.2-25 Feedline Break With QJ.site Power; Feedwater Mass Flow Rates Versus Time
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Figure 15.2-26 Feedline Break Without Offsite Power; Nuclear Power and Pressurizer Pres-

sure Versus Time
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Figure 15.2-2 7 Feedline Break Without Offsite Power, Pressurizer Water Volume and Pressur-

izer Steam Relief Rate Versus Time

9.0

E
700-

5w)

E

9

40

35,-

30-

25-

20-

10

ot

10 15
Time (s)

to

Page 155 of 422 Revision 21 11/2008



GINNAIUFSAR

Chapter 15 ACCIDENT ANALYSES,

Figure 15.2-2 8 Feed/ine Break Without Q.fsite Power; Cold Leg, Hot Leg and Saturation Tem-

peratures Versus Time
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Figure 15.2-29 Feedline Break Without Offsite
erator. Pressure Versus Time
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Figure 15.2-30 Feedline Break Without Offsite Power; Feedwater Mass Flow Rates Versus
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15.3 DECREASE IN REACTOR COOLANT SYSTEM FLOW RATE

15.3.1 FLOW COASTDOWNACCIDENTS

15.3.1.1 Description of Event

A loss-of-coolant-flow incident can result from a mechanical or electrical failure in one or
both reactor coolant pumps or from a fault in the power supply to these pumps. If the reactor
is at power at the time of the incident, the immediate effect of loss of coolant flow is a rapid
increase in coolant temperature. This increase could result in departure from nucleate boiling
(DNB) with subsequent fuel damage if the reactor is not tripped promptly.

Simultaneous loss of electrical power to both reactor coolant pumps at full power is the most
severe credible loss-of-coolant-flow condition. For this condition, reactor trip together with
flow sustained by the inertia of the coolant and rotating pump parts will be sufficient to pre-
vent fuel failure, reactor coolant system overpressure, and the DNB ratio (DNBR) from
decreasing to less than the safety limit value.

The simultaneous loss of power to both reactor coolant pumps is a highly unlikely event. The
normal power supplies for the pumps are the two non-Class I E buses II A and 11 B fed from
the generator via unit auxiliary transformer 11. Each bus supplies power to one pump. Since
the pumps are on separate buses, a single bus fault would not result in the loss of both pumps.
When a generator trip occurs, the feeds to buses 1 IA and 1 B are automatically transferred to
buses supplied from either of two independent offsite power sources. Following any turbine
trip, with no generator electrical faults requiring tripping of the generator, the reactor coolant
pumps remain powered from buses 1 A and 11 B for approximately one minute before the
automatic bus 11 A and 11 B transfers are made. However, this delay is not required for any
safety-related function.

15.3.1.2 Frequency of Event

Reactor coolant pump coastdown events may involve one or two loops. A loss of flow in one
loop, or partial loss of flow, is classified as an ANS Condition 11 event of moderate frequency.
A loss of flow in both loops is termed a complete loss of flow event. A complete loss of flow
is classified as an ANS Condition Ill infrequent incident. Section 15.0.8 discusses the ANS
classifications.

15.3.1.3 Event Analysis

The following loss-of-coolant-flow cases are analyzed:

Case A - Loss of voltage to two reactor coolant pumps with two loops operating.

Case B - Loss of voltage to one reactor coolant pump with two loops operating.

Case C - Frequency decay of power to two reactor coolant pumps with two loops operating.

The first case is a total loss of flow and represents the worst credible coolant flow loss. The
second case is a partial loss of flow and is less severe. The third case is not believed to be
credible because the offsite power system is not highly capacitive, which is typical of systems
using large amounts of buried transmission cables (Reference 4); however, this case is consid-
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ered because of the potential to yield more severe analysis results than the loss of voltage
case.

15.3.1.3.1 Protective Features

For the failure of two reactor coolant pumps with two loops in operation (Cases A and C), the
following trip circuits provide protection for a complete loss of forced reactor coolant flow:

A. Reactor trip is actuated on undervoltage occurring concurrently on buses I IA and II B.
The undervoltage input is derived from one out of two undervoltage channels (relays) on
each bus.

B. Reactor trip is actuated on underfrequency occurring concurrently on buses 1 IA and 1 B.
The signal input is derived from one out of two underfrequency channels (relays) on each
bus.

C. Reactor trip is actuated on low flow in two out of three channels in both loops when the
reactor is above a preset level. The low flow trip in both loops occurs when the power level
(P-7 permissive) is above approximately 8%.

D. An anticipatory trip based on pump breaker position also provides a trip input to the reactor
trip system. Opening of both pump breakers generates an anticipatory trip when power is
greater than the preset level (P-7 permissive).

The undervoltage trip is the only automatic reactor trip credited in Case A; the underfre-
quency trip is the only trip credited in Case C.

For the failure of one reactor coolant pump with two loops in operation (Case B), the follow-
ing trip circuits provide protection for a partial loss of flow:

A. Reactor trip is actuated on low flow in two out of three channels in either loop when the
reactor power is above a preset level. The power level (P-8 permissive) is approximately
25% power.

B. A backup to the low flow trip is provided by an anticipatory trip based on breaker position.
Opening of either reactor coolant pump breaker generates an anticipatory trip when power
is greater than the preset level (P-8 permissive).

The low flow reactor coolant trip is the only automatic reactor trip credited in Case B.

These trip circuits and their redundancy are further described in Section 7.2.

For partial and complete loss of flow events (Cases A, B, and C), the following equipment is
available:

A. The pressurizer safety valves may open to provide protection against overpressurization of
the reactor coolant system.

B. The main steam safety valves may open to provide an additional heat sink for and overpres-
sure protection for the secondary side.
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15.3.1.3.2 Single Failures Assumed

For the failure of two reactor coolant pumps with two loops in operation (Cases A and C) and
for the failure of one reactor coolant pump with two loops in operation (Case B), the limiting
single failure is one train of the reactor protection system. The other, operable train trips the
reactor in all cases.

For partial or complete loss of flow events (Cases A, B, and C), the main steam and pressur-
izer safety valves are considered passive components and do not fail to open on demand.

15.3.1.3.3 Operator Actions Assumed

No operator actions are assumed in the analysis of Cases A, B or C.

The P-8 evaluation described in Section 15.3.1.7 assumed the transient was terminated in
4000 sec. This implies the operators have over an hour to terminate the transient by either
tripping the reactor or restarting the reactor coolant pump.

15.3.1.3.4 Chronological Description of Event

The complete loss of flow cases start with a loss of power (Case A) or frequency degradation
(Case C) on both buses 1 A and I lB. The partial loss of flow case (Case B) begins with one
pump coasting down. The event sequences for these three cases are shown in Table 15.3-1.

15.3.1.3.5 Impact on Fission Product Barriers

No fuel cladding failures are anticipated. The peak reactor coolant system pressure remains
less than 110% of the design pressure as allowed by the ASME Boiler and Pressure Vessel
Code, Section III. The cladding and reactor coolant pressure boundary maintain their integ-
rity as fission product barriers.

15.3.1.4 Reactor Core and Plant System Evaluation

15.3.1.4.1 Input Parameters and Initial Conditions

A. The initial reactor power and pressurizer pressure are at their nominal values. The reactor
coolant average temperature is at the maximum end of the TAVG window (576.0°F). The
initial reactor coolant flow rate is at the minimum measured flow. Table 15.0-5 summarizes
these initial conditions.

B. The contribution to reactor coolant pump heating is 3 MWt per pump. Pump heat is
decreased as the pump (or pumps) coasts down.

C. A moderator temperature coefficient of 0 pcm/°F at hot full power is assumed in the analy-
ses. The Technical Specifications allow for a positive moderator of +5 pcm/°F for power
levels up to 70% RTP. However, sensitivity studies have shown that 100% power with a
zero moderator temperature coefficient bounds all credible moderator temperature coeffi-
cient and power level combinations.

D. A conservatively large absolute value of the doppler-only power coefficient is used. This
assumption maximizes the power level while it is decreasing after a reactor trip.
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E. The flow coastdown analysis is based on a momentum balance around each reactor coolant
loop and across the reactor core. This momentum balance is combined with the continuity
equation, a pump momentum balance and the pump characteristics, and is based on high
estimates of system pressure losses.

F. The automatic reactor trip system setpoints and delay times used in the accident analyses
are shown in Table 15.0-5. For the underfrequency case (Case C), buses degrade at 5 Hz/
second and the underfrequency setpoint is assumed to be 57 Hz.

G. A conservative trip reactivity of 3.5% delta k is used. This value allows for the highest rod
cluster control assembly stuck in a fully withdrawn position. A conservative trip reactivity
worth versus rod position curve is also used.

H. A uniform steam generator plugging level of 10% is assumed.

15.3.1.4.2 Method of Analysis

The transients are analyzed with two computer codes. First, the RETRAN computer code
(Reference 2) is used to calculate the loop and core flow during the transient, the time of reac-
tor trip based on the calculated flows, the nuclear power transient, and the primary-system
pressure and temperature transients. The VIPRE computer code (Reference 1) is then used to
calculate the heat flux and DNBR transients based on the nuclear power and RCS temperature
(enthalpy), pressure, and flow from RETRAN. General descriptions of RETRAN and VIPRE
are given in Section 15.0.7.

This accident is analyzed with the Revised Thermal Design Procedure (Reference 1). Uncer-
tainties in the initial conditions are included the DNBR safety analysis limit when using this
procedure.

15.3.1.4.3 Acceptance Criteria

The general acceptance criteria for Condition II events are used for all reactor coolant flow
coastdown events. This approach is conservative since the more severe total loss of flow
cases are classified as Condition III events. The acceptance criteria are:

A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.

B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.

C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.

The primary acceptance criteria used in these analyses are that the minimum DNBR remains
greater than the safety analysis limit value (see Section 4.4) and that the primary and second-
ary side pressures are maintained below their respective acceptance limits.

15.3.1.4.4 Results

Figures 15.3-1 to 15.3-3 show the transient responses for the complete loss of flow event
caused by bus undervoltage (Case A). Figure 15.3-1 shows the nuclear power and the reactor
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coolant mass flow. Figurel 5.3-2 shows the average channel heat flux and the hot-channel
heat flux responses. Figure 15.3-3 shows the DNBR as a function of time for this case. The
minimum DNBR is reached 2.9 seconds after initiation of the incident.

Figures 15.3-1a to 15.3-3a show the transient responses for the complete loss of flow event
due to bus underfrequency (Case C). These figures display the same parameters as the under-
voltage event. Figure 15.3-3a shows the DNBR as a function of time for this case. The min-
imum DNBR is reached 3.4 seconds after the frequency starts to degrade.

Figures 15.3-4 through 15.3-6 show the transients for the partial loss of flow event when one
pump fails with both loops operating (Case B). The core mass flow and individual loop mass
flows are shown on Figures 15.3-4 and 15.3-5, respectively. Figure 15.3-7 shows the DNBR
as a function of time. The minimum DNBR occurs 3.6 seconds after initiation of the tran-
sient.

The complete loss of flow due to bus underfrequency is the most limiting event of the three
cases analyzed. Table 15.3-1 shows the time sequence of events for the loss of reactor flow
events.

15.3.1.5 Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the loss of flow events. Steam releases from the pressurizer power operated relief valves
(PORV) and pressurizer safety valves are to the pressurizer relief tank inside containment.
Since this does not result in an uncontrolled release to the environment, normal plant opera-
tions can be used for the clean up or discharge of the radioactive contaminants under con-
trolled conditions.

15.3.1.6 Conclusions

Since the DNBR safety analysis limit is not violated in any loss-of-coolant-flow incident,
there is no cladding damage or release of fission products into the reactor coolant. The reac-
tor coolant system pressure remains well below the allowable pressure limits. Therefore,
once the fault is corrected, the plant can be returned to service in the normal manner for par-
tial and complete loss of coolant flow events.

A P-8 permissive setpoint evaluation was performed at EPU conditions. The P-8 permissive
setpoint defines the highest steady state power level at which the reactor can operate with one
RCS loop inactive without violating the N-I core thermal limits. The P-8 evaluation was per-
formed with RETRAN by analyzing one loop in operation at a part power steady state condi-
tion and demonstrating that the DNBR design basis is satisfied. The RETRAN analysis was
performed at 35% power and determined state points that were evaluated and found to satisfy
the DNB limit. Therefore, the DNB design basis is satisfied for partial loss of flow at 35%
power, demonstrating the acceptability of 35% as the P-8 permissive setpoint for EPU.
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15.3.2 LOCKED ROTOR ACCIDENT

15.3.2.1 Description of Event

A transient analysis is performed for the postulated instantaneous seizure of a reactor coolant
pump rotor. Flow through the reactor coolant system is rapidly reduced, leading to a reactor
trip on a low-flow signal. Following the trip, heat stored in the fuel rods is transferred to the
coolant, causing the coolant to heat up and expand. At the same time, heat transfer to the
shell side of the steam generator is reduced: first, because the reduced RCS flow results in a
decreased tube-side film coefficient; second, because the reactor coolant in the tubes cools
down while the shell-side temperature increases (turbine steam flow is reduced to zero upon
plant trip). The rapid expansion of the coolant in the reactor core, combined with the reduced
heat transfer in the steam generator, causes an insurge into the pressurizer and a pressure
increase throughout the reactor coolant system. The insurge into the pressurizer compresses
the steam volume, actuates the automatic spray system, opens the pressurizer power operated
relief valves (PORV), and opens the pressurizer safety valves, in that sequence. The two
pressurizer power operated relief valves (PORV) are designed for reliable operation and
would be expected to function properly during the accident. However, for conservatism, the
pressure-reducing effect of the non-safety pressurizer power operated relief valves (PORV)
and non-safety pressurizer spray are not included.

15.3.2.2 Frequency of Event

The occurrence of a locked rotor accident is extremely unlikely over the life of the plant. The
event can have potentially severe consequences, which includes the possible release of signif-
icant amounts of radioactive material. Consequently, this event is classified as an ANS Con-
dition IV limiting fault (see Section 15.0.8).

15.3.2.3 Event Analysis

Two loops are operating when one of the reactor coolant pump rotors is postulated to seize. If
a consequential loss of offsite power would occur, the feeder breakers from unit auxiliary
transformer 11 would not open until approximately 1 minute after the turbine trip, assuming
no electrical fault conditions exist. Therefore, power to the intact reactor coolant pump
would be maintained during the limiting portion of the transient when the peak clad tempera-
ture occurs. RETRAN analysis of this event does assume a consequential loss of offsite
power with the intact reactor coolant pump being tripped at the time of rod motion (1.0096
seconds into the transient) to provide the most conservative scenario with regards to peak clad
temperature.

15.3.2.3.1 Protective Features

The following protection features are available:

A. Reactor trip is actuated on low flow in two out of three channels in either loop when the
reactor power is above a preset level. The power level (P-8 permissive) is approximately
25% power.
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B. A backup to the low flow trip is provided by an anticipatory trip based on breaker position.
Opening of either reactor coolant pump breaker generates an anticipatory trip when power
is greater than the preset level (P-8 permissive).

C. The pressurizer safety valves open to provide protection against overpressurization of the
reactor coolant system.

D. The main steam safety valves open to provide an additional heat sink and overpressure pro-
tection for the secondary side.

The low flow reactor coolant trip is the only automatic reactor trip credited.

15.3.2.3.2 Sinle Failures Assumed

The limiting single failure is one train of the reactor protection system. The other, operable
train trips the reactor. The main steam and pressurizer safety valves are considered passive
components and do not fail to open on demand.

15.3.2.3.3 Operator Actions Assumed

No operator actions are assumed in the analysis of this event.

15.3.2.3.4 Chronological Description of Event

The event starts with the sudden seizing (locking) of one reactor coolant pump rotor followed
by the immediate reduction in loop flow and reactor trip. The reactor coolant system pressure
and clad temperature increase rapidly reaching maximum values within seconds of the start of
the transient. The transient is analyzed to determine that the peak pressure and clad tempera-
ture are less than the acceptance criteria limits. The sequence of events is given in Table
15.3-3.

15.3.2.3.5 Impact on Fission Product Barriers

Some fuel is postulated to go into DNB for this event. Therefore, clad perforations are
expected with the consequential increase in the release of fission products to the reactor cool-
ant. Although coolant radioactivity concentrations can significantly increase, the analyses
performed here show that gross fuel clad integrity is maintained.

Maximum reactor coolant system pressures are expected to remain less than 120% of the
design pressure allowed by the ASME Boiler and Pressure Vessel Code, Section II. This
limit is applicable to emergency conditions for low probability events. (The locked rotor
accident is classified as an ANS Condition IV limiting fault. Limiting faults in the ASME
Boiler and Pressure Vessel Code have extremely low probabilities with higher allowable
overpressure stresses.) The ability to meet the more conservative 120% limit ensures that the
pressure boundary integrity is maintained for this accident.

No discharge of water from the pressurizer is expected. The capacity of the pressurizer relief
tank is not exceeded, and the pressurizer relief tank maintains its function as a barrier against
the release of fission products from the reactor coolant system.
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15.3.2.4 Reactor Core and Plant System Evaluation

15.3.2.4.1 Input Parameters and Initial Conditions

A. The plant is initially operating at 1817 MWt. Nominal reactor coolant pump heating (3
MWt/pump) is assumed prior to the event.

B. The initial reactor coolant average temperature (500'F) is 4°F higher than the high end of
the TAVG window. The reactor coolant flow is assumed to be 170200 gpm. The initial

pressurizer pressure (2310 psia) is 60 psi higher than nominal, which increases the resulting
pressure rise during the transient. Table 15.0-5 summarizes these initial conditions.

C. A moderator temperature coefficient of zero is assumed consistent with the allowable value
allowed at full power by the Technical Specifications. This results in the minimum reduc-
tion in core power as the moderator temperature rises in the early part of the transient.

D. The reactor trip occurs due to a reactor coolant low flow setpoint at 87% of nominal flow.
A delay time of one second is assumed.

E. A trip reactivity insertion of 3.5% delta k is used to allow for the highest worth rod cluster
control assembly (RCCA) stuck in its fully withdrawn position. In addition, a conservative
rod worth versus position characteristic and rod drop time are used to minimize the nega-
tive reactivity insertion following reactor trip.

F. The pressurizer safety valve opening pressure of 2599.4 psia includes a positive 3% toler-
ance and a 1% setpoint drift due to the loop seal. A 0.8 second time delay in opening after
reaching the setpoint accounts for the time required to purge the water from the loop seal.

The total capacity of the pressurizer safety valves is 19.4ft3/sec.

G. No credit is taken for the pressure-reducing effect of the pressurizer power operated relief
valves (PORV), pressurizer spray, steam dump, or controlled feedwater flow after the plant
trip. Operation of these features would result in a lower predicted peak system pressure.

H. Steam generator plugging level of 10% is assumed, although not a significant contributor to
the results.

15.3.2.4.2 Method of Analysis

For this accident analysis, DNB is assumed to occur in the core. The consequences of fuel
rod thermal transients are analyzed to determine upper limits on cladding temperature and zir-
conium-water reaction at the hot spot location. The rod power at the hot spot is taken as 2.6
times the average rod power (FQ = 2.6) at the initial core power level. A transient analysis is

also performed to determine the peak pressure in the reactor coolant system during the acci-
dent.

Two computer codes are used. RETRAN is used to calculate the reactor coolant loop and
core flow transients following the pump seizure, the time of reactor trip based on loop flow
transients, the nuclear power, and the peak pressure. The thermal behavior of the fuel at the
core hot spot is investigated using is VIPRE, which uses the core flow and nuclear power cal-
culated by RETRAN. RETRAN and VIPRE are described in Section 15.0.7. Specific meth-
ods used to analyze fuel cladding behavior are described below.

Page 166 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

Film-Boiling Coefficient

The film-boiling coefficient is calculated by VIPRE using the Bishop-Sandberg-Tong film-
boiling correlation. The fluid properties are evaluated at the film temperature, which is the
average of the wall and bulk coolant temperatures. The program calculates the film coeffi-
cient at every time step, based on the actual heat transfer conditions at the time. The neutron
flux, system pressure, bulk density, and mass flow rate used as inputs are based on the RET-
RAN results.

The initial values of the pressure and the bulk density are used throughout the transient since
they are conservative for evaluating the cladding temperature response. For conservatism,
DNB is assumed to start at the beginning of the accident.

Fuel Clad Gap Coefficient

The magnitude and the time dependence of the heat transfer coefficient between fuel and clad
(gap coefficient) have an important influence on the thermal results. The larger the value of
the gap coefficient, the more heat is transferred between the pellet and the clad. Based on
investigations of the effect of the gap coefficient on the maximum clad temperature during the
transient, the gap coefficient is assumed to increase from a steady-state value consistent with

the initial fuel temperature to 10,000 Btu/hr-ft2-°F at the initiation of the transient. Thus, the
large amount of energy stored in the fuel because of the small initial gap coefficient is
released to the clad at the beginning of the transient.

Zirconium-Steam Reaction

The zirconium-steam reaction can be significant above a clad temperature of 1800'F. The
Baker-Just parabolic rate equation shown below is used to define the rate of the zirconium-
steam reaction:

d(w 2)/dt = 33.3 x 106 exp (-45500/1.986T)

where: w = amount reacted (mg/cm2)

t = time (seconds)

T = temperature (Kelvin)

The heat of reaction is 1510 cal/g, and is included in the calculation of the hot spot tempera-
ture transient.

15.3.2.4.3 Acceptance Criteria

The guidelines set down in the ANS safety criteria in Section 15.0.8 are general due to the
inherent severity of Condition IV events. The specific licensing basis acceptance criteria
used to meet these guidelines for the reactor coolant pump locked rotor accident are:

A. The primary system pressure must remain below 120% of the primary design pressure.

B. The fuel cladding temperature must remain below 2700'F.

C. The local zirconium-water reaction must remain below 16% by weight.
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15.3.2.4.4 Results

The sequence of events is shown in Table 15.3-3. Rod motion is assumed to begin 1 second
after the flow in the affected loop decreases to 87% of nominal flow. The flux is rapidly
reduced by the control rod insertion effect. Peak reactor coolant system pressure and clad-
ding temperature occur within the first 10 seconds of the accident.

Figure 15.3-8 shows the loop flow and reactor coolant system pressure transients. The pres-
surizer pressure response is shown in Figure 15.3-8. The maximum pressure in the reactor
coolant system is at the discharge of the reactor coolant pump, which is also shown in Figure
15.3-8. The peak pressure can be considered an upper limit since the assumptions used in the
analysis are conservative. Figure 15.3-9 shows the nuclear power and core flow transients.
The heat flux and clad temperature transients are given in Figure 15.3-10. The results of
these calculations are summarized in Table 15.3-2.

15.3.2.5 Radiological Consequences

As part of the Control Room Emergency Air Treatment System (CREATS) modification, the
control room dose was reanalyzed because of the new system configuration. For consistency,
new x/Q values and off-site doses were also analyzed. Reference 5 is now considered to be
the Locked Rotor (LR) dose analysis of record. The analysis was performed using the alter-
nate source term (AST) per 10 CFR 50.67 and Re/ernece 6. The new methodology and anal-
ysis was approved by the NRC in Reference 7 as supplemented by Reference 8. The
assumptions used in the analysis are summarized in Table 15.3-4 and the results are contained
in Table 15.3-5.

15.3.2.6 Conclusions

There is no loss of reactor coolant system integrity since the peak reactor coolant system pres-
sure is less than 120% of the design pressure.

The peak clad surface temperature calculated for the hot spot during the transient remains
considerably less than 2700'F, and the degradation due to the zirconium-water reaction is
small. There is no consequential loss of core cooling capability, and the core remains in place
and intact.
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Table 15.3-1
TIME SEQUENCE OF EVENTS FOR LOSS OF REACTOR COOLANT FLOW

Case Event

A. Complete loss of forced reactor
coolant flow (undervoltage)

B. Partial loss of reactor coolant flow
(two loops operating, one pump
coasting down)

C. Complete loss of forced reactor
coolant flow (underfrequency)

Both operating pumps lose power
and begin coasting down

Reactor coolant pump undervolt-
age trip point reached

Rods begin to drop

Minimum DNBR occurs

Maximum Primary Pressure occurs

Coastdown begins

Low flow reactor trip

Rods begin to drop

Minimum DNBR occurs

Frequency decay begins (5 Hz/
sec.)

Underfrequency reactor trip set-
point reached

Rods begin to drop

Minimum DNBR occurs

Maximum Primary Pressure occurs

Time of Each
Event (sec)

0

0

1.5

2.9

3.4

0

1.6

2.6

3.6

0

0.6

2.0

3.4

4.6
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Table 15.3-2
SUMMARY OF LIMITING RESULTS FOR LOCKED ROTOR ACCIDENT

Maximum reactor coolant system pressure (psia) 2782

Maximum cladding temperature at core hot spot (°F) 1925

Zirconium-water reaction at core hot spot (% by weight) 0.53
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Table 15.3-3
TIME SEQUENCE OF EVENTS FOR LOCKED ROTOR INCIDENT

Event

Rotor on One Pump Locked or the Shaft Breaks

Low Flow Reactor Trip Setpoint Reached

Rods begin to drop

Remaining Pump Loses Power and Begins to Coastdown

Maximum clad average temperature occurs

Maximum RCS Pressure Occurs

Time of Maximum Clad Oxidation

Time (sec)

0.0

0.096

1.096

1.096

3.08

3.95

10.0
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Table 15.3-4
LR Dose Analysis Assumptions

Parameter Value

Reactor power, MWt 1811

Failed Fuel, % 50

Initial reactor coolant activity, pre-accident
iodine spike

iodine pCi/gm of D.E. 1-131 60
noble gas fuel defect level, % 1.0

Initial secondary coolant iodine activity, iCi/ 0.1
gm of D.E. 1-131

Primary-to-secondary leakage (post accident)
to SGs

Leak rate (cold conditions) per SG, gpd 500
Duration of leakage, hours 8

Mass of primary coolant, gm 1.28 x 108

Initial mass of secondary coolant in 2 SGs, gm 7.72 x 107

Steam Releases (2 SGs), lb
0-2 hr. 210,300
2-8 hr. 484,500

Steam generator iodine partition coefficients
(mass-based)

elemental 100
organic 1

Iodine fractions in the reactor coolant and SG
water

elemental iodine 0.97
organic iodide< 0.03

Atmospheric dispersion X/Q sec/mi3

EAB 0-2 hr 2.17E-4
LPZ 0-8 hr 2.51E-5

Breathing rate m3/sec
EAB & LPZ

0-8 hr 3.47E-4
8-24 1.75E-4
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Table 15.13-5
RESULTS FOR LOCKED ROTOR

EAB MAX - 2 HR LPZ, 8 hr

rem TEDE rem TEDE

Elemental Iodide 4.76E-1 1.33E-1

Organic Iodide 4.30E-1 1.61 E- I

Noble gas 2.5 IE-I 5.87E-2

Total 1.16 3.53E-1

Acceptance Criteria 2.5 2.5
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Figure 15.3-1 Full Loss of Flow (Undervoltage), Nuclear Power and RCS Flow Versus Time
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Figure 15.3-la Full Loss of Flow (Underfrequency), Nuclear Power and RCS Flow Versus Time
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Figure 15.3-2 Full Loss of Flow (Undervoltage),

Versus Time
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Figure 15.3-2a Full Loss of Flow (Underfrequency), Core Average and Hot Channel Heat Flux

Versus Time
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Figure 15.3-3 Full Loss of Flow (Undervoltage), RCS Pressures and DNBR Versus Time
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Figure 15.3-3a Full Loss of Flow (Underfrequency), DNBR and Reactor Coolant System Pres-

sures Versus Time
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Figure 15.3-4 Partial Loss of Flow, Nuclear Power and RCS Flow Versus Time
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Figure 15.3-5 Partial Loss of Flow, RCS Pressures and RCS Loop Flows Versus Time
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Figure 15.3-6 Partial Loss of Flow, Core Average and Hot Channel Heat Flux Versus Time
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Figure 15.3-7 Partial Loss of Flow, DNBR Versus Time
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Figure 15.3-8 Locked Rotor, RCS Pressures and RCS Loop Flows Versus Time
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Figure15.3-9 Locked Rotor, Nuclear Power and RCS Flow Versus Time
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Figure 15.3-10 Locked Rotor, Core Average Heat Flux and Cladding Inside Temperature Versus

Time
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15.4 REACTIVITY AND POWER DISTRIBUTION ANOMALIES

15.4.1 UNCONTROLLED ROD CLUSTER CONTROL ASSEMBLY WITHDRAWAL
FROM A SUBCRITICAL CONDITION

15.4.1.1 Description of Event

A rod cluster control assembly (RCCA) withdrawal incident is defined as an uncontrolled
addition of reactivity to the reactor core by withdrawal of RCCAs resulting in a power excur-
sion. While the probability of a transient of this type is low, such a transient could be caused
by a malfunction of the reactor control or RCCA drive systems. This could occur with the
reactor subcritical or at power. The "at power" case is discussed in Section 15.4.2.

RCCA withdrawal is used to bring the reactor from a shutdown condition to a low power
level during startup. Although the initial startup procedures with a clean core use the method
of boron dilution, normal startup is by withdrawal of RCCAs. RCCA motion can cause much
faster changes in reactivity than can be made by changing boron concentration.

The RCCA drive mechanisms are wired into pre-selected groups which are not altered during
core life. These circuits prevent the RCCAs from being withdrawn in other than their respec-
tive groups. Power supplied to the rod groups is controlled such that no more than two groups
can be withdrawn at the same time. The RCCA drive mechanism is of the magnetic latch
type, and the coil actuation is sequenced to provide variable speed rod travel. The maximum
reactivity insertion rate analyzed assumes the simultaneous withdrawal of the combination of
the two RCCA groups having the maximum combined worth at maximum speed.

The neutron flux response to a continuous reactivity insertion is characterized by a very fast
rise terminated by the negative reactivity feedback of the doppler effect. This self-limiting
effect is important since it limits the power to a tolerable level during the delay before protec-
tive actions are performed.

15.4.1.2 Frequency of Event

The uncontrolled RCCA withdrawal from subcritical condition is classified as an ANS Con-
dition II event of moderate frequency. Section 15.0.8 discusses Condition II events.

15.4.1.3 Event Analysis

The effects of an uncontrolled reactivity insertion from a subcritical condition are analyzed
with an extremely low core power at hot zero power temperature conditions. The reactivity
insertion rate used is greater than that for the simultaneous withdrawal of two control banks.
The insertion rate and initial conditions bound other zero power Condition II events consid-
ered in Chapter 15.

15.4.1.3.1 Protective Features

The following reactor trip system (RTS) design features provide protection for this event:

A. Reactor trip is actuated by the source range neutron flux trip signal when either of two inde-
pendent source range channels indicates a flux level above a pre-selected, manually adjust-
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able setpoint. This trip function may be manually bypassed when either of the intermediate
range neutron flux channels indicates a flux (P-6 permissive) above the source range cutoff
power level. It is automatically reinstated when both intermediate range channels indicate a
flux level below the source range cutoff power level.

B. Reactor trip is actuated by the intermediate range neutron flux trip signal when either of
two independent intermediate range channels indicates a flux above a pre-selected, manu-
ally adjustable setpoint. This trip function may be manually bypassed when two of the four
power range channels are reading above approximately 8% power (P-10 permissive). The
trip function is automatically reinstated when three of the four channels indicate a power
level below this value.

C. Reactor trip is actuated by the power range neutron flux (low setting) trip signal when two
out of the four power range channels indicate a power level above approximately 25%.
This trip function may be manually bypassed when two of the four power range channels
indicate a power level above approximately 8% power (P-I10 permissive). The trip function
is automatically reinstated when three of the four channels indicate a power level below this
value.

D. Reactor trip is actuated by the power range neutron flux (high setting) trip signal when two
out of the four power range channels indicate a power level above a preset setpoint. This
trip function is always active.

This analysis credits the power range flux trip (low setting) for initiating the reactor trip.

15.4.1.3.2 Single Failures Assumed

No single failure in the power range flux instrumentation channels or the trip actuation logic
trains prevent the reactor trip system (RTS) from performing its protective function.

15.4.1.3.3 Operator Actions Assumed

No operator actions are credited in the analysis.

15.4.1.3.4 Chronological Description of Event

The event starts with the RCCA withdrawal insertion rate of 75 pcm/sec. The sequence of
events including times for peak neutron and heat fluxes, reactor trip, minimum departure
from nucleate boiling ratio (DNBR), and peak fuel temperatures are tabulated in Table 15.4-1.

15.4.1.3.5 Impact on Fission Product Barriers

The DNBR remains greater than the safety analysis limit, and the cladding maintains its
integrity as a fission product barrier. No additional fuel cladding failures to those assumed
during normal operation are expected.

15.4.1.4 Reactor Core and Plant System Evaluation

15.4.1.4.1 Input Parameters and Initial Conditions

A. The reactor is at hot zero power with the reactor coolant system at the no load TAVG (5470F)

temperature.
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This condition is more conservative than a lower initial system temperature. The higher
initial system temperature yields a larger fuel-water heat transfer coefficient, larger specific
heats, and a less negative (smaller absolute magnitude) doppler coefficient, all of which
tend to reduce the doppler feedback effect and increase the resultant peak neutron flux.

B. The initial effective multiplication factor (KEFF) is 1.0. This condition maximizes neutron

flux peaking and results in the most severe nuclear power transient.

C. The initial power level (10-9 of nominal power) is below the power level expected for any
shutdown condition.

D. The maximum positive reactivity insertion rate is (75 pcm/sec) which is greater than that
for the simultaneous withdrawal of the combination of the two control banks having the
greatest combined worth at maximum speed. The combination of highest reactivity inser-
tion rate and lowest initial power produces the highest peak heat flux.

E. The power peak is strongly dependent on the doppler coefficient for any given reactivity
insertion rate. Therefore, conservative (low absolute) values of the doppler coefficient as a
function of temperature are used to maximize the nuclear power peak in the early part of the
transient.

F. A positive moderator temperature coefficient of +5.0 pcm/°F at zero power is used to maxi-
mize the peak heat flux.

The contribution of the moderator reactivity coefficient is negligible during the initial part
of the transient because the heat transfer time between the fuel and the moderator is much
longer than the nuclear flux response time. After the initial nuclear flux peak, however, the
succeeding rate of power increase is affected by the moderator reactivity coefficient.

G. The reactor trip occurs due to the power range neutron flux (low setting) trip with an
assumed setpoint of 35% of nominal. A delay time of 0.5 seconds is assumed.

The setpoint and delay conservatively account for setpoint errors, and actuation and RCCA
release delays. Previous results, however, show that the rise in the neutron flux is so rapid
that the effects of setpoint errors on the time the RCCAs are released are negligible.

H. The reactor trip insertion characteristic is based on the assumption that the highest worth
RCCA is stuck in its fully withdrawn position.

1. The most limiting axial and radial power shapes, associated with having the two highest
combined worth sequential banks in their highest worth position are assumed.

J. One reactor coolant pump is assumed to be in operation. The low initial flow minimizes the
DNBR during the transient.

K. Cases were analyzed for both the 422V+ and the OFA Westinghouse fuel products. The
results of the 422V+ fuel case are presented herein since the results of both cases are simi-
lar. Further, neither case threatens to challenge the minimum DNBR limit and peak fuel
centerline temperature limit.

L. The Standard Thermal Design Procedure (STDP) is used in the analysis to determine the
minimum DNBR. Since the event is analyzed from hot zero power conditions, the steady
state non-RTDP uncertainties are not applied to the analysis initial conditions.
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15.4.1.4.2 Methodology

The analysis is performed in three stages: first, an average core nuclear power transient cal-
culation; second, an average core heat transfer calculation; third, a DNBR calculation. The
average nuclear power calculation is performed using a spatial neutron kinetics code, TWIN-
KLE (ReJerence 5), to determine the average power generation with time including the vari-
ous total core feedback effects, i.e., doppler and moderator reactivity. In the second stage,
FACTRAN (Reference 7) is used to calculate the thermal heat flux transient based on the
nuclear power transient calculated by TWINKLE. FACTRAN also calculates the fuel and
clad temperatures. In the final stage, the average heat flux is next used in VIPRE-O 1 (Refer-
ence 1) for calculation of the transient DNBR. The computer codes are described in Section
15.0.7.

15.4.1.4.3 Acceptance Criteria

General acceptance criteria appropriate for this are:

A. An incident of moderate frequency (a Condition I1 event) should not generate a more seri-
ous plant condition without other incidents occurring independently.

B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.

C. Fuel integrity should be maintained by ensuring that the centerline fuel temperature is less
than its melting temperature.

The peak RCS pressure must remain less than 110% of the design pressure throughout the
transient.

Criteria A and B are explicitly evaluated in the analysis. The primary acceptance criterion is
that the minimum DNBR remains greater than the safety analysis DNBR limit defined in Sec-
tion 4.4. With respect to criterion C, overpressurization of the RCS is not the main concern in
this analysis. This is based on the fact that the total amount of excess energy deposited in the
reactor coolant is relatively small. It can be shown that the pressure transient is much less
severe than the limiting ANS Condition I1 overpressurization event, a loss of external electri-
cal load/turbine trip. Thus, the pressure transient is not explicitly analyzed for this event.

15.4.1.4.4 Results

The calculated sequence of events is shown in Table 15.4-1. Figures 15.4-1 and 15.4-2 show
the transient behavior for the indicated reactivity insertion rate with the accident terminated
by reactor trip at 35% nominal power. This insertion rate is greater than that for the two high-
est worth control banks, both assumed to be in their highest incremental worth region. Figure
15.4-1 shows the neutron power transient.

The energy release and the fuel temperature increases are relatively small. The thermal flux
response, of interest for DNB considerations, is also shown in Figure 15.4-1. The beneficial
effect on the inherent thermal lag in the fuel is evidenced by a peak heat flux less than the
full-power nominal value. There is a large margin to DNB during the transient since the rod
surface heat flux remains below the design value, and there is a high degree of subcooling at
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all times in the core. Figure 15.4-2 shows the response of the hot spot average fuel and clad-
ding temperature. The average fuel temperature increases to a value lower than the nominal
full power value.

The minimum DNBR at all times remains above the safety analysis limit. The calculated
sequence of events for this accident is shown in Table 15.4-1. With the reactor tripped, the
plant returns to a stable condition. The plant may subsequently be cooled down further by
following normal plant shutdown procedures.

15.4.1.5 Radiological Evaluation

An evaluation of radiological consequences is not performed since no fuel or cladding fail-
ures occur. Radiological consequences are negligible since fuel and clad temperatures are less
than nominal full power conditions.

15.4.1.6 Conclusions

No fuel or clad damage occurs. The core and the reactor coolant system are not adversely
affected since the DNBR remains well above the safety analysis limit.

15.4.2 UNCONTROLLED ROD CLUSTER CONTROL ASSEMBLY WITHDRAWAL AT
POWER

15.4.2.1 Description of Event

An uncontrolled rod cluster control assembly (RCCA) withdrawal at power causes an
increase in core heat flux. Since the heat extraction from the steam generator lags behind the
core heat generation rate until the steam pressure reaches the relief or safety value setpoint,
there is a net increase in reactor coolant temperature. Unless terminated by manual or auto-
matic action, this power mismatch and resultant coolant temperature rise would eventually
result in a departure from nucleate boiling (DNB). To prevent the possibility of damage to the
cladding, the reactor trip system (RTS) is designed to terminate any such transient with an
adequate margin to DNB.

15.4.2.2 Frequency of Event

The uncontrolled RCCA withdrawal at power is classified as an ANS Condition II event of
moderate frequency. Section 15.0.8 discusses Condition II events.

15.4.2.3 Event Analysis

The analysis of the DNB during rod withdrawal accidents is performed for a wide range of
conditions. The plant is analyzed at 10%, 60% and 100% thermal power with reactivity inser-
tion rates from approximately one pcm/sec to 100 pcm/sec. The extremes of moderator and
doppler feedback effects are incorporated into maximum and minimum feedback cases. In
addition, reactor and reactor coolant system (RCS) transient responses (including neutron
flux, TAVG, pressure, and DNBR) are shown for representative rapid (100 pcm/sec) and grad-

ual (5 pcm/sec) reactivity insertion cases.
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15.4.2.3.1 Protective Features

The following design features provide protection for this event:

A. Reactor trip is actuated by a power range neutron flux trip signal if any two-out-of-four
channels exceed neutron flux setpoints. High and low setpoints are used depending on
whether the reactor thermal power is greater or less than approximately 8% (P-10 permis-
sive).

B. Reactor trip is actuated if any two-out-of-four delta T channels exceed an overtemperature
delta T setpoint. The setpoint is automatically varied with axial power imbalance, coolant
temperature, and pressurizer pressure to protect against DNB.

C. Reactor trip is actuated on high pressurizer pressure to protect against overpressure of the
reactor coolant system. Credit for this function is not taken in the analysis of the DNB
cases.

D. Pressurizer safety valves may open to provide protection against overpressure of the reac-
tor coolant system.

E. Main steam safety valves (MSSVs) may open for this event and provide an additional heat
sink.

Additional protection is provided by the overpower delta T and the pressurizer water high
level reactor trip signals which are not credited in this analysis.

15.4.2.3.2 Single Failures Assumed

No single failure in the reactor trip system will prevent the protective action credited in this
analysis. The safety valves are considered passive components and are assumed not to fail to
open on demand. A single failure in one train of the reactor trip system is considered the lim-
iting failure.

15.4.2.3.3 Operator Actions Assumed

No operator actions are credited in the analysis.

15.4.2.3.4 Chronological Description of Event

The event starts with the RCCA bank withdrawal followed by reactor trip and occurrence of
the minimum DNBR. The typical sequences of events, as demonstrated by two representa-
tive cases with rapid and gradual RCCA withdrawal rates, are shown in Table 15.4-2.

15.4.2.3.5 Impact on Fission Product Barriers

The DNBR remains greater than the DNBR safety analysis limit. No additional fuel cladding
failures relative to those assumed during normal operation are anticipated. The reactor cool-
ant system (RCS) pressure limits are not exceeded. The cladding and RCS pressure boundary
maintain their integrity as fission product barriers.
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No discharge of water from the pressurizer is expected. The capacity of the pressurizer relief
tank is not exceeded, and the discharged activity in the steam relief is contained ensuring con-
trol of radioactive materials.

15.4.2.4 Reactor Core and Plant System Evaluation

15.4.2.4.1 Input Parameters and Initial Conditions

DNB Case

A. Theinitial reactor thermal power, reactor coolant pressure, and reactor coolant tempera-
tures are at nominal values. The reactor coolant average temperature is at the maximum
end of the TAVG window (576.0°F) for the full power cases. Table 15.0-8 summarizes these
initial conditions including TAVG values assumed for the 10% and 60% power cases.

B. Minimum and maximum reactivity feedback conditions are analyzed. For minimum nega-
tive feedback, a positive (+5 pcm/0 F) moderator temperature coefficient is assumed for
cases initialized below 70% power corresponding to the beginning of core life. For mini-
mum reactivity feedback cases initialized at 100% power, a zero moderator temperature
coefficient is assumed. A variable doppler power coefficient with core power is used in the
analysis. A conservatively small (in absolute magnitude) value is assumed (see Figure
15.0-2).

For maximum negative feedback, a conservatively large positive moderator density coeffi-
cient and a large (in absolute magnitude) negative doppler power coefficient are assumed.

C. The maximum positive reactivity insertion rate is greater than that for the simultaneous
withdrawal of the two control banks having the maximum combined worth at maximum
speed.

D. The RCCA trip insertion characteristic is based on the assumption that the highest worth
RCCA is stuck in its fully withdrawn position.

E. The reactor is tripped on high neutron flux or overtemperature delta T. Instrumentation set-
points with maximum delay times are included in Table 15.0-5.

F. Uniform steam generator tube plugging level of 10% is assumed.

RCS Pressure Case

A. The initial NSSS power is set to 8% (10% indicated minus 2% uncertainty) of the nominal
power level. Minimum (2190 psia) and maximum (2310 psia) reactor coolant system pres-
sures are analyzed. The initial reactor coolant average temperature is set to a value
(553.9°F) corresponding to the indicated power level of 10%.

B. Minimum reactivity feedback conditions are analyzed. For minimum negative feedback, a
positive (+5 pcm/°F) moderator temperature coefficient is assumed, corresponding to the
beginning of core life and the power level assumed. A variable Doppler power coefficient
with core power is used in the analysis. A conservatively small (in absolute magnitude)
value is assumed (see Figure 15.0-2).
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C. The maximum positive reactivity insertion rate is greater than that for the simultaneous
withdrawal of the two control banks having the maximum combined worth at maximum
speed.

D. The RCCA trip insertion characteristic is based on the assumption that the highest worth
RCCA is stuck in its fully withdrawn position.

E. The reactor is tripped on high pressurizer pressure or high neutron flux. Instrumentation
setpoints with maximum delay times are included in Table 15.0-5.

F. Uniform steam generator tube plugging of 10% is assumed.

15.4.2.4.2 Methodology

This event is analyzed using RETRAN. This computer code simulates the neutron kinetics,
reactor coolant system, pressurizer, pressurizer relief and safety valves, pressurizer'spray,
steam generator, and main steam safety valves. The code computes pertinent plant variables
including temperatures, pressures, and power level. RETRAN is described in Section
15.0.7.2.

DNB Case

The core limits, as illustrated in Figure 15.0-1, are used as input to RETRAN to determine the
minimum DNBR during the transient. The DNBR is based on core limits originally deter-
mined using the Revised Thermal Design Procedure (Reference 3). Allowances for uncer-
tainties in the initial conditions are included in the predicted DNBR when using this method.

The effect of RCCA movement skewing the axial power distribution is normally accounted
for in the overtemperature delta T setpoint. A compensating term, which is a function of the
axial neutron flux difference, decreases the setpoint proportional to a decrease in the margin
to DNB. The axial neutron flux difference compensation is not explicitly included in the
accident analysis overtemperature setpoint calculation (see Table 15.0-6). This exclusion
causes a larger delta T to develop prior to satisfying the overtemperature delta T trip setpoint
conditions. The accident analysis trip occurs later than the corresponding plant trip for the
same conditions, which results in a more conservative (lower) prediction of the minimum
DNBR.

RCS Pressure Case

The Revised Thermal Design Procedure is not required for the RCS Pressure cases, and the
uncertainties associated with the initial conditions are applied in conservative directions (Sec-
tion 15.0.1).

15.4.2.4.3 Acceptance Criteria

General acceptance criteria appropriate for this Condition II event are:

A. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.

B. Fuel integrity should be maintained by ensuring that the centerline fuel temperature is less
than its melting temperature.
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C. An incident of moderate frequency should not generate a more serious plant condition with-
out other incidents occurring independently.

The primary acceptance criterion is that the reactor trip system terminates the transient before
the DNBR decreases below the safety analysis DNBR limit defined in Section 4.4. Reactor
trip must also terminate the transient before the pressurizer overfills due to heat up and expan-
sion of the reactor coolant. Overfilling must be prevented since water discharges from the
pressurizer could exceed the capacity of the pressurizer relief tank and cause a more severe
plant condition than the initiating Condition II event.

15.4.2.4.4 Results

DNB Case

The plant response to a rapid (100 pcm/sec) RCCA withdrawal incident starting at full power
with minimum feedback is shown in Figures 15.4-3 through 15.4-5. Reactor trip on high
neutron flux occurs shortly after the start of the accident. Since the flux transient is rapid with
respect to the thermal time constants of the plant, small changes in TAVG and pressure result,

and a large margin to DNB is maintained.

The plant response for a slower (5 pcm/sec) RCCA withdrawal rate at full power with maxi-
mum feedback is shown in Figures 15.4-6 through 15.4-8. Reactor trip on overtemperature
AT occurs after a longer period and the rise in temperature and pressure is consequently larger
than for rapid control rod assembly withdrawal. Again, the minimum DNBR is greater than
the safety analysis limit.

The calculated sequences of events at full power for the rapid and gradual RCCA withdrawal
incidents are given in Table 15.4-2.

Figure 15.4-9 shows the minimum DNBR as a function of reactivity insertion rate at full
power for the minimum and maximum reactivity feedback cases. It can be seen that the high
neutron flux and overtemperature delta T trip channels provide protection over the whole
range of reactivity insertion rates. The minimum DNBR is never less than the safety analysis
limit.

Figures 15.4-10 and 15.4-11 show the minimum DNBR as a function of reactivity insertion
rate for RCCA withdrawal incidents starting at 60% and 10% power respectively. The results
are similar to the 100% power case, except that as the initial power is decreased, the range
over which the overtemperature delta T trip is effective is increased. In neither case does the
DNBR fall below the DNBR safety analysis'limit.

In Figures 15.4-9 through 15.4-11, the shape of the curves of minimum DNBR versus reactiv-
ity insertion rate are due to the reactor and reactor coolant system (RCS) transient responses
and the resulting reactor trip system (RTS) protective trips.

Figure 15.4-11 is illustrative of the plant's DNBR response. With respect to the minimum
reactivity feedback curve, reactor trip is initiated by the high neutron flux trip for high reac-
tivity insertion rates (ranging between approximately 100 pcm/sec and 24 pcm/sec). The
neutron flux level in the core rapidly rises for these insertion rates, while core heat flux and
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coolant temperature lag due to the thermal capacity of the fuel and the reactor coolant system
(RCS) fluid. The reactor is tripped before significant increases in heat flux or coolant temper-
ature occur, which results in higher minimum DNBRs during the transient. As the reactivity
insertion rate decreases within this range, the core heat flux and coolant temperatures are
more nearly in equilibrium with the neutron flux and the minimum DNBR decreases. With a
further decrease in reactivity insertion rate (at approximately 24 pcm/sec), the overtempera-
ture delta T and high neutron flux trips become equally effective in terminating the transient.
At lower insertion rates (less than 24 pcm/sec), the effectiveness of the overtemperature delta
T trip increases and the minimum DNBR values become greater. The average temperature
contribution is lead-lag compensated in the overtemperature delta T circuit in order to offset
piping and thermal capacity effects during power increases. With the lower insertion rates,
the power increase rate and coolant average temperature rise are both slower, and the lead-lag
compensation can increasingly account for the reactor coolant system's thermal lag.

For the maximum reactivity feedback curve in Figure 15.4-11, the rise in reactor coolant tem-
perature is high enough to cause the main steam safety valve (MSSV) setpoint to be reached
before trip. Opening the MSSVs, which act as an additional heat load on the RCS, sharply
decreases the rate of rise of the RCS average temperature. The decreased rate of measured
temperature rise is accentuated by the lead-lag compensation, causing the overtemperature
delta T trip setpoint to be reached later, resulting in lower minimum DNBRs.

The plant response to the RCCA withdrawal incident, which is limiting (insertion rate of 55
pcm/sec) with respect to RCS pressure concerns, is shown in Figures 15.4-20 and 15.4-21.
Reactor trip on high pressurizer pressure occurs shortly after the start of the accident. After
reactor trip, the pressure transient turns around prior to reaching the safety analysis limit.

15.4.2.5 Radiological Evaluation

There are no additional fuel failures or releases of activity from the primary side. Discharge
of secondary coolant steam activities from the atmospheric relief valves (ARVs) or MSSVS
may occur for this event. The doses to unrestricted areas are minor and only a small fraction
of 10 CFR 50.67 guidelines.

15.4.2.6 Conclusions

The power range neutron flux and overtemperature delta T trip channels provide adequate
protection over the entire range of reactivity insertion rates. These trips ensure that the
DNBR is always greater than the safety analysis limit. For very slow transients, the pressur-
izer water high level channels will cause a reactor trip before the overtemperature delta T trip
channels to prevent the pressurizer from overfilling and becoming water solid.

15.4.3 STARTUP OF AN INACTIVE REACTOR COOLANT LOOP

15.4.3.1 Description of Event

Operation of the plant with an inactive loop causes reversed flow through the inactive loop
due to the pressure difference across the reactor vessel. The cold leg temperatures of the inac-
tive and active loops are equal. If the reactor is operated at power with an inactive loop and
with the secondary side of the inactive steam generator unisolated, there is a temperature drop
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across the steam generator in the inactive loop. With the reverse flow, the hot leg temperature
of the inactive loop is lower than the core inlet temperature. The re-start of the idle reactor
coolant pump, without bringing the loop temperature closer to the average temperature,
would result in the injection of cooler water into the core. Since the moderator temperature
coefficient can be negative, the resulting feedback can cause a subsequent increase in reactor
power.

15.4.3.2 Frequency of Event

Startup of an inactive reactor coolant loop is classified as an ANS Condition II event of mod-
erate frequency. Section 15.0.8 discusses Condition 11 events.

15.4.3.3 Event Analysis

The plant is analyzed at 8.5% of full power since operation above this power with one inac-
tive loop is prohibited by the plant Technical Specifications. The analysis is performed using
conservative assumptions to demonstrate that the resulting power transient due to startup of
the inactive reactor coolant pump is neither severe nor requires a trip of the reactor.

This event was not re-analyzed as the result of changes due to the 18 month fuel cycle (see
Section 15.4.3.4.5).

15.4.3.3.1 Protective Features

The power range neutron flux (low setting) trip provides protection against a positive reactiv-
ity excursion from low power conditions such as this event. The reactor trip system (RTS) is
actuated when two out of the four power range channels indicate a power level above approx-
imately 25%.

The power range neutron flux (low setting) setpoint used in safety analysis (35% power) is
greater than the maximum power conditions for this event; therefore, specific RTS protective
actions are not credited in the analysis.

15.4.3.3.2 Single Failures Assumed

No single failure in the power range neutron flux instrumentation channels or the trip actua-
tion logic trains prevents the RTS from performing a protective function.

15.4.3.3.3 Operator Actions Assumed

No operator actions are credited in this analysis.

15.4.3.3.4 Chronological Description of Event

The plant is initially at steady state, low power conditions with one reactor coolant pump run-
ning. The second reactor coolant pump is started. Reactor coolant flow instantaneously
increases to nominal full flow conditions. The resulting power transient, due to the introduc-
tion of the cooler reactor coolant, is analyzed for approximately forty seconds during which
time the power peaks and the reactor returns to a stable condition.
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15.4.3.3.5 Impact on Fission Product Barriers

The DNBR remains greater than the 95/95 DNBR limit for the limiting fuel rods. Reactor
coolant system (RCS) pressure is expected to remain near nominal values. The cladding and
RCS pressure boundary maintain their integrity as fission product barriers.

15.4.3.4 Reactor Core and Plant System Evaluation

15.4.3.4.1 Input Parameters and Initial Conditions

A. The plant is operating at a low power level of 130 MWt with one reactor coolant pump run-
ning.

B. A high heat transfer coefficient between the primary and secondary system is used for the
inactive loop. This condition causes the temperature of the water in the inactive loop from
the steam generator plenum to the reactor exit plenum to be essentially at the saturation
temperature on the secondary side.

C. The core power to flow ratio is taken to be constant at the normal loop operational value.

D. The secondary side pressure corresponds to the above core power.

E. The cold leg of the active loop is conservatively 20OF greater than the hot leg of the inactive
loop, which is at the steam generator saturation temperature at the beginning of the tran-
sient. The actual temperature difference is smaller since the reactor is operating at power.

F. On starting, the idle pump accelerates to full flow instantaneously, i.e., no slip, and the time
to accelerate the pump and coolant is zero.

G. The delay before the slug of cold coolant reaches the inlet to the reactor core is taken as 4.0
seconds. The slug lasts 15 seconds. The cold water entering the reactor plenum chamber is
assumed to mix with the water coming from the active loop.

H. A low doppler coefficient of- 1.0 pcm/°F is assumed in order to minimize the negative reac-
tivity feedback from the fuel with increasing power and fuel temperature.

1. A maximum negative moderator coefficient of-35 pcm/0 F is assumed. This assumption
conservatively maximizes the reactivity feedback resulting from the introduction of cooler
moderator into the core.

J. The coolant temperature exiting from both steam generators is the same after the cold water
slug.

15.4.3.4.2 Methodology

This analysis uses an analog simulation of the plant to determine the transient response to the
introduction of cooler coolant and increased flow to the core.

A detailed DNB analysis is not performed. Instead, an adequate DNBR is demonstrated by
verifying that the core response (TAVG, pressurizer pressure and reactor power) does not
exceed the reactor core safety limits defined in the Technical Specifications. This approach is
used since the core power is appreciably below the setpoint (35% typically in safety analyses)
for the power range neutron flux (low setting); reactor coolant flow and pressurizer pressure
are near their nominal full power values during the transient; TAVG is less than full power
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conditions during and after the transient. The ability to demonstrate the core safety limits are
bounding ensures that the DNBR 95/95 limit is met for the limiting fuel rods. Because the
power level is well below nominal full power conditions, there is ample margin available to
offset miscellaneous DNBR penalties described in Section 4.4.3.

15.4.3.4.3 Acceptance Criteria

General acceptance criteria appropriate for this Condition I1 event are:

A. Pressure in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.

B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.

C. An incident of moderate frequency should not generate a more serious plant condition with-
out other incidents occurring independently.

The primary acceptance criteria are that TAVG, core thermal power, and pressurizer pressure

remain bounded by the reactor core safety limits, which ensures the DNBR criterion is met.
Primary and secondary side pressure limits are not approached since TAVG decreases during
the transient.

15.4.3.4.4 Results

The transient responses are shown in Figures 15.4-12 through 15.4-15. Figure 15.4-12 shows
that the buildup in nuclear power is slow. Figure 15.4-14 shows the decrease in core inlet
temperature following startup of the inactive loop, reversal of flow, and introduction of the
cold coolant. The effects of the flow of cold coolant on TAVG and pressurizer pressure are

shown in Figures 15.4-13 and 15.4-15. The cold water flow is taken to last 15 seconds after
the initial 4-second transient delay and accounts for the initial drop in TAVG and pressurizer
pressure.

The results show that the power and temperature excursions are not severe for an initial 20'F
change in coolant temperature across the inactive loop. The increase in thermal power (Fig-
ure 15.4-12) and reductions in TAVG and pressure (Figures 15.4-13 and 15.4-15) result in
plant conditions that are well within the core safety limits.

The temperature change due to startup of an inactive loop is expected to be less than the nom-
inal value used in the analysis. In addition, consideration of actual pump performance is
expected to result in a more gradual, less severe transient. For example, the time constant of
the pump is more realistically about 10 seconds versus the instantaneous change in flow
assumed in the analysis.

The effects of startup of an inactive coolant loop are less severe than the effects of a small
steam line break with one loop operable, originally analyzed by Westinghouse and reported in
Reference 4. To accommodate the steam line break (and hence the startup of an inactive
loop), the Technical Specifications require that a higher shutdown margin be maintained for
one-loop operation.
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15.4.3.4.5 Effect of 18 Month Fuel Cycle Changes

Technical evaluations were performed of the effects resulting from conversion to the 18
month fuel cycle. The evaluation (Reference 12) included consideration of the replacement
steam generators, use of the Revised Thermal Design Procedure to determine the core design
DNBR limit value, the extension of the full power TAVG operating window to lower tempera-

tures, and the use of an increased nuclear enthalpy rise hot channel factor in core design. The
evaluation determined that the analysis results are unaffected by these changes.

15.4.3.5 Radiological Evaluation

An evaluation of radiological consequences is not performed since no fuel or additional clad-
ding failures occur. Plant conditions during the transient are bounded by full power opera-
tion.

15.4.3.6 Conclusions

The peak power during the transient is a small fraction of full thermal power. The power
range high neutron flux (low setting) setpoint typically assumed in safety analyses is not
reached during the transient. The resulting TAVG from this transient is less than the full

power TAVG, and the pressure does not change significantly from nominal full power condi-
tions. The transient response is well bounded by normal full power operation.

15.4.4 CHEMICAL AND VOLUME CONTROL SYSTEM MALFUNCTION

15.4.4.1 Description of Event

Reactivity can be added to the core by feeding unborated, primary grade water into the reactor
coolant system (RCS) via the reactor makeup water portion of the chemical and volume con-
trol system. The normal dilution procedures call for a limit on the rate and magnitude for any
dilution under strict administrative controls. Boron dilution is a manual operation. A boric
acid blend system allows the operator to match the concentration of reactor coolant makeup
water to that existing in the coolant. The chemical volume and control system is designed to
limit, even under various postulated failure modes, the potential rate of dilution to a value that
provides the operator with sufficient time to identify and terminate dilution.

There is only a single common source of reactor makeup water to the RCS from the reactor
makeup water system, and isolating this source can terminate inadvertent dilution. The oper-
ation of the reactor makeup water pumps is required to supply makeup water to the chemical
volume and control system. The charging pumps and the reactor makeup water pumps must
be running to add this makeup water to the reactor coolant system (RCS).

The rate at which unborated makeup water is added is limited by the capacity of the reactor
makeup water pumps. The limiting rate is 120 gpm with both makeup pumps running (60
gpm each). For unborated water to be delivered at this rate to the RCS at pressure, two charg-
ing pumps must be operated at full speed. Normally, two charging pumps are operating at
half speed, while the third pump is idle.
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The boric acid from the boric acid storage tank is blended with the reactor makeup water in
the blender and the composition is determined by the preset flow rates of boric acid and reac-
tor makeup water on the reactor makeup control. Two separate operations are required to
inadvertently dilute the reactor coolant system. First, the operator must switch from the auto-
matic makeup mode to the dilute mode. Second, the start switch must be turned. Omitting
either step would prevent dilution. This makes the possibility of inadvertent dilution very
small.

Information on the status of the reactor coolant makeup is continuously available to the oper-
ator. Lights are provided on the control board to indicate the operating condition of pumps in
the chemical volume and control system. Alarms are actuated to warn the operator if boric
acid or demineralized water flows deviate from preset values as a result of system malfunc-
tion.

To cover all phases of plant operation, boron dilution during refueling (MODE 6), cold shut-
down (MODE 5), startup (MODE 2), and power operation (MODE 1) are analyzed. In addi-
tion, several single failure paths are considered while the plant is on residual heat removal,
which addressed the concern of Re/erence 21.

15.4.4.2 Frequency of Event

Inadvertent dilution of the reactor coolant boron concentration due to chemical volume and
control system malfunctions is classified as an ANS Condition 11 event of moderate fre-
quency. Section 15.0.8 discusses Condition II events.

15.4.4.3 Event Analysis

Refueling, cold shutdown, startup, and power operation (in automatic and manual control) are
considered (References 17 and 18). Initiating events, plant parameters and consequences are
mode-dependent and are identified in the analysis of each postulated dilution event. The
effects of the Extended Power Uprate are included.

15.4.4.3.1 Protective Features and Sinele Failures Assumed

Various protective trips, indications, and alarms are credited depending on the boron dilution
event.

15.4.4.3.1.1 Reactor in Mode 1 or Mode 2

The following reactor trip functions provide protection for this event:

1. Reactor trip if any two-out-of-four delta T channels exceed an overtemperature delta T set-
point.

2. Reactor trip by a power range neutron flux trip signal if any two-out-of-four channels
exceed neutron flux setpoints. High and low setpoints are used depending on reactor ther-
mal power.

3. Reactor trip by an intermediate range neutron flux trip signal when either of two indepen-
dent intermediate range channels indicates a flux above a pre-selected, manually adjustable
setpoint.
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No single failure in the reactor trip system will prevent the protective action credited in this
analysis. A single failure in one train of the reactor trip system is considered the limiting fail-
ure when critical.

Applicable indications and alarms prior to reaching a trip setpoint include:

I. Axial flux difference alarms with the reactor in automatic control above approximately
15% power

2. Overtemperature delta T alarms

3. Overtemperature delta T turbine runback (turbine latched)

4. Control rod insertion limits low and low-low alarms with rod control in automatic in
MODE 1.

15.4.4.3.1.2 Reactor in MODES 3 to 6

Source range neutron flux instrumentation provides indication to the operator when the reac-
tor is in MODES 3 to 6 and at the beginning of MODE 2. Indication and alarms derived in
each of two independent channels include:

1. High flux at shutdown alarm

2. Audible count rate (selected to one channel)

3. Indicated source range neutron flux

The source range channels do not provide a reactor protective trip for boron dilution events;
however, their monitoring function is credited in the safety analyses for indication of reactiv-
ity changes resulting from boron dilution.

15.4.4.3.1.3 Indication and Alarms

System status indication and alarms on the main control board for chemical volume and con-
trol system and the reactor makeup water system for detection of potential boron dilution
events include:

1. Indication of boric acid and blended flow rates

2. Deviation alarms if blended or boric acid flow rates deviate from preset ranges

3. Indication of pump running status for chemical volume and control system and the reactor
makeup water systems

15.4.4.3.2 Operator Actions Assumed

The event analyses require the operator to terminate the transients by isolating the source of
flow causing the boron dilution. The minimum time intervals that must be available to the
operator to identify the cause and terminate the dilution before a loss of shutdown margin
occurs are calculated from the time the dilution begins. The calculated time intervals must be
greater than or equal to 30 min for refueling events and greater than or equal to 15 min for all
other plant operating modes. The operator is then expected to re-establish boron concentra-
tions and shutdown margins required by the Technical Specifications.
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15.4.4.3.3 Chronological Description of Event

The sequence of events depends on the plant condition at the time of the unplanned or inad-
vertent coolant dilution. Each event starts with an initiating dilution flow and proceeds to a
final or limiting diluted boron concentration. Additional details are described in the event
analyses.

15.4.4.3.4 Impact on Fission Product Barriers

The boron dilution events at power are characterized by the gradual addition of positive reac-
tivity. These events are bounded by the uncontrolled RCCA withdrawal at power events ana-
lyzed in Section 15.4.2 which determined that the fuel cladding and RCS pressure boundary
maintain their integrity as fission product barriers. For all other dilution events not at power,
fuel cladding and pressure boundary integrity are maintained since boron dilution can be ter-
minated before the core can become critical. When the reactor vessel is open for refueling,
overpressurization is not a concern regardless of any dilution event.

15.4.4.4 Reactor Core and Plant System Evaluation

15.4.4.4.1 Methodology

Boron dilution analyses are performed to cover all phases of plant operation. For boron dilu-
tion events at power, the reactivity insertion rate due to boron dilution is compared to the
insertion rates used in the RCCA withdrawal at power in Section 15.4.2. The analyses in Sec-
tion 15.4.2 were performed for a wide range of power, core feedback, and reactivity insertion
conditions. The core response and consequences from boron dilution at power are bounded if
the reactivity insertion rates fall within the analyzed ranges in Section 15.4.2.

Boron dilution events occurring when the reactor is not at power are analyzed by determining
boron concentration as a function of time until shutdown margin is lost or the supply of dilut-
ing fluid is exhausted. The time to the loss of shutdown margin is then compared to the
acceptance criteria times for the operator to perform corrective actions.

Two types of dilution processes are considered depending on the initiating event and reactor
mode:

1. Batch processes where fluid is added and the volume increases, and

2. Continuous processes where the rates of fluid addition and removal are the same.

Density corrections are used in the continuous dilution processes when the RCS and source of
dilution differ in temperature and pressure. Conservative initial and critical (final) boron con-
centrations are used to minimize the amount of boron that must be removed to lose shutdown
margin. Maximum flow rates are used in order to maximize dilution rates.

15.4.4.4.2 Acceptance Criteria

General acceptance criteria for this Condition 11 event are:

A. Pressures in the reactor coolant and main steam systems must be maintained below 110% of
the design pressures.
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B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.

C. An incident of moderate frequency must not generate a more serious plant condition with-
out other faults occurring independently.

D. The operator must have available 30 minutes during refueling and 15 minutes for all other
modes to terminate dilution.

The specific criteria used for the boron dilution at power event require that the reactivity
insertion rates be bounded by the RCCA withdrawal at power in Section 15.4.2, and the oper-
ator must have at least 15 minutes to terminate dilution. For dilution events not at power, the
operator must have sufficient time as defined above to stop the transient before criticality is
reached and a potentially worse plant condition occurs.

15.4.4.4.3 Dilution During Refueling (MODE 6)

The refueling (MODE 6) dilution analysis assumes the reactor coolant is at a low level up to
the midplane of the Vessel nozzles. The minimum boron concentration assumed in the anal-
ysis is based on a ratio of initial boron concentration to critical boron concentration and is
cycle specific. Periodic sampling ensures the concentration is maintained.

The valves on the suction side of the charging pumps (i.e., from the volume control tank) are
adjusted to maintain refueling water boron concentration by the addition of concentrated
boric acid solution. Administrative procedures limit the charging flow to one pump (with two
'pumps locked out) during refueling. The maximum dilution occurs if two charging pumps
are inadvertently operated at full flow while aligned to the reactor makeup water system.

During refueling, the operator has prompt and definite indication of any boron dilution from
the audible count rate derived from the source range BF 3 detector instrumentation. The count
rate increases exponentially as the reactor approaches criticality. In addition to audible count
rate, high count rate is alarmed in the main control room.

15.4.4.4.3.1 Input Parameters and Initial Conditions

A. The reactor coolant system (RCS) pressure is 14.7 psia and temperature is 140'F. The reac-
tor makeup water is initially 40'F, which maximizes the effect of the diluting volume added
to the RCS.

B. One residual heat removal pump is running with cross-ties open to ensure continuous, uni-
form mixing of the coolant in the reactor vessel.

C. A minimum RCS water volume of 2041 ft3 is used. This value corresponds to the volume
of the residual heat removal system with cross-ties open and the reactor vessel filled to the
nozzle midplane.

D. The maximum dilution flow of unborated water is 120 gpm. This condition requires the
inadvertent operation of two charging pumps to supply the maximum possible flow from
the reactor makeup water system.

E. The minimum ratio of initial boron concentration over the critical boron concentration is
1.2914.
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F. Valve 289 in the seal injection flowpath to the reactor coolant pumps is closed. This condi-
tion results in the maximum amount of dilution since the entire charging (diluting) flow
goes to the vessel.

15.4.4.4.3.2 Results

The dilution of the refueling water takes greater than 30 minutes. This period is ample time
for the operator to recognize the audible high count rate signal and isolate the reactor makeup
water source by closing valves and stopping the reactor makeup water pumps.

15.4.4.4.4 Dilution During Cold Shutdown (MODE 5)

A plant-specific evaluation of the boron dilution event during cold shutdown was performed.
This evaluation is based upon the operating procedure outlined in Re/erence 2. The operating
procedure is based upon a generic boron dilution analysis assuming active RCS and RHR vol-
umes which are consistent with respect to Ginna. Additionally, the operating procedure
accommodates mid-loop cold shutdown operation. The operating procedure is applicable for
maximum dilution flow rates up to 300 gal/min and minimum RHR flow rates of 1000 gal/
min. Current plant procedures require one reactor makeup water pump to be secured when no
reactor coolant pumps are running, limiting the maximum dilution flow rate to 120 gal/min.
In the event of a boron dilution accident during plant shutdown, use of the operating proce-
dure provides the plant operator with sufficient information to maintain an appropriate boron
concentration to conservatively assure at least 15 min will be available for operator action to
terminate the dilution prior to the reactor reaching a critical condition.

15.4.4.4.5 Dilution at Startup (MODE 2)

The reactor is at hot zero power (HZP) conditions in MODE 2 when unborated reactor
makeup water is unintentionally added to the RCS via the operation of two charging pumps.
This event can only occur if the reactor makeup water system is aligned to the charging pump
suction header due to multiple valve lineup problems in the chemical volume and control sys-
tem.

15.4.4.4.5.1 Input Parameters and Initial Conditions

A. The RCS is at nominal hot zero power (HZP) conditions of 2250 psia and 547°F. The reac-
tor makeup water is initially 400F.

B. The maximum unborated dilution flow is 120 gpm.

C. The volume of reactor coolant is 5123 ft3. This is the volume of the RCS excluding the
pressurizer and surge line. This volume assumes 10% steam generator tube plugging.

D. The critical boron concentration is 1800 ppm with all but the most reactive RCCA inserted.
The use of a boron concentration greater than the actual critical boron concentration conser-
vatively reduces the dilution transient time.

E. The minimum change in boron concentration from a condition of HZP, no xenon, with all
but the most reactive RCCA inserted in the core to a condition of HZP, no xenon, with all
RCCAs at their insertion limits is 200 ppm.
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F. Based on (D) and (E), the minimum initial boron concentration is 2000 ppm.

15.4.4.4.5.2 Results

The time to reduce the reactor coolant boron concentration from 2000 ppm to 1800 ppm is
about 25 minutes. Once again, this time is adequate for the operator to terminate dilution
flow.

15.4.4.4.6 Dilution at Power (MODE 1)

For dilution at power, the time to lose shutdown margin must be long enough to allow identi-
fication of the problem and terminate dilution. Boron dilution, however, starts before the
operator can detect dilution at power. The times necessary for detection must be considered
because they decrease the time available to the operator to start corrective actions before
reaching minimum concentration limits.

As noted in Section 15.4.4.3.2, there must be at least 15 min from the initiation of the event
until plant shutdown margin is lost. For conservatism, the Mode 1 calculations calculate the
time from reactor trip until shutdown margin is lost for manual rod control, and time from the
lo-lo rod insertion alarm until shutdown margin is lost for automatic rod control. For all other
modes, the time is from initiation of the event.

For this event, the effective reactivity addition rate is a function of the reactor coolant temper-
ature and boron concentration. The reactivity insertion rate is based on conservative values
for the expected boron concentration at power and for the charging flow. Again, the reactor
makeup water system is assumed to be unintentionally aligned to the charging pumps through
the chemical volume and control system.

15.4.4.4.6.1 Input Parameters and Initial Conditions

A. The initial coolant average temperature is 580'F (high TAVG of 576°F + 4'F uncertainty).

The initial pressurizer pressure is 2250 psia. The reactor makeup water is initially 40'F.
This set of initial conditions minimizes the boron dilution times.

B. A conservatively high charging flow of 127 gpm is used.

C. The volume of reactor coolant is 5123 ft3 and includes the active RCS as described in Sec-
tion 15.4.4.4.5.

D. The critical boron concentration is 1800 ppm. This value is for hot zero power (HZP), no
xenon, and all RCCAs inserted except for the most reactive RCCA.

E. The reactor has all rods out at the full power insertion limits in either automatic or manual
control.

F. The minimum change in boron concentration from a condition of HZP with all RCCAs
inserted except for the most active RCCA out of the core to a condition of hot full power
(HFP) with all RCCAs at their insertion limits is 300 ppm.

G. A conservative boron concentration of 2100 ppm at power is assumed, following from (D)
and (F).
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15.4.4.4.6.2 Results

With the reactor in manual control and no operator action taken to terminate the transient, the
increase in power and temperature cause the reactor to reach a reactor trip setpoint (i.e., over-
temperature delta T or high nuclear flux). After reactor trip, which occurs at approximately
three minutes into the transient, the operator has more than 15 minutes to stop dilution before
the reactor returns to criticality. With the reactor in manual control, the boron dilution tran-
sient is essentially equivalent to an uncontrolled rod withdrawal at power. The maximum
reactivity insertion rate for a boron dilution transient is conservatively 2.4 pcm/sec, which is
within the range of insertion rates analyzed for the uncontrolled RCCA withdrawal at power
in Section 15.4.2. Prior to the reactor trip, the operator will have received alarms on overtem-
perature delta T and turbine runback.

With the reactor in automatic control, a boron dilution will result in a power and temperature
increase such that the rod control system will attempt to compensate by the slow insertion of
the control rods. This action will result in rod insertion limit and axial flux alarms. The mini-
mum time to the complete loss of shutdown margin after the alarms is greater than 15 minutes
at beginning-of-life. The time is significantly longer at the end-of-life due to the lower critical
boron concentration needed to make the core subcritical.

15.4.4.4.7 Dilution from a Single Failure While in Residual Heat Removal Mode -
Inadvertent Draining of the Spray Additive Tank.

A review (Reference 13) of system flow diagrams and testing procedures for the containment
sprays pumps and eductors determined there is no single failure or operator error that could
result in introducing sodium hydroxide into the residual heat removal system; therefore, a
boron dilution event via this path is not considered possible.

15.4.4.4.8 Dilution from a Single Failure While in Residual Heat Removal Mode (MODE
5) -Boron Dilution from the Reactor Coolant Drain Tank.

The contents of the reactor coolant drain tank are normally pumped to the waste holdup tank
or the chemical volume and control system holdup tanks for processing. One manual valve
on the outlet side of each reactor coolant drain pump separates the pump discharge from the
residual heat removal system. If one of these valves is inadvertently opened (single failure)
the flow from the reactor coolant drain tank would be split between the normal flow path and
the residual heat removal system depending on the head difference between the two discharge
points. The worst case dilution occurs if the entire contents of the reactor coolant drain tank
are pumped into the residual heat removal system.

15.4.4.4.8.1 Input Parameters and Initial Conditions

A. The reactor coolant drain tank is completely full with 350 gal of unborated water.

B. The reactor is in cold shutdown at 2.45% (delta k)/k. The cold shutdown boron concentra-
tion is initially 1655 ppm with all RCCAs inserted except for the most active RCCA stuck
out of the core.

C. The RCS is on residual heat removal with the water level drained down to the midplane of

the nozzles. The reactor coolant volume available for dilution is 2000 ft3 .
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D. Boron worth at cold shutdown is 90 ppm/(% delta k)/k.

15.4.4.4.8.2 Results

The resulting dilution is small due to the relatively small volume of the reactor coolant drain
tank compared to the volume of water in the reactor vessel. Dilution is terminated when the
volume of water in the reactor coolant drain tank is depleted. This dilution event results in a
reactivity insertion of less than 0.5% (delta k)/k.

15.4.4.4.9 Dilution from a Single Failure While in Residual Heat Removal Mode (MODE
5) -Boron Dilution Due to Resin Changing in the Purification System.

A postulated boron dilution event could occur during the changing of resins in the reactor
coolant purification system as follows:

1. The "B" deborating demineralizer is lined up for normal operation with the inlet valve
closed. The "A" deborating demineralizer is being lined up to flush its resins.

2. The resin outlet valve on the "B" deborating demineralizer is inadvertently opened (single
failure).

3. When the "A" deborating demineralizer resin outlet valve is opened, a flow path is made
from the reactor makeup water system to the "A" deborating demineralizer through the "B"
demineralizer to the normal low-pressure letdown system to the residual heat removal sys-
tem.

The resin flush procedure requires the operator to monitor the radioactivity through the "A"
deborating demineralizer resin outlet valve and secure the reactor makeup water when the
activity reduces to near background. Therefore, the dilution event would be terminated when
the resin is flushed from the "A" deborating demineralizer. Failure to secure the reactor
makeup water would be a second failure which is beyond the scope of this analysis. Nonethe-
less, this dilution incident has been analyzed to determine the margins available.

In addition to the audible source range signal, the operator has loop levels indicators to aid in
detection of this dilution event. The level indicators are installed in the control room when-
ever the RCS is operating on residual heat removal with the loops partially drained (see Sec-
tion 5.4.5.4.3).

15.4.4.4.9.1 Input Parameters and Initial Conditions

A. The reactor is in cold shutdown at 2.45% (delta k)/k with an initial boron concentration of
1655 ppm.

B. The RCS is on residual heat removal with the water level drained down to the midplane of

the nozzles. The reactor coolant volume available for dilution is 2000 ft3.

C. The design flow of one reactor makeup water pump is used as the diluting flow rate, 60
gpm.

D. Boron worth at cold shutdown is 90 ppm/(% delta k)/k.

E. A dilution time of 10 minutes is assumed.
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F. The critical boron concentration is 1328 ppm for a cold core, beginning of life, with all but
the most reactive RCCA inserted.

15.4.4.4.9.2, Results

After 10 minutes of flushing, the volume of water in the "A" deborating demineralizer would
have been changed approximately three times. By this time, the activity in the resin outlet
valve would have returned to near background and the source of dilution water secured. Less
than 0.71% (delta k)/k would be added through dilution during this period, and the shutdown
margin requirement in the Technical Specifications for one loop in operation can still be met.
If it is assumed that the source of dilution is not secured, it would take 61 minutes of dilution
before the reactor could go critical. This is ample time for the operator to recognize the audi-
ble change in the source range count rate signal and the increase in the RCS loop level and
isolate the source of dilution.

15.4.4.4.10 Dilution from a Single Failure While in Residual Heat Removal Mode (MODE
6) -Boron Dilution from Reactor Coolant Drain Tank After Refueling.

A postulated boron dilution could occur following refueling (MODE 6) when the fuel transfer
canal is washed down using demineralized water. This scenario-is similar to Section
15.4.4.4.9 except the reactor coolant drain tank is refilled with demineralized water. If a
valve on the outlet side of the reactor coolant drain tank pump is inadvertently left open, the
flow would split (depending on head difference) between the waste holdup tank and the resid-
ual heat removal system. Again, the worst-case dilution occurs if the entire flow goes into the
residual heat removal system.

15.4.4.4.10.1 Input Parameters and Initial Conditions

A. The RCS is on residual heat removal with the water level drained down to the midplane of

the nozzles. The reactor coolant volume is initially 2000 ft3.

B. The initial boron concentration is 2300 ppm (the minimum concentration required for refu-
eling (MODE 6) by the Technical Specifications).

C. The critical boron concentration is 1330 ppm with all RCCAs in the core during refueling.

D. The dilution flow is 150 gpm based on the larger of the two reactor coolant drain tank
pumps.

15.4.4.4.10.2 Results

Greater than 50 minutes of continuous dilution would be required before the reactor could go
critical. In addition, the volume of water in the RCS is increased more than 50%. This is
ample time for the operator to isolate the source of dilution after recognizing the change in the
audible source range count rate signal or the increase in the RCS loop level.

15.4.4.5 Radiological Evaluation

Dilution events at power are similar to a gradual rod withdrawal at power. The radiological
consequences are bounded by the minor doses at the exclusion area boundary (EAB) assessed
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in Section 15.4.2. For all other dilution events, radiological consequences are negligible
since boron dilution is terminated before the reactor becomes critical.

15.4.4.6 Conclusions

An erroneous dilution is considered highly unlikely because boration processes are controlled
by plant procedures and administrative controls. Nevertheless, if an unintentional dilution of
boron in the reactor coolant system occurs, numerous alarms and indications are available to
alert the operator to the condition. The reactivity addition is gradual enough to allow the
operator adequate time to recognize and terminate the dilution before all shutdown margin is
lost.

15.4.5 RUPTURE OFA CONTROL ROD DRIVE MECHANISM HOUSING- ROD

CLUSTER CONTROL ASSEMBLY EJECTION

15.4.5.1 Description of Event

In order for this accident to occur, a rupture of the control rod drive mechanism housing must
be postulated creating a full system pressure differential acting on the drive shaft. The result-
ant core thermal power excursion is limited by the doppler reactivity effect of the increased
fuel temperature and terminated by a reactor trip actuated by power range flux trip signals.

A failure of a control rod drive mechanism housing which allows a rod cluster control assem-
bly (RCCA) to be rapidly ejected from the core is not considered credible for the following
reasons:

A. Each control rod drive mechanism housing is completely assembled and shop-tested per the
requirements of the ASME Code, and subjected to inservice leak checks during plant start
up.

B. The mechanism housings are individually hydrotested at 3105 psig as they are installed on
the reactor vessel head to the head adapters and checked during the hydrotest of the com-
pleted reactor coolant system (RCS).

C. Stress levels in the mechanism are not affected by system transients at power or by the ther-
mal movement of the coolant loops. Moments induced by the design-basis earthquake can
be accepted within the allowable primary working stress range specified by the ASME
Code, Section III, for Class A components.

D. The latch mechanism housing and rod travel housing are each a single length of forged type
304 stainless steel. This material exhibits excellent notch toughness at all temperatures that
will be encountered. The joints between the latch mechanism housing and rod travel hous-
ing are threaded joints reinforced by canopy-type rod welds.

15.4.5.1.1 Nuclear Design

Even if a rupture of a control rod drive mechanism housing is postulated, the use of chemical
shim inherently limits the severity of an ejected RCCA. In general, the reactor is operated
with the RCCAs inserted only far enough to permit load follow. Reactivity changes caused
by core depletion and xenon transients are compensated for by boron changes. Further, the
location and grouping of RCCA banks are selected during the nuclear design to lessen the
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severity of a RCCA ejection accident. Therefore, should a RCCA be ejected from its normal
position during full power operation, only a minor reactivity excursion, at worst, is expected.

However, it may be occasionally desirable to operate with larger than normal insertions. For
this reason, a rod insertion limit is defined as a function of power level. Operation with the
RCCAs above this limit guarantees adequate shutdown capability and acceptable power dis-
tribution. The position of all RCCAs is continuously indicated in the control room. An alarm
will occur if a RCCA bank approaches its insertion limit or if one RCCA deviates from its
bank. Operating instructions require boration at the low and low-low level alarms.

15.4.5.1.2 Effects on Adeacent Housings

Disregarding the remote possibility of the occurrence of a control rod drive mechanism hous-
ing failure, investigations have shown that failure of a housing due to either longitudinal or
circumferential cracking would not cause damage to adjacent housings. However, even if
damage is postulated, it would not be expected to lead to a more severe transient since
RCCAs are inserted in the core in symmetric patterns, and control rods immediately adjacent
to the worst ejected rods are not in the core when the reactor is critical. Damage to an adja-
cent housing could, at worst, cause the RCCA not to fall on receiving a trip signal; however,
this is already taken into account in the analysis by assuming a stuck rod is adjacent to the
ejected rod.

15.4.5.2 Frequency of Event

This event is classified as an ANS Condition IV limiting fault. Due to the extremely low pos-
sibility of a RCCA ejection accident, some fuel damage could be considered an acceptable
consequence. Section 15.0.8 discusses Condition IV limiting faults.

15.4.5.3 Event Analysis

The four cases analyzed cover the range of possible initial reactor conditions to assure conser-
vative predictions of possible fuel damage

Case (1) Beginning of Life, Full Power

Case (2) Beginning of Life, Zero Power

Case (3) End of Life, Full Power

Case (4) End of Life, Zero Power

15.4.5.3.1 Protective Features

The following protective features are available for this event:

A. For the zero power case, reactor trip is actuated by the power range neutron flux low trip
signal when two out of the four power range channels indicate a power level above approx-
imately 25%. This setting is manually blocked when increasing power (in conjunction with
the P-10 permissive) and is automatically reinstated when power decreases below the
approximately 8% (P- 10 permissive).
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B. For the full power case, reactor trip is actuated by the power range neutron flux high trip
signal when two out of the four power range channels indicate a power level above approx-
imately 108%. This trip function is always active.

The power range high flux trip low and high settings is the only automatic reactor trip cred-
ited in this analysis.

15.4.5.3.2 Single Failures Assumed

No single failure in the power range flux instrumentation channels or the trip actuation logic
trains will prevent the reactor trip system from performing its protective function or adversely
affect the consequences of this accident.

15.4.5.3.3 Operator Actions Assumed

No operator actions are assumed in this analysis; however, the operator is expected to follow
appropriate mitigation procedures if the reactor depressurizes due to the failed control rod
drive housing.

15.4.5.3.4 Chronological Description of Event

Table 15.4-4 gives the sequence of events for the RCCA ejection accident for all four cases:
beginning of life full and zero power, and end of life full and zero power.

15.4.5.3.5 Impact on Fission Product Barriers

Limited cladding damage may occur during a RCCA ejection accident. The maximum
enthalpy addition to the fuel pellets is insufficient to cause the prompt rupture of the fuel and
the immediate mechanical failure of the cladding. The fuel and cladding damage is minimal
and core cooling geometry is maintained. Although prompt fuel rupture does not occur, the
nuclear heat flux can exceed the amount required to cause localized DNB for less than 10% of
the fuel rods. For these rods, cladding perforations are assumed with the consequential
release of fission product gap activity to the reactor coolant.

The RCS pressure boundary integrity can be violated because the ejection of an RCCA and

failure of the drive housing can result in a small break (approximately 2 in2) in the reactor
vessel head. The pressure transient caused by the power excursion remains less than the
faulted condition permitted by the ASME Boiler and Pressure Vessel Code, Section III (even
with no credit for pressure relief through the break area). The pressure rise does not result in
additional damage to the pressure boundary.. The pressure boundary function, although
potentially lost at the vessel, remains intact in the steam generators. Thus, the steam genera-
tor tubes can serve as a fission product barrier against the transport of activity to the second-
ary side of the steam generators during the transient. The containment system remains
available as a barrier for the activity released through the failed housing.
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15.4.5.4 Reactor Core and Plant System Evaluation

15.4.5.4.1 Input Parameters and Initial Conditions

A. For the full power cases, the core is at 1811 MWt. The reactor coolant average tempera-
ture is at the maximum end of the nominal TAVG window, plus uncertainties (580.0°F).

B. For the hot zero power cases, the RCS is at the no load TAVG (547°F) temperature. One
reactor coolant pump is running. Table 15.0-8 summarizes these initial conditions.

C. The RCCA bank for the ejected rod is at the maximum insertion limits permitted by the
technical specifications. This condition results in the ejected RCCA having its maximum
reactivity worth during the transient.

D. Conservative moderator density coefficients are used for the beginning and end of life. The
coefficients selected minimize the negative reactivity feedback due to core moderator heat-
up during the transient. The moderator density coefficient curves are determined by adjust-
ing the critical boron concentrations using the nuclear core design codes.

E. The doppler reactivity defect is determined as a function of power level. A doppler weight-
ing factor is applied as described in Section 15.4.5.4.2.4. The doppler defect and weighting
factor are given in Table 15.4-3. A minimum (absolute value) defect maximizes the nuclear
power peak for the full power and zero power cases.

F. Pessimistic estimates of the effective delayed neutron fraction (betaeff) of 0.49% at begin-

ning of cycle and 0.43% at end of cycle are used. Calculations typically yield values no
less than 0.70% at beginning-of-life and 0.50% at end-of-life for the first cycle. The acci-
dent is sensitive to the delayed neutron fraction if the ejected rod worthis equal to or
greater than betaeff such as in zero power transients. Use of the conservative values maxi-

mizes the nuclear power rises for the full and zero power cases.

G. The trip reactivity insertion assumed is given in Table 15.4-3 and includes the effect of one
stuck RCCA. The shutdown reactivity is simulated by dropping a rod of the required worth
into the core. A curve of rod insertion versus time is used which assumes that insertion to
the dashpot does not occur until 1.8 seconds after the start of fall. The choice of such a
conservative insertion rate means that there is over I second after the trip setpoint before
significant shutdown reactivity is inserted into the core.

H. The start of rod motion occurs 0.5 seconds after the high neutron flux trip setpoint is
reached. A high neutron flux setpoint of 118% is used which is conservative compared to
the 11 5% setpoint required by the rod withdrawal at power analysis. This delay is assumed
to consist of 0.2 seconds for the instrument channel to produce a signal, 0.15 seconds for
the trip breaker to open, and 0.15 seconds for the coil to release the rods.

15.4.5.4.2 Methodology

The RCCA ejection transient is analyzed in two stages: first, an average core channel calcu-
lation, and then a hot region calculation. The average core calculation is performed using
spatial neutron kinetics methods to determine the average power generation with time includ-
ing the various total core feedback effects, i.e., doppler and moderator reactivities. The hot
spot enthalpy and temperature transients are determined by multiplying the average core
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energy generation by the hot channel factor and performing a fuel rod transient heat transfer
calculation. The power distribution calculated without feedback is pessimistically assumed to
persist throughout the transient.

A detailed discussion of the analysis method is in Reference 19.

15.4.5.4.2.1 Average Core Analysis

The spatial kinetics computer code, TWINKLE (Reference 5), is used for the average core
transient analysis. TWINKLE solves the two-group neutron diffusion theory kinetics equa-
tion in one, two, or three spatial dimensions for six delayed neutron groups and up to 2000
spatial points. The computer code includes a multi-region, transient fuel-clad-coolant heat
transfer model for calculation of pointwise doppler and moderator feedback effects. Further
description of TWINKLE appears in Section 15.0.7.3.

TWINKLE is used in the analysis as a one-dimensional axial kinetics code since it allows a
more realistic representation of the spatial effects of axial moderator feedback and rod cluster
control assembly movement. Because the radial dimension is missing, it is still necessary to
employ very conservative methods (described in Section 15.4.5.4.2.2) for calculating the
ejected rod worth and hot channel factor.

15.4.5.4.2.2 Ejected Rod Worths and Hot Channel Factors

The values for the ejected rod worth and hot channel factor are calculated using either three-
dimensional static methods or by a synthesis method employing one-dimensional and two-
dimensional calculations. Standard nuclear design codes are used to determine rod worths
and hot channel factors. No credit is taken for the flux flattening effects of reactivity feed-
back. The calculation is performed for the maximum allowed bank insertion at a given power
level, as determined by the rod insertion limits. Adverse xenon distributions are considered in
the calculation.

Appropriate margins are added to the ejected rod worth and hot channel factors to account for
calculation uncertainties.

15.4.5.4.2.3 Hot Spot Analysis

In the hot spot analysis, the initial heat flux is equal to the nominal value times the design hot
channel factor. During the transient, the heat flux hot channel factor is linearly increased to
the transient value in 0.1 seconds, the time for full ejection of the rod. Therefore, the assump-
tion is made that the hot spot locations before and after ejection are coincident. This assump-
tion is very conservative because after ejection, the peak heat flux occurs in or adjacent to the
assembly with the ejected rod, and before ejection, the power in this region is necessarily
depressed.

The hot spot analysis is performed using the detailed fuel and cladding transient heat transfer
computer code, FACTRAN (Reference 7). This computer code calculates the transient tem-
perature distribution in a cross section of a metal clad U0 2 fuel rod, and the heat flux at the
surface of the rod, using as input the nuclear power versus 'time and the local coolant condi-
tions. The zirconium-water reaction is explicitly represented, and all material properties are
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represented as functions of temperature. A conservative pellet radial power distribution is
used within the fuel rod.

FACTRAN uses the Dittus-Boelter or Jens-Lottes correlation to determine the film heat trans-
fer before DNB and the Bishop-Sandburg-Tong correlation to determine the film-boiling
coefficient after DNB. The Bishop-Sandburg-Tong correlation is conservatively used assum-
ing zero bulk fluid quality. The DNBR is not calculated; instead the code is forced into DNB
by specifying a conservative DNB heat flux. The gap heat transfer coefficient can be calcu-
lated by the code; however, it is adjusted in order to force the full power steady-state temper-
ature distribution to agree with the fuel heat transfer design codes. Further description of
FACTRAN appears in Section 15.0.7.1.

15.4.5.4.2.4 Reactivity Feedback Weighting Factors

The largest temperature rises, and hence the largest reactivity feedbacks, occur in channels
where the power is higher than average. Thus, the effect of reactivity feedback is larger than
that predicted by a simple single channel analysis as performed in TWINKLE.

Physics calculations are performed for temperature changes with a flat temperature distribu-
tion and with a large number of axial and radial temperature distributions. Reactivity changes
are compared and effective weighting factors determined. These weighting factors take the
form of multipliers which, when applied to single channel feedbacks, correct them to effec-
tive whole core feedbacks for the appropriate flux shape.

In this analysis, since a one-dimensional (axial) spatial kinetics method is employed, axial
weighting is unnecessary if the initial condition is made to match the ejected rod configura-
tion. A radial doppler weighting factor is applied to the transient fuel temperature to obtain
an effective fuel temperature as a function of time to account for the missing spatial dimen-
sion. The selection and use of doppler weighting factors have also been shown to be conser-
vative compared to three-dimensional analyses (Reference 19). No weighting is applied to
the moderator feedback.

15.4.5.4.2.5 System Overpressure Analysis

Because safety limits for fuel damage specified earlier are not exceeded, there is little likeli-
hood of fuel dispersal into the coolant. The pressure surge may then be calculated on the
basis of conventional heat transfer from the fuel and prompt heat generation in the coolant.

A detailed calculation of the pressure surge for an ejected rod worth of one dollar at beginning
of life, hot full power, indicates that the peak pressure does not exceed that which would
cause reactor pressure vessel stress to exceed the faulted condition stress limits (Reference
19).

15.4.5.4.3 Acceptance Criteria

The following acceptance criteria used for the RCCA ejection accident ensure that there is lit-
tle or no possibility of fuel dispersal in the coolant, gross lattice distortion, or severe shock
waves:
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A. Average fuel pellet enthalpy at the hot spot must be below 200 cal/g.

B. Fuel melting will be limited to less than the innermost 10% of the fuel volume at the hot
spot even if the average fuel pellet enthalpy is below the limits of criterion (A) above.

C. Peak reactor coolant pressure must be less than that which could cause component stresses
to exceed the faulted condition stress limits in the ASME Boiler and Pressure Vessel Code,
Section III.

D. Any activity release must result in doses at the exclusion area boundary (EAB) within the
guidelines of 10 CFR 50.67.

Criteria A and B are derived from comprehensive studies of the threshold of fuel failure and
the threshold of significant conversion of the fuel's thermal energy to mechanical energy car-
ried out as part of the SPERT project by the Idaho Nuclear Corporation. Extensive tests of
U0 2 zirconium-clad fuel rods representative of those in pressurized-water reactor type cores

demonstrated failure thresholds in the range of 240 cal/g to 257 cal/g. Other rods of a slightly
different design (such as those used in boiling water reactors) exhibited failures as low as 225
cal/g. These results differ significantly from the TREAT results, which indicated a failure
threshold of 280 cal/g. Limited results indicate that this threshold decreases by about 10%
with fuel burnup.

The clad failure mechanisms appear to be melting for zero bumup rods and brittle fracture for
irradiated rods. Also important is the conversion ratio of thermal to mechanical energy. This
ratio becomes marginally detectable above 300 cal/g for unirradiated rods and 200 cal/g for
irradiated rods; catastrophic failure (large fuel dispersal, large pressure rise) even for irradi-
ated rods did not occur below 300 cal/g.

The original FSAR included an additional criterion that the average clad temperature at the
hot spot must remain below 2700'F. The elimination of this criterion as a basis for evaluating
RCCA ejection results is consistent with the revised Westinghouse acceptance criteria for this
event described in Reference 6.

The RCS pressure boundary and the offsite activity release criteria are consistent with the
guidance in ANSI/ANS NI18.2-1973 for Condition IV events (Reference 20).

15.4.5.4.4 Results

The results of the analysis performed for the four cases is given in Table 15.4-3. The analyses
were performed for both the 422V+ and the OFA fuel types. As expected, the OFA design
was shown to be more limiting than the 422V+ fuel design due to the dimensional differences
between the two fuel designs. The results presented are those of the most limiting type
(OFA). The nuclear power and hot spot fuel and clad temperature transients are presented in
Figures 15.4-16a, 15.4-16b, 15.4-17a and 15.4-1 7b. The sequences of events for these cases
are presented in Table 15.4-4.

For all cases, reactor trip occurs very early in the transient, the trip terminates the nuclear
power excursion, and the reactor remains subcritical.
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The ejection of a RCCA constitutes a break in the RCS, located in the reactor pressure vessel
head. The effects and consequences of loss-of-coolant accidents are discussed in Section
15.6. Following the RCCA ejection, the operator would follow the same emergency instruc-
tions as for any other loss-of-coolant accident to recover from the event.

15.4.5.4.4.1 Beginning of Life, Full Power - Case (1)

For Case (1), control bank D was assumed inserted to its insertion limit. The worst ejected
rod worth and hot channel factor were conservatively calculated to be 0.32% delta k and
5.00, respectively. The maximum clad average temperature reached was 2313 0F. The peak
hot spot fuel center temperature reached melting, conservatively assumed at 4900'F. How-
ever, melting was restricted to less than 10% of the pellet.

15.4.5.4.4.2 Beginning of Life, Zero Power - Case (2)

For Case (2), control bank D was assumed to be fully inserted and banks B and C were at their
insertion limits. The worst ejected rod is located in control bank D and has a worth of 0.75%
delta k and a hot channel factor of 11. The clad average temperature reached 288 IF; the
maximum fuel center temperature was 3934 0F.

15.4.5.4.4.3 End of Life, Full Power - Case (3)

For Case (3), control bank D was assumed inserted to its insertion limit. The ejected rod
worth and hot channel factors were conservatively calculated to be 0.40% delta k and 5.69,
respectively. This resulted in a maximum clad average temperature of 2306'F. The peak hot
spot fuel temperature reached melting, conservatively assumed at 4800'F. However, melting
was restricted to less than 10% of the pellet.

15.4.5.4.4.4 End of Life, Zero Power - Case (4)

The ejected rod worth and hot channel factors for Case (4) were obtained assuming control
bank D to be fully inserted and banks C and B at their insertion limits. The results were
0.90% delta k and 12.0, respectively. The maximum clad average and fuel center tempera-
tures were 2981 'F and 3920 'F. The doppler weighting factor for Case (4) is significantly
higher than for the other cases due to the very large transient hot channel factor.

15.4.5.4.4.5 Pressure Surge

A detailed calculation of the pressure surge for an ejection worth of one dollar at beginning-
of-life, hot full power, indicates that the peak pressure does not exceed that which could cause
stress to exceed the faulted condition stress limits. Since the severity of the present analysis
does not exceed the worst-case analysis, the accident will not result in an excessive pressure
rise or further damage to the RCS.

15.4.5.4.4.6 Lattice Deformations

A large temperature gradient will exist in the region of the hot spot. Since the fuel rods are
free to move in the vertical direction, differential expansion between separate rods cannot
produce distortion. However, the temperature gradients across individual rods may produce a
differential expansion tending to bow the midpoint of the rods toward the hotter side of the
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rod (that is, toward the hot spot). Calculations have indicated that this bowing would result in
a negative reactivity effect at the hot spot since Westinghouse cores are under-moderated, and
bowing will tend to increase the under-moderation at the hot spot. Since the 14 x 14 fuel
design is also under-moderated, the same effect would be observed. In practice, no signifi-
cant bowing is anticipated since the structural rigidity of the core is more than sufficient to
withstand the forces produced.

Boiling in the hot spot region would produce a net flow away from that region. However, the
heat from the fuel is released to the water relatively slowly, and it is considered inconceivable
that cross flow will be sufficient to produce significant lattice forces. Even if massive and
rapid boiling sufficient to distort the lattice is hypothetically postulated, the large void frac-
tion in the hot spot region would produce a reduction in the total core moderator to fuel ratio
and a large reduction in this ratio at the hot spot. The net effect would therefore be negative
feedback. It can be concluded that no conceivable mechanism exists for net positive feedback
resulting from lattice deformation. In fact, small negative feedback may result. The effect is
conservatively ignored in the analysis.

15.4.5.5 Radiological Evaluation

As part of the Control Room Emergency Air Treatment System (CREATS) modification, the
control room dose was reanalyzed because of the new system configuration. For consistency,
new x/Q values and off-site doses were also analyzed. Reference 22,is now considered to be
the Control Rod Ejection Accident (REA) dose analysis of record. The analysis was per-
formed using the alternate source term (AST) per I OCFR 50.67 and Reference 23. The new
methodology and anlysis was approved by the NRC in Reference 24 as supplemented by Ref-
erence 25. The assumptions used in the analysis are summarized in Table 15.4-5 and the
results are contained in Table 15.4-6.

15.4.5.6 Conclusions

Conservative analyses indicate that the fuel and cladding limits are not exceeded, and there is
no danger of sudden fuel dispersal into the coolant. Since the peak pressure does not exceed
that which would cause stresses to exceed the faulted condition stress limits, there is no dan-
ger of further damage to the RCS. Generic analyses have demonstrated that the fission prod-
uct release, as a result of a number of fuel rods entering DNB, is limited to less than 10% of
the fuel rods in the core.

15.4.6 ROD CLUSTER CONTROL ASSEMBLYDROP

15.4.6.1 Description of Event

Dropping of a full-length rod cluster control assembly (RCCA) occurs when the drive mecha-
nism is de-energized. A dropped RCCA would cause a power reduction and an increase in
the hot channel factor. If no protective action occurred, the rod control system would restore
the power level to the pre-event level. This action could lead to a reduced safety margin or
possibly DNB, depending upon the magnitude of the resultant hot channel factor.

If a RCCA drops into the core during power operation, it would be detected by a rod bottom
signal, by an ex-core nuclear instrument, or by both. The microprocessor rod position indica-
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tion (MRPI) system senses each RCCA's position and provides a rod bottom signal for any
dropped RCCA (MRPI indication of 0 or 8 steps is indication of rod on bottom due to the
422V+ fuel). The other independent indication of a dropped RCCA is derived from the ex-
core power range nuclear instruments. This rod drop detection circuit is actuated when a
rapid decrease in the local neutron flux is sensed in any of the four channels. The circuitry is
designed to accommodate normal load variations in order to avoid spurious actuation. A rod
drop signal from the rod position indication channel or from one or more of the four power
range channels blocks further automatic rod withdrawal by the rod control system.

15.4.6.2 Frequency of Event

The dropped RCCA(s), dropped RCCA bank, and statically misaligned RCCA incidents are
classified as ANS Condition II events of moderate frequency. Section 15.0.8 discusses Con-
dition II events.

15.4.6.3 Event Analysis

The following events are analyzed:

Case (1) One or more dropped RCCAs from the same group. RCCA banks are in automatic
control.

Case (2) A dropped RCCA bank. RCCA banks are in automatic control.

Case (3) A static misalignment where the worst-case RCCA is fully inserted with bank D fully
withdrawn.

Case (4) A static misalignment where the worst-case RCCA is fully inserted with bank D at its
insertion limit.

Case (5) A static misalignment where the worst-case RCCA remains fully withdrawn when
bank D is at its insertion limit.

Cases (1) and (2) are analyzed in the automatic control modes because failure of the rod
block system to function would result in the rod control system remaining in automatic con-
trol mode.

15.4.6.3.1 Protective Features

Two independent systems consisting of the rod bottom detection and power range nuclear
instrumentation systems provide redundant input to the rod control system to prevent rod
withdrawal when in automatic control. The rod drop protection does not perform a reactor
protective trip or an emergency safety features mitigating function (i.e., no credit for any
direct trip due to the dropped rods is taken). The rod withdrawal block is neither safety grade
nor credited in the analysis.

The normal rod control system (manual mode of operation) may be used by the operator to
recover from this event but is not required to mitigate the transient.
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15.4.6.3.2 Single Failures Assumed

No single failure is postulated since the limiting cases require no mitigating actions of safety-
related equipment.

15.4.6.3.3 Operator Actions Assumed

No operator actions are credited in the analysis of this event to satisfy the acceptance criteria.
Because the Technical Specifications limit the time allowed in this configuration, the operator
is expected to take action to establish stable plant conditions per the appropriate procedures.

15.4.6.3.4 Chronological Description of Event

The reactor is initially at steady state, full power for all cases. For Cases (1) and (2) the tran-
sient continues after rod drop until minimum DNBRs are obtained and nuclear power returns
to quasi-steady state conditions. No chronology is defined for Cases (3) to (5) since the inser-
tions resulting from the misaligned RCCA configurations are analyzed under steady state
conditions.

15.4.6.3.5 Impact on Fission Product Barriers

The DNBR is maintained greater than the safety analysis limit for this event. No fuel clad-
ding failures are expected. The reactor coolant system pressure does not increase signifi-
cantly during these events. The fuel cladding and reactor coolant pressure boundary maintain
their integrity as fission product barriers.

15.4.6.4 Reactor Core and Plant System Evaluation

15.4.6.4.1 Input Parameters and Initial Conditions

A. The initial reactor power, flow, pressure and temperature are assumed at their nominal val-
ues as shown in Table 15.0-8. The reactor coolant average temperature is at the maximum
TAVG (576.0 'F).

B. Automatic and manual rod controls are operable depending on the rod drop event analyzed.
Both modes are considered since the control mode can increase the severity of the event.

C. The pressurizer spray and pressurizer power operated relief valves are operational since
they reduce primary system pressure and minimize the calculated DNBR values.

D. No automatic power reduction features such as turbine runback are actuated.

E. The core life is at its most limiting time with respect to DNB.

15.4.6.4.2 Methodology

15.4.6.4.2.1 One or More Dropped Rod Cluster Control Assemblies From the Same Group

LOFTRAN and VIPRE-W are used in this analysis. The capabilities of these codes are
described in Section 15.0.7.

LOFTRAN is used to determine the transient reactor state points (temperature, pressure, and
power). The transient reactor statepoints are based on a generic 2-loop dropped rod analysis
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performed as part of the Westinghouse Owners Group (WOG) dropped rod protection modifi-
cation program, WCAP-1 1394-P-A (Reference 9). Nuclear models are used to obtain a hot
channel factor consistent with the primary system conditions and reactor power conditions
specific to Ginna. By incorporating the primary conditions from the transient analysis and the
hot channel factor from the nuclear analysis, thermal hydraulic analyses are performed using
VIPRE-W to verify that the DNB design basis is met. The transient response analysis,
nuclear peaking factor analysis, and DNB design basis confirmation are performed in accor-
dance with the methodology described in Reference 9.

15.4.6.4.2.2 Dropped Rod Cluster Control Assembly Bank

A dropped RCCA bank results in a symmetric power change in the core. As discussed in
Reference 9, assumptions made for the dropped RCCA analysis (see Section 15.4.6.4.2. 1)
provide a bounding analysis for the dropped RCCA bank.

15.4.6.4.2.3 Statically Misaligned Rod Cluster Control Assembly

The DNBR analysis assumes that initial reactor power, pressure, and reactor coolant system
temperatures are at the nominal values but with the increased radial peaking factor associated
with the misaligned RCCAs. The peaking factors are determined from steady-state analyses
of power distributions resulting from the statically misaligned RCCAs. The power distribu-
tions are analyzed using appropriate nuclear physics design codes. The nominal conditions
and limiting peaking factors are then input to the VIPRE-W to determine the DNBR.

15.4.6.4.3 Acceptance Criteria

General acceptance criteria appropriate for this Condition II event are:

A. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.

B. Fuel integrity should be maintained by ensuring that the centerline fuel temperature is less
than its melting temperature.

C. An incident of moderate frequency should not generate a more serious plant condition with-
out other incidents occurring independently.

The primary acceptance criterion for these the statically misaligned RCCA analyses is that
the minimum DNBR remains greater than the safety analysis DNBR limit (see Section 4.4).
DNBR is the only acceptance criterion required for the rod drop analyses consistent with the
methodology described in Reference 9.

15.4.6.4.4 Results

15.4.6.4.4.1 One or More Dropped Rod Cluster Control Assemblies

Single or multiple dropped RCCAs within the same group (Case 1) result in a negative reac-
tivity insertion. The core is not adversely affected during this period since power is rapidly
decreasing. Either reactivity feedback or control bank withdrawal will reestablish power.
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Following a dropped rod event in manual rod control, the plant will establish a new equilib-
rium condition. Without control system interaction, a new equilibrium is achieved at a
reduced power and a reduced primary temperature due to reactivity feedback.

For a dropped RCCA event in the automatic rod control mode, the rod control system detects
the drop in power and initiates control bank withdrawal. Power overshoot may occur due to
this action by the automatic rod controller after which the control system will insert the con-
trol bank to restore nominal power. Thus, the automatic rod control mode of operation is the
limiting case. Figures 15.4-18 and 15.4-19 show a typical transient response to a dropped
RCCA (or RCCAs) in the automatic rod control mode. In all cases, the minimum DNBR
remains above the DNBR limit value.

Following plant stabilization, the operator may manually retrieve a single dropped RCCA
using the rod control system (manual mode) and approved operating procedures.

15.4.6.4.4.2 Dropped Rod Cluster Control Assembly Bank

A dropped RCCA bank (Case 2) is bounded by the dropped RCCA event discussed above
(Reference 9).

15.4.6.4.4.3 Statically Misaligned Rod Cluster Control Assembly

The more severe DNBRs from statically misaligned RCCAs arise from cases where one
RCCA is fully inserted with all rods out (Case 3) or bank D is at its insertion limit (Case 4), or
where bank D is inserted to its insertion limit with one RCCA fully withdrawn (Case 5). Mul-
tiple independent alarms, including a bank insertion limit alarm, alert the operator before the
postulated conditions are approached.

For RCCA misalignments with one RCCA fully inserted (Cases 3 and 4), the DNBR does not
fall below the safety analysis DNBR limit.

For RCCA misalignments with Bank D inserted to its full-power insertion limit with any one
RCCA fully withdrawn (Case 5) or fully inserted (Case 4), the DNBR does not fall below the
safety analysis DNBR limit.

DNB does not occur for the RCCA misalignment incidents; thus, there is no reduction in the
ability of the primary coolant to remove heat from the fuel rod. The peak fuel temperature
corresponds to a linear heat generation rate based on the radial peaking factor penalty associ-
ated with the misaligned RCCA and the design axial power distribution. The resulting linear
heat generation rate is well below that which would cause fuel melting.

Detailed results will vary from cycle to cycle depending on fuel arrangements; therefore, the
insertion limits and DNBR considerations are re-evaluated for each cycle.

After identifying a RCCA group misalignment condition, the operator must take action as
required by the plant Technical Specifications and operating instructions.
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15.4.6.5 Radiological Evaluation

An evaluation of radiological consequences is not performed since no fuel failures result from
statically misaligned or dropped RCCAs.

15.4.6.6 Conclusions

The analyzed events do not propagate beyond the Condition II category since, in each case,
the reactor reaches a stable state.

For cases of dropped RCCA assemblies (Case 1) or dropped banks (Case 2), the DNBR
remains greater than the safety analysis DNBR limit; therefore, the DNB design criterion is
met, and the events do not result in core damage.

For all static misalignment cases of any RCCA fully inserted (Cases 3 and 4) or bank D
inserted to its rod insertion limits with any single rod cluster control assembly in that bank
fully withdrawn (Case 5), the DNBR remains greater than the safety analysis DNBR limit,
and the events do not result in core damage.
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Table 15.4-1
TIME SEQUENCE OF EVENTS FOR UNCONTROLLED ROD CLUSTER CONTROL

ASSEMBLY WITHDRAWAL FROM A SUBCRITICAL CONDITION

Event

Initiation of uncontrolled rod withdrawal, 75 pcm/sec reactivity inser-
tion rate, from 10-9 of nominal power

Power range high-neutron-flux low setpoint reached

Peak nuclear power occurs

Rods begin to fall into core

Peak heat flux occurs/Minimum DNBR occurs

Peak clad temperature occurs

Peak average fuel temperature occurs

Peak fuel centerline temperature occurs

Time of Each Event
(sec)

0

9.98

10.11

10.48

11.72

11.98

12.18

13.68
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Table 15.4-2
TIME SEQUENCE OF EVENTS FOR UNCONTROLLED ROD CLUSTER CONTROL

ASSEMBLY WITHDRAWAL AT POWER

Event Time of Each Event

(sec)

CASE A (Minimum feedback)

Initiation of uncontrolled rod cluster control assembly withdrawal at 0
full power and maximum reactivity insertion rate (100 pcm/sec)

Power range high-neutron-flux high trip point reached 1.2

Rod begins to fall into core 1.7

Minimum DNBR occurs 2.3

CASE B (Maximum feedback)

Initiation of uncontrolled rod cluster control assembly withdrawal at 0
full power and at a small reactivity insertion rate (5 pcm/sec)

Power range high-neutron-flux high trip point reached 213.9

Rods begin to fall into core 215.9

Minimum DNBR occurs -215.9
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Table 15.4-3
PARAMETERS USED IN THE ANALYSIS OF THE ROD CLUSTER CONTROL

ASSEMBLY EJECTION ACCIDENT

Parameters

Power level, MWt

Ejected rod worth, % delta k

Delayed neutron fraction, %

Feedback reactivity weighting

Doppler defect, pcm

Trip reactivity, % delta k

FQ before rod ejection

FQ after rod ejection

Number of operational pumps

Maximum fuel pellet average tem-
perature, OF

Maximum fuel center temperature,
OF

Maximum clad average tempera-

ture, OF

Maximum fuel stored energy, cal/g

Fuel melt at the hot, %

Zirconium-water reaction, %

Beginning

1811

0.32

0.49

1.231

1000

3.5

2.6

5.00

2

4069

4970

Time in Life

Beeinning End

0 1811

0.95 0.40

0.49 0.43

2.008 1.316

1000 950

2.0 3.5

- <2.6

11.0 5.69

1 2

3564 4055

End

0

0.90

0.43

2.041

950

2.0

12.0

1

3627

3920

2313

177.9

6.62

<16

3934

2831

151.8

0.0

<16

4883

2306

177.2

9.00

<16

2481

155.1

0.0

<16
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Table 15.4-4
TIME SEQUENCE OF EVENTS FOR ROD CLUSTER CONTROL ASSEMBLY

EJECTION

Event

Initiation of rod ejection

Power range high-neutron-flux high

setpoint reached

Peak nuclear power occurs

Rods begin to fall into core

Peak fuel average temperature occurs

Peak clad temperature occurs

Initiation of rod ejection

Power range high-neutron-flux low set-
point reached

Peak nuclear power occurs

Rods begin to fall into core

Peak clad temperature occurs

Peak fuel average temperature occurs

Time of Each Event
(sec)
BCL HFP

0.0

0.04

0.14

0.54

1.74

1.45

BCL HZP

0.0

0.02

ECL HFP

0.0

0.02

0.13

0.52

1.81

2.00

ECL HZP

0.0

0.15

0.06

0.92

1.99

2.00

0.18

0.65

1.51

1.55
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Table 15.4-5
REA CONTAINMENT ASSUMPTIONS

Parameter Value

Reactor power, MWt 1811

Failed Fuel, % of core 15
Melted fuel, % of core 0.375
Peaking factor, fraction 1.75

Initial Primary Coolant Activity
iodine 60pCi/gm of DE 1- 131
noble gas 1% fuel defects

Iodine forms
particulate 0.95
elemental 0.0485
organic 0.0015

Containment net free volume, ft3  1 E6

Containment Leak Rate, %/day
0-24 hr 0.2
> 24 hr 0.1

Containment fan cooler flow and operation
number of operating units 2
flow rate per unit, cfm 30,000
total filtered flow rate, cfm

HEPA (2 units) 60,000
initiation delay

CRFCs (HEPA) 53 sec
termination of particulate iodine removal, .4

hours

Containment fan cooler iodine removal effi-
ciency, % 0

elemental 0
organic 95
particulate

Natural deposition coefficient, 1/hr 0.023

Atmospheric dispersion X/Q sec/mi3

EAB 0-2 hr 2.17E-4
LPZ 0-8 hr 2.5 1E-5

8-24 1.78E-5
24-96 8.50E-6
96-720 2.93E-6
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Parameter Value

Breathing rate m3/sec
EAB & LPZ

0-8 hr 3.47E-4
8-24 1.75E-4
24-720 2.32E-4

REA SECONDARY SIDE ASSUMPTIONS

Parameter Value

Reactor power, MWt (including 2% uncer- 1811
tainty)

Failed Fuel, % of core 15
Melted fuel, % of core 0.375
Peaking factor, fraction 1.75

Initial secondary coolant iodine activity, ci/gm 0.1
of DE 1-131

Primary-to-secondary leakage
leak rate, gpd per SG 500
duration, hr 8

Mass of primary coolant, gm 1.28E8

Initial mass of secondary coolant, gm per 2 7.72E7
SGs

Steam released from S.S. to environment, gm/
min 7.95E5

0-2 hr. 6.1iE5
2-8 hr.

Steam generator iodine partition coefficient
(mass-based)

elemental 100
organic I

Iodine species assumed in the SG water
elemental iodine 0.97
organic iodide 0.03
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Table 15.4-6
RESULTS FOR REA DOSE, REM TEDE

EAB, max 2-hour LPZ Containment Leak,
720 hours Secondary side

releases, 8 hours

7.82E-02

9.795E-02

Containment leakage, gap and RC

Secondary side, gap and coolant,
Elemental Iodine

Secondary side, gap and RC, Noble
Gas

Secondary side, gap and coolant,
Methyl Iodide

Containment leakage, core melt

Secondary side, melt elemental
iodine

Secondary side, melt methyl

Secondary side, melt, noble gas

TOTAL

2.384E-01

3.480E-01

2.638E-01

3.143E-01

2.226E-02

4.32E-02

3.911E-02

6.589E-02

1.34E+00

6.165E-02

1.195E-01

6.388E-03

1.218E-02

1.487E-02

1.539E-02

4.06E-0 1

Acceptance Criteria 6.3 6.3
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Figure 15.4-1 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal From Subcritical

Conditions, Heat Flux and Nuclear Power Versus Time (422 V+Fuel)
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Figure 15.4-2 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal From Subcritical

Conditions, Clad Inside and Fuel Average Temperature Versus

Time(422 V+Fuel)

low

L2

Time (s)

ROCH4ESTER GAS AMD ELECTRIC CORlPORATtON
R. E. GPN*A NUCI 'EAR POWJER PLANT

UPDATED FINAL SAFETY A.NALYSIS REPORT

Uncornwfled 15.4-2r otolAsui~yBn
Uncotroled Rdgurlef Cotrl54-2 by w

Wuhdiduwaj Fromr Subcdncaml Conditions. Clad Inside and

Fuel Avmwue Tenuxipmt Vcixsw Time (422V+ Fuel)

Page 235 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

Figure 15.4-3 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power, Mini-

mum Feedback, 100 pem/sec, Nuclear Power and Heat Flux Versus Time
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Figure 15;4-4 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power, Mini-

mum Feedback, 100 pcm/sec, Pressurizer Pressure and Pressurizer Water Vol-
ume Versus Time
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Figure 15.4-5 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power, Mini-

mum Feedback, 100 pcm/sec, Tavg and DNBR Versus Time
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Figure 15.4-6 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power, Maxi-
.mum Feedback, 5 pcm/sec, Nuclear Power and Heat Flux Versus Time
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Figure 15.4-7 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power, Maxi-
mum Feedback, 5 pcm/sec, Pressurizer Water Volume and Pressurizer Pressure
Versus Time
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Figure 15.4-8 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power, Maxi-
mum Feedback, 5 pcm/sec, TA VG and DNBR Versus Time
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Figure 15.4-9 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power, Mini-
mum and Maximum Feedback, DNBR Versus Reactivity Insertion Rate
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Figure 15.4-10 Uncontrolled Rod Cluster Control Assembly Bank Withdrawalfrom 60% Power,
Minimum and Maximum Feedback, DNBR Versus Reactivity Insertion Rate

F.--bt • , , -

OTDT

IA

~ I.

High Flux

10 20 30 40 so so 10 80 90 too
RkA(TliVrTY 114~fWRT KATE (P.9)

Page 243 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

Figure 15.4-11 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal from 10% Power,
Minimum and Maximum Feedback, DNBR Versus Reactivity Insertion Rate
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Figure 15.4-12 Startup of an Inactive Coolant Loop, Nuclear Power Versus Time

u: 7 trt: -7.= =z
-Fý-7 H. 7

iF4.

Z '=7 -r..:

.t= t I *74 =' I - ------

--r1r Mi: Lai-
l ti t-- M' I

:7-

*-:17 
j.=ý-

M

=4ý

VE

Z=ý r:;;o

T.-:::7 1:, .- 7 -'7-: ...

ZZ.- 77::

77

77-. a

n: 7.7-: 7=. 7- Z:--

7:.7- 7-
_:I 7

Z-U
... .... .. rKý

F

77 1

. . ... . .. .... .. .... ... -- f7N
'. -: .: Z! ;:z-l

U
0)

Ný c '

% '~b 83MOd SUIV3MN NI 39NVH3
ROCHESTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 15.4-12

Startup of an Inactive Coolant Loop,
Nuclear Power Versus Time

Page 245 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

Figure 15.4-13 Startup of an Inactive Coolant Loop, TAVG Versus Time
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Figure 15.4-14 Startup of an Inactive Coolant Loop, Core Inlet Temperature Versus Time
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Figure 15.4-15 Startup of an Inactive Coolant Loop, Pressurizer Pressure Versus Time
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Figure 15.4-16 Rod Cluster Control Assembly Ejection Beginning-of-LiJe, Full Power; Fuel and
Clad Temperature and Nuclear Power Versus Time
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Figure 15.4-16aRod Cluster Control Assembly Ejection, Beginning of Life, Full Power, Fuel

and Clad Temperature and Nuclear Power Versus Time
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Figure 15.4-16bRod Cluster Control Assembly Ejection, Beginning of Life, Zero Power, Fuel

and Clad Temperature and Nuclear Power Versus Time
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Figure 15.4-17 Rod Cluster Control Assembly Ejection Beginning-of-Life, Zero Power, Fuel
and Clad Temperature and Nuclear Power Versus Time
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Figure 15.4-17aRod Cluster Control Assembly Ejection, End ofLife, Full Power, Fuel and Clad

Temperature and Nuclear Power Versus Time
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Rod Cluster Control Assembly Ejection.
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Figure 15.4-17bRod Cluster Control Assembly Ejection, End of Life, Zero Power; Fuel and

Clad Temperature and Nuclear Power Versus Time
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Figure 15.4-18 Rod Cluster Control Assembly Drop Heat Flux and Nuclear Power Versus Time
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Figure 15.4-19 Rod Cluster Control Assembly Drop Pressurizer Pressure and Core Average
Temperature Versus Time

2,400

Z 2,350

w
Ex 2.300

UJ

a. 2,250

w

2.200
LO
n
0. 2.150

2.100

606

C~ 604

w
cr 602

I.-

W600

sw

~596

0
L) 592

590

TIME (SEC)

0 50 100 150 200
TIME (SEC)

ROCHESTER GAS AND ELECTRIC CORPORATION

R. E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 15.4-19

Rod Cluster Control Assembly Drop
Pressurizer Pressure and Core Average

Temperature Versus Time

REV 10 12/93

Page 256 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

Figure 15.4-20 Uncontrolled Rod Cluster Control Assembly Bank Withdrawlfrom 8% Power
(RCS Pressure Case), Minimum Feedback, 55 pcm/sec, Nuclear Power and
Heat Flux Versus Time
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Figure 15.4-21 Uncontrolled Rod Cluster Control Assembly Bank Withdrawl/from 8% Power
(RCS Pressure Case), Minimum Feedback, 55 pcm/sec, Pressurizer Pressure
and Tavg, Versus Time
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15.5 INCREASE IN REACTOR COOLANT INVENTORY

Inadvertent actuation of the Emergency Core Cooling System (ECCS) or a chemical and vol-
ume control system malfunction that increases the reactor coolant inventory can lead to an
increase in system pressure and pressurizer level.

During power operations at Ginna Station, the high-pressure safety injection pumps cannot
deliver flow at full operating pressure because the pump shutoff head is approximately 1500
psi. Therefore, during power operation the safety injection pumps can not increase RCS
inventory.

During power operation, the charging pumps are capable of increasing RCS inventory. The
three positive displacement charging pumps can deliver a maximum of 180 gpm (charging
flow is normally maintained at 46 gpm). An estimate of pressurizer fill time can be obtained
by taking into account the charging line pressure drop and associated relief valves. if all 3
charging pumps were running at maximum speed with the RCS at normal pressure, the D/P
required to force 180 gpm into the RCS would raise charging pump discharge pressure above
the setpoint of the charging pump relief valves, and a portion of the total 180 gpm charging
flow would be directed back to the VCT. Additionally, as the RCS pressurized due to the
compression of the pressurizer gas bubble resulting from the CVCS malfunction, the amount
of the charging flow that would be added to the RCS would decrease. Prior to a reactor trip,
maximum deliverable flow to the RCS via the charging flow path and the RCP seal injection
flow path is estimated to be less than 150 gpm. At this rate it would take approximately 6 min
to fill the pressurizer to the high level reactor trip setpoint. Following the reactor trip, the
RCS cools down and depressurizes slightly. The cooldown causes an increase in the pressur-
izer steam space. The small depressurization is assumed to increase charging flow. A conser-
vative value of 180 gpm is assumed (maximum flow from three charging pumps). Following
reactor trip, it would take 12 min to fill the pressurizer at 180 gpm. The total time to fill the
pressurizer is, therefore, 18 min. This is considered sufficient time for the operator to termi-
nate the event based on the available alarms and indications (high pressurizer level, high pres-
surizer pressure, and low volume control tank level).

The overpressure consequences during operation at low primary system temperature are dis-
cussed in Section 5.2.2.
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REFERENCES FOR SECTION 15.5

1. CAL-NOTE-68, "Estimates the Time Required to fill the Pressurizer Steam Space
Assuming Three charging Pumps re Running," dated 12/15/2005.
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15.6 DECREASE IN REACTOR COOLANT INVENTORY

15.6.1 INADVERTENT OPENING OFA PRESSURIZER SAFETY VALVE OR
PRESSURIZER POWER OPERA TED RELIEF VALVE (POR V)

15.6.1.1 Description of Event

The most severe core conditions resulting from an accidental depressurization of the RCS are
associated with an inadvertent opening of a pressurizer safety valve. The event results in a
rapidly decreasing RCS pressure. The effect of the pressure decrease is a decrease in the neu-
tron flux via the moderator density feedback, but the Reactor Control System (if in the auto-
matic mode) functions to maintain the power and average coolant temperature until reactor
trip occurs. The pressurizer level increases initially due to expansion caused by depressuriza-
tion and then decreases following reactor trip.

15.6.1.2 Frequency of Event

The inadvertent opening of a pressurizer safety valve incident is classified as an ANS Condi-
tion II event of moderate frequency. Section 15.0.8 discusses Condition 11 events.

15.6.1.3 Event Analysis

15.6.1.3.1 Protective Features

The following features provide protection for this event:

I. Reactor trip is actuated by an overtemperature AT signal if any two-out-of-four AT chan-
nels exceed a variable setpoint during the transient. This setpoint is automatically varied
with axial power imbalance, coolant temperature, and pressurizer pressure conditions to
protect against DNB.

2. Reactor trip is actuated on two-out-of-four low pressurizer pressure (RTS) signals.

15.6.1.3.2 Sinle Failures Assumed

A single failure is assumed in one train of the reactor trip system (RTS). The other operable
train will, however, trip the reactor.

15.6.1.3.3 Operator Actions Assumed

No operator actions are credited in this analysis.

15.6.1.3.4 Chronological Description of Event

The event starts with the opening of a pressurizer safety valve. The sequence of events is
shown in Table 15.6-9.

15.6.1.3.5 Impact on Fission Product Barriers

The DNBR is expected to be greater than the safety analysis limit for this event. No fuel clad-
ding failures are expected. Reactor coolant and steam pressures are expected to decrease.
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The fuel cladding and reactor coolant pressure boundary maintain their integrity as fission
product barriers.

15.6.1.4 Reactor Core and Plant System Evaluation

15.6.1.4.1 Input Parameters and Initial Conditions

A. Initial values of reactor power, pressure, and average temperature assumed are consistent
with the Revised Thermal Design Procedure. The vessel average temperature is at the max-
imum T AVG (576.0°F) value. Plant characteristics and initial conditions are described in

Section 15.0.1.

B. A zero moderator coefficient of reactivity conservative for BOL operation is assumed in
order to provide a conservatively low amount of negative reactivity feedback due to
changes in moderator temperature. The spatial effect of void due to local or subcooled boil-
ing is not considered in the analysis with respect to reactivity feedback or core power shape.

C. A small (absolute value) Doppler coefficient of reactivity is assumed such that the resultant
amount of negative feedback is conservatively low in order to maximize any power
increase due to moderator reactivity feedback.

D. It should also be noted that in the analysis, power peaking factors are kept constant at the
design values while, in fact, the core feedback effects would result in considerable flatten-
ing of the power distribution. This would significantly increase the calculated DNBR;
however, no credit is taken for this effect.

E. No credit is taken for the pressurizer heaters when the reactor coolant system pressure
decreases during the transient. Operation of the heaters would tend to increase the DNBR,
which is non-conservative for this analysis.

F. A constant rod worth of 10 pcm/step is assumed. This rod differential worth is conservative
since it causes the rod control system to attempt maintaining the full power TAVG, which

delays reactor trip.

G. The accident is simulated by the opening of a pressurizer safety valve. For conservatism,
the valve area is increased by about 24% to ensure a conservative blowdown.

H. Maximum steam generator tube plugging is assumed.

15.6.1.4.2 Methodology

The inadvertent opening of a pressurizer safety valve or pressurizer power operated relief
valve (PORV) incident is analyzed using the RETRAN code. The code computes pertinent
plant variables, including temperatures, pressures, and power level. Section 15.0.7 provides
an additional description of RETRAN and its capabilities.

The Revised Thermal Design Procedure (Reference 17) is used. Uncertainties in initial condi-
tions are included in the DNBR limit using this procedure.

15.6.1.4.3 Acceptance Criteria

The general acceptance criteria for a Condition II event are:
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A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.

B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.

C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.

Primary pressure decreases due to the accident itself, and secondary side pressure tends to
decrease due to a small cooldown. Therefore,' the specific criterion used for this incident is
that the DNBR remains greater than the safety analysis limit described in Section 4.4.

15.6.1.4.4 Results

Figure 15.6-la illustrates the nuclear power transient following the accident. Reactor trip on
overtemperature AT occurs as shown on Figure 15.6-1b. The pressure decay transient fol-
lowing the accident is given on Figure Figure 15.6-lb. The loop average temperature follow-
ing the accident is given on Figure 15.6-1c. The resulting DNBR never goes below the limit
value as shown on Figure 15.6-1 d.

15.6.1.5 Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failure occurs.
Steam released from the pressurizer safety valve is to the pressurizer relief tank inside con-
tainment. Since this does not result in an uncontrolled release to the environment, normal
plant operations can be used for the cleanup or discharge of the radioactive contaminants
under controlled conditions.

15.6.1.6 Conclusions

By showing that the DNBR remains above the safety analysis limit value, the analysis of the
inadvertent opening of a pressurizer safety valve demonstrates that the overtemperature AT
RTS signal provides adequate protection.

15.6.2 RADIOLOGICAL CONSEQUENCES OF SMALL LINES CARRYING PRIMARY
COOLANT OUTSIDE CONTAINMENT

An analysis was conducted by the NRC under the Systematic Evaluation Program (Topic XV-
16), to ensure that any release of radioactivity from a postulated failure of small lines carrying
primary coolant outside containment would result in limited exposure, well within 10 CFR
100 exposure guidelines. The doses calculated by the NRC (Reference 2) were 12 rem thy-
roid and 1 rem whole body which were below 10% of the 10 CFR 100 exposure guidelines.

15.6.3 STEAM GENERATOR TUBE RUPTURE

15.6.3.1 Description of Event

The design-basis steam generator tube rupture (SGTR) accident consists of the double-ended
break of one steam generator tube. The accident takes place with the reactor coolant contam-
inated with fission products from continuous, full power operation prior to the accident. The
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accident results in the contamination of the secondary system from reactor coolant discharged
through the ruptured tube. Activity can be discharged to the environment from the operation
of the steam generator atmospheric relief valves (ARV) or main steam safety valves (if the
setpoints are reached), or from noncondensable gases released via the main condenser during
the accident and subsequent cooldown of the plant.

The operator is required to perform numerous actions to mitigate the SGTR accident and sta-
bilize the plant. Offsite doses are reduced by minimizing the amount of coolant discharged
through the ruptured tube and isolating the ruptured steam generator. The operator is required
to reduce reactor coolant system (RCS) pressure to equilibrate with the ruptured steam gener-
ator secondary side pressure to minimize the coolant discharge through the ruptured tube.
This action must be performed while the operator is attempting to cool down the plant, con-
trol primary and secondary side inventories, and isolate the ruptured steam generator. Failure
to control the coolant discharge in a timely manner can cause overfilling of the ruptured steam
generator with additional consequences.

Analyses of the SGTR accident focus on two areas:

I. Analyses are performed to demonstrate that sufficient margin to overfill exists because of
the number of operator actions required to mitigate this accident.

2. Offsite doses are analyzed to ensure that possible consequences are within allowable guide-
lines. The dose analysis requires thermal hydraulic calculations be performed to determine
the amount of reactor coolant discharged to the ruptured steam generator and the amounts
of steam released from the steam generators.

The effects of limiting single failures and the times for required operator actions are explicitly

included in the analyses.

15.6.3.2 Frequency of Event

The complete severance of a steam generator tube is unlikely to occur over the life of the
plant. The event is a Condition IV limiting fault since it can result in the loss of the reactor
coolant system boundary or the release of significant amounts of radioactive material to the
environment. Because the tubes are made of highly ductile Inconel-690 material, the more
probable failure modes are one or more leaks of undetermined origin. Tube leaks or failures
large enough to cause losses of reactor coolant are considered Condition II or III events,
depending on whether an orderly shutdown and cooldown can or cannot be performed with
normal makeup systems.

15.6.3.3 Event Analysis

Separate thermal hydraulic analyses are performed for the steam generator overfill and mass
release cases. The analyses model a double-ended break of one steam generator tube located
at the top of the tube sheet on the outlet (cold leg) side of the steam generator. The location of
the break on the cold side of the steam generator results in higher primary to secondary flow
than a break on the hot side of the steam generator (Reference 3).
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Typically, it is not known beforehand which end of the TAVG window and steam generator

tube plugging conditions gives the bounding result for each type of analysis. In addition, cer-
tain plant and operator assumptions differ in the two types of analysis (see Sections 15.6.3.3.2
and 15.6.3.3.3). Therefore, four cases were analyzed separately for the margin to overfill and
mass release analyses. All cases are analyzed with a loss of offsite power.

The margin to overfill transient is analyzed until the ruptured steam generator secondary side
and reactor coolant system (RCS) pressures equalize, at which time the ruptured tube flow is
considered isolated. The four cases to determine the minimum margin to overfill are:

Case (1) Margin to overfill with 10% steam generator tube plugging level and TAVG at 576.0°F

Case (2) Margin to overfill with 0% steam generator tube plugging level and TAVG at 576.0°F

Case (3) Margin to overfill with 10% steam generator tube plugging level and TAVG at 564.6°F

Case (4) Margin to overfill with 0% steam generator tube plugging level and TAVG at 564.6°F

The mass release cases determine the maximum integrated primary to secondary break flows
and steam releases for the SGTR radiological analysis. These cases are analyzed through tube
flow isolation and cooldown to residual heat removal system in-service conditions to obtain
the total steam releases from the intact and ruptured steam generators. (At this point, the
plant proceeds to MODE 5 (cold shutdown) conditions without additional steam release using
the residual heat removal system.) The four mass release cases are:

Case (5) Mass release with 10% steam generator tube plugging level and TAVG at 576.0°F

Case (6) Mass release with 0% steam generator tube plugging level and TAVG at 576.0°F

Case (7) Mass release with 10% steam generator tube plugging level and TAVG at 564.6 0 F

Case (8) Mass release with 0% steam generator tube plugging level and TAVG at 564.6°F

Only the results for the limiting margin to overfill and mass release cases (Cases 3 and 5,
respectively) are presented. Dose calculations are performed for the limiting mass release
case with the largest integrated flashing flow since it gives the maximum offsite doses.

The analysis is performed for Ginna Extended Power Uprate (EPU) at a core power of 1811
MWt.

15.6.3.3.1 Protective Features

Protective features credited in the analysis include:

1. Reactor Trip System (RTS) - Reactor trip is actuated if any two-out-of-four delta T chan-
nels exceed an overtemperature delta T setpoint. This setpoint is automatically varied with
axial power imbalance, coolant temperature, and pressurizer pressure to protect against
DNB.

2. Engineered Safety Features Actuation System (ESFAS) - A safety injection actuation signal
is generated on two-out-of-three low pressurizer pressure (ESFAS) signals.

3. Safety Injection - The safety injection signal will result in the startup of three safety injec-
tion pumps supplying two reactor coolant system (RCS) cold leg injection paths.
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4. Feedwater Isolation- A safety injection signal or an engineered safety feature sequence ini-
tiation signal will result in feedwater isolation causing all main feedwater isolation, main
feedwater regulating, bypass and feedwater isolation valves to rapidly close tripping the
main feedwater pumps, and closing the main feedwater pump discharge valves.

5. Main Steam Isolation - The control room operator closes the main steam isolation valve
from the affected generators. Isolating main steam prevents the continued depressurization
of the steam generators and limits the pressure differential between the secondary and pri-
mary systems.

6. Auxiliary Feedwater - The trip of both main feedwater pumps results in actuation of the
two motor-driven auxiliary feedwater pumps. Offsite power is assumed to be lost at the
time of reactor trip, which results in actuation of the turbine-driven auxiliary feedwater
pump. Auxiliary feedwater valves are required for feed flow control to the intact steam
generator and isolation of flow to the ruptured generator.

7. Steam Generator Atmospheric Relief Valves (ARV) - The RCS must be cooled down to
MODE 5 (cold shutdown) to prevent the occurrence of saturated conditions in the core.
Since offsite power is assumed to be lost at the time of reactor trip, the condenser is not
available, and the ARVs are the only means available to the operator to perform this task.
The ARV on the intact steam generator is used to dump steam and cool the RCS, in this way
reducing RCS pressure while maintaining adequate subcooling. Continued pressure reduc-
tion eventually results in terminating tube flow. At the end of the event, the ruptured steam
generator's ARV must be opened to reduce its pressure as the RCS pressure approaches
residual heat removal system in-service conditions.

The steam generator ARVs also prevent overpressurization of the steam generators below
the main steam safety valve (MSSV) setpoint after reactor trip.

8. Pressurizer Power Operated Relief Valves (PORVs) - The pressurizer PORVs are used by
the operator to control depressurization of the RCS before termination of safety injection
and during the approach to residual heat removal system in-service conditions.

9. Main Steam Safety Valves (MSSVs) - The MSSVs protect the secondary side against over-
pressurization (with the ARVs) following reactor trip.

10. Residual Heat Removal - Residual heat removal is required for long term cooling as the
plant is brought to MODE 5 (cold shutdown) conditions.

15.6.3.3.2 Single Failures Assumed

The effects of single failures in margin to overfill and mass release analyses were investigated
in References 3 and 5. The limiting single failures for SGTR analyses are described below.

15.6.3.3.2.1 Single Failure - Margin to Overfill

The limiting single failure for margin to overfill considerations is the ARV failing closed on
the intact steam generator (Reference 3). The ARV on the intact steam generator must be
locally opened before the RCS cooldown can begin. The additional time to open the ARV
will delay the depressurization of the RCS, causing an increase in the amount of reactor cool-
ant discharged to the secondary side in the ruptured steam generator.
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15.6.3.3.2.2 Single Failure - Mass Release

The limiting single failure for the mass release analyses is the ARV failing open on the rup-
tured steam generator (Reference 5). Failure of this ARV causes an uncontrolled depressur-
ization of the ruptured steam generator resulting in increased primary to secondary flow.
Pressure in the ruptured steam generator remains less than the RCS until the failed ARV is
isolated and recovery actions are completed.

15.6.3.3.3 Operator Actions Assumed

15.6.3.3.3.1 Operator Actions to Terminate Tube Rupture Flow

Important operator actions in the Westinghouse Owners Group (WOG) Emergency Response
E-3 Guidelines are explicitly modeled in the analysis. These actions are intended to terminate
flow though the ruptured steam generator tube before proceeding to long-term cooldown.
The operator actions that are modeled include:

1. Identify the ruptured steam generator.

Several means are available to the operator. The predominant indications are an unex-
pected rapid increase in the ruptured steam generator's narrow range level following the
reactor trip, high radiation from a steam generator blowdown radiation monitor, or high
radiation from a steam line radiation monitor.

2. Isolate steam flow from the ruptured steam generator and throttle auxiliary feedwater flow
to the ruptured steam generator.

Isolating the ruptured steam generator minimizes radiological releases and reduces the pos-
sibility of overfilling by minimizing the accumulation of feedwater. This action also
enables the operator to establish a pressure differential between the ruptured and intact
steam generators as a necessary step toward terminating primary to secondary flow. For the
reference plant analysis in Reference 3, it was assumed that the ruptured steam generator
will be isolated when the level in the steam generator reaches between being just on span
and 50% on the narrow range instrument or after an operator action time of 10 minutes,
whichever is longer. Reference 3 assumed that the ruptured steam generator would be iso-
lated when level in the steam generator reached midway between these points (33% narrow
range level). The ruptured steam generator was assumed to be isolated at 33% narrow
range level or at 10 minutes, whichever was longer.

3. Cool down the RCS by dumping steam from the intact steam generator.

The RCS is cooled down as rapidly as possible to a temperature less than the saturation
temperature corresponding to the ruptured steam generator's pressure. The cooldown is
performed using the intact steam generator's ARV since neither the steam dump valves nor
the condenser are available following the assumed loss of offsite power. The cooldown
continues until RCS subcooling at the ruptured steam generator pressure is 20'F plus an
allowance of 18'F for instrument uncertainty.

4. Depressurize the RCS after cooldown to minimize break flow and restore pressurizer level.

After cooldown of the RCS, safety injection is terminated since it is the principal contribu-
tor to tube flow. Depressurizing the RCS is required to ensure an adequate RCS inventory
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and reliable pressurizer level indication prior to stopping injection. Since offsite power is
assumed to be lost at the time of reactor trip, the reactor coolant pumps are not running and
thus normal pressurizer spray is not available. It is assumed that the operator depressurizes
the RCS using a PORV. The operator continues to depressurize until any of the following is
satisfied:

a. RCS pressure is less than the ruptured steam generator pressure and pressurizer level
is greater than 5% (0% plus 5% allowance for level uncertainty), or

b. Pressurizer level is greater than 75% (80% minus 5% allowance for level uncertainty),
or

c. RCS subcooling is less than the 18'F allowance for subcooling instrument uncer-
tainty.

5. Terminate safety injection to prevent repressurization of the RCS and terminate primary to
secondary flow.

Safety injection is terminated when all of the following are satisfied:

a. The RCS pressure stabilizes or starts to increase

b. Reactor coolant system subcooling is greater than the 18 'F allowance for subcooling
instrument uncertainty

c. Minimum auxiliary feedwater flow is available or the intact steam generator level is in
the narrow range

d. The pressurizer level is greater than the 5 % allowance for level uncertainty.

Operator action times were established from evaluations of plant simulator studies and field
data from five actual SGTR events (Reqerence 3). These action times consist of two compo-
nents: initiation times (for the operator to start actions) and plant/system response times (for
the plant conditions to reach performance objectives such as temperature, pressure, flow,
etc., required by the recovery action). The latter times are determined from the thermal
hydraulic transient analyses of the SGTR accident. The operator action times are summa-
rized in Table 15.6-4.

15.6.3.3.3.2 Operator Actions Due to Single Failures

Additional operator actions are required to recover from the single failures postulated for the
overfill and mass release analyses (see Section 15.6.3.3.2). These operator actions (Reference
4), which occur outside the control room, include identifying and locally opening the intact
steam generator ARV, locally closing the intact steam generator ARV block valve, and locally
closing the ruptured steam generator ARV block valve. The times associated with performing
these operator actions are listed in Table 15.6-2.

15.6.3.3.3.3 Operator Actions for Cooldown to MODE 5 (Cold Shutdown)

Following termination of tube rupture flow, the operator is required to perform additional
actions to bring the plant to MODE 5 (cold shutdown) conditions. The operator actions are
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defined in the WOG E-3 guidelines. Only two of the actions are explicitly considered in the
analysis.

The operator is required to cool the RCS to the residual heat removal system in-service tem-
perature by feeding and steaming the intact steam generator. The SGTR long-term mass
release analysis assumes the operator performs this action by dumping steam to the atmo-
sphere via the ARV. Although other preferable cooldown methods (such as steam dump to
the condenser to minimize activity releases) are identified in the WOG guidelines, steam
dump to the atmosphere is necessary because offsite power is assumed to be lost at the time of
reactor trip, causing the condenser to be unavailable.

Cooldown of the ruptured steam generator is performed after the RCS is cooled to the resid-
ual heat removal system in-service temperature. With a loss of offsite power, the operator
immediately releases steam from the ruptured steam generator to the atmosphere. (This
method is conservative for radiological calculations since it maximizes the activity released
from the plant.) The operator maintains equal pressure between the RCS and ruptured steam
generator secondary side using the PORV as needed until the residual heat removal system is
brought on line.

With the exception of being on residual heat removal in 8 hours, explicit operator action times
are not defined since cooldown can proceed more gradually after tube rupture flow is termi-
nated.

15.6.3.3.4 Chronological Description of Event

The chronologies from tube rupture to the termination of break flow for the limiting margin to
overfill and mass release cases are shown in Table 15.6-3 and Table 15.6-5, respectively.

After the break flow is terminated, the limiting mass release case is continued until, by 8
hours, the residual heat removal system in-service conditions are reached. During this period,
the plant response is characterized by steaming off the intact steam generator to cool the RCS
to the residual heat system in-service temperature. At this point, the ruptured steam generator
is depressurized until the RCS reaches the residual heat removal system in-service pressure.
The SGTR accident is then considered ended. The corresponding steam releases as a function
of time for this sequence are shown in Table 15.6-7.

15.6.3.3.5 Impact on Fission Product Barriers

The fuel cladding maintains its integrity as a fission product barrier. Although iodine spiking
may result during depressurization of the RCS, the number of pre-existing cladding defects
(as limited by the Technical Specifications on coolant specific activity) does not increase.
The radiological calculations for the iodine spiking cases incorporate this assumption in the
iodine spiking source term.

The tube rupture results in the loss of the reactor coolant pressure boundary integrity in the
ruptured steam generator. The tube rupture flow significantly increases the activity concen-
trations in the ruptured steam generator's secondary side water and steam regions. The loss of
the pressure boundary is the principal transport mechanism for radionuclides ultimately
released to the environment. The pressure boundary integrity of the remaining tubes in the
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ruptured and intact steam generators is not challenged since the RCS pressure does not
increase during this event. The integrity of the intact generator's tubes is important for limit-
ing offsite doses since this generator is used to dump large quantities of steam to cool down
and approach residual heat removal system in-service conditions after termination of the rup-
tured tube flow.

No discharge of water from the pressurizer is expected. The capacity of the pressurizer relief
tank is not exceeded, and the discharged activity in the steam relief is contained ensuring con-
trol of radioactive materials.

15.6.3.4 Reactor Core and Plant System Evaluation

15.6.3.4.1 Input Parameters and Initial Conditions

Parameters and initial conditions common to the margin to overfill and mass release analyses
are:

A. The plant is at 1817 MWt Nuclear Steam Supply System (NSSS) power, operating at the
high (576.0 'F) or low (564.6 'F) end of the TAVG window depending on the case analyzed.
Other initial conditions are summarized in Table 15.6-1.

B. The highest worth rod cluster control assembly is stuck in its fully withdrawn position at
reactor trip.

C. Reactor trip occurs when the overtemperature delta T setpoint is reached. No reactor trip
delay is assumed since it maximizes the secondary side inventory in the ruptured steam
generator and steam releases from both steam generators. It was also assumed that loss of
offsite power occurs at the time of reactor trip.

D. The turbine automatically trips following a reactor trip. Zero delay is assumed since it min-
imizes the steam flow to the turbine and maximizes the secondary side water inventory in
the ruptured steam generator and steam releases from both steam generators.

E. The condenser is unavailable for steam dump following reactor trip due to the assumed loss
of offsite power. All subsequent steam relief is through the atmospheric relief valves
(ARV) (and main steam safety valves (MSSV), if needed).

F. A low ARV setpoint of 1065 psia is used since control at lower steam generator pressures
causes a greater primary to secondary side pressure differential and tube flow.

G. A greater than nominal safety injection setpoint is used (see Table 15.6-1). The higher set-
point causes a higher primary to secondary side pressure differential that results in greater
break flow through the ruptured tube and longer time to pressure equalization.

H. Safety injection flow is from three safety injection (SI) pumps injecting into both reactor
coolant loops (see Figure 15.6-1). No actuation delays are assumed after the injection set-
point is reached. These assumptions conservatively increase the break flow through the
ruptured tube.

I. Auxiliary feedwater from all three preferred pumps is automatically started following reac-
tor trip and loss of offsite power. Maximum flow is equally split between the steam gener-

Page 270 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

ators, which are at nearly equal pressures until isolation. Maximum flow maximizes the
mass of water in the ruptured steam generator at the time of isolation (see Section 15.6.3.7).

J. Operation of charging and letdown systems and pressurizer heaters are not credited. Oper-
ation of these systems delays the reactor trip, which reduces the severity of the analyzed
transient.

K. Conservatively high decay heat rates are used. The increased heat input results in greater
tube flow after reactor trip due to the longer time needed for removing heat and depressur-
izing the reactor coolant system (RCS).

For the margin to overfill cases:

A. The initial water mass in both steam generators corresponds to 60.0% on the narrow range
level. This mass represents the nominal (52%) steam generator water level at full power
with a +8.0% instrument uncertainty applied. A higher initial mass in the ruptured steam
generator is conservative for reducing the margin to overfill. (The total fluid mass shown in
Table 15.6-1 corresponds to TAVG at 564.6°F at full power with 10% tube plugging level

assumed.)

B. Turbine runback on overtemperature delta T at 10% per minute prior to reactor trip is simu-
lated but is not credited for delaying reactor trip. Turbine runback increases the secondary
water mass with reduced load, because the feedwater controller attempts to maintain steam
generator level as power decreases before the trip.

C. The ruptured steam generator's fluid mass is artificially increased to simulate a turbine run-
back to 89% power prior to trip. The mass (96,000 Ibm) corresponds to the initial maxi-
mum level at full power plus the differential mass between 100% and 89% power. (Figure
15.6-3 shows the initial masses in the intact and ruptured steam generators.)

For the mass release analyses:

A. A turbine runback is not assumed since it delays reactor trip. An earlier reactor trip results
in greater steam releases to the atmosphere from both steam generators.

B. The steam generator water mass corresponds to 48.0% on the narrow range level. This
mass represents the full power, nominal steam generator water level with a -4.0% instru-
ment uncertainty applied. A lower initial mass in the ruptured steam generator increases
the predicted offsite doses. (The value shown in Table 15.6-1 corresponds to TAVG at

576.0°F with 10% tube plugging level assumed.)

15.6.3.4.2 Methodology

The RETRAN02 code is used for the margin to overfill and the mass release analyses.
RETRAN02 is described in Section 15.0.7.

The margin to overfill analyses are performed with the RETRAN02 code using methodology
consistent with that described in Reference 3 with plant-specific parameters. The ruptured
steam generator's secondary side water mass is calculated as a function of time to demonstrate
that overfill does not occur. The analysis is performed from the start of the rupture until break
flow is terminated at equalization of primary and secondary pressures. The methodology
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includes the explicit modeling of operator actions in the WOG E-3 guidelines required for
mitigation of the SGTR accident.

The mass release analyses are performed with the RETRAN02 code using methodology con-
sistent with that described in Re/erences 3 and 5. The plant response, the integrated primary
to secondary break flow, feedwater flows to both steam generators, and the steam releases to
the condenser and to the atmosphere up to the time tube flow is terminated are calculated
using RETRAN02 results. When calculating the amount of break flow that flashes to steam,
100% of the break flow is assumed to come from the hot leg side of the break.

The steam release and feedwater flow from the time of tube flow termination to 2 hours, and
from 2 to 8 hours, are determined from mass and energy balances using the RCS and intact
steam generator conditions. Following termination of tube flow, the intact steam generator's
ARV is assumed to cool down the plant at the maximum allowable rate of 100°F/hour to a
residual heat removal system in-service temperature of 330 'F.

The ruptured steam generator is assumed to be depressurized to the residual heat removal sys-
tem in-service pressure of 340 psia immediately after the cooldown of the RCS. The amount
of steam released is determined from mass and energy balances; no changes in thermody-
namic conditions are assumed from termination of tube flow until depressurization is started
since the ruptured steam generator is isolated. Steam releases from both steam generators are
considered terminated at 8 or 40 hours when the residual heat removal system in-service con-
ditions are reached.

Margin to overfill and mass release analyses include the effects of the limiting single failures
and operator recovery actions described in Sections 15.6.3.3.2 and 15.6.3.3.3, respectively.

15.6.3.4.3 Acceptance Criteria

No acceptance criteria are used for the margin to overfill and mass release analyses. Both
analyses are performed using conservative assumptions to demonstrate the ability of the oper-
ator to limit the system transient and establish parameters for providing a bounding radiologi-
cal consequence assessment.

Radiological acceptance criteria applicable to SGTR accidents are:

A. Radiological doses should not exceed 10 CFR 50.67 guidelines with a pre-existing iodine
spike in the reactor coolant

B. Radiological doses should not exceed Regulatory Guide 1.183 guidelines with an accident-
initiated iodine spike and the reactor coolant at its equilibrium iodine concentration for con-
tinued full power operation.

15.6.3.4.4 Results

Only the results for the limiting margin to overfill and mass release cases are presented.
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15.6.3.4.4.1 SGTR Margin to Overfill Transient Analysis

Results are presented for the worst-case margin to overfill analysis (Case 3). The minimum
margin to overfill occurs with a steam generator tube plugging level of 10% and with the
reactor initially operating with TAVG at 564.6°F. The sequence of events is summarized in
Table 15.6-3 and Figures 15.6-2 to 15.6-7 show primary and secondary side responses until
the SGTR flow is terminated. The SGTR margin to overfill analysis includes 100 seconds of
steady state operation prior to break initiation.

The reactor coolant flow to the secondary side through the ruptured tube immediately causes
the pressurizer level and pressure to decrease as shown in Figure 15.6-2. The continued
decrease in pressurizer pressure causes the overtemperature delta T setpoint to be reached 66
seconds post SGTR, followed by immediate reactor and turbine trips. The reactor coolant
pumps trip due to the assumed loss of offsite power at the time of reactor trip. Immediately
following reactor trip, the temperature differential across the hot and cold legs decreases as
core power decays. The temperature differential then increases as shown in Figure 15.6-4 as
both pumps coast down and natural circulation flow develops.

With the steam dump valves closed after trip (due to the loss of condenser vacuum resulting
from the assumed loss of offsite power at the time of reactor trip), the secondary side pres-
sures in both steam generators increase rapidly to the ARV setpoint as shown in Figure 15.6-
3. The pressurizer level and pressure continue to drop, and safety injection is actuated via the
low pressurizer pressure setpoint at 396 seconds (see Figure 15.6-2 and Table 15.6-3).

The operator isolates the ruptured steam generator by isolating steam flow and throttling aux-
iliary feedwater flow at 10 minutes post SGTR (see Table 15.6-3). The operator actions are
assumed at 10 minutes since the ruptured steam generator's narrow range level has previously
returned to greater than 33% (see Section 15.6.3.3.3.1, item 2). After 10 minutes, the
increase in fluid mass in the ruptured steam generator shown in Figure 15.6-3 is due to the
ruptured tube flow.

There is a 5 minute operator delay time before initiating the cooldown (see Table 15.6-4 and
Section 15.6.3.3.3.1, item 3). The intact steam generator's ARV is assumed to fail at the start
of cooldown. An additional delay is required for the operator to identify and open the ARV
(see Section 15.6.3.3.3.2), and at 1601 seconds, the valve is opened. The subsequent reduc-
tion in the intact steam generator's pressure is shown in Figure 15.6-3, and the resulting
cooldown of the RCS temperature is shown in Figure 15.6-4. The pressurizer pressure also
decreases during this cooldown as shown in Figure 15.6-2. The cooldown is continued until
RCS subcooling at the ruptured steam generator pressure is 20'F plus an allowance of 18'F
for instrument uncertainty. After cooldown, it takes the operator 5 minutes to close the ARV
block valve. The valve is completely closed at 3135 seconds.

The operator begins to depressurize the RCS using the PORV at 3255 seconds after a 2
minute delay (see Section 15.6.3.3.3.1, item 4, and Table 15.6-4). Depressurization is termi-
nated at 3288 seconds when the RCS pressure is reduced below the ruptured steam genera-
tor's pressure and the pressurizer's level is greater than 5%. The depressurization reduces
pressurizer pressure and the break flow and increases safety injection flow to refill the pres-
surizer as shown in Figures 15.6-2 and 15.6-5.
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Safety injection is not terminated in the analysis until the criteria in Section 15.6.3.3.3.1, item
5, are satisfied. The RCS pressure is allowed to increase to 50 psi above the ruptured steam
generator pressure to ensure that the RCS pressure is increasing when safety injection is ter-
minated. The operator terminates safety injection after a one minute delay (see Table 15.6-4)
at 3354 seconds and the RCS pressure begins to decrease as shown in Figure 15.6-2.

The intact steam generator's ARV is opened at 3384 seconds to dump steam (see Figure 15.6-
6) and maintain an adequate RCS subcooling margin. When the ARV is opened, the
increased energy transfer from the primary to the secondary side also aids in the depressuriza-
tion of the RCS to the ruptured steam generator's pressure (see Figures 15.6-2 and 15.6-3).
The primary to secondary flow continues until the RCS and ruptured steam generator pres-
sures equalize at approximately 4172 seconds.

The primary to secondary flow rate and water volume in the ruptured steam generator are

shown in Figure 15.6-5 and 15.6-7, respectively. Figure 15.6-7 shows a 220 ft3 margin to

overfill relative to the total steam generator's total volume of 4512.7 ft 3. The impact of the
single failure and recovery assumptions used to conservatively decrease the margin to overfill
can be observed by comparing the ruptured steam generator water volumes in Figure 15.6-7
and to those in Figure 15.6-13 for the limiting mass release analysis.

15.6.3.4.4.2 SGTR Mass Release Transient Analysis

The maximum mass release (Case 5) occurs with a steam generator tube plugging level of
10% and with the reactor initially operating with TAVG at 576.0°F. The sequence of events is

summarized in Table 15.6-5, and the primary and secondary side responses appear in Figures
15.6-8 to 15.6-13. Total mass releases for use in the dose analyses are summarized in Table
15.6-7. The SGTR mass release transient analysis includes 100 seconds of steady state opera-
tion prior to break initiation.

The mass release and margin to overfill results are similar until 10 minutes from break initia-
tion. The mass-release transient modeled a low initial secondary inventory and minimum
auxiliary feedwater flow. As a result, the ruptured steam generator level did not reach 33%
until 942 sec. Isolating the ruptured steam generator was, therefore, delayed until 942 sec. At
942 sec, the ruptured steam generator's ARV is assumed to fail open (see Section
15.6.3.3.2.2). The failure of the ARV causes the steam generator to rapidly depressurize and
the primary to secondary flow through the ruptured tube to increase (see Figures 15.6-9 and
15.6-11). The ruptured steam generator's depressurization causes the RCS pressure and tem-
perature to decrease more rapidly than the overfill case (see Figures 15.6-8 and 15.6-10) as
well as a greater cooldown of the intact steam generator. The operator identifies and locally
closes the block valve for the failed ARV after 15 minutes (see Section 15.6.3.3.3.2). The
depressurization of the ruptured steam generator ceases at 1842 seconds, and its pressure
begins to increase as shown in Figure 15.6-9.

There is a 5 minute operator action delay time imposed prior to initiating cooldown after the
failed ARV's block valve is closed (see Table 15.6-4). The cooldown is performed using the
intact steam generator's ARV to dump steam to the atmosphere and continues until the RCS
subcooling at the ruptured steam generator pressure is 20'F plus an allowance of 18'F for
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instrument uncertainty (see Section 15.6.3.3.3.1, item 3). Because of the lower pressure in
the ruptured steam generator when the cooldown is initiated, the RCS must be cooled to a
lower temperature to satisfy the cooldown criterion. The net effect is that the cooldown
period is longer relative to the overfill case. The cooldown is completed at 4373 seconds
when the operator closes the ARV on the intact steam generator. The reductions in the intact
steam generator pressure and the RCS temperature during the cooldown period are shown in
Figures 15.6-9 and 15.6-10, respectively.

The RCS depressurization begins later than the limiting margin to overfill case. After a 2
minute delay (see Table 15.6-4), the operator uses the PORV to depressurize starting at 4493
seconds. Depressurization is terminated at 4546 seconds when the RCS pressure is less than
the ruptured steam generator's pressure and the pressurizer's level is above 5% (see Section
15.6.3.3.3.1, item 4). During depressurization, safety injection flow will refill the pressurizer
while break flow is reduced as shown in Figures 15.6-8 and 15.6-11, respectively.

Like the overfill analysis, safety injection is terminated when the criteria in Section
15.6.3.3.3.1, item 5, are satisfied and the RCS pressure reaches 50 psi above the ruptured
steam generator's pressure. At this point, a 1 minute operator delay (see Table 15.6-4) is
assumed before shutting down safety injection at 4607 seconds. The RCS pressure begins to
decrease as shown in Figure 15.6-8. The intact steam generator's ARV is then opened (see
Figure 15.6-12) to maintain RCS temperature and subcooling margin. Figure 15.6-11 shows
that the primary to secondary flow continues until the RCS and ruptured steam generator
pressures equalize at 5684 seconds.

The maximum integrated flashing break flow is 6586 lbm. The limiting single failure used in
the mass release analyses is intended to maximize the total flow through the ruptured tube.
The effect of the single failure and operator recovery assumptions can be observed by com-
paring the integrated SGTR flow in Figure 15.6-11 and the steam relief flow in Figure 15.6-12
to the margin to overfill results in Figures 15.6-5 and 15.6-6.

Following termination of the tube flow, the RCS is cooled down using the intact steam gener-
ator. The steam releases are presented in Table 15.6-7. Since the condenser is in service until
reactor trip, any radioactivity released to the atmosphere before reactor trip is through the
condenser air ejector. After reactor trip, the releases are assumed to be via the ARVs. Table
15.6-7 indicates that approximately 82,900 lbm of steam is released to the atmosphere from
the ruptured steam generator within the first 2 hours (i.e., the ruptured steam generator is iso-
lated within this interval). After 2 hours, 26,800 lbm of steam is released to the atmosphere
from the ruptured steam generator when it is depressurized after the RCS is cooled to the
residual heat removal system in-service temperature (see Section 15.6.3.3.3.3). Therefore,
175,870 lbm of reactor coolant flows through the tuberupture before break flow is termi-
nated.

15.6.3.5 Radiological Consequences

As part of the Control Room Emergency Air Treatment System (CREATS) modification, the
control room dose was reanalyzed because of the new system configuration. For consistency,
new x/Q values and offsite doses were also analyzed. Reference 53 is now considered to be
the Steam Generator Tube Rupture analysis of record. The analysis was performed using the
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alternate source term (AST) per 10 CFR 50.67 and Reference 54. The two cases evaluated
were with a pre-accident iodine spike to the Technical Specifications limit, and an accident-
initiated iodine spike of a factor of 335. The new methodology and analysis was approved by
the NRC in Reference 55 as supplemented by Reference 56. The assumptions used in the
analysis are summarized in Table 15.6-6, and the results are contained in Table 15.6-8.

15.6.3.6 Conclusions

Margin to overfill and mass release analyses were performed for the SGTR accident. The
minimum margin to overfill occurs with the reactor initially at full power at low TAVG

(564.61F) and a 10% steam generator tube plugging level. The maximum mass release occurs
with the reactor initially at full power at high TAVG (576.0°F) and a 10% steam generator tube

plugging level. ARV failures are the worst-case single failures and result in the limiting over-
fill and mass release conditions. The effects of operator actions required to recover from the
single failures and terminate ruptured tube flow are included in the analyses.

The margin to overfill analyses demonstrate that the operator can terminate flow through the
ruptured tube without filling the steam lines with water, which could result in increased radio-
logical consequences. The mass release analyses determine the maximum amounts of steam
discharged from the plant and reactor coolant flowing in to the ruptured steam generator.
Both quantities are used in determining limiting dose consequences.

The radiological consequences of a SGTR accident at the exclusion area boundary (EAB) and
low population zone (LPZ) are within the allowable guidelines in 10 CFR 50.67.

15.6.4 PRIMARY SYSTEM PIPE RUPTURES

A loss-of-coolant accident (LOCA) is defined as a rupture of the reactor coolant system
(RCS) piping or of any line connected to the system. The small break LOCA includes all pos-

tulated pipe ruptures with a total cross-sectional area less than 1.0 ft2. The small break LOCA
analyses are described in Section 15.6.4.1. The large break LOCA includes postulated pipe

ruptures with a total cross-sectional area greater than 1.0 ft2 . The large break LOCA analyses
are described in Section 15.6.4.2.

15.6.4.1 Loss of Reactor Coolant from Small Ruptured Pipes or From Cracks in Large
Pipes Which Actuates Emergency Core Cooling System (ECCS)

15.6.4.1.1 Description of Event

Two classes of small breaks are evaluated: (1) those breaks whose mass release remains

within the capability of the charging pumps and (2) postulated pipe breaks less than 1.0 ft 2

area which actuate the emergency core cooling system (ECCS).

Ruptures of small cross section (i.e., very small breaks) will cause expulsion of the coolant at
a rate that can be accommodated by the charging pumps, which would maintain an opera-
tional water level in the pressurizer permitting the operator to execute an orderly shutdown.
Since no additional cladding failures would occur, there is no fuel damage, and any activity
released to the containment is from the fission products in the reactor coolant.
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The maximum break size for which the normal makeup system can maintain the pressurizer
level is obtained by comparing the calculated flow from the RCS through the postulated break
against the charging pump makeup flow at normal RCS pressure and temperature, i.e., 2280
psia and 560'F. A makeup flow rate from one charging pump is typically adequate to sustain
pressurizer pressure at 2280 psia for a break through a 0.125 inch diameter hole. This break
results in a loss of approximately 15 gpm.

The small break LOCAs analyzed in this section are for those breaks beyond the capability of
a single charging pump resulting in the actuation of the ECCS.

15.6.4.1.2 Frequency of Event

Small break LOCAs corresponding to Condition III events are analyzed in this section. Small
break LOCAs less than 1.0 ft2 area would prevent the orderly shutdown and cooldown of the
reactor assuming reactor coolant makeup is provided by normal makeup systems. As such,
small break LOCAs are considered ANS Condition III events (Reference 16). Condition III
occurrences are faults which may occur very infrequently during the life of the plant. Very
small breaks where a charging pump can provide sufficient flow to permit an orderly shut-
down are classified as ANS Condition II events of moderate frequency. Section 15.0.8 dis-
cusses the ANS classification categories.

15.6.4.1.3 Event Analysis

Generic analyses using NOTRUMP were performed and presented in Reference 13. These
analyses demonstrate that, in a comparison of cold leg, hot leg, and pump suction leg break
locations, the cold leg break location is limiting as a result of reduced core flow due to the
loop seal effect.

Analyses were performed for cold leg breaks with a spectrum of break sizes with equivalent
diameters ranging from 1.5 to 3 inches. The plant was assumed to be at full power in all cases
at high TAVG (576°F) conditions. The loss of offsite power to the emergency safeguards
buses is assumed coincident with the reactor trip.

The analyses were performed for Ginna Extended Power Uprate (EPU) at a core power of
1811 MWt.

15.6.4.1.3.1 Protective Features

Protective features credited in the small break LOCA analysis'include:

1. Reactor Trip System (RTS) - Reactor trip is actuated on two-out-of-four low pressurizer
pressure (RTS) signals.

2. Engineered Safety Features Actuation System (ESFAS) - A safety injection actuation signal
is generated on two-out-of-three low pressurizer pressure (ESFAS) signals.

3. Safety Injection - The safety injection signal will result in the startup of the high-head
safety injection pumps. The single failure assumed in the analysis and start of one diesel
generator will result in the startup of one safety injection pump plus the swing injection
pump supplying two RCS cold leg injection paths.
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4. Feedwater Isolation- A safety injection signal will result in feedwater isolation causing all
main feedwater regulating, bypass, and main feedwater isolation valves to rapidly close.
An engineered safety feature sequence initiation signal will result in all main feedwater reg-
ulating and bypass valves to rapidly close.

5. Auxiliary Feedwater - The single failure assumed in the analysis and start of one diesel gen-
erator will result in start of one motor-driven auxiliary feedwater pump aligned to one
steam generator. On loss of offsite power, the turbine-driven auxiliary feedwater pump
starts feeding both steam generators. The analysis assumes no flow to either steam genera-
tor during the short-term transient response..

6. Main Steam Safety Valves (MSSVs) - The MSSVs protect the secondary side against over-
pressurization following reactor trip. The MSSVs are considered passive components and
do not fail to open.

7. Accumulators - Two accumulators provide reactor coolant for makeup of the RCS inven-
tory for small break LOCAs. The accumulators perform their function when the RCS pres-
sure decreases below the accumulator's pressure. The accumulators are not assumed to fail
given their passive design.

15.6.4.1.3.2 Single Failures Assumed,

The most limiting single active failure for a small break loss-of-coolant accident (LOCA) has
been determined to be the failure of a diesel generator to start for the limiting power availabil-
ity condition, loss of offsite power. This scenario results in the loss of one high-head safety
injection pump, one low-head (residual heat removal) safety injection pump, one motor
driven auxiliary feedwater pump, two containment recirculation fan coolers, and one contain-
ment spray pump. However, since the Ginna emergency core cooling system (ECCS) config-
uration contains a "swing pump" (a high-head safety injection pump that automatically aligns
to the affected cold leg when the high-head safety injection pump normally aligned to that
cold leg fails to start), there is always one high-head safety injection pump connected to each
cold leg. This analysis assumes two high-head safety injection pumps, each connected to a
cold leg.

15.6.4.1.3.3 Operator Actions Assumed

For the small break LOCAs, operator actions are assumed to realign the high-head safety
injection suction to the discharge of the residual heat removal during the switchover to cold
leg recirculation, resulting in a 10 minute interruption of cold leg safety injection.

15.6.4.1.3.4 Chronological Description of Event

For postulated breaks exceeding makeup capability, depressurization of the reactor coolant
system (RCS) causes fluid to flow to the RCS from the pressurizer, resulting in a pressure and
level decrease in the pressurizer. Reactor trip occurs when the reactor trip low pressurizer
pressure setpoint is reached. The safety injection system is actuated when the appropriate
safety injection low pressurizer pressure setpoint is reached. The consequences of the acci-
dent are limited in two ways:
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1. Reactor trip and borated water injection complement void formation in causing rapid reduc-
tion of nuclear power to a residual level that corresponds to the delayed fission and fission
product decay.

2. Injection of borated water ensures sufficient flooding of the core to prevent excessive clad-
ding temperatures.

Before the break occurs, the plant is in an equilibrium condition, i.e., the heat generated in the
core is being removed via the secondary system. Reactor trip and reactor coolant pump trip
are assumed coincident with loss of offsite power. The effects of reactor coolant pump coast-
down are included in the blowdown analysis. During blowdown, heat from decay, hot inter-
nals, and the vessel continues to be transferred to the RCS. Heat transfer between the RCS
and the secondary system may be in either direction depending on the relative temperatures.
In the case of continued heat addition to the secondary system, pressure increases and steam
dump may occur. Makeup to the secondaryside is automatically provided by the auxiliary
feedwater pumps. The safety injection signal stops normal feedwater flow by closing the
main feedwater isolation valves and initiates emergency feedwater flow by starting auxiliary
feedwater pumps. The secondary flow aids in the reduction of RCS pressure. When the RCS
depressurizes to 714.7 psia, the accumulators begin to inject water into the reactor coolant
loops.

The time sequence of events for each of the small break LOCAs evaluated are provided in
Table 15.6-13.

15.6.4.1.3.5 Impact on Fission Product Barriers

The fuel cladding peak temperatures remain below the required limits of 10 CFR 50.46 (Ref-
erence 12). The analyses show that fuel rods can become partially uncovered during limiting
small break LOCA transients; therefore, fission products are assumed to be released even
though these releases would be precluded by the performance of the ECCS.

The RCS pressure boundary is breached by the postulated small break; therefore, pressure
boundary integrity is lost for this event.

The containment system remains available as a barrier to the release of radioactivity.

15.6.4.1.4 Reactor Core and Plant System Evaluation

15.6.4.1.4.1 Input Parameters and Initial Conditions

Input important to a small break LOCA are selected in accordance with sensitivities calcu-
lated for small break LOCAs using NOTRUMP (Reference 13).

A. Core power level is assumed to be 1811 MWt. All breaks are analyzed at high TAVG

(576.0°F) conditions.

B. Key assumptions used in the small break LOCA analyses are provided in Table 15.6-11.

C. The safety injection flow characteristics as a function of RCS pressure are provided in
Table 15.6-10. The characteristics assume 5% pump degradation with one line spilling to
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containment. Credit for safety injection flow delivery to the RCS was delayed 32 seconds
after the safety injection signal was generated at the pressurizer pressure low setpoint.

D. Main steam safety valve set pressures and flows are provided in Table 15.6-12.

E. The accident analysis assumed nominal accumulator water volume (1115 ft3) with a mini-
mum cover gas pressure of 114.7 psia.

F. Minimum ECCS availability is assumed for the analysis, and pumped ECCS water is con-
servatively assumed to be at the maximum refueling water storage tank (RWST) tempera-
ture.

G. The small break LOCA analysis assumes the core continues to operate at full rated power
until the control rods are completely inserted.

15.6.4.1.4.2 Methodology

The small break LOCA analyses were performed with the Westinghouse 1985 small break
LOCA emergency core cooling system (ECCS) NOTRUMP evaluation model (References 9,
10, 11 and 21). This evaluation model consists of the NOTRUMP code (References 9, 10 and
21) and the LOCTA code (Reference 11).

The NOTRUMP small break LOCA evaluation model was developed to provide a better esti-
mate calculation of small break LOCA behavior in a Westinghouse designed nuclear steam
supply system while complying with the requirements of 10 CFR 50.46 and Appendix K
(Reference 12) of 10 CFR 50. In order to provide a better estimate calculation of the reactor
coolant system's (RCS) response NOTRUMP employed better estimate models and modeling
assumptions whenever possible and wherever allowed by Appendix K (Reference 12).

NOTRUMP models the RCS as volume nodes interconnected by flow paths. The intact and
broken loops are modeled explicitly. The transient behavior of the system is determined from
the governing conservation equations of mass, energy, and momentum applied throughout the
system. The multinode capability of the program enables an explicit and detailed spatial rep-
resentation of various system components. In particular, it enables a proper calculation of the
behavior of the loop seal during a LOCA.

The Ginna residual heat removal pumps inject directly to the reactor vessel in the upper ple-
num region during the cold leg injection phase. The effect of flow from the residual heat
removal pumps is generally not important in the small break LOCA analyses since the shutoff
head is lower than the RCS pressure during the typical time portion of the transient consid-
ered here. Therefore, the NOTRUMP model did not include any upper plenum injection
residual heat removal flow.

Westinghouse LOCA methodology conservatively assumes that one of the injection lines is
spilling during a LOCA. The safety injection flows used in the LOCA analysis are calculated
assuming that the branch line with least resistance (Loop B) is spilling rather than injecting to
the RCS. However, the high-head safety injection pumps for Ginna are not headered; there-
fore, the spilling assumption has no other effect on delivered flow.
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Peak clad temperature calculations are performed with the LOCTA-IV (Reference 11) code
using the NOTRUMP calculated core pressure, fuel rod power history, and uncovered core
steam flow and mixture heights as boundary conditions. While NOTRUMP models an aver-
age core rod, LOCTA-IV models the hot rod and the average hot assembly rod. The LOCTA-
IV model accounts for the power shape distribution effect which is greater in the upper core
regions during typical small break LOCAs. This distribution is limiting for small break
LOCAs since it maximizes vapor superheating and fuel rod heat generation at the uncovered
elevations. The fuel rod initial conditions, which include temperature, rod internal pressure,
and fission gas composition, are calculated in accordance with the Westinghouse improved
fuel performance models (Reference 48).

15.6.4.1.4.3 Acceptance Criteria

The acceptance criteria for the small break LOCA analysis are defined per 10 CFR 50.46
(Reference 12). The acceptance criteria are summarized below:

A. The calculated peak fuel element cladding temperature is below 2200'F.

B. The maximum local metal-water reaction is less than 17% of the total cladding thickness
before oxidation.

C. The maximum hydrogen generation is less than 1% of the hypothetical amount that would
be generated if all cladding (except for the cladding surrounding the plenum volume) were
to react.

D. The core geometry remains amenable to cooling.

E. The core temperature is reduced and decay heat is removed for an extended period of time,
as required by the long-lived radioactivity remaining in the core.

15.6.4.1.4.4 Results

To identify the limiting break size, a spectrum of breaks ranging from 1.5 to 3 inches in
diameter were analyzed. The thermo-hydraulic transient results for the breaks in the spec-
trum analyzed are summarized in Table 15.6-13, while the rod heat up results for those tran-
sients are summarized in Table 15.6-14.

The worst small break is the 2 inch equivalent diameter high TAVG break. This break has the

highest peak clad temperature for the spectrum of breaks analyzed. The depressurization
transient for this break is shown in Figure 15.6-15. The core mixture level, showing the
extent of core uncovery, is shown in Figure 15.6-16.

The cladding temperature transient is shown in Figure 15.6-17 for the break with the highest
cladding temperature. The peak clad temperature of II 67°F occurred at 1650 seconds.

The core exit vapor flow rate is shown in Figure 15.6-18. The hot spot heat transfer coeffi-
cient for the core uncovery time is shown in Figure 15.6-19. The hot spot fluid temperature
for this worst break is shown in Figure 15.6-20.
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Figure 15.6-21 presents the core axial power shape utilized to perform the small break analy-
sis. This power shape was chosen because it provides a limiting distribution of power versus
core height while maximizing local power in the upper regions of the reactor core.

Additional break sizes were analyzed to identify the limiting break size. Figures 15.6-22 and
15.6-23 present the reactor coolant system (RCS) pressure transients for the 1.6 inch and the
3 inch breaks. Figures 15.6-24 and 15.6-25 present the core mixture level plots for those
same two breaks. The peak clad temperatures for 1.5 inch and the 3 inch breaks were lower
than the 2 inch break. The peak clad temperature transients the 1.5 inch and the 3 inch breaks
are given in Figures 15.6-26 and 15.6-27, respectively.

15.6.4.1.4.5 Effect of Emergency Core Cooling System (ECCS) Evaluation Model
Modifications

This section is used to document penalties assigned to the SBLOCA analysis. There are new
penalties assigned to the new accident of record.

15.6.4.1.5 Radiological Evaluation

The radiological consequences of a small break LOCA are bounded by the large break LOCA
provided in Section 15.6.4.2.5.

15.6.4.1.6 Conclusions

Analyses presented in Section 15.6.4.1.4 show that the high head portion of the emergency
core cooling system (ECCS), together with the accumulators, provide sufficient core flooding
to keep the calculated peak clad temperatures below the required limits of 10 CFR 50.46 (Ref-
erence 12). Hence, adequate protection is afforded by the ECCS in the event of a small break
LOCA.

15.6.4.2 Major Reactor Coolant System Pipe Ruptures (Loss-of-Coolant Accident)

The analysis specified by 10 CFR 50.46, "Acceptance Criteria for Emergency Core Cooling
Systems for Light Water Power Reactors" (Reference 12), is presented in this section for a
major rupture of the reactor coolant system (RCS) pressure boundary. A major pipe rupture
(large break) is defined as a breach in the reactor coolant pressure boundary with a total cross-

sectional area greater than 1.0 ft2.

15.6.4.2.1 Description of Event

The plant is assumed to be in a full power, equilibrium condition, i.e., the heat generated in
the core is being removed through the steam generator secondary system. At the beginning of
the blowdown phase, the entire reactor coolant system (RCS) contains subcooled liquid
which transfers heat from the core by forced convection with some fully developed nucleate
boiling. During blowdown, heat from fission product decay, hot internals, and the vessel con-
tinues to be transferred to the reactor coolant. After the break develops, the time to departure
from nucleate boiling is calculated. Thereafter, the core heat transfer is unstable, with both
nucleate boiling and film boiling occurring. As the core becomes voided, both transition boil-
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ing and forced convection are considered as the dominant core heat transfer mechanisms.
Radiant heat transfer is also considered.

The heat transfer between the RCS and the secondary system may be in either direction
depending on the relative temperatures. In the case of the large break LOCA, the primary
pressure rapidly decreases below the secondary system pressure, and the steam generators are
an additional heat source.

When the RCS depressurizes to approximately 765 psia, the accumulators begin to inject
borated water into the reactor coolant loops. For breaks in the cold leg of the RCS, borated
water from the accumulator in the broken loop is assumed to spill to containment and be
unavailable for core cooling. Flow from the accumulator in the intact loop may not reach the
core during depressurization of the RCS due to the fluid dynamics present during the emer-
gency core cooling system (ECCS) bypass period. ECCS bypass results from the momentum
of the fluid flow up the downcomer which entrains ECCS flow out toward the cold leg break.
Bypass of the safety injection diminishes as mechanisms responsible for the bypassing
become no longer significant.

The blowdown phase of the transient ends when the RCS (initially assumed to be around
2250 psia) falls to a value approaching that of the containment atmosphere. After blowdown,
refill of the reactor vessel lower plenum begins. Refill is completed when emergency core
cooling water has filled the lower plenum of the reactor vessel, which is bounded by the bot-
tom of the fuel rods (called bottom of core recovery time).

The reflood phase of the transient is essentially the time period lasting from bottom of core
recovery until the reactor vessel has been filled with water to the extent that the core tempera-
ture rise has been terminated. From the latter stage of blowdown and on into the beginning of
reflood, the intact loop safety injection accumulator rapidly discharges borated cooling water
into the RCS. Although the portion injected before the end of bypass is lost out the cold leg
break, the accumulator eventually contributes to the filling of the reactor vessel downcomer.
The downcomer water elevation head provides the driving force required for the reflooding of
the reactor core. The safety injection pumps aid in the filling of the downcomer and core and
subsequently supply water to help maintain a full downcomer and complete the reflooding
process. The upper plenum injection also aids the reflooding process by providing water to
the core through the vessel upper plenum.

The end of the refill phase and the beginning of the reflood phase, i.e., bottom of core time, is
not as significant an event or as easily defined for the two-loop upper plenum injection large
break LOCA WCOBRA/TRAC evaluation model when compared to previous Westinghouse
large break evaluation models. The typical practice for WCOBRA/TRAC analyses is to
report the time the collapsed liquid level reaches 95% of the lower plenum as the bottom of
core time. However, since a significant portion of the upper plenum safety injection water
can flow down the low power/periphery channels of the core, significant cooling of the hot
rod can occur before this time due to transverse flows within the core. In some cases, this
cooling can be sufficient to cause the peak clad temperature to occur prior to the bottom of
core time.
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After the water level of the refueling water storage tank (RWST) reaches a minimum allow-
able value, coolant for long-term cooling of the core is obtained by switching from the injec-
tion mode to the sump recirculation mode of ECCS operation. Spilled borated water is drawn
from the containment sump by the low-head safety injection pumps and returned to the upper
plenum. Core temperatures are then reduced to long-term steady state levels associated with
dissipation of decay heat generation.

Long-term cooling includes long-term criticality control. Criticality control is achieved by
maintaining subcriticality with boron in the ECCS and sump without credit for rod cluster
control assembly insertion. The necessary RWST and accumulator boron concentrations are
a function of each core design and are verified each cycle.

15.6.4.2.2 Frequency of Event

The large break LOCA is considered an ANS Condition IV event (Reference 16). Condition
IV occurrences are faults which are not expected to occur during the lifetime of the plant but
are postulated because the consequences include the potential for the release of significant
amounts of radioactive material. Section 15.0.8 discusses the ANS classification categories.

15.6.4.2.3 Event Analysis

The analysis was performed using ASTRUM. Westinghouse developed an alternative uncer-
tainty methodology called ASTRUM, which stands for Automated Statistical Treatment of
Uncertainty Method (Reference 22). This method is still based on the Code Qualification
Document (CQD, Reference 19) methodology and follows the steps in the Code Scaling,
Applicability, and Uncertainty (CSAU) methodology. However, the uncertainty analysis
(Element 3 in the CSAU) is replaced by a technique based on order statistics. The ASTRUM
methodology replaces the response surface technique with a statistical sampling method
where the uncertainty parameters are simultaneously sampled for each case.

This analysis consists of 124 WCOBRA/TRAC cases, which support the following peaking
factors:

FdH- = 1.72

FQ = 2.60

Also, the uncertainty of the pressurizer pressure used was ±60 psi.

All analyzed cases were performed for Ginna Extended Power Uprate (EPU) at a core power
of 1811 MWt.

15.6.4.2.3.1 Protective Features

Protective features credited in the large break LOCA analysis include:

1. Reactor Trip System (RTS) - Reactor trip is simulated by isolating the steam generator sec-
ondary side at the onset of a transient. This assumption is considered conservative since it
effectively eliminates heat transfer from the primary system to the secondary loop through
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the steam generator. Note that no credit is taken for the insertion of the control rods (see
Section 15.6.4.2.3.2).

2. Engineered Safety Features Actuation System (ESFAS) - A safety injection actuation signal
is generated on two-out-of-three low pressurizer pressure (ESFAS) signals. The low pres-
surizer pressure signal is conservatively assumed to generate the safety injection signal
although the high containment pressure signal is likely to occur earlier for the large break
LOCA.

3. Safety Injection - The safety injection signal will result in the startup of the high-head and
low-head safety injection pumps. The single failure assumed in the analysis will result in
the startup of one safety injection pump plus the swing injection pump supplying two RCS
cold leg injection paths. The assumed single failure will result in the start up of one of two
residual heat removal pumps used for upper plenum injection.

4. Accumulators - Two accumulators are available to inject coolant during the initial phases of
large break LOCAs. The accumulators perform their function when the RCS pressure
decreases below the accumulator's pressure. The accumulators are not assumed to fail
given their passive design; however, only one accumulator is credited because of the possi-
bility of one accumulator's injection spilling out the cold leg break.

15.6.4.2.3.2 Single Failures Assumed

For large break loss-of-coolant accidents (LOCAs), the limiting single failure is one which
minimizes the amount of emergency core cooling system (ECCS) flow delivered to the core
without reducing the capability of the emergency safeguards systems to reduce the contain-
ment pressure. A lower containment backpressure reduces the reflooding rate due to the
increased difficulty in venting steam as a result of increased steam binding. The lowest con-
tainment pressure is obtained only if all containment spray pumps and containment recircula-
tion fan coolers (CRFCs) operate subsequent to the postulated LOCA. As such, both trains of
active heat removal systems are assumed to fully operate. This is consistent with the NRC
Branch Technical Position CSB 6-1 (Reference 18). Therefore, for the purposes of large
break LOCA analyses, the most limiting single failure would be the loss of one ECCS train
(one high-head safety injection pump and one low-head safety injection pump) with full oper-
ation of the spray pumps and containment recirculation fan coolers (CRFCs).

An additional conservative assumption is that the insertion of control rods to shut down the
reactor is neglected in the large break LOCA analysis, although in reality some control rod
insertion may occur.

15.6.4.2.3.3 Operator Actions Assumed

No operator actions are assumed in the large break LOCA analyses. The transients are run
until reflood is complete and the core is well on its way to or has achieved quench.

15.6.4.2.3.4 Chronological Description of Event

The LOCA transient can be conveniently divided into a number of time periods in which spe-
cific phenomena are occurring. For a typical large break, the blowdown period can be
divided into the critical heat flux (CHF) phase, the upward core flow phase, and the down-
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ward core flow phase. These are followed by the refill, reflood, and long-term cooling
phases. The important phenomena occurring during each of these phases are discussed for
the initial transient. The results are shown in Figures 15.6-35 through 15.6-46.

Critical Heat Flux (CHF) Phase

The reactor coolant pumps are assumed to trip coincident with the break opening. Shortly
after the break is assumed to open, the vessel depressurizes rapidly and the core flow
decreases as subcooled liquid flows out of the vessel into the broken cold leg. The fuel rods
go through departure from nucleate boiling (DNB) and the cladding rapidly heats up (Figure
15.6-35 ) while the core power shuts down due to voiding in the core. Control rod insertion is
not modeled. The hot water in the core and upper plenum flashes to steam. The water in the
upper head flashes and is forced down through the guide tubes. The break flow becomes sat-
urated and is substantially reduced (Figure 15.6-36).

Upward Core Flow Phase

The colder water in the downcomer and lower plenum flashes and the mixture swells. Since
the intact loop pump is assumed to trip at the initiation of the break, it begins to coast down
and does not serve to enhance upflow cooling by pushing fluid into the core. However, there
is sufficient upflow cooling to begin significantly reducing the heatup in the fuel rods. As the
lower plenum fluid depletes, upflow through the core ends (Figure 15.6-37).

Downward Core Flow Phase

The break flow begins to dominate and pulls flow down through the core. Figure 15.6-37
shows the total core flow at the bottom of the core. The blowdown PCT occurs as the down-
flow increases in intensity and continues to decrease while downflow is sustained. At
approximately 13 sec, the pressure in the cold leg falls to the point where the accumulator
begins injecting into the cold leg (Figure 15.6-38). Because the break flow is still high, much
of the accumulator emergency core cooling system (ECCS) water entering the downcomer is
bypassed out the break. As the system pressure continues to decrease, the break flow, and
consequently the core flow, is reduced. The break flow further reduces and the accumulator
water begins to fill the downcomer and lower plenum. The core flow is nearly stagnant dur-
ing this period and the hot assembly experiences a near adiabatic heatup.

Refill Phase

The high head safety injection (HHSI) pump begins to inject (Figure 15.6-39) into the cold
leg at approximately 38 sec, assuming a delay time of 32 sec after the SI signal is initiated
when a loss of offsite power is assumed. Since the break flow has significantly reduced by
this time, much of the ECCS entering the downcomer via the cold leg is retained in the down-
comer and refills the lower plenum. The low head safety injection (LHSI) pump is assumed
to begin injecting (Figure 15.6-40) cold ECCS water into the upper plenum at approximately
36 sec, assuming a delay of 30 sec for the loss of offsite power case, after the SI signal is ini-
tiated. The water enters the vessel at the hot leg nozzle centerline elevation and falls down to
the upper core plate through the outer global channels. The liquid drains down through the
low power region via the open hole channel of the CCFL region. The hot assembly continues
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to experience a nearly adiabatic heatup as the lower plenum fills with ECCS water (Figures
15.6-35 and 15.6-42).

Reflood

At approximately 48 sec, the intact loop accumulator is empty of water and begins injecting
nitrogen into the cold leg (Figure 15.6-38). The in-surge in the downcomer forces the down-
comer liquid into the lower plenum and core regions (Figures 15.6-41 through Figure 15.6-
43). During this time, core cooling is increased, and the hot assembly clad temperature
decreases slightly.

The clad temperature in the hot assembly returns to a nearly adiabatic heatup for about 30 sec
until the core again begins to refill. The LHSI liquid flows down through the low power
region and then across the core into the average assemblies near the bottom of the core. This
water quenches the bottom of the core, which produces vapor that flows up through the aver-
age and hot assemblies providing bottom-up cooling. The reflood PCT occurs at approxi-
mately 70 sec.

By about 120 sec, a quench front is established that progresses up the core, moving the PCT
elevation higher into the core until the rods quench at about 220 sec (Figure 15.6-46). The
system pressure is constant near atmospheric pressure by this time (Figure 15.6-45), and the
vessel liquid inventory continues to increase until the end of the transient (Figure 15.6-44).

15.6.4.2.3.5 Impact on Fission Product Barriers

The fuel cladding peak temperatures and metal-water reactions remain below the required
limits of 10 CFR 50.46 (Reference 12). Large fractions of fission products are assumed to be
released from the fuel even though these releases would be precluded by the performance of
the ECCS.

The RCS pressure boundary is breached by the postulated large break; therefore, pressure
boundary integrity is lost for this event.

The containment system remains available as a barrier to the release of radioactivity.

15.6.4.2.4 Reactor Core and Plant System Evaluation

15.6.4.2.4.1 Input Parameters and Initial Conditions

Table 15.6-16 and the following summarize key plant and model parameters whose range and
uncertainty are considered in the large-break LOCA analysis. The assumed initial conditions
for the initial case calculations are also given.

1.0 Plant Physical Description

a. Dimensions: Nominal geometry is assumed. Nominal geometry input is accounted for in
the code uncertainty since experiments were also subject to thermal expansion and dimen-
sional uncertainty effects.

b. Flow Resistance: Best estimate values of loop flow resistance are assumed. Variations in
this parameter are accounted for in the model uncertainty.
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c. Pressurizer Location: The pressurizer is assumed to be on the broken loop. This has been
determined as the limiting location for the pressurizer (Reference 22).

d. Hot Assembly Location: The location assumed for the hot assembly is that which reduces
the direct flow of water from the upper head or upper plenum. This location is chosen to be
under a source plate.

e. Hot Assembly Type: The hot assembly is a fresh assembly of Westinghouse 14x14 Van-
tage+422 fuel.

f. Steam Generator Tube Plugging (SGTP) Level: The most limiting value of SGTP level
is identified on a plant-specific basis. The limiting value over the expected range is con-
firmed and included in the final reference transient.

2.0 Plant Initial Operating Conditions

2.1 Reactor Power

a. Initial Core Average Linear Heat Rate: Maximum power with 0% measurement uncer-
tainty is assumed. This technique will bound any potential future mini-uprate which would
reduce the measurement uncertainty below 2%.

b. Hot Rod Peak Linear Heat Rate: The hot rod FQ is assumed to be the median expected

value, without uncertainties, between the desired Technical Specifications limit and the
maximum value for steady state depletion. The value of FQ assumed in the initial transient

is, therefore, substantially higher than the value likely to be measured during normal sched-
uled surveillance. Variations in this parameter are accounted for in the uncertainty analysis.

c. Hot Rod Average Linear Heat Rate: The hot rod average linear heat rate is derived from
the desired Technical Specification value. The value of FAH assumed in the initial transient

is, therefore, substantially higher than the value likely to be measured during most of the
fuel cycle. Variations in this parameter are accounted for as part of the uncertainty analysis.

d. Hot Assembly Average Linear Heat Rate: The power generated in the hot assembly rod
is 4% lower than that generated in the hot rod. Variations in this parameter due to hot
assembly power and its redistribution are accounted for as part of the uncertainty analysis.

e. Hot Assembly Peak Linear Heat Rate: Consistent with the average linear heat rates, the
peaking factor used to calculate the peak nuclear energy generated in the hot assembly aver-
age rod is 4% lower than the value assumed in the hot rod. Variations in this parameter are
accounted for as part of the uncertainty analysis.

f. Axial Power Distribution: The power distribution used in the initial transient calculation
is more conservative than expected during normal operation. It is characterized by a top-
skewed power shape, an FQ higher than the maximum value expected for baseload opera-

tion, and an FAH in excess of the Technical Specification limits (Figure 15.6-33). Variations

in axial power distribution due to transient operation are accounted for as part of the uncer-
tainty analysis.

g. Low Power Region (PLOW): A relative power of 60% of the core average is assumed for

the low power region. The limiting value over the expected operating range for this param-
eter is determined in the confirmatory studies.
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h. Hot Assembly Burnup: Beginning of Life (BOL) conditions in the hot assembly are
assumed in the initial transient. The time in cycle is a sampled parameter in the ASTRUM
methodology (Reference 22).

i. Prior Operating History: The reactor is assumed to have been operating, since fuel cycle
startup, at 1811 MWt. When a given axial power distribution is considered, it is assumed to
have existed since this startup time. This means that the distribution of fission products
coincides with the steady state fission rate distribution. This assumption conservatively
places both the initial fission rate and stored energy, and the subsequent decay heat produc-
tion, at the same axial location.

j. Moderator Temperature Coefficient: A value greater than or equal to the maximum
specified value in the Technical Specifications is assumed to conservatively estimate core
reactivity and fission power.

k. Hot Full Power (HFP) Boron Concentration: A low value typical of those used in cur-
rent cores at BOL conditions is assumed.

2.2 Fluid Conditions

a. Average Fluid Temperature (TAVG): TAVG is assumed at the maximum nominal

expected value of 576°F during normal full power operation. The minimum nominal value
of TAVG is analyzed as part of the confirmatory calculations. Variations in the uncertainty

of this parameter are included in the uncertainty analysis.

b. Pressurizer Pressure: The nominal operating value of pressurizer pressure is assumed.
The effect of uncertainties in this parameter is accounted for in the uncertainty analysis.

c. Loop Flowrate: A loop flowrate equal to the thermal design flowrate (TDF) at 10% SGTP
is assumed for the best-estimate LBLOCA analysis.

d. Upper Head Temperature (TUH): The appropriate best estimate value of TUH is

assumed. Since variation in this parameter is small, uncertainties are not included.

e. Pressurizer Level: The nominal value of pressurizer level is assumed. Because the pres-

surizer level variations are typically small and the effect on PCT is small (Table 23-1 of
Reference 19), uncertainties are not included.

f. Accumulator Water Temperature: A nominal value is assumed in the initial transient,
with variations treated as part of the uncertainty analysis.

g. Accumulator Pressure: A nominal value of accumulator pressure is assumed in the initial
transient, with variations in pressure treated as part of the uncertainty analysis.

h. Accumulator Water Volume: A nominal value of accumulator water volume is assumed
in the initial transient, with variations in water volume treated as part of the uncertainty
analysis.

i. Accumulator Line Resistance: A best-estimate value of accumulator line resistance is
assumed in the initial transient. Uncertainty in line resistance is included in the uncertainty
analysis.

j. Accumulator Boron Concentration: A minimum value of 2100 ppm for the accumulator
is modeled.
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3.0 Accident Boundary Conditions

a. Break Location: A break near the midpoint in the cold leg is assumed. Scoping studies
reported in the CQD (Reference 19) show that the cold leg remains the limiting location for
large LOCA. This conclusion is also applicable to two-loop plants with upper plenum
injection, because the physical phenomena leading to this result are the same. More specif-
ically, a break in the hot leg is not limiting because of the constant core upflow during
blowdown. A break in the crossover (pump suction) leg is not limiting because the pump
resistance to reverse flow results in strong core upflow cooling during blowdown, and
reduced loss of inventory during reflood, after the downcomer level reaches the loop eleva-
tion.

b. Break Type: The cold leg split break (a longitudinal break in the pipe) is assumed in the
initial transient. The effect of variations in break type is accounted for in the uncertainty
analysis.

c. Break Size: For split breaks, the limiting break size is determined on a plant-specific basis
for the initial transient. The uncertainty in the break size is accounted for as part of the
uncertainty analysis. For a DECLG break, a nominal cold leg area is assumed.

d. Offsite Power: A loss of offsite power (LOOP) is assumed in the initial transient. A calcu-
lation assuming offsite power available (OPA) is performed as part of the confirmatory runs
to confirm the limiting condition.

e. Safety Injection (SI) Flow: Minimum SI flow is assumed, calculated using methods con-
sistent with those currently employed for Appendix K analysis. Scoping studies reported in
the CQD (Reference 19) indicate that increased SI flow reduces PCT. This parameter is,
therefore, bounded. Table 15.6-17 shows the high head and low head SI flow versus pres-
sure curves used in the analysis.

f. Safety Injection (SI) Temperature: Nominal values are assumed. Variations are
accounted for in the uncertainty analysis.

g. Safety Injection (SI) Delay: Maximum values consistent with the offsite power assump-
tion are used for the initial transient (LOOP) and the confirmatory runs.

h. Containment Pressure: A conservatively low containment pressure transient is assumed
for the initial transient. This pressure transient is later confirmed against the approved con-
tainment model, COCO (References 23 and 24), and mass and energy releases from the ref-
erence WCOBRA/TRAC calculation. Figure 15.6-34 contains the containment pressure
assumed in the initial transient. Note: This containment pressure is different than the con-
tainment pressure used in the confirmatory studies (Figure 15.6-48).

i. Single Failure Assumption: The worst single failure is assumed to be that one train of SI
fails, leaving one LHSI pump and one HHSI pump operable. This assumption is consistent
with the recommended scenario outlined in the CQD (Reference 19).

j. Rod Drop Time: Consistent with the current design basis for this plant, all control rods are
assumed not to insert during the large-break LOCA.

4.0 Model Parameters

All model parameters are used at their best estimate or as coded values in the initial transient.
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Table 15.6-16 summarizes the initial transient assumptions described above. For those
parameters where a best estimate or nominal value was used, the corresponding uncertainty
treatment is also given. The nuclear fuel rods were initialized with internal gas properties,
radial power profiles, and fuel average temperatures from the Westinghouse Nuclear Fuel
Core Technologies PAD code (Reference 48).

15.6.4.2.4.2 Methodology

The analysis was performed using ASTRUM. Westinghouse developed an alternative uncer-
tainty methodology called ASTRUM, which stands for Automated Statistical Treatment of
Uncertainty Method (Reference 22). This method is still based on the CQD (Reference 19)
methodology and follows the steps in the CSAU methodology (Reference 26). However, the
uncertainty analysis (Element 3 in the CSAU) is replaced by a technique based on order sta-
tistics. The ASTRUM methodology replaces the response surface technique with a statistical
sampling method where the uncertainty parameters are simultaneously sampled for each case.

The ASTRUM methodology is based on order statistics. The technical basis of the order sta-
tistics is described in Section 11 of Reference 22. The determination of the Peak Clad Tem-
perature (PCT) uncertainty, Local Maximum Oxidation (LMO) uncertainty, and Core-Wide
Oxidation (CWO) uncertainty relies on a statistical sampling technique. According to the sta-
tistical theory, 124 WCOBRA/TRAC calculations are necessary to assess against the three 10
CFR 50.46 criteria (PCT, LMO, CWO).

The uncertainty contributors are sampled randomly from their respective distributions for
each of the WCOBRA/TRAC calculations. The list of uncertainty parameters, which are ran-
domly sampled for each WCOBRA/TRAC calculation, includes initial conditions, power dis-
tributions, and model uncertainties. The time in the cycle, break type (split or double-ended
guillotine), and break size for the split break are also sampled as uncertainty contributors
within the ASTRUM methodology.

The three 10 CFR 50.46 criteria (PCT, LMO, and CWO) are satisfied by running a sufficient
number of WCOBRA/TRAC calculations (sample size). In particular, the statistical theory
predicts that 124 calculations are required to simultaneously bound the 95 percentile of three
parameters with a 95-percent confidence level.

Appendix K Compliance

The LB BELOCA evaluation model with ASTRUM (Reference 22) conforms to 10 CFR 50,
Appendix K, insofar as Reference 22 provides the documentation required by Part 1I of
Appendix K. The realistic calculation is used to demonstrate compliance with the acceptance
criteria of 10 CFR 50.46.

Emergency Core Cooling System (ECCS) Evaluation Model

The evaluation model used to comply with the requirements of 10 CFR 50.46 (Reference 12),
and USNRC Regulatory Guide 1. 157 (Reference 25), is described in this section. The analyt-
ical techniques used for the large-break LOCA analysis are in compliance with 10 CFR 50.46
(Reference 12), and are described in References 19, 20, and 22.
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In 1988, the NRC staff amended the requirements of 10 CFR 50.46 and Appendix K, "ECCS
Evaluation Models" to permit the use of a realistic evaluation model to analyze the perfor-
mance of the ECCS during a hypothetical LOCA. This decision was based on an improved
understanding of LOCA thermal-hydraulic phenomena gained by extensive research pro-
grams. Under the amended rules, best estimate thermal-hydraulic models may be used in
place of models with Appendix K features. The rule change also requires, as part of the
LOCA analysis, an assessment of the uncertainty of the best estimate calculations. It further
requires that this analysis uncertainty be included when comparing the results of the calcula-
tions to the prescribed acceptance criteria of 10 CFR 50.46 (Reference 12). Additional guid-
ance for the use of best estimate codes is provided in Regulatory Guide 1.157 (Reference 25).

To demonstrate use of the revised ECCS rule, the NRC and its consultants developed a
method called Code Scaling, Applicability, and Uncertainty (CSAU) evaluation methodology
(Reference 26). This method outlined an approach for defining and qualifying a best estimate
thermal-hydraulic code and quantifying the uncertainties in a LOCA analysis.

A Westinghouse LOCA evaluation methodology for three- and four loop Pressurized Water
Reactor (PWR) plants based on the revised 10 CFR 50.46 rules was developed with the sup-
port of EPRI and Consolidated Edison. The methodology is documented in WCAP-12945-P-
A, "Code Qualification Document (CQD) for Best-Estimate LOCA Analysis," (Reference
19).

More recently, Westinghouse developed an alternative uncertainty methodology called
ASTRUM (Reference 22). This method is still based on the CQD methodology and follows
the steps in the CSAU methodology. However, the uncertainty analysis (Element 3 in the
CSAU) is replaced by a technique based on order statistics. The ASTRUM methodology
replaces the response surface technique with a statistical sampling method where the uncer-
tainty parameters are simultaneously sampled for each case.

The three 10 CFR 50.46 criteria (peak clad temperature, maximum local oxidation and core-
wide oxidation) are satisfied by running a sufficient number of WCOBRA/TRAC calcula-
tions (sample size). In particular, the statistical theory predicts that 124 calculations are
required to simultaneously bound the 95 percentile of three parameters with a 95-percent con-
fidence level.

The thermal-hydraulic computer code which was reviewed and approved for the calculation
of fluid and thermal conditions in the PWR during a large-break LOCA is WCOBRA/TRAC
Version MOD7A, Revision 6 (Reference 22).

WCOBRA/TRAC combines two-fluid, three-field, multi-dimensional fluid equations used in
the vessel with one-dimensional drift-flux equations used in the loops to allow a complete and
detailed simulation of a PWR.

The two-fluid formulation uses a separate set of conservation equations and constitutive rela-
tions for each phase. The effects of one phase on another are accounted for by interfacial fric-
tion and heat and mass transfer interaction terms in the equations. The conservation
equations have the same form for each phase; only the constitutive relations and physical
properties differ. Dividing the liquid phase into two fields is a convenient and physically
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accurate way of handling flows where the liquid can appear in both film and droplet form.
The droplet field permits more accurate modeling of thermal-hydraulic phenomena such as
entrainment, de-entrainment, fallback, liquid pooling, and flooding.

WCOBRA/TRAC also features a two-phase, one-dimensional hydrodynamics formulation.
In this model, the effect of phase slip is modeled indirectly via a constitutive relationship,
which provides the phase relative velocity as a function of fluid conditions. Separate mass
and energy conservation equations exist for the two-phase mixture and for the vapor.

The reactor vessel is modeled with the three-dimensional, three-field model, while the loop,
major loop components, and safety injection points are modeled with the one-dimensional
model.

All geometries modeled using the three-dimensional model are represented as a matrix of
cells. The number of mesh cells used depends on the degree of detail required to resolve the
flow field, the phenomena being modeled, and practical restrictions such as computing costs
and core storage limitations.

The basic building block for the mesh is the channel, a vertical stack of single mesh cells.
Several channels can be connected together by gaps to model a region of the reactor vessel.
Regions that occupy the same level form a section of the vessel. Vessel sections are con-
nected axially to complete the vessel mesh by specifying channel connections between sec-
tions. Heat transfer surfaces and solid structures that interact significantly with the fluid can
be modeled with rods and unheated conductors.

The noding diagram for R. E. Ginna is shown in Figures 15.6-31 and 15.6-32. The vessel
channel layout is shown in Figure 15.6-31. Figure 15.6-32 shows the one-dimensional com-
ponent layout for the loops. Within the channels and components, additional subdivisions
into cells are present, as illustrated in these Figures.

A typical calculation using WCOBRA/TRAC begins with the establishment of a steady state
initial condition with all loops intact. The input parameters and initial conditions for this
steady state calculation are discussed in Section 15.6.4.2.4.1.

Following the establishment of an acceptable steady state condition, the transient calculation
is initiated by introducing a break into one of the loops. The evolution of the transient
through blowdown, refill, and reflood follows continuously using the same computer code.

WCAP-16009-P-A (Reference 22) provides ASTRUM methodology and also includes a
description of the code models and their implementation. Volumes II and III of the CQD
(Reference 19) presented a detailed assessment of the computer code WCOBRA/TRAC
through comparisons to experimental data. From this assessment, a quantitative estimate was
obtained of the code's ability to predict peak clad temperatures (PCT) in a PWR large-break
loss-of-coolant accident (LOCA). Modeling of a PWR introduced additional uncertainties,
which were identified and discussed in Section 21 of the CQD Volume IV (Reference 19). A
list of key LOCA parameters was compiled as a result of these studies. Models of several
PWRs were used to perform sensitivity studies and establish the relative importance of these
parameters. The final step of the best-estimate methodology, in which all the important
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uncertainties of the LOCA parameters are accounted for to estimate a PCT, local maximum
oxidation (LMO), and core-wide oxidation (CWO) at 95-percent probability, is described in
the following sections. The methodology is summarized below:

Plant Model Development

In this step, a WCOBRA/TRAC model of the plant is developed. A high level of noding
detail is used to insure an accurate simulation of the transient. Specific guidelines are fol-
lowed to assure that the model is consistent with models used in the code validation. This
results in a high level of consistency among plant models, with some plant-specific modeling
dictated by hardware differences such as in the upper plenum of the reactor vessel or the
Emergency Core Cooling System (ECCS) injection configuration.

Determination of Plant Operating Conditions

In this step, the expected or desired operating range of the plant to which the analysis is to be
applied is established using information supplied by the utility. The parameters considered
are based on a "key LOCA parameters" list that was developed as part of the methodology. A
set of these parameters, at mostly nominal values, is chosen as initial conditions to the plant
model. A transient is run utilizing these parameters and is known as the "initial transient."
Next, several confirmatory runs are made, which vary a subset of the key LOCA parameters
over their expected operating range. Because certain parameters are not included in the
uncertainty analysis, these parameters are set at their bounding condition. This analysis is
commonly referred to as the confirmatory analysis. Section 1-2-11 of Reference 22 describes
the parameters of interest for the confirmatory analysis. The most limiting input conditions,
based on these confirmatory runs, are then combined into the model that will represent the
limiting state for the plant, which is the starting point for the assessment of uncertainty.

Assessment of Uncertainty

The ASTRUM methodology is based on order statistics. The technical basis of the order sta-
tistics is described in Section 11 of WCAP- 16009-P-A (Reference 22). The determination of
the PCT uncertainty, LMO uncertainty, and CWO uncertainty relies on a statistical sampling
technique. According to the statistical theory, 124 WCOBRA/TRAC calculations are neces-
sary to assess against the three 10 CFR 50.46 criteria (PCT, LMO, and CWO).

The uncertainty contributors are sampled randomly from their respective distribution for each
of the WCOBRA/TRAC calculations. The list of uncertainty parameters, which are ran-
domly sampled for each WCOBRA/TRAC calculation, include initial conditions, power dis-
tributions, and model uncertainties. The time in the cycle, break type (split or double-ended
guillotine), and break size for the split break are also sampled as uncertainty contributors
within the ASTRUM methodology.

Results from the 124 calculations are tallied by ranking the PCT from highest to lowest. A
similar procedure is repeated for LMO and CWO. The highest rank of PCT, LMO, and CWO
will bound 95-percent of their respective populations with 95-percent confidence level.
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Plant Operating Range

The plant operating range over which the uncertainty evaluation applies is shown in Table
15.6-19. If operation is maintained within these ranges, the large-break LOCA analysis for
the R. E. Ginna Nuclear Plant using WCOBRA/TRAC is valid.

Containment Pressure Boundary Conditions

The system hydraulic transient is influenced by the containment pressure transient response
to the mass and energy released from the reactor coolant system by the LOCA. In the best
estimate emergency core cooling system (ECCS) evaluation model with ASTRUM, the con-
tainment pressure transient is provided as a boundary condition to the system hydraulic tran-
sient. The containment pressure transient applied is to be conservatively low and include the
effect of the operation of all pressure reducing systems and processes. The COCO computer
code (Reference 23) is used to generate the containment pressure response to the mass and
energy release from the break.

Potential for Short-Term Recriticality During Reflood Following a Large-Break LOCA

Reference 59 documented a concern that a short-term recriticality could occur during
core reflood following a large-break LOCA if the accumulator boron concentration was
not sufficiently high. An evaluation is performed for each cycle to ensure that the mini-
mum accumulator boron concentration is sufficient to maintain the core subcritical dur-
ing post-LOCA reflood. This evaluation is tracked in the cycle-specific Reload Safety
Analysis Checklist.

15.6.4.2.4.3 Acceptance Criteria

The acceptance criteria for the large-break LOCA analysis are defined in 10 CFR 50.46 (Ref-
erence 12). These acceptance criteria are summarized below. It is stated in Reference 12 that
there must be a high level of probability that the following (summarized) acceptance criteria
are met.

1. The calculated maximum fuel element cladding temperature shall not exceed 2200'F.

2. The calculated total oxidation of the cladding shall nowhere exceed 0.17 times the total
cladding thickness before oxidation.

3. The calculated total amount of hydrogen generated from the chemical reaction of the clad-
ding with the water or steam shall not exceed 0.01 times the hypothetical amount that
would be generated if all the metal in the cladding cylinders surrounding the fuel, excluding
the cladding surrounding the plenum volume, were to react.

4. Calculated changes in core geometry shall be such that the core remains amenable to cool-
ing.

5. Long-term core cooling shall be provided following the successful initial operation of the
ECCS.

These criteria ensure that significant margin exists for ECCS performance following a
LOCA.
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15.6.4.2.4.4 Results

Confirmatory Sensitivity Studies

A number of sensitivity calculations were carried out to investigate the effect of the key
LOCA parameters, and to determine the reference transient. In the sensitivity studies per-
formed, LOCA parameters were varied one at a time. For each sensitivity study, a compari-
son between the base case and the sensitivity case transient results was made. The results of
these analyses lead to the following conclusions:

I. Modeling maximum steam generator tube plugging (10%) results in a higher PCT than
minimum steam generator tube plugging (0%).

2. Modeling loss of offsite power (LOOP) results in a higher PCT than no loss of offsite
power (no-LOOP).

3. Modeling the maximum value of vessel average temperature (TAVG = 576°F) results in a

higher PCT than minimum value of vessel average temperature (TAVG = 564.6°F).

4. Modeling the minimum power fraction (PLow = 0.2) in the low power/periphery channel of

the core results in a higher PCT than maximum power fraction (PLow = 0.6).

Uncertainty Evaluation and Results

The ASTRUM methodology requires the execution of 124 WCOBRA/TRAC transients to
determine a bounding estimate of the 95th percentile of the Peak Clad Temperature (PCT),
Local Maximum Oxidation (LMO), and Core-Wide Oxidation (CWO) with 95% confidence
level. The results for the R. E. Ginna Nuclear Power Plant are given in Table 15.6-20, which
shows the limiting peak clad temperature of 1907'F, the limiting local maximum oxidation of
3.43%, and the limiting core-wide oxidation of 0.30%. Table 15.6-15 contains a sequence of
events for the limiting PCT case.

The effect of the integral fuel burnable absorber (IFBA) fuel on PCT and LMO was analyzed
as part of the ASTRUM methodology. The IFBA rods are treated as having a local effect, i.e.,
their presence in the core does not contribute to the global thermal-hydraulic response during
a large-break LOCA. The analysis results indicate that as far as the PCT limit, IFBA fuel is
bounded by the non-IFBA fuel. However, the IFBA fuel was more limiting with respect to
the LMO. Note that IFBA has no effect on the calculation of the CWO value, which is based
on global parameters and relies on WCOBRA/TRAC results only.

Transition Core Evaluation

The base LBLOCA analysis discussed in this section was performed assuming a full core of
422 Vantage+ fuel. As part of the R. E. Ginna Nuclear Power Plant large-break LOCA analy-
sis, additional calculations were performed to assess the effect of transition cores, from the
resident OFA fuel to the 422 Vantage+ fuel design. It was determined that the analysis results
for the full core of 422 Vantage+ are applicable to the transition cycles.
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15.6.4.2.5 Radiological Evaluation

As part of the Control Room Emergency Air Treatment System (CREATS) modification, the
control room dose was reanalyzed because of the new system configuration. For consistancy,
new x/Q values and off-site doses were also analyzed. Reference 57 is now considered to be
the Large Break LOCA dose analysis of record. The analysis was performed using the alter-
nate source term (AST) per 10 CFR 50.67 and Reference 54. The new methodology and anal-
ysis was approved by the NRC in Reference 55 as supplemented by Reference 56. The
assumptions used in the analysis are summarized in Table 15.6-21 with the results listed in
Table 15.6-21A. The core activity (Reference 58) is listed by isotope in Table 15.6-22 and
inventory release fractions are contained in Table 15.6-23.

15.6.4.2.6 Conclusions

It must be demonstrated that there is a high level of probability that the limits set forth in 10
CFR 50.46 are met. The demonstration that these limits are met for the R. E. Ginna Nuclear
Power Plant is as follows:

1. The calculated maximum fuel element cladding temperature shall not exceed 2200'F. The
results presented in Table 15.6-20 indicate that this regulatory limit has been met with a cal-

culated limiting reflood PCT 95Yoof 1907'F.

2. The calculated maximum local oxidation of the cladding shall nowhere exceed 0.17 times
the total cladding thickness before oxidation. The results presented in Table 15.6-20 indi-
cate that this regulatory limit has been met with a calculated maximum local oxidation of
3.43 percent.

3. The calculated total amount of hydrogen generated from the chemical reaction of the clad-
ding with water or steam shall not exceed 0.01 times the hypothetical amount (or 1 percent)
that would be generated if all of the metal in the cladding cylinders surrounding the fuel
were to react. The results presented in Table 15.6-20 indicate that this regulatory limit has
been met with a calculated maximum core-wide oxidation of 0.30 percent.

4. Calculated changes in core geometry shall be such that the core remains amenable to cool-
ing. This requirement is met by demonstrating that the PCT does not exceed 2200'F, the
maximum local oxidation does not exceed 17%, and the seismic and LOCA forces are not
sufficient to distort the fuel assemblies to the extent that the core cannot be cooled. The
approved methodology (Reference 19) specifies that effects of LOCA and seismic loads on
core geometry do not need to be considered unless grid crushing extends beyond the assem-
blies in the lower power channel, as defined in the WCOBRA/TRAC model. This situation
has not been calculated to occur for the R. E. Ginna Nuclear Power Plant; therefore, this
regulatory limit is met.

5. 10 CFR 50.46 acceptance criterion (b)(5) requires that long-term core cooling be provided
following the successful initial operation of the ECCS. The approved Westinghouse posi-
tion on this criterion is that this requirement is satisfied if a coolable core geometry is main-
tained, and the core remains subcritical following the LOCA (Reference 27). This position
is unaffected by the use of the best-estimate LOCA methodology.
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Offsite doses resulting from large break LOCAs are acceptable, i.e., within 10 CFR 50.67
guidelines.
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I
Table 15.6-1

COMPARISON OF NOMINAL AND PLANT PARAMETERS USED
GENERATOR TUBE RUPTURE (SGTR) ANALYSIS

Initial reactor coolant system pressure
(psia)

Initial steam generator water mass (ibm)

Reactor trip delay (sec)

Turbine trip delay (sec)

Pressurizer pressure for safety injection
(psia)

Steam generator relief pressure setpoints
(psia)
Safety injection system pump delay
(sec)

Auxiliary feedwater delay (sec)

Auxiliary feedwater flow rate per steam
generator (gpm)

Auxiliary feedwater temperature ('F)

Safety injection flow vs. reactor coolant
system pressure (ibm/sec vs. psia)

Decay heat

Nominal

2250

94,061

1.0

0.3

1765

1100/1155

9.0

32

450

70

100% ANS

SGTR Overfill
Analysis

2190

96,000

0.0

0.0

1715

1065

0.0

0.0

468

100

See Figure 15.6-1

120% ANS

IN STEAM

SGTR Dose
Analysis

2190

70,000

0.0

0.0

1715

1065

0.0

60

370

100

120% ANS
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Table 15.6-2
OPERATOR ACTION TIMES

Action Time (min)

Faulted steam generator atmospheric relief valve 15

(ARV) block valve closing-local action

Intact steam generator atmospheric relief valve (ARV) 20

opening-local actiona

Intact steam generator atmospheric relief valve 5
(ARV)b

a. For the mass release analysis the ruptured steam generator ARV is assumed to fail open at steamline iso-
lation.

b. For the overfill analysis, the intact steam generator ARV is assumed to fail closed when the cooldown
should be initiated. The analysis assumed that 10 minutes are required to identify and locate the failed
intact steam generator ARV and 10 minutes required to open the valve.
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Table 15.6-3
SEQUENCE OF EVENTS - MARGIN TO OVERFILL ANALYSIS

EVENT

SGTR

Reactor trip

Safety injection

Ruptured steam generator isolated

Manual opening of intact steam generator ARV initi-
ated

Manual opening of intact steam generator ARV com-
pleted

RCS cooldown target temperature reached

Manual isolation of intact steam generator ARV com-
pleted

Pressurizer power operated relief valve (PORV)

opened

Pressurizer PORV closed

Safety injection terminated

Break flow terminated

Time (seconds)

100

166

396

701

1601

2201

2835

3135

3255

3288

3354

4172
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Table 15.6-4
OPERATOR ACTION TIMES FOR DESIGN BASIS STEAM GENERATOR TUBE

RUPTURE ANALYSISI
Action

Identify and isolate ruptured steam generator

Operator action time to initiate cooldown

Cooldown

Operator action time to initiate depressurization

Depressurization

Operator action time to initiate safety injection termi-

nation

Pressure equalization

Time

Maximum of 10 minutes or calculated
time to reach 33% narrow range level in
the ruptured steam generator

5 minutes from complete isolation of
ruptured steam generator

Calculated time for RCS cooldown

2 minutes from end of cooldown

Calculated time for RCS depressuriza-
tion

Maximum of 1 minute from end of
depressurization or time to satisfy
safety injection termination criteria

Calculated time for equalization of
RCS and ruptured steam generator
pressures
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Table 15.6-5
SEQUENCE OF EVENTS - OFFSITE RADIATION DOSE ANALYSIS

II

EVENT

SGTR

Reactor trip

Safety injection

Ruptured steam generator isolated

Ruptured steam generator atmospheric relief valve (ARV) fails open

Ruptured steam generator atmospheric relief valve (ARV) block valve
closed

Intact steam generator atmospheric relief valve (ARV) opened

Break flow stops flashing

Intact steam generator atmospheric relief valve (ARV) closed

Pressurizer power operated relief valve (PORV) opened

Pressurizer power operated relief valve (PORV) closed

Safety injection terminated

Break flow terminated

TIME (sec)

100

174

342

942

942

1842

2143

2636

4373

4493

4546

4607

5684
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Table 15.6-6
SGTR DOSE ANALYSIS ASSUMPTIONS

Parameter Value

Reactor power, MWt 1811

Initial reactor coolant activity, pre-accident
iodine spike

iodine pCi/gm of D.E. 1- 131 60
noble gas fuel defect level, % 1.0

Initial reactor coolant activity, accident initi-
ated iodine spike

iodine ýtCi/gm of D.E. 1-131 1.0
noble gas fuel defect level, % 1.0

Concurrent iodine spike factor 335

Duration of concurrent iodine spike, hours 8

Initial secondary coolant iodine activity, jtCi/ 0.1
gm of D.E. 1-131

Primary-to-secondary leakage to intact SG
Leak rate (cold conditions)
Duration of leakage, hours 150 gal/day

40

Mass of primary coolant, gm >1.247 x 108

Initial mass of secondary coolant, gm
faulted SG
intact SG 3.86 x 107

3.86 x 107

Steam generator elemental iodine partition
coefficients (mass-based)

Activity release from faulted SG
via boiling of bulk water 100
via flashed break flow 1.0

Activity realease from intact SG 100

Steam generator partition coefficients for
organic iodide and noble gas release 1.0

Iodine species assumed in the reactor coolant
and SG water

elemental iodine 0.97
organic iodide 0.03
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Parameter Value

Atmospheric dispersion X/Q sec/mr3

EAB 0-2 hr 2.17E-4
LPZ 0-8 hr 2.51E-5

8-24 1.78E-5
24-96 8.50E-6
96-720 2.93E-6

Breathing rate m 3/sec <

EAB & LPZ
0-8 hr 3.47E-4
8-24 1.75E-5
24-720 2.32E-4

Page 309 of 422 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 15 ACCIDENT ANALYSIS

Table 15.6-7

STEAM RELEASES AND RUPTURE FLOW

Time periods

Mass (Ibm) 0 to 74 74 seconds 5584 2 hours to 8 8 hours to
seconds to 5584 seconds to 2 hours 40 hours

seconds hours

Ruptured SG to:
Condensera 189,000 - 0 0 0

Atmosphere - 82,900 0 26,800 0

Intact SG to:
Condenser 188,410 - - - 0

Atmosphere - 108,800 68,000 515,900 1,760,100

Rupture flow 4,200 171,600 -

Event Time Line:
74 seconds: Reactor trip

5584 seconds: SG and RCS pressures are equal, rupture flow is terminated.

8 hours or 40 hours: RHR operating conditions are achieved, steaming to the environment
is terminated.

a. The analysis conservatively treats steam relased to the condenser the same as direct release to the atmo-

sphere, i.e., elemental iodine partition is 100.
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Table 15.6-8
RESULTS FOR SGTR, REM TEDE

EAB MAX - 2 HR LPZ, 8 hr
rem TEDE rem TEDE

Accident Initiated

Iodine Spike 9.7E-2 1.4E-2

Acceptance Criteria 2.5 2.5

Pre-Accident
Iodine Spike 3.2E- I 4.3E-2

Acceptance Criteria 25 25

SGTR - 8 Hour RHR IN-SERVICE

Accident Initiated Iodine Spike

elemental iodine 1.061E-01 1.405E-02

methyl iodide 4.242E-02 8.007E-03

>noble gas 4.84E-02 5.612E-03

TOTAL 2.OE-01 2.8E-02

Pre-Accident Iodine Spike

elemental iodine 3.341E-01 4.107E-02

methyl iodide 9.273E-02 1.442E-02

>noble gas 4.848E-02 5.612E-03

TOTAL 4.8E-01 6.1E-02

SGTR - 40 HOUR RHR IN-SERVICE

Accident Initiated Iodine Spike

elemental iodine 1.061E-01 1.580E-02

methyl iodide 4.242E-02 8.492E-03

noble gas 4.84E-02 5.619E-03

TOTAL 2.OE-01 3.OE-02

Pre-Accident Iodine Spike

elemental iodine 3.341E-0I 4.130E-02

methyl iodide 9.273E-02 1.472E-02

noble gas 4.848E-02 5.619E-03

TOTAL< 4.8E-01 6.1E-02
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Table 15.6-9

TIME SEQUENCE OF EVENTS - ACCIDENTAL DEPRESSURIZATION OF THE RCS

Event Time (sec)

Inadvertent opening of one RCS relief valve 0.0

OTDT reactor trip setpoint reached 20.9

Rods begin to drop 22.9

Minimum DNBR occurs 23.0
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Table 15.6-10
TOTAL SMALL BREAK LOSS-OF-COOLANT ACCIDENT SAFETY INJECTION AND

SPILL FLOW

RCS Pressure (psia) Intact Loop Injection Broken Loop Broken Loop Spill
Flow (2pm) Injection Flow (gDm) Flow (2Dm) (breaks

(breaks <8.75 in. Ž_8.75 in. diameter)
diameter)

14.7 300.0 300.0 385.0

114.7 300.0 300.0 385.0

214.7 300.0 300.0 385.0

314.7 300.0 300.0 385.0

414.7 300.0 300.0 385.0

514.7 300.0 300.0 385.0

614.7 288.9 288.9 385.0

714.7 272.7 272.7 385.0

814.7 252.9 252.9 385.0

914.7 229.1 229.1 385.0

1014.7 200.7 200.7 385.0

1114.7 166.6 166.6 385.0

1214.7 125.1 125.1 385.0

1314.7 62.0 62.0 385.0

1389.7 0.0 0.0 385.0
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Table 15.6-11
SMALL BREAK LOSS-OF-COOLANT ACCIDENT KEY ASSUMPTIONS

A. Core Parameters

Analyzed Core Power Level 1811 MWt

Calometric Uncertainty 0%

Fuel Type 422V+, OFA

Total Core Peaking Factor, FQ 2.60

Channel Enthalpy RIse Factor. FAH 1.72

Axial Offset +25%

K(z) Limit 1.0 everywhere

B. Reactor Coolant System

Thermal Design Flow 85,100 gpm/loop

Nominal Vessel AVerage Temperature Range 564.6 - 576.0°F

Presurizer Pressure 2250 psia

Pressurizer Pressure Uncertainty 60 psi

C. Reactor Protection System

Reactor Trip Setpoint > 1730 psia

Reactor Trip Signal Processing Time (Includes Rod Drop 5.0 seconds
Time)

D. Auxiliary Feedwater System

Maximum AFW Temperature 104 0F

Minimum AFW Flow rate 0 - 170 gpm/SG

Initiation Signal Low Pressurizer Pressure SI
Signal

AFW Delivery Delay Time 600 seconds

E. Steam Generators

Steam Generator Tube Plugging 10%

MFW Isolation Signal Low Pressurizer Pressure SI
Signal

MFW Isolation Delay Time 2.0 seconds

MFW Flow Coastdown Time 10.0 seconds
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Feedwater Temperature 390 - 4350F

Steam Generator Safety Valve Flow Rates Table 15.6-12

F. Safety Injection

Limiting Single Failure I Emergency Diesel Genera-
tor

Maximum SI Water Temperature 104 0F

Low-Low Pressurizer Pressure Signal 1715 psia

SI Delay Time 32 seconds

Safety Injection Flow Rates Table 15.6-10

G. Accumulators

Water/Gas Temperature 120°F

Initial Accumulator Water Volumea 1115 ft3

Minimum Cover Gas Pressure 714.7 psia

H. RWST Draindown Input

Maximum Containment Spray Flow 1800 gpm per pump

Minimum Usable RWST Volume 184,950 gal

Maximum Delay Time for Switchover to Cold Leg Recircula- 600 seconds (HHSI)
tion, sec

Minimum SI Flow Rate During Switchover No SI flow is modeled dur-
ing switchover

Minimum S1 Flow Rate After Switchover Table 15.6-10

Maximum SI Water Temperature After Switchover to Cold 212°F
Leg Recirculation Signal is Generated

a. Corresponds to a range of 1090 ft3 to 1140 ft3.
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Table 15.6-12
SMALL BREAK LOSS-OF-COOLANT ACCIDENT MAIN STEAM SAFETY VALVE

(MSSV) ASSUMPTIONS

MAIN STEAM SAFETY VALVE (MSSV) DATA VALUE UNITS

Number of safety valves per steam generator 4 -

Set pressure for valve 1 1085 psig

Set pressure for valve 2 1140 psig

Set pressure for valve 3 1140 psig

Set pressure for valve 4 1140 psig

Percent uncertainty for valves 1-4 1 %

Percent accumulation for valves 1-4 3 %

Rated flow for valve 1 797,700 lbm/hr

Rated flow for valve 2 837,600 Ibm/hr

Rated flow for valve 3 837,600 ibm/hr

Rated flow for valve 4 837,600 lbm/hr
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Table 15.6-13
SMALL BREAK LOSS-OF-COOLANT ACCIDENT TIME SEQUENCE OF EVENTS

Equivalent Break Diameter

Event Time (sec) 1.5 inch 2 inch 3 inch

Break initiation 0 0 0

Reactor trip signal 1.0 25.6 11.4

S-Signal 58.6 26.7 11.9

Safety Injection Begins 90.6 58.7 43.9

Loop Seal Clearinga 85 511 236

Core Uncovery 2820 1157 415

Accumulator Injection Begins 8544 2832 673<

RWST Low Level N/A 5357 2683

Core Recovery 4750 2570 897

a. Loop seal clearing is defined as break vapor flow > 1 lb/s
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Table 15.6-14
SMALL BREAK LOSS-OF-COOLANT ACCIDENT FUEL CLADDING RESULTS

Equivalent Break Diameter

Results 1.5 inch 2 inch >3 inch

Time-in-Life BOL BOL BOL

PCT(°F) 1011 1167 1117

PCT Time (s) 3578 1650 748

PCT Elevation (ft) 11.25 11.50 11.00

HR Burst Time(s) N/A N/A N/A

HR Burst Elevation (ft) N/A N/A N/A

Maximum Local ZrO2(%) 0.02 0.07 0.02

Maximum Local ZrO2 Elev (ft) 11.25 11.25 11.25

Total Hydrogen Generation (%) <<1.0 <<1.0 <<1.0
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Table 15.6-15
LARGE BREAK LOSS-OF-COOLANT ACCIDENT ANALYSIS

TIME SEQUENCE OF EVENTS FOR DECLG BREAK

Event Time (sec)'

Start of Transient 0.0

Safety Injection Signal 4.0

Accumulator Injection Begins 13.0

Low Head Safety Injection Begins 34.0

High Head Safety Injection Begins 36.0

End of Blowdown 38.0

Bottom of Core Recovery 46.0

Accumulator Empty 49.0

PCT Occurs 242.0

End of Transient 450.0

a. All results are from the WCOBRA/TRAC Computer Code
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Table 15.6-17
LARGE BREAK LOCA ANALYSIS SAFETY INJECTION FLOW VERSUS PRESSURE

R. E. Ginna High Head Safety Injection (HHSI) Flow Versus Pressure

Pressure (psia) Flow (LDmm

14.7 300

114.7 300

214.7 300

314.7 300

414.7 300

514.7 300

614.7 289

714.7 273

814.7 253

914.7 229

1014.7 201

111427 167

1214.7 125

1314.7 62

1389.7 0

R. E. Ginna Low Head Safety Injection (LHSI) Flow Versus Pressure

Pressure (psia) Flow (gpm)

14.7 1200

20 1176

40 1083

60 980

80 866

100 735

120 570

140 220

214.7a 0a
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a. The RHR pump will just start to inject at an RCS pressure of 155 psia, assuming 1 train injecting to the
most restrictive loop, the pump degraded 10% and the RWST level 28%. For comparison, this injection
point would be 165 psia if the pump is non-degraded.
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Table 15.6-18a
PARAMETERS FOR CONTAINMENT PRESSURE - DRY CONTAINMENT DATA

Net free volume

Initial conditions

Pressure

Temperature

Refueling water storage tank (RWST) temperature

Service water temperature

Outside temperature

Spray system

Number of pumps operating

Runout flow rate

Actuation time

Safeguards containment recirculation fan coolers (CRFCs)

Number of fan coolers operating

Fastest post accident initiation of fan coolers

1.066 X 106 ft3

14.5 psia

90°F

50°F

30°F

-20OF

2

1800 gpm each

9 seconds

4

0 seconds
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Table 15.6-18b
STRUCTURAL HEAT SINK DATA

Total
Material of Each Thickness of Exposed

Wall Description Layer Layer (in) Area (ft!)

Insulated portion of dome and contain- Stainless Steel 0.019 36,285
ment wall Insulation 1.250

Carbon Steel 0.375
Concrete 42.0

Uninsulated portion of dome Carbon Steel 0.375 12,370
Concrete 30.0

Basement floor Concrete 24.0 7230
Carbon Steel 0.250
Concrete 24.0

Wall of Sump A Carbon Steel 0.25 2270
Concrete 36.0

Floor of Sump A Concrete 24.0 280
Carbon Steel 0.250
Concrete 12.0

Walls of Sump B Concrete 24.0 210
Carbon Steel 0.250
Concrete 12.0

Floor of Sump B Concrete 24.0 120
Carbon Steel 0.250
Concrete 12.0

Inside of refueling cavity Stainless Steel 0.250 6170
Concrete Vari-

ous,30.0
Mini-

muma

Bottom of refueling cavity Stainless Steel 0.250 1260
Concrete 24.0

Area on outside of refueling cavity walls Stainless Steel 0.250 6750
Concrete Vari-

ous,30.0
Mini-

muma

Loop Compartments Concrete Various, 10,370
30.0 Min-

imuma
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Total
Material of Each Thickness of Exposed

Wall Description Layer Layer (in) Area (ft!)

Floor Area Intermediate Level (area Concrete 6.0 5320
respresents only one side of floor)

Operating Floor (area represents only Concrete 24.0 6500
one side of floor)

1.48 inch Thick 1-Beam Carbon Steel 1.48 2000

0.94 inch Thick 1-Beam Carbon Steel 0.94 630

0.52 inch Thick I-Beam Carbon Steel 0.52 4220

0.61 inch Thick I-Beam Carbon Steel 0.61 1190

Cylindrical Supports for SG and RCP's Carbon Steel 0.50 470

Containment Crane Rectangular Sup- Carbon Steel 0.75 4430
port Structure

Carbon Steel 2.0 380

Beams for Crane Structure + Trolley Carbon Steel 0.79 1220
Carbon Steel 1.52 1910
Carbon Steel 1.44 260

Structure on Operating Floor (area Concrete 24.0 2060
represents only one side of structure)

Grating, Stairs, Misc. Steel (original Carbon Steel 0.125 7000
FSAR value)

a. For these various thickness concrete wall layers, the minimum thickness (2.5ft) is modeled in the
COCO containment back pressure calculation.
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a. 24 peripheral locations will not physically bc lead power assembly.
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Table 15.6-20
LIMITING LARGE BREAK PCT AND OXIDATION RESULTS FOR R. E. GINNA

Parameter Resulta

95/95 Peak Clad Temperature (PCT) 1,907°F

95/95 Maximum Cladding Oxidation (LMO) 3.43%

95/95 Maximum Core-wide Oxidation (CWO) 0.30%

a. The results provided are applicabe to the resident OFA fuel

I
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Table 15.6-21
ASSUMPTIONS FOR ANALYSIS OF RADIOLOGICAL CONSEQUENCES OF THE

LOSS-OF-COOLANT ACCIDENT

Parameter Value

Reactor power, MWt (including 2% uncertainty) 1811

Containment net free volume, ft3  1.0E6

Containment sprayed fraction 0.78

Containment Leak Rate, %/day
0-24 hours 0.2
> 24 hours 0.1

Containment fan cooler flow and operation
number of operating units (per train) 2
flow rate per unit, cfm 30,000
total filtered flow rate, cfm N/A

CARBON(1 unit) 60,000a
HEPA (2 units) 50

initiation delay, sec. N/A
termination of iodine removal, hours

Containment fan cooler iodine removal efficiency, %
Elemental N/A
Organic N/A
Particulate 95

Containment injection spray
flow rate, gpm (per train) 1300
initiation delay, sec 80
termination (end of spray injection), min 952

Iodine and particulate removal by spray coefficient,
per hour 20

Elemental 3.5b
Particulate

Containment sump volume, ft 3  264,700

ECCS leakage
Continuous leakage rate, gal/hr 4
Start time, hr I
Termination time, hr 720
Airborne fraction

0-3 hr 0.07
3-8 hr 0.04
8-14 hr 0.03
14-720 hr 0.02
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Parameter Value

Atmospheric dispersion x/Q, sec/mr3

EAB 0-2 hr 2.17E4

LPZ 0-8 hr 2.5 1E-5
8-24 hr 1.78E-5
24-96 hr 8.50E-6
96-720 hr 2.93E-6

Breathing rates, m 3/sec
EAB & LPZ 0-8 hr 3.47E-4

8-24 hr 1.75E-4
24-720 hr 2.32E-4

a. 12,000 cfm is recirculated within the lower containment volume (unsprayed region)

b. Represents the 1 0 th percentile value calculated using the Powers model
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Table 15.6-21A
LBLOCA DOSE SUMMARY, REM TEDE

EAB MAX - 2 HR LPZ 720 hr
rem TEDE rem TEDE

Containment Leakage 2.950 0.977

ECCS Leakage 0.1237 0.1953

Total 3.1 1.2

Acceptance Criteria 25 25
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Table 15.6-22
Total Core Activity (Curies) at End of 525-day Fuel Cycle - including Decay

1811 Mwt

Shutdown 100 hours 60 days

noble gases

KR 85 5.85E-05 5.84E+05 5.79E+05

KR 85M 1.36E+07 2.63E+00 0.OOE+00

KR 87 2.62E+07 5.66E- 17 0.OOE+00

KR 88 3.68E+07 9.18E-04 0.OOE+00

XE131M 5.59E+05 5.41E+05 4.68E+04

XE133 1.01E+08 7.03E+07 >4.50E+04

XE133M< 3.17E+06 1.31E+06 2.92E+02

XE I34M 7.56E+05 0.OOE+00 0.00E+00

XE135 2.56E+07 1.32E+05 O.OOE+00

XEI35M 2.04E+07 4.36E+02 O.OOE+00>

XE138 8.61E+07 O.OOE+00 0.OOE+00

halogens

BR 83 6.42E+06 1.76E-06 0.OOE+00

BR 84 1.12E+07 0.OOE+00 0.OOE+00

BR 85 1.34E+07 O.OOE+00 0.OOE+00

1127 0.OOE+00 O.OOE+00 0.OOE+00

1129 1.83E+00 1.83E+00 1.84E+00

1130 2.1OE+06 7.73E+03 1.80E-29

1131 5.08E+07 3.64E+07 2.97E+05

1132 7.51E+07 3.07E+07 2.13E+02

1133 1.03E+08 3.78E+06 1.53E-13

1134 1.14E+08 2.07E-26 O.OOE+00

1135 9.72E+07 2.72E+03 0.00+00

Rb and Cs

RB 86 1.30E+05 1.11E+05 1.39E+04

CS 134 1.10E+07 1.1OE+07 1.04E+07

CS136 3.24E+06 2.60E+06 1.36E+05
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1811 Mwt

Shutdown 100 hours 60 days

CS137 6.30E+06 6.30E+06 6.27E+06

other isotopes

SR 89 4.95E+07 4.68E+07 2.18E+07

SR 90 4.63E+06 4.63E+06 4.62E+06

Y 90 4.84E+06 4.70E+06 4.62E+06

SR 91 6.20E+07 4.2 1E+04 0.OOE+00

Y 91 6.38E+07 6.12E+07 3.16E+07

SR 92 6.70E+07 5.23E-04 0.OOE+00

Y 92 6.73E+07 8.9 1E-01 0.OOE+00

Y 92 6.73E+07 8.91E-01 O.OOE+00

Y 93 7.73E+07 8.18E+04 0.OOE+00

ZR 95 8.60E+07 8.22E+07 4.49E+07

NB 95 8.66E+07 8.64E+07> 6.77E+07
ZR 97 8.59E+07 1.42E+06 1.92E-18

MO 99 9.67E+07 3.38E+07 2.61E+01

TC 99M 8.49E+07 3.26E+07 2.52E+01

RU103 7.71E+07 7.17E+07 2.68E+07

RU 105 5.23E+07 8.93E+00 0.OOE+00

RHi05 4.68E+07 7.68E+06 3.OOE-05

RU106 2.61E+07 2.59E+07 2.33E+07

SB127 5.45E+06 2.61E+06 1.12E+02

TE127 5.40E+06 3.18E+06 4.89E+05

TE I27M 7.02E+05 6.98E+05 4.99E+05

SB 129 1.63E+07 1.78E+00 0.OOE+00

TE129 1.62E+07 1.43E+06 4.51E+05

TE129M 2.38E+06 2.19E+06 6.93E+05>

TE131M 7.32E+06 7.30E+05 2.62E-08

TE132 7.22E+07 2.98E+07 2.06E+02

BA139 9.31E+07 1.52E-14 O.OOE+00

BA 140 8.94E+07 7.13E+07 3 .46E+06
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1811 Mwt

Shutdown 100 hours 60 days

LA 140 9.26E+07 8.03E+07 3.98E+±06

LA141 8.35E+07 1.99E+00 0.OOE+00

CE 141 8.48+07 7.80E+07 2.37E+07

LA142 8.22E+07 3.04E- 12 0.OOE+00

CE1 43 7.89E+07 9.73E+06 5.8 1E-06

PR 143 7.74E+07 6.87E+07 4.02E+06

CE144 6.46E+07 6.39E+07 >5.58E+07

ND147 3.39E+07 2.61E+07 7.90E+05

actinides

NP239 1.05E+09> 3.09E+08> 1.16E+03

PU238 2.23E+05 2.25E+05 2.27E+05

PU239 1.85E+04 1.87E+04 1.88E+04

PU240 2.79E+04 2.79E+04 2.79E+04

PU241 6.15E+06 6.15E+06 6.1OE+06

AM241 7.55E+03 7.66E+03 9.16E+03

CM242 1.75E+06 1.73E+06 1.37E+06

CM244 2.06E+05 2.06E+05 2.05E+05
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Table 15.6-23
Core Inventory Fraction Released into Containment

Nuclide Group Gap Release Phase Early In-Vessel Totala

Phase

Halogens 0.05 0.35 0.4

Noble Gases 0.05 0.95 1.0

Alkali Metals 0.05 0.25 0.3

Tellurium 0 0.05 0.05

Ba, Sr 0 0.02 0.02

Noble Metals 0 0.0025 0.0025

Cerium 0 0.0005 0.0005

Lanthanides 0 0.0002 0.0002

a. Fractions apply to both containment and ECCS leakage

Timing of LOCA Core Inventory Release Phases

Releaase Phase Onset Duration

Gap Release 30 sec 0.5 hra

Early In-Vessel 0.5 hr 1.3 hr

a. The duration of the gap release, specified in Reference 54 is 0.5 hr. The specified start of the gap
released is modeled as 0.5 hr-30 sec = 0.492 hr, rather then 0.5 hr.

Nuclide Groupsa

Halogens I

Noble Gases Kr, Xe

Alkali Metals Cs, Rb

Tellurium Group Te, Sb, Se, Ba, Sr

Noble Metals Ru, Rh, Pd, Mo, Tc, Co

Lanthanides La, Zr, Nd, Eu, Nb, Pm, Pr, Sm, Y, Cm, Am

Cerium Ce, Pu, Np

a. See analysis of record (Reference 53) for specific core concentrations.
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Nuclide Composition, fraction

Form In Containment Atmosphere In ECC Solution

Iodine
elemental 0.0485 0.97
organic 0.0015 0.03
particulate 0.95 0

All other nuclides
particulate 1.0 1.0
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Table 15.6-24
SMALL BREAK LOCA PCT SUMMARY

Licensing Basis

Analysis of record (PCT)

Margin Allocations:(APCT)

A) Prior permanent ECCS model assessments
1. None

B) Planned plant change evaluations
1. None

C) 2007 permanent ECCS model assessments
1. None

D) Temporary ECCS model issuesa

1. None

E) Other
1. None

Licensing basis (PCT) + mergin allocations (PCT)

Notes:

Clad Temperature (OF)

1167

0

0

0

0

0

1167

1) Evaluation Model: NOTRUMP (analysis date: 4/21/05)(limit-
ing break size: 2 inch)

Fuel: 422- Vantage +

FQ 2.6

FAH 1.72

SGTP 10%

2) Uprate to 1811 MWt (Inclusive of calorimetric uncertainty), effective beginning cycle 33,
mixed core OFA and 422 Vantage+

3) Transition cycles containing OFA fuel are bounded by the analysis for 422 Vantage + fuel

a. It is recommended that these temporary PCT allocations, which address current LOCA model issues,
not be considered with respect to 1OCFR50.46 requirements.
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Figure 15.6-1 Steam Generator Tube Rupture (Overfill), Maximum Safety Injection Flow Ver-

sus Pressure
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Figure 15.6- I
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Figure 15.6-1a RCS Depressurization, Nuclear Power Versus Time
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Figure 15.6-1a
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Figure 15.6-lb RCS Pressurization, Pressurizer Pressure Versus Time

2400

20M

. 1600

14D

Figure 15.6-lb
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Figure 15.6-1c RCS Depressurization, Indicated Loop Average Temperature Versus Time
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Figure 15.6- id RCS Depressurization,. DNBR Versus Time
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Figure 15.6-2 SGTR (Overfill), Pressurizer Level and Pressurizer Pressure Versus Time
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Figure 15.6-3 SGTR (Overfill), Secondary Pressure and Steam Generator Liquid Mass Versus
Time
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Figure 15.64
SGTR (Overfill), Secondary Pressure end Steam GensOertOr Lquld Mass vs. Time
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Figure 15.6-4 SGTR (Overfill), Hot and Cold Leg Temperatures for Intact and Ruptured Steam

Generators Versus Time
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SGTR (Overfill), Hot and Cold Leg Terupeeatures for Intact and
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Figure 15.6-5 SGTR (Overfill), Total Primary to Secondary Leakage and Total Integrated Pri-
mary to Secondary Leakage Versus Time
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Figure 15.6-5
SGTR (Overfill). Total Primary to Secondary Leakage and
Total Integrated Primary to Secondary Leakge vs. Time
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Figure 15.6-6 SGTR (Overfill), Steam Generator Relief Flow and Integrated Steam Generator

Relief Flow Versus Time
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Figure 15.6-7 SGTR (Overfill), Steam Generator Water Volume Versus Time
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Figure 15.6-7
SGTIR (Overfill), Stean Gerwralor Waler Volume vs. Time
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Figure 15.6-8 SGTR (Dose), Pressurizer Level and Pressurizer Pressure Versus Time
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Figure 15.6-8
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Figure 15.6-9 SGTR (Dose), Secondary Pressure and Steam Generator Liquid Mass Versus

Time
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Figure 15.6-10 SGTR (Dose), Hot and Cold Leg Temperatures for Intact and Ruptured Steam

Generators Versus Time
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Figure 15.6-10
SGTR (DoSe), Hot end Cold Leg Temperatures for Intact and

Ruptured Steam Generators vs. Time
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Figure 15.6-11 SGTR (Dose), Total Primary to Secondary Leakage and Total Integrated Pri-
mary to Secondary Leakage Versus Time
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Figure 15.6-12 SGTR (Dose), Steam Generator Relief Flow and Integrated Steam Generator

Relief Flow Versus Time
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Figure 15.6-13 SGTR (Dose), Steam Generator Water Volume Versus Time
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Figure 15.6-13
SGTR (Dose), Steam Generator Water Volume vs. Time
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Figure 15.6-14 SGTR (Dose), Tube Rupture Flow Flashing Fraction and Integrated Flashed

Break Versus Time
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Figure 15.6-14
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Figure 15.6-15 Small Break LOCA - 2-Inch Break, Pressurizer Pressure Versus Time
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Figure 15.6-16 Small Break LOCA - 2-Inch Break, Core Mixture Level Versus Time
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Figure 15.6-17 Small Break LOCA - 2-Inch High Break, Peak Cladding Temperature at PCT

Elevation Versus Time
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Figure 15.6-18 Small Break LOCA - 2-Inch High Break, Core Exit Vapor Flow Versus Time
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Figure 15.6-19 Small Break LOCA - 2-Inch Break, Hot Rod Heat Transfer Coefficient at PCT
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Figure 15.6-20 Small Break LOCA - 2-Inch Break, Fluid Temperature at PCT Elevation Versus

Time
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Figure 15.6-21 Small Break LOCA - Axial Power Distribution, Heat Rate Versus Core Eleva-

tion
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Figure 15.6-22 Small Break LOCA - 1. 5-Inch Break, Pressurizer Pressure Versus Time
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Figure 15.6-23 Small Break LOCA - 3-Inch High Break, Pressurizer Pressure Versus Time
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Figure 15.6-24 Small Break LOCA - 1.5-Inch Break, Core Mixture Level Versus Time
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Figure 15.6-25 Small Break LOCA - 3-Inch Break, Core Mixture Level Versus Time
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Figure 15.6-26 Small Break LOCA - 1.5-Inch Break, Peal Cladding Temperature at PCT Eleva-

tion Versus Time
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Figure 15.6-2 7 Small Break LOCA -

tion Versus Time
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Figure 15.6-28 Figure Deleted

Figure Deleted
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Figure 15.6-29 Figure Deleted

Figure Deleted
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Figure 15.6-30 Figure Deleted

Figure Deleted
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Figure 15.6-31 R.E. Ginna Vessel Model Noding Diagram1
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Figure 15.6-31 .E. Ginna Vessel Model Noding Diagram'

SNote that Gaps 21, .51, and 53 are blocked, however, they appear on the noding diagram for completeness.
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Figure 15.6-32 R.E. Ginna Loop Model Noding Diagram
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Figure 15.6-32 R. E. Ginna Loop Model Noding Diagram
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Figure 15.6-33 R.E. Ginna Initial Transient Axial Power Distributions

2.5

2-

I ' - AVG
' " HOTAS

-HOT RC

0 2 4 8 10

core lievatmim (ft)

12

Figure 15.6-33 R. E. Glnna Initial Transient Axial Power Distributions
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Figure 15.6-34 Containment Pressure Used for the R.E. Ginna Best-Estimate Large Break
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Figure 15.6-34 Containment Pressure Used for the R. E. Ginna Best-Estimate Large Break
LOCA Initial Transient
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Figure 15.6-35 Peak Clad Temperature of the 5 rods/for the Initial Transient
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Figure 15.6-35 Peak Clad Temperature of the 5 rods for the Initial Transient
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Figure 15.6-36 Split Break Flow/for the Initial Transient
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Figure 15.6-36 Split Break Flow for the Initial Transient
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Figure 15.6-37 Total Flow at the Bottom of the Core for the Initial Transient
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Figure 15.6-37 Total Flow at the Bottown of the Core for the Initial Transient
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Figure 15.6-38 Accumulator Injection Flow jbr the Initial Transient
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Figure 15.6-38 Accumulator Injection Flow for the Initial Transient
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Figure 15.6-39 High Head Sqfety Injection Flowfor the Initial Transient
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Figure 15.6-39 High Head Safety Injection Flow for the Initial Transient
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Figure 15.6-40 Low Head Safety Injection Flow for the Initial Transient
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Figure 15.6-40 Low Head Safety Injection Flow for the Initial Transient

Page 384 of 422 Revision 21 11/2008



GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

Figure 15.6-41 Average Collapsed Liquid Level in the Downcomer for the Initial Transient
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Figure 15.6-41 Average Collapsed Liquid Level in the Downcomer for the Initial Transient
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Figure 15.6-42 Lower Plenum Collapsed Liquid Level/for the Initial Transient
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Figure 15.6-42 Lower Plenum Collapsed Uiquid Level for the Initial Transient
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Figure 15.6-43 Core Collapsed Liquid Levels.for the Initial Transient
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Figure 15.6-43 Core Collapsed Liquid Levels for the Initial Transient
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Figure 15.6-44 Vessel Liquid Mass for the Initial Transient
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Figure 15.6-44 Vessel Liquid Mass for the Initial Transient
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Figure 15.6-45 Pressurizer Pressure for the Initial Transient
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Figure 15.6-46 Hot Rod Peak Clad Temperature and Elevation.for the Initial Transient
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Figure 15.6-47 R.E. Ginna PBOT/PMID Analysis and Operating Limits
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Figure 15.6-47 R.E. Ginna PBOT/PMID Analysis and Operating Limits
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Figure 15.6-48 Lower Bound Containment Pressure for R.E. Ginna Analysis
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Figure 15.6-48 Lower Bound Containment Pressure for R. E. Ginna Analysis
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15.7 RADIOACTIVE RELEASE FROM A SUBSYSTEM OR

COMPONENT

15.7.1 RADIOACTIVE GAS WASTE SYSTEM FAILURE

The following components containing gaseous radioactive wastes are examined under severe
failure mode conditions for effects on the plant safety profile:

1. Gas Decay Tank and

2. Volume Control Tank

15.7.1.1 Gas Decay Tank Rupture

15.7.1.1.1 Description of Event

The waste gas decay tank accident is defined as an unexpected and uncontrolled release to the
atmosphere of the radioactive fission gases that are stored in the waste gas storage system.
Failure of a gas decay tank or associated piping could result in a release of this gaseous activ-
ity.

The gas decay tanks contain the gases vented from the reactor coolant system, the volume
control tank, and the chemical and volume control system holdup tanks. Sufficient volume is
provided in each of four tanks to store the gases evolved during a reactor shutdown. The sys-
tem is adequately sized to permit storage of these gases for 45 days prior to discharge.

As the components of the waste gas system are not subjected to any high pressures or stresses
and are designed to Seismic Category 1, a rupture or failure is highly unlikely. In addition to
the tanks which have a design pressure greater than atmospheric, the piping and the valves are
designed to code requirements given in Section 11.3.2.2.2. However, a rupture of a gas decay
tank is analyzed to define the limit of the hazard that could result from any malfunction in the
radioactive gaseous waste system.

15.7.1.1.2 Frequency of Event

The waste gas decay tank rupture is classified as an ANS Condition III infrequent event. Sec-
tion 15.0.8 discusses Condition III events.

15.7.1.1.3 Event Analysis

The effects of the waste gas decay tank rupture are analyzed based upon conditions resulting
in the maximum amount of activity that could accumulate from operation with cladding
defects in 1% of the fuel elements.

The radioactive release from the waste gas decay tank provides the maximum noble gas
source term for assessing whole body gamma dose following the tank rupture.

Non-volatile fission product concentrations are greatly reduced as the coolant being letdown
is passed through the purification demineralizers. For example, the removal factor for iodine
is at least 10. The decontamination (partition) factor for iodine between the liquid and vapor
phase is expected to be on the order of 10,000. Based on the above analysis and operating
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experience, activity stored in a gas decay tank consists primarily of noble gases released from
the processed coolant and only negligible quantities of less volatile isotopes. Accordingly,
since there is no significant quantity of radioactive iodine within the gas decay tank, a thyroid
dose is not calculated.

The effects of the 18-month fuel cycle program are included in the calculated doses.

15.7.1.1.3.1 Single Failures Assumed

The analysis assumes no protective actions are performed to mitigate the consequences of this
event; therefore, no limiting single failure is applicable.

15.7.1.1.3.2 Operator Actions Assumed

No operator actions are credited in the analysis.

15.7.1.1.3.3 Chronological Description of Event

Activity from the ruptured tank is realeased to the environment considering a two hour
release rate and a puff release. The two hour release rate is consistent with the Fuel Handling
Accident. The puff release was incorporated in response to a NRC staff concern. However,
results are identical for both cases.

15. 7.1.1.3.4 Impact on Fission Product Barriers

The tank rupture event occurs outside the containment building; hence, fission product barrier
(i.e., fuel cladding, reactor coolant pressure boundary, and containment) integrity is unaf-
fected. The tank rupture results in the release of the contained radioactivity; however, the
accident has no impact on the design basis limits associated with the plant's fission product
barriers.

15.7.1.1.4 Reactor Core and Plant System Evaluation

The waste gas decay tank rupture does not affect the reactor core or nuclear steam supply
safety performance.

15.7.1.1.4.1 Input Parameters and Initial Conditions

A. The waste gas decay tank is assumed to have an inventory of 100,000 Ci of equivalent Xe-
133. This is the maximum value allowed by the Explosive Gas and Storage Tank Radioac-
tivity Monitoring Program (see Technical Specifications) in each tank.

B. The 470 ft3 gas decay tank is assumed to be isolated from the remainder of the waste gas
system at the time of the rupture. The waste gas system is designed and operated such that
the failure of one tank does not result in the additional release of radioactivity stored in any
other gas decay tank.

C. The atmospheric dispersion factors are as follows:

EAB
0 - 2 hours 2.17E4
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LPZ
0 - 8 hours 2.51E-5
8 - 24 hours 1.78E-5
24 - 96 hours 8.50E-6
96 - 720 hours 2.93E-6

D. The control room dose in considered in Section 6.4.3.1.

15.7.1.1.4.2 Methodology

The doses due to immersion in a semi-infinite cloud of radioactive materials are determined
based upon methods, parameters, and equations given in Reference 22.

15.7.1.1.4.3 Acceptance Criteria

Acceptance criteria appropriate for this Condition III event are:

NUREG-0 133, Preparation of Radiological Effluent Technical Specifications for Nuclear
Power Plants (Reference 18, Section 5.6.1), requires that the quantity of radioactive gas in
each gas storage tank be limited to a predetermined curie content. This ensures that, in the
event of an uncontrolled release of the tank contents, the resulting total body exposure to an
individual at the nearest exclusion area boundary (EAB) will not exceed 0.5 rem.

15.7.1.1.4.4 Results

The failure of the gas decay tank results in the release of the radioactive contents to the auxil-
iary building and assumed to diffuse from the building to the environment.

The calculated dose to an individual at the nearest exclusion area boundary (EAB) as a result
of the postulated gas decay tank rupture is approximately 1.25E-1 Rem TEDE.

The calculated dose to an individual (30 days) at the Low Population Zone (LPZ) is approxi-
mately 1.45E-2 Rem TEDE.

15.7.1.1.5 Radiological Evaluation

As part of the Control Room Emergency Air Treatment System (CREATS) modification, the
control room dose was reanalyzed because of the new system configuration. For consistency,
new x/Q values and off-site doses were also analyzed. Reference 21 is now considered to be
the Gas Decay Tank (GDT) Release dose analysis of record. Although initially calculated as
part of the new conversion to Alternate Source Term (AST) methodology, it was not reviewed
by the NRC as part of the submittal because the GDT release is not one of those accidents
addressed in Reference 22. However, significant benefit and consistency was gained by per-
forming an updated analysis. An analysis was subsequently performed using plant specific
source terms as part of Extended Power Uprate (EPU). However, the generic 100,000 Ci
source remains conservative, and Reference 21 remains the anaysis of record.

15.7.1.1,.6 Conclusions

Failure of the waste gas system has been reviewed, and the conservatively computed radio-
logical dose consequences have been found to be within the acceptable regulatory guidance.
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15.7.1.2 Volume Control Tank Rupture

15.7.1.2.1 Description of Event

The volume control tank rupture accident is defined as an unexpected and uncontrolled
release to the atmosphere of the contained radioactive fission product gases. The volume
control tank contains fission gases and low concentrations of halogens which are normally a
source of waste gas activity vented to a gas decay tank. The iodine concentrations and vola-
tility are very low at the temperature, pH, and pressure of the fluid in the volume control tank.
Failure of the tank or associated piping would result in the release of this gaseous activity.
The disposition of liquid activity is discussed in Section 15.7.2.

As the volume control tank and associated piping are not subjected to any high pressures or
stresses and are of Seismic Category I design, a rupture or failure is highly unlikely. How-
ever, a rupture of the volume control tank is analyzed to define the limit of exposure that
could result from such an occurrence.

15.7,1.2.2 Frequency of Event

The volume control tank rupture is classified as an ANS Condition III infrequent event. Sec-
tion 15.0.8 discusses Condition III events.

15.7.1.2.3 Event Analysis

The effects of the volume control tank rupture are analyzed based upon conditions resulting in
the maximum amount of activity that could accumulate from operation with cladding defects
in 1% of the fuel elements.

The analysis of this event is used to demonstrate that the plant is adequately designed against
an atmospheric release of radioactivity due a leak or failure of the radioactive liquid waste
system as described in Section 15.7.2. The radioactive release from the volume control tank
provides the maximum radiation source term of volatile iodine for assessing thyroid dose
consequences, whereas the radioactive release from the waste gas decay tank provides the
maximum noble gas source term for assessing whole body gamma dose.

The effects of the 18-month fuel cycle program are included in the volume control tank doses.

15.7.1.2.3.1 Single Failures Assumed

The analysis assumes no protective actions are performed to mitigate the consequences of this
event; therefore, no limiting single failure is applicable.

15.7.1.2.3.2 Operator Actions Assumed

No operator actions are credited in the analysis.

15.7.1.2.3.3 Chronological Description of Event

The sequence of events is as follows:
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>Elapsed Time Events

0 Event begins with postulated tank failure and the
release of radioactive gases to the building.

<1 hour Detection of the "puff' release is by an alarmed
increase in the activity released from the auxiliary
building via the vent monitor (R-13 and R-14) and/or
area radiation monitor alarms.

15.7.1.2.3.4 Impact on Fission Product Barriers

The volume control tank rupture event occurs outside the containment building; hence, fis-
sion product barrier (i.e., fuel cladding, reactor coolant pressure boundary, and containment)
integrity is unaffected. The tank rupture results in the release of the contained radioactivity;
however, the accident has no impact on the design basis limits associated with the plant's fis-
sion product barriers.

15.7.1.2.4 Reactor Core and Plant System Evaluation

The volume control tank rupture does not affect the reactor core or nuclear steam supply
safety performance.

15.7.1.2.4.1 Input Parameters and Initial Conditions

A. Rupture of the volume control tank is assumed to release all the contained noble gases and
the contained iodine in the fraction that evaporates plus that small amount contained in the
60 gpm flow from the demineralizers which would continue for up to 5 minutes before iso-
lation would occur.

B. The activities available for release of equivalent Xenon-133 are 1000 Ci and for equivalent
Iodine- 131, 0.07 Ci, which include the 1.33 factor for volumetric specific activity increase
resulting from the fluid temperature decrease to 130'F.

C. The rupture of the volume control tank is assumed to occur instantaneously releasing the
entire volatile contents of the tank to the outside atmosphere at ground level.

D. In calculating offsite (exclusion area boundary) plume centerline exposure, it is assumed
that the activity is dispersed as a Gaussian plume downwind, taking into account building
wake dilution. No credit is taken for the buoyant lift effect of the hydrogen present in the
released gas. Dispersion coefficients based on conservative meteorology (Reference 11) are
used. A wind velocity of I m/sec is assumed to remain in one direction for the duration of
the accident.

15.7.1.2.4.2 Methodology

The whole body and thyroid doses due to immersion in a semi-infinite cloud of radioactive
materials are determined based upon methods, parameters, and equations given in Meteorol-
ogy and Atomic Energy, (Reterence 12).
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15.7.1.2.4.3 Acceptance Criteria

The acceptance criteria appropriate for this Condition III event is that failure of the volume
control tank should result in doses that are a small fraction of the guideline values of 10 CFR
100. A "small fraction" means 10% or less of the 10 CFR 100 exposure guideline values, i.e.,
30 rem for the thyroid and 2.5 rem for the whole-body doses.

15.7.1.2.4.4 Results

The failure of the volume control tank results in the release of the radioactive contents to the
auxiliary building ventilation system with the subsequent unimpeded release to the surround-
ing site environs.

The calculated gamma whole body dose to an individual at the nearest exclusion area bound-
ary (EAB) as a result of the volume control tank rupture is approximately 3.6 mrem. The
equivalent iodine-131 thyroid dose at the exclusion area boundary (EAB) is 17 mrem.

15.7.1.2.5 Radiological Evaluation

The offsite doses at the exclusion area boundary (EAB) resulting from the volume control
tank rupture are 0.0 17 rem thyroid and 0.0036 rem whole body, which is a "small fraction" of
the guidelines values of 10 CFR 100.

15.7.1.2.6 Conclusions

Failure of the volume control tank has been reviewed, and the conservatively computed radio-
logical doses due to the atmospheric release have been found to be a small fraction of the
acceptable regulatory guidance..

15.7.2 RADIOACTIVE LIQUID WASTE SYSTEM FAILURE

15.7.2.1 Description of Event

Accidents in the auxiliary building which could result in the release of radioactive liquids are
those that involve the rupture or leaking of storage tanks or system pipe lines. The major
tanks are described below.

The largest storage vessels containing radioactive waste materials are the chemical and vol-
ume control system holdup tanks (33,000 gallons each) which are used to store the normal
recycle or waste fluids for processing. The tanks are equipped with relief valves and are Seis-
mic Category I components. The chemical and volume control system holdup tanks are
described in Section 9.3.4.3.4.1.

The waste holdup tank is a horizontal tank (21,000 gallons) to which the auxiliary building
floor drains are routed. It is continuously maintained at atmospheric pressure. The tank vent
line is routed through the auxiliary building charcoal filters. The waste holdup tank is
described in Section 11.2.2.4.

The spent resin storage tanks (1,122 gallons each) are liquid waste tanks that are projected to
contain the largest (curie) inventory of liquid radioactive waste. Loss of water from this tank
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could potentially result in the release of volatilized radioactive isotopes to the environs due to
the inability to remove decay heat generated by the spent resins. The spent resin storage tanks
are described in Section 11.4.1.2.

The volume control tank (1,500 gallons) contains gases and volatile radioactive liquids. The
tank is equipped with a relief valve and is a Seismic Category I component. In addition, level
alarms and automatic tank isolation / valve control ensure that a safe condition is maintained
during system operation. The volume control tank is described in Section 9.3.4.3.1.9.

Piping external to the containment, running between the containment and the auxiliary build-
ing and the waste disposal tank area, is run below grade in concrete trenches.

All liquid waste components that contain significant levels of radioactivity are located in the
auxiliary building, and any liquid from a failure of a tank or piping will be collected in the
building sump to be pumped back into the liquid waste processing system. Any subsequent
discharge of radioactive liquid to the lake would be conducted under administrative controls
and would not result in the discharge of activity concentrations into the lake in excess of the
limits given in the Offsite Dose Calculation Manual.

15.7.2.2 Frequency of Event

The radioactive liquid waste system failures are classified as ANS Condition III infrequent
event. Section 15.0.8 discusses Condition III events.

15.7.2.3 Event Analysis

The selection and evaluation of the effects of radioactive liquid waste system failures are ana-
lyzed based upon the following limiting conditions:

Liquid Waste System Failure

The limiting condition associated with this failure results from the accidental release/dis-
charge of a batch of liquid waste to the environs. An evaluation of an accidental release of
liquid waste is based upon a review of the operating procedures for discharging liquid efflu-
ents, the surveillance radiation monitoring equipment provided, the radiation monitor failure
mode, and the consequences of a radiation monitor failure.

Volatized Release from Liquid Tank Failures

Spent Resin Storage Tank Failure-

The limiting conditions associated with the failure of a spent resin storage tank results from
the loss of water in the tank and the subsequent potential for the release of volatile radioactive
isotopes to the environs due to the inability to remove decay heat generated by the spent res-
ins.

Volume Control Tank Failure-

The limiting conditions resulting from volume control tank accidental volatized and gaseous
releases are described and their effects are analyzed in Section 15.7.1.2.
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15.7.2.3.1 Single Failures Assumed

No limiting single failures are assumed since it can be shown that design features and admin-
istrative controls provide adequate assurance that radioactive liquids are not released in an
uncontrolled manner after a liquid waste system failure.

15.7.2.3.2 Operator Actions Assumed

Operator actions credited in the analyses are based on plant operating procedures intended to
control the discharge of liquid effluents (see Section 15.7.2.4.4.1 for more details).

Radioactive liquid waste system tank failures do not affect the reactor core or nuclear steam
supply safety performance. However, systems evaluations are preformed of liquid waste sys-
tem tank failures and their mitigation using available plant design features and administrative/
procedural controls.

15.7.2.3.3 Chronological Description of Event

The event begins with postulated tank or piping failure and the release of radioactive liquids
to the floor; drains route the liquid to the auxiliary building sump. Detection and corrective
actions are initiated to pump back the released liquids to the liquid waste system for process-
ing or to initiate corrective actions to stabilize and control the release of radioactivity. The
detection of the event is based on tank level alarms, area radiation monitor alarms, effluent
monitors, or auxiliary building ventilation process radiation monitor alarms.

15.7.2.3.4 Impact on Fission Product Barriers

The waste component failure events occur outside the containment building; hence, fission
product barrier (i.e., fuel cladding, reactor coolant pressure boundary, and containment) integ-
rity is unaffected. Tank ruptures result in the release of the contained radioactivity; however,
the accident has no impact on the design basis limits associated with the plant's fission prod-
uct barriers.

15.7.2.4 Reactor Core and Plant System Evaluation

15.7.2.4.1 Input Parameters and Initial Conditions

With regard to the assessment of liquid releases:

A. Failure of liquid waste components will result in the release of the liquid contents to the
auxiliary building sump.

B. The capacity of the building sump and basement volume is sufficient to hold the full vol-
ume of a chemical and volume control system holdup tank without overflowing to areas
outside the building.

C. The release of liquid radioactive waste to the environment is under administrative/proce-
dural controls and monitored surveillance.

With regard to the assessment of the spent resin storage tank:
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A. The loss of water from the spent resin tank will result in the heatup of resin material from
decay heat with the potential for release to the environment of the volatized radioactivity
unless the temperature of the resin is maintained below its operating limit of 140'F.

B. The tank contains only the mixed-bed resin from one mixed-bed demineralizer (spent resin

volume is 20 ft3) discharged to the spent resin storage tank following operation of the plant
for one cycle with 1% fuel defects. This yields the maximum heat generation per unit vol-
ume of resin in the tank and the maximum level of radioactivity (17,000 curies) in the tank.

C. Water is lost immediately following discharge of mixed-bed resins into the spent resin stor-
age tank.

D. There are no heat losses through the tank walls.

E. Resin specific gravity is 1.14 with a void fraction of 0.4 giving a resin density of 43 lb/ft3.
Mean heat capacity of resin is 0.31 Btu/lb-°F.

15.7.2.4.2 Methodology

The credibility of an accidental release of radioactive waste is assessed based upon a review
and evaluation of the administrative/procedural controls and the monitored surveillance of
waste releases.

An assessment of the corrective actions required to prevent the release of volatilized radioac-
tive materials from the spent resin storage tank is made based upon a review of the required
operator actions and the capability of installed equipment to maintain the resin temperature
below the normal resin operating limit.

15.7.2.4.3 Acceptance Criteria

Failure of liquid waste system components should not result in radionuclide concentrations in
excess of the limits specified in 10 CFR 20, Appendix B, at the nearest potable water supply
in an unrestricted area. If these limits cannot be maintained, special design features or other
corrective actions need to be provided to mitigate the effects of the postulated failure.

15.7.2.4.4 Results

The failure of liquid waste tank results in the release of the radioactive contents to the auxil-
iary building sumps with the subsequent pump back to the liquid waste processing system.
The release of liquid-derived radioactive releases is limited by operator actions in accordance
with administrative/procedural controls.

15.7.2.4.4.1 Accidental Release of Liquid Waste Assessment

The evaluation of the accidental release of radioactive fluids from the waste disposal system
is based upon system design and waste discharge procedures.

Liquid wastes are contained in the sump and processed back to the liquid radwaste system for
clean-up and discharge under controlled conditions.
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Design features prevent the uncontrolled release of effluent fluids. The last stop valve in the
discharge line is a manual, locked closed valve under administrative control. The monitor
tank pump must be manually started. The radiation trip valve must be manually opened. This
valve automatically closes on a high radiation signal from the liquid waste process monitor or
upon loss of power to the monitor. The monitor alarms on high radiation or if it fails off
scale.

Release is controlled by the Offsite Dose Calculation Manual.

It is concluded that the safety features built into the equipment combined with the administra-
tive controls imposed on the operator provide a high degree of assurance against accidental
release of waste liquids.

15.7.2.4.4.2 Spent Resin Storage Tank Assessment

The loss of water from a spent resin storage tank actuates a low level alarm to warn the oper-
ator. Resin contained in the tank can then be cooled by periodically flushing water from the
reactor makeup water tank through the resin. Two cooling water pathways are available:

1. Through the primary makeup water injection pipeline used when resin is removed from the
tank.

2. Through the primary makeup pipeline used when resin is sluiced from the demineralizers
into the tank.

The heat generation rate, q (Btu/hr), due to fission product decay of 17,000 curies in the spent
resin storage tank is approximated closely as a function of time, t (hours), by:

q= 1 43e-0 .0 I 16t+ 40e-0.001 27t+ 3 0

where the first term is a short-lived, the second an intermediate-lived, and the last term is a
long-lived isotope contribution.

On this basis, the resin bed temperature, T ('F) as a function of time, t (hour) is:

T=46(l - e-0 0 1 16t) + 118(1 - e-0. 00 127t) + 0.1 It + To

where To is the initial resin temperature.

With an initial bed temperature of 104'F, it will take 55 hours for the bed to heat to 140'F, the
normal resin operating limit. At or below a temperature of 140 0F, the radioactivity will not be
released from the resin. The actual time to heat to 140'F will be greater than 55 hours
because of the conservative assumptions made in the calculation. The heat accumulated in
the resin through the initial 55 hours will be 15,000 Btu. The bed can be maintained at 140'F
or less by back-flushing the resin with primary water at 55-hour intervals. Flush water will be
collected by the floor drain system and will be pumped to the waste holdup tank. If a 10°F
rise is taken in the flush water, the total quantity of water required would be about 200 gallons
per back-flush operation to remove the 15,000 Btu accumulated in the resin.
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Therefore, the loss of water from the spent resin storage tank presents no hazard offsite or
onsite because means are available to detect the situation and keep the resin temperature
under control until the resin can be removed to burial facilities.

15.7.2.4.5 Effects of 18-month Fuel Cycle

The effect of the 18-month fuel cycle program is included in the volume control tank doses
reported in Section 15.7.1.2. The change to the 18 month fuel cycle has no significant impact
on the assessment and mitigation of the other liquid tank failures because it is shown that no
uncontrolled release to the environs occurs.

15.7.2.5 Radiological Evaluation

The failure of a liquid waste tank will not result in an uncontrolled release of radioactive liq-
uid waste materials. Controlled releases of liquid waste will be in accordance with procedural
controls which will ensure compliance with the limits specified in 10 CFR 20, Appendix B, at
the nearest potable water supply in an unrestricted area.

Volatilized volume control tank liquids evaluated in Section 15.7.1.2 were shown to satisfy
acceptable regulatory requirements.

15.7.2.6 Conclusions

Failure of the limiting liquid waste tanks has been reviewed and the results of the evaluations
found to comply with the acceptable regulatory guidance. No additional design features are
required for mitigation of the consequences of this event.

15.7.3 FUEL HANDLING ACCIDENTS

15.7.3.1 Description of Event

A fuel handling accident (FHA) during refueling could release a fraction of the fission prod-
uct inventory to the environment. Two accident scenarios are considered:

1. a refueling accident in containment and

2. a refueling accident in the auxiliary building.

The possibility of a fuel handling incident is very remote because of the many administrative
controls and physical limitations imposed on fuel handling operations as described in Section
9.1.4 and the following subsections.

15.7.3.1.1 MODE 6 (Refueling) Preparations

All refueling operations are conducted in accordance with prescribed procedures under the
direct supervision of a person holding a senior operator license in accordance with 10 CFR
50.54(m)(2)(iv). Also, before any refueling operations begin, rod cluster control assemblies
are inserted into the core and the reactor trip breakers are opened. Boron concentration in the
coolant is raised to the MODE 6 (Refueling) concentration and verified by sampling. MODE
6 (Refueling) boron concentration is sufficient to maintain the clean, cold, fully loaded core
subcritical with all rod cluster control assemblies withdrawn. The refueling cavity is filled
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with water meeting the same boric acid specifications. As the vessel head is raised, a visual
check is made to verify that the drive shafts are free in the mechanism housings.

After the vessel head is removed, the rod cluster control assembly drive shafts are removed
from their respective assemblies using the manipulator crane auxiliary hook and the drive
shaft unlatching tool. A calibrated load cell is used to indicate that the drive shaft is free of
the rod cluster control assembly as the lifting force is applied.

15.7.3.1.2 Fuel Handling Equipment Safety Features

The fuel handling equipment (manipulator crane, fuel transfer system and spent fuel pool
bridge crane) is designed so that fuel cannot be raised above a position which provides ade-
quate shield water depth for the safety of operating personnel. This safety feature applies to
handling facilities in the containment and in the spent fuel pool area.

Adequate cooling of fuel during underwater handling is provided by convective heat transfer
to the surrounding water. The spent fuel assembly is immersed continuously while in the
refueling cavity or spent fuel pool. Even if a spent fuel assembly becomes stuck in the trans-
fer tube, natural convection will maintain adequate cooling.

MODE 6 (Refueling) boron concentration, as specified in the cycle-specific Core Operat-
ing Limits Report (COLR), is sufficient to maintain the clean, cold, fully loaded core sub-
critical by at least 5% (delta k)/k with all rod cluster control assemblies inserted. The
refueling cavity is filled with water with the same boron concentration.

Two nuclear instrumentation system source range channels are continuously in operation and
provide warning of any approach to criticality during refueling operations within contain-
ment. This instrumentation provides a continuous audible signal in the containment and
would annunciate a local horn and an annunciator light in the control room if the count rate
increased above a preset low level.

In the spent fuel pool, the design of storage racks and manipulation facilities is such that:

A. Fuel at rest is positioned by positive restraints in an ever safe, always subcritical, geometri-
cal array.

B. Administrative controls restrict fuel manipulation to only one assembly at a time.

C. Violation of procedures by placing one fuel assembly in juxtaposition with any group of
assemblies in racks will not result in criticality.

D. Crane interlocks and administrative controls do not permit the handling of heavy objects,
such as a spent fuel shipping container, above the fuel racks.

All these safety features make the probability of a fuel handling incident very low. Neverthe-
less, it is possible that a fuel assembly could be dropped during the handling operations.

15.7.3.1.3 Fuel Handling Operations Precautions

Special precautions are taken in all fuel handling operations to minimize the possibility of
damage to fuel assemblies during transport to and from the spent fuel pool and during instal-
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lation in the reactor. All handling operations on irradiated fuel are conducted underwater.
The handling tools used in the fuel handling operations are conservatively designed, and the
associated devices are of a fail-safe design.

In the fuel storage area, administrative controls and geometric constraints ensure that the fuel
assemblies are spaced in a pattern which prevents any possibility of a criticality accident.
Crane interlocks and administrative controls prevent carrying heavy objects, such as a spent
fuel transfer cask, over the fuel assemblies in the storage racks. In addition, administratively,
only one fuel assembly can be handled at a given time over storage racks containing spent
fuel.

The motions of the cranes which move the fuel assemblies are limited to a relatively low
maximum speed. Caution is exercised during fuel handling to prevent the fuel assembly from
striking another fuel assembly or structures in the containment or spent fuel pool.

The fuel handling equipment suspends the fuel assembly in the vertical position during fuel
movements, except when the fuel is moved through the transport tube.

In 1996, the technical specifications requirements related to the equipment hatch were revised
to allow use of an installed retractable overhead door assembly to isolate the equipment hatch
opening (References 15 and 16). For the analysis of the fuel handling accident, the contain-
ment is assumed to be closed as required by the Technical Specifications, with the equipment
hatch isolated by use of the retractable overhead door assembly (ReJerence 15).

15.7.3.1.4 Consequence of Dropped Fuel Assembly

The design of the fuel assembly is such that the fuel rods are restrained by grid clips which
provide a total restraining force of approximately 60 lb on each fuel rod. If the fuel rods are
in contact with the bottom plate of the fuel assembly, any force transmitted to the fuel rods is
limited due to the restraining force of the grid clips. The force transmitted to the fuel rods
during fuel handling is not sufficient to breach the fuel rod cladding. If the fuel rods are not in
contact with the bottom plate of the assembly, the rods would have to slide against the 60-lb
friction force. This would absorb the shock and thus limit the force on the individual fuel
rods. However, after the reactor is shut down, the fuel rods contract during subsequent
cooldown and would not be in contact with the bottom plate of the assembly.

Considerable deformation would have to occur before the rod would make contact with the
top plate and apply any appreciable load on the fuel rod. Based on the above, it is unlikely
that any damage would occur to the individual fuel rods during handling. If one assembly is
lowered on top of another, no damage to the fuel rods would occur that would breach the
integrity of the cladding.

If during handling the fuel assembly strikes against a flat surface, the loads would be distrib-
uted across the fuel assemblies and grid clips, and essentially no damage would be expected
in any fuel rods.

If the fuel assembly were to strike a sharp object, it is possible that the sharp object might
damage the fuel rods with which it comes in contact, but breaching of the cladding is not
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expected. However, analysis on postulated cladding failures has been performed, and the
results are discussed in Section 15.7.3.4.

Preliminary analyses have been made assuming the extremely remote situation where a fuel
assembly is dropped 14 ft and strikes a flat surface, where one assembly is dropped on
another, and where one assembly strikes a sharp object. The analysis of a fuel assembly
assumed to be dropped and striking a flat surface considered the stresses to which the fuel
cladding was subjected and any possible buckling of the fuel rods between the grid clip sup-
ports. The results showed that the axial load at the bottom section of the fuel rod, which
would receive the highest loading (approximately 100 lb), was below the critical buckling
load (250 lb), and the stresses were relatively low and below the yield stress. For the case
where one assembly was postulated to be dropped on top of another fuel assembly, the loads
would be transmitted through the end plates and the rod cluster control assembly guide tubes
of the struck assembly before any of the loads reached the fuel rods.

The end plates and guide thimbles absorb a large portion of the kinetic energy because of
bending in the lower plate of the falling assembly. Also, energy is absorbed in the struck
assembly top end plate before any load can be transmitted to the fuel rods. The results of this
analysis indicated that the buckling load on the fuel rod was below the critical buckling loads
and the stresses in the cladding were relatively low and below yield.

Refueling experience with Westinghouse reactors has verified the fact that no fuel cladding
integrity failures are expected to occur during any fuel handling operations.

15.7.3.2 Frequency of Event

A fuel handling accident is classified as an ANS Condition IV limiting fault. Section 15.0.8
discusses Condition IV events.

15.7.3.3 Event Analysis

Two fuel handling accidents are analyzed:

Case A: Fuel handling accident inside containment with no credit for containment
holdup of activity.

Case B: Fuel handling accident in the auxiliary building with credit for the spent
fuel pool charcoal adsorbers.

Control room doses are calculated for both Cases A and B, and are discussed in Section
6.4.3.1

15.7.3.3.1 Protective Features

Case A assumes that activity form the damaged fuel rods is instantaneously released to the
pool water. The rate of activity release to the environment is independent of the actual venti-
lation flow rate. All radioactive material that escapes the reactor cavity is released to the
environment over a two hour period.

Case B assumes that the auxiliary building charcoal adsorber system is in operation. The sys-
tem draws air across the spent fuel pool and into the charcoal adsorber banks. While this sys-
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tern is not an engineered safety features (ESF) system, its use is credited under cases where
offsite power is available.

15.7.3.3.2 Single Failures Assumed

Both Cases A and B assume no single failure.

The analysis assumes no protective actions are performed to mitigate the consequences of the
fuel handling accident inside the containment or in the auxiliary building, except as discussed
in Section 15.7.3.3.

15.7.3.3.3 Operator Actions Assumed

No operator actions are credited in the fuel handling accident analyses. However, procedures
are in place to assist the operators in mitigating the radiological consequences of the event.

15.7.3.3.4 Chronological Description of Event

A fuel handling accident in containment or the auxiliary building begins with the dropping of
a fuel assembly which damages all rods in the assembly. The entire gap inventory is released
into the water. Partitioning of the iodine occurs in the water before entering the atmosphere;
noble gases escape without benefit of partitioning. In containment the gases are released
through open penetrations. In the auxiliary building, gases released above the spent fuel pool
pass through the charcoal adsorber system before being released from the building. All activ-
ity is assumed to be released to the environment over a two hour period.

15.7.3.3.5 Impact on Fission Product Barriers

A fuel handling accident is postulated to result in a breach of the fuel cladding fission product
barrier.

For fuel handling accidents, there is no reactor coolant pressure boundary between the clad-
ding and the atmosphere.

15.7.3.4 Reactor Core and Plant System Evaluation

15.7.3.4.1 Input Parameters and Initial Conditions

The input parameters and initial conditions associated with the assessment of the radiological
consequences of the postulated fuel handling accidents are summarized in Table 15.7-2.

During core alterations or movement of irradiated fuel assemblies within containment, the
personnel and equipment hatch openings are closed, as required by the technical specifica-
tions. The equipment hatch opening may be isolated by the equipment hatch, a closure plate,
or the retractable overhead door. However, this is not credited in the analysis.

During fuel handling in the auxiliary building, the spent fuel pool charcoal adsorber system
and associated fans are operable and in operation as required by the Technical Specifications.
Fuel handling is suspended if the adsorber system and associated ventilation system is inoper-
able.
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15.7.3.4.2 Methodology

The methods utilized in performing offsite dose consequence analyses are based upon the cal-
culation models and assumptions in Regulatory Guide 1.1 83(Reference 22).

15.7.3.4.3 Acceptance Criteria

The dose to an individual from a postulated fuel handling accident should be less than 6.3
Rem TEDE at the Exclusion Area Boundary (EAB) or Low Population Zone (LPZ).

15.7.3.4.4 Results

The results are contained in Table 15.7-3.

15.7.3.5 Radiological Evaluation

As part of the Control Room Emergency Air Treatment System (CREATS) modification, the
control room dose was reanalyzed because of the new system configuration. For consistency,
new x/Q values and off-site doses were also analyzed. Reference 23 is now considered to be
the Fuel Handling Accident (FHA) analysis of record. Fission product inventory and activity
released is summarized in Table 15.7-1. The analysis assumptions are contained in Table
15.7-2 and the results are contained in Table 15.7-3. The analysis was performed using the
alternate source term (AST) per 10CFR 50.67 and Reference 22. The new methodology and
analysis was approved by the NRC in Reference 24 as supplemented by Reference 25.

15.7.3.6 Conclusions

Fuel handling accidents inside containment and in the auxiliary building have been reviewed
and the offsite and control room dose consequences found to meet 10 CFR 50.67.
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Table 15.7-1
FISSION PRODUCT INVENTORY AND ACTIVITY RELEASED FROM POOL

Nuclide TotalCore
Activity -

100 hours
decay_
Ci(Ac)

1-131 3.64E+07

1-132 3.07E+07

1-133 3.78E+06

1-134 2.07E-26

1-135 2.72E+03

Kr-85m 2.63E+00

Kr-85 5.84E+05

Kr-87 5.66E-17

Kr-88 9.18E-04

Xe-1.31m 5.41E+05

Xe-133m 1.31E+06

Xe-133 7.03E+07

Xe-135m 4.36E+02

Xe-135 1.32E+05

Core
Damage
Fraction

(0 )

0.008264

0.008264<

0.008264

0.008264

0.008264

0.008264

0.008264

0.008264

0.008264

0.008264

0.008264

0.008264

0.008264

0.008264

Gao
Fraction

Peaking
Factor (P)

Overall Activity
Pool DF Released

from Pool,
Ci (A)

0.08

0.05

0.05

0.05

0.05

0.05

0.1

0.05

0.05

0.05

0.05

0.05

0.05

0.05

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.75

200

200

200

200

200
1

1

1

1

1

1

1

1

1

2.11E+02

1.11 E+02

1.37E+01

7.48E-32

9.83E-03

1.90E-03

8.45E+02

4.09E-20

6.64E-07

3.9 1E+02

9.47E+02

5.08E+04

3.15E-01

9.55E+01

Core damage fraction is 1/121 = 0.008264. The total number of fuel
assemblies in the core is 121.

The activity released from the pool (A) is calculated as follows:

A = Ac*F*G*P

DF
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Table 15.7-2
FHA DOSE ANALYSIS ASSUMPTIONS

Parameter Value

Reactor power, MWt (including 2% uncer- 1811
tainty)

Power Peaking Factor >1.75

Number of damaged fuel assemblies 1

Fission product inventory in damaged assem- Values shown in Table 15.7-1
blies after decay

Time after Reactor Shutdown,hr 100

Fuel rod gap fractions
1-131 0.08
other halogens 0.05
Kr-85 0.1
other noble gases 0.05

Iodine species above water
elemental iodine 0.57
organic iodide 0.43

Pool DF
elemental iodine 500
organic iodide 1
particulate infinite

Overall Pool DF 200

Containment net free volume, ft3  1E6

Exhaust flow rate, cfm 7.68E4

Duration of activity release, hr 2

Iodine removal efficiency
Containment FHA (all iodine forms) 0
Fuel Pool FHA

elemental iodine 0.9
organic iodide 0.7

Atmospheric dispersion, X/Q, sec/mi3

EAB 0-2 hr 2.17E-4

LPZ 0-8 hr 2.5 1E-5
8-24 1.78E-5
24-96 8.50E-6
96-720 2.93E-6

Breathing Rate, m 3/sec
EAB & LPZ 0-8 hr 3.47E-4
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Table 15.7-3
FHA DOSE. REM TEDE

EAB Max - 2 hr LPZ, 2 hr

FHA - inside Containment via
roll-up door 6.10E-1 7.05E-2

FHA - Spent Fuel Pool 1.67E-1 1.93E-2

Acceptance Criteria 6.3 6.3
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Table 15.7-4
Table DELETED

Table DELETED
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Table 15.7-5
Table DELETED

Table DELETED
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Table 15.7-6
Table DELETED

Table DELETED
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15.8 ANTICIPATED TRANSIENTS WITHOUT SCRAM

15.8.1 ANTICIPATED TRANSIENTS WITHOUT SCRAM (A TWS)

The effects of anticipated transients without scram (ATWS) events are not considered as part
of the design basis for the transients analyzed in Chapter 15. This ATWS discussion is
included since ATWS considerations are within the licensing basis of the plant.

An ATWS event is an anticipated operational occurrence (AOO) (such as a loss of feedwater,
loss of power to the station auxiliaries, loss of condenser vacuum or turbine trip), which is
accompanied by the failure of the reactor trip system (RTS) to shut down the reactor. The
final ATWS rule, 10 CFR 50.62(c)(1), requires the incorporation of a diverse (from the reac-
tor trip system) actuation of the auxiliary feedwater system and turbine trip for Westinghouse-
designed plants. The installation of the NRC-approved ATWS Mitigating System Actuation
Circuitry (AMSAC) satisfies this final ATWS rule. The basis for this rule and the AMSAC
design are supported by Westinghouse generic analyses documented in Reference 1. These
analyses were performed based on guidelines published in NUREG-0460 (1978) (Reference
2). The AMSAC system installed at Ginna is described in Section 7.2.6.

15.8.2 FREQUENCY OF EVENT

The ATWS core damage frequency used in SECY-83-293's (Reference 6) assessment is a tar-

get value of 1 x 10-5/yr with AMSAC. This value conservatively assumes that any overpres-
sure greater than the allowable ASME Boiler and Pressure Vessel Code value immediately
results in core damage. The target frequency is several orders of magnitude greater than the
actual ATWS contribution to core damage frequency determined in the Ginna Probabilistic
Safety Assessment (Reference 7).

15.8.3 EVENTANALYS1S

Reference 1 describes the methods used in the analyses and provides reference analyses for 2-
loop, 3-loop, and 4-loop plant designs. For operation of Ginna at EPU conditions, the generic
analyses documented in Reference ] were evaluated for their continued applicability.

15.8.3.1 Single Failures Assumed

An ATWS event occurs when the reactor trip function fails when required after an anticipated
operational occurrence (AOO). The functional failure can occur if RTS signals and actuation
logic fail in both trains, the shunt and undervoltage coils fail to open the trip breakers, or mul-
tiple rod cluster control assemblies (RCCAs) fail to insert after the trip breakers open. The
functional failure is dominated by common mode failures of the trip breakers. (RTS breaker
reliability improvements, post-maintenance testing, and administrative programs related to
ATWS prevention at Ginna are addressed in Reference 3.)

15.8.3.2 Operator Actions Assumed

The following operator actions ensure successful mitigation of the broad range of ATWS
events:
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A. Manual scram within the first 60 seconds of the event if the RTS fails to automatically
scram. This action is a backup to the RTS's failure to generate an automatic trip signal.

B. Manual rod insertion initiated within the first 60 seconds of the event. The operator starts
to drive in at least one bank of rod cluster control assemblies (RCCAs).

C. Initiating boration using the high-pressure safety injection pumps or the chemical and vol-
ume control system (CVCS) within 10 minutes for long-term shutdown.

D. Tripping rod drive motor-generator sets or completing manual insertion of the RCCAs into
the core within 10 minutes for long-term shutdown.

E. Initiating containment isolation within 10 minutes.

Ginna emergency operating procedures (EOPs) instruct the operator to immediately trip the
buses feeding the rod drive motor-generator sets after failure of the control rods to insert.

Per Westinghouse Owners Group guidance, Ginna EOPs instruct the operator to manually ini-
tiate containment ventilation isolation in response to an ATWS. This action isolates contain-
ment ventilation to mitigate the dose consequences of pressure-increasing ATWS events
without causing non-ventilation systems which aid in the mitigation to be lost due to contain-
ment isolation. The EOPs also direct verifying that safety injection is occurring if plant con-
ditions warrant a safety injection, thus causing containment isolation. These two actions meet
the intent of item E above (from Reference 1).

15.8.3.3 Chronological Description of Event

The ATWS event consists of an anticipated operational occurrence (AOO) requiring a reactor
trip. The reactor trip function is not performed. If main feedwater remains available, the
event is adequately mitigated when the operator performs long-term shutdown actions. If
main feedwater is lost, the scenario progresses through operator insertion of rods, AMSAC
start-up of auxiliary feedwater, pressure relief, and long-term shutdown.

15.8.3.4 Impact on Fission Product Barriers

Generic studies (Reference 1) performed for various ATWS events show that the DNBR
remains acceptable; therefore, the fuel cladding is expected to maintain its integrity as a fis-
sion product barrier.

Successful mitigation of ATWS events limits reactor coolant system (RCS) pressures to less
than the allowable ASME Boiler and Pressure Vessel Code Level C service limit of 3200 psig
such that the integrity of the RCS pressure boundary is maintained. For ATWS pressure tran-
sients exceeding ASME Level C criteria, the pressure boundary may fail.

The ATWS event will not result in a loss of containment integrity or isolation capability.
Pressurizer power operated relief valves (PORVs) and pressurizer safety valves open during
ATWS transients. The rupture disc on the pressurizer relief tank is expected to blow open, and
all further discharges through the valves will be released to containment. The mass and
energy releases for the reference ATWS analyses are much less than the main steam line
break or loss-of-coolant accidents. The containment pressures are well below the contain-
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ment's design basis (Reference 1). The containment maintains its integrity as a barrier against
the dispersion of fission products.

15.8.4 REACTOR CORE AND PLANT SYSTEM EVALUATION

The ATWS transients are grouped into those below and above 40% power. Below 40%
power, ATWS is readily mitigated by plant systems. Above 40% power, AMSAC is required.
For operation of Ginna at EPU conditions, the generic analyses documented in Reference 1
were evaluated for their continued applicability. The loss of normal feedwater and loss of
load ATWS events are the two most limiting RCS overpressure transients documented in the
Reference 1 generic analyses. The loss of load ATWS is analyzed for plants with steam-
driven main feedwater pumps where, as a result of the initiating turbine-trip event, a loss of
condenser vacuum occurs with a consequential loss of main feedwater. For plants such as
Ginna, with electric motor-driven main feedwater pumps, a loss of feedwater does not occur
for a loss of load, making it a non-limiting event. Thus, only the loss of normal feedwater
event was evaluated for the EPU.

15.8.4.1 Input Parameters and Initial Conditions

The primary input to the loss of normal feedwater ATWS evaluation for the EPU is the refer-
ence 2-loop ATWS model and analysis from Reference 1. The nominal and initial conditions
were updated to the EPU NSSS design parameters for 1817 MWt, and the steam generator
data was revised to reflect the Ginna BWI steam generator parameters and heat transfer char-
acteristics.

A. The plant is initially at full power with pressure and TAVG at nominal conditions.

B. The reactor is in automatic control before the ATWS; however, no credit is taken for auto-
matic rod insertion in response to increasing TAVG once the ATWS transient begins.

C. No credit is taken for automatic scram.

D. Pressurizer pressure control (pressurizer power operated relief valves (PORVs), heaters,
and spray) are assumed to operate normally. The pressurizer power operated relief valves
(PORVs) operate at 2350 psia.

E. The nominal setpoint for the pressurizer safety valves is 2500 psia. Three percent (3%)
pressure accumulation for steam relief and 10% accumulation for water relief are then
assumed for the safety valves during the transient.

F. A moderator temperature coefficient for hot full power of-5.5pcm/°F is assumed. (This
assumes the coefficient is less than -5.5pcm/°F for 95% of the cycle.)

G. AMSAC starts auxiliary feedwater flow within 60 seconds for ATWS transients where
main feedwater is lost.

H. AMSAC trips the turbine within 30 seconds if the transient does not cause the turbine to
trip.

I. Normal control systems are operable unless made inoperable as the result of the postulated
event.
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J. Automatic start-up of safety injection is not credited. Similarly, no credit is taken for
makeup to the reactor coolant system (RCS) from the chemical and volume control system
(CVCS) during the initial part of the ATWS event. Manual controls to start safety injection
and boration remain operable.

15.8.4.2 Methodology

The methodology described in Reference 1 was used for the Ginna EPU ATWS analysis. The
general approach was to demonstrate that the conclusions of the representative 2-loop plant
analyses presented in Reference 1 remain valid for the Ginna EPU conditions and BWI steam
generators. Compliance with the ATWS Rule is then demonstrated, as long as this analysis
results in peak RCS pressures less than the ASME Boiler and Vessel Code Level C service
stress criterion of 3200 psig.

As was done in Reference 1, the loss of normal feedwater ATWS event was analyzed using
the LOFTRAN code (Reference 4). The code simulates the neutron kinetics, thermal-hydrau-
lic conditions, a pressurizer, steam generators, reactor coolant pumps, and control and protec-
tion systems. Section 15.0.7 provides an additional description of LOFTRAN and its
capabilities.

he NOTRUMP code (Reference 5) was used to determine the overall steam generator heat
transfer coefficient and the corresponding total liquid mass for the Ginna BWI steam genera-
tor input to the LOFTRAN loss of normal feedwater ATWS analysis.

15.8.4.3 Acceptance Criteria

The acceptance criteria necessary to demonstrate compliance with the ATWS rule are:

A. The maximum RCS pressure must be less than 3200 psig. This limit is based on a conser-
vative bound for ASME Boiler and Pressure Vessel Code Level C service limits for the
reactor vessel and all components comprising the RCS. Exceeding this limit, and still dem-
onstrating compliance to the ATWS Rule, is permissible if criterion (B) issatisfied.

B. Activity release should result in calculated doses within the guidelines of 10 CFR 100 (Ref-
erences 1 and 2).

DNB is not considered since generic analyses established that DNBRs remain acceptable for
ATWS transients (Reference 1).

15.8.4.4 Results

The results of the ATWS evaluation for Ginna at EPU conditions with BWI steam generators
show that the peak RCS pressure obtained did not exceed the ASME Boiler and Vessel Code
Level C service stress criterion of 3200 psig. As such, the analytical basis for the final ATWS
rule continues to be met for operation of Ginna at EPU conditions with BWI steam genera-
tors.
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15.8.5 RADIOLOGICAL EVALUATION

Reactor coolant fission and corrosion products can be discharged inside containment or
leaked from the primary to secondary side in the steam generators. In addition, iodine spiking
due to pre-existing plant conditions or caused by the transient can increase the amount of
radioiodine in the reactor coolant. Activity release paths include containment purge flow
before isolation, containment leakage after isolation, secondary side steam relief, and Emer-
gency Core Cooling System (ECCS) leakages. These effects were included in radiological
analyses of the reference ATWS plant (Reference 1). The analyses assumed manual actuation
of containment isolation at 10 minutes consistent with the assumption that there are no auto-
matic reactor trip and safety injection signals. Although ATWS events are beyond design
basis considerations, the analyses for the reference Westinghouse plant demonstrate that the
offsite doses are conservatively within 10 CFR 100 guidelines.

15.8.6 CONCLUSIONS

To remain consistent with the basis of the final ATWS rule and the supporting analyses docu-
mented in Reference 1, the peak RCS pressure reached in the Ginna EPU ATWS evaluation
with BWI steam generators should not exceed the ASME Boiler and Pressure Vessel Code
Level C service limit stress criterion of 3200 psig. This value corresponds to the maximum
allowable pressure for the weakest component in the reactor pressure vessel (the nozzle safe
end).

The results of the ATWS evaluation for Ginna at EPU conditions with BWl steam generators
show that the peak RCS pressure is lower than the ASME Boiler and Pressure Vessel Code
Level C service limit stress criterion of 3200 psig. Therefore, the analytical basis for the final
ATWS rule continues to be met for operation of Ginna for the EPU with BW1 steam genera-
tors.
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